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ABSTRACT – Stick-slip oscillation as one kind of 

friction-induced vibration is normally undesirable. A 

comparative study of the stick-slip behaviour of Mn-Cu 

damping alloy, forged steel and cast iron specimens is 

performed, to investigate the capability of Mn-Cu 

damping alloy in suppressing stick-slip oscillation when 

used as a friction pair material. The results show that the 

friction system involving the Mn-Cu damping alloy 

shows great potential in suppressing stick-slip oscillation 

as compared with forged steel and cast iron. Nearly no 

stick-slip oscillation is found for the Mn-Cu damping 

alloy during the whole experimental period. 

 

1. INTRODUCTION 

As a typical kind of friction-induced vibration, 

stick-slip oscillation is very common in engineering and 

life [1]. Normally stick-slip oscillation is unwanted, and 

in most cases, it can cause serious problems. Therefore, 

suppression of stick-slip oscillation is very useful [2, 3]. 

It has been reported that the friction material has a 

significant effect on the stick-slip behaviour [4, 5]. It was 

known that Mn-Cu damping alloy working as a damping 

material shows good capability in suppressing vibration 

[6]. 

Although some studies have been conducted to 

show that Mn-Cu damping alloy working as a damping 

material has good capability in suppressing vibration, 

whether it is effective in supressing stick-slip oscillation 

when working as a friction pair material remains to be 

investigated. The aim of this study is to explore this 

potential. 

 

2. EXPERIMENTAL PROCEDURE 

Friction characteristics of stick-slip phenomena are 

studied in this investigation by performing tribological 

tests on a self-designed setup in a pad-on-disc 

configuration. Its schematic can be seen in Figure 1. 

Mn-Cn damping alloy, forged steel and cast iron are 

chosen as disc materials. The main material properties are 

shown in Table 1. The diameter of the disc specimen is 

25 mm and the thickness is 3 mm. The disc specimens of 

three kinds of materials are polished and the initial 

average roughness (Ra) of the surfaces is 0.08 mm. A 

composite material is used as the pad specimen which has 

the size of 5 5 15´ ´   mm. In the tribological tests, 

normal load of 30 N, disc speed of 0.1 rpm and testing 

time of 800 s are set.  

 
   

 
Figure 1 Schematic diagram of the test setup. 

 

Table 1 Material parameters of the discs. 

Material 
Density 

(kg/m3) 

Young 

modulus 

(GPa) 

Hardness 

(HV) 

Mn-Cu 

damping 

alloy 

7155 70 228 

Forged steel 7279 206 310 

Cast iron 7185 158 282 

 

3. RESULTS AND DISCUSSION 

Figure 2 shows the normal and friction forces of 

friction systems with discs of the three kinds of materials. 

It can be found that the friction system inspires strong 

stick-slip oscillation when the disc material is forged 

steel or cast iron. Moreover, their normal or friction force 

signal shares a similar tendency in the stick-slip 

oscillation process. The normal force shows a strong 

fluctuation when the stick episode switches to the slip 

episode. The corresponding friction force is found to 

increase slowly before reaching the break-away force 

during the stick episode, and then suddenly drop from 

break-away force to dynamic friction force when the 

relative motion switches from stick to slip. More 

precisely, the force fluctuation and the period of stick-

slip event observed for the forged steel disc is stronger 

and longer, respectively, as compared with the cast iron 

disc. In contrast, no stick-slip oscillation can be found 

from the Mn-Cn damping alloy disc. Both the normal and 

friction forces of the Mn-Cn damping alloy are uniform 

duirng the whole experimental period. So Mn-Cn 

damping alloy is found to be able to suppress the stick-

slip oscillation effectively as compared with the forged 

steel and cast iron. 
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Figure 2 The normal (a) and friction (b) forces for the 

three kinds of materials. 

 

Figure 3 shows the angular displacement signals 

during the friction test process for the three kinds of 

materials. Both forged steel and cast iron lead to 

sawtooth-like motion, displaying strong stick-slip 

oscillation. In contrast, the angular displacement signal 

in the case of Mn-Cn damping alloy is quite uniform, 

indicating that no stick-slip oscillation is generated in this 

condition. Therefore, the Mn-Cn damping alloy shows 

good potential in suppressing stick-slip oscillation 

compared with the other two kinds of material. 

 

4. CONCLUSION 

Experimental results show that Mn-Cu damping 

alloy exhibits a significant potential in suppressing stick-

slip oscillation as compared with both forged steel and 

cast iron when used as disc material in a pad-on-disc 

setup. Almost no stick-slip oscillation can be observed 

for the Mn-Cu damping alloy. To conform which 

property of material that affect the stick-slip behaviour is 

the key factor, the detail results and discussion will be 

shown in the full paper. 

 

 
Figure 3 The angular displacements for the three kinds 

of materials. 
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