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Abstract

The cosmetics industry, including deodorant sprays, is experiencing rapid growth, with increasing competition
driving manufacturers to adapt and enhance the efficiency of their production processes. The gas filling process is
particularly crucial, as it impacts both product quality and production costs. This research aims to determine
parameters that are robust against temperature variations, ensuring that the gas filling mass stays within the target
range, even in the presence of external disturbances. The experimental process employs the Taguchi technique,
with the following parameters controlled: 1) gas filling pressure, 2) gas filling speed, and 3) cylinder volume, each
as control variables with three levels. Additionally, 4) environmental temperature is considered a noise factor with
three levels. The experiment utilized an orthogonal array to design the layout, with internal arrays for controlled
factors and external arrays for noise factors, combined in a cross arrangement. After designing the crossed array,
the gas filling experiment was conducted, and Minitab software was used to analyze the results. The signal-to-
noise ratio was selected for a "target is best" response type to maintain the gas mass within the target range of 72
grams per can. The optimal parameters identified were 1) gas filling pressure of 2.0 MPa, 2) gas filling speed of 65
cans per minute, and 3) cylinder volume of 128 mL. After adjustments, the results achieved a target mass range
of 70.97-72.54 grams per can, with a 30.22% reduction in standard deviation, leading to a 52.20% reduction in

waste and costs.

Keywords: Deodorant spray products, Gas filling process, Robust parameter determination, Taguchi technique
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Jayaynlamnsadiluldinseiseld nsminmuaLanssa
aq

ngu
Y

Y
Ul

Ca

Residual Plots for Zone (g)

Normal Probability Plot Versus Fits

Residual
o o o0 o0
°

s 720
Fitted Value

725

0
Residual

Histogram Versus Order
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JUN 4 : nswluansdiunndednanaussaiennley
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dusuanvesunazdadelaalaa S/N Tun1saium

o w o

HoFuaa1auaudIAgyLal (rank) wuindade Volume

o—

aa

dviswaasan 19389u1A9 Uady Pressure wazilady Speed

Y 9

Y =

AUAIRU AIR5NT 7 Uag JUT 5 Aty Tagnannisuan

Wialildan1ennumuseanimwinaeunauauliladadon
1gAn1 S/N NA1genINHaTIAT 1Y WAt A A1 Volume
128 mL, Pressure 2.0 MPa wag Speed 65 can/minute

HANILATIEALAAINANTIN 8 UaEFUN 6 WUTABNSHA

P '

983 Volume H8vEWagegaNisAu 2 58991 Av A1 Pressure

v
o w U o

752AU 3 uaz A1 Speed NTAU 2 MUAIAU AIUUAIUDY

I a

Volume HA18TNagINgA 5898911 AB A1 Pressure

o

526U 3 way A1 Speed TisEdv 2 auddu éfdgﬂﬁ 7 uay
U7 8 Feflnnuaenndeatuauiduaie mamguiuazain
Uszaunisalvinnulasdiundieuiieulaainaisianiny
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Toudl 1, 2, 3 A1 Volume 128, 130 uag 132 mL A1 Pressure
2.0, 2.0 waz 1.8 MPa A1 Speed 65, 70 k@ 65 can/minute

MINEIAU AI3UN 9, 10 UAzll MmUY

15197 7 : AAdnsnasu S/N Yaaumaztlady

Level | Pressure (Mpa) | Speed (can/min) | Volume (mL)
1 38.94 38.13 43.40
2 37.43 40.79 35.45
3 41.31 38.76 38.84

Delta 3.88 2.66 7.95

Rank 2 3 1

Main Effects Plot for SN ratios
Data Means

» Prezzure [Mpa) Speed (can/min] Welume [ml}

43

42
g
B
z w0
T
£

7

3%

35

16 148 24 & 65 70 128 130 132

Sgnd-to-noise: Nominal is best (10x L og 10YBar 24 2)

JUT 5 nemikansdndvinanu S/N veudaylady

719197 8 : HanBUANBIE NS UA LAY

Level | Pressure (Mpa) | Speed (can/min) | Volume (mL)

