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Study on Mold Temperature-Dependent Deformation and Impact

Behavior of PPS/GF Composites using Digital Image Correlation

Beom-Gon Cho

ABSTRACT: In this study, the impact resistance properties and strain behavior under static compressive load
according to the mold temperature (80, 100, 120, 140, and 160°C) of the PPS/GF 65 wt.% composites applied to the
housing part of an electric vehicle film capacitor were quantitatively evaluated using 3D digital image correlation
analysis (DIC). The Izod impact strength increased by approximately 30% at 160°C compared to 80°C, and the drop-
weight impact energy absorption improved by approximately 70% in the range of 80-160°C. The static compression
test on each component was conducted by injection molding the component under mold temperature conditions of
120, 130, and 140°C. As a result, the 140°C mold condition showed the highest stiffness, toughness, and energy
resistance, with an average maximum load of 28.4 kN and a principal strain of 4.5%. The DIC strain field revealed
that strain concentration occurred at the lower left corner of the part during the loading phase prior to fracture
initiation. Lower mold temperatures resulted in increased strain deviation and crack propagation variability due to
non-uniform heat transfer along the thickness gradient. Accordingly, 140°C was identified as the optimal processing
condition for uniform glass fiber orientation, maximizing unit impact resistance and energy absorption.
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Fig. 1. Fractured specimen photographs after Izod impact test
for PPS/GF 65 wt.% composites with different mold tem-
perature: (a) 80°C, (b) 100°C, (c) 120°C, (d) 140°C, and (e)
160°C, respectively

140

Fig. 3. SEM analysis of the fracture surface after Izod impact of
1204 / PPS/GF 65 wt.% composites with different mold tem-
+ peratures; (a) 80°C, (b) 100°C, (c) 120°C, (d) 140°C, (e)

1 il 160°C, and (f) 160°C, low magpnification (X200)
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Fig. 2. Izod impact strength of PPS/GF 65 wt.% composites with
different molding temperature
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Fig. 4. Fractured specimen photographs after drop impact test
for PPS/GF 65 wt.% composites with different mold tem-
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Fig. 5. Impact test results of PPS/GF 65 wt.% composites with
different molding temperature after drop impact test; (a)
impact load vs. displacement, (b) impact absorption
energy vs. time

Table 1. Impact strength after Izod impact test and absorbed
impact energy after drop weight impact test of PPS/GF

65 wt.% composites with different mold temperature

Mold Impact strength| Absorbed Force @break
temperature (°C) (J/m) energy (J) (kN)
80 86.27+5.56 7.92+1.74 1.73+0.06
100 97.04+4.53 10.76+1.18 1.70+0.10
120 105.08+7.03 11.75+0.30 1.64£0.96
140 111.54+5.45 12.24+0.62 1.67£1.01
160 124.54+2.30 13.69+0.73 2.06+0.15
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Fig. 6. Strain analysis of a film capacitor housing component
with a PPS/GF 65 wt.% composite under static load
through DIC: (a) experimental setup, (b) component failure
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Fig. 7. Digital image correlation (DIC) analysis of strain evolu-
tion in film capacitor housing parts with PPS/GF 65 wt.%
under static compressive loading: (a) compressive load-
strain curves, (b) variation of maximum buckling load
with different mold temperatures, and (c-e) full-field
strain distribution at mold temperatures of 120, 130, and
140°C, respectively
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Table 2. Impact strength after I1zod impact test and absorbed
impact energy after drop weight impact test of PPS/GF
65 wt.% composites with different mold temperature

Mold . Major . Major strain
temperature Maximum strain Z displacement at points
) load (kN) %) (mm) %)
120 25.6+0.24 | 0.953 | -1.751, +1.1278 | 0.012~0.504
130 27.1+£1.28 | 1.037 | -1.748,+1.431 |0.057~0.511
140 28.4+1.11| 4.515 | -1.541,+1.445 |0.088~0.584
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Fig. 8. Changes in z-displacement under static load of PPS/GF
65 wt.% film capacitor housing parts according to mold
temperature using DIC analysis: (a) 120°C, (b) 130°C, and
(c) 140°C, respectively
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Fig. 9. Full-field major strain distribution measured at equally
spaced locations in PPS/GF 65 wt.% film capacitor hous-
ing components at maximum compressive load using
DIC: (a) 120°C, (b) 130°C, (c) 140°C mold temperatures,
and (d) comparison of peak major strain values at each
measurement point

Fig. 10. Progressive failure behavior of film capacitor housing
parts with PPS/GF 65 wt.% under static compressive
loading analyzed by DIC at different mold tempera-
tures: (a) 120°C, (b) 130°C, and (c) 140°C, respectively
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