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A Study on the Stiffness of Frustum-shaped Coil Spring
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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.

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 nadal
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 and
stresses can be predicted by input of few factors.

Key words : Frustum-shaped coil spring(¥ %9 9538 3UAZY) Space beam element
(dA8 %), Step by step method(FAH), Local coordinates system(= 423 7)), Global
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Fig. 2 Displacements and forces on a space
beam element in global coordinates
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Fig. 4 Rotation transformation of axes for a
3-D beam element
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Fig. 7 Modeling of Frustum-shaped coil spring

Table 1 Specification of Frustum-shaped

spring
Items Specification
Compression force (N) 10
Upper diameter : D; (mm) 9.42
Lower diameter : Dy (mm) 20.75
Height : H (mm) 354
Coil material (mm) 1
Number of active coils 35
Young’s modulus (GPa) .205.8
Shear modulus (GPa) 80
Number of element 132

Table 2 Boundary condition of model

nodal displacement distortion

point X y z X y z
109~132|fixed fixed

133 |fixed|fixed|fixed|fixed|fixed|free

free free | free |free
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Fig. 8 Deformation of Frustum-shaped coil
spring by compression load
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Photo. 1 Samples for Frustum-shaped
coil spring

Fig. 9 Dimensions of specimen

Photo. 2 General view of spring tester
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Table 3 Campare deformation

Solid
Item mechanics Test FEM
Displacement
(nm) 15.6437 154 |16.2025
Error(%) 0 1.56 3.57
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Fig. 10 Relationships between compression

force and displacement for frustum-

shaped coil spring
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