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Manussanun Phoolsorn 2014: Application of Pull System in Axle Industry.
Master of Engineering (Engineering Management), Major Field: Engineering
Management, Faculty of Engineering Si Racha. Thesis Advisor: Assistant Professor

Sirang Klankamsorn. Ph.D. 141 pages.

The objective of this thesis is to study the application of pull system for axle industry.
The study is to design the production kanban and to determine the factors affecting to the change
of production kanban number. The steps of kanban calculation for axle industry comprise with
1) calculate the average customer demand 2) calculate working time of production department
3) calculate the kanban turnover and 4) calculate the kanban number , buffer stock and safety
stock . In addition, the factors affecting to the change the production Kanban number are studied
in which the factors compose of customer demand, Overall Equipment Effectiveness, number of

safety stock and packaging standard.

The result of applying the kanban to withdraw the raw material and part is that the
number of inventory shortage and number of work-in-process are reduced. The result from the
study of factors affecting to the change of production kanban number by using the Analysis of
Varience shows that the customer demand, Overall Equipment Effectiveness, number of safety

stock and packaging standard have the impact on the chamge of production kanban number.
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Yoagna1 MnToyardosdureunaIvInsuAIdINYANaYed 15 INUNTHANITTRN

v
Na¥uA 3 1 141N U Front Prop Shaft One Piece CVI %30 Front Aux 19nusnilszinnsn

< o 1 1

N3ZULIAZTDOUAIIAIUYANA U Rear Prop Shaft One Piece 1130 Rear 1 PC 190150

U521AN5019dIUYAAD 1182 JU Rear Prop Shaft Two Piece W3 Rear 2 PC 14nusniszinn
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1. U Front Prop Shaft One Piece CVJ #3® §U Front Aux Jauilsznouasil

Spider , Bearing cup, Weld yoke , Tube prop ,Balance weight 4tag CVJ

SPIDER

WELD YOKE

i _—

.

| 3 1
."I "'-/ e

TUBE PROP

BEARING CUP

8 pcs /‘\

BALANCER WEIGHT '\ ;
2 pes i

MW 12 @r115NPUVBUNAIVUFY Front Prop Shaft One Piece CVJ
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2. ';;'u Rear Prop Shaft One Piece 130 g'u Rear One Piece Haullsenouadil
Slip yoke , Spider , Bearing cup, Weld yoke , Tube prop , Balance weight AININT 13

@711/52N0VYDUNAIVUFY Rear Prop Shaft One Piece

SLIP YOKE

1 pes

WELD YOKE
1 pes

®
SPIDER /

2 pes

TUBE PROP
1 pes

'L BEARING CUP

8 pes

MW 13 7IU15NoUUBUNAITUFY Rear Prop Shaft One Piece

Y
3. 3U Rear Prop Shaft Two Piece L) 34 Rear Two Piece Naudsenouasil

Slip yoke , Spider , Bearing cup, Weld yoke , Tube prop ,Balance weigh

WELD YOKE696

TUBE PROP
SNAP CAP
1 pes.
¢ 1 pes.
UJT SPIDER i
3 pes.
SHAFT, EXT SPL / WELD YOKE
1 pes. S 3 pes.
BEARING CUP ®
12 pes. ox, [

BEARING ASM
1 pes. WELD YOKE 1

pes.
TUBE PROP /'

1 pes

MNN 14 a2 52NOUVOUNAIVDFU Rear Prop Shaft Two Piece
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‘Fou “MIAB” @907 15 1A30FeN MIABAMSUlounomanyngy

MNN 15 1A309U¥0U MIAB
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With cup tHumsfanaraananluugiiedadau Baring cup AR Spider Ao1AT 0970
o { L { a . < a { o 1
AIMNN 16 FUNUNTMIRANAAANLUVWith cup tlanardannaaszgnunsnogluzves
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ANHULMINANNTANUVUWith cup lag
U52nev Baring cup WAL Spider 1azaa

A o 9 < 4
waradnsa T lugidng 11 2 9a

] 9 v
MNA 16 FUOUNLMSAANAFTANUUUWith cup

v Y
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Wnsszydunisseduseitazszyi1niinuedaa291miin (Balance  weight) 1
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D22 , ). NG L . . ;
WINNUINAI29MINFUOIY (Balance weight) N UFDUAANALHUIDIAAINA1IAININA
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PRE-MASKING

MT=19.27sec
mgla’:fo):sa S7sec IPH=186 84PCS/HR o
MT [RRLPC 2hook|=35.165 WASHER AIRBLOW ainting

- PAINTL Boot #2
MT (FRT Aux2hook) =35.16.1 BT 1000179 BT 1000180 @ ol 1| @

MT(RR2POI=367 )y =y PPHEI94 918 R

MT(8anjc) =4.7sec

LOADING w@ l @ TOUCHUP {HOOK]

MT(RRIPC 2 hookj=47.125

MT{FRT Aux 2 hook)=47.125 UNLOAD &Put Stud (8 pes) for Banjo @ L =}

MT(RR 2PC1 hook| =49.75 MT (Banjo] =32.37s
FINISHED MT (RRLPCand FRT Aux 2hodk) =49.175 UN-MASKING
DRIVE SHAFT MT (RR2PC 1 hook)= 22645 QILLUBE

T (Banjo) =26.4s
MT(RR1PC 2hook)=34.12 ‘
MT (FRT Aux 2 hook)=34..15 Conveyor Speed

MT (RR2PC|=2445 B5PCS/HRS.

