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Floating mass damper for turbine blade vibration 
attenuation is one classical example of frictional damping 
application. The friction coefficient at contact geometry of 
floating mass damper play a vital role to improve the 
effectiveness of the floating mass damper. As such 
knowledge of quantitative values of friction coefficient 
becomes extremely important during design of floating 
mass damper. The present proposal essentially 
concentrates on generating the quantitative values of 
friction coefficient for floating mass damper material (SU 
263) as a function of different operating parameters 
defined in terms of surface velocity, normal load and 
chamber temperature. Attempts are also to be made to fit 
a surface for the data so generated, facilitating the 
evaluation of frictional coefficient for any combination of 
surface velocity, normal load and chamber temperature, 
varied in a range relevant to a design a typical floating 
mass damper. From the results it is observed that the 
friction coefficient is decreasing with increase of 
temperature, pressure and surface velocity in the entire 
range of test conditions. The chamber temperature shows 
more influence on friction coefficient than surface velocity 
and normal load. The least and highest friction coefficients 
of 0.435 and 0.587 are observed at contact pressure of 
10MPa, surface velocity changes from 20mm/sec to 
100mm/sec and temperature changes from 30°C to 
500°C. 
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1.0 INTRODUCTION 
One of the common problems encountered in rotating machines in general and high speed 

machines in particular is the high vibration levels which could be detrimental to the health of 
machines. One common technique that is adopted to reduce vibration is by introducing damping, 
there by dissipating unwanted energy generated by excessive vibrations. The author (Griffin, 
1990) reviewed the techniques used to reduce the turbine blade vibrations using friction 
dampers. Vibrations of rotating blades of turbomachinery operating in a high temperature field 
was studied and presented the effects of the volume fraction in conjunction with those of the 
presetting and pretwist angles, temperature gradient, rotating speed and hub radius on turbine 
blade vibrations (Oh et al., 2003). Experimental study was carried by the author (Panagopoulos 
et al., 2003) on sliding wear behavior of nickel super composite CMSX-186 against stainless steel 
and found that the friction coefficient was constant for a constant value of applied load  and it was 
increasing with decreasing applied normal load for a constant value of sliding speed.  

Investigated the friction and wear behavior of self-lubricating nickel-alloy based composites 
at high temperature and found that friction coefficient was slightly lower as sliding against Si3N4 
than Inconel 718 (Zhen et al., 2014). The effect of normal load and speed on wear and friction 
coefficient of gray cast irons was studied and observed that friction coefficient values show 
inverse trend with sliding speeds and it was decreases with increase of interfacial temperature 
(Vadiraj et al., 2012). The friction coefficient of brake shoe materials depends on velocity of 
machine and contact pressure between the brake shoe materials (Wang et al., 2015). The wear 
behavior of metals and alloys at elevated temperature was influenced by wearing conditions 
(Pauschitza et al., 2008). Friction coefficient and wear rate of brass, aluminum and steel materials 
decreasing with increase of normal load (Kumara et al., 2011; Chowdhury et al., 2013; Godse et 
al., 2016).  

Experimental investigations were carried on dry sliding wear behavior of aluminum and silica 
metal matrix composites and developed regression model to determine wear behavior of 
aluminum and silica metal matrix composites based on Taguchi’s technique (Radhika et al., 2017). 

Investigated the tribological properties of AISI D3 tool steel under deep cryogenic conditions and 

found that deep cryogenic treatment was an effective way to improve the mechanical and 
tribological properties of the AISI D3 tool steel samples (Khun et al., 2015). Friction coefficient is 
decreeing with addition of copper nanoparticles to synthetic ester base oil (Guzman Borda et al., 
2018).   

Studied the effect of temperature on tribological behavior of Mg-SiC nanocomposite and found 
that the wear rate of the nanocomposite was increased remarkably by increasing the SiC nano 
reinforcement (Majzoobi et al., 2018). Discussed the friction and wear mechanism at high 
temperatures of TiSiN coatings and found that average friction coefficients werw 0.451 and 0.480 
(Kong Weicheng et al., 2018). The effect of different normal loads on friction coefficient, slip 
regime and wear profile were analyzed and found that normal load has a significant effect on 
fretting wear performance of AISI 1040 alloy (Krishnamurti Singh et al., 2019).  

