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Our goal is to offer the
customer all the services
from the concept

to the series introduction

Greetings from GETEC

The automotive industry faces major, disruptive and technolo-
gical challenges related to e-mobility. Our increasing environ-
mental awareness and noticeable climate changes are forcing
humanity to make every effort to rebalance its carbon footprint.
In future, only a (partially) electrified powertrain will have an
opportunity on the market. New players like Tesla, NIO and
Byton challenge the long-established manufacturers. Initially,
| think the traditional OEMs are falling behind in terms of elec-
trification and battery research, so | feel that they are currently
experiencing a reversal of the innovation pendulum in favor of
Western engineering. Here is the law of the large inertial mass,
which at first wants to be accelerated.

GETEC Getriebe Technik GmbH feels obliged to this change.
With 150 employees in Germany and China, we are developing
novel hybrid transmissions (DHT) for both transverse and lon-
gitudinal installation. Using newly developed simulation tools,
a variety of variants regarding fuel consumption, acceleration,
performance, climbing ability, starting behavior, driving dyna-
mics, weight, package and production costs are examined and
evaluated in concept studies. After defining a concept and a de-
tailed specification with the customer - usually in comparison to
a (if existing) benchmark product - the typical A, B and C pha-
ses of powertrain development are passed through to maturity.
Here, GETEC has repeatedly proven its fast reaction time due to
its great experience in very short development cycles. Suppliers
are involved in the development process at an early stage in
order to generate responsibility for the product and to be able
to absorb production quality problems right from the start.
Furthermore, GETEC has written on the flag to accompany the
series introduction together with the customer.
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In addition to the application of the gearboxes into the vehicle
and the validation of the characteristics specified in the vehi-
cle requirements, a verification and validation of the products
should be carried out on highly dynamic test benches during
development right from the beginning. Without our own test
benches, the targeted short development cycles of less than
3 years would not be possible. For this reason, GETEC has been
operating 12 highly dynamic powertrain test benches in Suz-
hou, China, for nearly two years now, especially since China is
the fastest-growing e-mobility market as supported by the go-
vernment (as defined in the 5-year plan). However, in order to
take account of the growing demand for validation capacity and
a complete development service from a single source, GETEC
has already installed 3 high-speed test benches (> 20,000 rpm)
in Germany, Aldenhoven. All test benches are equipped with
highly dynamic battery simulators. By parallelizing currents
greater than 1000A can be realized. With appropriate cold-cli-
matic chambers environmental situations between -50 ° C and
+120°C canbe examined. High control speeds ensure high rea-
listic simulation capability. It is planned to install another 3 test
benchesin our existing buildings for e-mobility by the end of this
year. Our business plan is to build another building with 10-12
test facilities by mid-2021.

Our goal is to offer the customer all the services from the con-
cept to the series introduction including validation and liability
from a single source. We advertise with quality and high trans-
parency.

Best regards

Ralf von Dahlen
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NEW ENERGY DRIVETRAI
SMART PRODUCT
DEVELOPMENT STRATEGIE

Author: Mr. Joachim Trumpff
Director Engineering & Testing

The automotive industry and therefore also the compa-
ny GETEC Getriebe Technik GmbH are facing the mar-
ket challenge of the trade-off between reducing the
package, weight and costs and increased requirements
for functionality, performance and economy.

Three main authorities are driving the market: the above
listed factors of the automotive environment, the go-
vernments and the customers.

CONCEPT FINDING

The market challenges are to overcome at first by a good con-
cept. If the basics are defined well, the number of gears, the
gear set layout as well as the e-motor integration concept and
the software concept can be fixed. A new trend is the develop-
ment of specific transmissions with regards to new energy.
Which means that on the one hand reducer transmissions for
e-motors have to be developed and on the other hand complex
hybrid transmissions are required, which are combining for
example P1 and P3 configurations. These complex hybrid trans-
missions are also called "DHT" - “Dedicated Hybrid Transmis-
sion”. These DHTs are not usable as "Standalone” conventional
transmissions without e-motors, because e.g. the reverse dri-
ving is realized by e-motor driving. For both, DHTs and reducer
transmissions, the necessary number of gears need to be de-
fined. Therefore, simulation and calculation models are develo-
ped and used by GETEC Getriebe Technik GmbH. The results for
aDHT and forareducer transmission combined with an e-motor
to an "EDS" - “Electric Drive System" are shown in the following
figures (Fig. 1/2).

