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ABSTRACT

This study aims to reduce the quantity of non-compliant battery in the production process of
the A7 motorcycle battery. The production process faces the issue of improper internal
resistance of battery, which exceeds the standards. This problem is caused by inappropriate
settings in the pressure, stopper distance, and degree of the cell holder. To solve the
problem, the 2" factorial experiment design was employed to determine the optimal
production conditions. The results showed that all factors, both main and interaction effects,
significantly influenced the internal resistance of the battery. The optimal conditions were
found to be pressure of 5 megapascals, stopper distance of 24.25 millimeters, and cell holder
angle of 14 degrees. When these optimized conditions were implemented, the average
internal resistance of the battery was significantly not more than 1.15 milliohms. The
implementation of the findings led to a significant reduction in the cost of defectives, with the
monthly loss dropping to 10,784 Baht, a 64.14% reduction compared to the pre-improvement
losses.

KEYWORDS: Experiment Design, Battery, Lead-acid Battery, Defect Reduction
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Grouping Information Using the Tukey Method and 95% Confidence

Level N Mean Grouping

Level N Mean Grouping

Level N Mean Grouping

1 10 6698 A 1 10 6971A 1 10 5185A
4 10 5714A 2 10 4705 B 2 10 4618A B
2 10 2.821 B 4 10 2910 c|l [ 103110 B c
3 10 2.141 B 3 10 2424 c| |4 10 1938 C
Means that c.% not share @ letter are significantly difféxent. N
usddunaLaias FEUTUEUR NABUAITUA AL AF
34 msuwSsuiisunam
a5 4 Tedaunazszauilasanlylunisdnsinaass
17938 Ay J2AUM s:@Tfugo
LLi\‘i(ﬂ”uﬂﬂ"g@leaa( (tunzdaAA) Pressure 4 5
FZBENEA (UaALAT) Stopper 24.25 24.75
ANVOUTITUTALTAR(BIFN) Degree 12 14
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Model Summary

S R-sq R-sqfad)j) R-sqipred)
0972656 85.51%  84.10% 82.11%

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Model 740196 57423 6070  0.000
Linear 3 26970 89902 9503  0.000
Pressure 1 9459 945917 9995  0.000
Stopper 62.04 62040 6558  0.000

113.07 113.074 11952 0.000
2-Way Interactions 113.70 37899 4006  0.000

1
Degree 1
3
Pressure*Stopper 1 1823 18231 1927 0.000
1
1
1
1

Pressure*Degree 6648 66485 7028  0.000
Stopper*Degree 28.88 284930 3063  0.000
3-Way Interactions 1856 18537 19.62  0.000
Pressure*Stopper*Degree 1856 18557 19.62  0.000
Error 72 6812 0946

Total 79 47007
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Multiple Response Prediction

Variable Setting
Pressure 5
Stopper 2425
Degree 14
Response  Fit SEFit  95% Cl 95% PI
I 1,150 0.308 {0.537, 1.763) (-0.884, 3.184)
Optimal Pressurs Stopper Diegree
; High 5 2475 14
D-08d88 o, F 2425 14
Low 4 2435 12
@
IR &
Blinimum *
y = 1150
d = 0.99335
————————— - — — — — — — — — 1 — — — — — — — —

3UN 7 wanImenmanzanngavasuaazilavn

43 nInadouaNNAgIwiaBngwilay

Tuduaauilidummaessvsunigunmsadfiieduduinszaudasofioanzaurils
danuiumunsluduldawtasimuanioli Taslunuisoilinuasunigunan
H : 1 < 1.15 wanadssnanusdmumumelwaiedenlifiu 1.15 Sadlawy wazauufiziuios
H, : p > 1.15 wansfsiannaudunmunsluadsfdnuinnit 1.15 fadlaviu wisunases
nAauualae3 tafnuasmNdiaesussdunazaisadivindy 5 wnziaans szozvya
WML 24.25 Ta8INAT UAZYNVAUAITUTALTANYIINY 14 836N mnifut.g’m”’sazml,l,mma%i
31%2% 30 §n WounarausNNAzIWNIFAR Kan1TTleTERNLai LD aLA03E
Aanudunmunsluadowiiny 1.14 dadlesu wazinlunaseuauuguniaiadie
AURDANAROY Z-test WUINNA P-Value 1NNy 0.855 ‘Aﬁdﬁﬁ’]wﬁﬂﬂ’j’lizﬂwuﬁﬂﬁ’lﬂwty @)
fMwuafe 0.05 é’mfummsnagﬂ"l,éfd’lmsmaauauwagmmaaﬁﬁmmmUamf'uauuag’m
wan namdedanudununeluadslifiv 1.15 Sadleviy urnnszui 8

