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Our test benches

are equipped with
state-of-the-art technology
and allow us already today to
test the drive of tomorrow.

Greeting Words

Author: Joachim Trumpff | Vice General Manager

After an extreme drought and heat of the past years, itis now the
terrible flood in my home town Erftstadt that is now an extre-
me burden in addition to Covid-19. Fatalities and financial los-
ses are causing consternation. However, the mental stress and
trauma of many children caused by the floods have been unima-
ginable for me until now. Every heavy rainfall still triggers fear
in the children.

Nevertheless, the children also accept their fate, sell muffins
and collect copper scrap in order to rehabilitate their sports
field with the money and are enthusiastic about the willingness
to donate.

Such events make it all the clearer that urgent action is needed.
GETEC wants to further accelerate the achievement of climate
neutrality. And we call on the automotive industry and individu-
als to actively contribute to promoting action to reduce emissi-
ons, reduce energy consumption and improve energy efficiency.
Meanwhile, we support the automotive and commercial vehicle
sector as a partner, starting with the conceptualisation, through

GETEC wants to further accelerate
the achievement of climate neutrality

the implementation of the solution, to the validation on our test
benches. Our test benches are equipped with state-of-the-art
technology and allow us already today to test the drive of tomor-
row.

In this newsletter, Mr Steinwascher will present the develop-
ment of a transmission for electrically powered commercial ve-
hicles. Starting with the development of the requirements and
the design of the system architecture, through the hardware /
software and electronics requirements to the system validation
and verification, the individual challenges will be described.

The focus will be on efficient product development through mul-
ti-stage design, the application of virtual road load data, and
global procurement and collaboration.

The advantages compared to other solutions already available
on the market are the reduction of performance deficits, cost
optimisation, fast time to market through lean development,
as well as the highest power density and optimised switching
times.

| hope you enjoy reading!

Greetings

Joachim Trumpff /
Vice General Manager
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1.1 HEAVY DUTY ELECTRIC
DRIVE SYSTEM CONCEPTION

The increased introduction of ECV globally will boost the requi-
rement to develop more and more Heavy-Duty Electric Drive
System (HD-EDS). The conception of those systems will be in-
troduced in the following.

1.1  Vehicle Installation Definition

HD-EDS are applied in the vehicle in two general layouts: longi-
tudinal and transversal.

In the longitudinal HD-EDS the e-motor is installed longitudi-
nally in the vehicle, typically a multi-speed transmission is ap-
plied and the connection to the wheels is realized by integrated
differential axles or by a so-called bridge with multiple connec-
ted (minimum 2) axles. For this type of chassis mounted HD-
EDS layout, the general package is simple but might be limited
by vehicle package boundaries.

In the transversal HD-EDS the e-motor is installed transversal-
ly in the vehicle and directly integrated in differential axles. For
this type of axle mounted HD-EDS layout, the vehicle package
is simple, but the EDS package boundaries might be very chal-
lenging.

Inthe following GETEC will focus on the longitudinal HD-EDS for
the so called 90t class for trucks and buses.

/ Solution Target

Longitudinal
* Package of EDU is simple

¢ But limits vehicle packaging

e EDU is chassis mounted

* Good traction potential

Fig. 1. HD-EDU vehicle installation definition

1.2 E-Motor Definition

To provide sufficient driving power for the 90t applications for
truck and bus the system power shall be assumed as 400-460
kW. This value has been gathered by GETEC applying the virtual
road load data (VRLD) method.

In the VRLD approach raw data - in this case from GETEC's
benchmarking database of an AMT type ICE heavy duty truck
application - willbe used as input for the simulation with various
VRLD plant models representing various possible applications.
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Transverse

¢ Package challenge for EDU

* But package good for vehicle
 Parallel gearing is efficient

¢ Easy to lift rear axle

The VRLD results can deliver - as in this case - power require-
ments but also extended lifetime data dependent on the appli-
cation which can be used as duty cycle for the development.

