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General information

Symbols used

The following symbol / sign is used in this document to facilitate better comprehension and to draw
attention to particularly important information:

A

contains important safety guidance and information that is necessary for proper system functioning
and which it is imperative to follow.

Information status and national variants

The BMW Group produces vehicles to meet the very highest standards of safety and quality. Changes
in terms of environmental protection, customer benefits and design make it necessary to develop
systems and components on a continuous basis. Consequently, this may result in differences between
the content of this document and the vehicles available in the training course.

As a general principle, this document describes left-hand drive vehicles in the European version. Some
controls or components are arranged differently in right-hand drive vehicles than those shown on the
graphics in this document. Further discrepancies may arise from market-specific or country-specific
equipment specifications.

Additional sources of information

Further information on the individual topics can be found in the following:

* inthe Owner's Handbook
o in the Integrated Service Technical Application.
Contact: conceptinfo@bmw.de
©2009 BMW AG, Munich, Germany
Reprints of this publication or its parts require the written approval of BMW AG, Munich

The information in the document is part of the BMW Group technical training course and is intended
for its trainers and participants. Refer to the latest relevant BMW Group information systems for any
changes/supplements to the technical data.

Status of the information: August 2009
BV-72/Technical Training
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1. Introduction

1.1. BMW EfficientDynamics

R, e,

BMW EfficientDynamics is the collective term used in communication to refer to a raft of technologies
and innovations that interwork to produce a combination of reduced pollutant emissions plus high-
performance power and sheer driving pleasure. With BMW EfficientDynamics, BMW has assumed
a global leadership role in the race to implement measures to reduce fuel consumption and CO,
emissions. In the period since spring 2007, one-million-plus BMW new-car owners have already
benefited from these endeavours. Worldwide at this time the range consists of 70 models with CO,
emissions figures of 140 g/km or lower: no other premium carmaker anywhere in the world can
produce comparable figures. But BMW EfficientDynamics is more than just high precision injection,
engine start/stop function, or brake energy recovery. In the long term, BMW EfficientDynamics also
includes zero-emissions motoring with hydrogen fuel, and in the medium term BMW ActiveHybrid
—the combination of internal combustion engine and electric motors in the powertrain. The first
production BMW ActiveHybrid models, the hybrid versions of the BMW X6 and the BMW 7-series,
matured to production status by late 2009. Consequently, BMW - together with Mercedes-Benz
—ranks as Europe's first automobile manufacturers to commence hybridizing their model range in
one year. Today BMW offers three ActiveHybrid models: F30H, F10H and FO1H/FO2H, all of which
incorporate BMW EfficientDynamics as well.

BMW EfficientDynamics

BMW EfficientDynamics strategy
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Index Explanation

1 Measures for immediate implementation: reduction of fuel consumption
and consequently CO5, emissions. Concerted efforts have brought fuel
consumption figures down 27 percent over the period 1995 to 2008. In the
EU, the BMW Group's fleet average of 156 grams of CO5 per driven kilometer
gives it a considerably better ranking than the other premium manufacturers.
This has been achieved as the cumulative effect of the implementation of
engine start/stop function, brake energy recovery, electric coolant pump,
electromechanical power steering, optimized engines, active aerodynamics in
the radiator zone, and other measures too numerous to mention.

2 Medium-term solutions such as hybrid and all-electric vehicles

3 Hydrogen-power technology is the long-term solution

What does BMW ActiveHybrid stand for and what distinguishes it from the hybrid offerings of our
competitors? In principle, BMW ActiveHybrid refers to all hybrid-technology-related endeavours
undertaken by BMW to achieve even higher efficiency - in this respect "Active" underscores the
highly dynamic performance-motoring claim that will remain a keynote characteristic of all hybrid
BMW models to come. BMW ActiveHybrid also refers collectively to the three different modes of
hybridization, namely micro hybrid, mild hybrid and full hybrid.

Here in brief are the basic differences between the three:

Micro Hybrids:

* Intelligent Alternator Control
e Automatic Engine Start/Stop function

Mild hybrid:

e Small electric motor, designed to assist the combustion engine (boost function)
*  Not enough power for all-electric motoring

*  Moderate potential for reduction in consumption. Advantages particularly in urban-traffic
conditions

¢  Slightincrease in weight and space requirement because the hybrid components are smaller
and not as heavy as their full-hybrid counterparts

o Production costs higher than those for conventional Internal Combustion Engine design, but
lower than those for full-hybrid configurations.

Full hybrid:
. Powerful electric motor or motors capable of delivering enough power to propel the vehicle

without the assistance of the internal-combustion engine

. High potential for consumption and emissions reduction, particularly in urban-traffic
conditions

*  Vehicle weighs more and offers less luggage capacity because the hybrid components take up
space and the batteries are heavy

. High component costs, high production costs.
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BMW's hybrid strategy calls for hybrid technology only in circumstances in which the ratio of additional
cost to savings potential justifies the outlay. The launchpad is provided by the high-end models

with big engines like the BMW ActiveHybrid X6 and the BMW ActiveHybrid 7, because this is where
the efficiency potential is largest. Hybrid technology for smaller models will be a medium-term
development. BMW has decided that the best way to implement this approach will be to adopt what

it calls the 'Best of Hybrid' building-block system, which will enable the optimum hybrid components
(full hybrid or mild hybrid, depending on circumstances) to be integrated into the individual vehicle
concepts.

1.2. Definition of and Justification for Hybrid Vehicles

1.2.1. Definition of hybrid vehicles

This 1906 Griffon Sport was a hybrid, a bicycle fitted with an engine

The term hybrid is derived from the Greek and means of two different origins or of mixed origin. As
used in the automotive industry, the term refers to vehicles with two means of propulsion (utilizing
energy from two different sources) and having two different energy supplies. What makes these
vehicles so special is that the elements combined in this way are established technological solutions in
their own right, and the combination of the two can be utilized to produce new and beneficial features.
In adopting the hybrid approach, virtually all carmakers have opted for a combination of internal-
combustion engine and electric motor or motors drawing energy from a conventional fuel tank on the
one hand and a battery bank on the other.

Justification for hybrid vehicles

The advantages of hybrid-drive technology lie primarily in low fuel-consumption figures, but also

in the fact that the electric propulsion unit can provide power in all circumstances in which the
combustion engine is inherently unable to operate within its most efficient range. By the same token,
the power characteristics of the electric motor or motors and the combustion engine supplement
each other all the more effectively in that the lower torque of the combustion engine (at the low end
of the rpm range) is made up for by the higher torque of the electric unit being available for pullaway.
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Other advantages are that the vehicle does not need a starter motor or an alternator (depending
on the hybridization mode), because the functionality can be discharged by the electric motor(s)
[starter motor/alternator]. What is more, brake energy recovery has a positive effect on brake wear
(minimisation of the rate of brake wear).

Energy recovery in motor vehicles
The principle of energy recovery in motor vehicles is based on the law of the conservation of energy.

The law of the conservation of energy states that the total energy in any closed system does not
change over time. This energy can be converted into different forms, for example thermal energy can
be transformed into kinetic energy, in other words heat can be converted into motion. However, within
any closed system it is not possible to produce energy and it is also not possible to destroy energy.
The total amount of energy in a closed system always remains constant. In other words, energy cannot
be produced out of nothing and conversely, it cannot simply disappear. Energy in its various forms,
including kinetic energy, thermal energy, radiation energy, nuclear bonding energy and so on can
merely change or be converted from one form to another and can then be used in this new form, but

in virtually all instances considerable technological sophistication is involved both in the conversion
process and in the subsequent utilisation of the converted energy.

Instead of permitting its kinetic energy or potential energy to be more or less wasted as thermal
energy in braking, a hybrid vehicle employs its electric motor to transform the energy back into
electrical energy that can be stored in a battery. This stored electrical energy is then available when
needed to start the combustion engine, for example, or to propel the vehicle.

How can we calculate a vehicle's kinetic energy or its potential energy?

Kinetic energy is calculated by the formula: Ei;,=72em e v2. The vehicle's mass is represented by m
and v is the velocity of the vehicle.

Potential energy is calculated by the formula: Epo; = m © g © Ah. With m being the mass of the vehicle, g
being the gravitational acceleration (9.81 m/sz) and Ah being the difference in height.

Worked examples:

Kinetic energy: given a vehicle mass of 2500 kg and a velocity of 100 km/h, the formula gives a

kinetic energy of /2 ® 2500 kg ¢ (100 km/h)2. In order to make the units compatible, velocity has to be
converted and expressed in m/s. 100 km/h corresponds to 27.77 m/s.

Exin = 1250 kg * (27.77 mis)® = 964 506 Nm (Ws)

If it takes 10 seconds to brake the car to a complete standstill, then available power P =96 451 W.
Electric power is calculated using the formula P = U e |. If the voltage is 12V, the current obtained in
this way would be somewhat more than 8000 A. There is no way in which currents of this magnitude
can be utilized effectively in passenger cars. The technique adopted to render the power usable is to
increase the voltage and thus reduce current to the range of intensity at which it can be handled in
automotive-engineering applications. This is the reason why the voltages used in hybrid vehicles are
higher than those used in conventional cars. If we can assume a voltage of 400 V for the purposes of
this worked example, the current is 241 A.
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THO9-0110

Potential energy of a motor vehicle

Index Explanation
1 Maximum potential energy
2 Minimum potential energy

Potential energy: given a vehicle mass of 2500 kg and a difference in height of 100 m, potential
energy is

Epot = 2500 kg * 9.81 m/s® 100 m = 2 452 500 Ws.

If it takes 10 seconds to descend this height, then available power P =245 250 W. Given a battery
voltage of 400 V, the current works out at 613 A.

These calculations are highly simplified, but they impart some impression of the magnitudes of
energy, power and electric current involved.
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1.3. History

1.3.1. Early electrically powered vehicles

There is nothing new about the notion of using electricity as a means of propulsion for wheeled
vehicles. In the pioneering days of automobile development (pre-1900), vehicles with electric
propulsion units actually outnumbered those powered by combustion engines. It was an electrically
powered vehicle, not a petrol-engined car, that was the first to break the magical speed barrier of 100
km/h.

C R
RS gt

] (el

The 'La Jamais Contente' electric vehicle

The vehicle that has gone down in history as 'La Jamais Contente' (French: The Never Satisfied) was
the first road-going vehicle capable of reaching speeds in excess of 100 km/h. It was an electrically
powered vehicle with a torpedo-shaped body that tipped the scales at 1450 kg. It achieved the record
speed of 105. 8 km/h on April 29, 1899 on a run near Paris, France. The vehicle boasted two 25 kW
motors, rated for 200 volts and 124 amperes. Despite these early achievements, on account of limited
range (about 85 kilometers) and the deficiencies of battery technology of the day, electric units were
soon supplanted by combustion engines in the course of technological progress. The death-knell
was sounded for electrically powered vehicles when it became common practice to use small electric
motors merely as starters for spark-ignition or diesel propulsion engines.
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Lohner-Porsche electromobile at the 1900 World Exhibition in Paris, France

Ferdinand Porsche is generally considered the father of the hybrid drive. As long ago as 1896, he
applied for a patent for electric wheel-hub motors. Taking motors of this type as his starting point,

he worked with Viennese coachbuilder Jacob Lohner and produced the "Mixte" hybrid drive. The
propulsion unit consisted of a dynamo powered by a petrol engine. The dynamo generated the
electricity for the battery. The hub motors meant that the car dispensed with gearbox and complicated
mechanical drivetrain.

1.3.2. History of BMW electric cars

BMW 1602 with electric drive

Back in the early 1970’s, BMW engineers were fully aware of the potential of electric propulsion for
cars used in urban areas. Several approaches were considered at the time, and two prototypes based
on the 1602 drew all eyes when they were used as official vehicles at the 1972 Summer Olympics

to accompany the Olympic walkers and marathon athletes. At the time, however, the technological
boundary conditions were not propitious for a serious effort geared toward development of a series-
produced car. The lead batteries alone added 350 kilograms to the weight of the car and even though
the motor was capable of delivering only 12 kW/16 hp, their capacity was sufficient for distances of
only 45 to 65 kilometers. Top speed was 100 km/h. The first step had been taken, however, and in
1981 the company again launched an electric-car project. By this time high-voltage sodium-sulphur
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technology was available for the storage batteries. The configuration sufficed to give the eight 4x4
325ix test mules acceptable levels of performance and a reasonable range. Experience amassed with
the new battery technology laid the foundation for another milestone in the development story.

BMW E1

The BMW E1 was the first all-electric BMW and it debuted at the 1991 Frankfurt car show. The
lightweight city car was designed specially for the electric motor and drivetrain; it was only 3.4 metres
long and was propelled by an electric motor rated at 32 kW/45 hp. The speedy little compact boasted
a top speed of about 125 km/h. The high-temperature battery bank (sodium-sulphur batteries) had a
capacity of about 20 kWh, so the car had a range of some 140 kilometers.

BMW E36 with electric drive

As work on developing the concept continued, the early 1990’s saw the production of a small number
of electric cars based on the 3-series coupé of the day. In the period up to 1995, the BMW brand
contributed eight test cars to a large-scale trial that took place on Germany's Baltic island of Riigen.
This co-operative venture involving a number of battery manufacturers and carmakers demonstrated
the practicality of the zero-emission propulsion concept, but it also proved that certain problems
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persisted with regard to the use of the high-temperature battery systems. High weight, restricted
range and low power density and problems with the durability of the batteries were other factors that
hampered efforts to move toward series production of electrically powered vehicles at the time.

In the years that followed, the BMW Group engineers attentively followed the advances in battery
technology, which was progressing by leaps and bounds. Today, lithium ion batteries (used in the
MINI E, for example) render the whole idea of electric propulsion far more attractive. Millions of these
batteries are used in laptop computers and in mobile phones, and the technology combines sustained
power delivery, ample storage capacity and comparatively compact dimensions in an extremely
convincing package.

MINI E

The air-cooled energy accumulator in the MINI E tips the scales at 260 kilograms and with a total
capacity of 35 kWh it provides a range of some 250 kilometers, a significantly above-average figure
for electric vehicles today. The compact electric motor with 150 kW/204 horsepower runs on 380 V
direct-current (DC) voltage.

1.4. The Competition

Other automotive manufacturers have already introduced hybrid cars or have announced that they will
have hybrid cars rolling off their production lines in the coming years. Japanese carmaker Toyota is

a leader in this respect and was the first to build hybrid cars in large numbers. The Prius is the hybrid
that Toyota has been producing in series since 1997; the car now in the showrooms is the third-
generation model marketed under this name.
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Toyota Prius

The petrol engine and the electric motor are coupled to the driven axle by planetary gearing. The
combustion engine of the Prius can be shut down completely when not needed. Under uniform load
the petrol engine provides all the propulsive power, while at the same time turning a generator to
charge the batteries. When load increases, both petrol engine and electric motor provide power in
tandem to propel the vehicle.

Hybrid technology has also been introduced at the top end of the market. The LS 600h from Lexus has
been available since June 2007.

S400 Hybrid

In 2005, the BMW Group entered into partnership with DaimlerChrysler, as it was then known, and
with GM to pool resources in developing a hybrid drive. This joint venture made it possible to bring
fully fledged hybrid cars onto the market within a very short space of time. A few months in advance of
BMW, Daimler AG debuted its Mercedes-Benz S 400 HYBRID. This car ranks as an implementation

of the 'mild" hybrid approach. It has on board a lithium ion battery rated for 0.9 kilowatt hours and so it
can claim to be the world's first hybrid car with this high-end battery technology. The battery powers
the 15 kW electric motor, which is mounted as a starter/generator on the crankshaft between the V6
combustion engine and the automatic transmission. The BMW ActiveHybrid 7 will have the same
hybrid technology.

10
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2. Principles and Driving Situations

2.1. Classification by Power Rating

In terms of the power ratings of the electric motors they use, hybrid cars can be classified as belonging

to one of three groups:

o Micro-hybrid cars
o Mild-hybrid cars
¢ Full-hybrid cars

The principal characteristics of each group are listed in the table below:

Power of \Voltage Possible functions Fuel saving
electric range
motor
Micro-hybrid 2 to kW 12V - Start/stop function Less than 10%
Mild hybrid 10to 15 42Vto 150V - Start/stop function Less than 20%
kW - Boost function
- Energy recovery
Full hybrid > 15 kW >100V - Start/stop function More than 20%
- Boost function
- Energy recovery

- All-electric propulsion

2.1.1. Micro-hybrid vehicles

General description

Micro-hybrids constitute the first level in the hybrid-car hierarchy. Micro-hybrid cars have a generator
power of 2 to 3 kW and use conventional 12-V battery technology. Power and voltage are both
comparatively low, imposing a natural limit on energy recovery during braking and in the overrun
phase. In a micro-hybrid car, the recovered electrical energy is fed into the vehicle's on-board 12 V
electrical system. In some cases these systems also have a start/stop function with conventional
starter or integrated crankshaft starter generator. A drawback of the start/stop functionality is that
frequent run-ups mean accelerated wear of the crankshaft, which has frictionless bearings and is
designed for constant rotation. Complexity, additional weight and costs for micro-hybrid cars are not
beyond reason. All in all, however, the concept cannot justifiably be expected to return more than 10%
savings in energy. Strictly speaking micro-hybrid cars are not true hybrids at all, since they have only
one means of propulsion.

11
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Micro-hybrid solution from BMW

BMW 1-series with automatic engine start/stop function

Intelligent alternator control

BMW has introduced various technologies to reduction the fuel consumption of all BMW Group
vehicles. One of these measures is partial recovery of the vehicle's kinetic energy (sometimes also
known as energy recuperation). Intelligent alternator control alone can reduce CO, by as much as 3
%, depending on the driving profile, with a corresponding reduction in fuel consumption. As far as
the customer is concerned, this is achieved without perceptible effects on the power-development
aspect of the car's performance. Intelligent alternator control is basically an extension of the charging
strategy for the battery. Instead of simply being charged to its full capacity, the battery is charged to a
defined extent that depends on various environmental conditions (ambient temperature, battery age,
etc.). In contrast to conventional charging, this strategy restricts battery charging to the car's overrun
phases. At these times the alternator is run up to full power, electricity is generated and stored in the
vehicle's battery. The alternator is not in action while the car is under acceleration. Consequently, no
power is diverted to generate electricity, which means that none of the energy in the fuel is utilized for
this purpose. This subject is discussed in more detail in the information bulletin entitled "Intelligent
alternator control".

Automatic engine start/stop function

The automatic engine start/stop function (Motor-Start-Stopp-Automatik, MSA) is one of the measures
that contributes to company endeavours to meet the ACEA voluntary commitment subscribed to by
BMW to reduce CO, to a defined level by 2008. The reduction in consumption is achieved by having
the engine switch itself off automatically when the vehicle is at a standstill. Engine restart is also
automatic and takes place as soon as the defined switch-on conditions are satisfied. The automatic
engine start/stop function (MSA) is integrated into the E8x, E9x and R5x models in combination

with manual gearbox and 4-cylinder engine. MSA is standard in these cars. The MSA function is
implemented in the electronic engine management system (DME/DDE). Information available on

the bus system for other functions is co-utilized for the MSA function. In order to function correctly,
the system also requires certain dedicated sensors. This subject is discussed in more detail in the
information bulletin entitled "Automatic engine start/stop function (MSA)".

12
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2.1.2. Mild hybrid

General description

Mild-hybrid systems typically use voltages higher than 42 V. Today, some of these systems operate

at voltages of 160 V or even higher. The power of the electrical machine represented by the electric
motor is in the 10 to 15 kW range. Mild-hybrid systems are generally built around electrical machines
that transform some of the kinetic energy in retardation/braking into electric energy that can be stored
in batteries. Mild-hybrid systems usually implement a start/stop function with the electrical machine
being used to restart the combustion engine when the latter is needed again after shutting down.

The electrical machine of a mild-hybrid car is also used to some extent as a booster along with the
combustion engine for pullaway and acceleration. Some mild-hybrid systems cut off the fuel supply to
the combustion engine if the high-voltage accumulator is adequately charged and the car is travelling
at a steady speed up to about 50 km/h. Under these circumstances the car is propelled only by the
electrical machine so as to economise on fuel.

BMW's implementations of the mild-hybrid concept

THI0S.0002

BMW concept 7-series ActiveHybrid

The BMW ActiveHybrid 7 will be in production as a mild hybrid by the end of 2009. Its hybrid system
operates at a voltage of 120 V. Within the framework of the mild-hybrid concept, the electric motor
boosts the dynamic potential of the 8-cylinder petrol engine and reduces consumption and CO»
emissions by up to 15 percent, most effectively in urban-traffic conditions and primarily through brake-
energy recovery. The design dispenses with the large, heavy hybrid components and batteries of a
full-hybrid car, and this in turn has advantages in terms of gross weight and available luggage capacity.
The functions implemented in the BMW ActiveHybrid 7 will be as follows:

. Engine start/stop function
o Brake energy recovery
. Boost

¢  Climate control with engine OFF
. But not all-electric propulsion.

13
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2.1.3. Full hybrid

General description

It is characteristic of the full-hybrid concept that the vehicle can pull away from rest and drive without
the combustion engine turning over. Full-hybrid systems use high-voltage accumulators with voltages
in some cases well in excess of 200 V. In a configuration of this nature the electric motor is easily
capable of overcoming inertia to set the car in motion, and when sharp acceleration is called for the
torque of the combustion engine and that of the electric motor are used in parallel. This is the mode
known as boost.

BMW's implementations of the full-hybrid concept

BMW concept X6 ActiveHybrid

The BMW ActiveHybrid X6 has the V8 Twin Turbo with high precision injection of the BMW X6
xDrive50i, combined with two electric motors. Electric motors are inherently capable of developing
full torque from rest, and this specific advantage of the electric propulsion unit is ideally combined

in this configuration with the V8 Twin Turbo, an engine designed and built specifically for efficiency.
The combination of these two different modes of propulsion gives the BMW concept X6 ActiveHybrid
exceptional acceleration and performance. Intelligent control of the harmony between electric

drive and combustion engine, moreover, ensures that the two offer the benefits of reduced fuel
consumption not only in stop-and-go traffic, but also over a much wider roadspeed bandwidth. Along
with the functions implemented in the mild-hybrid BMW ActiveHybrid 7, the BMW ActiveHybrid X6 is
capable of all-electric driving, in other words it can be driven without the combustion engine turning
over.

2.2. Classification by Drive-unit Configuration
In terms of drive-unit configuration, hybrid cars can be classified as belonging to one of four groups:

*  Serial hybrid

. Parallel hybrid

o Power-split hybrid
. Plug-in hybrid

14
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2.2.1. Serial hybrid

o
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|
|

Components of a serial-hybrid drive

i/;.

Index Explanation

High-voltage battery
Power electronics
Alternator
Combustion engine
Electric motor

o O~ WDN =

Fuel tank

A serial-hybrid car has an electric motor and a combustion engine. The characteristic of this concept
is that only the electric motor acts directly on the driven wheels. The components in the powertrain
are arranged one after the other and this is why the configuration is termed serial. The combustion
engine drives an alternator that generates the energy for the electrical propulsion unit and for charging
the battery. The flow of electrical energy is controlled by the power electronics. The size of the
alternator and the electric accumulator (the battery, in other words) depends on the operating-mode
and charging strategy, range and performance. The need for an extra alternator adds complexity to

the design, but this is compensated to some extent by the absence of a gearbox. A serial-hybrid
configuration offers a great deal of flexibility in terms of the positioning of the individual components.
The single most telling drawback of the serial-hybrid concept is the double transformation of energy
and the diminished efficiency this inherently entails. Combustion engine and alternator both have to be
designed for maximum propulsive power. By comparison with parallel hybrids, the combustion engine
is more powerful, but it therefore produces more emissions and has a higher fuel consumption.

Fully electric drives are similar to serial drives to some extent. Instead of being inside the vehicle,

however, the generator is external. The battery is recharged from the public grid or a private source to
which the vehicle is connected while not in use.
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Components of an all-electric drive

THOS-0122

Index Explanation

1 High-voltage battery
2 Power electronics

3 Mains-supply plug

4 Electric motors

2.2.2. Parallel hybrid
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Components of a parallel-hybrid drive
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Index Explanation

High-voltage battery
Power electronics
Electrical machine
Clutch

Combustion engine
Gearbox
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Fuel tank

Unlike serial hybrids, parallel hybrid systems have both the combustion engine and the electric

motor mechanically connected to the driven wheels. The two propulsion systems can be used

either separately or together to propel the car. The introduction of force from the two sources to the
powertrain is parallel, hence the term 'parallel-hybrid system'. Both electric motor and combustion
engine can be made smaller and lighter, because the power of both is combined. Savings are the

net result, for example in terms of weight, fuel consumption and CO, emissions. An option open to
designers looking to maximise performance is to install a full-size, full-power combustion engine and
then utilise the boost available from the electric motor. This approach too can produce a reduction in
fuel consumption. The electric motor can also operate as a generator, which is why the term "electrical
machine" is more apt than "electric motor". In overrun phases and when the vehicle brakes the
electrical machine generates electricity which — controlled by the power electronics - is stored in the
high-voltage battery so that the car can use less fuel. In terms of production outlay, a cost comparison
actually puts parallel hybrids ahead of mild hybrids.

2.2.3. Power-split hybrid
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Components of a power-split hybrid drive
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Index Explanation

High-voltage battery
Power electronics
Electrical machine 1
Combustion engine
Planetary gearing
Electrical machine 2
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Fuel tank

Power transmission can be either serial or parallel, so hybrid systems of this nature are referred to as
serial-parallel or power-split systems.

Various operating modes are possible and individual modes can be engaged to suit driving conditions:
*  Combustion engine drives alternator (electrical machine 1) to charge the high-voltage battery
bank.

e Combustion engine drives alternator (electrical machine 1). The electricity generated in this
way is used to power electrical machine 2 (serial hybrid).

*  Combustion engine is mechanically connected to the input shaft, as are the electrical
machines. Both propulsion units drive the vehicle (parallel hybrid).

In this combined hybrid drive mode a coupling provides the means of switching from one propulsion
unit to the other. A vehicle with power-split hybrid drive can be electrically powered up to a certain
speed. The electronics also control the way in which the two propulsion modes are combined to keep
the combustion engine operating in its most efficient range. The drawbacks of power-split hybrid
drives are the sophisticated electronics needed for drive control and the high costs. Power-split
systems are usually implemented as full-hybrid configurations.

2.2.4. Plug-in hybrid
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Index Explanation

High-voltage battery
Power electronics
Mains-supply plug
Electrical machine 1
Combustion engine
Planetary gearing
Electrical machine 2
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Fuel tank

Plug-in hybrids are another extended branch of hybrid technology. A plug-in configuration further
reduces fuel consumption by having the electrical energy accumulator charged not only by the
combustion engine but also off the grid supply when the vehicle is not in use. If the battery charge
level is sufficient the vehicle can undertake short journeys in zero-emission electrical mode, with the
combustion engine in reserve and needed only for lengthy trips or when the battery is drained. A plug-
in hybrid always has a large-capacity battery bank so that more energy from the grid can be stored

to make the vehicle less reliant on the combustion engine and maximise the proportion of all-electric
driving.

2.3. Driving Conditions

The driving conditions that can apply in the case of a full-hybrid configuration are shown below.
The corresponding driving conditions for other hybrid vehicles can be derived by analogy from this
summary.

The individual driving conditions can be subdivided into four phases:

1  Accelerating: the electronic drive control takes power from the high-voltage battery to overcome
inertia and set the vehicle in motion. In this phase the car accelerates from rest under electrical
power only.

2  Steady driving: at a certain speed the electrical machine reaches the limit of its power or speed
and the electronics switch to the combustion engine as the main propulsion unit.

3  Overtaking: for overtaking or bursts of speed, the electrical machine and the combustion engine
operate together, combining their output to maximise available power.

4  Braking: the car is initially slowed by electric braking (energy recovery). If braking deceleration
is not sufficient the mechanical brake is also applied. During electrical braking the electrical
machine operates as a generator and converts a proportion of the braking energy into electrical
energy that is stored in the high-voltage battery.

2.3.1. Start/stop function

When the vehicle is at a standstill with the combustion engine at its operating temperature, for
example because the traffic has been held up at traffic lights, the combustion engine is switched off.
This means that the engine is not emitting CO» and fuel consumption is reduced. While the car is at a

standstill the high-voltage battery supplies power for climate control, vehicle lights etc.
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If the charge state of the high-voltage battery is not sufficient to cover these loads the combustion
engine is started to charge the high-voltage battery off the electrical machine and provide enough
electrical energy to power the various consumers. When the brakes are applied on the approach to
traffic lights, the combustion engine is switched off even before the car comes to a complete standstill
(the engine is switched off when the car slows to a certain defined speed).

2.3.2. Pullaway

The ability of the electric propulsion unit to deliver high torque at low speed is utilized for pullaway
from rest. The car accelerates away from rest solely under electric power, with the electric motors
drawing the energy they need from the high-voltage battery. The combustion engine remains switched
off (engine at operating temperature).

2.3.3. Accelerating (boost function)

When sharp acceleration is needed to lift the car away from rest at a junction, to overcome a steep
gradient or to pass slower traffic, if the high-voltage battery is sufficiently charged its power can be
tapped and the additional force made available as kinetic energy through the electrical machine.
This is known as the boost function. Combining the power output of the combustion engine and the
electric motors produces driving dynamics and acceleration similar to those of a vehicle with a more
powerful engine.

2.3.4. Steady driving

The combustion engine and the electrical machine can both contribute to propulsion; the extent to
which power is drawn from either source depends on the vehicle's speed and the battery bank's state
of charge at a given time.

Combustion engines do not operate at maximum efficiency when required to propel the vehicle at low
to medium speeds. The electrical machine, in contrast, is capable of delivering full torque at very low
rpm. If the high-voltage battery is adequately charged, electrical energy is tapped from the battery to
drive the car under electric power. The combustion engine is not switched on frequently unless the
charge level of the high-voltage battery is low: under these circumstances some power is tapped from
the engine to recharge the battery.

A combustion engine can operate at maximum efficiency when the car is being driven at a steady,
relatively high speed. At this end of the performance band the electrical machine would have to draw
too much energy from the high-voltage battery. Consequently, the combustion engine is the primary
mover for driving under these conditions. If the high-voltage battery is in a low state of charge part of
the power developed by the combustion engine is used to recharge the battery through the electrical
machine.

2.3.5. Braking

The ability to utilise the energy that would otherwise be shed on descents or wasted when the

car is decelerating is one of the main advantages of a hybrid drive. This mode is known as energy
recuperation or more frequently energy recovery. Instead of being dissipated by conversion into
thermal energy at the wheel brakes, excess energy is converted into electrical energy by the electrical
machine operating as a generator, and stored in the high-voltage battery.
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3.1. Energy Storage Devices

The energy storage device stores accumulated energy so that it will be available for use when needed
at some subsequent point in time. Energy is often converted from one form to another so that it can be
stored and it then has to be converted again when needed; this process of conversion is unavoidable
in order to minimise losses during stoppages. For example, chemical energy (fuel) is stored in the fuel
tank and subsequently converted into thermal and mechanical energy by the combustion engine.
Losses invariably occur in any process of energy storage or energy transformation. There are many
kinds of energy-storage device (mechanical, thermal, chemical, magnetic and electrostatic). Chemical
and electrostatic storage devices are explained in more detail below, because these are the types of
storage device most frequently used as the secondary source of energy in modern hybrid cars.

3.1.1. Physical principles of chemical storage
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Basic structure of a galvanic cell

Index Explanation

1 Negative electrode
2 Electrolyte

3 Separator

4 Positive electrode

Broadly speaking, a galvanic cell consists of the electrolyte, the battery housing and of course the

two electrodes. A separator through which ions can pass but which holds back electrons forms an
additional insulating barrier between the electrodes. Chemical reactions that take place in the galvanic
cell produce an electron excess at one electrode and an electron deficit at the other. Consequently,
there is an electric potential - a voltage, in other words - between the two electrodes.

As the battery discharges, therefore, the chemical reaction converts the energy stored in chemical
form to change into electrical energy. The reaction that supplies energy is known as discharge and
consists of two subreactions (electrode reactions) which, although separate in space, are interlinked.
The electrode at which the corresponding subreaction takes place at a lower ORP (oxygen-reduction
potential) than the other electrode is the negative electrode; the other is the positive electrode. As the
cell discharges an oxidation process takes place at the negative electrode and electrons are released;
at the same time at the positive electrode the corresponding electrons are absorbed in equal numbers
by a reduction process.
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The electronic current flows through an external consumer circuit from the negative to the positive
electrode. Inside the cell the current is carried between the electrodes by ions in the ion-conductive
electrolyte (ion current), and ion and electronic reactions in/at the electrodes are interlinked.

Galvanic cells are DC voltage sources. The name indicating the type of galvanic cell is generally
derived from the combination of electrode materials, so for example we have nickel metal-hydride
cells. The chemical make-up of the electrolyte and the electrode materials changes, depending on the
charge state of the cell. The type of material from which the electrodes are made determines the rated
voltage of the cell.

What we generally term a "battery" usually consists of an array - or battery - of galvanic cells
interconnected in such a way as to be usable as an energy source. However, in everyday parlance it

is also usual to refer to an individual galvanic cell as a "battery". Galvanic cells transform the chemical
energy they contain directly into electrical energy. A distinction is drawn between rechargeable and
non-rechargeable batteries. The difference is that in a rechargeable battery (sometimes and more
accurately termed an "accumulator") the reactions that cause discharge are reversible and the battery
can repeatedly cycle between discharging and recharging. Consequently, a battery of this nature can
repeatedly transform stored chemical energy into usable electrical energy and vice versa.
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Series connection of galvanic cells

If a voltage higher than that available from a single cell is needed, an array of cells can be connected in
series. The total voltage of the battery produced in this way corresponds to the sum of the individual
cell voltages. In the example above, total voltage Vot = V1 + Vo + V3.
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Parallel connection of galvanic cells

Capacity
Connecting galvanic cells in parallel produces a battery with a higher capacity. The voltage of the
battery is equal to that of a single cell.

Capacity is the electrical charge stored in the battery. A battery's capacity is stated in ampere-hours
[Ah]. The actual usable capacity (the current that can be drawn from the battery, in other words)
depends on the conditions of discharge. An increase in discharge current means a corresponding
decrease in usable capacity.
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Power

The power of a battery is stated in watts [W] and is the product of discharge current and discharge
voltage. It is not usual to state the energy stored in a battery, but energy per unit of mass or unit of
volume is nonetheless an important parameter of battery systems.

Energy density and power density of a battery
®

Wikg
100.000

10,000

10 J]
0

a 20

0486

|®I O
|
40 60 80 100 120 140 160 180 200

Whikg

Energy and power densities of batteries

Index Explanation

Double-layer capacitor
Lead-acid battery
Nickel-cadmium battery
Nickel metal hydride battery
Lithium ion battery

Energy density in Wh/kg
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Power density in W/kg

Energy density is a measure of the distribution of energy over the mass of a substance and is stated
in watt-hours per kilogram [Wh/kg]. The energy density of the battery used in a hybrid car is crucial in
terms of the range the vehicle is able to cover before the battery has to be recharged.

The power density of a battery defines the battery's electrical power as a function of mass and is
stated in watts per kilogram [W/kg].
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The graph above shows the power density and the energy density of various devices capable of
storing electrical energy. As the graph shows, double-layer capacitors evince a very high power
density but a very low energy density by comparison with other storage devices, so they are able to
discharge a very high power over a short period of time. A comparison of nickel cadmium and nickel
metal hydride batteries shows that both have about the same power density, but the nickel metal
hydride battery has almost twice the energy density. This in turn means that of two batteries capable
of storing the same amount of energy, a nickel metal hydride battery would weigh only half as much
as a nickel-cadmium battery. Translated into terms of range, a car with a nickel metal hydride battery
would be able to travel twice as far as a car fitted with a nickel-cadmium battery of the same size.

Comparison of energy densities of petrol and a 12-V battery

Fossil fuels have a significantly higher energy density. Petrol or diesel, for example, has an energy
density of 11.8 kWh/kg. A 12-V lead-acid battery has an energy density of 30 Wh/kg. In other words,
the energy density of petrol is about 400 times greater than that of a lead-acid battery. If a 12-V battery
had a volume of 12 liters, the amount of petrol needed to provide the same amount of energy would
have a volume of 0.03 liters.

Batteries of very many different kinds are available on the market. Only the most important types that
are of interest from the point of view of hybrid propulsion technology are described below.

3.1.2. Battery types

Lead-acid battery

The lead-acid battery is one of the oldest kinds of battery system (lead acid batteries have been
around since 1850), but even today batteries of this kind supply electrical energy for millions of motor
vehicles. Lead-acid batteries are commonly used as starter batteries for the combustion engines of
motor vehicles. Over a limited period of time, batteries of this kind are also capable of supplying power
to on-board electrical consumers even when the combustion engine is not running.
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Structure of a lead-acid battery

Index Explanation

Seal plug

Hydrometer (Magic Eye)

Carry handle

Positive terminal of battery

Battery housing

Bottom ridge for holding battery in position

Plate block, consisting of positive and negative plate sets
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Negative terminal of battery
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Chemical reaction in a lead-acid battery

Index Explanation

1 Cathode (negative terminal)
2 Anode (positive terminal)

3 Sulfuric acid

When a lead-acid battery is fully charged, its positive terminal consists of lead oxide (PbO,) and the
negative terminal consists of lead (Pb). The electrolyte is diluted sulfuric acid (H,SO,). Both poles of a
discharged lead-acid battery consist of lead sulfate (PbSQO,).

The overall reaction that takes place as the battery discharges can be expressed as follows:
Pb + PbO, +2H,S0,4 —> PbSO,4 + 2H,0, + electrical energy

The cells consist primarily of positive and negative electrodes and the separators, plus the requisite
structural components. Each cell supplies a voltage of two volts. Six cells connected in series deliver
the battery voltage of 12 V. The energy density of a lead-acid battery is typically in the order of 30 Wh/

kg.

Nickel-cadmium battery

Nickel-cadmium batteries (NiCd) were first developed more than 100 years ago and the technology is
still in use today. An important difference between lead-acid batteries and nickel-cadmium batteries

is that in the latter the electrolyte remains unchanged through the charge/discharge cycle. The
electrodes of a fully charged nickel cadmium cell consist of plates charged with cadmium at the
negative terminal and nickel-hydroxide at the positive terminal. The electrolyte is potassium hydroxide.
This combination supplies a voltage of 1.2 V. Energy density is comparable to that of a lead-acid
battery.

Cadmium is a heavy metal and is classified as an environmentally hazardous substance and these
batteries suffer from what is commonly known as the memory effect - two reasons why NiCd batteries
have recently been supplanted by new battery systems. The memory effect is the characteristic

loss of capacity that occurs when a nickel-cadmium battery is frequently recharged after being only
partly discharged. The battery gives the impression of "remembering" the energy levels it reached in
previous discharge cycles. Instead of the original nominal amount of energy, the battery outputs only
this lower amount of energy and the voltage drops.
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Nickel metal hydride battery

Nickel metal hydride battery in the ActiveHybrid X6

The nickel metal hydride battery (NiMH battery) is often considered the successor to the NiCd battery.
An NiMH battery cell has nominal voltage of 1.2 volts. The energy density of an NiMH battery is about
80 Wh/kg, so it is twice that of an NiCd battery. NiMH batteries are virtually free of the memory effect
described above. They are capable of releasing their stored electrical energy within a very short time
with no more than a negligible tailing off in voltage level.

NiMH batteries are easily damaged by overcharging, total discharge, overheating and reversed polarity.
They are also sensitive to changes in temperature. As soon as ambient temperature dips close to the
freezing point these batteries evince a significant drop in capacity.

The anode consists of a metal alloy that can reversibly store hydrogen in its crystal lattice to form a
metal hydride. The electrolyte is a 20% solution of potassium hydroxide, which also surrounds the
nickel-hydroxide cathode.

As the battery discharges the hydrogen oxidizes; this chemical process produces a potential of 1.32
volts at the two electrodes. In order to prevent the metal from oxidizing instead of the hydrogen as
the battery approaches the end of its discharge cycle, the negative electrode is much larger than the
positive electrode.
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Lithium ion battery (Li-ion battery)

In the 1960’s, researchers were starting to look at lithium batteries with lithium-metal anodes and non-
aqueous electrolytes. The non-rechargeable lithium batteries were initially used in space exploration
and for military purposes. Low self-discharge is a feature of batteries of this kind and for this reason
they are still used even today in cardiac pacemakers, clocks and cameras. Rechargeable lithium
batteries made their commercial breakthrough with the market launch of a cell that dispensed entirely
with metallic lithium; this was the lithium-ion battery. Today, lithium-ion batteries are the preferred
energy source for portable devices with high energy demand (mobile phones, digital cameras,
notebook computers, etc.). Their high energy density also makes them attractive for use in electrically
powered and hybrid vehicles. Additional benefits are the ability to supply a constant voltage across the
entire discharge period cycle and the fact that they do not suffer from a memory effect.
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Structure of a lithium-ion cell

Index Explanation

Positive electrode
Housing with electrolyte
Lithium-metal oxide
Separator

Graphite layer

Negative electrode
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Lithium ion

Most Li-ion cells have a positive electrode made of lithium-metal oxides built up in layers (e.g. LiCoO
or LiNiO»). The negative electrode consists of layers of graphite. The two electrodes are in a non-
aqueous electrolyte. There is a separator between the two electrodes.

The lithium-ion cells generates a source voltage by the movement of lithium ions. When the cell is
charging, positive lithium ions migrate through the electrolyte from the anode and insert themselves
into the graphite layers of the cathode.
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The lithium ions combine with the graphite (carbon) without destroying the graphite's molecular
structure. As the cell discharges the lithium ions extract from the graphite and move back to the metal
oxide and the electrons can flow through the external circuit to the positive electrode. The lithium ions
cannot combine with the graphite of the cathode in the process known as intercalation unless the
negative electrode has a protective coating through which the small lithium ions can pass, but that
constitutes an impermeable barrier to molecules in the electrolyte.

Lithium-ion batteries have a low self-discharge rat and their efficiency is approximately 96%, due
primarily to the high migration capability of lithium ions. Efficiency is affected by temperature and
drops off sharply at low temperatures.

A conventional lithium-ion cell supplies a nominal voltage of 3.6 V. The tension of a lithium-ion cell,
therefore, is three times that of a nickel metal hydride battery. Total discharge to below 2.4 V causes
irreversible damage and loss of capacity to the cell, so it is essential to ensure that this threshold is not
reached.

Specific power density is in the range from 300 to 1500 W/kg. Energy density is about twice that of a
nickel-cadmium battery, for example, and is about 95 to 190 Wh/kg.

It is best not to allow lithium ion batteries to discharge to below 40 %, because at lower levels
significant loss of capacity can occur due to irreversible reactions in the electrodes. Another
aspect is that the higher the cell voltage, the more rapid the ageing process in batteries of this
kind. Consequently, it is best to avoid keeping lithium-ion batteries constantly 100 % charged. The
optimum state of charge is in the range between 50 % and 80 %.

There are a number of points that have to be borne in mind with regard to handling lithium ion
batteries. Mechanical damage can short the cell. The high current level would melt the casing and
cause the cell to catch fire. Li-ion batteries are hermetically sealed, but even so they should not be
immersed in water. Lithium-ion cells evince a severe reaction to water, particularly when they are fully
charged. If a battery of this kind catches fire it is important not to attempt to extinguish it with water:
smother the fire with an inert substance such as sand, for example.

For production-related reasons scatter affects a number of important parameters of lithium-ion cells
(capacity is a case in point) and each battery is an array consisting of many individual cells, so each cell
has to be individually monitored. This is precisely what the battery management system is designed to
do. This system ensures that the individual cells are not overcharged and not discharged too severely,
and it also balances charge over individual cells, if necessary.

3.1.3. Electrostatic storage devices

3.1.4. Double-layer capacitors

The principle of the double-layer capacitor was discovered in 1856 by German physicist Hermann
von Helmholtz. He described the make-up of double layers of charge carriers forming on electrodes
contained in an electrolyte when a voltage is applied from an external source. Today's double-

layer capacitors are marketed under many different names (the names vary from manufacturer to
manufacturer), including for example Goldcaps, Supercaps, Boost Caps and Ultracaps.

A double-layer capacitor is an electrostatic energy storage device for electrical energy with a very high
power density of up to 10 kW/kg, but an energy density of about 5 Wh/kg, which is low by comparison
with chemical storage devices. The advantages of a double-layer capacitor are its very high efficiency
(approaching 100 %), its low self-discharge rate and its durability. These devices, moreover, are
completely free of the memory effect.
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The inherently low energy density renders double-layer capacitors unsuitable for use as sole energy
accumulators for vehicle propulsion, but in combination with chemical storage devices the weight
savings are considerable and an additional benefit is that the chemical accumulators have an extended
service life.
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Structure of a double-layer capacitor

Index Explanation

A Double-layer capacitor is discharged
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Double-layer capacitor is charged
Voltage source

Switch

Insulating charge-carrier layer
Insulating charge-carrier layer
Negative electrode

Negative charge carriers
Electrolyte

Separator

Positive charge carriers
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0 Positive electrode

A double-layer capacitor consists of two electrodes in an electrolyte. When a voltage is applied to the
electrodes, ions of opposing polarity migrate out of the electrode and collect at the electrodes. They
form zones of immobile charge carriers in layers that are only a few molecules thick. A double-layer
capacitor does not have a dielectric in the true sense.
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Instead, two layers of electric charge carriers form at the interface between electrodes and electrolyte
and these layers act in much the same way as a dielectric. The two layers of charge carriers are the
double layer that give the capacitor its name. The electrodes with the layers of charge carriers as
dielectric act like two capacitors connected in series by the electrically conductive electrolyte. Double-
layer capacitors store electrical energy purely by electrostatic means.

Capacity depends on the thickness of the insulating laser and the surface area of the electrodes.
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Index Explanation

C Capacity of the plate capacitor

€0 Electrical field constant of a vacuum

& Permeability of a material to electric fields

Surface area of the electrodes
d Distance between electrodes or thickness of the insulating charge-carrier layer

The high power density of double-layer capacitors is due to the very thin insulating layer and the large
surface area of the electrodes. Activated carbon is used to produce electrodes with this very large

surface area. Activated carbon is fine-grade carbon with a very large inner surface (300 to 3000 m?/
g). 4 grams of activated carbon aggregate to an inner surface roughly equal to the surface area of a
football pitch. The insulating layer is only a few nanometers thick.

The capacity of double-layer capacitors is in the range from 1 to 50 farads and dielectric strength
is about 2.5 V. As is the case with chemical accumulators, capacity and operating voltage can be
increased by connecting multiple capacitors in series or in parallel, respectively.
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3.1.5. Summary notes on energy storage devices

As we have seen, the galvanic cell is the heart of any useful energy-storage system. Consequently,
selecting a cell of suitable type is of crucial importance in terms of the system's ability to store and
provide energy. The table below is an overview of the properties of the mainstream electrical energy-
storage devices.

Energy Cell voltage Power Energy Memory Operating
storage [V] density [W/ density [Wh/ effect temperature
device kg] kg] [°C]
Lead-acid 2 Up to 500 30 - Up to 45
battery

Nickel- 1.2 Up to 1,000 40 Yes Up to 65
cadmium

battery

Nickel metal 1.2 Up to 1,000 80 Low Up to 60
hydride

battery

Lithium ion 3.6 300t0 1,500 9510 190 No Up to 50
battery

Double-layer  2.3t02.7 Upto 10,000 5 No Up to 65
capacitor

If voltage and/or capacity of the cell is not sufficient for a given application, multiple cells can be
connected
in series or in parallel, respectively.
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Series and parallel connection of battery cells

3.2. Electrical Machines

3.2.1. Important terms and laws of physics

Magnet

A permanent magnet (a magnet made from what is termed a magnetically "hard" material) is usually
made of an alloy primarily of iron and often containing cobalt or nickel. It is magnetized in the process
of production and it retains this magnetism permanently, hence the name. Permanent magnets

are used for a wide variety of purposes, including that of generating energizing fields in fractional-
horsepower electric motors.
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Behavior of magnetic poles

Index Explanation
A Opposite magnetic poles are mutually attractive
B Like magnetic poles repel

Electromagnet
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Magnetic field of an electromagnet

Index Explanation

(O] Magnetic flux
| Current through caoill

A coil carrying an electric current generates a magnetic field very similar to that of a bar magnet.
Consequently, it can be used as an electromagnet. Unlike the magnetism of a permanent magnet, this
magnetism can be switched on and off, because it occurs only while current is flowing through the
coil. In direct current motors with electric excitation such as series-wound or shunt-wound motors,
electromagnets are used to generate the magnetic field in the stator. Electromagnets are also used for
the coils in relays.
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Magnetic field lines

A magnetic field can be generated with the aid of a permanent magnet or an electromagnet. The
magnetic fields can be visualized as magnetic field lines running from the magnet's north pole to its
south pole. The stronger the magnetic field, the more densely packed are the magnetic field lines in

the diagram.

Faraday's law of induction

Electromagnetic induction was discovered in 1831 by Michael Faraday. Electromagnetic induction
is one of the basic phenomena of electrophysics. Faraday's law of induction describes a relationship
between magnetic fields and electrical voltages and is crucial to our understanding of how electrical

machines work.

The law of induction states that a Uj,q will be induced by the reversing magnetic flux ® flowing through
a coil with the number of turns N. This relationship can be expressed as: Uj,q = N ¢ ®/dt.

Even in a magnetic field without a time rate of change a voltage is induced in the coil if the coil itself

is moved inside the magnetic field. Induction is utilized primarily in electrical machines such as
generators, electric motors and transformers. The direction of flux of the induced voltage can be
determined by application of Lenz's law: the direction of flux of the induced current is always in such a

direction as to oppose the motion or change causing it.

If the current flowing through the coil changes in intensity, its magnetic field also changes and induces
in the coil a voltage that is opposite the change in current direction causing it. This is generally termed
self-induction. The faster the magnetic field changes and the stronger the changes, the higher is the

resultant induction voltage.
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Lorentz force

THI9-1447

Lorentz force acting on an electron

Index Explanation

1 Electron

B Magnetic flux direction

F Force acting on an electron
I

Electric current

F Force acting on an electron
N North pole
S South pole

The force known to physics as the Lorentz force is the force that a magnetic field exercises on a moved
electrical charge. A force F acts on the electrons in the conductor, causing the entire conductor to
move in one direction. The orientation of the vectoring force can be determined by the "right-hand
rule" or by the principle of cause/agent/effect. Applied to the graphic above, this means:

Cause = current —> agent = magnetic field —> effect = force on electrons
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Transformers

Structure of a transformer

Index Explanation

1 Primary coil with number of turns N4

2 Secondary coil with number of turns N,
3 Magnetic flux

4 Iron core

A transformer consists of two coils around a common iron core. There is no conductive connection
between the two coils, in other words they are galvanically insulated from each other.

If an alternating current is applied to one of the coils, the law of induction requires that an alternating
current will be induced in the second coil. A voltage can then be measured between the ends of the
second coil. The strength of the induced voltage depends on the primary voltage and the number of
turns in the two coils.

U1/U2 = N1/N2

If the primary and secondary coils have the same number of turns, secondary voltage U, will be equal
to primary voltage U;. If the secondary coil has twice as many turns as the primary coil, the secondary
voltage will be twice the primary voltage. A load connected to the secondary coil draws energy from
the circuit that has to be made up for on the primary side. In an ideal (imaginary) transformer, the
energy input on the primary side is equal to the energy tapped on the secondary side, in other words
an ideal transformer is loss-free. The currents |1 and I, are inversely proportional to the voltages,

because in this ideal transformer power is equal on the primary and secondary sides.

Ujeli=Usely
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Ideal transformers, however, do not exist in the real world, because losses always occur. Every
transformer, therefore, outputs less electrical energy than it receives. The losses in electrical energy
are partly the result of heat generated in the coils on account of electrical resistance and partly the
result of what are known as eddy currents. The eddy currents can be minimized by using a transformer
core made up of a large number of thin iron sheets instead of a solid-iron core. These sheets of iron
are insulated by a lacquer coating and this arrangement interrupts the flux of eddy currents.

Electrical machines, general

Electrical machines are devices capable of converting electrical energy into mechanical movement and
mechanical movement into electrical energy. Depending on how the energy is transformed, we talk
about electric motors (electrical to mechanical), or generators (mechanical to electrical). All electrical
machines make use of the fact that like magnetic poles repel and opposite magnetic poles attract. At
least one of the magnetic fields is produced by an electric current. Electrical machines can also be
classified by type of current, for example direct current (DC), alternating current(AC) or rotary current
(more commonly called three-phase current) machines, or by the operating principle, which gives us
the classifications of synchronous or asynchronous machines.

Out of all these various classifications, the following electrical machines are discussed in more detail
below:

. Direct-current machines
e Synchronous machines
¢ Asynchronous machines

3.2.2. Direct-current electrical machines

Direct-current electrical machines were the earliest electromechanical converters, primarily because of
historic development and the availability of electrical energy in the form of direct current from galvanic
cells. The first direct-current machine was built in about 1830. The introduction of rotary current
(three-phase current) in 1890 or thereabouts meant that the DC machine was ultimately supplanted

by the synchronous machine. Even today, however, direct-current machine designs are still with us

and are used in a very wide range of applications. Direct-current motors with rating up to about 100 W
are used in huge numbers in vehicle electrical systems as motors for wipers, power window lifters and
blowers and as servomotors.
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Operating principle of the direct-current electrical machine

A direct-current electrical machine converts electrical energy (in the form of direct current) into
rotational energy. The machine consists of a stationary part, known as the stator, and a part mounted
in bearings so that it is free to rotate and known as the rotor (armature). Most direct-current machines
are of the internal-rotor type, in other words the rotor is the inner part and the stator is the outer part of
the electrical machine. The stator consists of an electromagnet or, in some very small DC machines, a

permanent magnet.

| |

TEOT-1418

Left: magnetic field between two poles
Right: magnetic field of a conductor carrying a current

Electric motors operate on the principle that a force is applied to a conductor carrying a currentin a
magnetic field. The magnetic field of the conductor carrying the current and the magnetic field of the
permanent magnet interact. If the permanent magnet is immovable and the conductor is mounted in
rotary bearings, a force is applied to the conductor. The effect of this force is to cause the conductor
carrying the current to rotate. The force acting on the conductor depends on:

e the strength of the electric current flowing through the conductor
* the strength of the magnetic field
e the effective length of the conductor (number of turns).
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Rotation of the current-carrying conductor

In order to increase the effect of the force, the current-carrying conductor is replaced with a coil with
an iron core. For the sake of simplicity the graphic above shows only a conductor. When a voltage

is applied to the coil, the current flowing through the coil generates a magnetic field (coil field). The
magnetic field between the poles of the permanent magnet and the coil field produce a resultant
magnetic field. A counter-clockwise or clockwise torque is produced, depending on the direction of
current flux through the coil. The coil rotates until the coil field is vectored in the same direction as
the magnetic field between the poles of the permanent magnet. The coil then comes to a standstill in
what is known as the neutral zone of the pole field. In order to keep the coil in constant rotation, the
direction of current flux through the coil has to be reversed. The direction in which the current flows
is reversed by a commutator to which the start of the coil and the end of the coil are connected. Every
180° of rotation the commutator reverses the direction of current flow and the coil remains constantly
in rotation.

TEQT-1423

Multiple coils with a common iron core

The technical application of this principle calls for current flowing to the armature through a
segmented commutator and wiper contacts (carbon brushes). The commutator is made up of
segments of metal separated by thin strips of non-conductive material (plastic, air gaps) to form a
cylindrical or circular surface with multiple interruptions. Carbon brushes (in most cases there are two
brushes are pressed against the commutator by springs to transmit the current. As the rotor rotates
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the current direction through the armature windings is reversed and the conductors carried into the
stator's magnetic field are those through which current is flowing in the direction that produces torque.
The speed of the motor depends on voltage and direction of rotation. Typical applications for direct-
current motors in automobiles include wiper motors and starter motors, for example.

