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An Influence of Frictional Factors on the Friction
Characteristics of Automobile Transmission Gear
Materials by using Design of Experiment
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Abstract — The fault of an automobile transmission gear occurs whenever moving tooth surfaces interact. Such
a failure condition has an effect on the frictional factors such as applied load, sliding speed, frictional time and
gear oil. However, it is difficult to know the mutual relation of these factors. In this study, the friction and wear
tests were carried out to get the friction characteristics with carburized SCM420 and nitrocarburized NT100 have
being used as automobile transmission gear materials. And it was undertaken to analyze the frictional factors that
have effect on frictional characteristics by using design of experiment. From this study, the result showed that
the applied load in frictional factors was the most important, next to frictional time, sliding speed. And the fric-

tion characteristics of nitrocarburized NT100 was more excellent than carburized SCM420.

Key words — friction coefficient, transmission gear, design of experiment, failure condition, taguchi design.
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Table 2. Mechanical properties of materials

Material NT100 SCM420
Yield strength
(kg/mm?) 100 85
Tensile strength
(keg/mm’) 115 100
. Percentage of
Mechanical  ¢jongation (%) 18 12
property

Percentage of 50 45
contraction (%)
value of impact -6
energy (kg * m/cm’)
Hardness (HV) 890 720

ZolA CGHE H7iste] Bl (carbon potential)
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Table 1. Chemical composition of materials
. Chemical compositions (wt.%)
Material
Mn Si P Cr Mo v Cr Ni
NT100 0.17 1.05 0.3 0.016 1.05 1.05 0.33 - -
SCM420 0.04 0.65 03 0.016 0.005 1.10 0.21 - 0.30 0.42
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Fig. 1. Schematic diagram of ball on disk type wear
tester.
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Fig. 2. Flow chart for experiment design.

Table 3. Experimental conditions

Level
Factors
1 2 3 4
A Materials NT100 SCM420
Sliding speed
B (n/min) 20 40 60 80
C Applied load 2 4 6 8
(kg
D Frlf:tlonal time 40 20 120 160
(min)
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S/N= —1010g|:’l1 3 y?} )
i=0
y=pM €)
Where x; : experimental value

x : average of experimental value
n : the number of times of experimentation

yi : value of smaller-the-better characteristics
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Fig. 3. Variation in friction coefficient with sliding
distance for NT100.
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Table 4. ANOVA for average friction coefficient
Factors S ¢ v F, P
A 0.0000350 1 0.0000350 0.17 0.687
B 0.0020610 3 0.0006870  3.28 0.041
C  0.0436153 3 0.0145384 69.48 0.000
D 0.0043149 3 0.0014383 6.87 0.002
Error  0.0043945 21 0.0002093
Total 0.0544206 31

Table 5. ANOVA for STDEV of friction coefficient

Factors S @ 14 Fy P
A 0.0000301 1 0.0000301 1.55 0.226
B 0.0000646 3 0.0000215 1.11 0367
C  0.0007595 3 0.0002532 13.08 0.000
D  0.0000110 3 0.0000037 0.19 0902

Error  0.0004066 2t 0.0000194
Total 0.0012718 31
where S : sum of squares
@ : degrees of freedom
V' : variation
Fy: variation of factor / variation of error
P : P-test
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Fig. 5. S/N ratio of average friction coefficient.
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Fig. 6. S/N ratio for STDEYV of friction coefficient.
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Fig. 7. Dynamic characteristics of friction coefficient.
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