
TECHNICAL  REPORT

Luleå University of  Technology 
Department of  Human Work Sciences 

Division of Sound and Vibration

2007:11|issn: 1402-1536|isrn: ltu - tr -- 07⁄11 -- se

2007:11

Vehicle test system - A pilot study

Vehicle test system and exhaust multi gas equipment 
for transient measurements in cold climate

A pilot study to demonstrate regional competence of advanced  
measurement technology for vehicle test companies

 

Bror Tingvall 
Esbjörn Pettersson

Anders Ågren

CPU
CONTROL

SOFTWARE
AND COMMUNICATION

CPU
SOFTWARE

FILE TRANFER
DATA

STORAGE SYSTEM

EXHAUST GAS 
SUCTION FAN

COOLING FAN

MKS
MULTI GAS 

MEASUREMENT 
SYSTEM

EXHAUST GAS 
CONDITIONING 

SYSTEM

CONTROL SYSTEM 
CHASSIS DYNO

POWER
CONTROL SYSTEM 

48“-COMPACT 4WD 
VEHICLE TEST BENCH

VEHICLE TEST SYSTEM IN COLD CLIMATE CHAMBER
ROAD SIMULATION 4 - WHEEL DRIVE 

CHASSIS DYNAMOMETER
POWER – SPEED - LOAD TEST – MULTI EXHAUST GAS TEST 

COLD START TEST – PERFORMANCE TEST

LOCAL VEHICLE DATA LOGGING SYSTEM



 2 

 
 

 
 
 

2007-10-18 
 

CASTT - Center for Automotive Systems Technologies and Testing 

 
 

 
 

VEHICLE TEST SYSTEM – A PILOT STUDY 
 
 

Vehicle test system and exhaust multi gas equipment for transient 
measurements in cold climate 

 
A pilot study to demonstrate regional competence of advanced 

measurement technology for vehicle test companies 
 
 

 
Bror Tingvall/Research engineer Division of Sound & vibration 

LTU, Luleå University of Technology 

 
Esbjörn Pettersson/ Tekn. Lic.  ETC, Energy Technology Centre, Piteå 
Analytical Chemist   

 
 

Anders Ågren/Professor  Division of Sound & vibration 
LTU, Luleå University of Technology 

 
 

 
 

 
 



 3 

 
 
 

CONTENTS 
 

1. BACKGROUND.............................................................................................................................................4 
TWO EXAMPLES OF CONCRETE COOPERATION PROJECTS: ...................................................................................5 
EXHAUST EMISSION MEASUREMENTS IN COLD CLIMATE .......................................................................................5 

A prestudy to investigate the possibility for emission measurements in the Arjeplog/Arvidsjaur area ................................5 
2. PROJECT GOAL ...........................................................................................................................................5 
3. EXPECTED RESULTS OF THIS PRE-STUDY .....................................................................................6 

Industrial..............................................................................................................................................................6 
Scientific ...............................................................................................................................................................6 

4. PROJECT ORGANIZATION .....................................................................................................................7 
COOPERATION .......................................................................................................................................................7 
TABLE 1. INDUSTRIAL NETWORK...........................................................................................................................7 
TABLE 2. SCIENTIFIC PARTNERS.............................................................................................................................7 
BENEFITS TO PARTNERS .........................................................................................................................................7 
CONNECTION TO REGIONAL STRATEGIES .............................................................................................................7 

Table 3. Project and deliverables plan ......................................................................................................................8 
5. ACHIEVED RESULTS..................................................................................................................................8 

PRELIMINARY INVESTIGATIONS OF VEHICLE TEST SYSTEMS USABLE FOR VEHICLE TESTS IN COLD CLIMATE. ......8 
CHASSIS DYNAMOMETERS ......................................................................................................................................8 
EXHAUST GAS MEASUREMENT SYSTEMS ...............................................................................................................10 

Parameters to investigate.......................................................................................................................................10 
The following systems were investigated..................................................................................................................10 

EXHAUST GAS MEASUREMENT ON VEHICLES........................................................................................................11 
Exhaust components ............................................................................................................................................11 

EMISSION MEASUREMENTS FOR LIGHT AND HEAVY ROAD VEHICLES ..................................................................11 
Emission standards ..............................................................................................................................................11 
Cold start measurements.......................................................................................................................................15 
Instrument response time ......................................................................................................................................16 
Exhaust measurement in cold climate of correct cold start emissions.............................................................................16 

MEASUREMENT EQUIPMENT ................................................................................................................................17 
SUITABLE MEASUREMENT INSTRUMENTS FOR GASEOUS COMPONENTS IN VEHICLE TESTING APPLICATIONS ....18 

Comparison of different instruments or solutions ......................................................................................................18 
6. PROPOSAL FOR FOLLOW-UP PROJECTS ........................................................................................19 

COLD-START MEASUREMENTS .............................................................................................................................19 
THE COSTS – FTIR EXHAUST MEASUREMENT SYSTEM........................................................................................19 
PROJECT 1.............................................................................................................................................................20 

Demonstration of exhaust measurements in cooperation with testing companies in the Arjeplog/Arvidsjaur area ..............20 
PROJECT 2.............................................................................................................................................................20 

Projecting and planning of a new vehicle test plant for multi gas measurements in cold climate.......................................20 
Example of double and single rolling system ...........................................................................................................21 
The drawings below shows a complete vehicle test system ..........................................................................................22 

7. REFERENCES ..............................................................................................................................................23 
8. APPENDIX....................................................................................................................................................24 

8.1 EXHAUST GAS MEASUREMENT SYSTEM; .................................................................................................24 
8.2 EXAMPLES OF VEHICLE DYNAMOMETERS...............................................................................................24 
8.3 MANUFACTURERS OF DYNAMOMETERS AND FACTORY INFORMATION’S............................................24 
8.4 MKS MULTIGAS 2030 HS 5 HZ COMBUSTION ANALYSER....................................................................25 

CHASSIS DYNAMOMETERS............................................................................................................................28 
8.5 AVL - CHASSIS DYNAMOMETERS ..........................................................................................................28 



 4 

8.6 MAHA – MASCHINENBAU HALDENWANG ............................................................................................31 
8.7 ROTOTEST..........................................................................................................................................33 
8.8 DYNOMITE™ AUTOMOTIVE CHASSIS DYNAMOMETER ......................................................................35 
8.9 DYNOJET .............................................................................................................................................38 
8.10 MUSTANG ...........................................................................................................................................40 
8.11 SUPERFLOW .......................................................................................................................................44 
8.12 POWERTEST .......................................................................................................................................48 
8.13 ROTRONICS.......................................................................................................................................49 

 
 

1. Background 
 
Several car producers have expressed a wish to test the cars for e. g. exhaust emissions in cold 
climate in cooperation with the vehicle testing companies. The car producers (component 
producers) anticipate that the testing times could be shortened and thereby increase the 
efficiency. 
 
The companies perform many measurements today at the testing sites with their own equipment 
often brought from abroad. A growth potential for the vehicle testing companies is therefore to 
offer different kind of measurements, e. g. exhaust emission measurements, requiring 
measurement systems and equipment as well as competence to perform and evaluate the 
measurements.  
 
The measurements should be able to be performed during all kind of applied testing procedures 
such as cold start as well as acceleration and deceleration with loading according to applied test 
cycles. The measurements have to be able to be performed in cold climate. The test systems have 
to be able to handle all kind of vehicles, primarily though passenger cars of different models and 
brands including both 2 and 4 wheel driven cars. The measurement has to be able to be done 
with short notice and with available trained personnel. One of the most important things is that 
the test data has to be managed in a safe way, from the car producer point of view, and that the 
data will be available to the car producer shortly after the performed measurements.    
 
LTU has initiated a number of research CASTT projects where the aim has been to increase the 
long-term knowledge in areas potentially important to the vehicle testing companies. At the 
same time is the vehicle testing companies activities mostly focused on daily or seasonally 
practical problems. Therefore there is a gap between the long-term research projects at LTU and 
the vehicle testing companies, which both sides are interested in over-bridging.  
 
Therefore is two projects proposed directly focused on applied development work in close 
cooperation between one or several vehicle testing companies in cooperation with one or two 
car producers with the goal to build knowledge, measurement facilities, reputation and trust 
regarding measurement activities in the Arjeplog/Arvidsjaur area. These projects will give both 
commercial possibilities for the vehicle testing companies and possibility to find relevant research 
questions giving possibilities for research projects for academia.  
 
