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Effect of Cross Section of Glass Fiber and Injection Conditions
on the Tensile Strength in GFRP Injection Molding

ol

1 =42 2 3 1,#
IR, BRI, FEIA?, 2T, HS AL

Il Yong Han', Sung Hyun Park? Min Soo Cheong? Tae Kyun Kim®, and Dong Sam Park'#

r

1 QIHCH

(hi

Joi

il 7|A|ZSta} (Department of Mechanical Engineering, Graduate School, Incheon National University)
2 LGTX} AAt7 |21 (Production Engineering Research Institute, LG Electronics)

3 SHEHIATZAIS|AL EP Innovation Center (EP Innovation Center, BASF Co., Ltd.)
# Corresponding Author / E-mail: dspark@inu.ac.kr, TEL: +82-32-835-8418

ORCID: 0000-0001-6201-6604

KEYWORDS: Short fiber reinforced thermoplastic (StM&e Zst E71AM £=X]), Shape of glass fiber (R2|8S SA),

S o

Injection condition (AKEZ=71), Tensile strength (CIZIZEE=), Design of experiment (DOE, A1 7| 2]H)

SFT, which has a high glass fiber content, is one of the effective methods to replace metal and secure weight reduction
and price competitiveness. This study evaluated the effect of glass fiber shape on mechanical properties in injection
molding by fabricating SFT with a glass fiber content of 60%. Three types of SFTs were manufactured by adding round
glass fibers of ®7 um and ®10 um and flat glass fibers of 27 x 10 um. DOE (Design of Experiment) conducts to confirm
the change in tensile strength due to changes in significant injection conditions. As a result of the experiment, ®7 um SFT
and flat SFT have similar tensile strength and ®10 um SFT showed the lowest tensile strength value. As for the standard
deviation of strength value, the ®7 um SFT had the largest standard deviation, and the ©10 um SFT showed the slightest
change in the injection conditions. In flat SFT, it confirms that the tensile strength increased as the molding temperature
increased. The fracture surface observes using SEM. It founds that the tensile strength lowers due to the small glass fiber
density and many pullouts at the fracture surface of ®10 um with weak strength.
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Fig. 1 Schematic diagram of short fiber reinforced composites
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Fig. 4 Orientation of glass fibers in pellet
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Table 1 Cross section and dimensions of glass fiber

Type (Size) Cross Section
Round @&
(D)= ®7 pm)
Round (D)
(D,=®10 um) '

Flat "
(W =27 um, H=10 pm) -

Table 2 Major specification of injection molding machine

Maker FANUC

Model S-2000i150B
Screw diameter [mm] D28
Max. injection capacity [g] 58
Injection pressure [MPa] 240
Max. injection speed [mm/sec] 500
Clamping force [Ton] 180

- 170mm &
82mm _

- ~ — ]
A= =
Laale ” E

_4mn'| 1“3“?3 CE,

Fig. 5 Shape and dimensions of specimen, according to ISO 527-2
standard
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Table 3 DOE by injection conditions

Table 4 Tensile strength according to injection conditions

Melt Mold Injection Holding (unit: MPa)
Case temp. temp. speed pressure Case O7 um ®10 um Flat
['Cl ['Cl [mm/s] [kef] 1 278.5 2683 2778
1 310 80 30 500 2 291.0 276.8 274.9
2 290 80 100 500 3 274.7 264.0 266.3
3 290 80 100 1,000 4 282.8 266.6 283.0
4 310 80 50 1,000 5 294.8 276.2 279.4
5 310 80 100 500 6 271.7 269.3 272.6
6 290 100 100 1,000 7 263.2 265.3 271.1
7 290 100 50 1,000 8 273.3 261.7 275.0
9 290 20 0 500 10 2823 2612 283.8
0 310 100 100 500 11 289.8 2743 286.1
12 2774 2722 288.
11 310 80 100 1,000 77 7 88.0
13 278.8 265.5 271.4
12 310 100 50 1,000
14 282.9 2702 289.0
13 290 80 50 1,000
15 267.3 267.0 267.0
14 310 100 30 500 16 261.6 259.1 271.8
15 290 100 100 500
16 290 100 50 500 200
ﬁ:' 2901
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Table 5 Average and standard deviation of tensile strength

(unit: MPa)
Type Average Standard
P tensile strength deviation
O7 um 278.68 9.80
@10 pm 267.94 521
Flat 276.58 7.52
Term 12.71
AB
ABD
ABC
o
BC i
G2 :
BCD '
:g ! Term
ACD '| A: Melt Temperature
BD '| B: Mold Temperature
3 '| C: Injection Speed
B '| D: Holding Pressure
0 5 10 15 20
Standardized effect
(a) ®7 um SFT
Term 4.303

0 1 2 3 4 5 6 7 3
Standardized effect
(b) @10 um SFT

00 05 10 LS 20 25 30
Standardized effect
(c) Flat SFT

Fig. 7 Pareto chart according to SFT type
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Fig. 8 Main effect plot according to SFT type
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Fig. 9 Fiber orientation in the skin and core layer

(a) Case 5 core layer (b) Case 16 core layer

(d) Case 16 skin layer

(c) Case 5 skin layer

Fig. 10 SEM images of the tensile fracture surface of ®7 um SFT
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Fig. 11 SEM images of the tensile fracture surface of ®10 um SFT
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