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Process Analysis and Test for Manufacturing the Sleeve Spring Type-
Torsional Vibration Damper
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Abstract

In diesel engines, it is inevitable that the torsional vibration is produced by the fluctuation of engine torque.
Therefore, it is necessary to establish preventive measures to diminish the torsional vibration. The sleeve
spring type damper is one of the preventive measures for reducing the torsional vibration. In this study, the
closed form equations to predict the spring constant of a sleeve spring and the torsional characteristics of the
torsional vibration damper are proposed to calculate stiffness of the damper and verified their availability
through the finite element analysis and experiments. And the stability of the sleeve spring torsional vibration
damper is verified by analyzing the inner star and outer star, which are the core parts of the damper, and 2-roll
bending process is proposed to manufacture sleeve spring. The program to calculate the initial radius
including spring-back effect is developed, and the FEA method to analyze elasto-plastic problem was verified
through analysis of 90° bending process. The results of the analysis are in good agreements with those of the
experiments. The newly proposed method can be used as an advanced technique that remarkably curtails cost
of production and replaces the conventional forming.
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Fig. 3 Design parameters of the sleeve spring
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Fig. 4 Geometry of the sleeve spring whether the inner
star rotates or not
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Spring pack Damper Assembly
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Fig. 5 Sleeve spring pack and damper assembly

n (Elastic region)

Fig. 6 Coordinate system and nomenclature in pure
bending process
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® Determination of Initial Radius
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Tensile strength ar 1500 [MPa] || Thickness [mm]: R; [mm] ;| R; [mm] | Seringback Ratio|
Elastic modulus E 210000 [MPa] |[ 1 24 32.90 26.54 80 7%
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Table 1 Comparison of spring constants between the

theoretical results and the FEM results

Spring constants [N.m/rad]
Thick. | Diameter

[mm] [mm] Equation | Analysis Er.roi

ratio

2.4 68.2 72.1031 72.1999 0.13
2.0 63.8 45.1770 45.6126 0.98
1.8 60.0 35.4755 35.9964 1.45
1.6 56.6 26.7706 27.2686 1.83
1.4 53.6 19.2010 19.6143 2.11
1.2 51.0 12.8843 13.1587 2.09
1.1 48.7 10.5388 10.8064 2.48
1.0 46.6 8.3959 8.5864 222
Spring pack 230.5463 | 233.2433 1.16

“— Input initial R ;

Fig. 7 Excel-VBA program for calculating initial radius

* (Analysis — Equation) / Analysis X 100%
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Table 2 Torsional torque according to the rotation
angle of inner star

Working angle ( ¢) Trosional torque

[N.m]

Degree Radian

0.0 0 0

0.2 0.0335 116.048

0.4 0.0070 234.920

0.6 0.0105 356.724

0.8 0.0140 481.570

1.0 0.0175 609.577
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Table 3 Experimental results via the theoretical result

. ;é]' os]

Torsional stiffness [N.m/°]
Maximum value Average value
Sample
Ratio to Ratio to
theory theory
1 603.3 0.990 593.9 0.975
2 608.4 0.998 598.4 0.982
3 599.6 0.984 592.8 0.973
Theory 609.4
620
*Max
Theory : 609.4 N.m/ BAvg.
— 610
E !
Z g 5 X
§ A |
= . ' "
0 590 - :
580 | | |
Sample 1 Sample 2 Sample 3
Punch
Holder
Q/ \ Material
Die

Fig. 10 Die modeling for bending process

Bending

Spring-back \

Fig. 11 Analysis procedures of 90° bending process
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Table 4 Comparison between the design values and the
analysis results

Thickness Radius [mm] Error ratio
[mm] Design Analysis (%)
2.4 32.9 33.9 3.0
2.0 30.9 31.9 32
1.8 29.1 30.9 52
1.6 27.5 29.1 5.8
1.4 26.1 27.4 5.0
1.2 24.9 26.4 6.0
1.1 23.8 24.8 42
1.0 22.8 23.8 4.4
10.0%
. 8.0%
=
_g 6.0%
[
. 4.0% ‘\/\/\\‘\_ﬂ
5 4
m 2.0%
0.0%

1 12 14 16 18 2 22 24
Thickness [mm]
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Analysis model

Fig. 12 The analysis model embodied from 2-roll
bending process in actual field
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Fig. 13 Contact angle between the bending roll and sheet

-

AR AzGAAE 1Y B ngsm SAw
22 FHoR J5AA BAZ FA Al §-
o]

e 22 Wy 34 Fole 45E AHE F2
A HEz, 1A Aol 93 A £ o
A AIRE ©ES Skl SdEw 25 WEgE A
B2 RS sto] FHoR o|gAZon wlY
5 I HAAA AAE FAAHT

2 2 WY FAH T8 FAH WMFEE I F
A, A Eo 27F 9 e 5o 4FHFe] gl
o, A FA 9L WY o] HAHL o]kl
o3 AHH R Sdwt 2o dEFFw AAsHH
At g dg 2o 45%S dAHs] 9
3 MY Z BA o FFZ e wE S AAl
SHSIT}. Fig. 13 o] ¥lY &3 #A|e 357 ol
g FoE YEh AT

Table 4 o A 77 2 AHF7to| w& |44

30%

20% \

= —e—24
Q

:.a —.-210

S \ ——156

2 i
=

O 0% 4 Bn A \ g

W. =12

b
0% : . : : =10

0 2 4 G ] 10

Contactangle[]

Fig. 14 Error ratios of analysis values to design values

Table 5 Analysis results of 2-roll bending process

Contact angle
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Table 6 9/ (¢ x R;) converted from contact angle

Contact angle Thickness [mm]
[° ]
10
9
8
7
6
5
4
3
2
1
0.5
30% @ Determination of Initial Radius
Yield strength G 1200 [MPa] || Outer Dia. [mm] 706
25% 1 Tensile strength o 1500 MPa] || Thickness [mm] R, [mmi] : R, [mmi Rotio| |
e Elastic modulis £ | 210000 MPa] || 1 [ 24 2290¢ 2654 80.7%]
o Poisson's rafio v 0.3 Z 20 30.90 2420 78.3%
= 15% - E | 23069 MPa|| 3 18 29100 2243 76.0%
© 4 16 2750: 2062 75.0%
o 10% 1 [ K 2000 |5 @ 14 26100 19.20 73.5%]
= 50 | n 0.0822 || 8 @ 12 24900  17.82 71.6%
I £ a1 23800 1710 71.8%
0% - E'= - 8 i 10 22800  16.07 70.5%
—v
9
5% 10
= =
10% ; . — Input initial R ;
0.00 0.05 0.10 0.15 020 0.25 0.30 @ Determination of Contact angle
i 8 /(rxRi) 010 | 015
e/ (thl) Thickness [mm]| Ri[mm] | Min. € | Max. &
X . . . 1 [ 24 2654 637 955
Fig. 15 Error ratios of analysis values to design values 20 n 484 728
18 2213 398 597
16 2062 330 495
14 1820 269 403
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Table 7 Heat treatment specification of test samples

Inner star Outer star
Sample
QT High-frequency QT
1 O O O
2 O X O
3 X X X

(a) Sample 1 (b) Sample 2 (c) Sample 3
Fig. 18 Inner star after durability test

50,00

100,00 (mm)

(b) Outer star
X '\,/\ A & T i (B e e e e b
Fig. 17 Results obtained by structural analysis of the e :
inner star and the outer star
2o 4F Aol ARl 5% ~ +5% FFOE , (a) Sample 1
AT AT I @A < 4R
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