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Impacts of Cold Forced Strengthening on Diaphragm Spring’s Clamp Load Characteristic
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Abstract: Based on the finite element method, the forced strengthening processes were simulated
and the clamp load characteristics before and after forced strengthening processes were obtained re-
spectively. The impacts of the stroke and the numbers of the stroke on the load characteristics of the
spring were investigated. And two impact mechanism of forced strengthening processes on the clamp
load characteristic of the diaphragm spring was studied. The results show that the diaphragm spring is
suffered the greatest damping impact from forced strengthening at the first time. The increase of the
stroke of the forced strengthening, the damping of the load value of the spring is also increased. Com-
pared with the number of the stroke, the stroke has greater impact on the load value of diaphragm
spring. Although the changes of structural parameters and residual stress effects both induced by the
forced strengthening process have attribute to the decreasing of the clamp load value of the diaphragm
spring, the former one is the main mechanism.
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Tab.1 The material parameters of diaphragm spring

W | R JERGR | DI
EA S ] ) EL/NEA
(kg/m?)| (GPa) (GPa) (GPa)
51CrV4 | 7860 207 0.29 1.127 2.07
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Fig.1 The finite element model of diaphragm spring

1.2 #HfT

FEE S8 0 T TS v, LR R T R A A R
PEMNA T 2 AN A PEEE T . fE38 R T2 58 bs
Nt Ao e, BB R T T LOECE TREA b
RSk BB R SRR 5 SR B A fid O it
TN A 5 e A T AR RS R R R . TE B far R T 5
rh B R [V IR ) LR TR AR A b M S K
WEINEAESOR AL E e fibs Bwpsk B LR S
R 50 5 1 2 0 fh - it om0 1) AR T AL RS

R A 5 ok 2 A2 ) R M 7 5 e O R v R
980 A T AN i i N B 29 R AE SR A
T A RS AT . AR A7 gy R T A e ) 32
R M 67 A7 R R 1 A AR SR IR A O
1A LY H, XoF 145 THA7 8 i 43 B8 24 3
. 1376 -

5if e o i R R Y I A2 29 AN AT 2 B e
A DSORGB O 18 TR B AR X B T it 0
TN R 24 9 CRR ) X Bk i 95 1) 62 8%, B op € RIAR
RGN AR N 7 55058 15 1T 4 047 004 fih o7
CERALE B St 1 BRI Y J7 1) B2 B 29 3

35.00_  70.00
17.50  B2.. 509 R X

() LA 293K GE D

35. 00 70. 00

.0 s&m. o Z ¥
(WAL GE D
2 [BAR
Fig.2 Displacement constraints of diaphragm spring
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Fig.3 The loading-deflection characteristics of diaphragm

spring by FEM and A-L analytical methods
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Tab.2 The loading-deflection characteristics of

diaphragm spring with FEM and A-L analysis methods

{1 #% (mm)
2 2.5 4 5 6 7
HIRckit Al
B (N 33 565[37 051(39 326|36 435|32 085|27 776
e

A-L B EAH £ 4 (N)[32 060(35 71039 250|137 310|133 710[29 980
X IR 22 e (YD) 4.7 | 3.8 | 0.2 | 2.3 | 4.8 | 7.4
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Fig.4 The loading-deflection characteristics of diaphragm

spring with different number of stroke
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Tab.3 Peak and valley clamp load with different

number of stroke

0 1K 2 ) 3
BT | gl 39 657 37053 37 042 37 041
(N) B | 24439 24 271 24 271 24 270
4K 5K 6 X 7
B | Wl 37 040 37 039 37 039 37 038
N IEN 24 269 24 268 24 268 24 267
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Tab.4 The peak clamp load from reference [6]

1 2 K 3 4R 5
F 1] 5920 5610 5630 5640 5650
B |k 2| 6130 5810 5800 5790 5790
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Fig.5 The loading-deflection characteristics of diaphragm

spring with different stroke
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Tab.5 Peak and valley clamp load with different stroke
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The directional deformation distribution in

Y axis direction
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Fig.8 The residual stress distribution
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Tab.6 The equivalent plastic strain and residual stress

with different number of stroke

0K 1k 2 3K
YHPE N AE (107%) 0 8.8184 8.8741 8.8897
FRAY IV 1 (MPa) 0 946.20 950.24 951.65

4 5 6 1% 7
EVERIAE(1073) | 8.9002 8.9089 8.9164 8.9233
FRAYIY J1 (MPa) | 952.78 953.78 954.70 955.55

Fig.7 The equivalent plastic strain distribution
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Fig.9 The loading-deflection characteristics of

diaphragm spring
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