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1  Summary 

This report is an NVF initiative to investigate the uncertainty of the roller brake tester for 
heavy vehicles. 
 
It summarizes the research carried out in this field in Scandinavia and suggests 
further steps to minimize roller brake tester’s calibration uncertainty. 
 
The report also describes the method to evaluate brake performance of heavy vehicles 
with reference brake forces. 
 
Finally, this report shows a complementary test to evaluate the roller brake tester accuracy 
with help of a measuring wheel developed to measure brake force and brake torque. 
 

1.1  Sammendrag 

Rapporten er utarbeidet på initiativ fra NVF for å undersøke måleusikkerheten for 
rullebremseprøver  ved bremseprøve av tunge kjøretøy. 
 
Den oppsummerer studier som er utført i Norden og foreslår tiltak for å minske 
måleusikkerhet ved kalibrering av rullebremseprøvere. 
 
Rapporten beskriver også en metode for å utføre bremseprøver på tunge kjøretøy med 
bruk av referansebremsekrefter. 
 
Avslutningsvis inneholder rapporten en metode for å kontrollere en rullebremseprøvers 
nøyaktighet ved hjel av et hjul som måler bremsekraft og bremsemoment. 
 
 

1.2  Yhteenveto 

Tämä raportti on tehty NVF/PTL:n aloitteesta ja siinä on tutkittu raskaalle kalustolle tarkoitetun 
jarrudynamometrin epätarkkuutta. 
 
Raportissa kerrotaan Pohjoismaissa tehdyn tutkimuksen tulokset ja ehdotetaan 
jatkotoimenpiteitä, jotta jarrudynamometrin kalibroinnin epäluotettavuutta saataisiin minimoitua. 
 
Raportti kuvaa myös menetelmän raskaan kaluston jarrutestauksen suorittamiseksi käyttäen 
referenssijarrutusvoimia. 
 
Lopuksi raportissa esitetään mittauspyörän käyttöön perustuvaa jarrudynamometrin 
tarkkuudenarvioimismenetelmää mittaamaan jarrutusvoimaa sekä –momenttia. 
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2  Abstract 

 
This report was carried out by Jorge Soria Galvarro, former research and development 
coordinator at Bilprovningen, now type approval coordinator at Scania CV AB. 
The work was carried out from September to December 2009 on a one day a week basis. 
The report gathers information and experience in the field of roller brake test uncertainty 
analysis carried out by the Nordic countries and also the studies carried out at Bilprovnin-
gen over the last decade. 
The report reviews the uncertainty of roller brakes for the calibration procedure and the 
roller brake tester as a whole. It also shows alternative methods for the calculation of brake 
performance that are standardized.  
Finally, the report shows alternative instruments to evaluate the total accuracy of the roller 
brake measurements.  
 
 

3  Preface 

 
This report is an NVF initiative to investigate the uncertainty of the roller brake tester for 
heavy vehicles.  
 
Transportstyrelsen (the Swedish Transport Agency) asked me to undertake the study. 
I coordinated similar studies when I was working for Bilprovningen (the Swedish Motor Ve-
hicle Inspection Company) as Research and Development Coordinator. 
  
This report summarizes the research carried out in this field in Scandinavia and suggests 
further steps to minimize roller brake tester’s calibration uncertainty.  
 
The report also describes the method to evaluate brake performance of heavy vehicles 
with reference brake forces.  
 
Finally, this report shows a complementary test to evaluate the roller brake tester accuracy 
with help of a measuring wheel developed to measure brake force and brake torque. 
 
I wish to extend my appreciation to NVF and Bilprovningen who allowed me to use their 
reports and special thanks to Andreas Lindh who provided me with valuable information. 
 
I dedicate this work to my father who supported me unconditionally during all his life.  
 
 
Stockholm, November  2010  
 
 
 
Jorge Soria Galvarro 
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4  Introduction  

4.1  Background 

Considering the research done in the Nordic countries regarding roller brake tester  
performance to measure heavy vehicles, it is in the interests of NVF to further investigate 
which is the best method for controlling functionality and accuracy of the roller brake tester.  

4.2  Impact objectives 

Instructions for the calibration of the roller brake tester in order to increase the repeatability 
of the equipment. 
 
Instructions for entering the reference braking forces in order to harmonize and improve 
measurement accuracy for the performance test of heavy vehicles brakes. 

4.3  Project description 

The product case is listed here: 
 

1. A description of the effects of roller brake tests measurement uncertainty. 

2. A description of the implications for inspection agencies, repair shops, inspection, 
etc. on an expanded calibration with verification introduced. 

3. A description of the methods available for calibration of the roller brake tests trans-
mission. 

4. A description of how calibration of the roller brake tester must be implemented and 
monitored. 

5. Technical specification, including calibration, for the calibration equipment of the 
roller brake tests transmission. 

6. A description of actions for deviations from the standard standardization value. 

7. Suggested calibration interval for roller brake tester. 

8. Suggested qualifications of the personnel who calibrate the roller brake tester. 

9. A description of the effects of roller brake tests measurement uncertainty with the 
current formulas in the Nordic region for calculating heavy vehicle deceleration. 