The car producers perform a large number of measurements at the testing sites. The 
measurements and the development work are performed almost entirely by the car producers 
themselves. This is a barrier which up to now has hampered the cooperation between the car 
producers and LTU as well as limited the expansion of the vehicle testing companies’ activity. 
Some initiatives have been taken which seems to open up for further co operations. E. g. ATM 
in Arjeplog has employed two former Bosch engineers with the aim to break this barrier and to 
offer a close cooperation with Bosch. The greatest advantage is that these two engineers are 
trusted by Bosch and have a deep knowledge of the Bosch testing system at the site. This kind of 
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cooperation between the vehicle testing companies and the car producers will also give LTU an 
opportunity to increase the support to the vehicle testing companies.  
 
 

Two examples of concrete cooperation projects: 
 
Project 1 – Noise and vibration harshness, NVH, is a project together with ATM and 
Icemakers, where noise and vibrations are recorded and analyzed at brake tests on rough road 
tests and on different test tracks 
 
Project 2 - Exhaust emission measurement system, is a project to enlighten measurements of 
emissions in cold climate at cold start at idling or at loading   
 
This report comprises Project 2 – Exhaust emission measurements system, and is a pre-study to 
find solutions for measurements in cold climate. The project is also intended to have a second 
part to demonstrate and evaluate an exhaust emissions measurement system which can serve 
several car producers with exhaust emission measurements and possibly also other measurements. 
 
 

Exhaust emission measurements in cold climate  

 

A prestudy to investigate the possibility for emission measurements in 
the Arjeplog/Arvidsjaur area  

 
Cooperation partners: Vehicle testing companies in Norrbotten 
    Department of Sound and Vibrations, LTU 
    ETC, Energy Technology Centre in Piteå 
 
Department of Sound and Vibrations, LTU, former Department of Environmental Technology, 
included a group of chemists specialised in emission measurements. The former Engine Lab was 
built with this combination of competence as an umbrella. The chemists work now in other 
departments at LTU and at ETC in Piteå, while one of the technicians which performed the 
measurements is still working at the department. Equipment for measurement is available at ETC 
and the group still has the competence for automotive measurements. 
 
A representative for Mercedes AMG, besides one of those who have developed Mercedes two 
largest prestige engines, visited LTU. He explained that there is need to locally be able to 
perform measurements of regulated emission components during the first 8 seconds of a cold-
start. The measurement requires ungainly equipment which they are not very interested in 
buying and maintaining in Norrbotten or transport to Norrbotten for the tests. There is 
therefore a need for local competence. They claimed to have an interest in performing tests in 
cold climate. 

2. Project goal 
 
The goal has changed during the course of the project, especially regarding emission 
measurements. The changes have been made due to that Mercedes AMG could not perform the 
tests as planned. 
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The goal has therefore changed to perform a pre-study to find solutions to build up a 
commercial measurement system for cold climate. The pre-study includes proposed equipment 
for measurements and data handling. 
 
The system has to be able to handle all relevant vehicles, fulfil sufficient accuracy and 
repeatability requirement. The system has to be able to handle transient measurements including 
sufficient engine and system data.    
 
 

3. Expected results of this pre-study 
 

Industrial 

Demonstration of measurement and analysis competence in the region 
 
- Investigation of exhaust gas equipment for exhaust emission measurements 
- Demonstration of car test technology for vehicle testing companies and possibilities for 
   controlled car test activities for the automotive industry 
 

Scientific 

The purpose of the project is not primarily for research, but with equipment and competence in 
place it opens up research possibilities in the future. 
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4. Project organization 
 

Cooperation 

Cooperation has been established between Division of Sound & Vibration and ETC (Energy 
Technology Centre in Piteå) and some vehicle testing companies in the region are also 
contacted. 
 
 

Table 1. Industrial network 

Name Affiliation Role 

Ove Berggren Arctic Falls Industrial advisor  

Lars Holmgren 
 
 
Harald Fjällström 
 
Michael Lindeman 

ATM Arjeplog  
Test Management AB 
 
Colmis AB 
 
Ice makers 

Industrial advisor 
 
 
Industrial advisor 
 
Industrial advisor 

Karl-Erik Söderberg 
 
Karsten Boettcher 
 

Tjitjokk 
 
Mercedes AMG 
 

Industrial advisor 
 
Industrial advisor 
 

 

Table 2. Scientific partners 

Name Affiliation Role E-mail Telephone 

Anders Ågren Professor LTU Project leader, Academic 
Advisor 

anders.agren@ltu.se +46 920 – 491683 

Bror Tingvall Research 
engineer 

LTU Academic Co-Advisor bror.tingvall@ltu.se +46 920 – 491471 

Esbjörn Pettersson 
Licentiate 

ETC 
  

Academic advisor and 
measurement expert 

esbjorn@etcpitea.se +46 911 232386 

 

Benefits to partners 

The project has investigated the possibility for new high technology services by the vehicle 
testing companies or by allied engineering consultants.  
The project has opened new areas of cooperation between LTU and vehicle testing companies as 
well as the automotive companies. 
 
 

Connection to regional strategies 

This pre-study gives basic knowledge to future development work and hopefully new 
possibilities to more jobs in the car test industry with a higher engineering content. 
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Table 3. Project and deliverables plan 

2006 2007 2008
Work tasks 1-2-3-4-5-6-7-8-9-10-11-

12
1-2-3-4-5-6-7-8-9-10-11-

12Investigation of proper emission 
equipment

Investigation of proper Dynamometer 
system

Contacts with car test companies

Development of specifications and 
demands on a test system

Summary of equipment suggestion

Deliverables
Final report to CASTT

Status reports to CASTT x   x            x

Seminar for Car testers

Future stages, New projects

Plans for for cold climat tests

Measurements in cold conditions, 
demonstrations, using the new 
measurements system, project 1

Evaluation of measurements

Market research of automotive 
companies requirements and needs

Planning of a new vehicle test plant 
for multigas measurements in cold 
climate, projekt 2  
 

 

5. Achieved results 
 

Preliminary investigations of vehicle test systems usable for 
vehicle tests in cold climate. 
 

Chassis dynamometers 
 
Chassis dynamometers are tools used to test a vehicles power train in its final environment, i.e. 
the vehicle. The tractive force of the vehicle tires is transmitted via rollers on a dynamometer. 
The dynamometer measures and controls the speed and force of the rollers. Chassis 
dynamometers works as rolling roads. 
 
Chassis dynamometers for exhaust emission analysis are designed to simulate the road load 
including the inertia of a vehicle, to measure the exhaust emissions during dynamic speed cycles 
in an exhaust emission laboratory. 
 
Analysis of exhaust emissions on chassis dynamometers are a legal requirement but also a useful 
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facility for R & D (Research and development) and spot check applications. 
Chassis dynamometers are used in standard certification laboratories, as well as in climatic 
chambers, altitude chambers, running loss sheds, environmental test chambers, driveability tests 
and for outdoor operation (mileage accumulation). 
 
 
The vehicle test conditions - with and without load 
 
For cold starts without any load there is no need for a test bed, chassis dynamometer, but if the 
tests are to be performed during running conditions a test bed is needed. There are different 
techniques to run a vehicle on a test bed, to control the power, rpm and speed, double rolls or 
single rolls. The dynamometer system has to fulfil specifications to be used in cold conditions. 
Examples of several standard dynamometer systems are presented. 
There are a number of parameters to compare. Here are examples of parameters to investigate. 
 
Chassis dynamometer types; 

- Direct drive rolling dynamometers 
- Single and double rollers 
- Hydraulic wheel connected dynamometers 
- 2- and 4-wheel drive simulators 
- From 12” up to 66” rollers 
 
Technical specifications; 
- Power (kW) 
- Max. Speed (km/hour) 
- Control system and software 
- Road simulation facilities 
- Environmental specifications for cold conditions 
- Test standards 
- Direct drive rolling dynamometers for road simulations 
- Vehicle mounting time  
- Technical support and representation in Sweden 
- Estimated costs 
 

 
In the attachment a number of dynamometers are presented, both for 2- and 4-wheel drive 
systems. There are few European producers represented in Sweden who can fulfil professional 
technical and high precision specifications, which is required for professional use. These 
producers are presented in the attachment. 
In the proposal we suggest a 4-wheel drive system which fulfils highest standards and technical 
support. 
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Exhaust gas measurement systems 
 

Parameters to investigate 

 
- Exhaust components which needs to be measured 
- Calibration demands 
- Requirements on ambient conditions for measurement equipment 
- Estimated costs 
 

 
The studies were started with market investigation of test systems from different producers and 
specifications of these equipments. The work has been concentrated to find exhaust gas 
measurement systems measuring many gases, which are easy to use in conditions both outside 
and inside a laboratory. One problem with conventional exhaust gas measurement systems is that 
they require calibration preferably each day, which takes time and requires skilled personnel. 
There are also a lot of calibration gases to manage and the whole system with traditional 
techniques will become very large and complicated to handle.  
 
