
Powertrain development is aimed at achieving future 
targets for performance, fuel consumption and exhaust 
gas emissions through cost-efficient concepts. Fig. 
1 shows the CO2 emission reduction potential using 
conventional technologies for SI and CI engines. An 
improvement of approximately 28% can be achieved 
for a compact class vehicle by downsizing to a 1.0L 
3-cylinder engine, applying a consistent borderline 
design using simulation and special measurement 
technique as well as combustion system optimization. 
This result meets the CO2 limits discussed for 2020. 
With the help of alternative fuels, in particular with 
natural gas, a level of 70 g CO2/km can be achieved in 
combination with relatively simple engine architecture.

FEV uses a variety of different simulation tools to de-
sign engine components. Many years of experience 
with combining simulation and tests enable us to pres-
ent simulation tools that offer high quality predictions.
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Dear Spectrum readers,

The automotive industry is the engine of innovation for  
many technical developments. As an example, the growth 
in electromobility has been a driver for battery develop-
ment. Simultaneously, the need for CO2-reduction spurs 
the evolution of available technologies to find new poten-
tials. In this edition of Spectrum, we will therefore discuss 
the advantages of borderline design in base engine deve-
lopment. Furthermore, this Spectrum also focuses on de-
sign solutions for variable compression, as well as the use 
of natural gas as fuel in commercial vehicle diesel engines. 

In the fields of traffic telematic systems and vehicle-to-
vehicle communication (Car2Car) - two hot topics which 
pursue completely different approaches to reducing CO2 
emissions - FEV also offers solutions.

Regardless of which technologies will determine the  
future, the fields of development will be exciting. The 
great variety and modularity across vehicle platforms and  
powertrains requires new methods for powertrain integra-
tion in vehicles. Virtual integration is an especially impor-
tant topic, and is discussed within another article in this  
Spectrum.

We are looking forward to supporting you with these  
developments!

Yours

Dr. Markus Schwaderlapp
Executive Vice President FEV GmbH

For a borderline crankshaft design, FEV uses 3-di-
mensional dynamic multi-body simulation integrating 
flexible structures with the help of the commercial 

Fig. 1: CO2 emissions: potential for reduction 

software FEV Virtual Engine®. The actual bending and 
torsional behavior of the crankshaft during fired en-
gine operation can be measured with strain gauges 
in a hollow fillet between the bearing journal and the 
crank web. This allows verification of the excellent 
correlation between measurement and simulation 
(Fig. 2). With the validated simulation model and a fil-
let rolling process calculation, it is possible to achieve 
a friction reduction at the crankshaft of up to 40% for 
a 3-cylinder engine. 

Further examples of borderline designs are the piston 
rings (simulation and special measurement technique 
for the determination of the piston ring dynamics to 
reduce the tangential forces and the ring heights) as 
well as the component loads. This particularly con-
cerns the cylinder head of future engines with high 
specific performance. Especially for diesel engines, 
downsizing leads to challenges for the injector, the 
inlet and outlet ports and cooling jacket areas. De-
tailed CAE work (CFD, FEM and TMF) allows border-
line design of the cylinder head with regard to weight 
and durability.
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Fig. 3: Thermodynamic 
potential for SI  
(Gasoline) and CI 
(Diesel) engines

Downsizing an SI engine leads to a reduction of the 
inner efficiency due to a decrease of the compres-
sion ratio. Initially, this is compensated by an in-
crease of the mean overall efficiency in the driving  
cycle through the reduction of the pumping losses 
and friction losses. This trend can be expanded up 
to a specific power of approximately 120 kW/L via 
optimized charge motion movement and mixture 
formation to achieve increased combustion stabil-
ity and reduced pre-ignition or knock tendency, re-
spectively. Beyond this, consumption disadvantages 
dominate due to a decreasing compression ratio.

Fig. 2: Process for borderline crankshaft design using 
dynamic 3D simulations in FEV Virtual Engine® (left), 
special dynamic crankshaft strain measurement (right), 
comparison measurement and simulation (down) 

gas recirculation (Fig. 3, top). A further reduction of 
the knock tendency at full load and high part load 
can be enabled through the additional injection of 
condensed water from the air conditioning.

The diesel engine shows clear consumption poten-
tial through the use of a variable compression ratio 
(VCR). At part load with a compression ratio of 17:0, 
a considerable fuel consumption advantage can be 
achieved through the increase of combustion cham-
ber pressure and temperature at the time of injection 
compared to a base configuration with a compression 
ratio of 15:0. On the other hand, for a higher part load 
point, a decreased compression ratio of 13.7:1 with 
an injection pressure that is about 250 bar higher, is 
required to optimize the fuel consumption-emissions 
trade-off for the same NOx emissions level (Fig. 3, 
bottom). 

