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Abstract

Plastic injection molding is critical for manufacturing precision medical compo-
nents like blood glucose test strips, yet traditional mold tryouts are highly costly.
Taguchi quality engineering provides a parameter design method to effectively reduce
variation and achieve process robustness. This report uses Minitab statistical software
to reproduce and validate experimental data from the published thesis, Experimental
and Numerical Analysis on Quality Optimization of Plastic Injection of a Multi-Cavity
Mold with Taguchi Method.

Using the Lig orthogonal array's CAE simulation and on-site experimental data,
we recalculated the signal-to-noise (S/N) ratios (nominal-the-best) and performed Anal-
ysis of Variance (ANOVA) for key dimensions: product width, distance between two
holes, and upper hole diameter. While the optimized parameter trend for "product
width" matched the original thesis, the raw on-site data for the "distance between two
holes" exhibited an unreasonable statistical anomaly with a standard deviation ap-
proaching zero. Since real-world multi-cavity production inherently involves random
noise, we infer that the original data was artificially smoothed or replaced by ideal sim-
ulation outputs. Furthermore, our ANOVA for the "upper hole diameter" objectively
indicated that only the 'melt temperature' achieved statistical significance, correcting
the original literature's determination of multiple significant factors.

This report not only demonstrates the practical application of the Taguchi method
but also showcases critical thinking regarding data validity through objective Minitab

calculations, serving as a valuable reference for quality engineering.

Keywords: Taguchi Method; Minitab statistical software; Plastic Injection Molding;

Analysis of Variance; Data Validation
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Response Table for Signal to Noise Ratios

Nominal is best (10xLog10(YbarA2/s/2))

Level A B C D E F G H
1 50.62 51.14 50.01 49.71 49.78 50.90 50.04 50.09
2 48.76 49.43 49.88 49.55 50.03 49.90 49.05 49.55
3 48.50 49.18 49.81 49.27 48.27 49.99 49.44
Delta 1.86 2.65 0.83 0.27 0.77 2.63 0.99 0.65
Rank 3 1 5 8 6 2 - 7
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Response Table for Signal to Noise Ratios

Nominal is best (10xLog10(YbarA2/s/2))

Level A B C D E F G H
1 62.16 65.76 62.53 63.23 62.05 62.71 62.89 62.46
2 64.19 61.59 63.62 61.63 64.48 64.05 62.35 63.09
3 62.17 63.36 64.66 62.99 62.77 64.28 63.97
Delta 2.03 4.18 1.09 3.04 243 134 1.93 1.51
Rank - 1 8 2 3 7 5 6
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SNRA1 |MEAN1
49.2032 | 1.09833
46.6636 1.1

46.2566 | 1.0925
45.7658 | 1.09667
45.1312| 1.0975
41.4348 1.1

37.4755(1.10208
47.8039 | 1.10125
42.863 | 1.10875
47.7841 | 1.09875
45.1707 | 1.1025
46.0431 | 1.10292
48.6159 | 1.10083
42.3684 | 1.1125
37.9989 | 1.11042
40.1349 | 1.09958
40.8915|1.10708
40.8178 | 1.10667
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Response Table for Signal to Noise Ratios

Nominal is best (10xLog10(YbarA2/s72))

Level A B C D E F G H
1 4473 46.85 44.83 43.65 42.75 45.67 44.29 4479
2 43.31 43.55 4467 4412 44.07 4438 42.04 4415
3 41.66 42.57 44,30 45.26 42.03 45.74 43.13
Delta 1.42 519 226 0.65 251 3.64 370 1.66
Rank 7 1 5 8 4 3 2 6

FH kR AL p FRER

Main Effects Plot for SN ratios
Data Means

C D E F €] H

Mean of SN ratios

41

1 2 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Signal-to-noise: Nominal is best (10xLog10(Ybar*2/512))
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Main Effects Plot for Means
Data Means
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D.4tik (mm/sec) 95 105 115
EMR (MPa) 7353  [7843] 8333
FA-RR A/ MPa)  [44.12]  49.02 53.92
GAR R (sec) 0.5 1
H.25p w5 1 (sec) 4 5
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4 I3 MHBEA TR TIE Y SN
SNRA1 |MEAN1
48.6103 | 8.955
45.9393 | 8.97417
44.455 19.00708
46.3655 | 8.98708
44.2233 1 9.00292
447352 | 8.97
42.374119.02708
45.8392 | 8.985
43.003519.00417
44,5088 | 8.97458
43.7214 1 9.00583
45.4442 | 8.96167
43.5215| 8.96333
43.038 | 8.99208
40.627319.01542
42.3124 | 9.0025
41.8645| 8.975
42.3903 | 9.00583