10. A description of the implications for inspection bodies, workshops etc., if reference 
braking forces are introduced. 

11. A description of the method to be used with reference braking forces. 

12. Technical specification for the roller brake tester to use the reference braking forces. 

13. Suggested levels of qualifications for personnel performing braking control. 
 

The project specification is in appendix 1. 
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4.4  Boundaries 

This report will summarize information from previous NVF reports regarding roller brake 
testers and measurements methods of brake performance of heavy vehicles. 
 
It will also summarize and attach studies sponsored by the Swedish Motor Vehicle Inspec-
tion Company, Bilprovningen, during the time I worked there as Research and Develop-
ment Coordinator.  
 
This report will also summarize the recommendations of the International Motor Vehicle 
Inspection Committee (CITA) regarding brake testing of heavy vehicles and mention rele-
vant International Standards regarding the roller brake tester methods and use of refer-
ence brake forces to judge heavy vehicles brake performance.  

 

5  Background 

The studies carried out in Norway and Finland regarding the uncertainty of the roller brake 
testers show how important it is to regularly follow a correct calibration procedure for the 
roller brake testers in order to obtain accurate results. The reports also reveal the neces-
sity to further investigate the factors that influence the measurement results which are not 
covered by the normal calibration procedure, such as the transmission of the roller brake 
tester.   

5.1  Finland  

In 1999, the Finnish Vehicle Administration (AKE), initiated a project to improve the reliabil-
ity and consistency of measurements and calculation of heavy vehicle brake systems.  The 
result was a trailer with a measuring system for brake dynamometers.  
Between the years 2000 and 2002 checks were carried out on the roller brake tester using 
the new measurement trailer. 
 
In 2003, more checks were carried out which showed a difference between the roller brake 
tests and the measurement trailer of -16.1% to +17.3%. The project's conclusion was that 
the factors affecting the roller brake tests measurements were not covered by the calibra-
tion procedures for this type of test equipment (Jarrudynamometritarkastuset mittaustek-
nisellä perävaunulla heinäkuussa 2003, Vehicle Administration 2004). 
http://ylivieska.centria.fi/docs/Mittausraportti2003.pdf 
  
In August 2004, a further 60 roller brake tests were inspected. 57% of  which (34 units) 
gave readings that deviated less than +/- 5%, which is considered an acceptable limit in 
Finland. 43% (26 units) of the roller brake tests had a deviation higher than the accepted 
level. 22% (13 units) gave values that differed more than +/- 10% (Raskaiden ajoneuvojen 
jarrudynamometritarkastuset mittausteknisellä perävaunulla elo-syyskuussa 2004, Vehicle 
Administration 2005).  
http://ylivieska.centria.fi/docs/Jarrudynamometritarkastukset_syksy2004.pdf 
 
In November 2009, 30 roller brake tests were inspected in 30 different locations in Finland. 
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69% of which (20 units) gave readings that deviated less than ± 5%, which is considered 
an acceptable limit in Finland. 44.8% (13 units) had a deviation of ± 2%.  
31% (9 units) did not meet AKE's acceptability levels by ± 5% of the braking force. 2 units 
had more than 10% deviation. (Raskaiden ajoneuvojen jarrudynamometritarkastukset mit-
tausperävaunulla marraskuussa 2009, Vehicle Administration 2009).  
The report ”Heavy vehicles brake dynamometer control with measurement trailer in No-
vember 2009” was not available on the web when this report was written. 

5.2  Norway 

During 1999 there were 48 further brake test inspections. The verification was carried out 
as equally as possible with the same truck, load and driver. The brake force was read at 2 
bar operating pressure. Although the brake testing services were adjusted and calibrated 
in the last 12 months, there was a brake variation from 1600 to over 2400 daN (Kontroll av 
bremser på tunge kjøretøy I Norden, Nordisk Vegteknisk Forbund 2004).  
http://www.nvfnorden.org/lisalib/getfile.aspx?itemid=291 
 

6  Analysis  

The roller brake test uncertainty depends on many factors: the calibration method for the 
roller brake tester and the pressure gauges, the test instruments design and characteris-
tics, the measurement procedures, how the measurement results are used to calculate 
brake performance and finally, the preparation of the brake system for the vehicle to be 
tested. 
 
In this chapter the focus is to analyze the uncertainty of the calibration method for the in-
struments involved in the brake testing. 
 
In Sweden, Bilprovningen´s research and development department made several investi-
gations regarding heavy vehicles roller brake test uncertainty. The results of the most rele-
vant activities are detailed here. 

6.1  Thesis work 

In 2004 a thesis was carried out at Bilprovningen by students from the Royal Institute of 
Technology of Stockholm (KTH).  
The thesis “Verification and evaluation of roller brake testers for heavy vehicles and im-
provement of calibration methods” is presented in appendix 2. 
 
The thesis covered the verification of the roller brake tester’s current construction and 
analysis of the calibration procedure. 
 
The verification of the current construction analyzed external factors such friction loss, lev-
er length and calculation formulas. 
 