1 71.78 71.84 70.89

2 71.72 71.99 71.65

3 72.05 71.72 73.02
Delta 0.33 0.26 2.13
Rank 2 3 1

Main Effects Plot for Means
Data Means

Pressure (Mpa) Speed (can/min) Volume (mL)

73.0

725

Mean of Means

7.5

128 130 132

JUN 6 : nsmluansrndvsnasiuAadey
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AN 9 : HAIAT VA ARG DA EMeS T UAIAUTTY 1Y

1 a I3 o 1 ﬁquqa o d'
ATNTFAMD3 | N1SUTUAN o ansinsilagunlag
ey
AU (+) | L (+) | wlsiunssiuaana
Pressure o
anag (-) anag (-) 1Y
1NTUY (+) anas () WUSHARUAUAILIEA
Speed o o
anad (-) ALY (+) N
1NTY (+) | ARTY (+) WUSHUASINUANLIA
Volume .
anad (-) anas (-) Ny

Response Table for Standard Deviations
Pressure Speed  Volume
Level (Mpa) (can/min) (mL)
1 0.8547 0.8364 0.5309
2 0.9907 08072 1.2146
3 0.7403 0.8421 0.8401
Delta 0.2505 0.1292 0.6837
Rank 2 3 1

JUN 7 : wameuauesdmiuAde LAl

Main Effects Plot for StDevs
Data Means

Pressure (Mpa) Speed (can/min) Volume (mL)

Mean of StDevs

* \/‘
08

128 130 132

JUN 8 : n3mluansnBnsnanuATe L UUINATIIY

Interaction Plot for Zone 1 (g)
Data Means

60 65 70 128 130 132

Pressure

Pressure (Mpa)

Speed
(can/min)
60
65
70

!

Speed (can/min)

Volume (mL)

JUN 9 : nemifduiusvesusdasUadelaun 1
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Interaction Plot for Zone 2 (g)
Data Means

Pressure

e 16

Pressure (Mpa) e : ;:g
n

Speed

B (car/min)

—— 60

Speed (can/min) L P %

Volume (mL)

JUT 10 : nemiufduiusveusiazdadelaun 2

Interaction Plot for Zone 3 (g)
Data Means

60 65 70 128 130 132
Pressure

—— 16
Pressure (Mpa) " 7—":" ;g
70
]
» Speed
(can/min)
—— 60
Speed (can/min) " tr:" ‘6/8

Volume (mL)

JUT 11 : nemiufdusiusveusiazdadoloun 3

4.3) Yn1snmaeuaziiUNaToyanouLas NAIUSUUSI
& =S 2 v i o YT
TUABUUITVIINITNVTIYANBUUSUUTILAE NaIUTUU

PHINUIATNISITMBIN A IINATIATITY A A1 Volume

S o

526U 128 mL A1 Pressure N5z6U 2.0 MPa liazA1 Speed
fsgavu 65 can/minute Yrlulglunsguiunisiienianis

UFUUTaianns1en 10 uae 11 Muaeiu

15199 10 : Teyaneuuiulse

Fuit | vean1wdn | wga 1380 voudy | wlafine

(n3zdag) layl vga | (nszdeq) | 1afe

¥ | (i) (nfu)

1 33,200 2 22 93 71.49
2 32,150 3 34 151 7191
3 32,000 3 32 133 71.70
4 32,500 3 34 115 72.06
5 32,480 2 23 74 71.76
6 31,880 4 42 123 71.76
7 32,150 1 10 18 71.51




A15197 10 : ToyaneudTuus (de)

Journal of Engineering and Digital Technology (JEDT)
Vol.13 No.1 January - June 2025

WUIMEIUTUUTIA09 Cp way Cpk TANMILLTUGAITUAN
YDIANUANNTOVINTLUIUNITATY Aam157 13 Uaggud

12 LLazg‘Uﬁ 13

15199 12 : TeyalUSeuiiunsuwasnanisuTuUs

Tui | sean1swdn | viga a1 | veude | wiafinw
(n3zda9) ladd vgn | (nszle) | 1ade
(a3 | (i) (3w
8 33,150 4 a4 125 71.69
9 33,150 2 22 53 71.51
10 32,300 3 40 123 71.93
11 32,400 4 42 155 72.79
12 32,500 3 33 113 72.06
13 32,140 3 32 133 72.01
37 422,000 37 410 1,409 71.78

