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Non-linearity characteristics consideration of the Disc Spring
under Shock using Numerical Analysis
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ABSTRACT

General coil spring has linearity. However, disc spring has non-linearity so that using this non-linearity disc spring can be
designed to do shock-absorbing in cases we need because shock response also has non-linearity. By changing the shape and stacking
number, it is satisfactory with response of displacement, velocity and acceleration. Conventionally, disc spring was used to control
the vibration against huge load and limited space. However, it is limitedly used because of difficulty of the designing guidance.
Therefore, disc spring is needed to study further in order to apply it widely. Response of disc spring is compared to response of coil
spring by changing ho/t radio with computer simulation and the usage of disc spring is increased through analysis of effect of design
factors. The purpose of this paper is that the shock response of disc spring is calculated through numerical simulation and effect of
ho/t and stiffness is analyzed to broad usage so that design factor of disc spring is presented.
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De = outer diameter

Di = inner diameter

lo = spring height

Fc = load at flat position

t = thickness

z = relation displacement

E = Young’s Moduals
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Shock acceleraion
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ho/t =1.9
9898.8N

1.417

15305N

hol/t

Table 4 Specification of Disc spring

ho/t=0.7
8903.6N

Fc




Relation displacement

0.05 T T T
A R T N S S S S e 1§
. | / | \\ | | | /\: : : :
AR BRat o SAREEEEE AN
[ | | | | |
omp bbb
| f \ /
T
5] / I Vi o I I v
£ 0777‘p77L77‘$77+7‘47747x [ B S P
g ’H\ | w [ | \\ \/‘J |
=3 | | I [ | | | I
8 '0'01(’7\"’T”ﬁf’fo*’\”?”\?”’\f”\”f
| | A S I \ i/ |
-0.02 —fﬁ——k——+\\——+#—j‘~——a‘—74‘\777,‘77,:,,,
| | | | \
_0.03;/9A/&7/
| | LY | | [ |
B O S G S B S N A
P e S S T N S S S
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time(sec)
Fig. 18 Result of stiffness effect (1th+3rd)
Shock acceleraion
20 T \ T \ \ w I w I
| | | | | x-acceleration graph
———L | 4\ | : : T T T
| | | |
| | | |
| | | |
I |
G L
£ | |
2 L
3 | |
8
&
time&sec)
Fig. 19 Result of stiffness effect (1th+3rd)
Result of stiffness effect
50
45
40
35
30
25 — O 1st
W 1st+2nd
20 O 1st+3rd
15
10 —
L | [

Second
displacement(mm)

First displacement(mm) Shock acceleratin(m/s"2)  Natural Frequency(Hz)

Fig. 20 Result of stiffness effect

1271

Analysis of stiffness effect

-

150

100

50

0
First d |
displacement(mm)  displaj nt(mm) accelel (m/s”™2)  Freq (Hz)

-50

O 1st
B 1st+2nd
O 1st+3rd

-100

Fig 21. Analysis of stiffness effect

VR S7ME ThA sk

(2) ho/t W17} AHE 7HAE 0.4 oA AR
of whel nlAggo]l AXHEA W9 T4 ST
® EF7F gAaste %S 2 o, AA ¥
e Aleks Folvl W] AF S 7749
ek 36 7 o]t}

(3) 22 3] A

Zol 57k BN FAE

ikl
kJ
Mo
ok

FnstA A e F47] sk,

(1) Daniel J. Inman, “Engineering Vibration”, Prentice Hall

(2) KEY BELLEVILLES. INC, “Engineering Handbook”,
KEY BELLEVILLES. INC

(3) Robert L. Norton, “Machine Design”, Prentice Hall

(4) Monica Darfagni, “A Cad Program for the Automated
Checkout and Design of Belleville Springs”, Journal of
Mechanical Design, September 2002, vol. 124





