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Important information

In view of the growing number of electric vehicles Volkswagen is building, we can simplify 
the development and production of these vehicles by using a modular assembly matrix.
Similar systems like the modular infotainment matrix (MIB) and the modular transverse 
matrix (MQB) have already proven themselves in this way.

In this Self-study Programme, we would like to present the design and function of the drive 
train for the new modular electric drive matrix (MEB).

You will find detailed information on the vehicles from the ID. family in the Self-study 
Programmes and web-based training courses:

SSP 709 ñThe ID.3ò
SSP 718 ñThe ID.4ò
WBT ñThe New ID.3 - Now you can 2.0ò
WBT ñThe New Volkswagen ID.4ò
WBT ñThe Drive System for the ID.4 GTXò
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The content of the Self-study Programmes is the property of Volkswagen 
AG. It may not be passed on to third parties without the permission of 
Volkswagen AG or be otherwise misappropriated.

Legal note

Self-study Programmes are used to teach users about the design and 
function of new developments. Please use the respective workshop 
information for up-to-date test, adjustment and repair instructions.
The contents will not be updated.

Notes on content

You will find a detailed explanation of how to use the new online Self-
study Programmes via the menu option ñHelpò.

Notes on use

Preface
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Why do we need an MEB?
The modular assembly matrix allows the assemblies in the MEB to be 
adapted to all vehicle sizes.
The MEB makes the development of new electric vehicles more 
efficient.
The MEB was developed exclusively for electric vehicles and can be 
used across brands.

Which components and assemblies belong to the MEB?
High-voltage drives
Gearboxes for high-voltage drives
High-voltage batteries
Other high-voltage-specific components 
(power electronics, chargers, high-voltage cables, high-voltage PTC 
heater elements, high-voltage air conditioning compressors, ...)
Components from the MQB, MLB and MIB along with their assist 
systems that need modification for use in high-voltage vehicles.

The importance of the modular electric drive matrix MEB
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External stator with 
permanent magnet

Simplified depiction 
of a DC motor 
using inrunner design

Inner rotor with 
armature and coils

Electrical 
connection 
for rotor coils

Electric motors have existed since the mid-19th century. Different designs have established themselves in
practical usage. These include, for example:

DC motors
AC/three-phase motors

Each electric motor consists of a rotating part, the rotor, and a fixed part, the stator. The following applies 
to both designs:

If the stator is on the inside and the rotor on the outside, we call the motor an outrunner. 
If the stator is on the outside and the rotor on the inside, we call it an inrunner. This is the most 
common design. 

There are three design variants for the rotor and stator:
Both have electrical coils.
One of the two has electrical coils, the other contains permanent magnets.
The stator has electrical coils and the rotor has an inductive squirrel cage instead of permanent 
magnets.

Any electric motor can also work as a generator when it is driven.

Volkswagen uses exclusively three-phase motors to drive its electric
vehicles.

Design

How does an electric motor work?
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All electric motors work according to the same basic principle no matter whether they are driving a 
washing machine, model railway or an electric vehicle.
The basic principle is based on attractive and repelling forces that the magnetic fields apply to 
each other. 

We will look at how a DC motor with permanent magnet stator works in a very simplified example. 
The rotor rotates in an unchanging magnetic field in this case. 
This is produced by the ring-shaped permanent magnet in the stator.

The rotor has several coils made from copper wire via which slip contacts are powered by a 
segmented collector. This generates a separate magnetic field on the rotor. This is alternated by 
the collector so that the magnetic field of the rotor is always directed against that of the stator.
The rotor starts to rotate in the stator as the north pole of the rotor field and the south pole of the 
stator field are attracted or the same poles are repelled.

How DC motors 
work 

How does an electric motor work?
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with three-phase current

Alternating currentphases

Rotor 
with permanent magnets

S

S

S

N

N

N

Stator 
with coils


Simplified illustration of a three-phase motorCoils are fitted in the stator that generate a continuously alternating 
magnetic field. 
The north and south poles are not permanently assigned to specific coils. 

Due to the alternating current and the phase shift of 120Á in the individual 
phases U, V and W, the stator generates a rotating field with alternating 
magnetic fields that cause the rotor to rotate steadily.

The magnetic field in the rotor is formed either by permanent magnets or a 
squirrel cage.

How three-phase 
motors work 

How does an electric motor work?
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Permanent magnets

Rotor in an asynchronous motorRotor in a synchronous motor

Squirrel cage


Three-phase motors are divided into two 
designs (synchronous and asynchronous 
motors). They differ mainly in the design of the 
rotor.

Synchronous motor
Permanent magnets are integrated into the rotor 
in synchronous motors. We therefore speak of a 
permanently excited synchronous motor. 

Asynchronous motor
The rotor in the asynchronous motor does not 
contain permanent magnets, but an electrically 
conductive squirrel cage.

Design

Comparison between synchronous and asynchronous motors
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Synchronous motor Stator magnetic field

Speed of
rotor

Speed of
stator magnetic field

Rotor with permanent magnets

Asynchronous motor
Stator magnetic field

Speed of
rotor

Speed of
stator magnetic field

Rotor with squirrel cage.

When you energise the coils in an asynchronous motor, a rotating magnetic 
field is also generated on the stator. This magnetic field induces a voltage 
in the rotor squirrel cage that causes a current flow. Due to this current flow, 
a separate magnetic field is formed around the rotor that follows the 
rotational movement of the stator field.
The rotor turns slightly slower than the stator magnetic field. 
They run asynchronously.

When the stator coils are energised in a synchronous motor, this generates 
a rotating, magnetic field. 
In most operating states, the rotor and the stator magnetic field rotate at the 
same speed. They run synchronously. 
This explains the term synchronous motor.

How it works

Comparison between synchronous and asynchronous motors
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Advantages of the asynchronous motor
High efficiency
Brief overload capacity
Low drag losses
Gentle automatic start due to squirrel cage
Low manufacturing costs

Advantages of the synchronous motor
High efficiency
Fast response
Constant power output
Load-independent, stable speed 
High starting torque

Advantages

Comparison between synchronous and asynchronous motors
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The main advantages of electric motors are:
A high torque from the first revolution
A broad rev range from 0 up to 16,000 rpm
Continuously variable in both directions of rotation

Since the torque is very high across the whole rev range, a gearbox with 
several gears is not needed.
For the speed of the drive motor to lie within a usable range, it is 
transmitted at a constant ratio.

A 1-speed gearbox is sufficient for this purpose.

Why is a 1-speed gearbox sufficient for electric drives?
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Synchronous motor:
three-phase current drive VX54

Rear axleFront axle

Variant 2Variant 1

Asynchronous motors:
three-phase current drive 2 VX 97

The modular strategy makes a range of drive variants possible.

Rear-axle drive:
With a permanently excited synchronous motor, the three-phase 
current drive VX54

Dual motor all-wheel drive:
with a permanently excited synchronous motor on the rear axle, the 
three-phase current drive VX54
and an asynchronous motor on the front axle, the three-phase current 
drive 2 VX97

There are two variants of the three-phase current drive 2 VX97 that are 
manufactured by two different manufacturers.

Drive variants in the MEB
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Electric drive motor 
V141

Direction of travel

Rubber/metal mount

Power and control electronics for electric drive JX1

1-speed gearbox 0MH

Rear-axle subframe

A permanently excited synchronous motor with the designation electric 
drive motor V141 is used to drive the rear axle. 

The power and control electronics for electric drive JX1 are located 
above the electric drive motor. The electric drive motor and power 
electronics are connected to the cooling circuit. 

The 1-speed gearbox 0MH is bolted directly to the electric drive motor 
and forms a structural unit with it. 
This engine/gearbox unit is connected to the rear axle subframe via 
three rubber/metal mounts.

The electric drive motor V141, the power and control electronics for 
electric drive JX1 and the 1-speed gearbox 0MH together form the three-
phase current drive VX54.

The rear-axle drive using example of ID.4

SSP 730 Modular Electric Drive Matrix – Power Transmission and Powertrain



Electric drive motor 2 
V717

Front axle frame

Rubber/metal mount

Power and control electronics 2 for 
electric drive 

JX4

1-speed gearbox
0MJ

A permanently excited asynchronous motor with the designation electric 
drive motor 2 V717 is used to drive the front axle. 

The power and control electronics for electric drive 2 JX4 are located 
above the electric drive motor. The electric drive motor and power 
electronics are connected to the cooling circuit. 

The 1-speed gearbox 0MJ is bolted directly to the electric drive motor and 
forms a structural unit with the motor. 
This engine/gearbox unit is connected to the front axle subframe via three 
rubber/metal mounts.