Descriptive Statistics

Test
95% Lower Bound
N Mean StDev SE Mean for p Mull hypothesis Hatp =113
30 114033 0.00820 0.00912 1,12532 Alternative hypothesis Hy: p» 1,15
e papulation mean of IR Z-Value P-Value
Knawn stendard deviation = 0.05 -1.06  0.855

3UN 8 WAMINAFAUANNATIUNIEDA

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




]4 Kasem Bundit Engineering Journal Vol.15 No.2 May-August 2025

5 @vduaniivw
am%”mf?lﬁﬁmqwﬁmiaaﬂLmumsmammﬂixﬂqnmﬁlﬂﬂsamuﬂiﬂﬁﬂmme@]a%l
WaurileTyminuaneialiduldmudadimualunszuaunswiadedannguiain
mimsnwniiiaafintessnsfilimunzay lasmydseilidenldniseanuuunismansssie
AFnInaassadiguany Il nvanuuuNIINaaaddisuNnnalon 2" LaZNNTAIANT
mmmuﬁqﬂ w%am%miﬁuﬁ'mm”uﬁmm:awaaﬁmﬁ'mﬁmmimaauauuagmmmﬁa
nanssanuITasonsnuadaninansanuazdniwasiudedianudwniunisluagig
ffuddny uazasimuadinidiesusidunagalmadiinny 5 wnzlanns szaznga
WAL 24.25 TafLNaT WATYNVBUMITUTALDAALYINAL 14 83A NNIRIHATWENTIL
"Lﬂlﬁﬁ'umzmummﬁmm@ma%"éu A7 snsnTrsaauuaiassnliduldarutesvua
aRgan 127 andiolian aARILARE 46 andaiia $opszuuaiaoin liiduldaudorimua
AARIMAR 0.51 (NG 1.33) aassAaidusouas 61.66 2INLaARALIIWINNEATIN 8,876
andaifian I@Uﬁga@hmwgtyLﬁﬂﬁtﬁﬂﬁuawr]ﬁaunwiaamamum@a?ﬁ"l,aj dwldanad
AnuALaanaIn 30,075 LINdaLfian anadlras 10,784 undation aaduiauas 64.14
FINII0NANAUNY 19,291 UINdaLABYU NI 231,492 unsal LAZSIUINULALADS
ma"’mmuwﬁﬁvl,ajLfluvl,ﬂmm]”aﬁmu@ﬁ'a@aaifmﬂum@gmnmimaaa aaifariAInwY

o

dumunoluininaIuifnuaaIuUaLaaTIn A7 I

6. YalAnaun:
° o e v A o o A,
'mm‘mu'maﬂmsaaﬂLm‘umiﬂﬂaaduvlﬂﬂszqﬂ@l‘slmwaﬂumﬁmmaawaﬂimu
' a AAN v o ' @ o A
dan1ItAauuaaaIN bt dwlUa Nt iR ua ke e N1IaRIAITE AU B M RNIzEY 11
ns:mumw§mﬁlﬂum:mumﬂmw’q@Lmaﬁawﬁ%’umLmaﬁﬁujuﬁuvlﬁ #aNINNRI
mmmﬁwmmmmmiwmﬁme:ﬁmwm%m”nﬁ"l,&i"lﬁﬁwmLm"”lmmﬁwmﬁmsﬂ:ﬁ‘lu

My8aIIsia

References

[11 FengJ, Guo P, Xu, G. Barriers to electric vehicle battery recycling in a circular economy:
an interpretive structural modeling. Journal of Cleaner Production 2024;469:143224.

