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Abstract - In this paper, a new viscous damper filled with silicone gel was developed instead of conventional oil dampers for
the purpose of preventing leakage and improving damping performance. A series of experimental tests were conducted to
confirm the damping force and energy dissipation ability of the developed viscous damper depending on operating velocity of
the piston rod and changes in ambient temperature. As a result of the experiment, the developed device showed velocity-
dependence in which the damping force increased nonlinearly as the operating velocity of the damper increased. Additionally,
lower temperatures require more energy for the gel particles to pass through the orifice in the cylinder, while higher tempera-
tures make it easier for the damper to operate with lower damping forces. The damping forces and energy dissipation, measured
repeatedly 5 times at each loading step, showed stable values without significant deviation. Additionally, the equation for de-
scribing the force-velocity-temperature relationships of the proposed device was suggested based on the test results.
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Fig. 2. Details of the proposed viscous damping device
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Fig. 4. Loading protocol (e.g. for 150 mm/s)
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Table 2. Damping force at zero displacement
Temperature (°C)
20 23 40
Velocity
(mm/s) Cycle Damper force Damper force Damper force
Fy o Fy o Fy o Fo o Fy o Foy o
&N) | (%) | &N) | (%) | &N) | (%) | &N) | (%) | &KN) | (%) | kN) | (%)
Ist 91.6 4.28 -90.3 6.29 48.9 0.65 —45.8 0.39 49.9 0.16 —46.5 0.22
2nd 88.3 0.52 -85.5 0.64 49.1 0.24 —45.4 0.48 49.9 0.16 —46.1 0.65
| 3rd 87.2 0.73 -83.8 1.37 49.3 0.16 —45.6 0.04 50.0 0.04 —46.3 0.22
4th 86.4 1.64 -82.9 2.42 49.3 0.16 —45.6 0.04 50.0 0.04 —46.5 0.22
Sth 85.7 2.44 -82.3 3.13 49.5 0.57 —45.7 0.18 50.1 0.24 —46.6 0.43
Avg. | 87.8 - -85.0 - 49.2 - —45.6 - 50.0 - —46.4 -
1st 121.0 | 21.93 | -142.2 | 35.61 75.2 1.21 -71.4 1.13 71.4 0.31 —68.9 0.97
2nd 99.9 0.67 | -105.5| 0.61 75.0 0.94 -70.6 0.00 71.7 0.11 —68.1 0.21
10 3rd 94.4 4.88 -94.8 9.59 74.3 0.00 -71.0 0.57 71.6 0.03 -68.0 0.35
4th 91.6 7.70 -92.8 | 11.50 73.7 0.81 -70.2 0.57 71.7 0.11 —68.2 0.06
Sth 89.3 10.02 | —89.0 | 15.12 73.3 1.35 —69.8 1.13 71.7 0.11 -68.0 0.35
Avg. | 99.2 - -104.9 - 74.3 - -70.6 - 71.6 - —68.2 -
Ist 128.7 | 18.44 | —-132.1 | 20.07 87.9 0.39 —88.2 3.30 85.4 1.36 -84.3 0.31
2nd | 110.4 1.60 | -115.7| 5.16 86.9 0.75 —84.2 1.38 86.1 0.55 -83.4 0.76
30 3rd 104.8 3.55 | -106.0 | 3.65 87.4 0.18 —84.2 1.38 86.2 0.44 -83.7 0.40
4th 102.2 595 | -1004 | 8.74 87.7 0.16 —85.5 0.14 87.7 1.29 —-84.2 0.19
Sth 97.2 10.55 | -95.9 | 12.83 87.9 0.39 —84.8 0.68 87.5 1.06 —84.6 0.67
Avg. | 108.7 - -110.0 - 87.6 - -85.4 - 86.6 - -84.0 -
1st 118.9 9.42 | -126.2 | 14.71 99.1 0.94 -97.8 1.37 97.9 1.47 -95.2 0.50
2nd | 111.9 298 | -1143 | 3.89 98.8 1.24 -94.8 1.74 98.2 1.17 —-94.2 1.55
% 3rd | 106.5 1.99 | -110.3 | 0.25 99.9 0.14 -95.6 0.91 99.1 0.26 -95.0 0.71
4th 103.8 447 | -104.1 | 5.38 100.7 0.66 -96.7 0.23 100.5 1.15 -96.5 0.86
Sth 102.3 5.85 | -101.0 | 8.20 101.7 1.66 -97.5 1.06 101.1 1.75 -97.5 1.90
Avg. | 108.7 - -111.2 - 100.0 - -96.5 - 99.4 - -95.7 -
Ist 120.3 7.20 | -127.0 | 11.72 | 1119 1.58 | -110.7 | 3.69 104.6 2.08 | -100.3 | 2.07
2nd | 114.7 221 | -115.7| 1.78 109.1 0.96 | -105.5| 1.18 105.2 1.52 | -101.4 | 1.00
150 3rd | 110.8 1.27 | -110.7 | 2.62 109.3 0.78 | -105.8 | 0.90 106.8 0.02 | -102.1 | 0.31
4th 109.0 2.87 | -109.0 | 4.12 110.2 0.04 | -105.6 | 1.09 108.2 1.29 | -103.3 | 0.86
Sth 106.3 528 | -106.0 | 6.76 110.3 0.13 | -106.2 | 0.52 109.3 2.32 | -105.0 | 2.52
Avg. | 112.2 - -113.7 - 110.2 - -106.8 - 106.8 - -102.4 -
oA A o5 ittt ol 7t £59 Z7bo] gkt Bl
Age S7Het tEo] YA LA E S8R eH,
Table 30] % 8 L5w ZAAg olg=A W 1 27 WSS FAH TA% Al gAetALt 7t
Wz o2 HE] ALZE u] Alo]E2d oy R AAEFS A & £ 10 mm/s, 30 mm/s, 90 mm/s, 1] 3 150 mm/s
SIStk AHE BAOIA] F1E S0} | mmisd AL, oI ASE v Afol2W BF ouix] a4l 27}