Baumgarten@fev.de

Therefore, future efforts (also those focused on 
the WLTP) in SI combustion development must be 
aimed at increasing the basic efficiency of the ideal 
cycle. This can be achieved, for example, by an ex-
tension of the expansion phase (Atkinson cycle or 
Miller cycle with early or late closing of the inlet 
valves) or by an increase of the geometric com-
pression ratio with simultaneous adaptation of the 
mixture properties and reduction of the wall heat 
losses through the use of cooled external exhaust 
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Fig. 5: Potential of the VCR-Systems regarding CO2 and PM-Emissions 
for a B-class vehicle (inertia weight of 1,590 kg) in the NEDC at EU-6 
NOx-emissions (0.08 ±0.01 g/km)
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Customer demand for NVH related vehicle refinements 
suggest the use of sophisticated NVH methodologies. 
FEV’s Vehicle Interior Noise Simulation (VINS) pro-
vides  a means of fully characterizing both the source 
(powertrain noise and vibration) and the path (vehicle 
airborne and structure borne transfer functions) contri-
butions to overall vehicle level sound quality.  This abil-
ity facilitates concurrent NVH development of both the 
powertrain and the vehicle to determine the best enablers 
for achieving the desired interior sound quality. Unlike 
traditional noise transfer path analysis (TPA) methods, 
the time-domain-based VINS process (Fig. 7) is well 
suited to handle powertrain-induced vehicle interior noise 
under both steady state as well as transient conditions. 

The logical definition of source (powertrain) content vs. 
vehicle (path) characteristics is also unique to the VINS 
process. This aspect is particularly relevant for conduct-
ing “virtual powertrain swaps”, a new process in which 
the source powertrain noise from “Vehicle A” (e.g., tar-
get vehicle) can be virtually swapped into “Vehicle B” 
(e.g., development vehicle) to derive noise signatures 
for powertrain/vehicle combinations that might not yet 
physically exist. The use of the virtual powertrain swap 
process is illustrated here via a case study on a develop-
mental Diesel vehicle. Specifically, the Diesel vehicle vari-
ant was to be developed from an existing vehicle, pow-
ered by a baseline gasoline engine. In the early vehicle 
program phase, it was important to define the acoustical 
package for the to-be-developed Diesel vehicle variant. 
To accomplish this task, the Diesel powertrain was 
“virtually installed” into the carryover gasoline vehicle, 
after which the VINS analysis was conducted.  For this 
investigation, source NVH data were obtained from 
the intended Diesel powertrain by conducting a VINS 

analysis on the target vehicle (utilizing the same Diesel 
powertrain). Noise transfer functions from the carryover 
gasoline powered vehicle were utilized as a baseline.  
Updated airborne noise transfer functions were mea-
sured for each sound package enabler and appropri-
ate combinations of such enablers. Using this updated 
acoustic transfer function information, the interior noise 
was simulated and assessed relative to baseline and tar-
get interior noise signatures. Based on this information, 
the enablers were prioritized to arrive at a proposal for 
a viable Diesel vehicle acoustic package. Fig. 8 shows 
the simulated articulation index (AI) metric for various 
sound package combinations of the to-be-developed 
Diesel vehicle. Given that time-domain information was 
retained, other advanced sound quality metrics as well 
as subjective evaluations were also used, as required to 
satisfy the vehicle program NVH targets.
This process provided the following advantages, relative 
to traditional testing methods:
• Assessments prior to the availability of prototype 

Diesel development vehicles
• Improved efficiency, since no operating data was 

required for each iteration
• Improved reproducibility, through use of a single set 

of source data 
Virtual swaps can also be conducted to understand 
powertrain and vehicle contributions to objectionable 
noise, as follows: 
• Powertrain NVH Comparison: Using transfer function 

data from a single vehicle, both powertrains can be 
virtually installed in the same vehicle, providing a 
relevant comparison of the powertrain source differ-
ences on overall vehicle NVH performance. 

• Vehicle NVH Comparison: Using a single set of 
source data, the same powertrain can be virtually 
installed in each vehicle. This eliminates testing re-
peatability issues, facilitating direct comparison of 
the vehicle responses to given inputs.