TEQT-1446

Structure of a starter motor

Index Explanation

Forked lever
Relay armature
Relay coil

Relay springs
Commutator
Carbon brush
Rotor (armature)
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Until now, we have been looking at DC machines that use a permanent magnet to generate the primary
magnetic field. However, the primary magnetic field in a DC machine can also be generated by an
electromagnet. If the voltage supply for the excitation winding is independent of the voltage supply

to the armature, the electrical machine is said to be of the separate-excitation type. Speed control

for machines of this type is simple, because armature voltage and excitation voltage can be varied
independently of each other.
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Direct-current machine with separate excitation

Index Explanation
1 Armature winding
2 Excitation winding

If excitation winding and armature circuit are interconnected, the electrical machine is of the self-
excitation type. The way in which excitation winding and armature circuit are connected provides a
further means of distinguishing the type, namely as a series-wound or shunt-wound machine.

Series-wound machine
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Block diagram of a series-wound machine

Index Explanation

1 Excitation winding

2 Armature winding

A series-wound machine (also termed a series-excited machine) has the excitation winding and the
armature winding connected in series. The excitation winding must be of the low-resistance type.

An alternating-current supply causes both excitation field and armature current to reverse after every
half-wave, which means that motors of this type can also be operated with alternating current. In this
case, however, the iron core of the stator must consist of a stack of metal plates in order to avoid the
losses that would otherwise be caused by eddy currents. The speed of series-would motors depends
heavily on load (series-wound load dependence). Consequently, series-wound motors are suitable
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only for base-load operation as otherwise a reduction in specified torque would be accompanied
by a correspondingly sharp rise in speed. If the base load were to be disconnected the motor could
accelerate to the point at which excessive centrifugal forces would cause irreparable damage.

Series-wound motors have tremendous pullaway torque, but a disadvantage inherent to the operating
principle is this close relationship between speed and load torque. If load torque is allowed to drop,
motor speed increases.

Shunt-wound machine
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Block diagram of a shunt-wound machine

Index Explanation

1 Excitation winding

2 Armature winding

The main advantage of shunt-wound motors is their "speed stability" - in other words changes in
speed in response to fluctuating load are no more than minor. Speed can be varied over a wide range,
however: this is accomplished by varying armature voltage without any change in field excitation. The
design of the field windings is such that even when the motor is stopped (armature voltage = zero)
excitation can remain applied for an indefinite period of time.

3.2.3. Rotary-current (three-phase) machines

General description

Three-phase machines are electromechanical converters that can operate either as motors or as
generators. In motor mode the rotating magnetic field is generated by the three-phase rotary current.
In generator mode the machine rotary current. Rotary current is an alternating current with three
phases (live conductors). The term "rotary current" derives from the mode of generation, but the term
"three-phase" motor is more common, simply because these machines have three phases.
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Phases of the three alternating voltages

At any point along the time axis of this diagram, the sum of the three alternating voltages is always
zero.

Structure of a stator
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Index Explanation

1 Stator

2 Winding U

3 Winding V

4 Winding W

5 Phases of rotary current

Three coils with their axes offset 120° are necessary to generate a rotating magnetic field. The three
coils are generally mounted on the stator of the three-phase motor. The three coils receive three
alternating voltages with a 120° offset. The coils are connected in a star circuit or a delta (three-point)
circuit. The type of circuit used is of no significance at this point of our observations. The important
point to bear in mind, however, is that the currents flowing through the three winding legs have a 120°
phase offset. The naturally rotating field produced in this way is the reason why three-phase motors
are very simple in their structure.
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Star and delta circuits of winding legs
Index Explanation
A Star circuit
B Delta circuit

In a star circuit, leg ends U2, V2 and W2 are all connected to point N. Outer conductors L1, L2 and

L3 of the star circuit run from leg starting points U1, V1 and W1, respectively. In a delta configuration
the start of one coil leg is connected to the end of another coil's leg. Broadly speaking, the coils are

all connected one behind the other. Outer conductors L1, L2 and L3 run from the connecting points
to the consumer. Because the coils are concatenated in this way, only three conductors are needed

to wire the three phases L1, L2 and L3. In principle, both types of three-phase machine have the
same stator structure with a three-leg rotary-current winding. They differ only in the structure of the
rotor. The structure of the rotor is the feature that enables us to distinguish between synchronous and
asynchronous machines.
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Synchronous machine
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Structure of a synchronous machine

Index Explanation

1 Winding W

2 Winding V

3 Winding U

4 Stator with rotary field windings

9] Shaft

6 Rotor with permanent magnets

7 Permanent magnets

A three-phase synchronous machine is an electromechanical converter that operates with a three-
phase supply as an electric motor, or as a generator producing a three-phase supply for a consumer.
Synchronous machines are used primarily as generators to produce electrical energy in power
plants. A synchronous machine is generally the first choice nowadays as well as the generator in a
motor vehicle to supply electrical consumers and charge the battery. In the medium-power range
synchronous machines have become rare these days although this is set to change because hybrid-
vehicle technology is turning more and more to synchronous machines.
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A typical automotive alternator

The magnetic field in the rotor of a synchronous machine is generated by permanent magnets (in
small-scale machines) or by electromagnets (in larger machines). In the latter case wiper contacts are
necessary, but the current flowing through these contacts is comparatively low. Unlike direct-current
machines, a synchronous machine does not need a commutator.
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Structure of a synchronous machine with permanent magnets

Index Explanation
Stator
Winding U
Rotor
Winding V
Winding W

Phases of rotary current
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Most synchronous machines are of internal-pole design. Some designs have the stator windings
inside the machine and the rotor with permanent magnets outside. A machine of this kind is referred to
as an external-rotor machine.

Principle of synchronous machines

When a rotary current is applied to the windings of the stator, a corresponding rotating magnetic field
is generated. The magnetic poles of the rotor follow the direction of the rotating field. This causes the
rotor to rotate. The rotor moves at the same speed as the rotating magnetic field. This speed is known
as the synchronous speed. Hence the term "synchronous machine". The speed of the synchronous
motor is precisely defined by the frequency of the rotary current and the number of pole pairs.
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A frequency converter has to be used in order to achieve stepless speed control of a synchronous
motor. Synchronous machines do not start up under their own power: they must be set in motion
either mechanically or with the aid of frequency converters, accelerated to their rated speed, and
synchronised.
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Working range of a permanently excited synchronous machine

Index Explanation
1 Operation in motor mode
2 Operation in generator mode

Most of the three-phase machines used in hybrid automotive technology are of the synchronous type.
The permanent magnets generate the magnetic field of the rotor, so it is not necessary to tap energy
into the system from outside. This is why these machines have a very high power density, combined
with a very high degree of efficiency (> 90%).

Other advantages of permanent-magnet synchronous machines include:

. Low mass moment of inertia
. Low maintenance

e  Speed independent of load.
Disadvantages of synchronous machines include:

. High initial procurement costs for magnetic material
e  Sophisticated control electronics necessary
*  No self-start capability.
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Asynchronous machines

A three-phase asynchronous machine can be used as either a motor or a generator. The characteristic
feature of an asynchronous machine is that the rotor does not have a direct supply of electricity.

The motor's magnetic field is built up by induction from the rotary field of the stator. Another term
frequently used for machines of this type is "induction machine", because the current flowing through
the rotor is always induced by the rotary field of the stator. The rotor is often shaped like a round cage
with bar conductors that make up the cage short-circuited at the ends.

O® @ ®

Structure of an asynchronous machine

Index Explanation

1 Fan

2 Stator sheetpack

3 Terminals (line in)

4 Rotor sheetpack with rotor bars
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Index Explanation

5 Stator winding

6 Short-circuit ring
7 Roller bearing

8 Shaft

The rotary field in the stator winding reverses the magnetic flux in the conductor loops of the rotor.
This induces a voltage that causes current to flow in the short-circuited conductor bars. This current
generates a magnetic field of its own. Lenz's law states that the direction of flux of the induced current
is always in such a direction as to oppose the motion or change causing it. The outcome is a torque
that causes the rotor to spin in the direction of the stator's rotary field. Consequently, induction is
caused by the difference in the relative speeds of the rotary fields of the stator and the rotor. However,
the rotor cannot be permitted to achieve the same speed as the stator's rotary field because under
these circumstances the magnetic flux change in the conductor loops would be zero and no voltage
would be induced. The difference between the speed of the stator's rotary field and the rotor is known
as the slip speed, but it is also referred to as the asynchronous speed. It is dependent on load. Stator
field and rotor rotate at different speeds so they are not in synchronisation - this is why a machine

of this type is referred to as an asynchronous motor. One advantage of asynchronous motors over
synchronous designs is that they are inherently much simpler and therefore more robust. This derives
primarily from the fact that the principle dispenses with both commutator and brushes. Simplicity

of design also makes for lower cost of manufacture and low-maintenance operation. Asynchronous
motors are the most commonly used kind of electric motor.

In terms of electrical layout, an asynchronous machine corresponds to a transformer. The stator
winding is the primary side and the short-circuited conductor bars are the secondary side. Current
settles to a level that is dependent on speed.
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Equivalent circuit diagram of an asynchronous motor

Index Explanation

Ue Line voltage

Rs Ohmic resistance of the stator winding
Xs Inductive resistance of the stator winding
Xr Inductive resistance of the rotor

Rr Ohmic resistance of the rotor

50



Principles of Hybrid Technology
3. System Components

Rs and Xs are the most significant features of the equivalent circuit diagram of an idling asynchronous
motor, and this is the reason why the input of a machine of this nature is almost entirely reactive power.
As long as the rotor is not in motion, the machine is a transformer with short circuit on the secondary
side. This means high currents and powerful magnetic fields. In this pullaway range the machine is not
operating efficiently and the motor heats up rapidly and severely. As soon as the armature starts to
rotate and adjust to the rotary field in which it is spinning, the currents drop and efficiency improves.
Speed control for asynchronous machines is generally implemented with power electronics and
frequency converters and speed varies as frequency is increased or decreased.

Advantages of asynchronous machines:

o Durability

. Low maintenance, because structure is straightforward and brushless
e Comparatively low manufacturing costs

*  Self-start capability

. High short-term overload capability

. Inherently robust design.
Disadvantages of asynchronous machines:

. Less efficient than synchronous machines with permanent magnets and high torque
utilisation

o Low pullaway torque unless coupled to a frequency converter with run-up control.

3.3. Power Electronics

Power electronics is a term often applied to a subsection of electrotechnical engineering, but it also
refers to the electronic components that are used to switch, control and convert electrical energy. The
components and circuits of power electronics are made up of silicon diodes and silicon thyristors.
These components can handle very high voltages and currents (up to 4500 V and 1500 A).

Silicon transistors and silicon triacs are used at lower powers. Thyristors are switching elements with
a variable switching time adjustable by means of the control voltage at the control electrode, or gate. A
component consisting of two thyristors joined in an inverse-parallel configuration and having common
control is known as a triac. The conversion of electrical energy by means of transformers or rotating
machines is not considered part of power electronics. In the main, power electronics enable electrical
energy to be converted in terms of the shape of the waveform, the voltage and current levels, and the
frequency.
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3.3.1. Important components in power electronics

Diac

A diac is an electronic component capable of conducting electric current when the voltage at its two
trigger connections exceeds a certain value. This voltage is known as the breakdown voltage. Diacs
are sometimes also called "bidirectional diodes" or more commonly "diodes for alternating current".
Hence the name: Diac is an abbreviation derived from "diode for alternating current".

LK.
S

Symbol used in circuit diagrams to represent a diac

The two trigger connections are designated anode 1 and anode 2, because polarity cannot be
specified. A diac is bidirectional, so it can switch AC voltages. As soon as the voltage at the trigger
connections (A1 and A2) exceeds a certain voltage threshold, it gates and the links between p n layers
go conductive. The current flowing through the diac has to drop to a certain value before resistance
increases and the diac stops allowing current to pass through. Diacs are used primarily in the trigger
circuits of triacs to produce trigger pulses with very steep flanks.

Thyristors

=

——h|Z2|a| =

l

Structure of a thyristor

Index Explanation
A Anode

G Gate

K Cathode

p p layer

n n layer

A thyristor is a semiconductor consisting of four or more semiconductor layers with alternating n and
p doping. "Thyristor" is a portmanteau word, i.e. a term coined by combining two words, in this case
"thyratron" and "resistor".
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G

Symbol used in circuit diagrams to represent a thyristor

Index Explanation
A Anode

G Gate

K Cathode

A thyristor has a cathode, an anode and a control electrode, the gate. In its normal state, a thyristor is
blocking in both directions. In the forward conducting direction it blocks until a current pulse is applied
to the gate. A positive pulse at the gate makes the thyristor go conductive. The thyristor returns to its
blocking state when the voltage is the load circuit is switched off or reversed. In the reverse blocking
direction it blocks current like a normal diode. Thyristors are often used in three-phase circuits. For
example, a thyristor actuator can be used as a soft-start device to enable squirrel-cage asynchronous
motors to run up with controlled starting currents and torques. Thyristor rectifiers are used to control
variable-speed three-phase motors.

Triac

A triac is an electronic component with semiconductor layered structure that basically consists of two
inverse-parallel thyristors. Consequently, a triac can carry current in both directions.
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G

Symbol used in circuit diagrams to represent a triac

Index Explanation
A1l Anode 1

G Gate

A2 Anode 2

A triac has a control electrode G (the gate) and two anodes A1 and A2. Application of a trigger voltage
to the gate makes the triac go conductive in both directions. In order for one gate to suffice for both
thyristors, triacs have two triggers so that they can be switched to conductive mode by either a
positive or a negative pulse. Triacs cannot be manufactured in a form that makes them suitable for very
high current levels. Consequently, single thyristors are still used in power electronics.
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3.3.2. Current inverters, general
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Current inverters and converters
Index Explanation
1 Rectifier
2 DC/DC converter
3 Inverter
4 AC/AC converter

Circuits designed to convert electric energy in terms of the voltage waveform and the voltage and
current levels are known as current converters. Distinctions are drawn between rectifiers, inverters and
converters (often called transformers).

Rectifiers convert AC voltage to DC voltage. Conversely, a DC voltage can also be changed into an AC
voltage. Inverters are used for this purpose. Transforming a DC voltage to a higher or lower DC voltage
is a job for a converter. Converters are also more frequently, but not necessarily accurately, called DC/
DC transformers. AC converters (also known as AC transformers) are used to transform an AC voltage
into a different AC voltage of a different amplitude. Frequency converters are used if the frequency

of the AC voltage has to be changed. In hybrid cars the power electronics are used to convert direct
current voltage into alternating current voltage and vice versa. Moreover, power electronics are also
used for highly flexible adaptation of the operating points of electrical machines.
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3.3.3. Rectifiers
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Symbol used in circuit diagrams to represent a rectifier

Rectifiers are used to transform AC voltage into DC voltage. A rectifier consists of multiple diodes
arranged in such a way as to function as current rectifiers. The diodes deflect the corresponding half-
waves of the AC voltage to the same direction, producing a pulsating direct current voltage. In order to
obtain true constant-voltage DC, the voltage output by the rectifier has to be smoothed by capacitors
or chokes. Rectification can be uncontrolled by semiconductor diodes, or controlled by thyristors. A
controlled rectifier needs a control voltage, a trigger that defined the time at which a given electronic
switch has to be opened and closed in order to achieve the rectifying effect. Controlled rectifiers

are implemented using electronic gates such as thyristors and MOSFET’s. An uncontrolled rectifier
rectifies the input AC voltage without extra control electronics.

Half-wave rectifiers
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Half-wave rectifier

A half-wave rectifier works by allowing one half of each AC wave to pass. The other half wave

is blocked. The drawbacks of this circuit are the ripple at its output and the very poor degree of
efficiency. The rectified voltage has to be smoothed before it can be used. The ripple is of the same
frequency as the input voltage.

Full-wave rectifiers

Full-wave rectifier circuit

The drawbacks of a half-wave rectifier can be overcome to a large extent by using full-wave rectifiers
(also known as bridge rectifiers or - less commonly - two-pulse bridge connections). There are four
diodes in the circuit. The AC voltage applied on the left is converted into a pulsating direct current
voltage (shown here on the right). This is a full-wave rectifying circuit, so the negative half-wave of
the AC voltage always appears as exclusively positive in the DC circuit at consumer R. The ripple
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frequency is twice that of the input voltage, and the circuit for smoothing the output voltage need

not be as complicated as in the case of half-wave rectification. Similarly, this circuit also has a better

degree of efficiency.

Three-phase current rectifiers

Three-phase full-wave rectifier

Three-phase current can also be rectified by what is known as a six-pulse bridge circuit. This circuit

H09-0645

has six diodes, so all the half-waves of the three phases are used. The rectified direct current voltage

evinces no more than slight ripple. In motor vehicles, circuits of this nature are used to rectify the

alternator voltage, for

example.

Controlled rectifiers
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Power control of a variable-control rectifier by shifting the thyristor trigger timing

Index Explanation

1 Proportion of input voltage not used for rectification
2 Proportion of input voltage used for rectification

3 Trigger pules for thyristor
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Controllable rectifiers add power control to their rectifying capabilities. They can be used for example
to implement speed control of variable-speed direct current motors. Controllable rectifiers with
thyristors as control valves block current in both directions until a trigger pulse occurs at the gate

of a control valve. In the graphic above, the triggers pulse for the thyristors are represented by the
blue spikes at the bottom. When the trigger pulse dies the current flux (shown red) is sustained. The
thyristor does not return to its blocking state until the current has dropped below a certain threshold
value; once it blocks the thyristor has to be fired again in the next half-wave.

3.3.4. Inverters
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Symbol used in circuit diagrams to represent an inverter

The converters that convert direct current voltage into alternating current voltage are called inverters.
Inverters can be designed to provide single-phase alternating current or three-phase AC. They are
capable of very high degrees of efficiency in the region of 98 percent. Inverters are used in situations in
which electric consumers need an AC supply in order to operate, but only a DC source is available. In
hybrid cards, for example, which store their electrical energy in high-voltage batteries but the electrical
machine that provides propulsive power needs three-phase electricity.

Another typical application is in a photovoltaic array. The power from the DC voltage source has to be
fed into the AC or three-phase grid.

3.3.5. DC/DC converter

DC

DC

Symbol used in circuit diagrams to represent a DC/DC converter

A DC/DC converter (often - though inaccurately - termed a transformer in common parlance) is a
converter that converts a constant-current input voltage to a higher or lower DC voltage by periodic
switching. DC/DC converters are commonly used in electrical propulsion technology. The basic types
are step-down transformers, step-up transformers and inverters. The switches are generally either
power MOSFETs or thyristors. Direct current voltage as such cannot be transformed, so a DC/DC
converter works much like an electronic switched-mode power supply, initially transforming the direct
current voltage into an AC voltage. This AC voltage then passes through a transformer in which it

is stepped up or down, as appropriate, and then transformed back into a direct current voltage and
smoothed. On account of the principle involved, current can flow in only one direction through a DC/
DC converter. In mild-hybrid and full-hybrid vehicles a DC/DC converter is needed to step the voltage
of the high-voltage battery down to 12 volts. The DC/DC converter is a dual-mode implementation: it
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has to be bidirectional so that the high-voltage battery can be charged with jump leads or a charger
in the event of it running flat. This means that the converter can handle direct current voltages and
convert them in both directions.

3.3.6. AC/AC converter

AC
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AC

Symbol used in circuit diagrams to represent an AC/AC converter

An AC/AC converter is used to convert an input AC voltage into an output AC voltage of a higher

or lower level. It is also possible to convert alternating current voltages with transformers. But
transformers are not included in the scope of power electronics. In other words, although an AC/AC
converter does the same job as a transformer it does not consist of coils with an iron core; instead, it is
designed as a circuit comprising power-electronics components.

3.3.7. Frequency converters

Frequency converters convert an AC or three-phase input with constant voltage amplitude and
frequency into a new three-phase output with variable voltage amplitude and variable frequency.
Voltage/frequency control implemented in this way enables stepless speed control of three-phase
motors.
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Basic structure of a frequency converter
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Index Explanation

Line voltage, line frequency, line current strength
Rectifier

Capacity

Inverter

Variable voltage, variable frequency, variable current strength

OO O A W N =

Three-phase motor

The frequency converter concerts the constant voltage and frequency of the line supply into a direct
current voltage. It then uses this DC voltage to generate a new, three-phase supply for the three-phase
motor; this output-side supply has a variable voltage and variable frequency.

The conversion of voltage and frequency amplitudes produced by the rapid switching actions in the
power section causes interference that can be transmitted either in the line-borne supply or by the
electromagnetic field. This can result in malfunctions in instrumentation and control equipment,
data-processing systems, and so on. Consequently, all electrical equipment must be compliant with
the requirements for electromagnetic compatibility (EMC) and this applies in particular to frequency
converters.

3.3.8. Examples

Mild-hybrid configuration

Some examples of how power electronics can be used in hybrid vehicles are outlined below.
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Electrical powertrain of a mild-hybrid vehicle

Index Explanation

1 Electrical machine

2 AC/DC converter

3 High-voltage battery
4 DC/DC converter

5 12-V battery

The powertrain of a mild-hybrid vehicle has at least one electrical machine with a power rating of
about 10 to 15 kW. In a configuration of this nature a large proportion of the vehicle's kinetic energy
can be recovered during braking and retardation and stored in the high-voltage battery. The three-
phase current from the on-board alternator is converted into direct current voltage by an AC/DC
converter. The AC/DC converter is bidirectional, in other words the direct current voltage from the
high-voltage battery is also converted into three-phase current by the AC/DC converter so that the
electrical machine can utilise this supply and function as a motor for propulsion purposes. In a hybrid
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vehicle the function of the conventional starter motor and the conventional alternator are generally
discharged by the electrical machine, so the 12 V vehicle electrical system has to be supplied by a DC/
DC converter. This DC/DC converter also has to be bidirectional so that the high-voltage battery can
be charged via the DC/DC converter and the 12 V vehicle electrical system.

Full-hybrid configuration
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Electrical powertrain of a full-hybrid vehicle
Index Explanation
1 Electrical machine 1
2 AC/DC converter 1
3 High-voltage battery
4 DC/DC converter
5 12-V battery
6 AC/DC converter 2
7 Electrical machine 2

A full-hybrid vehicle has an electrical configuration similar to that of a mild-hybrid car. The difference
is that in most cases a second electrical machine is needed and the two electrical machines together
aggregate the higher power (20 to 50 kW) necessary to enable the vehicle to be driven under electrical
power only. Consequently, the layout also calls for a second AC/DC converter.
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Plug-in hybrid configuration
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Powertrain of a serial plug-in hybrid
Index Explanation
1 Electrical machine
2 AC/DC converter 1
3 High-voltage battery
4 DC/DC converter
5 12-V battery
6 Combustion engine
7 Alternator
8 AC/DC converter 2
9 AC/DC converter 3
10 External power supply

The AC/DC converter in a plug-in hybrid is used to transform the 230 V alternating current line voltage
into a direct current voltage for the high-voltage battery so that it can be charged off the public grid.
The high-voltage battery in a plug-in hybrid must evince a significantly higher energy density than
comparable batteries in other hybrid cars. This is essential in order for plug-in hybrids to achieve their
characteristically much greater range in all-electric mode. Frequently, the all-electric range of a plug-
in hybrid is extended by the provision of a small-displacement combustion engine. If the charge state
of the high-voltage battery drops below a defined limit, the combustion engine is used to power a
generator. The three-phase power from the generator is converted by another AC/DC converter into
direct current voltage so that the high-voltage battery can be recharged.

3.4. Electromechanical Switch Contactor

An electromechanical switch contactor is an electric switch for high-power switching actions. A
switch contactor operates on much the same principle as a relay. The main difference is that a switch
contactor can switch effectively at much higher power ratings than a relay; switch contactors operate
in ranges from 500 watts up to several hundred kilowatts.
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Operating principle of a relay

Index Explanation

Voltage source
Button (pressed)
Coll

Armature
Working contacts
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Load circuit is closed (consumer is switched on)

Another difference between switch contactors and relays is that a switch contactor is always a
normally closed (NC) contact or normally open (NO) contact. To refresh your memory: relays can
also take the form of flip-flops. The switch contacts of relays, moreover, are single-throw interrupters
whereas the contacts of switch contactors are usually double-throw interrupters.

____+ / Bk e G

O0—0

Symbol used in circuit diagrams to represent a switch contactor

The actuating coils of contactors can be designed for AC or DC voltage. On account of the high-speed
tripping of the solid switch contacts, a switch contactor can be a source of mechanical vibration and
noise when it throws. When a contactor switches off the actuating coil operating as an inductive load
generates interference in the form of a voltage spike. An overvoltage protector has to be built into

the circuitry to protect the control electronics. In alternating-current circuits a combination of resistor
and capacitor (RC) is used for this purpose. A freewheeling diode can be used in DC circuits. RC
combinations are also used to avoid breakaway sparking and electric arcs at the switch contacts.
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3.5. Planetary Gearing

The basic structure and the method of operation of a planetary gear train is described in the basic
information publication on power transmission/gearing.
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Planetary gearing
Index Explanation
A 3D view
B Skeleton diagram
1 Sun gear
2 Planet carrier
3 Planetary gear
4 Ring gear

A basic property of all planetary gear trains is that they offer various transmission ratios. The assembly
accomplishes this by having different shafts that can be used as input and output, while a third shaft is
held so that it does not rotate.

Examples:

. High ratio:
The sun gear is driven, the ring gear is held motionless, the planetary gears rotate on the
internal gearing of the ring gear. The planet carrier rotates in the same direction as the driven
sun gear. The ratio is high because the driven sun gear rotates considerably faster than the
planet carrier:
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I = Ninput / Noutput = Nsun gear / Nplant carrier

. Low ratio:
The ring gear is driven, the sun gear is held motionless, the planetary gears rotate on the
external gearing of the sun gear. The planet carrier turns in the same direction as the driven
ring gear. Transmission is in low ratio, because the speed ratio between input and output is
lower than in the first example:

i= Ninput / Noutput = Nring gear / Nplanet carrier

o Negative ratio:
The sun gear is driven, the planet carrier is held motionless. The planetary gears reverse the
direction of rotation of the ring gear vis-a-vis the input. The ratio is high and the direction of
motion is reversed:

i= Ninput / Noutput = Nsun gear/ Nring gear

Automatic transmissions, for example, make use of the various transmission ratios offered by planetary
gearing. These assemblies incorporate nested planetary gears. Fixed links are used, for example
between a planet carrier of the first and the sun gear of the second planetary gear set. Shifted

links are also used, both between individual planetary gear sets and between planetary gear sets

and the casing. Planetary gear trains of this nature are also found in mild-Hybrid cars, for example,
incorporating automatic transmission configurations of conventional design.

However, hybrid technology also makes use of another property of planetary gear train, namely their
ability to split torque or power to all three shafts. The term often used in this context is power splitting
by the planetary gear train, and this is how power-split hybrid drive gets its name. Power splitting is
technically usable in hybrid vehicles on account of the fact that the speed and torque of electrical
machines can be controlled through their entire bandwidth, and this applies to both the generator and
motor modes. Of course electronic control of the combustion engine's speed and torgue is also an
essential prerequisite without which it would not be possible to implement power splitting in hybrid
vehicles. The graphic below will serve to illustrate the principle of power splitting. For the sake of
simplicity, all losses (such as losses due to friction, for example) are ignored for the purposes of this
explanation.
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Planetary gear train with combustion engine interfaced to sun gear, electrical machine interfaced to ring gear and planet carrier interfaced to output
shaft
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Index Explanation
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Sun gear

Output shaft
Planet carrier
Planetary gear
Ring gear
Electrical machine

Combustion engine

We can now consider the various operating states of the two drives and the effects on the output shaft.

1

The combustion engine is running and supplies its drive torque to the planetary gear set via the
sun gear.

The electronics act on the electrical machine to keep it at a standstill. The engine speed of the
ring gear is therefore zero. This state is comparable to a shifted connection to the motionless
housing of the gearbox.

Only the drive torque of the combustion engine is transmitted to the output shaft in accordance
with the gear ratio between sun gear and planet carrier. Power output at the output shaft is

the same as the power input from the combustion engine, because the path incorporating the
electrical machine neither intakes nor outputs power.

The combustion engine again supplies its drive torque to the planetary gear set via the sun gear.
In additional, the electrical machine is now also operating as a motor. Consequently, the sum of
the torques of combustion engine and electrical machine is now acting on the output shaft, in
accordance with the transmission ratios. The speeds of rotation, too, match the transmission
ratios. The electronics controlling the combustion engine and the electrical machine have to be
able to allow for this difference in speed in order to have the desired total torque applied to the
output shaft so that the shaft turns at the desired speed.

Conversely, this means that changing the speed of the electrical machine changes the
combustion-engine/output-shaft transmission ratio. The speed of the electrical machine can be
varied steplessly, so this amounts to a means of steplessly varying the transmission ratios. In
hybrid vehicles this effect can be used, for example, to keep the combustion engine operating as
frequently as possible within its range of maximum efficiency.

The power-split capability of a planetary gear set is also employed to good effect when the
electrical machine is used as a generator instead of a motor. Under these circumstances the
electrical machine acts as a "mechanical consumer", in other words it intakes torque. This torque
is subtracted from the torque output of the combustion engine (with due provision made for

the gear ratio). Consequently, there is correspondingly less torque available at the output shaft.
Here again electronic control of the electrical machine's speed and torque keeps the combustion
engine deliberately in its efficient operating range (for example high load at midrange rpm).

The mechanical energy that the electrical machine intakes is not lost, however; it is transformed
into electrical energy. In hybrid vehicles the power electronics ensure that this electrical energy is
stored in the high-voltage battery.
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4.1. Basic Physical Effects

4.1.1. High electric voltage

Electrical field

Every electrically charged object is surrounded by an electrical field. The effect is familiar and often
experienced when a non-conductive object takes on an electrostatic charge. The electrical field is
caused by the difference in potential between the electrically charged object and other objects in its
vicinity. Instead of "difference in potential", we can also use the terms "electric voltage", or "electric
tension".

®

.

Electrical fields of charged objects

Index Explanation
A Electrical field of a positively charged sphere
B Electrical field of two electric conductors

Live electric conductors also generate an electrical field in their vicinity. The electric voltages
encountered in the field of hybrid-auto engineering are in the order of magnitude of several hundred
volts. However, the field generated in this way does not constitute a direct hazard. The electrical field
of an electrostatically charged object can be considerably stronger by comparison. If, for example, you
bring your hand close to a live high-tension cable, it is not likely that sparking will occur.

Electric voltage as a cause of current flow

As well as generating electrical fields in the vicinity of objects, electric voltage is also the reason

why electric current flows in a circuit. The higher the voltage U the higher the current | for any given
electrical resistance. In the high-voltage electrical system of a hybrid vehicle the voltages exceed those
in the familiar 12-V systems by several orders of magnitude.
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Simple circuit

Example: R=1kQ

Voltage U Current |
12V 12mA
120V 120 mA
360V 360 mA

Needless to say, the technical components of the high-voltage electrical system are designed to have
the resistances needed for the higher voltages involved, so the current flowing through the system is
also of the desired level. The resistance of the human body, however, is independent of the electrical
voltage of any given external source to which it is exposed. Consequently, the current that would flow
through the human body in the event of contact with live parts of a hybrid car's high-voltage electrical
system would be much higher than in the case of a 12-V system. The effect of electric current on the
human body is discussed in detail in the section entitled "Hazards involved with electricity".

4.1.2. High electric current

Live conductors are surrounded by a magnetic field. The strength of this magnetic field increases with
the current flowing in the conductor.

The interrelationship between magnetic fields and electric circuits (effect of force, induction) were
discussed in the section entitled "Electrical machines — Important terms and laws of physics": when
a current-carrying conductor is in a magnetic field, the Lorentz force acts on the vectored charge
carriers in the conductor. Moving an electric conductor in a magnetic field induces a voltage in the
conductor.

When two current-carrying conductors are side by side, the two effects listed here can be observed:

1 Force
2 Induction
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Force

The magnetic fields of two current-carrying conductors are superimposed. In the high-voltage
electrical system of a hybrid car there are parallel-routed cables from/to the high-voltage battery
(positive and negative leads). Current flows in opposite directions in these cables. The magnetic fields
of the two cables are superimposed in such a way that the field lines between the conductors are
closer together. This means that the magnetic field in this region of superimposition is stronger.
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Magnetic field around current-carrying conductors

Index Explanation

A Single current-carrying conductor

B Two parallel current-carrying conductors

1 Current flowing in one direction

2 Magnetic field generated by the flowing current

3 Two opposing currents

4 Magnetic field generated by the two opposing currents

5 Force acting on the two conductors on account of the magnetic field

The law of the conservation of energy states that the effect of superimposition must be opposite to its
cause

(in other words the current flow). Consequently, the two conductors are subject to a force acting in a
direction opposite to the superimposition of the magnetic field; this force pushes the two conductors
apart.

Example: current in the two conductors | = 200 A, distance between conductors r = 2 cm, length of

conductors | = 1 m. Force acting on the two conductors F = 0.4 N. By way of comparison: the weight of
a bar of chocolate (m = 102 g) is approx. 1.0 N.
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The numerical values used here are similar to those that can occur in a full-hybrid car. The magnitude
of the force acting on the conductors on account of the magnetic field is comparatively slight.
Nevertheless, as regards the installation of high-voltage cables it is important to bear the following in
mind.

A

Always carefully insert or clip high-voltage cables into the fasteners provided for the purpose.

Always use the strain-relief devices provided for high-voltage cables.

Always tighten the screw connections of high-voltage cables to the specified tightening torque.
Always securing latch the retainers of plug connections on high-voltage cables.

Always make sure that spacing between individual high-voltage cables and the spacing between high-
voltage cables and signal lines, for example, is correct and to specification.

When the vehicle is being driven the currents flowing through the system are not always steady: in
fact there are very frequent occurrences of (superimposed) alternating currents. This in turn means
that instead of being constant, the forces acting on the cables reverse direction in accordance with the
direction of current flow. The fasteners and connections therefore have to prevent the high-voltage
cables from "being shaken loose" by these alternating forces. If the mechanics servicing the car

fail to bear this in mind, vibrations can result in noises audible when the car is being driven. There is
also the possibility of an electrical connection working loose and causing unacceptably high contact
resistance.

Induction

When the current flowing in a conductor changes there is a corresponding change in the magnetic
field surrounding the conductor. A voltage is induced in the conductor itself: this phenomenon is of
particular significance in terms of wound conductors (coils). If there is another electrically conductive
object present in the conductor's magnetic field, a voltage will also be induced in this object. This
causes current to flow. The larger the change in current and the faster the rate of change, the higher is
the induced voltage. Currents are high in the high-voltage electrical systems of hybrid vehicles and the
switching frequencies too are high, so induction is an important consideration. Service employees are
not at risk on this account. However, when signal lines are routed in proximity to high-voltage cables,

it is important to ensure compliance with the boundary conditions for ensuring electromagnetic
compatibility (EMC).

4.1.3. High frequency

The high-voltage electrical systems include inverters and DC/DC converters. These power-electronic
circuits operate at high switching frequencies. Consequently, instead of being constant the voltage
and current transients of the high-voltage cables evince frequencies that can be as high as several
hundred kilohertz. The electrical and magnetic fields produced in this way can lead to circumstances in
which interference voltages and stray currents occur in other conductors in the vicinity. These effects
have been known since electronic circuits were first developed. These effects can be visualized in the
form of inductances in and capacitances between the conductors in a circuit diagram.
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Inductance and capacitance of electric cables

Index Explanation

1 Cable 1

2 Cable 2

A Two electric cables running parallel

B Equivalent circuit diagram for two parallel cables
i12 Stray current produced in cable 2 by capacitance,

caused by the voltage on cable 1

i21 Stray current produced in cable 1 by capacitance,
caused by the voltage on cable 2

Uqo Interference voltage on cable 2 produced by inductance,
caused by the current on cable 1

Uoq Interference voltage on cable 1 produced by inductance,
caused by the current on cable 2

Interference on signal lines can be minimized by suitable countermeasures such as using shielded
wires, twisted wires or siting the high-voltage components and cables as far away as possible from
signal lines. All these measures fall under the generic term of "electromagnetic compatibility".

A new aspect of hybrid-car technology is that interference voltages and stray currents of this nature

are most likely to occur in the vicinity of the high-voltage cables. The high-voltage cables are therefore
shielded in order to preserve electromagnetic compatibility.
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Shielded high-voltage cable

Index Explanation

1 Orange colored outer sheath

2 Braided-wire EMC shielding

3 Insulation of the electric conductor
4 Electric conductor

It is very important to ensure that the measures implemented in the vehicle to preserve
electromagnetic compatibility are never impaired by substandard repairs or temporary fixes. If a
situation of this nature were allowed to occur the result would inevitably be malfunctions in the
sophisticated on-board electronic systems. In hybrid vehicles this also applies to the layout of

the high-voltage components such as the high-voltage cables, but also the power electronics.
Consequently, never permit any attempt at temporary or provisional repairs to damaged insulation or
housing components. Failure to comply with this precaution can put users of the vehicle and Service
employees at risk and can also result in malfunction due to interference voltages and stray currents.

4.2. Hazards Involved with Electricity

4.2.1. Current flow through the human body

Influencing factors

The cells in the human body are to a limited extent electrically conductive. The high proportion of
liquid in the cells is one of the main reasons for this. If a person touches a live component, an electric
current can flow through his or her body. The current invariably takes the shortest path through the
body. The organs affected by the electricity depends on the path taken by the current through the
body. In the graphic below, the heart and the respiratory organs are among those affected.
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Example of how electric current can flow through the human body

Approximate resistances can be given for the various paths that current is likely to take through the
human body. The human body's ohmic resistance to current depends on the following factors.

*  Clothing
o Wetness of the skin

*  Length of and nature of the path through the body.

The denser and drier the items of clothing at the parts of the body at which the electric current enters
and exits the body, the higher the resistance. If the skin is wet from water or damp from perspiration,
the body's electrical resistance is correspondingly lower. If the current follows a short path through the
body resistance is higher than if the current takes a longer route. The table below lists guideline values
for the electrical resistance of the human body that result when the influencing factors outlined above
are taken duly into account.

Path of electrical current through the body Ohmic resistance (approximate value)

From hand to hand Approx. 1000Q
From one hand to both feet Approx. 750Q
From both hands to both feet Approx. 500Q
From both hands to the torso Approx. 250Q

The strength of the current depends only on the voltage applied and on the bodies ohmic resistance,
therefore: | = U/R.
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Examples:

Situation

Applied voltage U

Resistance R of the
body

Current | flowing
thorough the body

Person touches the
terminals of a 12V
battery, one hand on
each terminal.

Person touches

the terminals of a
high-voltage battery,
one hand on each
terminal.

Person touches the

external conductor of
a wall socket with one

hand while standing

with both feet on the

floor.

12V

420V

230V

1000 Q

1000 Q

750 Q

12 mA

420 mA

307 mA

Effects of electrical current passing through the human body

Electricity does not only have effects that can be used for technical purposes (heat, light, chemical
and magnetic effects). Electricity is also capable of producing effects in living organisms, including
the bodies of human beings. This is what is termed the physiological effect. The reason for this is
that many functions of the human body are controlled by electrical processes. The movements of

our muscles are produced by electrical impulses, and this also includes our heartbeat. Similarly, the

information provided by the sensory organs is carried by electrical means through the nervous system
to the brain. And the human brain itself operates with electrical signals. These signals within the
human body evince only minute voltages (mV) and currents (uA). If an electric current from an external
voltage source flows through the human body, it overlays the body's natural electrical signals. This

can have a massively disruptive effect on the natural electrical processes that take place all the time

in the human body. The effect is usually perceived as an electric shock, and the natural response
is to jerk back, away from the source. If the current is strong the reactions of the muscles become
uncontrollable. A muscular spasm can occur wit the result that the live part is tightly clenched and

cannot be released. This let-go limit is important, because once it is passed a very dangerous loop is

closed: the longer the current is able to flow through the body the more damaging are its effects.
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Effects of electric current on the human body depending on duration and current strength, source VDE 0100, Part 410

Index Explanation

1 Limit of perception

2 Let-go limit

A Effect not perceptible

B Effect perceptible, can cause muscle spasm
C Muscle spasm, respiratory difficulties

D Ventricular fibrillation, apnoea, cardiac arrest

The most dangerous disruption of normal muscular activity affects the respiratory muscles and
the cardiac muscle. This can cause apnoea, the cessation of movement of the respiratory muscles.
Depending on current strength, the length of time during which current continues to flow, and the
frequency (alternating current), ventricular fibrillation. This is a condition of feeble, high-frequency
contractions of the heart muscle, which are insufficient to maintain the circulation of the blood.

A

Apnoea and ventricular fibrillation both cause a breakdown of blood circulation, which means that
the supply of oxygen to the body's vital organs is cut off. These are conditions of acute danger to life!
Under these circumstances immediate first aid is absolutely essential to rescue the victim from injury

to health or fatality!
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The heat developed by the electric current can also cause injury to and in the human body. External
burns can be suffered, primarily due to arcing. Internally, the electric current heats up the tissue
through which it flows. The body fluids in particular can become hot enough for evaporation to occur.
Injuries of this nature are known as internal burns. The organs can cease to function within a very short
time and the blood ceases to circulate. These are conditions of acute danger to life!

These are the immediate effects of severe electric shock, but there are also others that might only
emerge some time after the actual incident. Even then it is possible for mortally dangerous situations
to develop. For example, it takes some time for body cells destroyed by an incident involving exposure
to electricity to be broken down by natural processes. In fact, the process can take several days.

The substances produced in this way have to be passed through the kidneys. If dead cells in very
large numbers are present the kidneys can become overloaded and kidney failure can be the result.
Consequently, it is absolutely essential to ensure that after receiving first aid, the victim of an electric
shock is thoroughly examined and re-examined by a professional physician.

4.2.2. Arc flash

Definition

An arc flash occurs when current flows between two conductors across a gap containing a gas (e.g.
air). This gap is usually of an insulating or poorly conductive nature. An arc flash can occur when

two conductors are initially brought into contact with each other and a current flows. Subsequent
separation of the conductors initially produces only a very narrow gap between the two. Since the
gap is narrow the electric field is extremely strong and might be higher than the breakdown strength
of the gas occupying the gap. Under these circumstances sparkover occurs and gas molecules are
ionized. lons and electrons are violently released from the material of the two conductors, and the
result is that after the sparkover the material evinces signs of wear and tear. Another result is that
charge carriers capable of migrating are produced: positively charged ions and negatively charged
electrons. Because of the presence of the electrical voltage, these charge carriers migrate across the
gap to the corresponding conductors. They then react with the conductors. When charge carriers
move, their movement means that electric current flows. This mode of producing a current flux in
gases is known as gas discharge. In the case of an arc flash this is a continuous process. New charge
carriers are produced in succession and the current continues to flow. The gaseous matter between
the conductors assumes the state in which it is known as plasma.

Electric arc between two conductors
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Index Explanation
1 Conductor
2 Electric arc
3 Conductor

A light arc cannot flash between two conductors unless the voltage reaches a certain minimum level
and the current flows at a certain minimum strength (before the conductors are separated). These
values cannot be positively stated because they depend on the material of which the conductors
consist.

In the past, electric arcs were used as a source of light. Today the primary uses are for research
purposes and in welding technology (tungsten insert gas welding, TIG).

Effects and hazards

In the plasma between the two conductors the migrating charge carriers collide and cause the gas
to heat up. Depending on the material of the conductors and the surrounding gas in the plasma,
temperatures can reach approximately 4000 °C or higher. These extremely high temperatures can
release other charge carriers from the material of the conductors. This sustains the arc and causes
steady attrition of the conductor material as it is "burned up".

This consumption of the material is an effect that has to be taken duly into account in terms of
technical design: arcing that occurs at switch contacts as they open erodes the contacts. This is why
the manufacturer generally guarantees the operation of relays or switch contactors for only a limited
number of switching operations.

Electric arcs are also a source of danger to humans:

. Burns: the very high temperatures involved inevitably cause extremely severe burns if a person
comes too close to an arc or penetrates directly into the arc. Keep well clear of electric arcs!
Use suitable protective gloves to hold the conductors!

. Ultraviolet radiation: the colliding charge carriers produce not only heat but also light with
ultraviolet (UV) components. This UV light can cause injury to the eyes, and more specifically
to the retina. This causes the painful condition known among welders as "eyeflash" or simply
"flash", otherwise often referred to as "welding flash". Never look directly into an electric arc -
always wear a protective facemask!

. Flying particles: ions and electrons are constantly shed from the conductors in the high-
temperature zone produced by the electric arc. The process can also cause small particles
of the material to break off in an uncontrolled manner. These tiny particles are often
tremendously hot! Keep well clear of electric arcs unless you are wearing suitable protective
clothing (including protective gloves and eye protection)!

If you find yourself inadvertently confronted by a situation in which an electric arc occurs, it is essential
to comply with the following rules:

A

Try to switch off the voltage source by means of the facilities provided for the purpose (e.g. high-
voltage safety switch)!

Keep well clear of the arc and keep your eyes averted!
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If you have to approach the electric arc itself, do so only when wearing the appropriate protective
equipment (protective clothing, eye protection, protective gloves) as required for welding work.

Wear protective clothing Wear eye protection Wear protective gloves

Avoiding electric arcs

Because of the dangers that can result, it is absolutely essential to prevent electric arcs from occurring
whenever possible. Engineers have gone to a great deal of trouble to implement measures to prevent
arcing at the components of hybrid vehicles. Service employees, therefore, are unlikely to find
themselves confronted by the hazards described in the preceding section. Compliance with the
following rules will further reduce the risk of electric arcs occurring:

A

Never attempt to disconnect a high-voltage cable while the high-voltage system is still in operation and
the cables are live. Before disconnecting a high-voltage cable, switch off the high-voltage system and
make sure that it is de-energized.

4.3. Safety Rules to Prevent Hazards

4.3.1. Basics

Every individual working in the Service sector bears responsibility for the discharge of certain
important duties with regard to health and safety at work:

e Always comply with verbal instructions and written rules concerning health and safety
¢ Always make full use and correct of the protective facilities provided
*  Always use the facilities (tools, vehicles) in accordance with instructions.

o If equipment is found to be defective, make sure that it is correctly restored to full working
order. Each individual not qualified to undertake such repairs themselves must immediately
notify their superior to have the repairs duly undertaken at the earliest possible opportunity.
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Safety rules apply to all work on components that operate at hazardous voltage levels. In Germany

the binding rules are formulated by the professional liability insurers (e.g. BGV A3, 86) and there are
also national implementations in individual countries and international standards (e.g. DIN ECE R 100).
Hazardous voltages are:

e Alternating current (AC) voltages of 25 V or higher

. Direct current (DC) voltages of 60 V or higher
A voltage is defined as being hazardous on the basis of the consequences resulting when a person
touches a live part. The voltage is defined as "hazardous" when the current flowing through the
person's body can cause injury to health. In hybrid cars the components that work at hazardous

voltages are referred to collectively as "high-voltage components". They are identified either by the
warning label shown below or by a high-visibility orange color (as is the case with high-voltage cables).

A=) A

i

Warning for high-voltage component, SEE
type 1

0a79

Warning for high-voltage component, type 2

TNOT

Warning: hazardous electrical
voltage

The principal health and safety rule is simple:

A

Do not work on live parts!

Consequently, before starting work it is essential to de-energise the system in question and make sure
that it cannot be reenergized without the knowledge and consent of the person undertaking the work.
Other, specific, more detailed health and safety rules are derived from this principal rule. Each and
every individual involved in Service must always apply these rules before starting and while working on
high-voltage components. Strict compliance with these rules is absolutely essential in order to ensure
health and safety.

A

These safety rules (DIN VDE 0105) are as follows:

De-energise the system

Secure the system so that it cannot be reenergized without your knowledge and consent
Check that the system is de-energized

Establish connection to ground and short-circuit

a A WO N -

Use suitable means of shielding off live components in the vicinity to prevent accidental contact.

Rules 1 to 3 are the only rules that apply to the present range of vehicles with high-voltage systems.
These rules are considered in more detail below.
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Rule 4 cannot be applied to any practical purpose because the high-voltage electrical system is an

IT network as identified by the two-letter IEC 60364 code for earthing systems. In a network of this
kind no conductor is connected to earth or ground. Consequently, there is no additional protection to
be gained by earthing or grounding. The same applies to short-circuiting, because this could lead to
other, additional hazards. These hazards more than outweigh the potential benefits. Example: if voltage
were to be re-applied to the high-voltage battery while it was short-circuited, a very high short-circuit
current would flow. This current would be high enough to set the high-voltage battery on fire!

Rule 5 does not apply to the present vehicles because they have only the one high-voltage electrical
system. This rule is intended for technical facilities in which there are two or more circuits operating
with hazardous voltages and situated in close proximity to each other. In configurations of this kind it is
common practice to de-energise only the circuit on which work is actually to be performed. Shielding
with suitable materials ensures that the other circuits in the vicinity that remain in operation while work
is in progress cannot be sources of danger (e.g. by short to the de-energized circuit).

4.3.2. De-energize the system

A Service employee working on high-voltage components can come into contact with components
such as the connections of the high-voltage cables. While the vehicle is in operation these live
components carry hazardous voltages. Service employees must be able to work under conditions
that do not entail risk to health and safety, so when work is to be undertaken all the high-voltage
components must be "dead", in other words free of hazardous voltage. The simplest possible

way of achieving this is to remove the energy source, in other words the high-voltage battery, by
disconnecting it from the circuit. This can be accomplished as shown in the graphic below.

II o II D c II o II
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Safety rule 1: de-energise the system

Index Explanation

1 Housing of the high-voltage battery

2 External connections of the high-voltage battery

3 High-voltage safety switch pulled (disconnected)
4 High-voltage safety switch inserted (system is live)
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This effectively pulls the plug on the series-connected battery cells. Once the voltage source has been
disconnected in this way, the externally accessible poles of the high-voltage battery are no longer live.
The connector, the plug at which the connection is broken, is called the "high-voltage safety switch"
but in technical jargon it is also frequently referred to as the "Service Disconnect".

In the vehicles in the current range the high-voltage safety switch varies in appearance and
configuration from model to model. By way of example, the illustration above shows the type used in
the BMW ActiveHybrid X6.

o )
'\L:' \E/"

High-voltage safety switch (Service Disconnect) in the BMW ActiveHybrid X6

Index Explanation
1 High-voltage battery
2 High-voltage safety switch (Service Disconnect)

As an alternative to disconnection of the series-connected battery cells, there is another way in

which the high-voltage safety switch can be used. In this respect, the high-voltage safety switch acts
as control input for a control unit. The control unit immediately interrupts the supply to the switch
contactors, as soon as it establishes that the high-voltage safety switch has been pulled. The contacts
of the switch contactors respond by opening automatically. The effect is the same as disconnection

of the series-connected battery cells: once the high-voltage safety switch has been pulled there is no
longer a hazardous voltage present at the external poles of the high-voltage battery.
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Safety rule 1: de-energise the system (alternative effect of pulling the high-voltage safety switch)

Index Explanation

1 Housing of the high-voltage battery

2 Two switch contactor contacts

3 Switch contactor solenoid

4 Control unit that evaluates the state (pulled/inserted) of the high-voltage

safety switch and actuates the switch contactor accordingly
High-voltage connections of the high-voltage battery
Separate housing for the high-voltage safety switch
High-voltage safety switch inserted (system is live)

0 N O O

High-voltage safety switch pulled (disconnected)

When the high-voltage safety switch is pulled, several processes take place automatically and in
parallel in the high-voltage system. This ensures that hazardous voltage is no longer present at the

poles of the high-voltage battery, at electronic components, or at the electrical machine or machines:

1 Disconnection of the series-connected battery cells or/and opening of the switch contactors in
the high-voltage battery

2 Discharge of the capacitors in the other high-voltage components
3  Short-circuiting of the windings of the electrical machines.
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These measures, once implemented, avert the major hazards that could otherwise threaten Service
employees. But what would happen if someone else (intentionally or unintentionally) reinserts the
high-voltage safety switch? If this were to happen there would be a possibility of a hazardous voltage
being applied to components being worked on or about to be worked on, and this would of course
constitute a major hazard to health and safety. Consequently, not only does the high-voltage system
have to be de-energized, it also has to be secured so that it cannot be reenergized without the
knowledge and consent of the person undertaking the work.

4.3.3. Secure the system so that it cannot be reenergized without your
knowledge and consent

Once the high-voltage safety switch has been pulled, the high-voltage system can be secured at the
switch to ensure that it not switched on again. This entails installing a conventional padlock. Once the
high-voltage safety switch has been pulled and secured in this way, it cannot be reinserted until the
padlock has been removed. The person working on the high-voltage system has the key of the padlock
in safekeeping until all work on the high-voltage system is completed.

Safety rule 2: secure the system so that it cannot be reenergized without your knowledge and consent
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Index Explanation
A Use an open padlock
B Secure the high-voltage safety switch in its pulled

position by engaging the padlock
C Keep the key of the padlock in a safe place at all times

This simple precaution suffices to ensure that no-one else can switch on the high-voltage safety
system until all work on the system has been completed. This rules out inadvertent endangerment of
the persons working on the high-voltage system not only before work commences, but also for as long
as it takes to complete all the work in question.

4.3.4. Check that the system is de-energized

Once the person who is going to work on the high-voltage system has de-energized the system and
locked the switch so that it cannot be switched on again without the key, there are still certain safety
rules that have to be applied. The next step is a check to ensure that the high-voltage system is in fact
de-energized and safe. In BMW vehicles, it is not necessary to use an external tester for this step in
the procedure. The design of the high-voltage system is such that the system itself can tell that it has
been de-energized. Several high-voltage components measure their own voltage, using integrated
circuits for voltage measurement. The results of these measurements are transmitted via bus systems
to the instrument panel. When the results of all these measurements show a voltage that is below the
hazard threshold, the instrument panel shows a symbol indicating that the high-voltage system has
been successfully powered down and is no longer live.

Check Control symbol: high-voltage system is de-energized and safe

In this Check Control symbol, the danger symbol representing high voltages (lighting flash) is struck
through. The symbol is therefore a visual indicator clearly emphasizing that there is no longer a
hazardous voltage present in the system. Depending on the vehicle type, the symbol actually shown
in the instrument panel might not necessarily be exactly as illustrated here. Consult the instructions
in the repair manual or the training media for the vehicle type in question to ascertain precisely which
symbol is used to indicate this state.

This is the third safety rule and once again it is essential to apply it before starting work on high-
voltage components. The procedure is a simple a check to ensure that the high-voltage system has
been correctly switched off and has safely de-energized. The check ensures that the high-voltage
system is not a source of danger for persons working on the vehicle.

4.4. Other Dangers Associated with Hybrid Technology

Chemical energy stores (batteries) are used to provide electric power for propulsion in hybrid vehicles.
These batteries contain substances that are classified as hazardous and for which legislation lays
down certain rules that have to be observed to ensure that they are handled with due care. The
requisite information is laid down in binding form in safety data sheets. This training document merely
summarizes the most important underlying points and touches on the possible hazards involved.
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4.4.1. Nickel metal hydride battery

Nickel metal hydride (NiMH) batteries, if used correctly and kept free of damage, are not a direct
source of endangerment. The casing is designed to ensure that fluids (electrolyte, for example) cannot
escape at any point in the entire usable lifespan of the battery. If the casing is damaged, as can happen
for example in the event of an accident or if the battery is not used correctly in accordance with the
manufacturer's instructions, NiMH batteries can be a source of endangerment as follows:

o Chemical burns (electrolyte)

*  Injury to health (electrolyte, coolant)

o Firelexplosion.
A solution of potassium hydroxide is used as the electrolyte in NiMH batteries. This solution is
classified as a caustic irritant. In the event of electrolyte escaping from a NiMH battery, it is important
not to come into contact with the spilled liquid. Obtain medical assistance if a person is wetted by or

swallows the electrolyte. Notify the fire service in the event of a spillage: the fire service has the special
equipment needed to deal correctly with the spilled electrolyte.

