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An experimental investigation into the mechanism of
the refrigerator contraction-expansion noise
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ABSTRACT: This paper aims to identify the causes and mechanisms of contraction-expansion noise in refrigerators
and proposes noise reduction methods. Contraction-expansion noise generated in refrigerators is mainly due to
stick-slip phenomenon occurring on the contact surface between inner parts. Friction experiments were conducted
to identify the factors causing the stick-slip phenomenon. Furthermore, the vibration level of the internal
components was measured to determine the characteristics and location of the contraction-expansion noise. Based
on the experimental results, experiments have been conducted to verify the noise characteristics for each factor.
From this, it was confirmed that the friction experiment and the refrigerator contraction-expansion noise generation
location and frequency were the same. The vibration level also increased as the vertical force was increased due
to load loading. Also, it was confirmed that the contraction-expansion noise was reduced when the surface
roughness was increased. Therefore, it was concluded that increasing the surface roughness of the contact surface
in the same way as the results of the friction experiment was the method of reducing contraction-expansion noise.
Keywords: Contraction-expansion noise, Stick-slip, Friction experiments, Roughness
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Fig. 1. The simple mode of asperity.
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Fig. 2. Experimental apparatus of friction.
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Table 1. Materials of internal parts.

Parts Material
Inner case, Acrylonitrile Butadiene Styrene
Fan/ EVA cover (ABS)
Basket, Home bar | GPPS (general purpose polystyrene)

Draw PP (polypropylene)

Table 2, Test cases for different materials,

Case no. Moving specimen Fixed specimen
Case 1 ABS
EEEp— ABS
Case 2 GPPS
Case 3 GPPS GPPS
Case 4 ABS
Case 5 PP GPPS
Case 6 PP
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Fig. 3. Friction force and sound pressure of case 1.
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Fig. 4. Friction force and sound pressure of case 2,
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Fig. 5. Friction force and sound pressure of case 3.
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Fig. 6. Friction force and sound pressure of case 4.
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Fig. 7. Friction force and sound pressure of case 5.
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Fig. 8. Friction force and sound pressure of case 6.
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Table 3, (S—K) Friction force results for different
materials,
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Table 6. (S—K) Friction force results for different bolt
clamping force,

Case o (S-K) Friction force [N] }H> Caseno.| Test 1 | Test2 | Test 3 | Test4 | Test 5 | Ave.
Test 1 | Test2 | Test3 | Test4 | TestS | Ave. 9 Case1 | 50.8 | 46.8 | 50.3 | 46.5 | 51.6 | 49.2

Case 1 56.1 | 65.0 | 60.2 | 553 | 60.0 | 59.3 8 | Case2 | 45.0 | 453 | 455 | 444 | 399 | 440
Case 2 585 | 55.0 | 594 | 51.0 | 58.1 | 56.4 N Case3 | 20.1 | 21.6 | 25.1 | 234 | 242 | 229
Case 3 355 | 352 | 41.7 | 354 | 485 | 393 }H) Caseno.| Test 1 | Test2 | Test3 | Test4 | Test5 | Ave.
Case 4 2.0 1.4 0.9 0.9 1.0 1.2 2 |Casel | 73.6 | 69.7 | 694 | 704 | 674 | 70.1
Case 5 0.3 0.1 0.1 0.2 0.5 0.2 % Case2 | 66.8 | 679 | 67.0 | 66.8 | 67.6 | 67.2
Case 6 0.1 0.1 0.1 0.2 0.1 0.1 E Case3 | 56.6 | 559 | 51.3 | 50.7 | 56.6 | 542

Table 4. Noise level results for different materials. Table 7. Noise level results for different bolt clam—
ing f
c Noise level [dBA] ping force.
aseno. Test 1 | Test2 | Test3 | Test4 | Test5 | Ave. P |Caseno.| Test 1 | Test2 | Test3 | Test4 | Test5| Ave.
Casel | 42.0 | 404 | 412 | 353 | 36.0 | 39.0 g Casel | 332 | 32.7 | 31.8 | 31.8 | 33.8 | 327
Case2 | 49.9 | 44.7 | 482 | 39.7 | 453 | 456 % Case2 | 41.8 | 41.0 | 40.8 | 424 | 419 | 415
Case3 | 483 | 27.8 | 312 | 33.0 | 41.0 | 363 — | Case3 | 282 | 27.0 | 35.6 | 325 | 339 | 314
IH) Caseno.| Test 1 | Test2 | Test3 | Test4 | Test5 | Ave.
Table 5. Number of noise results for different ma— 2 | Casel | 50.3 | 51.0 | 51.7 | 52.5 | 504 | 51.2
terials. 3 | Case2 | 509 | 494 | 515 | 510 | 515 | 509
Number of noise N | Case3 | 42.0 | 429 | 41.8 | 41.6 | 42.1 | 42.1
Case no.
Test 1 | Test2 | Test3 | Test4 | TestS | Ave
Case 1 1 2 1 3 2 1.8 Table 8, Number of noise results for different bolt
Case2 | 2 | 1 | 3| 2 | 2|20 clamping force.
Case 3 3 3 4 3 3 32 P |Caseno.| Test 1 | Test2 | Test3 | Test4 | Test 5 | Ave.
g Casel| 2 | 2 | 2 | 1 | 2 | 18
Tables 3~ 5 AP 2 A up a2l 3} Fup e o] spCee2] 2 |2 ]2 1 2] 3 22
Aol 5, whae wskgt ALY g gy L P L T 80 L0 08
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al A A7} LT — 6O
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Table 9. Surface roughness of specimen,

Surface roughness [ pim]

R, R,
ABS 0.0905 0.5357
GPPS 0.0191 0.1937
PP 0.0952 0.5560
ABS #320 1.2686 6.0538
ABS #120 1.8706 8.3999

Table 10, Test results for different surface roughness,

(S-K)friction force [N]

Case
Test 1| Test 2| Test 3| Test 4| Test 5| Ave.

