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A Stiffness Prediction Model for Fiber Reinforced
Plastic Coil Spring

CHEN Xiao-kai, LI Chao
(School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: A general form of stiffness prediction model was built for fiber reinforced plastic coil
spring, and a finite element modeling method was presented for finite element without
considering the mesh or node number. Based on the theory of composite laminates, the equivalent
shear modulus of laminates was derived and used to establish a stiffness prediction model for fiber
reinforced plastic coil spring, being applicable for arbitrary ply angle. In order to avoid the
difficulties in coordinating the direction between the element coordinate systems and spring helix,
a novel finite element modeling method was presented to design the laminating directly without
considering the mesh. The comparison between stiffness prediction model and the experiment
result in reference shows that the accuracy of the prediction model is better than the prediction
model in the reference. Considering the various combination of composite material and ply angle,
a comparative analysis between the prediction model and the finite element model was conducted.
The results show that the error between the prediction results and the FEA results are small,
which indicate the effectiveness of the proposed model.

Key words: fiber reinforced plastic; coil spring; stiffness prediction model; finite element

simulation model

W HE: 2018-02-18
HEWB: MEELH AR HE(2017YFB0103704)
EER A FEHYLA977—) 8 1+, B #4% . E-mail : chenxiaokai@263. net.



726 b5 | T ok % %W

540 &

PG ) e 0 R UM A D R AR A
M1 . 95 4 Sk 100 ke, B TH I T £ 47 B
1km™ . A RHRL R L SR EE | BT i Y R Al AR
IR R TTmAA B RS AT 2 A&
B 215 5 AL RSPl ik R R RS
LER AT LN . A2 A R R IR L B4 10 Hf 4 LA
TILATT T B S A AR i S B T
09 ] 590 e A AR 2 R S A B 2T 4k 1 5k BR
SR 4R B O T Rl A6 RTE SR AE T
JH 0 9 1] 550 SR DR A% 24 40 D0 19 B BRI T VR AR R 3%
WA M TR EEWSGE. Fn.hTES
FHRHZ A BURA B i R R i — LR AR —
JZ R 2 R IR JZATS T 4 252 7K 52 iy o 25 Bl 3w K
IR S 0 )0 B 4 i IR 0 A2 R R LA
AR R BRI Z Ah . 55 BORHIR i 5
LA TS JE5 ol o BELJE FAIR e 550 2. Choi 855 4
ST BRET Y 55 R I8 R MR 5 I O R 5
IS 25 475 10) O 457 Y R e L AT AT BR T o
H RGBS B — B2 A B A W R E SRR S
B i) S 2 O HLHA BROTAR B9 1) 1 57 5 25 18l
BATTT M S SR AR AR R S i R RO B
Z%. Luger 555 £F 4k 4 219 545 b1 IR BE 30 5% it
FEWEoE X G AR 2 ROEZ B Sr A R TR Y
I XF 52 4 Rk R 5 S I R B AT O BB (LR
1 e e ) L ASE R o i TR XL Ak R
BEX SO S5 M XY B 2T 4 52 5 b1 Rk R A A2 e
L ES TR T 40 B R O R R A T A
B HCRBERITS KOS T 0 82 L 5 6 RAT IR
JORE R Ny 7 PR TG R A ST B T8 AR AR R T
6] FEAT ™ A% BRE L 7 WA 23 1 b PR T TR B R
Wk, A kBRI A5HR R I A A MR R
206 199 A B e L 9 2E A W R o0 A W R B 9 2 X
HEMT 454 )2, B — R R%E. fE i
TR FH SR 6 i i B B T AR R L X 45 R
(1) 20 52 b R S M E 114 S M AT 4
PR3 B A LA R LA RS BE 47 0 B o B
KT I A BB 2 A BE I L S
T AN R 9 5 A R IR 5 S I | 5l T
AT, T e R AT A TR R 5B L AT 45 1
HBEAT LA o AH IR &5 A 5 27 4 Bl )= A 5 B0 000
BT

S SO £ i 4 5 5 5 AR G L 114 W R R
HEATHETE. & 5. 2 TR A AOR AL S 0 TOrik  R

525 A RE B2 MR ) 2 L P R BG4 T SO, O R T
2 MR BRI T B 2R T U2 A R A Ry
IRt HEAT IR, 145 5 1% G0 i o 3 I B8 3 0 3R 5A
A B — OB X0 52 G bR e 5 5 A ]I T )
RS H Yk, 3 FiberSIM 5 CATIA k4, %} 2
AT R W, B AR 45 R SO S A B AN-
SYS workbench |, 7 550 K 1 19 52 45 bR g
S0 A PR TR AR, 05 75 I8 0 AL A B RITY A G
S T IR B — g 5 R A O
AL SR, S0 R BN AR 8 NI A0 S Y
R L 8 R i 1 SR B L X s 0 5L 1 11
TEBENES Gy o DMK A B o A58 78 op i) 50 5 1 Ry S
DR, SRIT o B R [R5 0 A kL AS [R) 46 )2 A
JE B SR W R AT O B O 5 R0 A A AR 4
REFTR . R ERBRITER AN T
SCAE S U U O R X T 5 I 1 5

1 R R ol 4 B

EaMBE SIS th 22 B2 MM A 1 —i&
LI R Y 25 R B, S5 R 2 I BT 1 RO L 2
AR BV BE 5 4 A R B AR PR RE L B 4% R R R
B e 7 A 6. X 2 G BORLZE & R 24T 0 i
i — BB 25 A4~ B2 VR 29 50 9 4% 18] S 1 1 9 A
RS A BB P Bh s 22 B2 O 04 A A
A T A A B RE TR AR S )
k.

HHZR

Hoskmy  RER

B 1 ZEEMEZER
Fig.1 Composite laminates
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Fig. 2 Composite laminate of coil spring
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Tab. 1 Comparing with the model inreference [7]
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Fig. 5 Simulation model and constraints of the spring
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Tab. 2 The theoretical values and simulation results of 45° composite coil spring
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T/ 314 T300/5280 185 000 10 500 0.28 7 300 113. 06 105. 88 6.35
e/ B4R A5/3501 141 000 9 100 0. 30 7 200 86. 36 81. 81 5.27
e/ AR T700/5280 115 000 6 430 0.28 6 000 70. 25 66. 62 5.17

BB /R4 S1002 39 000 8 400 0.26 4 200 25. 92 25. 14 3.01
T/ IR K49/EP 76 000 5 600 0.34 2 300 46. 57 43. 40 6. 81
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Tab.3 The theoretical values and simulation results of composite coil spring with different ply angles
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Tab. 4 The comparison of the spring stiffness with and without core material
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