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Objective

With the Future Hybrid 7 and 8 Mode AVL presented a cost efficient hybrid transmission solution
to fulfill future legislation requirements. Already in 2016 DHTs are globally the dominating
hybrid transmission topology, based on the evaluation of sold hybrid vehicles on the market. Main
driver for the high sales volumes of DHTs is the Toyota Hybrid System, e.g. in the Prius. On the
other hand, 48V represents an interesting alternative to achieve basic hybrid functionality at
lower costs. First 48V systems are implemented as belt starter generator on the internal combustion
engine. With increased power of the 48V e-motors basic electric driving functionality, e.g.
creeping, can be realized also with 48V. This requires to reconsider the position of the 48V e-motor.
New transmission architectures are required to ensure best efficiency and the best support of

hybrid functionalities by the 48V e-motor

Methodology

Like for the DHTs, the 48V e-motor enables additional functionality within the transmission.
Current 48V e-motors do not allow to take over transmission functionalities completely,
nevertheless it is possible to derive transmission architectures that use the 48V e-motor to
improve the shift behavior. An example is the AVL DynoShift that enables torque filling by braking
of a specifically developed 48V e-motor. In the first generation this type of transmission
represents a solution between AMT and DCT, with cost closer to the AMT and shift quality closer
to the DCT.

For newly developed DHTs new production lines are required, if for 48V transmissions also dedicated
transmission architectures are developed, again new production lines would be required. The hybrid
production volumes will increase significantly in the next years, taken into account the
uncertainty in distribution between 48V and high volt systems, the risk in terms of high production
line investments for OEMs is quite high. However, with increasing production volumes of hybrid

powertrains, product cost optimized solutions are required.

Results

For high voltage hybrids DHTs like the Future Hybrid 8 mode represent a cost efficient solution.
For 48V the belt start is for sure a very cost efficient solution, but it takes not into account
hybrid functionalities that can be realized with a high power 48V e-motor, e.g. electric creep
An overview of advantages and disadvantages for the position of the 48V e-motors within the

powertrain is given. Dedicated solutions for 48V will be presented.

For DHTs investments in new production lines are required to ensure hybrid powertrains at lower
cost. To not additionally request new specific production lines for 48V transmissions, and to
keep the production line investment costs as low as possible, solutions that are scalable between

high voltage and 48V represent an interesting alternative

Limitations of this study

For the DHTs (Future Hybrid 7 Mode) prototype and demonstrator vehicle experience is available,

for the new 48V transmission technologies hardware is not available.

What does the paper offer that is new in the field?
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The paper is based on the paper 2016 for the DHTs and additionally shows the new 48V implementation

within the powertrain.

Conclusions

The investigation explains the advantages and disadvantages of different positions of the 48V
e-motor within the powertrain and provides specific 48V transmission solutions as well as
solutions that can be combined with high voltage hybrid systems.
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Withtheintroductionof increasingly stringent CO2emission and fuel consumption regulations the
development of new energy vehicles (NEVs) hasbeenprogressing rapidly. The NEV powertrain control
unit development is complex because EVs, HEVs and PHEVs are relatively new and more and more
functionality is required to maximize their performance and efficiency. In this presentation we

will review these technologies from a strategy and software framework perspective.

To begin with we will look at the new functionality required to support new energy vehicles. As
well as identifying new functionality, we have a choice of control units in which we can implement
that functionality. We will discuss how to select the most appropriate control unit for the new

functions and thus define the master node andslave nodes

We will then introduce GRC’ s new software architecture based on AUTOSAR which we have applied
to new energy vehicle controller development. After a brief overview of the AUTOSAR standard and
its goals we will look at how GRC have defined the software framework and components according
to AUTOSAR. This approach makes the most of software components as they are able to be reused

which, in turn, reduces software development cost, time, and risk

Finally we will discuss functional safety (IS0-26262) and how to apply it to the NEV with some

implementation examples.

GRC has capability and experience in powertrain control and would be pleased to cooperate with

its industry colleagues to achieve success in new energy vehicle development.
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Brushless motors are becoming more and more relevant in transmission applications. This is due
to the necessity of CO2-reduction and the resulting demand for a scalable oil supply for the

transmission or even the replacement of a hydraulic system by using electromechanical actuators.

The technical requirements vary significantly and compete with each other. While sensorless
operation is possible on hydraulic pump applications, operation with a rotor position sensor is
also essential - even in ASIL C applications. The thermal design need to support different power
classes from 200W up to 1kW within different environmental conditions. Moreover, operation times
must be supported from short—term auxiliary (boost), such as of a mechanically powered pump or
adjustment of a position with less than 0.5 sec duration time, up to continuous operation of a

purely electrically powered oil pump.

One common requirement is an economical and energy efficient realization. This is only possible
with a toolbox of clever building blocks that can support potential re-use. The Smart Actuator
Platform (SMAP) is the realization of such a toolbox. This article is focused on motor control
based on an ASIC-driver and the control algorithm for the permanently excited synchronous machine.
Field-oriented control and its efficiency, together with the ASIC-driver, will be shown by

examples of customer applications. The link between the building blocks of thermal design, BLDC
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Motor, control strategy and electronics will be demonstrated, as well as how these building blocks

can be put together into a superset with benefit for the applications.

