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Vibration Analysis of a Coil Spring by Using Dynamic Stiffness Method

Jaehyung Lee, Seongkeol Kim, Seung-Jin Heo, D.J. Thompson

ABSTRACT

The partial differential equations for a coil spring derived from Timoshenko beam théoty and Frenet formulae. Dynamic

stiffness matrix of a coil spring composed of a circular wire is assembled by using dispersion relationship, waves and

natural frequencies. Natural frequencies are obtained from maxima:in the determinant of inverse:of a.dynamic stiffness

matrix with appropriate boundary conditions. The results of the dynamic stiffness method are compared with those of

transfer matrix method, finite element method and test.
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Fig. 2 Coordinate system of a coil spring
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Table 1. Natural frequencies in Hz of a spring with
clamped- ﬁ'ee boundary conditions, wire of radlus r=6mm,
helix radlus R=65mm, helix angle a-7 44 , no. of
active ture n=6, density o~ 7800kg/m’, Young’s modulus

E = 2.09%x10""N/m’, Poisson’s ratio v=0.28.

Finite Transfer amic
Test element matrix stiffniess
method mathod method
1 7.94 9.4777 9.472 9.4719
2 - 9.5054 9.500 : 9.4998
3 20.94 21.429 21.36 21.359
4 24.25 24,194 24.17 24.170
5 40.13 42.182 42.10 42.101
6 42.00 42.942 42.86. 42.857
7 61.75 63.310 63.11 63.109
8 71.31 71.281 71.20 71.205
9 89.25 88.435 88.22 88.227
10 91.81 90.095 89.89 89.893
4. BE

2 =& oA+ Timoshenko E.©|& 3} Frenet ¥ 2

CERE FEW FRYUE At mYATY

-1937-



9 neEHsE FHYG. LEFAEE 57

oX

P AYP kel HAgE 73t dH
At 4 FAAE FI9LH ASYHEYo
2 7% ZRe vwsgied, ol EF7F 48
ZAFst & A YSE BoAFATH

F

[

| =82 1999 35 53§ 21 Aol 95l

HIZH

(1) . A.EM. Love, 1899, " The Propagation of Waves
of Elastic Displacement along a Helical Wire,”
Transaction ‘of Cambridge Philosophy Society, 18, pp.
364-374.

(2) S.P. Timoshenko, f936, Theory of Elastic Stability,

1st Edn., New York: McGraw Hill.

(3) AM. Wahl, 1963, Mechanical Springs, 2nd Edn.,
New York: McGraw Hill.

(4) WH. Wittrick, 1966, “On Elastic Wave
Propagation in Helical Springs,” International Journal of
Mechanical Sciences, 8, pp. 25-47.

(5) JLE. Mottershead, 1980, “Finite Elements for
Dynamical Analysis of Helical Rods,” International
Journal of Mechanical Sciences, 22, pp. 267-283.

(6) D. Pearson, 1982, “The Transfer Matrix Method
for the Vibration of Compressed Helical Springs,”
Journal of Mechanical Engineering Science, 24, pp. 163-
171.

(7) V. Yildirim, 1966, “Investigation of Parameters’

Affecting Free Vibration Frequency of Helical Springs,”
International Journal for Numerical Methods in
Engineering, 39, pp. 99-114.

(8) V. Yildirim and N. lince, 1997, “Natural
Frequencies of Helical Springs of Arbitrary Shape,”
Journal of Sound and Vibration, 204 (2), pp.311-329

(9) D. Pearson and W.H. Wittrick; 1986, “An Exact
Solution for the Vibration of Helical Springs using a
Bemoulli-Euler model,” International Journal of
Mechanical Sciences, 28, pp. 83-96.

(10) 1. Lee and D.J. Thompson, 1999, “Application
of the Dynamic Stiffness Method to the Vibration of
Helical Springs,” ISVR Technical Memorandum No. 842,
University of Southampton.

-1938-

(== e I = 2 ]

o0 0O O O N

oo oo}

- K

(== R e R e N e B o}

OOEOOO

=

5
1 0]
0 0
0 0
T K
0 0
0 0]
0 0
0 0
0 0
! 0
El,
1
El,
0 0
0 0 ]
0 0
0 0
0 0
pl, 0
0 A, |