M3l 11 : Joyandaiuus

Fuit | saanns nEn a0 voude | wiafinw
e land vga | (nszley) | e
(szded) | (afy) | (unib) (nf)
1 32,800 2 20 58 71.58
2 32,500 2 20 59 71.59
3 31,500 2 20 60 71.63
4 32,800 1 12 18 71.43
5 31,250 1 13 18 71.45
6 32,450 2 30 61 71.54
7 33,800 2 30 67 71.60
8 33,500 2 22 62 71.63
9 32,600 2 24 64 71.65
10 32,200 2 27 70 71.64
11 32,200 1 12 18 71.41
12 32,400 2 23 50 71.69
13 32,000 2 24 71 71.65
3 422,000 23 277 676 71.58

snensseuiiisu fou hae Wiguiieu
(n3w) UFuuse Usuuse (%)
. . 70.87- 70.97-
AR ANAR-EEn 30.22
73.12 72.54
Aide 2.25¢ 157 ¢ 30.22
ﬁhl,ﬁmwummgm 0.67 0.39 41.79

= = = '
M151997 13 WUSHUNEUAAMNEINITOVBINTEUIUNIS

A1AUFINITA flay wa wWisuieu
NS¥UIUNTS Yiudse | Juuss (%)
Cp 0.79 1.91 141.77
Cpk 0.60 1.11 85

4.4) 3ATILRaNaINITUSUUTI

n¥IviinsUTUUss desaliiannatnisususarmng-
fimesuazdnuvesdvanas Wewhdoyaluiouiivuneu
warnaasulse Wneiudeyadiuau 13 Jukazeeanisudn
422,000 n3zdes ity Tdadsil 1) ArAuagega-san
(nFusonszdeq) 2) Arfide (n3a) 3) Andosuusnggu
(n3w) wudanas puaEdurilinssuiunswandusednsam
ity uiludiuresaiadsmnavssyieiianas azdosh
msUfudgaitelimudnlndmnanadl 72 n3u famsnedl 12

WleLunsnTI9aoUAININAIINTIYBINTEUIUNS I
N19ILATIZ9AY Process Capability 16iAn Cp, Cpk vadan

WausInne 72«1 niurenszUesnaunasndeliuse

Process Capability Report for Before improvement
(using 95.0% confidence)

LsL Target usL

Process Data Overall
st 7 Within
Target 72
usL

73 Overall Capability
Sample Mean 717606 Pp 0.50
sample N 153 CiforPp  (044,055)
StDev(Overall) 0670554 PPL 038
StDev(Within)  0.419311 PPU 062
Ppk 038
CiforPpk  (031,045)
Cpm 047
BforCpm 042
Potential (Within) Capability

p 079
Cl for Cp (0.71,0.88)
CPL 0.60

cPy 099

Cpk 060
ClforCpk  (0.52,0.69)

4

704 708 712 716 720 724 728 732

Performance
Observed  Expected Overall ~ Expected Within
PPM < LSL 98039.22 128337.45 34844.46
PPM > USL  45751.63 32277.69 1559.27
PPM Total  143790.85 160615.15 3640372

UM 12 : ManuansanszuIunsneudiulse

Process Capability Report for After improvement
(using 95.0% confidence)

LsL Target usL

Process Data Overall
Lst 71 2 Within
Target 72
st 73 Overall Capability
Sample Mean 71,5795
sample N 149
StDev(Overall) 039088
StDev(Within) 017448

Pp 085
CiforPp (076,095
PPL 049
PPU 121
CiforPpk  (0.42,057)
Cpm 058

LB for Cpm 053
Potential (Within) Capability

Cp
Cl for Cp (1.69,2.13)
CPL 1m

cPy 271

Cpk 1
ClforCpk  (0.97,1.24)

708 711 714 717 720 723 726 72.97

Performance

Observed ~ Expected Overall  Expected Within
PPM < LSL 4026846 86.66 44771
PPM > USL 000 13952 000
PPM Total  40268.46 69226.17 447.71