This presentation shows a holistic approach for a Smart Actuator Platform (SMAP). The context
relation between the main building blocks of control strategy, electronics, electric motor and
housing has been demonstrated. A common solution is presented which covers the requirements of
both electromechanical and hydraulic actuators. Furthermore, the meaningful integration of BLDC
motor control functions in an ASIC is explained as well as how this can be utilized to save costs
and installation space while at the same time increasing robustness and performance. Examples

are faster position control by 25%, higher speed range and better efficiency by 5%.
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Tools, methods and processes for objective measurement of shift quality have been available for
some time. Based on measureable physical parameters, the use of objective shift quality tools

has become routine

Currently no method or tool is existing to evaluate drive— or shift strategy driveability —
focusing on the proper gear and torque converter state. Quality and development engineers still
face highly subjective impressions in this area. Customer expectations and requirements have not
been transferred to concrete powertrain requirements and calibration targets. Experienced
calibration engineers know the critical interactions and run optimization manually and
iteratively. But it is neither measureable whether driveability has been considered sufficiently,
nor are there automation methods to pre-develop drive— or shift strategy with a focus on
driveability and emission behavior. Additionally targets focusing on drive mode, brand DNA or

target market specific requirements within drive— or shift strategy aren’ t considered.

This publication shall show new approaches and results of objectification possibilities in the

very subjective field ,driveability in respect to drive — or shift strategy “.
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A review of data from Shell’ s proprietary Driveline test facility shows a clear 1ink between higher
gearbox and axle efficiency and lower lubricant temperatures. In some cases, both lubricant
temperature and fuel efficiency were measured, and for that particular set of hardware, there
was a linear relationship between lubricant temperature and fuel efficiency, so for a particular
temperature drop (or rise) the improvement (or decrease) in fuel consumption could be quantified

and a financial value put onto the temperature drop.

In addition to the experimental data, a simple model has been developed to predict the temperature
rise of the oil, in terms of the frictional losses in the driveline component. For lower viscosity,
synthetic based, lubricants, lower friction losses lead to higher efficiencies, and lower heat

generation in the hardware, which result in lower lubricant temperatures.

Infra-red imaging of components, and the use of cheap temperature stickers (attached to the cover
of the gearbox or axle) have been used to demonstrate the lower temperature operation of higher

efficiency lubricants.
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As DCT is playing more and more important role in Chinese automatic transmission market, more
and more attention to lubrication requirements for DCT especially wet DCT has been driven towards
the industry, like how to balance the compatibility and gear protection, how to improve
anti—shudder durability and maintain high torque capacity at the same time. Against these
challenges, Infineum developed a platform of core DCTF additive technology. It has been validated
by various of bench testing as well as in—vehicle testing with typical wet DCT transmissions in
the market. The testing data demonstrates outstanding balanced performance of the DCT fluid
candidates with Infineum core DCIF technology.
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XfdiF]: hybridization, CVT, DHT, PHEV, P2 architecture
THE:

Future vehicle transmissions will have to meet extremely high demands in term of efficiency,
performance and comfort. Powertrain hybridization is now one key focus in the development
activities of OEMs and suppliers due to tougher legal regulations such as fuel consumption and

C02 reduction

Different degrees of hybridization are required from the legislation in different regions. For
this reason, development work on plug—in hybrids (PHEV) based on high voltage systems with long
electric driving ranges has intensified, in addition to the work being carried out on 48V systems.
Furthermore, the integrated electric motor in a dedicated hybrid transmission (DHT) is needed
for essential transmission functionality which means the DHT is more compact, more economical

and more efficient

The presentation discusses a simulation analysis of different stages of hybridization of a CVT
transmission in a front transverse design for vehicles in the B and C segments, i.e. for the volume
market. The CVT hybrids investigated contain P2 architectures in mild and plug—in hybrids and
dedicated PHEV as a logical extension of these designs. The gasoline engine used is with
displacement of 1.4L. The electric motor have a peak power of 20kW for the mild hybrid and 80kW
for the dedicated PHEV. Consumption in hybrid mode and the resultant overall CO2 emission of the
vehicle in various cycles are evaluated in addition to the design feature of the modular system.
The electric driving range of the PHEV are also determined while the performance of the vehicle
concepts is analyzed under full load acceleration
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In-wheel motors, system architecture, corner mechanical design, vehicle stability and

maneuverability, energy efficiency

Research objective

In-wheel electric motors are not only the most efficient way of converting electrical to mechanical
propulsion energy, but can also be used with existing vehicle platforms as well as bottom—up
purposely built rolling platforms. Finding the optimal in-wheel motor design and testing the
solutions that fit such a vast variety of different new or existing electrified vehicle platforms
presents several challenges in the fields of mechanical, electrical and performance requirements
as well as the compatibility of electronics and vehicle control. A specific in—wheel motor should
be designed in a way that these challenges are overcome with only minor modifications to the base

motor concept design. This paper therefore focuses on the challenge of ensuring the maximum
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compatibility of the motor mechanical design and control electronics with most vehicle platform

requirements.

Methodology

The fact that most electric vehicles (EVs) use gears and transmissions to transfer torque to the
wheel warrants a detailed analysis of the vehicle requirements in order to define a suitable torque,
speed and other characteristics of the direct—drive system, simultaneously considering the
environmental conditions and state of functions for some key vehicle components. Mechanical design
and its optimizations are performed at the corner level in a CAD environment, ensuring proper
fit of the in—-wheel motor into the already occupied space inside the rim. Mechanical design
optimization methods are aimed at ensuring that that the motor fits around the friction brake
and is compatible with the hub bearing while at the same time retaining a suitable clearance from
the suspension system at different suspension positions and at extreme steering angles (in the
case of front wheels). These methods allow easy implementation of potential modifications on the
in—wheel motor or brake side. Moreover, in order to ensure electric compatibility on the power
level, a proper winding configuration must be selected and the implemented direct—drive propulsion
system needs to be linked to the general vehicle control system both on the software and hardware
level. This can be achieved using a parallel computing and communication device such as the
Propulsion Control Unit (Elaphe™ PCU), which communicates with the vehicle main ECU and manages
the direct-drive propulsion, while the ECU manages the remaining standard functions of the
vehicle.
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