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Analysis of Stiffness for Frustum-shaped Coil Spring

Jin-Hun Kim? - Soo-Jong Lee* + Jung~Ryul Kim#*

Abstract : Springs are widely utilized in machine element. To find out stiffness of
frustum-shaped coil spring, the space beam theory using the finite element method is
adopted in this paper. In three dimensional space. a space frame element is a straight
bar of uniform cross section which is capable of resisting axial forces, bending moments
about two principal axes in the plane of its cross section and twisting moment about its
centroidal axis. The corresponding displacement degrees of freedom are twelve. To find
out load vector of coil spring subjected to distributed compression, principle of virtual
work is adapted. And this theory was programming using MATLAB software.

To compare FEM using MATLAB software was applied MSC.Nastran software. The
geometry model for MSC.Patran was produced by 3-D design modeling software. Finite
element model was produced by MSC.Patran. Finite element was applied tetra
(CTETRA) having 10 node.

The analysis results of the MATLAB and MSC.Nastran are fairly well agreed with
those of various experiments. Using MATLAB program proposed in this paper and
MSC.Nastran, spring constants and stresses can be predicted by input of few factors.

Key words : Space beam element (A3 84:), Step by step method(&A¥), Spring constant
(=8 4), Transformation matrix(¥Hgsl¥) Finite element(#&94)
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Fig. 2 MATLAB model of spring

Table 1 Specification of spring

Items Specification
Compression force (N) 10
Upper diameter : D, (mm) 9.42
Lower diameter : D, (mm) 20.75
Height : A (mm) 354
Coil material : d (mm) 1
Number of active coils (turns) 55
Young's modulus (GPa) 205.8
Shear modulus (GPa) 80
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Table 2 Boundary condition of model

Displacement Distortion
Nodal point
X y z X y z
109~132 | fixed | free | fixed | free | free | free
133 fixed | fixed | fixed | fixed | fixed | free

essiBBER
3

(a) F=1.18 (N) (b) F=2.74 (N)
(c) F=4.41 (N) (d) F=6.17 (N)
(e) F=8.04 (N) (H) F=10 (N)

Fig. 3 Deformation of spring by MATLAB
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Fig. 5 Deformation of spring by MSC.Nastran
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Table 3 Comparison of deformation

Item Displacement(mm) | Error (%)
Test 154 1.53
Solid mechanics 15.64 0
FEM(MATLAB) 16.2 3.57
MSC.Nastran 15.5 0.89
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Fig. 8 Spring constant of frustum-shaped coil spring

254 / vt AV FEE A A32d 25, 2008 3

2 sfepsiedl §85 o188 & Urh

(3) 919 2 74 YA AFA R oo
o AL MEd & AR s

(4) 2zee dudoz sfece 2408 A
Yz AR AF Hse) 95 AFo] AA
el & AR )5S H MARHS Tt

oF %t

ke
1829, FAA7A 28 AW, 4449,

1991.

(2] C. S. Krishnamoorthy,'Finite Element
Analysis”, Tata McGraw-Hill
Publishing Co., 1995.

[3]1 S. S. Rao. “The Finite Element Method
in Engineering’. Pergamon Press, 1989.

[4] S. J. Lee and J. S. Wang, "A Study on
the Non-linearity of Wave Washer
Spring’, gHEEtEAA A TS A 214 A
3%, pp. 246-255, 1997.

[5]1 S. J. Lee, "A Study on the Stiffness of
Coil Spring in the Three Dimensional
Space’, S=rlAAA ] HEE A 257 Al
53, pp. 186-195, 2001

5%, o145, "4FY 1Y

6] AAE, S E y FYLge
el U A, d=viddA Yo Y
20019 FAgeds =4, pp. 21-27,
2001.

[71 8. J. Lee and J. H. Kim, "A Study on
the Stiffness of Frustum-shaped Coil
Spring”, st5H7AFSE A, A 7H Al 4
%, pp. 49-54, 2003.

[8] S. P. Timoshenk and J. N. Goodier,
“Theory of Elasticity’. McGraw-Hill,

1959.



9] Douglas W. Hull, "Mastering mechanics
1 using MATLAB 5", Prentice Hall,
1999.

[10] Adrian Biran and Moshe Breiner.
"MATLAB 5 for engineers’, Prentice
Hall, 1999.

(11] (¥, (FhoHREERR, o

Al TL¥#T L, 1997,

[12] "MSC.Nastran Linear Static Analysis
User’s Guides’, MSC.Software, 2003.
[13] @R3% 9 5%, 'NASTRANS. & wj$=

TFEA" ARAR, 2004.
[14] "MSC.Patran User's Guides & Reference

Manuals”, MSC.Software, 2003.
[15] AL, 3R, Tl eed, 1982,

HE % AY 3Y 2TY 4

3], 1990.

(16] =54,
A 71F KS B 2406°, 3+435E

A
HolI

=ED)
584 19984 RAtiEm 7|
sl E¢. 20079 HAHEw o
T A BEE MAAMAMREEIZ SN
SARLY £ E,
E-mail : huni21 @pknu.ac.kr

OH Job Q:‘g‘ o
rieim
rﬂ

—H 7|74|4-°*J—} B (%ﬁt—'.‘AH. S
ZAiEn J{ASEE o,
E-mail : sjlee@pknu.ac.kr

HHEE(SER)

19614 9, 19831 Sh=siafch&tm 7|
ZHetnl =9, 1985 sl ko &t of
Sel 527 23 BT EAAD, 1008
2 Ltoofth e chEkal J|ASE
a?:.(-‘—"*““\f) 1988 88 ~19934d 2
HIE3Y ATAILE 22 19934

H o=
38~ 3K SHEHAN S SfAIHE 7|

juru ] =] A
TAILHZ ST S

mL

gmmplxyol g ehe] A AW 23, 2008 3/ 265



