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A Study on the non - linearity of wave washer spring

S.d. Lee - J. S. Wang
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), local coordinates system(=4AZ} F A]), global coordinates system(ZU4 & &
Ay, transformation matrix(¥ 23 4), in — plane displacement(3 I} W ),
trnasverse displacement(7} 2 9]), free length(z} 2 o])

Abstract

The wave washer springs are expected to behave non — linearly between forces and displace-
ments due to contractions of the height and due to expansions in radial direction. To find out
the non - linearity of wave washer springs, the three dimensional plate analysis theory using
the finite element method is adopted in this paper. The wave washer springs are considered to
be three dimensional plate structures rather than frame structures, because their thickness is
normally much smaller than their width.

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 X -~ Y - Z coordinates of
nodal points. The new stiffness matrix of the system using the new coordinates of nodal points
is adopted to calculate the another nodal displacements, that is, the step by step method is
used in this paper.

The relations between the increments of forces and displacements in each step are recorded
and plotted in chart.

The experimental results are compared with the calculated chart and it ié shown that there
are good coincidences between measured values and calculated ones.
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Table 1 Details of wave washer springs

ITEM USymbols  Units Sample 1 Sample 2
| Numberofwave | N 2z 3
Outsidérdéameter | D, A‘Nmm 781.5‘ ’1185‘
Inside diameter | D, | mm 629 = 917
Thickness | t | mm 04 | 04
Yongsmoduus | B | Gpa 210 | 20
Shear modulus . G Gpa ' 80 i 80

Freelengh | H | mm | 55 @ 54
Materials_' l : “ /SUP T/ SUIQD?
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Fig. 4 Force displacement relations for wave
washer spring of sample 1
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Fig. 6 Original and final meshes of sample 1(Nodal
displacements are magnified by 55)
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