The analysis of the calibration procedure revealed that the principal factor for uncertainty is 
the reduction in the roller diameter due to wear on the surface of the rollers. This factor 
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should be included in the formula used for the calibration at the beginning of the calibration 
and did not assume default values for new rollers. The real diameter should be measured 
and included in the calculation program to obtain a more accurate result.  
Some manufacturers recommend a change of the roller sets when the diameter difference 
in the roller is larger than 1%, other recommendations were to change the roller when the 
diameter had reduced 2.07 mm and another 2,6 mm. 
    
The analysis also revealed that rounding the values used in the calibration program influ-
ence the results significantly.  For example, gravitational force 9,81m/s² was rounded to 10 
m/s². This factor influences the calibration parameters with an uncertainty up to 1,9% of the 
calculations. 
 
Conclusion:  
The roller brake manufacturer recommendations regarding the replacement intervals of the 
roller sets after certain wear should be followed. The calibration procedure should include 
measuring the actual diameter of the rollers and use this value in the calibration program 
calculations instead of using default values of new roller sets. Rounding the values used in 
the calibrations programs should not be allowed. 

6.2  Field test 

In September 2005, the research and development department at Bilprovningen ordered a 
field test to be carried out by CENTRIA Research and Development from Finland. 
The field test objective was to compare the measurement results from Stockholm’s test 
stations with the values acquired by the measurement trailer, the same trailer that Finland 
uses for monitoring the roller brake tests uncertainty. 
  
The test covered 14 roller brake testers in 12 different Bilprovningen’s inspection stations 
in the Stockholm region. The measurement was carried out with the measurement trailer 
(figure 1).  The report from the tests, “Measurement of heavy vehicle rolling brake tester 
with measurement Trailer” is attached as appendix 3. 
 
 

 
Figure 1. Measurement trailer 
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The results showed that 64% (9 units) had a deviation in the measured data lower than 5% 
between the roller brake tester and the measurement trailer. 
 21% (3 units) had one of the rollers (left or right) with a deviation scarcely higher than 5%  
One unit was above the limit of 5% deviation. 
 
Further analysis of the roller brake tester with deviation higher than 5% showed that the 
roller set was not calibrated accordingly and the rollers sets were worn and needed to be 
changed.  
 
Conclusion:  
The field test showed that 2/3 of the roller brake testers in Stockholm area fulfilled the ac-
curacy tolerance of 5% according to the Finnish criteria. The test also showed the impor-
tance of the calibrations of the roller sets should be done correctly.  It was also agreed that 
the Finnish measurement trailer could be used in Sweden to audit the heavy vehicles roller 
brake testers if it was well organized.   

6.3  Investigation on roller brake tester calibration uncertainty   

In 2007, Bilprovningen sponsored an investigation regarding the uncertainty of the calibra-
tion procedure in the equipment used in the periodic technical inspection. The investigation 
was carried out by the Technical Research Institute of Sweden (SP). Relevant parts of the 
report are attached in appendix 4, “Uncertainty analysis of the calibration method for 
equipments used by Bilprovningen” 
 
The investigation covered all the calibration routines related to the instruments used at the 
periodical technical inspection in Sweden. Appendix 4 contains only the analysis for the 
roller brake tester and the gauges for the brake chambers pressure. 
  
The investigation revealed that the total uncertainty in the calibration procedure for the roll-
er brake tester was at a 95% confidence level, obtained by quadratic addition of all contri-
butions and expansion with a coverage factor (k = 2) gives a total measurement uncer-
tainty of U = 164 N, which corresponds to approximately 1,6% uncertainty at normal oper-
ating roller brake test forces. 
 
The analysis for the brake cylinders pressure gauges calibration procedures showed that 
the total uncertainty of a 95% confidence level, obtained by quadratic addition of all contri-
butions and expansion with a coverage factor (k = 2) gives a total measurement uncer-
tainty of U = 0.052 bar, which corresponds to approximately 1% of normal operating pres-
sure. 
 
The uncertainty analysis for the calibration procedures for the roller brake tester and the 
pressure gauges reveals that the uncertainty levels are under the limits recommended  
by the International Standard for roller brake testers. 
 
ISO 21069 -1 Road vehicles – Test of braking systems on vehicles with a maximum au-
thorized total mass of over 3,5 t using a roller brake tester – Part 1: Pneumatic braking sys-
tems. 
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http://www.iso.org/iso/catalogue_detail.htm?csnumber=41338 
 
The accuracy of the braking force measurement shall be as follows: 

- bellow 5 000 N : within ± 100 N; 
- above 5 000 N : within ± 2% of the measurement value 

 
The tolerance for the brake actuator and supply air pressure shall be as follows: 

- below 500 KPa: ± 10 kPa; 
- above 500 kPa: ± 2% of the measured value. 

 
It is important to note that the study regarding the roller brake tester covered only the cali-
bration procedure which has focused on the brake force sensor and not on the total meas-
urement uncertainty which includes the roller brake tester transmission. 
 
