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Abstract

This study primarily references the paper "Optimization of Metal Grinding Process
Quality and Carbon Emissions Using Taguchi Method" published by Wang Pei-Ying in
2023. First, the research background and motivation of the paper are introduced. With
the impact of global warming, extreme climate changes are gradually emerging, and
countries are aiming to reduce carbon emissions. In view of this, the European Union
has formulated a carbon tariff policy to levy carbon taxes on high-carbon products. The
metal processing industry is one such high-carbon industry. Additionally, the aging
workforce and the gradual retirement of skilled workers have affected the quality of
product processing. Therefore, the original paper aims to reduce carbon emissions while
maintaining product processing quality. Next, this study uses the Taguchi method and
Minitab statistical software to analyze the experimental data from the referenced paper.
Finally, the experimental results of this study are compared with the experimental

analysis results of the original paper, and the differences are summarized.
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1 ACG60 0.01 15 10
2 AC60 0.018 25 13
3 AC60 0.025 35 15
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7 AC100 0.01 15 13
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WSS EEH | AC60 | AC60 | AC60 | ACSO | ACS0 | ACS0 | AC100| AC100 AC100
{iiﬁi} 0.01 | 0.018 | 0.025 | 0.01 | 0.018 | 0.025| 0.01 0.018 0.025
E;g:ﬁ;ﬁ} 15 25 35 25 35 15 35 15 25
$§§;§‘:{m 10 13 15 15 10 13 13 15 10
% f a1 8.25 | 835 | 845 | 285229122836 | 1432 | 14.52 14.85

%= h a2 8.25 | 8.72 | 8.64 | 28.96 | 29.52 | 28.45 | 1425 | 14.62 14.25

% 1143 952 | 9.27 | 9.85 | 28.42(29.54|28.79 | 1562 | 1525 15.75

% 1144 825 | 864 | 836 | 11.25|11.75 | 11.57 | 37.85 | 37.65 37.82

% H a5 832 | 824 | 842 | 11.36 | 11.26 | 11.85 | 37.24 | 37.32 37.57

£ h 146 9.75 | 9.65 | 9.36 | 12.65 | 11.58 | 11.24 | 37.52 | 37.42 37.84
xHhHET 26.68 | 26.35 | 26.21 | 21.36 | 21.53 | 21.62 | 11.25 | 11.23 11.35

% h 148 26.85 | 26.65 | 26.74 | 21.24 | 21.46 | 21.75 | 1145 | 11.52 11.85
xH1E9 28.24 | 28.11 | 28.62 | 22.85 | 22.96 | 22.67 | 11.85 | 11.92 11.78
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1 2 3 “ 5 6 7 8 9
AC60 | AC60 | AC60 | ACSD | ACS0 | ACS0 | AC100 | AC100 AC100
| 0.01 | 0.018 | 0.025 | 0.01 | 0.018 | 0.025 | 0.01 0.018 0.025
15 28 35 28 35 15 3s 15 25
10 13 15 15 10 13 13 15 10
825 | 835 | 845 | 28.52 | 29.12 | 28.36 | 14.32 14.52 14.85
825 | 8.72 | 8.64 | 28.96 | 29.52 | 28.45 | 14.25 14.62 14.25
9.52 | 9.27 | 9.85 | 28.42 | 29.54 | 28.79 15.62 15.25 15.75
8.25 | 8.64 | 836 | 21.36 | 21.53 | 21.62 | 11.2§5 11.23 11,35
832 | 824 | 842 | 21.24 | 21.46 | 21.75 | 11.45 11.52 11.85
9.75 | 9.65 | 936 | 22.85 | 22.96 | 22.67 | 11.8§ 11.92 11.78
BT ERAERL L BT R RE L

