
Technische Universität Darmstadt
Romax helps leading research university design a brand new 
optimised two-drive transmission 

“We have created a promising 
powertrain concept, offering high 
efficiency in both electric and hybrid 
driving, good driving performance, and 
simple transmission technology. All 
design and efficiency calculations, as 
well as modelling and simulations, were 
done using Romax.” 

Ruben König, 
Research Associate, IMS

Case study

Technische Universität Darmstadt is a German 
research university with an outstanding reputation. 
Focused on helping industry meet the challenges it 
faces; technology is at the heart of its research and 
teaching. TU Darmstadt’s Institute for Mechatronic 
Systems in Mechanical Engineering (IMS) aims to 
deliver innovation and to drive progress through the 
interaction of classical mechanical engineering, 
electrical engineering and computer science, with 
“systems thinking” at the forefront of its approach. 

As part of this, IMS is using Romax modelling, simulation 
and analysis capabilities to support the development of 
novel engineering concepts - including transmissions for 
hybrid vehicles, for which RomaxDESIGNER’s system-
level analysis is critical. “We used Romax within the 
development process for a new transmission system for 
electric range-extended vehicles,” says Ruben König, 
Research Associate, IMS. Transmission design was 
carried out using RomaxDESIGNER software to create 
simulations and enable efficiency analysis. “Efficiency 
maps of transmissions can be very hard to calculate, so 
we needed Romax to provide this information.” 
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Driving innovation in the powertrain

The geographical range of electric vehicles (EVs) is limited 
by battery capacity, and this is often suggested as a 
reason why initial uptake of EVs by consumers has been 
sluggish. “We wanted to maximise the efficiency of the 
powertrain to extend the range of a vehicle in electric 
mode, and look at further extending the range by adding 
an internal combustion engine (ICE),” König explains. 
“This led to an innovative two-drive transmission concept 
for a powertrain, with the promise of high levels of 
efficiency in both electric and hybrid driving modes.” The 
research is supported by public funds from Germany’s 
Federal Ministry for Economic Affairs and Energy 
(Bundesministerium für Wirtschaft und Energie, BMWi).

Typically found in plug-in hybrid electric vehicles (PHEV), the 
parallel hybrid system is the most commonly used, coupling 
an electric motor with ICE. Alternatively, components of a 
series hybrid drivetrain in extended-range electric vehicles 
(EREV) include electric motor, gasoline engine, computer 
controls, battery and generator. Power-split or series-
parallel hybrids are variations on the parallel arrangement 
that include power-split devices, allowing for power paths 
from engine to wheels to be either mechanical or electrical. 
As you would expect, there are pros and cons to the 
different approaches. “Our project looked into different 

PHEV concepts,” says König. “We’re mainly interested in 
parallel layouts as they are generally agreed to be the most 
efficient. P2 [parallel two-clutch systems] are interesting 
but costly, and have complex transmission technology. 
The two-drive transmission has less complexity: only two 
gears in both transmission sub-systems, and fewer parts. 
There are also no friction elements, no friction couplings, no 
synchronisers, so it’s highly efficient. We identified potential 
to make improvements in terms of efficiency and cost.”

Optimising design and development

König continues, “The main challenge was to formulate an 
appropriate optimisation strategy, then set up simulation 
models that applied our approach.” Simulations using 
RomaxDESIGNER software focused on analysing the 
efficiency of the two-drive transmission (series-parallel 
hybrid design). This approach would, König says, “Be 
highly efficient in electric driving and deliver efficient 
parallel hybrid modes, with series hybrid modes for special 
situations.” This approach ‘ticked the boxes’ in terms of 
a workable powertrain concept that met all criteria: two 
parallel two-speed transmission sub-systems (Automated 
Manual Transmissions) providing high efficiency due to 
load shifting, a high starting torque and high maximum 
speed; two small electric machines, meaning no 
interruptions of traction force during shifting, and high 
efficiency from the machines at low loads; and Range-
Extender capabilities thanks to the presence of both 
parallel and series hybrid modes.

“Romax software allows us to design systems and 
components at a level of detail that’s not too deep but still 
provides the right level of information,” König says. “For 
example, we need efficiency maps of the transmission but 
didn’t have a detailed design - so we could create the first 
model and then scale the efficiency map.” This illustrates 
the Romax Right First Time methodology, providing 
designers and engineers with the precise level of detail 
and complexity to perform the task at hand in a focused 
way, avoiding pitfalls and optimising designs at a far earlier 
stage. “You can have the right level of detail depending on 
what you want to do,” König says. “In the concept phase, 

Client

Institute for Mechatronic Systems in Mechanical 
Engineering at a leading German research university, 
with 13 departments, 2,400 academic and 1,850 non-
academic employees, and 25,000+ students.

Challenge

Optimised development of novel engineering 
concepts, in particular new transmissions for 
extended range electric vehicles (EREV).

Solution

RomaxDESIGNER and CAD Fusion software for 
modelling, simulation and analysis focused on 
efficiency.

Benefits

Fast and focused optimised development at an 
earlier stage, trusted efficiency maps, complex inter-
dependent parameters and multi-objective optimisation, 
resulting in a successful new two-drive transmission 
design going to prototype.

CAD model of the complete powertrain
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you can create a simple model and run basic analyses, to 
get an indication of performance. When you’re ready for a 
more detailed design, you can input a great deal of detail 
already, and so get more representative results. It was 
particularly important we could trust our efficiency maps 
and calculations, and Romax has done a lot of validation 
work for its models.”

Multi-objective optimisation work included examining 
a multitude of parameters, including the power of 
the electric machine and ICE, and gear ratios, looking 
at complex inter-dependencies and their effects on 
efficiency and performance. “We had clear requirements 
in terms of minimum torque, minimum electric high 
speed, and minimum hybrid high speed. We came up 
with a straightforward transmission layout, with the first 
design produced in RomaxDESIGNER and efficiency maps 
generated, then an alternative layout produced with 
coaxial shafts.”

Saving time with CAD Fusion

More detailed design of the alternative layout 
was performed using CAD Fusion software and 
RomaxDESIGNER. “We modelled in RomaxDESIGNER and 
could switch easily to CAD Fusion, to check everything 
worked and it fitted the packaging space, making changes 

CAD model of the two-drive-transmission including e-motors and shift 
actuators

Romax model of the two-drive transmission

and adding more detail if necessary, then importing 
the model back into RomaxDESIGNER. We could do this 
several times if required, and very quickly. CAD Fusion 
was extremely helpful. We’ll use this same methodology 
on future projects and plan to use CAD Fusion earlier in 
the process, so it can save even more time on the initial 
simulation model.”

Romax’s process facilitates a Right First Time design 
approach, achieved through whole system analysis in 
RomaxDESIGNER and faster modelling using CAD Fusion, 
underpinned by Romax’ cutting edge technology in 
terms of efficiency calculations and hybrid transmission 
design and analysis. König concludes, “We have 
created a promising powertrain concept, offering high 
efficiency in both electric and hybrid driving, good driving 
performance, and simple transmission technology. All 
design and efficiency calculations, as well as modelling 
and simulations, were done using Romax.” With these 
phases of the project complete, plans are under way to 
build prototypes of the new two-drive transmission.
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