A

Comply with the instructions set down in the safety data sheet on how to proceed in the event of
electrolyte escaping from a nickel metal hydride battery.

NiMH batteries can develop full power only within a limited ambient temperature range. Consequently,
the battery is connected to an on-board cooling circuit. The coolant is the same as that commonly
used in BMW vehicles. It is hazardous to health and under no circumstances should it be swallowed or
allowed to come into contact with the skin.

A

Comply with the instructions set down in the safety data sheet for BMW coolants when working on the
cooling system of the nickel metal hydride battery.

When NiMH batteries are charging or discharging, the chemical reactions involved produce gases
(oxygen and hydrogen, respectively). These gases can escape through a breathe valve in the casing
of the nickel metal hydride battery. When the battery is used correctly in accordance with the
manufacturer's instructions the concentration is low and poses no hazard (according to information
provided by manufacturer).

A

In order to preclude the possibility of explosion, always keep fire, sparks and all other sources of
ignition well away from NiMH batteries.

NiMH batteries bear labels showing hazard symbols to indicate the possible dangers.
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NiMH battery

Index Explanation

1 Warning: hazardous electrical voltage

2 Warning: explosive substances

3 Warning: battery-related hazard

4 Warning: caustic substances

5 Prohibition: fire, naked flame and smoking prohibited

6 Prohibition: keep out of reach of children

7 Requirement: always comply with operating

instructions and repair instructions
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Index Explanation

8 Requirement: always wear eye protection

9 Warning label for high-voltage components
10 Breather for hydrogen gas

11 Reservoir for coolant circuit

12 Connection for coolant line (inlet)

13 Connection for coolant line (outlet)

4.4.2. Lithium ion battery

Similarly, the lithium-ion batteries in BMW vehicles are safe if used correctly in accordance with the
manufacturer's instructions and kept free of damage. It is important to note, however, that restrictive
conditions apply to correct usage. In particular it is very important to ensure that lithium-ion batteries
are not overcharged and not exposed to excessively high temperatures.

Overcharging can cause metallic lithium to deposit on the positive electrode and destroy the negative
electrode. If this is allowed to happen the temperatures at the battery rise and the lithium-ion battery
can catch fire. In BMW vehicles the control unit of the lithium-ion battery ensures that charging and
discharging cycles take place only within the specified boundary conditions. Sensors are used to
monitor cell temperature and cell voltage. The control unit intervenes in the charging or discharging
process as necessary. This applies both when the vehicle is in use and in circumstances in which the
high-voltage battery is charged off a charger connected to the 12-V system.

A

Never attempt to open the casing of lithium-ion batteries. Never attempt to operate or charge a
battery of this kind unless it is connected to the appropriate control unit. Failure to comply with these
precautions will result in a risk of fire!

Do not expose lithium-ion batteries to excessively high temperatures. Operating temperatures higher
than approx. 50 °C suffice to accelerate the ageing process and shorten battery life. If the cells are
permitted to reach temperatures of 100 °C or higher a short-circuit can occur between the cells. The
high currents that flow if the cells short further increase temperature and a chain reaction can occur.
The entire lithium-ion battery would suffer irreversible damage and could catch fire.

It is difficult to extinguish a lithium-ion battery if it catches fire. However, there is no direct risk of the
battery itself exploding. Nevertheless, the high temperatures produced by the fire could ignite objects,
liquids or gases in proximity to the battery and this in turn could cause an explosion.

A

Only specially trained persons are permitted to tackle a fire caused by a lithium-ion battery.

The upper limit for operating temperature is very firmly defined, so lithium-ion batteries in BMW
ActiveHybrid vehicles are cooled. For example, they can be connected directly to the refrigerant circuit
of the air conditioning system. Consequently, it is essential to comply with the repair instructions

and the instructions in the applicable safety data sheets for all work on lithium-ion batteries and in
particular when opening the connections to the refrigerant circuit.
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A

Strict compliance with the repair instructions for work on the refrigerant circuit — and this includes
lithium-ion batteries — is essential in order to preclude the possibility of a health hazard.

A

Comply with the safety data sheet for handling the refrigerants used in these systems (e.g. R134a).
It is particularly important to comply with all instructions regarding the use of personal protection
equipment.

The lithium-ion batteries used in BMW vehicles have hermetically sealed casings. The only external
connections are the high-voltage terminals and the coolant lines. Even so, special precautions also
apply to using and working with high-voltage batteries of this kind.

A

Always comply with the instructions in the safety data sheet and the warnings and prohibitions
indicated by the labels on the lithium-ion battery.
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Lithium ion battery

Index Explanation
1 Warning label
2 Casing
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4.4.3. Electrical machines

High output is a characteristic of the electric drive in every BMW ActiveHybrid, so the electrical
machines operate with very strong magnetic fields. These fields are generated by permanent magnets
or electromagnets. It is important to bear in mind that the magnetic fields of permanent magnets are
also permanent, in other words they are present even if the high-voltage system is switched off or the
electrical machine has been removed.

These magnetic fields can interfere with electronic medical devices, particularly cardiac pacemakers.

The components in question bear a prohibition label drawing attention to this specific hazard. By way
of example, the illustration below shows this label affixed to an electrical machine.

N
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Prohibition: no approach for persons with cardiac pacemakers

A

Persons who need a cardiac pacemaker or other electronic medical device to maintain their health are
not permitted to work on components bearing the prohibition label shown here.
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4.5. First Aid

4.5.1. Basics

The engineered-safety precautions implemented for the high-voltage systems in BMW hybrid vehicles
effectively prevent the risk of injury and risk to health. If an accident involving electricity occurs despite
these precautions, it is important to know exactly what to do in order to help the accident victim. This
is the subject matter of this part of the information bulletin.

Many people find it extremely difficult to provide first-aid assistance to accident victims or persons
who have suffered injury. All too often it is fear of doing something wrong that is a major obstacle.

But anyone can provide first aid — even if it "merely" entails notifying the emergency medical services
that is still the right thing to do and it will certainly help the injured person or accident victim. Every
individual is morally obliged to help injured persons. In some countries, in fact, this is underpinned by a
legal obligation as well.

It is of course well beyond the scope of this training medium to cover all the subjects of relevance
to first aid. Consequently, the following is simply a brief outline of some of the basic rules on how to
administer first aid, and specifically what to do in an accident involving injury due to electric shock.

In many countries, such as the US, volunteer and professional medical services offer courses that
impart in-depth knowledge of first aid and enable trainees to apply the knowledge they acquire in drills
that help hone their first-aid skills.

In the vast majority of cases encounters with injured persons occur by chance and so even persons
able and willing to provide first-aid assistance can be taken by surprise, so it is a good idea to consider
in advance what one could or should do in a situation of this nature. In particular, it is very important
not simply to rush unthinkingly to accident victim's assistance: it is much more effective to proceed in
accordance with the following three step system:

1 Identification
2  Consideration
3  Action
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Identification

The first step - Identification - is extremely important in any incident in which electricity is involved,
because the next actions on the part of the person or persons providing first aid depend to a very large
extent on this initial assessment of what might well be a critical situation. How can you tell that this is
an accident situation involving electricity? The following can be characteristic of an accident involving
electricity:

e  The victim is still in contact with the circuit that produced the accident. The victim is unable
to move because the electric current following through his or her body has induced muscle
spasms and the muscles have cramped.

*  Aperson or persons isfare lying unconscious on the ground: a high current flowing through
the victim's body will cause the heart to stop beating, the circulation of blood ceases -
unconsciousness is the result.

*  There are spot-like burns on the victim's body. There is always a point at which the electricity
enters the body and another at which it exits.

*  Persons involved in the accident might be in a state of shock. Hyperactivity or apathy are
possible indicators that a person is in shock.

Step 1: identify the situation as an accident involving electricity

90



Principles of Hybrid Technology
4. Safe Working Practices

Consideration

The second step is to consider how best to proceed. The critical aspect of an accident involving
electricity is that in order to help others, it is essential for the helper to ensure that he or she is not
also injured. Overanxious helpers who endanger or injury themselves are certainly not going to be in a
position to help others.

Step 2: consider
Action

Once you know exactly what has to be done, it is time to act speedily and deliberately. If others are
present, delegate specific jobs to them. This is the best way to provide assistance effectively and
quickly, much more so that one person acting alone could possibly manage.

The overall objective for everything undertaken at the scene of an accident is to enable the injured
person or persons to survive their injuries unscathed, if possible. Consequently, it is essential to
provide assistance as rapidly as possible and this applies even if the only persons on the scene are not
trained professionals. Needless to say other steps are also necessary and trained medics will have to
take over at some point to assist the accident victim back to full health. All the individual steps have to
be gone through in the correct sequence, because only in this way is the rescue chain complete and
intact.

L/

Step 3: act
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4.5.2. Chain of survival

Rescue chain

Index Explanation

1 Think and Secure

2 Send out call to emergency medical services
3 Interrupt the Circuit

4 First Aid

5 Emergency Help & Follow-up Treatment

The individual links that make up this rescue chain are described in more detail below. The primary
focus in these descriptions is on the aspects specific to accidents involving injuries due to electric

shock.

Think and secure

The term "think and secure" refers to the actions that have to be taken right away in order to preserve

the life of the accident victim. Howeuver, it is crucial for the person who arrives on the scene in order to

provide assistance to assess the situation and identify this incident as an accident involving electricity,
for example. So please Identify and Consider the situation before you take action.
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Send out call to emergency medical services

Professional medical assistance must be obtained in every situation in which a person suffers electric
shock. Assistance of this nature is best called up by phone or mobile phone. Needless to say it is also
important to call up emergency medical assistance in accident situations of any other kind, particularly
if the accident victim has lost consciousness or shows visible signs of severe injuries.

(

Send out call to emergency medical services

A

Every Service employee must memorise the emergency call numbers valid at his or her place of work.

THI9-0250

If you place an emergency call the respondee in the rescue coordination center will ask you for the
following information:

e Where has the accident happened?

e What has happened?

*  How many persons have sustained injuries?

*  What is the nature of the accident and what injuries have been sustained?

You as caller must remain on the line until the respondee in the coordination center has no further
questions and terminates the call.
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Interrupt the circuit

As we have already stated, an electric current flowing through the human body can cause very severe
injuries. The higher the current the worse these injuries will be, but as we have also seen the same
applies the longer the current is allowed to flow.
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Interrupt the circuit that produced the accident

The first reaction on the part of anyone arriving on the scene of the accident is usually to try to grasp
the electric-shock victim and pull them away from the live cable or component. This is the wrong thing
to do and immediately puts the helper at risk!

As soon as contact is made current will flow through both bodies and injure the person who rushed
unadvisedly to the assistance of the original victim. Consequently, it is essential for the helping person
to assess the situation correctly right from the word go and to act in full awareness of the importance
of protecting themselves and others from injury.

A

Protecting yourself against injury is vitally important in order for you to be able to help others. Do not
attempt to lay hold of the injured person, because this attempt to interrupt the flow of electricity is
futile and will be to no avail. Instead, locate the item of equipment that will enable you to switch off the
power at the voltage source.
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If the electrical circuit of a hybrid vehicle has produced an accident involving electric shock, you have
the following ways of switching off the voltage source:

. Pull the high-voltage safety switch (Service Disconnect)

. Disconnect the 12-V supply (e.g. by disconnecting the 12-V battery)

If you find that you cannot switch off the voltage source without putting yourself at risk, the circuit
will have to be interrupted by some other means. This will entail the use of insulating tools, and in
this situation electrically insulated protective gloves are best. Only with the help of equipment of this
nature should you attempt to distance the injured person from the live component. In exceptional
circumstances you can make use of plastic objects or dry wooden implements to manoeuvre the
injured person free of the live circuit. It is only by using equipment of this nature that you can exclude
or at least reduce the risk of suffering an electric shock yourself in your efforts to help the injured
person.

Electrically insulated protective gloves
First aid

First aid has to be administered if the injured person is no longer conscious and/or has ceased
breathing. First aid is administered as a means of maintaining the vital functions until the emergency
services arrive at the scene of the accident. First aid also involves attending to injuries.

A

More in-depth knowledge of first aid can be obtained through the courses organized by local first-aid
organizations or emergency services.

Assistance by emergency services and post-accident medical treatment

As soon as the emergency services arrive on the scene their trained personnel will instantly take over
the administration of first air and will provide other assistance as well. The condition of the accident
victim is further stabilized and recovery is promoted by continuation of CPR, use of a defibrillator and/
or the administration of suitable medication. This, however, is not the final link in the rescue chain.

A

Every accident involving electric shock requires follow-up in the form of a thorough examination by a
qualified physician.
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This is because as well as producing short-term injurious effects, an electric shock also has effects
that might not become apparent until hours, days or even weeks later. For example, one long-term
result of an electric shock is the production in the body of excess protein that has to be flushed out by
the kidneys. If the quantity of the waste products is excessive delayed kidney failure can occur even
several days after the accident.

Depending on the severity of the accident, the victim will have to be treated in an outpatient center,
taken into hospital for observation, or attend a physician for a series of post-accident examinations.
This is the only way of avoiding subsequent complications and possible long-term injury to health.

4.6. Safe Working Practices for Working Safely on High-voltage
Components

4.6.1. Preconditions

Only Service employees who satisfy the following three preconditions are permitted to work on high-
voltage components.

A

Must be in possession of documentary proof of qualification as electrotechnician for high-voltage
systems in inherently safe vehicles.

Service employees who have received only first-level training in hybrid technology (for example
through the information bulletin entitled "Initial information on hybrid vehicles") are not sufficiently
qualified to undertake work on high-voltage components.

A

Before commencing work on high-voltage components, you must have applied the three safety
rules ("de-energise the system", "secure the system so that it cannot be reenergized without your
knowledge and consent" and "check that the system is de-energized").

A

Must comply strictly with the repair instructions when carrying out repair work on high-voltage
components.

4.6.2. Engineered-safety measures

The BMW ActiveHybrid vehicles in general and the high-voltage components in particular are
designed and built to be inherently safe. This means that faults that could lead to endangerment of the
vehicle user are reliably detected and identified. Such detection and identification leads to immediate
shutdown of the high-voltage system, with the result that there are no longer hazardous voltages
present at active components of the system. Shutdown is initiated automatically for example if a cover
of a high-voltage component is removed. The high-voltage system is also of fault-tolerant design in
order to ensure that the vehicle user does not have to stop on account of every minor fault. This means
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that the occurrence of a single fault does not cause direct endangerment. Self-diagnosis of the high-
voltage components ascertains the presence of these faults, however, and logs them in fault memory.
Nonetheless, the vehicle can proceed on its way without any risk.

The list below provides an overview of the engineered-safety measures that are used in the high-
voltage system of BMW ActiveHybrid vehicles.

* |dentification labelling

e Guarding to prevent accidental contact

*  High voltage interlock loop

o Discharge of the high-voltage circuit

*  Galvanic separation of the high-voltage electrical system from the 12 V electrical system.
e Short-circuit monitoring

¢  Shutdown in the event of an accident.

The seconds below describe how these measures work. This is followed by a discussion of some
of the specifics that apply to the safety measures for the high-voltage cables and the high-voltage
battery.

Identification labelling of identification high-voltage components

Each high-voltage component has on its housing or casing an identifying label that enables Service
employees and vehicle users to identify intuitively the possible hazards that can result from the

high electric voltages used. The warning labels are all based on the internationally standardised and
universally familiar warning signs for hazardous electrical voltage. On this basis, two different warning
signs are currently used in BMW ActiveHybrid vehicles to identify high-voltage components. Both
these labels contain an extra symbol prompting the Service employee to consult the Service media
(e.g. the appropriate repair manual). The document in question contains the information relevant to
correct procedures for safety in handling and working with the high-voltage component in question.
The labels of the second type also contain a third symbol drawing attention to the possibility of an

electric shock hazard.

i

Warning for high-voltage component, s
type 1

0a79

Warning for high-voltage component, type 2

THOT

Warning: hazardous electrical
voltage

The means of identifying high-voltage cables is a special instance. These cables can be several
metres in length, so there would be little point in relying on one or two labels affixed at arbitrary points
sufficing under all imaginable circumstances to identify a cable as carrying high voltage. Labels of this
nature would be easily overlooked. Instead, all high-voltage cables have bright orange sheaths. Some
connectors for high-voltage cables and the high-voltage safety switch can also be bright orange.
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Orange colouring of the outer sheath identifies the high-voltage cables

Index Explanation

A Orange coloring identifying cables and components in the engine
compartment

Orange coloring identifying components at the high-voltage battery
Orange coloring identifying components at the active gearbox
High-voltage cables in the engine compartment

Connector on a high-voltage cable

Terminals on the high-voltage battery

High-voltage safety switch (Service Disconnect)

High-voltage cables at the high-voltage battery

O R WN - O

High-voltage cables at the active gearbox
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A

The only Service employees permitted to work on the high-voltage components identified in this way
are those who satisfy all the requirements for undertaking work of this nature: qualification, compliance
with the safety rules, procedure strictly in accordance with the repair instructions (see also the section
entitled "Preconditions").

The manufacturers of hybrid vehicles have agreed on a unified system of identification for the high-
voltage components based on the warning labels shown above and the use of orange as a warning
color for high-voltage cable.

Protection against direct contact

Guarding to prevent accidental contact is a term that covers a number of basic technical measures for
electrical systems that are adopted to ensure that no-one can inadvertently touch a live component
carrying a hazardous voltage. There are two levels, namely basic protection (against direct contact)
and fault protection (against indirect contact).

Basic protection describes the level of protection under normal operating conditions, in other words in
the absence of faults. Basic protection can be stated as the degree of protection, which is commonly
designated by an IP code. IEC 60529 details the structure used in the system of IP codes. The first two
characters (digits) after "IP" represent the level of protection against the ingress of foreign matter and
moisture inside an electrical enclosure. With regard to human safety, however, it is the optional third
character (letter) that is important: the minimum safety standard specified for a fully installed high-
voltage system in any BMW ActiveHybrid vehicle is the IP level represented by the IP code IPxxB. The
letter "B" in this code means that the housing and covers of the high-voltage system are shaped and
assembled such that it is not possible to insert a finger in such a way as to come into contact with a
component carrying a hazardous voltage. IPxxB is required for the engine compartment, for example,
and is satisfied by the high-voltage system. The even higher classification represented by the degree
of protection IPxxD is required at certain other locations in the vehicle. The letter "D" means that the
enclosure is such as not to permit contact to be made with a component carrying a hazardous voltage
even by insertion of a wire.

Basic protection also includes the insulation of active parts (live parts in other words) that can be inside
or outside enclosures.

Protection against indirect contact

The second level, fault protection, comprises additional protective measures over and above basic
protection that prevent endangerment for humans even in the event of an electrical fault occurring.
They include:

. Insulation of the high-voltage cables.
*  Network form of the high-voltage electrical system.

Both these protective measures are explained in this section.

The high-voltage cables invariably have an insulating plastic covering. Outside this covering there is
only a shield (wire braid/film) that is used for two purposes: to reduce electromagnetic interference
and primarily for the purposes of insulation monitoring (see below). The shield is protected against
mechanical damage (e.g. chafing) by a bright orange plastic outer sheath. The high-voltage cables
are required to meet ultra-high requirements in terms of insulation resistance. Insulation resistance
ratings in the order of magnitude of several mega ohms is a must, and compliance is verified in post-
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production testing and monitored when the cables are in use. The implementation of these measures
means that the high-voltage cables comply with the class Il requirements for protection against direct
contact.

In what way does the network form of the high-voltage electrical system contribute to protection in
the event of an electrical fault occurring in a high-voltage component? For the purposes of illustration,
the assumption is that a fault has occurred caused by a short circuit of a live cable to an electrically
conductive enclosure. The first part of this explanatory description takes the form of a comparison with
domestic wiring systems, and this is followed by a detailed explanation of the differences between this
wiring setup and the high-voltage electrical system in a hybrid vehicle.

A domestic wiring setup is commonly a three-phase alternating current (AC) system. There are
three live conductors (external conductors) and at least one conductor that is grounded (the neutral
conductor and possibly a protective-earth conductor). This network form is in very widespread use
and is known as a "TN" network. "TN" is derived from "Terre Neutre" (French) and signifies that the
star point of the generator is grounded and a grounded neutral conductor is wired to the interface in
the distributor box. Electrically conductive enclosures are also grounded.
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Index Explanation
A Structure of a TN network

Fault situation in a TN network
Cails of the in-feed transformer or generator
Over-current protectors (fuses)

W N = W

Ground
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Index Explanation

4 Enclosure of a consumer in the TN network

5 Connections of the wires in the consumer

6 Short circuit of external conductor L1 to the enclosure of the consumer

7 Fault current from external conductor L1 flowing via enclosure and ground
back to the infeed transformer

L1..L3 Three external conductors

N Neutral conductor

PE Protective earth

The enclosure or housing protects the user of a device from direct contact with live parts. If a fault
occurs in which an electrically conductive connection is established between an external conductor
and the enclosure, a hazardous voltage is applied to the enclosure. A current flows through the
enclosure to ground and so back to the generator.

In order to protect people against the hazardous voltage at the enclosure, these TN networks
employ over-current protectors in the form of fuses. The design of the fuse is such that in the above-
mentioned fault situation the fuse instantly trips and the voltage is switched off. This is one way of
achieving protection against indirect contact.

If a TN network with fuse-type protection were to be used in hybrid-car applications, a single fault
(short circuit between external conductor and enclosure) would suffice and the high-voltage system
would have to be shut down. This would severely restrict the availability of the electric propulsion unit.
This is one of several reasons why the engineers who design hybrids opted for a different network
form, the form commonly designated IT (abbreviation derived from the French term "Isolé Terre") in
combination with effective insulation monitoring.

In an IT network there is no connection between a live conductor and earth or, in the case of
automotive applications, with the vehicle ground. If we return to the fault considered above, what
happens in an IT network when a live conductor shorts to an enclosure?

101



Principles of Hybrid Technology
4. Safe Working Practices

oy o
\ (
e \'-ﬁ-“} I'\.\_g'/'
|\ )
L1 L1
L2 L2
L3 L2

)

@

©,

IT network
Index Explanation
A Structure of an IT network
B Fault situation in an IT network
1 Coils of the in-feed transformer or generator
2 Over-current protectors (fuses)
3 Equipotential bonding compensation via earth
4 Enclosure of a consumer in the IT network
5 Connections of the wires in the consumer
6 Short circuit of external conductor L1
to the enclosure of the consumer

L1..L3 Three external conductors

The voltage source is not connected to earth (in automotive applications: to vehicle ground), no short-
circuit current flows. Consequently, a fuse would not be tripped in this situation. This in turn means
that if a fault of this nature occurs, the high-voltage system can initially remain in operation. This
ensures the high availability of the high-voltage electrical system and this constitutes a significant
advantage of this network form. IT networks can be used not only for three-phase systems but also for
the direct-current configurations that are also used for the high-voltage systems of hybrid vehicles.
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Fault situation in the high-voltage electrical system of a hybrid vehicle

Index Explanation
1 Vehicle body (in electrical terms: ground)
2 Short circuit of a high-voltage cable to the

enclosure of the high-voltage battery unit
3 High-voltage battery unit

If a person touches the enclosure (housing of the high-voltage battery) current does not flow through
his or her body because the circuit to the voltage source is not closed. In fact, the circuit is not closed
even if the person simultaneously contacts vehicle ground by touching the bodywork of the vehicle
with some other part of the body. The only situation in which current could flow through the person's
body would be if he or she were also to simultaneously touch a second live cable of the high-voltage
electrical system. This clearly illustrates a second advantage of IT networks.

But how can a fault of this kind be detected and, ultimately, how can it be rectified? This is the reason
why insulation monitoring is implemented in the high-voltage electrical system. Its purpose is

to detect hazardous insulation faults between any live high-voltage component and electrically
conductive enclosures or housing or between a component and ground. A hazardous insulation fault
is present when a hazardous voltage is applied between housing/ground and another live high-voltage
component. Or expressed in other terms, when the insulation resistance between a high-voltage
component and housing/ground drops below a defined threshold.
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Insulation monitoring in the high-voltage electrical system

Index Explanation

1 High-voltage battery unit

2 Control unit in the high-voltage battery unit
3 High-voltage battery

4 Circuits for measuring insulation resistance

The insulation monitoring circuitry in the high-voltage electrical system measures the system's
insulation resistance, for example indirectly by a series of voltage measurements. Voltage is measured
at precision resistors between live components (e.g. positive and negative poles of the high-voltage
battery) and vehicle ground. These measurements take place both while the high-voltage system

is live and after the high-voltage system has been switched off. Insulation monitoring is generally
integrated into one or two high-voltage components, for example the power electronics and/or the
control unit of the high-voltage battery. But how can insulation monitoring detect an insulation fault in
another high-voltage component, such as the electric A/C compressor, for example?

Insulation monitoring at one or two central points can function only if all electrically conductive
housings of the high-voltage components are galvanically (electrically) connected to ground, in other
words to the body of the vehicle. This galvanic connection has to be present in order for example for
the monitor implemented in the power electronics to reliably detect a short circuit in a high-voltage
cable of the electric A/C compressor. In the absence of this galvanic connection between housing
and ground the fault would remain undetected and would therefore constitute a potential hazard. The
galvanic interconnection between the housings the connections from housing to ground is referred
to as "equipotential bonding". The electrical connections established for this purpose are known as
"equipotential bonding conductors" or simply "bonding conductors".

A

The electrically conductive housings of high-voltage components must be galvanically connected

to ground. As regards repairs to high-voltage components, but also when body components are
replaced, this has to be taken duly into consideration during assembly: it is essential to make sure that
the galvanic connection between the housing and the body is correctly restored. In this respect too,
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it is very important to proceed precisely in accordance with the repair instructions. This applies most
particularly to the use of the specified connecting elements (e.g. self-tapping screws) and compliance
with the specifications for tightening torques.

High voltage interlock loop

The live parts of the high-voltage components are protected against direct touch contact by covers
or housings. Much the same applies to the conductors of the high-voltage cables: they are protected
against touch contact by their insulating sheaths or by insulating connector housings. Before working
on a high-voltage component, you must apply the safety rules to shut down the high-voltage system.
Once this has been accomplished according to procedure, the parts are no longer live and work

can proceed in safety. There is of course a remote possibility that the correct shutdown procedure
might be omitted, so an extra safety precaution is implemented as a means of imposing an automatic
shutdown of the high-voltage system.

Covers over touchable live parts and plugs that have touchable contacts are integrated into the high-
voltage contact monitoring circuit known as the high-voltage interlock loop. The principle of the high-
voltage interlock loop is illustrated and explained below.
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Principle of the high-voltage interlock loop
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Index Explanation

1 Electrical machine

2 Power electronics

3 High-voltage safety cover

4 Low-voltage connector for carrying the test lead

of the high-voltage interlock loop

5 High-voltage battery unit
Electronics for high-voltage interlock loop
Jumper of the high-voltage interlock loop
on the high-voltage safety cover

8 High-voltage connector with jumper of the
high-voltage interlock loop

9 High-voltage cable

10 Test lead of the high-voltage interlock loop

The electronics of the high-voltage interlock loop discharge two primary functions. The first is to
generate the interlock signal. This is an alternating voltage (or an alternating current) that is generally
a square wave with low values and therefore safe. The interlock signal is tapped into a circuit that
runs over the covers of the high-voltage components and/or the connectors of the high-voltage
cables. There is a jumper in each cover or connector. When the cover is installed and secured, the
jumper closes in the circuit of the high-voltage interlock loop. If the cover is removed and the jumper
pulled, the circuit is interrupted. Much the same applies with the high-voltage connectors: is the high-
voltage connector is inserted and locked the jumper closes in the circuit of the high-voltage interlock
loop. If the connector is pulled, the jumper interrupts the circuit. The contacts of the high-voltage
cables are recessed in the connectors. This means that when the connector is pulled the circuit of
the high-voltage interlock loop is interrupted first, before the connection of the high-voltage cables is
interrupted. This enhances touch-contact protection and reduces the risk of an arc flashing across the
contacts when the connection is broken.

The jumpers are connected in series in the entire circuit of the high-voltage interlock loop.
Consequently, removing a single cover or pulling a single connector suffices to interrupt the interlock
signal. The second function discharged by electronics is to process the signal at their second
connection. As soon as the incoming signal deviates significantly from the outgoing high-voltage
interlock signal (signal level, short circuit to earth or to positive), the electronics trigger shutdown of
the high-voltage system.
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Detailed view of the high-voltage interlock loop

Index Explanation

High-voltage battery unit

Electronics of the high-voltage interlock loop

Generator for interlock signal

Evaluation circuit for interlock signal

Electromechanical switch contactor

High-voltage battery

High-voltage safety cover

Jumper of the high-voltage interlock loop on the high-voltage safety cover
High-voltage connector with jumper of the high-voltage interlock loop

= O 0 N O aa &~ W N =

0 Low-voltage connector for carrying the test lead of the high-voltage interlock
loop

A Pulling of the high-voltage connector and opening of the jumper in the circuit
of the high-voltage interlock loop

B Opening of the contacts of the switch contactor

The electronics can be integrated as part of a control unit of a high-voltage component (for example
the high-voltage battery). The generator and the evaluation circuit for the interlock signal can be split
across two high-voltage components (e.g. high-voltage battery and power electronics).
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Shutdown of the high-voltage system is automatic and takes place in several steps:

. Cancellation of activation signal for the electrical machine(s)
*  Short-circuit of the coils of the electrical machines

e Opening of the switch contactors in the high-voltage battery
*  Discharging of the high-voltage circuit.

In this way all possible voltage sources in the high-voltage system are reliably shut down. This ensures
that no later than five seconds after interruption of the high-voltage interlock loop circuit there is no
longer a hazardous voltage present at any point in the entire high-voltage system.

Discharge of the high-voltage circuit

In addition to the high-voltage battery there are two other voltage sources in the high-voltage electrical
system: the capacitors in the power electronics (and other high-voltage components) and the electrical
machines. Even after the switch contactors of the high-voltage battery open in the power-down
process, the capacitors or the electrical machines would be capable of keeping the voltage in the
high-voltage electrical system at a level high enough to constitute a touch hazard. This is the reason
why the high-voltage circuit is discharged each time the high-voltage system is powered down. The
graphics below use a simplified circuit diagram of high-voltage components to illustrate how the
discharge process takes place. The way in which the discharge circuits are actually implemented in
hybrid vehicles might not necessarily be as illustrated here in this simplified representation.
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Simplified circuit diagram of the high-voltage system: live state
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Index Explanation

Electrical machine

DC/DC converter

Power electronics

High-voltage battery unit

Control unit of the power electronics

O b~ W DN =

Relay for short-circuiting the coils of the electrical machine
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Index Explanation

7 Relay for active discharge of the capacitors

8 Current rectifier in the power electronics, operated in this case as an inverter
9 Control unit in the high-voltage battery unit

10 Electromechanical switch contactor in the high-voltage battery unit

11 High-voltage battery

C Link capacitors in DC/DC converter and power electronics

Iy ... Ig Consumer currents

Rpass Passive discharge resistor

Rakt Active discharge resistor

As long as the switch contactors of the high-voltage battery remain closed, the voltage of the high-
voltage battery is present in the high-voltage cables. The capacitor on the DC voltage side of the
power electronics carries the same voltage and is charged. The power electronics supply the high-
voltage components with electrical energy, current flows through the high-voltage cables.

Before the switch contactors of the high-voltage battery are opened, the power electronics drive all the
high-voltage consumers to assume a state in which they are unable to accept more current. In terms
of the circuitry this state is equivalent to having no consumers connected to the high-voltage electrical

system.

The electrical machines could still generate a hazardous voltage in the high-voltage electrical

system, even if the switch contactors of the high-voltage battery have already opened. If the electrical
machines were still rotating a voltage would be induced in their coils. This voltage would be applied to
the high-voltage cables and depending on the speed of the electrical machines it could be of a level

that would constitute a touch-contact hazard. To prevent this from occurring the coils of the electrical

machines are short-circuited once the switch contactors of the high-voltage battery have opened.
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Simplified circuit diagram of the high-voltage system: short-circuiting of the coils of the electrical machine
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Index Explanation

1 Electrical machine

2 DC/DC converter

3 Power electronics

4 High-voltage battery unit

5 Control unit of the power electronics

6 Relay for short-circuiting the coils of the electrical machine

7 Relay for active discharge of the capacitors

8 Current rectifier in the power electronics, operated in this case
as an inverter

9 Control unit in the high-voltage battery unit

10 Electromechanical switch contactor in the high-voltage battery unit

11 High-voltage battery

a Opening of the contacts of the switch contactor in the
high-voltage battery unit

b Closing of the contacts for short-circuiting the coils of the
electrical machine

C Link capacitors in DC/DC converter and power electronics

Iy ... l4 Consumer currents

Rpass Passive discharge resistor

Rakt Active discharge resistor

In the current range of hybrid vehicles, this process is controlled by the power electronics. In all current
BMW ActiveHybrid vehicles the coils of the electrical machines of the propulsion system are short-
circuited. It is particular important to ensure that the windings of these electrical machines are short-
circuited because as long as the vehicle is still in motion the electrical machines in the powertrain
might still be rotating. Hazardous voltages could therefore be induced in their coils. Whether or not

the coils of the other electrical machines in hybrid vehicles have to be short-circuited depends on the
design and how the machines are shut down (the electric A/C compressor is a case in point). If an
electrical machine continues to rotate after being shut down and if this run-on can induce a hazardous
voltage in the coils, the coils have to be shorted. This can differ from vehicle type to vehicle type.

The circuit diagram shows for example that capacitors used in the power electronics are connected

in parallel to the high-voltage cables. When the switch contactors of the high-voltage battery are
opened, the same voltage as before is still present in the high-voltage cables. The capacitors store the
electrical energy and keep the voltage at this level. Without additional measures the capacitor is unable
to discharge, because all the high-voltage consumers have already been shut down. A discharge
circuit therefore has to be implemented for all the capacitors so that the voltage on the high-voltage
cables can drop. This discharge circuit consists of a passive discharge resistor and an active discharge
resistor.
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Simplified circuit diagram of the high-voltage system: discharging of the capacitors

Index Explanation

1 Electrical machine

2 DC/DC converter

3 Power electronics

4 High-voltage battery unit

5 Control unit of the power electronics

6 Relay for short-circuiting the coils of the electrical machine

7 Relay for active discharge of the capacitors

8 Current rectifier in the power electronics, operated in this cas
as an inverter

9 Control unit in the high-voltage battery unit

10 Electromechanical switch contactor in the high-voltage battery unit

11 High-voltage battery

a Opening of the contacts of the switch contactor in the high-voltage
battery unit

b Closing of the contact for active discharge of the capacitors

C Link capacitors in DC/DC converter and power electronics

Iy ... 14 Consumer currents

lpass Current through passive discharge resistor

Lokt Current through active discharge resistor

Rpass Passive discharge resistor

Rakt Active discharge resistor
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Passive discharge resistor Rss is permanently parallel with the capacitor. When the switch contactors
in the high-voltage battery open the discharge current flows immediately from the capacitor through
the passive discharge resistor. The voltage in the capacitor and thus the voltage on the high-voltage
cables drops exponentially and reaches zero volts after the time t = 51 = 5¢R;,55*C. But even when
the high-voltage system is live, current flows through the passive discharge resistor. The passive
discharge resistor is therefore relatively high-resistance in its design in order to keep this power loss to
an acceptable level. The order of magnitude is in the tens of kilo-ohms range. The capacitors used, on
the other hand, have capacitances of several hundred microfarads. This is passive discharge can take
up to several minutes for the voltage to drop to zero. However, the system is designed to ensure that
the capacitors discharge via the passive resistor to a voltage level that is no longer hazardous within a
time of no more than five minutes.

Passive discharge is only a supplementary safety measure, in case something unforeseen prevents
firing of the active discharge resistor. The power electronics trigger closure of the switch on the
active discharge resistor for shutdown of the high-voltage system as soon as the switch contactors

of the high-voltage battery have opened. Active discharge resistor Ryt has a resistance of only a few
tens of ohms and enables discharge at a considerably faster rate. This design ensures that the high-
voltage circuit has completed discharge through the active discharge resistor within no more than five
seconds.

The hybrid vehicles in the current range usually have one and only one active discharge resistor,

and it is located in the power electronics. When the high-voltage system shuts down not only the
capacitors of the power electronics discharge via this resistor but also the capacitors in other high-
voltage components, such as the DC/DC converter and the electric A/IC compressor. Central active
discharge of this kind is possible because the high-voltage cables and the capacitors in the other high-
voltage components are connected in parallel.

In addition to the active discharge resistor, each high-voltage component with capacitors also has
passive discharge resistors. Their purpose is to ensure that the capacitors are discharged even if
active discharge fails or the high-voltage cables between the high-voltage components are interrupted
before active discharge can be successfully completed.

Passive discharge Active discharge
Type of discharge circuit Permanent Switched
Number of discharge resistors ~ One passive discharge At least one active discharge
resistor in each high-voltage resistor in the entire high-
component with capacitors voltage system; more than one
possible
Maximum time for discharge 5 minutes 5 seconds

Galvanic separation of the high-voltage electrical system from the 12 V vehicle electrical
system

In hybrid vehicles the high-voltage electrical system and the 12 V vehicle electrical system are
interconnected by a DC/DC converter. In this way it is possible for example to charge the 12-V battery
using energy from the high-voltage electrical system. This means that a 12-V generator is no longer
necessary. Despite the obvious advantages of this "energy-transfer" connection between the two
vehicle electrical systems, safeguards have to be in place to ensure that hazardous voltage from the
high-voltage electrical system cannot be transferred to the 12-V system. If this were not the case the
12 V vehicle electrical system would be subject to application of the same rules for electrical safety as
apply to the high-voltage electrical system with regard to preparation for and work on the high-voltage
electronics.
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Consequently, the 12 V vehicle electrical system and the high-voltage electrical system are
galvanically separated, in other words there is no conductive connection between the two systems.
This is accomplished by suitably insulating all the components and wiring. The DC/DC converter
requires a circuit that ensures galvanic separation while sustaining the energy-transfer capability. A
circuit such as a transformer circuit is suitable in this respect. Energy cannot be transferred between
two DC networks by a transformer, so the direct current voltages have to be transformed into AC
voltages and vice versa.
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Simplified circuit diagram: high-voltage electrical system and 12 V vehicle electrical system

Index Explanation

12 V vehicle electrical system

Electrical machine

DC/DC converter

Power electronics

High-voltage battery unit

Contacts of the switch contactors in the high-voltage battery
12-V battery

12-V consumers
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Short-circuit monitoring

Short circuits in the high-voltage electrical system, for example between the two high-voltage battery
cables would lead to very high short-circuit currents. The reasons for this are:

. High voltage
o Low internal resistance of the high-voltage battery
. Low resistance of the high-voltage cables.
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The consequences of these very high short-circuit currents would be severe. They range from arcing
through irreparable damage to high-voltage cables or the high-voltage battery to fire. In order to avoid
consequences of this nature, technical measures for the detection of a short circuit are engineered
into the high-voltage electrical systems of hybrid vehicles. As a general rule, these measures are
integrated into the high-voltage battery.

Simplified circuit diagram: short-circuit monitoring

Index Explanation

High-voltage battery unit

Control unit in the high-voltage battery unit
Electromechanical switch contactor
High-voltage battery

Current sensor

Safety fuse

> O o A WN -

Opening of the switch contactor contacts
in response to tripping of the short-circuit monitor

High-amperage safety fuses and electronic over-current trip breakers are used. To reduce the
response time in the event of a short circuit, current is electronically monitored by current sensors in
the battery cables. If the control unit of the high-voltage battery unit detects an impermissibly high
current, it triggers opening of the contacts of the switch contactor in the high-voltage battery. The
switch contacts are designed to open reliably even despite the high currents that occur in a short-
circuit event. The downside of this design, however, is that the switch contacts are corresponding
short-lived. Electronic short-circuit monitoring reduces response time vis-a-vis conventional safety
fuses, particularly when the currents involved are high.

Shutdown in the event of an accident

If the vehicle is involved in an accident the high-voltage cables below the floor could be sheared
off and this could cause sparking or arcing, if the bottom of the vehicle comes into contact with
sharp-edged obstacles (e.g. crash barriers). In order to minimise this risk the high-voltage system
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is deactivated in the event of an accident. In all current BMW vehicles and therefore in the BMW
ActiveHybrid models as well, accident detection and the co-ordination of the safety systems are
handled by the Crash Safety Module (ACSM).

M'G :\1/= ) e L

[l DC|

Shutdown of the high-voltage system in response to detection of an accident situation

3
Q.
]
b

Explanation

Electrical machine

Crash Safety Module

Safety battery terminal (with an extra contact)

Power electronics

High-voltage battery unit

Control unit of the power electronics

Relay for short-circuiting the coils of the electrical machine
Relay for active discharge of the capacitors

© 00 N O a b~ W N -

Current rectifier in the power electronics, operated in this case
as an inverter

10 Control unit in the high-voltage battery unit

11 Electromechanical switch contactor in the high-voltage battery unit
12 High-voltage battery

13 Terminal 30

14 12-V wiring interrupted by the safety battery terminal

a Opening of the contacts of the switch contactor in the high-voltage
battery unit

b Closing of the contact for active discharge of the capacitors
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Index Explanation

C Closing of the contacts for short-circuiting the coils of the
electrical machine

C Link capacitors in DC/DC converter and power electronics

Rpass Passive discharge resistor

Rakt Active discharge resistor

If the Crash Safety Module detects a crash of corresponding severity, the 12-V battery's positive

lead is pyrotechnically disconnected from the positive battery connection point. The actor used for
this purpose - the safety battery terminal — has been extended to include added functionality for the
BMW ActiveHybrid vehicles. Along with the positive battery cable, in these vehicles the safety battery
terminal interrupts another 12-V conductor. This conductor is used in two different ways to shut down
the high-voltage system in hybrids:

1  Opening the switch contactor contacts in the high-voltage battery.
2  Active discharge of the high-voltage circuit.

The switch contactor contacts are opened without additional action on the part of the control unit

in the high-voltage battery unit. The 12-V cable interrupted by the safety battery terminal is used in
the high-voltage battery for the supply voltage of the electromagnet of the electromechanical switch
contactor in the high-voltage battery unit. If the supply voltage drops out, the contacts of the switch
contactor automatically open.

The power electronics use the 12-V cable interrupted by the safety battery terminal as a signal input
for active discharge of the high-voltage circuit. Interruption of this cable triggers the control unit of the
power electronics to:

o short-circuit the coils of the electrical machines
* initiate active discharge of the capacitors.

Triggering of the safety battery terminal is a signal in response to which the high-voltage system is
shut down in the event of a crash. The Crash Safety Module's bus telegrams are also processed:
as soon as the Crash Safety Module signals a crash of corresponding severity by means of a bus
telegram, the high-voltage system is shut down.

These engineered-safety measures suffice to ensure that the high-voltage system is shut down
reliably and in a very short space of time in the event of a crash. This virtually excludes the possibility of
high voltages presenting hazards in the course of or subsequent to a crash.

A

Nevertheless, it is important to bear in mind that special care always has to exercised when dealing
with high-voltage components if the component housings have been damaged in a crash. In case of
doubt, always contact BMW Group's Technical Support (PUMA).
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4.6.3. Points to bear in mind for working on high-voltage system

Necessary work

This section draws attention to the following specifics of handling the high-voltage system in hybrid
vehicles:

*  Visual inspection of high-voltage components
o Diagnostics
¢  Establishing electrical connections between body components.

Before commencing work on a hybrid car, always subject the high-voltage components to close visual
inspection. It is always advisable to perform this check and in the case of vehicles that have been
involved in accidents, it is absolutely essential. The visual inspection enables you to identify damaged
high-voltage components at an early juncture, even before a self-diagnosis function has detected

a fault in the high-voltage system. If, for example, the insulation of a high-voltage cable has been
damaged but there is no conductive connection between the live wire and a body component, the
insulation monitoring will not yet have detected a fault condition. A conscientious visual inspection
paying close attention to every aspect of the system will however reveal the presence of the defect.
Similarly, particular attention should be paid to close visual examination of the housing of the high-
voltage battery when a car that has been involved in a crash is checked over. This is a prophylactic
measure that can help avoid health and safety issues such as the possibility of health endangerment
due to spilled electrolyte, for example.

On completion of repair work on the high-voltage system, use the diagnosis system to perform a
check of the high-voltage components. Depending on the vehicle involved, this can entail simply
reading out the fault memory or starting special Service functions. This check requests the results
of numerous self-diagnosis routines in the high-voltage system. This is one way of ensuring that the
high-voltage system has been correctly repaired and is again in full working order and perfectly safe.

A

If there is any doubt or if the findings relating to the high-voltage system are equivocal, contact BMW
Group's Technical Support (PUMA). This applies to both visual inspection and to the check with the
diagnosis system.

The body of the vehicle is used as a "large equipotential bonding conductor" between the housings
of the individual high-voltage components. This electrically conductive connection is crucial as a
precondition for correct operation of the insulation monitoring function of the high-voltage system.

A

If coated or painted parts of the bodywork have been replaced, it is absolutely essential to proceed
strictly in accordance with the instructions in the repair manual, and this is particularly important in the
case of hybrid vehicles.

For example, a high tightening torque given in the repair manual might be necessary because of the
need to ensure that an electrically conductive connection is established between a new body panel
and the supporting structure even though the new panel is coated and therefore the connection would
not be suitably conductive if the high torque were not applied to the threaded fastener or fasteners.
This is of crucial importance with regard to correct operation of the engineered safety measures
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implemented for the high-voltage system. Along with the tightening torques, another aspect that
requires strict compliance with the repair instructions is the use of the specified connecting elements
such as self-tapping screws, for example.

Permissible work and prohibited work

Given the complexity of the high-voltage system and the possible hazards that could be posed by

the high electrical voltage, it is absolutely essential for the safety measures in particular to be in full
working order at all times. In order to ensure this complete functionability, certain restrictions apply

to maintenance and repair work. The basic prerequisite applicable to all work on the high-voltage
system is that each Service employees who undertakes work of this nature must have been trained as
an electro-technician for high-voltage systems in inherently safe vehicles. In addition, it is absolutely
essential to apply the three rules for electrical safety in all instances and to proceed invariably strictly in
accordance with the applicable test schedule and repair manual.

It is permissible to disconnect and re-establish the electrical connections between high-voltage cables
and high-voltage components.

It is prohibited to attempt to repair a damaged high-voltage cable. For example, do not attempt to
repair a localized defect in the insulation. Instead, you must replace the entire high-voltage cable.

It is prohibited to open the housing of a high-voltage component that evinces a defect (the housing
of the power electronics, for example) in order to attempt repair of the component. Instead, you
must proceed in accordance with the applicable test schedule and replace the entire high-voltage
component.
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1.1. Positioning

Within the BMW EfficientDynamics framework, the BMW Group introduced the second generation

of hybrid vehicles in the spring 2012. The BMW ActiveHybrid 5 is the third series vehicle with hybrid
technology. The BMW ActiveHybrid 5 sets new standards in sporty driving pleasure and sustainability
in this vehicle segment by combining for the first time a BMW six-cylinder in-line engine with an elec-
tric drive. The BMW ActiveHybrid 5 (whose development code is F10H) is based on the BMW 5 Series
(F10). It embodies the consistent further development of the drive technology used in the series mod-
els BMW ActiveHybrid X6 and BMW ActiveHybrid 7: The ActiveHybrid 5 is a full hybrid vehicle with a
lithium-ion high-voltage battery.

The powertrain of the BMW ActiveHybrid 5 comprises a 6-cylinder in-line engine with TwinPower tur-
bo technology (N55B30M0), an 8-speed automatic gearbox (GA8P70HZ) and an electrical machine.
The BMW 535i sedan (which is already commended for the efficiency of its combustion engine) expe-
riences a further reduction in fuel consumption and emissions levels of over 10% thanks to the inte-
gration of BMW active hybrid technology. Its powertrain generates a total system power output of 250
kW/335 HP. It accelerates the BMW ActiveHybrid 5 in 5.7 seconds from zero to 60 mph and restricts
the fuel consumption to average values between 6.4 and 7.0 | for every 100 kilometers/60 ml, as well
as CO, emissions to 149 to 163 g/km (values based on EU test cycle, dependent on tire type select-

ed).

The electric motor of the BMW ActiveHybrid 5 enables emission-free fully electric driving at speeds
of up to 60 km/h/37 mph. At an average speed of 35 km/h/22 mph, the high-voltage battery provides
enough energy to enable fully electric driving across a distance of up to four kilometers (2.5 miles).
Furthermore, a engine Start/Stop function specific to a hybrid enhances the overall efficiency by
switching off the combustion engine each time the car is stopped for example at traffic lights or in traf-
fic.

Another unique feature of the BMW ActiveHybrid 5 is the advanced energy management which is ca-
pable of adapting the operating strategy not only to the current driving situation, but also to an immi-
nent driving situation, thus enabling a more efficient journey.

Also in the BMW Active Hybrid 5, the driver can choose ECO PRO mode, in addition to the settings
"Sport+", "Sport", "Comfort" and "Comfort+", via the standard driving experience switch. ECO PRO
mode supports a particularly relaxed and highly economical driving style thereby preferring a fully elec-
tric driving style.

The high-voltage batteries for the ActiveHybrid X6 and ActiveHybrid 7 still originate from the cooper-
ation ventures with other automobile manufacturers, whereas the high-voltage battery used in the Ac-
tiveHybrid 5 is "Made by BMW".
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Generations of the ActiveHybrid vehicles to date

Index

Explanation

1

The E72 was launched on the market at the end of 2009 as the first BMW
hybrid vehicle. The technology used (so-called generation 1.0) was a product
created of the cooperation venture between General Motors, Daimler Chrysler
and BMW. A nickel metal hydride battery was used as an electric energy
storage unit. .

The second hybrid vehicle from BMW the ActiveHybrid 7 came to the market
in 2010. It is a mild hybrid vehicle with 1.5 generation technology. This
technology was developed together with Mercedes Benz. The highly efficient
lithium ion battery was used in the high-voltage electrical system.

The ActiveHybrid 5, the third BMW hybrid vehicle, with a SOP from the end of
2011. A lithium-ion battery is also used here as an electrical energy storage
unit.

Further BMW hybrid vehicles with 2.0 generation technology will be launched
on the market from 2012.
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1.2. Identifying features

1.2.1. Exterior

The BMW ActiveHybrid 5 distinguishes itself from the conventional 5-Series through a range of spe-
cial features. These includes the unique exterior color "Liquid Blue Metallic" which represents the in-
novative BMW active hybrid technology. In the 5-Series this exterior color is reserved exclusively for
the active hybrid vehicles. However, the customer can also choose other colors for his active hybrid ve-
hicle. The "ActiveHybrid 5" badge on the entry sills, on two C-pillars, as well as on the trunk lid indicate
that it is a hybrid car. In addition, the "ActiveHybrid" wording was positioned on the acoustic cover of
the combustion engine. The dark, chrome-plated exhaust tailpipes of the exhaust system are another
special feature of the BMW ActiveHybrid 5. To increase the range further, new sporty 18" aero wheel
rims are offered in a five-spoke design, which reduce the drag of the vehicle. Another trademark of the
new hybrid is the galvanically chrome-plated fins of the BMW radiator grille which can be seen in the
design template for the BMW 550i.

@

TH11-1367

External view of the ActiveHybrid 5

Index Explanation

1 "Liquid Blue Metallic" paint color

2 "ActiveHybrid 5" badge

3 Exhaust tailpipe of the exhaust system (dark chrome)
4 "ActiveHybrid 5" badge

5 Entry sills with "ActiveHybrid 5" badge

6 18" aero wheel rims

7 BMW radiator grille galvanically chrome-plated finish
8 Acoustic engine cover with "ActiveHybrid" badge




F10H Complete Vehicle
1. Introduction

1.2.2. Interior

Interior of the ActiveHybrid 5

The interior equipment of the BMW ActiveHybrid 5 also distinguishes itself from other F10 by some
special features.

A plate with "ActiveHybrid 5" badge on the flap above the cup holders indicates it is a hybrid vehicle.

The hybrid-specific operating conditions and the state of charge of the high-voltage battery are dis-
played in the instrument cluster and if desired in the Central Information Display. Both the display in
the CID and in the instrument cluster are activated upon start-up.

The plate with the "ActiveHybrid Power Unit" writing in the luggage compartment refers to the high-
voltage battery unit.

1.3. Energy management
Just like in the BMW ActiveHybrid X6 and BMW ActiveHybrid 7, energy management plays an impor-

tant role in the BMW ActiveHybrid 5 with regard to efficiency and driving dynamics in various driving
situations.

1.4. Driving situations

The ActiveHybrid 5 has a range of hybrid-specific driving situations just like the ActiveHybrid X6 and
ActiveHybrid 7.
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These include the following:

e Automatic engine start/stop function

*  Driving-off and driving (fully electric or combustion engine)
o Acceleration (boost function)

. Brake energy regeneration

e Coasting (Rolling without energy consumption).

The "Coasting" driving situation is the only new function.

1.4.1. Coasting

This innovation (which has been introduced for the first time in the BMW ActiveHybrid 5) ensures that
a consistent increase in efficiency is possible by switching off the combustion engine not only when
the vehicle is stationary and in city traffic, but also at highway speeds.

If the combustion engine is not required for the powertrain, it can be switched off by the hybrid sys-
tem also during the journey. In this regard, the vehicle must be in ECO PRO mode and the driver can-
not press the accelerator pedal. The combustion engine is then switched off up to a speed of 160 km/
h/ 100 mph and disconnected from the rest of the drivetrain by a decoupler.

The BMW ActiveHybrid 5 rolls silently and emissions-free on the roadway without the influence of a

engine drag torque. Although, to guarantee the unlimited operation of all safety and convenience func-
tions, a small part of the kinetic energy is converted to electrical energy by energy recovery.

