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Fig. 1 Structure diagram of the disc spring
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(a) Force deformation diagram of the disc spring structure
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Fig.2 Force characteristic curve of the disc spring structure

L5 L RTIR 1 2 A TR A R W B I e T
ARl 45 10 2 1 5 A e ) W B AR AR R 45 5, DA T 4R
SRR AR R, 25475 M 8 B 28y R A i LA . (HUZ:
REAGEIITERS TR A B HAT AR LA R V7 T 2%
B . R, A SC AR SR e 67 B 2 A T B I
JEEA5 5 D HEA 388 3 0 BRI 5t e N e R AT O B
JE L EREIY T R SRR A I Y B L B
A YR I 2 A B AR LA o it 5] A Chaboche
R £ M 1% 22451455 ( Nonlinear Continuum Damage, NL.CD)
RRAY S — 3 T 58 S A M BB AR, Gl
R PPN [R) 6 8% B, X 2H G BT s S AL R A T AR [
RSO RIAH B 998 55 18085, oA 1 FE E A BB YERY Be)m A
[Fi) (52 % i X BRI 580058 200y P DO 22 AP 1 5 Wi AL
0 Hoad i 24 45 B 7E — 2 M P g I Y 5k
AR TR AR TR AL, S BT 560 38 7™ i ) TR I P 4 AR

1 WRARERRERLESR

1455 1Y) Almen-Laszlo 72 fij £k T i JE 98 25 1 540
0 L5 TS BRI 4 A

T E S B 8 4 2k A vy, T 590558 [R] 7 2 A7 % 28 4f 17
FEHEARIE N TR A RS A ey X 4% T 1 REAFAE — 2 5
Wi, 48 K2 B0H BT B S 45 M 7E T AR 7 AE 5 Rl
X e A\ SR B B, R R DL T BE 503 A7 B [F]
DR ZR AT 52, Jry i e KON 1 25 KT M RERY i i 1z )
BTG O . A RIS A, e A B R LU JEEm
AN EI R 2R 22 AR/, AT LA B 4 TH BR A R ¥
PEFZI , Z5 R AT SRR HE AR R B AR LR 5
PR 2 EIE 5 AL T S B B, G S R R
206 000 MPa, h 3 W AR YOG F 2t . (HBRIE B 1T
FESAE NI S AN SYE R B . 5 B B RE i b
AP RE BT 1 & R PIPE A R FE IR H Mises Ji ik
TN, B4 2544 (4 1 T 568 B A Miises S5 3500 77, il Ak 7
W52 SCERPE AR Y e e AR 55 o S T TR Ak A SR
XM ) [ PR B
Ee,R <R,
R\ v E(e-e)R>R

AL E iR R R OB IR B s B, U4l
R NN T 58 RNAL 5 & hpids 1) Jie i o B A (4 7 2%

PRI, 87 A A0 0 g -1 A8 2R an 1] 3 Bl o i
T 50 1 e KN 7 o i IR 5% BE 15, FH Miiner 22 FHL45
A5 BRI TR (14 B TR 5 55 1 D AR AR AT R K 2 A7 A
2 BEIE SR BEIE IR B AR SRR Y & T B
BRI T IR PR B L R AR PRI AL N &2, 3F H Y
Ak 3 — e B2 B 245 1k, B 23 Bl A 16 2 U B0 3
AR A . R, X SR 3 04 hn 28 07 R s T R AIG
BI040 A8 A eT (AN 284 O, WL 4 BT o
2000
1800
1600
1400
1200

1000 F

800 + == R J] -J%7F Stress-strain
600 b —— LR RN Y - AR

Double-line engineering stress-strain

(1)

i /4 Stress R/MPa

400 |
200

0 0.02 0.04 0.06 0.08 0.10
N7F Strain &

B3 MMM -
Fig. 3 Stress-strain curve of the bilinear engineering
R T IR BRI s AR SR [ B ) D EE A e
FIA—F NLCD A 17 )
R,...- R
dD — 1 _ 1 _ D B+ 1 MR, R,) max mean
N TV ()

1PdN

(2)
A, R R P TEE o 8 (2) AT B, AT
LA B0 17 453 103 38 4 75 7 -



547 B T

SR, A5« IR ST IR 5 A A RRIE S I LR A 20 BT 51

1

De=f(E)=1=[1= ()= 7  (3)