8.7233

0.7104

1 AC60 0.01 15 10

2 AC60 0.018 25 13 8.8117 0.5460
3 AC60 0.025 35 15 8.8467 0.6147
4 ACS0 0.01 15 15 25.2250 3.7809
5 ACS0 0.018 25 10 25.6883 4.0965
6 ACS0 0.025 35 13 25.2733 3.5923
7 ACL00 0.01 15 13 13.1233 1.8366
8 ACI00 0.018 25 15 13.1767 1.8055
9 AC100 0.025 35 10 13.3050 1.8720
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"Taguchi ; * j# 12 2 T Create Taguchi Design ;> 4% 1% ;% 4§ 10 #7577 -
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Time Series
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>

Power and Sample Sa
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Taguchi Design *

Type of Design

(" 2-Level Design (2 to 31 factors)
® 3-Level Design (2 to 13 factors)
(" 4-Level Design (2 to 5 factors)
(" 5-Level Design (2 to 6 factors)

(" Mixed Level Design (2 to 26 factors)

Number offactors:l 4 - I Display Available Designs... |

Designs... | Factors... |

Options. .. |
Help | OK | Cancel |
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Assign Factors

i® To columns of the array as specified below

i To allow estimation of selected interactions

Facto| Hame Level Values Column | Level
A |FHEEFE AC60 ACBD AC100 1 j 3
B S5  0.01 0.018 0.025 2~ 3
C |BUFFiEF] 15 25 35 3 - 3
D AR 101315 4 = 3

Help OK | Cancel ‘

RpEHER2 4L 2R Res TR FufRes 24 BFEL 22
% Aok 8o

208~ 4 EARIE L 2§ S B

4 C1-T c2 3 c4 5
M EEEE BUFFiE] RBAE RNEFREE
1 ACe0 0.010 15 10 0.7104
2 AC60 0.018 25 13 0.5460
3 ACe0 0.025 35 15 0.6147
4 AC80 0.010 25 15 3.7809
5 AC80 0.018 35 10 4.0965
6 AC80 0.025 15 13 3.5923
7 AC100 0.010 35 13 1.8366
8 AC100 0.018 15 15 1.8055
9 AC100 0.025 25 10 1.8720
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RIS T CA0F-Y 7o) SRS =P P Ei ok
Analyze Ta De . *
Signal to Moise Ratio: Formula
(" Larger is better -10xLogl0{sum(1/¥"2)/n}
(" Mominal is best -10%Logl0({s"2)
(" Nominal is best 10%Logl0{Ybar~2/s"2)
(@ Smaller is better -10%Logl0(sum{Y~2)/n)

[T Use adjusted formula for nominal is best
[ Use In(s) for all standard deviation output

Help | OK

Bl 17 ~ SIN W& SR 2K %

Cancel

(i - %7 Minitab S35 e 883k (P B AR 0 TE A NP Sl 2 )
MEPFET 2R 3 R PER TIP3 FEFESTEE &
BRI SN2 BRR S LI METF > AuL TFEEAH B TR
mRRER RSB G S EER L TS EHRE L S TAC6O i
it K ERORED2 ZT0018(2 2 & 45) ~TBUFF % 4 | E4% k2 2 T25(4
Y, MR T4 &R  ERRE2ETI3(AR) > Hipk SN FFF REES

4@ 18 £ B 19 #1oF -

Response Table for Signal to Noise Ratios

Smaller is better

Level HEEN] EEIRE BUFFbES) RABMAK

1 4.151 -4.621 -4423 -4.908
2 -11.636 -4.042 -3.914 -3711
3 -5.286 -4.109 -4434 -4.152

Delta 15.787 0.579 0.520 1.198
Rank 1 3 4 2

B 18~ F kBt %2 SINWF3F F B iE
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S/N = —10 x log[y? + S,,*] (2 5% 11)

Noringinat = 1+ (a; — M) + (Ts; = 17) + ek — M) + Gipy — 17) 28 12)