Conclusion:  
The uncertainty analysis for the calibration procedure of the roller brake tester and the 
brake cylinder pressure gauges shows that the uncertainty for both calibration procedures 
comply with the limits recommended by ISO 21069-1. 

6.4  Investigation on roller brake tester total uncertainty 

In order to have the total roller brake tester uncertainty, the total uncertainty of the trans-
mission in the roller brake tester needs to be analyzed. Based on the analysis carried out 
by SP in 3.3, the following analysis will add more factors of uncertainty with components of 
the transmissions such as the roller diameter, the lever length in the electrical motor and 
the gear ratio between the gearwheel and the roller radius.   
 
Wear in the linkage of the transmission between the electrical motor and the roller can give 
pulsations in the measurement of the brake force. The brake force is measured as the 
mean value of one revolution of the tyre while braking; here this factor does not affect the 
brake efficiency calculation.    
 
The complete uncertainty analysis is in appendix 5. “Uncertainty Analysis for the roller 
brake tester”. 
 
The analysis in appendix 5 shows that the main factors contributing to the uncertainty are: 
 

 Factor u6: Uncertainty in the radius of the rollers. 

This factor contributes with an uncertainty of u6*c6 = - 55,4 N to the total uncertainty 
reference force. 

 Factor u9: Uncertainty in the lever arm length on the motor side respective to the 
gear ratio for the simulation force. 

This factor contributes with an uncertainty of u9*c9 = 58,2 N to the total uncertainty 
reference force. 

 Factor u11: Uncertainty due to unknown gear ratio between the gearwheel and roll-
ers radius. 
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This factor contributes with an uncertainty of u11*c11 = 77,6 N to the total uncer-
tainty reference force. 

 Factor u21: Uncertainty due to force transducer hysteresis. 
This factor contributes with an uncertainty of u21*c21 = 69,3 N to the total uncer-
tainty reference force. 

 
The total measurement uncertainty of the standard level is calculated according to [1], 
where the different contributions are assumed to be independent of each other: 
 
 

                                2
2424

2
22

2
11 ..... cucucuu    [1] 

 
 
Thus becomes u = 147 N at the standard level 
 
In an expanded probability level corresponding to k = 2, or approximately a 95% confi-
dence level, the total measurement uncertainty is then  
 
U = 294 N or 29.4 daN or 3% at a brake force of 1,000 daN. 
 
This analysis is based on Bilprovningen’s roller brake testers that are submitted to periodic 
calibration and service at yearly intervals. Once a year the roller brakes are dismantled for 
cleaning and lubrication. Without this service the uncertainty would be greater than what 
has been calculated here. 
 
Conclusion:  
The analysis of the total measurement uncertainty of the roller brake tester shows an un-
certainty of 3% at normal operating load of 10 kN. This level is considered acceptable for 
this type of testing machinery. 
 
It is important to point out that the uncertainty calculated here is for the test instrument, the 
roller brake tester. The analysis does not cover the stability of the brakes nor the calcula-
tion method to evaluate the brake performance of the tested vehicle.   
 

7  Qualifications and competence of the personnel 

The personnel working in a vehicle inspection company carrying out the inspections must 
have appropriate education and training relevant to their responsibility. Therefore, it is im-
perative that the personnel performing the calibration of the test instruments are accred-
ited. In the same way the inspector performing the roller brake test must have appropriate 
education and training for testing heavy vehicles' brakes on roller brake testers and under-
stand the physics behind it.    

7.1  Qualifications for the personnel calibrating the roller brake tester 
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In order to increase the quality of the calibrations the personnel should be from a labora-
tory accredited for calibrating roller brake testers.  
It would also be acceptable to have personnel from the roller brake tester manufacturer 
that are trained to calibrate its own products. 
Another alternative would be for a vehicle inspection company to use its own service per-
sonnel to calibrate the roller sets, if the personnel had received training from the roller 
brake tester manufacturer or an accredited laboratory to perform the calibration of the roller 
sets and have ongoing follow-up and be aware of product updates. 
  
Finally, regardless of the personnel carrying out the calibration, all calibration protocol 
should be administrated and handled according to the ISO 9001 quality standard. 
  

7.2  Competence for personnel performing roller braking test 

The personnel working with periodic inspection should have special training to understand 
the physics of testing a roller brake tester, the brake performance, brake imbalance and 
brake ovality of heavy vehicles. They should also get training from the roller brake testers 
manufacturers on how to use the roller brake tester properly.  
 
Finally, the personnel performing the roller brake test of heavy vehicles should regularly 
perform the test in order to gain familiarity and experience, therefore the possibility to test 
heavy vehicles’ brakes could be restricted to inspection stations with qualified inspectors 
trained for that specific purpose.  
 

8  Uncertainty with the current formulas in the Nordic region  

The roller brake tester measuring principle and design is similar in the Nordic countries. 
The roller brake test manufacturers are few and well-known. 
 
The roller brake test measurement uncertainty would be the same in all the Nordic regions 
in relation to the roller brake test calibration uncertainty and the total measurement uncer-
tainty. 
 
The main difference between the Nordic countries is the different legislation for brake test-
ing during technical inspections. There are differences in the definitions of the input data 
and calculation formulas used to calculate brake performance, brake imbalance and brake 
ovality. 
 