FHAR : hF L p AR

+ ARFERESTRTSF i

Response Table for Signal to Noise Ratios

Nominal is best (10xLog10(YbarA2/s/2))

Level A B C D E F G H
1 45.06 45.45 44.62 44.03 44.14 45.00 44.44 4437
2 43.05 43.75 44.10 43.98 44.42 4421 43.34 43.87
3 42.96 43.44 4415 43.60 42.95 44.38 43.92
Delta 2.01 248 1.17 0.17 0.83 2.05 1.10 0.49
Rank 3 1 - 8 6 2 5 7

TR KR AFL p AT
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Main Effects Plot for SN ratios
Data Means
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Signal-to-noise: Nominal is best (10xLog10(Ybar*2/512))
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Main Effects Plot for Means
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SNRA1

MEAN1

46.8188
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32.2834
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1.10542

40.2135

1.10958

43.1313

1.10375

38.55

1.10667

43.0818

1.10583

41.4866

1.10542

37.0419

1.11

32.806

1.10792

33.8627

1.10292

35.7723

1.10958

35.283

1.10917

FAHAM AR AR

26

#Y < FH 442 ePaper(2026# )

b



fs™ Minitab 3t o v &1 422 Heip M B RE L L FEREY S L ARR 56

Ry 16MFF RSP rdp > T %5 B, &2 T55F E| 4k ik
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Response Table for Signal to Noise Ratios

Nominal is best (10xLog10(YbarA2/s/2))

Level A B C D E F G H
1 84.57 100.70 97.22 98.04 98.69 98.71 97.66 97.58
2 56.61 56.50 56.93 55.83 57.54 56.65 57.06 57.78

3 54.57 57.62 57.90 55.54 56.41 57.05 56.41
Delta 27.95 46.14 40.29 42.21 43.15 42.31 40.61 41.17
Rank 8 1 7 4 2 3 6 5

TR KR AFL p AT
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Mean of SN ratios

Main Effects Plot for SN ratios
Data Means
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Signal-to-noise: Nominal is best (10xLog10(Ybar*2/5"2))
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Main Effects Plot for Means
Data Means
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#e24 RPCE PR RATHRZ P ILIV S I BEIP B J)\ Minitab %t #ickg @ o
TR E N I8 P ey T2 ATIOE Y SN o B Hdy It S T

@ p SN ek 17957 o

17 RBBHE P LI T2 TaEe Y p SN W
SNRA1 |MEAN1
304.763 | 4.71

58.6534 | 4.71042
57.7881| 4.7125
58.0468 | 4.71

55.0804 | 4.70917
62.8841 | 4.70875
52.7046 | 4.70667
56.8167 | 4.71125
54.3744 | 4.70875
59.417 | 4.70917
62.3665 | 4.70958
61.2404 | 4.70917
52.9311 | 4.70792

55.0365| 4.71
55.0365| 4.71
55.4686 | 4.7125
53.6535| 4.71

54.379 | 4.71125
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# I8 MBI A & b 3L i LTS F

Response Table for Signal to Noise Ratios

Nominal is best (10xLog10(YbarA2/s72))
Level A B C D E F G H

1 41.04 42.62 40.07 39.50 38.98 41.56 40.31 39.53
2 37.89 39.83 38.83 39.25 38.89 40.17 38.40 40.09
3 35.95 39.50 39.65 40.52 36.67 39.68 38.78
Delta 3.15 6.68 1.24 040 1.63 489 191 1.30
Rank 3 1 7 8 5 2 - 6

FH KR kAL PR

% i Minitab se3* 3R 58 Wm S F sedficdy T 3Lt /S 2 SINW &2 T30
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Mean of SN ratios
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Main Effects Plot for SN ratios
Data Means
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Signal-to-noise: Nominal is best (10xLog10(Ybar*2/52))
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Mean of Means
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Main Effects Plot for Means

