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Abstract

Injection molding is a less finishing process technology, which can quickly produce complicated
products of high integrity with a high degree of automation. Although injection molding has many
advantages, the production process is yet to be optimized.

This study employed on the experimental Taguchi design was used to investigate experimentally
the influence of various processing parameters including part geometry, melt temperature, injection
pressure, holding pressure, holding time etc. On the warpage of injection molded polypropylene (PP)
and 20% glass fiber filled polypropylene (PP + 20% glass fiber) materials warpage amount of the
product. An L18 matrix was designed in accordance with the orthogonal array proposed by Taguchi.
Injection molded part warpage was measured and calculated to acquire their S/N ratios, which
eventually give the optimal combination of parameters for minimum warpage. Additionally, the
maximum warpage was simulated using theMoldex 3D mold flow analysis software. The influence

of various parameters was also analyzed and compared to the experimental data.
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% 3-1qv# 3-2 2e4xd PP {r PP+20%3 33 S ‘et ) 2 A eng & Brighagmdy § o

%«3-1‘&&@@,5‘ (PP>

$1% $2% 3% $45% $5%
% 1 |-153|-1.38 | -1.14 [ -1.41 | -1.00 | -0.97 | -1.36 | -1.28 | -1.00 | -1.09
%24 | -153|-154[-1.81[-1.92 | -1.03 | -1.39 | -1.12 | -1.05 | -1.92 | -1.77
%3/ |-059|-058|-0.66 | -058 | -0.65 | -0.60 | -0.83 | -0.76 | -0.76 | -0.66
%4 | -346 | -353 | -3.31 | -3.35 | -2.20 | -2.20 | -2.61 | -2.38 | -2.59 | -2.58
% 5% |-1.35|-1.05]-1.48 | -1.46 | -1.03 | -1.03 | -1.65 | -1.64 | -1.49 | -1.42
%6 | -297 | -2.96 | -2.77 | -2.60 | -3.06 | -3.02 | -2.91 | -2.88 | -2.90 | -2.83
% 7 | -240 | 239 | -2.01 [ -1.99 | -2.29 | -1.94 | -2.53 | -2.40 | -2.43 | -2.39
%84 | -1.37 | -1.05 | -2.60 | -2.40 | -2.04 | -2.04 | -1.70 | -1.68 | -1.88 | -1.89
%9k |-165|-1.29 | -2.40 | -2.39 | -1.88 | -1.62 | -2.61 | -2.61 | -2.05 | -1.90
%10% | 078 | 0.66 | 1.12 | 088 | 1.32 | 1.13 | 1.04 | 1.04 | 0.85 | 0.84
% 11 % | -0.82 [ -1.10 | -0.60 | -0.60 | -0.49 | -0.20 | -0.40 | -0.39 | -0.95 | -0.94
%12 | -0.76 | -0.76 | -0.72 [ -0.71 | -0.61 | -0.60 | -0.85 | -0.83 | -0.79 | -0.87
%13 | 072 | -0.65 | -0.78 | -0.77 | -1.64 | -1.46 | -1.67 | -1.56 | -1.50 | -1.36
% 14 | -165 | -1.59 | -1.22 | -1.15 | -2.20 | -1.80 | -1.56 | -1.57 | -2.12 | -2.07
%15 | 075 | -0.74 | -0.85 | -0.83 | -0.74 | -0.73 | -1.12 | -1.16 | -0.54 | -0.53
%164 | -1.25 | -1.19 | -1.99 | -1.88 | -2.43 | -2.51 | -4.62 | -4.62 | -4.14 | -4.12
%17 | -3.10 | -3.10 | -2.84 | -2.83 | -3.04 | -3.02 | -2.71 [ -2.70 | -2.61 | -2.60
%184 | 219 | -179 [ -1.75 | -1.64 | -1.15 | -0.84 | -1.12 | -1.10 | -1.08 | -1.08
£3-2° A &dd £ (PP+20%34 78 5 )
$1% §2% 535 4% 55¢%
%1% | 567 | 617 | 524 | 559 | 599 | 585 | 532 | 561 | 530 | 5.73
% 2% | 305 | 296 | 440 | 422 | 433 | 448 | 454 | 457 | 453 | 4.58
%3 | 557 | 566 | 545 | 549 | 3.35 | 3.72 | 538 | 5.07 | 498 | 4.76
%4% | 951 | 958 | 833 | 833 | 7.86 | 7.76 | 7.39 | 7.45 | 8.74 | 8.88
%54 | 452 | 484 | 462 | 461 | 400 | 440 | 469 | 467 | 469 | 4.77
%64 | 488 | 484 | 466 | 481 | 460 | 435 | 487 | 494 | 512 | 5.21
% 7% | 380 | 410 | 2.85 | 290 | 277 | 2.81 | 3.15 | 3.38 | 3.79 | 4.11
%8 | 239 | 241 | 2.39 | 250 | 232 | 222 | 2.07 | 2.27 | 222 | 2.30
% 9% | 150 | 141 | 1.95 | 2.07 | 156 | 1.37 | 1.53 | 1.28 | 1.40 | 1.53
%10/ | 330 | 3.80 | 3.80 | 3.94 | 305 | 3.80 | 4.15 | 4.19 | 318 | 3.5
%11/ ] 656 | 650 | 6.48 | 6.80 | 6.76 | 7.04 | 6.39 | 6.52 | 657 | 7.08