. For Banjo &RR2
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1

1

1

1
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: Boot#1

1

1
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Tusounule FnOIYesnINEIENIUA ALY uazm”lﬂ”h'lﬂumwumu
2.2 ﬂizmumswﬁﬁju Rear Prop Shaft One Piece 30 g'u Rear One Piece 15¢nav 11/

4 1 <3 2 [ o 2 zl./
AIUNTZTUIUMIAOUNBMAN (Tube prop) 1 FU UTEABUNAY Weld yoke S1HIU 2 FUNT

) ] Y o A
ATUFTYLASATHUIANNTINN 19

MNN 19 M13152NOVYDI Tube prop 1A Weld yoke Y9931 Rear 1 PC
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Front Prop Shaft One Piece CVJ A032UMITRANAIAANTIATEHIN Slip yoke AU Spider LAy
. ° ~ Y & gd ' = = = d’l
Bearing cup 914U 2 ¥U "l,'llﬂf)u FIVUADUULTINIT N1TRA Pre-shot ¥INTTRAPre-Shot HIL
9
“l%'ﬂizﬂﬂmugu Rear Prop Shaft One Piece il81& Rear Prop Shaft Two Piece {NTUU anyUe

9 H 4 Y n
VOIFUNUNNMITRAUDY Pre-shot AININA 20 FUNUATINTAANAIAANILPre-shot

| _Ouey

BEARING CUP  SPIDER WELD YOKE Injection Pre-shot

] P v
MNA 20 FUAUNUMITAANATANUVY Pre-shot

o =\ = Y & o 1 2 A KX A o 1 3 A
NAIINUNIRA Pre-shot HAININAIUVDIFUNUNAA Pre-shot 11/dananunomiani
' A A A Y v ~ A a ¥ & =
MUATZUIUNTIFOUNATDI MIAB HAAIINTLUIUNTRANAIAANDNATIFINTZUIUNITRA
Y
anpagiliSenMIRANAITANIDY Attach Pre-shot 191/52nounusu Rear Prop Shaft One
9 9 v
Piece 1182 Rear Prop Shaft Two Piece INTHU 8NHULUVDITUNUNTMITAAUUY Attach Pre-

1] 9 1]
shot A4NINN 21 FUNUNUMINANAAANLUY Attach Pre-shot

Fd
o

"Uuﬁ@uﬂ'ﬁaﬂWﬁ'lﬁaﬂ Attach Pre —shot
< = a A a '
wWumsaanaraan¥ounasz1iag Pre-

v <
shot NU NOLKAN

] Pl v
MNN 21 FUNUNTMIAANAAANUUY Attach Pre-shot
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v v
AIUBNMUH HIVDITUNUILADINMIRANAAANIUY With cup HEIINAANANTAN
b4 b4 Y . ]
ATIUNN 3 ﬂﬁ\?L!éjﬂé’ljﬂ\‘lﬁW%uﬂuﬂsﬁlﬂ%ﬂﬂﬂﬁ’J‘ﬂﬁ@ﬂﬁuﬂa (Balancer machine) !ﬁ@ﬂﬂﬁﬂﬂﬂ’ﬂﬂ

duaano 1l

2.3 NIZUIUNITHAATU Rear Prop Shaft Two Piece 30 JU Rear Two Piece 92313
A 1 I Y @ 1 A 1 1 9 Y [ 1
WOUNDIMAN (Tube prop) AIUAU 2 §IU AD AIUNBUAIUNYN (Front tube) LiazdIUNOU

[ 1 1 4 1 <3
AUNEY (Rear tube) dIUNUMUNINYTERo TUAIBATTUINMTIHOUNDMAN (Tube prop)
v v
WY Weld yoke 914734 2 FunIa1udiguazmuvd aruneumuvasdsenon lidae
4 1 <3 [ o Qy g’/

ATTUIUMIIFOUNDIHAN (Tube prop) 1H1NU Weld yoke 31MIU 1 FUNIMUI0LQE Shaft
External N9MUU21890197 22 11515200 UV0IN0UATUNTI AL NOUAUNEIVDIFY Rear 2

PC

o all Y a v a 1
HAIINUUIZINIZNTZVIUMTRANAIAAN FINTZVIUMTRANAIAANVYOIFU  Rear
" 9 a g [ 2 [ o g
Prop Shaft Two Piece 3A0IRANAFANAIGAU 5 A9 LUUTI Y AALVY Pre-shot T1UIU 2 AT
) [ 9 v 1 < 1 9 Y 1 9 [ 1 Qy a
dmsulFnunemanneuA U LA NOUAIUNAI0E19aT | FU 1AL RANATTANULY Attach
o g)J o [ Y] [ 1 I~ 1 Y )] 1 9 o ]
Pre-shot 91U2U 2 A9 A 1HTUUTENDUAVAIUVOINOLHANNOATUN U AL NOUATUN D814
2 a g Y & a y = Yo 1 < v &
Ay 1 ¥ HazMINAATNgAMeun1sRAUUY With cup  H39z 1SN UNDIMANTIUATUNAY
Y Y Y v
v Y] o = a Y] [ A 1 I [l [ [
MY HAINRANAIAANATUNG 5 ATdL 2 laruauuyaily 2 aaude aiuvesneu
9 Y ' J 9 [ 1 1 9 Yy 9 ) Y] 4
MUNE UAZAIUVDINBUMUNEY FIUVDINOUAIUH A9 11/1/52n0UAY Bearing ASM
v h . > { 2 1 9 9
1182 Snap cap NATBINA (Press Center Bearing Machine ) 401N 23 FUNUNOUAIUNTIN

AIUANTZUIUNTON Bearing ASM Llag Snap Cap
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unouMumved

U Rear 2 PC

AIUNOUMUNAIVDA

JURear 2 PC

Bearing ASM

Snap Cap

H 3 1 { 1 U
MNA 23 FUNUNPUMUNTNNAIUATZUIUMNTOA Bearing ASM L1a¢ Snap Cap
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I 9 o 1 < y ' o Y 1 ~ o [ A
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[l 9 [ Y o w v A ] o o Y " v
HiumMIasIvdeudngana luiuszdesgnidaoeniiui Tagluaunsaihnduin sl la
o 1 o 4 o o 1 I ?J
NAIINHIUATZUIUMTAAAIUIATBIAA (Straightener machine) iFoV5pe1dIVTIIMBIMANNT 2
drunszneuindlenuns 09152 noY (Assembly Machine) A4n 1 24 A15152N0U

FEUINAIUVDINOUMUNASNOUATUH A
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RR2PCS (Rear) RR2PCS (Front)

