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Table 1 Main parameters of double leaf spring

Fo5 Z o
1 Py(Z3) 6800 N
2 PCl#) 16000 N
3 L) 1350 mm
4 L(%FEH) 1200 mm
5 b( %) 70 mm
6 h( ) 11 mm
7 Hy( F3&H olm) 138 mm

(a) X CATIA AR Ak

(b) B CATIA Hr #5571

BT A B CATIA B2
Fig. 1 CATIA model of leaf spring
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Table 2 Main parameters of mono composite leaf spring

o5 Z O
1 LOKJE) 1350 mm
2 hy (PR ) 22 mm
3 by (SRR ) 11 mm
4 Hy( A HIE) 153.8 mm
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Table 3  Physical parameters of leaf spring

Fo5 Z M BofH
1 PR 2.1x10°
2 THAALE 0.266
3 T B 550 MPa
4 it e 3 250 MPa
5 wE 7860 kg/m’

A4 LA h Fri s

Table 4 Material properties of composites

SRR E BieF SHLF W 4 PIRRIL4
E, /MPa 45000 50000 209000 95710
E,,/MPa 10000 8000 9450 104500
G,/ MPa 5000 5000 5500 25080

Vi 0.3 0.3 0.27 0.34
B /kgom™ 2000 2000 1540 1402

hrfsi i 1100 1700 1679 1600

JE 45 i 675 1000 893 517
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Fig. 3 Schematic diagram of loading and restraint

of leaf spring assembly
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Fig. 4 Schematic diagram of rigid coupling of eye
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Fig. 5 Finite element model of leaf spring assembly
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Fig. 6 Assembly stress and deformation of double leaf spring
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Fig. 7 The stress and deformation distribution from finite
element analysis for steel leaf spring under different loadings

NODAL SOLUTION A’,‘{?Yg
STEP=2 JAN 2 2020
SUB=10 5:37:53
HMES 15:37:53
SEQV (AVG)
DMX=69.6358
SMN=1.08656
SMX-=477.837
108656 107.031 212976 31892 424.856
54.0589 160.003 265.948 372893 477.837

K8 SHRARETE 4000 N A 2805 F T A I 1 1 A1 2 1
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Table 5 The results of finite element analysis of leaf spring

i/ N 53N 1/ MPa %/ mm
1700 323.8 46.9
2000 346.8 50.4
3000 411.9 60.5
4000 477.8 69.6
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Table 6 Comparison of the results of different

composite leaf springs

SRS SN BUE BE E

oK (2000 N) (4000 N) (2000 N) (4000 N) i
/MPa /MPa /mm  /mm /%
E BT (XU 2186 495.7 1195 1908 746
S BHLF (W) 2134 4939 1133 1789 746
TREF (OBUAY) 3882 5565 545 789 804
BURHIL4E(BUT) 2713 440.3 74.7 1089 822
E BLF (B 150.5 346 41.6 732 80
S BHEF () 147.4 344.2 39.1 68.2 80
A () 118.1 247.1 13.6 241 846

YU SE () 1145 281.6 21 36.1 86
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Fig. 9 Equivalent stress of two kinds of composite leaf spring
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Stress and deformation distribution of monovariable width

E-glass/epoxy leaf spring under different loads
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AT 2HRRE XM K 0L A A (MPa)
Table 7 Equivalent stress comparison of two different types

of composite leaf spring (MPa)

e g 2000 N 4000 N ol R R
JFR A E 2%/ MPa 150.5 346 80%
HRASTERE F B LA/ MPa 187.6 404.8 85.2%

K8 2AFRREH XS HHA LA 2 (mm)
Table 8 Deformations comparison of two different types

of composite leaf spring (mm)

i Wa= i 2000 N 4000 N
JFUA R E B 4P/ mm 41.6 73.2
ARG B BEAT A/ mm 49.5 87.3

H I T A B X B T, e AR i L A
ARG BE A A MR B I 2K VON MISES i J7 b Ji
He BB LT M 375 K2 58 MPa, Mg 58 B A5 48 1 A5
WAEKRZ) 14 mm, (BAREBRT RVTFRTEE N, K
ERb e A A LSl C e A N Y S P SN R g a e e}
T ALEE A (R PR A 4 N (AT DL RR B AR
BUAS I REER B R WA T TP AR e PR D
BRI T RET 1 Zead 3138, Ak B e Y B
RS E AR A MBI E AR E
MR 1 JE R B PR T 29 5. 2%, %51, &
SRULALS 1 E BEEF 526 M RMR SRR 200 ) B e iz
A SR (R RRHE— 2R BT LA A A
BRI T A B 25 A AL A 2 A B
4.3 RAEERHK