This fact was excellently described and analyzed in a previous NVF report: 
2/2004 Kontroll av bremser på tunge kjøretøy i Norden  
 
The report concluded with a proposal for harmonization in the Nordic countries for the defi-
nitions and measuring methods for the following: 
 

 Threshold pressure Px  
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 Threshold pressure Pm 

 Brake imbalance 

 Ovality 

 Guaranteed pressure 

 Method to calculate brake performance 

 Roller brake factors 

 Referenced brake forces 

 Compatibility truck and trailer  
 
There are still differences between the Nordic countries regarding the testing of the brake 
performance of heavy vehicles. This is clearly shown in the NVF report:  
1/2009 Brake performance on heavy vehicles 
 
This report shows how the same test vehicle obtains different results in the Nordic coun-
tries because different calculation formulas are used to evaluate the brake performance. 
 
The new European directive 2009/40/EC for roadworthiness test (http://eur-
lex.europa.eu/Result.do?T1=V3&T2=2009&T3=40&RechType=RECH_consolidated&Sub
mit=Search) is a step forward towards the harmonization of the test methods used in peri-
odic technical inspections, such as the brake efficiency test. 
The directive stipulates that the brake efficiency test has to follow the method given by ISO 
21069.  
Today, Sweden is the only Nordic country that had included standard ISO 21069 in its own 
roadworthiness test legislation and also the possibility to use reference brake forces in-
stead of a calculation formula for brake efficiency testing. 

 

9  Reference Brake Forces 

The uncertainty analysis in the previous chapters was focused on the contribution of the 
uncertainty factors regarding calibration of the roller bake tester. 
  
There are, however, other factors that contribute to the uncertainty of the measuring re-
sults, such as the measurement procedures, how the measurement results are used to 
calculate brake performance and, finally, the preparation of the brake system for the vehi-
cle to be tested. 
 
In this chapter I will focus on the measurement procedures and how the measurement re-
sults are used to calculate brake performance. 
 
Today, different measurement procedures exist to test brake performance and different 
calculation formulas for evaluation of brake performance.  
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In order to standardize the measurement procedures, an International Standard was cre-
ated in 2004. The standard ISO 21069-1 describes the physical characteristics and accu-
racy of the measurement instruments used for evaluating brake performance. The stan-
dard also describes several measuring methods and calculation formulas to evaluate brake 
performance. 
http://www.iso.org/iso/catalogue_detail.htm?csnumber=41338 
 
Most of the methods to evaluate braking performance in ISO 21069-1 are described by 
using a calculation formula based on one, two, or up to multi-point measurement points. 
This type of method is currently used in the Nordic countries.  
 
In Scandinavia, the measurement methods are not exactly the same, for example, some 
countries measure up to a certain slip limit on the roller set to get maximum brake force, 
while others aim for a minimum value of the pressure in the brake chamber to get the 
same brake force. The brake calculation formulas are also different, similar but different, 
and after the brake force and pressures are extrapolated the difference increases. 
 
The solution to this accuracy and harmonization problem is also described in ISO 21069-1.  
The solution is to use the reference brake forces. 
 
Reference brake forces were introduced in Regulation 13, Supplement 7 to Regulation 13-
09 in 2003. The reference values, brake force vs brake pressure are provided by the vehi-
cle manufacturers and in this way the measurement method is simplified. There is no need 
for extrapolation formulas. Solely measuring roller brake results showed in the display and 
compare it with the values provided by the vehicle manufacturer.  
It is however necessary to have the following information: brake type, brake chamber size 
in each axle, tyre size for each wheel and finally the reference brake forces given by the 
vehicle manufacturer.     
  
As chairman of the ISO WG6 brake systems, I started work on the creation of an ISO 
standard for the acquisition and use of reference brake forces. 
 
ISO 21995 Road vehicles - Test of vehicle air braking systems with a permissible mass of 
over 3,5 t - Acquisition and use of reference values using a roller brake tester 
http://www.iso.org/iso/catalogue_detail.htm?csnumber=40589 
 
The purpose of this standard is to provide a method for the acquisition and use of refer-
ence values given by the manufacturer. The values are suitable for the periodical technical 
inspection (PTI) on air brake systems. 
   
The standard provides: 
 

  Terms, definitions and symbols  

  Acquisition method 

  User guide for testing brakes on roller brake testers with reference brake 
forces 
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A simple summarization of the method is that the brake force is measured up to a fixed 
brake camber pressure and the brake force is then compared to the brake force given by 
the manufacture. The brake forces are declared from 1 bar up to 5 bars with an interval of 
0,5 bars. The reference values are given for every tyre type and brake type (drum, disc) 
and brake chamber size (12” – 30”).   
 
The manufacturers provide the reference brake forces in different ways, for example,  
Scania CV AB presents the values on the internet. 
 
http://www.scania.com/products-services/trucks/main-components/chassis/brakes/Brake-
information.aspx 
 

10  Force and Torque Wheel Sensor for Heavy Vehicles  

The uncertainty of the roller brake tester measurements could be verified with external in-
struments. The examples from Finland and Norway with measurement trailers could be 
used throughout Scandinavia; however, the logistics needed to transport these trailers 
makes the solution more complicated.  
 