S 21 398 | 414 | 455 | 480 | 479 | 446 | 416 | 360 | 3.65 | 3.72
S 21 624 | 641 | 6.01 | 584 | 550 | 578 | 712 | 7.07 | 6.20 | 6.30
S 21 837 | 845 | 889 | 912 | 713 | 6.98 | 9.01 | 9.11 | 837 | 8.61
S ] 338 | 3.67 | 405 | 423 | 423 | 420 | 383 | 3.79 | 531 | 5.14
> 2| 272 | 284 | 247 | 277 | 292 | 298 | 222 | 247 | 249 | 251
S 2 233 | 214 | 275 | 289 | 250 | 248 | 203 | 1.89 | 2.60 | 255
S 2| 338 | 322 | 396 | 398 | 346 | 347 | 252 | 255 | 222 | 261
% 3-3~S/N e (PP)

F15F | %25 | %3% | %45 | %55 | T=E | &L | SIN
%1k | -153 -1.41 -1.00 -1.36 -1.09 -1.28 ]0.223763|-2.26175
% 2% | -154 -1.92 -1.39 -1.12 -1.92 -1.58 ]0.346583|-4.16674
¥ 32 | -059 -0.66 -0.65 -0.83 -0.76 -0.70 |0.095760| 3.04191
% 4% | -353 -3.35 -2.20 -2.61 -2.59 -2.86 10.561231|-9.27971
% 5% | -1.35 -1.48 -1.03 -1.65 -1.49 -1.40 ]0.232594| -3.04081
%6k | -297 -2.77 -3.06 -2.91 -2.90 -2.92 10.106160|-9.31933
% 7% | -240 -2.01 -2.29 -2.53 -2.43 -2.33 ]0.199299| -7.38618
% 8k | -1.37 -2.60 -2.04 -1.70 -1.89 -1.92 10.455137|-5.90346
%9k | -165 -2.40 -1.88 -2.61 -2.05 -2.12 10.387905| -6.66180
% 10 &= | 0.66 0.88 1.13 1.04 0.84 0.91 ]0.182757| 0.64745
% 11 2| -1.10 -0.60 -0.49 -0.40 -0.95 -0.71 ]0.302605| 2.27067
% 12 &= | -0.76 -0.72 -0.61 -0.85 -0.87 -0.76 ]0.105214| 2.27888
% 13 2| -0.72 -0.78 -1.64 -1.67 -1.50 -1.26 0.472250| -2.59035
% 14 = | -1.65 -1.22 -2.20 -1.57 -2.12 -1.75 10.407026| -5.09898
% 15 &= | -0.75 -0.85 -0.74 -1.16 -0.54 -0.81 ]0.226650| 1.52283
% 16 2| -1.25 -1.99 -2.51 -4.62 -4.14 -2.90 ]1.431667|-10.20000
% 17 2| -3.10 -2.84 -3.04 -2.71 -2.61 -2.86 10.209404 | -9.15054
% 18 &= | -2.19 -1.75 -1.15 -1.12 -1.08 -1.46 ]0.493224|-3.74571

% 324~ S/N 32210t (PP+20%34 33 4 52 )

LR | %28 | ¥3%F | %48 | 555 | TimE | E®FLZ | SN
1l 6.17 5.59 5.99 5.61 5.73 5.82 0.253 | -15.304
%22 3.05 4.40 4.48 4.57 4.58 4.22 0.656 | -12.602
% 3% | 566 5.49 3.72 5.38 4.98 5.05 0.782 | -14.162
% 4= 9.58 8.33 7.86 7.45 8.88 8.42 0.840 | -18.549
% 5%® 4.84 4.62 4.40 4.69 4.77 4.66 0.169 | -13.381
% 6= 4.88 4.81 4.60 4.94 5.21 4.89 0.221 | -13.791
% 7 & 410 2.90 2.81 3.38 4.11 3.46 0.627 | -10.922
% 8 & 2.41 2.50 2.32 2.27 2.30 2.36 0.094 -7.465




9% | 150 2.07 1.56 1.53 1.53 1.64 0.242 | -4.380
% 10 2| 3.80 3.94 3.80 4.19 3.18 3.78 0.372 | -11.596
% 11 2| 6.56 6.80 7.04 6.52 7.08 6.80 0.261 | -16.657
5 12%| 414 4.80 4.79 4.16 3.72 4.32 0.466 | -12.764
% 13%x| 641 6.01 5.78 7.12 6.30 6.32 0.509 | -16.048
% 14 2| 8.45 9.12 7.13 9.11 8.61 8.48 0.813 | -18.612
% 15 = | 3.67 4.23 4.23 3.83 9.3 4.25 0.640 | -12.673
% 16 & | 284 2.77 2.98 2.47 2.51 2.71 0.218 | -8.700
% 17 2| 233 2.89 2.50 2.03 2.60 2.47 0.319 | -7.926
% 18 | 3.38 3.98 3.47 2.55 2.61 3.20 0.609 | -10.252
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% 3-5~S/N %+ F g4 (PP)
Ak 18 (°C) it & (MPa) % (MPa) R R (S)
A B C D E
kK1 0.302 -5.178 -3.927 -4.257 -4.491
k22 -4.634 -4.182 -3.108 -4.291 -4.718
k3 -7.175 -2.147 -4.472 -2.959 -2.299
# [l 7.476 3.031 1.364 1.332 2.419
PR 1 2 4 5 3
4 3-6~ S/N W %]+ F Jig & (PPH20%3 33 4 )
A ag sk 18 (°C) &+/%& (MPa) %% (MPa) R PR (S)
A B C D E
k1 -13.847 -13.520 -12.581 -14.256 -12.216
ka2 -15.509 -12.774 -12.661 -12.126 -12.665
k3 -8.274 -11.337 -12.388 -11.249 -12.749
# [l 7.235 2.183 0.274 3.007 0.533
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