This front-loaded development approach can safe development
time / costs and can as well decrease the development risk since
the application usage demand is clear ata very early stage of the
development.
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Fig. 2 | Virtual road load data approach
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Fig. 3 | HD-EDS e-motor solution matrix (solid line: main application)

E-Motor (Base) Base EDS-System

Figure 3 provides a decision tree for the e-motor application ba-
sed on market applications.

Three e-motor applications are considered: single low-speed /
high-torque e-motor, single low-speed / medium-torque e-mo-
tor and dual high-speed / low-torque e-motors. All those vari-
ants are more detailed analyzed below in more detail. Figure 4
shows the driving torque evaluation for single low-speed / high-
torque e-motor applications.

Single low-speed / high-torque e-motor can achieve sufficient
driving torque with 3-speeds. The base applicationisin this case
the truck in which the wheels are driven by so called bridge. The
bus application can be realized by adding an additional reducer
which increases the vehicle speed to above 100 km/h.

Figure 5 shows the same evaluation for a single low-speed /
medium-torque e-motor application.

90 t Application
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When 4-speeds are applied to a single low-speed / medium-tor-
que e-motor generally sufficient driving torque can be achieved
but severe power gaps are visible. Those power gaps are critical
to achieve the driving power requirements for 90t trucks, which
is considered as base application for this conception, as shown
in the next chapter. To close those power gaps minimum 5 gears
are required to reach the sufficient overlap. The bus application
for this layout can be realized by adding an additional reducer.

An evaluation for a dual high-speed / low-torque e-motors ap-
plication is shown in figure 6.

The dual high-speed / low-torque e-motor application is buil-
ding radially more compact compared to single e-motor appli-
cations above. The evaluation of a 4-speed layout shows suffi-
cientdriving performance for the 90T application is an additional
reduceris applied. The base application of the dual high-speed /
low-torque e-motor application is for bus.

Bus Application

/ Fig. 4 | Application flexibility single low-speed / high-torque e-motor
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1.3 Transmission Definition

As shown above sufficient driving performance requires for
single motor solutions a minimum of 3-speeds and for the dual
motor solutions a minimum of 2+1 driving gears (2 gears for the
first electric motor and 1 gear for the second electric motor).
The number of driving gears are therefore highly dependent on
the e-motor characteristic and the application requirements.

The HD-EDS transmission - so called HD-EDU (heavy duty elec-
tric drive unit) - is applied in the market in two core structures:
planetary gear set and spur gear set layout. The planetary gear
set layouts have the advantages of a more compact package and
with this higher power and torque density. The costs are typi-
cally higher caused by the high manufacturing accuracy requi-
rements and the complex shift system with actuation of clutches
and brakes. The spur gear set layouts have a simpler design and
therefore lower manufacturing costs but the less compact pa-
ckage due to the layshaft requirement to reach the ratio is more
challenging.

Single Motor

Heavy Duty
EDS

Dual Motor

Fig. 7 | HD EDU Technical solution classification

Both layouts require an actuation which typically is realized hy-
draulically, electro-mechanical or a combination of those. The
actuation has been classified in the following figure 8.

1.4 Auxiliaries Definition

The conception of the HD-EDS shall also consider the require-
ments from vehicle application side for power take-of unit in-
tegration which is a feature to supply power to e.g. actuation
systems like crane or driving systems like concrete mixer. Those
power take-off units must be powered dependent on the appli-
cation: In standstill or during driving or both.

3-Gear-Layout

Planetary Gear

Set Layout
4-Gear-Layout

3-Gear-Layout
Spur Gear

Set Layout
4-Gear-Layout

2+1-Gear-Layout

Planetary Gear

Set Layout
2+2-Gear-Layout

2+1-Gear-Layout

Spur Gear

Set Layout

2+2-Gear-Layout

Solenold(s)
Hydraulic Control
Module
Valve(s)
Clutch Actuator

Hydraulic

e.g. Clutch Piston

Actuation Actuation

Element(s)
Gear Actuator

Clutch/Brake(s)

Gear(s) via e.g. shift
piston & shift fork

Clutch Motor
Clutch

Actuator

Clutch Mechanism

Shift Motor
Electro- Gear Select

Mechanic Actuation Actuator
Shift Mechanism

Shift Motor
Gear Shift

Actuator
Shift Mechanism

Hydraulic
Actuation

Combination of

Electro-Mechanic
Actuation

Fig. 8 | HD-EDU actuation technical solution classification
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2. HEAVY DUTY ELECTRIC DRIVE SYSTEM
SOLUTION DEFINITION

Based on the investigation described above, GETEC will further
evaluate the e-motor conceptions to define the best fit to the 90t
vehicle truck-based application. The single low-speed / medi-
um-torque e-motor has been set as base for the evaluation. In
the below table the gear layout has been set as spur gear layout.

