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Independent Study Title Manufacturing Quality Control of Parts of Induction
Motors by Six Sigma Method

Name-Surname Mr.Pitak Namakorn

Major Subject Business Engineering Management

Independent Study Advisor Assistant Professor Supaporn Kupimai, Ph.D.

Academic Year 2015

ABSTRACT

The purposes of this independent study were to 1) study the main causes of defects occurred
during the grinding process using a small axle shaft, a part in an induction motor which has smaller
diameter than that of the standard one, and 2) reduce these defects by implementing Six Sigma
method.

The defects, occurred during the manufacturing process of the small axle shaft in the year
2015, were analyzed through the Six Sigma technique. This technique was classified into 5 phases:
1) “Define - identification of the problem”, 2) Measure - quantification of the problem”, 3) “Analyze
- identification of the causes of the problem”, 4) “Improve - implementation and assessment of the
solution”, and 5) “Control - maintainability and sustainability of the solution”). The analyzed data
showed that the root cause of the small-shaft process originated from the deterioration of the sensor
part.

The results from this process improvement revealed that the amount of defects was
significantly reduced from 1.48% to 0.12%, or 91.89% reduction. Moreover, the Process Capability
Index (Cpk) was also improved from 0.72 to 1.30. Lastly, the probability estimation in the small —
shaft grinding by considering the Expected Overall Performance indicated that the PPM Total can be
reduced from 14,632.08 PPM to 103.14 PPM.

Keywords: Six Sigma, Process improvement, Shaft production process.
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9 1 = d' a dy g}./ = d‘d =2 v v
mﬂﬁuqu,aWiJ’JW@QLﬁﬂmﬂﬂmu“luﬁuumumimﬂnmmwm ‘VliJﬂl’eNLﬁfJQﬁfcjﬂ 29UAU
A ~ < = t <3 . =2 Ao = ' v
HINAD LRYITLIAN (Lower spec) LAZtgTLU8IaN [Eccentric (lower spec)] FINIIUIUVDUFTSNINU
Qy Qy o W ?:}/ 1% a I [ 1
624 YU AL 415 ¥U 91U 1AU Iﬂfﬂl'ﬂﬂl?’fﬂ‘ﬂﬂ 2 91N1TIIUNU ﬂm‘ﬂuﬁﬂﬁ’m‘umlﬁﬂ 52.9% 21N

a 2

' Y Y 1] !
VOUFIMNAVUNIHUAINVUABUNITLRYTUAUINA uazLﬁawmimmmm%wmwum
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A v ~ a2 A 49! o 2 a [ o A A a 49!
IAT999N5 HGR-30 HUou@enauudIuiu 159 suaailudaaiv 28% 3100 1uIuveddsnnauy

'
v = % J

2 4 4 o o 2 a
N9 Lla$Lﬂ%’ﬂ\1"ﬂﬂi‘VIW'lJm@ﬂl%ﬂi@ﬂaﬂﬂ'lﬁ@m%‘@\‘l‘ﬂﬂi HGR-24 91474 92 ¥ Aaludadiu

A A a d%l 3/ a I o U = 31.: o 3’; = Y
16% 3MNVDIUTINNAVUNIVINA gazAaludaaIuds auUeIUITENIHYA 44% muum"lﬂ
a A < 9 1 = < A a 4
W5 A0 UVIURUNNTDIUT LN NRYTUAUINDUANUDIUAT B HGR-30 ¥1ATIEHN

aunauazrInemsliulsad lvae'ly

o IS a U :’J U
4.2 ﬂ1‘§ﬂ1!uuﬂ1§3§]ﬂalu"lluﬂﬂuﬂ1i’Jﬂ (M : Measure Phase)
Y
MsauHunN1TIveluTunounN1TIa 9zImMsAnIANNANLY TYReTTUUMS TALAS
AnTzanuanTaveInszuumsnan luilagiiu
42.1 MSANBITZVUNTIA Gage R&R ¥94n153aa1A10 Taveaunuman
(% I ] o o &
MIANHITTUUNITIA Gage R&R (HUMTANEIANNLLUEIU095LVUMTIAFILVON
= a o VYo g Y A A A o
DA HRVBIANNHANAIAINMITIA TaslFiIanatsauualdinedlomeinasszuunIia
= ] =< 211 =< @ [ 9 . Y
AEINU FIMIANBITS1I0ZANEIANUANLTY9IN5 I TALNUINA1A 8 Micrometer 1ag 1%
Y T Qs’ 1 le U SOI U g’/ % {
AT 4 AU LAz TATUNUAI0E19 10 FU TasuaazFuIzIngInU 5 AT9 AEAIAINATITIAN
4 o 2
4.1 Tawdiou lvuaal
= 3 = Y a v Yy
4.2.1.1 @oUINBY Micrometer 192 15 1UN5Us2UTZUUMITIA Gage R&R Taely
1 { o I ) o
Gauge block (Grade 0) 3 516-978 tauN 1151509 15G10 1T1 Master dMTUMIA0 NG 1Az
Micrometer (MITUTOYO) viungiay 17050324 SHAAT O MM,M-01-099 (Range 0-25 N1.)

HAMI ARV NIZEL 0, 5, 10, 15 WY, TUNUMANURANAIA UANTZES 20, 25 1.
= a Id' = a d‘ [ Y 1w
naanuAananegh 0.001 vy, TaslinnnuAanaaidwIsneonsD IamMIAY £0.0035 uw.

A A 2 ~Aq Y a o vy .

4.2.12 wyodlonaz U lslumsseiuszuumsinlsenauale Micrometer
(MITUTOYO) “iungtavy 17050324 SHEIATD4 MM,M-01-099 (Range 0-25 §¥.) 49 & Shaft model
SCL-KR 1HP 4P Tugu1i1iq Bearing fitting (Spec 20.000 919 20.011 13.)