The electric drive motor 2 V717, the power and control electronics for 
electric drive JX4 and the 1-speed gearbox 0MJ together form the three-
phase current drive 2 VX97.

The front-axle drive using example of ID.4 GTX
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Power and control electronics for 
electric drive JX1

Power and control electronics 2 for 
electric drive JX4 (variant 1)

Power and control electronics 2 for 
electric drive JX4 (variant 2)

The power and control electronics can be disconnected from the three-phase current drive and renewed 
separately.
They are not intended for repair. 

All electric drive motors have their own power and control electronics adapted to their configuration 
and design.

The power electronics are integrated into the vehicle coolant circuit to protect the electronic 
components from excessively high temperatures.

The power and control electronics in the MEB
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Heat exchanger

EMC filter 
module

Intermediate circuit 
capacitor 2 C26

Electric drive 
control unit 2 

J944

DC/AC converter for 
drive motor 2 A55 

with copper heat 
sink

and current sensor

High-voltage 
connection

The design is shown and explained using the example of the 
power and control electronics 2 for electric drive JX4.

A copper heat sink is mounted on the DC/AC converter for drive 
motor 2 A55. Since copper is a good conductor of heat, the heat of 
the electronic components is quickly transferred to the coolant in 
the heat exchanger located beneath it.

The intermediate circuit capacitor 2 C26 is positioned next to the 
heat exchanger. 
The electric drive control unit 2 and the filter module for 
electromagnetic compatibility (EMC filter) are installed above the 
DC/AC converter.

Design

Design and tasks of power and control electronics for electric drive
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The rotational speed and torque requirements from the 
engine/motor control unit are transmitted via CAN bus to the electric 
drive control unit 2 J944. They are processed there and calculated 
regulation commands are forwarded to the DC/AC converter for 
drive motor 2 A55.

Electric drive control unit 2 J944

Design

Design and tasks of power and control electronics for electric drive
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Bus bars with current sensor

The main components of this board are the insulated-gate bipolar 
transistors (IGBT). These are special switch elements that allow 
high currents to be switched on and off very quickly like with a relay. 
A current sensor is mounted on the three bus bars to the electric 
drive motor. The measured current flow is transmitted to the electric 
drive control unit 2 J944.

DC/AC converter for drive motor 2 A55

Design

Design and tasks of power and control electronics for electric drive
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The module filters electromagnetic interference fields so that 
electronic components like, for example, vehicle aerials are not 
affected. These interference fields are formed, for example, by the 
fast switching IGBTs (insulated-gate bipolar transistors).

You will find further information on electromagnetic compatibility 
(EMC) in the chapter ñMotor Managementò.

Filter module for electromagnetic compatibility (EMC filter)

Design

Design and tasks of power and control electronics for electric drive
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Intermediate circuit 
capacitor 2 C26

This is bolted to the base of the housing. 
It has the task of filtering parasitic signals and balancing voltage 
fluctuations to supply the IGBTs (insulated-gate bipolar transistors) 
with a stable direct voltage.

Intermediate circuit capacitor 2 C26

Design

Design and tasks of power and control electronics for electric drive
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In electronics terms, the power electronics are a pulse inverter. 

In driving operation, they convert the direct current from the high-voltage battery into a three-
phase alternating current, for example, for the three-phase current drive 2 VX97.
During energy recovery, they convert the three-phase alternating current from the three-phase 
current drive into a direct current for the high-voltage battery. 

Further tasks are:
Processing the rotational speed and torque requirement of the engine/motor control unit J623
Controlling the rotational speed, torque and output of the electric drive motor
Monitoring the temperature and rotational speed of the electric drive motor

Tasks

Design and tasks of power and control electronics for electric drive
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Coolant supply

Copper heat sink
Coolant passage

Power and control electronics
for electric drive housing

To 
cooling jacket in the
motor housing

The housing for the power and control electronics for 
electric drive, the coolant passage and the copper heat 
sink form a heat exchanger. This is connected to the 
supply from the coolant circuit and the return to the cooling 
jacket in the motor housing. 

The heat produced in the electronic components in the 
power and control electronics for electric drive is 
transferred to the coolant via the copper heat sink.

Cooling

Design and tasks of power and control electronics for electric drive
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outin
 Control

Three-phase
AC voltage

Direct voltage

To form an AC voltage signal from the applied direct voltage, the IGBTs in 
the power modules are activated alternately. An IGBT (insulated-gate 
bipolar transistor) is a multi-layer semi-conductor element that is used for 
high voltages and current ratings.

The IGBT is activated at HV+ in constantly longer sequences that then 
become shorter again for the positive half-wave. 
Then there is the same activation for the IGBT at HV-. 
The interaction of the two IGBTs in a phase produces an alternating 
voltage signal. 

Due to the time-shifted activation of the IGBTs in the individual phases, 
the three-phase alternating current is formed with a phase shift 
of 120Á.

Voltage conversion

The regulating strategies of power and control electronics for electric drive
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Electric drive motor
high frequency = 
high speed

low frequency = low 
speed

Speed requirement from engine/motor control unit J623

The frequency of the alternating voltage generated regulates the speed of 
the electric drive motor. 

As the frequency of the alternating voltage increases, the rotor speed 
increases and thus the vehicle speed.

Speed regulator 

The regulating strategies of power and control electronics for electric drive
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Electric drive motor
high amplitude = 
high torque

low amplitude = low 
torque

Torque requirement from engine/motor control unit J623

The power and control electronics for electric drive need to adjust the 
torque of the drive motor when the driver demands greater acceleration.

The DC/AC converter for drive motor 2 A55 is activated longer in the 
power electronics for this purpose. Due to the longer activation, the 
amplitude of the generated alternating voltage is increased. 

The current flow follows the generated voltage. 
That means a higher voltage produces a higher current flow. 
The output of the electric drive motor results from the speed and the torque 
of the motor.

Power and
torque regulation 

The regulating strategies of power and control electronics for electric drive
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Key

A new high-voltage wiring system is being introduced at 
Volkswagen with the modular electric drive matrix. 

Thanks to the modified EMC concept (EMC = 
electromagnetic compatibility), no shielded wires are 
required.

You will find further information on the EMC concept in the 
chapter ñMotor Managementò.

To EMC concept

Wiring system

Wiring and connector systems
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A19 Voltage converter
AX2 High-voltage battery 1
AX4 Charging unit 1 for high-voltage battery

JX1 Power and control electronics for electric 
drive

JX4 Power and control electronics 2 for electric 
drive

UX4 High-voltage battery charging socket 1
VX54 Three-phase current drive
VX81 Air conditioner compressor
VX97 Three-phase current drive 2
Z132 PTC heater element 3
ZX17 High-voltage heater (PTC)

Key

Wiring system

Wiring and connector systems
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Direction of travel

Rear wiring junctionFront wiring junction

Please note that these wiring junctions 
cannot be disconnected non-
destructively in service.

The wiring junctions in the rear area connect 
charging unit 1 for high-voltage battery AX4 to 
high-voltage battery 1 AX2 and the HV 
components in the front of the vehicle. 

The wiring junctions in the front of the vehicle 
connect:

The PTC heater element 3 Z132
The air conditioner compressor VX81
The voltage converter A19
The high-voltage heater (PTC) ZX17

with the components in the rear of the vehicle.

Wiring junction

Wiring and connector systems
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The connectors feature improved accidental 
contact protection.

The connectors had to be made wider to create 
the required contact surfaces.

All high-voltage wires are connected by 
connectors. 

The screw connections on the wires have been 
discontinued.

Connector system

Wiring and connector systems
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 Type  Permanently excited synchronous motor using inrunner 
design

 Max. output  150 kW
 Max. torque  310 Nm
 Rev range  0 to 16,000 rpm
 Weight  90 kg (three-phase current drive VX54 complete)
 Cooling  Liquid cooling
 Manufacturer  Volkswagen AG, Kassel site

Electric drive 
motor V141

Technical data for three-phase current drive VX54
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 Voltage range  150 V to 475 V
 Max. current  450 A
 Frequency range  9 Hz to 10 kHz
 Cooling  Liquid cooling
 Manufacturer  Volkswagen AG, Kassel site

Power and control electronics 
for electric drive JX1

Technical data for three-phase current drive VX54
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 Code UMG
 Weight  21.4 kg
 Number of gears  1

 Transmission steps  2


 Transmission ratio
 overall: 12.976
 Step 1: 2.957 (Z1=23; Z2=68)
 Step 2: 4.388 (Z3=18; Z4=79)

 overall: 11.53
 Step 1: 2.957 (Z1=23; Z2=68)
 Step 2: 3.9 (Z3=20; Z4=78)

 Max. input torque  310 Nm
 Max. input speed  16,000 rpm
 Oil volume  0.8 litres +/- 0.1 litres, lifetime

 Input shafts  inserted with splines

 Manufacturer  Volkswagen AG, Kassel site


1-speed gearbox 0MH

Technical data for three-phase current drive VX54
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Housing of 
electric drive motor

Motor and gearbox housing

Stator

Rotor

Sender unit

Rotor bearing plate

Electric drive motor V141 in three-
phase current drive 
VX54

The electric drive motor on the rear axle is a permanently 
excited synchronous motor. 