My suggestion is to investigate the possibility of investing in a Force and Moment Wheel 
Sensor for Heavy Vehicles. This instrument can be mounted on any truck and used directly 
with the roller bench to compare the brake force from the instrument and the one printed or 
shown in the brake tester. 
 
This instrument is costly, but the investment could be reduced if it is shared by NVF and 
used frequently throughout Scandinavia.   
 
Appendix 6 shows some examples of force and torque wheel sensors that could be used 
for this purpose.  
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11  Conclusion 

In this report an uncertainty analysis was carried out of all the components influencing the 
calibration procedure of the roller brake tester and also an uncertainty analysis of the 
whole measurement process of this instrument. 
 
The results showed that: 
 

 the uncertainty analysis for the calibration procedure of the roller brake tester and 
the brake cylinder pressure gauges shows that the total measurement uncertainty 
for both calibration procedures are below the levels recommended by ISO 21069. 

 
 the uncertainty analysis for the total measurement process for the roller brake test-

er is around 3% at normal operating load of 10 kN. This level is considered accept-
able for the total measurement uncertainty of the roller brake tester.  

 
However, experience from field tests show that some changes are recommended to im-
prove the calibration procedures of the roller brake tester. 
 
The calibration procedure could continue as it does today, but it should also include the 
following: 
 

 To measure the actual diameter of the rollers and include it in the calibration pro-
gram calculations.  

 To verify that the brake calculation program version is the latest 

 Rounding the values used in the calibration programs should not be allowed  
 

The calibration procedure can be based on the manufacturer’s recommendations or, for 
example, the one used in Finland. See appendix 7  
 
It is important that the roller brake tester is standardized, so I recommend that: 
 

 ISO 21069-1 should be the base for the roller brake tester specifications in the 
Nordic countries.  

 
It is also important that the personnel performing the calibration and brake testing are suit-
ably qualified, so I recommend that: 
 

 Personnel calibrating the roller sets should have accreditation for the work.  

 Personnel testing the heavy vehicles’ brakes should have adequate training and 
continuous practice. 
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In a more practical way, in order to increase the level of confidence and find deviations, in 
the roller brake tester whole measurement chain, I also recommend: 
 

 To implemented a similar system in the Nordic countries like the random audit car-
ried out in Finland. 
 

This can be achieved with a measurement trailer or similar test device. 
 
The calculation method for brake efficiency is important to harmonize  in the Nordic coun-
tries, so I finally recommend: 
 

 The use of the reference brake forces according to ISO 21995.   
 
The implementation of this method could result in a more accurate and simpler method 
compared to today’s national calculation formulas. This is also in line with directive 
2009/40/EC.  
 

NVF Vehicle and Transport  - report 1/2011    
   

19



 
  

 

12  References 

 Heavy vehicles brake dynamometer controls. Hannu Leppäla, Fordonsförvalt-
ningscentralen 2003 

http://ylivieska.centria.fi/docs/Mittausraportti2003.pdf 

 Heavy vehicles brake dynamometer controls. Hannu Leppäla, Fordonsförvalt-
ningscentralen 2004 

http://ylivieska.centria.fi/docs/Jarrudynamometritarkastukset_syksy2004.pdf 

 Verification and evaluation of roller brake testers for heavy vehicles and improve-
ment of calibration methods. Charlotte Jovanovic and Nina Rhodin, KTH 2004. 

 Measurement of heavy vehicle rolling brake tester with measurement trailer.  

Matti Moilanen and Peka Rahkola, Centria 2005. 

 Investigation regarding uncertainty analysis for the calibration of equipment used in 
the AB Swedish vehicle inspection. Håkan Källgren, SP 2007. 

 Uncertainty Analysis for the roller brake tester calibration. Håkan Källgren, SP 2007. 

 ISO 21069-1:2004 Road vehicles -- Test of braking systems on vehicles with a max-
imum authorized total mass of over 3,5 t using a roller brake tester -- Part 1: Pneu-
matic braking systems 

  http://www.iso.org/iso/catalogue_detail.htm?csnumber=41338 

 ISO 21995:2008 Road vehicles -- Test of vehicle air braking systems with a permis-
sible mass of over 3,5 t -- Acquisition and use of reference values using a roller 
brake tester 

  http://www.iso.org/iso/catalogue_detail.htm?csnumber=40589 

 Scania CV AB reference brake forces:  

http://www.scania.com/products-services/trucks/main-
components/chassis/brakes/Brake-information.aspx 

 
 NVF report: 2/2004 Kontroll av bremser på tunge kjøretøy i Norden  

 
 NVF report: 1/2009 Brake performance on heavy vehicles 

 

 

 

NVF Vehicle and Transport  - report 1/2011    
   

20

http://ylivieska.centria.fi/docs/Mittausraportti2003.pdf
http://ylivieska.centria.fi/docs/Jarrudynamometritarkastukset_syksy2004.pdf
http://www.iso.org/iso/catalogue_detail.htm?csnumber=41338
http://www.iso.org/iso/catalogue_detail.htm?csnumber=40589
http://www.scania.com/products-services/trucks/main-components/chassis/brakes/Brake-information.aspx
http://www.scania.com/products-services/trucks/main-components/chassis/brakes/Brake-information.aspx
http://www.nvfnorden.org/lisalib/getfile.aspx?itemid=1596
http://www.nvfnorden.org/lisalib/getfile.aspx?itemid=2256


 
  

13  Appendix  

 
Appendix 1: Project specification. 
 