New techniques like FTIR have been on the market more than ten years and seem during last 
years to be developed to fulfil the precision specifications. The FTIR system can measure more 
than 20 gas components in the same instrument and requires no span calibration, but zero 
calibration is required each day. This calibration is performed with water and CO2 free gas, 
which can easily be obtained with a pressure swing system working with ordinary air. This 
means no handling of gas tubes is required.  
 
One very interesting instrument which was investigated was the FTIR-instrument by MKS. 
Luleå University of Technology, Div. of Sound and Vibration and ETC (Energy Technology 
Centre in Piteå) were in contact with the producer and made plans for tests of the instrument. 
  
After several contacts with the instrument vendor, ETC has purchased the MKS FTIR 
instrument. The instrument has now been delivered and the tests can be started. The 5 Hz 
FTIR-measurements have been demonstrated on a lower gas flow. To obtain a true 5 Hz 
measurement of the exhaust the exhaust flow through the system has to be in the order 100 
l/min, which requires a larger pump and filter than the instrument was delivered with. The plans 
are to demonstrate exhaust gas measurement at 5 Hz for the vehicle testing companies situated in 
Arjeplog/Arvidsjaur area with the MKS FTIR.  
 
 

The following systems were investigated 

 
− Wheel connected chassis dynamometer, hydraulic system 
− Direct drive rolling dynamometers 
− MKS Multi Gas 2030 HS 5 Hz Combustion Analyser 
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Exhaust gas measurement on vehicles 

 
Exhaust components 

 
In almost all combustion processes the major emission components are carbon dioxide and 
water. Minor components are carbon monoxide and nitrogen oxides. Most fuels contain 
hydrogen and carbon and therefore it may also have hydrocarbons in the exhaust. In many cases 
the fuel contains non-combustible components which end up as particles, which also normally 
consist of non combusted or partly combusted fuel.     
 
Those pollutants are normally referred to as regulated emissions because the emissions, expressed 
in some unit and measured according to standards, are restricted by legislation. There are also 
other components, e.g. formaldehyde and non-methane hydrocarbons, which are controlled by 
legislation.  All other components are referred to as non-regulated emission components. 
 
  

Emission measurements for light and heavy road vehicles 
 

Emission standards 

 
Emission requirements have existed in Europe since early 70s for light vehicles while legislation 
for heavy vehicles came at the end of the 80s. The spread between different countries when 
legislation was introduced has been substantial. 
 
The current exhaust emission standards in Europe are regulating carbon monoxide (CO), 
nitrogen oxides (NOx), hydrocarbons (HC) and particles (PM). From a health point of view is 
CO without importance, but has been used as an indicator for incomplete combustion. CO is in 
itself poisons but is readily oxidized in the atmosphere and gives no harmful oxidation products 
and is therefore from a health point of view of low importance. The HC consists mostly of 
harmless hydrocarbons with almost no toxicity but higher emissions of HC correlates well with 
higher emissions of highly toxic hydrocarbons such as 1,3-butadiene, ethene, benzene and some 
PAHs (poly aromatic hydrocarbons) such as benzo(α)pyrene. In the US (United States) the 
interest for HC has mainly been because hydrocarbons form O3 (ozone) which causes smog in 
connection with NOx. Methane has much lower ozone forming potential and therefore has 
NMHC (non methane hydrocarbons) been included in the legislation several years ago.  
 
NOx is the sum of NO (nitrogen oxide) and NO2 (nitrogen dioxide). When calculating the mass 
of NOx emissions they are assumed to be NO2, which is reasonable because NO is fairly fast 
oxidized to NO2 in the atmosphere. 
 
Table 4 and 5The different stages in tightening the emission requirements are normally referred 
as Euro 1 up to Euro 6 for passenger cars while heavy duty diesel engines often are referred with 
roman numbers (Euro I up to Euro V). When comparing the numbers for different Euro stages 
one has to take into account that testing procedures has tightened (been altered) somewhat at 
later stages.  
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Table 4. EU emission standards for passenger cars (not exceeding 2.5 tonnes laden)(www1) 
 PM  

mg/km 
NOx 
g/km 

NOx 
g/km 

HC 
g/km 

HC+NOx 
g/km 

HC+NO

x 
g/km 

CO 
g/km 

CO 
g/km 

 diesel diesel petrol petrol diesel petrol diesel petrol 
Euro 1 
(1992-
93) 

140 __ __ __ 0.97 0.97 2.72 2.72 

Euro 2 
(1996) 

80/1001  __ __ __ 0.7/0.91 0.5 1.0 2.2 

Euro 3 
(2000) 

50 0.50 0.15 0.20 0.56 __ 0.64 2.30 

Euro 4 
(2005) 

25 0.25 0.08 0.10 0.30 __ 0.50 1.00 

1IDI respectively ID diesel cars 
 
Table 5. Legislation for passenger cars from 2009.09 (from 2010.09 for passenger  
cars > 2500 kg)(www1) 
 PM 

mg/km 
PM 
mg/km 

NOx  
g/km 

NOx 
g/km 

HC 
g/km 

HC+NOx 

g/km 
CO 
g/km 

CO 
g/km 

 diesel petrol diesel petrol petrol diesel diesel petrol 
Euro 5  
(2009.09) 

53 513 0.18 0.06 0.102 0.23 0.5 1.0 

Euro 6 
(2015.09) 

53 513 0.08 0.06 0.102 0.17 0.5 1.0 

1Applicable only to using lean burn DI engines 2and NMHC 0.068 g/km 
3proposed to be changed to 3 mg/km using the PMP measurement procedure 
 
From Euro 5 particle number measurements have been considered in addition to existing mass 
based limits (NEDC). “Particle number measurements” are to be implemented once 
measurement methods have been established by PMP (Particle Measurement Programme) by 
UNECE. 
 
Table 6 and 7 show the EU emission standards for Light Commercial Vehicles. 
 
Table 6 EU emission standards for Light Commercial Vehicles (Class 1 ≤ 1305 kg)(www1) 
 PM  

mg/km 
NOx  
g/km 

NOx  
g/km 

HC 
g/km 

HC+NOx 

g/km 
CO 
g/km 

CO 
g/km 

 diesel diesel petrol petrol diesel diesel petrol 
Euro 3 
(2000) 

50 0.50 0.15 0.20 0.56 0.64 2.3 

Euro 4 
(2005) 

25 0.25 0.08 0.1 0.30 0.50 1.0 

Euro 5 
(2209) 

513 0.18 0.06 0.102 0.23 0.50 1.0 

Euro 6 
(2014) 

513 0.08 0.06 0.102 0.17 0.50 1.0 

1includes petrol cars (DI engines) 2and NMHC 0.068 g/km 
3proposed to be changed to 3 mg/km using the PMP measurement procedure 
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Table 7. EU emission standards for Light Commercial Vehicles (Class 3 > 1760 kg)(www1) 
 PM  

mg/km 
NOx  
g/km 

NOx  
g/km 

HC 
g/km 

HC+NOx 

g/km 
CO 
g/km 

CO 
g/km 

 diesel diesel petrol petrol diesel diesel petrol 
Euro 3 
(2001) 

100 0.78 0.21 0.29 0.86 0.95 5.22 

Euro 4 
(2006) 

60 0.39 0.11 0.16 0.46 0.74 2.27 

Euro 5 
(2010) 

513 0.280 0.082 0.162 0.350 0.74 2.27 

Euro 6 
(2015) 

513 0.125 0.082 0.162 0.215 0.74 2.27 

1 includes petrol cars (DI engines) 2and NMHC 0.108 g/km 
3proposed to be changed to 3 mg/km using the PMP measurement procedure 
 
Table 8 shows EU emission standards for heavy duty vehicles. 
 
Table 8. EU emission standards for heavy duty vehicles (www2) 
 NOx  

(g/kWh) 
HC  
(g/kWh) 

CO 
(g/kWh) 

PM  
(mg/kWh) 

Euro I (1992) 8.0 1.1 4.5 360 
Euro II (1996) 7.0 1.1 4.0 250 
Euro III (2000) 5.0  0.66  2.1 100 
Euro IV (2005) 3.5  0.46  1.5 20 
Euro V (2008) 2.0  0.46  1.5 20 
 
From year 2002 gasoline vehicles are required to perform a low temperature emission test (-7 
°C). The limits are 15 g/km for CO and 1.8 g/km for HC, measured over the urban part of the 
test. See table 9. 
 
