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ABSTRACT

This paper presents the application of Lean Six Sigma principles in improving the cap tank assembly process
of the ZR650 motorcycle model with the objectives of increasing production rates and reducing associated
waste using the DMAIC methodology. Two main issues were identified from the D phrase: 1) Production
rates were lower than the target of 600 pieces per day, and 2) The proportion of defective products exceeded
the acceptable threshold of 10,000 ppm. The M phrase indicated that the assembly cycle time was 45.54
seconds/unit, exceeding the 42.00 seconds/unit target. This resulted in a production rate of only 550
units/day, and the proportion of defective was determined to be 28,440 ppm. The A and | phrases revealed
the causes of the problems and subsequently led to the rearrangement of the production line using the ECRS
approach, and the revision of sampling plans for components that were purchased from suppliers. In addition,
the appropriate material mix between the new and used ingots for the casting process was determined for in-
house components. The results showed a reduction in assembly cycle time to 34.31 seconds/unit resulting in
a production rate of 804 units/day (33.67% impressment), and decrement in defective rate to 1,997 ppm. The
work instruction was established for assembly operations and the p chart was used to monitor the proportion
of defectives in the C phrase. In conclusion, the application of the DMAIC methodology for the Lean Six
Sigma principles led to significant improvements in productivity and quality, achieving the desired goals which
can also serve as guidelines for improving others' processes.
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i oL & o & o NIAIA RN
AwN/Tw) (TWIW) (TWIW) Efficiency
ﬁaumsﬂ%”uﬂp 45.54 394.81 606 11 11 79.76%
wé“amsﬂﬁ”uﬂ;q 34.31 339.45 804 10 10 98.96%
WA 11.23 55.36 198 1 1 19.20
%UDINANG 45.54 14.02 33.67 9.09 9.09 19.20

4.2) madsudyanugn Lﬂﬁhmﬂﬂrgmqmmwmad%umu

4.2.1) ﬁm%wqmmwmn%umu%’ﬁ

mnmﬁmm:ﬁmmQLLazmiLLﬁvlmﬁfuvm%umu%’ﬁ wuiuﬁamnﬁrymﬁa%umwao Inner Case 91N
N3xUIUNTT Die Casting a3y H3wju uazmia dalaiidy %aﬁmm@;mnnnmuqué’mwshuwawaa Zinc
Alloy @Tmmimuqumuwammdw New Ingot Waz Recycle Ingot lailvanzan wazlain1Ivinn1inaanas
FINHRNVAY Ingot v 2 Uszinn 4 Bawly asugasluanf 5 Gamuindansunauiisonalidasintunnus
ﬁé’dﬂ'ﬁﬂi:nam‘ﬁq@ﬁa Gowlafl 1 Ausnusainmuasassunay New Ingot Yasaz 80: Recycle Ingot Sa8as
20 lunsnaaase nmsfaamutoyaiian 6 Lﬁawé'amiﬂ%'uﬂ;m”aLm@ﬂumﬁaﬁ 6 WUIRININAARATINDD
Lﬁﬂmﬂﬂrym‘ﬁymm%"waamﬁi‘lﬁﬁﬁu ZR650 89310 17,403 ppm L#Ada 1,186 ppm aaad 16,216 PPM “38fa
1Juaaad 93.18% Asasaauuaiiie
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A13199 5 HANIINARDIRIDAMNFIBNLRNZENVDY Zinc Alloy

Mixing Ratio Test Sample Test Results (Pcs) OK Ratio
Condition
New Ingot Recycle Ingot (pcs) Passed Failed
1 80 20 100 98 2 98%
2 70 30 100 88 12 88%
3 60 40 100 80 20 80%
4 50 50 100 72 28 72%

A1919% 6 HANTNARBIHUTUNRIMNFAUADATIFIBKNANVRS Zinc Alloy luL24 6 \aaunawnaIn1Tliuls

Gt Model NN Tymiuwnus P Chart Control
lvznay FTIWIW ppm ucL CL LCL
VSRR ETIER 175,492 3,054 17,403 0.02054 0.01713  0.01713
UESQRRITRTIER ZR650 138,234 164 1,186 0.00355  0.00229  0.00104
nanIWSeULTiny 37,258 2,890 16,216 0.01699 0.01484  0.01609

4.1.2) Ty umwaInEuauas i uansenIneaw (Appearance NG)
sunquasdymiilutesnidu 2 anvmefe nrzuaumssvdhangsaney Suanulildunasgiuuazinisgy
a7290uNa331% AQL luszaudauamongarilwldmansnandusunundusesdmld damulumurdle

Tynudasdu dufiunislasnisguanauaigin AQL luszdy Normal aalua1snef 7

@3N 7 NTHLEAIINAITIUMTIBUAsUMIFNA TR UTUE B a kLA RAI T

FeUAMN TN Lot Fman Fman P AQL  Pa NG wgain Sigma
R Size g Ufias Lot NIZUIUMIHAA(PPM)  Quality Level
Tsauld Base 10,000 8 1 0.01 0.01 0.997
(ﬂ'auﬂi”uﬂ-ga) Body Cap 10,000 8 1 0.01 0.01  0.997 10,787 2.25 Sigma
Front Cover 10,000 8 1 0.01 0.01 0.997
Un@ (normal)  Base 10,000 80 1 001 001 0997
(wAsluLqe)  Body Cap 10,000 80 1 001 001 0997 810 3.15 Sigma
Front Cover 10,000 80 1 0.01 0.01 0.997

HanAIININM I 19I5 NIaTaTuh dudulunszuaums QC-Incoming WuIFAEIUTUEIL NG 1
Nl lusemsdsznauaatasas 9Nl 10,787 ppm tARalWes 810 ppm aaad 92%

