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Abstract: This paper presented analysis methods for adapting E-glass fiber/epoxy composite (GFRP) materials
to an automotive leaf spring. It focused on the static behaviors of the leaf spring due to the material
composition and its fiber orientation. The material properties of the GFRP composite were directly measured
based on the ASTM standard test. A reverse implementation was performed to obtain the complete set of
in-situ fiber and matrix properties from the ply test results. Next, the spring rates of the composite leaf
spring were examined according to the variation of material parameters such as the fiber angles and resin
contents of the composite material. Finally, progressive failure analysis was conducted to identify the initial
failure load by means of an elastic stress analysis and specific damage criteria. As a result, it was found that
damage first occurred along the edge of the leaf spring owing to the shear stresses.
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Table 2 Calibrated material properties of fiber and
epoxy from GENOA software

EGLASS

Created from MCQ Module of Fiber Calibration

Property Symbol Value Unit
MASS DENSITY Rhof 2.54E-12 |tonne/(mm~3)
NORMAL MODULUS (11) Ef11l 70000.0 N/(mm#2)
NORMAL MODULUS (22) Ef22 68880.0 N/(mm#2)
POISSON'S RATIO (12) Nufl2 0.28

POISSON'S RATIO (23) Nuf23 0.45

EPOXY

Created from MCQ Module of Matrix Calibration

Property Symbol Value Unit
MASS DENSITY Rhom 127E-12 |tonne/(mm*3)
NORMAL MODULUS Em 3552.00 N/(mm»2)
POISSON'S RATIO Num 0.34

Fig. 1 Geometry of composite leaf spring mounted
on rear cross member
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Table 3 Spring rate due to the variation of fiber

angles
Fiber angles arrays | Spring rate, k& (kgf/mm)
[0] 12.6
[0/90] (90%/10%) 11.6
[0/90] 8.5
[0/45/90/-45] 6.7
[45/-45] 3.9
4,000
— -[0]
—o—[0/90](90%/10%)
3,000 -~ ~8-[0/90] el
. —m- [0/45/00/-45] A
E) o [45/45] K 2
§ 2,000 —
| i e =] -----
1,000 i

200
Deflection (mm)

300 400

Fig. 2 Load-deflection curves according to fiber
angles of GFRP leaf spring
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o17]1A,

Vi« fiber volume fraction (vol %)
RC : resin content (wt%)

p : laminate specific gravity

py * fiber specific gravity

Pyt resin specific gravity

el A glass  fiber®}  resin®] WEE ZH7t
2.54x10"* tonne/mm’*2} 1.27x10"? tonne/mm’®] 2t
7V E 749, fiber?} resin®] FHHS Fbel gk
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volume fraction)E 7] 22 RC (Resin Contents)

= el A §olt,

Table 4 Density and resin contents w.r.t FVR

Vi (%) 55% 60% 65% 70%

p 1.97 2.03 2.10 2.16

RC (%) | 29.03% 25.00% 21.21% 17.65%
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Table 5 Ply properties w.r.t. FVR
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Ply Fiber Volume Fraction (%)
properties | sso, | 60% | 65% | 70%
Eii (GPa) | 39.14 | 4247 45.71 48.96
E», (GPa) | 11.67 | 12.99 14.57 16.50
G (GPa) | 3.48 3.75 4.05 4.40

Vi2 0.31 0.31 0.30 0.30

Table 6 Spring rate due to the variation of FVR

FVR Spring rate, k& (kgf/mm)
RC32% (FVR 51.52%) 9.2
55% 9.7
RC27% (FVR 57.48%) 10.1
60% 10.5
65% 11.3
70% 12.1
4,000
- fvr55%
—O-fvr60%
3,000
——1fvr65%
——fvr70%

—0—RC32% fvr51.52%

2,000

Load (kgf)

1,000

—eo— RC27% fvr57.48%

150

200

Deflection (mm)

300

Fig. 3 Load-deflection curves according to FVR

of GFRP leaf spring
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(a) Initial damage due to shear stress along edge

(b) Damaged by shear and bending stress

(c) Final fracture damage

Fig. 4 Progressive failure analysis of GFRP leaf
spring by increasing step-by-step load
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