The electric drive motor and the 1-speed gearbox 0MH 
are bolted directly to one another. The motor housing 
forms part of the gearbox housing.

The electric drive motor consists of the following 
components:

Rotor bearing plate
Sender unit
Rotor
Stator
Electric drive motor housing
Motor and gearbox housing

Design

Electric drive motor V141
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Stator

Rotor

Phase connections


Coils with drive motor temperature 
sender G712

Sender wheel

The rotor is equipped with permanent magnets and is mounted on two bearings in the electric drive motor.
The magnets are installed in a sheet metal package to amplify the magnetic field.

The sender wheel on drive motor rotor position sender 1 G713 is secured to the rotor.

The stator has three mutually independent 
phase connections (U, V and W). The coils connected to them are 
affixed inside the stator and are offset by 120Á to each other. 

All windings of the coils are electrically insulated from one another by a 
special paint. Only at the ends of the coils is there an electrical contact 
to one another.

The drive motor temperature sender G712 is installed on the coils. 

Rotor and stator

Electric drive motor V141
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Coolant return to the coolant circuit

Coolant supply from coolant circuit

Transfer of coolant into the motor 
housing

From the cooling circuit, the coolant first reaches 
the power and control electronics for electric 
drive JX1. 
From there a passage leads to the motor 
housing.  The coolant is fed back into the 
cooling circuit from the motor housing. 

You will find detailed information on how the 
cooling system works in the chapter ñThermal 
managementò.

Cooling

Electric drive motor V141
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Rotor shaft

Drive motor temperature sender G712

Drive motor rotor position sender 1 G713

Sender wheelElectrical connection

Drive motor rotor  
position sender 1 G713

Drive motor 
temperature sender G712

The sender 1 for rotor position of the electric 
drive motor G713 and the drive motor 
temperature sender G712 have been combined 
in a sender unit for the three-phase current drive 
VX54.

Sender unit for three-phase current drive VX54
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The drive motor temperature sender G712 is an NTC sensor and is positioned 
between two stator coils to improve signal detection. 
It is used by the power and control electronics for electric drive JX1 to calculate 
the temperature of the drive motor. 

The signal is required to prevent overheating of the electric drive motor V141.

From a stator temperature of approx. 160ÁC, the electric drive control unit J841 
starts to limit the output of the electric drive motor V141. 
At approx. 180ÁC, the electric drive motor V141 stops being activated. 

In the event of signal failure, no default value is used. 
The electric drive motor is not activated.

Drive motor temperature sender G712

Sender unit for three-phase current drive VX54
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The sender 1 for rotor position of the electric drive motor G713 is located on 
the three-phase current drive VX54 and works as an inductive sender with 
enhanced evaluation. 

It is connected to the power and control electronics for electric drive JX1. 

The sender wheel is installed on the rotor of the electric drive motor. 
The sender detects:

Position
Speed
Direction of rotation of the rotor

In the event of signal failure, no default value is used. 
The electric drive motor is not activated.

Drive motor rotor position sender 1 G713

Sender unit for three-phase current drive VX54
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Gearbox housing

Oil collector

Differential with 
final drive gear Z4

Output shaft
with gears 
Z2 and Z3

Input shaft 
with gear Z1

Motor housing

Rotor with rotor shaft 
and flange

Power and 
control electronics JX1


The 1-speed gearbox 0MH is installed on the three-phase current 
drive VX54 on the rear axle. 
Compared to the e-Golf, the gearbox has been made considerably 
more compact and lighter. At the same time, it is configured for 
higher loads. 
The inner design of the gearbox has not changed significantly from 
the familiar construction. 

The mechanical parking lock in the gearbox has been discontinued. 
This function is performed by the electromechanical parking brake 
(EPB). 

The following parts are fitted in this gearbox:
Rotor shaft with flange
Input shaft with gear Z1
Output shaft with gears Z2 and Z3
Differential with final drive gear Z4
Oil collector

The output shaft allows the overall ratio to be formed over two steps. 

General design of the gearbox 0MH
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Deep-groove ball bearing

Input shaft

Deep-groove ball bearing for the rotor shaft


Rotor shaft with splines

Gearbox housing

The input shaft is inserted into a deep-groove 
ball bearing on the gearbox housing side.
This fixed bearing can be subjected to radial and
axial loads. The shaft is held in the bearing with 
retaining rings.

On the motor housing side, the input shaft is 
connected to the rotor shaft of the electric drive 
motor via splines. 
This type of bearing allows the input shaft to be 
installed without a preload to optimise the 
friction.

Input shaft

Shaft bearings in the gearbox 0MH
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Output shaft

Deep-groove ball 
bearing

Cylindrical roller bearing

Motor housing

Gearbox housing

A fixed/floating bearing is used for the output shaft. The shaft 
is therefore installed without a preload to optimise the friction. 

The deep-groove ball bearing in the form of a fixed bearing is 
installed in the gearbox housing and can be subjected to axial 
and radial loads. 
The output shaft is secured in the bearing using retaining 
rings. 

The cylindrical roller bearing in the form of a floating bearing is 
installed in the motor housing and can be subjected to radial 
loads. 
The output shaft is inserted into this bearing. 

The advantages of this type of bearing are:
High efficiency
The heat expansion of the shaft is non-critical

Output shaft

Shaft bearings in the gearbox 0MH
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Tapered roller bearing

Motor housing

Differential

Tapered roller bearing

Gearbox housing

The differential is guided by two tapered roller 
bearings in the two halves of the gearbox 
housing. The tapered roller bearings can be 
subjected to axial and radial loads. 

In contrast to the other shafts, the differential is 
installed with a preload.

Differential 

Shaft bearings in the gearbox 0MH
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Five holes in the oil collector 
lead to the lubricating points


Oil collector

Mounting pin

Filling the oil collector

The plastic oil collector is inserted into the motor 
housing and gearbox housing above the drive 
shaft using mounting pins. 

The oil collector distributes the oil to the 
lubrication points via five bores and lowers the 
oil level in the oil sump. 
This reduces the churning losses during driving 
and allows a higher efficiency to be achieved.  

Oil collector
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Final drive gear

Oil collector

When the final drive gear turns, it acts like a paddle wheel and delivers 
the gear oil to the oil collector.

Filling the oil collector

Oil collector
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Rotor shaft

Input shaft


Z1

Z2

Output shaft

Z3

Z4
Differential

Rotor
The power flow passes from the rotor via the 
rotor shaft to the input shaft inserted into it with 
gear Z1. 

Gear Z1 transfers the drive torque to gear Z2 on 
the output shaft. 

The power is transmitted from gear Z3 on the 
output shaft via the final drive gear Z4 to the 
differential and from there to the drive shafts.  

Power flow in gearbox 0MH
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Oil collector

Lubrication 
of Z1 and Z2

Lubrication of
output shaft bearing


Lubrication of
input shaft bearing

The bearing for the differential in the gearbox 
housing is supplied with lubricating oil directly 
through a passage formed in the cast metal.

Two holes in the oil collector lead to the oil passages in the 
gearbox housing. 
They lubricate and cool the bearings for the output shaft and 
input shaft on the gearbox side.  

The oil drips directly onto gear Z2 on the output shaft and, in 
this way, lubricates gears Z1 and Z2 on the input and output 
shafts.

In the gearbox housing

Oil supply in the gearbox 0MH
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Bearing

Oil passage

Gearbox housing

In the gearbox housing

Oil supply in the gearbox 0MH
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Lubrication of rotor shaftLubrication of output shaft

Oil passage


Bores

Oil collector

Two holes in the oil collector lead to the oil 
passages in the motor housing. 
They lubricate and cool the bearings for the 
output shaft and rotor shaft on the motor side.

The differential bearing is cooled and lubricated 
by splash oil.

in the motor housing

Oil supply in the gearbox 0MH
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Plug for
gear oil filler and 
inspection hole

Gearbox housing

Oil collector


Oil sump

Drain plug

Motor housing

The prerequisites for checking this can be found in the 
current service literature. No oil change is scheduled.