Table 9. Limit values for low ambient temperature test (-7 °C) (EU 2007) 
 Class CO HC 
  g/km g/km 
M1 
Passenger 
cars 

---- 15 1.8 

N1 I 15 1.8 
 II 24 2.7 
 III 30 3.2 
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Test cycles 
Current test cycled used for passenger cars and light trucks in Europe is the NEDC (New 
European Driving Cycle) depicted in Figure 1. 
 

  
 
 
Figure 1. NEDC test cycle consists of five segments. The four first are called ECE-15 or UDC 
(urban driving cycle). The last segment is called EUDC (extra urban driving cycle). 
 
The test cycle was initially called either ECE-15 or UDC (urban driving cycle) and consisted of 
the four identical segments (the first 780 s) shown in Figure 1. The fifth segment is called EUDC 
(extra urban driving cycle). The measurement was initially postponed 40 seconds to allow for a 
short warming up period, but from year 2000 (Euro 3) this period was included as well. The 
new test cycle was called NEDC.   
 
The normal procedure is to precondition the car by driving a number of e.g. EUDC cycles and 
then soak the vehicle for 6 to 24 h at 20 to 30 °C or at -7 °C. The Euro 4 emission standard 
applies to the NEDC test at 22 °C. A normal test set-up is depicted in Figure 2.   
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Figure 2. Normal testing set-up for passenger cars and light trucks. 
 
Heavy diesel engines have different test cycles. The engine itself is tested on a test-stand. See 
Figure 3. 
 

 
Figure 3. Set-up for testing of Heavy Duty (HD) engines. 
 

Cold start measurements 

 
From Euro 3 the measurement started from the beginning, i.e. including the cold start emissions. 
The initial temperature of the car does influence the emissions drastically, as was shown by e.g. 
Laurikko (1998). The emissions increased 5 to 10 times when ambient temperature was lowered 
from 22 C to -7 °C (in some cases down to -20 °C ). 
 
From 2002 gasoline cars had to perform a cold start from an ambient temperature of -7 °C.  
 
All this kind of cold start measurement requires test stands using rolling dynamometers.  
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Another approach could be, if the only purpose is compare different solutions which can effect 
the initial emissions, to measure the emissions during idling for a few seconds, as proposed by 
Mercedes 
 
 

Instrument response time 

 
For transient testing it has been demonstrated that it is required to measure at about 5 Hz.  For 
transient testing the measured emissions has to be related to the transient behaviour of the car 
which impose a problem due to lag time in sampling lines etc.  
 
 

Exhaust measurement in cold climate of correct cold start emissions 

 
To obtain correct results the car has to be at the right temperature from the beginning. That 
means that the car has to be soaked at 20-30 or at -7 °C according to regulations i.e. in a 
temperature controlled room when testing below zero degrees. The measurement has to taken 
from the very beginning. The easiest way to do that is to perform the measurement in the 
temperature controlled room. The measurement can either be done in raw exhaust or diluted 
exhaust gases. The simplest way is to perform the measurement in raw exhaust, but to be able to 
calculate the emissions the exhaust flow has to be determined in one or another. One way is to 
measure the actual exhaust flow. This can be done e.g. with an ultrasonic flow meter. It can 
measure up to at least 550 °C. The benefit is that ultrasonic flow meters can have a fairly large 
range (1 to 150). 
 
The other way is to dilute the exhaust in a CVS (constant volume system) which keeps a 
constant flow of diluted exhaust. This makes calculations of emissions easy because of the 
constant flow. The drawback is the cost and size of such a system. It lowers also the 
concentrations to be measured. In standard sampling this effects mostly the HC measurements, 
where the emissions may be diluted to such an extent that the “emissions” may become negative 
when subtracting the base line level, which is measured level when no exhaust gases are 
introduced into the system. In standard measurements particle emissions are defined as the 
weight increase of a Teflon filter kept below 52 °C. This procedure was originally defined to 
ensure that all lead was in particle phase. It has been demonstrated that dilution in these CVS 
systems introduce a measurement artefact when considering particle numbers due to that sulphur 
oxides  produces a larger numbers of small particles when diluted in the way dilution is done in 
the CVS systems. This does not happen in real life due to a much larger dilution (Kittelson 
1999). The benefit of dilution is that the temperature is decreased which makes measurements 
easier. 
A normal set-up for cold-start emissions at lower temperature is shown in Figure 4. 
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Figure 4. Example of set-up for measurement of cold-start emissions at low ambient temperature 
(-7 °C). 

 
 

Measurement equipment 

 
Regulated emissions are those for which emissions limits have been set by regulations. That is 
CO, NOx, HC and NMHC (non methane hydro carbons) and particles. In the USA is 
formaldehyde also a regulated emission component. 

 
The standard instruments have been NDIR (Non Dispersive Infra Red) instruments for CO and 
CO2, CLD (Chemiluminiscence Dection) for NOx and FID (Flame Ionisation  
Detection) for HC.  NMHC can be measured by using a standard FID and a non-methane 
cutter, which is a device which oxidizes all hydrocarbons except methane, followed by a FID. 
The difference between the two FIDs is the NMHC signal. All of these instruments require 
calibration preferably on a daily basis using both zero gas and span gas for calibration. The FIDs 
for HC and NMHC require a constant supply of hydrogen.  
 
All of these standard real-time instruments can easily acquire measurements at 5 Hz, but actually 
to measure at 5 Hz requires higher gas flow through the system than normally is applied for flue 
gas measurements. 
 
All components which have no limits set by regulations are called unregulated components. 
Measurements techniques for those components includes all kinds of sophisticated laboratory 
equipment such as Gas chromatographs, Mass spectrometers, UV-spectrometers and several off-
line techniques requiring sampling and analysis of collected samples.  
 
Formaldehyde has historically together with other aldehydes and ketones been analyzed by 
HPLC (High Pressure Liquid Chromatography) after sampling giving an average concentration 
over a period of time. For continuous measurements can FTIR (Fourier Transform Infra Red 
spectroscopy) be used. FTIR can be used for all regulated gas components except HC and 
NMHC because the HC emissions are defined in the regulations as the response on HC-FID. 
FTIR can also be used for a large number of unregulated components. The use has been 
hampered by the HC definition and the fairly slow response for the older systems, but now there 
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is a system which can measure at 5 Hz. The FTIR can measure several hydrocarbons which 
means that the HC value can easily be estimated (if a correlation to the HC-FID response has 
been established for that specific fuel) or the relative behaviour can be assessed even using 
different fuels. 
 
 

Suitable measurement instruments for gaseous components in 
vehicle testing applications 
 
Specifications 
The instrument can measured (or assess) CO, NOx, HC, NMHC, formaldehyde and CO2. 
Required measurement speed 5 Hz. The instrument will not require specially trained personal  
From a user point of view the instrument would not preferably require frequent calibration (due 
to that requires handling of a number of gas flasks containing the calibration gases). 
The instrument should be easily transportable.  
 
 
Data collection 
To be able to calculate the emissions either the inlet air flow and fuel consumption or the 
exhaust flow should be known. Probably it is easier to measure exhaust flow.  
   
Physical data  
To be able to calculate the emissions either the inlet air flow and fuel consumption or the 
exhaust flow should be known. Probably it is easier to measure exhaust flow.  
 
Vehicle data 
Modern cars do measure several parameters, rpm, ignition, temperatures, pressures, gas flow etc. 
which could be tapped from the car computer to the measurement system. 
 
Transferring of data and analysis of data 
From a security point of view will probably the car manufacturers like to have full control of all 
data meaning that all data will be transferred without any analysis of data.  
 
 

Comparison of different instruments or solutions 

 
There are several different possible instruments which could fulfil most of the requirements. All 
standard instruments require frequent calibration requiring calibration flasks. There are several 
suppliers of FTIR instruments which could measure all required components and assess the HC 
and NMHC signal, but there are only one FTIR which can measure at 5 Hz. The brand name is 
MKS. For further information about the FTIR see appendix.   
 
The proposed instrument has a cell volume of 0,2 litres and would require a flow rate of over 50 
l/min to be able (ideally) to measure the exhaust at 5 Hz. The MKS instrument comes with 
calibrations performed at about 1 bar.  AVL is selling the MKS FTIR with a slight modification. 
Instead of having a pump pushing the gases through the measuring cell, the pump is situated after 
the measurement cell and is sucking gases through the cell. The filter is situated before the cell 
and the pressure drop is controlled in such a way that the pressure in measurement cell is about 
1/3 bar (absolute). To be able to measure 5 Hz the flow rate can therefore be lower. The 
drawback is that the calibrations supplied by MKS is no longer valid and has to be bought from 
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AVL. The pressure in the cell has to be within certain limits meaning that the pump has to be 
frequency controlled.  
 