Data Means
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43 R L

o £200HRE LY Br G RREESY VLR CV/P -~ D.biE ~ B
RS GUiRRRPER s Ho2 Arpr S 304 715 0 K30 90% 3o Je B 0 d-H gr2g 1 0L
Foo AGFEE G 2B F fHI TS o ABCE (97.10%) ~ BANE (94.60%) £ F
WRERA (92.00%) RIE90% Zw %o BT EHS TR SFE KB
Rz BERES -

220 RFFHRASRBELVFIFRE L4

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value

A 1 18.3507 18.3507 32.98 0.029
B 2 19.4368 9.7184 17.46 0.054
C 2 4.2202 2.1101 3.79 0.209
D 2 0.0957 0.0478 0.09 0.921
E 2 21071 1.0535 1.89 0.346
F 2 12.8049 6.4024 11.50 0.080
G 2 45417 2.2709 408 0.197
H 2 0.8508 0.4254 0.76 0.567
Error 2 1.1130 0.5565
Total 17 63.5209

FALAR D AAFR A T

221 REFHRA ST AT FIFBEFEA AT

Factor P-Value Confidence Significance?
A 0.029 97.1% Y
0.054 94.6% Y
C 0.209 79.1% N
D 0.921 7.9% N
E 0.346 65.4% N
F 0.080 92.0% Y
G 0.197 80.3% N
H 0.567 43.3% N
Error 0.5565 S =0.7460

FH &R AR p FER
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B 222 BAY Fr GO RREE - THERAFE (60.9%) B

B (57.8%)~ C.V/P (51.7%) ~ D.5+:# (53.2% )~ E.54/& (54.4%) ~ F. (%R & 4

(54.4%)~ G RPFRF (52.5%) % H.a4 frpd @ (52.4%) % #5% o4 H 5 o %

AT R B e B o 2 HOBEFAR 5 7 B F RIS BT A

FHPFARET A A H- TSRS THFEARNT AL PFHY
F 2B F %A TS ICFEEEFIFS B L4

'

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
A 1 3516 3516 1.18 0.391

B 2 8173 4086 1.37 0.422
C 2 6384 3192 1.07 0.483
D 2 6794 3397 1.14 0.468
E 2 7117 3559 1.19 0.456
F 2 7119 3559 1.19 0.456
G 2 6595 3297 1.11 0.475
H 2 6562 3281 1.10 0.476

Error 2 5967 2983

Total 17 58227

TR KR AFL p AT

3 3R A S IR TS R ESL 4T

Factor P-Value Confidence Significance?
A 0.391 60.9% N
0.422 57.8% N
C 0.483 51.7% N
D 0.468 53.2% N
E 0.456 54.4% N
F 0.456 54.4% N
G 0.475 52.5% N
H 0.476 52.4% N
Error 2983 S =54.6168

TR KR AFL p 7R
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Fd 2245 R 04t AR HFREY 0V UF R AFE (89.0%)
C.V/P (28.4%) ~ D.iti# (4.1%) ~ E.54/& (46.1%) ~ F.ix BB 4 (86.6%) ~ G.
R (49.2%) 2 HA frpEE (304%) S 824175 0 435 90% 3o ® o
B B O RGFRR S B il F S o 29 g BORE (92.0%) ®
HECRF O OHITEAHAS IV EZETEABRLEFRES -

24 MFFHA S I THFIF]F RE LT

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
A 1 44.632 446316 7.59 0.110

B 2 134.880 67.4399 11.47 0.080
C 2 4658 2.3288 0.40 0.716
D 2 0497 0.2484 0.04 0.959
E 2 10.058 5.0292 0.86 0.539
F 2 76.084 38.0422 6.47 0.134
G 2 11.396 5.6981 0.97 0.508
H 2 5.141 25704 0.44 0.696

Error 2 11.760 5.8802

Total 17 299.106

TR KR AFL p AT

225 MBFHA &KL FF R F A 4T

Factor P-Value Confidence Significance?
A 0.110 89.0% N
0.080 92.0% Y
C 0.716 28.4% N
D 0.959 4.1% N
E 0.539 46.1% N
F 0.134 86.6% N
G 0.508 49.2% N
H 0.696 30.4% N
Error 5.8802 S =2.4249

TR KR AFL p 7R
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