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Effect of Cross Section of Glass Fiber and Injection Conditions on the
Warpage and Gloss in GFRP Injection Molding
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SFT, which has a high glass fiber content, is one of the effective methods to replace metal and secure weight reduction and price
competitiveness. Also, paintless injection molding in which a functional pattern is applied to the mold surface can eliminate the
cost of painting. In this study, three types of SFTs were manufactured by adding round glass fibers measuring ®7 and ®10 um
and flat glass fiber measuring 27 x 10 um for the experiment. DOE (Design of Experiment) was conducted to confirm the change
in the warpage of the product and the gloss of the micro pattemn due to the cross-sectional shape of glass fibers and the major
infection conditions. Based on the results, it was identified that the flat SFT had a very small warpage compared to the round
SFTs, and the holding pressure was the main factor in the warpage of all three SFTs. The @7 um SFT had the largest gloss
value, and the ®10 um SFT and the flat SFT had similar average values. All SFTs demonstrated an enormous change in gloss
according to the change in mold temperature. The flat SFT had the smallest standard deviation in both warpage and gloss.
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Fig. 1 Measurement angle of gloss

Table 1 Gloss range according to measurement angle

Measurement angle [°] Gloss range
20 More than 70 GU (high gloss)
60 10-70 GU (medium gloss)
85 Less than 10 GU (low gloss)
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Table 2 Cross section and dimensions of glass fiber

Type (Size) Cross section
[nm]
Round D,
0 =07 —
Round ﬁ
(D,=®10) U

Flat H
w=271=10 —
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Fig. 2 Shape and size of specimen
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Fig. 3 Shape of micro pattern

Fig. 4 Micro patterns processed on the mold surface
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Table 3 DOE by injection conditions

Melt Mold Injection V/P  Holding Cooling
Case  temp. temp. speed position pressure time

[Cl [Cl  [mms]  [mm]  [kef]l  [s]
1 280 80 20 16 400 15
2 300 80 20 16 800 15
3 300 100 20 16 400 30
4 280 100 60 16 400 15
5 300 100 20 18 400 15
6 300 80 60 18 400 15
7 280 100 20 18 800 15
8 280 80 60 18 800 15
9 280 80 20 18 400 30
10 300 80 20 18 800 30
11 280 100 20 16 800 30
12 300 100 60 18 800 30
13 280 100 60 18 400 30
14 280 80 60 16 800 30
15 300 80 60 16 400 30
16 300 100 60 16 800 15
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Fig. 5 Warpage measuring system
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Fig. 6 Average and maximum box plot of warpage according to
SFT
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Table 4 Results of warpage and gloss

Warpage [mm] Gloss [GU]
Case 7 D10 Flat
7 D10 Flat
Min. Max. Average Min. Max. Average Min. Max. Average
1 0246(8) 5.702(7) 2.830 0.737(9) 7.780(7) 2926 0.089(2) 1.627(3) 0.872 0.526 0.329 0.341
2 0363(8) 3.782(7) 1.632 0.178(9) 2.588(3) 1.016 0310(5) 1423(3) 0.793 0.470 0.328 0.339
3 0.676(8) 6.631(7) 2.548 0.629(9) 9.207(7) 3.051 0.188(5) 1.716(3) 0.811 0.339 0.241 0.316
4 079 (©) 6458(7) 2796 0.631(9) 7.687(7) 3.464 0.180(5) 1.424(3) 0.733 0.341 0.253 0.324
5 0.698(8) 7.261(7) 2.841 0.357(9) 10213(7) 3456 0.069(2) 1.682(3) 0.856 0.349 0.233 0.319
6 0277(8) 4398(7) 2238 0.504(8) 4708 (3) 1.854 0.046(2) 1.487(3) 0.745 0.484 0.330 0.338
7 0.653(8) 5.777(7) 2.605 0.102(9) 6.496(7) 2352 0.261(5) 1.238(3) 0.766 0.403 0.262 0.314
8 0.597(8) 4.686(7) 1.843  0.100(1) 2.629(3) 1.255 0.278(5) 1.261(33) 0.694 0.497 0.371 0.338
9 0274(8) 5388(7) 2923 0941(2) 7.655(7) 2941 0.024(2) 1.566(3) 0.800 0.549 0.363 0.333
10 0359(8) 3.711(7) 1616 0.158(9) 2.110(3) 0.862 0.303(5 1.336(33) 0.759 0.480 0.342 0.342
11 0711 (Q2) 5.634(7) 2427 0288(9) 5486(7) 2299 0269(5) 1.193(3) 0.728 0.403 0.268 0.324
12 0494 (9) 4.145(7) 1.769  0.162(1) 3.705(3) 1.603 0303 (5 1.069(3) 0.727 0.305 0.273 0.313
13 0781 (8) 7.027(7) 2913 1.042(8) 7.126(3) 3415 0.021(2) 1.308(3) 0.682 0.396 0.271 0.324
14 0435(8) 3.281(7) 1421 0.181(9) 2.820(3) 1.056 0.284(5 1.121(33) 0.652 0.502 0.374 0.345
15 0478 (8) 4.656(7) 2.031 0305(1) 5.676(3) 1.820 0.135(2) 1.521(33) 0.779 0.464 0.329 0.345
16 0454 (9) 3.962(7) 1.767 0227(1) 4495(3) 1902 0309(5 1.196(3) 0.723 0.299 0.264 0.305
HAE 02002 2 Wolel /g Eastach. Flat 240t 2= S1g 5 gl
wjstol] W AEe) 4% ool A1 wRHo] AX HEY o, e el Aol e SEA0 Fa
sksoll thadshe flo] 7] tiwoll St MFEES 2= A Shth= 21 oJu|Ritt
ow g,
7} SFTo| 9ol JFe F= ol sfelely] 98] Ade 4.2 MeE
Q #AS skt wE RG-S 22F W T A-E7HA] AL SHY 87 (Micro-TRI, BYK)E ol-&s}o, JjelHe] Fe=s =
onl, FOOA G EASE OAOR vk EW BRIk Sl FARE 10 GU olofel AR Goied o1
E}