To obtain a fast response and a low detection limit the detectors in the FTIR has to be cooled 
by liquid nitrogen. The consumption is about 2 litres a day, which means that a 100 litres 
container last for one month. 
 
 

6. Proposal for follow-up projects 
 
As a first step a limited field test solution is suggested using the already bought MKS FTIR 
instrument. A simple but appropriate experimental set-up for car exhaust measurement under 
cold start and idling applications in the Arjeplog/Arvidsjaur area is suggested in project 1. 
As a suggested second step planning of a new complete vehicle test plant for multi gas 
measurements in cold climate, project 2. A market survey is also recommended. 
 
 

Cold-start measurements 
 
The definition of the cold-start is a full test cycle measurement requiring dynamometers and 
driving aid according to Figure 4. The Mercedes AMG contact indicated that it may be sufficient 
to only measure the emissions from the start transient and only for a few seconds at idle. This is 
the least expensive set-up, which fairly easily can be transportable. The following section gives 
an outlay and cost estimate of such a system. 
 
The car would preferably be in a temperature controlled room to soak according to the 
standards. There are several temperature controlled rooms at different testing sites.  
The easiest solution would be to measure ”raw exhaust” gases, i. e. not diluted. Standard tubing 
would be attached to the exhaust pipe leaving the exhaust to the outside of the temperature 
controlled room. From a connection close to the exhaust pipe a heated line (either Teflon tubing 
or a metal tubing of approximately half an inch) would suck exhaust gas at a flow rate about 50 
litres per minute.  
 
 

The costs – FTIR exhaust measurement system 
 
The cost of a FTIR-system is approximately 1.000.000 SEK including optional equipments. 
The system includes 5 meters ½” tubing, a heated pump for 100 l/min, a heated filter, a MKS 
FTIR for 5 Hz measurement including 11 analogue inputs comes into the same result file as the 
gas parameters.   
 
To measure exhaust flow an ultrasonic meter can be applied which cost in the order of 150 000 
SEK. The meter has fairly good accuracy and measure from 0,3 m/s to 46 m/s. 
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Project 1 
 

Demonstration of exhaust measurements in cooperation with testing 
companies in the Arjeplog/Arvidsjaur area 

 
One possible service which could be supplied by the testing companies could be cold-start 
measurements utilising existing cold-rooms. 
 
The project aims are to test and demonstrate the measurement facilities in the test region and to 
investigate if the car companies are interested in this service and transfer knowledge to the testing 
companies about technology and procedures. 
 
The discussion in earlier chapters indicates that it might be interesting to measure the exhaust 
emissions for a short period of time at idling. 
 
ETC has invested in a MKS 5 Hz FTIR which could be utilised in the project. The FTIR was 
delivered in August 2007. ETC has also a trailer aimed for field measurements which could make 
the system transportable. ETC has also the knowledge to support the testing companies to utilise 
the instrument and, if required, with additional calibrations of new components. An optional 
system for the MKS-instrument is needed for such tests, a 5 meters ½” tubing, a heated pump for 
100 l/min, a heated filter and an exhaust flow ultrasonic meter. 
 
To build an optional system for exhaust measurements at 5 Hz as mentioned above, may cost 
approximately 300 000 SEK including the ultrasonic meter.  
The total cost for demonstration of exhaust measurements in cold climate without any braking 
equipment (chassis dyno) is in the order of 500.000 SEK. 
 
Additionally there are costs of approximately 100.000 SEK for a market survey. 
 
 

Project 2 
 

Projecting and planning of a new vehicle test plant for multi gas 
measurements in cold climate 

- AVL 48" Compact 4WD 
- MKS Multi Gas 2030 HS 5 Hz Combustion Analyser 

 
Investments in a new complete high end vehicle test system is approximately 8 Million SEK 
including a 48” single roll 4-WD chassis dynamometer with road simulation to fulfil the US 
EPA specification and equipment for cold tests (Approx. 6 Million SEK, installations included) 
and a MKS 5 Hz FTIR analyser including a measurement system for raw exhaust and a gas 
cleaning system (can be estimated to about 1,5 Million SEK including options, installations etc). 
Building constructions, service facilities and internal cold system is not included.  
 
There are a number of low cost system alternatives too, but the specifications are not the highest 
level for such cold climate tests. However it’s possible to run vehicle tests on chassis 
dynamometers within limitations of the performance. 
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Example of double and single rolling system 
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The drawings below shows a complete vehicle test system 
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8. Appendix 
 

8.1 Exhaust gas measurement system;  

 
- MKS Multi Gas 2030 HS 5 Hz Combustion Analyser 
 
 

8.2 Examples of vehicle dynamometers 

 
- Direct drive rolling dynamometers for road simulations 
- Single and double rollers 
- From 12” up to 66” rollers 
- 2- and 4-wheel drive simulators 
- Hydraulic wheel connected dynamometers 
 

 
 

8.3 Manufacturers of dynamometers and factory information’s 

 
European manufacturers  
 
- AVL   Austria 
- Maha   Germany 
- Rototest  Sweden 
- Rotronics  France 
 

 
 

Manufacurers from USA 
 
- Dynomite (Land&Sea) USA  
- Dynojet   USA 
- Mustang   USA 
- Superflow   USA 
- Powertest, Maxwell  USA 
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8.4 MKS Multigas 2030 HS 5 Hz Combustion Analyser  
 

MKS Instruments  
90 Industrial Way, 
Wilmington, Massachusetts 01887  
Tel: 800-227-8766 (in the USA), 
or 978-284-4000 (worldwide)  
Fax: 978-284-4999 
 
Rowaco AB Sweden 
Email: sales@rowaco.se 
Tel: 46-13-138010 
Fax: 46-13-311335 
http://www.rowaco.se 
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The MultiGas™ 2030 HS is a high resolution FTIR based gas analyzer for monitoring 
automobile, diesel and catalyst combustion exhaust measuring the gas composition at a frequency 
of 5 Hz. The analyzer is designed to allow gas flows exceeding 100 L/min with no back pressure 
or acoustic gas cell noise generated that could degrade the quantitative measurement. Twenty 
plus (20+) gases can be quantified simultaneously at this frequency without any reporting delays. 
Samples containing up to at least 30% water content can be monitored by maintaining the gas 
temperature and appropriate particulate filtration. Detection limits below1 ppm is achievable 
with this analyzer by using high sensitivity narrow range MCT detectors. The system comes 
calibrated for more than 150 components running the instrument both at 150 °C and 191 °C, 
which is required for diesel applications and measurements of NH3. 

The MultiGas™ 2030 HS analyzer is composed of a high speed 0.5 cm-1 process-hardened FTIR 
spectrometer. The spectrometer is coupled to a patented 5.11 m high- optical-throughput 200 
ml  gas cell with 1/2 inch plumbing to reduce backpressure and allow for higher flows. The 
analyzer generally incorporates a high sensitivity liquid nitrogen cooled MCT that can maintain 
cryogenic temperatures for up to 12 hours on a single charge. The system is delivered complete 
with easy to use software and health diagnostics, calibration, installation and training. 
 
 

5 Hz Automobile, Diesel, and Catalyst Emissions Measurements with 
MKS MultiGas 2030 HS 

The automotive, diesel and catalyst manufacturers need to monitor traditional (CO, CO2, NO, 
NO2, SO2, HC, and H2O) and non-traditional (NH3 & N2O) combustion gases in less than a 
second. Currently, there are limited analytical techniques available that can monitor these species 
in this time frame and at the level necessary to be useful. 

New emissions regulations promulgated by the federal government in the USA for calendar years 
2007 and 2010 are forcing auto, diesel and catalyst manufacturers to better understand their 
combustion and emission reduction processes. 

New chemistries and methodologies used to meet these new federal standards such as Low NOx 
Traps require the collection of sub second analytical data to optimize these processes. Also, these 
new processes generate species such as NH3 and N2O that are not currently monitored by 
traditional analyzers. Many of the traditional gases can now be done at 5 Hz using traditional 
type CEM analyzers. However, the gases such N2O and NH3 still require new methodologies. 
So, these companies are pushing analytical instrumentation manufacturers to create and provide 
analytical equipment that can monitor both the traditional and non-traditional gases at 
frequencies as high as 5 Hz. 

FTIR analyzers are a potential solution to this problem since it can measure most gases generated 
by combustion processes. Historically, however they were not fast or sensitive enough to 
measure at these timescales. Advances in computer technology, software, instrument calibration, 
electronics, and FTIR instrument design now available make this an excellent solution for the 
non-traditional gases and a feasible alternative for traditional gases. 

