
Proceedings of Asia International Conference on Tribology 2018, pp. 402-404, September 2018 

__________ 

© Malaysian Tribology Society 

 

Friction screening tests for wet multi-plate clutches – Variation of 
lubricant and friction lining 

U. Stockinger*, H. Pflaum, K. Stahl 

 

Gear Research Centre (FZG), Technical University of Munich, Department of Mechanical Engineering, 

Boltzmannstr. 15, D-85748 Garching b. München, Germany. 

 
*Corresponding e-mail: Stockinger@fzg.mw.tum.de 

 

Keywords: Multi-plate clutch; friction screening; additive effects 

 

 

ABSTRACT – Experiments are required to evaluate the 

friction behavior of different friction linings and 

lubricants because the interactions between lubricant, 

friction lining and steel plate are complex. This paper 

describes efficient test programs to determine the 

friction behavior of three different types of friction 

linings with different lubricants. The experiments 

observe influences of additives on friction behavior for 

the running-in process, over various load stages, and 

during continuous shifting tests. A method is introduced 

to repeatably and reproducibly evaluate the coefficient 

of friction and tendency of the clutch to shudder. 

 

1. INTRODUCTION 

Wet multi-plate clutches are used in automotive 

transmissions and industrial applications. Developing 

new transmission fluids requires many experiments, as 

the friction behavior cannot be predicted or determined 

by simulations. Therefore, test programs are needed to 

reproducibly screen the friction behavior of different 

combinations of lubricant/friction lining. Standardized 

SAE (Society of Automotive Engineers) tests for wet 

multi-plate clutches are complex and the failure of 

clutch ends the test. However, friction screening 

requires a functional clutch and therefore the SAE tests 

are not suitable. Oldfield et al. [1] investigated friction 

characteristics of different carbon and paper type 

friction linings on a LSLVFA test rig using basestock oil 

and varying the additive components. Layher [2] further 

investigates the influence of additive components on the 

friction behavior. Wenbin et al. [3] details the influence 

of pressure, sliding velocity, and rotational mass on the 

friction behavior of disc clutches. The results are not 

applicable to wet multiple-plate clutches. 

 

2. METHODOLOGY 

2.1 Test parts, lubricant and test rig 

The tests were carried out on the clutch test rig 

ZF/FZG KLP-260 [4] (Figure 1) and a similar test rig 

LK-2 [2]. All tests were run in braking mode, where the 

inner disc carrier is rotating and the outer carrier is 

standing. Before the engagement, the shaft and the 

attached flywheels are accelerated to a predetermined 

initial rotating speed. Axial force is applied by a force-

controlled hydraulic piston. During the engagement, 

rotational speed, axial force, torque and displacement 

are measured. Specific values like coefficient of friction 

are calculated by the data measurement unit. The clutch 

is cooled by lubricant injected into the center of the 

clutch. 

 
Figure 1 Concept of test rig ZF/FZG KLP-260. 

 

One type of multi-plate clutch was used for each 

friction lining. The mean radius of the friction surface is 

given in Table 1. 

 

Table 1 Test parts. 

Mean radius Friction lining 

65.7 Paper 

48.3 Carbon 

57.0 Sinter 

 

Initial experiments were conducted using typical 

lubricants (ATF, SAE 75W90, STOU 10W40) for each 

friction lining to develop the test procedure. Later tests 

investigated the effects of model-fluids (MF), consisting 

of same basestock but different additive components. 

 

2.2 Test method 

Acuner et al. describes a screening test for paper 

type friction materials [5]. Stockinger et al. [6] adapted 

this method to evaluate the friction behavior of carbon 

friction linings efficiently. A new test program was 

developed for sinter friction lining. Figure 2 shows the 

test procedure for different friction linings. 

 

 
Figure 2 Test procedure. 

 

The test procedure has to be adapted to the change 

in friction behavior of different linings. The aim is to get 
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a steady-state friction behavior after running-in. In other

words, the friction behavior must not change when the 

load stages of pressure-velocity variation p-v-1 are 

repeated in p-v-2. Each test starts with a running-in 

program to ensure a stable friction behavior. The 

running-in program consists of 620 clutch engagements 

on 5 load stages (E1…E5). Usually, most friction 

systems show big changes in friction characteristics 

over these 620 cycles. After running-in, p-v variations 

are done up to four times (p-v-1…4). Pressure p and 

initial sliding velocity vg,max are changed in each load 

stage, e.g. LS1…6 for sinter friction lining. Figure 3 

shows the load parameters for the sinter-test program. 

The repeatability is evaluated by comparing the friction 

behavior of load stages after successive p-v variations 

(e.g. p-v-1 and p-v-2 or p-v-3 and p-v-4). 10 cycles 

were run on each load stage.  

The paper-type friction lining has a fast running-in 

process. Therefore, the ‘short test’ (figure 2) is sufficient 

to describe the paper-type’s friction behavior. As the 

mean coefficient of friction and friction characteristics 

of carbon and sinter friction linings continued to change 

after further clutch engagements, the ‘long test’ was 

developed. After p-v-2, a continuous shifting test (CST) 

on the highest load stage was performed. For the sinter 

friction lining, 3000 cycles on LS6 were suitable. 

Afterwards, p-v-3 and p-v-4 were added. Comparing the 

friction behavior of p-v-1 and p-v-3, the influence of 

CST can be evaluated. 

The rotational mass during one test stays the same, 

as only sliding velocity and pressure are changed. This 

makes it easier to run automatized tests. 

 

 
Figure 3 Test conditions for sinter friction lining. 

 

2.3 Test evaluation 

To evaluate these tests, friction curves of the last 

five engagements of one load stage are averaged to a 

mean friction curve. All characteristic values are 

calculated with the mean friction curve. The average 

CoF μavg is defined between 60...5 % of initial sliding 

speed vg,max and characterizes the friction level. To avoid 

shudder, the CoF at low sliding speeds has to be lower 

than during the rest of the engagement. The ratio of 

μ2/μ5 is used to evaluate the tendency to shudder, where 

μ2 is CoF at 50 % of initial sliding speed and μ5 is the 

maximum CoF between 5…10 % vg,max. For μ2/μ5 > 1, 

shudder cannot occur. For μ2/μ5 < 1, shudder can appear 

during clutch engagement, depending on damping and 

stiffness of the transmission system. A detailed 

description of the evaluation method is given by 

Stockinger et al. [6]. 

 

3. RESULTS AND DISCUSSION

Figure 4 shows the influence of different lubricants 

on the mean CoF for the sinter friction lining. μavg is 

higher for a lower sliding velocity. There is no 

significant difference between 0.5 N/mm² and 

1.0 N/mm² pressures. The lubricant has a big influence 

on the friction level. Additive components Friction 

Modifier, Dispersant and Extrem Pressure/Antiwear 

(MF10) raise the CoF by approximately 20 %, 

compared to basestock (MF0) alone.  

 

 
Figure 4 Influence of Lubricant on average CoF μavg for 

sinter friction lining. 

 

4. SUMMARY 

Friction lining, steel plate, lubricant and load 

parameters determine the friction behavior of wet multi-

plate clutches. An efficient test program was introduced 

to measure the friction behavior on different load stages. 

As an example, the method was applied to sinter friction 

lining with different lubricants. An evaluation method 

was described to reproducibly characterize the friction 

behavior. 
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