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ABSTRACT 

The main purpose of this paper is to present a new friction tester named -PW. The tester has been developed to use at 

the traffic accident scene to assess the friction coefficient between vehicle wheels and the road surface. There are many less 

or more complicated friction testers which could be used in such purpose. But it is very important to provide and control 

appropriate measurement conditions. There are also many other features of friction tester which are especially expected when 

used at the traffic accident scene to assess the friction coefficient between vehicle wheels and road surface. These features 

have been described. Basing on them, the -PW Friction Tester has been developed. A design and operation of that tester has 

been shown. The protocol of measurement and sample measurement results confirming the properties of the tester have been 

analyzed. But experimental comparative research involving -PW Friction Tester and dynamometric trailer SRT-4 with real 

tire tested were the most important. These research were aimed to obtain a correlation between the friction coefficient of 

rubber sample and the real tired wheel to the road surface. The research have been performed using many types of tires 

(summer/winter tires, different manufacturers, new and worn tires) in a wide scope of changes in speed during wheel braking. 

A model of tire-road interaction has been used in order to correlate the rubber sample-road surface friction coefficient with 

the friction coefficient between real tire and the road surface. Determined model coefficients make possible to estimate the 

value of the tire friction coefficients to the road surface basing on the rubber sample friction coefficient to the rod surface, 

measured with the -PW Friction Tester. 

 

KEYWORDS: traffic safety, friction coefficient between vehicle wheels and the road surface, traffic accident scene 

description, traffic accident reconstruction process 
 

 1. Introduction 

The friction coefficient between vehicle tires 

and road surface is an important element of the 

traffic accident scene description. Nowadays, 

approximately 90% of court cases to establish a 

share in the guilt for causing a traffic collision 

require reconstruction using the values of the 

friction coefficient between automobile tires and 

road surface. Currently, the source of information 

about the road surface condition in practice stands 

for descriptive data that is gathered by police 

officers at the traffic accident scene. Very often 

values of the friction coefficient between vehicle 

wheels and road surface come from available 

literature references.  

Using the literature-based values of the friction 

coefficient between vehicle tires and road surface in 

the traffic accident analysis and reconstruction 

carries a high risk of error in a lawsuit. It can lead 

to unfair judge of an innocent person or to acquittal 

of the actual accident perpetrator. Frequent disputes 

about assumed values of the friction coefficient in 

the ongoing lawsuit also increase the time period 

and litigation costs. Therefore raising the reliability 

of the traffic accident scene description, particularly 

with respect to the assessment of the friction 

coefficient between vehicle wheels and the road 

surface is both technical and social issue. One may 

then find that it is worth making every attempt to 

improve the current state of affairs. Today we can 

say that developing methods to assess the friction 

coefficient between vehicle wheels and road surface 

is our moral obligation. 

Values of the friction coefficient between 

vehicle tires and road surface may vary 

significantly depending on the road surface type, 

tire properties (including tire tread rubber 

properties) and current weather conditions 

(Pokorski, Reński And Sar 2010, Luty 2010, Ebert 

and Nancy 1988, Wallman and Åström 2001). 

That’s why the assessment of its value can only be 

provided by the measurement result taken at the 

accident scene and immediately after the accident 

occurrence. However appropriate method and 

measuring device is required.  

To present a friction tester which can support 

the assessment process of friction coefficient 

between vehicle wheels and road surface at the 

traffic accident scene is the main objective of this 

paper.  

 

3. Methods and devices for assessing the friction 

between vehicle tires and road surface coupling 

There are many available methods to assess 

the friction coefficient between vehicle wheels and 

road surface. Proposed classification of these 

methods is presented in the Figure 1. Generally 

direct and indirect methods have been 

distinguished. Direct methods are based on the real 

vehicle or real tired wheel, as tested object.  
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Fig 1. Classification of methods to assess the friction coefficient between vehicle wheels and road surface 

 

When using the real vehicle as a test object it is 

possible to measure for example vehicle deceleration 

during braking or turning. In such cases it is possible 

to use one of available dedicated accelerometers 

(Inventure Automotive 2013). Although these 

methods are simple and effective, there are many 

doubts as to their application at the traffic accident 

scene. In fact, the same vehicle that has been involved 

in the traffic accident should be used for the test. 

However, the vehicle involved in the accident can be 

damaged. That’s why such test could not be able to 

perform at all. So if there is a need to use another 

vehicle, then this method loses some of its confidence 

level. Very important problem appears also a safety of 

operator or other persons when there is a need to 

gather vehicle speed before test and to drive fast at or 

near to the accident scene. 