Experimental investigations were carried on frictional properties of engine lubricant when 
diluted by coconut oil and soybean oil derived biodiesel and observed that any level of dilution of 
coconut oil and soybean oil biodiesel on SAE 10W40 grade engine lubricant increases frictional 
losses when compared with the undiluted lubricant (Siti Hartini Hamdan et al., 2018). Friction 
coefficient and wear rate of Al-25Si alloy was analyzed at dry lubricated sliding conditions using 
a ball- on disk apparatus at room temperature. From the results it was concluded that the friction 
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coefficient and wear rate of the Al-25Si alloy decreased up to 50N load then increased from 50-
80N and again decreased up to100 N (Siti Hartini Hamdan et al., 2017). 

 As qualitative information of frictional coefficient is essential for designing of floating mass 
damper for a typical gas turbine blade vibration attenuation. So the present paper aims at 
establishing the frictional coefficients for pair of floating mass damper material (SU 263) as a 
function of various parameters like surface velocity, contact pressure and chamber temperature. 
This investigative study is predominantly experimental and parametric in nature is conducted in 
a conventional pin on disc facility with a provision to vary temperature also.  

 
 

2.0 TEST RIG DETAILS 
The test rig is designed and fabricated with help of DUCOM instruments to obtain the 

quantitative values of coefficient friction of SU 263 material at specified test conditions relevant 
to design of floating mass damper. The basic methodology adopted essentially deals with 
measuring frictional force as a result of the relative motion of a pair of a specific material of 
interest subjected to normal load. The pictorial representation of pin and disc test rig with heating 
chamber is shown in Figure 1. The flat pin is attached to specimen holder, and is mounted 
perpendicular to horizontal rotating disc. Addition of weights on the load hanger attached to the 
pin holder produces variation in normal load on the disc which is measured using a load cell. The 
controlled temperature at any desired level inside the chamber is measured using thermocouple. 
Test signals are acquired using data acquisition system with WINDUCOM software. The 
specifications covers the range of interest relevant to typical gas turbine blade floating mass 
damper. 

Surface velocity  : 20 mm/sec to 100 mm/sec 
Chamber Temperature : Ambient to 5000C 
Contact Pressure : 1 MPa to 50 MPa 

 
 

Figure 1: Pictorial representation of pin on disc test rig. 
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3.0 TEST RIG VALIDATION 
Experimental setup for evaluation of quantitative values of frictional coefficients was validated 

by conducting the three types of tests namely repeatability test, sensitivity test and validation of 
result with available literature data (Godse et al., 2016) the details of which are discussed. 
 
3.1 Rig Sensitivity for Repeatability  

Repeatability test is conducted on test rig to check the consistency of results. For this purpose, 
the same test is repeated thrice to check the consistency of the test results. The test conditions 
used for repeatability tests. 

 
Material of pin = Mild Steel 
Material of disc = Mild steel, EN-31, 61 HRC and1.6 Ra surface roughness 
Pin diameter = 8 mm,  
Load = 40 N 
Speed = 500 rpm  
Wear track diameter = 100 mm 
Time = 900 secs  

Table 1: Friction coefficient in repeatability test. 

 Test 1 Test 2 Test 3 

Friction coefficient  0.457 0.452 0.454 

 
Figure 2 shows the comparison of repeatability test on steel specimen at same test conditions. 

Table 1 shows friction coefficient obtained from the repeatability test. From the results it is clear 
that there is consistency in the test results within acceptable limit of ± 0.05, and hence the test rig 
is accepted from repeatability perspective. 
 

 
Figure 2: Comparison of friction coefficient in repeatability test. 
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3.2  Rig Sensitivity for Different Materials  

Sensitivity test is conducted on test rig to check how sensitive the instrument is, for different 
materials. For this purpose, three specimens of steel, aluminum and brass are subjected to similar 
test conditions. The test conditions set for sensitivity test. 

 
Material of pin = Mild Steel, Aluminum and Brass 
Material of disc = Mild steel, EN-31, 61 HRC and1.6 Ra surface roughness 
Specimen diameter = 8 mm 
Load = 20 N  
Speed = 500 rpm 
Wear track diameter = 60 m  
Time = 600 secs 

Table 2 shows friction coefficient of mild steel, aluminum and brass obtained from the 
sensitivity test. From the results it is observed, these results are varying with material and hence 
the so test rig is cleared from material sensitivity perspectives. Figure 3 shows the comparison of 
friction coefficient of mild steel, aluminum and brass at same test conditions. 
 