1.5. Technical data

Unit BMW 535i ActiveHybrid 5
Engine and transmission
Design in-line 6 in-line 6
Number of valves per cylinder 4 4
Displacement [cm 3 ] 2979 2979
Transmission GA8HP70zZ GA8P70HZ
Powertrain Rear-wheel Rear-wheel
Maximum power, combustion engine [kW (HP)] 225 (300) 225 (300)
[rom] 5800-6400 5800-6400
Maximum torgue, combustion en- [Nm (Ib-ft)] 400 (300) 400 (300)
gine [rpm] 1200-5000 1200-5000
Complete system power [kW (HP)] 250 (335)
[rom] 5800-6400
Complete system torque [Nm (Ib-ft)] 400 (300)
[rpm] 1000-5000
High-voltage battery type - Lithium-ion
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Unit BMW 535i ActiveHybrid 5
Power of electrical machine [KW / bhp] - 40/55

[rom] from 1800
Maximum torque, electrical machine [Nm (Ib-ft)] - 210 (155)

[rpm] from 1300 rpm
Vehicle performance
acceleration [s] 5.7 5.7
0-60 mph
Maximum speed (limited) [km/h (mph)] 250 (150) 250 (150)
Consumption and emissions
Fuel consumption (EU cycle, urban [1/100 km] 11.9 57-6.2*
driving)
Consumption [1/100 km] 6.4 6.7-74%*
EU cycle, non-urban driving
Consumption [1/100 km] 8.4 6.4-7.0%*
EU cycle, total
CO, emissions [g/km] 195 149 - 163 *
Dimensions and weights
Length/width/height [mm] 4905/ 4905/1860/ 1464

[in] 1860/ 1464 193.1/73.2/57.6
193.1/
73.2157.6
Wheelbase [mm/in] 2968/116,9 2968/116.9
Turning circle [m/ft] 11.95/39.2 11.95/39.2
Track width front/rear [mm] 1600/ 1627 1600/ 1627
[in] 63/64.1 63/64.1

Curb weight [kg/lbs] 1855 /4090 1980/ 4365
Payload in accordance with DIN [kg/lbs] 480/1080 390/860
Fuel tank capacity [liters/gals] 70/18.5 67/17.7
Luggage compartment volume [m3 /i3] 0.520/18.4 0.375/13.2

* Values of EU test cycle, dependent on tire format selected. The lower value with standard
tires: Wheel rims 8J x 17, tires 225/55 R17 (SA 2K1) not available in the US.
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1.6. Equipment

The F10H and F10 differ not only in the technical data but also in the range of optional equipment of-
fered. The most important optional equipment which is not offered in the F10H is briefly summarized
below:

e  All-wheel drive system xDrive (installation location of the front axle differential is partly taken
up by the electrical machine electronics)

*  Integral Active Steering

. Dynamic Drive

*  Skibag and through-loading facility (due to lithium-ion high-voltage battery)

The following equipment is part of the standard equipment:

*  4-zone A/C system
¢ Navigation system
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2.1. Introduction

For the first time a 6-cylinder in-line engine is part of a BMW ActiveHybrid powertrain. The 3.0 | gaso-
line engine, which generates 300 HP and a maximum torque of 300 Ib-ft, is a guarantee of enhanced
driving pleasure and efficiency. The BMW TwinPower Turbo technology of the 6-cylinder N55 engine,
which has already been awarded the international "Engine of the Year Award" twice in succession,
combines a single twin-scroll exhaust turbocharger with direct fuel injection and the fully variable valve
control Valvetronic.

2.1.1. Performance data

The F10H is driven by both a combustion engine and an electrical machine. The vehicle can be accel-
erated using fully electrical means, a combustion engine and a combination of the two. There is a dif-
ferent full load diagram for each of these situations.
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Full load diagram for electrical machine in the F10H

Index Explanation

1 Electrical machine in the GA8P70HZ transmission of the F10H

10
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In the following you see the full load diagram of the F10H with a combined use of the combustion en-
gine and electrical machine. The system power is restricted to a maximum torque of 450 Nm/ 332 Ib-
ft and a maximum power of 250 kW/335 HP. Due to the direct response characteristics of the electri-

cal machine and the slightly delayed response of the combustion engine, acceleration in the F10H is

much more spontaneous than in the F10 with a N55B30MO engine.
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Full load diagram for system power of the F10H
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The following full load diagram shows all relevant components and the system power of the F10H in a
joint diagram.
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F10H N55830MO @

TH11-1517

F10H full load diagram of the drive components and system power

Index Explanation

1 Electrical machine in the GA8P70HZ transmission of the F10H
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2.2. N55 engine Modifications

2.2.1. Introduction

BMW introduced the N55 engine in the BMW 535i Gran Turismo at the end of 2009. The N55 en-
gine sees the combines an exhaust turbocharger, Valvetronic and direct fuel injection for the first time.
BMW calls this combination Turbo Valvetronic Direct Injection, TVDI for short.

The N55 engine and its peripherals have been modified for use in the ActiveHybrid 5. Details of the in-
dividual modifications are provided in the following section.

2.2.2. Belt drive

The F10H is a full hybrid vehicle, i.e. its capable of purely electric driving. In this case, functions such
as hydraulic steering, heating and air-conditioning should also still be available. As the combustion en-
gine is off in this operating condition, it cannot activate a power steering pump or an A/C compressor.
For this reason these two systems are operated electrically and discontinued from the belt drive.

In place of the alternator, a starter motor generator is used for the first time in a BMW hybrid. The gen-
erator can start the combustion engine in start/stop phases or during fully electric driving. The belt
drive of the N55 engine had to be adapted for the integration of the starter motor generator and the
modified loading.
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Belt drive F10H
Index Explanation
1 Vibration damper with belt pulley
2 Top belt tensioner
3 Starter generator
4 Belt
5 Lower belt tensioner
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Start-up

BMW engines are right-turning engines. If one looks at the engine from the front, the crankshaft ro-
tates clockwise. To start the engine after a stop phase or during an electric journey, the starter motor
generator has to rotate the engine. The top part of the belt is tensioned and the bottom is slackened.
To prevent the belt slipping, it is held taut by the bottom belt tensioner.

TH11-1426

Belt drive in starting mode of the starter motor generator

Index Explanation
1 Direction of force when starter motor generator powers the combustion engine
2 Direction of force of lower belt tensioner

Charging mode

If the starter motor generator is operated as an alternator, it takes energy from the combustion engine.
The combustion engine powers the starter motor generator. The lower belt is thus tensioned; the top
belt is slackened. To also prevent the belt slipping in charging mode, the belt is held taut by the top
belt tensioner.
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Belt drive in charging mode of the starter motor generator

Index Explanation
1 Direction of force of the top belt tensioner
2 Direction of force when combustion engine powers the starter motor generator

2.2.3. Vacuum system

The N55 engine has a mechanical vacuum pump for generating the necessary vacuum to supply var-
ious components. As the vacuum supply must also be guaranteed in phases in which the N55 engine
is switched off, the vacuum system has been enhanced with an electric vacuum pump. As soon as the
vacuum in the system drops below a certain threshold, the electric vacuum pump is activated. The
vacuum is recorded by a pressure sensor in the brake booster, which is already known from vehicles
with an automatic start/stop system.

The following graphic provides an overview of the respective components.
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@ ©,

F10H Vacuum system

Index Explanation

1 Vacuum line

2 Brake booster

3 Pressure sensor

4 Electric vacuum pump

5 Mechanical vacuum pump

2.2.4. Engine mounts

In the F10H the engine is mounted using the controlled variable-damping motor mounts already
known from vehicles with diesel engines. These are adjusted to hard or soft by means of a vacuum in
order to guarantee a comfortable start and idle state of the combustion engine. The valve for activat-
ing the controlled variable-damping mounts of the combustion engine is activated by the Digital En-
gine Electronics. The behavior of the controlled variable-damping mounts of the F10H is similar to that
in vehicles with diesel engines. If a vacuum is applied to these, they are soft. This corresponds to the
setting for idle state and start-up of the combustion engine and ensures comfortable damping action.
As soon as the vacuum is no longer applied to the mounts and an ambient pressure is established, the
mounts become hard. This setting is activated while driving off in the F10H.

The vacuum to operate the controlled variable-damping mounts is supplied by the vacuum system
(described above).
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TH11-1423

F10H engine mounts

Index Explanation

1 Valve for activating the controlled variable-damping mount
2 Controlled variable-damping mount, left

3 Electric vacuum pump

4 Mechanical vacuum pump
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2.2.5. Exhaust system

Due to the higher requirements regarding the acoustics of the F10H, the exhaust system has been
equipped with a exhaust flap. It is located on the left exhaust tailpipe and is activated by the DME. For
this purpose, an electrical changeover valve is activated which applies a vacuum to an actuator. The
vacuum is supplied from the vacuum system in the engine compartment.

The exhaust tailpipes of the exhaust system are also equipped with matt, chrome-plated covers.

F10H Exhaust system

Index Explanation

1 Changeover valve, exhaust flap
2 Actuator, exhaust flap

3 Matt, chrome-plated cover

2.2.6. Other adaptations

The mounts of the N55 engine are designed for increased stress due to the frequent starting and
stopping of the engine.

The acoustics cover of the N55 engine in the F10H has "ActiveHybrid" lettering.
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F10H front end

Index Explanation

1 Acoustics cover in the F10H

2.3. Fuel supply systems
The fuel supply system of the F10H is based on that of the non-hybrid F10.

The fuel tank capacity has been reduced by three liters to 67 liters (0.79 gal) to make room for laying
the high-voltage cables on the vehicle underbody of the F10H.

Note: The fuel tank ventilation in US-version vehicles had to be adapted due to legal require-
ments.

2.3.1. Fuel tank ventilation

As with all vehicles in the US, the fuel tank ventilation in the F10H is realized via a carbon canister
which purifies the hydrocarbon (HC) gases arising in the fuel tank. The hydrocarbon collected in the
carbon canister is fed to the combustion engine and burned. This process is described as purging or
flushing the carbon canister. As purging is only carried out when the combustion engine is running and
as there are considerably more phases without a running combustion engine in the operation of the
F10H, the fuel tank ventilation of the F10H had to be adapted.

For this purpose, a shutoff valve (7) and an additional carbon canister (1) were added to the fuel tank
ventilation.
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Additional carbon canister (activated carbon pressed in honeycomb shape)
Tank leak diagnosis (Natural Vacuum Leak Detection, NVLD)

\

Fuel tank ventilation for US-version vehicles

Index Explanation

Air cleaner (spinning strainer)
Fuel filler neck

Carbon canister

Fuel tank ventilation line

Shutoff valve, tank ventilation system

0 N O a b W DN -

Purge air line to the combustion engine

The shutoff valve for the fuel tank ventilation is closed in certain operating phases of the F10H. The
purging process of the carbon canister is accelerated with the closing of the shutoff valve. In addition,
no other gases pass through the carbon canister from the fuel tank.

A certain pressure and temperature range of the fuel tank is part of the operating phases in which the

shutoff valve is closed. The pressure range goes from a slight vacuum to slight excess pressure in
the fuel tank; the temperature range goes from slightly above freezing point to operating-temperature
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state. If the pressure or temperature range are exceeded, the shutoff value is opened. The pressure
and temperature of the fuel tank are determined by a sensor installed on the service cover of the fuel
tank.

TH11-1430

Service cap of the fuel tank for US-version vehicles

Index Explanation
1 Pressure and temperature sensor
2 Tank leak diagnosis electronics (Natural Vacuum Leak Detection, NVLD)

If the drive readiness has been deactivated or the vehicle is exited, the shutoff valve is always opened.
This way, for example, the excess pressure arising during refuelling the vehicle can escape via the fuel
tank ventilation.

Another new component in the tank ventilation system of the F10H is the additional carbon canister.
This is downstream of the standard carbon canister and contains activated carbon which is pressed in
a honeycomb shape. The activated carbon in a honeycomb shape filters out the hydrocarbon (HC) par-
ticularly well from the slow flowing gases and was installed to comply with legal requirements.
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Components of the fuel tank ventilation in US-version vehicles

Index Explanation

Fuel filler neck

Shutoff valve for fuel tank ventilation

Carbon canister

Air cleaner (spinning strainer)

Tank leak diagnosis (Natural Vacuum Leak Detection, NVLD)
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Additional carbon canister (activated carbon pressed in honeycomb shape)

2.4. Automatic transmission
2.4.1. Introduction

The automatic transmission GA8P70HZ of the F10H is based on the 8 speed transmission introduced
in the FO7 at the end of 2009 (GABHP702Z) which is also manufactured by ZF.
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TH11-1291

GAB8P70HZ transmission

The electrical machine, a decoupler for the combustion engine, a torsional vibration damper and an
auxiliary electric oil pump, are integrated in the 8-speed automatic transmission (Within the same in-
stallation space of the non hybrid model). In addition, various components have been adapted for oper-
ation in the vehicle.

2.4.2. Structure and function

Overview

The F10H automatic transmission has been adapted for the particular requirements of hybrid opera-
tion. Although some of the existing components have been modified or replaced, the housing of the
GA8P70HZ transmission has the same dimensions as the housing of the GABHP70Z transmission.

The GA8P70HZ transmission has four new components:

e  Torsional vibration damper
. Electrical machine
*  Engine decoupler

¢ Auxiliary electric oil pump (for supplying transmission oil pressure when transmission input
shaft is not engaged).
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Due to the absence of the torque converter, the multi-disc brake B of the automatic transmission has
been modified. In addition to its function as a shift element, in the F10H it enables the vehicle to start-

up and crawl.

5
GA8P70HZ

Index Explanation

1 Torsional vibration damper

2 Decoupler

3 Electrical machine

4 Multi-disc brake B

5 Auxiliary electric oil pump

The following transmission schematic diagram of the GA8P70HZ transmission shows how the new
components have been integrated in the automatic transmission.
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Schematic structure of the GABP70HZ transmission

TH11-1494%

Index

Explanation
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A
o

Torsional vibration damper
Electrical machine
Mechanical oil pump
Gear set 1

Gear set 2

Gear set 3

Gear set 4
Multi-disc brake A
Multi-disc brake B
Multi-disc clutch C
Multi-disc clutch D
Multi-disc clutch E
Decoupler
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Torsional vibration damper

The unequal running and the resulting torsional vibrations of combustion engines may cause strong
droning or rattling noises at certain speeds and operating conditions. To isolate these torsional vibra-
tions a torsional vibration damper is used in the automatic transmission of the F10H. The torsional vi-
bration damper establishes the mechanical connection between the flywheel of the combustion en-
gine and decoupler of the automatic transmission.

The torsional vibration damper can be replaced in the event of a fault.

j

{re,

TH1

Torsional vibration damper of the GA8P70HZ transmission

Index Explanation

1 Torsional vibration damper

Electrical machine

Another new feature of the GA8P70HZ transmission is the integration of the electrical machine and

a decoupler. These are located behind the torsional vibration damper. Together with the torsional vi-
bration damper the electrical machine and the decoupler occupy the space of the conventional torque
converter.

Further information on the electrical machine is available in the chapter entitled "Electrical machine".
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1

Electrical machine in the GABP70HZ transmission

Index Explanation
1 Electrical machine
Decoupler

The decoupler and the electrical machine are located within a common housing.

The decoupler is designed as a wet multi-disc clutch and is used to disconnect the combustion en-
gine from the electrical machine and the rest of the drivetrain in certain operating conditions. This is
carried out for example while fully electric driving and when "Coasting".

The extreme accuracy of the decoupler makes the connection and disconnection of the combustion
engine virtually imperceptible. As soon as the decoupler is closed, the electrical machine, transmission
input shaft and the combustion engine rotate at the same speed (except for a slip control in the decou-
pler to some extent from an acoustic viewpoint).

The decoupler is (like all clutches and multi-disc brakes of the automatic transmission) operated by the
mechatronics module. It is opened when in a depressurized state. Transmission oil pressure is thus re-
quired to close the clutch. This is supplied either by the auxiliary electric oil pump or the mechanical oil

pump.

Because the mechanical oil pump is powered by the electrical machine when the decoupler is open,
it may not be possible to close the decoupler in the event of a malfunction with the electrical machine
and at a transmission oil temperature below 0° C/ 32° F and thus no starting process may take place.
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TH11-1446

Decoupler of the GABP70HZ transmission

Index Explanation

1 Decoupler/clutch

Similar to the torque converter in the non hybrid (GA8HP70Z) transmission, the decoupler is able to
eliminate rotational oscillations of the engine/drivetrain through microslip control. This results in signif-
icantly improved acoustic comfort in the vehicle especially at very low engine speeds.

Shift elements

Brakes and clutches are described as shift elements which make possible the shifting and chang-
ing of all gears. Like in the GABHP70Z transmission, the following shift elements are also used in the
GA8P70HZ transmission:

o Two fixed multi-disc brakes (brake A and B)
*  Three rotary multi-disc clutches (clutch C, D and E).

The multi-disc clutches (C, D and E) feed the drive torque to the planetary gear. The multi-disc brakes
(A and B) support the torque against the transmission housing.

The clutches and brakes are closed hydraulically. For this oil pressure is applied to a piston enabling it
to press the disc sets together.
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Overview of the GABP70HZ transmission

Index Explanation

Electrical machine

Drive chain of the mechanical oil pump
Gear set 1

Gear set 2

Gear set 3

Gear set 4

Parking lock

Multi-disc clutch D

Multi-disc clutch C

Multi-disc clutch E

Common sun gear for gear set 1 and 2
Multi-disc brake B

Multi-disc brake A
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i

TH11-1494%

Transmission schematic diagram of the GA8P70HZ transmission

Index Explanation

Torsional vibration damper
Electrical machine
Mechanical oil pump
Gear set 1

Gear set 2

Gear set 3

Gear set 4
Multi-disc brake A
Multi-disc brake B
Multi-disc clutch C
Multi-disc clutch D
Multi-disc clutch E
Decoupler
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The shift elements of the GABHP70Z transmission correspond in number and arrangement to those of
the GA8P70HZ transmission. The eight gears are realized in the same way.
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The following table shows what shift element is closed in what gear.

Gear Brake A Brake B Clutch C Clutch D Clutch E
1 [ ([ [

2 o o o

3 ( [ J o

4 o o ([

5 o [ J o

6 o o o

7 [ o o

8 ] J [

R [ o o

As previously mentioned, due to the discontinuation of the torque converter, the multi-disc brake B of
the automatic transmission has been modified. Starting-up and crawling are realized via the multi-disc
brake B. For this the number of discs is increased and their diameter enlarged. Here the multi-disc
brake B is surrounded by transmission oil depending on the application purpose in order to guarantee
cooling.

Mechatronics module

The mechatronics module is a combination of the hydraulic shift unit and the electronic control unit. It
is installed in the transmission oil sump. The hydraulic shift unit contains the mechanical components
of the transmission control unit such as valves, dampers and actuators.

The electronic control unit contains the complete electronic control unit of the transmission. The elec-
tronic control unit is welded and oil-tight.

The mechatronics module had to be adapted for operation in the GA8P70HZ transmission. Thus for
example the speed sensor (which records the transmission input speed in the GASHP70Z) in the
GA8P70HZ is used for recording the speed of the planet spider of the first gear set. For this purpose,
the multi-pole sensor gear of the speed sensor was connected to the planet spider of the first gear set.
This is necessary in order to determine the slip of the multi-disc clutch B during start-up (drive off).
Therefore the transmission input speed is determined in the GA8P70HZ transmission with help of the
rotor position sensor of the electrical machine.
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TH11-1494

Mechatronics module of the GA8P70HZ transmission

Index Explanation

Parking lock magnet

Hydraulic shift unit

Speed sensor, planet spider, gear set 1
Electronic control unit

Output speed sensor

O O A W N =

Electronic pressure control valves and solenoid valves
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Oil supply

The basic functions of the oil circuit of the GA8P70HZ transmission correspond to those of the
GA8HP70Z transmission.

The oil has the following tasks:

o Lubrication
e  Control of the shift elements
e Cooling.
It is a conventional pressure circulating system. In addition to the mechanical oil pump known from

the GABHP70Z, an auxiliary electric oil pump has been integrated in the automatic transmission of the
F10H.

Oil pumps of the GABP70HZ transmission

Index Explanation
1 Mechanical oil pump
2 Auxiliary electric oil pump
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The mechanical oil pump is driven by a chain via the transmission input shaft. If the decoupler is open,
the powertrain is driven via the electrical machine; if the decoupler is closed the powertrain is driven
through a combination of a combustion engine and the electrical machine.

In operating phases with too low a speed at the transmission input shaft, the auxiliary electric oil pump
can ensure the supply of transmission oil pressure.

The auxiliary electric oil pump is a vane-type compressor, like the mechanical oil pump. It is driven by a
brushless direct current motor. The electronic control integrated in the housing of the auxiliary electric
oil pump and is activated by the electronic transmission control (EGS). The auxiliary electric oil pump
can be operated from a transmission oil temperature of 0° C/32° F.

In the GABP70HZ transmission it occupies the space of the hydraulic pressure accumulator already
known from the F04. Like the hydraulic pressure accumulator, the auxiliary electric oil pump can also
be replaced in the event of a fault.

Installation location of the auxiliary electric oil pump

Index Explanation

1 Intake pipe

2 Bolting points of the auxiliary electric oil pump
3 Electrical connection
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Mechanical transmission emergency release

As with previous models, in the event of a fault, the engaged automatic transmission parking lock can
be disabled via a mechanical emergency release function by turning an adjusting screw in the vehicle
underbody.

A

Please refer to the corresponding repair instructions for detailed information on the mechani-
cal transmission emergency release.

TH11-14%5

Mechanical transmission emergency release

Index Explanation

A Transmission parking lock engaged
B Transmission parking lock released
1 Adjusting screw

2 Parking lock lever
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3.1. Introduction

The electrical machine in the ActiveHybrid 5 is a permanently excited synchronous machine. It can
convert electrical energy from the high-voltage battery unit into kinetic energy, by which the vehicle
is driven. Both electric driving up to approx. 60 km/h/37 mph, and also the support of the combustion
engine, are possible, for example when overtaking (boost function) or for active torque support when
changing gears.

In addition, the electrical machine converts kinetic energy into electrical energy during braking and in
coasting (overrun) mode to charge the high-voltage battery unit (energy recovery).

The electrical machine is a high-voltage component.

A\

1|

High-voltage component warning sticker

Each high-voltage component has on its housing or casing an identifying label that enables Service
technicians and vehicle users to clearly identify the potential hazards associated with the use of high
electric voltages.

A

Only BMW hybrid certified Service technicians are permitted to work on the designated high-voltage
components. Certified technicians must: have suitable qualifications, comply with the safety rules and
procedures and always follow the repair instructions to the letter.

A

Work on live high-voltage components is strictly prohibited. Prior to every operation which involves a
high-voltage component, it is essential to disconnect the high-voltage system from the voltage supply
and to secure it against unauthorized reconnection.

Switch off terminal 15.

De-energize the high-voltage by opening the high-voltage safety switch (Safety Disconnect).
Secure the high-voltage safety connector from being reconnected.

Switch on terminal 15.

a A WO N -

Verify that the "High-voltage system switched-off" Check Control message is displayed in the in-
strument cluster.

6  Switch off terminal 15 and terminal R.

A

For high-voltage safety reasons the electrical machine must not be opened or otherwise dismantled.
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In the event of a fault, the complete electrical machine (together with the decoupler/clutch) must al-

ways be replaced.

3.2. Installation location

¢

F10H installation location and secondary components of the electrical machine

TH11-12493

Index

Explanation
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Electrical machine electronics
High-voltage battery unit
Torsional vibration damper
Cover for stator support
Decoupler (clutch)

Electrical machine

Hollow shaft
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The electrical machine together with the torsional vibration damper and the clutch form one unit. This
unit is integrated into the 8-speed automatic transmission (GA8P70HZ) and weighs only 21 kg/46 Ibs.
It is installed in the transmission housing in place of the hydraulic torque converter. Thus the automatic
transmission in the F10H requires the same space as that in a F10.

TH11-12494

F10H mounting of electrical machine

The electrical machine is secured to the transmission housing using five bolts. The connector for the
sensor system is also bolted on to the transmission housing.
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3.3. Design

The main components of the electrical machine are:

* Rotor and stator

¢  Connections

*  Temperature sensor

*  Rotor position sensor

¢ Cooling
The active hybrid 5 is classified as a full hybrid vehicle. In comparison to the "Mild Hybrid" FO4, full
electric driving is possible in the F10H. For this purpose a clutch is required which can disconnect the

combustion engine from the electrical machine and the rest of the drivetrain. This clutch is integrated
in the decoupler of the electrical machine.
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3.3.1. Rotor and stator

TH11-1442

F10H electrical machine, rotor and stator

Index Explanation

1 Stator

2 Hollow shaft with flange
3 Rotor

In contrast to the FO4, the electrical machine in the F10H is designed as an internal rotor. "Inner rotor"
means that the rotor is arranged with the permanent magnets arranged in a ring shape on the inside.
The windings for generating the rotating field are located on the outside and form the stator. This elec-
trical machine has 16 pairs of poles.
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The rotor is mounted on the flange of the rotor hollow shaft, which is connected to the transmission in-
put shaft.

3.3.2. Connections

TH11-1441

F10H electrical machine connections

Index Explanation

1 Coolant connection

2 Electrical connection for the sensor system
3 High-voltage connection

There are three connections on the housing of the electrical machine:

*  thetwo coolant lines
*  therotor position sensor and the temperature sensor
e the high-voltage cables.
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High-voltage connection

TH11-1443

F10H electrical machine, high-voltage connection

Index Explanation
1 High-voltage connection
2 High-voltage connector

Electrical energy is fed to the windings of the electrical machine via the high-voltage connection. The
high-voltage connection connects the electrical machine electronics to the electrical machine via a
three-phase, shielded high-voltage cable.

The high-voltage connectors are bolted on to the electrical machine electronics and the electrical ma-
chine.

A

High-voltage cables must not be repaired! In the event of damage, the line must be replaced.
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3.3.3. Sensors

TH11-1444

F10H electrical machine sensors

Index Explanation

1 Temperature sensor

2 Stator of the rotor position sensor
3 Rotor of the rotor position sensor

The rotor position sensor captures the exact position of the electrical machine's rotor. Its structure is
similar to that of a synchronous machine and has a specially shaped rotor, which is connected to the
rotor of the electrical machine, as well as a stator which is connected to the stator of the electrical ma-
chine. The phase voltages induced by rotating the rotor in the windings of the stator are evaluated by
the electrical machine electronics to calculate the motor position angle.

A

Upon replacement of the electrical machine or the electrical machine electronics, the rotor
position sensor must be adjusted using the ISTA BMW diagnosis system.

The rotor position is necessary for a precise, field-oriented control of the electrical machine in order to
generate the voltages at the stator windings to match the position of the rotor.
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This is required for exact, field-oriented regulation of the electrical machine because the voltages must
be generated at the stator windings to match the position of the rotor.

The windings of the electrical machine must not exceed a certain temperature during operation. The
temperature is therefore measured in one of the windings with the aid of a temperature sensor. This
is a thermistor type sensor with negative temperature coefficient (NTC). Thus the hotter the NTC, the

lower its resistance.

The electrical machine electronics evaluates the signals of the temperature sensor and reduces the
power of the electrical machine if the temperature of the windings approaches the maximum allowable
value.

A

A replacement of the rotor position sensor or the temperature sensor is not allowed in the BMW Deal-
er Service workshop.

3.3.4. Cooling

-1445

TH11

F10H electrical machine cooling system
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Index Explanation

Thermostat

Electrical machine

Electric coolant pump

Radiator

Stator support

Coolant duct, electrical machine

N OO g WN =

Housing

To cool the electrical machine, there is a coolant duct between the stator support and external housing
through which coolant is fed from the engine cooling circuit. The coolant duct is sealed at the front and
rear of the housing with two sealing rings.

3.3.5. Decoupler

As previously mentioned, decoupler is integrated in the housing of the electrical machine. It is de-
signed as a wet multi-disc clutch and is used to disconnect the combustion engine from the electrical
machine and the rear of the drivetrain in certain operating conditions. This is carried out for example in
fully electric driving and when "Coasting".

The extreme accuracy of the decoupler makes the connection and disconnection of the combustion
engine virtually imperceptible. As soon as the decoupler is closed, the electrical machine, transmission
input shaft and the combustion engine rotate at the same speed.

The decoupler is operated by the mechatronics module (as with all clutches and multi-disc brakes of
the automatic transmission). It is opened when in a depressurized state. Transmission oil pressure is
thus required to close the clutch. This is supplied either by the auxiliary electric oil pump or the me-
chanical oil pump.

Because the mechanical oil pump is powered by the electrical machine when the decoupler is open,

it may not be possible to close the decoupler in the event of a malfunction with the electrical machine
and at a transmission oil temperature below 0° C/ 32° F and thus no starting process may take place.
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TH11-1446

Decoupler of the GABP70HZ transmission

Index Explanation

1 Decoupler

Similar to the torque converter in the non hybrid (GA8HP70Z) transmission, the decoupler is able to
eliminate rotational oscillations of the engine/drivetrain through microslip control. This results in signif-
icantly improved acoustic comfort in the vehicle especially at very low engine speeds.

3.3.6. Torsional vibration damper

The unequal running and the resulting torsional vibrations of combustion engines may cause strong
droning or rattling noises at certain speeds and operating conditions. To isolate these torsional vibra-
tions a torsional vibration damper is used in the automatic transmission of the F10H. The torsional vi-

bration damper establishes the mechanical connection between the flywheel of the combustion en-
gine and decoupler of the automatic transmission.

The torsional vibration damper can be replaced in the event of a fault.
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Torsional vibration damper of the GA8P70HZ transmission

TH11-14%3

Index Explanation

1 Torsional vibration damper
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3.4. Technical data

Supplier

Maximum torque (< 1 second)
(continuous)

Boost power (< 60 seconds)
Maximum power (< 1 second)
Nominal voltage of battery
Efficiency

Operating speed range

Nominal flow temperature (cooling)
Nominal volume flow (cooling)

Weight (with torsional vibration damper and
clutch)

Outer diameter of stator (with support)
Inner diameter of stator

Stator length

Outer diameter of rotor

Inner diameter of rotor (with support)

ZF Sachs AG

210 Nm (155 Ib-ft) at 1300 rpm
80 Nm (59 Ib-ft) to 900 rpm
38 kW (50 HP) from 1800 rpm
40 kW (54 HP) at 3000 rpm
200-385V

up t0 91.8 %

0-7500 rpm

105 °C (221 °F)

6 I/min (1.5 gal/min)

21 kg (46 Ibs)

285 mm (11.2in.)
214 mm (8.4in.)
85 mm (3.3in.)
212 mm (8.3 in.)
172 mm (6.8 in.)
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4.1. Introduction

F10H Electrical machine electronics

The electrical machine electronics is a high-voltage component whose main task is to convert ener-
gy between the high-voltage and low-voltage vehicle electrical system and control the electrical ma-
chine. On the one hand direct current voltage from the high-voltage battery is converted into three-
phase AC voltage to activate the electrical machine as a motor, and on the other hand when the elec-
trical machine is to work as a generator, the electrical machine electronics convert the three-phase AC
voltage of the electrical machine into direct current voltage and can thus charge the high-voltage bat-
tery. For these two operating modes a bidirectional DC/AC converter is necessary which can work as
both an inverter and a rectifier.

The unidirectional DC/DC converter (also integrated in the electrical machine electronics) ensures the
voltage supply to the 12 V vehicle electrical system.

Inside the housing of the electrical machine electronics there is still a control unit which bears the
same name, "EME" for short. The EME is a central hybrid control unit which helps reduce consump-
tion and save CO, by enhancing efficiency and performance through the use of, for example, purely

electric driving and brake energy regeneration.

The electrical machine electronics is a high-voltage component!

A\

i -

High-voltage component warning sticker

Each high-voltage component has (on its housing or casing) an identifying label that enables Service
technicians and vehicle users to clearly identify the possible hazards associated with working with high
electric voltages.

A

Only BMW hybrid certified Service technicians are permitted to work on the designated high-voltage
components. Certified technicians must: have suitable qualifications, comply with the safety rules and
procedures and always follow the repair instructions to the letter.
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A

Work on live high-voltage components is strictly prohibited. Prior to every operation which involves a
high-voltage component, it is essential to disconnect the high-voltage system from the voltage supply
and to secure it against unauthorized reconnection.

Switch off terminal 15.

De-energize the high-voltage by opening the high-voltage safety switch (Safety Disconnect).
Secure the high-voltage safety connector from being reconnected.

Switch on terminal 15.

a A W DN -

Verify that the "High-voltage system switched-off" Check Control message is displayed in the in-
strument cluster.

6  Switch off terminal 15 and terminal R.

A

Due to high-voltage safety reasons the electrical machine electronics must not be opened or other-
wise dismantled.

In the event of a failure in the electrical machine electronics it is always replaced as a complete unit.

After the electrical machine electronics has been replaced they must be initialized using the BMW di-
agnosis system. Always follow proper repair instructions and procedures.
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4.2. Installation location

)

F10H installation location of the electrical machine electronics

Index Explanation

1 Electrical machine electronics

The electrical machine electronics is installed under the vehicle to the left of the automatic transmis-
sion.

To gain access to the connections of the electrical machine electronics, the corresponding underbody
panelling must be removed.

4.3. Functions

The electrical machine preforms the following tasks:

¢  Activation and control of the electrical machine:
The electrical machine electronics evaluates the rotor position sensor and the temperature
sensor in the electrical machine.

¢ Control of start-up and shut-down of the high-voltage electrical system:
The electrical machine electronics can switch the switch contactors in the high-voltage bat-
tery unit and the link discharge on and off. It also evaluates the status of the switch contactor
and releases the power for the high-voltage components.
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Further information on starting up and shutting down the high-voltage electrical system can
be found in the chapter entitled "High-voltage battery unit".

¢ Controlling the power of the DC/DC converter:
The DC/DC converter in the electrical machine electronics transfers electrical energy from the
high-voltage electrical system to the 12 V vehicle electrical system and assumes the func-
tion of the alternator in a conventional vehicle. The DC/DC converter in the EME provides a
maximum power here of 2.4 kW. The nominal voltage can be specified by the EME in a certain
range. Thus the low-voltage vehicle electrical system is supplied with energy. The EME and
the electrical machine replace the alternator previously used for this purpose.

e Control of the power of the electric A/C compressor:
Controls the output limit of the electric A/C compressor depending on the current drive func-
tion (boost function, energy recovery) and the available power of the high-voltage battery.

*  High-voltage consumer coordination:
The power available for the powertrain is specified from the output limits of the high-voltage
battery and the current power requirement of the high-voltage components. If relief is request-
ed, the high-voltage consumers can be reduced or switched off depending on their operating
condition.

* High-voltage electrical system diagnosis:
This function is used to collect data on the condition of the high-voltage electrical system for
the design of future vehicle projects (for example state of charge of high-voltage battery, oper-
ating modes, etc.).

e Activation of the cut-off relay:
To avoid overcharging the auxiliary battery, the cut-off relay is closed from a certain engine
speed. The auxiliary battery and the battery are thereby connected. This function including the
relevant diagnosis is assumed by the electrical machine electronics.

¢ Control of switch-off inhibitors/switch-on requests for the automatic engine start-stop
(MSA) function:
If the load of the 12 V vehicle electrical system is too great, a switch-off inhibitor or a switch-on
request is set. A switch-off inhibitor is also set depending on the temperature of the high-volt-
age battery.

* High voltage interlock loop:
The high-voltage interlock loop is used to protect individuals when working on or around the
high-voltage system. It identifies an interrupted plug connection in the high-voltage system,
whereby the high-voltage system is switched off immediately. In addition, switching on the
high-voltage system is prevented if the high-voltage interlock loop circuit is interrupted.
The high-voltage interlock loop signal is generated by the battery management electronics
and must be guided through all relevant high-voltage components including all high-voltage
connections and relevant covers.
Further information on the high-voltage interlock loop can be found in the chapter entitled
"High-voltage battery unit".

*  Activation of the combined shutoff and expansion valve in the refrigerant circuit for
cooling the high-voltage battery:
The passenger compartment cooling and the cooling of the high-voltage battery can be oper-
ated independently of each other.
For this purpose, two combined expansion and shutoff valves are integrated into the refrig-
erant circuit. These open only the portion of the circuit that is actually required. This ensures
high efficiency and proper control characteristics of the system.
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54

The combined expansion and shutoff valve for the passenger compartment in the heating and
air-conditioning unit is activated by the EME; the combined expansion and shutoff valve for the
high-voltage battery unit is activated by the battery management electronics (SME).

Activation of the electric vacuum pump:

In the purely electric driving phase the combustion engine is off and therefore it cannot acti-
vate the mechanical vacuum pump. To ensure the supply of a brake vacuum when the engine
is off an auxiliary electric vacuum pump is activated by the EME.

Further information on the electric vacuum pump can be found in the chapter entitled "Hybrid
brake system".

Operating strategy:

Another unigue feature of the energy management in the BMW ActiveHybrid 5 is the ability

to adapt the operating strategy (not only to the current driving situation) but also to an immi-
nent driving situation. For this purpose, the power electronics evaluates (at an early stage) da-
ta which indicates a change in external conditions or the driver's choice and prepares the pow-
ertrain components and the vehicle electronics.

All this operating strategy enhances the vehicle efficiency and performance which has a posi-
tive influence on fuel economy and CO2 emissions.
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4.4. System wiring diagram
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F10H electrical machine electronics system wiring diagram

TH11-1292
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Index Explanation

1 Electric vacuum pump

2 Electromechanical Power Steering (EPS)

3 Electric coolant pump (cooling circuit, EME)

4 Electrical machine

5 Integrated electric transmission oil pump

6 Electric A/C compressor (EKK)

7 Reverse polarity protection

8 Positive battery connection point

9 Valve, controlled variable-damping motor mounts

10 Digital Engine Electronics (DME)

11 Junction box electronics (JBE)

12 Power distribution box, front

13 Power distribution box, luggage compartment

14 Battery

15 Transition connection point

16 Safety battery terminal (SBK)

17 High-voltage safety connector ("Service Disconnect")

18 Battery management electronics (SME)

19 S-Box with electromechanical switch contactors

20 High-voltage battery

21 Evaluation circuit and signal generator for test signal of the high-voltage
interlock loop in the battery management electronics

22 High-voltage battery unit

23 Combined expansion and shutoff valve for high-voltage battery unit

24 Integrated Chassis Management (ICM)

25 Integrated automatic heating/air-conditioning system (IHKA)

26 Combined expansion and shutoff valve for passenger compartment

27 Car Access System (CAS)

28 Crash Safety Module (ACSM)

29 Electrical machine electronics (EME)

30 Evaluation circuit for test signal of the high-voltage interlock loop in the
electrical machine electronics

31 Central gateway module (ZGM)

32 Brake pedal travel sensor

33 Low-pressure sensor

34 Dynamic Stability Control (DSC)
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4.5. Connections

The connections at the EME can be divided into five categories:

Low-voltage connections

High-voltage connections

Connection for potential compensation lines
Connections for coolant lines

Connection for ventilation line.

The following graphic shows all connections of the EME along with details of the individual function.

F10H electrical machine electronics connections

3
Q.
]
X

Explanation
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Connector with three-phase high-voltage cable (to the electrical machine)
Connector with high-voltage cable (to the electric A/C compressor)
Coolant lines

Electrical machine electronics (EME)

Connector with two high-voltage cables (to the high-voltage battery unit)
Grounding cable and potential compensation line

12 V connecting line

Ventilation line

Low-voltage connector

Crash protective plate
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4.5.1. Low-voltage connections
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F10H low-voltage connections of the electrical machine electronics
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Explanation

Electric vacuum pump

Electrical machine electronics (EME)
Electrical machine

Rotor position sensor

Temperature sensor

Combined expansion and shutoff valve for passenger compartment
Crash Safety Module (ACSM)

Auxiliary battery (12 V)

Intelligent battery sensor (auxiliary battery)
Vehicle battery (12 V)

Safety battery terminal

0O N O a b~ WDN =
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Cut-off relay
Car Access System (CAS)
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Index Explanation

14 Battery management electronics (SME in the high-voltage battery unit)
15 Electronic fuel pump control

16 Digital Engine Electronics (DME)

17 Central gateway module (ZGM)

18 Power distribution box, front

The EME is connected to the 12 V vehicle electrical system (terminals 30 and 31) via a large gauge
positive battery cable and grounding cable. The DC/DC converter in the EME supplies the entire 12V
vehicle electrical system with energy via this connection. These two lines are bolted to the EME rather
than via a plug connection. All other (low voltage) lines and signals on the control line have a relatively
small current level and thus are plugged into the EME.

4.5.2. High-voltage connections

F10H high-voltage connection of the electrical machine electronics

Index Explanation

1 Electrical machine

2 Electrical machine electronics (EME)
3 High-voltage battery unit

4 Electric A/C compressor (EKK)

There is a total of three high-voltage connections to establish contact between the lines and other
high-voltage components at the EME:

*  Connection to the electrical machine:
three-phase, AC voltage, 1 shielding for all 3 lines, high-voltage connector bolted on

*  Connection to the high-voltage battery:
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two-pin, direct current voltage, 1 shielding per ling, flat high-voltage connector with mechan-
ical locking, contact protection through cover over the contact blades and by bridge of high-
voltage interlock loop

e Connection to the electric A/C compressor:
two-pin, direct current voltage, 1 shielding for both lines, round high-voltage connector with
mechanical locking, contact protection through cover over the contact blades and by open cir-
cuit of the voltage supply for the electric A/C compressor control unit.

A certain sequence must be observed when breaking or establishing the contact connection both for
flat and round high-voltage connectors. The individual steps are described in the next section.

4.5.3. High-voltage cables

The high-voltage cables connect the high-voltage components and are clearly identified by their or-
ange color. The manufacturers of hybrid vehicles have agreed on a standard identification of the high-
voltage cable with the warning color orange. The high-voltage cables have already been described

in the "BMW ActiveHybrid Technology" ST920 training information available on TIS and ICP. Only an
overview of the high-voltage cables used in the F10H is provided here.

F10H high voltage cables and components
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Index Explanation

1 Electrical A/C compressor (EKK)

2 Electrical machine

3 Electrical machine electronics (EME)
4 High-voltage battery unit

A

High voltage cables must not be repaired!

In the event that a high voltage cable is damage, the entire cable must be replaced.

A

Work on live high-voltage components is strictly prohibited. Prior to every operation which involves a
high-voltage component, it is essential to disconnect the high-voltage system from the voltage supply
and to secure it against unauthorized reconnection.

Switch off terminal 15.

De-energize the high-voltage by opening the high-voltage safety switch (Safety Disconnect).
Secure the high-voltage safety connector from being reconnected.

Switch on terminal 15.

a b~ W N -

Verify that the "High-voltage system switched-off" Check Control message is displayed in the in-
strument cluster.

6  Switch off terminal 15 and terminal R.

Removing the flat high-voltage connector

The procedure described here applies to the high-voltage connector found on the EME and to the
high-voltage connector on the high-voltage battery unit.
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Removing bridge for high-voltage inter-
lock loop

The bridge or jumper closes the circuit of the
high-voltage interlock loop in a connected
state. The battery management electronics
continuously monitors the circuit of the high-
voltage interlock loop and only when the cir-
cuit is closed is the high-voltage system ac-
tive. If the circuit of the high-voltage interlock
loop is interrupted by removing the jumper,
the high-voltage system shuts down auto-
matically. This is an additional safety precau-
tion as the Service technician has already
switched off the high-voltage system before
beginning work.

Removing the mechanical locking

Only after the high-voltage interlock loop
jumper has been removed, can the connec-
tor mechanical locking be moved in the direc-
tion of the arrow. The mechanical lock is in-
tegrated into the high-voltage connector on
the high-voltage components. By moving the
lock in the direction of the arrow the mechan-
ical guide of the high-voltage connector on
the high-voltage cable is released which per-
mits the subsequent disconnection.
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Removing the connector of the high-volt-
age cable

The connector of the high-voltage cable can
now be removed in the direction of the ar-
row. After the connector has been pulled out
a few millimeters (A), one encounters a high-
er counterforce. The connector must then be
pulled out further in the same direction (B).
Under no circumstances must the connector
be pressed back into the socket on the high-
voltage component after reaching position
(A). This may damage the connector on the
high-voltage components.

A

The high-voltage connector of the high-volt-
age cables must be pulled out at a right an-
gle in two steps and in the same direction.
Changing the direction of movement during
removal may damage the HV connector.

TH11-1440

When re-inserting the high-voltage connector proceed in reverse order. The following graphic shows
the complex design of the high-voltage connector on the high-voltage components and explains why
one must proceed with care when removing and inserting high-voltage connectors.
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F10H high-voltage connector on electrical machine electronics and high-voltage battery unit

Index Explanation

1 Electrical contact for shielding

2 Electrical contact for high-voltage cable

3 Contact protection

4 Mechanical locking

5 Socket with connection for bridge in the circuit of the high-voltage interlock

loop

Removing the round high-voltage connector

The procedure described here applies to the corresponding high-voltage connector on the EME and
to the high-voltage connector on the electric A/C compressor.
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F10H high-voltage connector on EME and electric A/C compressor.

Index Explanation

1 Housing

2 Connection 1 for bridge in the connector
3 Connection for shielding

4 High-voltage connection, pin 2 (DC, minus)
5 Mechanical encoding

6 Connection 2 for bridge in the connector
7 High-voltage connection, pin 1 (DC, plus)
8 Locking element

9 High-voltage cable

10 Actuation points on locking elements

To remove the high-voltage connector the two opposite actuation points (10) of the locking elements
(8) must be pressed together. While the locking elements are further pushed together, the connector
must be removed lengthways.

When reconnecting the high-voltage cable it is recommended to also first push the locking elements
together. This ensures that the locking elements glide past the socket on the outside. If the locking el-
ements are not first pushed together, there is a risk that they may slip inwards when positioning and
suffer damage. At the end of the positioning please ensure that the locking elements engage (listen
for clicking noise). In addition, the engaging of the locking elements should be checked by subsequent
light pulling on the connector.

The bridge in the high-voltage connector serves for electrical safety. The signal of the high-voltage in-

terlock loop runs through this bridge when the high-voltage cable is connected to the EME. If the cir-
cuit is interrupted, this also results in an automatic interruption to the current flow in the respective

65



F10H Complete Vehicle
4. Electrical Machine Electronics

high-voltage cable. As the two contacts of the bridge (opposite the high-voltage contacts) disconnect
first, this constitutes protection against the formation of an electric arc when removing the high-volt-
age connector.

4.5.4. Connection for potential compensation lines

The isolation monitoring determines whether the insulation resistance between active high-voltage
components (e.g. high-voltage cables) and ground is above or below a required minimum value. If the
insulation resistance falls below the minimum value, the danger exists that the vehicle parts will be en-
ergized with dangerously high-voltage. If a person were to touch a second active high-voltage compo-
nent, he or she would be at risk of electric shock.

There is therefore fully automatic isolation monitoring for the F10H high-voltage system. It is per-
formed by the battery management electronics at regular intervals while the high-voltage system is ac-
tive. Ground serves as the reference potential. Without additional measures only local isolation faults in
the high-voltage battery unit could be determined in this way. However, it is equally important to iden-
tify isolation faults between the high-voltage cables and the vehicle to ground. For this reason all the
electrically conductive housings of high-voltage components are (galvanically) connected to ground.

In this way isolation faults in the entire high-voltage electrical system can be identified from a central
point by the isolation monitoring.

A

The high-voltage system must not be operated if the potential compensation cables are not
properly connected to the high-voltage components.

A

If in the event of a repair the high-voltage components or the body components are replaced, the fol-
lowing must be observed during assembly: The connection between the housing of the component
and the body must be properly re-established. The repair instructions must be followed especially with
regard to the tightening torque, self-tapping screws, etc.

4.5.5. Connections for coolant lines

The electrical machine electronics is cooled by its own cooling circuit. This cooling circuit is described
in the chapter entitled "Electrical machine electronics > Cooling".
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4.5.6. Connection for ventilation line

o
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F

F10H electrical machine electronics ventilation line

Index Explanation

1 Tank ventilation line

A ventilation line is required to prevent water (resulting from temperature changes and thus possible
condensation of air moisture) collecting inside the EME. The end of the ventilation line is located high-
er, above the electrical machine electronics.

4.6. Energy flow

4.6.1. High-voltage battery - Electrical machine

The following graphic shows the energy flow between high-voltage battery and electrical machine.
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F10H energy flow between high-voltage battery and electrical machine

Index Explanation

1 Electrical machine

2 Electrical machine electronics

3 High-voltage battery unit

4 Power electronics of the EME work as an inverter and convert high-voltage DC
into three-phase high-voltage AC

5 Power electronics of the EME work as a rectifier and convert three-phase high-

voltage AC into high-voltage DC
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A bidirectional inverter in the EME converts the direct current (DC) voltage from the high-voltage bat-
tery into three-phase alternating current for activating and controlling the electrical machine.

In generator mode the high-voltage battery is charged via the inverter (energy recovery).

4.6.2. High and Low-voltage systems

The following graphic shows the energy flow between the low-voltage vehicle electrical system and
the high-voltage electrical system in the F10H.

® ® ® G Q
© ) —

@ —
..
| EE—

F10H energy flow between high-voltage battery and 12 V vehicle electrical system

TH11-1285
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Index Explanation

High-voltage battery unit
High-voltage cable

Electrical machine electronics (EME)
Positive battery connection point
Main current line

Safety battery terminal (SBK)
Battery

N OO g WN =

In comparison to conventional vehicles, the 12 V vehicle electrical system is not supplied with energy
via a generator but via a DC/DC converter from the high-voltage electrical system.

In contrast to the FO4, the EME in the F10H has no bidirectional DC/DC converter. This means that on-
ly energy from the high-voltage electrical system can be transferred to the 12 V vehicle electrical sys-
tem. Charging of the high-voltage battery from the 12 V vehicle electrical system is not possible. As
the combustion engine in the F10H can be started at any time from the 12 V vehicle electrical system
via the conventional starter motor, this is also not necessary.

The high-voltage battery is charged when the engine is running the electrical machine.
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4.7. Cooling

F10H cooling system of the electrical machine electronics

Index Explanation

1 Coolant/air heat exchanger

2 Electric coolant pump

3 Expansion tank

4 Electrical machine electronics (EME)

The EME is cooled by its own cooling circuit.

The cooling circuit comprises:

. High-performance low-temperature cooler
¢ 50 W coolant pump

. Expansion tank

*  Coolantlines.

The coolant/air heat exchanger is integrated in the cooling module. The electric coolant pump and the
electrical fan are activated according to cooling requirements of the EME thus contributing to a reduc-
tion in energy consumption.

71



F10H Complete Vehicle
4. Electrical Machine Electronics

Due to the demand-driven activation of the electrical fan and the electric coolant pump, strong tem-
perature deviations which would have a negative effect on the service life of the electronics are avoid-
ed and energy-optimized cooling achieved.

4.8. Technical data

Electrical machine electronics

Supplier Robert Bosch GmbH

Weight 10 kg (22 Ibs)

Length 875 mm (34.4in.)

Height 151 mm (5.9in.)

Width 249 mm (9.8 in.)

Operating temperature range -40 °C (-40 °F) to +80°C (176 °F)

Power electronics

Operating voltage range Max. 385V DC

Maximum current 150 A (continuous); 400 A (0.3 second)
DC/DC converter

Nominal output voltage 14V DC

Maximum output current 170 A (continuous)

Maximum output power 2.4 kKW (continuous); 3 kW (peak value 100 ms)
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5.1. Overview

The high-voltage battery unit is a complete system that contains not only the high-voltage battery it-
self, but also the following additional components:

. Battery management electronics (SME) control unit

. Electromechanical switch contactors

*  Connections for high-voltage cables

*  Connections for signal lines

e Connection for potential compensation line

*  Connections for refrigerant line and condensation drain line

o Cell supervision circuits

*  Degassing pipe.
The primary task of the high-voltage battery unit is to draw electrical energy from the high-voltage
electrical system, store it and make it available again later as necessary. In addition, it assumes impor-
tant tasks that contribute to the safety of the high-voltage system, such as the high-voltage interlock
loop. The high-voltage safety connector (also called the "Service Disconnect") is not an integral part of

the high-voltage battery unit in the F10H. Instead is located in the luggage compartment to the right,
near the auxiliary 12V battery.

The high-voltage battery unit of the F10H is manufactured by BMW AG. The cells of the high-voltage
battery unit are manufactured by A123 Systems. The high-voltage battery unit was also developed by
BMW AG.

The high-voltage battery unit of the F10H belongs to hazard class 9 (UN 3090) and cannot be
transported by air freight.

A

The high-voltage battery unit is a complex, high-voltage component thus it is imperative to
follow the handling and safety regulations. In particular, lithium-ion batteries must not be
overcharged or subjected to excessively high temperatures which may increase the risk of
fire. The high-voltage battery unit must never be opened, otherwise there is a risk of fatal in-
jury due to the high currents and voltages involved.

A

Work on live high-voltage components is strictly prohibited. Prior to every operation which involves a
high-voltage component, it is essential to disconnect the high-voltage system from the voltage supply
and to secure it against unauthorized reconnection.

Switch off terminal 15.
De-energize the high-voltage by opening the high-voltage safety switch (Safety Disconnect).
Secure the high-voltage safety connector from being reconnected.

A WO N -

Switch on terminal 15.
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5  Verify that the "High-voltage system switched-off" Check Control message is displayed in the in-
strument cluster.

6  Switch off terminal 15 and terminal R.

5.1.1. Installation location and external characteristics

The high-voltage battery unit is installed in the luggage compartment behind the rear seat. As a result,
the F10H cannot be ordered with the "Through-loading system" or "Ski bag" optional equipment. The
high-voltage battery unit is covered by a panel and is therefore not directly visible. When this panel is
removed the features and connections shown in the following graphic can be accessed.
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Installation location of the high-voltage battery unit in the F10H
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Index

Explanation
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High-voltage battery unit

Signal connection for battery management electronics control unit
Connection for potential compensation line

High-voltage connection

Degassing pipe

Grommet

Combined expansion and shutoff valve in the refrigerant circuit

The high-voltage battery unit is connected to the vehicle body on the left and right using two holders.
There is a special tool available to the Service workshops to facilitate removal and installation of the
high-voltage battery unit.

The required electrical connection between the high-voltage battery unit housing and ground is pro-
vided (as shown in the graphic) by a separate electrical cable.

There is a safety data warning sticker on the top of the high-voltage battery unit which warns against
the dangers associated with working on high-voltage components.
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Warning sticker on the high-voltage battery unit

Index

Explanation

1

a A WD

Prohibited symbol: No open flames, sparks or smoking

Warning symbol: Warning against dangers of batteries

Warning symbol: Warning against explosive substances / materials
Warning symbol: Warning against caustic substances / materials

Reference to disposal of high-voltage battery unit: Recycling by specialist
personnel possible, not to be disposed of in domestic waste

Multilingual text: "Gen 2 Electrical Energy Storage System Uy=317V,
C=4Ah(1h,25°C), 46 kg"
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A

Always observe the safety data sheet for the high-voltage battery when performing repair work on
these components. Use the personal safety equipment prescribed there. If there is any uncertainty re-
garding a possible hazard, contact the technical support (PUMA) of the BMW Group.
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5.1.2. System wiring diagram

O]

System wiring diagram of high-voltage battery unit

TH11-1418
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Index Explanation

1 Electric motor electronics (EME)

2 Crash Safety Module (ACSM)

3 PT-CAN2 cables

4 Fuse for battery management electronics in luggage compartment fuse holder
5 Safety battery terminal

6 Combined expansion and shutoff valve

7 High-voltage battery unit

8 Battery management electronics (SME)

9 Cell supervision circuits (CSC)

10 External interface with electromechanical switch contactors (S-Box)
11 Cell modules of the high-voltage battery

12 High-voltage cables with shielding

The system wiring diagram of the components of the high-voltage interlock loop can be found in the
chapter entitled "Monitoring functions" in this training material.
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5.1.3. General structure

The following wiring diagram shows the internal electrical structure of the high-voltage battery unit.
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Wiring diagram of the internal structure of the high-voltage battery unit

TH11-1417

Index Explanation

1 Battery management electronics

2 Cell supervision circuits (CSC)

3 Sensors for measuring the cell voltage

4 Sensors for measuring the cell temperature

5 Separate high-voltage battery, comprising several cell modules
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Index Explanation

6 Sensor for measuring the current level in the minus line of the high-voltage
battery unit

7 Overcurrent fuse in the plus line of the high-voltage battery unit
Electromechanical switch contactor in the negative (ground) line of the high-
voltage battery unit

9 Pre-charge switch

10 Electromechanical switch contactor in the positive line of the high-voltage
battery unit

11 Positive line of the high-voltage battery unit

12 Negative line of the high-voltage battery unit

13 Bridge in the circuit of the high-voltage interlock loop (element of the high-
voltage connection)

14 Control lines of the multiple restraint system for blasting the safety battery
terminal

15 Safety battery terminal

16 Output of the circuit of the high-voltage interlock loop

17 Input of the circuit of the high-voltage interlock loop

The wiring diagram shows that the high-voltage battery unit (beside the actual battery cells which are
compiled in cell modules) contains the following electrical/electronic components:

*  Control unit Battery management electronics SME
. Eight cell supervision circuits (CSC)

o Interface box with switch contactors, sensors and overcurrent fuse.