The gearset for a DHT transmission configuration is simulated
and calculated (Fig. 1). As example, an engine with an optimum
specific consumption of 245 g/kWh is applied. The dark blue
colored areas are representing the optimum engine operating
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area. It is clearly to see that the fuel-efficient operating area of
the engineinalldriving conditions is increasing with the number
of gears. Another positive aspect is that with an increasing num-
ber of gears the nominal and the peak performance area is also
increasing. For the above sample DHT application the 4-speed
solution is optimal.

This graphic is also created for an EDS (electric drive system) in
Figure 2. For an EDS the e-motor efficiency is of interest. There
are many discussions about the future of transmissions ongoing
in the moment. GETEC is clearly stating that transmissions will
be required in the future for several reasons!

With one gear for example, the tradeoff between performance
(acceleration / climb ability / top-speed) and an optimal system
efficiency must be well selected. This means a huge compro-
mise. With two gears, the result is changing quite a lot. The per-
formance and efficiency are well distributed over the complete
operation area. Three gears are bringing minor additional bene-
fit for the efficiency in the operation area. The benefit compared
with the effort to apply and handle three gears, leads to the re-
sult thatin this case study a 2-Speed EDS is the best choice.
Due to the increasing demand on e-motor speed, the require-
ments not only to the e-motor but also to the inverter are ra-
pidly growing. This is strengthening the message that at least a
2 speed transmission is reasonable.

Speed DHT 3 Speed DHT

Fig. 1 | TM Gear Number - DHT Economy & Performance

4 Speed DHT

1 Speed EDS 2 Speed EDS

Fig.2 | TM Gear Number - EDS Economy & Performance

3 Speed EDS




DEVELOPMENT

During the development, a couple of challenges are faced. The
hardware component selection has a much bigger variety as for
conventional transmissions. Picking out the e-motor, itis neces-
sary that the e-motor needs to be well developed and multiple
development targets have to be considered. For example, the
technology for the windings need to be analyzed from technical
perspective as well as from the perspective of production. Not
every supplier can produce the hairpin technology. By defining
the system software, it is also essential to define the functions
and responsibilities together with the vehicle manufacturer.
The software, especially for a hybrid control needs to consider
a couple of different driving modes. All the hand overs from one
to another mode have to be adjusted and optimized to satisfy the
customer. New developed functions like boosting and sailing
needs to be developed, calibrated and tested.

Compared to the conventional transmissions the level of elec-
trification is increasing and also the overall drivetrain efficiency

Transmission Family

for ICE Vehicle

DCT
with 7/8 speeds

DHT
with 4/5 speeds

Transmission Family
for Hybrid Vehicle

Electrlflcatlon level increasing

needs to be further optimized. However, the performance and
cost level has to be well balanced. To overcome these chal-
lenges, it is unalienable to optimize the development strategy.
Therefore, GETEC is developing based on a modular strategy.

The target of this modular development strategy is to develop
transmission families for different transmission types like DCT,
DHT and EDS. All these transmission families have to use as
much as possible out of a pool of components. Within this pool
there are e-motors, resolvers, dual clutch modules (DCM), hy-
draulic control modules (HCM), pumps (electrical and mecha-
nical), parking locks, filters, synchronizers, bearings and so
on. The benefit is that many parts are existing and do not need
further development capacities which reduces costs and time. A
further cost and time reducing factor is that the parts are alrea-
dy tested and do not need further component tests. The testing
time and costs can also be reduced significantly and in overall
the time to market is decreased accordingly. The remaining de-
velopment tests for the new developed components are easier
to place due to a better availability of the development test rigs.

Transmission Family Transmission...

EV

EDS
with 1/2 speeds

Overall drivetrain efficiency increasing

Performance and costs well balanced

COMPONENTS

E-Motor | Resolver | DCM | HCM | Pumps | Parking Lock | Filters | Sychronizers | Bearings | ...

Fig. 3 | Modular Development Approach
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TESTING

The testing effort on component development has to be reduced
as much as possible by using common parts because the overall
verification testing is becoming more and more complex and a
lot of different variants have to be tested. Therefore, tailor made

Requirement: Ideal design
Design limit matching customer usage and duty cycle

duty cycles are a suitable solution to test as much as necessary
and as less as possible. The new requirements on vehicles like
car sharing are also influencing the test cycles. Small cars are
used much more frequently than before and meanwhile by com-
pletely different drivers which are not taking care about the ve-
hicle as much as a “vehicle owning " customer.