42.13 AmsiannuTavewnumwar azl5smsanuuilagiiv Aemsldiedy

a 2 A 1q ¥ 2 .
deFununazwyundaenvyu (luldlasnvyuaziden (Ratchet stop) Y89 Micrometer A1AN
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MNA 4.8 LAAITNTIANNN TAYBILNUNAT

Z o 1 { o a o o < aa
nniwhmanuIavesnuwa1iialauninszd lagldlUsunsudusagUneada

WOMIAIANUAANAIAINATTIA ALEAIAINAINN 4.9 11ag 4.10

Gage R&R (ANOVA) for Measure

Reported by :
Gage name: Tolerance:
Date of study : Misc:
Components of Variation Measure by Parts
200 % Contribution
9% Study Var 20.010 4
13 o Tolerance
19
g 100 20.005 ®
a
20.000 A *
P I s P o
Gage R&R Repeat Reprod  Part-to-Part 1 2 ey 4 5 6 7 8 9 10
Parts
R Chart by Operator
A B & - Measure by Operator
§> 0.0016 i i f UCL=0.001692
a 20.010 A
14 I‘ -
2 0.0008 A\ == X = | R=0.0008
g | | 20.005 A o — 2. 2
& 0.0000 LCL=0 |;I
S HOOABQON U BOOAB GO B BOOAB O 1D MO0 AS Q0 20.000 A
Parts A B c D
Operator
Xbar Chart by Operator =
A B © D Parts * Operator Interaction
i=
& 20.010 Operator
2 UCL=20.00534 20.010 _e—»
= @
£ 20.005 X=20.00488 2 - 2
[
g LCL=20.00442 g 20.005 o
@ 20.000 <
\‘L“:hhb’\%@&w’bhhb’\%@%w’nh‘e@&%%@%w’bh‘ch&b%@ 20.000
[PETiES 1 2 3 4 5 6 7 8 9 10
Parts

Y a 4 1 a o
ﬂﬁ/‘lﬁ 4.9 N5 MRANMIAATITHMIAINNUAANIAVBITEUUNTIANIN TATDILNUINEAT
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107NN 4.9 teN15a1 1udIUVD9 Components of Variation W11 A1ANNAULS

o 1 [ ] 1 1 v I 1

Y95z UuMTiaau A NuEanA1TEH ARy Taveannnal auiuldnina

s < 4 LY ~ 1 1 1 = 1 1

WosiFuanuAuLlsNu191nAULANA1NTZHI19A1A2 10 TAUB LA WINAINATNINA 1A
] 4 LY @
esiuannuAulsvesszuUMsIa

N1 IUd@IuYBe R Chart by Operator WUI11133AAIA1M TAUBILAUNATIVD S

winuusazauegluMInIUnN
[ ' v
o158 TudIUY9 Xbar Chart by Operator Wu1A1M Id9 1NN iaNeunaruaeg

< 1 o ] 2
u@ﬂlﬁﬁ@ﬂqﬁﬂjﬂﬂu l!ﬁﬂ\1{11/97}!,‘141‘!'J']ﬂ']3u'W]’J’[’)fJ'NSU@QGD“LN']uu'lsl%ﬂluﬂ'liﬁiaﬂﬁﬂﬂﬁﬂj']u

HIZANYNADY
Gage R&R
%Contribution
Source VarComp (of VarComp
Total Gage R&R 0.0000002
Repeatability 0.0000002 1.29
Reproducibility 0.0000000 0.07
Operator 0.0000000 0.07
Part-To-Part 0.0000137 98.63
Total Variation 0.0000139 100.00
Process tolerance = 0.011
Study Var %Study Var %Tolerance
Source StdDev (SD) (6 * SD) %SV (SV/Toler
Total Gage R&R 0.0004353 0.0026117
Repeatability 0.0004236 0.0025418 11.38 23.11
Reproducibility 0.0001001 0.0006003 2.69 5.46
Operator 0.0001001 0.0006003 2.69 5.46
Part-To-Part 0.0036983 0.0221897 99.31 201.72
Total Variation 0.0037238 0.0223428 100.00 203.12
Number of Distinct Categories = 11

1 a 4 1 a @
ﬂ]‘W‘ﬁ 4.10 Wﬁﬂ153!ﬂ'§1$ﬂﬂ1ﬂ1ﬂ’ﬂllWﬂWﬁ'lﬂle’ENi$1J‘1Jﬂ'li')ﬂﬂ')']iJI@]"Uﬁ)\’ilLﬂu!Wﬁ'l

1NNINN 4.10 11HOND13M1910 Number of Distinct Categories = 11 HAAINTZUUNIIA

=

A= o 9 A o Y < A 1 v V9
ﬂﬁﬂy1ﬂ1ﬂ1illﬂﬂﬂ‘i$!ﬂ“l/]ellﬂllﬁ‘ﬂ’Jﬂklﬂﬂﬂﬂlfﬂu 11 ‘]Ji%l,ﬂ“l/] NUANULADANNDU Lgﬁmmmaya

U
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Y o Y @ 4 [ 1 I
lannszuumsialdlszmnaanuiunlsvesnszuumsla Taswanisiaeglunasinainiso

[ 9 ~
gousu'la aumsan 4.2

4 L o o o
A19197 4.2 1NN IUNTEoNSUANNALLYSUBITTUUMS IR Gage R&R Study

NUT UM IsouTUANNRUL S

ANuNULLS VOITTUUNTIA HAMINATIEH
VDITZVUMIIA REER] gLV Tianse
ol gous'ld
Contribution <10% 10-30% > 30% 1.37 YONIU
Study <10% 10-30% > 30% 11.69 YONIU
Variance
Tolerance <10% 10-30% >30% 23.74 goNTY

422 NINUANYINSTRYTUBUATOS CNC grinding machine(MIGIAVATOIINT HGR-30)
a J = ~ 3 T
NITAATIEHANNTTINITOUDINTEUIUNITUDI ﬂl@ﬂlﬁﬁlﬂi&’m“ﬂ RYITUDNUINAUANNITA

A o . . & dy <3 1
11955141 UA (Grinding lower spec) TumsAn luassilszinudoyavoaunarlugu SE-PR

o

< ° ' (. A < '
2.2kW 4P T@mﬂu%yaiumgmm 1 (Posmonl) ATUNINNT 4.11 uazmwﬁ'am T1UIU 10 ﬂ@ll

U

3 Qy 1 1 1 @ g’/ ay A
doya Taonudoya 5 ¥u AvNguABY THI TIUNITU 50 Toya MM 4.3

1\ 0.076

Positionlspec32 Io.oso +0.009

. 0.011 . .
Position2spec25 :o.ooz Position5spec 28 -0.004

S e S

Position3spec16 3,011 Position4spec30 Iojg(l)z

v 9
MNA 4.11 uﬁm@i’nmmmwmmmmsﬁiamﬂmwa1§u SF-PR 2.2 kW 4P
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M31971 4.3 ToYaN1IFUAIDE1NVDILNUNAIFU SF-PR 2.2kW 4P (Position1) (Before)