The oil filler and inspection plug is located on 
the side of the gearbox housing. 

The drain plug is installed at the lowest point in 
the motor housing. 

The oil fill level in the gearbox can be checked 
once the plug is removed. 
The oil level is correct when the gear oil is at the 
lower edge of the inspection plug thread.  

Oil sump in gearbox 0MH
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 Type  Asynchronous motor using inrunner design
 Max. output  80 kW
 Max. torque  162 Nm
 Rev range  0 to 13,500 rpm
 Weight  60 kg (three-phase current drive VX97 complete)
 Cooling  Liquid cooling
 Manufacturer  Magna

Electric drive 
motor 2 V717

Technical data for three-phase current drive VX97 version 1
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 Voltage range  150 V to 475 V
 Max. current  450 A
 Frequency range  9 Hz to 10 kHz
 Cooling  Liquid cooling
 Manufacturer  Magna

Power and control electronics 2 
for electric drive JX4

Technical data for three-phase current drive VX97 version 1
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 Gearbox code  UXJ
 Weight  12.9 kg
 Number of gears  1
 Transmission steps  2

 Transmission ratio
 overall: 9.953
 Step 1: 3.606 (Z1=33; Z2=119)
 Step 2: 2.760 (Z3=25; Z4=69)

 Max. input torque  162 Nm
 Max. input speed  13,500 rpm
 Oil volume  1.51 litres (first fill), Lifetime
 Input shafts  inserted with splines
 Manufacturer  Magna

1-speed gearbox 0MJ

Technical data for three-phase current drive VX97 version 1
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Direction of 
travel

Front left
rubber/metal mount

Front right
rubber/metal mount

Front
cross member

Rear
cross member

Rear rubber/metal
mount

You can see the installation location of the bearings in more 
detail here.

The three-phase current drive VX97 is attached 
to the two cross members of the front axle with 
three bearings. 

Two rubber/metal bearings are installed at the 
front in the direction of travel. 

The drive is supported by the rear rubber/metal 
bearing.  

Bearings for the three-phase drive VX97
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Bearings for the three-phase drive VX97
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Three-phase current drive 2 VX97
with electric 
drive motor 2 V717

1-speed gearbox
0MJ


Motor housing
Cooling jacket

Stator
Rotor

Sender unit

Rotor bearing plate

Oil/coolant
heat exchanger


This electric drive motor is an asynchronous motor.

The 1-speed gearbox 0MJ is bolted to the motor housing.

The electric drive motor consists of the following 
components:

Rotor bearing plate
Sender unit
Rotor
Stator
Cooling jacket
Motor and gearbox housing made from die-cast 
aluminium with oil/coolant heat exchanger

The cooling jacket is installed between the stator and the 
motor housing.

Design

Electric drive motor 2 V717 version 1
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Stator


Rotor

Coils with temperature sender 
for drive motor 2 G1146

The stator has three mutually independent phase connections (U, V and W). 
The coils connected to them are affixed inside the stator and are offset by 120Á to each other. 
All windings of the coils are electrically insulated from one another by a special paint. 
Only at the ends of the coils is there an electrical contact to one another.

The rotor consists of sheet metal parts and an
 aluminium squirrel cage. 
In contrast to the synchro machine, no permanent
 magnets are used in this rotor. 

Rotor and stator

Electric drive motor 2 V717 version 1
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Bars on squirrel cage

Short-circuiting rings

Rotor with rotor shaft

The important features of an asynchronous motor are the squirrel cage 
and a rotor without permanent magnets.

The bars of the squirrel cage are arranged at an angle across the length 
of the rotor. This creates a smoother transition between the stator 
magnetic fields and optimises the acoustic behaviour. 

The electrical connection of the individual bars is formed via two short-
circuiting rings that are located on both sides of the bars.

Rotor with squirrel cage

Rotor and stator

Electric drive motor 2 V717 version 1
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Oil/coolant
heat exchanger Connecting pipe in form of 

inserted section

Cooling jacket

Coolant return line

Coolant supply

Rotor

Stator

From the cooling circuit, the coolant first passes through the 
power and control electronics 2 for electric drive JX4. The 
coolant flows to the cooling jacket via a connecting pipe in the 
form of an inserted piece between the stator and motor 
housing and is returned from there.

In addition to the heat from the power electronics and the 
electric motor, the coolant also absorbs heat from the oil/water 
heat exchanger. The gearbox is cooled in this way.

One special feature of this three-phase current drive is that the 
rotor and stator are additionally cooled with gear oil.

Cooling

Electric drive motor 2 V717 version 1
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Rotor position sender 1 
for drive motor 2 G1147

Temperature sender for 
drive motor 2 G1146

Rotor shaft
Rotor position sender 1
for drive motor 2 G1147

Sender wheel

Electrical connectionOn the three-phase current drive 2 VX97 version 1, the 
temperature sender for drive motor 2 G1146 and the 
rotor position sender 1 for drive motor 2 G1147 are 
installed separately from each other. 
The rotor position sender can be renewed. 

Both senders are connected electrically to the power 
and control electronics 2 for electric drive JX4 via a 
common wiring harness. 

Sender for three-phase current drive 2 VX97 version 1
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Temperature sender for drive motor 2 G1146

Stator coils Electrical

connection


The temperature sender for drive motor 2 G1146 is an NTC sensor 
and is located between the stator coils to improve signal detection. 
It is used by the power and control electronics 2 for electric 
drive JX4 to calculate the temperature of the drive motor.

The signal is required to prevent overheating of the electric drive 
motor 2 V717. 

At a temperature of approx. 150ÁC or higher, the electric drive 
control unit 2 J944 begins to limit the power from the electric drive 
motor 2 V717. 
At approx 180ÁC, the electric drive motor 2 V717 stops being 
activated.

In the event of signal failure, no default value is used. 
The electric drive motor is not activated.

Temperature sender for drive motor 2 G1146

Sender for three-phase current drive 2 VX97 version 1
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The rotor position sender 1 for drive motor 2 G1147 is located on the 
three-phase current drive 2 VX97 and is directly connected to the power and control 
electronics 2 for electric drive JX4. 
The sender wheel is installed on the rotor of the electric drive motor. 

The sender detects:
Position
Speed
Direction of rotation of the rotor

It works using a resolver system. 
Voltage is applied to the coils of the sender. The rotation of the sender wheel affects the 
magnetic field of the coils. The change to the magnetic field causes a change to the signal 
voltage in the sender coils. 

In the event of signal failure, no default value is used. 
The electric drive motor is not activated.

Rotor position sender 1 for drive motor 2 G1147

Sender for three-phase current drive 2 VX97 version 1
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Gearbox housing

Oil deflector 
with magnet

Differential with final drive 
gear Z4

Output shaft
with gears 
Z2 and Z3

Oil pump and oil suction 
pipe

Rotor shaft with gear Z1

Coaxial 
output shaft

Motor housing

Bearing plate for the 
differential

The 1-speed gearbox 0MJ is used in three-phase current 
drive 2 VX97 on the front axle of the MEB. 
The following parts are installed in this gearbox:

Oil deflector with magnet
Differential with final drive gear Z4
Output shaft with gears Z2 and Z3
Bearing plate for differential
Oil pump and oil pick-up pipe
Coaxial output shaft
Rotor shaft with gear Z1

The overall ratio is achieved by the additional output 
shaft in two steps. 
The output shaft is located in the hollow bored rotor shaft. 
This set-up is known as ñcoaxialò.
The advantage of this design is its compact and 
lightweight construction.

General design of gearbox 0MJ version 1
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Deep-groove ball bearing Deep-groove ball 
bearingRotor shaft

Motor housing

Rotor bearing 
plate

The rotor shaft is inserted into the deep-groove ball 
bearing on the gearbox side of the motor housing that 
functions as a floating bearing. 

The deep-groove ball bearing in the rotor bearing plate is 
installed as a fixed bearing. The rotor shaft and the 
bearings are secured with retaining rings to prevent axial 
movement.

The fixed/floating bearing configuration means the rotor 
shaft is installed with the minimum friction and without 
preload. 

Axial forces can occur on the rotor shaft due to the 
angled gear.
These are absorbed by the fixed bearing.

Rotor shaft

Shaft bearings in gearbox 0MJ version 1
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Motor housing
Deep-groove ball bearing

Output shaft

Deep-groove ball bearing

Gearbox housing

Gear Z2
The output shaft is float-mounted in the gearbox with two 
deep-groove ball bearings. This means that the shaft is 
installed with the minimum friction and without preload. 
Floating bearing means that the shaft can move axially and 
supports itself according to the axial force acting on the 
respective bearing. 

