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Nomenclature

< ¢ Young's modulus [kgf/mm’]
G Shearing modulus [kgf/mm°]
My @ Moment of reaction [kgf-mm]
A Bending moment [kgf-mml]
T : Twisting torque [kgf-mm]

P Load [kegf]

R Average radius [mm]

¢ © Angular displacement

U7 Elastic strain energy

I Moment of inertia [mm’]
J > Coefficient

Displacement [mm]

k . Spring constant [kgf/mm)]
B ¢ Ratio of width vs thickness
b Width [mm]

t ¢ Thickness [mm] .

D, : Outside diameter [mm]

D; : Inside diameter [mm]

H Free lenght [mm]

N ¢ Numbers of wave



A Study on the Stiffness of Wave Washer Spring

Sang-Gi Lee

Department of Mechanical Design
Graduate School of Industry

Pukyong National University

Abstract

Wave washer spring used in valves of reciprocating air compressor because
of simple form affects its life as well as performance because of repeated
load. So when design a spring, it should be examined closely.

When the value of theoretical stiffness and experimental stiffness is shown
some difference, it is important to make a little changes the geometrical form
of wave washer spring-dimension of thickness, width, radius-to be able to

approach into the expected value and make a decision accurate spring

stiffness.
On this study, to make use as data on designing a spring in fields I got a

conclusion as like following.

1. The stiffness of wave washer spring showed linear relations in use limit
and the stiffness by experiment nearly approximated the stiffness by

theory.
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2. The case of specimen used this experiment, the stiffness by experiment
showed an aspect comparatively higher than the value of stiffness by

theory.

3. The value of stiffness showed an aspect nearly to approximate, in the
case of thickness and radius they are mostly in an extent of error from
2.4 to 3.0% and showed a large deflection as degree 7.4~9.4% in the case

of width.

4. It is estimated to be applied into actual spring design by making change
of dimension of thickness or radius to make approximate the values of

theory and experiment.
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Table 1. 8 Values

b/t B
1.00 0.141
1.50 0.196
1.75 0.214
2.00 0.229
2.50 0.249
3.00 0.263
4.00 0.281
6.00 0.299
8.00 0.307
10.00 0.313
wd 0.333
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Fig. 2. Shape of wave washer spring with 4 waves
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Table 2. Dimension of specimen

3 4

PP A5 5 AN Ve

el Ao an

Numbers of wave 4
Average radius (mm) 31.1875
Width (mm) 1.875
Thickness (mm) 0.3
IFree length (mm) 45
Calculated spring constants (kgf/mm) 0.487476

Table 3. Mechanical properties of material

Material SK5M
Tensile Strength (kgf/mm®) 50~65
Hardness (Hv) 174
Elongation (%) 20014
Young's modulus (GPa) 210
Shearing modulus (GPa) 80
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Table 4. Chemical composition of material

. C Si Mn P S
Chemical composition

X100 X100 ~< 100 x 1000 X 1000

Specification(%6) 36 20 42 13

@21

Fig. 3. General view of wave washer spring
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Table 5. Model of the spring testing machine

Maximum | Minimum Maximum

) . . Precision [Manufacturin
Model working working | displacement &

load(kgf) | load(kgf) |  (mm) @) company
FMG-A200D 200 4 250 10 FUJII SEIKI

¥ gAE vlelar AREH Aol d@ AY Axdoz FAH kols A

ol

2]

B dE A8 o shFEe %A

_«Dq‘
o

o, A3 sk AERE Al¥He woqdAE

Ofr
-

Gl 2EA(Load celDE HAAAAM 3% ghe A oz W A
HoR WHEy] 9t R FEIE ALRS 3 ZE)e] 29 A Ay
2 Wgsy] $stel ADWS7|(Analog digital converter)7} A5l on CPU
AS AARE T3t ZUE P FARZ 839 ge UL} o] WY

e JARGIRE, gAY 29 H])0 A

T o 12mm/min, %49 2% < 50mm/min, &9 7 e 1,000mm/mino &
NE £58 ¥aAD £ ot £8 2% AL o L,000mm/min®] Alg &%

= 7h g Ak WMo %S WA d3S(Pulse encoder)E E8td 7&H o
]
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Fig. 5. Schematic diagram of spring testing machine
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Table 6. The Result of experiment

Displacement(mm)

04 | 08 | 1.2 16 | 20 | 24 | 28 | 32 | 36 | 40

Load

(kgf) 0.043 | 0.104 | 0.159 | 0.213 | 0.262 | 0.314 | 0.373 | 0.452 | 0.815 | 1.857
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Fig. 6. Relation between load and displacement for specimen
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Load (Kgf)

2.0

1.8

—a— experimental

—a— theoretical

0 04 08 1.2

16 20 2.4 28 32 36

Displacement (mm)

Fig. 7. Comparison of experiment with theory for stiffness
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Load (Kgf)

0.50

0.45

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

—a— experimental

—— theoretical

0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2

Displacement (mm)

Fig. 8 Comparison of experiment with theory for stiffness

of practical use
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Load (Kgf)

0.55

0.50 ——1t=0.29
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Fig. 9. Relation between load and displacement when varying thickness
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Fig. 10. Relation between
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Displacement (mm)
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. 11. Relation between load and displacement when varying radius
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