These internal components, as well as the high-voltage connection and the high-voltage safety con-
nector, are described in the following chapters.

5.1.4. High-voltage battery

The term "high-voltage battery" refers to the actual energy accumulator for the high-voltage system.
The nominal voltage of 316.8 V is achieved by connecting a total of 96 battery cells in series (each with
a nominal voltage 3.3 V).

The high-voltage battery unit is made up of 8 cell modules.

Each cell module comprises the following:

J 12 cells
e Cooling extruded profiles (5 center pieces and 2 side pieces)
*  Cell contact system (ZKS)
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Structure of cell module

Index Explanation
Cell

Cooling extruded profile, center piece

Cell module
Cooling extruded profile, side piece
Bracket for cell contacting system

O O~ WN =

Cell connector, cell contacting system (ZKS)

The individual lithium-iron-phosphate cells from A123 Systems are cylindrical in shape. These cells
are lithium-ion batteries whose cathodes are made from lithium-iron-phosphate. They have impressive
high load capacity and toughness. Another advantage of the lithium-iron-phosphate cells as opposed
to other lithium-ion batteries is that there is no oxidation material in the cell therefore any exothermic
(chemical/thermal) reactions are less severe.
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The cells are bonded in the cooling extruded profiles. In general, the adhesive tape should have high
thermal conductivity to ensure good heat dissipation from the cell to the extruded profile. In the event
of damage to the plastic sleeve of the cell the adhesive must also have an insulating effect.

The two parts of the cell contacting system (ZKS) are welded to the cell terminal by means of a laser
welding process. This ensures the series connection of the individual cells.

There are two power taps in each module to discharge the current from the module. The power taps
are attached at the front cell contacting system. The power taps of neighboring modules are connect-
ed to the module connectors.

Lithium-ion technology cells are sensitive to overloading, overvoltage, overcurrent and excess temper-
ature. For this reason printed circuit boards for voltage taps are fitted at the cells with integrated tem-
perature sensors on both sides of the cell module. The monitoring of the cells is done by the cell su-
pervision circuit (CSC).

The cell modules are installed in a vaporizing unit to cool the cells. The refrigerant is routed along the
cells through channels in the heat sink.

TH11-1421

Structure of the high-voltage battery unit
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Index Explanation

Case Covers

Shield including current collector

Cell supervision circuit (CSC)

Battery management electronics (SME)
Heat sink and crash plates

Retaining bracket

Housing

0 N OO a b~ W DN -

Cell module

The crash plates are located between the cell modules. In the event of a crash the forces pass through
the heat sink and crash plates thus protecting the cell modules.

If extremely high temperature or high pressure arises in a cell, the excess pressure can be decreased
via pressure relief valves which are integrated in both covers of each cell. The gases released in the
process are discharged from the vehicle through the degassing pipe.

The high-voltage battery can be connected to or isolated from the high-voltage electrical system us-
ing the electromechanical switch contactors inside the high-voltage battery unit. These contacts are
located on the positive terminal and the negative terminal, before the terminals of the high-voltage bat-
tery are routed outwards. The electromechanical switch contactors are activated by the battery man-
agement electronics (SME).

5.1.5. Battery management electronics

High demands are placed on the service life of the high-voltage battery (service life of the vehicle). In
the interest of satisfying these demands the high-voltage battery is operated in a precisely defined
range so as to maximize its service life. This includes the following marginal conditions:

*  Protecting the cells against overheating (by cooling and/or limiting the current)

e Adjusting the state of charge of the individual cells (where necessary) with regard to one an-
other

*  Not fully depleting the battery's amount of storable energy.

The high-voltage battery of the F10H incorporates its own control unit, which monitors these marginal
conditions and intervenes where necessary. It is referred to as the "battery management electronics
(SME)" and is located inside the high-voltage battery unit, which is why it is not accessible from the
outside. Therefore the battery management electronics control unit cannot be replaced in the BMW
Dealer Service workshop. The SME control unit in particular must perform the following tasks:

¢ Controlling cooling

. Determining the state of charge (SoC) and the state of health (SoH) of the high-voltage battery

o Determining the available power of the high-voltage battery and where necessary requesting a
limitation from the electric motor electronics

¢  Controlling the starting and shutting down of the high-voltage system at the request of the
EME
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*  Safety functions (e.g. high-voltage interlock loop, isolation monitoring)
o Monitoring the voltage and temperature of the battery cells as well as the current
*  Communicating fault states to the EME.

The SME control unit has its own fault memory which can be read out using the ISTA BMW diagnosis
system.

The electrical interfaces of the SME control unit are:
. 12 V supply voltage (terminal 30F for supplying voltage to SME, ground connection, termi-
nal 31)
e PT-CAN2
e Wake-upline
. Forward and return lines for high-voltage interlock loop
*  Line for activating the combined shut-off and expansion valve.
*  Local Controller Area Network connection for CSCs

5.1.6. Cell monitoring

Certain conditions must be observed for fault-free operation of the lithium-ion cells in the F10H: The
cell voltage and the cell temperature cannot exceed or drop below certain values as otherwise the bat-
tery cells may suffer long-term damage. For this reason each high-voltage battery unit has several cell
supervision circuits (CSC).

Cell monitoring electronics

A

The cell supervision circuits are located inside the high-voltage battery unit. For this reason they are
not accessible to Service Technicians. Working on the cell supervision circuits in dealer workshop is
not permitted.

The cell supervision circuits perform the following functions:

. Measurement and monitoring of the voltage of each individual battery cell
. Measurement and monitoring of the temperature at a point on each cell module

¢ Communication of the measured variables to the battery management electronics control unit
(SME)

* Implementation of the process for adjusting the cell voltage of the battery cells.

The measurement of the cell voltage is done at a very high sampling rate. The end of the charging pro-
cedure, as well as the discharging procedure, can be identified using the voltage measurement. Us-
ing the cell temperature an overload or electrical fault can be identified. In such a case the current lev-
el must be reduced immediately or the high-voltage system shut down completely in order to avoid
progressive damage to the battery cells. In addition, the measured temperature is used to control the
cooling system in order to constantly operate the battery cells in the temperature range which is opti-
mal for their performance and service life.
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Local CAN

Communication between the 8 CSCs is via a Local Controller Area Network. The Local CAN combines
all CSCs together and is used for the communication of the CSCs with the battery management elec-
tronics. The battery management electronics control unit assumes the master function here. The Lo-
cal CAN is a low-voltage wiring harness with a maximum of 12 V.

Adjusting the cell voltages

If one or several of the battery cells has a significantly lower cell voltage than all other battery cells, the
usable energy content of the high-voltage battery is restricted. The withdrawal of energy is in fact de-
termined by the "weakest" battery cell: If the voltage of the weakest cell has fallen to the discharge lim-
it, the discharging procedure must be terminated, even if the other battery cells still have enough ener-
gy stored. However, if the discharging procedure is continued the weakest battery cell may be perma-
nently damaged. For this reason there is a function to adjust the cell voltage to approximately the same
level. This process is also called "cell balancing" or "cell equilibrium".

For this purpose, the battery management electronics control unit regularly wakes up during rest
phases and compares the cell voltages of all cells. As the adjustment of the cell voltages can only be
done by the targeted discharge of individual battery cells, those with a considerably higher cell volt-
age are selected over the weakest battery cells. The discharging procedure starts upon a request via
the Local Controller Area Network to the cell supervision circuits belonging to these battery cells and
is carried out until the voltage level is adjusted. The discharge current flows via an ohmic resistor which
is integrated in the cell supervision circuits.

Local-CAN
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lllustration of the process for adjusting the cell voltages
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Index Explanation

Cell supervision circuit (CSC)

Sensors for measuring the cell voltage

Discharge resistor

Closed (active) contact for discharging a battery cell
High-voltage battery

Battery cell whose cell voltage is reduced by discharging
Battery cell not being discharged

0 N O a b~ W DN -

Open (inactive) contact for discharging a battery cell

The adjustment of the cell voltage thus results in energy loss; however it is reasonable and necessary
to maximize the use and service life of the battery. This procedure can be implemented only when the
vehicle is at a standstill.

The following conditions are necessary for adjusting the cell voltages:

e  Terminal 15 switched off and vehicle or vehicle electrical system asleep
. High-voltage system shut down

o Deviation of the cell voltages or the individual states of charge of the cells are greater than a
threshold value

*  Total SoC of the high-voltage battery is greater than a threshold value.
The adjustment of the cell voltages is done automatically when the specified conditions are fulfilled.

The customer therefore does not receive a Check Control message nor does he have to implement a
special measure.

If the cell voltages however have too great a deviation or the adjustment of the cell voltage is not suc-
cessful, a fault code entry must be created in the battery management electronics control unit. The
customer is made aware of this fault status by a Check Control message. With help of the BMW diag-
nosis system the fault memory must then be evaluated and remedies deduced.

5.1.7. External interface (S-box)

In the high-voltage battery unit there is an interface unit with its own housing, which is also called a
"shift box" or "S-box" for short. As it is located inside the high-voltage battery unit, it cannot be re-
placed in the BMW Dealer Service workshop.

The following components are integrated in the interface unit:

*  Current sensor in the current path of the negative battery terminal

e  Safety fuse in the current path of the positive battery terminal

*  Two electromechanical switch contactors (one switch contactor per current path)
o Pre-charge switch for slow start-up of the high-voltage system

*  \oltage sensors for monitoring the switch contactors and for measuring the total battery volt-
age.
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These components and their electrical connection are shown in the internal wiring diagram of the
high-voltage battery unit at the start of this chapter.

5.1.8. High-voltage connection

There is a 2-pin high-voltage connection at the high-voltage battery unit.

High-voltage connector on the high-voltage battery unit

Index Explanation

1 Socket connection for bridge in the circuit of the high-voltage interlock loop
2 Mechanical locking

3 Electrical contact for high-voltage cable

4 Electrical contact for shielding

5 Contact protection

The high-voltage connection has the primary task of connecting the high-voltage battery unit to the
high-voltage cables. In addition, the high-voltage connection provides protection against contact
with live parts: The actual contacts are covered in plastic so that nobody can touch them directly. On-
ly when the cable is connected is the covering pushed away and the contact established. The plas-
tic slide serves as the mechanical latch mechanism of the connector. It is also performs a safety func-
tion: If the high-voltage cable is not connected, the slide covers the connection for the bridge of the
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high-voltage interlock loop. Only when the high-voltage cable is properly connected and the connec-
tor is locked, is this connection accessible so that the bridge can be inserted. This guarantees that on-
ly when a high-voltage cable is connected is the circuit of the high-voltage interlock loop also closed.
This principle applies to the high-voltage connection on the high-voltage battery unit and on the elec-
trical machine electronics. The high-voltage system can thus only be active if the high-voltage cable is
connected and the circuit of the high-voltage interlock loop is closed.

TH

High-voltage connection

Index Explanation

A High-voltage connection with connected high-voltage cable

B High-voltage connection with disconnected high-voltage cable
1 High-voltage interlock loop bridge (connected)

2 Mechanical slide

3 High-voltage connector of the high-voltage cable

4 High-voltage interlock loop bridge (disconnected)

5 High-voltage connection on the high-voltage battery unit
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5.1.9. High-voltage safety connector (Service Disconnect)

The high-voltage safety connector ("Service Disconnect”) of the F10H is not a direct component of
the high-voltage battery unit. Instead it is installed separately near the auxiliary 12V battery. It is only
accessible by removing a cover located on the right side of the luggage compartment.

Installation location of the high-voltage safety connector

Index Explanation
1 Fuse carrier in the luggage compartment
2 High-voltage safety connector (Service Disconnect)

As in the previous ActiveHybrid vehicles, the F10H high-voltage safety connector also fulfills two
tasks:

. Disconnecting the high-voltage system from the supply
. Providing a safeguard to prevent unintentional restarting.

The high-voltage safety connector or the connected bridge is part of the high-voltage interlock loop
circuit. If one disconnects the connector and socket of the high-voltage safety connector, the circuit of
the high-voltage interlock loop is interrupted. The high-voltage system automatically shuts down and
is thus switched to a de-energized state.

A

The connector and socket of the high-voltage safety connector cannot be disconnected from each
other completely. Both parts are mechanically secured against complete separation. To interrupt the
circuit of the high-voltage interlock loop, it is sufficient to separate the two parts far enough so that the
padlock can be used to secure against reconnection.
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A

Before working on the high-voltage connection of the high-voltage battery unit or another high-voltage
component, it is essential to disconnect the high-voltage system from the supply, secure it against
unintentional reconnection and verify that it is safely isolated from the supply.

The exact procedure to put the system to a de-energized state is described in the chapter entitled
"Safe working on the high-voltage system".

5.1.10. Ventilation

The vent orifice is used to balance large pressure differences between the inside and outside of the
high-voltage battery unit and thus prevent dirt contamination of the interior of the high-voltage battery
unit. Such pressure differences can only arise in the event of a damaged battery cell. The vent is also
used for draining condensation from the high-voltage battery unit which develops due to temperature
deviations.

The gases and condensation can escape the housing of the high-voltage battery unit into the atmo-
sphere via a vent pipe connected to a grommet.

5.1.11. Cooling system

To maximize the service life of the high-voltage battery and obtain the greatest possible power, it is op-
erated in a defined temperature range. The high-voltage battery unit is essentially operational in the
range of -25 °C (-13 °F) to +55 °C (131 °F). These temperature limits, however, relate to the actual
temperature of the cells, not the outside temperature. In terms of temperature behavior the high-volt-
age battery unit is a slow-action system, i.e. it takes several hours until the cells assume ambient tem-
perature. Therefore having the battery spend a short period of time in an extremely hot or cold environ-
ment does not mean that the cells will have already assumed this temperature.

The upper temperature limit does not pose any restriction with regard to use of the hybrid functions
since temperatures higher than +55 °C (131 °F) at the installation location of the high-voltage battery
unit cannot be reached. Cooling the high-voltage battery unit keeps the cell temperature at a clearly
lower level. The hybrid functions are thus available even when the electric drive is subject to intensive
use and at high outside temperatures. Furthermore, cooling further increases the service life of the
high-voltage battery unit.
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TH11-1378

F10H refrigerant circuit

Index Explanation

Branching of refrigerant lines to high-voltage battery unit
Combined expansion and shutoff valve for passenger compartment
Refrigerant lines to high-voltage battery unit

High-voltage battery unit

Combined expansion and shutoff valve

Electrical A/IC compressor

N OO gk WODN =

Condenser

The high-voltage battery in the F10H is cooled by refrigerant. The refrigerant circuit of the air condi-
tioning has therefore been extended to cool the high-voltage battery unit. The expansion valve for cli-
mate control of the passenger compartment and that for the high-voltage battery are connected in
parallel. The battery management electronics can activate and open the combined shut-off and expan-
sion valve for the high-voltage battery unit via a pulse-width modulated signal. In this way refrigerant
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can flow to the high-voltage battery, expanding, evaporating and cooling in the process. The cooling
of the high-voltage battery unit can be carried out completely independently of the cooling in the pas-
senger compartment as these are controlled by a separate expansion and shut-off valve.

TH11-1422

Components for cooling the high-voltage battery unit

Index Explanation

1 Degassing pipe

2 Combined expansion and shutoff valve
3 Grommet

Due to the cooling of the high-voltage battery unit with refrigerant and the resulting large temperature
differences, water vapor can condense inside the high-voltage battery unit. This condensation is vent-
ed from the passenger compartment via a degassing pipe and a grommet. The degassing pipe serves
to compensate large pressure differences between the interior and the exterior of the high-voltage
battery. Pressure differences of this nature can only arise if a cell is damaged - for safety reasons the
housing of the damaged cell then opens in order to reduce the pressure. The escaping gases are then
directed out of the vehicle through the degassing pipe.

In the temperature range in which the high-voltage battery unit does not need to be cooled the com-
bined expansion and shutoff valve for the high-voltage battery unit remains closed.
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Depending on the cooling requirement and availability of cooling power, the cooling of the high-voltage
battery unit is controlled by the battery management electronics control unit. The availability of cooling
power is requested by the IHKA control unit. The combined expansion and shutoff valve is activated by
the SME control unit.

A

Because the high-voltage battery unit is connected to the refrigerant circuit, preliminary work similar to
that conducted on the air- conditioning of conventional vehicles (e.g. evacuation) will be required prior
to removal and installation work. Please refer to the repair instructions.

5.2. Functions

5.2.1. Starting the high-voltage system

Starting the high-voltage system occurs in the interaction between the electric motor electronics
(EME) and battery management electronics (SME) control units. The EME control unit performs the
role of the primary, the SME control unit that of the secondary. The associated commands are trans-
ferred as bus signals via the PT-CAN2.

The EME control unit requests starting of the high-voltage system when either terminal 15 is switched
on or a request for independent air conditioning is present. The start takes place in multiple steps,
each of which takes place only if the previous step has been completed successfully.

1  Testing the high-voltage electrical system
2 Raising the voltage
3  Closing the contacts of the switch contactors.

The first step, testing the high-voltage system, involves checking whether the high-voltage battery
unit and the entire high-voltage electrical system are operational. This includes the requirement that
the circuit of the high-voltage interlock loop be closed in order to start the high-voltage system.

Even after the tests have been completed successfully, the contacts of the switch contactors still can-
not be closed. Because of the capacities in the high-voltage circuit (link capacitors) a very high switch-
on current would flow which would permanently damage both the link capacitors and the switch con-
tactors. Therefore, the voltage is raised slowly beforehand. To do so, the contact of the switch contac-
tor for the negative lead is initially closed. A low constant current is set in the positive wire via an elec-
tronic circuit to charge the link capacitors. In this way the voltage in the high-voltage electrical system
increases within a few hundred milliseconds to a value which is only slightly below the voltage of the
high-voltage battery unit. Then the contact of the switch contactor in the positive lead is also closed.

The SME control unit communicates successful starting via the PT-CAN2 to the EME control unit. In
the same way, fault states are signalled if the start was not successful.

Although the starting of the high-voltage system contains the above-mentioned steps, there is no no-
ticeable delay when starting the car as far as the customer is concerned. An F10H starts practically as
quickly as an F10.
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5.2.2. Regular shut-down of the high-voltage system

When it comes to shutting off the high-voltage system a distinction is made between regular shut-
down and fast shut-down. In the case of regular shut-down the emphasis is on protecting the electrical
components and checking the high-voltage system. For example, the contacts of the electromechan-
ical switch contactors are to be opened only when the current has dropped to a value close to 0 A, as
they are otherwise subjected to heavy load.

The conditions which trigger a regular shut-down are:

*  Deactivation of terminal 15
o End of stationary cooling
*  End of programming procedure of a high-voltage control unit.

The basic sequence of regular shut-down is then (irrespective of the triggering condition) the same:

Regulating currents in the high-voltage electrical system down to zero (EME)
2  Opening the switch contactors in the high-voltage battery unit (SME)

Discharging the high-voltage circuit, i.e. active discharging of the link capacitors and short-circuit-
ing of the windings in the electric motor (EME)

4  Checking the high-voltage system, e.g. as to whether the contacts of the electromechanical
switch contactors were correctly opened.

Both the after-running period (after switching off terminal 15) and the shut-down itself can last a few
minutes. The automatic monitoring functions are a reason for this, for example. The regular shut-down
is interrupted if in the meantime either a request for a renewed start-up is made or a condition has
arisen to request a quick shut-down.

5.2.3. Fast shut-down of the high-voltage system

The main purpose here is to shut down the high-voltage system as quickly as possible. This quick
shut-down is then always carried out if for safety reasons the voltage in the high-voltage system has to
be reduced to a safe value as quickly as possible.

The following list describes the triggering conditions and the functional chain leading to the quick
shut-down.

e Accident
Crash Safety Module ACSM identifies an accident. Depending on the severity of the accident,
the shut-down is requested via data bus signals or forced by disconnecting the safety battery
terminal from the positive terminal of the 12 V battery. In the second scenario the voltage sup-
ply of the electromechanical switch contactors is automatically interrupted and their contacts
open automatically.

e Overload current monitoring:
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The current level in the high-voltage electrical system is monitored via a current sensor in the

high-voltage battery unit. If too high a current level is identified, the battery management elec-
tronics control unit causes a hard opening of the electromechanical switch contactor. Consid-
erable wear occurs to the contacts of the switch contactors as a result of this opening under a
high current, which must be accepted to protect the other components from damage.

o Protection in the event of a short circuit:
In the high-voltage battery unit there is an overload current fuse which interrupts the high-volt-
age circuit in the event of a short circuit.

e Critical cell state:
If a cell supervision circuit (CSC) identifies extreme undervoltage, overvoltage or excess tem-
perature at a battery cell, this also leads to a hard opening of the electromechanical switch
contactors - controlled by the battery management electronics control unit (SME). Although
this may lead again to increased wear at the contacts, this quick shut-down is necessary to
prevent destroying the respective battery cells.

. Malfunction of the 12 V voltage supply of the high-voltage battery unit:
In this case the battery management electronics control unit (SME) no longer works and it is
no longer possible to monitor the battery cells. For this reason the contacts of the electrome-
chanical switch contactors also open here automatically.

¢ High voltage interlock loop:
The SME evaluates the signal of the high-voltage interlock loop and checks whether there is
an open circuit with this circuit. In the event of an open circuit, the SME can cause the high-
voltage system to perform a quick shut-down. If the high-voltage interlock loop is disconnect-
ed at the high-voltage safety connector ("Service Disconnect"), the shut-down is no longer ef-
fected via the SME , but the switch contactors are opened directly.

In all the cases mentioned the contacts of the electromechanical switch contactors are opened and
the high-voltage circuit discharged immediately. This ensures the fastest possible shut-off, as is ap-
propriate for these safety-relevant cases.

5.2.4. Charging strategy and operational strategy

The charging strategy for the high-voltage battery unit has two primary objectives: to maximize the
service life of the high-voltage battery unit and to maintain reserves with regard to both energy con-
sumption and energy draw. The charging strategy is geared towards achieving these two primary ob-
jectives and the high-voltage battery unit thus helps in many driving situations to increase the efficien-
cy and dynamics of the vehicle.

In order to achieve the first objective, the strategy involves the already mentioned regulation of the cell
temperature and the regulation of the useful energy content. Instead of using the full state of charge
range from zero to 100%, only a range between approximately 25 and 70% is actually used. Depend-
ing on the cell temperature and the calculated state of health of the high-voltage battery, this useful
range can be limited further. However, a sufficiently large useful energy content remains available over
the full service life in order to implement the hybrid-specific functions and advantages. The state of
charge of the high-voltage battery unit is indicated to the driver in the instrument cluster (KOMBI) in
the form of bar graph gauge and in the Central Information Display in the form of bar graph. The value
displayed there corresponds to the value used by the charging strategy of roughly 25 to 70%. There
are therefore still reserves below the minimum displayed value and above the maximum displayed val-
ue.
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Display in instrument cluster Displayed state of charge Actual state of charge

0% About 25%

100% About 70%

During brake energy regeneration or load point increase of the combustion engine excess energy is
converted into electrical energy by the electric motor. The high-voltage battery unit stores this electri-
cal energy and makes it available again as required for the following purposes:

. To supply the 12 V vehicle electrical system

¢  Torelieve and support the combustion engine (efficiency increase)

. For the boost function (increase in dynamics)

*  For electric driving

¢  Forindependent air conditioning

5.2.5. Monitoring functions

There is a large number of monitoring functions in which the high-voltage battery unit and the battery
management electronics play a substantial role.

This includes the following:

e  Monitoring functions to ensure the safety of the high-voltage system
. Monitoring functions to ensure optimal operating conditions of the high-voltage battery

For the safety-related monitoring functions, we will specifically discuss the role of the high-voltage
battery unit in the high-voltage interlock loop and the isolation monitoring.

The high-voltage interlock loop is a fail-safe circuit that ensures safety when working on high-volt-
age component if the high-voltage electrical system has not been switched off properly beforehand. If
this circuit is interrupted, the voltage supply of the high-voltage system is switched off and switching
on the supply of the high-voltage system is prevented.

The principle of the high-voltage interlock loop is explained in the "Principles of Hybrid Technology"
training information available on TIS and ICP. In the F10H the high-voltage interlock loop is made up of
the high-voltage components illustrated below.
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F10H System wiring diagram of high-voltage interlock loop

TH11-1287
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Index Explanation

1 Electrical machine electronics (EME)

2 Evaluation circuit for test signal of the high-voltage interlock loop in the EME

3 Electrical A/C compressor

4 Jump start terminal point

5 Electrical machine

6 Fuse carrier in the luggage compartment

7 Safety battery terminal

8 12 V battery

9 High-voltage battery

10 S-Box with electromechanical switch contactors

11 High-voltage battery unit

12 Evaluation circuit and signal generator for test signal of the high-voltage
interlock loop in the battery management electronics

13 High-voltage safety connector ("Service Disconnect")

14 Crash Safety Module (ACSM)

The electronics for controlling and generating the test signal for the high-voltage interlock loop is in-
tegrated in the F10H in the battery management electronics. Generating the test signal starts when
the high-voltage system is to be started and ends when the high-voltage system has been shut down.
A square wave alternating current signal is generated as the test signal by the battery management
electronics and supplied to the test lead. The test lead has a ring topology (similar to that of the MOST
bus). The signal of the test lead is evaluated at two points in the ring: in the electrical machine elec-
tronics and finally right at the end of the ring, in the battery management electronics. If the signal is
outside a permanently defined range, an interruption of the circuit or a short circuit in the test lead is
detected and the high-voltage system is shut off immediately. If the high-voltage interlock loop at the
high-voltage safety connector (“Service Disconnect”) is disconnected, then the switch contactors are
opened directly. In addition, all high-voltage components are switched off.

The isolation monitoring determines whether the insulation resistance between active high-voltage
components (e.g. high-voltage cables) and ground is above or below a required minimum value. If the
insulation resistance falls below the minimum value, the danger exists that the vehicle parts will be en-
ergized with hazardous voltage. If a person were to touch a second active high-voltage component, he
or she would be at risk of electric shock. There is therefore fully automatic isolation monitoring for the
F10H high-voltage system. It is performed by the battery management electronics at regular intervals
while the high-voltage system is active. Ground serves as the reference potential. Without addition-

al measures only local isolation faults in the high-voltage battery unit could be determined in this way.
However, it is equally important to identify isolation faults from the high-voltage cables in the vehicle to
ground. For this reason all the electrically conductive housings of high-voltage components are con-
nected to ground. This enables isolation faults in the entire high-voltage electrical system to be identi-
fied from a central point, the high-voltage battery unit.
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A

The proper electrical connection of all high-voltage component housings to ground is an important
prerequisite for proper function of the isolation monitoring. Accordingly, this electrical connection
must be restored carefully if it has been interrupted during repair work.

The isolation monitoring responds in two stages. When the insulation resistance drops below a first
threshold value, there is still no direct danger to people. The high-voltage system therefore remains
active; no Check Control message is output, but the fault status is naturally stored in the fault mem-
ory. In this way the Service technician is alerted the next time the car is in the workshop and can then
check the high-voltage system. When the insulation resistance drops below a second, lower threshold
value, this is accompanied not only by the storage of the fault in the fault memory, but also by the dis-
play of a Check Control message prompting the driver to visit a workshop.

However, the Service technician does not have to perform a fundamental measurement of the insula-
tion resistance him/herself - this task is performed by the high-voltage system through the isolation
monitoring. When an isolation fault is detected, the Service technician must run through a test sched-
ule in the diagnosis system to find the actual location of the isolation fault.

In addition to the high-voltage interlock loop and isolation monitoring, there are further monitoring
functions which are listed below:

e 12V supply voltage from the safety battery terminal:
To be able to perform a quick shut-down of the high-voltage system in the event of an accident
of corresponding severity, the solenoids of all electromechanical switch contactors are sup-
plied with 12 V from the safety battery terminal. If the safety battery terminal is deployed in the
event of an accident, this cuts the voltage supply and the contacts of the switch contactors
open automatically.
In addition, the battery management electronics control unit evaluates the voltage on this line
electronically and also causes the high-voltage system to shut down including discharge of
the link capacitors and the active short circuit of the electrical machine.

*  Contacts of the switch contactors:
After the battery management electronics control unit has requested the contacts of the
switch contactors to open during the shut-down of the high-voltage system it checks whether
they have actually been opened (via a voltage measurement check parallel to the contacts).
In the highly unlikely case that the contact of a switch contactor does not open, there is still
no direct danger to the customer or the Service Technician. However, for safety reasons a re-
newed start-up of the high-voltage system is prevented.

¢  Pre-charge switch:
If for example during the start-up of the high-voltage system a fault is identified with the pre-
charge switch, then the start-up is cancelled immediately and the high-voltage system is not
put into operation.

. Excess temperature:
The cooling system of the high-voltage battery ensures in all driving situations that the tem-
perature of the battery cells remain in the optimal range. If due to a fault the temperature of
one or several battery cells increases past the optimal range, the power is reduced initially to
protect the battery cells. If the temperature continues to increase and thus threatens damage
to the battery cells, the high-voltage system is then switched off.

*  Undervoltage:
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Undervoltage at a battery cell is avoided by the constant monitoring and adjustment of the cell
voltage as required. The total voltage of the entire high-voltage battery unit is also monitored
and used to determine the state of charge. If the total voltage has fallen to the extent that the
high-voltage battery is discharged completely, another discharge is prevented.

5.3. Service information

5.3.1. Installation and removal

The complete high-voltage battery unit can only be replaced as a complete assembly in a BMW Dealer
Service workshop, if this is indicated by the test plan of the ISTA BMW diagnosis system.

The return of the faulty high-voltage battery unit can only be done via the "Warranty Parts Process"
and not via the normal "Replacement Parts Process". The high-voltage battery unit of the F10H be-
longs to hazard class 9 (UN 3090) and cannot be sent by air freight.

A

Because the high-voltage battery unit is a high-voltage component, it is essential to observe the elec-
trical safety rules before starting work and to always follow the repair instructions during removal and
installation.

In addition, prior to removal the refrigerant must be drawn off from the refrigerant circuit and after in-
stallation re-introduced into the system.

A

A precise description of the work sequence for removal and installation can be found in the repair in-
structions in ISTA BMW diagnosis system.

A special tool is used to install and remove the high-voltage battery unit. It helps in lifting the high-volt-
age battery unit out of and back into the vehicle. Using this tool will reduce the physical strain on the
Service Technicians when removing and installing the unit.

A

In the event of replacement of the high-voltage battery unit, initialization is required with help of the
ISTA BMW diagnosis system.

5.3.2. Charging the high-voltage battery unit
If the 12 V battery of a F10H is flat, it can be charged as in conventional vehicles.

The operating strategy will control the state of charge of the high-voltage battery unit so that a certain
amount of energy always remains in the high-voltage battery unit.

100



F10H Complete Vehicle
5. High-voltage Battery Unit

A

As the high-voltage battery unit may suffer damage in the event of excessive discharging, it must be
ensured before long immobilization periods (with help of the state of charge display) that the high-volt-
age battery unit is fully charged.

Quick charging
In exceptional cases, the high-voltage battery unit can also be charged by the engine when stationary.

The following steps must be performed for Quick charging:

e  Start engine

. Engage “P” and engage automatic hold brake

. Press and hold down the brake pedal

e With help of the brake pedal keep the speed of the engine at about 2000 rpm.

After a few minutes the high-voltage battery is fully charged again. The state of charge can be con-
trolled with help of the state of charge display in the instrument cluster.

A

The charging process can only be carried out successfully if the brake pedal is permanently applied.
Otherwise, the required charging status of the high-voltage battery will not be reached.

A

The charging status can also take place at idle speed, however, this increases the charging time signif-
icantly.

5.3.3. Safe working practices for working on a high-voltage system

A

Work on live high-voltage components is strictly prohibited. Prior to every operation which involves a
high-voltage component, it is essential to disconnect the high-voltage system from the voltage supply
and to secure it against unauthorized reconnection.

Switch off terminal 15.

De-energize the high-voltage by opening the high-voltage safety switch (Safety Disconnect).
Secure the high-voltage safety connector from being reconnected.

Switch on terminal 15.

a A WO N -

Verify that the "High-voltage system switched-off" Check Control message is displayed in the in-
strument cluster.

6  Switch off terminal 15 and terminal R.
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The following chapters provide brief descriptions on how to implement the electrical safety rules in the
F10H.

Preparations

Prior to beginning any work, the vehicle must be secured against rolling (engage the parking lock of
the transmission and activate the parking brake). Disconnect any connected charging cables. Terminal
15 and terminal R must be switched off.

From an electrical safety viewpoint, work can begin on the system when it has been switched off and
put to a de-energized state. However, the high-voltage system may still be active and current may flow
via the contacts of the switch contactors. During shut-down this may result in a load in the contacts
which can be avoided in the following manner: Allow the vehicle or the control units to go to sleep.
Then the high-voltage system is already shut down.

Disconnect the high-voltage system from the supply

The high-voltage system in the F10H is disconnected from the supply with the high-voltage safety
connector. To disconnect from the supply, the connector must be pulled from the associated socket.
This interrupts the circuit of the high-voltage interlock loop. As a result of the open circuit of the high-
voltage interlock loop, the voltage supply of the switch contactors is interrupted and the high-voltage
system put into a de-energized state.

This image shows the high-voltage safety con-
nector in a connected state. The circuit of the
high-voltage interlock loop is not interrupted.
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To pull apart the socket and the connector, the
mechanical lock shown in the image must be
pressed.

As soon as the mechanical lock has been re-
moved, the connector can be pulled from the
socket a few millimeters.

A

Do not pull any further or harder once resis-
tance can be felt. The connector and socket of
the high-voltage safety connector cannot be
completely disconnected from each other.

Provide the high-voltage system with a safeguard against unintentional restarting

Securing against restart is also effected at the high-voltage safety connector. A commercially available
padlock is required for this purpose.
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By separating the socket and connector of the
high-voltage safety connector, a hole appears
through both parts. The loop of a typical pad-
lock must be inserted in this hole.

The pad lock can now be closed. The key must
be stored in a safe place during work on the
high-voltage system so that an unauthorized
person cannot unlock the lock.

By inserting and closing the padlock at the
high-voltage safety connector the connector
can no longer be joined. This is an effective way
of ensuring that the high-voltage system is not
switched on again without the knowledge and
consent of the Service Technician.

Verifying safe isolation from the power supply

The de-energized state is not verified using a measuring device or via the ISTA BMW diagnosis sys-
tem in the BMW Dealer Service workshop. Instead, the high-voltage components measure the voltage
themselves and transmit the measured result via bus signal to the instrument cluster.

The instrument cluster does not generate the Check Control message to display the de-energized
state unless all involved high-voltage components consistently signal the de-energized state. This
Check Control symbol in red shows a crossed-out flash symbol.
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Check Control symbol "High-voltage system de-energized"

In order to verify the de-energized state, you must switch on terminal 15 and wait until you see the
Check Control message with the symbol shown above on the instrument cluster. Then, and only then,
you have ensured that the high-voltage system is de-energized. After the de-energized state has been
verified, terminal 15 and terminal R must be switched off again before you can start the actual work.

A

If the Check Control message is not displayed, you must not carry out any work on high-volt-
age components!

5.3.4. Procedure after an accident

The safety concept of the high-voltage system ensures that, even during or after an accident, there is
no danger to the customer or the Service Technician. The high-voltage system is automatically deacti-
vated in the event of an accident in such a way that no dangerous voltages are applied at those points
on the high-voltage components which are accessible from the outside. Deactivation of the high-volt-
age system is done as follows:

In normal operation the battery management electronics is supplied via terminal 30F. The coils of the
electromechanical switch contactors are also supplied. Deactivation in the event of an accident is done
by a deployed battery safety terminal. It contains an additional (normally closed) contact. This switch
contact opens when the battery safety terminal is triggered at the same time as the positive battery
cable is severed. Opening this switch contact causes the switch contactors in the high-voltage battery
unit to open directly so that no more dangerous voltage can be fed into the high-voltage electrical sys-
tem from the high-voltage battery unit. The electrical machine electronics receives a crash signal from
the Crash Safety Module (ACSM). The EME then discharges the link capacitors immediately.

After an accident the battery safety terminal remains in the above-described state such that the high-
voltage battery unit is not operational. Thus the high-voltage system remains inactive even if terminal
15 is switched on again.

A

Before working on the high-voltage components or on the battery safety terminal of an F10H
which has been involved in an accident with a triggered battery safety terminal, contact the
Technical Support (PUMA) of the BMW Group.
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5.3.5. Transport mode
To protect the high-voltage battery unit, the following functions are not available in transport mode:
. Electrical driving

*  Boost function
e  Automatic engine start/stop function

The high-voltage battery unit is always charged in transport mode if the combustion engine is running.

Display of the state of charge

Like with other vehicles, in transport mode the state of charge of the 12 V battery is displayed as a
Check Control message. In the F10H (also in transport mode) a Check Control message is displayed
for the state of charge of the high-voltage battery unit.

The state of charge of the high-voltage battery unit is displayed in three stages:

Battery condition Display in instrument clus- Action
ter

Battery state of charge of the No further work necessary

high-voltage battery is OK

High-voltage battery is flat Charge high-voltage battery!

Replace high-voltage battery
unit!

High-voltage battery is dead

If the high-voltage battery unit was dead and recharged, the display remains in the instrument cluster
until the high-voltage battery unit is replaced. After resetting transport mode, there are no Check Con-
trol messages on the state of charge of the high-voltage battery unit displayed in the instrument clus-
ter.
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5.4. Technical data
In contrast to the FO4, the high-voltage battery unit in the F10H is supplied by BMW.

The following is a summary of the important characteristics of the high-voltage battery unit:

Nominal voltage 316.8V

Battery cells 96 at 3.3V each

Storable amount of energy 1350 Wh

Used amount of energy 600 Wh

Maximum power 43.2 kW

Storage technology Lithium-ion

Dimensions (width, height, depth) 690 mm x 237 mm x 210 mm
Weight about 46 kg

Cooling system

Cooling with refrigerant (R134a)
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6.1. Introduction

The function of the brake system of the ActiveHybrid 5 is to decelerate the car safely under stable con-
ditions. Like the FO4, the F10H can also be decelerated in two different ways:

*  Conventional hydraulic braking

o Regenerative braking

Thanks to energy recovery it is possible to convert the kinetic energy of the vehicle into electrical ener-
gy with help of the electrical machine and feed this to the high-voltage battery unit.

Although the service brake of the ActiveHybrid 5 is based on that of a conventional F10, this chapter
only the hybrid-specific components and functions are described.

In comparison to the conventional F10, the following new or modified components are used:

o Electric vacuum pump
. Brake vacuum sensor
o Plunger tandem brake master cylinder with brake pedal travel sensor.
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6.2. System overview
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F10H system overview of hybrid brake system

Index Explanation

A Hydraulic braking

B Regenerative braking

1 Brake pedal and brake booster with brake pedal travel sensor
2 Dynamic Stability Control (DSC)

3 Wheel brakes

4 High-voltage battery unit
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Index Explanation

Electrical machine

Electrical machine electronics (EME)
Digital Engine Electronics (DME)
Accelerator pedal module

Pressing of the brake pedal

O 9 00 N O

Electrical signal "Brake pedal travel" from the brake pedal travel sensor to the
Dynamic Stability Control

Hydraulic pressure from the brake booster to the DSC

o O

Hydraulic pressure from the DSC to the four wheel brakes

e Data bus message "Target braking torque" from the DSC to the electrical
machine electronics

Electrical energy to be stored in the high-voltage battery (DC voltage)
Electrical energy generated by the electric motor (AC voltage)

> «Q

Phase voltages for activating the electric motor

Data bus message "Accelerator angle" from the DME to the electrical machine
electronics (energy recovery in coasting (overrun) mode)

j Electrical signal "Accelerator pedal angle" from the accelerator pedal module
to the DME (energy recovery in coasting (overrun) mode)
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6.3. Hydraulic braking

F10H Hydraulic braking

When the driver depresses the brake pedal, a direct mechanical connection is established to the brake
servo and thus to the hydraulic brake system. Activation is therefore the same as in a conventional ve-

hicle:

. Brake pedal — mechanical connection — brake servo
*  Brake servo - pneumatic boosting — brake master cylinder

o Brake master cylinder — hydraulic boosting and distribution into two brake circuits — Dynamic
Stability Control

*  Dynamic Stability Control — driving dynamics control and electronic brake force distribution —
wheel brakes

The main difference between the service brake of the F10H and the conventional F10 is in the vacuum
supply.
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F10H vacuum supply

Index Explanation

1 Vacuum line

2 Brake booster

3 Brake vacuum pressure sensor

4 Electric vacuum pump

5 Mechanical vacuum pump

In the fully electric driving phases, the combustion engine is off and thus can not activate the mechan-
ical vacuum pump. To ensure the supply of a brake vacuum also in these phases, an auxiliary electric
vacuum pump in installed.

The vacuum in the brake booster is measured by the brake vacuum sensor and read in by the DME.
The activation and monitoring of the electric vacuum pump is done via the EME.
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6.4. Regenerative braking

TH11-1448

F10H Braking energy regeneration

During regenerative braking the electrical machine works as a generator and brakes with the use of ki-
netic energy collected from the drivetrain and wheels. The high-voltage battery is then charged by the
electrical machine electronics using this energy.

Tandem brake master cylinders are used currently in BMW vehicles. As in the FO4, the specially de-
signed “plunger tandem brake master cylinder” is also used in the F10H. It offers advantages such as,
for example, more compact dimensions. It was also chosen for the F10H because the brake pedal trav-
el sensor could be easily integrated in this structure. The mechanical structure and the measurement
principle of the brake pedal travel sensor of the tandem brake master cylinder in the F10H is the same
as that in the FOA4.

In addition, the response path has been enlarged to extend the pedal travel for regenerative braking.
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F10H components, input signals of brake energy regeneration

Index Explanation

1 Tandem brake master cylinder with brake pedal travel sensor
2 Accelerator pedal module

3 Digital Engine Electronics (DME)

4 Dynamic Stability Control (DSC)

The accelerator pedal angle and the brake pedal travel are decisive input variables for regenerative
braking.

*  The brake pedal travel is measured by the brake pedal travel sensor and read in by the DSC.

¢  The accelerator pedal angle is measured by the accelerator pedal module and read in by the
DME.

The electric motor is already operated as a generator when the brake pedal is not depressed but the
accelerator pedal is already at an angle of zero degrees. The electric motor electronics activates the
electric motor in such a way that a brake force is obtained for the complete vehicle which corresponds
to a conventional vehicle in overrun mode. However the extent of energy regeneration (at this point) is
still at a low level.
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If now the brake pedal is depressed, initially (as in every conventional brake system) some free play (re-
sponse travel) in the travel must be overcome during which still no hydraulic braking occurs. Already
here, however, the brake pedal travel is evaluated and a greater brake force than that in pure overrun
mode is generated with the aid of the electric motor.

If the brake pedal is depressed beyond the “response travel”, both brake modes are simultaneously
active, because now hydraulic braking is added to brake energy recovery. The brake force generated by
the electric motor is increased further as the brake pedal travel increases until it reaches the maximum.

6.4.1. Special states

Regenerative braking with help of the drive train only effects the rear axle of the F10H. The brake force
on the rear axle must not exceed a specific value in proportion to that on the front axle. This would
otherwise compromise driving stability. For this reason too the maximum deceleration which can be
achieved through brake energy recovery is limited.

The maximum permissible brake force by brake energy recovery is subject to stability monitoring of
slip, lateral accelerations and stability control processes. It is thus guaranteed that the vehicle con-
stantly remains in a stable driving condition also during brake energy regeneration.

The DSC hereby contributes to fuel savings while taking active safety into consideration.

If the high-voltage battery is already fully charged, it cannot store any more electrical energy. This spe-
cial state may be a reason why brake energy regeneration cannot be possible, but which arises rarely.
A sufficiently large reserve in the state of charge of the high-voltage battery is maintained during nor-
mal driving by the operational strategy. In other words, intentionally energy is again and again drawn
from the high-voltage battery and thereby the state of charge is maintained in a range which makes
available (even during longer instances of downhill driving) capacity for the electrical energy generated
during regenerative braking.

6.5. Distribution of hydraulically and regeneratively generated
brake force

In generator mode the electric motor generates a braking torque in the drivetrain. This braking torque
causes a brake force on the rear wheels.

The following diagram summarizes how the entire brake force is distributed into the hydraulic and re-

generative modes. In the diagram it is presupposed that there is no unstable driving state and the high-
voltage battery is able to store electrical energy.
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F10H Diagram for distributing the brake force

Index

Explanation
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Brake force on the wheels

Brake pedal travel

Accelerator pedal angle

Total brake force

Hydraulically generated brake force
Regeneratively generated brake force

Brake pedal travel at which the maximum possible regenerative brake force
acts

Brake pedal travel at which the hydraulic brake force begins (end of response
travel)
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7.1. Voltage supply

The 12V electrical system of the F10H is essentially the same as that of the F10. The main difference
lies in the fact that the energy is no longer supplied by the generator, but by the high-voltage electrical
system. The high voltage of the high-voltage battery is converted to a lower voltage (about 14 V) using
a DC/DC converter. The electric voltage supply of the 12 V vehicle electrical system is thus no longer
dependent on the engine speed of the combustion engine when driving.

The second difference is that a new component with new functions (the starter motor generator) is be-
ing used. The starter motor generator can (as the name suggests) operate as both a starter motor or

a generator. In motorized operation (as a starter motor), it allows us to start of the combustion engine
(when at operating temperature) not only at standstill but also during electric driving. The energy re-
quired to start the combustion engine is taken from the auxiliary battery. The initial start of the com-
bustion engine is effected as before via the conventional starter motor.

If the combustion engine is running, the starter motor generator works in generator mode like a tradi-
tional alternator. However, the energy generated here is stored in the auxiliary 12V battery.

The starter motor generator and the auxiliary battery form an independent 12 V vehicle electrical sys-
tem. In certain situations such as in the event of a malfunction with the hybrid system for example, the
starter motor generator can assume the energy supply of the standard 12 V vehicle electrical system.
In this case the two 12 V vehicle electrical systems are connected via a cut-off relay.
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7.1.1. System overview

1—
®

+

®
@ o ol
o)
_@_ [,
~® =
“'3_”‘_“2 ) @ 30 § ‘
cAS. =

()

she

F10H 12 V voltage supply system wiring diagram
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Index Explanation
1 Electric Power Steering (EPS)
2 Starter generator
3 Starter motor
4 Digital Engine Electronics (DME)
5 Power distribution box, engine compartment
6 Fuse for Electric Power Steering
7 Jump start terminal point
8 Reverse polarity protection module
9 Fuse, terminal 30B in junction box
10 Fuse, terminal 30B in junction box, rear
11 Cut-off relay
12 Power distribution box of auxiliary battery
13 Safety battery terminal 2
14 Auxiliary battery
15 Intelligent battery sensor 2
16 Transfer support point
(change of lines in the vehicle to lines at the vehicle underbody)
17 Intelligent battery sensor
18 12V battery
19 Safety battery terminal
20 Power distribution box on the 12 V battery
21 Fuse of line to EME (5 A)
22 Crash Safety Module
23 Electrical machine electronics
24 DC/DC converter
25 Car Access System

26 Central gateway module
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7.1.2. Reverse polarity protection module

Components of the voltage supply in the engine compartment

Index Explanation

1 Reverse polarity protection module

2 Power distribution box, engine compartment

3 Jump start terminal point

4 Positive battery cable for the starter motor generator
5 Starter generator

The reverse polarity protection is used to avoid subsequent damage to the vehicle electrical system
and connected electronic components for polarity reversal, for example during a charging procedure of
the 12 V battery via an external charger. The diodes in the alternator are used to fulfill this task in con-
ventional vehicles with a combustion engine.

As there is no conventional alternator in the F10H, the reverse polarity must be carried out by a new
component, the reverse polarity protection module. The reverse polarity protection module is installed
in the engine compartment near the right headlight. It is connected on one side to the battery positive
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wire and on the other to ground. Inside the reverse polarity protection module are three Zener diodes
which are able to restrict the reverse voltage for a certain period. In the event of longer polarity reversal,
they may suffer damage without damaging neighboring components.

7.2. Start-up system

The start-up system comprises several components.

7.2.1. Starter generator

The starter motor generator is an electrical machine which can be operated as a motor or a generator.
In generator mode the starter motor generator is driven by the combustion engine via a drive belt. The
electrical energy generated here is stored in the auxiliary battery. This operation corresponds to the
operation of the conventional alternator. The starter motor generator can start the combustion engine
(at operating temperature) without causing a voltage dip in the 12 V vehicle electrical system. The en-
ergy required for starting the engine in this case is taken from the auxiliary battery.

® @ OBONONENO,

Structure of the starter motor generator

Index Explanation

1 Belt pulley
Housing of the starter motor generator with stator windings and rotor
Connection of one of seven stator windings

Slip rings

a b~ WD

Carbon brushes for excitation current
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Index Explanation

Heat sink for performance electronics

7 Control module with Local Interconnect Network connection to the DME
8 One of seven modules of the power electronics
9 Protective cover with air openings

The design of the starter motor generator is based on the salient-pole machine (claw pole machine)
with link claw magnets. The permanent magnets in the rotor ensure a higher starting torque. To op-
timize performance there is a direct current winding with separate excitation in the rotor. The copper
wire of the stator windings has a square cross-section. A higher copper fill factor could be achieved
with the square cross-section as opposed to the round one. The stator and the rotor are coordinated
especially to the starter motor function (torque generation).

The control module has a similar function to the alternator controller in a traditional vehicle. In addition,
the control module assumes control of the power electronics in the starter motor generator. During

the start-up the control module checks the rotor magnetization, the angle of rotation and the rotational
speed of the starter motor generator using a rotor position sensor in the housing. As soon as the con-
trol module identifies that the engine start is realized, the generator mode is used. The DME specifies
the nominal voltage and the excitation current via local interconnect network bus to the control mod-
ule. The three phase AC current generated in generator mode is converted by seven power electronics
modules (MOSFET switches) to direct current.

The starter motor generator can operate up to a temperature of 130 °C (266 °F). The temperature
measurement is done using a temperature sensor located in the inside of the starter motor generator.

The starter motor generator is secured to the engine block using four bolts. The top bolts are 85 mm
long and the rear bolts 105 mm.

The electrical power of the starter motor generator is 2.8 kW (14 V x 200 A). The manufacturer of the
starter motor generator is Valeo.

Belt drive

By using the electric A/C compressor and the electric power steering, the starter motor generator is
the only ancillary component in the belt drive of the N55 engine in the F10H.
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1412

Belt drive of the N55 engine in the F10H

Index Explanation

1 Torsional vibration damper with belt pulley
2 Top belt tensioner

3 Starter generator

4 Ribbed V-belt

5 Lower belt tensioner

As the starter motor generator can be operated as a both a generator and a motor, the belt must be

prevented from slipping in each operating situation. For this reason a belt tensioner is fitted at the top
and bottom of the drive belt.
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Generator mode and starter motor operation of the starter motor generator

Index Explanation

A Motor operation (starting the combustion engine)

B Generator mode (combustion engine is running and auxiliary battery is
charging)

If the combustion engine is to start-up at operating temperature, the starter motor generator is oper-
ated as a motor where the auxiliary battery has been adequately charged. The DME provides the nec-
essary information to the control module in the starter motor generator via a local interconnect net-
work bus and the rotor in the starter motor generator begins to rotate. The belt pulley is also set in

a rotational movement during the process whereby the direction of rotation is fixed by the design of
the combustion engine. BMW engines are right-turning (clockwise) engines. If one looks at the en-
gine from the front, the crankshaft and thus also the torsional vibration damper rotate clockwise. The
top part of the drive belt is tensioned by the power transmission and the lower part of the drive belt is
slackened. To prevent the drive belt slipping, it is tensioned using the lower belt tensioner. The belt
tensioner is mechanically pre-tensioned by a torsion spring and presses the drive belt inwards and
tensions it. The engine start via the starter motor generator is done very quickly, silently and with very
few vibrations.

As soon as the control module identifies that the engine started, the generator mode of the starter mo-
tor generator is used. The torsional vibration damper rotates to the right and transfers the force over
the drive belt to the belt pulley of the starter motor generator. The bottom part of the drive belt is ten-
sioned in the process. Completely opposite to the motor operation, here the top part of the drive belt
must be tensioned. This is done using the top belt tensioner. If the combustion engine is running, a
choice can be made between generator and neutral mode. In generator mode the starter motor gener-
ator supplies current; in neutral mode it rotates load-free and does not supply any current.

Starting the combustion engine

The fact that the conventional starter motor, the starter motor generator and the electrical machine are
installed in the F10H means the combustion engine has three different start-up systems.
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The cold start of the engine is done via the conventional starter motor by pressing the START-STOP
button. The energy required (in this case) is taken from 12 V battery of the standard vehicle electrical
system. As the F10H is a hybrid vehicle, it should be noted here that there may possibly be no engine
start after pressing the START-STOP button because for example the combustion engine is still at op-
erating temperature and the state of charge of the high-voltage battery is sufficient. This means after
the START-STOP button is pressed, the driving readiness is established and the vehicle can be driven
off using the electrical machine.

The renewed engine start is done via the starter motor generator after the driving readiness has been
established. Here the combustion engine is started both after an engine stop phase and also during
electric driving with the corresponding torque requirement. The energy required to start the combus-
tion engine is taken from the auxiliary battery of the starter motor generator.

In the event of a malfunction with the starter motor generator, the combustion engine is started via the
electrical machine. The electrical machine takes the energy required for this from the high-voltage bat-

tery.

In emergency situation the system works as follows:

. If the combustion engine does not start via the conventional starter motor despite activation, a
fault code entry is made and a switch is made to start the combustion engine using the starter
motor generator.

. If the starter motor generator fails, a switch is made to start the combustion engine via the
electrical machine.

. If an engine start is also not possible via the electrical machine, a Check Control message is
displayed.

A new attempt to start the engine with all three start systems is possible again after the terminal
change.

In the cold (at the latest less than -10 °C/ 14 °F), a successful engine start via the starter motor genera-
tor cannot be expected. The power of the auxiliary battery and the power transfer via the drive belts are
not sufficient at these temperatures. An engine start via the electrical machine may not always work at
these temperatures because the high-voltage battery may no longer be able to provide the necessary
power.

Unlike the E72 and F04, the combustion engine in the F10H is no longer started with the assistance
of the high-voltage battery, but instead with the 12 V battery, except in an emergency situation. This
means the two 12 V batteries must have enough energy for the start-up of the combustion engine
(sufficient state of charge). As the high-voltage battery does not have to provide any reserves (for
weeks) for the engine start, a higher energy withdrawal from the high-voltage battery is possible.

Service information
A faulty starter motor generator cannot be repaired, it must be replaced as complete unit.

To establish a fault with the starter motor generator, the auxiliary battery (state of charge or state of
health), cables (resistance), connections of cables (contact resistance), fit and tension of drive belt,
grounding cable and the local interconnect network bus connection must first be checked. The starter
motor generator should only be replaced if all these checks have failed.
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A

Always proceed according to the repair instructions for the removal and installation of the starter motor
generator!

7.2.2. Auxiliary battery

TH11-1410

Auxiliary battery

Index Explanation

1 Positive battery cable for the power distribution box
2 Safety battery terminal of the auxiliary battery SBK2
3 High-voltage safety connector (Service Disconnect)
4 Intelligent battery sensor (auxiliary battery) IBS2

5 Auxiliary battery

The electrical energy generated by the starter motor generator is mainly stored in the auxiliary battery.
It is installed in the luggage compartment on the right. The auxiliary battery is a 50 Ah AGM battery.

Similar to the 12 V battery, the current, voltage and pole temperature of the auxiliary battery are mea-
sured by an intelligent battery sensor IBS2. The data are then forwarded via local interconnect network
bus to the master control unit, the electrical machine electronics (EME).