The floating bearing has the following advantages:
Non-critical heat expansion of the shaft
High efficiency due to low friction 

Gear Z2 on the output shaft is fitted on the bearing on the 
motor housing. On the opposite side, the shaft is inserted into 
the bearing in the gearbox housing. 
Both bearings can withstand axial and radial loads.

Output shaft

Shaft bearings in gearbox 0MJ version 1
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Differential bearing plate
Differential

Gearbox housing

Deep-groove ball bearing

Deep-groove ball bearing

The differential is guided by two deep-groove 
ball bearings in the gearbox housing and the 
bearing plate for the differential. It has a floating 
bearing and therefore no preload. 

The bearing plate for the differential is bolted to 
the gearbox housing. 

Both bearings can withstand axial and radial 
loads.

Differential

Shaft bearings in gearbox 0MJ version 1
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Deep-groove ball 
bearing

Rotor bearing plate

Bearing plate for output shaft

Rotor shaft

Centring recess

Coaxial output shaft

Axle shaft bevel gear

On the motor side, the coaxial output shaft is secured in a 
deep-groove ball bearing with retaining rings. It is fitted as a 
fixed bearing in a separate bearing plate.
This bearing plate for the output shaft is bolted to the rotor 
bearing plate and absorbs axial and radial forces from the 
shaft.

On the gearbox side, the shaft is inserted into the axle shaft 
bevel gear in the differential.

The axle shaft bevel gear has a centring recess. This 
guides the bevel gear and thus also the coaxial output shaft 
in the differential housing.

Coaxial 
output shaft 

Shaft bearings in gearbox 0MJ version 1
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Oil pump

Actuator spring

Output shaftInput shaftThe gearbox is mainly passively lubricated by the 
splash oil of the gears. 

An annular gear oil pump (duocentric pump) is installed 
in the gearbox for the active oil circuit. 
It is responsible for cooling the electric motor. In 
addition, the motor and gearbox bearings are lubricated 
and cooled.

The oil pump is bolted to the motor housing and has a 
drive shaft with an actuator spring. 
The drive shaft fits into a hexagonal hole in the output 
shaft by means of the protruding legs of the spring.

Design

Integrated oil pump in gearbox 0MJ version 1
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Oil supply

on suction side

Oil drain
on pressure side


Oil pump

Oil/coolant
heat exchanger

Oil/coolant
heat exchanger

Oil pump

Oil pump

The oil pump is driven as soon as the electric drive motor
and the gearbox rotate. 

The pump draws the gear oil out of a passage in the 
motor housing and then delivers it to the passage on the 
output side that leads to the oil/coolant heat exchanger. 

The oil circuit does not have a filter or non-return valve 
for the pump. If the pump jams, the output shaft can 
continue to rotate as the actuator spring retracts.
This produces a noise that is clearly audible.

How it works

Integrated oil pump in gearbox 0MJ version 1
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Pick-up pipe and
 connection in the calming area

Oil/coolant
heat exchanger

Oil pump

Calming areaOil sump 
in motor chamber

Passage on rotor 
bearing plate

Pick-up pipe

Connecting pipe

The oil pump draws the gear oil from the calming area via the 
pick-up pipe and passages in the motor housing. 
On the pressure side, the oil flows through the oil/coolant heat 
exchanger and via holes in the housing to the lubricating and 
cooling points. 
From there it flows back to the oil sump. 

The calming area is positioned at the side on the bottom of the 
motor housing. It ensures that a sufficient quantity of calmed 
oil is delivered in all driving situations.

The oil from the motor chamber reaches the calming area via 
two routes:

Via a passage on the rotor bearing plate
Via a connecting pipe between the oil sump in the motor 
chamber and the calming area

Oil circuit

Integrated oil pump in gearbox 0MJ version 1
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(2)

(1)

The pick-up pipe combines two functions. It has two separate passages for this purpose:
One passage is the connection between the calming area and the oil sump in the motor chamber. (1).
The second passage feeds the suction side of the oil pump via a pick-up pipe and a delivery pipe (2).

Both passages are separate from each other so that oil cannot be drawn in from the motor chamber directly 
by the oil pump.

Pick-up pipe and connection in the calming area

Oil circuit

Integrated oil pump in gearbox 0MJ version 1
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Lid with seal

Oil/coolant heat 
exchanger

Coolant 
supply

Coolant 
return

Connecting pipe in 
form of inserted piece

The top section of the motor housing contains an oil/coolant 
heat exchanger for the gear oil. 
A cover with a seal closes it from the outside. 

From the coolant supply, coolant is first sent through the power 
and control electronics.
Then the coolant passes via a connecting pipe to the electric 
drive motor. From there, it passes through the coolant return 
line into the coolant circuit.

Design

Oil/coolant heat exchanger for gearbox 0MJ version 1
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Passage to gearbox side

Passage to 
rotor bearing plate

Pressure passage from oil pump
Oil guide

The oil pump pumps the gear oil through the pressure duct into the 
heat exchanger. 
The oil guides act like crash barriers and guide the oil correctly 
through the heat exchanger. This means the gear oil can efficiently 
transfer its heat to the motor housing and thus to the coolant in the 
electric drive motor. 

The oil is guided to the gearbox side and the rotor bearing plate via 
two passages. 

If the gear oil is cold, it is warmed by the waste heat from the 
electric drive motor. This minimises frictional losses.

How it works

Oil/coolant heat exchanger for gearbox 0MJ version 1
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Oil/coolant heat exchanger

Oil nozzle 2

Oil nozzle 1
Bearing for the coaxial 

output shaft

Rotor shaft 
bearing

Oil passage
Short-circuiting ring

The oil is pumped from the oil/coolant heat 
exchanger via the passages to two oil nozzles in the
rotor bearing plate. 

Oil nozzle 1 has two small holes and sprays the 
gear oil onto the bearing and the short-circuiting ring
of the rotor. The stator is additionally cooled by 
splash oil from the rotor. 

Oil nozzle 2 sprays the oil onto the bearing on the 
coaxial output shaft.

This actively cools and lubricates the components. 

The oil flows from the components back into the oil 
chamber of the electric drive motor.

Motor-side oil supply in gearbox 0MJ version 1
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Oil/coolant
heat exchanger

Rotor shaft bearing

Output shaft bearing

Oil nozzle 1

Oil nozzle 2

Oil passage

Design

The oil is pumped from the oil/coolant heat exchanger via a passage
to two oil nozzles. 

Oil nozzle 1 sprays gear oil directly onto the teeth and the output 
shaft bearing in the gearbox. 

Oil nozzle 2 for the rotor and the rotor shaft bearing has two 
openings. One opening sprays the oil onto the bearing. This actively 
lubricates and cools it. 
The second opening sprays the oil onto the rotor short-circuiting ring 
to cool it. From there, the oil is thrown onto the stator winding heads 
and absorbs part of the heat lost from the stator. 

The oil then flows back either into the motor housing oil sump or into 
the gearbox housing oil sump.

Gearbox-side oil supply in gearbox 0MJ version 1
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Oil passage
Heat exchanger

Rotor bearing

Output shaft bearing 
on motor side

Oil nozzle 1

Oil nozzle 2

Some components on the gearbox side are 
actively cooled and lubricated when the vehicle 
is moving. 

The motor housing has special holes for this 
purpose:

An oil passage in the motor housing with 
the oil nozzle 1 for the output shaft bearing
One oil nozzle 2 for the gearbox-side 
bearing on the rotor shaft and the rotor 
short-circuiting ring

Oil nozzle 2 for the rotor is a separate plastic 
component. It is bolted to the hole for the oil 
passage on the motor housing.

Design

Gearbox-side oil supply in gearbox 0MJ version 1
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Oil deflector

Magnet

Oil reservoirs

The oil deflector is built into the gearbox for the following 
reasons:

For effective lubrication of the bearings and gears
For friction-optimised operation
To minimise churning losses

The oil deflector is a moulded part made from plastic. It is 
inserted into the gearbox housing and positioned very close 
to the gears. 
It forms two oil reservoirs in the upper area due to its shaping. 

A magnet is fastened to the lower part of the oil deflector. 
It collects any metal abrasion to protect the bearings and 
gears.

Design

Oil deflector for gearbox 0MJ version 1
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The oil passes through the two holes via 
guide ribs to the bevel gears and the outer 
bearing of the differential.

Z4

Z3

The two oil reservoirs in the oil deflector are filled by gears Z3 and Z4.
In the process, the rotating final drive gear Z4 acts like a blade and 
conveys the oil upwards to gear Z3 on the output shaft. 
There is an open section in the upper area of the oil deflector. 
From there, the oil passes from Z3 into the reservoirs. 