Group X, X, X, X, X, X-bar Range
1 32.080 32.068 32.070 32.071 32.065 32.071 0.015
2 32.072 32.070 32.070 32.074 32.072 32.072 0.004
3 32.068 32.070 32.072 32.072 32.076 32.072 0.008
4 32.070 32.070 32.072 32.070 32.074 32.071 0.004
5 32.070 32.070 32.072 32.070 32.074 32.071 0.004
6 32.070 32.071 32.073 32.070 32.070 32.071 0.003
7 32.067 32.069 32.072 32.070 32.072 32.070 0.005
8 32.070 32.072 32.074 32.071 32.070 32.071 0.004
9 32.073 32.070 32.070 32.071 32.069 32.071 0.004
10 32.069 32.072 32.070 32.071 32.070 32.070 0.003

Summation  320.710 0.054
Average 32.0710 0.0054

9 = A o @ Y a 1 = Aa o —_—
ﬂ?ﬂﬂl@gaﬂlu@]'ﬁWQﬂ 4.3 WHNIATITNUNUIUAIUANAURAYLAS WY (X Chart 1o

R Chart) 1@mun1ni 4.12 1iegAnmasnazaInuduuls 3o 1015059100890 53 UIUNTT

a A
Haf LasliD

a

a

NITTUTIINUNUYY

v
=

Chart 9219932907 1 ©

QU q

A
YA

U

=\

X Chart luligalasguoniadinaniugu uanuauwugil R

o w

VANAAIVUAN VU

Sample Mean

Xbar-R Chart of Shaft grinding (SF-PR 2.2kW 4P) for HGR-30 (before)

UCL=32.074075

32.074

32.072 4

32.070

32.068

X=32.07096

LCL=32.067845

Sample

0.016 41

0.012 4

UCL=0.01142

0.008

Sample Range

=
o
=}
=
1

0.000

R=0.0054

LCL=0

4 5 6 7 8 9 10
Sample

MW 4.12 LLN‘L!J;]fI X Chart 1182 R Chart Y9905 UIUNTROTUAUNAN (SF-PR 2.2kW 4P)
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1Invoyalumsad 43 1W011N153ATIZHANUANNTDVBINTLUIUMS IDETUAUING
WUNAURAY (Mean) YOINITRETUAUINAIOEN 32.071 WH. LazNANTIIUUNIATFIUNINY
0.002312 taziiA1 Cpk (MNAY 0.72 FIFANNIATTIUVINTZVIUMINAA B4 TasndAudaa1 Cpk

Y v
AMSUNTLUIUMIHAAAITUANANI 1.33 Vu' T e, i 4.13

Process Capability of Shaft grinding (SF-PR 2.2kW 4P) for HGR-30 (before)

LSL USL
Process Data | | Within
LsL 32.06 2 - = Overall
Target * | |
usL 32.076 | | Potential (Within) C apability
Sample Mean  32.071 | I Cp 1.15
Sample N 50 CPL 157
StDev (Within)  0.00232158 I I CPU 0.72
StDev(Overall) 0.00231199 | | Cpk 0.72
| | Overall Capability
| | Pp 115
| I PPL 1.58
PPU 0.73
I I Ppk 0.73
| | Cpm *
| I
|
|
T

32.060 32.064 32.068 32.072 32.076 32.080

Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL 1.17 PPM < LSL 1.07
PPM > USL 20000.00 PPM > USL 14968.11 PPM > USL 14631.01
PPM Total 20000.00 PPM Total 14969.28 PPM Total 14632.08

! a J
ﬂTW‘ﬁ 4.13 ﬂi'l‘V\INﬁﬂ?iﬁ!ﬂﬁW&’WﬂTﬁJﬁ'ﬁﬂiﬂ"ﬂ@\?ﬂi$ﬂ3uﬂ'l§'l%ﬂ§llﬂu!wa'l (SF-PR 2.2kW 4P)

A a

% 9 [ a T {

WenasangauRumlsvesdoyanindnyuzveIdd launsy WiIAURAY (Mean)
9 A 9 A Y a ) "9 A Y A a
yotoyatimaoudielimage welmannuiulendeyannuuninimsuenuswuuilng
[ a o o & aa T 1 [
w30l Ve ldngaiTaeldTUsunsudrFagmeadansrvaey waznudm P-Value In1iosndi
= v v v 1 a Y 3 9 Ao ’
0.05 3eag1l 1dn FeyanmstamanuIavewnuwarninumn1a Wudeyanlimsuanuauuy T

U

1/nA (Non-Normal Data) A4 1NN 4.14
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Probability Plot of Shaft grinding for SF-PR 2.2kW 4P (before)

Normal - 95% CI
99

L4 Mean 32.0710

StDev  0.002312

95- N 50
AD 2.182

e PValus  <0.005

701
60
50
401
301

Percent

32,0650 32.0675 32.0700 32.0725 32.0750 32.0775 32.0800
Diameter of Shaft (mm.)

. a 9
ﬂTWﬁ 4.14 ﬂfl"W\IWﬁﬂ’licﬂﬂ’ﬂ@‘ﬂﬂ'J’ljJ‘]JﬂG]“U@Qﬂ’]iLH]ﬂL!ﬂ\‘]"U'ﬂy}ﬁﬂ’lﬂ%ﬂﬁlmulWﬁ? (SF-PR 2.2kW 4P)

iosnIndoeyanisiiesunumwarinisuanuasuun1uind (Non-Normal Data) 9903
a 4 = g’/ . = o
AT AATIEHANUAINITOVDINTEUIUMTRYTHAUNALIMUDAATI Fa92AD97IN15911 Box-Cox

Transformation Tagl#11sunsuduFeginieada iendasmdeya (v) iy v = v* fimng

v v
=~ =<

= o Y9 v 1A Yy A v a
ay G]Ni]ﬁ/lﬂ‘l’iﬂl@ﬂ’dW’ﬁ\iﬂﬁuﬂadﬂﬂJﬂﬁll’“ﬂﬂll%\ﬂﬂmﬂﬂﬁﬂﬂﬂﬁllﬁ]ﬂllﬁ]\iLL‘U‘UﬂﬂGliﬂﬂ‘ﬂ’Qfﬂ LIRS

U

1Ananaan13911 Box-Cox Transformation 9NN 4.15
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Process Capability of Shaft grinding (SF-PR 2.2kW 4P) for HGR-30 (before)
Using Box-Cox Transformation With Lambda = -5

