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Impact Behavior of Short-Fiber HMC Composites

Hyeon-Wu Sonn” and Byung-1I Yoon™

ABSTRACT

A high strength sheet Molding Compound(HMC—R) of random chopped glass-fi-
ber/ polyester has been developed for a ballistic application. The considered variations
were f{iber length, areal density, and fiber weaving pattern. Impact response was studied
by both drop-weight and ballistic methods. Also, impact damage was observed by Znl,
X-ray, Ultrasonic C-scan, and SEM. The HMC Composite composed of longer fibers(50
mm) resulted the best ballistic performance compared with any composite materials.
This result might be due to higher absorbed energy and slower propagation rate of
cracks such as interlaminar debonding and fiber bridging. A drop-weight impact test
was found to be a very attractive method in terms of predicting and comparing the
ballistic performance for the composite material used. Consequently, it seems that
the new HMC composite developed in this study can be applied on the ballistic fields.
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Table 1. MC-R73 Formulation

%Funct(on 3 Component Weight(%)

%Requrcement; E-Glass fibers 73

! (25mm, 50mm)

;Resin 5 {sophthalic Polyester : 24

%Fi!ler i Calcium Carbonat 1.18

mecker Magnesium Oxide 1.1

Hnhibitor | p-Benzoguinone (PEQ)  0.01 |

Linitiator t-Butyl perbenzoate 0.24
Zinc Stearate 0.5

'Mold Reiease

Taple 2. Flexural Properties of HMC-R73
& S-2 Glass/Polyester Composite
N ] k2] : 73‘ = 70L A %} ’vﬂ,
- - (MiPa) | (GPa) | (o
T HMC-T &) 297.4 0 12.28 \ 2.65
HMC-2 0} 1985 129 | 2.03
HMMC-3 ¢} | 2855 | 128 | 2.44
4 | 226.3 | 2617 | 1.4
al thickness: 5mm, Chopned  fiber
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Table 3. Drop Weight Impact Test Data
. AD P'/AC Di/AC Ep/AD E'/AD E"/AD
No Material lg/cm?] [Nm?/Kg] [Jm*/Kg] [Jm?/Kg] [dm?/Kg] [Jm?/Kg]
1 H-1-5t-50 0.85 1112 3.51 0.08 3.59 1.47
2 H-1-5t-100 0.85 1319 4,21 2.96 7.16 6.31
3 H-1-5t-150 0.82 1213 4.81 4,17 8.98 8.98
4 H~1-6t-100 1.04 1048.4 3.42 2.4 5.82 4.95
5 H-1-6t-150 1.08 1011.6 3.97 3.13 7.1 6.62
6 H-1-12t-100 2.09 1088.7 2.91 0.0 2.91 1.5
7 H-1-12t-150 2.16 1292.4 4.19 0.03 4,22 1.72
8 H-2-6t-100 1.03 1110.9 3.86 2.04 5.9 5.67
9 H-2-6t-150 1.08 986.6 3.37 3.92 7.29 6.89
10 S-5t-50 1.0 1033 2.93 0.12 3.05 1.66
11 S-5t-100 1.0 1470 5.68 0.41 6.09 3.58
12 S-5t-150 1.01 1646 8.25 0.77 9.01 5.49
NOTE .
P’ . 35 (Peak load) P’/AD : W] # o 8}-5(Specific Peak load)
E ¢ #AdeluiA(Max. energy) E'/AD @ ¥ ZQT/H oA 1A (Specific Max. energy)
E” ¢ F%elv] A (Absorbed energy) E"/AD  n] FFolli] A (Specific Absorbed energy)
Ei : Ay A (Initiation energy) Ei/AD : ¥] ’ﬂa}’%‘ 1] 2] (Specific Initiation energy)
Ep @ A3tel1d ] (Propagation energy) Ep/AD @ u] #3}eli] ] (Specific Propagation energy)
AD | WU %(Areal Density)
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h of damaged HMC by drop weight impact test.

icrograp

Fig. 4 Scanning electron m

(a) HMC front side

(c) S2-Glass front side

{b) HMC rear side

Fig. 5 Photographs of damaged HMC & S2-glass composite by drop weight impact test.
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Table 4. Results of Bailistic Testing for HMC 5
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e : = el Cal30 Cal.50
Frde] 9 g= = e > © HUC(25 o HMC(50mm)
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AP M2 399 | 1.7 2.87 g L s
2}
561 | 1.69 3.57 s \\ »/Q\%\q
Cal. 50 25 6.16 1.72 1.42 i :
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0 H 1 1 1 1 il 1 H L 1 1 1 1 1
10.3 1.71 .36 01t 23 456 7 8 91011121314 15
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10.3 1.71 1.49 50 AP projectile.
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Fig. 8 Damaged area vs. impact speed.
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Fig. 10 Znl; X-Ray photograph of HMC com-
posite after ballistic attack with
Cal. 30 AP projectile.

(a) HMC

{b) S-2 Glass Composite

Fig. 11 Cross-section of (a) HMC and (b)

S2-glass composite after ballistic
testing.
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