=Y
5) mﬂ@]'\&lﬂallazﬂqiﬂ?ﬂﬂa&l (Control Phase)
luduaauildiaranasgunsiienu (Work Instruction, Wiy sadnszuaunisdsznauaaf lddiudys uazld
IFunund P Chart lunmsaiuquaadinanagylsrandywiguainsasfunuiuasiwnuliiiuns

ATIINDUNNHIUENBUAN (Appearance) @Tﬂugﬂmﬁqﬁ 8 WATNINT 12

A13199 8 HANIINARDIIUIURRIINTNAUADATNFIWHFNVEI Zinc Alloy 1wﬁ'mﬁau-ﬁé'\1ﬁﬁﬂﬁﬂ§'uﬂ§0

N1 FIWIBNT ﬂrym%umu%’lul,a:saﬂﬁmﬁ Control Limits: P Chart
sznay TUIN ppm UCL CL LCL
Aaumuiulys 175,492 4,947 28,190 0.03224  0.02791  0.02358

mi“amsﬂé“uﬂga 138,234 276 1,997 0.00428 0.00288 0.00148
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Naﬁvl,ﬁmnmiﬂfuﬂ;amwgrg Lﬂshﬁl,ﬁmnnqmmw%umu (Leakage and Appearance) WUI1RIUNINAA

Fas i wivIrhfsiniuiu ZR650 MNTYMITUNUTILAZATI WHIUNINMBATWAARIAN 28,190 ppm
ldl & v A a | ﬂl = . a U a '

N8N 1,997 ppm TI1W1INAAAI 6 26,193 ppm wIaAaidu 92.91% Waiisuiudadiuseufuiaunis

ﬂ%’uﬂ;am:mumi

P Chart of Defects Cap-Tank ZR650 by Stage P Chart of Appearance NG by stage

After Improvement Before
0.030

After changed AQL stadard

Before Improvement

0.05

0.025

0.020

0.015

o
S
Proportion

Proportion

0.010

0.01 1 1 UCL=0.00428 0.005

—__ P=000288
L 00009 €
e, -~ =
LCL=0.00148 0.000

1 4 7 10 3 16 19 22 25 28 1 4 7 10 13 16 19 22 25 28

1 UCL=000125

A e s raseaese P00

LCL=0

0.00

Tests are performed with unequal sample sizes.
Subgroups omitted from the calculations: 15, 23

Sample

Tests are performed with unequal sample sizes.
Subgroups omitted from the calculations: 3, 25

NN 12 HaNNIaTIIARaY WisuNsuFadIwadFunakLaTnaINTUTL lag P Chart

NAN13IVY

nnmIduiiumalivdpnszuumaniarhdwamesled dronsUszgndau Snd Gnan Tagltnsauauaan
289 DMAIC ¥ildmuninszyaungnanvasdywildidu 2 dendu léun 1) sapsmniawiiny 45.54
Aa - ' . o o ' A o A |a wa

AwifidaTu $agand Takt Time awdunainananugyuldzasmaaienlnivaswinnuid juanulums

N7UIzNaULATNNINALRAN ymszmuﬁvl,&iawqaszmwamﬁmu FIHAlANNT NG (Flow) Uaadwin linuIn

¥ @ = '

UszindruariUssanSaiwanonisuda lainy 79.76% G91is%

ﬂﬁwmmmﬁmgmLﬂdﬂ@ﬂmﬁﬂ 20.24%
POINAMINEATINUA UaS 2) Tywiguaniw 2 dszinnwan Aaansmeniouan (Appearance) itduluany
Farnnadszidnldrindy 10,787 ppm wazanniaiarnue 8985 (Leakage) Avsznovtasadeiiinle
17,403 ppm 324LT% 28,190 ppm S'ﬁcu,ﬁamﬁ'mm“uqmmw 2.2 Fnain msﬂ%’uﬂgdmuLmedﬁﬁmu@mﬂms

Aenzdmmgnildifaanugyuldmadiunsinadiouwinis ECRS asnalivauiiainisniaaansinia

v
a

a = ' . a a A A ) %
34.31 I NEaTUTIAININ Takt Time UsANTANWRIUNIIHAALANLT W 98.67% LLﬂZﬂ’]iﬂiUﬂ?G(ﬂ’l%ﬂﬁVoﬂ’lW

v A

MM ITUUNUNITFNATIIFOUTURIBNTONNEHIAN HUONUITNTAILANFIBHENVBS Zinc Alloy eIl

U 9

o °

AIWHANTZNI Ingot Tnaiuas Ingot lFE1HNAL 80:20 i lWFA&I1WINULFLAN Appearance anadlhaa 810

o, & ) 2 ) @ A
ppM LRSRATIWTUINBIIAARILARD 1,186 ppm 324LTH 1,997 ppm mﬁuunmmuqmmw 3.1 Fnain 1u

o a a 2 o A X A & o A o v A o ¢ o o
AMWNEATIMIHRALANIN 550 LU 804 FwAn WRNTU 32.67% Faduaanivinliufarasidulaay

WHWANINRANABINTT

agﬂuasaﬁﬂiﬂﬂwa

¥
o A € A ]

mnﬂ%’uﬂ@umﬂmiw'ﬁmmﬁ'ﬁmuugu ZR650 @Tmnﬁﬂs:qﬂ@ﬁl,mmwaaﬁu TNT TNA I@]ﬂl“ﬁﬂ’iﬂﬂﬂ’?i

fLIUNI3289 DMAIC Lﬁaa@mwz;ftyLﬂa"]ﬁu,ﬂﬂLﬂumwz;(tyLﬂmﬁddwa@iamﬂmmaomu usz ANNgYLLan
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