MNA 24 MIUT2NPVILTNINAIUVDINOUAUNILASNOUATUNA

o ] 0 £ 4 .
mﬂ‘ﬂmmﬂ‘ﬂizﬂamﬁ’i%uﬁjnzuwuﬂulﬂsfﬂ,ﬂ%mmnm)uanﬂa (Balancer machine)

ionadeunuaugase 1 dwansnaaeuauga liruazdssgniiateiud

3. m3lravesnszuaunsHanmaIvy wwisudwanieugen Tlvunssitunios
nagoUauaa Fauaaziuziinszuaums lnauanaeduuaznar lumswdamavundas
aoTNuAuANA 19T ¥30 Front Aux %30 Rear 1 PC 11ag 130 Rear 2 PC 4401 25 13
|%avenTEUIUMIHAR Front Aux MTi26 M3 1HAV0INTZUIUMINANA Rear 1 PC LAz 71N

27 ﬂﬁ"lﬁﬁmﬂﬂﬂi%‘]fluﬂﬁﬂaﬂ Rear 2 PC 0a1a1



Front Aux Flow Chart

‘Weld Tube and

MIAB

Injection With Cup

Injection

Straightener

Straighten Tube

Assembly

Balancer

Balancer weight

Paint

Paint

PINA 25 ﬂﬁulﬁﬁsll’f)flﬂﬁg‘]ﬁluﬂ"liﬂaﬂ Front Aux

REAR 1 PC Flow Chart

Weld Tube and
Weld yoke (2 Pcs)

MIAB

Injection Pre-shot
(1 sho

Injection Attach Pre-shot
(1Shot

Injection

Injection With Cup
1Shot)

Straightener

ighten Tube

Assembly

Balancer

weight

Paint

L 2

Paint

PNTA 26 mi”lwammmzmummam Rear 1 PC
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REAR 2 PC Flow Chart

Weld Tube and
Weld yoke (2 Pcs)

MIAB

Injection Pre-shot
(2 shot)

Injection Attach Pre-shot
(2 Shot)

Injection

Injection With Cup
(1Shot)

TubOe
(FRONT & REAR )

Straightener

ASSEMBLY 2 PC

Assembly

Balancer weight

Balancer

Paint

Paint

PN 27 ﬂﬁul‘ﬁﬁsll’ﬂ\‘]ﬂﬁg‘UQUf‘lﬁwaﬂ Rear 2 PC
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M319% 2 11519 FG Shortage d115UAUA Rear 1 PC
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28.1 hours
SqFt: 270 -
Dunnage 18| Liner
Std Pack Q- 33 Al

—FIF0—
RMF

[Total C/T = 40 secs.
[CI0 =0 mins,
Parts per cycle: T

[ of Machines: 1.00 |
[OEE = 56%
FTQ:97.09%

MIAB
Welding

RMF

[Total /T = 56 secs!

[CIO = 120 mins.

Parts per cycle: T

[# of Machines: 1.00

[OEE=56% |
FTQ: 97.09%

GMI 700 Propshaft Value Stream Map - RMF (Current State)
Front Propshaft Customer Demand: 134 pieces per Day (Takt Time 416 sec)

Based on 33,232 annual volume & 248 days / year and 2 shifts

Rear 1 pc Propshaft Customer Demand: 174 pieces per Day (Takt Time 320 sec)
Based on 43,152 annual volume & 248 days / year and 2 shifts

Rear 2 pc Propshaft Customer Demand: 116 pieces per Day (Takt Time 481 sec)
Based on 28,768 annual volume & 248 days / year and 2 shifts

Available time = 27900 sec /shift

Updated Jun, 2013

1
!
v
RMF
Production

@ Control

24 Hrs

Release
Schedule

o
ﬂ -

9.24 hours

Sq Ft: 440
Dunnage : 20
Std Pack Quy: 33

L
24Hrs FA':'“ Au[;(
- m an
Daily

L Balance
Planing (1344)

RMF

[Total /T = 165 secs.
[CIO = 150 mins.
Parts per cycle: 1

[# of Machines: 0.60
[OEE = 56%
FTQ: 97.09%

Rear 1 pc
Asm and

Balance —FHF0—

Plastic
Injection

(1355)

RMF

— |Straightene RMF
|

RMF

3 hours

[Total /T =48.5secs.|  SaFt 54

[CI0 =15 mins.

[Total C/T = 91 secs.
Dunnage : 3 C/0 = 15 mins G

[Parts per cycle: T

Std Pack Qty: 99 |Parts per cycle: 1 4 hours

[# of Machines: 2.00

[OEE = 56%

[FTQ: 97.09%

W sy [Fol achnes: 200
RS- = — Gz
FTQ: 97.09%

2PC ASM

W Rear 2 pc

Asm and
o1 RMF RMF Balance
[Total C/T = 37 secs. [Total C/T = 49 secs. (1355)
CIO = 15 mins [CI0 = 15 mins.
[Parts per cycler 1 RMF
% of Machines: 1.00
(OEE = 56%

[FTQ:97.00%

Parts per cycle: T
[7 of Machines: 1.00
[OEE = 56%

FTQ: 97.09%

Paint

RMF

[Total C/T =55 secs!
[OEE =54%
[FTQ:99.00%

Kaizen Activities :

- Pull for MIAB.

- MIAB Quick Changeover.

- Plastic INJ Quick Changeover.
- Balancer Quick Changeover.