When testing real tired wheel it is necessary to 

use a special dynamometric trailer, where the wheel is 

rolled with braking or with side cornering (Pokorski, 

Reński And Sar 2010, Curtiss Wright Flow Control 

Company 2013). These methods require also a tractor 

vehicle. Due to the cost of the trailer, its weight and its 

size dimensions, it is difficult to expect a common use 

of such device to assess the friction coefficient 

between the vehicle wheels and the road surface at the 

traffic accident scene. However, such devices are very 

useful in system of road surface roughness 

supervision, continuously performed by traffic 

services. 
Indirect methods have the special importance 

according to considered application. They make it 
possible to assess the friction coefficient between 
vehicle wheels and the road surface using special 
devices - friction testers. The most of all they are 
portable devices. They are based on a rubber sample 
that, while measuring, interacts with the road surface 
in certain way, for example, in condition of a pre-
defined value of the slip or in conditions of the sliding 

friction (Instrument Technologies 2013, ASFT Industries 

AB 2013, KD Highway Systems 2013, VTI Institute 2013). 
There are also more simple testers where special 

prepared rubber sample is slid over the road surface 

(Fig. 2).  

a) b) 

 
 

c)  d) 

 

 

 

Fig. 2. Portable fiction testers with sliding rubber sample; a) 

Portable pendulum tester of sliding friction (Wessex Test 

Equipment 2013); b) and c) The Dart Electronic drag sled 

(U.S. Department of Transportation 2013, Engineering 

Technologies Canada LTD. 2013; d) drag sled made of a tire 

section (Braker Box 2013, Rivers R.W. 2006, WellesleyPD 

PHOTO 2013) 

 

However simple testers are commonly used at the 

traffic accident reconstruction process, there are real 

doubts with confidence level in the measurement 

result (Fig. 2.a,d) (Rivers R.W. 2006). Therefore sliding 

friction meters, equipped with automatic, electronic 

measuring system are especially interesting, for 

considered application (Fig. 2. b,c). These meters 

provide higher resistance to procedural errors or 

possible manipulation unlike other more simple 

testers.  

Methods to assess the friction coefficient between vehicle 
wheels and road surface at the traffic accident scene 

Direct methods 

With a vehicle as the 
object of testing 

Tests of  extreme 
conditions  

Emergency braking 
test  

Test of  nonlinear  
motion 

Braking tests with 
mesurement of 

 chracteristic quantities 

With a single real tired wheel 
 as the object of testing 

Tests of  braking 
wheel  

Tests of wheel rolled 
with side cornering 

Indirect methods 
(with rubber sample) 

With rolling sample 
(special sample 

wheel) 

With sliding sample 
(a piece of rubber) 

a section of  real tire 
tread 

special dedicated 
rubber sample 
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Moreover there are many other dedicated features 

and functions that the friction tester, used at the traffic 

accident scene, should have. The assumed and 

expected features allowed the preparation of design 

assumptions for the construction of the friction tester 

-PW. Tester was to be a part of the system to assess 

the friction coefficient between vehicle tires and the 

road surface at the traffic accident scene.  

 

3. Idea, construction and operation of the -PW 

friction tester  

The measurement concept is based on the use of 

the rubber sample dragged over the road 

surface(Fig. 3).  

Fz

Qz

Qx

Fx

direction of sample movement 
relative to the ground

 
Fig. 3. The measurement concept - two forces transmitted 

through the rubber sample to the two component force 

transducer (Fz- rubber sample normal load force, Fx- rubber 

sample friction force, - the friction coefficient) 

 

The construction scheme of the tester named -

PW is illustrated in Figure 4.  
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Fig. 4. The construction scheme of the -PW friction tester; 

1- device casing, 2- dragged rear wheel, 3-floating bearing 

of the support frame guide rail, 4- rubber sample integrated 

with force sensor, 5- rear wheel rotation angle sensor, 6- 

deadweight, 7- the drawbar, 8- front wheels, 9- fixed bearing 

of the support frame guide rail, 10- steerable front axle, 11- 

the sample support frame guide pillar, 12 – bottom bar of the 

support frame, 13- upper bar of the support frame 

 

The sample is fixed along with a holder to a two-

component force sensor. That sensor measures 

simultaneously the sample normal load force and the 

friction force. The ratio of the measured forces gives 

the coefficient of friction between the sample and the 

road surface: 

z

x

F

F
   (1) 

The adopted measurement method is simple, 

although it requires application of the two-component 

force sensor of high quality and reliability. However 

other assumptions that provide working conditions of 

the sample and entire tester are important. The 

achievement of expected tester functions and 

properties required the development of a special 

concept in its construction, operation and control 

system. 
 

