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ABSTRACT – Wet multi-plate clutches are relevant 

components of modern drivetrain applications, not only 

in terms of function but also safety and comfort. Espe-

cially at the beginning of lifetime, distinct changes of the 

friction behavior may occur and make the actuation of the 

clutch challenging. This transcript describes the typical 

running-in behavior of wet multi-plate clutches. Based on 

an elaborated test procedure, an advanced method of 

characterizing running-in behavior of wet multi-plate 

clutches is introduced. The development of characteristic 

values makes a quantitative evaluation possible. 

 

1. INTRODUCTION 

Driving safety and comfort enhancements are of 

high relevance in the development of modern drivetrain 

applications. As wet multi-plate clutches are important 

components of modern power shift transmissions, e.g. in 

automatic transmissions, dual clutch transmissions and 

limited slip differentials, the requirements of safety and 

comfort behavior of clutches are exacting. Functional be-

havior and shifting comfort of the clutch mainly depend 

on its friction behavior. Level and progression of the fric-

tion coefficient depend on the tribological system and, 

therefore, on fluid and operating conditions as well as 

type and condition of steel and friction plates [1-3]. Es-

pecially at the beginning of usage, when running-in pro-

cesses are not yet complete, distinct changes in friction 

behavior may occur and lead to significant challenges in 

actuating the clutch. Current research works focus on the 

friction behavior of the run-in clutch. Therefore, this tran-

script describes new research results that cannot be com-

pared with the state of the art. 

 

2. RUNNING-IN OF WET MULTI-PLATE 

CLUTCHES 

Distinct changes to friction level and progression 

are typical during the running-in of wet multi-plate 

clutches. The characteristics and amount of change in 

friction depend on the tribological system and the oper-

ating conditions. Figure 1 shows the development of the 

average friction coefficient over the number of cycles for 

an exemplary clutch in dual clutch transmission applica-

tion.  

Changes in friction behavior during running-in are 

mainly caused by the formation of chemical boundary 

layers in the friction contact and smoothing of surfaces. 

Figure 2 shows surface pictures of a steel plate in new 

state and a steel plate after running-in recorded with a 

scanning electron microscope (SEM). Smoothing and 

therefore a decrease of surface roughness of the run-in 

surface compared to the new surface is clearly visible.  

 

 
Figure 1 Change of friction coefficient during running-

in for a clutch in dual clutch transmission application. 

 

  
Figure 2 Surface picture (SEM) of a steel plate – new 

state (left) and run-in (right). 

 

3. EXPERIMENTAL INVESTIGATIONS 

To investigate the running-in behavior of wet multi-

plate clutches a special test method has been elaborated. 

The objective is to be able to characterize the running-in 

behavior of the clutch with different load levels. To 

achieve this, a load spectrum consisting of four load 

stages (variation of pressure and sliding velocity) has 

been defined. Figure 3 shows specific pressure and slid-

ing velocitiy values of the four load stages. The test pro-

cedure is given by a single power shift on each load stage, 

sequence shown in Figure 3. 

The tests are carried out on the component test rig 

ZF/FZG KLP-260 [4], as component testing is very effi-

cient while also being easily transferred to practical ap-

plication. The test rig ZF/FZG KLP-260 (Figure 4) oper-

ates in braking mode, the outer carrier is fixed and the 

inner carrier rotating. In power shift mode the main shaft 

is accelerated by the main drive. The clutch is actuated 

by a hydraulic piston in a force-controlled mode. Axial 

force, difference in rotational speed, displacement and 

friction torque are measured, and coefficient of friction is 

calculated online. 
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Figure 3 Test method – load stages and test procedure. 

 

 
Figure 4 Concept of test rig ZF/FZG KLP-260. 

 

4. CHARACTERIZATION OF RUNNING-IN 

BEHAVIOR 

To be able to compare the running-in behavior of 

different clutches, e.g. with various fluids, steel and fric-

tion materials, a quantitative method for characterization 

is needed. Therefore, we have developed a parametriza-

ble Equation (1) to characterize progression and level of 

the friction coefficient at the beginning of usage [5]. 

 

µ
avg

= a-b
x+c

+d∙(x-200) ( 1 ) 

 

Table 1 gives an overview and description of the re-

gression parameters of Equation (1).  

 

Table 1 Explanation of regression parameters. 

Parameter Description of 

x Number of cycles 

a Friction level at end of test 

-bx+c Increase of friction at begin of test 

d∙(x-200) Slope in quasi linear section 

 

As the significance of the term -bx+c is limited, pur-

suing characteristic values to describe changes of coeffi-

cient of friction at the beginning of the lifetime have been 

elaborated. When the term -bx+c diverges to zero, the fric-

tion curve segues into its linear section. The number of 

cycles run before the friction curve changes to linear 

characteristic is described by the value xlin. The change 

of coefficient of friction from the beginning of the life-

time to cycle xlin is expressed by the characteristic value 

∆µstart. Figure 5 visualizes the characteristic values xlin 

and ∆µstart. 

Requirements for a safe and comfortable actuation 

of the clutch are small changes in friction behavior and 

therefore low levels for the characteristic values xlin and 

∆µstart. 

 
Figure 5 Change of friction coefficient during running-

in with characteristic values xlin and ∆µstart 

 

5. SUMMARY 

Wet multi-plate clutches show distinct changes in 

friction level and progression due to running-in processes 

at the beginning of the lifetime. The more pronounced 

these changes in friction behavior, the more challenging 

a safe and comfortable actuation of a clutch can be. 

Therefore, it is important to be able to systematically in-

vestigate and characterize the running-in behavior of wet 

multi-plate clutches. A test method has been introduced 

to investigate the running-in behavior on the component 

test rig ZF/KLP-260. Characteristic values for character-

ization and quantification of the running-in behavior 

have been elaborated by regression analysis. 
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