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A Study on Optimum Injection Molding of Toe-Cap

Using Heat Stable polymer

Kwang-Su, Cho

Department of Refrigeration and Air conditioning Engineering
Graduate School

Pukyong National University

Abstract

Safety shoes are developed for heavv industry. Nowadays with the
growth of industry, developed safety shoes has a plastic toe-cap under
health the leather and protect the wearer’'s toe from moving or falling
objects. It needs to comply with the requirements and specifications of
last version of Korea industrial standard. And it’s developed not only
protect from danger but also more comfort wearing. When wearing
safety shoes in cold weather, serious disease could occured such as
frostbitten and so on. When it replace by polymer, moreover add
keeping warm, light weighting, chemicals-proof. So we develop plastic
Toe-Cap using plastic technology.

The purpose of this study is to replace protective shoes steel
Toe-Cap to light weight material. And capacity is maintained existing
steel Toe-Cap. So this paper was tested injection molding products
which contain glassfiber reinforced PA6 material.

The Toe-Cap was modelled and modified the shape for disperse the
stress and stronger. It was used ideas and moldflow for structure

analysis and molding analysis. Then mold was designed by



consideration with location and density of weld line.

Finally, some materials were selected and polymer Toe-Cap was
made by using PA6 glassfiber reinforced 30~45% through optimal
shape design, injection process and analysis.

The developed polymeric Toe-Cap was tested to compare its
suitable for using which 1s impact test, pressure test and light weigh
percentage. The tests were performed by KS and JIS test conditions.
Initial modeled protective shoes were unsatisfactory results, but one of
modified products are satisfied the test conditions.

It was important for polymer that matching optimum gave pull play
as protective goods against steel materials. If polymer is strong
enough to use protective goods instead of steel, it would be nothing

except optimize.
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Photo 1 Side View of Steel Toe-Cap

[a)

Fig. 1 Schematic of Toe-Cap(Side View)
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Fig. 2 Schematic of Toe-Cap(Front View)

Table 1 Condition of Impact test

Group Impact Energy J Impact Height(cm)
H 100 b1
S 70 36
L 30 15

Table 2 Conditions

of Pressure Test

23439 44

T

Group Pressure(kN)
H 15
S 10
L 4.9
ek AlEAd S AAlstar, ZF AlE A
NP S AAstR o, o A3 E Ve A Th

2ol AgE Anol

_10_




Table 3 Mcchanical Properties Test Material

| supran | 2411 | A218 | DMX | 80G
Property | Unit ) . _ | e
1345 GF6 V0 ! 656M 33L
Tensile ,
. MPa 123 186 240 120 145
Strength
Elongation B
% 25 15 2 25 4
at Break
Flexural .
MPa | 7,650 3,300 13,500 6,000 6,900
Strength
Glass o 15 30 2% 33 33
Fiber ) ' . -
231 AR 2 AlEAY
AR Zelotn=Age feldf 48 Seprdow Fw of
detrhin #ekE= Zytel 23 %9 Rhodia 285, Ul Ao A s

$ARE HUMR AlE
d

Hol A83 4B

Eato: o A&

A 7Aoo o) F, vkabE, Ao
SR
g A 4 9 (clamping force) 140 ton, A& &

78 otde] Fig.

vl

g Aol A g E 5

3 113kg/he] ).

2l 2 =5-(in line screw)?)

2 A9
Photo 30l LR} g
N
P71z, YAZel HAul 6urtA thetE

25} 2

Ith LGL4ON A &71 =

A sl Aot HEAA BN E
o] e,

+dol bt Z4E drka

o}
H

AF& -8 2F(injection capacity) 10.4 OZ.
(injection rate) 206cm/s, 7}2~8}

°] ASTM D-638 7l

913l Tensile Specimeng AF2319t). Photo 2= 289 A4 wo|u),
of B@ g Wol AReA Ste] AEWS AAEA FHed o)A F
ol NS dgoRMN AFe] LS FoJEth Table 42 7F Aaw
48 2¥xds e
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Photo 2 Tensile Speciman Mold

Fig. 2 Schematic of Tensile Specimen
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Table 4 Using Material of Injection Molding

Uit supran | AZ218 2411 | DMX 30G
i
" 1345 V50 GF6 65M 33L
Injection o
MPal 103 123.6 103 103 123.6
Pressure
Ist 154.5 154.5 1545 | 1442 | 1236
Injection| 2nd y 154.5 154.5 154.5 144.2 1103
cn/'s
Speed 3rd 154.5 1236 | 1236 | 1236 103
4th 144.2 1236 | 1236 | 1236 103
Injection
) S 4 4 4 4 5
Time
o nozzle 250 315 300 260 295
Injection |7, 245 | 310 | 290 250 | 290
Tempe-r T -
H2 240 305 280 245 280
ature
H3 230 205 270 240 270
Packing
MPa| 103 103 103 103 103
Precess
Mold . R .
. C 60 60 60 60 60
Temperature