JUT 13 1 AnAuENUsaNsEUIUNIUEIUTUUT
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PInduihnsnagevaLNATIUIIN LN oA
n¥aUFuUgsRtunielsl fiseduiduddny 0.05 Tagldins
VAAOUAT z-value waA1 pvalue Wuin Afilddounas
visuussfiadesninasesutivddn uaiild Ao Ufuas
auufigiuvdn H, uazsensuanuigiumaden H, e
wafildialivihfuanssuiifivuede 72 viliufas
auuﬁgmmﬁﬂﬂgﬂﬁjLwimé'w%wquudwﬁmLﬁmwummgm
anas fegUil 14 wae JUT 15 vidlsidenihusulsnssuiuns

AaselviliANeeusuaNLAgIuMaN H,

One-Sample Z: Before Weight

Descriptive Statistics

N Mean StDev  SE Mean 95% Cl for p
153 717606 06706 0.0808 (716021, 71.9191)
4 mean of Bef
Known standa =

Test
MNull hypothesis Hep=72
Alternative hypothesis Hap =72

Z-Value P-Value
-2.96 0.003

JUN 14 : HansveadeUaNLRgIUiouUTUUT

One-Sample Z: After Weight

Descriptive Statistics

N Mean  StDev SE Mean 95% Cl for p
149 715795 03909  0.0819 (71.4190, 71.7401)
g mean of After Weight
Known standard deviation = 1

Test
MNull hypothesis Hap =72
Alternative hypothesis Hop= 72

Z-Value P-Value
-5.13 0.000

JUN 15 : HaNIVAARUANNAgIUVAIUTUUT

5) afUseNauazaUNa
NATeNlAANINTEUILMTUTIIINgemATN TS
InumudmnsunszuIunsussaing Mmemailani)d lagd
aa 9 & o A o V]
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muifvuanag [9mallanng 0ankuun1TIINITNARS
Orthogonal Array L9 Lagilas1zvnnAens1diudayyin

Y Ada a '

AedygyIsunIundBvsnaseladesielusinsu Minitab

waanleane 3 Yade fie 1) YadeuSunnsussainenseau
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128 mL 2) Yadoussfuussaine Asedu 2.0 MPa uay 3)

o 13

Jaduarnusilunisussyfing fiszau 65 can/min Fudu

'
1A

a7l illdlunszusumsndn wevilvian eglutiadmane

fifals fe 71.00-73.00 g/can
\defiansanneuuiulsmun fgaumgiivssana 29.4
psAadea TAvninAnTsIL Falanununiudes
niwdaUFuuaguil 16 vdsnlsirdmnsdiwesiuldly
nsEUUMIUTIYENUIIAUTTY oeflutisesaiveng
Tuvasgaumgidanandendl 26.5-35.6 ssawaidos us
nFsnguyiiiugetunnnii 35.6 oseisaidea vilvien

AIAINIANNAMUARIIUN 17

Scatterplot of Weight Average (g) vs Temp. Env.('C)
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Scatterplot of Weight Average (g) vs Temp. Env.('C)
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U 9

nden15UTUUTllaAIIaUTIIMLAININANINTTIU

NINUUITYNPLINITUTUAIMITITINeS A1USHINS

P o

NIPUBNUTTANY NT8AU 130 mL NLANATEAY 128 mL

ilvAuaussyinglamuamnsgiumuiinmun Tugia

@

vasgaungiiniinisildsundadlundazTuninisuda 210



Tayandin15uTuUse nudA1ves waiedariigauas

Agaaneglutig 70.97-72.54 ¢/can MnLANRoUUTUYT

'
=

H929A1u3a7n 319031 Ao Y29 70.87-73.12 ¢/can siagu

18 way gﬂﬁ 19

Xbar-R Chart of W1, ..., W6 by Stages

Before Improvement After Improvement

2 Nidh g AN
B L VDV ANAS

740
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£ 730
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£ 725 | | UCL=71486
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U7 18 : Annamaneuliuliuasasiuusp

