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Study on the Vibration Analysis of Damper Clutch Spring
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ABSTRACT

This study analyzes harmonic vibration with natural frequency according to the configuration of damper clutch. In
the case of double spring, equivalent stress at same direction of the revolution at inner and outer coil spring is over
30% as compared with at its opposite direction. Natural frequency or harmonic response with maximum deformation
in case of the less coil pitch is below 3Hz as compared with in case of the more coil pitch. As the coil pitch of
damper spring as the case 2 or 4 becomes smaller, its mass and deformation can be large. In these cases, spring constant
and natural frequency become smaller. In the case 5 or 6 of double spring at natural vibration or harmonic response,
the frequency becomes over 300Hz. As the result of this study is applied by the design of damper spring, the damage
at its connected part is prevented and the durability can be predicted.

Key Words : Damper Clutch(® ¥ £ 2] X]), Coil Spring(Zd2~2~3), Equivalent Stress(57FH8-2), Deformation
(#3), Harmonic Vibration(3t2Y Z1-F), Natural Frequency(2L-f+ &)
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Damper Spring Cover plate of Damper Clutch

Fig. 1 Physical model and 3D model
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Fig. 2 Configuration of damper spring of Cases
1,2, 3,4, 5 and 6
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Table 1 Material properties of cover plate & retainer plate

Young's Modulus 2.0x10''Pa
Poisson's Ratio 0.3

Density 7850kg/m’
Thermal Expansion 1.2x10° 1/C
Tensile Yield Strength 2.5x10%Pa
Compressive Yield Strength 2.5%10%Pa

Table 2 Material properties of damper spring

Young's Modulus 2.1x10'°Pa
Poisson's Ratio 0.3786
Density 786Okg/m3
Thermal Expansion 1.2x10° 1/C
Tensile Yield Strength 2.5%10%Pa
Compressive Yield Strength 2.5x10°Pa
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Fig. 3 Moment direction of the retainer plate
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Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

0,0088952 Max
0.0079068

0,0069185 75
0,0059302 \ /4
00043418

00039535

0,0029651

0,0019768

0.00098545

1.0815e-7 Min

(a) Case 1

Total Deformation
Typs: Total Deformation
LUnit: parm

Time! |

0.010748 Max

0.009576

00083672

0.0071768

00059864

0,004796

0,0036057

0,0024183 -
00012243

3,4505e-5 Min

(b) Case 2

Total Deformation
Type: Total Deformation
Unit:

Time: |

0.0077926 Max
0,0063268
00060609 \

0,0051951
0.0
0.00963
00025975
00017317 %

0, 00086567

2.3355e-8 Min

(c) Case 3

Fig. 4 Total Deformations of Cases 1, 2, 3, 4, 5 and 6
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Total Deformation
Type: Total Deformation
Unit: mm

Time: |

0.010098 Max
0,0090068

00073156 ™
00088244
TR
o o0dse2!
0%

00024597
0,0013685
000027736 Min

(d) Case 4

Total Deformation
Type: Total Deformation
Unit:

Tirne: |

0.0072023 Max

0.0064021

0,0056019

0.0048017

0.0040015

0.0032013

0.0024011

0,0016009 ‘
0,00080072

5,2783e-7 Min

A\

(e) Case 5

Total Deformation
Typa: Total Deformation
Unitt mm

Time: 1

0.0072817 Max f
0,0064729

0005664

0,0048552

0,0040484

0,0032375

0,0024257

00016158

0,00081 101

2.1794e-6 Min

(f) Case 6
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Equivalent Stress

Equivalent Stress Type: Equivalent (von-Mises) Stress
Type: Equivalent (von-Mises) Stress Unit: Pa
Unit: Pa Time: 1
Tirne: 1
Max: 1503528
Mlin: 22,006
1,5035e5

1,336525
1,1634e5

d) Case 4
(a) Case 1 @
Equivalent Stress
i ivbibr i Siress Type: Equivelent (von-Mises) Siress
Type: Equivalent (von-Mises) Stress Unit: Pa
Uit Pa Time: |
Time: |
3,6855¢6 Max
2.4596e5 Max 32767e5
2,1864e5 2,867%6
| 3= 2.4591e6
1,639925 2,050266
1,3867e5 H Voot
1,0935e5 v
1232566
a008 | I
| P 823705
mi 414975
61.452 Min 51528 Min
(e) Case 5
(b) Case 2
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Equivalent Stress Unit: Pa
Type: Equlvalent (von-Mises) Stiess Time: 1
Unit: Pa
Time: |
L 2,301506 Max
56035 Max I aveze
51606 179095 m
45177
15856e6
fol t 1.290%5
- 1024806
15480 7.63025
13031 5 1435
6601.6 =% 250985
172.41 Min é 3660.7 Min
——
==
() Case 6
(c) Case 3