_13_




Photo 3 Injection Moulding Machine 1LG140N
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A3 7] HOUNSFIELD HIOKTE A}838to] AAA S

, 2718k% 0, Sl &AE % 3mm/min, W

Photo 4 Universal Test Mechine(HOUNSFIELD HIOKT)
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233 AZA3E 43
A Algel Al 7F Alsd 5/ AEE AREShe], Aap ghel A
Augrat HAGS A9 e 374 Aol Hargke AFEd A3 Fig. 3004
Y onpel o} supranl3459] 4 Ho $¥ 2 [60MPaclle, o uf
MEE 1.3%2 YEva 9ok DMX65MS 2 88 54MPaz A e}
vhar lem A& 1.07%°]th. 80G33LS &3 107.5MPacl™, A&
2.06% %2 A vehda vk A218V50e HW$E 170MPag 7Hd =2
olm], M&L 1.1%E Roli v} 2411GF6+ 33 158MPac]
i, 41%»9— 35%%E YEhdl i Aok

Table 5 Properties of Test Material

| supran | DMX A218 2411
Unit 80G33L
1345 65M V50 GF6
Maximum
MPa 160 54 1075 170 158
stress
Elongation at
) % 1.3 1.07 2.05 1.1 1.35
maximum

_16_
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N
32(77&) oy )
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Table 6 Condition of Analysis Process

) .| supran | AZI3 2411 DMX .
Resin unit _ ) . . 30G35L
L - B 1345 V50 GI6 6oM
Resin .
C 250 310 300 280 300
Temperature
Mold .
- C 80~90 | 80~90 | 80~90 | 80~90 | 80~90
I'emperature
. Injection 100~ 100~ 100~ 100~ 100~
Injection MPa
Pressure 120 120 120 120 120
Process T
Injection
Condition . s 4 4 4 4 4
Time
Pack )
MPa | 70~80 | 70~80 | 70~80 | 70~80 | 70~80
pressure
Pack
. S 2 2 2 2 2
Time
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Fig. 17 Result of Ideas Simulation Initial Model (Displacement)
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Fig. 18 Result of Ideas Simulation Initial Model (Stress)
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Fig. 19 Result of Ideas Simulation Modified Model (Displacement)
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Fig.

S

20 Result of Ideas Simulation
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Photo 6 View of Toe Cap by Injection
Molding

Table 7 Injection Molding Conditions

Unit supran| A218 | 2411 DMX 380G
i
"y345 | vs0 | GF6 | 65M | 33L
Injection Pressure|Mpa| 114 106.4 | 106.4 91.2 106.4
1st cmi/s | 15645 | 1545 | 1545 | 144.2 123.6
Injection| 2nd cii/s | 1545 | 1545 | 1545 | 144.2 103
Speed 3rd  |crn/s| 1545 | 1236 | 1236 | 1236 103
4th cot/s | 1442 | 1236 | 1236 | 1236 103
Injection Time S 4.5 4.5 4 4 5
Injection nozzle OC 250 315 300 260 295
T H1 C 245 310 290 250 290
e— .
emp H2 | C | 240 | 305 | 280 | 245 | 280
rature H3 T | 230 | 295 | 270 240 270
) 103~ | 103~ | 103~ | 103~
Packing process | Mpa 1339
1442 | 1442 | 1442 | 1442
Mold Temperature| T 60 60 60 60 60
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Photo 8 Full View of Impact Test Equipment
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Shape
Modified
P F P P P F F F P P
Shape

423 ¢tra g

o

1
ot
flo
n 1
)
B
=
2
2
N
S
Y
’l.{w
olr
il
=
Rs)
I
X
2
I
ol
1
N
)
af
i)
)

in
k)

..43_



o}, kel whE FHl b= Table 20 % vlefLE Q)T
e 7 ohe] 7ommelsde] HEgh el ghdt AE HdE vhd
o7 &lar, AlEY¥ Photo 83 #ro] H=AAEH] Aol oy AFHE
g o AE b vheto] wEo R R H AR FolE
AE 5 Ao HE F 9ol HE s HHgel AAAME
g, T Ao BA) e #HA 125mmeldo] Fojof ghr). of )
Photo 9%} 102 tebAlf 7] eb b @S st A& vebiar 9l

B3 A4 mol fHEY ol FHE Wk

Photo 9 View of Pressure Test Machine

- 44 -

N ,
2y do

o

A



Photo 10 View of Pressure Test

Photo 11 The State of Toe-Cap after Pressure Test
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Table 8 The Result of Pressure Test (P: pass, F: failure)

supran A218 DMX 380G
Material 2411 GF6
1345 V50 65M 33L
Grade L S L S L S L S L | S
Initial
P F P P P F F F PP
Shape
Modified
P F P P P F F F P | P
Shape
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(a) Initial Model (h) Modified Model
Photo 12 Toe Cap after Pressure Test
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Photo 13 Weight Measurement

Table 9 Weight Comparision of Toe-Cap
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