Appendix 2: Verification and evaluation of the roller brake testers for heavy vehicles and 
 improvement of calibration methods. 
 
Appendix 3: Measurement of heavy vehicle roller brake tester with measurement trailer. 
 
Appendix 4: Investigation on uncertainty analysis for the calibration of equipment used in 
 the AB Swedish Motor Vehicle Inspection. 
 
Appendix 5: Uncertainty Analysis for the Roller Brake tester Calibration. 
 
Appendix 6: Force and Torque Wheel Measurement Instrument  
 
Appendix 7: Calibration statement   
 
 
 
 
 
 

NVF Vehicle and Transport  - report 1/2011    
   

21



 
  

14  Appendix 1 - Project specification 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NVF Vehicle and Transport  - report 1/2011    
   

22



 
  

 

15  PROJEKTSPECIFIKATION 

Projekt: Kalibrering av rullbromsprovares transmission och användning  
av refensbromskrafter 

Innehållsförteckning: 

Bakgrund   
Effektmål   
Produktmål  
Ressurser  
Avgränsning 
Kommunikationsplan 
Leveranser 
Referencdokument 
 
 
Datum:   Datum:  
Underskrift  Underskrift 

   

Projektledare: Jorge Soria Galvarro  Projektägare: Mårten Johansson, NVF
 

Ändringsförteckning:  
Versionsnr Ändringsdatum Orsak till ändringen Namn 

    

NVF Vehicle and Transport  - report 1/2011    
   

23



 
  

16  Bakgrund 

För att förbättra tillförlitligheten och överensstämmelsen vid mätning och beräkning av 
tunga fordons bromsar startades år 1999 ett projekt i Finland, som syftade till att bygga en 
mätteknisk kontrollapparatur för bromsdynamometrar. Under 2000 – 2002 genomfördes 
kontroller av rullbromsprovare med hjälp av kontrollapparaturen. 
2003 beställer Fordonsförvaltningscentralen fler kontroller i syfte att klarlägga orsakerna till 
att mätresultaten för rullbromsprovare varierar då resultaten för olika verksamhetsställen 
jämförs med varandra. De kontroller som genomförs 2003 visar en skillnad mellan 
rullbromsprovarna och kontrollapparaturen på – 16,1 % till + 17,3 %.  
Projektets slutsats är att de faktorer som inverkar på rullbromsprovarens mätresultat 
omfattas inte av den kalibrering som normalt föreskrivs för denna mätutrustning 
(Jarrudynamometritarkastuset mittausteknisellä perävaunulla heinäkuussa 2003, 
Fordonsförvaltningscentralen 2004).  
I augusti 2004 kontrolleras ytterligare 60 rullbromsprovare. 57 % av dessa (34 stycken) 
gav mätvärden som avvek mindre än +/- 5 %, vilket anses vara acceptansgränsen i 
Finland. Men fortfarande gav 43 % (26 stycken) av rullbromsprovarna mätresultat som 
avvek mer än acceptansgränsen. 22 % (13 stycken) gav värden som avvek mer än +/- 10 
% (Raskaiden ajoneuvojen jarrudynamometritarkastuset mittausteknisellä perävaunulla 
elo-syyskuussa 2004, Fordonsförvaltningscentralen 2005). 
Under 1999 genomfördes även en kontroll av rullbromsprovare i Norge. Totalt 
kontrollerades 48 stycken bromsprovare. Kontrollen utfördes med samma lastbil, last, 
förare och utfördes så lika som möjligt. Bromskraften lästes av vid 2 bars manövertryck. 
Trots att bromsprovarna var justerade och kalibrerade under de senaste 12 månaderna, så 
uppmättes en variation från 1600 daN till över 2400 daN (Kontroll av bremser på tunge 
kjøretøy i Norden, Nordisk Vegteknisk Forbund 2004). 
Med anledning av detta så NVF Norden utreda vidare vilken metod som är bäst för kontroll 
och kalibrering av rullbromsprovare. 
Studier gjorda inom CITA visar hur olika tunga fordons retardations förmåga bedöms inom 
Europa. ECE arbetade in i ECE R13 krav på referenskrafter som gör det möjligt att ha en 
gemensam utvärderingsmetod. ISO bearbetade en internationell standard för användning 
av referenskrafter efter att ECE R-13 var klart med kravet på referenskrafter. 
Direktiv 2009/40/EC beskriver att referenskrafter kan användas för kontroll av fordons 
retardation. Bilprovningen uppdaterade 2007 programvaran på alla tunga rullbromprovare 
för att bl.a. kunna kontrollera tunga fordons bromsar med hjälp av referenskrafter. 
Transportstyrelsen i Sverige har infört ändringar i föreskrift om kontrollbesiktning för 
användning av referenskrafter vid den årliga kontrollen av tunga fordons bromsar. 
Idag används inte referensbromskrafter som utvärderingsmetod utan beräkningsformler 
som varierar i varje Europeiskt land. 
Med anledning av detta vill NVF Fordon och Transporter utreda hur en implementering av 
kontroll genom referensbromskraften ska kunna ske inom Norden. 

