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Abstract

This study aims to use the Taguchi method to test the performance (volume in
decibels) of the firecracker under different process conditions, and to analyze its
applicability and application value in different quality processes. By combining what
we have learned in class with the parametric design process, we designed a series of
experiments and measured data to explore the performance of firecrackers in terms of
folding methods, paper types, paper sizes, and force application locations. We also made
firecrackers with different process parameters based on Minitab orthogonal tables and
compared them based on the decibel level.

The research results show that paper thickness and size are important factors
affecting the sound of firecrackers (measured in decibels). After analysis, it can be
found that using lighter, thinner and larger paper can effectively increase the decibel
level of the sound produced by the firecrackers and has better applicability. This study
used the Taguchi Method for parameter design. Through systematic S/N factor response
analysis, it was confirmed that paper type and paper size are key control factors that
significantly affect sound. The effectiveness and reliability were further verified in
subsequent confirmation experiments. The study also confirmed that the Taguchi
method can accurately find the best combination of blasting process parameters under
a limited number of experimental conditions, highlighting the practical value of this

method in improving product quality and optimizing parameters.
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8 3 2 1 3 78.00 | 73.00 | 76.00
9 3 3 2 1 52.00 | 51.00 | 54.00

BOEMBRFI ARG YL REHR LT L BERAIIFR Y 0 2 By
#ybar o S B SN ¢ HE - mF sk B E o 4 L KRS RE A
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N L gM,%?ungw%waérzlﬂ&%°
ML gt s
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2. t A% A (sample standard deviation) :

n

1 5\ 2

s= =g ) &)
=1

sEAREL
n' otk & #Hc
Xt A LR AT
Xtk AT 35
3. S/N b zi

n 1
Zi:l_z
yi)
n

24 7 & mR sz BB

A B C D
Exp. ’ 5 3 P ybar S S/N
1 1 1 1 1 83.6667 | 7.5056 | 38.3759
2 1 2 2 2 73.0000 | 3.6056 | 37.2458
3 1 3 3 3 41.0000 | 2.0000 | 32.2350
4 2 1 2 3 71.3333 | 9.4516 | 36.9242
5 2 2 3 1 81.0000 | 3.6056 | 38.1521
6 2 3 1 2 75.6667 | 4.7258 | 37.5454
7 3 1 3 2 48.6667 | 1.5275 | 33.7360
8 3 2 1 3 75.6667 | 2.5166 | 37.5684
9 3 3 2 1 52.3333 | 1.5275 | 34.3683
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Average = | 66.9259 | 4.0518 | 36.2390

KEET 0 5 1 29 % (A=1,B=1,C=1,D=1) % & 4 » & T 353 § (ybar)
5] 83.67dB: 3 #7% :@gw BF E SN i 3838dBo A H A 3 BB
CPARMBI AR B3 PRI AMEL Y 2 T35 2 41.00dB> SN

74 B e 3224dB B L MBS A MR E A o gl HE 5 e ¥
8 ‘i uiEF 7 81.00 dB ¥ 7567 dB chE Tt B v 8 SN A H G
38.15dB ¥ 37.57dB> m A RE 2 ehflize & o

FEBIA T REL () 77 ARAEIRUL o 5 4808 Bk 945
B R HF EAMAT < EIMRL A FTREEF I BMSEF L 1.53
dB ;‘%t"-r tl ﬁ,\% iﬂ o)’}:m /'F‘l/_“&rr}{’ [”L"F:f :), 7 E'l—/ki 9 B%\Iﬁ_‘%iﬁa

7
HIyog § o u i 48.67dB 2 5233dB > B+ LILMEY T 0 FR A g 50
BRI RRIEGFTEE -
KEW TR A4 2Pk T03 £ 5 6693dB BRI L Ti0%
405dB B r 5 Bt kel Y AT AR e o SN TG
36.24 dB -