=}
usL* LSL*
Process Data transformed data — Within
LSL 32.06 T T | == Overal
Target * | ] | - — —
usL 32.076 Potential (Within) C apability
Sample Mean  32.071 I | cp 115
Sample N 50 | | CPL 1.58
StDev (Within)  0.00232158 | | CPU 0.72
StDev (Overall) 0.00231199 | | Cpk 0.72
After Transformation Overall Capability
LSL* 2.95245e-008 I | Pp 115
Target* * | | PPL 1.58
usL* 2.94509e-008 | | PPU 0.73
Sample Mean*  2.94741e-008 | | Ppk 0.73
StDev (Within)*  1.06665e-011 Cpm *
StDev (Overally* 1.06215e-011 [ —— . - - - i |

Observed Performance || Exp. Within Performance | |Exp. Overall Performance
PPM < LSL 0.00 PPM > LSL* 1.15 PPM > LSL* 1.04
PPM > USL 20000.00 PPM < USL* 14951.52 PPM < USL* 14607.71
PPM Total 20000.00 PPM Total 14952.67 PPM Total 14608.75

. a 4
ﬂ"l‘Wﬁ 4.15 ﬂiTV\INﬁﬂ?i’)!;ﬂi?&Wﬂ'ﬂllﬁﬁﬂiﬂ"l]ﬁ]ﬂﬂigﬂﬁuﬂ1iﬁ]ﬂ§uﬂu!wa1 (SF-PR 2.2kW 4P)

1Wa9IN1511 Box-Cox Transformation

o a 4 = g}l (% o

MINTAATIZHANUAINITOVBINTZUIUNITRYTUAUNAIDNATI HAINTTH Box-Cox
Transformation W11 ANAY (Mean) ¥9IM131385UNUINAIDYN 32.071 V1. naslanToquny
VIATFIUMINY 0.002312 1aziinn Cpk (MIAY 0.072 FIAINTINIATTIUUDINTZUIUNTHAN

a 9 o (% a A 1 ,3
Tag1/nftdlnt Cpk S5 UNTEUIUMSHAAAITHAININNI 1.33 Y11
1 d‘d U 1w a 1 Y a =

21A1 Cpk NUANMINY 0.72 ansadsziiiumanud Iduvesmsinaveudelseinn
= <3 o 9 A A I a9
Rosunumanannmuiasgiulueuing 14 14,608.75 PPM visoaailluveudodooas 1.46
(1.46%)

d‘ 9 o A a v zgzlz (g
423 agdwanldnnmsduiiunmsiteluiunounisia (Measure Phase)
a 4 [ &7 1 [ { [

1INMITINTIZHIZVUMIIA Gage R&R Ianuiusogluszaunamisosonsuld
AA1IAD A1 %Contribution VD4 Gage R&R UAUNINY 1.37% tazan %Study Variance U Gage
R&R UANUNNY 11.69% 1azA1 %Tolerance Y99 Gage R&R WAWNIND 23.74%

11NNTAATIHANVAINITOUDINTLUIUMTIRETUAWNET 8 aaniTagiiuwnaim

a1 [ Y] é a 9 1 o (% a = 1 g
Cpk ¥ UNINY 0.72 %9 lagnauain Cpk AU TUNTSUIUNTHAAAITUAININNIT 1.33 Ellull‘ﬂ
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o A av o a d

4.3 M3AUHUMTINYUTUADUNITIATIZT (A : Analyze Phase)
2 2 <3| Y o A = 1 a 2 e~

Tudupouilazitlumsaumiditonunslinanemsinaveudolszinn@osunuman
I~ 1 [ d' o 9 a 4 9
@nnnanasgIunnvue Taglsmsszavaueslumsiniigimanvguesdoyrilasls
nanma Why-Why Analysis

43.1 NIUANYINGRAYTVOUATOI CNC grinding machine(MUBIAVATDIINT HGR-30)

y Y [

Tudugeuiiagl¥msszavaveuiiommsimizimanguoalaym Taverdondnns Why-

: _ ) .
Why Analysis H93HaY09U0IMIAATIZH AWNNA 4.16
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NNMIszaNaueuie AT IHgUeIMTIRaveuFelszianFesunumwandn
Iduiuenifeseiiiuun Tufvzne lhiAaveude'd 3 Jesondn fe
1. aseainminelsesunseses 50935m3149 Micrometer  Tumsasradenm
A1) Tanuman GT'Nmﬂmiﬁqﬂﬁizuumﬁﬂ (GR&R) WUNAANURULTUDI5EUUMTIADEY
lunasiiiveniuld
2. Tasemniaiessnsiiiauianaialumseimumves Sensor NFdmSuAILANAM
AN TAUDILNUINAN
3. J99891095M3 MIMuuazUuuuvedIs IumsResunuman
43.1.1 MIdAnzimaugueImManaveudslszianieunumanan
o ady wimIiiagisdunuvesmsfosunumal TagninmsanyImu
Tagiuezlfgduuuvessias PLUNG & TRVRS afinmsfnuasmaiiinesdmsunisides
WAL K4l
1. Grinding rate
1.1 Rough grinding 0.010 mm.
1.2 Fine grinding  0.005 mm.
1.3 Micro grinding 0.002 mm.
1.4 Spark out 0.000 mm.
2. Spindle speed
2.1 Rough grinding 200 rpm.
2.2 Fine grinding 100 rpm.
2.3 Micro grinding 100 rpm.
3. Feed rate
3.1 Rough grinding 0.75
3.2 Fine grinding 1000
3.3 Micro grinding 750