GM - Thailand
Front = 33,232 pcs per year

1 pc Rear = 43,152 pcs per year

2 pc Rear = 28,768 pcs per year

Rayong, Thailand

25 min transit -
Delivery every 70
minutes

Sequencing

—fIF0—

RMF
4.84 days

MW 28 LEAIRILHUIVDITLUDAINTINTINURNUT1IU (Daily planning)

4]
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o oA Aa A 1 " o o Qy
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92

Tagh
NUIUIAQAIAAIT109 (Buffer stock quantity)

= 50UMINYUAOUNNIT (Every part every interval #3® EPED*A11NA0IN5Y099NA

anuulsUsiumaseaes (2Std.Deviation)
Tagh
Auraduiuiiidmiuigannauionnuilasant (Safety stock)
o g v o & [ Qy d‘d o a
= [91UIUIAANINAIT1399 (Buffer stock quantity) +V1HIUFUNUNNMTTINGA
o & 2
(Cycle stock quantity)]* Safety stock factor (%) / VUIAUTTINUNUDITUIY
(Container pack out size)
Tagn
A g o 3 o o A v =
Safety stock factor (%) ApTPYazvoTatelumsNuiagaIndanaaulasany &9

nelsenuldmmua’ll 10 %uessiuauiagnendad13es (Buffer stock quantity)

Tumsdunaiiausgaunni uaasdlinsuaeugu asnini 34
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e ¥ v va Ja
mu')u?ﬁﬂﬂﬂ”ﬂiﬂ!mﬂﬂﬁuﬂﬁ

sﬂ%aug‘u( Trigger point :cards)

I
| ]

o v & a :lya v ¢ £
UMW IZAVFUNUNUEAS NI o 1]1'-!1711]55?!19441118\351‘!\3114
. .
sﬂawzu(l‘n_gger point :pieces) (Container packout size)
L | £l £l ' a 9 & ) 1 v a4
ﬂ1bﬂﬁﬂﬂ31uﬂﬂiﬂ1iﬂﬂi@dﬂﬂ'\ X FHIAUAUANTUIU . LRI 1 7 W9
.
‘i‘lﬂﬁ—l(A\'emge daily demand ) (Replenish lead time :min) 1440 W
3 1 oo oG ' & 2 '
vt g lumsnaniuay nalumsulaeuiy 4 nmlunadeguau i
(Cycle Stock Run Time :min) (Changeover time :min) (Reorder time :min)

MMNA 34 M3Feu Tealun s UIUTLAUN T

v

o o v d‘ Y d' 1 . .
ﬂ”ll!’Jil!i]”ll!’J‘Lli%ﬂ‘ﬂf‘liliJ\‘]“Vl!Lﬁﬂ\inlﬂllﬂﬁLﬂaﬂugu Trigger point (cards)

[

o %] Q” ~ Y A ' . o c 4
= %”I‘L!’J‘L!igﬂﬂ%uﬂWHﬂLLﬁﬂﬂﬁlﬁMﬂﬁlﬂaEJ‘L!?‘L! (Trigger point pieces)/ YHIAUITIYNUN

v
YDI¥UITU (Container pack out size)
Tagh
o o £ A Yy = ' . . .
mmuizﬂu‘vmmwuamiwumaﬂaaugu (Trigger point pieces)

' 4 @ ] a s £
= ﬂ'lmaflﬂ'ﬂllgllﬂﬂﬂ'ﬁﬂ@\?gﬂﬁﬁi'lil')u (Average daily demand)* %3332 UANUANFUIY

] 3 o 9%
(Replenish lead-time) Y1281t unn/marvinany 1 34 w3e1, 440 A
P s
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Tagh
' a g & . . | <3| a2
PFIWIAUAWANFUIIU (Replenish lead-time) ATRYIISIATEYRET

{ a £ . 1 < § 1
= FHaATUIIU (Cycle stock run time) Haouwi+nar lumsasugu
. ' I ~ &2 ' X
(Changeover time) et uun+a lumsdasua1ulvy (Reorder time)

1 I~ =1
Wil uun

= 4 £ 1 . ’ 3 A A g P~ =
GINL’Jaﬂ,uﬂﬁﬁ‘ﬁﬂmﬂuslmJ (Reorder tlme) Wu]ﬂlﬂuu’]% ﬂﬂlja']ﬁjuﬂ\jﬂuﬂﬂqtylﬁﬂ

[ @ ay { 1 U a 9
Vlﬂﬂﬂﬂ15§@t’f\°|5]5u\ﬂu ﬂﬁlﬂat’luiﬂﬂiﬂﬂluﬂ18ﬁuﬂ1

adsniranamstlasuuasdraunuiia

winmsAnmhienlinadenslasunlasiuis Tasmshadanunlszgnalslu

o Aa ' = o v o o a o 3

msmidveninanemsilasundassiviunuly Tagmnmsinsizianusdsdiu ( Analysis

. A o v A 1 A o o o A

of variance ¥3® ANOVA) Iagnismnuaitladeninanenslasuulassiviunuiiall
Y

navua 4 79380 ANABINITVBINA1 ( Customer demand ) YszAnEninlaesauuos

X v v
1A3099n5 IUMsHAA¥ WU (OEE)  Ysmnaruauludumasndatasass ( Safety Stock)

[ 4

X a a <{dy o A A
1AL WIATFIVUITIYNUN (Standard Packing) FaluInendnusimnualiilSnannudes

q

a Y y A dsg

< ' A 1w X
FAUANUDIANAUNNUUNNE 10 % nJu 2 Lﬂ'lell'f)\iﬂ'J’liJGs]J’E—Nﬂ'ITUENQﬂﬁ}'ILﬂaEJ@']'E')TH G?Nﬂ')’lu

U q

H Y 9
GﬁfmmimmgﬂﬁﬁmaEmmummu 439 YU ANUU ﬂTLl’J‘L!ﬂ?iﬁﬂiﬂﬂ?iﬂﬂﬁﬂ\?*ﬂ&ﬂ1ﬂﬂ 10 NQN

A FY = v Aa 1 ~ o v W a I
melslumsnaaesanuideninanemslasumasiiuaunuiimnan awsaagiilu

9
=

A13199 8 ldaail
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A o 9y Y q 9k =i o Aa 1 ~
MINN 7 ﬂ'luﬁmﬂ'ﬂll@]'ﬂﬂﬂ156U'ENQﬂﬂ'lﬂehfiuﬂ'ﬁﬁﬂy'lﬂﬁ]fﬂﬂﬂﬂﬂa@@ﬂ15lﬂﬂﬂuuﬂaﬂ