Table 2 Friction coefficient of Mild Steel, Aluminum and Brass. 

 Mild Steel Aluminum Brass 

Friction coefficient 0.489 0.362 0.250 

 

 
Figure 3: Friction coefficient of mild steel, aluminum and brass. 
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3.3 Test Rig Validation with Literature Results  
Validation test is conducted on the test rig to compare the results obtained from the test rig 

with results available in literature (Godse et al., 2016). Test conditions considered to carry out 
validation test of test rig.  

 
Material of pin = Mild Steel 
Material of disc = Mild steel, EN-31, 61 HRC and 1.6 Ra surface roughness 
Specimen diameter  = 10 mm 
Load = 80 N 
Speed = 380 rpm  
Wear track diameter = 100 mm 
Time = 600 secs 

 
 Table 3 shows the comparison of test rig result with literature result (Godse et al., 2016). It is 
observed that the results obtained from test rig and from the literature (Godse et al., 2016) are 
comparable and these results are within acceptable limit of ± 0.05. As such the rig is accepted 
from comparison with literature results (Godse et al., 2016). Also the test rig is validated from 
different possible perspectives, experimental activities relate to generation of the required data 
for the material under question, ie. SU 263. 

 
Table 3 Comparison of test rig result with paper result 

 Test rig Result Literature Result 

Friction coefficient  0.527 0.531 

 
 
4.0 EXPERIMENTAL RESULTS AND DISCUSSION 

After the validation of the test rig from different perspectives, detailed parametric studies are 
carried out on floating mass damper material (SU 263) to study the effect of surface velocity 
variation at constant contact pressure and temperature, contact pressure variation at constant 
surface velocity and temperature, and temperature variation at constant contact pressure and 
surface velocity on friction coefficient. Total 99 experiments were carried at constant pressure 
10MPa, surface velocity kept different constant levels of 20 mm/sec, 30 mm/sec, 40 mm/sec, 
50mm/sec, 60 mm/sec, 70 mm/sec, 80mm/sec, 90 mm/sec and 100 mm/sec and temperature 
kept different constant levels of 300C, 500C, 1000C, 1500C, 2000C, 2500C, 3000C, 3500C, 4000C, 
4500C and 5000C at pin (special arrangement is made to measure the temperature on the pin).  
Table 4 shows the test results of friction coefficient at typical test condition at constant contact 
pressure 10 MPa.  Similarly 99 more experiments are carried out for each constant contact 
pressures of 20MPa, 30MPa, 40 MPa and 50 MPa.   

Figure 4 shows coefficient of dry sliding friction at surface velocity of 20 mm/sec and pressure 
10MPa. From Figure 4 it is observed that the friction coefficient is almost constant after test time 
of 120 sec. So all 495 tests are carried out for test time of 120 secs. Figure 5 and Figure 6 show 
the typical pictorial representation of coefficient of friction as a function of surface velocity and 
temperature constant pressures of 10 MPa and 20 MPa respectively.  From Figure 5 and Figure 6 
it is observed that the friction coefficient is decreasing with increase of temperature, pressure and 
surface velocity in the entire range of test conditions.  
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Figure 7 shows coefficient of friction at constant pressure of 10 MPa and surface velocity 
20mm/sec. Figure 7 depicts that the friction coefficient has a decreasing trend with increasing of 
temperature at constant pressure and surface velocity (Zhen et al., 2014). With increase of 
temperature the material gets softer, causing frictional force decreases due to decrease of 
material shear strength may be the cause for decrease of friction coefficient with increase of 
temperature at constant surface velocity and contact pressure.  

Figure 8 shows the friction coefficient as a function of surface velocity at constant pressure of 
10MPa and temperature 1000C. It can be clearly observed from Figure 8, that the friction 
coefficient has a decreasing trend with increasing of surface velocity at constant temperature and 
contact pressure (Vadiraj et al., 2012). When the two bodies in contact slide at high velocities, the 
surface undulations do not get sufficient time to' lock' into each other and thus there is decrease 
in the friction coefficient with increasing of surface velocity. 

