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A Study on the Stiffness of Coil Spring in the Three Dimensional Space
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Abstract

Springs are widely utilized in machine element. To find out stiffness of 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.

The displacements of nodal points due to small increment of force are calculated by the finite
element method and the calculated nodal displacements are added to coordinates of nodal points.
The new stiffness matrix of the system using the new coordinates of nodal points is adopted to
calculate the another increments of nodal displacements, that is, the step by step method is used
in this paper.

The results of the finite element method are fairly well agreed with those of various
experiments. Using MATLAB program developed in this paper, spring constants can be predicted
by input of few factors.
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Fig. 1 One dimension element in three dimensional
space
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Fig. 2 Displacements and forces on a space beam
element in global coordinates
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Fig. 3 Displacements of space beam element in
local and global coordinates system.
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Fig. 4 Axial degree of freedom
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Fig. 7 Defomation of an element of beam in xy
plane.
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Fig. 8 Deflection of an element of frame in xy
plane
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Fig. 9 Rotation transformation of axes for a 3-D
beam element
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Table 1. Specification of tension coil spring

items values
tensile force (N) 400
outer diameter (mm) 14.6
coil material (mm) ¢$2.6
number of active coils 15.5
Young s modulus (GPa) 205.8
shear modulus (GPa) 78.4
number of element 624

Table 1. Specification of tension coil spring

nodal displacement distorsion
point X y z X v z
10 fixed | free | fixed | free free | free
615 fixed | fixed | fixed | fixed | fixed { free

Table 3. Campare deformation with MATLAB

program
item solid mechanics | 4R k% | FEM
displacement(mm} 23.92 23.96 (24.1878
error(%) 0 0.16 1.12

Pheto.1 Samples for tensile force test
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HZAA AR e A o] eabe 1%Vl
°le
+5%%1 A& A4d W AEA g o] 5ke] W+
S AR 7S ¢ & Ao

KS B24059] 713 € 3 &2& 15|

Fig. 130] Wehd v} o] Q4 31 50] HE2
2 238 u, 27| FEMo| |8 2323 49|
R QF2Z e 54 27 AHH 49T #

A% Aok B 4EE Tl AY

2y el ghol AS Y A FE Bolul §

é

o r 28 [ e

o o r (&
e oX =

(1138)

il 3 gho] mA| A ghol o st gtE T 4
Ao 21 EE ¢ 5 Aok

Fig. 14& 1% 34 2239 A o| F71stA
o =2 %

B3] el AR, 27 & 2mmH

me) el Weolth 9ol 2Hes
ARIPN

457k 27 BRE B & ek E

Pt L=
o Wate] wep ~xY S Aghe] Fof o

F U o= = A Fo] AR 2EH



Spring const. N/mm

70 o
65 -
60 —

—u—D8
55 ~ —e— D10
50 ~ - D12
45 - ~v— D14
40 + D16
35
o . .
25 4
20 4
P [ S U S SO SR Y

16+
v v v

v g v
5 - - - # L @ 3

0 T T T T T T
5 10 15 20 25 30

Tensile force N
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Foe] M3k B
ael 2ZY el oS

Zzo

Zo}

o
&

Ak =

g 0%

e
2

o
of
g
tjo

A

% gleh

6. 2 E

o

)
B
m
rlo

Bl A oh& 3t e 2E8E 23U

oX

—
%)
3
Jo
1
o
oy fo
b
to M
S
oo
o
ir
Jo
o ot
fo
¥
2
%

(+]

30 o

AZ o} 3l5o] 28 W Wlg A
taxrwieor dAe gt Ay
Aot A 2 2 dA et o
ol A 7R3k -3y 9 g

1. 2L
Q
~EYe 3L

¥
K

2
RS

4 e o

Z o

o oo o MO K
f 2w

oy W

oy o L oo
tlo
o
o
2{_1‘

(<)

DO U A
6 e e

o ot

tlo e

N

l=ta 2de g gz
o vlgte] g el A Fo] AN
2 fFd8h A 718HEHA

2 o K

=@y

Mo o
— O
o
|z

e rUQ, 09‘.'.
1>
[

‘S,
ol
o
lo
o
v )
o
L
9,
o
v

ol .

1)

2)

3)

4)

5)

6)

7)

& A7

s
(ol

195
223, 939 29 22, EAu, 4
u, Agae) e eel 4 ol A geta o
Fuiglel 4B BAE A2 5 AL RO
= BerEh olo] @ &4 A7
ofof & 7102 Azt th

ﬁd
30 |

ZAuEd

M.F. Spotts, Mechanical Design analysis,
Prentice Hall, pp.211~250, 1985.
C.S.Krishnamoorthy, “Finite Element Ana -
lysis”, Tata McGraw-Hill Publishing Co. ,
pp.237~250, 1995.

S.J.Lee, J.S.Wang, A study on the non linearity
of wave washer spring’, ¥EEAA BRI &3,
214% 3%k, pp.246~255, 1997.

kT, R0 RERBAR, ATIT
2rfait, pp.73~110, 1997.

S.S.Rao “The Finite Element Method in
Engineering”, Pergamon Press, pp.291~305,
1989

S.P.Timoshenko, J.N.Goodier, “Theory of
Elaticity”, Mc-Graw Hill, pp.284~288, 1959.
SEETERE, 9% 2 9% 2Y 228 A4 7
% KS B 2406", 3= EF9 3, p.1~7, 1990.

S IPN S|

Ol E(F-ril)

19444 184, 19714 SolhEtm Z{AH
Bsin Eol 19964 s=siethstm of
st JAZetn B (BeEAD, 2
SR VA B oersl Ml

il
HFdog dxa & e 2ZPUtR Fhikm)ol
5 pas

HAetw 2000 = 73 A &
| ol&tdd s, Ado B

(1139)