3.4 Spark out 594
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1. EUAUNMIRET 32EUMNUUIAA1Y TAN 32.5 U,

=

D=

2. 13931811 (Rough grinding) R85 11 v1AANN TAvDILAUINAIAARIUNED 32,103,

2

3. [R8502100A (Fine grinding) R059UYUIAAY TAV0ULNLNAIAAANKAD 32.07114.
= = A & . .o =
4. Rusaz@oaieNUala (Micro grinding) [RE5IUVUIAANY TAVBUNUINAIAADS
A VoA g’/ Y
MAaDMNAINAY 13 32.068 U
NANNITNINUVBINITIATHUY PLUNG & TRVRS
Y o o = = g’/ 9
U PLUNG 92 1¥814150M51085%810 1agazRasunumainsias 1 a1y 1auoaniin
9
AURYTIUVUIAAN TAVDILAINAIAAAIUNED 32,103 WY, IAUUII0DEHURITOOANT LAY
d' Y a = o 1 [ = < A
anurIveanuRes lduniada lluaziResaunsznanuIaveanumalanadiiae
gja < a ~ A Y a = = o ] g A
32.103 Y3, NUUNIZD0ENURETOON HAZIAARUNLIVRIHLReTeRn 1UDn w15 es o
< A A ~ A o A 9 ax ~
IUATLNINUANUNUDINITRYT TagnsmasualzinaouInnIede lin1avn 35msiResuu
2 A ~ A ' ~ PR = = o 9
1 1 ToManuaNaInznan13 10999 9108590A 14N151985 1ad18 Farziinansznuii 1y
Y
o 1 o <
AMHUVDALNUINAIUUIAN
Y o o = =1 =1 < = dy I
1UY TRVRS ¢ l9d145unsResazioeauazResniuaila Iasn1sdesuuuilaziy
~ 1 9 A A 2% ~ = 4 1A
MIReILVVaIeANIeEe lneun TesiiuResivzResanaslinsaaz 0.005 uu. Tae'liil]
MINVINURITOONIINHIUIAIVDILAUINAT
a o a = < o
43.12 MIIATIERMAUHAYINISNATYMIveIMIResunwananaInilave
[ v 9
anuAana1alunIe A 1ued Sensor N1Fd M TuAUAUAIAIY Tnuewnuwal Tagluasall
18360 1¥13n115910UFHN TOYODA Machinery S.E Asia Co., Ltd. 11141318529 @0 00138110
~ ' A A
Y99 Sensor IAglinsas19aeUeg 3 Nou |y Ao
] ] Sol [ 3’; 1 VoA ] ]
1. 13519 Sensor 81UAIH 9 71 30 AF9 TasnuIAINe U Idrzanated1ane
d’ g‘/ 1 U 9 1 g}/ d‘ 1 1 9 1A 9
1109 1AATIUTNBIUAT LA 2um. LAATIN 30 81UA1 1A -20pum. TasnuNTANUAT19Ve9IAT
o
N3218 (Range) 0gN 18um.
v Y f 1 H
2. NAABIRYTFUIIY 10 FU TAgnUNTANUNTIU0INITNTZ1Y (Range) OGN
3um.
= Y a = Y = 2 2 1A 9
3. NAADINIANU MUY IRIToUNATINYTFUAIN 10 FU TANVNTANNAING

YBININILY (Range) BYN Sum.
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Y o Y = % 1 ~ =
NIHANIINTINAOY HRIIvdo LUz 1 Iasua Sensor Tl Tasliswazieauas

NANITATIVADL AINAITIN 4.4

A1519% 4.4 NANITATIVNAOUAL Sensor VBUATBIINT HGR-30 91NLTHN TOYODA Machinery

Machine No.: HGR-30

Fou'lvmsneans
44 Sensor 1ABUII-80N nAADITYS daniiiiudes
ATaN
HazeIuM NOUNAADIURYT
Error (mm.) Error (mm.) Error (mm.)
1 -0.002 -0.001 -0.001
2 - 0.000 0.001
3 - 0.000 0.000
4 - -0.001 0.001
5 -0.012 -0.002 -0.002
6 - -0.002 0.000
7 - -0.002 0.000
8 - 0.001 0.001
9 - 0.000 -0.001
10 -0.012 0.000 0.003
11 - ’ -
12 - ¢ -
13 - y -
14 - C ;
15 -0.015 \ -
16 - - -
17 - i -
18 2 - -
19 - - -
20 -0.017 $ -
21 - = -
2 y - -
23 b g -
24 - b B
25 -0.017 2 -
26 - - -
27 - Z -
28 - - -
29 - 4 -
30 -0.020 - -
Min -0.020 -0.002 -0.002
Max -0.002 0.001 0.003
Average -0.014 -0.001 0.000
Range 0.018 0.003 0.005
Stdev 0.00586 0.00106 0.00140
NUNBITi

3 v Y
1. Sensor Lﬁamﬁﬁﬁ-aan HAEOIUM T1UIU 30 AT LLﬂUuﬁﬂﬂWﬂﬁﬁﬂu‘Vjﬂ 5 A3
v v
2. NARDIYIFUIIU TI1UIU 10 BU

v
3. "Uﬂ“ﬂlgl}'lﬂuk?lﬂﬁﬂﬂu%ﬂﬁﬂﬂﬁlﬂiﬁ'm’J'L! 10 ¥U
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{ o A a o gl.: a 4
432 aglwadldainmsdutiumsiseluduneun1sins1gn (Analyze Phase)
a 4 @ a J
19115305121 1agl¥Wann1s Why-Why Analysis Tunsinsiznmiaunaueans
a 2 2 < A o a ax =
ey el sz NRTUAUNANANVBUATOITNT HGR-30 11A91nJ U UY9IITN51985
unuma limuzay 1agea Sensor N1dmsuargua Iavewnumarlunszuiumsfeos

Lmummgﬁamﬁmw

4.4 m‘sﬁuﬁumﬁ%’ﬂ‘lu%umumsﬂ%fuﬂga (I : Improve Phase)
441 N3BANYINGIFETV0UAT Y Grinding machine (11B1AVATEITNT HGR-30) 910
VumeumsIATILK duilsgudsaunguesmanatdamitesunumaian 18 2 nadl Ae
44.1.1 3uupuveInsResuuL PLUNG & TRVRS 019nelHinadynildsemaanes
U5 uldeugduuuesnisiiesin PLUNG & TRVRS iflu TRVRS nagfiuaaimsiines
FmSumsidosunuman fail
1. Grinding rate
1.1 Rough grinding 0.010 mm.
1.2 Fine grinding  0.005 mm.
1.3 Micro grinding 0.002 mm.
1.4 Spark out 0.000 mm.
2. Spindle speed
2.1 Rough grinding 200 rpm.
2.2 Fine grinding 100 rpm.
2.3 Micro grinding 100 rpm.
3. Feed rate
3.1 Rough grinding 0.75
3.2 Fine grinding 1000
3.3 Micro grinding 750

3.4 Spark out 594

an 2 < ~ 1 9 ) ' A g9 = L an X ° 9
Tﬂfl:]‘ﬁu%glﬂlm"liﬁlfliﬁTﬂﬁ]Tﬂ“]fTﬂllﬂﬂJQTWQLL@ﬂﬂLiﬂJ@]u"llf‘]\iﬂ'liﬁlEJi Gﬁﬁ?ﬁuﬂgﬂTiﬁ