Since the oil is stored in the oil deflector during vehicle operation, the 
oil quantity is reduced in the gear oil sump. This reduces the churning 
losses and increases efficiency.

How it works

Oil deflector for gearbox 0MJ version 1
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Cross-section of oil deflector viewed 
from motor side

Gear Z3Oil reservoir for differential bearings

Oil reservoir for differential bevel 
gears

The two oil reservoirs are not connected to each 
other. As a result, the oil levels in the reservoirs 
may differ.

Oil reservoirs 

Oil deflector for gearbox 0MJ version 1
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Gear Z2

Gear Z3

Rotor shaft with rotor
Gear Z1

Coaxial output shaft

To 
right wheel


To 
left wheel

Final drive gear Z4

Differential

The gearbox works with two transmission steps. 

Transmission step 1 
The rotor shaft with gear Z1 drives gear Z2 on the output 
shaft. 

Transmission step 2
The final drive gear Z4 is rotated with the differential by gear 
Z3. 
The torque is transferred from here directly to the left wheel. 
The torque is transferred from the differential via the coaxial 
output shaft to the right wheel.

Power flow in gearbox 0MJ version 1
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Motor housing

Overflow hole between 
gearbox and motor chambers

The motor housing on the gearbox side divides 
the oil system for the three-phase current drive 
into two oil sumps.

If the vehicle is stationary, the gear oil flows from 
the heat exchanger and oil deflector back into 
the oil sumps for the gearbox and the electric 
drive motor. Their oil levels will then rise again. 

Both oil sumps are connected to each other via 
an overflow hole.  
This equalises the oil levels after a certain time 
and oil is exchanged between the oil sumps in 
the gearbox and the motor chambers as normal.

when the vehicle is at a standstill

Oil level in gearbox 0MJ version 1
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Oil deflector

Oil sump in gearbox 
chamber

Oil sump in motor chamber

Oil/coolant heat exchanger
When the vehicle starts moving, the differential and initially also 
the rotor in the electric drive motor dip into the oil sumps. 

When the vehicle is moving, the oil pump is driven and delivers 
gear oil from the calming area to the oil/coolant heat exchanger. 
As a result, the oil level is lowered in the electric drive motor and 
the rotor no longer rotates in the oil. 

At the same time, oil from the gearbox chamber moves into the oil 
reservoirs of the oil deflector. 
As a result, the oil level in the gearbox chamber continues to fall 
and the differential does not have to churn through the oil so 
much. 

This situation occurs, for example, in stop-and-go driving 
situations.

during vehicle operation

Oil level in gearbox 0MJ version 1
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Opening between motor and gearbox side

Z2

Z1
Overflow hole

During vehicle operation, oil is thrown from the motor side to 
the gearbox side through a hole in the motor housing.

Gears Z1 and Z2 together with their bearings are additionally 
supplied with splash oil through this opening. 
When the vehicle is moving for longer periods, this increases 
the oil level in the gearbox chamber again. At the same time, 
the oil level in the motor chamber decreases further. 
At some stage, the oil level in the gearbox chamber will reach 
the edge of the overflow hole. If the level in the motor chamber 
continues to rise, the oil will flow through the hole back into the 
motor chamber. 

This results in constant oil exchange between the gearbox and 
the motor chambers.

During constant vehicle operation 

Oil level in gearbox 0MJ version 1
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Drain plug for gearbox chamber

Drain plug for motor chamber
Plug

No oil change interval is currently specified for the gearbox. Please refer to 
the service literature, Workshop Manual and electronic parts catalogue 
(ETKA) for the specifications, exact quantity and part number for the gear oil.

Once you remove the plug in the gear oil filler hole, the oil level in the gearbox 
cannot be checked. The level of the gear oil is below the hole. 
The gear oil level can only be checked by draining the gear oil completely and 
refilling it. 

Two drain plugs need to be removed to drain the gear oil. The reason for this is 
the separation of the motor chamber and gearbox chamber.

The oil requires time to flow back from the deflector reservoirs and from the heat 
exchanger into the oil chambers. Therefore, the drain plugs need to remain open 
for at least ten minutes so that the oil can drain.

The exact quantity of oil must be observed during filling so that the electric motor 
rotor does not churn through the oil during vehicle operation.

Oil change with gearbox 0MJ version 1
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 Type  Asynchronous motor using inrunner design
 Max. output  75 kW
 Max. torque  134 Nm
 Rev range  0 to 16,000 rpm
 Weight  90 kg (three-phase current drive VX97 complete)
 Cooling  Liquid cooling
 Manufacturer  Volkswagen AG, Kassel site

Electric drive 
motor 2 V717

Technical data for three-phase current drive VX97 version 2
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 Voltage range  150 V to 475 V
 Max. current  450 A
 Frequency range  9 Hz to 10 kHz
 Cooling  Liquid cooling
 Manufacturer  Volkswagen AG, Kassel site

Power and control electronics 2 
for electric drive JX4

Technical data for three-phase current drive VX97 version 2
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 Gearbox code  UWN
 Weight  13.651 kg
 Number of gears  1
 Transmission steps  2

 Transmission ratio
 overall: 11.348
 Step 1: 3.00 (Z1=29; Z2=87)
 Step 2: 3.783 (Z3=23; Z4=87)

 Max. input torque  134 Nm
 Max. input speed  16,000 rpm
 Oil volume  0.88 litres (first fill), lifetime
 Input shafts  inserted with splines
 Manufacturer  Volkswagen AG, Kassel site

1-Speed gearbox 
0MJ

Technical data for three-phase current drive VX97 version 2
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Three-phase current drive 2 VX97 with 
electric drive motor 2 V717

1-speed gearbox
0MJ


Motor housing

Stator

Rotor

Sender unit

Rotor bearing plate

The electric drive motor is also an asynchronous 
motor.

This version of the three-phase current drive 2 VX97 
does not have an integrated oil/coolant
heat exchanger. 
The 1-speed gearbox 0MJ is bolted to the motor 
housing.

The electric drive motor consists of the following 
components:

Rotor bearing plate
Sender unit
Rotor
Stator
Motor and gearbox housing made from die-cast 
aluminium

Features

Electric drive motor 2 V717 version 2
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Stator


Coils

Rotor

Squirrel cage


The stator has three independent phase connections 
(U, V and W). The coils connected to them are affixed inside the stator 
and are offset by 120Á to each other. 

All windings of the coils are electrically insulated from one another by a 
special paint. Only at the ends of the coils is there an electrical contact to 
one another. 

The rotor has a squirrel cage as is typical for asynchronous motors.

Design

Electric drive motor 2 V717 version 2
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Squirrel cage

Rotor The important features of an asynchronous motor are the squirrel cage 
and a rotor without permanent magnets. 

In contrast to the squirrel cage for the three-phase current drive VX97 
from Magna, the bars on the squirrel cage are not arranged at an angle 
with this rotor. 

The electrical connection of the individual bars is formed via two short-
circuiting rings that are located on both sides of the bars.

Rotor with squirrel cage

Design

Electric drive motor 2 V717 version 2
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Connecting pipe in 
form of inserted 
section

Coolant 
supply

Coolant 
return

In contrast to the electric drive motor 2 V717 version 1, this 
electric drive motor  does not have an integrated oil/coolant
heat exchanger.

Version 2 has a coolant supply, 
a connecting pipe between the power electronics and 
motor housing and a coolant return.

Coolant connections

Cooling of electric drive motor 2 V717 version 2
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Coolant supply
Power and control electronics 2 for 
electric drive JX4

Coolant return line

Passage

Inserted section

Motor housing

Cooling jacket

The coolant flows from the coolant circuit firstly to the power and control 
electronics 2 for electric drive JX4. 
It absorbs the heat of the electric components there. 

The coolant flows into the motor housing via a passage and the inserted 
section. 
The coolant flows around the electric drive motor between the cooling jacket 
and motor housing. 
It is transferred from there back into the cooling circuit.

Coolant flow through the power and control 
electronics for electric drive

Cooling of electric drive motor 2 V717 version 2
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Cooling jacket in motor housing

Motor housing

Gasket

Inner drum

Gasket
Guide plate


The motor housing has a thin cooling jacket that 
is formed by the motor housing, two seals and 
an inner drum. 

A guide plate is inserted between the inner drum 
and motor housing to ensure an even flow of 
coolant through the cooling jacket.

Cooling jacket in motor housing

Cooling of electric drive motor 2 V717 version 2
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Rotor shaft

Rotor position sender 1 
for drive motor 2 1147

Sender wheel
Electrical
connection

Rotor position sender 1 
for drive motor 2 G1147

Temperature sender for 
drive motor 2 G1146

On the three-phase current drive 2 VX97 version 2, the 
temperature sender for drive motor 2 G1146 and the rotor 
position sender 1 for drive motor 2 G1147 are installed 
separately. 