760965 | 0.5047 |-18.8424
77.6455 0.2981 |-18.9178
782635 | 03778 |-18.9565

636.3006 14.2949 | -28.1331
25.6883 | 4.0965 | 659.8905 16.7815 | -28.3038
25.2733 | 3.5923 | 638.7414 12.9047 |-28.1401
13.1233 | 1.8366 | 172.2219 3.3731 -22.4451
13.1767 | 1.8055 | 173.6245 3.2599 -22.4769
13.3050 | 1.8720 | 177.0230 3.5046 -22.5654

O 0| J || |& W |-

Z 11~ R4p22 5o i el & SN L 2 325 &2t i

B33 8 B -FKR S/Ntt |S/Nibitafo | &3
B 341 AC80 -28.1923
@asik | 0.018( R4E4)) [-23.2328

BUFF# 7 25(447) -23.2055 iaso

% B AR 13(%) -23.1677

o8 4 AC60  |-18.9056 ERTE
ik & | 0.018(2 RE#)|-23.2328 RRaTs

BUFF# 7 25(4-#) -23.2055
kAAE 13(%) -23.1677

F 12 RbpBr b i Sl L2 PR BEEIRRE2 VR

— S/NEE
$fms (RBIH | wmied  |BUFFRA | RARR T

Original | ACS0 | 0.018(2 R4#) | 25(4#) | 13(&F) |-97.7983| -28.1621
Optimal | AC60 | 0.018(2 R4F#) | 25(441) | 13(&) | -88.5115] -18.8753

9.2868 9.2868

41 B9 A HE 442 ePaper(2024 &)



et a2 E R R BT ERERE P ESY

/ga 2 —;H s % - I L AN% g‘iz"ﬁ Frbe 1 %ﬂﬁ_, EF‘\#HI&!;&
B2 & s EBERY B s T2 Mm% o If
AL ST REMARAMAE R PG R E TR 2 P R AR

HEUPWE A FE TS RGO R A AR R R4 P AP

LAB- A TRBK=BES I X - AEAER 25 13)

LR P RE = - 22 TRIEX T ERGEK (27 14

1 BE#FFTIPFEL 4%We

2. - ATVEAEAHE Lkl HERE - PN BTE Ao R EET 2

s
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PP @R LR W EO T A AR R R BT 2 1 KBS o

4, HE2 T3 RBEGEIST PR FI AT Y AV R A (2022 £ 08
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442 FSHEHFE
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IR T N ALY =y SRR ) FTS E E TRy

PR - 2 TR AP o L e Seddp X 4 AR AL 2 P

1414 PRFEFSEFPET SR -

¥

2B PR bHITVEFIE PR Y TREE AP REE

O _xeam TN —
FRGE wIEE T TR REAR Rk
(s) (hr) @: )
1 47 612 7.9900 119.0510 60.5970
2 42 685 7.9917 119.0758 60.6096
3 26 1107 7.9950 119.1255 60.6349
4 61 472 7.9978 119.1669 60.6559
5 33 872 7.9933 119.1007 60.6222
6 24 1200 8.0000 119.2000 60.6728
7 46 626 7.9989 119.1834 60.6644
8 34 847 7.9994 119.1917 60.6686
9 31 929 7.9997 119.1959 60.6707

ERVINEE RS RN S Ee

TR&E HERFZE 9

1 0.7104 60.5970
2 0.5460 60.6096
3 0.6147 60.6349
4 3.7809 60.6559
5 4.0965 60.6222
6 3.5923 60.6728
7 1.8366 60.6644
8 1.8055 60.6686
9 1.8720 60.6707