A ' A A Ay < 9
Wuﬂﬂﬂluﬁuﬁﬂ\‘]“ﬂu&waqiﬂﬂ\‘iﬂ FHBNAINLSINAINNITRYTUUDY UAZINUUDYANTINANDIVD

58



wanlugu SF-PR 2.2kW 4P Tasiiudeyaludumiis 1 (Position]) 1AWl 4.11 1121 10 ngu

<] 2 1 ' "o g 2 {
doya Taeinudoya 5 Fu Aonquaes 1ua SIUNIEY 50 Foya AwA1519N 4.5

M1351971 4.5 ToYaN1TFUAIDENVDINUWNAIFU SE-PR 2.2kW 4P (Position]) (1* Improve)

Group X, X, X, X, X X-bar Range
1 32.075 32.075 32.074 32.075 32.074 32.075 0.001
2 32.070 32.072 32.068 32.063 32.070 32.069 0.009
3 32.076 32.070 32.070 32.070 32.076 32.072 0.006
4 32.070 32.072 32.069 32.070 32.070 32.070 0.003
5 32.072 32.073 32.068 32.071 32.072 32.071 0.005
6 32.072 32.071 32.070 32.070 32.071 32.071 0.002
7 32.073 32.065 32.068 32.071 32.070 32.069 0.008
8 32.066 32.071 32.071 32.070 32.071 32.070 0.005
9 32.072 32.071 32.073 32.071 32.070 32.071 0.003
10 32.072 32.071 32.073 32.072 32.070 32.072 0.003

Summation  320.710 0.045
Average 32.0710 0.0045

vindeyalumsei 4.5 Werhwivaaiuruginiuguandonazids (X Chart 1oz

R Chart) 18@1un 1M 4.17 iegaumasuazAMnnuaunlsnioa1n15nI 18909052 UIUNTT

) = 1A A o W

HAR Az NI RININUNUYN X Chart Idoyagai 1 agiilioyadnanIuauuy uauNugil R

u Q U

Chart luideyagalaaguentiadinaniugu

U Q
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Xbar-R Chart of Shaft grinding (SF-PR 2.2kW 4P) for HGR-30 (1st Improve)

32.074 4 .\ UCL=32.073867
c
©
§ 32.072 4 \ /\
é \.//‘\ A" (emon
§ 32,070+ \/ \\//

32.068 4 LCL=32.068133

0.0100 4 UCL=0.01051
$ 0.0075
g
©
o
© 0.0050 R=0.00497
[
£
& 0.0025

0.0000 LCL=0

T T T T T
1 2 3 4 6 7 8 10
Sample

TRVRS (1" Improve)

MNA 4.17 Lmugﬁ X Chart 1182 R Chart Y940352UUMS5RE5AUINA (SF-PR 2.2kW 4P) 411

{ . o a L4
Mndoyalumiseh 4.5 1WeMin1sATIZRANLAINITOVEINTZVIUNT RYTUAUINAT
NWUNAURDY (Mean) YBINITRITUAUNAIDEN 32.071 WY, 1azUANTIVUUNIATFIUNINY
0.002515 taziiA1 Cpk (AU 0.86 FIAINMIATTIUUBINTZVIUMINAA F9 TavndAuda1 Cpk

P v
AMTUNTZUIUMTHAAAITUAININNI 1.33 u'ld aunni 4.18

Process Capability of Shaft grinding (SF-PR 2.2kW 4P) for HGR-30 (1st Improve)

LSL USL
Process Data ! ‘ Within

st 32.06 | | == == Overall
Target * | [ | : _
usL 32.076 | | Potential (Within) C apability
Sample Mean 32.071 | | Cp 1.38
Sample N 50 \ CPL 1.90
StDev (Within)  0.00193465 ‘ | cPU 0.86
StDev (Overall) 0.00251526 | -~ | Cpk  0.86

| 5 | Overall Capability

| | Pp  1.06

PPL  1.46

’ I PPU  0.66

I I Ppk  0.66

| \ | Cpm *

| \

|

I i

32.061 32.064 32.067 32.070 32.073 32.076

Observed Performance
PPM <LSL 0.00
PPM > USL 0.00
PPM Total  0.00

Exp. Within Performance
PPM < LSL 0.01
PPM > USL 4876.80
PPM Total ~ 4876.81

Exp. Overall Performance
PPM < LSL 6.12
PPM > USL 23413.23
PPM Total 23419.35

(1UY TRVRS (1" Improve)
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A

WensagaNuAumlsvesdoyanindnyuzvesda launsy WuNAURAY (Mean)
9 A1 9 & Y a < 19 A g d a a
youvoyalmaeudielUniege e liimanuiulandeyannuuniviinsusnusanuilnd
[ a g o aa T 1 [
wie li Y9 langeil el Tl sunsuduiogineadansvdon nazwuia P-value Hafosnin
' o 1 {2 < { '

0.05 3aag1l I8 Feyamsiamanulavesnumainuin 1@ idudeyaniimsuanuasnn’l

Y

1nd (Non-Normal Data) AUNINT 4.19

Probability Plot of Shaft grinding for SF-PR 2.2kW 4P (1st Improve)
Normal - 95% ClI

99

L Mean 32.0710

A StDev  0.002515

954 N 50
| AD 1.306
&2 PValue  <0.005

60

Percent

T T T T
32.065 32.070 32.075 32.080
Diameter of Shaft (mm.)

! a 9 ~
ﬂ"l‘W‘ﬁ 4.19 ﬂi'l‘V\IWﬁﬂ'ﬁﬂﬂﬁ@‘ﬂﬂ’)'liJl]ﬂG]ﬂl’f]\iﬂWiLl’ﬂﬂlﬁN"Uf]ialjﬁﬂ'lilﬁ]EJiLLﬂ‘L!LWﬁW (SF-PR 2.2kW 4P)

(11U TRVRS (1" Improve)

& 9 2 = 1A =2 9y A
ilesIndoyamaResuniunailinisuanuanu 11n@ (Non-Normal Data) 39d0 il
a d ' [ : o
MIIATIZHANNEIITOVBINITZUIUMTIRETUNUNET 11HUBNATI Fa9zA0alin15911 Box-Cox
. o < aa 4 [ I {

Transformation Tae14 T1/sunsudusagineada endasavoya (v) luilu v = v* inanzaw
& o Y9 v 1A Y A [ a ~ =
Feazm Indeyaraimsulasmunmsusnuaslnamesdumsuanuasunuinduniga oz

llﬁ'wawﬁ’qmiﬁw Box-Cox Transformation #MUNINA 4.20
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Process Capability of Shaft grinding (SF-PR 2.2kW 4P) for HGR-30 (1st Improve)
Using Box-Cox Transformation With Lambda = 5