Only the rotor position sender can be renewed. 

Both senders are electrically connected via a common 
wiring harness with the power and control electronics 2 
for electric drive JX4.

Sender unit for three-phase current drive 2 VX97 version 2
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Temperature sender for drive motor 2 G1146

Stator Electrical

connection


The temperature sender for drive motor 2 G1146 is an NTC sensor 
and is located between the stator coils to improve signal detection. 
It is used by the power and control electronics 2 for electric 
drive JX4 to calculate the temperature of the drive motor.

The signal is required to prevent overheating of the electric drive 
motor 2 V717. 

At a temperature of approx. 150ÁC or higher, the electric drive 
control unit 2 J944 begins to limit the power from the electric drive 
motor 2 V717. 

At approx. 180ÁC, the
electric drive motor is no longer activated.

Temperature sender for drive motor 2 G1146

Sender unit for three-phase current drive 2 VX97 version 2

SSP 730 Modular Electric Drive Matrix – Power Transmission and Powertrain



The rotor position sender 1 for drive motor 2 G1147 is located on the three-phase current 
drive 2 VX97 and is directly connected to the power and control electronics 2 for electric 
drive JX4. 
The sender wheel is installed with positive locking on the rotor of the electric drive motor. 

The sender detects:
Position
RPM
Direction of rotation of rotor

It works using a resolver system. 
Voltage is applied to the coils of the sender. The rotation of the sender wheel affects the 
magnetic field of the coils. The change to the magnetic field causes a change to the signal 
voltage in the sender coils. 

In the event of signal failure, no default value is used. 
The electric drive motor is not activated. 

Rotor position sender 1 for drive motor 2 G1147

Sender unit for three-phase current drive 2 VX97 version 2
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Gearbox housing

Oil collector

Differential with final drive 
gear Z4

Output shaft
with gears 
Z2 and Z3

Bearing plate

Rotor shaft with 
gear Z1

Coaxial 
output shaft

Motor housing

The 1-speed gearbox 0MJ version 2 is fitted on the 
three-phase current drive 2 VX97 on the front axle.

The following parts are installed in this gearbox:
Differential with final drive gear Z4
Output shaft with gears Z2 and Z3
Oil collector
Bearing plate for differential
Rotor shaft with gear Z1
Coaxial output shaft

This gearbox also uses two steps to achieve the overall 
ratio and has a compact design.

General design of gearbox 0MJ version 2
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Gear Z1

Deep-groove ball bearing
Deep-groove ball 

bearingRotor with rotor shaft

Motor housing

Rotor bearing 
plate

The rotor is inserted into the floating bearing on the gearbox 
side of the motor housing. A deep-groove ball bearing is 
used for this purpose.

On the gearbox side, gear Z1 is fitted on the rotor shaft using 
splines and secured with a retaining ring. The retaining ring 
is calibrated to minimise the axial play of the gear.

On the other side, the rotor is secured with two retaining 
rings in a deep-groove ball bearing. This fixed bearing is 
installed in the rotor bearing plate.

The fixed/floating bearing means the rotor shaft is installed 
without preload and friction is thus minimised.

Rotor shaft

Shaft bearings in gearbox 0MJ version 2
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Motor housing

Deep-groove ball bearing

Output shaft

Deep-groove ball bearing

Gearbox housing

Gear Z2The output shaft is float-mounted in the gearbox with 
two deep-groove ball bearings. This means that the 
shaft is installed with the minimum friction and without 
preload. Floating bearing means that the shaft can 
move axially and supports itself according to the axial 
force acting on the respective bearing.

Floating bearings have the following advantages:
Non-critical heat expansion of the shaft
High efficiency due to low friction 

Both bearings can withstand axial and radial loads.

Output shaft

Shaft bearings in gearbox 0MJ version 2
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Motor housing

Deep-groove ball bearing

Differential

Gearbox housing

Deep-groove ball bearing

Differential bearing plate

The differential is float-mounted in two deep 
groove ball bearings and installed without 
preload. The bearings are positioned in the 
gearbox housing and the bearing plate for the 
differential.

The bearing plate for the differential is bolted to 
the motor housing. 

Both bearings can withstand axial and radial 
loads.

Differential

Shaft bearings in gearbox 0MJ version 2
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Bearing plate

Deep-groove ball bearing

Rotor bearing plate
Rotor shaft

Coaxial output shaft

Axle shaft bevel gear

The coaxial output shaft is inserted into the rotor shaft. It 
is secured on the side of the rotor bearing plate in a 
fixed bearing with a retaining ring. This deep-groove 
ball bearing is secured in a separate bearing plate. 

On the gearbox side, the shaft is fitted into the 
differential via splines in the axle shaft bevel gear.

Coaxial 
output shaft 

Shaft bearings in gearbox 0MJ version 2
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Two-part
oil collector

Differential


Gear
Z4

You can view the oil collector from all
sides with the mouse. 

The oil collector consists of two plastic moulded 
parts. 
When fitted together, they form two oil reservoirs 
that are connected to each other. 

The oil collector is filled by the spray oil from the 
final drive gear Z4. 
The oil flows to different lubricating points via 
five openings. 

The oil collector is inserted into the gearbox and 
motor housing above the differential.

Design

Oil collector for gearbox 0MJ version 2
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Lubrication of gearbox 
side rotor shaft 

bearing

Connection to internal oil 
circuit

Oil collector

Lubrication of the motor-side 
bearing in the differential

Lubrication
of Z3 and Z4 via an oil 
chute

Lubrication of the bearings in the gearbox 
housing

Four out of five openings are visible in this 
illustration. From these holes, the gear oil from 
the oil collector reaches various lubricating 
points:

The gearbox-side bearing on the rotor shaft
The motor-side bearing for the differential
The gears Z3 and Z4 via an oil chute
The connection for the internal oil circuit

The fifth opening cannot be seen from this angle.
It lubricates the bearings in the gearbox housing.

How it works

Oil collector for gearbox 0MJ version 2
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Spout on the oil collector

Drip area

Hole

Gearbox housing

Deep-groove ball bearing of the differential

Deep-groove ball bearing
for output shaft

Spray oil flows from a spout on the oil collector onto 
a drip area of the gearbox housing. From there, the 
gear oil is fed to the output shaft bearing and also 
through a hole in the gearbox housing to the 
differential bearing.
This actively lubricates and cools the bearings.

Lubrication of bearing in gearbox housing

How it works

Oil collector for gearbox 0MJ version 2
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Return line to the gearbox oil sump
Gearbox oil sump

Supply line to the bearing plate lubricating points
Oil collector

Outer oil passages

Oil seals on rotor shaft

The three-phase current drive has two plastic lines 
connecting the motor-side bearings in the bearing 
plates to the gearbox oil circuit. The upper line is the 
supply line from the oil collector to the lubricating points 
in the bearing plates. The lower line is the return line 
from the bearing plates to the gearbox oil sump.

Thanks to this special arrangement, gravity ensures that
the oil is transported and an additional pump is not 
required.

Internal oil circuit 

Oil collector for gearbox 0MJ version 2
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Oil seal

Oil seal

Rotor shaft

The motor chamber in which the rotor rotates is sealed from the rotor 
bearing on the gearbox side and the bearings on the motor side. 
Two oil seals are fitted on the rotor shaft for this purpose.

Oil seals on rotor shaft

Internal oil circuit 

Oil collector for gearbox 0MJ version 2
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Return lineSupply line

The supply line from the oil collector to the 
lubricating points is fitted on one side of the 
motor housing. The return line from the 
lubricating points to the gearbox oil sump is 
positioned on the other side.

Outer oil passages

Internal oil circuit 

Oil collector for gearbox 0MJ version 2
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Gear Z2

Gear Z3

Rotor with rotor shaft
Gear Z1

Coaxial output shaft

To 
right wheel


To 
left wheel

Gear Z4

Differential

The gearbox works with two transmission steps. 

Transmission step 1 
The rotor shaft with gear Z1 drives gear Z2 on the output 
shaft. 

Transmission step 2
The final drive gear Z4 is rotated with the differential by gear 
Z3. 
The torque is transferred from here directly to the left wheel. 
The torque is transferred from the differential via the coaxial 
output shaft to the right wheel.

Power flow in gearbox 0MJ version 2
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Oil collector

Gearbox oil sump

The whole of the oil for the three-phase current 
drive is located in the gearbox oil sump. 
This means that gear oil does not flow around the 
electric motor. 