o] Alo]EH¥ AAME YA FHL FHF 26,242 kN-mm

412 g2t =g A5 Al6 2 (FH A1872) 2023 124

37,901 kN-mm, 45,840 kN-mm, 53,343 kN-mm, “1&]



Table 3. Energy dissipation, E

5 - 55

Velocity (mm/s)
1 10 30 90 150
Temperature Cycle . . . . . .
(°C) Energy dissipation | Energy dissipation | Energy dissipation | Energy dissipation | Energy dissipation
E o E o E c E o E o
(kN-mm) (%) (KN-mm) (%) (kKN-mm) (%) (kN-mm) (%) (KN-mm) (%)
Ist | 47,526 4.76 70,164 28.81 77,196 28.45 71,221 18.53 74,172 17.32
2nd | 45,483 0.26 55,995 2.79 60,786 1.14 61,071 1.64 63,665 0.70
3rd | 44,880 1.07 50,366 7.54 56,100 6.66 58,127 3.26 60,809 3.82
=20 4th | 44,626 1.63 48,484 10.99 54,083 10.01 55,669 7.35 59,429 6.00
Sth | 44,313 2.32 47,354 13.07 52,337 12.92 54,338 9.57 58,039 8.20
Avg. | 45,366 - 54,473 - 60,100 - 60,085 - 63,223 -
Sum | 226,828 - 272,363 - 300,502 - 300,426 - 316,114 -
Ist | 25,833 1.56 37,797 0.28 46,027 0.41 54,518 2.20 63,938 6.05
2nd | 26,243 0.00 37,943 0.11 45,681 0.35 53,177 0.31 59,869 0.70
3rd | 26,317 0.28 38,028 0.34 45,822 0.04 52,804 1.01 59,018 2.11
23 4th | 26,393 0.58 37,932 0.08 45811 0.06 52,973 0.69 59,413 1.45
5th | 26,426 0.70 37,807 0.25 45,859 0.04 53,241 0.19 59,209 1.79
Avg. | 26,242 - 37,901 - 45,840 - 53,343 - 60,289 -
Sum | 131,212 - 189,507 - 229,200 - 266,713 - 301,447 -
Ist | 26,386 1.27 37,397 0.57 44,842 0.24 52,012 0.41 56,582 0.17
2nd | 26,688 0.14 37,116 0.19 44,566 0.86 51,463 1.46 56,162 0.91
3rd | 26,788 0.24 37,112 0.20 44,963 0.02 51,988 0.45 56,303 0.66
40 4th | 26,859 0.50 37,138 0.13 45,074 0.27 52,536 0.60 56,876 0.35
S5th | 26,902 0.66 37,172 0.04 45,314 0.81 53,120 1.72 57,457 1.38
Avg. | 26,725 - 37,187 - 44,952 - 52,224 - 56,676 -
Sum | 133,623 - 185,934 - 224,760 - 261,118 - 283,380 -
160,289 kN-mmo]Q{th. E3E, 7He SR S0 101 % $EOE A9 AR A3E YEH &5
B iy WA Bl &(0)S AR 2.0 % u|teZ & 1 mm/so A EQ1E uj Alo]E W oy A Ak
Zsto] 422 A4 71 15 %EG A A2 26,725 kN-mmo|gloH, 718 £} GAHor &

P2 e

—20 °C S0l A ZlE YA a4t A2l A
Hoh diAdl2 52 3= UEhoh £ 1 mm/sof|A] o
AtolE 4tE Bt oA 45,366 kN-mmO.=
A2 o8] 72.9 % Z74E 5318 e, 10 minss
30 mm/s, 90 mm/s, 150 mm/soj| 4] AFEF o Alo]Z
F O X AP 54,473 KN-mm(AH-E ThH] 43.7 %
Z7}), 60,100 KN-mm(31.1 % Z7}), 60,085 kN-mm
(12.6 % =7}, 18] 63,223 kN-mm(4.9 % Z7HE
27k e

Ao of 23 ]2 40°CE 4T BAA
Az A A o] of U 2 2ALFE 4L Thu] 94 %

7¥apol we 10 485tod o 2| 2AFE 10 mas
A o 37,187 kKN-mm(£&%E 1 mm/s tH] 39.1 % &7}),
30 mm/sY o 44,952 kN-mm(68.2 % 37}), 90 mm/s
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