 
 

- 5 Hz monitoring of combustion species, greater emissions knowledge 
- Single analyzer to measure traditional and non-traditional emissions 
- Reduced equipment requirements and cost 
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- Reduced maintenance 
- Reduced cost of ownership 
- Expandable to new or future emission components 
- 0.5 cm-1 high resolution FTIR-spectrometer 
- Reduced spectral interferences of critical analysts due to water and CO2 
- Greater calibration linearity 200 ml – 5.11 m gas cell 
- Reduced volume produces faster response time 
- Longer path lengths produce lower detection limits 
- Calibrated at 1.0 atm. for 150 °C and 191 °C 
- Drift free calibration 
- Configured for both diesel and automotive emissions 
- Complete diagnostics 
- Analyzer health diagnostics to troubleshoot hardware problems 
- Calibration diagnostics to prevent calibration drift 
- High speed computer supplied 
- Factory configured software and calibration 
- Reduced probability of timing glitches due to high frequency analysis 
- Up and running on first day of installation 
- Numerous communication protocols 
- Connectivity to current customer systems 
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Chassis Dynamometers 
 
 

8.5 AVL - Chassis Dynamometers 
 
AVL LIST GMBH 
Hans-List-Platz 1 
A 8020 Graz 
Phone: +43 316 787 Ext. 0 
Fax: +43 316 787 Ext. 400 
eMail: info@avl.com 
Web: www.avl.com 
 

 
 

 
Despite the development of new simulation software, vehicle chassis dynamometers are still 
becoming increasingly important. Ever more complex vehicle technology and new demands 
resulting from environmental protection requirements and purchasing behaviour make it 
necessary to devise new tests. The application range of chassis dynamometers has therefore been 
expanded. 
 
 
AVL 48" Compact 2WD 
 
The 48“-COMPACT 2WD vehicle test bench series has been designed to test front wheel drive 
and rear wheel drive vehicles. It is possible to simulate vehicle weights from light cars up to light 
commercial vehicles. The vehicle test bench can be operated in the control modes road load 
simulation, speed control, tractive force control and acceleration control. 
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Technical Facts     
  
 Very small pit not bigger than roller size  
 No foundation block necessary  
 Motor-in-the-middle design  
 Cast steel vehicle test bench frame for low vibrations and precise cradle mounting of dyno  
 Modern AC technology with IGBT converter  
 Road load simulation much more accurate than worldwide legal demands  
 Fulfils easily US EPA specification of accuracy and dynamic  
 No warm-up required  
 Low force hysteresis due to motorized cradling bearings   
 Vehicle test bench service only from top – not necessary to enter the pit  
 Very fast installation without entering the pit  
 
 
Axle load of 4500 kg  
 Roller track of ca. 2800 mm  
 Ca. 150 kW permanent power  
 Ca. 260 kW peak power  
 Ca. 6000 N permanent tractive force  
 Ca. 10000 N peak tractive force  
 Electric inertia simulation between 1000 lbs and 12000 lbs  
 Pit size of about 1300 x 1300 x 4000 mm  
 Operation temperature of 0 ... 40 °C or –30 °C ... +60 °C 

 

AVL 48" Compact 4WD 
 
There is a clear trend towards the all-wheel-drive chassis dynamometer, due to the increasing use 
of vehicle electronics, which demands realistic speeds and torques on all four wheels. The third 
and eminently important aspect is the need for the system to be operated rationally. 
The 48“-COMPACT 4WD chassis dynamometer series has been designed to test front wheel 
drive, rear wheel drive and four wheel driven vehicles. It is possible to simulate vehicle weights 
from light cars up to light commercial vehicles. Our chassis dynamometer can be operated in the 
control modes road load simulation, speed control, tractive force control and acceleration 
control. 
 
 
 
  Technical Facts     
  

- Very low pit  
- Motor-in-the-middle design  
- Cast steel chassis dynamometer frame for low vibrations and precise cradle mounting of 

dyno  
- Modern AC technology with IGBT converter  
- Road load simulation much more accurate than worldwide legal demands  
- Fulfils easily US EPA specification of accuracy and dynamic  
- Perfect axle synchronization and automatic load distribution  
- No warm-up required  
- Low force hysteresis due to motorized cradling bearings  
- Service nearly from top – seldom necessary to enter the pit  
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- Axle load of 4500 kg  
- Roller track of ca. 2800 mm  
- Ca. 150 kW permanent power  
- Ca. 260 kW peak power  
- Ca. 6000 N permanent tractive force  
- Ca. 10000 N peak tractive force  
- Electric inertia simulation between 1000 lbs and 12000 lbs  
- Axle distances between 2100 and 4700 mm  
- Pit size of about 8200 x 1700 x 5300 mm  
- Operation temperature of 0 ... 40 °C or –30 °C ... +60 °C  
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8.6 MAHA – Maschinenbau Haldenwang 

MAHA-AIP GmbH & Co. KG 
Automotive Industry Products  
Hoyen 20 · D-87490 Haldenwang / Germany 
Phone +49 (0)8374-585-0 · Fax +49 (0)8374-585-551 
www.maha-aip.com · E-Mail: aip@maha.de 

 
Application examples: R&D Centres of car manufacturers and the automotive sub-
suppliers (2WD and 4WD applications).  
 

- Emission tests  
- Temperature tests (climate chambers)  
- Fuel consumption measurements  
- Pre-conditioning  
- Quality checks  
- FTP 75 / SFTP (US06)  
- EPA  
- ECE + EUDC  
- Japan 10 ... 15 mode  
- Mileage accumulation 
- Performance features 
- Precise, reproducible mass-simulation inertia range 1.000 ... 6.000 lbs (standard)  
- Accuracy exceeds EPA-requirements  
- Excellent 4WD-synchronization, high dynamic regulation roller set front- to rear-axle, 

max. speed difference = 0,02 km/h, max. angle deviation = 0,2°  
- Low wear and low maintenance construction for multiple shift-operation  
- Fast data availability 

simple, comfortable test stand setup and operation  
- Interface to common emissions analyse systems i.e. HORIBA, etc. 
- Modular test stand concept for various extension steps, applications and budgets 
- Extended versions for MDV/HDV, e.g. higher axle load, vehicle mass simulation and 

wider rollers  
- Optional packages, e.g. to extend the performance, test speed or temperature range (e.g. – 

30 °C ... + 45 °C)  
- Air speed fans and accessories for various system configurations and requirements 
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- Front, rear- and 4-wheel drive vehicles can be tested under load on the single roller of the 
test stand. The rolling relationship between tire and roller simulates real road conditions 
very closely due to the large roller diameter e.g. 1.400 mm, 2.000 mm, etc. 
 

 
Performance features 
 
- Vehicle component diagnosis by using a variety of selectable test programs, e.g.: motor 

diagnosis, exhaust concentration  
- Performance test including motor data recording (temperature, pressure, etc.)  
- Automatic coast down and calibration programs 4-matic-, ABS-, ASR-, ASD-function 

tests  
- Fuel consumption tests  
- Exhaust test on Gasoline Motors (CO, CO2, HC, NOX, Lambda)  
- Exhaust test on Diesel Motors (exhaust turbidity) by using the MAHA Opazimeter Type 

MDO 2  
- Speedometer control test  
- Noise and vibration inspections – unbalance of cardan shaft  
- Measurement of turbo supercharger pressure, intake pressure, exhaust counter pressure, 

atmospheric pressure air-, exhaust- and oil temperature 
- Modular test stand concept for various extension steps, applications and budgets  
- Customized roller coating (e.g. copple stones „vienna style“, etc.) for vibrations tests upon 

request  
- Low-noise configurations for acoustic tests available  
- Optional packages, e.g. to extend the performance, test speed or temperature range (e.g. –

30 °C ... +45 °C)  
- Air speed fans and accessories for various system configurations and requirements 
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8.7 ROTOTEST 
 
Company Address: Rototest AB  
Salemsvägen 20 
S-144 40 RÖNNINGE 
SWEDEN  
E-mail: info@rototest.se   
Phone: +46 8 532 558 90 
 
 

Wheel connected chassis dynamometer 
 

 
 

 

 

 

The ROTOTEST VPA-R chassis dynamometer is in reality a supreme engine dynamometer 
fitted to each drive wheel. The ROTOTEST VPA-R chassis dynamometer revolutionizes the 
way complete vehicle testing is performed by transforming the traditional chassis dynamometer 
(using rollers) from a simple load absorber into a fully-fledged true measurement instrument. 
This is done by using a front-end mounted torque measuring load cell and direct-coupling. As a 
much valued instrument for auto manufacturers' R&D departments around the world for more 
than a decade, the ROTOTEST VPA-R chassis dynamometer has now been made available not 
only to R&D departments but also to aftermarket performance specialists and professional racing 
teams. 
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The patented ROTOTEST VPA-R (Vehicle Performance Analyser) is comparable to a "rolling 
road", but is far superior in precision and test possibilities as there is no slip between wheels and 
rollers and negligible system inertia and thanks to the accurate torque measuring method. 
Another great advantage of the Rototest chassis dynamometer is its portability. The complete 
system can be easily transported to a new test site and set-up in minutes.  