Customer usage clear?

The overall target is to develop an “ideal design” and test this
design with an appropriate durability test. If the customer usa-
ge is totally clear, it is easy to develop a suitable design. Usually
there are many items which are unclear, to eliminate the uncla-
rity the solution is the measurement and evaluation of road load
data. During the road load data process, a couple of drive events
on specific roads are conducted with a comparable vehicle and

Duty cycle develop-
ment based on RLD
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Fig. 4| Duty Cycle Development




Fig. 5| Duty Cycle Development

CHOOSE 15 ROAD SAMPLES
consisting of 5 road conditions and

each with 3 clutch energy levels.

Define N typical drivers. Each will

combine the characteristics of 5 road

conditions with different proportion

Evaluate statistically the clutch energy
distribution with all possible combinati-
ons (Total number: N*3%=243*N)

Develop statistical curve showing all

possible driver combinations and the

clutch energy used during life time
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with a choice of drivers. These measurements are the base to mix the data and
build a “most critical” driver which covers usually 9x% of all drivers. A tailor
made test cycle can be programmed and tested.

Within this case the target mileage is 300,000 km and the focus is clutch ener-
gy. The road conditions are divided into city, highway, rural, mountain and
extreme conditions. Each condition has three different kinds of energy level.
In a next step “N" typical drivers are defined and each driver will combine the
characteristics of the 5 road conditions and three energy levels with different
portions. The total numberis N x 3°=N x 243. To ensure all the possible driver
types will be considered, GETEC applies equiprobable enumeration to gene-
rate N (millions) of different drivers. The result is a statistical curve, which
is showing all the possible driver combinations and the clutch energy during
the lifetime. To find a suitable design and test method, the 9x% method will be
used. Otherwise the design would be an overdesign.

GETEC has several times adopted this method with excellent results in the
past. Regarding clutch energy for example it can be seen that the standard
design from the older days is not matching the increased weight of vehicles
(SUV) equipped with turbo charged engines and the severe traffic overload
are leading to more stop and go. The total transferred energy on clutches is
significantly increased within the last years.

Beside the test cycles, the requirements on the testing facilities is rapidly in-
creasing with respect to the new energy development and testing demands.
Better efficiency, high performance, increasing quality requirements, etc. are
inquiring high performance test benches. These benches have to be equipped
with a high number of additional equipment like a climate simulation, current
measurement systems, battery simulators, telemetry and so on.

Nowadays speeds up to 18.000 rpm are often demanded which requires beside
a high-speed dyno also a driver system to run this dyno within the required
speed and with the necessary power in all conditions. For more power, one
approach in GETEC is to combine battery simulator systems in parallel.
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N to ensure all the possible driver types will be conside-
red, GETEC Getriebe Technik GmbH use equiprobable
enumeration to generate N (millions) of different drivers
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SUMMARY

A couple of solutions for the new energy drivetrain development
are discussed above. The market challenge is the trade-off bet-
ween reducing the package, weight and costs and increased re-
quirements for functionality, performance and economy.

Time to market

High Performance

Cost Efficiency
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GETEC Getriebe Technik GmbH
developed many measures
to face these challenges.

Joachim Trumpff

Best Efficiency Quality Requirements

Multiple Applications

High-End
Product

Verification
Facilities

High Performance Test Benches

N

Power: 18.000 rpm /250 kW / 450 Nm
Overload: 350kW /600 Nm (10 sec)

Climate Simulation

Fig. 6| Verification Facilities



EV Sales in Germany 1-7, 2019

Report from Gasgoo, Data from EV Sales

According to the German electric vehicle sales data relea-
sed on the EV Sales website, after the good results in the
first half of the year, the number of electric vehicle regis-
trations in Germany continued to climb in July, with 9,233
units sold, of which pure electric vehicle sales surged by
136% year-on-year. Sales of plug-in hybrid vehicles in-
creased slightly by 6%. Last month, the German electric
vehicle market accounted for 2.8% of all new car sales, of
which the pure electric vehicle market share was 1.8%.