PIUIUANLIY

' Y
ANUARBINT  OAT BATIMIHAANNULUDIAINADINITVDIGNA

Fumves MINAA 10 20 30 40 50 60 70 80 90 100

gna @GR % % % % % % % % % %
Front Aux 143 158 172 186 201 215 229 244 258 272 286
Rear 1 PC 172 190 207 224 241 258 276 293 310 327 344
Rear 2 PC 123 136 148 160 173 185 197 210 222 234 246

iauﬁqséu 438 484 527 570 615 658 702 747 790 833 876

Aa A 4 Y] a Qy 9 a9
UszansnmIaesiuueunseddns lUMIHAATUIY Y50 OEE tgiiuegiiosas s6

o Y a A 4 [ a Qy 1 [ '9}
lumsnaassmruali Uszansamlassruveunaseedns lumskaasuauainaegnios
= A A a 2 = rTa gy a Y A
azs6 wazlimsmulsz@nsnniugegadn liinudosas 30 uazanasgegaoniooas 30 1o
o Aa 1 { o (% a I
1#lumsnaaes@nyladeninanemanlasumlassiuaunuiimssaa awnsoagihilu

A15199 9

4‘ ) Aa A d‘ [ a AQQI Y = [ d‘
M990 8 Muulseanimnlagsuuounsoddns Iumsnaasuau 15 lumsanyidaten

=\ 1 d' o v 7
Inanenslasunlasdiuiunuiig

Aa Aa 4 o a a 2 2 9 a A Y
ﬂﬁg’ﬁ‘ﬂ‘ﬁﬂ'lwIﬂﬂi?ﬂﬂl@ﬂlﬂ%fl\iﬂﬂi ﬂigﬁﬂﬁﬂTWLWNgﬁuiﬂﬂag ﬂ§$ﬁﬂﬁﬂ1waﬂaﬂiaﬂag

Jag1iu 30 30

56% 56% x130%=39.2% 56% x70%=72.8%

v
Puaruauluadesdumilaeads(Safety  stock) Tasdndszmrualiiylsunm

2 o o ' 4 o A
Funuluadidudiediadosdesaz 10 tetlosnuilgminindidesdenulsUsiuvesgnd

9
v @

Y o 1 % U
asiulumsnaaesdsiualdlSuasuauluadduddgaminudosas 570 uazgaga
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1 v 9 1Y é o =y Qy v A 9y ] dy d' déj d‘
WNUSeeaz 55 1 FamsmruadTuasuauluaas@uausuil thesnndnunluns

v & A Y I o o = 1A o
IAUNVFTUA T UAIMYUA mqqu”lmﬂu 2.57U

[ J Aa o v v @ a
HIATFIUUITITINUN (Standard Packing) Iﬂﬂﬂﬂﬂﬂ"lﬁuﬂﬂlﬁ} I DUUNTINARNVY

gy £ 2 A g v IR ° Y1 o
Us2nouMIeFUIIU 33 FU HIDANNIATZIUUITIYNUN “If\‘lsluﬂWTV]ﬂa@Q%%ﬂTWHﬂiﬁﬂWﬁT@'ﬂ
v d 1w 2 @ 4 1
VDINIATIIUUTIINUNININY 26 FU ANNIATFIUDTTINUNUYDY Component part LUATAT

Y Y
ﬂﬁ"l\iﬂl’i]\ilﬂ@]iﬁ1uﬂiiﬂﬂm°ﬁm1ﬂ°]J 33 ¥U mqqqﬂmmgmmswmcﬁmmu 66 YU

o o v Aa 1 ~ o o o o VoA 9 I %
WasnnmrualIteninanen1sasuulassiuiunuiuasmruanin lgilua

o ) [ o Y Y o Y o 1 1 1
pilslumsdunasiuaunuisluszouuda finisnaaseldiiniaieg laluaisians

9 9 d‘

AUIUNT 4 VUADUVDINTAIUIUNVITINTHAN NOANHINATDITIUIUNUITIN Feuu)aq

]
v A

Tdausaulsnimalasundas Idnavessrvunmianimsaasuulasaiu Faazuenns

3 A [ A v 9 Y Y v o v W
TI@ETE]“LI?JE]ﬂlﬂuﬂﬁgﬂi}ﬁ]ﬂﬂﬂﬂ'ﬁ%‘lﬂ 11ﬂ"l]ﬁ]ﬂﬂWHﬂ’J'llIG]ENﬂ'ITUEN@,ﬂﬂHﬂEJUﬂ’Ui]'l‘Ll'J‘Ll UIN

=).

[ %

4 { v Y Aa A 4 [ Y o
nlasuutlaslal ars1an 12 Jasedudszans o IassauaeaaieadnafeudusuIun U

=)

[ @

asuuadly as1en 13 Jadesudlsuamsaumniadilasasaneususiuiunuii

=h.

v
@

A A o Y [ d A [ o [
Lﬂﬁﬂullﬂﬁ\‘]]ll] Uaga1919N 14 ﬂﬂﬂﬂﬂ']‘Llll']@]iﬁ']L!‘Uiiﬂqﬂm“ﬂlﬂﬂﬂﬂﬂﬁ]’]u?uﬂﬂﬂﬂﬂ

nlaeuntlaslyl
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JzAU
Average Standard .
. NUIY
[aay Customer OEE Safety Stock Package . o
— - R IGIN
Demand WH:I08Rr)  (MUI:F080E) (MUIS:FUND
(he:Fude i) VTN UN)
1 438 56% 10% 33 80
2 484 56% 10% 33 107
3 527 56% 10% 33 151
4 570 56% 10% 33 256
5 615 56% 10% 33 726
6 658 56% 10% 33 -1361
7 702 56% 10% 33 -365
8 747 56% 10% 33 -231
9 790 56% 10% 33 -172
10 833 56% 10% 33 -146
11 876 56% 10% 33 -126




d‘ v 9 a a A v ~ v o v o A =
MINN 10 Pavemudsza@nsnnlaesiuveansednseunusiuaunuisnasundas
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T
Standard .
o Average U
a1y OEE Safety Stock Package o o
Customer Demand — oy Lo, AULN
L2 (re:908ar)  (MUI8:I08RL) (MU BUAD
(MUY: FUADIN) oL
UITINUN)
1 438 39.20% 10% 33 236
2 438 41.70% 10% 33 176
3 438 44.35% 10% 33 142
4 438 47.18% 10% 33 117
5 438 50.18% 10% 33 100
6 438 53.38% 10% 33 89
7 438 56.78% 10% 33 77
8 438 60.40% 10% 33 67
9 438 64.25% 10% 33 62
10 438 68.34% 10% 33 56
11 438 72.69% 10% 33 53




d‘ v Y a 9 [ Y= o o o v A ~
M519n 11 daveaulsuamsaumasnaddasansmeunudnuirunvianasuuilas