Based on table 1 the single low-speed / high-torque e-motor
with 3-speeds shows a better overall rating compared to the
benchmark (single low-speed / medium-torque e-motor with
4-speeds). The dual high-speed / low-torque e-motors solu-
tion has disadvantages especially for the system costs caused
by the electric motors and related inverter costs. The following
figure shows the detail performance evaluation which has been
conducted to support the evaluation between low-speed / high-
torque e-motor with 3-speeds and the benchmarking.

Single low-speed /
high-torque e-motor

The gearset of the 3-speed low-speed / high-torque HD-EDS
can be realized in the available package as spur gear or as pla-
netary gear set. The following table shows the evaluation matrix
- the spur gear layout has been set as evaluation base.

The planetary gear set layout as AT-type has advantages for the
general package (especially power-density) but since the pa-
ckage of the 90t truck is not critical this benefit does not weight
too much. The drivability is also considered as better for the AT-
type solution due to the fact that the planetary gear set can be
shifted without traction force interruption. The general lower
evaluation score for the AT-type layout is caused by the higher
system costs, higher losses and longer time to market which is
linked to the more complicated gearbox structure with assumed
hydraulic actuation.

Single low-speed /
medium-torque e-motor

Dual high-speed /
low-torque e-motors

Attribute Benchmarking
No of speeds 3 3+ 4 4+
Package 0 - 0 - 0 -
System costs 0 - 0 - - -
Performance + ++ 0 + 0 0
Time to market 0 0 0 0 - -
Summary + 0 0 = = .

Tab. 1 | HD-EDS e-motor solution classification

In the evaluation (figure 9) the 90 t truck application scope has
been set to a mining truck. Mining truck have low requirements
for top-speed but due to the usage in pits they have strong re-
quirements for the climb ability up- and down-hill. Therefore,
especially the previous mentioned power gaps between the
gears are influencing the performance. Result is the so-called
power loss. Due to this power loss the continuous driving re-
quirements can not be achieved by the benchmarking HD-EDS.
Considering this core item GETEC has chosen the 3-speed low-
speed / high-torque HD-EDS conception for the next stage.

3-Speed single low-speed /

Attribute high-torque EDS

Gear Set Type Spur Gear Planetary Gear Set
Transmission AMT-Type AT-Type
reference

Package 0 +
System costs 0 -
Performance 0 0
Economy 0 =
Drivability 0 T
Time to market 0 =
Summary 0 =

Tab. 2 | Definition of Spur Gear and Planetary Gear Set
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Fig. 9 | Performance comparison 3-Speed Low-Speed / Medium-Torque EDS vs. Benchmarking

Figure 10 shows a simple realization example of the AMT-Type
EDS.The layout contains two reduction gears (1% and 2" gear)
and a direct gear (3 gear). The actuation of the gears can be
realized as electro-mechanic or pneumatic dependent on the
application demand.

The related control software can be provided by GETEC.

Output :L[’T)_r }J\\:I:

Fig. 10 | 3-Speed single low-speed / high-torque AMT-Type EDS

3. SUMMARY

GETEC introduced the system, hardware, software and elect-
ronic requirement development supported by virtual road load
data. The system architecture design, hardware requirement,
development and verification have been briefly introduced on
the application of a 90 t heavy duty truck EDS development. GE-
TEC has introduced the HD-EDS system definition from vehicle,
e-motor and transmission side. The conception is highly depen-
dent on the application scope which can variate from customer
to customer. The above deeply investigated 90 t application can
be realized optimally by the application of a 3-Speed single low-
speed / high-torque EDS realized as standard AMT transmis-
sion. GETEC can offer efficient product development using front
loaded development by multi-stage conception, application of
virtual road load data, global sourcing and collaboration.