[2] Exactitude Consultancy. Lead acid battery market [Internet]. 2023 [cited 2023 Apr 15].

Available from: https://exactitudeconsultancy.com/th/reports/15199/lead-acid-battery-market.

Faculty of Engineering, Kasem Bundit University Research Article



https://exactitudeconsultancy.com/th/reports/15199/lead-acid-battery-market

3ronssuAsinuUUrua OR 15 alun 2 wnuNIAU-AYKIAL 2568 ]5

[3] Krivik P, Baca P, Kazelle J. Effect of ageing on the impedance of the lead-acid battery.
Journal of Energy Storage 2021;36:102382.

[4] Jantana Y, Racttanawai N. Optimizing factors for lemongrass slicer using design of
experiment. Science and technology Nakhon Sawan Rajabhat University Journal
2022;14(19):83-95. (In Thai)

[6] Sae-sio B, Sokul N. Reducing defects in packaging by applying experimental results: a
case study of snack company. Industrial Technology Lampang Rajabhat University
Journal 2016;9(2):30-44. (In Thai)

[6] Homsri P, Kongthana J. Design of experiment (DOE) to reduce in plastic injection process
of automotive parts. Kasem Bundit Engineering Journal 2013;3(2):73-95. (In Thai)

[71 Visedmanee J, Khadwilard A. Analysis of factors affecting the volume of lemongrass oil
from distiller by experimental design. RMUTP Research Journal Sciences and Technology
2017;11(1):34-42. (In Thai)

[8] Khamteera J, Teerawatthanasukul |. Optimization for sewing machine setup using
experimental design technique. RMUTP Research Journal Sciences and Technology
2015;9(1):102-11. (In Thai)

[9] Pacheco D, Librelato TP. Optimising process and product performance in complex
systems: a study in the automotive industry. International Journal of Quality and
Reliability Management 2023;40(4):922-41.

[10] Jankovic A, Chaudhary G, Goia F. Designing the design of experiments (DOE) — an
investigation on the influence of different factorial designs on the characterization of
complex systems. Energy and Buildings 2021;250:111298.

[11] Koohathongsumrit N, Meethom W. An integrated approach of fuzzy risk assessment
model and data envelopment analysis for route selection in multimodal transportation
networks. Expert Systems with Applications 2021;171:114342.

[12] Ketjoy N, Khaosaad N, Sirisamphanwong C, Chorchong T. Degradation of photovoltaic
module peak power from internal resistance effect. Journal of Science and Technology
Mahasarakham University 2013;32(5):547-54. (In Thai)

[13] Koohathongsumrit N, Meethom W. Route selection in multimodal transportation
networks: a hybrid multiple criteria decision-making approach. Journal of Industrial and

Production Engineering 2021;38(3):171-85.

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




]5 Kasem Bundit Engineering Journal Vol.15 No.2 May-August 2025

[14] Darmawan D. The failure mode and effect analysis of islamic banking product marketing
in Indonesia. Journal of Islamic Marketing 2025;16(1):290-305.

Use iRl anunaa

%3 Baudn infnmuTyanln wangaricmnsmwmaniunidmdie

113 nTIanTAanssunazinalulad amsdainssuaaas

NRIINLISLTINAIUAS 18T 282 OUUITNAIUNAT UVIIRINAIN

LwaUIINED NRNANUAIUAT 10240 E-mail: 6614940009@rumail.ru.ac.th

a A Qs l£ a aa a
AA.AT.NDLAD @lmnaaauqnﬁ NIAITIRD G ﬂm:’mmmamf
URIINBIRYITN AN La“llﬁ 282 OUWBINNATIUNI UWVIIRIRNIN
LAUIINE NRNANUAIUAT 10240 E-mail: nitidetch.k@rumail.ru.ac.th

Article History:

Received: February 16, 2025
Revised: April 12, 2025
Accepted: May 21, 2025

Faculty of Engineering, Kasem Bundit University Research Article



mailto:6614940009@rumail.ru.ac.th