AU
. o Average Customer Standard Package U
a1y OEE Safety Stock L2, o o
Demand . . (MU 3UAD \3IN
L L (W% (U8 %) o
(MUY: FUADIU) UITINUN)
1 438 56% 5% 33 77
2 438 56% 10% 33 80
3 438 56% 15% 33 83
4 438 56% 20% 33 85
5 438 56% 25% 33 88
6 438 56% 30% 33 91
7 438 56% 35% 33 93
8 438 56% 40% 33 97
9 438 56% 45% 33 99
10 438 56% 50% 33 103

11 438 56% 55% 33 106
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[ v o

d‘ v 9 Jd A o o A A
AN 12 ﬂﬁ]i]ﬂﬂ"luiﬂﬂ5§1uﬂiiﬂﬂﬂ!"m‘ﬂﬂﬁﬂﬂﬂ1u’Juﬂll‘]J\TV]L‘]JaEJ‘L!LL‘JJaQ

T
Standard .
. o Average Customer 1UIU
RIS OEE Safety Stock Package .
Demand - , L2, 11} GIN
L2 (Y1U28: %) (1U28: %) (MU9:3UND
(MU28: FUABDIU) o .
UITINUN)
1 438 56% 10% 26 97
2 438 56% 10% 30 85
3 438 56% 10% 34 77
4 438 56% 10% 38 69
5 438 56% 10% 42 64
6 438 56% 10% 46 60
7 438 56% 10% 50 56
8 438 56% 10% 54 54
9 438 56% 10% 58 53
10 438 56% 10% 62 48
11 438 56% 10% 66 47

d’ ax aa v d‘d ' d' o v L%
Nfluhlell!,l,agﬁ‘ﬁﬂ1i1ﬂﬂaf]\‘]‘ﬂN’ﬁﬂﬁﬂlfl\iﬂﬂi]EJ“V]iJNﬁG]E)ﬂWiL“]JﬁEJ‘L!LL“]JﬁQi]'I’L!'JuﬂiJUQ

1 a I @ 7
M3n3218UUVAINA ( Normality Probability Plot ) 11/UM3QaNHAUENMINTLIHAD

] A g A o g , a A ! v Aq o ¥ g o A
yosdoyanny uazgududoyaninanse i Tasdoyanldlumsnaaeuiuns 4 ade 1o
| a g 1 g o ' .. SA 1
nadouaNWilunsHnuaUUUNALGIHIUNT 4 998 1azA1Standard Deiation N1 1l
anuuana1eny Jeirualdaiszauiedian M10D 0.05 MINATOUANNATIUYDING

“ A v 2
naaeuANULlI15Iu(Anova) Tauyagiulumsnaaeuaall
Ho: adelulinansgnuaemsnlasunlasveadiuiunuia

Hi: tavelinansznuaensnasuulasvesdnuiunuiil
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Auiddszie AUARBINITVDIGNAT ( Customer demand ) 1sz@NnTnmIaes V04
] Y Y
1A5099N5 TUMIHAATUAIU(OEE ) USinaFuamluaded@ua ( Stock on hand ) uaz
o Y l:‘

[ 4 ' v v w 1
HIATITUHUIITYINUN (Standard  Packing) Iﬂﬂﬂﬁﬂﬂ'] P (p-value) ﬂUi%ﬂUuﬂﬁWﬂ@ﬂlLﬂﬁWW

0.05 lagh
21 A1 P (p-value) Tntioonii 0.05 TR asauydgiuman
9 1 = 1 9 [ a 7
1 A1 P (p-value) NAINAT 0.05 THeouTDAUYAFIUKAD
A o 2 =K o v v oA A
Y ao aauddseny lumsnaaeail vunede sunuianalasunlaslal

o a ¢ 1Y { o Y a {
X o dalsdase lunisnaaeedl vureds Jadenldnanisulasuulasves

UIUNNIY
adeninanemalasuulasdrvulssansinmlagsnve un3099n3(0EE)

< 9 o g;/ A 1 = o [ o Y
NANMINUToYav0ITT8N3 4 NUmanemMsasuuastunuialuszuuugd)
9 o a a 1 Y] 9 A A A Y]
Aimsnaasatuuiaadedensdiulssansanlaeswuean3 03903 (OEE) HoNI1NL
o v o o a 4 [ a A a 4 [
FUWUTAD BATINITIAUATEIINT (Avaibility) USLANTNINNITIAUIATEIINS (Preformance)
HaZoNI1NUNIN (Quality) udrmwnguf salifavtedus Nuenmilenin 3 druiinaraun
= 1 d' a a d‘ (% [ g}l Y o
9199z Unanensilasuuilasvelszd@nsn1inlaes1uve 1309903 (OEE) A91Y H{111n13
= = [ d‘d J A 1 d‘ 1 Yy A o w
NAaIAnY1TdeNINaADOEE UanmMied1n 3 aiunna1d lluda As s naunui&eay
a ~ a ay % S a Aa
lunswaa (Labor scroll ) na1m s lFranyuay (Cycle time) FA91NTDIUNITAIVTININA
Yoy theraauselyrrn lulininauuinu ssewinau bissuauswauinaumu 13

Y Yo

o Y o a A d‘ [ |o = o d‘ 1Y
ﬂ11ﬁﬂ1’3@ﬂi$ﬁ‘ﬂ‘ﬁﬂWWIﬂﬂi’JM"Uﬁ)\uﬂiﬂdﬂﬂi@n %Q“I/ﬂslﬂN“I/nﬂTi“V]ﬂﬁﬂﬁﬁuﬁlﬂlﬂﬂﬁﬂﬂﬁﬂluﬂW