From January to July in 2019, the cumulative sales of EVin
Germanyis 56,817.

Here is the top 20 EV
brands sale in Germany.
B sales —— Share

Oliver Zipse officially served as CEO of BMW, sending an internal letter urging employees
to accept the change to catch up with the Mercedes-Benz

Report from Reuters

According to Reuters, BMW's new CEO, Oliver Zipse, urged
employees to embrace change and find innovative ways to
help the company outperform its rival Mercedes-Benz.

In the past few years, BMW has lost ground in competition
with Mercedes-Benz. In 2016, Mercedes-Benz's global
sales surpassed BMW after 12 years.

According to Zipse, BMW's flexible production methods of-
fer a major competitive advantage, as it will enable BMW

GETEC comments

Both Europe and China are vigorously developing new
energy vehicles. At the same time, the market is increa-
singly accepting new energy vehicles with low fuel con-
sumption, especially pure electric vehicles. Because of
policy-driven and market-driven, new energy vehicles will
be main trend in the future. However, new energy vehic-
les, especially electric vehicles, have a high degree of ho-

to expand or slow down the production of electric vehicles
as needed.

BMW predicts that there will be a steep growth curve for
electric vehicles by 2025, and sales will grow at an average
annual rate of 30%. By 2021, sales of BMW's electric vehi-
cles (battery powered and plug-in hybrids) will be more
than 2019.

mogenization. How to be better differentiated in the market
and accepted by customers, stability and safety are still the
primary considerations for customers to choose new energy
vehicles. Pre-marketing tests, such as performance testing
and functional testing, can better verify their quality and en-
sure that they are highly recognized by the market.

GETEC Getriebe Technik GmbH (Germany)

New Energy Testing Capability available for Europe market

Report from GETEC official website

Recently, GETEC Getriebe Technik GmbH (Germany) has
finished the set up and commission of Bench No.1 and
successfully completed the 1st project from our customer.
Bench No.1 is available for testing of high-speed E-Motor
and Inverter up to 18.000 rpm, and equipped with battery
simulator, climate chamber for inverter, conditioning sys-
tem and power analyzer. 2nd and 3rd test bench was finis-
hed in August.

Further test benches will be commissioned within 2019
and following year. GETEC's testing capability will be avai-
lable for all new energy testing. With the increasing and
leading testing capability, GETEC Germany will support
the improvement of customer products and assist custo-
mers worldwide in the transformation to new drivelines in
the auto industry.

HOTSPOTS IN CHINA

Geely (China Local Auto OEM) and Daimler form
ajoint venture to cooperate in the production of
electric Smart, Geely is responsible for engineering
research and development

Tesla Model 3is made in China at the end of 2019.

China has 53% market share on new
energy vehicles worldwide.

In2019 China's passenger car sales experienced ne-
gative growth, and sales volume decreased over the
same period. From January to June, China's auto sales
were 12.323 million units, and sales volume decrea-
sed 12.4% from the same period of the previous year.

NEW ENERGY VEHICLE ' China 53 %

OnJuly 1,2019, China Implement “CN VI" fuel emission
standard policy

Guangdong, Beijing, Shanghai, Tianjin and other regi-
ons directly implemented the “National VI" emission
standard.

The Chinese government has issued a series of notices
focusing on promoting the purchase and use of new
energy vehicles. It is not allowed to restrict the pur-
chase, driving of new energy vehicles by local govern-
ment. Meanwhile local government should accelerate
the elimination of high-emission vehicles and low-
speed electric vehicles.




COMING EVENTS

CTI CHINA 2019

Facing the Market Challenge -
Solutions for New Energy Drivetrain
Product Development

Time: 23.-25.09.2019 More information, please link:
Speaker: GETEC | Mr. Joachim Trumpff https://drivetrain-symposium.world/cn/

AACHEN COLLOQUIUM GERMANY 2019

Dual electrification inside -
A multistage DHT

Time: 07.-09.10.2019
Speaker: GETEC | Mr. Florian Stallforth More information, please link:
Booth: No. 62 https://aachener-kolloquium.de/en/

CTI BERLIN 2019
Concept of a 4-speed DHT
with high efficiency

Time: 09.-11.12.2019
Speaker: GETEC | Mr. Florian Stallforth More information, please link:
Booth: No. GO04 https://drivetrain-symposium.world/de/
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