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Analysis of stick-slip characteristics of materials used for
mechanical and electronic components
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ABSTRACT: In this study, we analyzed the stick slip characteristics through friction experiments on materials
used in mechanical and electronic products, and propose improvements to reduce abnormal noise generated inside
refrigerators. To analyze the stick slip phenomenon of the materials, we fabricated a friction testing device and
conducted friction experiments. Additionally, we measured the vibration and noise levels of internal components
to analyze the occurrence and location of abnormal noise inside the refrigerator. By comparing the results of the
refrigerator’s phenomenon analysis and friction experiment, we confirm that the abnormal noise occurring inside
the refrigerator is caused by the stick slip phenomenon of internal components. Finally, to propose improvements
for abnormal noise reduction, we performed friction experiments using the Taguchi method and validated the
performance of the proposed improvements by applying them to refrigerators.
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load cell (friction force)

Fig. 3. Installation of specimens.

Table 1, Specifications of main parts of apparatus.

Driving system Measurement system
Model: CWW 11
Motor AC motor | Load cell (< 50 kef), Dacell
Max. speed . Model: 378B02
(mm/s) 4 Microphone PCB_Pieazotronics
Min. speed Analysis
(mms) 0.2 equipment LMS SCADAS
Specimen Moving 30 %60 x3
size (Mm) | Fixed 80 % 50 x 3
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Fig. 4. Result of S—K friction force with different
normal force.

Fig. 5. Result of sound pressure level with different
normal force.
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Table 2. Surface roughness of specimens.
Surface roughness (jtm)
R, R,
PP 0.0579 0.7697
GPPS 0.0235 0.2208
ABS 0.1023 0.9578
ABS(#600) 1.1498 9.3123
ABS(#120) 4.9326 37.7631

$-K friction force [N]

ABS
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ABS (#120) gve"f‘“‘e

(3

Fig. 6. Result of S—K friction force with different
surface roughness.
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Fig. 7. Result of sound pressure level with different
surface roughness,
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Refrigerator Door
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P point 1
Point & »
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Point 9 g
Point 4
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Drawer Drawer Point 10 o
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Fig. 8. Locations of the accelerometers in refrigerator,

Table 3. Material lists of inner refrigerator parts,

Parts Material
Inner case, EVA cover ABS

Basket GPPS

Draw PP

Shelf Tempered glass
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Table 4. Number of abnormal noise occurrences,

Measurement position Number of occurrences
F room 1% shelf | Point 1 0
1% drawer | Point 2 0
Rroom | 2™shelf | Point3 0.5
3" shelf Point 4 3
Froom | 1% basket | Point5 16
door 2" basket | Point 6 255
3" basket | Point7 17
Rroom | 4™basket | Point8 9.5
door | 5™ basket | Point9 29.5
6" basket | Point 10 8.5
Total 109.5
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Table 5. Levels of factors that affect abnormal noise.

Factor
Level | Normal force | Surface roughness Material
A) ® ©
1 1 kgf basic PP
2 3 kef #600 GPPS
3 5 kef #120 ABS
Table 6. L9 orthogonal array.
Experiment Factor
No. Condition A B C
1 Al1BICl 1 kgf basic PP
2 AIB2C2 1 kegf #600 GPPS
3 AIB3C3 1 kegf #120 ABS
4 A2BIC2 3 kef basic GPPS
5 A2B2C3 3 kef #600 ABS
6 A2B3Cl1 3 kef #120 PP
7 A3BIC3 S kef basic ABS
8 A3B2C1 5 kef #600 PP
9 A3B3C2 5 kef #120 GPPS
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Table 7. Average of S/N ratio level for factors,

Normal Surface .
Material
force | roughness ©)
(A) (B)
S/N ratio 1 -3.60 -17.23 -8.45
level 2 -14.51 -8.42 -8.90
average 3 -14.96 742 | -1572
Difference between level 11.36 9.81 7.27
Contributions (%) 39.94 34.50 25.56
Optimum level 1(1kef) | 3(#120) | 1(PP)
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Fig. 9. Level vs, S/N ratio for different factors,
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Fig. 10. The coupling part between door and door
basket.

Table 8, Number of abnormal noise occurrences
under optimal design,

Measurement position Number of occurrences
Froom | 1%basket | Point5 14
door | 2" basket | Point 6 6
3" basket | Point 7 7.5
Rroom | 4"basket | Point8 18
door 5" basket | Point 9 18.5
6" basket | Point 10 6.5
Total 70.5

Table 9. Number of vibration occurrences and
maximum vibration level under optimal design.

Original design Optimal design

Max Max

Parts Occurrence | vibration |Occurrence| vibration
frequency level frequency level
(m/s?) (m/s?)
1* basket 98 2.419 90 2.672
2" basket 76 4678 55.5 2.206
3 basket 91.5 4.991 70.5 0.890
4™ basket 123 1.691 97 0.820
5" basket 133.5 1.754 89 1.137
6" basket 102.5 1.390 86.5 1.113

Total 624.5 - 486.5 -
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