ABS 56.1 | 65.0 | 60.2 | 55.3 | 60.0 | 59.3

ABS |ABS#320| 41.1 | 36.0 | 41.5 | 359 | 41.0 | 39.1

ABS#120| 24.0 | 23.1 | 223 | 25.0 | 25.4 | 239

ABS 585 | 55.0 | 59.4 | 51.0 | 58.1 | 56.4

GPPS | ABS#320| 56.2 | 543 | 51.9 | 51.7 | 56.5 | 54.1

ABS#120| 41.9 | 37.4 | 40.5 | 41.7 | 40.0 | 40.3

Table 11, Test results for different surface roughness,

Noise level [dBA]

Case
Test 1| Test 2| Test 3| Test 4| Test 5| Ave.

ABS 42.0 | 404 | 412 | 353 | 36.0 | 39.0

ABS |ABS#320| 32.1 | 29.3 | 31.7 | 29.4 | 31.3 | 30.8

ABS#120| 235 | 233 | 224 | 223 | 23.5 | 23.0

ABS 499 | 44.7 | 482 | 39.7 | 453 | 45.6

GPPS | ABS#320| 28.8 | 27.9 | 26.3 | 26.1 | 29.3 | 27.7

ABS#120| 24.8 | 20.5 | 24.2 | 22.0 | 22.7 | 23.2
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Table 12. Vibration measurement location and weight
of each internal components.
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Table 14. Number of occurrences and vibration level
of contraction—expansion noise by position in load
increment condition,

Measurement part Weight [g]
1st Basket
Basket
(GPPS) 2nd Basket 282
F 3rd Basket
room Ist Shelf o2
Shelf
(Glass) 2nd Shelf
3rd Shelf 1154
4th Shelf -
Shelf
(Glass) Sth Shelf
R 6th Shelf 1964
room Home bar (GPPS) 2916
Basket 4th Basket 256
(GPPS) 5th Basket 542

Table 13. Number of occurrences and vibration level
of contraction—expansion noise by location in normal
condition.

Oceurrence Vibration level /
Measurement Part frequenc Max vibration
quency level [mmy/s’]
1st Basket 5 86.5/96.4
Basket
(GPPS) 2nd Basket 2 105.9/106.0
F 3rd Basket 6 141.4/146.4
room Ist Shelf 1 113.7/113.7
Shelf’ 7, d Shelf I 67.9/679
(Glass) : :
3rd Shelf 4 117.0/119.6
4th Shelf 30 129.3/322.0
Shelf
(Glass) 5th Shelf 39 96.0/206.4
R 6th Shelf 0 -
room | Home bar (GPPS) 412 154.8/971.3
Basket | 4th Basket 23 96.7/152.4
(GPPS)| 5th Basket 54 119.6/299.6
Total 577 111.7/237.1

Occurrence Vibration level /
Measurement Part frequenc Max vibration
quency level [mm/s*]
1st Basket 1 84.6/84.6
Basket
(GPPS) 2nd Basket 0 -
F 3rd Basket 5 117.8/126.9
room 1st Shelf 5 103.8/110.1
Shelf 1 d Shelf 6 66.2/67.9
(Glass) ’ ’
3rd Shelf 1 92.9/929
4th Shelf 17 122.0/254.7
Shelf
(Glass) 5th Shelf 17 91.9/142.3
R 6th Shelf 1 145.1/145.1
room | Home bar (GPPS) 485 146.1/396.5
Basket | 4th Basket 12 63.6/85.1
(GPPS)| 5th Basket 36 99.1/193.6
Total 586 102.5/154.5

WA g o Y-S BAEEY] flsto] REES X
S skl gk whekA A4 500 mLE
o]-g-3tef HpA7lof 1 kg, A4be] 2 ke, EHloll 3 kg 3}
= AAste] dsich

Table 14= 7 YIAHR 7]& AFado]A 20
mnys® o] 4F2] X sa ) WAy Slapet oju o] Hat 7
e 2 Ho AEEs g egt Aol 54
A Al BF2A A F 90319} Ao A F 755] Y
SFlth 215 ol A 4123] = 71 o] HAistal

RS M4l WAz (2022)

Home bar

Home bar basket

Fig. 9. The coupling part between home bar and
home bar basket.
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Table 15. Number of occurrences and vibration level
of contraction—expansion noise by location in im—
proved condition,

Oceurrence Vibration level /
Measurement Part frequenc Max vibration
quency level [mmy/s’]
1st Basket -
Basket
(GPPS) 2nd Basket 0 -
F 3rd Basket 1 80.2/80.2
room Ist Shelf 3 117.8/173.7
Shelf
(Glass) 2nd Shelf 2 53.2/70.3
3rd Shelf 0 -
4th Shelf 0 -
Shelf
(Glass) Sth Shelf 0 -
R 6th Shelf 0 -
room | Home bar (GPPS) 47 74.3/106.8
Basket | 4th Basket 1 59.0/59.0
(GPPS)| 5th Basket 0 -
Total 54 76.9/89.3
600 - —_— A T o 300
"'Ave‘j Vibraytion Level
% =Max Vibration Level 250 o
_g 400 200 E
g 300 150 E
g 200 - -100 g,
= 100 - -150 =
Normal Load il Improved 0
Fig. 11. Organize experiment results by conditions.
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