During vehicle operation, the gear oil is thrown 
into the oil collector and distributed to all bearings 
in the three-phase current drive.  

Oil level in gearbox 0MJ version 2
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Motor-side lubrication 
of bearings


Gearbox-side lubrication of 
the rotor shaft bearing
Oil supply for bearings 

on motor side (3)

Oil return from bearings 
on motor side (4)

Oil return from rotor shaft bearing 
on gearbox side (2)

Oil supply for  rotor shaft bearing
on gearbox side (1)

Since the electric drive motor does not run in oil, 
the bearings on the gearbox and motor side 
need to be supplied with oil via holes and lines.  

Supply to lubricating points in gearbox 0MJ version 2
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Deep-groove ball 
bearing

Hole

Rotor shaft
Oil collector

Oil seal
Hole

Deep-groove ball bearing

Spray oil

Oil seal

The gear oil flows into the area between the deep-groove ball 
bearing and oil seal via two routes:

Oil from the oil collector via a hole in the motor housing
Spray oil above the bearing through a hole in the motor 
housing

This actively lubricates and cools the bearing.

Oil supply for the rotor shaft bearings
on gearbox side

Supply to lubricating points in gearbox 0MJ version 2
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Deep-groove ball 
bearing

Hole
Motor housing

Oil seal

Rotor shaft

The gear oil flows via another hole in the motor housing back 
into the gearbox oil sump.

Oil return from rotor shaft bearing 
on gearbox side

Supply to lubricating points in gearbox 0MJ version 2
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Bearing plate for 
output shaft

Coaxial output shaft

Rotor shaft

Passage

Oil seal

Rotor bearing plate
Supply line

Deep-groove ball 
bearing

A supply line is fitted on the outside of the motor housing. 
This connects the oil collector in the gearbox to a passage in 
the rotor bearing plate. 

The gear oil flows through the passage into two oil chambers:
Space between the deep-groove ball bearing and the rotor 
oil seal
Space between the bearing plates of the rotors and the 
coaxial output shaft

The gear oil cools and lubricates the bearings on the rotor 
and the coaxial output shaft. 

The oil seal prevents the gear oil entering the electric drive 
motor.

Oil supply for the bearings 
on motor side

Supply to lubricating points in gearbox 0MJ version 2
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Deep-groove ball bearing

Hole

Oil seal

Rotor bearing plate

Bearing plate for output shaft

Rotor shaft

Return line

The gear oil can flow out of the oil chamber between the deep-
groove ball bearing on the rotor and the oil seal via a hole in 
the rotor bearing plate. There, it reaches the oil chamber 
between the rotor bearing plate and the bearing plate for the 
output shaft.

Thanks to the lower hole in the rotor bearing plate, the oil flows 
via the outer return line back to the gearbox oil sump.

Oil return from bearings 
on motor side

Supply to lubricating points in gearbox 0MJ version 2
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Motor housing

Oil drain bore

Oil filling bore

Gearbox housing

The oil filler hole is located on the gearbox 
housing. 
The oil drain hole is located on the bottom of the 
motor housing. 
Plugs with hexagon sockets are screwed into 
both holes. 

The oil chambers on the electric drive motor side
do not have separate drain or filler holes.

Oil change with gearbox 0MJ version 2
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JX1

VX54

AX4

V683

V468

1

2

4

3

A19

Z132


AX2
 V590


The values named for the regulating strategy depend on the hardware, 
software and version and are therefore only examples.

Key

Above 15ÁC, the thermostat (1) opens and coolant flows through the radiator (3). The 
mixing valve for high-voltage battery pre-heating V683 can be used to integrate the high-
voltage battery 1 AX2 into the low-temperature circuit, or to maintain the right temperature 
in a separate circuit with the heat exchanger for heat condenser (2) and PTC heater 
element 3 Z132. 

One task of the battery regulation control unit J840 is thermal management of the high-
voltage battery 1 AX2. 
In the version without a heat pump, it regulates the mixing valve V683 and the coolant 
pump for high-voltage battery V590. 

The coolant pump for low-temperature circuit V468 is always activated by the 
engine/motor control unit J623.

Coolant circuit
without heat pump

Design and regulating strategies using the ID.3 as an example
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1 Thermostat
2 Heat exchanger for heat condenser
3 Radiator
4 Coolant expansion tank

A19 Voltage converter
AX2 High-voltage battery 1
AX4 Charging unit for high-voltage battery 1
JX1 Power and control electronics for electric 

drive
V468 Coolant pump for low-temperature circuit 
V590 Coolant pump for high-voltage battery
V683 Mixing valve for high-voltage battery pre-

heating
VX54 Three-phase current drive
Z132 PTC heater element 3

Key

Coolant circuit
without heat pump

Design and regulating strategies using the ID.3 as an example
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JX1

VX54

AX4

V683

V468 V696

1

2

4

3

A19

Z132

AX2
 V590


Key

The coolant circuit is adapted for the ID.3 with heat pump. 
The mixing valve 2 for high-voltage battery pre-heating V696 is additionally installed. 
The heat exchanger for heat condenser (2) and the PTC heater element 3 Z132 are now 
installed in branches of the coolant circuit that can be switched separately. 
This adaption is necessary to allow the heat exchanger (2) to be activated individually 
when the heat pumps are operating, and to heat the high-voltage battery 1 AX2 using the 
heater element Z132 at the same time.

One task of the battery regulation control unit J840 is thermal management of the high-
voltage battery 1 AX2.
In the variant with heat pump, it regulates the mixing valve for high-voltage battery pre-
heating V683, the mixing value 2 V696 and the coolant pump for high-voltage battery 
V590. 

The coolant pump for low-temperature circuit V468 is always activated by the 
engine/motor control unit J623.

Coolant circuit
with heat pump

Design and regulating strategies using the ID.3 as an example
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1 Thermostat
2 Heat exchanger for heat condenser
3 Radiator
4 Coolant expansion tank

A19 Voltage converter
AX2 High-voltage battery 1
AX4 Charging unit for high-voltage battery 1
JX1 Power and control electronics for electric drive
V468 Coolant pump for low-temperature circuit 
V590 Coolant pump for high-voltage battery
V683 Mixing valve for high-voltage battery pre-heating
V696 Mixing valve 2 for high-voltage battery pre-heating
VX54 Three-phase current drive
Z132 PTC heater element 3

Key

Coolant circuit
with heat pump

Design and regulating strategies using the ID.3 as an example
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Coolant flows through the radiator,
battery is cooled by the low-temperature cooling circuit

Coolant flows through the radiator,
battery is cooled by the heat exchanger for heat condenser

Coolant flows through the radiator,
battery is not cooled or heated

Radiator bypass active,
battery is heated

Radiator bypass active,
battery is not cooled or heated

The thermal management system uses different regulating strategies according to the 
operating mode and cooling and heating output requirements. 

The strategy variants listed here do not show all possible regulating states. Other 
ambient conditions, customer requirements and component temperatures may require 
other regulating strategies.

Regulating strategies

Design and regulating strategies using the ID.3 as an example
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On-board electronics


On-board electronics

Electromagnetic 

interference field


Source of interference


Click to protect the on-board electronics.

In our vehicles, high-frequency data buses and powerful ignition coils or 
electric drives produce electromagnetic fields that can affect, for example, the
on-board electronics. 

Electromagnetic fields are capable of causing interference in sensitive 
electronic devices or even destroying them if strong enough. 

Consequently legal directives have been enforced to ensure protection 
against these types of interference fields. This is known as electromagnetic 
compatibility (EMC). 
The better the electromagnetic compatibility is, the weaker the interference 
emitted by an object will be.

Meaning

Electromagnetic compatibility (EMC)
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The customer can select the preferred drive variant by using driving mode selection. 
Different driving modes are available in the Infotainment system for this.

The following driving modes are currently available:
ECO
The maximum speed is 130 km/h and the drive power and air conditioning is reduced by approx. 
30%.
Convenience
All systems are balanced using averages. The all-wheel drive is regulated as required in 
vehicles with dual motor all-wheel drive. It is primarily driven with rear-wheel drive.
Sport
All systems are adapted to maximise lateral and longitudinal dynamics for sporty driving. 
This driving mode is only available in conjunction with the ñPlusò sports package or adaptive 
chassis control (DCC).
Traction
From a standstill, the vehicle is driven by both electric drive motors up to a speed of 25 km/h. 
Above that, all-wheel driving is regulated as required. 
The ñTractionò driving mode is only available in vehicles with dual motor all-wheel drive.
Individual
All systems can be configured as required.

Overview of driving modes using ID.4 GTX as an example
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Thank you for your interest.
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