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EURO 4 >> EURO 6 >> EURO 6d
NOx – 800 mg/km >>>>> 80 mg/km

NEDC>>WLTC>>RDE
SteadyState >>>Highly Transient

DOC>>>>>LNT+DPF+SCR
Complex Hardware + Software

WHY: NEED FOR A NEW TEST FIELD 

Credit: Mats Ivarson
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o NEDC
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WHY: Diesel Passenger Car Development
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o NEDC
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Credit: Mats Ivarson
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The emission cycle is close to stationary

-> No need to calibrate transient emission 
behavior to pass emission certification

Transient activities mainly done in vehicles

- Drivability

- Response

- Governor tuning – boost pressure, idle control

The transient tuning only required signals from 
the application system (e.g. INCA)

WHY: Transient Activities in Test Bed: EURO-5

Credit: Mats Ivarson
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The emission cycle is transient

Real Driving Emissions (RDE) has to be 
considered.

The exhaust after treatment system is in many 
times consisting of both LNT and SCR.

The transient behavior of the emissions must be 
taken into account for the emission calibration, 
also in the testbed.

-> Requiring new development methods and 
a high performing data acquisition system.

WHY: Transient activities in testbed: EURO-6D

Credit: Mats Ivarson
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WHY: HISTORICAL – CHASSIS DYNAMOMETER

Field of application:
 Vehicle Certification / Homologation

 Emissions Testing

 EV Range Testing

 Development Work 

 Largely Popular Means of Testing

Disadvantages:
 Sizable test-to-test deviations relative to other test fields

 No independent wheel control 

 With Euro 6d Legislation – Huge Increase in Certification Testing

Architecture of the test setup:
 Twin Roller Dynos – Tire to ‘Road’ Interface

 Human Driver

 Strapped or Fixed Vehicle Restraint
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WHY: VIRTUAL DESIGN AND VERIFICATION METHODS
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Background – What Test Fields Exist?
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Development Methodology on Powertrain Test Beds 
TB503 - Capable for Racing and High Performance Applications

• High-Dynamic, Low Inertia 4WD Dynos

• High speed headwind facility with Multi-Blower 
concept

• Brake dust extraction system and brake cooling 
system

• Real-time coupling with HexaPod Driving 
Simulator

Dyno Power Rotational 
Speed Torque Overload Torque

1 x Dyno
Prime 370 kW 10.000 rpm 600 Nm 1.200 Nm

4 x Dyno
Wheel 400 kW 3.700 rpm 2.000 Nm 3.500 Nm
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Development Methodology on Powertrain Testbeds
TB502 – Powertrain-in-Loop and Component Testing

• Automated 24-Hour Testing

• Multi-Component Testing

• Emissions Testing

• Rapid Cooldown Capabilities

• CVS System

Dyno Power Rotational 
Speed Torque Overload Torque

1 x Dyno
Prime 370 kW 10.000 rpm 650 Nm 820 Nm

2 x Dyno
Train 220 kW 3.000 rpm 3.250 Nm 4.850 Nm
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Development Methodology on Powertrain Testbeds 
TB505 - Capable for Racing and High Performance Applications

Dyno Power Rotational 
Speed Torque

4 x Dyno Wheel 260 kW 3.000 rpm 2.500 Nm

• High-Dynamic, Low Inertia 4WD Dynos

• High speed headwind facility with Multi-Blower 
concept

• Brake dust extraction system and brake cooling 
system

• Real-time coupling with HexaPod Driving 
Simulator
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Development Methodology on HV-Integration
TB506 – EV Powertrain Setup
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Development Methodology on HV-Integration Testbed
TB506 – HV Testing equipment

HV-Battery Climatic Chamber:
 Temperature range: -30°C up to +70°C

eStorage Emulator/Tester Systems:
 400kW, 1000V, 800A

 250kW, 1000V, 800A

 20kW, 60V, 350A

Mains Emulation:
 Freely Programmable AC Supply: eg. For US, JP etc

 50kVA, 80A

 Single Phase-Shutdown

HV Measurement System:
 Measurement frequency up to 50kHz (800kHz on request)

 Range: up to 1000V and 700A (0,1%FC)