In the event of an accident of sufficient severity, a safety battery terminal SBK2 ensures the discon-
nection of the positive battery cable between the auxiliary battery and starter motor generator. This
safety battery terminal SBK2 is located directly at the positive terminal of the auxiliary battery. The py-
rotechnic activation of the safety battery terminal for the auxiliary battery is done by the Crash Safety
Module (ACSM).

A change of the auxiliary battery must always be registered.
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7.2.3. Power distribution box and cut-off relay

Power distribution box and cut-off relay

Index Explanation

1 Positive battery cable between power distribution box of the 12 V battery and
cut-off relay

2 Positive battery cable between power distribution box of the auxiliary battery

and cut-off relay

Cut-off relay

Positive battery cable between auxiliary battery and power distribution box
Line to the EME

100 A fuse

O 0 b~ W
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Index Explanation

7 5 Afuse

8 40 A fuse

9 Line from the 40 A fuse to the 5 A fuse

10 Positive battery cable for the starter motor generator
11 Control line for cut-off relay

The intelligent battery sensor IBS2 receives the voltage supply via a line with a small cross-section
from the safety battery terminal SBK2 of the auxiliary battery. The positive battery cable of the auxiliary
battery is also fed from the safety battery terminal SBK2 of the auxiliary battery. Other lines also lead
from this power distribution box to the starter motor generator, cut-off relay and EME. The power dis-
tribution box is not a new development, but has already been installed in some other models.

The positive battery cable runs from the power distribution box of the auxiliary battery to the starter

motor generator. This positive battery cable has a cross-section of 110 mm?and is not secured
against overload current.

A cut-off relay is installed on the bottom side of the power distribution box. The two 12 V vehicle elec-
trical systems are connected via this cut-off relay. If for example the auxiliary battery is fully charged
and the engine speed of the combustion engine increases to over 2500 revolutions per minute, the
two 12 V vehicle electrical systems are connected. The activation of the cut-off relay is carried out by
the EME. Before the cut-off relay is closed, the voltages in both 12 V vehicle electrical systems are ad-
justed. The DME defines the value of the nominal voltage and sends it to the starter motor generator.
Any possible equalization currents are minimized putting less stress on the switch contacts of the cut-
off relay.

As aresult of the installed link claw magnets in the rotor, at engine speeds over 2500 rpm the starter
motor generator induces (even in neutral mode) a voltage which leads to the undesired charging of the
auxiliary battery. To avoid damage to the starter motor generator and the auxiliary battery, the cut-off
relay is always closed from this speed on. In this case the excess electrical energy is fed to the conven-
tional 12 V vehicle electrical system.

The cut-off relay is opened by a start-up process in order to avoid a voltage dip in the conventional 12
V vehicle electrical system.

In the event of a malfunction with the hybrid system the starter motor generator can assume the sup-
ply of the network consumers which is normally done by the DC/DC converter in the EME. Many func-
tions such as seat heating for example are deactivated.

A

Note: Under no circumstances can the standard 12 V electrical system supply voltage to the
auxiliary 12 V (50 Ah) battery.

There are two fuses in the power distribution box of the auxiliary battery. The 100 A fuse secures the
positive battery cable from the power distribution box to the cut-off relay. The power distribution box
is a component from the "module" which is why the 40 A fuse is always installed. The line to the EME
has a smaller cross-section however, and this is why a 5 A fuse is connected in series.
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7.3. Terminal control

7.3.1. "Ready to drive" mode

KL30

,»‘

.

Terminal control in the F10H from driver's view
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Index Explanation

1 When the START-STOP button is pressed for a long time the terminal status
changes from "Terminal 15 driving" to "Terminal R".

2 Driving with assistance of the combustion engine or the electrical machine

3 When the START-STOP button is pressed for a long time the terminal status
changes from driving readiness to terminal R.

4 When the START-STOP button and the brake pedal are pressed
simultaneously, the driving readiness is activated (with or without start-up of
the combustion engine) from terminal 30B

5 Driving readiness with activated terminal 15

6 When the START-STOP button and the brake pedal are pressed
simultaneously, the driving readiness is activated (with or without start-up of
the combustion engine) from terminal R

7 When the START-STOP button and the brake pedal are pressed
simultaneously, the driving readiness is activated (with or without start-up of
the combustion engine) from terminal 15

8 When the selector lever is at "N" and driving readiness is ended with the
START-STOP button, terminal 15 remains switched on for 15 minutes (car
wash function)

9 Terminal 15

10 Terminal 15 is switched off if the vehicle has been locked or the state of charge
of the battery is too low. (Vehicle then goes to terminal 30B)

11 When the START-STOP button is pressed for a long time the terminal status
changes from driving readiness to terminal 30B.

12 When the START-STOP button is pressed the terminal status changes
between terminal 15 and terminal 30B

13 Terminal 30

14 Terminal 30B

15 When the START-STOP button is pressed the terminal status changes from
terminal R to terminal 30B.

16 Terminal R

17 Change from terminal R to terminal 30B if more than eight minutes have

passed or the car has been locked or the state of charge of the vehicle battery
is too low.

The first driving readiness is activated when the brake pedal and the START-STOP button are pressed
simultaneously. Here the activation of the driving readiness is carried out by each terminal status (ter-
minal 30B, terminal R and terminal 15). In subsequent driving the driving readiness is automatically
reached at each vehicle stop. Always when the vehicle comes to a standstill, for example in traffic or at
lights, and the state of charge of the high-voltage battery is sufficient, is the driving readiness activat-
ed. The activate driving readiness is indicated to the driver by the illumination of "READY" in the bot-
tom part of the rev counter.
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With the status "Driving readiness" the vehicle can be driven off using electrical or a combustion en-
gine depending on the torque requirement. In comparison to the conventional vehicle with a single
powertrain by the combustion engine, the driving readiness in a hybrid car cannot recognized at the
running combustion engine. The requirements for non-start of the combustion engine, the so-called
"silent start", are a sufficiently charged high-voltage battery and a combustion engine at operating
temperature.

The driving readiness is deactivated by pressing the START-STOP button when the vehicle is station-
ary. The drive position "P" is automatically engaged in the process. The car wash function is an excep-
tion to this: If the driver engages the drive position "N" when the driving readiness is switched on and
then presses the START-STOP button, the drive position "N" remains engaged and terminal 15 re-
mains switched on.
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The bus systems of the F10H are based on the bus systems of the F10. Thus all the main and sub-bus
systems of the F10 are also used in the F10H. Compared with the bus systems of the F10 some new
control units have been added, some have had to be adapted and some are not installed in the F10H at
all. The resulting bus structure of the F10H is as follows.
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8.1. Bus overview

1
[
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Index Explanation

1 Wakeable control units

2 Control units authorized to perform wake-up function

3 Start-up nodes: Control units for start-up and synchronization of the FlexRay
bus system

ACSM Advanced Crash Safety Module

AMPH Amplifier High (high fidelity amplifier)

AMPT Amplifier Top (top high fidelity amplifier)

CAS Car Access System

CID Central information display

CiC Car Information Computer

COMBOX Combox telematics wiemergency call, Multimedia Combox

CON Controller

CsC Cell supervision circuit

D-CAN Diagnosis-on-Controller Area Network

DME Digital Engine Electronics

DSC Dynamic Stability Control

DVDC DVD changer

EDC SHL Electronic Damper Control satellite, rear left

EDC SHR Electronic Damper Control satellite, rear right

EDC SVL Electronic Damper Control satellite, front left

EDC SVR Electronic Damper Control satellite, front right

EGS Electronic transmission control

EKK Electrical refrigerant compressor

EKPS Electronic fuel pump control

EME Electrical machine electronics

EMF Electromechanical parking brake

EPS Electric Power Steering

Ethernet Cable-based data network technology for local data networks

FD Rear compartment display

FD2 Rear compartment display 2

FLA High-beam assistant

FlexRay Fast, real-time and fault-tolerant bus system for use in automotive sector

FRM Footwell module

FZD Roof function centre

GWS Gear selector switch
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Index Explanation

HKL Automatic operation of tailgate

HUD Head-Up Display

ICM Integrated Chassis Management

IBS Intelligent battery sensor

IBS 2 Intelligent battery sensor 2

IHKA Integrated automatic heating / air-conditioning system
JBE Junction box electronics

KAFAS Camera Assisted Driver Assistance Systems
K-CAN Body controller area network

K-CAN2 Body controller area network 2

KOMBI Instrument cluster

LIN-Bus Local interconnect network bus

Local CAN Local Controller Area Network

MOST Media Oriented System Transport

NVE Night Vision Electronics

0OBD Diagnostic socket

PDC Park Distance Control

PMA Parking Maneuvering Assistant

PT-CAN Powertrain controller area network

PT-CAN2 Powertrain controller area network 2

REMAFA Reversible electric-driven reel, left (Not for US)
REMABF Reversible electric-driven reel, right (Not for US)
RSE Rear Seat Entertainment

SGR Starter generator

SMBF Seat module, passenger

SME Battery management electronics

SMFA Driver's seat module

SWW Blind Spot Detection

SZL Steering column switch cluster

TPMS Tire Pressure Monitoring System

TRSVC Control unit for reversing camera, Top View and Side View
VDM Vertical Dynamics Management

VSW Video switch

ZGM Central gateway module
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8.2. New control units

8.2.1. Electrical machine electronics (EME)

Electrical machine electronics

The function of the electrical machine electronics is to activate and regulate the permanently excited
synchronous machine in the high-voltage electrical system. This requires the use of a bidirectional in-
verter which converts the high-voltage DC voltage of the high-voltage battery into a three-phase al-
ternating current for the electrical machine. When the electric motor is running in generator mode the
high-voltage battery is recharged via the inverter.

The EME also incorporates the DC/DC converter which is responsible for the power supply to the low-
voltage electrical system. The EME is connected to the PT-CAN, PT-CAN2 and FlexRay.

8.2.2. Battery management electronics (SME)

The battery management electronics control unit (SME) is integrated in the high-voltage battery and is
not accessible from the outside. To maximize the service life of the high-voltage battery, the SME en-
sures that it is operated in a precisely defined range. Other tasks of this control unit include start-up
and shut-down of the high-voltage system, safety functions (for example high-voltage interlock loop,
isolation monitoring) and specification of the available power of the high-voltage battery. The battery
management electronics communicates with other control units via PT-CANZ2.

8.2.3. Electric A/C compressor (EKK)

As in the E72 and F04, the F10H is equipped with an electric A/C compressor. To be able to pro-

vide the necessary power, the electric A/C compressor (EKK) is operated with high voltage. The EKK
makes it possible to operate the air-conditioning refrigerant circuit in all driving situations. In addition
to cooling the passenger compartment, the refrigerant circuit is also used to cool the high-voltage bat-
tery. The electric A/IC compressor control unit is mounted on the A/C compressor housing and is con-
nected via the LIN-bus to the integrated automatic heating/air-conditioning (IHKA).
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8.2.4. Starter motor generator (SGR)

TH11-0091

Starter generator

The starter motor generator is responsible for starting of the combustion engine mainly when either
the automatic engine start-stop function is active or while electric driving. In addition, the starter mo-
tor generator charges the auxiliary battery from which the energy is then supplied for the start-up. The
starter motor generator is connected to the DME via LIN-bus.

8.2.5. Intelligent battery sensor 2

The intelligent battery sensor 2 monitors the current, voltage and the pole temperature of the auxiliary
battery. The results are forwarded via local interconnect network bus to the EME.

8.2.6. Reversible electromotive automatic reel (REMAFA and REMABF)

Although not available for the US market at the time of the launch, the reversible electromotive auto-
matic reels were introduced in all F10 (EU) vehicles from autumn 2011 and now are also in the F10H
vehicles. They are used on both front seatbelts (REMAFA and REMABF) and are part of the Pre-Crash
function. The reversible electromotive reel reduces the belt slack when fastening the seat belt with
less retracting force as soon as the driver drives off past 10 km/h (6 mph). Removing the belt slack
guarantees that the seat belt is on the driver or front passenger and thus in the event of an accident
ensures a better restraining effect can be achieved.

Another advantage of the reversible electromotive reel is the tensioning of the belt before a possible
accident with increased retracting force. This reduces the possibility of the passenger slipping out of
the belt (also called "submarining").
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8.2.7. Cell supervision circuits (CSC)

Certain conditions must be observed for fault-free operation of the lithium-ion cells in the F10H: The
cell voltage and the cell temperature cannot exceed or drop below certain values as otherwise the bat-
tery cells may suffer long-term damage. For this reason each high-voltage battery unit has several cell
monitoring circuits, which may also be described as "Cell Supervisory Circuits (CSC)".

Communication between the 8 CSCs is done via a Local Controller Area Network. The Local Con-
troller Area Network combines all CSCs together and is used for the communication of the CSCs with
the battery management electronics. The battery management electronics control unit assumes the
master function here. It is a low-voltage wiring harness with a maximum of 12 V.

8.3. Adapted control units

The IHKA had to be adapted to make possible the activation of the electric A/IC compressor (EKK) in
all operating conditions. The electric A/C compressor communicates with the IHKA via the LIN bus.

To be able to show additional displays for driving readiness, electric driving, brake energy regeneration
and state of charge of the high-voltage battery which are relevant to the driver, the instrument cluster
was adapted. In addition, the Check Control messages were enhanced with hybrid-specific messages.

The Car Information Computer (CIC) was adapted to enable additional, hybrid-specific displays to be
shown in the central information display (CID). By selecting "Hybrid" in the "Vehicle Info" menu it is
possible to display the energy and power flows for each driving situation and the state of charge of the
high-voltage battery.

The software of the Digital Engine Electronics (DME) was adapted due to the torque coordination of
the electrical machine/combustion engine. In addition, the DME communicates with the starter motor
generator via the local interconnect network bus.

Rollover detection is required for the hybrid cars on a worldwide scale so that the high-voltage system
is deactivated in the event of the car rolling over. The rollover detection is realized with the help of the
sensors integrated in the Integrated Chassis Management control unit (roll rate sensor and vertical ac-
celeration sensor). The ACSM had to be adapted with regard to the evaluation of these sensor signals.
The safety battery terminal at the auxiliary battery is activated by the ACSM if required.

The software of the Dynamic Stability Control DSC was also adapted for the regenerative braking.
This includes reading-in the brake pedal travel sensor which is connected directly to the DSC control
unit as a hardware interface.

The EGS control unit was adapted due to the modified transmission. For example the electric trans-
mission oil pump is controlled by the EGS control unit.

Due to the modified terminal control (driving readiness) the software in the Car Access System con-
trol unit was also adapted.

138



F10H Complete Vehicle
8. Bus Systems

8.4. Omitted control units

Compared to the F10, some optional equipment is not offered in the F10H. For this reason some con-
trol units are no longer shown in the bus overview. The following table lists the control units no longer
used.

Discontinued Function Reason for discontinuation
control unit
AL Active steering Time-consuming and expensive coordination, in par-

ticular for electric driving. (In the F10 active steer-
ing is only offered in the package with Integral Active
Steering.)

HSR Integral Active Steering  Because Integral Active Steering is always offered
only together with Active Steering, the control unit
for rear axle slip angle control is also omitted.

ACC Active speed control Because of the complex control and the low produc-
tion numbers involved, ACC is not featured in the
F10H either.

BCU Battery Charge Unit In the F10H the electromechanical power steering
(Electric Power Steering EPS) is always installed with
12 V.
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The hybrid-specific operating conditions and the state of charge of the high-voltage battery are dis-
played in the instrument cluster and if desired in the Central Information Display.

The following hybrid-specific operating conditions are shown:

¢  "Ready to drive" display
o Display for electric driving
* Display for boost function

. Energy recovery

They are permanently displayed in the lower part of the rev counter in the instrument cluster. The hy-
brid-specific displays are called up in the CID via the "Vehicle Info > Hybrid" menu. Both the displays in
the CID and in the instrument cluster are activated when terminal 15 is switched on.

9.1. Displays in the instrument cluster

The displays for the state of charge of the high-voltage battery and the hybrid-specific operating con-
ditions in the instrument cluster are based on the display concept of the E72 and the FO4. The cur-
rent state of charge of the high-voltage battery is displayed on a scale from 1 to 10 when terminal 15 is
switched on. The filling degree of the arc provides information on the state of charge of the high-volt-
age battery. At a scale value of 1 the high-voltage battery is fully charged. For optimal use of the high-
voltage system the high-voltage battery is only charged fully during slow downhill driving. In normal
driving it is charged up to a state of charge of about 80%. Note that only the customer-relevant range
of the state of charge of the high-voltage battery is displayed, which corresponds to an actual state of
charge of roughly 25% to 70%. This means that the hybrid system is still live when a scale value of ze-
ro is displayed.

The displays for the different operating conditions of the hybrid vehicle are summarized in the follow-
ing table.

Driving readiness:

The "Ready to drive" status is signalled to the
driver when the rev counter needle points to ze-
ro and at the same time in the lower part the blue
writing "READY" flashes. This means the vehicle
is stationary and can be set in motion at any time
by pressing the accelerator pedal.

Depending on the state of charge of the high-
voltage battery, temperature of the combustion
engine and the position of the accelerator ped-
al, the vehicle is either driven electrically or using
the combustion engine. If the vehicle for example
is stationary at a railway crossing or a red light,
the driving readiness is switched on.

If the customer has stopped the vehicle and
wants to drive again a short time later, the driving
readiness is switched on by pressing the START-
STOP button. As the combustion engine is still at
operating temperature and the high-voltage bat-
tery is still sufficiently charged, the combustion
engine does not start.
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Electric driving:

The vehicle can be driven by purely electric
means up to a driving speed of about 55 km/h (34
mph). The power output from the high-voltage
battery is shown on the left side with a blue ar-
row. Depending on the power requirement up to
four arrows light up in succession. The needle of
the rev counter is at "0" (combustion engine is
off).

If all four arrows are lit up, the combustion engine
is switched on upon an additional power require-
ment, for example if acceleration is desired. The
four arrows move the needle of the rev counter
so to speak and the powertrain of the vehicle
changes from electric to combustion engine.

A

During electric driving please note that pedestri-
ans and other road users cannot hear the usual
sound of the conventional engine. For example
pay particular attention when parking.

Operation using combustion engine:

From a driving speed of 55 km/h (34 mph) the
drive of the vehicle is done using a combustion
engine. The rev counter will display the current
engine speed as usual. Only the display for the
state of charge of the high-voltage battery will re-
main active on the hybrid-specific displays.

Boost function:

Under strong acceleration, for example when
overtaking, power from the electrical machine is
called upon in addition to the combustion engine.
This provides the driver with maximum power. In
addition, the accelerator pedal must be pressed
down with force (kickdown). The rev counter
shows the current engine speed and at the same
time all four arrows on the left side of the display
light up. The boost function can be used up to a
driving speed of 160 km/h (100 mph).
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Brake energy regeneration:

The hybrid system enables kinetic energy to be
converted to electrical energy, for example during
braking or in coasting (overrun) mode. The high-
voltage battery is charged by this energy recov-
ery.

The energy recovery is shown on the right side
of the display via three blue arrows. The "+" sym-
bol in the first arrow should rule out confusion
with the arrows for electric driving. The blue ar-
row varies in length, depending on the decelera-
tion or on the intensity of the brake pedal actua-
tion.

Below a speed of roughly 15 km/h (10 mph) the
display for brake energy regeneration does not
light up although the vehicle is in coasting (over-
run) mode or has just braked.

9.2. Displays in central information display
The energy/power flows and the charge state of the high-voltage battery can be displayed in the CID
in all the vehicle's operating modes. In addition, the user can have the hybrid use from the last 16 min-

utes and the ECO PRO information displayed upon request. This provides the driver with an overview
of the functioning of the hybrid system in different driving conditions, as well as optimal use of the hy-

brid vehicle.
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Display for utilization of the hybrid system
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Index Explanation

Selection of the display for hybrid use
Consumption scale of the combustion engine
Average consumption of the combustion engine
Time axis (16 minutes)

Bar representing minutes

OO O A W N =

Percentage scale for use of the electrical machine

The utilization of the hybrid system in the last 16 minutes of driving can be shown in the CID. One bar
stands for a period of one minute. The time is also counted during engine stop phases. The higher the
bar, the higher the fuel consumption or the use of the electrical machine.

The grey bars show the fuel consumption of the combustion engine. A line and a value to the right be-
side the diagram show the average consumption.

The blue bars show the percentage in which the electrical machine has been used. The electrical ma-
chine can be operated here as a generator (for brake recovery) or as an electric motor (for electric driv-
ing). The higher the bar, the greater the use of the hybrid system and thus higher fuel economy.

The two red marks on the vertical axis of the display indicate the bars from the last minute.

9.2.2. Energy/Power flows

The display of the energy/power flows in the CID functions according to the following principle:

. Blue: Electrical energy
. Red: Energy of the combustion engine
*  Arrow: Direction of the energy/power flow

A driving situation is shown here as an example and the meaning of the symbols explained. The other
driving situations can be deduced form there.
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Hybrid display in the central information display during strong accelerate

Index Explanation

1 Selection of display for energy/power flows

2 State of charge of the high-voltage battery

3 Drive arrow for combustion engine (red) and drive arrow for electric motor
(blue)

4 Automatic transmission with electric motor

5 Text message for current driving situation "eBOOST"

6 Power flow to the rear axle

In the CID the boost function is represented by a red arrow (combustion engine contribution) and a
slightly smaller blue arrow (electric motor contribution). The combustion engine is shown in red here.
The activity of the electric motor in the automatic transmission is indicated by the blue color of the
transmission. The five segments symbolize the state of charge of the high-voltage battery. In other
words, one segment equals a state of charge of the high-voltage battery of 20%. The highest seg-
ment of the current display for the state of charge of the high-voltage battery is shown in various blue
shades depending on the state of charge. This enables the intermediate stages in the range of 0% to
20% to be visualized. In the example above three segments are filled in. This equates to a usable state
of charge of 60%. The power flow is depicted with two colors to show that the power flow to the rear
wheels comes from both drive sources (combustion engine and electrical machine). The red arrow
shows the combustion engine percentage and the blue arrow the electrical machine percentage. The
current driving situation is also shown as a fade-in text message below the vehicle.

Adaptating to the road ahead

In the F10H for the first time the data from the navigation system can be used with the hybrid operat-
ing strategy. The navigation system is able to identify the stretches of road ahead and forward the data
to the EME. For example before a road with reduced traffic is driven, the EME draws less energy from
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the high-voltage battery or tries to save as much electrical energy as possible in the high-voltage bat-
tery through energy recovery. This guarantees that the vehicle can drive through the reduced-traffic
zone using purely electric means, thus providing for optimal use of the hybrid system.

A prerequisite for this intelligent intelligent energy management function is that the driver must have
route guidance activated.

In the case of active route guidance and a selected display for energy/power flow, additional symbols
and text messages are shown. The additional symbols in the energy/power flow display show that a
situation has been identified ahead and the hybrid drive prepare itself for such a situation.

Display Explanation

Incline:

"Preparing Charging"

So that the high-voltage battery can charge dur-
ing downhill driving through energy recovery, the
high-voltage battery must be able to absorb the
energy. A fully charged battery cannot absorb any
more energy. For this reason the high-voltage
battery is discharged in this case before downhill
driving. This happens by increasing the percent-
age of electrical driving for the powertrain. The
fuel consumption is also lowered as a result. This
feature is not yet available in the US.

Residential area or desired street:

“Preparing eDrive"

Before reaching a desired street or a residential
area, the high-voltage battery is charged. Purely
electric driving in the residential area or when ap-
proaching the destination is made possible with
the use of the electric motor.

Preparing eDRIVE
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9.3. ECO PRO mode

The driver of a F10H can drive his vehicle even more efficiently by using the driving experience switch
to activate ECO PRO mode. The ECO PRO mode consistently supports a driving style that reduces fu-
el consumption and ensures coordination of the hybrid system to maximize the range of the vehicle.

9.3.1. Activation and display

AT
Driving experience switch in the ActiveHybrid 5

ECO PRO mode is activated using the driving experience switch (previously referred to as “driving dy-
namics switch)”. The "COMFORT" program is set as standard. To activate ECO PRO mode, the driv-
ing experience switch must be pressed in the "COMFORT" direction when terminal 15 is switched on
until "ECO PRQ" is displayed in the instrument cluster.

ECO PRO mode is deactivated again when terminal 15 is switched off.

[ | ECOPRO
D

L= 1‘/_,4"

A
I

Displays in the instrument cluster when ECO PRO mode is activated.
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Index Explanation
1 ECO PRO bonus range
2 ECO PRO mode is active

The activated ECO PRO mode is indicated in the instrument cluster by the display of the "ECO PRO"
writing in the rev counter beside the gear indicator. The so-called bonus range is shown below the rev
counter.

The bonus range displays what range could be achieved by adapting the driving style. This display is
called up automatically upon activation of ECO PRO mode. As long as the vehicle is driven efficiently,
the bonus range is displayed in blue; otherwise this is shown in grey.

Upon activation of ECO PRO mode another window appears in the central information display to con-
figure the ECO PRO mode.

\ =5 ECO PRO mode

Tip at: 95 kmih
& ECO PRO limit
& ECO PRO climate control

OIOIO)

Configure ECO PRO mode

Index Explanation

1 Selection of speed with regard to ECO PRO tips

2 Activation/Deactivation of information when ECO PRO speed limit exceeded
3 Activation/Deactivation of restricted climate control in ECO PRO mode

4 The possible saving potential that can be achieved with the current

configuration is displayed in percentage

If the driver is not driving his vehicle efficiently, for example accelerating too hard or incorrect gear se-
lection, this is shown on the CID.
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| =5 Hybrid

w| ECO PRO

¥y

Tip:
Accelerate moderately

L (2 \3) &) :
ECO PRO information
Index Explanation
1 ECO PRO information is activated
2 Information in text form, for example "Moderate acceleration”
3 Information in graphic form
4 Name of the menu (ECO PRO information)

9.3.2. What is affected in ECO PRO mode?

The ECO PRO mode supports the driver in adopting an optimized-consumption driving style and re-
duces fuel consumption through intelligent control of energy and A/C management.

The following measures help to reduce fuel consumption:
* A modified accelerator pedal characteristic curve and shift program with automatic transmis-
sion helps the driver adopt a driving style that optimizes fuel consumption.
*  Reduction of electric comfort consumers
o Power reduction of heating/air-conditioning
*  Number and length of possible engine shutdown phases is maximized in ECO PRO mode

9.3.3. Reduction of electric comfort consumers

In ECO PRO mode a certain measure of reduction in comfort is tolerated. Thus for example the exteri-
or mirror heating is switched off (this saves up to 100 W) and the maximum seat heating temperature
is limited at about 37.5 °C (99.5 °F) [usually about 42 °C (107.6 °F)]. With the selection of ECO PRO
mode for climate control, these functions are also reset in the operating condition which is active in the
other programs of the driving experience switch.
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9.3.4. Power reduction of heating/air-conditioning system

In ECO PRO mode an optimized operating strategy with less energy consumption (at acceptable re-
strictions to comfort) is used for climate control. The air-conditioning works in a more efficient manner
with reduced air drying and cooling efficiency. This in turn requires less electrical energy.

The cooling of the high-voltage battery always has top priority and is not affected by the activation of
ECO PRO mode.

If the required temperature can be achieved without cold production, the A/C compressor is switched
off.

The ECO PRO mode climate control settings can be reset in ECO PRO mode by the user to the op-

erating condition which is active in the other programs of the driving experience switch. The vehicle
takes note of this setting for when ECO PRO mode is called up again.

9.4. Hybrid-specific Check Control messages

If faults occur in the F10H, the driver is informed about them by the Check Control messages. The fol-
lowing table summarizes the key hybrid-specific Check Control messages.

Check Meaning Cause
control
message
Engine malfunctioning Malfunction with electrical machine, malfunc-
I Restricted range and powertrain tion with electric vacuum pump.
@ H performance.
HYBRID Renewed engine start may not be
possible.
Please drive to next BMW Service
workshop.
Engine malfunctioning EME cooling fault, electric vacuum pump fault,
Engine does not automatically malfunction with PT-CAN or FlexRay, for ex-

@ switch on or off. If necessary start ample short circuit.
HYBRID engine via Start/Stop button.

Restricted powertrain functions.

Have vehicle checked by your au-

thorized BMW Service workshop.

HV battery Power of high-voltage battery too low.
Power of the HV battery is restrict-

ed.

Possible to continue journey, if

necessary (only using combustion

engine).

Have vehicle checked by your au-

thorized BMW Service workshop.

149



F10H Complete Vehicle
9. Displays and Controls

Check Meaning Cause
control
message
Recharge HV battery Current state of charge
High-voltage battery on transport path (state
of charge too low -> recharge)
HV battery OK Current state of charge
High-voltage battery on transport path OK
Replace HV battery Current state of charge
High-voltage battery on transport path, bat-
tery damaged
HV battery isolation fault

High-voltage system faulty.

After stopping the engine, it may
be no longer possible to continue
journey.

Please look for next authorized
BMW Service workshop without
delay.

High-voltage system

High-voltage system shut down.
Engine start is no longer possible.
Maintenance of high-voltage com-
ponents is only by trained BMW
Service personnel.

High-voltage system shut-down and in de-en-
ergized state for maintenance, service and re-
pairs. High-voltage safety connector (Service
Disconnect) removed, circuit of high-voltage
interlock loop interrupted.

9.5. Operation

Despite two different drives and two different energy storage units, there are no differences in the op-
eration of an ActiveHybrid 5 in comparison to a conventional vehicle. Subject to various parameters the
hybrid system automatically performs the best settings in order to drive the vehicle efficiently and dy-

namically.

There is not a separate button for deactivation/activation of the automatic engine start-stop function in
the F10H. The automatic engine start-stop function is automatically controlled by the hybrid system.
Engine start-stop function can however be deactivated by placing selector lever into position "DS" or

IlM/SII'

If the power of the combustion engine in the F10H is to be determined at a chassis dynamometer, it
must be ensured that the vehicle is not driven "electrically".
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The following procedure assures that the combustion engine is always running during a performance
test.

*  \Vehicle is in driving readiness

*  Deactivate driving readiness (terminal R is switched on and terminal 15 off)

o Press brake pedal

e Switch on hazard warning flashers

e Press DSC button until the message "Test mode" appears in the CID.

This test function is automatically deactivated upon the next terminal change or driving off.
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As with previous BMW active hybrid vehicles the F10H also uses an electric A/C compressor. There-
fore it is possible to operate the air conditioning independently of the combustion engine. Thus the
customer can enjoy the cooling effect of the air conditioning even while driving in pure electric mode
and while stopped. Special silencing measures provides for quiet comfort. For example, even when the
car is stationary and the combustion engine is off the air conditioning can barely be heard.

The stationary cooling and conservation cooling functions known from the FO4 are also offered in the
F10H.

10.1. System overview

F10H climate control system overview

Index Explanation

Condenser

Electric fan

Electrical A/C compressor
Blower motor

Evaporator

Shutoff valve in refrigerant circuit
High-voltage battery

0 N O a b~ W DN -

Combined expansion and shut-off valve in the refrigerant circuit for cooling
high-voltage battery

The top graphic shows the refrigerant circuits in the F10H. The refrigerant circuit for cooling the high-
voltage battery is connected in parallel to the refrigerant circuit for cooling the passenger compart-
ment.
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10.2. Electrical A/C compressor

F10H electric A/IC compressor

Index Explanation

1 Connection for gaseous refrigerant with high temperature and high pressure
(pressure line)

Signal connector

High-voltage connector for compressor
Silencer

Electrical A/C compressor

OO A WN

Connection for gaseous refrigerant with low temperature and low pressure
(intake pipe)
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The electric A/C compressor is a high-voltage component!

A\

1|

Warning for high-voltage components

Each high-voltage component has on its housing an identifying label that enables Service Technicians
and vehicle users to clearly identify the possible hazards that can result from working with high volt-
ages.

A

Only BMW hybrid certified Service technicians are permitted to work on the designated high-voltage
components. Certified technicians must: have suitable qualifications, comply with the safety rules and
procedures and always follow the repair instructions to the letter.

Before working on a high-voltage component, you must apply the safety rules to shut down the high-
voltage system. Once this has been accomplished according to procedure, all high-voltage compo-
nents are no longer live and work can proceed in safety. There is, of course, a remote possibility that
the correct shutdown procedure might be omitted, so an extra safety precaution has been implement-
ed as a means of imposing an automatic shutdown of the high-voltage system.

The bridge for the high-voltage interlock loop is integrated in the high-voltage connector beside the
contacts for the high voltage. The contacts of the bridge in the high-voltage connector are designed

as leading contacts. This means when removing the high-voltage connector the contacts of the high-
voltage bridge are separated first. The voltage supply of the EKK control unit is thus interrupted which
in turn leads to an interruption of the high-voltage supply, even before the high-voltage connector is
removed completely. Thus no electric arc is generated on the high-voltage contacts. The high-voltage
contacts are protected from contact. The high-voltage connector of the electric A/IC compressor is not
part of the circuit of the high-voltage interlock loop.

The operating principle of the compressor corresponds to that of the E72 and the FO4. To compress
the refrigerant, the spiral compressor (also known as the scroll compressor) is used. The electric pow-
er of the electric A/C compressor is 4.5 kW.

The supply voltage for EKK has a voltage range of about 200 V to 450 V. The power is reduced above
and blow this voltage range or the EKK is switched off.

The manufacturer of the electric A/IC compressor is Sanden.

10.3. Refrigerant circuit
The refrigerant circuit of the F10H has a similar design to that of the FO4.

The following image shows the key components of the refrigerant circuit and their installation loca-
tions.
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L
Refrigerant circuit in the F10H
Index Explanation
1 Branching of refrigerant lines to high-voltage battery
2 Combined expansion and shutoff valve in the refrigerant circuit for cooling the
passenger compartment
3 Refrigerant lines to high-voltage battery
4 High-voltage battery
5 Combined expansion and shut-off valve in the refrigerant circuit for cooling

high-voltage battery
Electrical A/IC compressor
7 Condenser in A/C system

The temperature has a decisive influence on the service life of the high-voltage battery. The cells of
the high-voltage battery should not deliver or absorb electrical power at too high or too low a temper-
ature. The optimal cell temperature is about 20 °C (68 °F); the battery cells should not exceed a maxi-
mum temperature of 40 °C (104 °F).
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R134a is used as the refrigerant (which circulates in a circuit) absorbing heat at one point in the sys-
tem and releasing it at another point. The heat absorbed from the passenger compartment and high-
voltage battery is released to the ambient air in a heat exchanger (condenser) on the front of the ve-
hicle. When the air-conditioning is activated for the passenger compartment or when cooling power
is requested for the high-voltage battery, the electric A/IC compressor is switched on and the system
supplies the corresponding point with cooling. The passenger compartment cooling and the cooling
of the high-voltage battery can be operated independently of each other. The energy required for this
is drawn by the electric A/C compressor from the high-voltage battery. The BMW-approved PAG oil is
used as the lubricant. So that the battery cooling and the passenger compartment cooling can be op-
erated independently of each other, special solenoid valves are integrated into the refrigerant circuit.
These open only the portion of the circuit that is actually required. This ensures high efficiency and
proper control characteristics of the system.

The following table shows how the valves and the electric A/C compressor are controlled.

Cooling of Combined expansion Combined ex- Electrical A/C compressor

and shutoff valve for pansion and

evaporator (passen- shutoff valve

ger compartment) for high-voltage

battery

High-voltage bat-  Closed Open switched on
tery
Passenger com- Open Closed switched on
partment
High-voltage bat-  Open Open switched on
tery and passen-
ger compartment
No cooling Closed Closed Switched off

A

The combined expansion and shutoff valve for the high-voltage battery is NOT required to be
activated (OPEN) for the evacuation of the refrigerant.

The request of how much cooling power is required is measured and determined by the IHKA control
unit. On the one hand, the request can come directly from the customer to cool the passenger com-
partment. On the other hand, the battery management electronics control unit (SME) can send a re-
quest for the high-voltage battery to be cooled as a data bus message to the IHKA control unit. The
IHKA control unit coordinates these cooling requirements and activates the electric A/C compressor
via a local interconnect network bus. The cooling requirements are prioritized depending on the tem-
perature. For example at a high ambient temperature and very warm passenger compartment, a high-
er cooling power is demanded with higher priority. If the desired temperature is reached, the cooling
power is reduced to maintain the temperature and set to a lower priority.

It is similar for the temperature of the battery cells. If the battery cells heat up to temperature of about
30 °C (86 °F), the cooling of the high-voltage battery has already begun. The cooling requested by the
SME has an even lower priority here. It can for instance be declined by the high-voltage power man-
agement. At a higher cell temperature, the cooling requests receives top priority for the high-voltage
battery and is always carried out.
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10.4. Stationary cooling and conservation cooling

10.4.1. Stationary cooling

Due to the fact that the A/C compressor is electrically operated and that the high-voltage battery has
high energy and power densities, a stationary cooling function is offered in the F10H.

Here the heated passenger compartment can be cooled prior to driving for about two minutes. The
function can be conveniently activated by pressing the fourth button on the car's infrared remote con-
trol at outside temperatures > 15 °C (59 °F). If the customer opens a car door shortly before these two
minutes have elapsed, the cooling period is extended by about 30 seconds. Stationary cooling can be
activated again only after driving readiness is switched off (repeat interlock). The prerequisite for acti-
vating stationary cooling is a sufficient state of charge of the high-voltage battery (SoC > 42%),).

10.4.2. Conservation climate control

F10H center console

Index Explanation

1 Button for increasing air volume

The conservation cooling function is a further climate control function which has been made possible
by the use of the electrically operated A/C compressor. The customer can activate this function when
he/she leaves the car for a short time and then wishes to resume driving, for example to refuel the car,
and would like to retain the pleasant interior temperature. Conservation cooling can be activated with
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the ignition switched off by pressing the button for increasing the air volume. The temperature in the
passenger compartment is maintained for up to 6 minutes by activating the electric A/C compressor

and the ventilation according to requirements.
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General information

Symbols used

The following symbol/schematic diagram is used in this document to facilitate better comprehension
or to draw attention to very important information:

A

Contains important safety information and information that needs to be observed strictly in order to
guarantee the smooth operation of the system.

Information status and national-market versions

BMW Group vehicles meet the requirements of the highest safety and quality standards. Changes
in requirements for environmental protection, customer benefits and design render necessary
continuous development of systems and components. Consequently, there may be discrepancies
between the contents of this document and the vehicles available in the training course.

This document basically relates to the European version of left-hand drive vehicles. Some operating
elements or components are arranged differently in right-hand drive vehicles than shown in the
graphics in this document. Further deviations may arise as a result of the equipment specification in
specific markets or countries.

Additional sources of information

Further information on the individual topics can be found in the following:

¢ Owner's Handbook
* Integrated Service Technical Application.
Contact: conceptinfo@bmw.de
©2012 BMW AG, Munich, Germany
Reprints of this publication or its parts require the written approval of BMW AG, Munich

The information contained in this document forms an integral element of the technical training of
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1. Introduction

1.1. Positioning

Hybrid technology in BMW vehicles (to date) was only available in the upper class vehicle segments,
as well as in a sports activity coupe. With the introduction of the BMW ActiveHybrid 3 (in 2012)

the BMW Group introduces for the first time hybrid technology in the compact premium sedan
segment. The ActiveHybrid 3 (development code F30H) uses "second generation" hybrid technology
introduced in the F10H (as the FOTH/FO2H) . The F30H is also a full hybrid vehicle and uses a lithium-
ion battery as an energy storage device for the electrical powertrain. The drive system comprises a
hybrid-specific 8-speed automatic transmission (GA8P70HZ) with integrated electrical machine and

a 225 kW/300 HP 6-cylinder in-line engine (N55B30MO0) with BMW TwinPower Turbo technology.
The (forward-looking) intelligent energy management which is characteristic of the second generation
hybrid technology is thus also installed in the F30H: It ensures that the operating strategy can be
adapted not only to the present driving situation but also to an immediately imminent driving situation,
thereby delivering a much more efficient drive and an enhanced reproducible driving experience.

@ ® @

Gen. 1.0 Gen. 1.5 Gen. 2.0 Gen. 2.0

0O 2.0 ©

DAIMLERCHRYSLER

Generations of BMW ActiveHybrid vehicles to date
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Index Explanation

1 The E72 was launched on to the market at the end of 2009 as the first BMW
hybrid vehicle. The technology used in generation 1.0 was a product created
from the cooperation venture between General Motors, DaimlerChrysler and
BMW. A nickel metal hydrid battery was used as an electric energy storage
device.

2 The second hybrid car from BMW came onto the market in 2010 under the
name ActiveHybrid 7 with the development code FO04. It is a mild hybrid
vehicle which uses generation 1.5 technology. This technology was developed
together with Mercedes Benz. A highly efficient lithium-ion battery was used in
the high-voltage electrical system.

3 The ActiveHybrid 5 was the third BMW hybrid vehicle and has been built since
the end of 2011. The F10H is the first vehicle with second generation hybrid
technology. A lithium-ion battery is also used as an electrical energy storage
unit.

4 In 2012 the production of further BMW hybrid vehicles with Generation 2.0
technology was expanded with the introduction of the new BMW ActiveHybrid
7 (development codes FO1H/FO2H) which replaces the FO4 and the BMW
ActiveHybrid 3 (development code F30H) which comes on to the market same
time.

In comparison to the F10H or FOT1H/FO2H, the ActiveHybrid technology has been considered right
from the start in the design of the F30H. As a result, the hybrid components could be optimally
integrated into the vehicle in order to maintain the F30 luggage compartment capacity.

The main advantage of the ActiveHybrid technology used in the F30H is the increase in driving

power (compared to the conventional BMW 335i sedan) while, at the same time, lowering the fuel
consumption. For example the powertrain of the ActiveHybrid 3 provides a maximum system power of
250 kW/340 HP, which accelerates the vehicle from 0 to 60 mph in 5.2 seconds . The F30H consumes
only 5.9 | of gasoline per 100 km (“unofficial” 38 mpg) in the EU test cycle - this is approximately 18%
less than the conventional F30 sedan (335i with automatic transmission).

All vehicles in which second generation hybrid technology is used have similar features, components
and functions. These are described in full and in detail in the "ST 1203 F10H Complete Vehicle"
training material. In this F30H training manual only the features specific to the ActiveHybrid 3 are
discussed as well as the technical differences to the F10H.

A

The second generation hybrid technology is described in detail in the "ST1203 F10H
Complete Vehicle" training material available on TIS and ICP. This product information manual
only describes the F30H.

These are the specific features of the F30H:

* |dentifying features and technical data

o Modified electrical machine electronics (mainly the housing)

. Installation location of the high-voltage battery with effects on the removal and installation
e Changes to the hybrid brake system
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*  Bus systems (basic vehicle electrical system of the F30 instead of the one in the F10)

12 V voltage supply

Displays in the instrument cluster and in the central information display.

1.2. Identifying features

1.2.1. Exterior trim

Similar to the familiar BMW ActiveHybrid vehicles, the F30H can also be distinguished from a
conventional F30 by some features.

The F10H can be differentiated from the conventional F10 by two main components of the exterior
trim: the longitudinal bar of the kidney grills and the exhaust system tailpipes. For the F30H these are
not definitive identifying features as the customer can order the F30H in the F30 in three different
trim Lines (Sport, Luxury and Modern) or with the M Sports package. If the customer orders a F30H
without one of the Lines, the exhaust tailpipes of the exhaust system are designed in "chrome matt".
with regard to the wheels and tires the customer of an ActiveHybrid 3 without a Line or M Sports
package receives the wheel rim "V-spoke 413" as standard equipment. If the customer configures
his F30H with a Line or with the M Sports package he receives the wheel rim of the selected Line as
standard equipment. All other wheel and tire combinations of the F30 335i can also be ordered for the
F30H. What remains exclusive for the F30H however is the 18" wheel rim in the aerodynamic design
("Streamline 419") with 225/45 R18 tires. Irrespective of the Lines or the M Sports package there are
still the following exclusive designer features in the exterior trim of the F30H:

o "ActiveHybrid 3" inscription: Located on the entrance sills, the C-pillars and on the trunk lid.
*  Acoustic cover of the combustion engine: This component also contains a hybrid-specific
inscription ("ActiveHybrid").

The paint color "Liquid Blue Metallic" can be ordered for the F30H but is also for the conventional F30
models. To give the F30H higher visibly and quality appearance, the exterior trims are designed in high
gloss chrome or high gloss black as standard.
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External view of the ActiveHybrid 3
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Index

Explanation
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"ActiveHybrid 3" inscription on the trunk lid
"ActiveHybrid 3" inscription on the C-pillars
Exterior trims in aluminium satined

Exterior trims in high gloss black

Entry sills with "ActiveHybrid 3" writing

18" wheel rims ("Streamline 419")

Acoustic cover with "ActiveHybrid" writing
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1.2.2. Interior

Interior of the ActiveHybrid 3

The interior equipment of the BMW ActiveHybrid 3 also has special features which distinguish it from
a conventional F30. The "ActiveHybrid 3" inscription is located on the link around the electronic gear
selector switch.

The hybrid-specific operating conditions and the state of charge of the high-voltage battery are
displayed in the instrument cluster and in the Central Information Display. The hybrid-specific displays
in the CID were visibly enhanced due to the introduction of the new HU-H - the content of which

is comparable to that of the F10H. Both the displays in the CID and in the instrument cluster are
activated when the ignition is turned on. These hybrid-specific displays are described in detail in the
section entitled "Displays and Controls".

The START-STOP button of the F30H is also different from that of a conventional F30: In the F30H
there is no button for deactivating the automatic engine start-stop function. The operating strategy of
the F30H ensures that the combustion engine is always shut down appropriate to the position of the
driving experience switch and the current driver's choice when it makes sense in the current driving
situation. For more information on how the combustion engine can be switched on permanently refer
to the "Displays and Controls" chapter of this training manual.
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START-STOP button
Index Explanation
A START-STOP button in the F30 with integrated button for deactivation of the
automatic engine start-stop function
B START-STOP button in the F30H

Compared to other Generation 2 hybrid vehicles there is no distinctive difference (in usage) of the
luggage compartment of the FB0H compared to the conventional model. The reason for this is the
installation location of the high-voltage battery unit. The high-voltage battery unit of the F30H is
located under the luggage compartment floor panel. As a result, the luggage compartment capacity
is much the same size as in the F30 and can even be flexibly extended through the through-loading
system also available for the F30H.
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Luggage compartment of the ActiveHybrid 3

Index Explanation

1 Folded-down rear seat backrests of the through-loading system
2 Luggage compartment floor panel

3 High-voltage battery unit

1.3. Operating strategy

Similar to the F10H the operating strategy of the F30H is also characterized by innovative functions.
This includes the intelligent energy management and the Coasting function, which was introduced
with the F10H, and is also in the F30H.

Only the “Home” feature of the intelligent energy management function is available for the US
and Canadian markets.

The coasting function means that the combustion engine is also shut down at higher speeds up to100
mph, if it is not required for the powertrain. At the same time the decoupler clutch in the drivetrain is
opened so that the vehicle rolls without engine braking effect. The electrical machine is still operated
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(in this case) at moderate power as an alternator. Some kinetic energy is taken from the vehicle and the
electrical energy produced is used primarily for the supply of the low-voltage vehicle electrical system.
Excess energy can of course be used to charge the high-voltage battery.

To be able to use "coasting" the driver must have selected ECO PRO mode. If the driver takes his

foot off the accelerator pedal, the function becomes active after a short while, the combustion engine
switches off and the decoupler clutch is opened. "Coasting" can also be experienced in COMFORT
mode if for example one is driving on a main road and the speed is reduced by gently pressing the
brake pedal before reaching a city boundary. The advantage of increased efficiency through "coasting"
is clearly visible: in this operating condition no fuel whatsoever is used.

1.4. Technical data

Unit BMW 335i BMW ActiveHybrid 3
Engine and transmission
Design R6 R6
Number of valves per cylinder 4 4
Displacement [cm3] 2979 2979
Transmission GA8HP45Z GA8P70HZ
Powertrain Rear-wheel Rear-wheel
Final drive ratio 3.154 2.813
Maximum power, [kW (HP)] 225 (300)
combustion engine [rpm] 5800
Maximum torque, [Nm (Ib-ft)] 400 (300)
combustion engine
Complete system power [kW (HP)] 250 (340)
Overall system torque [Nm (Ib-ft)] 450 (330)
High-voltage battery type - Lithium-ion
Power of electrical machine [kW [ HP] - 40/55
Maximum torque, [Nm (Ib-ft)] - 210 (184)
electrical machine
Vehicle performance
Acceleration 0 to 60 mph [s] 5.1 5.2
Maximum speed (limited) [km/h (mph)] 250 (155) 250 (155)
Consumption and emissions
Fuel consumption [1/100 km] 10.2 5.3
(EU cycle, urban driving)
Consumption [1/100 km] 5.5 6.4
EU cycle, non-urban driving
Consumption [1/100 km] 7.2 5.9

EU cycle, total
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Unit BMW 335i BMW ActiveHybrid 3
CO, emissions [g/km] 169 139
Dimensions and weights
Length/width/height [mm] 4636/1811/1429
Wheelbase [mm] 2810
Turning circle [m] 11.3
Vehicle curb weight (DIN/EU) [kal 1520/1595 1655/1730
Payload in accordance with DIN [ka] 550 530
Fuel tank capacity [liters (gal)] 60 (15.8) 57 (15)
Luggage compartment capacity [liters] 480 390

These above values are according to EU test cycle depending on the tire dimension. The values
specified apply for the standard tires (225/50 R17). Through the possibility of electric driving fuel
consumption in the city cycle is significantly lower than for the comparative model 335i. The fact that
the fuel consumption for the subsequent overland cycle is slightly higher must be taken into account
for this: the energy which was used for the electric driving in the city cycle must now be acquired
again. This happens not only through brake energy regeneration but also through load point shifting of
the combustion engine. In the overall cycle there is a significant advantage in the fuel consumption for
the ActiveHybrid 3.

1.5. Equipment

The F30H and the F10H are available in a European and a US version, as well as a left-hand drive
vehicle and a right-hand drive vehicle. Due to the optimized housing of the high-voltage battery unit in
the F30H in comparison to the F10H, the customer can also order the through-loading system with ski
bag in the F30H. The adaptive chassis and suspension or the variable sport steering are also available
as optional equipment for the F30H.

The following optional equipment is not available in the F30H:

*  xDrive all-wheel drive system
*  Active cruise control with Stop & Go function
(valid at the time of market introduction).

The following equipment is part of the standard equipment:

. Electromechanical power steering (EPS) with Servotronic function
e Automatic transmission

e  2-zone A/C system

. Preparation for Navigation Professional system (option 6UF).
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The HU-H including the 8.8" display screen is installed in each F30H to display the hybrid-specific
displays in better quality in the central information display. However, the navigation function is not
included as standard equipment on the F30H. The customer can order this as optional equipment
(option 609) and thus receives the forward-looking operating strategy for even more efficient fuel
consumption.

The longer final drive ratio of the F30H in comparison to the conventional F30 335i also helps reduce
the fuel consumption through the reduced engine speed. This advantage is not only noticeable

in normal consumption, but also in everyday use at higher driving speed. The slightly lower drag
coefficient of the F30H also has a positive effect on the fuel consumption in day-to-day usage.

10
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2.1. Design

The powertrain of the F30H is in principle identical to that of the F10H and comprises the following
key components:

N55B30MO engine

Fuel supply systems

Electrical machine

GA8P70HZ Automatic transmission

The details of the combustion engine and the fuel supply system are specific for the F30H and differ
from the basic vehicle F30 and/or the F10H. The changes are described in the following chapters. The
electrical machine and the automatic transmission are identical to the components used in the F10H.
For this reason only the key properties are summarized here.

2.2. N55B30MO0 engine
Similar to the F10H, the N55B30MO0 was also modified for use in the F30H.

The common features with the engine used in the F10H are:

Maximum power of 225 kW/300 HP and maximum torque of 400 Nm (300 Ib-ft)

As the only ancillary component the belt drive includes the starter motor generator (SGR) and
two belt tensioners.

The vacuum supply is guaranteed by a mechanical and an electric vacuum pump.

The crankshaft bearings have a reinforced design due to the more frequent engine start
processes.

The exhaust system has an electric exhaust flap on the left exhaust tailpipe.

The operation is done via an electromechanical actuator like in the F30 with N55B30MO engine (wired
directly to the DME control unit). The operation is thus different than in the F10H, where the operation
is done via vacuum and an electric changeover valve.

11
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— ®O® 6 6 :
F30H exhaust flap
Index Explanation
1 Electric motor with transmission
2 Exhaust flap
3 Electromechanical exhaust flap
4 Exhaust tailpipe
5 Cover over exhaust tailpipe (color coding dependent on Line ordered)
6 Rear silencer

Compared to the F10H there is no another vacuum actuator installed because the damping-controlled
engine mounts are not used in the F30H. Tests have shown that in the customer-relevant operation
the standard (non damping-controlled) engine mounts perform at a high comfort level for the engine
start and shutdown processes.

12
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The modified vacuum system of the F30H is shown in the following graphic.

2
O éz) ® @ ®
F30H Vacuum system
Index Explanation
1 Mechanical vacuum pump
2 Engine mount (non damping-controlled)
3 Electric vacuum pump
4 Brake vacuum sensor
5 Brake servo

2.3. Fuel supply systems

The fuel supply system of the F30H is based on that of the conventional F30 335i. All versions of the
F30H have a fuel tank capacity of 57 | (15 gal) in comparison to 60 | (15.8 gal) for the conventional
335i. Similar to the F10H, F30H vehicles in US version also have some special features in relation to
the fuel tank ventilation. These technical measures are for Natural Vacuum Leak Detection and ensure
that the legal regulations for hydrocarbon emissions are observed.

13
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Principal structure of the fuel supply system with NVLD (Natural Vacuum Leak Detection)

Index Explanation

Additional carbon canister (activated carbon pressed in honeycomb shape)
Tank leak diagnosis (Natural Vacuum Leak Detection, NVLD)

Air cleaner (spinning strainer)

Fuel filler neck

Carbon canister

Fuel tank ventilation line

Shutoff valve for fuel tank ventilation

0 N O a b WDN =

Purge air line to the combustion engine

The special features of the fuel tank ventilation for the current (US version) second generation hybrid
cars are listed below.

14
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*  Pressure and temperature sensor in the fuel tank, connected electrically via local interconnect
network bus to the DME control unit

e  Shutoff valve for fuel tank ventilation, activation via hard-wired wiring to DME
*  Tank leak diagnosis (Natural Vacuum Leak Detection NVLD), hard-wired to DME control unit

e  Additional carbon canister with honeycomb structure.

2.4. Electrical machine

The electrical machine in the drivetrain of the F30H has the same technical features as those of
the electrical machine used in the F10H. Together with the decoupler clutch it is integrated in the
automatic transmission (GA8P70HZ) at the place where the hydraulic torque converter would be
located in conventional vehicles.

This permanently excited synchronous machine can convert the electrical energy stored in the high-
voltage battery to mechanical energy and thus drive the F30H. This ranges from supporting the
combustion engine for example when overtaking to purely electric driving. In the opposite scenario,
during brake energy regeneration, the electrical machine works as an alternator and converts the
kinetic energy of the vehicle into electrical energy which can be stored in the high-voltage battery.

Installation location of the electrical machine

Index Explanation

1 Electrical machine

The electrical machine is a high-voltage component.

A\
| -

High-voltage component warning sticker
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Each high-voltage component has on its housing or casing an identifying label that enables service
technicians and vehicle users to clearly identify the possible hazards that can result from the high
electric voltages used.

A

Only service technicians who satisfy all the prerequisites are permitted to work on the
designated high-voltage components. Technicians must have the suitable qualifications
and comply with the electrical safety rules as well as follow the repair instructions and
procedures.