Table 5 shows the friction coefficient with variation of contact pressure at constant surface 
velocity and temperature. Figure 9 shows the friction coefficient at constant surface velocity of 
20mm/sec and temperature 1000C.  Figure 9 indicates that the friction coefficient has a 
decreasing trend with increasing of contact pressure at constant surface velocity and temperature 
(Wang et al., 2015). Due to the repeated loading (increasing of load at the same track diameter) 
the contact materials get work hardened. Pin and disk are of the same hardness, so the surfaces 
get smoothened, this reduces the friction coefficient. 

 

 
Figure 4: Dry sliding friction coefficient pressure of 10MPa and surface velocity 20mm/sec. 
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Table 4: Friction coefficient at constant pressure 10MPa. 
Temperature 
(0C) 
Surface 
Velocity 
(mm/sec)  

Friction coefficient  

30 50 100 150 200 250 300 350 400 450 500 

20 0.587 0.578 0.576 0.573 0.557 0.547 0.546 0.527 0.524 0.521 0.512 

30 0.578 0.57 0.565 0.558 0.546 0.534 0.532 0.518 0.515 0.509 0.503 

40 0.571 0.561 0.553 0.541 0.529 0.524 0.521 0.498 0.495 0.491 0.489 

50 0.561 0.554 0.550 0.531 0.521 0.502 0.498 0.491 0.486 0.481 0.475 

60 0.553 0.549 0.545 0.525 0.512 0.495 0.492 0.484 0.481 0.475 0.469 

70 0.545 0.538 0.532 0.516 0.495 0.489 0.484 0.479 0.475 0.468 0.457 

80 0.538 0.527 0.524 0.511 0.49 0.483 0.482 0.47 0.469 0.458 0.454 

90 0.531 0.525 0.521 0.509 0.488 0.476 0.475 0.464 0.459 0.451 0.442 

100 0.525 0.521 0.518 0.505 0.481 0.475 0.473 0.461 0.455 0.449 0.435 

 

 
Figure 5: Pictorial representation of friction coefficient as a function of surface velocity and 
temperature at constant pressure of 10MPa. 
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Figure 6: Pictorial representation of friction coefficient as a function of surface velocity and 
temperature at constant pressure of 20MPa.  
 

 
Figure 7: Friction coefficient at constant pressure of 10 MPa and surface velocity 20 mm/sec. 
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Figure 8: Friction coefficient at constant pressure of 10 MPa and temperature 1000C. 

 

 
Figure 9: Friction coefficient at constant surface velocity of 20mm/sec and temperature 1000C. 

 
 
5.0 REGRESSION EQUATIONS FOR SIMULATION OF FRICTION COEFFICIENT   
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of surface velocity and temperature. Regression equation -1 is generated utilizing experimental 
data shown in Table 4. Similar exercise is carried to obtain Regression equation -2 to Regression 
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the friction coefficient), an attempt has been made to obtain an overall Regression equation - 6 to 
facilitate evolution of quantitative values of friction coefficient as function of related parameters. 
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conducted various other combinations as shown in Table 6 and results indicating the accuracy 
levels of prediction capability of Regression equation - 6.  
 

Table 5: Details of all regression equations. 
 Contact pressures (MPa) 

10 20 30 40 50 1 to 50 
No of input observations 
for generating regression 
equation 

99 99 99 99 99 595 

Standard Error  0.0041 0.0054 0.0047 0.0045 0.0056 0.0127 
Coefficient of Multiple 
Determination (R2)  

0.9883 0.9835 0.9842 0.9923 0.9866 0.8978 

Proportion of Variance 98.83 98.35 98.42 99.23 98.66 89.78 
 
Friction coefficient (Y) = { -432.82 + [368.39 × ln (X1) ] – [119.7 × (ln X1)2 ] + [19.42 × (lnX1)3-1.57 
× (ln X1)4 ] + [5.087e-02 × (ln X1)5 ]- [20.21 × ln (X2)] + [8.48 × (ln X2)2 ] – [1.757 × (lnX2)3 ] + [0.1795 
× (ln X2)4 ] – [7.251 e-03 × (ln X2)5] }                ----------  ( 1 ) 
 