4.4.3 Minitab 3 3 #

SRR AR T IR 44 & S RAR o 0 SRR - S0 - SRR
R AT A LS T o BERFRFA TS F 24 d NG I BETRS S

SRR R FI R - PR & 2 R ek 1 - B84 K 2 Analyze

43 BY X HE 442 ePaper(2024 &)



fera v 3 Fhdit s BAESl BT ERE R 2 F T

o+

Taguchi Design | F% » & Tselect ; (P 5338 S #EE TC5 % 4 @REL | 2

FComiEE ;> HE o 40T B 20 #77%

# 15 ~ Minitab %03 fc 48 43 » 2_ By

VoL MBHEH 2532 F BUFFRS RARE SHMRTEL i

1 AC6K0 0.01 15 10 0.7104 60.5970
2 ACG60 0.018 25 13 0.5460 60.6096
3 ACG60 0.025 3s 15 06147 60.6349
4 ACS0 0.01 25 15 3.7809 60.6359
5 ACS0 0.018 35 10 4.0965 60.6222
6 ACRO 0.025 15 13 3.5923 60.6728
7 AC100 0.01 35 13 1.8366 60.6644
8 ACI100 0.018 15 15 1.8055% 60.6686
9 ACI100 0.025 25 10 1.8720 60.6707
Analyze Taguchi Design %
C5 = hHEE=E Response data are in:
C6 bR ENESEE R
Graphs... | Analysis... Terms...
Analysis Graphs. I Options... l Storage...
OK I Cancel

B 20 ~ Minitab vt #cf8 2 v i B K T

(8- & 7| Minitab $3- #c 48k (FEAR(S > TF A NP Sy 2 4 TS
HE¥RFRILPA 0 NRAK LR T A FRFESTRE A
BABSN L BABA L E MRS o AuE TEEEH 2 Tegad
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k4o F) 21 2R 22 B o

Response Table for Signal to Noise Ratios

Smaller is better

Level TEHEH

-

w
i
et
it

BUFF

&
oF
2%t
k4
k-
a8

1 -32.64 -32.65 -32.65 -32.65
2 -32.66 -32.65 -32.65 -32.65
3 -32.65 -32.65 -32.65 -32.65
Deha 0.02 0.0 0.00 0.00
Rank 1 2 < 3
B 21~ 5P F 852 SN T+ 5 &
Main Effects Plot for SN ratios
Data Means
. ,O?Eﬁ.f: ! BREE BUFERET] ! xesx
ess{ |
e 650 l‘\
E \
E ‘&’ ; G—' S Q\‘*_—'. 1
B \ N ) ®
@ -326551
= \ /
I“ /‘
\ ’/
-32.660 Xt/
y
-32665 : y !
Signal-to-noise: Smaller is better

B 22~ %= X%k 852 SN TS F R
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144 FERAHIVCRAIZA4RE2L I RES

PAF F:\.&F

ARAFERT R 44T SR BT E Y - RS Y DRGSR
£ama kil SN E i ? 2 L8 (dok 167 ) £ GBI 2 A5

BB 2 b %ok 17997 »d P Y -

FHLMETS & FRRE %
PR B it Sl &S - PR A 22 s 0.1051dB > B X2 LR E
2R BEAERT AT L ERIT P

B 43 T E 2 S LATE D2 SN W 45 F 82 Sl L T LR

W2t A T R R B2 Y BB ST A 0.1051dB B R A B AR Sl

16 % - B 5 - PR EE S8ES SN 2 E 8tk
H -1 8 HFk#F S/NLE S/NEL 2 fo R
B A AC60 -18.9056
HE £b 3 AR 0.018M -23.2328
e /s -88.54120447
BUFF#% 7; 35N -23.2351
kAR 13° -23.1677 0.1051
B FE 44 AC60 -18.9056
HE 40 1k & 0.010M -23.1402
ot d /s -88.4360711
BUFF#& 7; 15N -23.1531
B H[E 10° -23.2372
21U~ 5-B5 - FEREGS8EE SNWFHREZ FREZ VR
N , s i A ] S/NLE
2¥@mb Bt B #E 4 i #ig & BUFF# 7/ | %A/ E TG | AAE
F—BExik AC60 0.018™/g 35N 13° -88.5412 | -18.9405
= —PiBREtE AC60 0.010™/s 15N 10° -88.4361 | -18.8479
Improvement = 0.1051 0.0926
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