LSL* USL*
Process Data transformed data —— Within
LSL 32.06 | = w= Overall
Target *
usL 32.076 | Potential (Within) C apability
Sample Mean ~ 32.071 | Cp 1.38
Sample N 50 | CPL 1.89
StDev (Within) ~ 0.00193465 CPU 0.86
StDev(Overall) 0.00251526 | Cpk_0.86
After Transformation | Overall Capability
LSL* 3.38702e+007 | Pp  1.06
Target* * | PPL 1.46
usL* 3.39548e+007 | PPU 0.66
Sample Mean*  3.39283e+007 Ppk O-GE
StDev (Within)*  10232.2 | P4 Cpm
StDev (Overall)* 13303.5 | _
T T
QO
$
sV (g;8>
& gk
Observed Performance || Exp. Within Performance | [Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL* 0.01 PPM < LSL* 6.21
PPM > USL 0.00 PPM > USL* 4847.66 PPM > USL* 23330.05
PPM Total 0.00 PPM Total 4847.67 PPM Total 23336.26

. a 4
ﬂ"l‘Wﬁ 4.20 ﬂiTV\INﬁﬂ?i’)!;ﬂi?gWﬂ'ﬂll’ﬁﬁﬂiﬂ"l]ﬁ]\iﬂigﬂﬁluﬂ1iﬁ]ﬁliuﬂu!wa1 (SF-PR 2.2kW 4P)

1111 TRVRS (1" Improve) #8413 Box-Cox Transformation

o a L4 = g [ o
MNIIAATIZHANVAINIIDVDINTLUIUNMTRYTUAUINAIDNATI HAIN13Y1 Box-Cox
Transformation W11 ANAY (Mean) ¥9IN1313YTUNUINAIDYN 32.071 V1. naslANToquny
WIATFIUMINY 0.002515 1aziinn Cpk (MIAY 0.086 FIAINTIUIATTIUUDINTZUIUNTHAN
a 9 o [ a A 1 ,3
Taginaudaa1 Cpk dmsunszuIumsnannslinnna 1.33 yu 'l

=< Y @ " Y 1 A o Y 1 I=¥=
D3NN Cpk i]ng1111hlﬂ@]']iJﬂ']iJ']ﬁﬁﬂWU'ﬂﬂWﬁUﬂulﬂﬂ 1.33 UANANITNAADINY

ag = 9 oA

i Tuiavu SadeeduiiumsinsziiasluiGoiesnuiana1nnnn1ssIun1ve e,
Sensor @]'?Jllﬂ
waamsaouds Sensor i luiud ldnaass1#iton lunsiSosuuuauneu
PLUNG & TRVRS) tiagfnuasinsimos s msumsiosunuman dai
1. Grinding rate
1.1 Rough grinding 0.010 mm.
1.2 Find gringing 0.005 mm.
1.3 Micro grinding 0.002 mm.

1.4 Spark out 0.000 mm.
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2. Spindle speed
2.1 Rough grinding 200 rpm.
2.2 Fine grinding 100 rpm.
2.3 Micro grinding 100 rpm.
3. Feedrate
3.1 Rough grinding 0.75
3.2 Fine grinding 1000
3.3 Micro grinding 750

3.4 Spark out 594
< 9 ' ] 9 o '
lﬂ‘Ule@iJ“aﬂ']§°l/lﬂﬁ@ﬁsllﬂ\uwa']1u§u SF-PR 2.2kW 4P Tﬂﬂlﬂﬂm@gaiu@nllﬂuq 1
{ ° ] I & ' ] " @ y 2
(Position]) MUNINA 4.11 $1u2U 10 ngudeya Tasinudoya 5 Fu Avnquasda Tug I2UNIFU

50 Yoya AWA15197 4.6

M351971 4.6 ToYANTFUAIDE1NVDILNUNAIFU SF-PR 2.2kW 4P (Positionl) (2" Improve)

Group X, X, X, X, X X-bar Range
1 32.068 32.070 32.071 32.069 32.066 32.069 0.005
2 32.067 32.069 32.068 32.069 32.071 32.069 0.004
3 32.068 32.067 32.068 32.066 32.064 32.067 0.004
4 32.065 32.068 32.068 32.069 32.070 32.068 0.005
5 32.069 32.067 32.068 32.065 32.068 32.067 0.004
6 32.067 32.064 32.066 32.067 32.069 32.067 0.005
7 32.070 32.073 32.071 32.068 32.067 32.070 0.006
8 32.066 32.067 32.068 32.070 32.072 32.069 0.006
9 32.068 32.067 32.070 32.068 32.069 32.068 0.003

—_
o

32.068 32.066 32.065 32.063 32.067 32.066 0.005
Summation  320.679 0.047
Average 32.0679 0.0047

F) a A o [ 9 a 1 = A o -
ﬁ]"lﬂﬂ]i’)ﬂ;l)ﬁiu@niﬁ% 4.6 DUINIAT T NUNUYUAIUANAURAYUAS WY (X Chart t1ag
Y A A ' >~ ' o A '
R Chart) U],@WnllﬂWW‘ﬂ 4.21 L“W’é)ﬂﬂuﬂﬁﬂlla$ﬂ1ﬂ’31ﬂWullﬂ51’7iﬂﬂ1ﬂ1§ﬂ§$%18"110\‘1ﬂ58°ﬂ’3uﬂ15

AR HazloNv150ININUYY X Chart tazunugil R Chart lifigalaegueniiasinaniugu
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Sample Mean

Sample Range

Xbar-R Chart of Shaft grinding (SF-PR 2.2kW 4P) for HGR-30 (2nd Improve)

32.0700

32.0675

N~

32.0650

Sample

0.0100

0.0075

0.0025

0.0050 7 ‘\¢_‘/\‘7/—\/

0.0000

2 3] 4 5 6
Sample

UCL=32.070591

X=32.06788

LCL=32.065169

UCL=0.00994

R=0.0047

LCL=0

MWA 4.21 AU X Chart 1Az R Chart ¥9INTZUIUNTRETUNUNAT (SF-PR 2.2kW 4P) 1111

PLUNG & TRVRS (2" Improve)

