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Study on the reduction of stick-slip noise in acrylonitrile
butadiene styrene-based plastics using non-polar additives to
reduce friction
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ABSTRACT: Recently, the electric vehicle market is gradually growing due to strengthened environmental
regulations and high oil prices. also, in internal combustion engine vehicles, the sensitivity of Buzz, Squeak, Rattle
(BSR) noise is increasing as engine Noise, Vibration, and Harshness (NVH)-related noise is reduced and
technology for shielding noise coming from outside is developed. In this study, the stick-slip noise that occurs in
Panoramic Curved Display (PCD) of automobile was analyzed for the correlation between the surface energy of
polymer plastic and the polar component. For polar polymer materials, Acrylonitrile Butadiene Styrene (ABS) and
PolyCarbonate-Acrylonitrile Butadiene Styrene (PC-ABS), compound materials were fabricated and evaluated.
As aresult, when the polar component of the polymer plastic was 3.86 mN/m or higher, stick-slip motion occurred,
and as the absolute transition slope increased in the friction behavior over time, the possibility of stick-slip noise
increased and the value of the friction coefficient The greater the difference, the greater the strength of the
stick-slip noise.
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Fig. 1. (Color available online) Close—up camera
images of PCD plastic parts (PC—ABS/PC—ABS com—
bination) by observing the relative displacement,
Before heat treatment (a1) and after heat treatment
(a2). Acceleration sensor data of PCD plastic parts
(PC—ABS/PC—ABS combination) (b).
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Fig. 2. (Color available online) Close—up camera
images of PCD plastic parts (PC—ABS/STS 430 com—
bination) by observing the relative displacement,
Before heat treatment (a1) and after heat treatment
(a2). Acceleration sensor data of PCD plastic parts
(PC—ABS/STS 430 combination) (b).
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Fig. 3. (Color available online) ABS, PC—ABS blend
marerial,
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Fig. 4. (Color available online) Equipment set—up of
contact angel.

Table 1. Surface energies of water and diiodo—
methane with polar and dispersion components,

Surface Polar Dispersion
Liquid energy component | component
PP+ (mN/m) | 9" (mN/m) »? (mN/m)
Water 72.8 51.0 21.8
Diiodomethane 50.8 0 50.8
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Fig. 5. (Color available online) Schematic diagram of
stick—slip noise reproducing machine,

Table 2. The test conditions for stick—slip noise re—
producing machine.

Test condition

Specimen-A Size (mm) 50x50x%3
Specimen-B Size (mm) 10x5x%x3
Sliding speed (mm/min) 0.5
Applied pressure (N/m?) 20 x 10*
Temperature (°C) 23
Humidity (%) 45-55
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Fig. 6. (Color available online) Schematic diagram of
pad on disk type tribometer,

Table 3. The test conditions for pad on disk type
tribometer.

Test condition

Specimen-A Size (mm) 50x50x%3
Specimen-B Size (mm) 10x10x3
Sliding speed (mm/min) 0.5
Applied pressure (N/m?) 10 x 10
Temperature (°C) 23
Humidity (%) 45-55
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Table 4. Composition of ABS based compound materials according to UHMWPE content,

Sample ABS A85U15S10 A90U10 S10 A92 U8 S10 A95 U5 S10 A98 U2 S10
ABS (wt.%) 100 85 90 92 95 98
UHMWPE (wt.%) - 15 10 8 5 2
SEBS (phr)? - 10 10 10 10 10
# phr: parts per hundred of ABS/UHMWPE blend.
Table 5. Composition of PC—ABS based compound materials according to UHMWPE content.
Sample PC-ABS PA85U15S10 | PA90UI0S10 | PA92 U8 S10 PA95 U5 S10 PA98 U2 S10
PC-ABS (wt.%) 100 85 90 92 95 98
UHMWPE (wt.%) - 15 10 8 5 2
SEBS (phr)® - 10 10 10 10 10

® phr: parts per hundred of PC-ABS/UHMWPE blend.
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Fig. 7. (Color available online) Effect of UHMWPE
loading on surface energy and polar components for
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Table 6. Composition of ABS based compound materials according to SEBS content,

13t HI=/d 27 Aol uh2 acrylonitrile butadiene styrene | Z2H~E] 9] stick-slip ©] 2 A3+ A+

Sample A95 US S5 A95 U5 S2 A98 U2 S5 A98 U2 S2
ABS (wt.%) 95 95 98 98
UHMWPE (wt.%) 5 5 2 2
SEBS (phr)* 5 2 5 2
# phr: parts per hundred of ABS/UHMWPE blend.
Table 7, Composition of PC—ABS based compound materials according to SEBS content.
Sample PA95 U5 S5 PA95 US S2 PA98 U2 S5 PA98 U2 S2
PC-ABS (wt.%) 95 95 98 98
UHMWPE (wt.%) 5 5 2
SEBS (phr)° 5 2 5

® phr: parts per hundred of PC-ABS/UHMWPE blend.
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Fig. 10. (Color available online) Effect of SEBS loading
on surface energy and polar components for (a) ABS
based compounds and (b) PC—ABS based compounds,
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