 Fully synchronized with PUMA Open automation system

Application/RBS System:
 VECTOR VN89xx, CANape/CANoe

 IXXAT

 ETAS ESxx, INCA 
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TB507 - AVL Climate Chamber
Vehicle and Powertrain

Dyno Power Rotational 
Speed Torque

4 x Dyno Wheel 260 kW 3.000 rpm 2.500 Nm

• Temperature range: from - 40°C to + 60°C

• Temperature change rate: 
1K/min

• Altitude range: from sea level up to 5000m
(1013mbar to 550mbar)

• Altitude Change Rate: 165 m/min

• Humidity control

• Emission measurement equipment: 

• Unlimited and limited gaseous components 
(up to 4000m)

• Particle mass and particle number measurement 
(up to 2000m)

• Headwind simulation up to 120.000m³/h 
(typically 200 km/h)

• Low inertia wheel dynos (1.26 kgm² rotor inertia)
fully capable for Driveability calibration

• 24/7 unmanned operation of legislative and 
RDE cycles



Nick Birger |  | 28 Nov. 2019 | 15Confidential

TB507 - AVL Climate Chamber
Test Drive – Mount Evans, Summit Lake
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• Virtual Test drive to Mount Evans 
mountain road (Colorado, USA)
on TB507 at AVL Graz

• Ambient pressure demand trace from 
an AVL calibration expedition trip

• Precise control of 
• Ambient temperature
• Ambient pressure

Altitude Profile Road Measurement

Altitude Profile Testbed Measurement
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Development Methodology on Powertrain Testbeds

Field of application:
 24/7 Automated Emissions & RDE Testing

 Drivability Assessments 

 4WD and Independent Wheel and Traction Control (ABS, Off-Road)

 Lap Time Optimization Around any Drive Cycle

 Many Other Confidential and Proprietary Applications

 Heavily Utilized by Motorsport, Top Global Light & Heavy Duty 

OEMs, Off-Road Industry

Advantages:
 Fully Automated (No Human Driver)

 Independent Wheel Speed/Torque Control

 Development on a Highly Reproducible Testing Environment

 High Level of Simulation Levels Possible

 Rapid Cooldown

Architecture of the test setup:
 Entire vehicle or Powertrain at 4WD Low Inertia Dynos

 Closed loop-coupling of Driving Simulator and a Powertrain Testbed

 AVL VSM simulation model operates Driving Simulator as well as 

the Powertrain Testbed

Vehicle Model
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Development Methodology – Use Case Example



Nick Birger |  | 28 Nov. 2019 | 18Confidential

Development Methodology – Use Case Example
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Development Methodology – Climatic/Altitude 
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The Future! 
ADAS … as addon to AVL test beds

Integration PlatformRadar Simulation

Environm. Simulation

Camera Stimulus

Test Bed

Camera Simulation

GNSS Stimulus

Dyn. Steer. Force Mod.

Ultrasonic Stimulus

Etc.

Additional components 
will follow

Radar Stimulus

Credit: Tobias Dueser
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Example AVL DRIVINGCUBE™
Camera-based ADASystem

Credit: Tobias Dueser
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Customer Reference
JLR BEV validation on Powertrain testbed

Jaguar Land Rover



Nick Birger |  | 28 Nov. 2019 | 23Confidential

Customer Reference
Ford US Hybrid calibration on Powertrain testbed

Proven Benefits

Calibration of hybrid functions before the first vehicle 
including regen braking, starts and drive-away 

ROAD  POWERTRAIN TESTBED

VSM Vehicle 
Model

Battery 
Simulator

Real engine, 
transmission, 
e-motor, 
driveline

Reduction of 
development and 

testing time

 Calibration started 6 
months before first 
vehicle was available

 High degree of 
automation in 
comparison to road

Reduction of cost

 Reduced use of 
expensive vehicle 
prototypes

 Calibration 
procedures 
designed to 
specifically to PTTB.

Increased product 
quality

 Higher testing 
coverage leading to 
higher product 
quality 

 More development 
iterations possible 
before SOP

.

.