A y [ a L4
ﬂ'lﬂ"{lj'f)ialjaiu@ni'lﬂﬂ 4.6 Lﬁ@ﬂ1ﬂ1§3&?\513’”?\')1“ﬁ"lll'liflell@\‘lﬂigﬂ'ﬁuﬂ15ﬁ]ﬂﬂlﬂuw‘lﬁ1

NWUAURTY (Mean) VOINITREIUNUNA1DYN 32.0679 VY. 1azNANTSUVUNIATFIWNINY

0.002057 tagdiA Cpk N 1.30 FIFINNUIATIIUVOINTZVIUNTHEA 349 Tas1ndAudanr Cpk

Y H
AMSUNTEUIUMINAAAITUAININAN 1.33 ﬁullﬂ AN 4.22
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Process Capability of Shaft grinding (SF-PR 2.2kW 4P) for HGR-30 (2 nd Improve)

LSL usL
Process Data I I Within
LSL 32.06 | ] | == == QOverall
Target * N - o
usL 32.076 | | Potential (Within) C apability
Sample Mean  32.0679 | | Cp 1.32
Sample N 50 - CPL  1.30
- | | CPU 1.34
StDev (Within)  0.00202064
StDev(Overall) 0.00205675 | | Cpk_ 1.30
| | Overall Capability
| | Pp  1.30
| | PPL  1.28
PPU  1.32
I | Ppk  1.28
| | Cpm *
I I
| Py |
| |
T 7 T

32.060 32.063 32.066 32.069 32.072 32.075

Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL 48.14 PPM < LSL 63.74
PPM > USL 0.00 PPM > USL 29.28 PPM > USL 39.41
PPM Total 0.00 PPM Total 77.42 PPM Total 103.14

: a 4
ﬂ"l‘Wﬁ 4.22 ﬂiTV\INﬁﬂ15’JLﬂiWSﬁWﬂ'JWlIﬁ13J15’L]"UE]\1ﬂizﬂﬁluﬂ1iﬁ]ﬁliuﬂuw‘m1 (SF-PR 2.2kW 4P)

11U PLUNG & TRVRS (2™ Improve)

A A

e 1sagaNuALIsvodeyavINdn BNz Yedd Taunsy WDIIAIREY (Mean)

9 S ' A Y a ) 19 A g LA a A '
VBIVDYANATIBYAITINGA N Lwaslmﬂﬂmmnusli]’mmga‘nLﬂmﬂuuumm%ﬂummmﬂﬂ@l‘Vii’e‘)”lll

=< Y a o 9 0o aa o ~ 2 A
vldngnilasldTsunsududoginnadansiaaen naz w1 P-Value 1A1 0.091 Faiia

9 o 1

1 v & AN YA ] 9 A A
y1nNI 0.05 @Quueﬂflhﬁfﬂi’)ﬂﬂ1ﬂ31h1ﬁﬂl@ﬁllﬂulwa1ﬂ1@ﬂ®ﬂ]H’]Juﬂl@iJﬁﬂiJﬂWiLl*ﬂﬂL!f'lNLL‘]J“U

U U

1/n@ (Normal Data) A1uA NN 4.23
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Probability Plot of Shaft grinding for SF-PR 2.2kW 4P (2nd Improve)
Normal - 95% ClI

99

Mean 32.0679
StDev  0.002057
N 50
AD 0.637
P-Value 0.091

60

Percent

1

1 T T T T T T
32.062 32.064 32.066 32.068 32.070 32.072 32.074
Diameter of Shaft (mm.)

MM 423 nslwamsnadeunnuilnAavesmataniasdoyamsidosunumal (SF-PR 2.2kW 4P)
1Y PLUNG & TRVRS (2™ Improve)
4.42 aglwanldanmadutiunsiseluanaeuiliuilge (Improve Phase)

waIn31U5u15eTaeman)asuda Sensor WUINMITLANUIITOYAMTRETUNUNAIVIN
a I~ 1 a [ @ 1) 3 a [ ]
wuiumsuanuasuyhidnfuanasmsysudsailumssanusauuilng Taewuia P-value

Handasulian Toenat 0.005 1311 0.091 amnIni 4.24
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Probability Plot of Shaft grinding Before vs After
Normal - 95% Cl

L4 Variable
—®— Data_before
95 —l— Data_after
90 Mean StDev N AD P
32.0710 0.00231250 2.182 <0.005
801 32.0679 0.00205750 0.637 0.091
= 707
=
g 607
5 507
Q. 407
30

20

1 T T T T
32.060 32.065 32.070 32.075 32.080
Diameter of Shaft (mm.)

d' = a 9 =)
NNN 4.24 ﬂﬁWHEfJ‘]JWIEJ”]JWaﬂ”l'i‘i/lﬂﬁﬂ‘]Jﬂ’JﬁJ‘]JﬂWU’t)\‘]fﬂﬁl!ﬁﬂﬂllﬂﬂﬂlﬂyaﬂﬁﬁ]ﬂiuﬂutWﬁW

(SF-PR 2.2kW 4P)

Histogram of Shaft grinding Before vs After
Normal

200 Variable

Data_before
— — Data_after

Mean StDev N
32.0710 0.002312 50
32.0679 0.002057 50

150+

Density

100+

50+

32064 32068 32072  32.07%6  32.080
Diameter of Shaft (mm.)

M 4.25 Fa TaunsuudasmanfFouiisuanuuanasvestoyansasivaeuninay Inves

UAULNAT (SF-PR 2.2kW 4P)
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1IN 4.25 ngaamafSeuifisuanunananuesdeyanisasivdenainiiula
YIUAWNAITEHINNBUMIUTUFanasnaanslsuilge Taenoun1s1sua;e UaA1 Mean ¥4
MIReTUNUINAIDEN 32.0710 B, HazlALDEUVUNIATFIUNIAD 0.002312 Y. FANANIIHAI

M3UTUNNAT Mean 110D 32.0679 B, LAZUANTIAVUNIATFIUNIND 0.002057 W,

Process Capability of Shaft grinding (before)
Using Box-C ox Transformation With Lambda = -5

USL* LSL*
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Motor assembly  : Line A/B, C/D, AL-motor, Large motor
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1. Process capability analysis by Cpk -
2.QC.7 Tools
2.1) Graph
2.2) Check sheet

2.3) Pareto chart

2.4) Fishbone diagram or cause and Effect diagram

2.5) Scatter diagram
2.6) Histogram
2.7) Control chart

3. P-Q analysis
4. Why-Why analysis

IDNIDUTY : 2Hr/Week
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Xbar-R Chart of Before vs After improve
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