 

17  Effektmål 

Anvisningar för kalibrering av rullbromsprovare i syfte att öka utrustningens repeterbarhet. 
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Anvisningar för införande av referensbromskrafter i syfte för att harmonisera mätmetod och 
öka mätnoggrannhet 

18  Produktmål 

 En beskrivning av konsekvenserna av rullbromsprovarnas mätosäkerhet. 
 En beskrivning av konsekvenserna för besiktningsorgan, verkstäder, kontrollorgan 

etc. om en utökad kalibrering och kontroll införs. 
 En beskrivning om vilka metoder som finns för kalibrering av rullbromsprovarens 

transmission. 
 En beskrivning av hur en kalibrering av rullbromsprovare ska genomföras och 

kontrolleras. 
 Teknisk specifikation, inklusive kalibrering, av kalibreringsutrustning för 

rullbromsprovarens transmission. 
 En beskrivning av åtgärder vid avvikelser från normeringsvärde. 
 Förslag på kalibreringsintervall för rullbromsprovare. 
 Förslag på kompetens för personal som kalibrerar rullbromsprovare. 
 En beskrivning av konsekvenserna av rullbromsprovarnas mätosäkerhet med 

nuvarande beräkningsformler i Norden för beräkning av tunga fordon retardation. 
 En beskrivning av konsekvenserna för besiktningsorgan, verkstäder, kontrollorgan 

etc. om  referensbromskrafter införs. 
 En beskrivning om vilken metod som finns för användning av referensbromskrafter. 
 Teknisk specifikation, för rullbromsprovare som ska använda referensbromskrafter. 
 Förslag på kompetens för personal som utför bromskontrollen. 
 Rapporten ska innehålla referenser, skrivas på engelska och utarbetas i NVF´s 

form. 
 Samråd bör ske med IRU. 
 

19  Resurser 

Deltagare 
Jorge Soria Galvarro Projektledare 
 
Referensgrupp 
Jens Storhaug, John Lauvstad, Mats Hjälm, Nils-Olof Nylund, Andreas Roost, Bùgvi Apol, 
Mads C Oppegaard, Petteri Hietala. 
 
Tid 
Arbetstiden beräknas till 120 timmar. 
 
Ekonomi 
Ersättning utbetalas vid  leverans av delrapport 1 och 2 samt slutrapport, totalt maximalt 47 
000 Skr.   

20  Avgränsning 
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Projektet ska beskriva och föreslå hur man bör kalibrera rullbromsprovarens transmission 
och kontrollera rullbromsprovarens noggrannhet. 

Projektet ska förslå hur man bör implementera kontroll av retardation med hjälp av 
referensbromskrafter. 

Implementering i nationella föreskrifter och eventuellt förslag till ändring av ISO standard 
sker genom respektive medlemslands berörda myndighet eller organisation.  

21  Kommunikationsplan 

Mottagare av leveransobjekt: Mårten Johansson, ordförande Fordon och Transporter, 
NVF, samt ovanstående referensgrupp. 

22  Leveranser 

 
 Objekt Form Mottagare Ansvarig Klart 

1 Produktmål 1 – 8 PM Mårten Johansson J Soria Galvarro 30 okt 

2 Produktmål 9 – 13 PM Mårten Johansson J Soria Galvarro 30 nov 

3 Produktmål 1 – 15 Rapport Mårten Johansson J Soria Galvarro 18/12 

 

23  Referensdokument 

http://ylivieska.centria.fi/docs/Mittausraportti2003.pdf 

http://ylivieska.centria.fi/docs/Jarrudynamometritarkastukset_syksy2004.pdf 

http://www.nvfnorden.org/pages/389 
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24   Appendix 2 - Verification and evaluation of the roller brake testers for heavy vehicles 
and improvement of calibration methods 
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25  Appendix 3 - Measurement of heavy vehicle roller brake tester with measurement 
trailer 
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26  Appendix 4 - Uncertainty analysis of the calibration method for equipments used by 
Bilprovningen 
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27  Appendix 5-  Uncertainty Analysis for the Roller Brake tester  
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28   Appendix 6 - Force and Torque Wheel Measurement Instrument  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NVF Vehicle and Transport  - report 1/2011    
   

87



 
  

 

NVF Vehicle and Transport  - report 1/2011    
   

88



 
  

 

NVF Vehicle and Transport  - report 1/2011    
   

89



 
  

29  Appendix 7 -  Calibration Statement  
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