4. Basic features of the -PW friction tester  

A few images of the -PW friction tester and its 

control panel have been shown in Figure 5 and 

Figure 6. Special tester construction and programmed 

procedures of data acquisition and analysis made it 

possible to achieve the following tester’s features: 

a) according the physical meaning of the 

measurement result 

 simultaneous measurement of the normal and 

longitudinal reaction forces acting on the rubber 

sample,  

 automatic determination of the friction coefficient 

basing on measured forces, 

 measurement of the distance travelled during 

measuring, 

b) according the utility value of measurement result 

for expert 

 the measurement results displayed on the control 

panel, expressed as the mean value of the friction 

coefficient and travelled distance, 

 measured forces and the friction coefficient 

presented as a function of displacement (on the 

computer),  

 estimation the value of vehicle wheels friction to 

the road surface based on measurement result by 

prepared correlation model,  

 test and configure the device from the portable 

computer, 

c) according measurement conditions 

 the rubber sample normal load set, by gravity force 

of support frame and additional deadweight, 

 the speed of the sample movement controlled 

during measuring (Fig. 6, detail 5), 

 the measurement mode selected by the operator as 

a pre-defined (L0) or at any length of traveled 

distance (L) (Fig. 6, detail 3), 

 different variants of measurement, either in a 

specific location (locally in short predefined 

distance) and along a specific path, such as skid 

marks, cornering marks, along or across the traffic 

lane, 

 the rubber sample made of any material, matched 

to the measurement purpose (in this case there are 

3 types of the rubber compound, typical for the 

summer, winter and all-seasons tire), 

d) according to the required time, ergonomics and 

comfort of operation 

 possible to transport in a passenger car due to 

relatively small size when folded, 
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 possible to carry by one person due to its low 

weight (approx. 12 kg),  

 possible to operate by a single person during 

measuring, without much physical effort and 

without any additional drive, 

e) according to the ability to common use 

 keep low cost of maintenance, including mainly 

cost of the rubber samples, 

 easy use and keep resist to human error or 

deliberate actions aiming to interfere the 

measurement results, 

f) according to susceptibility to challenge the 

measurement result as an evidence in a lawsuit 

 transfer measurement results to the computer with 

no interference of the operator  (Fig. 6, detail 4),  

 prepare a measurement protocol as a technical 

record.  
a) b) 

 
 

Fig. 5. View of the -PW friction tester; a) the tester folded 

and ready for transportation; b)  the tester unfolded, ready to 

use 

 

 
Fig. 6. View of the friction tester -PW control panel; 1- 

self-testing button; 2- switch on/off button, 3- measuring 

mode selection button; 4- the button to initiate a wireless 

connection with a computer; 5- area of tester speed control 

while measuring; 6- measurement start/stop button; 7- the 

digital display 

It is possible to prepare the measurement report 

immediately after measuring, using a dedicated 

computer program. It includes information about the 

type and condition of the road surface at the accident 

scene as well as the measurement options. The 

measurement result is entered to the report directly 

from the tester without any operator’s interference. 

The report allows saving and presenting all important 

information about measurement conditions and 

measurement results. The report can be printed out or 

saved into a file in a read-only format. Then it can be 

used as an evidence. 

5.  Model of correlation between the friction 

coefficient obtained using the -PW tester and 

the friction coefficient of tire-road coupling 

It is obvious that every device requires the 

reference to the real tired wheel. There are many 

different methods of such correlation. Examples of 

used methods are presented in several papers 

(Gronqvist, Hirvonen and Tohv 1999, Wessex Skid Tester 

2011, Navin 2009, Wade, Baxter, Livesay, Schmidt, Stanard 

and Wright. 2006).  

This time experimental comparative research 

involving -PW tester and real tires has been 

performed. The aim of research was to make possible 

an assessment of friction coefficient between vehicle 

wheels and the road surface based on the measurement 

result obtained using -PW tester. It was necessary to 

prepare a certain model of the correlation process. So 

actually the problem of this issue was to find and use 

appropriate model and the model correlation 

coefficients. In this case the most appropriate was the 

Dugoff’s, Fancher’s, Segel’s model of tire-road 

interaction (DFS model) (Dugoff, Fancher and Segel 

1970). This model allows to determine the value of 

reaction force, including longitudinal force, between 

tired wheel and road surface when rolling with certain 

slip. In order to achieve a better matching in 

performed correlation there was a need to modify one 

of the DFS model coefficient, in following way: 

)1(0  svs vk 
           

(2) 

0 - the friction coefficient of elementary tire tread 

rubber section to the ground, in quasi static 

conditions, one of the DFS model coefficients, 

s - the friction coefficient used in subsequent 

calculations of DFS model,  

vs- speed of tire tread relative to the road surface, 

kv -  the coefficient of speed influence on the friction 

coefficient 

Then there was a need to create a relation between 

friction coefficient  obtained from measure with 

friction tester -PW and tired wheel model. In this 

case the following relation have been used: 

  rk0       
   

                    
(3) 

So the essence of the entire correlation process was to 

estimate values of two coefficients: kr and kv. This 

estimation needed to perform simultaneous 

experimental tests using at the same time and place: 

- dynamometric trailer SRT-4, with real tired wheel 

tested in braking conditions,  

- the -PW friction tester with sliding rubber sample. 