Hot Posts

Why | joined GETEC Getriebe Technik GmbH?

| was attracted by the varied work. | am there from the start
to the end of the project - that is, installing and calibrating
the measurement sensors, driving the measurement, CAN
decoding and the subsequent evaluation and documenta-
tion. Every day there is a new challenge.

EVERY DAY A NEW CHALLENGE

Mr. Torsten Hempel

Application Engineer

GETEC is benchmarking

the Mercedes Benz GLC 300e

GETEC Getriebe Technik GmbH has deep experience in un-
derstanding benchmarking and drivability evaluation of
vehicles. A benchmarking of the Mercedes Benz GLC 300e
will be conducted in Aldenhoven for the continuous exten-
sion of GETECs' database.

GETEC will archive an insight into the
vehicle control w by deciphering the ve-
hicle network (CAN and FlexRay) and
by installing additionalsensors. Well,
technicalunderstanding of the recor-
ded traces and GETEC's driving proce-
dures are the base to guarantee a suc-
cessful deciphering. Once all required
signals are available, GETEC has a tight
test activity plan for this project.

Various tests in different locations are
scheduled to gather measurement data
from real driving usage and from special
driving conditions from test tracks.

Signaks from Benchmark

Besides Road Load Data (RLD) measurements, the control
strategy, as wellas the performance and driveability, will be
evaluated. The evaluation willbe conducted subjectively
and objectively by GETECs' experienced drivers.

-

Diownshift Brake Dependency Comfort Mode
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So Great face-to-face meet with friends

on the Aachen Colloquium

Lots of interesting discussions and direct exchanges with
experts from all over the world.

The best technical drivetrain solutions for future requi-
rements are simulated, analyzed, and compared by Mr.
Joachim Trumpff, Vice General Manager of GETEC. In his
speech, the technical solutions DCT+P2, THS, 1DHT and
2DHT are analyzed from the following perspectives:

Fuel Consumption
Performance
Driving Quality
Package

Cost

The 2DHT concept was introduced as a well-defined
balance of fuel consumption reduction, performance, dri-
vability package, and costs. This concept is GETEC's con-
tribution to support the future portfolio strategies of OEMs
and Tierls on the path towards zero emissions.

Driving Quality Comparlson (GETEC genchmarking}

gample DCT+PZ (VW DO400e)

gample 1DHT [Honda j-mmd)

20HT - The answer to highest
requirements on sustainabbe drivetrais
for HEVIPFHEV v. .

e

i

Mr. Sven Steinwascher attended the
11th Aachen Colloquium China and
presented our 2DHT solution

The market outlook, especially in China, shows a significant
growth of Hybrid Electric Vehicles (HEV) and Plugin Hybrid
Electric Vehicles (PHEV) in the following years. Whereas for
HEV the technical solution applied is mainly defined as DHT,
and for PHEV the conventional transmissions (DCT, AT, CVT)
combined with P2 or P2.5 are competing with DHT.

The best technical drivetrain solutions
for future requirements have been si-
mulated, analyzed, and compared wit-
hin this speech. GETEC's 2DHT concept
has been introduced and explained as
an answer to those requirements on
sustainable drivetrains. Finding the
best concept is a challenge itself. GE-
TEC analyzed the different technical
solutions from the main perspectives:
fuel consumption reduction potential,
performance, driving quality, package,
and cost.