U

f3ana

TagmsnaaoanuruignulunissdaLabor Scroll) fiinsnaaesslavenuuy

Y
msmmwuﬁmmu"lumiwa@"li' 3 uuU Al
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v Y
puud 1 IFwiinaulumsimiauluaigniswaanivua 12 AU 9AABUIAVDT
v I v Pl v
M INANYNIATOIATINAOUANYA LAZINHUIAN IFHAATUIIU (Cycle  time)Dgh

140.29 IUIN/FBUAININD 35

v Y
puud 2 Fwiinaulumsiaulumenisndaninua 10 AL 9AAUIAVDI
] ' v 9 '
AYNTHANOYNIATOIATIVADVAUD  1AZIHUNIAINIFRAATUIIN (Cycle  time)ogT
151.59 31N/501 99N NN 36
v Y
puud 3 MFwiinaulumsiauluaienseaanavua 10 AU 9AABVIANUD
a = d' = a ~ 9 a ay ) 1A
A18NIHAADENIATOIRANAIAAN 1AL UNUNAIN TFTUNITHAATUIU(Cycle  time)DgN

168.06 JU1N/30U AININA 37

1 1 o a g‘/ § I a
TOUANAINTEHINNITNUHUAFIAUTUAITHAANI3 LUD Ao LUV 1 1TumInaa
v A 9 o Aa oA a ~ < o ~ A
suviagiiunlslumsmilginaulag druuuun 2 dusuumsnwsuauiinaulunsan
] o o { I A
auliyhauamsiuauusunuousn sazuuud 3 Jumsdregansvinvesaionsnanin

. . O, A\ :
wseanadouauga dreganevia liifluaiesianaradn ioquur Tiulunmsndeuntas



RR2 PC

BT 1000201

TUBE
PRESS

GAUGE

MIAB

RMF

OP110 @

TUBE CLEANING
ATTACH LINER

LOAD COMPONENTS

FRT = 55.89PC5/HR

RR 1PC=55.8PC5/HR

RRZ PC=27 95PC5/HR {FRTERR}

or20

LOAD PARTTO
FXTURE

UNLOAD 7O CART

A% 1 7C =30 PO (2 3kl
7C w233 7O (2 abad

OP120/130y140¥150
EEARING CUP
SLIPYOKE

FRT= 122 PCS/HR | 1shot)
RR 1 PC =40 PCS/HR | 3zhot)
RR 2 PC=24.4 PCS/HR {5 shot)

H

INJECTION3#

survcKe

LF0L0T WY
#HZNOILDAINI

@00

OrPi60
STRAIGHTENER
62 PCS/HR

STRAIGHTENER1
RMF 106667

yVaO,

#aTe 222 FCu/m0 (2 3R20)
mn 2 PC =30 S/ (3 kg
88 2 FC w335 FCI (3 3k

OrP130
BALANCE
BAANCER | e 3m psyn T
MACHINE 1# RR1 PC=27.8 PCS/HR e & o
RMF 605439 RR2 PC= 183 PCS/HR =35 52
=z || 22
FINISHED | =—=p| © .
e
FINISHED
RACK
0P170/180
78 PRESS N -
2 PCASM v 2PCASM @ @ op120
B ‘ BALANCE
RRZPC= 120 PCS/HA FLOW PALLET SALA
BT 1000191 FRT = 28 PCS/HR

CENTER BEARING
BT 1000190

*

BALANCER
MACHINE 2#

RMF 605437

RR1 PC=27 B PCS/HR
RRZ PC=22.1PC5/HR

FINISHED
RACK
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RR2 PC

TUBE
PRESS

GAUGE

BT 1000201,

=
Erm—

OorPi110 @

TUBECLEANING

MIAB
RMF

ATTACH LINER

LOAD COMPONENTS
FRT = 55.9PC5/HR
RR 1PC=55.9PCS/HR

RR2 PC=27 95PC5/HR (FRTERR}

or20

LOAD PARTTO
FIXTURE

UNLOAD 7O CART

7330 /350/330:

zrawNG Cu
surroce

7C3He (2 3T
=30 7Cu/me (3 akaT)
R 2 PC w235 FCI/Me (8 3he?)

) o
® ——
@) mom=

OP120/130/140150
BEARING CUP

SLIPYOKE

FRT= 122 PCS/HR | 1shot)

3R 1 PC =40 PCS/HR | 3zhot)
AR 2 PC=24.4 PCS/HR (5 shot

H

INJECTION 3#

LF0L0T AW
H#ZNOILDAMN

INJECTION1#
RMF 700292

surrcKe

#8Te 222 PO/ (2 ke
s PG 30 PSS e
N2 7Ce23.3 FCUMN (S 3kl

9p160 oP1%0
STRAIGHTENER AN
&8 PCS/HR WEGHT F's
BALANCER FRT= 28 PCS/HR A
STRAIGHTENER1 MACHINE 1% RRL PC=27.8 PCS/MR E. || 2. 4
RMF 106667 RMF 605439 RRZ PC= 183 PCS/HR %S9 )
Z= Zx
/ FINISHED | =——p| = -
RACK
FINISHED
RACK
OP170/180
C7B PRESS »
SLOM e e V(O
POM%="N | FLOWPALLET
é O BT 1000191 Ghaig.
BALANCER s OO
FENTER BEARING * ey | mesrozraposed
BT 1000190 RR2 PC=18.3 PC3/H
FINISHED
RACK

1 1
=) |  RRIPC |
e | FRTAUX E

1
=’ : RR2PC E
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FRT= 122 PCS/HR (| 1shot)
RR 1 PC=40 PCS/HR | 3shot)