A scheme of single correlation stage for a single tire 

test is presented on the Figure 7.  

Every single measure on the road gave:  

- the maximum friction coefficient 1 and full 

sliding friction coefficient 2, obtained from the 

real tire braking characteristics,  

- the friction coefficient  measured along tire skid 

mark, using the -PW friction tester.  

5 

6 

1 

2 

3 

4 7 
7 
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Fig. 7. Scheme of the correlation process to estimate values of coefficients kr and kv basing on measured friction coefficient 

value  (obtained for rubber sample using friction tester -PW) and measured friction coefficient values and  (obtained 

for real tire using dynamometric trailer SRT-4), for a single wheel braking test 
 

Measurement conditions e.g. tire air inflation pressure 

and tire type (winter or summer) were used to set the 

normal load and material of the -PW friction tester 

rubber sample (the rubber typical for winter or 

summer tire). 

At the beginning of a single correlation process 

stage coefficients kr and kv were assumed.  

Then, using the friction coefficient measured with 

the -PW friction tester) the tire model braking 

characteristics were determined. Based on this 

characteristics friction coefficients of tire model were 

estimated (model). Values of friction 

coefficients estimated for model (model) were 

compared to the corresponding values of friction 

coefficient (tire) determined for real tire. The 

process of correlation were repeated with changing 

coefficients kr and kv in a loop until values of 

corresponding coefficients  and estimated for 

model and real tire) weren’t equal. In this way a single 

set of correlation coefficients kr and kv, friction 

coefficients of the model (model) and the real 

tire (tire) were obtained. 

This single data set was established only for certain:  

- tire speed during braking,  

- tire type (winter or summer),  

- tire inflation pressure,  

- road surface type,  

- road surface condition (wet or dry).  

But a large number of measurements and that single 

correlation processes were repeated by modifying the 

above-described conditions. 

As a result of these studies, a data correlation matrix 

containing coefficients kr and kv have been prepared. 

These coefficients were grouped and averaged in 

groups according to: 

- rubber sample material (for winter or summer tire), 

- road surface condition (wet or dry), 

- road surface type (rough, middle rough, 

smooth/polished, white marks). 

Prepared data matrix allows estimating the values of 

the real tire friction coefficient to the road surface 

basing on the friction coefficient  obtained for 

rubber sample, using -PW friction tester.  

That correlation process is performed automatically by 

the computer program, after the data input from the 

tester. Calculation results are presented among other 

data on the technical record sheet. It is important that 

operator has to input appropriate data, describing 

measurement conditions in technical record to make 

that calculations correct. Any change in that data may 

change values of correlation coefficient (kr, kv) and 

consequently the calculation results. But all that 

entered data are visible on the prepared technical 

record. This allows the analysis of that data or 

eventually their revision, if in doubt. 

Prepared correlation matrix has been used to assess 

the quality of entire correlation process. Values of 

friction coefficient determined for tire model 

Tired wheel: 
- tire type  

- inflation pressure 

- tire rolling speed 

Tired wheel braking 

characteristics 
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(model) and for the real tire (tire) have 

been presented on the graph as the regression 

relationship (Fig. 8).  

This data compilation was prepared basing on 

measurements results performed in wide scope of 

changes in measurement conditions:  

- types of road surface and road conditions, 

- tire types and producers, 

- speed values during wheel braking. 

Obtained relationships confirm that quite good 

correlation between friction coefficients  

assessed for tire model (basing on -PW tester) and 

measured for real tired wheel has been achieved. In 

this case the value assessment uncertainty for the 

friction coefficient between tired wheel and road 

surface was about =±0.09.  

  
 

Fig. 8. The relationship between the values of friction 

coefficient measured for the real tired wheels (tire) and the 

friction coefficient assessed using -PW tester (model); 

u()- standard error of the dependent variable assessment 

(used in regression analysis) 

6. Summary 

The developed structure and special functions of 

the -PW device has resulted in achievement of 

expected features. Actually the -PW friction tester is 

just a meter of the friction coefficient between rubber 

sample and any flat surface. But its properties and 

prepared model of correlation with real tired wheels 

make it very useful as a device of contemporary expert 

on accident reconstruction. The -PW friction tester is 

the real alternative opposite to current state of affairs. 

Its use can increase the credibility and reduce the 

uncertainty of the traffic accident reconstruction 

process.  
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