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A Study on Hopper Design for Minimizing the Wrapage Deformation
at Injection Molding Processes
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Abstract Injection molding is a high efficient manufacturing technology for producing plastic parts. On the other
hand, the warpage of molded plastic parts is an ubiquitous problem in the injection molding process.

The main objective of this study was to minimize the amount of warpage occurring in the injection molding process
of a hopper of ATDPS made of crystalline polymer (PP) instead of amorphous polymer (ABS).

The moldflow CAE simulation was conducted for the molding process of the hopper to clarify the injection
moldability, shear rate, shear stress, warpage by changing the gate shape and the number of ribs installed on the
top of the hopper flange. The wide gate shape of runner system and multiple rib installation were found to be useful
for minimizing the warpage of the hopper. The validity of the CAE simulations was supported by the injection
molding experiment for the optimized design case.
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[Table 1] Physical property of PP (Sumitomo,
AWS564-]C)
Manufacturer SUMITOMO
Commercial Noblen AW564-]C
Family Name Polypropylene
Density Melt 0.73765
(g/cm) Solid 09174
Ejection Temperature 114
()
Transition Temperature (C) 128
Min. 180
Melt Tem. (C) Max. 260
Suggested 220
Min. 20
Mold Tem.(C) Max. 80
Suggested 50
Specific Heat (J/kg-K) 2842 (195°C)
Thermal Conductivity (W/m-K) 0.163 (236C)
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Table 2 & AT 1&g F F7<] Al°E 13
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control) 3%7F 35MPa 2 A3

UPPER
COLLING CHANNEL

[Fig. 2] Design of cooling and runner systems

[Table 2] Injection process details

GATE 1 GATE 2
Cold sprue @6-8mm @6-28mm
Hot sprue J7-212mm D7-212mm
Cold runner 8mm Z8mm
Hot runner J12mm Z12mm
8+1+8+8mm
Cold gate 1-8mm
(lenght:8mm)
Hot gate 26-212mm 26-212mm
Channel series channel series channel
Channel size @12mm @12mm
Baffle size @19mm 219mm
3. oM Zut & IH
3.1 7HOIE &Y &M
Figure 3ol Al°|E 1, 20 th3t &3 A A 8745
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(filling time)& YWeERASITE 4249 FHA-S 343%

o} 34827 zpol7} glon 4% JEHL SAlegTh



A Eetsl=EA) A6d ALS, 2015

stk ez A7 28-S A7 549 4
Laroln Hu| AlEygEe Zt7te] A9l 63.34MPa
62.11MPaclth. 7 Alo]ES] 750 HRkAl ¢ &
= ARk AE 2719 s s & o 348%

oA FHo] ¢EH oz FeHr)

Figure 4% 7Al°|E 1, 2] oigk %ﬁéﬂ ﬁéiléf’—%

N
E
(clamping force)¥} |3

shrinkage)& e

[Fig. 3] Pressure at injection and filling time for two
GATE types
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[Fig. 4] Clamp force and volumetric shrinkage at
ejection for two GATE types
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[Table 3] Comparison of the GATE 1 and 2 in filling
time, pressure at injection, clamping force
and volumetric shrinkage

Pressure at
injection

(MPa)

Volumetric
shrinkage (%)

Clamp force
(ton)

Filling Time
(sec)

349 63.84 3291 1664

348 62.11 16.61
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[Table 4] Result of shear rate and shear stress

Shear rate at wall Shear stress at wall
(1/sec) (MPa)
GATE 1 115,200 029
GATE 2 49,689 022
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[Fig. 5] Z-axis deflection of hopper for the GATE 2
(Left figure-front upper part, Right:
figure-rear upper part)
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[Fig. 6] Model CASES 1, 2, 3 and 4 of hopper
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[Table 5] CASE 1, 2, 3 and 4 of rib reinforcement

vertical logitudinal
Rib number | Rib width | Rib number | Rib width
(ea) (mm) (ea) (mm)
CASE 1 0 0
CASE 2 1 1550 10 gé%
CASE 3 2 1750;) 10 éégg
CASE 4 2 éé% 19 2217255
7t A9 7RxAE ALste] SR A A
Z4=ol disiA siAS K aetath Figure 76l tiaE4
QAT Aol 1o} tialA FAAZ 2 A F &
29 ehict
/
R N .‘T
rh _E_LA__‘ e aae
‘Scale (500 ) “ ‘;

[Fig. 7] Filling time and pressure at injection location
of CASE 1

fEalA A, Aolx 1,2, 3 % 49] A9
= 348 349, 347, 343z °llom, A=t
62.25, 62.50, 62.56 MPa O]Oqt‘r.
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[Table 8] Summary of the present analyses for the 4
CASES of different rib shapes

Fill | Pressure at| Clamp | Volumetric Z-axis
[Fig. 8] Clamp force and volumetric shrinkage of time | injection | force | shrinkage deflection
CASE 3 (sec) (MPa) (ton) (%) (mm)
CA15E 348 | 6211 3394 [133 ~ 1948|2382 ~ 2887
[Table 6] Analyzed result of clamp force and
volumetric shrinkage CAZSE 349 | 6225 3370 (142 ~ 1940|1647 ~ 1894
Clamp force (ton) | Volumetric shrinkage (%)
b Toree Ton | Yometrie SnRage CASSE 347 | 6250 3364 (136 ~ 19.40|-1414 ~ 1657
CASE 1 339.4 133 ~ 1948
CASE 2 2370 142 ~ 1940 ufE 348 | 6256 3388 106 ~ 19.46|-1751 ~ 1.450
CASE 3 336.4 1.36 ~ 1940
CASE 4 3338 1.06 ~ 19.46 o]~ 13} Ao ] 90] 710 lBE A} S| 7
o] 2= 33} Alo]x A7) woll FAA ) ALEA
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