Govindswamy@fev.com, Tousignant@fev.com

Fig. 7: Process Overview

Fig. 8: Simulated AI for Enablers Tested
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Investigation of Diesel and Natural Gas Combustion 
in a Dual-Fuel Regime and as an Enabler to achieve 
Reactivity Controlled Compression Ignition (RCCI) 
Combustion. In recent years, the heavy-duty mar-
ket has seen a strong growth in the application of 
dual-fuel technologies, specifically prompted by the 
availability of low-cost natural gas being produced 
in the U.S. Much research has been conducted to 
understand the combustion behavior of dual-fuel 
diesel/CNG engines. 

A major difficulty with dual-fuel operation is the 
challenge of providing high levels of CNG substitu-
tion, particularly at low and medium loads, due to 
low engine efficiency and high CO and HC emission 
concentrations. At higher loads, the peak pressures 
and exhaust gas temperatures are a limiting factor 
for achieving higher CNG substitution. 

FEV investigated the combustion behavior of CNG-
fueled heavy-duty diesel engines. The investigations 
were conducted on a Class 8 heavy-duty diesel engine 
meeting US2010 emission and OBD regulations. CNG 
introduction was provided at a single point in the 
intake manifold using multiple gas injectors with an 
in-house-developed control strategy. The study found 
that, to maximize CNG substitution while meeting the 
US2010 emission standards, a selective combustion 
strategy was needed. As a result of this study, the 
substitution and combustion strategy map, shown in 
Fig. 9, was created for dual-fuel operation.

At part load, high levels of CNG substitution could 
be achieved with very low NOx and PM emissions 
by applying an RCCI combustion approach. A ma-
ximum of 50% net indicated thermal efficiency was 
observed at a load point of 6.0 bar BMEP along 
with 75% reduction in both NOx and PM emission, 
as shown in Table 1. On average, the program was 
able to demonstrate up to 65% CNG substitution 
over the operating map (using the substitution and 
combustion strategy outlined in Fig. 9) while achie-
ving a 43% reduction in NOx and 68% reduction 
in PM. 

Table 1: Base versus RCCI Combustion Performance at 
6.0 bar BMEP

Fig. 9: Substitution Strategy Map

Future challenges lie in realizing these reductions in 
both fuel cost and emissions during transient ope-
ration. The modulation between the various com-
bustion strategies needs very accurate combustion 
control since significant changes in diesel injection 
events and CNG substitution levels are involved in 
moving through the various combustion regimes. 
One approach that can support this effort is the 
implementation of a model-based controller using 
real-time feedback from a cylinder pressure sensor, 
along with intake and exhaust boundary conditions, 
to accurately control the combustion phasing. 

FEV continues to explore development opportunities 
in dual-fuel engines to best prepare the industry to 
utilize a currently abundant and low-cost fuel.

Koehler@fev.com
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Thermal management related to the specific thermal 
characteristics of the electric components represents 
a challenge in electric vehicle concepts. Compared 
to a combustion engine, these concepts offer higher 
efficiency and, hence, lower heat emissions. The 
allowable temperature limits of the electrical components 
in these concepts are also considerably lower than the 
corresponding limits in combustion engines. Therefore, 
at least two different temperature ranges need to be 
managed by the vehicle’s cooling system. From a 
thermal management perspective, the task for the 
electric vehicle consists primarily of two parts.  The first 
part is the integration of a much more complex thermal 
management system in the existing vehicle layout, 
compared to a conventional vehicle. The other is retention 
of the comfort and operational reliability a conventional 
vehicle offers, even in extreme climate conditions.

To address these complex questions, FEV has de-
veloped a virtual development process that allows 
significant cost reductions that are achieved via mini-
mization of the test scope. FEV has developed several 
methods for designing, testing and validating complex 
thermal management systems with regard to effici-
ency, comfort and adherence to maximum thermal 
values. The virtual process is based on a combination 
of one dimensional simulation and three dimensional 
computational fluid dynamics analysis. The process 
can be divided into the following components:

• Concept layout of the cooling circuits

• Estimation of heat flow and cooling performance
• 1D design of the vehicle’s external cooling system 
• 3D CFD-simulation of under-hood flow
• Virtual analysis and optimization of the thermal 

management

One possible way of benefiting from the waste heat is 
to deploy fluidic heating surfaces. These are mounted 
close to the passengers inside the cabin, supplying 
them with radiant heat. The advantages of this layout 
are the attainment of sufficient cabin comfort with 
lower coolant temperatures and less need for heating 
power to achieve a comfortable cabin temperature.  
The surfaces can also be used for cooling. The deve-
lopmental challenges are the integration, safety, and 
weight reduction of the heating surfaces.