A FEUE — POk I B 5 1 % R R R
50, B TR AE 308 L RBUE 7K 32 1 2 for 5 5L PR 7K
Z W AR A 0 AR, AR A SR —Fh E S
HB AR B O R 15 TAE R
FIRELAE ™, T AR 7 2R AR 35 32 far 4808 B 11
ORI IIME, 9 R T =R RIMR 3 14 4 R 5
A,

29 Z4RHTH

Table 9  Comparison of safety factors

77 ¥ 77 ¥
e B iiiﬁ iiiﬁ
JEBA T E B LA 4.48 1.95
B ASTENE E BT 3.6 1.67
XU B 5ER 1.59 1.15

B e 9 B AT LI ), 2 Ak Bt i
ARG E B A A AR R LU R 5 E AT
AR 0 4 2R BTN (8 FC A AR B85 1, i
WA A2 A MR B AR B 56 5 022 4, A2 & bkt
ALY TS S KR i
4.4 HKFHME

A0 P b R 7 2 R B, R AL
376 76 (7305 P , 30 2 Il M 6 P 5 55 R, T A
S A RN L 1, LI G 5 38 R R A
SR Ak, — ST RIS R 12 Ha,
PR A RBERC T I, BN & R A R, 1
A7 BRIC A AR 2 1 = R O SR AN & 12 R

30

Steel 27.8

25 B8 Composite (before optimization) 245

@ Composite (after optimization)

20

s s
12 2 ______

10

Friequency/Hz

Comparison of natural frequencies

K12 R [R)AAR o A 33 % L
Fig. 12 Comparison of natural frequency of

different types of leaf springs
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LIRS R E LR AR RN AR, (HA KT BRI i, X
YL T 55 MR 3 5 T B 2B AR Y FT RE A L
A BRI N DT ] JE < Ll FH
4.5 FERE

RS G0 1 A K2R 60% ~ 70% , A [A] 1Y
WAREXT 25 1 B o S M R A AR KA 52 ), Jor LA
BHO R A e R A A AT R A T T TR 5 B T2
PR M3k A =5 22 0 B 2 3 o A8 T R W e A
fffERE L, o PRI RE SRR ke, I DAL R 476
RERE 7 AR 3 AT LA = V28 1 Pk B RN a2 AN - 3 It
ST AHIR, HoeRARTIFR R,

2
g

U=p7E (5)

Hrf.o N ;p WE R E RIS, 7F 4000 N
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Fig. 13 Comparison of strain energy
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PERFORMANCE COMPARISON AND STRUCTURAL OPTIMIZATION
OF LEAF SPRINGS OF DIFFERENT COMPOSITES
CHEN Guang-hao, LIANG Zhi-hong, ZHANG Zhi-fang "
( Guangzhou University-Tamkang University Joint Research Center for Engineering Structure
Disaster Prevention and Control, Guangzhou 510006, China)

Abstract ; With the increasing competition in the automotive industry and the growing demands of environmental
protection , it is necessary to optimize and reduce the weight of vehicle components design. In this paper, the geome-
try model of the leaf spring of a typical vehicle was established using CATIA 3D. Then it was imported into ANSYS
15. 0 for construction of the finite element model (FEM). Five different material properties were defined in the FE
model including steel and four types of fiber reinforced composites ( E-glass/epoxy, S-glass/epoxy, Carbon/epoxy
and Kevlar/epoxy). The stress, deformation, stiffness and weight of the leaf spring were obtained from FEM and
then were compared to each other for the double-leaf steel spring, double-leaf composite springs (of four composite
properties ) and mono-leaf composite spring (of four composite properties). The results show that the mono E-glass/
epoxy composite leaf spring has the best performance price ratio, and the weight is reduced by 80% compared to the
traditional steel leaf spring. In regard to the fact that there is section in leaf spring with very low stress under vehicle
loading, the structural optimization was conducted to develop a mono E-glass/epoxy composite leaf spring with
varied section width. The component weight, the safety factor, natural frequency and strain energy of the mono E-
glass/epoxy composite leal spring before and after the optimization were compared, and the results show that the
mono E-glass/epoxy composite leaf spring with variable width after the optimization has satisfactory performance,
with low cost and further 5% weight reduction.

Key words:FRP composite ;leaf spring; structural optimization; finite element analysis