Histogram of W.1, W.2, W.3, W.4, W.5, W.6
Normal

Robust Design

Original Design

Ay p®

&

Weight (g/can)
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aumivilsinszuiumsussefnediafiliniidogumnd
dawndeniinisiasuuias Fsdenavinlionmgfivesfined
ogflusmanuazluviodnefine fgamgiiudsuntamiluse
viliUTinmswagauvLiuresi e AansUdsunlas
Fesonndosiu nQuesmia (Charles’s Law) nanai1 Usuns
yoafneisiaavianis lunnudunsiiezuusiunsady
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anasUinesanasiliaumuuiuresfeiutudsaly
naifiutu Mnuailivdasuusdaonisldamninesi
Uy wuiwihlefinnumunu denisiasuilasues

PN NAWINGRN R INUIIUNUTULNLTY Fevinlvian

37

Journal of Engineering and Digital Technology (JEDT)
Vol.13 No.1 January - June 2025

Anuvuntuiiainslusefuiidssalinisussgfiedlu
Psandmnele uiannuaildnuindsliamsanuniusie
Avesguvndfiinnd 35.6 ssrnisaidea lduansgung
rouuarndaUiul Tnevdsuuussdiaaumuniuanniy
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nmuRsuiieuaiugumgii
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Temperature (°C)
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JUN 20 : nswlSeuliiguinaiugnmgineuwasnasuiulss

dmsulsrlondlunided aunsatmdnmauagisng
Tl #lumhenuiifinszuumsnaniindendsiunszuiums
usseAm WeteUiuuinssumstiamaeglusitimang
Smidsaunsnuszgndadrlaaaaunisannes (Regression
Equation of Model) wuushaasaunsvnangdinenans iield
fuAnausTyiuiaskdn Sasivdieiuandety ouide
il 1¥a¥resuuvuresaunsluusasloy duansluaunisd
(1), (2), uag (3)
Toudl 1: gauuindl 25 fa 30 srivaiToa
W =-2.83+ 0.499P - 0.2715 + 0.5886V (1)
Touil 2: grumgdl 31 fe 35 esmwaLdea
W= -2.10 + 0.520P - 0.00195 + 0.5620V 2)
Twuil 3: gaungdl 36 fis 40 e wALTea
W =11.60 + 1.080P - 0.0062S + 0.4460V
Taoil w
ID
S

%

(3)

fg 11AUTIYNY

A9 uIIUUTIINY
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fe USumsnszuenussying
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15199 14 : AwdnesinuuLiazY gl

Temperature | Mass (g) Parameter Setting
of Zone (°0) Pressure Speed Volume
(MPa) | (can/minute) | (mL)
Zone 1 72.00 2.00 65.00 128.60
Zone 2 72.00 2.00 65.00 130.22
Zone 3 72.00 2.00 65.00 131.50

Weldruwaiandurinisasivaeuinaintatdaula
vsollvinisnagaeu wudiAwanussgeglugeiivua

AIMN51991 15

MINTN 15 : HANITNAFOUANIAUTIYINY

Zone Gas Filling Mass (g/can)
No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | Aver.
1 72.05| 72.06 | 72.02 | 72.04 | 72.03 | 72.06 | 72.04
2 72.12| 72.08 | 72.09 | 72.06 | 72.10 | 72.07 | 72.09
3 72.04) 72.05 | 72.01 | 72.06 | 72.09 | 72.06 | 72.05

Foilvmtinauluiesussafing ihaunsiluldususae
Wielinsidsundadluwsazdgumnill vinlidisannisaes
Hnaoagn dawalviszeziiainisAuanIn (recovery time)

a o edl o - A vy
wandnduninldlunismegevanasiannied 16 uagiilold
WhAfevavanamdsulllilieuiisuiveennisuan
luefinfiriuan lagAnann 1) seadnuiuvesds 2) aiusu
AR Uay 3) YariAnademey deheliaunsausendaag

19 433,612 v m ﬁﬂLLaﬂﬂugﬂﬁ 21

M3 16 : SrEnAINITANAN el nAIUTUUT

naseuAss | szezamudnin (uifl) |wBadusivagey (nszias)
i fiow  |wasliuuse|  neu né
Uiuusge USuuge USuusge

1 11.83 5.50 14 6

2 12.43 6.43 14 7

3 12.33 570 16 6

4 11.80 5.76 18 8

5 11.60 542 16 6
Aade 12.00 5.76 15.60 6.60
Souaz 52.00 nasUTuUTe 57.69 vaeUiuuse
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