The complexity of a cooling circuit concept layout for 
a hybrid vehicle is high, as the component tempera-
tures can be divided into three ranges:

• Combustion engine / Range extender: 90 - 120°C
• Electric components: 50 - 70°C
• Lithium-ion battery: 20 - 40°C

The aim is to exploit the efficiency losses of the 
electric components and, thereby, establish intelligent 
thermal management, while leaving the vehicle’s 
overall layout untouched. 

Wolff@fev.com



In order to fulfill PSA’s strong commitment to reduce 
its European fleet’s CO2 emissions to 95g/km by 2020, 
PSA has developed a new modular family of 3-cylinder 
engines. This Puretech family is composed of 1.0L and 
1.2L naturally aspirated PFI engines, covering a power 
range from 50 kW to 60 kW, and 1.2L Turbocharged 
Direct Injection engines, covering a power range from 
80 kW to 96 kW. The new Puretech 1.2L Turbocharged 
Direct Injection engine is the best illustration of PSA 
Peugeot Citroën’s downsizing strategy. 

Its maximum power of 96 kW, peak torque of 230 
Nm, high torque at low rpm and fuel economy im-
provement of 21% on the 308 vs. the 1.6 NA Val-
vetronic engine it replaces, constitute a perfect ba-
lance of fuel consumption and fun to drive. It sets 

new standard for passenger and main-stream cars 
for specific torque (192 Nm/L) and specific power 
(80 kW/L). FEV contributed the development in me-
chanical testing and combustion development.

The key features are:
• Base engine reinforcement due to the high specific 

power and, in particular, the high specific torque
• Water cooled manifold to reduce inlet turbine tem-

perature and improve packaging 
• Optimized friction losses: - 35% compared to re-

placed 1.6 NA engine 
• Optimized NVH
• High efficiency combustion and air loop systems 

described below.

Fig. 10: Specific steady state performance and CO2/ power positioning vs best competitors



 

 

Type 3 cylinders

Emissions regulation Euro 6.1

Consumption on 308 
(NEDC)

102 g/km 107 g/km

Max power
81kw/110 HP 
@ 5500 tr/mn

96kw/ 130HP 
@ 5500 tr/mn

Max torque
205 Nm 

@ 1500 tr/mn
230Nm 

@ 1750 tr/mn

Fuel system
Direct Injection, 200 bars, central mounted 
injectors 5 holes laser drilling injectors 
multiple injection (up to 3 per cycl)

Turbocharged system
single scroll turbocharger : max. boost-
pressure 2.4 bar and max. speed 270 000 
tr/mn

Electrical management
Smart monitoring of the electrical produc-
tion and consumers, battery load optimiza-
tion and stop start system. 

Displacement 1199 Cm3

Compression ratio 10.5 

Bore/stroke 75 X 90.5 mm with 7.5 mm crankshaft offset

Cylinder-block
Aluminum vacuum die casting with additio-
nal heat treatment. Aluminum coating liners 
inserts during the die casting. 

Crankshaft/con-rod
Iron crankshaft T42 and M42, con rod with 
high steel material characteristic 38MnSiV4 

Balancer shaft

Mono anti-rotating shaft , driving unit base 
on gear mounted on the crankshaft and de-
coupled counter-gear on the balancer-shaft. 
Associated with High inertia TVD Pulley

Oil pump Sensored regulation oil pump 

Cylinderhead

Sand cast process. Hardened by air soak 
treatment. Aluminum Alloy: AS7 CU 0.5 Mg 
0.3 / Heat treatment: T7. Integrated Exhaust 
manifold with optimized cooling

Timing System

• 2 composite camshaft, wet belt driving 
unit 

• Intake and exhaust Variable Valve Timing 
with large phase adjustment : IVO = -30 / 
40 °CA; EVO = -35 / 35 °CA @ 1mm lift

• Direct tappet (with DLC coating)
• 4 valves per cylinder, stem diam 5.2 mm 

– exhaust valve with sodium

"Box size" (L x W x H) 637 X 595,5 X 687

Weigth PSA procedure 
W/o oil

80,5 kg

Fuel RON 91-98

The main challenge was to simultaneously obtain:
a) The required full load behavior enabling fuel con-
sumption benefit through downsizing and downspee-
ding together with a good driving feeling.
b) Good part load engine efficiency over a wide ope-
rating range to ensure best possible fuel consumption 
under all driving conditions.