Fig. 5 Equivalent Stresses of Cases 1, 2, 3, 4, 5 and 6
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Table 3 Stress results by each case B "y
Maximum total Maximum .
deformation(mm) equivalent stress(Pa)
Case 1 0.0088952 1.5035x10° ?
Case 2 0.010748 2.4596x10° ©
Case 3 0.0077926 55698 ®
Case 4 0.010098 58035 -
Case 5 0.0072023 3.6855x10°
Case 6 0.0072817 2.3015%10°
2.4.2 Modal 4] (c) Case 3
Modal 31412 529 €& vu e /1A 7% -
Eo 54 EE 72E 548 dvshe Aozl :
B APNE Tf AFFel oF 8L shao .
Fig. 62 Case 14-E] Case 67}%19] Modal 342 2
72 gz Uebd Zelt}h. 183 Table 45 Fig. b
6ol Yebd iz e] A2 Case 15-E Case 67} o
A9 RFAEFY] WAS HEE Eolth Case 5 .
9} 69 AHAFFY WH$7F 330~400HzZA =2
AEZ22 Hola Yt e
(d) Case 4
1 2 3 4 & & 7 & a 10 (e) Case 5
(a) Case 1
. 2 s . . A ‘ ‘ ‘ " (f) Case 6
(b) Case 2 Fig. 6 Frequencies by modal analyses of Cases 1, 2, 3, 4, 5 and 6
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Table 4 Range of natural frequency by each case

Natural frequency(Hz)

Case 1 50-80
Case 2 0.2-1
Case 3 60-75
Case 4 0.7-2.4
Case 5 330-395
Case 6 330-385

Table 494 HWA

R

def FA7F F2 A
Case 24 47} & 7391 Case 10|y 3HT} /235
F7F 24 © A2 3Hz o]dkE Bel1 Slth

o] 23l IFAFFE 4 (29} 2o] X¥E =tk

@
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3 me Hole/de] Aol
Aezkelth. Case 24 49 A%
=

=
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£, #ol AFs] Fopzxl Reow AlgdT

2.4.3 Harmonic &

Fig. 72 Harmonic Response'™'”o] w3t a4

Directional Deformation

Type: Directional Deformation ( X Ais )

Frequency: 52, Hz

Phase éngle: 0. °
¢ mm

0,135 Max

H n0cstse
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2
-0.33619 Min
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S2.s
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32168

Frequency (Hz)

(a) Case 1

Directional Deformation

vpe: Directional Deformation ( X s )
Frequency: 0.2 Hz
Phass Angle: 0, °
Unit: mm

2.3881e-5 Max.
M) g5

-1.0794-5
-1.5128e-5 Min

28410

75040

A

780 \
25040 \

125040 \

264012

Amplitude (m)
© @
=
e

——

0s 078 1 126 18 178 2

Frequency (Hz)

(b) Case 2

Directional Deformation
Type: Directional Deformation ( X As )
Frequency: 64, Hz

Phass Angle: 0, *
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20328

Frequency (Hz)

Case 3
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Frequency (Hz)

(d) Case 4
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Fig. 7 Directional deformations and harmonic responses
of cases 1, 2, 3, 4, 5 and 6

Table 5% Case 1%-E 671A HUl HyPS Loy
= e 9 1 H¥EHS Hola Qo

Table 5914 ®WH IHe] A7} 22 H9<
Case 24 47} 2 -2 Case 104} 3x4 o W
FEFs 4ol As47t €4 o FL2 3Hz o8&
Holx gt} 7R E Harmonic iAo 41€] Case
24} 49] Ao AME Modal 3|4 Ao} o] HH
o] IY I} Foldo gz AL FIL H
, §¥o] & dojFozN ~xy FFe ZobA
If AFF grol 493 otz Aoz Atgd

RN T

o} 283 Case 59 62] Harmonic response &
= =3 Case 59 AfolAM=

360, 333HzZA]
0.34031mm= L W3 ZFo] Ad =do}

Table 5 Harmonic response results by each case

Directional Maxip‘lum
Frequency(Hz) deformation(m) de gﬁi Zttilcl)(rllﬁzm)
Case 1 52 0.13345x10°  4.4044x10°
Case 2 0.2 2.3881x10° 8.6417x10™"
Case 3 64 0.27494x10°  2.996x10°
Case 4 0.5 4.61945x10"°  6.5854x10™""
Case 5 360 0.34031x10°  2.8765x10°
Case 6 333 0.065565x10°  8.5925x10°°
£ dAFdA = AlEdeld NS Tt 24 W
Ay FFHo w2 A A= AT A4S 3§
AP ol A AREA I AA FF Y
T mAE FE BHAE & F Qe b 7T

3.2 E
9o FeHe) 2xgel Yoo 4 AF 54
o B a7 4 dae oen
1ool% & 2
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