Friction coefficient (Y) = { [ 1.162 ] – [ 2.8428 e-04 × X1 ] - [ 0.2977 × ln (X2) ] – [ 5.010e-10 × X12 ] +  
[4.74 e-02 × (ln X2)2 ] + [1.059e-04 × X1 × ln (X2)] + [3.51 e-12 × X13 ] – [ 2.92 e-03 × (ln X2)3] – [ 9.873 e-

06 × X1 × (ln X2)2 ] – [ 2.722e-09  × X12 × ln (X2)] } -                --------- ( 2 ) 
 
Friction coefficient (Y) = {[ 0.566 ] – [ 3.096 e-05 × X1] – [ 2.774 e-04 × X2 ] – [ 4.13 e-10 × X12 ] +[ 2.001 
e-07 × X22 ] + [1.387 e-07 × X1 × X2 ] + [4.874 e-13 × X13 ] + [ 1.87 e-10 × X23 ] – [ 2.59 e-10 × X1 × X22  ] – 
[1.423 e-11  × X12 × X2] }                                    ----------(3) 
 
Friction coefficient (Y) = { [ 2.05 ] + [ 0.30 × ln (X1) ] – [ 1.80 × ln (X2) ] – [ 0.11 × (ln X1)2 ] + [ 0.158 
× (ln X2)2 ] + [ 0.30 × ln (X1) × ln (X2)] + [ 7.19 e-03 × (ln X1)3 ] – [ 6.40 e-03 × (ln X2)3 ] – [ 9.859 e-03 × 
ln (X1) × (ln X2)2 ] – [0.015 e-03 × (ln X1)2 × ln(X2) ] }                    ----------(4) 
 
Friction coefficient (Y)  = { [ 0.562 ] – [ 3.762 e-05 × X1 ] – [ 6.027 e-04 × X2 ] + [ 2.371 e-09 × X1

2 ] + 
[ 1.501 e-06 × X2

2 ] + [7.698 e-08 × X1 × X2 ] – [1.701 e-13 × X1
3 ] – [ 1.522 e-09 × X2

3 ] – [1.550 e-10 × X1 

× X22 ] – [ 1.164 e-12 × X12 × X2 ] }                    ----------(5) 
 
Friction coefficient (Y)  = { [ 4.427 ] – [ 1.655 × ln (X1) ] – [ 1.674 e-03 × X2 ] + [ 0.239 × ln (X1)2 ] + 
[ 1.942 e-06 × X22 ] + [ 3.111 e-04 × ln (X1) × X2 ] – [ 1.173 e-02 × (ln X1)3 ] – [ 7.953 e-10 × X23 ] – [1.711 
e-07 × ln(X1) × X22 ] – [1.803 e-05 × (ln X1)2 × X2 ] }                             ----------( 6 ) 
   
Where X1 = Product of pressure (MPa) and Surface Velocity (mm/sec),  
              X2 = Temperature (0C) 
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Table 6: Validation of Regression equation - 6 for entire range of test conditions. 
S. No Pressure  

(MPa) 
Surface 
Velocity 

(mm/sec) 

Temperature 
(0C) 

Friction coefficient  % 
Error Experimental 

Result 
Simulated 

Result 
1.  5 60 100 0.541 0.550 -1.7 
2.  5 60 200 0.535 0.525 1.8 
3.  5 60 300 0.523 0.510 2.5 
4.  5 60 400 0.512 0.499 2.5 
5.  45 40 100 0.483 0.489 -1.2 
6.  45 40 200 0.462 0.467 -1.1 
7.  45 40 300 0.442 0.449 -1.5 
8.  45 40 400 0.421 0.430 -2.2 

 
 
6.0 CONCLUSION 

From the study it is concluded that quantitative values of frictional coefficients for design of 
floating mass damper material (SU263) at specified conditions (pressure: 1MPa to 50MPa, surface 
velocity: 20mm/sec to 100mm/sec and temperature: 300C to 5000C) is in the range of 0.267 to 
0.587. Regression equations were generated for friction coefficient to evaluate frictional 
coefficient for any desired combination of surface velocity, contact pressure and temperature 
relevance to design of floating mass damper.  Further validation of the regression equation is 
made by conducting experiments for different test conditions and it is found that the error is not 
beyond 2.5%. 
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