The Turbulence ge-
nerated by spray-gas 
interaction is higher 
for injector Var. 2 but 
the rich zone reaches 
the walls where Tke is 
weak (200CA BTDC)

At TDC, better 
A/F mixture with 

injector Var.1

Fig. 12:  Mixture preparation - Typical CFD output
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Fig. 11:  Combustion system overview
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Key features of the combustion and air loop system 
are illustrated in Fig. 11:
• Conventional single stage turbocharger with Air 

Charge Air Cooler 
• Direct injection system with centrally located injec-

tors, up to 200 bar injection pressure and multi-
injection capabilities

• Intake and exhaust Variable Valve Timing (VVT) for 
fuel consumption and performance optimization

• Relatively high compression ratio (10.5) conside-
ring the high specific torque

• Low bore/stroke ratio (0.83) 
• High tumble air motion generated by the shape of 

the intake runners, enhanced through combustion 
chamber and piston head shape optimization

• High energy ignition system
• Efficient cylinder head cooling for abnormal com-

bustion limitation
• Water-cooled integrated exhaust manifold. This 

system helps the inlet turbine temperature to be 
maintained below 980°C (peak) without mixture 
enrichment.

Integrated 
exhaust 
manifold



Fig. 13: Atkinson cycle Fig. 14: BSFC MAP
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Intensive CFD investigations were performed to rank 
the various potential configurations regarding mix-
ture preparation (including spray/wall impingement), 
air charge motion, combustion process, robustness 
to knock and auto-ignition. Parameters considered 
were intake runner geometry, injector characteristics 
(number of holes, targeting, droplet size…), combu-
stion chamber shape (piston head, pent roof…). As 
an example, Fig. 12 shows typical CFD outputs used 
to compare injectors. Selected configurations were 
then tested on the engine for fine-tuning of the opti-
mization and convergence towards the best trade-off 
between full load behavior (performance, resistance 
to abnormal combustion), fuel consumption, emissi-
ons, gasoline-into-oil dilution, combustion stability, 
resistance to injector coking and spark plug fouling.

Particular attention was given to system robustness 
against abnormal combustion (knock and pre-igniti-
on). The protection system includes: 
• Optimized cooling in the exhaust valve area (water 

jacket, water bridge between valves, sodium cooled 
valves, optimized valve seats material)

• Injector spray optimization and multi-injection stra-
tegies (up to 3 injections at high load)

• Exhaust gas scavenging due to the dual Variable 
Valve Timing system

• A set of engine protection strategies implemented 
in the Engine Control Unit

Two cam phasers are used to:
• Improve fuel consumption by reducing pumping 

and thermal losses at part load through a suitable 
combination of “late Atkinson“ settings (delayed 
intake and exhaust valve closing (See illustration 
Fig. 13) and valve overlap optimization

• Improve engine performance at full load, including 
combustion chamber scavenging at low engine 
speed (made possible, as a result of direct injection)

These valve setting strategies coupled with tum-
ble enhancement allowed up to 35% Exhaust Gas 
recirculation at part load and “unthrottled“ opera-
tion over a large operating range. Fig. 14 shows 
the resulting BSFC map, whereby engine running 
conditions have been overlayed (RPM x BMEP) un-
der different driving patterns: NEDC cycle, future 
“WLTC“ cycle, typical highway driving conditions. 
Noteable features are:
• A minimum BSFC value of 237 g/kWh, comparable 

to state-of-the-art NA engines having the same unit 
displacement

• A large area where the BSFC is under 240 g/kWh, 
allowing near optimal fuel consumption in most 
driving conditions without requiring gear ratios 
that are too high.

Together with the downsizing and downspeeding ef-
fects (allowed by the high specific performance) and 
Start/Stop functionality, this BSFC map contributes 
to a 21% improvement of CO2 emissions compared 
to the previous 1.6 NA powertrain. 

By means of significant technological breakthroughs, 
the new EB TURBO PureTech 1,2L 3-cylinder engine 
provides outstanding performance and is fun to drive, 
coupled with dramatically reduced CO2 emission whi-
le preserving a high level of component and industrial 
commonality with the Naturally Aspirated versions. 
A remarkable property of this engine, among others, 
is that it features a wide low-BFSC operating range, 
ensuring robust fuel savings over a wide range of 
driving profiles. The new 3 cylinder NA PFI and TGDI 
EB PureTech modular family, ranging from 50 kW to 
100 kW, will cover a wide range of PSA worldwide car 
applications matching future regulation requirements 
and customer expectations.