OP120/13071
— * BEARING CuP
& SLIPYOKE
TUBE 3
PRESS g
BT 1000201 RR2 PC=24.4 PCS/HR (5 shot

(T @ ﬂﬂ INJECTION 3#
) oMF

OP110 @

Tusscieanne | | eemmmeem <
ATTACH LINER :
LOAD COMPONENTS I
FRT = 55.9PCS/HR !
RR 1PC= 55.9PCS/HR 1
RR2 PC=27 S5RCS/HR (FRTERR) L

oP20
LOAD PARTTO
FIXTURE

UNLOAD TO CART \\

0ori80
STRAIGHTENER
68 PCS/HR

STRAIGHTENER 1
RMF 106667

s2amNG CUF
surroKe

SNTe 322 7CI/MT (3 3ked)

o2 3 7C =30 POy S kel
A% 2 7C =233 O (2 3k

LE0L0T JWY
H#ZNOILDAINI

INJECTION 1#
RMF 700292

@00
|
<
%
|

o710 /320/335380

SLATNG CU?
surroce

SNTw 322 FC3m% (2 akel)
mm 2Pt ed0 PCSimm (3

W IFCer3

PCSMN (3 3hal)

oP150
BALANCE
B ]
BALANCER et A A
MACHINE 1# RR1 PC=27.8 PCS/HR - 2.
RMF 605439 RR2 PC=18.3 PCS/HR =3 S
o x gz
Zx =z x
FINISHED === - e
RACK
FINISHED
RACK
OP170/180
78 PRESS 2
2 PCASM b SPCAS ] ook
RR2PC= 120 PCS/HR et

S @ BALANCE
N
FRT = 28 PCS/HR

FLOW PALLET
C @ BT 1000191

CENTER BEARING
BT 1000190

RR1 PC=27.8 PCS/HR

BALANCER RRZ PC=22.1PCS/HR
MACHINE 2#
RMF 605437

FINISHED
RACK

///’/:»
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Y o Y o o ' 9 o A = = v Aa
A¥1N5Naa09 1411715 Run@rate AT9Az 08191100 3 52 Tue MednyIATaTeNING
fumsasuut/asvesal OEE  Tasaii 1da1nn1sRun@rate Aoia1n e lunsnana1uasa

A o A g
ﬂlﬂﬂlﬂﬁﬂﬂﬂﬂiﬂ!ﬂu@ﬂﬂ@"lﬂﬂ

Tﬂﬂﬂ']ﬁ‘ﬂﬂaﬂﬂﬁ'lﬁuﬂﬁlﬁl ﬂglfls)'l'] MUHUMAIAUNNUU A 1 LLﬁ%ﬂ%ﬂﬁNﬁu’JNLLWH

masaumuuuua 2 taglumsmuiuaoEE ImsmuualioasigunIn miny 100% uag

891 UM TAUATENTIMIAY 100% tieviimsaadadseaddua i lildvinsdayieenly

d‘ 1Y d’d 1 Ad' a J Ad' [
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Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Demand 11 7240 658.1818 21085.96
Y 11 -1081 -98.2727 263271.2
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 3147229 1 3147229 22.13575  0.000136 4.351244
Within Groups 2843572 20 142178.6

Total 5990801 21
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Individual Value Plot of Y vs Demand
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Anova: Single Factor

SUMMARY

Groups Count Sum  Average Variance
OEE 11 59845 0.544045 0.012318
Y 11 1175 106.8182 3314.164
ANOVA

Source of

Variation SS df MS F P-value F crit
Between Groups  62118.06 1 62118.06 37.48628  5.54E-06 4.351244
Within Groups 33141.76 20 1657.088

Total 95259.82 21
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4 v 9 = a Y [ v
M3197 23 wamsnagevdedeaulSunaaunninailasans (Safety Stock)

Anova: Single Factor

SUMMARY
Groups Count Sum  Average Variance

Safety stock 11 33 0.3 0.0275
Y 11 1002 91.09091 89.89091
ANOVA

Source of

Variation SS df MS F P-value F crit
Between Groups  45336.44 1 45336.44 1008.391 1.38E-18 4.351244
Within Groups 899.1841 20  44.9592
Total 46235.62 21
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Individual Value Plot of Y vs Safety stock
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M3199 24 HamanaaeUlaTeAIUNIATFIUDTIVAUN (Standard Packing)

Anova: Single Factor

SUMMARY
Groups Count  Sum  Average Variance
Standard Package 11 506 46 176
Y 11 710 64.54545 256.6727
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 1891.636 1 1891.636 8.743959 0.007793 4.351244
Within Groups 4326.727 20 216.3364

Total 6218.364 21
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Individual Value Plot of Y vs Standard Package
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SUMMARY OUTPUT

Regression Statistics

Multiple R 0.737303813
R Square 0.543616913
Adjusted R Square 0.467553066
Standard Error 0.026594537
Observations 15
ANOVA
df SS MS F Significance F
Regression 2 0.010109 0.005055  7.14685 0.00903602
Residual 12 0.008487 0.000707
Total 14 0.018597
Coefficients Standard Error t Stat p-value
Intercept 1.140301597 0.27654 4.123462 0.001412
Labor -0.00523905 0.01416 -0.36998  0.717847
Cycle time  -0.00154634 0.000687 -2.2525  0.043799

Regression Equation

OEE = 1.140 - 0.001546 Cycle time - 0.0052 Labor
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Residual Plots for OEE
Normal Probability Plot Versus Fits
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a o Aa ' A = v o
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SUMMARY OUTPUT

Regression Statistics

Multiple R 0.552801
R Square 0.305589
Adjusted R Square 0.215014
Standard Error 17.64473
Observations 27
ANOVA
df SS MS F Significance F

Regression 3 3151.227 1050.409  3.37387158  0.035726488
Residual 23 7160.738 311.3364
Total 26 10311.97

Coefficients  Standard Error t Stat P-value
Intercept 136.0795 49.92221 2.725832  0.01205025
Demand -0.06091 0.031991 -1.90384  0.06951635
Changeover -0.02903 0.207945 -0.13959  0.8901964
Cycle time -1.2056 0.473695 -2.54509  0.01809493

Regression Equation

EPEI = 136.1 - 0.0609 Demand - 0.029 Changeover - 1.206 Cycle time
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Residual Plots for EPEI

Normal Probability Plot Versus Fits
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