X, B R BHUG W H o — A KN ) R, H
FEIRLT] R, A AT PREL

R R R R

0 N, N, N, o N, N, N,
(a) WRfEBIG (b) Wi A 328 0
(a) Increasing amplitude (b) Decreasing amplitude
R
R max

Ruin

O N N, N NN,
(c) M fH e Jm ik
(¢) Firstly increasing and then decreasing amplitude
4 IEIEIRRE
Fig.4 Load cycle block diagram

F 3 (3) LG W BERL AR N7, 9 B KL 5
9 W EE AR 8 =R A T Ak, B
K(n) . n oot
== @)
K, o —A RN T R, 1 PREC ., 15 3]
=X (5) IR EIE -

Lo b (5)

A2 B 3 3 X6 7 AR 49 5 1 R B o
P WE N SRR S5 R R & AR IR, N =

0,D = 0; B450 K ARBIE N = N, D = 1, Fikn] 1§
1 1 . M(R,.,) " 6)

Ne=TTai+8 &
&R (R, ) M(R,.,, ) A, AL
Jei AR MR T REN 7 -0 A% R

_ _ _i Ra_R—l Y71
N, =1/[1-(1 H<RH—RH> )]
1 Mo(l — meean) B
1+p [ R, 1 1)
S BRI R, .., = O 0(T) I 15
_l 1 % B Ru_Ru -h
TH1+ R VSRR, (8)

A BHE SO BRI G O T 79 S-V i 2 R
AIAS BN RS BV H e M, B
i SCHk [ 18145 3], 60Si2Mn i 55 A9 1 5E BE N 99%
RS i i /A=W
IgN = 8.7400 - 2.056 51g(R,,,. — 828) (9)

KR, IR FH

THE T 30 55 1 R 60Si2Mn, L 7E 3 RS TR 1 HL

B Pk BB R, = 1545 MPa, R, = 1680 MPa, R , =

786 MPa,v = 0.3, E = 206 000 MPa. i S-N f1£k #l4

SE B 25 H = 15. 428 ,h = 2.23, M, = 5299. 826,
B =0.313 1. ¥ZHH h BINHIEEAAZ(4), /)

K n n R, — 786 223

== ()

1 2
15428 <1680 - R,
K,

M4 [ 22 bR GB/T 1972. 2—2023 FR g AH A
XFAT1 BB SRR AT . M R, = 1545 MPaff,
X I BT 3 5 AR T B f = 0. 54h,; 1 f = 0. 75k, M HE
L AR . B BE, 3 B 0. 55, 0. 65h,.
0. 75h, 3X 3 RIS S5 T B (8 NI BE D) S dse RN
AT

i af e T AR B A W EE {4 A oA 32322,
31627.31 220 N/mm. X% b A EAE AR A (10) AT DA
32N S B W EE R AL £, W& 5 T .

1.0

1(

)]I—OIW (10)

0.8

0.6 1

FIARMIZEE

Residual stiffness ratio K(1)/K,

0.4

0.2

0 0.2 0.4 0.6 0.8 1.0

# At Life ratio N/N:
5 WEHMEIRICRIERMA ML

Fig.5 Theoretical stiffness degradation curves of the disc spring
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Analysis of disc spring stiffness degradation induced by fatigue damage

ZHANG Xiaoguang HAO Xinrui

HAN Shaonian

(College of Mechanical Engineering and Automation, Liaoning University of Technology, Jinzhou 121001, China)

Abstract: The disc spring will bear the cyclic displacement load during using, resulting in the fatigue damage and the

stiffness degradation of the disc spring, which causes irreversible influence on the compensation function when accumulated

sufficiently to cause fracture. Therefore, the disc spring material which occurred internal fatigue and structural stiffness

degradation was studied under the cyclic load. By considering characteristics of the geometric nonlinearity and the action of

the cyclic load, based on the traditional stiffness degradation model, a stiffness degradation model fitting for disc springs was

established. The force change of the structural system, the law of stiffness degradation of the disc spring, and the stiffness

degradation model were analyzed and verified with the finite element software. The model was modified based on the test data

to obtain the model that can be used to calculate the degradation of the disc spring stiffness. This model can predict the

deformation of disc springs’ structure in service, and determine the fatigue damage and performance degradation degree,

which can provide some basis and reference for the application of disc springs.
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