$
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So… What Happens When A Customer Wants This Technology?
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TESTING TECH CENTRE COVENTRY (TCC) 
AVL PTE UK
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Technical Centre Coventry, 
ANSTY PARK
10 miles / 15-30min to AVL 
Coventry Engineering office

AVL Engineering 
Centre Coventry,
University of 
Warwick Science 
Park

TESTING TECH CENTRE COVENTRY (TCC) 
LOCATION
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Tech Center Coventry
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Tech Center Coventry
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Tech Center Coventry
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Tech Center Coventry
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Tech Center Coventry
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Tech Center Coventry
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Tech Center Coventry
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Tech Center Coventry
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Tech Center Coventry Completion On Time 
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FACILITY:FACILITY:

PEOPLE: CUSTOMERPEOPLE: CUSTOMER
RecruitmentRecruitment

Building constructionBuilding construction
Utility installationUtility installation

Container Manufacture & pre assemblyContainer Manufacture & pre assembly

Training by AVL @ Graz Training by AVL @ Graz 

PEOPLE: AVLPEOPLE: AVL
RecruitmentRecruitment

Training by AVL @ Graz and StuttgartTraining by AVL @ Graz and Stuttgart

March 2017 October 2017 26 Feb 2018October 2016

Final total Hand Over

TESTING TECH CENTRE COVENTRY (TCC) 
RAMP-UP PHASE
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TESTING TECH CENTRE COVENTRY (TCC) 
OPERATIONAL START MODULE 1, 2 & 3
Powertrain test beds 1&2

Powertrain test beds 3&4

Powertrain test beds 5&6

December 2017October 2017 February 2018
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TESTING TECH CENTRE COVENTRY (TCC) 
BUILDING - LAYOUT

Organizational structure and job roles
Engineering Areas:
• 6x Powertrain Test Beds

• 1x Inverter Test Bed

• 3x Virtual Test Beds

• Soak Area

• ITS Service, Maintenance and Calibration 
Centre

• Workshop & assembly area

• VTB and engineering offices on 1st floor
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TESTING TECH CENTRE COVENTRY (TCC) 
BUILDING - LAYOUT

6 Powertrain Test 
Beds, each with 

4x LS-PMM260:

P= 260 kW x4 dynos

T = 2,500 Nm

n_max = 3,000 rpm

Control 
Room

Soak Area / 
Workshop

ViL (Vehicle) 
PTTB

PiL (Vehicle) 
PTTB
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TESTING TECH CENTRE COVENTRY (TCC) 
BUILDING - LAYOUT

Organizational structure and job roles
Further expansion possible



Nick Birger |  | 28 Nov. 2019 | 41Confidential

EMISSION MEASUREMENT CAPABILITY
2 X VIL (TB 1 & TB 2)

• Full CVS bagged emissions
• Continuous dilute emissions
• 2 x AMAs per test cell
• 2 streams per AMA
• 4 live streams per test cell
• 8 exhaust measurement locations
• 1 x APC (For Particulates)
• 1 x MSS (For Soot)
• FlowSICK ultrasonic exhaust flow
• Blow-by flow meters 
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EMISSION MEASUREMENT CAPABILITY
2 X VIL (3 & 4), 2 x PIL (5 & 6)

• 2 x AMAs per test cell
• 2 streams per AMA
• 4 live streams per test cell
• 8 exhaust measurement locations
• 1 x APC (For Particulates)
• 1 x MSS (For Soot)
• FlowSICK ultrasonic exhaust flow
• AVL740 FuelExact
• Blow-by flow meters 
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TESTING TECH CENTRE COVENTRY (TCC)
ViL CAPABILITY 
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TESTING TECH CENTRE COVENTRY (TCC)
PiL CAPABILITY 
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TESTING TECH CENTRE COVENTRY (TCC) 
ELECTRIFICATION CAPABILITY
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AVL PUMA OPEN AVL ISAC AVL ARTE AVL CONCERTO

AVL INDICOM AVL VSM AVL DRIVE AVL EMCON

AVL CAMEO

ETAS INCA

CANape CANalyzer FlexrayCANoe

TESTING TECH CENTRE COVENTRY (TCC) 
PTTB TOOLCHAIN CAPABILITY

Scalexio
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BRAKING STRATEGIES OVERVIEW



www.avl.com

Thank You

TESTING TECH CENTRE COVENTRY TCC


