31

32

62

1200

140

40

300
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1) (Bias tire)
2) (Radial tire)
3) ( Motocycle tire)
4) (Mini spare ftire)
5) (Tube)
6) (Flap)
1) (Recamic)
(BEAD)
BEAD BEAD

FILLER

56

2 23% )



CUSHION

(TREAD)

CUSHION

TREAD

Unit Tread

1) RIB
2) GROVE
3) SIP

= L =

Cap-Base Construction

RIB
(M leage)
(Handing)
(Amount of Road Noise
(Traction)
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(SIDEWALL)

(CARCASS)
2
2
1) TREAD PLY & STABILIZER PLY
Tread Ply Tread
Tread Tread
2) BODY PLY

Tread Ply or stabilizer Ply



(CAP PLY)

Stabilizer Ply Stabilizer Ply

(TREAD PLY)

(CUSHION)

(BREAKER)

(CHAFER)
Bead Filler

Chaffer
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(INNER LINER)

3
1) RIB TYPE ( )
RIB TYPE
) LUGTYPE( )
JTB&LUGTYPE ()
1 2
1) (MILEAGE)
) (HANDING)

3 (AMOUNT OF ROAD NOISE)
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4) (TRACTION)

1)

)

3)

4

9)

6)

3.3
31
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l
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34.1
3.2
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2 (BANBURY MIXER)

(MILD
3
()
(LUMPY)
2)
3)
Batch Process
1., XL
* Master Batch
* Remill
* Final Step
Master Batch
1 1
300°F
Master Batch

Batch

Master Rubber



Remill

Final Step

Temperature

Temperature
(Extruder)

Aging
TREAD, SIDE WALL
EXTRUDE 2
(1) HOT FEED EXTRUDER

(2) COLD FEED EXTRUDER

HOT FEED EXTRUDER

1. BREAK DOWN MLL

44

Master Batch

3
Cure
20°F Bump
(MILL)
) Clay Clay
Loading
110°F
(Extrude)
EXTRUDER WARM MLL
EXTRUDER
WARM
MLL
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2. INTERMEDIAT MLL

3. FEED MLL
BREAK DOWN MLL MILL
FEEDU AGEING 8
MLL CONVEYOR
. TREAD
EXTRUDER | TREAD DUAL HEAD TUBER (DHT)  EXTRUDER
2STOCK BASE  TREAD
BIAS
STOCK
BASE AGEING DHT.
DTH  COLD FEED EXTRUDER WARM
COOLING CURE
CUSHION TREAD
TREAD SPLICER CEMENT
BOOKING TREAD
TRAY

ULTRA VIOLET



RAW MATERIAL

CALENDER
)
LAB 2
MILL PRESSURE
800-1000 PS| ML
MILL
DIPPING
COOLING
PIRECE ROLL
(BIAS ANGLE)
TACK
CEMENT

TREAD PLY

MLL 3

46

MLL

45-60



BEAD FILLER

SPECIFICATION BEAD

GREEN TIRE

CROSS LINK
BLADDER

BEAD INSULATOR

INSULATOR

BAN PLY DOPE

PLY
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(1) INSPECTOR ( )

(2) X-RAY X-RAY
STEEL BELT
(3 TUO (TIRE UNIFORMITY OPTIMIZATION
(RADIAL RUN OUT)

(RADIAL FORCE VARIATION) , «
(4) STATIC BALANCE
(5 SIDE WALL UNDULATION TEST

( )
PLY

34.2

J (Raw Material store)
(Code)

J (Raw Material Reception)

J (Mixing)
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(Extruding)

(Bead Room)
(Diameter),
(Ply  Strand)
Fabric Calender, Gum Calender, stock Cutting,

(Curing)

(Final Inspection)

Recycle
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34.3

33
34

3.5

3.6



Process Flow for Bias
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Process Flow for Motorcycle Tyre
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Process Flow for Mini-Spare Tyre
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(Defect in extruding process)

- Processing Return (PIR)

- Non Conformity

31

1 Tuber#2
Tuber#3
DHT (Dual Head Extruder)
Duplex Extruder
Tuber#2 Tuber#3 DHT

2

31

Duplex

55
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3.2

3.2
Single Head Tuber Dual Head Tuber
(Hot Feed) (Cool Feed)

Tuber #2 DHT
Motorcycle Tread Bias Tread
Mini-spare Tread Radial Tread
Fold Edge Side wall
Back Side Wall Recamic
Bead Filler
TPl

Tuber #3 Duplex
Radial Tread CX4 (Side wall + AGS)
Motorcycle Tread Back Side Wall Bias
Mini-spare Tread Bead filler (Radial, Bias)

Fold Edge

TPl (Tread Ply Insert)



Tuber#2, 3

Tuber 37

{\ n Fresh Stock,
VAAVA D/D

.""