[e)

(Pooling)2 Z8Y3}o], Fig. 73} Zro] Pareto JEE Fo] 321z}
= YEHITh Pareto AE= 71 & atollA 74 2R 2t
72 mzsE mke] Aghe HolFEch XZow AW T
3k 53k g3t oolgbe AR 7HIE AAskE 5 AlE

ojm, Y& A+ & WHARE-0] gH(Term)S FEASIL Gl
Eh AFEO A FHoR FAIE 7S eSS Holkle
UAG R 2 AtolM= 5%E oo s A5kt

Figs. 7(a), (b)2} Zo] ®7 pm SFToA= BEY, 32k, 4
F2rol AEHE o7 o JFS F= AoE Yo
o, ©10 pm SFTo|A = Helwl FHLE, AESE o2 9
zﬂ;e— Z9t}. Fig. 7(c)] Flat SFTOHHL Hol A% E, A

T 207 3o Y-S F9irh. 3714 SFT RF KHlo] o

M 2 S e AS T 4 Aok
ol2fgt Ail= Fig. 89 FaIMEOAE I = Ut
F SFTO] v s ol HFs 5dg #91(1~8mm)= ]
1odch @10 um SFTS] 391 x}~ o2 270 vls 2 7]1&7]
74431, Flat SFT= 2122 0lE 2AE - = 7]L87)

A7) okt Eh, Heto] Ul uhel fgko] olx|=

ol _|\i

:L ]

eEE Hogt FU WAl
= BAREA AYE HojErh ©7 um SFTE| Fele Ftghs
043 GUE 713 701, B2 HAE 00812 27 wWalo] np2

spel e W3lr) 714 Zch ©10 um SFTS} Flat SFT= 242} 0.30

o5 BXA3C) HA, Fig. 9

T} 033 GUE §ARE B3-S 7HAANE, F2HA= 10 um
SFT7} 0.048% 0.0132 Z'= Flat SFT tju] 2 F2HA2 B¢
t}. Flat SFTi= o4 Ao} npirbx e zawst] 714

‘:71-6].011:]-

SFTE Jdx Ayt ZrixEls 84089 e 9 o)
2 29lo] H3ick. &7 pm SFTE o] ol e 4:¢] §
AR AP, HERE FAEE S Walste] ew
7} et Ao wohe )

Figs. 102} 119] Pareto X}ELQ} FRIA oA EHelgr 4=
o] 37}#] SFT H% E.a&iﬂ Fewo 7W 2 ¥ =
QA &, FF2E A
Alsted, mlAlsE 5o %Ol Hrh= e vl



128 / February 2023

Term 2.776
E
B
A
€ Term
AC A: Melt Temperature
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F C: Injection Speed
BF D: VP Position
AD E: Holding Pressure
AF F: Cooling Time
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Standardized effect
(a) @7 um SFT
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D
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Standardized effect
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F
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Fig. 7 Pareto chart of warpage according to SFT type
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Fig. 8 Main effect plot of warpage according to SFT type
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Fig. 9 ANOVA of gloss according to SFT
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Fig. 10 Pareto chart of gloss according to SFT type
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Fig. 11 Main effect plot of gloss according to SFT type
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