%4 8S/N I F5 £ 4

Level A B C D
1 35.9522 36.3453 37.8299 36.9654
2 37.5406 37.6554 36.1794 36.1757
3 35.2242 34.7162 34.7077 35.5758
E1-2 1.5883 1.31007 -1.6505 -0.7897
E2—-3 -2.3164 -2.9392 -1.4717 -0.5999
Range 2.3164 2.9392 3.1222 1.3896
Rank 3 2 1 4
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FAdsnTd o hw BRAITS YR L
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(A) chdcid RE L Ap HEDS/N W EEF

& ’E’Efé“m;é ;zgc_;iﬁq_y PR Rk o MR (B) ACkE 2 (By) B

G sk R MR 4 (C) 9k mABE A L

2 J\;M(Cl’ﬂrzK W) B4 BEF BB SN ANEF AR 1 Ad
(C3) » S/N vh i T % 5 BEoT KGR ¢ R e B AR R RS o

At 9 b At s
Level A B C D
Optimal | A2 B2 Cl DI

KPR AR OoOHBAR LT E T AR (38 75 ) B id k8T R
By & (AR FF ) B E-REIRACE (AR 73 ) ik EE 2K
Di & (54 =875 ) kL L > wnh.

PO SRR AR SRR E PR AT RgpE ¢ 22 Y SN AR
BN H AFE A BEFTFS RAOKEL | ot DI SN 1L & o 1R
A L

Noringinal = N1+ (s — M) + (P — 7)=37.9363
Ao i 2304 BFHDSIN G TIDE > 5 362390 ; gy & 7 MR 5 K
# 1 (+ W) e SIN W T3aE > 4 36.3453; e fe L3R < 5ok 1(2K) p
1SN W T 3o 5 L 37.8299 o

Noptimat =1 + (g2 —1M) + (c1 — 1) = 39.2463
He >z AR %14 2@F% a0 SIN W T E > 4 36.2390 ; 1, % 71 MR FARE D
BoiokE 2 (R PFenSIN L T 308 5 5 37.6554 ; o HA3E © ~F e if k8
1(2K) pEen SIN »- T 358 > 4 37.8299 o
FEET B ar T e pE R MR L AR (B ) KGR |+ 5 2K(Cy)
ko Slicie & BIIR F F EEIEH H S/N W L 392463 0 AR B T R s

#8010 Rdegr o WAR Sl & IR %

Step5: hic bkt llferke SRy & S/N
&
Level 7 =% &y B | BEL FRE TR E
¥
Original | 71.0 | 86.0 | 72.0 | 73.0 | 76.0 | 75.6 | 6.10737 37.5091 37.9363
Optimal | 77.0 | 78.0 | 88.0 | 84.0 | 81.0 | 81.6 | 4.50555 38.2027 39.2463
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Improvement = 0.6935 1.3100

iR &é%@lﬁﬁ% BT T A HKRENE AL S 71.0-86.0-72.0~73.0 &2
76.0 > T35 5 75.6 0 B L 6.10737 0 e S/N W G 37.5091 > FERI B R S
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Distribution Plot
Normal

Mean StDev
— 756 6.10737
— == 816 450555
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4. 12 Step8: P EHicd s L F B %

3 AFEE
Original 46.09%
Optimal 7.15%

4.2 Minitab ‘? & e dx
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Mean of SN ratios

35.54

350

s

5

7

Response Table for Signal to Noise Ratios

Larger is better
Level i) AUHAHIRT AUo ) il )4V ¥

IT0-

36,5

3604

1 35.95
2 37.54
3 35.22
Delta 2.32
Rank 3

=il
]

Signal-to-noise; Larger is betfer

36.35 37.83 36.97
37.66 36.18 36.18
34.72 34.71 35.58
2.94 3.12 1.39
2 1 4

B 19 SN 73 F i 4

Main Effects Plot for SN ratios

Data Means

i

HRET

B 20 S/N +t F]3 F & B

813 RSl

Level A B C D
Optimal A2 B2 Cl1 D1
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Prediction

S/N Ratio Mean StDev
37.9363 79.2963 7.02581
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