The ROTOTEST VPA-R consists of hydraulic dynamometers, cooling and fan units, and a 
System Central Unit. The dynamometers are connected directly to the wheel hubs. Set-up time 
is no more than a couple of minutes and is comparable to a wheel change. The dynamometers 
support the vehicle when in operation and no additional support is required. This results in stable 
and low vibration test conditions.  
 
The cooling and fan units produce heavy airflow in accordance with the braking power. They 
are intended for cooling the dynamometers, but have a performance level that ensures engine 
and transmission cooling in most cases.  
 
The System Central Unit (SCU) is based on a 19'' rack cabinet and contains a Master Control 
Unit, (MCU) with an embedded PC for control, measurement and supervision; an UPS for 
power supply and backup batteries; and a User Interface & Measurement (UIM) industrial PC.  
 
With the powerful network capabilities it is now possible to follow the test from a remote 
location. The data integration system is built on the industry standard National Instrument's Lab 
View, giving endless possibilities to expand or integrate other equipment.  
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8.8 DYNOmite™ Automotive Chassis Dynamometer 
 
Land & Sea, Inc.  P.O. Box 96; North Salem, NH 03073-0096 USA   +1-603-329-5645 
 
Verify emissions under load using your existing, or our optional (digitally integrated) DYNOmite 
5-gas exhaust analyzer. Proper emission testing procedures require repeatable absorber load 
control, impossible on simple inertia dynos. No more trying to use unloaded idle data to verify 
that repaired vehicles are in emission compliance. Send your customers for state inspections with 
confidence. 

Simulate driving conditions on your chassis dyno by letting DYNO-MAX and your PC take 
control. DYNO-MAX features a “Road Load Simulation” mode that simulates vehicle 
momentum, air drag, rolling friction, etc. Enter the vehicle’s weight and drag data and allow the 
software to monitor MPH vs. applied Hp, as it adjusts the dyno’s road load accordingly! To the 
drive-line and operator, the feel is like actually driving along. 

Sustained Hp and top end require an absorption dynamometer (i.e. a DYNOmite system). 
Unlike “acceleration spurt” inertial testing, these can load a vehicle indefinitely.* The absorber 
allows running controlled RPM step or sweep Hp tests. Everything is under computer control 
via the included Electronic Auto Load. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

DYNOmite 12" dual-roller assembly with water brake absorber loads to 150 MPH and 700+ 
wheel Hp (eddy optional). Mounts in ground or above (ramps included). 
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Adjustable wheelbase in-ground 44" AWD twin-roll dynos (with or without absorbers) handle 
2,500 Hp at 200 MPH. Mechanical (or optional electronic) roll synchronization 

 
 
 
 

 

4½" – 60" rolls (cutaway shows super duty truck “Dually” 30" with one eddy current 
absorber) have machined in “Traction Grooves” to handle big low end torque or race speeds 

and Hp. 
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24", 30", 44", and 60" roll system (available with water brake or eddy current absorber option) 

install in pit (or above ground with optional 4-post lift kit – as shown). 
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8.9 DYNOJET 
Dynojet Research, Inc. 
2191 Mendenhall Drive 
North Las Vegas, NV 89081, USA 
www.dynojet.com 
 

 

 

Model 424x 

  

Dynojet has developed this first All-wheel drive inertia style chassis dynamometer. Whether you 
are troubleshooting a 4-wheel drive pickup or tuning an all wheel drive sport compact, this is 

the Model you should seriously consider 

Maximum Horsepower 1500hp +  
Maximum Speed 200MPH (322Kph)  
Wheelbase Minimum Standard 88" Optional 98"  
Wheelbase Maximum Standard 130" Optional 140"  
Drums 2  
Drum Diameter  24"  
Drum Width  86"  
Minimum Axle Width  81.5"  
Maximum Axle Width  127.5"  
Maximum Axle Weight 3000 lbs   
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4WD STD   

 

 

 

 

Model 224x 

The Model 224x is a perfect dynamometer for diagnosing engine and driveline problems, tuning 
and repair on most street drive vehicles 

 

This Dynamometer features 24" knurled, precision balanced drums. The large drum diameters 
provide a virtually flat, stable surface for tire contact, eliminating unnecessary slippage and tire 
deformation. The result is precise, repeatable results every time. The Model 224x is rated at 1500 
hp+, 1500 ft/lbs torque and up to 200 mph making it perfect for diagnosing engine and 
driveline problems, tuning and repair on most street driven vehicles. 
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8.10 MUSTANG 

 
 
Mustang Dynamometer 2300 Pinnacle Parkway Twinsburg, OH 44087; Phone (330)963-5400, 
USA 
www.mustangdyne.com 

 

 

Horsepower: 450 hp-maximum measurement capability  
268 hp-maximum absorption   
Loading: Air cooled eddy current power absorber  
(model MDK-70)   
Maximum Speed:  125 mph intermittent 
100 mph continuous  
Inertia: 2,000 lbs base mechanical inertia   
Controls: Pentium-based PC control system 
MD-7000 Control Platform  
Hand Control: Infrared, for remote operation   
Rolls: Precision machined & dynamically balanced 
Belted for bi-directional capability 
8.575" (218 mm) diameter balanced rolls 
35" (889 mm) face length 
30" (762 mm) inner track width 
100" (2,540 mm) outer track width 
17.1" (434 mm) roll spacing  
Frame: Heavy-duty structural steel frame 
Heavy-duty restraint kit included   
Lift: Between roll lift with integrated roll lock   
Axle Weight:  6,000 lbs (2,727 kg) maximum   
Shipping Weight:  3,250 lbs (1,474 kg) (dynamometer only)   
Air Requirements: 80-100 PSI, dry, regulated, oil free   
Power Requirements:  115 VAC single phase, 60 Hz, 15 Amps (control) 
230 VAC single phase, 60 Hz, 30 Amps (dynamometer)   
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- Horsepower: 450 hp-maximum measurement capability  
- 268 hp-maximum absorption   
- Loading: Air cooled eddy current power absorber  
- (model MDK-70)   
- Maximum Speed:  125 mph intermittent 
- 100 mph continuous 
- Inertia: 2,000 lbs base mechanical inertia   
- Controls: Pentium-based PC control system 
- MD-7000 Control Platform  
- Hand Control: Infrared, for remote operation   
- Rolls: Precision machined & dynamically balanced 
- Belted for bi-directional capability 
- 8.575" (218 mm) diameter balanced rolls 
- 35" (889 mm) face length 
- 30" (762 mm) inner track width 
- 100" (2,540 mm) outer track width 
- 17.1" (434 mm) roll spacing  
- Frame: Heavy-duty structural steel frame 
- Heavy-duty restraint kit included   
- Lift: Between roll lift with integrated roll lock   
- Axle Weight:  6,000 lbs (2,727 kg) maximum   
- Shipping Weight:  3,250 lbs (1,474 kg) (dynamometer only)   
- Air Requirements: 80-100 PSI, dry, regulated, oil free   
- Power Requirements:  115 VAC single phase, 60 Hz, 15 Amps (control) 
- 230 VAC single phase, 60 Hz, 30 Amps (dynamometer 
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PORTABLE 
 

 
 
 
 

 

Mustang made slight modifications to existing product specifications - including utilizing lighter 
materials, shorter frames, and incorporating additional safety measures - in order to achieve the 
same level of product quality and durability associated with a Mustang-brand dyno, while at the 
same time achieving the portable features of the “Dyno-to-Go” Series. Each system includes a 
complete computer based control system with a Pentium-III PC, a sleek roll-around 
instrumentation cart, a fully equipped eight-foot wide totally enclosed trailer, a vehicle restraint 
kit, an air compressor, and a power generator.  