The key technical data of the electrical machine is summarized below:

Supplier ZF Sachs AG
Maximum torque (< 1 second) 210 Nm at 1300 rpm
Torque (continuous) 80 Nm to 900 rpm
Boost power (< 60 seconds) 38 kW from 1800 rpm
Maximum power (< 1 second) 40 kW at 3000 rpm
Efficiency up to 91.8 %
Operating speed range 0-7500 rpm
Nominal flow temperature (cooling) 105 °C (221 °F)
Nominal volume flow (cooling) 6 I/min

Weight (with torsional vibration damper and clutch) about 21 kg

Outer diameter of stator (with support) 285 mm

Inner diameter of stator 214 mm

Stator length 85 mm

Outer diameter of rotor 212 mm

Inner diameter of rotor (with support) 172 mm

2.4.1. Interfaces

The electrical machine together with the decoupler clutch forms one unit. The mechanical interfaces
of this unit comprise a positive connection to the torsional vibration damper in the forward travel
direction. In the reverse travel direction the rotor is connected to the transmission input shaft via a
positive hollow shaft. The housing of the electrical machine is connected mechanically using five
screws to the transmission housing.

The electrical interfaces include; The three-phase high-voltage connection (which is accessible from
the vehicle underside) A second low-voltage connection for the signals of the temperature sensor and
the rotor position sensor (located on the left side of the housing of the electrical machine). The signal
connector and the high-voltage connector must be removed before the transmission is removed.

The electrical machine is integrated in the cooling circuit of the combustion engine via two
connections. The electrical machine is cooled via a coolant duct parallel to the combustion engine.

16
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Cooling circuits F30H
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TH12-0301

Index Explanation

1 Coolant/air heat exchanger in the cooling circuit of combustion engine
and electrical machine

2 Heater coil

3 Map thermostat

4 Electric coolant pump in the cooling circuit of combustion engine and
electrical machine

5 Electrical machine

6 Electrical machine electronics (EME)

7 Expansion tank in the cooling circuit of the EME

8 Electric coolant pump (50 W) in the cooling circuit of the EME

9 Expansion tank in the cooling circuit of combustion engine and electrical

machine

17



F30H Complete Vehicle
2. Drivetrain

Index Explanation

10 Coolant level switch

11 Balancing line

12 Coolant/air heat exchanger in the cooling circuit of the EME
13 Electric fan

2.4.2. Service information

If the electrical machine has to be replaced, the following information must be observed:

A

Apply electrical safety rules before beginning work.

A

If the electrical machine must be replaced, the unit comprising the electrical machine, the decoupler
clutch and the torsional vibration damper must be removed completely. The special tools intended for
this must be used.

Special tools for the removal of the electrical machine

Index Explanation

1 Special tool for removing the electrical machine with torsional vibration damper
from the automatic transmission (special tool number 2 297 311)

Electrical machine with torsional vibration damper
Automatic transmission
Workshop crane

a b~ W N

Special tool for setting down the electrical machine with torsional vibration
damper (special tool number 2 297 312)

A

Upon replacement of the electrical machine or the electrical machine electronics, the rotor position
sensor must be adjusted with help of the ISTA BMW diagnosis system.
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A

If only the torsional vibration damper has to be replaced, this can be removed separately. There is also
a special tool for this which must be used.

Special tool for removing the torsional vibration damper

Index Explanation

1 Screw connection of the special tool at the automatic transmission

2 Special tool for disconnecting the torsional vibration damper (special tool
number 2 297 313)

3 Screw connection of the special tool at the torsional vibration damper

4 Torsional vibration damper

5 Automatic transmission

6 Screw connection of the torsional vibration damper with electrical machine

2.5. GAS8P70HZ automatic transmission

2.5.1. Overview

The GA8P70HZ automatic transmission of the F30H has the same structure as that of the automatic
transmissions in the F10H and FO1H/FO2H. The following hybrid-specific components are integrated
in the same location as that in the conventional GABHP70Z transmission:

e Torsional vibration damper for balancing the irregular rotations of the combustion engine

*  Decoupler clutch to be able to disconnect the combustion engine from the rest of the
drivetrain and to enable purely electric driving and coasting

. Electrical machine which can work as an engine and alternator

*  Additional electrical transmission oil pump to ensure the supply with transmission oil pressure
in the case of a stationary transmission input shaft.

19
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As the GABP70HZ does not contain a hydraulic torque converter, other components must assume
the transmission of the torque when driving off and creeping. The electrical machine and the multi-
disc brake B assume this task. For this purpose the multi-disc brake B (also called "integrated starting
element") was modified in comparison to the conventional GABHP70Z transmission: The number of
discs and their diameter were increased so that the required torque can be transmitted when driving
off with a slip for example.

TH11-1491

Hybrid-specific components in the automatic transmission

Index Explanation

1 Torsional vibration damper

2 Decoupler

3 Electrical machine

4 Multi-disc brake B

5 Additional electrical transmission oil pump

The concept of the electrical machine integrated in the transmission makes the F30H a parallel hybrid:
combustion engine and electrical machines can drive the vehicle parallel, i.e. at the same time. The
installation of the decoupler clutch between the combustion engine and electrical machine allows
purely electric driving without the combustion engine possible (which also makes the F30H is a full
hybrid).

20
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2.5.2. Service information

Similar to the conventional 8-speed automatic transmission, there is also a mechanical emergency
release from the underneath the vehicle, as well as an electronic emergency release, for the
GA8P70HZ. The operations for performing the mechanical transmission emergency release are
identical to those in the conventional 8-speed automatic transmissions. However, the technical
process taking place in the transmission and the operations to be performed by the Service
technicians for the electronic emergency release differ.

In conventional vehicles the starter motor rotates and also drives the mechanical transmission oil
pump via the torque converter. With help of the built-up transmission oil pressure the parking lock can
be released. In the F30H however, the decoupler clutch is open without transmission oil pressure.

For this reason the transmission oil pressure cannot be generated for releasing the parking lock in

the F30H via the rotating starter motor. Instead the transmission oil pressure can be built up via the
additional electric transmission oil pump. Alternatively the electrical machine can drive the mechanical
transmission oil pump and thus build up transmission oil pressure.

Conventional vehicle with GASHP70Z ActiveHybrid vehicle with GABP70HZ
Starter motor rotates Conventional starter motor rotates

Mechanical transmission oil pump is driven Mechanical transmission oil pump via electrical
by the rotating starter motor and generates machine or electric transmission oil pump
transmission oil pressure generates transmission oil pressure

With help of the transmission oil pressure the With help of the transmission oil pressure the
parking lock is released parking lock is released

To perform the electronic emergency release a series of steps must be carried out.

In general the following applies:

A

Before performing an emergency release of the parking lock the vehicle must be secured against
rolling away.

For conventional vehicles pressing the electronic gear selector switch twice to move one stage
forward is included in the process for the electronic emergency release.
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Electronic emergency release of the parking lock for conventional vehicles

Index Explanation

1 Press brake pedal

2 Press START-STOP button

3 Press release button at electronic gear selector switch

4 Hold down release button and press the gear selector switch forward by one

stage, hold there for approx. 2 seconds and then release again

5 (Briefly) press gear selector switch forward by one stage a second time if
release button is still held down and release again

6 As soon as the neutral N gear is shown, the brake pedal can be released
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In the ActiveHybrid 3 the operation of the gear selector switch must only be effected forwards once
and the neutral N gear is engaged directly. The following graphic highlights this difference.

Electronic emergency release of the parking lock in the F30H

Index Explanation

1 Press brake pedal

2 Press START-STOP button

3 Press release button at electronic gear selector switch

4 Hold down the release button and press the gear selector switch forward one

stage for a short period and release again
5 As soon as the neutral N gear is shown, the brake pedal can be released

In the ActiveHybrid 3 the procedure for the electronic emergency release is thus simplified. As the
vehicle still has an electric powertrain in addition to the combustion engine a further function is
available to the customer and the Service technician. If the combustion engine does not start, the
electrical powertrain is fully functional and with its help can thus move the vehicle at least a few
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meters. During the attempt to start the engine one can engage Drive (D) or Reverse (R) gear through
the usual operation of the electronic gear selector switch. After the brake pedal is released the vehicle
is then moved with help of the electric powertrain.

A

The Reverse (R) drive position is also engaged when the procedural steps for the electronic
emergency release for a conventional vehicle are performed. If one has forgotten to secure the
vehicle against rolling away, the vehicle may start moving unexpectedly.
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3.1. Introduction

The electrical machine electronics in the F10H is very similar to the F30H. Although it has a slightly
modified housing it assumes the same tasks as in the F10H. Here only the key properties are
summarized and details of the differences to the F10H provided.

A

The electrical machine electronics is a high-voltage component! Therefore before working on the
electrical machine electronics the electrical safety rules must be applied.

A\

1|

High-voltage component warning sticker

Each high-voltage component has on its housing or casing an identifying label that enables
Service technicians and vehicle users to clearly identify the possible hazards that can result
from the high electric voltages used.

A

For reasons of high-voltage safety the electrical machine electronics must not be opened or otherwise
dismantled.

In the event of a fault in the electrical machine electronics it is always replaced as a complete unit.

After the electrical machine electronics has been replaced it must be put into operation with help of
the ISTA BMW diagnosis system. Please observe the information in the repair instructions.

The housing of the electrical machine electronics also contains the following sub-components in
addition to the control unit of the same name ("EME" for short):

. Bidirectional DC/AC converter for activating the electrical machine as a motor or alternator

o Unidirectional DC/DC converter for supplying the low-voltage vehicle electrical system with
electrical energy

*  Output stages for activating the electric vacuum pump, the cut-off relay between the two
12 V batteries, as well as the combined expansion and shutoff valve for the passenger
compartment.
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3.2. Installation location

TH12-0305

Installation location of the electrical machine electronics

Index Explanation

1 Jacking point

The electrical machine electronics of the F30H is installed at the vehicle underbody to the left,
beside the automatic transmission as in the F10H. Due to the smaller vehicle dimensions of the
F30H, its installation location touches slightly at the front left jacking point. This must be taken into
consideration during service work, for which the vehicle must be raised.

A

Before a F30H is raised with help of a vehicle lift or a jack, the vehicle lift or the jack must be positioned
precisely under the jacking point.

Otherwise there is a risk that the vehicle lift or the jack may be supported at the electrical machine
electronics which will damage the component when the vehicle is raised!

To reach the connections of the electrical machine electronics, the corresponding underbody
panelling must be removed.
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3.3. Functions

The electrical machine electronics in the F30H completes the same functions as in the F10H.

The EME functions are summarized below:

Activation of the electrical machine

Control of start-up and shut-down of the high-voltage electrical system

Control of the power of the DC/DC converter for supplying the 12 V vehicle electrical system
Consumer coordination

High-voltage electrical system diagnosis

Activation of the cut-off relay between the two 12 V batteries

High-voltage interlock loop

Activation of the combined shutoff and expansion valve in the refrigerant circuit for cooling the
passenger compartment

Activating the electric vacuum pump

Forward-looking operating strategy

3.4. Connections

As with the F10H, the connections at the F30H EME can also be divided into five categories:

Low-voltage connections

High-voltage connections

Connection for potential compensation lines
Connections for coolant lines

Connection for ventilation line
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The following graphic shows the F30H EME connections.

F30H connections, electrical machine electronics

TH12-0224

Index Explanation

Connector with high-voltage cable (to the electric A/IC compressor)
Connector with three-phase high-voltage cable (to the electrical machine)
Signal connector

Tank ventilation line

Electrical machine electronics

Connector with two high-voltage cables (to the high-voltage battery unit)
Potential compensation line

Grounding cable

12 V connecting line

Coolant line, supply

= =2 O 0N O O &~ W N =
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Coolant line, return
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3.4.1. Low-voltage connections

F30H low-voltage connections of the electrical machine electronics

Index Explanation

Electric vacuum pump
Electrical machine electronics
Electrical machine

Rotor position sensor
Temperature sensor

D b~ WDN =

Combined expansion and shutoff valve in the refrigerant circuit
(for passenger compartment)

7 Crash Safety Module
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Index Explanation

8 Electric coolant pump (EME cooling circuit)

9 Cut-off relay

10 Safety battery terminal

11 Vehicle battery (12 V)

12 Auxiliary battery (12 V)

13 Intelligent battery sensors (battery and auxiliary battery)
14 Front Electronic Module

15 Connection for PT-CAN2

16 Connection for PT-CAN

17 Connection for FlexRay

18 Fuse in the power distribution box, engine compartment

The electrical machine electronics is connected to the 12 V vehicle electrical system (terminals 30 and
31) via a positive battery cable and a grounding cable with large gauge wires. The DC/DC converter in
the EME provides the entire 12 V vehicle electrical system with energy via this connection. These two
lines are connected to the EME via a screw connection instead of plug connection.

All other lines and signals via the low-voltage connector have a relatively small current draw.

3.4.2. High-voltage connections

@

1.|--|-———"-".
i [

High-voltage connections of the electrical machine electronics (graphic shows housing of the electrical machine electronics in the F10H)

Index Explanation

1 Electrical machine

2 Electric A/C compressor

3 Electrical machine electronics
4 High-voltage battery unit
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There is a total of three high-voltage connections at the EME to establish contact between the lines
and other high-voltage components:

e Connection to the electrical machine:
three-phase, AC voltage, 1 shielding for all 3 lines, high-voltage connector (screwed on)

¢  Connection to the high-voltage battery:
two-pin, direct current voltage, 1 shielding per ling, flat high-voltage connector with
mechanical locking, contact protection through cover over the contact blades and by bridge of
high-voltage interlock loop

e  Connection to the electric A/C compressor:
two-pin, direct current voltage, 1 shielding for both lines, round high-voltage connector with
mechanical locking, contact protection through cover over the contact blades and by open
circuit of the voltage supply for the electric A/C compressor control unit.

A certain sequence must be observed when breaking or establishing the contact connection both for
flat and round high-voltage connectors. The individual steps are described below.
3.4.3. High-voltage cables

The high-voltage cables connect the high-voltage components and are labelled by orange cable
sleeves.

A

Before removing the high-voltage cables the electrical safety rules must be applied.

High-voltage cables must not be repaired. In the event of damage, the line must essentially be
replaced!

Removing the flat high-voltage connector

The procedure described here applies to the corresponding high-voltage connector on the electrical
machine electronics and to the high-voltage connector on the high-voltage battery unit.
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Removing bridge for high-voltage
interlock loop

The bridge (when connected) closes the
circuit of the high-voltage interlock loop.
The battery management electronics
continuously monitors the circuit of the high-
voltage interlock loop and only when the
circuit is closed is the high-voltage system
active. If the circuit of the high-voltage
interlock loop is interrupted by removing the
bridge, the high-voltage system shuts down
automatically. This is an additional safety
precaution as the Service technician must
have already switched off the high-voltage
system before beginning work.

32

Removing the mechanical locking

Only after the bridge of the high-voltage
interlock loop has been removed, can

the mechanical locking be moved in the
direction of the arrow. The mechanical
locking is a component of the high-voltage
connector on the high-voltage components.
By moving the lock in the direction of the
arrow the mechanical guide of the high-
voltage connector on the high-voltage cable
is released which permits the subsequent
disconnection.
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Removing the connector of the high-
voltage cable

The connector of the high-voltage cable can
now be removed in the direction of the arrow.
After the connector has been pulled out a
few millimeters (A), one encounters a higher
counterforce. The connector must then be
pulled out further in the same direction (B).
Under no circumstances must the connector
be pressed back into the socket on the high-
voltage component after reaching position
(A). This may damage the connector on the
high-voltage components.

A

The high-voltage connector of the high-
voltage cables must be pulled out at
aright angle in two steps and in the
same direction. Changing the direction
of movement during removal is not
permitted.

TH11-1440

When re-inserting the high-voltage connector proceed in reverse order.

Removing the round high-voltage connector

The procedure described here applies to the corresponding high-voltage connector on the electrical
machine electronics and to the high-voltage connector on the electric A/C compressor. The graphics
show the procedure at the electrical machine electronics of the E82E as an example, but the
procedure can also be applied to the F30H.
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The connector of the high-voltage cable (1) is
located at the high-voltage connection of the
component (2) and is locked.

The two locking elements (2) must be pressed
together in the direction of arrow (1). The
mechanical lock of the connector at the
connection of the high-voltage component is
thus removed.

While the locking elements are further pushed
together, the connector must be removed
lengthways in the direction of arrow (1).

When reconnecting the high-voltage cable it is recommended to also push the locking elements
together at the start. This ensures that the locking elements glide past the locks on the outside. If the
locking elements are not pushed together at the start, there is a risk that they may slip inwards when
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positioning and be damaged. At the end of the positioning ensure that the locking elements engage
(clicking noise). In addition, the engaging of the locking elements should be checked by subsequent
pulling on the connector.

The signal of the high-voltage interlock loop runs over the bridge in the high-voltage connector

at the electrical machine electronics when the high-voltage cable is connected. If the circuit is
interrupted this also causes the high-voltage system to shut down. This is an additional technical
safety precaution as the Service technician should have already switched off the high-voltage system
before beginning work. There is also a bridge in the round high-voltage connector at the electric A/

C compressor. However the voltage supply line of the EKK control unit runs over it. When the round
high-voltage connector on the EKK is removed the circuit of the high-voltage interlock loop
is thus NOT interrupted. Instead the current flow in the high-voltage cables is interrupted,
because the EKK control unit can no longer draw any power. Therefore upon subsequent
removal of the high-voltage connector no electric arcs can occur.

3.4.4. Connection for potential compensation lines

The isolation monitoring determines whether the insulation resistance between active high-voltage
components (e.g. high-voltage cables) and ground is above a required minimum value. The switching
for the isolation monitoring is integrated in the battery management electronics (SME), and should not
only detect isolation faults there, but also in the entire high-voltage electrical system. As the reference
potential for the isolation monitoring is the ground potential, all conductive housing from high-voltage
components must be grounded. In the case of the electrical machine electronics a separate potential
compensation line is used for this.

A

The high-voltage system must not be operated if the potential compensation cables are not
properly connected to the high-voltage components.

A

If in the event of a repair the high-voltage components or the body components are replaced, the
following must be observed during assembly: The connection between the housing and the body
must be properly re-established. The repair instructions must be strictly observed with regard to
tightening torque and self-cutting screws.

3.4.5. Cooling/Ventilation

Beside the electrical connections, the electrical machine electronics in the F30H also has connections
for coolant lines and for a tank ventilation line. A ventilation line is required to prevent water (resulting
from temperature changes and thus possible condensation of air moisture) collecting inside the
electrical machine electronics. The end of the ventilation line is situated high above the electrical
machine electronics.
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Tank ventilation line at the electrical machine electronics

Index Explanation
1 Tank ventilation line
2 Electrical machine electronics

The incorporation of the EME in a separate cooling circuit ensures that the heat of the power
electronics (occurring during operation) can be dissipated. The electrical machine electronics is
cooled by its own cooling circuit.

EME cooling circuit components:
. High-performance low-temperature cooler
e 50 W coolant pump

. Expansion tank
*  Coolantlines.

The installation locations of these components, as well as a block diagram of all cooling circuits in the
F30H, are shown in the following two graphics.
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Installation locations of the components in the cooling circuit of the electrical machine electronics

TH12-0644

Index Explanation

1 Coolant/air heat exchanger

2 Electric coolant pump

3 Expansion tank

4 Electrical machine electronics
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Index Explanation

1 Coolant/air heat exchanger in the cooling circuit of combustion engine and
electrical machine

2 Heater coil

3 Map thermostat

4 Electric coolant pump in the cooling circuit of combustion engine and
electrical machine

5 Electrical machine

6 Electrical machine electronics

7 Expansion tank in the EME cooling circuit

8 Electric coolant pump (50 W) in the EME cooling circuit

9 Expansion tank in the cooling circuit of combustion engine and electrical
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Index Explanation

10 Coolant level switch

11 Balancing line

12 Coolant/air heat exchanger in the EME cooling circuit
13 Electric fan

The coolant/air heat exchanger for the cooling circuit of the EME is integrated in the cooling module.
Depending on the cooling requirement of the EME, the electric coolant pump and the electric fan are
activated according to requirements thus contributing to a reduction in consumption levels.

3.5. Energy flow

3.5.1. High-voltage battery - Electrical machine

The following graphic shows the energy flow between high-voltage battery and electrical machine.
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Energy flow between high-voltage battery and electrical machine

Index Explanation

1 Electrical machine

2 Electrical machine electronics (EME)

3 High-voltage battery unit

4 Power electronics of the EME work as an inverter and convert high-voltage

direct current into three-phase high-voltage alternating current

5 Power electronics of the EME work as a rectifier and convert three-phase high-
voltage alternating current into high-voltage direct current
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For activating and controlling the electrical machine a bidirectional inverter in the electrical machine
electronics converts the direct current voltage from the high-voltage battery into three-phase
alternating current for the electrical machine.

In alternator mode the high-voltage battery is charged via the inverter (energy recovery).

3.5.2. High-voltage - Low-voltage

The following graphic shows the energy flow between the low-voltage vehicle electrical system and
the high-voltage electrical system in the F30H.

Energy flow between high-voltage battery and 12 V vehicle electrical system

TH12-0645
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Index Explanation

1 High-voltage battery unit

2 High-voltage cable

3 Electrical machine electronics (EME)

4 Positive battery cable from/to electrical machine electronics
5 Transfer support point, luggage compartment/under floor

6 Positive battery cable from/to 12 V battery

7 Safety battery terminal (SBK)

8 12 V battery

9 Positive battery connection point

In comparison to conventional vehicles, the 12 V vehicle electrical system is not supplied with energy
via an alternator but via a DC/DC converter from the high-voltage electrical system.

Similar to the F10H, the DC/DC converter in the electrical machine electronics of the F30H is not a
bidirectional but a unidirectional DC/DC converter. This means that only energy from the high-voltage
electrical system can be transferred to the 12 V vehicle electrical system. Charging of the high-voltage
battery from the 12 V vehicle electrical system therefore is not possible.

3.6. Technical data

Electrical machine electronics

Supplier Robert Bosch GmbH
Weight 10 kg (22 Ibs)
Operating temperature range —-40 °C to +80 °C (-40 °F to 176 °F)

Power electronics

Operating voltage range Max. 385V DC

Maximum current 150 A (continuous); 400 A (0.3 second)
DC/DC converter

Nominal output voltage 14V DC

Maximum output current 170 A (continuous)

Maximum output power 2.4 kW (continuous); 3 kW (peak value 100 ms)
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4.1. Overview

The high-voltage battery unit of the F30H is identical to that in the F10H. It has the same dimensions,
the same technical data and the same inner structure. The functions for operation and safety are also
the same. For this reason only some of the key characteristic data is summarized below.

The high-voltage battery unit is the energy storage device for the electrical powertrain of the F30H. It
is manufactured by BMW AG. The lithium-ion cells of the high-voltage battery unit are manufactured

by A123 Systems. The high-voltage battery unit is a complete system that contains not only the cells
themselves, but also the following additional components:

o Electronic control unit, battery management electronics (SME)
¢  Electromechanical switch contactors

e Connections for high-voltage cables

*  Connections for signal lines

e Connections for refrigerant lines and drain line for condensation
e  Cell supervision circuits (CSC)

¢ Venthole.

In addition to the energy storage task, the high-voltage battery unit in the F30H also assumes
essential tasks which contribute to the safety of the high-voltage system. These include for example
the high-voltage interlock loop and isolation monitoring. The high-voltage safety connector (also called
the "Service Disconnect") is not an integral part of the high-voltage battery unit in the F30H. Instead it
is located under the luggage compartment floor behind the high-voltage battery unit.

The high-voltage battery unit of the F30H belongs to hazard class 9 (UN 3090) and cannot be
transported via air freight.

A

The high-voltage battery unit is a complex, high-voltage component thus it is imperative that
the handling and safety regulations are followed. In particular, lithium-ion batteries must not
be overcharged or subjected to excessively high temperatures. Otherwise there is a risk of
fire. The high-voltage battery unit must never be opened, otherwise there is a risk of fatal
injury from high currents and voltages.

A

Work on live high-voltage components is strictly prohibited. Prior to every operation which involves a
high-voltage component, it is essential to disconnect the high-voltage system from the voltage supply
and to secure it against unauthorized return to service.

Switch off terminal 15
De-energize the high-voltage system by disconnecting the high-voltage safety connector.
Secure the high-voltage system against restart by fitting a pad lock at the high-voltage connector

A W N -

Switch on terminal 15
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5  Wait until the Check Control message "High-voltage system switched off" appears in the
instrument cluster — only then is the de-energized state properly determined in the Service
workshop

6  Switch off terminal 15 and terminal R.

The vehicle-specific features of the high-voltage battery unit in the F30H (which distinguish it from the
F10H) are described in the following subchapters.

4.2. Installation location and interfaces

The F30H high-voltage battery unit is in the luggage compartment, however in comparison to the
F10H, it is installed under a cover, under the luggage compartment floor. This installation location has
the following advantages which are relevant for the customer:

o Large usable luggage compartment capacity of 390 | (FO1H has 360 1)

*  Optional equipment offers "Through-loading system" for even further flexible use of luggage
compartment.

Installation location of high-voltage battery unit in the F30H from inside the luggage compartment

Index Explanation

1 High-voltage battery unit

2 High-voltage safety connector (Service Disconnect)

3 Foam padding

4 Signal connection for battery management electronics control unit

There is a safety data sheet on the top of the housing of the high-voltage battery unit which warns
against the dangers associated with working on high-voltage components.

44



F30H Complete Vehicle
4. High-voltage Battery Unit

TPPY
®AAA
ALY &

O et 7 Sipxaeme D Shockage O Ergla Eectrigus | P X
6 M o 2 e M=t et D Frirgls Fiderries .EJ :
Berrmosorsmrm mywyreroonm G Gon } &
L S dlaruloearia energe tiekinpne Gen 7 L]
| 2foREARE LTV CodMINZSD) dtg O
Warning sticker on the high-voltage battery unit
Index Explanation
1 Prohibition symbol: No flames, sparks or smoking
2 Warning symbol: Warning against dangers of batteries
3 Warning symbol: Warning against explosive substances / materials
4 Warning symbol: Warning against caustic substances / materials
5 Reference to disposal of high-voltage battery unit: Recycling by specialist
personnel possible, not to be disposed of in domestic waste
6 Multilingual text: "Gen 2 Electrical Energy Storage System Uy =317V,

C=4Ah(1h,25°C), 46 kg"

A

Observe the safety data sheet for the high-voltage battery for all repair work on these components.
Use the personal safety equipment prescribed there. If there is any uncertainty regarding a possible
hazard, contact the technical support (PUMA) of the BMW Group.

In a conventional F30 a tray is located under the luggage compartment floor in the rear of the
bodyshell. This can also be used by the customer as an additional storage compartment. In the F30H
the high-voltage battery unit is installed in this tray. The high-voltage battery unit is bolted directly to
the frame of the tray. For this purpose there are stud bolts and a threaded bushing in the bodyshell

on the left and right side of the tray. The potential compensation which is required for the isolation
monitoring is also established via the screw connection of the housing of the high-voltage battery unit
to the bodyshell. There is no separate potential compensation line at the high-voltage battery unit of
the F30H.

A

The screw connection of the high-voltage battery unit to the bodyshell also establishes the potential
compensation. For this reason the screws and threaded bushings cannot be painted. The tightening
torque specified for the screws/nuts must be observed.

There is a 2-pin high-voltage connection at the high-voltage battery unit, which is located on its
bottom. In comparison to the F10H, the high-voltage connection and the connection for the refrigerant
lines in the F30H are also accessible from the vehicle underbody.
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Lower connections of the high-voltage battery unit in the F30H

Index Explanation

Stoneguard

Exhaust tailpipe of the exhaust system
Nuts for securing the stoneguard
Bridge for high-voltage interlock loop
Plug connection in the control line
Flexible frame (gasket)

Vent hole

Combined expansion and shutoff valve
Connections for refrigerant lines

= O 0 N O aa &~ W N =

0 High-voltage connector

The high-voltage connection has contact protection, a mechanical slide, as well as connection for the
bridge of the high-voltage interlock loop, as is known from the F10H. The refrigerant lines and the
combined expansion and shutoff valve are connected to the high-voltage battery unit by screws like in
the F10H. Before the high-voltage battery unit is removed the refrigerant circuit must be evacuated.
Only then can refrigerant lines and the combined expansion and shutoff valve be removed.

In the case of a cell defect excess pressure may arise in the inside of the high-voltage battery unit.
Therefore there is a vent hole installed to allow the gases to escape outwards. This vent has a
diaphragm which is permeable for gases, but sealed from fluids from the outside. A vent pipe like the
one used in the F10H is not required in the F30H as the vent hole of the high-voltage battery unit is
already located outside the vehicle.

The entire lower connection field of the high-voltage battery unit or the opening in the tray of the
bodyshell has a black frame made from flexible plastic. This serves as a gasket and prevents water
penetrating into the luggage compartment from the outside. The connection field is also protected
with a black painted panel against stone chipping or other mechanical influences. This panel is
connected at the vehicle underbody with help of five nuts or together to the heat shield of the exhaust
system.
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4.3. Cooling system

To maximize the service life of the high-voltage battery and obtain the greatest possible power, it

is operated in a defined temperature range. A cooling system is used which cools the high-voltage
battery with refrigerant and has a similar structure in principle to the F10H. The refrigerant circuit of
the air-conditioning was expanded with a parallel duct to the high-voltage battery. Differences between
F30H and F10H only result from the varying vehicle geometry and the installation location of the high-
voltage battery.

TH12-0647

F30H Refrigerant circuit

Index Explanation

1 Shutoff valve for passenger compartment

2 Branching of refrigerant lines to high-voltage battery unit
3 Expansion valve for passenger compartment

4 Evaporator for passenger compartment

5 Refrigerant lines to high-voltage battery unit
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Index Explanation

High-voltage battery unit

7 Combined expansion and shutoff valve for high-voltage battery unit
8 Electric A/C compressor
9 Condenser

In the temperature range in which the high-voltage battery unit does not need to be cooled the
combined expansion and shutoff valve for the high-voltage battery unit remains closed. However,

if the high-voltage battery unit has to be cooled, the battery management electronics activates the
combined expansion and shutoff valve at the bottom of the high-voltage battery unit. In this way
refrigerant can flow to the high-voltage battery, expanding, evaporating and cooling in the process. The
cooling of the high-voltage battery unit can be carried out completely independently of the cooling in
the passenger compartment as these are controlled by separate expansion and shut-off valves.

A

Because the high-voltage battery unit is connected to the refrigerant circuit, preliminary work similar to
that conducted on the air-conditioning of conventional vehicles (e.g. evacuation) will be required prior
to removal and installation work. The repair instructions must always be followed to the letter.

4.4. High-voltage safety connector (Service Disconnect)

The high-voltage safety connector ("Service Disconnect”) of the F10H is not a direct element of the
high-voltage battery unit. Instead it is located under the luggage compartment floor behind the high-
voltage battery unit in a foam padding. Its installation location is shown in a graphic in the "Installation
location and interfaces" chapter.

As in the previous ActiveHybrid vehicles, the high-voltage safety connector in the F30H also fulfils two
tasks:

. Disconnecting the high-voltage system from the supply
. Provide the high-voltage system with a safeguard against unintentional restarting.

The high-voltage safety connector (connected bridge) is part of the circuit of the high-voltage interlock
loop. If one disconnects the connector and socket of the high-voltage safety connector, the circuit

of the high-voltage interlock loop is interrupted. The voltage supply of the electromechanical switch
contactors in the high-voltage battery unit is also interrupted. The high-voltage system automatically
shuts down and is thus switched to a de-energized state.

A

The connector and socket of the high-voltage safety connector cannot be disconnected from each
other completely. Both parts are mechanically secured against complete separation. To interrupt the
circuit of the high-voltage interlock loop, it is sufficient to separate the two parts far enough so that the
pad-lock can be used to secure against restart.
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A

Before working on the high-voltage connection of the high-voltage battery unit or another high-voltage
component, it is essential to disconnect the high-voltage system from the supply, prevent against
unintentional restart and verify its safe isolation from the supply.

The exact procedure to put the system to a de-energized state is described in the chapter entitled
"Service instructions", subchapter "Safe working practices for working on a high-voltage system".

4.5. Functions

The functions of the high-voltage battery unit in the F30H are identical to those in the F10H. They
are therefore only summarized here. All functions of the high-voltage battery unit are controlled

by the battery management electronics (SME) in conjunction with other control units such as the
cell supervision circuit (CSC), the electrical machine electronics (EME) or the Crash Safety Module
(ACSM).

These functions are:

e  Starting the high-voltage system:
The high-voltage system is automatically tested, the voltage is raised and finally the contacts
of the electromechanical switch contactor are closed.

. Regular shut-down of the high-voltage system:
For example when switching off terminal 15 or at the end of the stationary cooling the high-
voltage system is regularly shut down. The currents in the high-voltage electrical system are
first adjusted to zero, the switch contactors of the high-voltage battery unit opened, the high-
voltage circuit (link capacitors) discharged and the windings of the electrical machine short-
circuited. Final tests automatically check the high-voltage system and the regular shut-down.
This process can last up to several minutes.

*  Quick shut-down of the high-voltage system:
This quick shut-down is then always carried out if, for safety reasons, the voltage in the
high-voltage system has to be reduced to a safe value as quickly as possible. The following
triggering criteria can cause a quick shut-down: accident, response of the overload current
monitoring, short circuit, critical state of a cell, failure of the 12 V voltage supply, in response to
an open in the high-voltage interlock loop.

e Charging strategy and operational strategy:
To maximize the service life of the high-voltage battery the full state-of-charge range is
not used, only a part of it. A range of zero to 100 percent is shown to the customer in the
instrument cluster (display of the on-board computer), which however corresponds to an
actual state of charge of about 25 to 70 percent.

*  Monitoring functions:
The monitoring functions guarantee the safety of the high-voltage system and the optimal
operating conditions of the high-voltage battery unit. For this reason both the high-voltage
interlock loop and isolation monitoring, as well as monitoring of the state of the cell (voltage,
temperature) are part of these functions.
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4.6. Service information

4.6.1. Installation and removal

Only the complete high-voltage battery unit can be replaced in a Service workshop, if this is provided
for by the test schedule of the BMW diagnosis system.

The return of the faulty high-voltage battery unit can only be done via the "Warranty Parts Process"
and not via the normal "Replacement Parts Process". The high-voltage battery unit of the F30H
belongs to hazard class 9 (UN 3090) and cannot be transported via air freight.

A

Because the high-voltage battery unit is a high-voltage component, it is essential during removal and
installation to observe the electrical safety rules before starting work.

In addition, prior to removal the refrigerant must be drawn off from the refrigerant circuit and after
installation re-introduced.

A

A precise description of the work sequence for removal and installation can be found in the repair
instructions. This must be followed exactly.

The installation and removal of the high-voltage battery unit is generally done using the same set of
special tools as in the F10H. However, the special tool number 0 496 722 (frame with slide rails) is
not required because the high-voltage battery unit in the F30H is not installed as deep in the luggage
compartment.

Attaching the lifting tool for removing the high-voltage battery unit

Index Explanation

1 High-voltage battery unit
2 Retaining screw

3 Lifting tool
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With help of the retaining screw the lifting tool is secured against unintentional removal of the high-
voltage battery unit.

Removed high-voltage battery unit on set-down device

Index Explanation

1 Lifting tool

2 High-voltage battery unit
3 Set-down device

In comparison to the F10H, the high-voltage battery unit in the F30H cannot be removed fully with
help of a workshop crane. Instead it must be removed from the luggage compartment by two Service
employees.

A

Proceed with caution when removing the high-voltage battery unit from the tray and the luggage
compartment so that the connections on the bottom do not incur damage.

A

In the event of replacement of the high-voltage battery unit, start-up is required with help of the BMW
diagnosis system.

During this start-up a type of "transport mode" of the high-voltage battery unit is reset. This "transport
mode" prevents the contacts of the electromechanical switch contactors closing during transportation
or storage. Only when this "transport mode" has been reset after installation is the high-voltage
battery unit and thus the complete high-voltage system operational.

4.6.2. Charging the high-voltage battery unit
The high-voltage battery unit in the F30H can be charged the same way as in the F10H. The operating
strategy always ensures sufficient state of charge of the high-voltage battery unit in normal customer

operation. In the event of extended immobilization periods or longer workshop visits the high-voltage
battery unit however should be fully charged in order to avoid damage.
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The following steps must be performed for this:

e  Start engine

*  Engage “P” and activate Automatic Hold brake

. Press and hold down brake pedal

*  With help of the brake pedal keep the speed of the combustion engine at about 2000 rpm.

After a few minutes the high-voltage battery is fully charged again. The state of charge can be
controlled with help of the state of charge display in the instrument cluster.

4.6.3. Safe working practices for working on a high-voltage system

A

Before working on high-voltage components of the F10H, it is essential to observe and implement the
electrical safety rules:

1  The high-voltage system must be disconnected from the supply

2 The high-voltage system must be provided with a safeguard to prevent unintentional restarting

3 The safe isolation of the high-voltage system must be verified.

The following chapters provide brief descriptions on how to implement the electrical safety rules in the
F30H.

Preparations

Prior to beginning any work, the vehicle must be secured against rolling away (engage the parking
lock of the automatic transmission and activate the Automatic Hold brake). Disconnect any connected
charging cables. Terminal 15 and terminal R must be switched off.

From an electrical safety viewpoint, work can begin on the system when it has been switched off and
put to a de-energized state. However, the high-voltage system may still be active and current may flow
via the contacts of the switch contactors. During shut-down this may result in a load in the contacts
which can be avoided in the following manner:

A

Allow the vehicle or the control units to go to sleep before starting to de-energize the
components. This prevents pressure being put on the contacts of the electromechanical
switch contactors because the high-voltage system is regularly shut down with the go to
sleep function.

A

Work on live high-voltage components is strictly prohibited. Prior to every operation which involves a
high-voltage component, it is essential to disconnect the high-voltage system from the voltage supply
and to secure it against unauthorized reconnection.
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Switch off terminal 15.

De-energize the high-voltage by opening the high-voltage safety switch (Safety Disconnect).
Secure the high-voltage safety connector from being reconnected.

Switch on terminal 15.

a b W N -

Verify that the "High-voltage system switched-off" Check Control message is displayed in the
instrument cluster.

6  Switch off terminal 15 and terminal R.

Disconnect the high-voltage system from the supply

The high-voltage system in the F10H is disconnected from the supply with the high-voltage safety
connector. To disconnect from the supply, the connector must be pulled from the associated socket.
This interrupts the circuit of the high-voltage interlock loop. As a result of the open circuit of the high-
voltage interlock loop, the voltage supply of the switch contactors is interrupted and the high-voltage
system put into a de-energized state.

This image shows the high-voltage safety
connector in a connected state. The circuit
of the high-voltage interlock loop is not
interrupted.
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To pull apart the socket and the connector, the
mechanical lock must be removed by squeezing
the tab. As soon as the mechanical lock has
been removed, the connector can be pulled
from the socket a few milliliters.

A

Do not pull any further or harder if resistance
can be felt. The connector and socket of the
high-voltage safety connector cannot be
disconnected from each other completely.

TH12.NR5N

Provide the high-voltage system with a safeguard against unintentional restarting

Securing against restart is also done at the high-voltage safety connector. A commercially available
pad lock is required for this purpose.

By separating the socket and connector of the
high-voltage safety connector, a hole becomes
free through both parts. The loop of a pad lock
must be inserted in this hole.

The pad lock can now be closed. The key must
be stored in a safe place during work on the
high-voltage system so that an unauthorized
person cannot unlock the lock.

Inserting and closing the pad lock at the high-
voltage safety connector is an effective way of
ensuring that the high-voltage system is not
switched on again without the knowledge and
© consent of the service technician.

Verifying safe isolation from the supply

The de-energized state is not verified using a measuring device or via the BMW diagnosis system.
Instead, the high-voltage components measure the voltage themselves and transmit the measuring
result via bus signal to the instrument cluster.

The instrument cluster does not generate the Check Control message to display the de-energized

state unless all involved high-voltage components consistently signal the de-energized state. This
Check Control symbol in red shows a crossed-out lightning bolt symbol.
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Display of isolation from the supply in the instrument cluster

Index Explanation
1 Note "High-voltage system switched off"
2 Check Control symbol "High-voltage system de-energized"

In order to verify the de-energized state, the service technician must switch on terminal 15 and wait
until he sees the Check Control message with the symbol shown above on the instrument cluster.
Then, and only then, have you ensured that the high-voltage system is de-energized. After the de-
energized state has been verified, terminal 15 and terminal R must be switched off again before you
can start the actual work.

A

If the Check Control message is not displayed, you must not carry out any work on high-voltage
components!

A

If the de-energized state cannot be determined and repairs are necessary on the high-voltage
system, Technical Support (PUMA) must be contacted.

4.6.4. Procedure after an accident

The safety concept of the high-voltage system ensures that, even during or after an accident, there
is no danger to the customer or the service technician. The high-voltage system is automatically
deactivated in the event of an accident in such a way that no dangerous voltages are applied at those
points on the high-voltage components which are accessible from the outside. Deactivation of the
high-voltage system is done as follows:

In normal operation the battery management electronics (SME) is supplied via terminal 30B. The coils
of the electromechanical switch contactors are also supplied. Deactivation in the event of an accident
is done by an extra battery safety terminal. It contains an additional normally closed contact. This
switch contact opens when the battery safety terminal is triggered at the same time as the positive
battery cable is severed. Opening this switch contact causes the switch contactors in the high-voltage
battery unit to open directly so that no more dangerous voltage can be fed into the high-voltage
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electrical system from the high-voltage battery unit. The electrical machine electronics (EME) receives
a crash signal from the Crash Safety Module (ACSM). The EME then discharges the link capacitors
immediately.

After an accident the safety battery terminal remains in the state described above such that the high-
voltage battery unit is not operational. Thus the high-voltage system remains inactive even if terminal
15 is switched on again.

A

Before working on the high-voltage components or on the battery safety terminal of an F30H which
has been involved in an accident with a triggered battery safety terminal, contact the Technical
Support (PUMA) of the BMW Group.

4.6.5. Transport mode

To protect the high-voltage battery unit, the following functions are not available when the vehicle is in
transport mode:

¢  Electrical driving
¢ Boost function

e  Automatic engine start/stop function.

The high-voltage battery unit is always charged in transport mode if the combustion engine is running.

Display of the state of charge

Like with other vehicles, in transport mode the state of charge of the 12 V battery is displayed as a
Check Control message. In the F10H, also in transport mode a Check Control message is displayed
for the state of charge of the high-voltage battery unit. The state of charge of the high-voltage battery
unit is displayed in three stages:
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State of charge Display in the Action
instrument cluster

Battery state of charge of the No further work necessary

high-voltage battery is OK

High-voltage battery is flat Charge high-voltage battery!

High-voltage battery is dead Replace high-voltage battery unit!

If the high-voltage battery unit was dead, the display in the instrument cluster to the high-voltage
battery unit is replaced. After resetting transport mode, there are no Check Control messages on
the state of charge of the high-voltage battery unit in the instrument cluster. The state of charge can
instead be called up in the display of the on-board computer.

4.7. Technical data

The following is a summary of the important characteristics of the high-voltage battery unit:

Nominal voltage 316.8V

Battery cells 96 at 3.3 V each

Storable amount of energy 1350 Wh

Used amount of energy 675 Wh

Maximum power 43.2 kW

Storage technology Lithium-ion

Dimensions (width, height, depth) 690 mMmm x 237 mm x 210 mm
Weight about 46 kg

Cooling system Cooling with refrigerant (R134a)
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5.1. Introduction

With regard to the chassis and suspension of the F30H the biggest technical change (in comparison to
the conventional F30) is in the hybrid brake system.

The following components/systems were taken from the F30 335i and implemented in the F30H:

o Twin-arm McPherson strut front suspension
o HAJS rear axle

. Electromechanical power steering (EPS) with Servotronic function / Variable sport steering
with Servotronic function

e  Parking brake

*  Brake servo and tandem brake master cylinder
*  Wheel brakes

e DSC hydraulic control unit and control unit.

The DSC was adopted for use in the F30H on account of its hardware, however the software

was adapted to enable brake energy regeneration. In comparison to the conventional F30 the
spring/damping system was also coordinated especially for the F30H. Despite its slightly higher
vehicle weight, the F30H still offers excellent driving characteristics, such as those known from the
conventional F30. The modified spring/damping coordination has an important impact for the service
technicians:

A

When performing a wheel alignment on an F30H, the modified ride height must be considered in
comparison to the conventional F30. The BMW ActiveHybrid 3 has a higher ride height than the 335i
and is 5 mm higher at the rear axle.

Similar to the F10H the hybrid brake system of the F30H also enables brake energy regeneration and
thus contributes to increasing efficiency. At the same time it ensures that the driver can safely and
firmly decelerate the vehicle.

The hybrid brake system of the F30H is almost identical in structure to that of the F10H. The following
components differentiate it from the brake system of a conventional F30:

. Electric vacuum pump

. Brake vacuum sensor

o Brake pedal travel sensor
e  DSC software.

The electric vacuum pump supplies the brake servo with a vacuum in the phases in which the
combustion engine is at a standstill, for instance during purely electric driving. To identify when the
electric vacuum pump has to be activated, a brake vacuum sensor is required. In addition, a brake
pedal travel sensor is required which indicates how far the driver has actuated the brake pedal. With
this input variable the level of the brake energy regeneration can be controlled. The DSC software
evaluates the signal of the brake pedal travel sensor for this purpose and makes available the result in
a bus signal. The DSC software also permanently monitors the steering angle, lateral acceleration and
the slip at the rear wheels. As the brake force is not applied to all four wheels but only the rear wheels
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during brake energy regeneration, this software measure is required. It is also called hybrid stability
management and normally permits maximum brake energy regeneration — even before the dynamic
handling characteristics reach a critical level, the hybrid stability management will reduce the level of
the brake energy regeneration and thus guarantee the highest level of driving stability.

5.2. System overview

9O
__[O

F30H system overview of hybrid brake system

TH12-0729
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Index Explanation

A Hydraulic braking

B Regenerative braking

1 Brake pedal and brake booster with brake pedal travel sensor

2 Dynamic Stability Control (DSC)

3 Wheel brakes

4 High-voltage battery unit

5 Electrical machine

6 Electrical machine electronics (EME)

7 Digital Engine Electronics (DME)

8 Accelerator pedal module

a Pressing of the brake pedal

b Electrical signal "Brake pedal travel" from the brake pedal travel sensor
to the DSC

c Hydraulic pressure from the brake booster to the DSC

d Hydraulic pressure from the DSC to the four wheel brakes

e Data bus message "Target braking torque" from the DSC to the EME

f Electrical energy to be stored in the high-voltage battery (DC voltage)

g Electrical energy generated by the electric motor (AC voltage)

h Phase voltages for activating the electric motor

i Data bus message "Accelerator pedal angle" from the DME to the EME
(energy recovery in coasting (overrun) mode)

j Electrical signal "Accelerator pedal angle" from the accelerator pedal

module to the DME (energy recovery in coasting (overrun) mode)

Similar to the F10H, the hybrid brake system of the F30H is a “pedal-coupled brake system” in which
there is constantly a mechanical connection between the brake pedal, brake servo and tandem brake
master cylinder. Accordingly, the hydraulic braking is done in principle like in a conventional vehicle.
The only difference is in an enlarged response range of the brake pedal to extend the pedal travel for
regenerative braking.

A deceleration process with increasing strength is as follows in the F30H:

1 Thedriver takes his foot off the accelerator pedal:
The electrical machine is now operated as an alternator. The EME activates the electrical machine
in such a way that a brake force is obtained for the complete vehicle which corresponds to a
conventional vehicle in overrun mode. The extent of energy regeneration is still at a low level here.

2  The driver presses the brake pedal (still within the response range):
The electrical machine is activated as an alternator so that the brake force increases with the
brake pedal travel. The deceleration is done via the wheels at the drive axles (rear axle) and is now
greater than in the coasting (overrun) mode and the brake energy regeneration is greater. The
hydraulic brake system is not yet active here.
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As the brake servo and tandem brake master cylinder in the F30H are identical to those in the
conventional F30, the response range is also the same when the brake pedal is pressed. Tests in
development have concluded that the level of the response range was sufficient for the metering
of the brake energy regeneration and therefore no component change was required.

3  Thedriver presses the brake pedal (beyond the response range):

The electrical machine is activated so that the maximum possible brake energy regeneration is
achieved. The brake force generated in this way is added now to the brake force generated also

on mechanical/hydraulic travel.

The following graphic summarizes this process again.

)

(e

F30H Diagram for distributing the brake force

Index Explanation

a Brake force on the wheels
b Brake pedal travel

c Accelerator pedal angle

1 Total brake force
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Index Explanation

2 Hydraulically generated brake force

3 Regeneratively generated brake force

4 Brake pedal travel at which the maximum possible regenerative

brake force acts

5 Brake pedal travel at which the hydraulic brake force begins
(end of response travel)

5.3. System components

5.3.1. Vacuum supply

The vacuum supply is guaranteed when the combustion engine is running by the mechanically driven
vacuum pump. An electric vacuum pump performs this task when the combustion engine is off.

F30H Vacuum system
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Index Explanation

1 Mechanical vacuum pump

2 Engine mount (not controllable)
3 Electric vacuum pump

4 Brake vacuum sensor

5 Brake servo

The electric vacuum pump is activated by the electrical machine electronics. The EME contains

the electrical output stages required for this and switches the electric vacuum pump on and off as
required. To determine this requirements there is a brake vacuum sensor, which is installed in the brake
servo. This sensor supplies an analogue output signal to the DME where it is evaluated and then made
available to the EME as a bus signal.

5.3.2. Brake pedal travel sensor

In comparison to the F10H, the brake pedal travel sensor in the F30H is not integrated in the tandem
brake master cylinder. In the F30H the same tandem brake master cylinder as in the F30 can therefore
be used. The brake pedal travel sensor is located instead directly at the brake pedal. The sensor
principle is similar to that of a ride height sensor. The analogue output signal is read in and evaluated
by the DSC control unit. It is transmitted to the EME in the form of a bus signal, which then decides
whether and how strong the electrical machine should be operated. The following graphic shows the
installation location of the brake pedal travel sensor.

Installation location of the brake pedal travel sensor
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Index Explanation

Brake fluid expansion tank

Brake pedal travel sensor

Connecting rod between brake pedal travel sensor and brake pedal
Brake pedal

Brake servo

Brake vacuum sensor

N OO g WN =

Brake master cylinder

With help of a Service function of the diagnosis system the brake pedal travel sensor can be initialized.
The sensor signal is programmed if the brake pedal is not pressed. This initialization is necessary in
the following situations:

A

The brake pedal travel sensor must be initialized after each of the following:

. the DSC control unit was replaced
e  the brake pedal travel sensor was replaced

. mechanical work was performed on pedal mechanism.

The BMW diagnosis system must be used for initialization.
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The low-voltage vehicle electrical system of the F30H and F10H are distinguished mainly with regard
to the 12 V voltage supply. The reason for this is that the F10H is based on the conventional F10 and
the F30H on the F30. Accordingly other control units and components are involved in the 12 V voltage
supply. These differences are described in the following chapter. The common features with regards to
the start-up system and terminal control are only briefly summarized here.

6.1. 12 V voltage supply

The 12 V vehicle electrical system of the F30H is based on the one hand on the electrical system of
the F30 and on the other on the hybrid-specific part of the F10H. Also in the F30H the energy supply
is no longer realized by a conventional alternator but primarily by the high-voltage electrical system.
The high voltage of the high-voltage battery is converted to a lower voltage (about 14 V) using a DC/
DC converter. The starter motor generator (SGR) is connected to an auxiliary battery like in the F10H.
The auxiliary battery in the F30H is however a conventional lead-acid battery (not an AGM battery)
with a capacity of 40 Ah. In the following cases the cut-off relay, through which the two 12 V vehicle
electrical systems are normally separated from each other, is closed:

1 The auxiliary battery is fully charged and the starter motor generator continues to generate
electrical energy or

2 The DC/DC converter of the EME cannot assume the energy supply due to a fault.

A second energy supply for the 12 V vehicle electrical system is available,
which increases the reliability.
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6.1.1. System overview
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System wiring diagram, 12 V voltage supply F30H
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Index Explanation

1 Starter motor generator (SGR)

2 Starter motor

3 Digital Engine Electronics (DME)

4 Supply lead (protected) from the front power distribution box to the EPS

5 Supply lead (protected) from the front power distribution box to the electric fan
relay

6 Supply lead (protected) from the front power distribution box to the blower
motor

7 Supply lead (protected) from the front power distribution box to the DSC
hydraulic control unit

8 Jump start terminal point

9 Transfer support point (at the bulkhead)

10 Reverse polarity protection module

11 Fuse, terminal 30B in the FEM for control electronics of the starter motor
generator

12 Front Electronic Module (FEM)

13 Fuses in the power distribution box of the luggage compartment

14 Cut-off relay

15 Fuse 5 A in the line from the power distribution box of the auxiliary battery to
the EME

16 Power distribution box of auxiliary battery

17 Transfer support point (change of lines in the vehicle to lines at the vehicle
underbody)

18 Safety battery terminal 2

19 Auxiliary battery

20 Intelligent battery sensor 2

21 Transfer support point (change of lines in the vehicle to lines at the vehicle
underbody)

22 Intelligent battery sensor

23 12 V battery

24 Safety battery terminal

25 Power distribution box at the 12 V battery

26 Electrical machine electronics (EME)

27 DC/DC converter

28 Crash Safety Module
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6.1.2. Reverse polarity protection module, power distribution box

In this engine compartment there are some common features with regard the low-voltage system and
some hybrid-specific special features. In this chapter details are provided mainly on the consumers
connected at the power distribution box and the reverse polarity protection module. The following
chapter deals with the start-up system. In the previous chapter all components of the low-voltage
vehicle electrical system are also shown in the system wiring diagram.

F30H Jump start terminal point

Index Explanation

1 Cover for jump start terminal point

2 Cover for power distribution box, front

3 Ground connection for charger/jump start cable
4 Jump start terminal point
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F30H Power distribution box, front

Index Explanation

1 Positive battery cable/transfer support point for the power distribution module
(PDM)

Positive battery cable from the jump start terminal point to the starter motor
Jump start terminal point

Supply lead (protected) for the electric fan relay

Supply lead (protected) for the electromechanical power steering (EPS)
Supply lead (protected) for the DSC hydraulic control unit

Supply lead (protected) for the blower motor, passenger compartment
Reverse polarity protection module

Electric fan relay

= O 0 N O a &~ W DN

0 Ground connection

Like in the F10H a separate reverse polarity protection module is also used in the F30H in order to
avoid subsequent damage to the vehicle electrical system and the connected electronic components
during polarity reversal. For this purpose the reverse polarity protection module contains Zener diodes
which are switched between the jump start terminal point and ground (see system wiring diagram 12 V
voltage supply).

Reminder: Zener diodes are silicon diodes with a special property which restricts the voltage during
operation in reverse direction. This property is used if an external voltage source such as a battery
charger is connected to the correct (positive) polarity. In this case the Zener diodes protect the
electronic components of the vehicle electrical system against overvoltage by restricting the voltage.
In the opposite scenario, if an external voltage source is connected to incorrect (negative) polarity, the
Zener diodes work like other diodes, i.e. a very low resistance resistor. The external voltage source

is practically short-circuited and its voltage drops to almost zero volt. The electronic components in
the vehicle are thus not exposed to incorrect (negative) voltage and are thus protected. If the external
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voltage source remains connected to incorrect (negative) polarity for an extended period and a very
high current is permanently flowing, then the Zener diodes are destroyed and can no longer exercise
their protective effect. In this rare case the vehicle control units are also damaged.