The requirements for the next generation of ve-
hicle electronics pose great challenges for the 
automotive industry.  Through the  use of telema-
tics and infotainment systems, the vehicle “eco-
system” is more and more combined with the “IT 
world” by the way of using cloud-based services 
and other off-vehicle features. Developers com-
pete for a reliable, safe and efficient integration 
of these functions in vehicles, but also the testing 
of these systems demands new methods.  Expe-
rience shows that the path to success is often 
not very smooth. Therefore, FEV implements a 
multiphase validation concept which incorporates 
the “linked” value-added chain (Fig.15).

The most important foundation for a reliable 
system is a complete and detailed set of speci-
fications for the entire system. Components and 
services which are essential for certain functions 
have to be incorporated and accounted for from 
the beginning. Apart from the telematics module 
and the infotainment functionalities for display 
and operation of these functions, the backend 
system, data & system security as well as the in-
clusion of third party services have to be incorpo-
rated. The first phase of the validation concept is 
focused on the analysis of the system specificati-
ons, taking the OEM as well as suppliers and third 
parties into consideration. The analysis aims at 
the identification of gaps and conflicts within the 
specifications, in order to define the Design Ve-
rification Plan and Report (DVP&R) accordingly. 
Test specifications for the system validation are 
already built up and verified during this phase.  

As we transition to Phase 2, the objective will 
be to get project leaders and decision makers 
in sync with regard to the project approach to 
mitigate any potential issues, resulting in an exe-
cutable plan to attain the desired outcomes. Ma-
king the planning of networked systems compli-
cated is that partners from different technological 
areas with very different product lifecycles have 
to define a common development and validation 
process, which is supported by the DVP&R. The 
common collaboration between the OEM and sup-
pliers has to be expanded by telecommunication 
and service providers. In terms of the three-phase 
validation concept, in this second phase, the pro-

Natural gas operated vehicles are becoming increas-
ingly attractive in the commercial vehicles sector 
due to the high availability of the primary energy car-
rier, its good suitability for SI combustion systems, 
and the inherently favorable H/C ratio. Aside from 
the operating costs, which are primarily driven by 
the fuel price, regulatory requirements as well as the 
(currently inadequate) infrastructure for natural gas 
are important factors governing the use and the in-
creased adoption of the engines.

The development process also poses complex chal-
lenges, particularly when attempting to derive a natu-
ral gas variant from a basic diesel engine, which is 
common in the commercial vehicle sector. The funda-
mental aim is to achieve the largest possible number 
of carry-over parts from the baseline diesel engine as 
well as optimized fuel consumption and costs. The 
operation with gas requires the adaption and optimi-
zation of carburation and ignition, application of knock 
control and exhaust aftertreatment systems. In order 
to meet the upcoming stringent emission standards 
in Europe and the USA, FEV has developed different 
concepts, f.e. AGR for consumption optimization in 
the whole operating range (Fig. 6). By successfully 
implementing these concepts, we have gained sub-
stantial experiences to manage these challenges in 
the development process, which is for the benefit of 
our customers.

Heuser_p@fev.com

Fig. 6: CO2 emissions of commercial vehicle combustion 
systems
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ject structure and project processes are made 
plausible as well as test cases defined, which 
cover all applicable end-to-end components and 
services.

The integration of the components and services to 
create the desired end-to-end system goes step-by-
step, while the individual system components are 
at first tested separately. FEV makes use of partly 
or fully automated test systems such as the Human 
Machine Interface Test System (HMItst). The test 
system takes over the system operation by simula-
ting the user input (i.e.operation via touchscreen and 
voice command). Performance of the HMI are moni-
tored by camera. All of the test cases are performed 
automatically and evaluated including the operation 
of connected mobile devices. The validation of the 
telematics unit is also performed by an automated 
test system. The Telematics System Tester (TST) is 
composed of a complete simulation environment for 
all input signals combined with automated test exe-
cution and evaluation (Fig. 16). The third phase of the 
validation concept is completed by vehicle testing and 
validation of the entire system including the backend-
system and service provider. Since recorded signal 
characteristics are employed and combined with the 
simulation, the TST lends itself well for the reproduc-
tion if critical issues found in vehicle testing as well.
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Fig. 15: FEV‘s networked value chain and services

Fig. 16: FEV‘s Telematics System Tester (TST) for the  
simulation of networked vehicle applications in the test 
laboratory
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