The analysis of different existing con-
cepts has given deep insights and the
introduction of the 2DHT concept shall
support the future portfolio strategies
of automotive OEMs and TierTs.
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HOTSPOTS IN ASIA

1.In the first half of this year, global EV sales exceeded 2.5 4.Xiaomi Group announced on the Hong Kong Stock Ex-

million, accounting for 6.3% of the global automotive
market. Compared with the annual sales of 3.1 million
in 2020, the sales of EV have achieved explosive growth
this year. In terms of the top ten sales models, Tesla
Model 3 (244,000) topped the list, followed by Wuling
Hongguang MINI EV (182,000 units), followed by Tes-
la Model Y (138,000 units). Among the top ten models,
Chinese brand electric vehicles occupy four seats. In ad-
dition to Wuling Hongguang MINI EV, there are BYD Han
EV, GWM ORA and GAC Aions. Source: CCTV

.As of the end of June 2021, the number of new energy
vehicles in China reached 6.03 million, accounting for
2.1% of the total number of vehicles. Among them, the-
re are 4.93 million pure electric vehicles, accounting for
81.7% of the total number of new energy vehicles. In the
first half of the year, 1.103 million new energy vehicles
were newly registered, an increase of 774,000 vehicles
or 234.9% compared with the same period last year; an
increase of 473,000 vehicles or 74.9% compared with the
first half of 2019, arecord high. Source: CCA

3.0n April 8, Geely Automobile Group officially became the
tenth automobile group member of the authoritative au-
tomobile standard-setting organization IATF (Internati-
onal Automobile Working Group), and is a member with
voting rights of directors. This is the first time that IATF
has absorbed Asian car companies as members. Provi-
des new impetus for the transformation, upgrading and
healthy development of the global automotive industry.
Source: China Economic Network

change that the board of directors formally approved
the smart electric vehicle business project, and plans to
establish a wholly-owned subsidiary to be responsible
for the smart electric vehicle business; the first phase
investmentis 1.556 billion U.S.dollars, and it is expected
to be 10 billion USD in the future. ~ Source: Chinanews

.Lixiang and Xinchen Power Machinery Co., Ltd. signed

an investment agreement, and the two parties will es-
tablish a new joint venture company-Sichuan ldeal Xin-
chen Technology Co., Ltd. The new company will develop
and manufacture a new generation of range extender for
Lixiang. Expand the domestic market share of intelligent
range extender electric vehicles. Source: Gasgoo

6.A joint venture between Dongfeng and CRRC, Smart

Semiconductor Co., Ltd., independently develops and
produces automotive-grade IGBT chip modules. Since
it was officially put into mass production on July 7, the
daily output has stabilized at about 150, which greatly
eases the degree of dependence on foreign countries.
Source: Gasgoo

.Volvo Trucks and Jiangling Motors Co., Ltd. (JMC) for-

mally signed an agreement through an online ceremony.
Through the acquisition of JMC Heavy Duty Truck, which
is 100% controlled by Jiangling Motors, Volvo Trucks
will establish a wholly-owned Volvo Trucks production
base in China to better serve China, the world's largest
truck market. Volvo Trucks' goal is to produce Volvo FM,
FH and FMX series heavy-duty trucks for Chinese custo-
mers in Taiyuan from the end of 2022.  Source: 360car

8.0n August 31, Maruti Suzuki, India's largest car manu-
facturer, said that due to the shortage of chips, its Sep-
tember car production will be reduced by 60%. Maruti
disclosed in the documents submitted to the regulator
that the total output of the two factories in September
will be about 60% lower than usual. The company pro-
duced 170,719 vehicles in July and 165,576 vehicles in
June. Source: Gasgoo

9.Nissan Motor will stop developing new sedan models in
Japan. Most of Nissan’s new car sales in the past were
sedans, but demand has declined inrecent years. Nissan
plans to focus its operating resources on SUVs and pure
electric vehicles (EVs), among others, and may exit the
sedan business in Japan. Source: Caijing.com.cn
10. On April 23, Honda's new CEO, Toshihiro Mibe, an-
nounced that Honda's sales share of pure electric ve-
hicles and fuel cell vehicles in all major markets will
be 40% by 2030, 80% by 2035, and 100% by 2040.
Source: Chinanews




GLOBAL LOCATION

Development experience - technical solutions

THE HEADQUARTERS LOCATES IN INDUSTRIAL PARK
IN ALDENHOVEN, GERMANY.

In Suzhou, China, GETEC has a research and development center and testing center that can easily serve Asian customers. At the same
time, in Nagoya, Japan and Seoul, South Korea, GETEC has its own sales office, which can better realize the globalization of GETEC.
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