A

The reverse polarity protection module can only prevent subsequent damage of a polarity reversal for a
limited time. The reverse polarity protection module does not withstand a permanent polarity reversal
but is damaged as a result. Subsequent damage to the electronic components of the vehicle electrical
system is also possible.

6.2. Start-up system

The start-up system comprises several components:

e  Starter motor generator (SGR)
e Auxiliary battery
*  Power distribution box and cut-off relay in the luggage compartment.

TH11-0991

Starter motor generator

The starter motor generator of the F30H has the same design as that of the F10H. The electrical
machine is a salient-pole machine, whose rotor is equipped with permanent magnets and an excitation
coil for separate excitation. The voltage at the stator can also be controlled via the excitation coil. The
actual electrical machine forms one unit together with the rotor position sensor, the control module
and the seven power electronics modules, and can only be replaced as a unit in the event of a defect.
The control module and the DME communicate via a local interconnect network bus. The starter
motor generator receives the commands for the operating mode (engine/alternator) as well as for the
level of voltage generated in alternator mode.
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A

To identify a fault with the starter motor generator, the auxiliary battery (state of charge or state of
health), lines (resistance), screw connections of lines (contact resistance), fit and tension of drive belt,
grounding cable and the local interconnect network bus connection must first be checked. The starter
motor generator should only be replaced if all these checks have failed.

The starter motor generator is driven by the combustion engine via a drive belt in alternator mode or
can start the combustion engine via the drive belt in starter mode. The principle of the belt drive with
the two belt tensioners is also identical to that of the F10H.

Alternator mode and starter mode operation of the starter motor generator

Index Explanation

A Starter mode operation (starting the combustion engine)

B Alternator mode operation (combustion engine is running and auxiliary battery
is charging)

The starter motor generator with the auxiliary battery forms a separate 12 V vehicle electrical system.
When the combustion engine is started (starter mode) energy is taken from the auxiliary battery; in
alternator mode the auxiliary battery is charged. Due to the permanent magnets in the rotor the starter
motor generator always generates electrical energy when the combustion engine is running. So as not
to waste this energy when the auxiliary battery is fully charged, a large amount of the energy generated
can be used to supply the conventional 12 V vehicle electrical system by closing the cut-off relay.

In the following two cases the combustion engine is started with help of the starter motor generator:

*  The combustion engine is at operating temperature and was shut down by the automatic
engine start-stop function (at a standstill or during the journey) and should be restarted now.

*  When the first start (after terminal 15 is switched on) with the conventional starter motor is not
possible due to a defect for example.

71



F30H Complete Vehicle
6. Low-voltage Electrical System

As the installation locations in the engine compartment differ slightly between F10H and F30H, the
following graphic shows the electrical wiring in conjunction with the starter motor generator. The
photos were taken with the covers of the front power distribution box and acoustic cover removed.

Installation situation and electrical wiring in the engine compartment F30H

Index Explanation

Line to the starter motor

Supply lead for the Power Distribution Module

Transfer support point for line to the starter motor

Transfer support point for line to the Power Distribution Module
Line to the starter motor generator

Power Distribution Module (PDM)

Connection of line at starter motor generator

0O N O a b~ W N -

Starter motor generator

72



F30H Complete Vehicle
6. Low-voltage Electrical System

6.2.1. Auxiliary battery

The auxiliary battery of the F30H is a conventional lead-acid battery with a capacity of 40 Ah. It is
installed together with the hybrid-specific power distribution box in the luggage compartment on the
right, above the 12 V battery.

QYT (&) 2 (3 o
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F30H auxiliary battery in the luggage compartment on the right

Index Explanation

>

Auxiliary battery installed

Auxiliary battery removed

Cut-off relay

Safety battery terminal of the auxiliary battery SBK2
Intelligent battery sensor (auxiliary battery) IBS2

12 V battery

Auxiliary battery

Clamp for mechanical fixing of the auxiliary battery
Power distribution box of auxiliary battery

O ~N O A WN = m

Battery power distribution box

A

A change of the auxiliary battery must always be registered.

As is already known from the F10H, the current, the voltage and the terminal temperature of the
auxiliary battery are recorded by an intelligent battery sensor IBS2. The results are forwarded via local
interconnect network bus to the electrical machine electronics (EME).

In the event of an accident of sufficient severity, a battery safety terminal (SBK2) ensures the
disconnection of the positive battery cable between the auxiliary battery and starter motor generator.
This battery safety terminal (SBK2) is located directly at the positive terminal of the auxiliary battery.
The pyrotechnic activation of the battery safety terminal for the auxiliary battery is effected by the
Crash Safety Module (ACSM).
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6.2.2. Power distribution box and cut-off relay

The power distribution box of the auxiliary battery and the cut-off relay are familiar components from
the F10H. They only differ in the F30H by their installation location. This is located at the clamp which
encloses the auxiliary battery and is shown in the graphic in the previous chapter.

Power distribution box in the luggage compartment

Index Explanation
1 Positive battery cable between auxiliary battery and power distribution box
2 Positive battery cable between power distribution box of the auxiliary battery

and cut-off relay
Supply line IBS2
100 A fuse

Plug connector for line to the electrical machine electronics and supply line of
the IBS2

Ventilation line of the auxiliary battery
5 A fuse

40 A fuse

Line from the 40 A fuse to the 5 A fuse

0 Positive battery cable from the power distribution box to the starter motor
generator

= ©O© 00 N O
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The intelligent battery sensor (IBS2) receives the voltage supply via a small gauge line from the battery
safety terminal (SBK2) of the auxiliary battery. The positive battery cable of the auxiliary battery is

also fed from the battery safety terminal (SBK2) of the auxiliary battery. Other lines also lead from this
power distribution box to the starter motor generator, cut-off relay and EME. The power distribution
box is the same as in the F10H and is only located at the other installation location shown.

There are two fuses in the power distribution box of the auxiliary battery. The 100 A fuse protects

the positive battery cable from the power distribution box to the cut-off relay. The power distribution
box is a component from the "module" which is why the 40 A fuse is always installed. The line to the
EME has a smaller gauge however, and this is why a 5 A fuse is installed in series. The positive battery
cable leads from the power distribution box of the auxiliary battery to the starter motor generator. This
positive battery cable is made from copper and is not protected against overload current - this is one
of the key reasons why a safety battery terminal is also attached at the auxiliary battery.

The cut-off relay is also a known component from the F10H and is installed (in the F30H) at the top at
the clamp over the auxiliary battery. The two 12 V vehicle electrical systems are connected via this cut-
off relay. The two 12 V vehicle electrical systems are connected if for example, the auxiliary battery is
fully charged and the engine speed of the combustion engine increases to over 2500 rpm. The cut-off
relay is opened, however, by a start-up process in order to avoid a voltage dip in the conventional 12

V vehicle electrical system. The activation of the cut-off relay is carried out by the electrical machine
electronics (EME).

In the event of a malfunction with the hybrid system the starter motor generator (SGR) can
assume the supply of the network consumers which is normally done by the DC/DC converter

in the EME. In this case the cut-off relay is closed. Depending on the overall energy requirements
in the vehicle electrical system convenience functions such as the seat heating can be deactivated.

6.3. Terminal control

The terminal control of the F30H is identical to that in the F10H. Only the display of the driving
readiness in the instrument cluster is different (see section "Displays and controls").
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The bus systems of the F30H are based on the bus systems of the F30. All the main and sub-bus
systems of the F30 are also used in the F30H.

The hybrid-specific control units known from the F10H are also included.

Electric motor electronics (EME)

Battery management electronics (SME)

Cell supervision circuit (CSC)

Electric A/C compressor

Starter motor generator (SGR)

Integrated battery sensor 2 (IBS2) for the auxiliary battery.

Due to some exceptions for optional equipment (see section "Introduction") some control units are not
installed in the F30H. The resulting bus structure of the F30H is as follows.
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7.1. Bus overview

F30H bus overview

TH12-0146_3
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Index Explanation

1 Control units authorized to perform wake-up function

2 Start-up nodes: Control units for start-up and synchronization of the
FlexRay bus system

ACSM Advanced Crash Safety Module

AMPT Amplifier Top (top high fidelity amplifier)

CON Controller

CsC Cell supervision circuit

D-CAN Diagnosis-on-Controller Area Network

DME Digital Engine Electronics

DSC Dynamic Stability Control

DVDC DVD changer

EGS Electronic transmission control

EKK Electric A/C compressor

EKPS Electronic fuel pump control

EME Electrical machine electronics

EPS Electric Power Steering

Ethernet Cable-based data network technology for local data networks

FEM Front Electronic Module

FLA High-beam assistant

FlexRay Fast, real-time and fault-tolerant bus system for use in automotive sector

FZD Roof function center

GWS Gear selector switch

HU-H Headunit High (3rd Generation)

ICM Integrated Chassis Management

IBS Intelligent battery sensor

IBS2 Intelligent battery sensor 2

IHKA Integrated automatic heating / air-conditioning system

K-CAN Body controller area network

K-CAN2 Body controller area network 2

KAFAS Camera-based driver assistance systems

KOMBI Instrument panel

LIN-Bus Local interconnect network bus

Local CAN Local Controller Area Network

MOST Media Oriented System Transport

OBD Diagnostic socket
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Index Explanation

PDC Park Distance Control

PMA Parking Manoeuvring Assistant
PT-CAN Powertrain controller area network
PT-CAN2 Powertrain controller area network 2
REM Rear Electronic Module

SGR Starter motor generator

SME Battery management electronics
SMFA Driver's seat module

SWwW Lane change warning

TCB Telematics Communication Box
TPMS Tire pressure monitoring system
TRSVC Control unit for the Top, Rear and Side-view cameras
VDM Vertical Dynamics Management
ZGM Central gateway module

7.2. Adapted control units

The adapted control units in comparison to the basic vehicle F30 are listed in the following table
together with the reasons for the adaptation.

Control unit

Reason for adaptation

ACSM

DME

DSC
EGS

FEM

ICM

IHKA

Headunit
KOMBI

Evaluation of sensor signals from ICM (rollover), activation of second safety
battery terminal at the auxiliary battery

Torque coordination of electrical machine/combustion engine, communication
with starter motor generator (via local interconnect network bus)

Evaluation of the brake pedal travel sensor, brake energy regeneration

Hybrid-specific shift program, activation of the additional electrical
transmission oil pump

Hybrid-specific terminal control (driving readiness without running combustion
engine)

For F30H always in the version with roll rate sensor and vertical acceleration
sensor (identification of rollover legally required)

Activation of the electric A/C compressor (EKK) (via local interconnect network
bus)

Hybrid-specific displays in central information display

Additional relevant hybrid-specific displays, as well as hybrid-specific Check
Control messages
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The hybrid-specific operating conditions, as well as other information, are displayed in the instrument
cluster and if desired in the Central Information Display. The displays in the instrument cluster of the
F30H differ significantly to those in the F10H. In the Central Information Display the changes are less
substantial. Instead they are marked by a new visible appearance, which can be traced back to the
introduction of the third generation of the HU-H.

The following hybrid-specific operating conditions and information are shown:

o "Ready to drive" mode

e  Electric driving

*  Boost function

o Brake energy regeneration

*  State of charge of the high-voltage battery

¢ Information on the use of the hybrid drive and ECO PRO mode.

Some of them are shown permanently in the lower part of the rev counter. Others the driver has to call
up specifically. Both the displays in the CID and in the instrument cluster are activated when terminal
15 is turned on. Their content and appearance are described in the following chapters

The hybrid-specific Check Control messages of the F30H are identical to those in the F10H. An
overview can be seen in the product information bulletin "ST1203 F10H Complete Vehicle". Similar
to the F10H, in the F30H no additional action is required by the driver despite the two different drive
systems. The operating strategy reacts immediately to the current driver's choice and many other
input variables. Based on this it uses the two drive systems particularly efficiently or dynamically to
correspond to the driver's choice.

In conventional vehicles the driver can deactivate the automatic engine start-stop function with help
of a separate button. In the F30H there is no such button. However engaging of the selector lever in
position "DS" or "M/S" can still eliminate the stopping of the combustion engine.

8.1. Displays in the instrument cluster

8.1.1. Introduction
The display concept for the hybrid-specific operating conditions and information differ from the F10H.

The specific display concept of The F30H is described in the following points:

o Driving readiness: Explicit needle position of rev counter “READY”
*  Electric driving and brake energy regeneration: Change of the display direction
e  State of charge of the high-voltage battery: graphic/numeric
. Driving experience switch: Large dependency on selected mode.
In the following graphic it can be seen how the selected mode on the driving experience switch

influences the displays in the instrument cluster. In the DSC OFF, TRACTION, SPORT+ and SPORT
mode there is the familiar display of the current fuel consumption. In COMFORT mode the state of
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charge of the high-voltage battery, as well as the electric driving power used, are shown. Finally in ECO
PRO mode the driving power used or the power during brake energy regeneration is constantly shown.
A white mark moves around the curved shaped scale depending on the power.

? ? %
mTRACT!GN N
1]

Displays in the instrument cluster of the F30H dependent on the selected mode

Index

Explanation

A

W N =T mQTIO W

DSC OFF mode

TRACTION mode

SPORT+ mode

SPORT mode

COMFORT mode

ECO PRO mode

Three segments for display of the level of brake energy regeneration
Continuous display of the current fuel consumption

Four segments for display of the power used by the electric motor
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Index Explanation

4 Continuous scale for the level of brake energy regeneration

5 Continuous scale for the driving power used

6 White mark for continuous display of the driving power or the level of brake
energy regeneration

7 Neutral position of the white mark: no driving power is used or brake energy
recovered

To highlight the other differences the displays of the individual operating conditions and information
are shown in individual graphics in the following sub-chapters and compared with those in the F10H.
The graphics shown for the F10H apply at the time of the market introduction of the F10H. They
may change during the course of production as a result of technical further developments or model
revisions.

8.1.2. State of charge of the high-voltage battery

In the F10H the state of charge of the high-voltage battery is displayed on a scale from 0 to 1 when
terminal 15 is switched on. The filling degree of the arc provides information on the customer-relevant
state of charge of the high-voltage battery. The customer-relevant state of charge between 0 and 1
corresponds to a real state of charge between approximately 25% and 70%.

In the F30H the customer-relevant state of charge of the high-voltage battery can also be shown in the
instrument cluster. If the customer selects COMFORT mode with the driving experience switch, then a
small battery symbol is permanently shown under the display of the drive position. The number of blue
bars in this battery symbol shows the approximate state of charge. This display is not available in the
other modes of the driving experience switch.

Beside the graphic display there is a numerical display of the state of charge: The customer can call
up the state of charge as a function of the on-board computer and have it displayed permanently if
desired. This display once again shows the customer-relevant state of charge of the high-voltage
battery, which is from 0% to 100%.
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10:28
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Display of the state of charge in the instrument cluster

Index Explanation

A F10H

B F30H, COMFORT mode

C F30H, ECO PRO mode

1 Continuous display in the form of an arc

2 Numerical display as an on-board computer function
3 Display in the form of bars
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8.1.3. "Ready to drive" mode

The "Ready to drive" state is captured when the drivetrain is at operating temperature (engine and
transmission) and at a standstill. The combustion engine is thus switched off. When drive position
“D” or “R” is engaged the vehicle can be set in motion by releasing the brake pedal and pressing the
accelerator. This is realized depending on the state of charge and temperature of the high-voltage
battery, as well as the accelerator pedal angle with help of the electric motor or with help of the
combustion engine.

In the F10H the "Ready to drive" state is recognizable in the instrument cluster by the following: the
rev counter is at "zero" and under the rev counter the blue writing "READY" is shown.

F10H "Ready to drive" display

In the F30H the rev counter includes the intended position “READY” for the "Ready to drive" state. No
additional writing "READY" must therefore be shown.

F30H "Ready to drive" display

Index Explanation
A COMFORT mode
B ECO PRO mode

In COMFORT mode both the segments for the driving power used and the level of the brake energy
regeneration are not highlighted. The white mark on the scale in ECO PRO mode is in the neutral
position. In both cases it signals that no driving power is used and no brake energy is recovered.
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8.1.4. Electric driving

The driving power used during the purely electric driving is displayed in the form of four segments
both in the F10H and in the F30H. The more segments that are highlighted the more driving power
that is used. In the F10H these segments point in the direction of the rev counter, i.e. clockwise.

F10H Electric driving display

In contrast, in the F30H the segments are in the reverse direction like in the F10H, i.e. counter-
clockwise. The rev counter remains in the “READY” position.

F30H Electric driving display

Index Explanation
A COMFORT mode
B ECO PRO mode

Both in COMFORT mode and in ECO PRO mode the customer can read off the driving power used
using the number of highlighted segments. In ECO PRO mode the white mark also moves over the
curved shaped power scale and permanently shows the driving power used. Like in the F10H the
maximum usable power is reached when four segments are highlighted. If the driver further increases
the accelerator pedal angle, the combustion engine is started.
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8.1.5. Operation using combustion engine

The rev counter in both vehicles typically displays the current engine speed. In the F10H the
segments for the electric motor are not even visible; only the state of charge of the high-voltage
battery is shown permanently.

F10H Operation using combustion engine display

In COMFORT mode of the F30H the segments for the electric driving power used and the level of

the brake energy regeneration are permanently visible, but are not highlighted in combustion engine
operation. In ECO PRO mode of the F30H the segments for the electric motor are no longer shown.
Instead the curved shaped power scale is shown, which now has the writing "POWER". The position
of the white mark now no longer shows how much electric diving power is used, but how much driving
power is requested by the combustion engine.

F30H Operation using combustion engine display

Index Explanation
A COMFORT mode
B ECO PRO mode
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8.1.6. Boost function

With active Boost function both drive types are active at the same time and ensure maximum
acceleration. In the F10H this is shown by the position of the rev counter at a high engine speed and a
simultaneous display of all four segments for the electric motor.

F10H Boost function

If the driver in the F30H uses the Boost function when COMFORT mode is activated then the
segments for the electric motor are not highlighted. Instead the writing "eBOOST" appears on the
right end of the scale. In ECO PRO mode this writing also appears and the maximum driving power
is also implemented. The driver no longer uses the vehicle efficiently. In ECO PRO mode the driver
therefore receives the message to reduce the accelerator pedal angle. At the same time the power
scale changes from blue (efficient) to grey (inefficient).

@ ECOPRO

R et

F30H Boost function display

Index Explanation
A COMFORT mode
B ECO PRO mode

87



F30H Complete Vehicle
8. Displays and Controls

8.1.7. Brake energy regeneration

The instrument cluster in the F10H shows the driver the use of the brake energy regeneration by up
to three highlighted segments. The first of the segments which has a plus symbol appears as soon
as the driver takes the foot off the accelerator pedal. Upon actuation of the brake pedal the other two
segments are highlighted. These segments point in a counterclockwise direction in the F10H.

F10H Brake energy regeneration display

In the F30H the display for the level of the brake energy regeneration points in the opposite direction,
i.e. counterclockwise. This applies to all modes of the driving experience switch. In all modes, except
ECO PRO mode, there are up to three highlighted segments: the first segment is highlighted, as soon
as the driver releases the accelerator pedal, the second and third segment are highlighted when the
brake pedal is pressed. In ECO PRO mode the display is not done by highlighted segments, but by the
white mark which now moves over the neutral position to the left.

II' ECOPRO

g

F30H Brake energy regeneration display

Index Explanation
A COMFORT mode
B ECO PRO mode
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8.2. Displays in central information display

The hybrid-specific displays in the central information display CID are also called up in the F30H via
the menu "Vehicle info > Hybrid". The content shown is basically identical to that in the F10H. The
changes are suitable to the display style only in the detail and in the graphic preparation, which is
defined by the third generation HU-H. The following subchapters show the content of these displays
using an example: statistics for hybrid usage, energy/power flows and information in ECO PRO mode.

8.2.1. Statistics for hybrid usage

™y rd
— A

Display for utilization of the hybrid system

7

Index Explanation

Selection of the display for hybrid use

Consumption scale of the combustion engine

Period of time in which the COMFORT mode was used
Average consumption of the combustion engine

Time axis (16 minutes)

Bar represents one minute

N OO A WN =

Percentage scale for usage of the electric motor

The utilization of the hybrid system in the last 16 minutes of driving can be shown in the CID. One bar
stands for a period of one minute. The time is also counted during engine stop phases. The higher the
bar, the higher the fuel consumption or the use of the electrical machine.

The grey bars at the top show the fuel consumption of the combustion engine. A line and a value to
the right beside the diagram show the average consumption.
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In comparison to the F10H, the phases are differentiated in color dependent on the selected mode on
the driving experience switch. This way the driver can identify the influence of the mode on the fuel
consumption.

The blue bars show the percentages of how much the electric motor was used. The electrical machine
can thus be operated as an alternator (during brake energy regeneration) or as an engine (during
electric driving). Also phases of standstill, in which the combustion engine was switched off and the
vehicle electrical system was supplied by the high-voltage battery, are included in the blue bars. The
higher the bar, the greater the use of the electric motor and thus higher fuel economy.

The two red marks on the vertical axis of the display indicate the bars from the last minute.

8.2.2. Energy/Power flows

The display of the energy/power flows in the CID of the F30H is effected according to the same
principle in the F10H:

o Blue: Electrical energy

o Red: Energy of the combustion engine

¢ Arrow: Direction of the energy / power flow

A driving situation is now shown by way of an example. The other driving situations can be deduced
from this.

1) 2) (3
5 Hybrid \ Wll87.5 MHz

eBOOST

®

Energy/Power flows display in the central information display during heavy acceleration
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Index Explanation

1 Selection of display for energy / power flows

2 State of charge of the high-voltage battery

3 g)rlive)arrow for combustion engine (red) and drive arrow for electric motor
ue

Automatic transmission with electric motor
Writing for current driving situation "eBOOST"
6 Power flow to the rear axle

Apart from the new visible design, no change for the F10H was made to this display.

In this display, which can also be split in the right part of the split screen, the driver also receives
information if the hybrid system optimizes the operating strategy with help of the stretch of road
ahead. A prerequisite for this is that the vehicle is equipped with a navigation system and the route
guidance is activated. The electrical machine electronics evaluates the bus telegrams from the
navigation system and takes into consideration the distance to the destination. Also the electric driving
shortly before reaching the destination can be enabled by prior charging of the high-voltage battery. If
such preparation of the hybrid system is under way, symbols and writing are also shown in the display
of the energy/power flows. You can see an example in the following graphic.

I\\_ 1[1"-2:} il 8?5 P-.;"|H.'-f
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CHARGE wird vorbereitet
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Display of energy/power flows in the CID for downhill gradient ahead

Index Explanation

1 Energy/Power flows diagram

2 Symbol to clarify what situation/road type is ahead (here: slope)
3 Writing "CHARGE is prepared"

While the hybrid system is prepared for the situation ahead, the symbol (item number 2) receives a
green border. If the situation occurs, the same symbol is shown but with a blue border.
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8.3. ECO PRO mode

Like in the F10H and in conventional F30 models, the driver can select ECO PRO mode also in F30H.
ECO PRO mode supports the driver during efficient driving, optimizes the operating strategy for even
more economical fuel consumption and increases the range of the vehicle.

ECO PRO mode is activated using the driving experience switch. In the instrument cluster the writing
"ECO PRO" is shown beside the drive position, as well as switched to the curve-shaped scale for
the driving power used. The driver also receives the so-called bonus range displayed as an on-board
computer function in blue writing. The bonus range is the additional range which was achieved by
using ECO PRO mode.

10:28

43951 é 223.5

ECO PRO mode displays
Index Explanation
A ECO PRO mode, efficient driving style
B ECO PRO mode, driving style outside efficient range
1 Bonus range in blue writing
2 Power scale in blue
3 Bonus range in grey writing
4 Power scale in grey
5 Arrow requests less power to be requested
6 Reason for the request to call up less power:

ECO PRO speed limit exceeded

ECO PRO displays in the instrument cluster are only shown in blue if the driver uses the vehicle in the
efficient range. If the driver leaves the efficient range, both the color of the bonus range and the power
scale change from blue to grey. In the graphic above the reason the efficient range was left is because
the ECO PRO speed limit set by the driver was exceeded. But also if the accelerator pedal is pressed
too firmly, the driver receives a corresponding display which suggests to him to request less power.
The display in the instrument cluster thus supports the driver in the efficient operation of the vehicle.
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ECO PRO mode

T|F-i at: 95 km/h

= ECO PRO climate control

Configure ECO PRO mode
Index Explanation
1 Activation/Deactivation of information when ECO PRO speed limit exceeded
2 Selection of speed for issue of ECO PRO tips
3 Activation/Deactivation of restricted climate control in ECO PRO mode
4 How much percent of the possible saving potential can be achieved with the

current configuration is displayed

After activation of ECO PRO mode the driver can configure this via a menu that is opened
automatically. The driver can choose to set a speed limit and activate restricted climate control.

The fuel consumption is either reduced directly because the electric A/IC compressor is operated at
lower power for example. Or the fuel consumption is reduced indirectly because the driver receives a
message when the set speed limit is exceeded. These types of messages are not only shown in the
instrument cluster, but also on the central information display.

== EfficientDynamics \ 10:22 ll87.5 MHz

w ECO PRO
¥
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Example of ECO PRO message
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Index Explanation

1 The issue of ECO PRO information is activated

2 Message in text form, e.g. "Reduce speed, limit exceeded"
3 Information in graphic form

4 Name of the menu (ECO PRO information)

In conclusion, the technical measures of ECO PRO mode are summarized which support the driver in
adopting an efficient driving style:

94

Alteration of the accelerator pedal characteristic and the shift program in automatic
transmissions

Message to the driver when efficient range is left
Reduction of power of electric Comfort consumer (e.g. seat heating)
Power reduction of heating/air-conditioning

Rolling without energy consumption ("coasting") up to a driving speed of 160 km/h is possible.
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The F30H climate control system (already known from the F10H) is used to cool the passenger
compartment and the high-voltage battery. The components in the refrigerant circuit, as well as the
functions, are in principle identical.

The functions of the climate control system are:

*  Cooling/heating of the passenger compartment during driving
e  Stationary cooling and conservation cooling when vehicle is stopped

*  Cooling of the high-voltage battery.

The F30H electric A/C compressor (EKK) has the same design as that in the F10H and therefore also
uses a spiral compressor for compressing the refrigerant. It is supplied with high-voltage DC via the
EME and absorbs a maximum electrical power of 4.5 kW. As it can be operated independently of the
running combustion enging, it enables the cooling function also during electric driving and when the
vehicle is stopped. As in the F10H, the electric A/C compressor in the F30H is also equipped with a
silencer in the pressure line to guarantee quiet operation even when the combustion engine is not
running.

TH12-0728

Electric A/C compressor in the F30H
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Index Explanation

Signal connector

High-voltage connector for compressor

Intake pipe (gaseous refrigerant with low temperature and low pressure)
Silencer

Pressure line (gaseous refrigerant with high temperature and high pressure)

OO O b W N =

Electrical A/C compressor (EKK)

The electric A/C compressor is a high-voltage component!

A\

1|

High-voltage component warning sticker

A

Only service technicians who satisfy all the hybrid training prerequisites are permitted
to work on the designated high-voltage components. Technicians must have all suitable
qualifications, comply with the electrical safety rules and must follow procedure and the
repair instructions to the letter.

A

The electric A/C compressor (EKK) is NOT part of the High-voltage interlock loop!

By removing the high-voltage connector at the EKK the high-voltage system is not
automatically shut down!

Before removing the high-voltage connector at the electric A/C compressor (EKK) the high-
voltage system must be de-energized.

PAG oil also used in the refrigerant circuit of the F30H (as in F10H) for lubricating the AC components.

In addition to the electric A/C compressor the other components in the refrigerant circuit of the F30H
such as the expansion and shutoff valve are also known from the F10H. however Due to the different
vehicle body in the F30H they are installed at different locations and therefore the refrigerant lines
are routed differently. The following graphic provides an overview of the refrigerant circuit and the
installation locations of the components.
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F30H Refrigerant circuit

Index Explanation

Shutoff valve for passenger compartment

Branching of refrigerant lines to high-voltage battery unit
Expansion valve for passenger compartment

Evaporator for climate control of passenger compartment
Refrigerant lines to high-voltage battery unit

High-voltage battery unit

Combined expansion and shutoff valve for high-voltage battery unit
Electric A/C compressor (EKK)

© 0O N O a b~ W DN =

Condenser

In contrast to the F10H, the valves used for cooling the passenger compartment are not a combined

expansion and shutoff valve. Instead the shutoff valve and the expansion valve are separated due to the

available space. Both the shutoff valve for passenger compartment and for the combined expansion
and shutoff valve for high-voltage battery cooling are closed when de-energized and are powered
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open. The shutoff valve for cooling the passenger compartment is activated (powered open) by the
EME. The combined expansion and shutoff valve for the high-voltage battery is in contrast activated
(powered open) by the battery management electronics (SME).

The diagnosis system offers a Service function with which the two refrigerant circuit valves can be
activated. This Service function can be used if the refrigerant circuit is to be evacuated. If an A/C
service station is used for the evacuation (which generates a vacuum in both lines) then the valves

do not necessarily have to be activated. Through the vacuum on both lines the refrigerant is reliably
drawn off also when the valves are closed. If in contrast an A/C service station is used (which only
generates a vacuum in one line) then this Service function must be used to properly draw off the
refrigerant completely. To ensure that the evacuation is always performed properly it is therefore
recommended to apply the Service function for activating the valves.

A

Before the evacuation of the refrigerant a Service function in the diagnosis system must used
to activate and open the two valves in the refrigerant circuit. This ensures that the refrigerant
is completely and properly evacuated.

The stationary cooling function can be activated by the customer via the vehicle remote key (fourth
button). So that the stationary cooling can be performed, sufficient state of charge of the high-voltage
battery is necessary and an ambient temperature which must be greater than approx. 15 °C (59 °F).
The stationary cooling is automatically stopped when one enters the vehicle again and terminal 15 is
switched on.

The conservation cooling function can be activated with terminal 15 switched off by pressing the
button for increasing the air volume. The ventilation and electric A/C compressor are thus activated for
a maximum of roughly 6 minutes so that the interior temperature is kept at a pleasant level.
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General information

Symbols used

The following symbol/schematic diagram is used in this document to facilitate better comprehension
or to draw attention to very important information:

A

Contains important safety information and information that needs to be observed strictly in order to
guarantee the smooth operation of the system.

Information status and national-market versions

BMW Group vehicles meet the requirements of the highest safety and quality standards. Changes in
requirements for environmental protection, customer benefits and design render necessary continu-
ous development of systems and components. Consequently, there may be discrepancies between
the contents of this document and the vehicles available in the training course.

This document basically relates to the European version of left hand drive vehicles. Some operating el-
ements or components are arranged differently in right-hand drive vehicles than shown in the graph-
ics in this document. Further deviations may arise as a result of the equipment specification in specific
markets or countries.

Additional sources of information

Further information on the individual topics can be found in the following:

¢ Owner's Handbook
* Integrated Service Technical Application.
Contact: conceptinfo@bmw.de
©2012 BMW AG, Munich, Germany
Reprints of this publication or its parts require the written approval of BMW AG, Munich

The information contained in this document forms an integral element of the technical training of the
BMW Group and is intended for the trainer and participants in the seminar. Refer to the current respec-
tive information systems of the BMW Group for any changes/additions to the technical data.

Information status: June 2012
VH-23/International Technical Training
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1.1. Market launch

Within BMW EfficientDynamics framework the BMW Group presents another version of the Active-
Hybrid 7 from summer 2012. This time the ActiveHybrid 7 is a full hybrid vehicle which uses "second
generation" hybrid technology. This technology has already been used in the ActiveHybrid 5. The de-
velopment code of the new ActiveHybrid 7 is FOTH or FO2H, depending on whether it is the version
with a short or long wheelbase. The US market will only receive the long wheelbase FO2H version of
the car which replaces the previous ActiveHybrid 7, the FO4.

The drive system of the new BMW ActiveHybrid 7 comprises a 6-cylinder in-line engine with Twin-
Power turbo technology (N55B3000), an 8-speed automatic gearbox (GA8P70HZ) and an electrical
machine. The BMW 740i sedan (which can already be commended for the efficiency of its combustion
engine) now experiences a further reduction in the consumption and emissions levels of about 14%
with the integration of BMW ActiveHybrid technology.

Its drivetrain generates a system power output of 260 kW/354 HP. It accelerates the BMW ActiveHy-
brid 7 from zero to 100 km/h in 5.7 seconds (0 to 60 mph in 5.6s) and restricts the fuel consumption
to average values of about 6.8 | for every 100 kilometers, as well as CO» emissions to about 158 g/km

(values based on EU test cycle, dependent on tire format selected).

The electric motor of the BMW ActiveHybrid 7 enables fully electric driving and thus emission-free
driving at speeds of up to 60 km/h (37 mph). At an average speed of 35 km/h (20 mph), the high-volt-
age battery provides enough energy to enable fully electric driving across a distance of up to four kilo-
meters (2.5 miles). Furthermore, a start/stop motor function provides additional efficiency by switching
off the combustion engine each time the car is stopped at traffic lights or in traffic.

In addition to the settings "Sport+", "Sport", "Comfort" and "Comfort+", the driver in the BMW Ac-
tive Hybrid 7 can also choose ECO PRO mode, via the standard driving experience switch. ECO PRO
mode supports a particularly relaxed and highly economical driving style thereby preferring a fully elec-
tric driving style.

Whereas the high-voltage batteries of the E72 and F04 originated from the cooperation ventures with
other automobile manufacturers, the high-voltage battery used in the FOTH/FO2H is "Made by BMW".
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Generations of the BMW active hybrid vehicles

Index Explanation

1 The E72 was launched at the end of 2009 as the first BMW hybrid car.
The technology used here (generation 1.0) was a product created by the
cooperation venture between General Motors, DaimlerChrysler and BMW. A
nickel metal hybrid battery was used as an electric energy storage device.

2 The second hybrid car from BMW introduced in 2010 was the ActiveHybrid
7 (FOA4). It is a mild hybrid with generation 1.5 technology. This technology
was developed together with Mercedes Benz. The highly efficient lithium-ion
battery was used in the high-voltage electrical system.

3 The ActiveHybrid 5 was the third BMW hybrid vehicle but used Generation 2.0
technology for the first time. Built since the end of 2011, it also uses a lithium-
ion battery as an electrical energy storage unit.

4 In 2012 the production of further BMW hybrid vehicles with Generation 2.0
technology continues. The new ActiveHybrid 7 replaces the FO4 and now
bears the development code FO1TH/FO2H.

5 The second BMW hybrid vehicle with a production start in 2012 is the BMW
ActiveHybrid 3 (development code F30H).

All vehicles in which second generation hybrid technology is used have similar features, components
and functions. These are described in detail in the "ST 1203 F10H Complete Vehicle" training materi-
al available on TIS and ICP. Only the FOTH/FO2H ActiveHybrid 7 specific features and the technical dif-
ferences to the F10H are explained in this product information document.

A

The second generation hybrid technology is described in detail in the "ST1203 F10H Com-
plete Vehicle" training material available on TIS and ICP. This product information manual
concentrates only the features specific to the FO1H/FO2H.
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Features specific to the FOTH/FO2H are:

. Identifying features and technical data
. Bus systems
o Displays in the instrument cluster and in the central information display.

1.2. Identifying features

1.2.1. Exterior trim

The BMW ActiveHybrid 7 distinguishes itself from the conventional 7-Series sedan through a range of
special features. These includes the unique exterior color "Liquid Blue Metallic" which represents the
innovative BMW ActiveHybrid technology. The "ActiveHybrid 7" inscription on the entry sills, on two
C-pillars, as well as on the trunk lid indicate that it is a hybrid vehicle. In addition, the "ActiveHybrid"
inscription was also installed on the acoustic cover of the combustion engine. The ActiveHybrid 7 is
equipped as standard with 18" wheel rims in a V-spoke design. The 19" wheel rims are available as op-
tional equipment. In order to reduce fuel consumption only wheels with 18" Aero wheel rims (Stream-
line 357) are offered as an option for the FOTH/FO2H.

Identifying features FOTH/FO2H

Index Explanation

1 "ActiveHybrid 7" inscription on the tailgate

2 "ActiveHybrid 7" inscription on the C-pillars

3 Entry sills with "ActiveHybrid 7" inscription

4 18" standard wheel rims

5 Acoustic cover with "ActiveHybrid" inscription
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A

The US market will only receive the long wheelbase FO2H version of the car which replaces
the previous ActiveHybrid 7, the F04.

1.2.2. Interior

The interior equipment of the BMW ActiveHybrid 7 also distinguishes itself from other FO1/FO2 vehi-
cles by some special features.

The hybrid-specific operating conditions and the state of charge of the high-voltage battery are dis-
played in the instrument cluster and if desired in the Central Information Display. Both the display in
the CID and in the instrument cluster are activated upon start-up.

The plate with the "ActiveHybrid Power Unit" inscription in the luggage compartment refers to the
high-voltage battery unit.

1.3. Intelligent energy management

Similar to the first hybrid car of the second generation (the F10H) the operating strategy of the FOTH/
FO2H is also characterized by innovative functions. This includes the advanced hybrid management
and the Coasting function (rolling without energy consumption), which was introduced with the F10H,
and is also in the FOTH/FO2H. These functions are automatically available when ECO PRO mode is ac-
tivated.

The data from the Navigation Professional system (standard on FO2H) is used even more efficiently.
The intelligent energy management function is also offered on all Generation 2 hybrid vehicles but on-
ly the “Home” feature is currently active in the US and Canadian markets.

1.4. Technical data

Unit BMW 740i BMW ActiveHybrid 7
Engine and transmission
Design R6 R6
Number of valves per cylinder 4 4
Displacement [cm3] 2979 2979
Transmission GA8HP45Z GA8P70HZ
Powertrain Rear wheel Rear wheel
Final drive ratio 3.077 2.929
Maximum power, [kW (HP)] 235 (320) 235 (320)
combustion engine [rpm] 5800 5800
Maximum torque, Nm (Ib-ft) 450 (332) 450 (332)
combustion engine [rom] (1300 to 4500) (1300 to 4500)
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Unit BMW 740i BMW ActiveHybrid 7
Complete system power [KW (HP)] 260 (354)
[rpm] 5800
High-voltage battery type - Lithium-ion
Power of electrical machine [kW [ HP] - 40/55
[rpm] from 1800
Maximum torque, Nm (Ib-ft) - 210 (184)
electrical machine [rom] up to 1300
Vehicle performances
Acceleration [s] 5.6 5.6
0-60 mph
Maximum speed (limited) km/h 250 (155) 250 (155)
(mph)
Consumption and emissions
Fuel consumption [1/100 km] 10.6 6.0
(EU cycle, urban driving)
Consumption [I/100 km] 6.3 7.2
EU cycle, non-urban driving
Consumption [1/100 km] 7.9 6.8
EU cycle, total
CO, emissions [g/km] 184 158
Dimensions and weights
Length/width/height [mm] 5079/1902/1471 5079/1902/1471 (FO1H)
(FO1) 5219/1902/1471
5219/1902/1471 (FO2H)
(FO2H)
Wheelbase [mm] 3070 (FO1) 3070 (FOTH)
3210 (F02) 3210 (FO2H)
Turning circle [m] 12.2 (FO1) 12.2 (FO1H)
12.7 (F02) 12.7 (FO2H)
Track width front/rear [mm] 1611/1650 1611/1650
Curb weight (DIN) [kal 1825 (FO1) 2095 (FO1H)
1845 (F02) 2123(FO2H)
Payload in accordance with DIN [ka] 650 590
Fuel tank capacity [liters 80 (21.1) 80(21.1)
(gal)]
Luggage compartment capacity [liters] 500 360
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1.5. Equipment

The new ActiveHybrid 7 is available in a European and a US version, as well as a left-hand drive vehi-
cle and right-hand drive vehicle version. In the USA and China markets only the FO2H is offered. The
FO1H/FO2H and FO1/F02 differ not only in the technical data but also in the range of optional equip-
ment offered.

The most important optional equipment which is not offered in the FO2H is briefly summarized below:

e  All-wheel drive system xDrive (installation location of the front axle differential is partly taken
up by the electrical machine electronics)

* Integral Active Steering
. Dynamic Drive

*  Ski bag and through-loading facility (due to installation location of the lithium-ion high-voltage
battery)

o Trailer tow hitch

. Extended rear air-conditioning (rear air conditioner, installation location is taken up by the lithi-
um-ion battery).

The following equipment is part of the standard equipment:

*  4-zone A/C system
*  Navigation Professional System.

For the first time in a BMW ActiveHybrid the optional equipment "Active Cruise Control" is offered.
The Active cruise control with Stop&Go function (ACC Stop&Go) is an element of the optional equip-
ment Enhanced Active Cruise Control (SA5AT). ACC Stop & Go detects not only slowly stopping vehi-
cles but also stationary ones, and can react to these situations accordingly. The detection of stationary
vehicles is a therefore unique feature. More information on the topic ACC Stop&Go can be found in the
"ST1212 FO1/FO2 LCI Driver Assistance Systems" available on TIS and ICP.

The longer final drive ratio of the FOTH/FO2H in comparison to the conventional FO1/F02 also helps re-
duce the fuel consumption. Through the reduced engine speed level this advantage is not only notice-
able in normal consumption, but also in everyday use at higher driving speed.
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The bus systems of the FOTH/FO2H are based on the bus systems of the FO1/F02. All the main and
sub-bus systems of the FO1/F02 are also used in the FOTH/FO2H. Compared with the bus systems of
the FO1/FO2 some new control units have been added, some have had to be adapted and some are not
installed in the FOTH/FO2H at all. The resulting bus structure of the FOTH/FO2H is as follows.
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2.1. Bus overview
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Index Explanation

1 Wakeable control units

2 Control units authorized to perform wake-up function

3 Start-up nodes: Control units for start-up and synchronization of the FlexRay
bus system

ACC Active cruise control

ACSM Advanced Crash Safety Module (ACSM)

AMPH Amplifier High (high fidelity ampilifier)

AMPT Amplifier Top (top high fidelity amplifier)

CAS Car Access System

CID Central information display

CON Controller

CSC Cell supervision circuit (CSC)

D-CAN Diagnosis, Controller Area Network

DME Digital Engine Electronics

DSC Dynamic Stability Control

DVDC DVD changer

EDC SHL Electronic Damper Control satellite, rear left

EDC SHR Electronic Damper Control satellite, rear right

EDC SVL Electronic Damper Control satellite, front left

EDC SVR Electronic Damper Control satellite, front right

EGS Electronic transmission control

EHC Electronic ride height control

EKK Electrical AC compressor

EKPS Electronic fuel pump control

EME Electrical machine electronics

EMF Electromechanical parking brake

EPS Electric Power Steering (electromechanical power steering)

Ethernet Cable-based data network technology for local data networks

FCON Rear compartment controller

FD Rear compartment display

FD2 Rear compartment display 2

FLA High-beam assistant

FlexRay Fast, real-time and fault-tolerant bus system for use in automotive sector

FKA Rear heating and air-conditioning system

FRM Footwell module
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Index Explanation

FZD Roof function centre

GWS Gear selector switch

HEADUNIT Headunit High

HKL Automatic luggage compartment lid actuation
HUD Head-Up Display

ICM Integrated Chassis Management
IBS Intelligent battery sensor

IBS2 Intelligent battery sensor 2

IHKA Integrated automatic heating / air-conditioning system
JBE Junction box electronics

KAFAS Camera-based driver support systems
K-CAN Body controller area network
K-CAN2 Body controller area network 2
K-CAN3 Body controller area network 3
KOMBI Instrument cluster

LHML LED main light module, left

LHMR LED main light module, right
LIN-Bus Local interconnect network bus
Local CAN Local Controller Area Network
MOST Media Oriented System Transport
NVE Night Vision Electronics

OoBD Diagnostic socket

PDC Park Distance Control

PMA Parking Maneuvering Assistant
PT-CAN Powertrain controller area network
PT-CAN2 Powertrain controller area network 2
RDC Tire pressure control

REMAFA Reversible electric-driven reel, left
REMABF Reversible electric-driven reel, right
RSE Rear Seat Entertainment

SGR Starter motor generator

SMBF Front passenger seat module
SMBFH Rear passenger seat module

SME Battery management electronics
SMFA Driver's seat module

10
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Index Explanation

SMFAH Rear driver's side seat module
STML Left-hand headlight driver module
STMR Right headlight driver module
SWwW Lane change warning

SZL Steering column switch cluster
TCB Telematics Communication Box
TPMS Tire Pressure Monitoring System
TRSVC Control unit for reversing camera, Top View and Side View
VDM Vertical Dynamics Management
VSW Video switch

ZGM Central gateway module

2.2. New control units

The FOTH/FO2H uses "second generation" hybrid technology.

For this reason the following control units (not installed in a FO1/F02) are shown in the bus overview of
the FOTH/FO2H :

o Electrical machine electronics (EME)

. Battery management electronics (SME)
e  Cell Supervision Circuit (CSC)

. Electric A/C compressor (EKK)

e  Starter motor generator (SGR)

* Intelligent battery sensor 2.

Note: All of the above-mentioned control units are already known from the F10H.

2.3. Adapted control units

The IHKA had to be adapted to make possible the activation of the electric A/C compressor EKK in all
operating conditions. The electric A/IC compressor control unit communicates with the IHKA via the
LIN-bus.

To be able to show additional displays for driving readiness, electric driving, brake energy regeneration
and state of charge of the high-voltage battery which are relevant to the driver, the instrument cluster
was adapted. In addition, the Check Control messages were enhanced with hybrid-specific messages.
A multifunctional instrument display is not installed in the FOTH/FO2H.

The new HU-H was adapted to enable additional, hybrid-specific displays to be shown in the central

information display (CID). By selecting "Hybrid" in the "Vehicle Info" menu it is possible to display the
energy and power flows for each driving situation and the state of charge of the high-voltage battery.

11
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The software of the Digital Engine Electronics (DME) was adapted due to the torque coordination of
the electrical machine/combustion engine. In addition, the DME communicates with the starter motor
generator (SGR) via the LIN bus.

Rollover detection is required for the hybrid cars on a worldwide scale so that the high-voltage system
is deactivated in the event of a rollover. The rollover detection is realized with the help of the sensors
integrated in the Integrated Chassis Management control units (roll rate sensor and vertical accelera-
tion sensor). The ACSM had to be adapted with regard to the evaluation of these sensor signals. The
safety battery terminal at the auxiliary battery is activated by the ACSM if required.

The software of the Dynamic Stability Control (DSC) was also adapted for the regenerative braking.
This includes reading-in the brake pedal travel sensor which is connected directly to the DSC control
unit as a hardware interface.

The EGS control unit was adapted due to the modified transmission. For instance the electric trans-
mission oil pump is controlled by the EGS control unit.

Due to the modified terminal control (driving readiness) the software in the Car Access System con-
trol unit has also been adapted.

2.4. Omitted control units

Compared to the FO1/F02, some optional equipment is not offered in the FO1H/FO2H. For this reason
some control units are no longer shown in the bus overview.

The following table lists the control units no longer used.

Discontinued Function Reason for discontinuation
control unit
AL Active steering Complicated coordination, in particular for electric

driving (in the FO1/F02 the active steering is only of-
fered in the package with Integral Active Steering).

HSR Integral Active Steering  Because Integral Active Steering is always offered
only together with Active Steering, the control unit
for rear axle slip angle control is also omitted.

BCU Battery Charge Unit In the FO1H/FO2H the 12 V Electric Power Steering
(EPS) is always installed.

12
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The hybrid-specific operating conditions, as well as other information, are displayed in the instrument
cluster and if desired in the Central Information Display. The displays in the instrument cluster of the
FO1H/FO2H differ significantly to those in the F10H. In the Central Information Display the changes are
less substantial. Instead they are marked by a new visible appearance, which can be traced back to the
introduction of the third generation of the HU-H (Headunit High).

The hybrid-specific operating conditions and the state of charge of the high-voltage battery are dis-
played in the instrument cluster and if desired in the Central Information Display.

The following hybrid-specific operating conditions are shown:

. "Ready to drive" mode

. Electrical driving

*  Boost function

*  Brake energy regeneration

e  State of charge of the high-voltage battery

* Information on the use of the hybrid drive and ECO PRO mode.

Some of them are shown permanently in the lower part of the rev counter and others the driver has to
specifically call up. Both the displays in the CID and in the instrument cluster are activated when termi-
nal 15 is switched on. Their content and appearance are described in the following chapters.

The hybrid-specific Check Control messages of the FOTH/FO2H are identical to those in the F10H. An
overview can be seen in the "ST1203 F10H Complete Vehicle" training manual. Similar to the F10H,
the same also applies for the FOTH/FO2H in that no additional action is required by the driver despite
the two different drive systems. The operating strategy reacts immediately to the current driver's
choice and many other input variables. Based on this it uses the two drive systems particularly effi-
ciently or dynamically to correspond to the driver's choice.

13
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3.1. Displays in the instrument cluster

The display concept for the hybrid-specific operating conditions and information are specific to the
FO1H/FO2H in the following information and thus differ from the F10H:

*  Electric driving and brake energy regeneration: Change of the display direction
e  State of charge of the high-voltage battery: graphic/numeric
. Driving experience switch: Large dependency on the selected mode.

With help of the following graphic it can be seen how the selected mode on the driving experience
switch influences the displays in the instrument cluster. In the DSC OFF, SPORT+ and SPORT mode
there is the familiar display of the current fuel consumption. In COMFORT and COMFORT+ mode the
state of charge of the high-voltage battery, as well as the electric driving power used, are shown.
Finally in ECO PRO mode the driving power used or the power during brake energy regeneration is
constantly shown. A white mark moves around the curve-shaped scale depending on the power.

DS,

Displays in the instrument cluster of the FOTH/FO2H dependent on the selected mode

Index Explanation

1 Driving experience switch

2 TRACTION OFF, SPORT+ and SPORT mode
3 COMFORT+ and COMFORT mode

4 ECO PRO mode

To highlight the differences the displays of the individual operating conditions and information depen-
dent on the selected mode are shown in individual graphics in the following sub-chapters.
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3.1.1. SPORT+ and SPORT mode

In TRACTION OFF, SPORT+ and SPORT mode purely electric driving is not possible thus there is no
display for this.

A Driving readiness:
it IE SPORT 20 The rev counter is at "zero" and under the rev
0 10 S counter the blue writing "READY" is shown.

A

SPORT Driving by means of a combustion engine:
@ 20 The rev counter typically shows the current en-
0 10 gine speed and the current fuel consumption is

I shown with a red curve.
|

Boost function:
Position of the rev counter at high engine
speed and simultaneous display of the writing

)| 8T8 20
Ch 2. \
Ve, 0 i

\ f "eBoost" at the right end of the scale. Current
/ | \ " fuel consumption shows maximum.

Brake energy regeneration:

Display for the strength of the brake energy re-
generation in clockwise direction (differs to the
F10H). The first segment is highlighted as soon
I as the driver releases the accelerator pedal. Ac-
tive first and second segment refer to braking
with help of the electrical machine. The high-
lighted third segment means braking with a
mechanical brake.

@ SPORT 20
b
0 10 A

~
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3.1.2. COMFORT + and COMFORT mode

In this mode the state of charge of the high-voltage battery is permanently shown with a small battery
symbol under the display of the drive position. The number of blue bars in this battery symbol shows

the approximate state of charge. This display is not available in the other modes of the driving experi-

ence switch.

Besides the graphic display there is a numerical display of the state of charge: The customer can call
up the state of charge as a function of the on-board computer and have it displayed permanently if de-
sired. This display once again shows the customer-relevant state of charge of the high-voltage battery,
which is from 0% to 100%.

e Driving readiness:
READY @ COMFORT+ The rev counter is at "zero" and under the rev
: counter the blue writing "READY" is shown.

v

Electric driving:

IE COMFORT+ The driving power used during the purely elec-
2 tric driving is displayed in the form of four seg-
v ments. The more segments that are highlight-

ed the more driving power that is used. The
segments are aligned counterclockwise (differs
to the F10H). The writing "eDrive" is at the end
of the scale.

Driving by means of a combustion engine:
IE Sl AL The rev counter typically displays the current
o engine speed.

v

Boost function:
Position of the rev counter at high engine
speed and simultaneous display of the writing

IE COMFORT+

r "eBoost" at the right end of the scale.

Brake energy regeneration:

IE COMFORT+ Display for the strength of the brake energy re-
- i generation in clockwise direction (differs to the
nl":'!' >’ F10H). The first segment is highlighted as soon

as the driver releases the accelerator pedal. Ac-
tive first and second segment refer to braking
with help of the electrical machine. The high-
lighted third segment means braking with a
mechanical brake.
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3.1.3. ECO PRO mode
In ECO PRO mode the operating conditions are highlighted by a white mark.

Driving readiness:

The rev counter is at "zero" and under the rev
counter the blue writing "READY" is shown.
The white mark on the scale is in the neutral
position. In both cases it signals that no driving
power is used and no brake energy is recov-
ered.

Electric driving:

The driving power used during the purely elec-
tric driving is displayed in the form of four seg-
ments. The more segments that are highlight-
ed the more driving power that is used. The
white mark also moves over the curve-shaped
power scale and permanently shows the driv-
ing power used. The writing "eDrive" is at the
end of the four segments.

Driving by means of a combustion engine:

: IE' ECOPRO The rev counter typically displays the current
4G N . e

17 e engine speed. The segments for electric driv-
nwv,. aw ing are not visible. Instead the curve-shaped

power scale is shown, which now has the writ-
ing "POWER". The position of the white mark
now no longer shows how much electric diving
power is used, but how much driving power is
requested by the combustion engine.

Boost function:

Position of the rev counter at high engine
speed and simultaneous display of the writ-

ing "eBoost" at the right end of the scale. The
driver no longer uses the vehicle efficiently. He
therefore receives the information to reduce
the accelerator pedal angle. At the same time
the power scale changes from blue (efficient) to
grey (inefficient).

Brake energy regeneration:

Display for the strength of the brake energy re-
generation in clockwise direction (differs to the
F10H). The display is not effected by highlight-
ed segments, but by the white mark which now
moves over the neutral position to the left.
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3.2. Displays in central information display

The hybrid-specific displays in the central information display CID are also called up in the FO1H/FO2H
via the menu "Vehicle info > Hybrid". The content shown is basically identical to that in the F10H. The
changes are suitable to the display style only in the detail and in the graphic preparation, which is de-
fined by the third generation HU-H.

The graphic implementation for hybrid utilization is displayed below.

JlB7.5 MHz

m7.2

Smin 10min 1 Smin

g, \
'\_B_ /I '1_\_5 )

Display for utilization of the hybrid system

Index Explanation

Selection of the display for hybrid use
Consumption scale of the combustion engine
Average consumption of the combustion engine
Time axis (16 minutes)

Bar representing minutes

OO A W N =

Percentage scale for use of the electrical machine
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3.2.1. Coasting function
The "coasting" function is already known from the F10H.

The coasting (rolling without energy consumption) means that the combustion engine is also shut
down at higher speeds up to about 160 km/h (100 mph) if it is not required for the powertrain. At the
same time the separating clutch in the drivetrain is opened so that the vehicle rolls without engine
braking effect.

To be able to use "coasting" the driver must have selected ECO PRO mode. If the driver takes his
foot off the accelerator pedal, the function becomes active after a short while, the combustion en-
gine switches off and the separating clutch is opened. The advantage of increased efficiency through
"coasting" is clearly visible: in this operating condition no fuel whatsoever is used.

|\ =5 Hybrid 14:44

w ECO PRO——@©

[

(52

& (n}——————0

Tip: g
Accelerate moderately e
Speed limit ahead

Display for ECO PRO tips

Index Explanation

1 ECO PRO mode is selected

2 Symbol for reason to take foot off the accelerator pedal

3 Text information for reason to take foot off the accelerator pedal

The symbol to reduce the accelerator pedal angle also appears in the instrument cluster.
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