Movement of the test system from its storage-place in the enclosed trailer to the test 
environment is achieved via a supplied overhead gantry crane assembly and hand-held pendant. 
The crane is capable of supporting the weight of the chassis dynamometer, and operates in such a 
way as to provide for ease in deployment of the chassis dynamometer when the trailer is resting 
on a reasonably stable and level paved surface. The trailer houses two “A frame” structures with 
a common I-beam connecting the two. The electronic gantry crane connects to the chassis 
dynamometer via a supplied chain bridle set; providing for vertical movement of the test system. 
Horizontal movement of the system is achieved via a hoist-trolley connected to a sliding I-beam. 

Horsepower: 1,200 hp maximum measurement capability  
605 hp peak absorption   
Loading: Air-cooled eddy current power absorber (MDK-250)   
Maximum Speed:  175 mph 
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- Controls: DAC based Controller with Microsoft Windows™ based Software. Ethernet 
based communications between personal computer (optional) and controller. 

- Includes Patented Virtual Road Simulation Technology (RST)   
- Hand Control: Wireless in-car controls available   
- Rolls: Precision machined & dynamically balanced, knurled rolls 
- Belted for bi-directional capability  
- 10.70" (272 mm) diameter balanced rolls  
- 40" (1,016 mm) face length 
- 28" (711 mm) inner track width 
- 108" (2,743 mm) outer track width 
- 19.6" (498 mm) roll spacing   
- Inertia: Approx. 2,000 lbs   
- Frame: Heavy-duty extruded aluminium frame 
- Heavy-duty restraint kit included  
- Lift: Between roll lift with integrated roll lock   
- Axle Weight:  6,000 lbs maximum  
- Shipping Weight:  2,800 lbs (nominal, dyno only)  
- Air Requirements: 80 PSI, dry, regulated, oil free  
- Power Requirements:  115 VAC single phase, 60 Hz, 15 Amps (control) 
- 230 VAC single phase, 60 Hz, 40 Amps (dynamometer)   
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8.11 SUPERFLOW 

 

3512 North Tejon Street 
Colorado Springs, CO 80907-5299, USA 

Sales, Service, Showroom 
Grensstraat 41 A, 
2243 Pulle, Belgium 
 
Tel: +32 3 4846510 
Fax: +32 3 4846520 
Info: info@superflow.be 
Sales: sales@superflow.be 
Service: service@superflow.be 

 

AutoDyn Chassis Dynamometer Trailer 
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800 SERIES  
Speed Rating up to 200 mph (320 kph) 
Control Accuracy 
±0.1 mph (0.2 kph) 
Maximum Wheel Power (inertia test) 1,500 hp (1118 kW) 
Peak Power Absorption (cold) 
Single eddy current 
Large-roll dual eddy current 
At 10 minutes duration (temp. dependent) 
Single eddy current 
Large-roll dual eddy current 
700 hp (521 kW) 
1,400 hp (1043 kW) 
350 hp (261 kW) 
700 hp (521 kW) 
Maximum Axle Load 
Cradle-roll model 
Large-roll models 
7,000 lb. (3,500 kg) 
10,000 lb. (4535 kg) 
Power Requirements 
All models 
Single eddy current 
Dual eddy current 
110-250 VAC, 15-8 amps 
208-250 VAC, 20 amps 
208-250 VAC, 40 amps 
Shipping Weights (approximate) 
2WD Upgradeable inertia 
2WD Single eddy current 
2WD Dual eddy current 
AWD Upgradeable inertia 
AWD Single eddy current 
AWD Single eddy current 
6,300 lb. (2865 kg) 
7,000 lb. (3180 kg) 
7,600 lb. (3445 kg)  
12,600 lb. (5715 kg) 
13,300 lb. (6033 kg)  
13,900 lb. (6304 kg)  
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The SF-790 is our powerful and affordable cradle-roll chassis dynamometer. The SF-790 features 
twin 12.6-inch (32 cm) diameter rolls. Torque is measured with a temperature-compensating 
load cell for precise torque and power readings. The SF-790 is compact, this means you don't 
have to make extensive floor modifications to install it in your shop. You can place this dyno 
above or below ground for testing. 
 
The SuperFlow SF-790 AutoDyn can run a variety of built-in vehicle tests, including single-gear 
or all-gear tests at wide open throttle. Controlled acceleration, controlled deceleration, step, 
steady-state, aero load, and drive cycle tests can be easily run with the included eddy current 
power absorber module. The steady-state and drive cycle tests can be performed at full or partial 
throttle settings. 
 
The SuperFlow Sensor Box monitors and measures the data from the AutoDyn and comes ready 
to run the eddy current brake. You can add a variety of accessories to our sensor box, including 
temperature measurement, pressure measurement, and air/fuel monitoring. 
Each SF-790 is shipped with a hand held controller, ignition sensor clip, optical tachometer, and 
WinDyn® software package.  
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800 SERIES  
 
The 42-inch roll two-wheel-drive AutoDyn is our highest-capacity chassis dynamometer. It 
features 42-inch (107 cm) diameter rolls for minimum tire deflection and maximum contact 
patch size. 
Torque is measured with a temperature-compensating load cell for precise torque and power 
readings. You can place this dyno above or below ground for testing. 
 
This 42"-roll AutoDyn can run a variety of built-in vehicle tests, including single-gear or all-gear 
tests at wide open throttle. Controlled acceleration, controlled deceleration, step, steady-state, 
aero load, and drive cycle tests can be easily run with the included eddy current power absorber 
module. The steady-state and drive cycle tests can be performed at full or partial throttle settings. 
The SuperFlow Sensor box monitors and measures the data from the AutoDyn and comes ready to 
run the eddy current brake. You can add a variety of accessories to our sensor box, including 
temperature measurement, pressure measurement, and air/fuel monitoring. 
 
Each AutoDyn is shipped with SuperFlow's handheld controller, ignition sensor clip, optical tachometer, and 
WinDyn® software package.  
 
 
Run tests with a power absorber and you can 
 

- Evaluate exhaust systems, lubricants, performance coatings, pinion angle alignment, axle 
bearings, rear ends, and u-joints.  

- Quantify tire, clutch, or torque converter slip. Study the effects these components have on 
power and torque without expensive and time-consuming track testing.  

- Perform short-term durability tests on engine and driveline components.  
- Simulate hills of varying grades, constant or variable speeds, and around town stoplight-to-

stoplight driving. Ensure that the vehicle is driveable at various throttle settings, in a variety 
of circumstances.  

- Locate and troubleshoot engine and driveline problems.  
- Run track lap simulations. 
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8.12 POWERTEST 

 

Power Test, Inc. 
N60 W14630 Kaul Avenue, P.O. Box 927 
Menomonee Falls, WI  53052, USA 
Phone: 262-252-4301 
Fax: 262-252-4700 
Email: info@pwrtst.com 

 
CF22  
The CF22 features 20” diameter cradle roll sets for rapid vehicle placement and to 
allow installation into many existing in-floor pits. The CF22 does not use any 
gearboxes or differentials. This provides improved durability and fewer service 
issues. 
 

CF42  
An industry leader, the CF42 features 40” diameter rollers with direct drive non-
ferrous absorbers. The CF42 is designed for extended duration, full-power vehicle 
tests.  

  
CF21M Patented Vehicle Test System 
The CF21M Motorized Chassis Dynamometer can perform more tests on a single 
machine, providing the ultimate in reliable and repeatable engine, transmission, 
drive train and brake testing, as well as alignment verification.  Many of these tests 
can be performed on non-powered axles.  
  

Custom Single/Multi-Axle Dynamometers  
The modular design of our chassis dynamometers allows each of the series to be 
manufactured in single, tandem or multiple axle configurations. Our engineering staff 
can also use features of these machines to make custom machines based upon your 
specific needs.  
  
Maxwell Chassis Dynamometers  
Power Test has purchased the assets of Maxwell Dynamometers, and will soon offer 
data acquisition and control systems for current Maxwell heavy duty chassis and 
engine dynamometer owners. 

 
Chassis Dynamometers - Patented Motorized Dyno - CF21M 
  

 

Max. Axle Capacity: 32,000 lbs. (14,519kg) 
Max. Vehicle Speed: 80 mph (128kph) 
Max. Power Absorption: 800 hp (596kw) 
Max. Motorized Power: 150hp @40-60 mph, (111kw @ 
64-96kph) 
Estimated Net Weight: 10,000 lbs. (4,537kg) 
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8.13 ROTRONICS 
 
Contacts: 
E-mail to info@rotronics.com 
Phone:  +33 (0)450 030 859 Fax : +33 (0)450 030 597 
 
Web:  
www.rotronics.com 
 
Address: 
39 impasse de l'étang - ZI des Dragiez 74800 La Roche sur Foron - France 
 
 
 
 

 

 
 

 