Feed Break Down
Mill Mill
JEXtruder
WaterSpi™j™ Markin
Head | P _ J
'Hlice Cement
Tuber Base cement
Tread Tray
3.7 Tuber
Ml Break down mill Batch
Feed mill Feed strip
Extrude

(Profile) (width) (weight)
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CUSHION TREAD
(length)
Cement TREAD SPLICER CEMENT
Tuber 2.8
Compound
e
e PR S— Pra—
S e ——  component

3.8

Tuber



Tuber#2. 3
39

oY

oL > S .
Ml ]| ¥ j
[ —e= g5 ai
“TREAD TUBER 2
gm"‘; 3.9 UAMIUHLEINSA AT IFTRIANS
(1) Extrude
2 Conveyor
(3) Cutting
(4)  Cooling
Tuber#2,3
Tuber
Tuber 3.10
(1) Ml man- MIl man

3



(2) Operator -
3.12

(3) Cementer
3.13

(4) Booker-

3.14

Operator

Cementer

Booker
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Tray Puller

Schedule

:

SuukuMSHAR

1w Supervisor

A

Operator

Running Card

i

A

Machine Setting

Cementer Booker
R Ts
Mill Man ( g e
Card Preparation

v

¢

Stock Preparation

Marking
Preparation

Cushion & Cement

Preparation

Y

Extruding

Non~-Conform

Splice-Cement

Preparation

Cutting

P

Operator Usuuas

P

Check

Yes
X

14 Cushion

g

Check

Yes
X

9@ Cement

g

Check

'3

Cooling

Tray Preparation

I

Yes

Cutting

Cementer

<
'85

m Splice Cement

v

P/R

(i )

Booking+1.D-Tag

f 3

-~ =3
WNY

¢

3.10

Tuber



( anuludanisuan )

v

@38 Stock LIntH
Break Down Mill

¢

MILL MAN

M39d8dU Stock

N

NN Load Stock

¢

Break Down Stock

v

daenaly Feed Mill

.

aaenauldu Strip
¥
daudrawiuluas Extruder

s

AaGNBENYN 1 15 WA

!

LA ]

Tuindoya

311

No

Non Conformity

Ml man
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Operator

Tnher ft? 2

anludamsuda
(Schedule)

Yes
\ 4

No—  (dainihau

e Running Card

.

Usznauwa Extruder

B

Warm Die

.

(@3t Tag NSEh
Run Wind Up

.

9 Mill Man d3enauth
Extruder

Push out &3

v

Usenay Die WU

.

Set #3849~ Running card

Extrude
@ No Operator U5udiy
Yes
A 4
o/ ¥
Fuiindoya ]

3.12 Operator



CEMENTER

)

suludande
(Schedule)

C

4 &Y o
AT ULATNINUIVIUN

Yes

A 4

(U@ Running Card

.

3N Splice Cement

.

NAINA NI ADIAT Tread

J o e
Tu Size usn NYMsuda
T

Yes

A 4

TUBER 23

¥ e v
LAWIVTUMNIU

v s v
LA WINUNIU

Cutting

USuusa P/R @A

Yes
A 4

M Splice Cement

v

< y
Unnvaya

313

No——

Non-Conform

v

ar =3
C WWILNUY )

Cementer
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BOOKER Tuber #2,3

suludande
(Schedule)
A
(@383 Tag MY

. o a
Size NACHAR

(@38x Tray ()
(@383 Skid, Poly, Liner

A

ATIVYTUNY P/R JaLhu

No Non-Conform

A

Book ™ Tray
oy
1N Tag 1VI Tray
Puller

uammu%uuu
Tray No. W Cementer uaz
Operator N31U

3.14 Booker
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Tuber #2.3

J (TOOLS AND EQUIPMENT)
marking
- Mark
(Scale)
J Tread Motorcycle ~ Tread Mni Spare Tire
(1) Tread Lumpy, Cement Lump
(FM) Non Conform Product
(2) Tread (Tread Splice) Die Cut
PR
(3) Tread (Angle
Protractor) Shoulder
, Tread Standard PR
@ , Tread Size
PR
(5) Tread

Booking Roller Conveyor 3.15

A
A

3.15
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0 Tread Cement
Tread Booking Roller Conveyor 3.16

|A —

I AMUANI (W) ‘

3.16
(6) Tread Size
(Scale) Line
PR
(7) / Tread
8) Marking Tread
PR
9) PIRe
J Component (Bead Filler, Tread Ply Insert (TPI), Fold
Edge, Black Side Wall)
©) Lumpy,
Non Conform Product
2) Die Cut, 1 1
PR
(3) Size
PR PR
(4) Fold Edge Gauge Guide 317
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GAUGE GUIDE

rFULD CLAOC
317 Gauge quide
] Tread Mini Spare Tire, Tread Motorcycle
Component Wind UP
(Thermocouple)
Extrude Extruder
(Max Extrusion Temp) Mark Extrusion Temp
Cementer ~ Wind Up Tag Non-Conform MG
. Extrude
Scale ' '

Quality Record
Update Die Maker  Follow Product  Booking Area
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.. 2547 Tuber #2, 3
33 34
3.18 3.19
3.3 Non conform
Non-conform A7
Compound
pound ( 2436
)
Non-conform
45
100%
Non-conform Tuber #2,3 %
% Non-conform Tuber #2,3
Non-conform 64%
Non-conform Duplex 1§
DHT
% Non-conform Duplex DHT

Non-conform 36%

AT

2401

47
100%

38

81%

19%

47

2458

36

100%

30

83%

17%

69

47
1295

128
100%

97
6%
3l

2%



%

%

Non-conforrr”

70

Duplex, DHT
24%
1 Tuber #2,3
0 Duplex, DHT
nnATag Tuber
#2,3
76%
3.18 Non-conform
2547
3.4 PIR
PR A7 A7 A7
47
PR 55 584 612 1771
Tuber #2,3 37375 40296 416.16  1192.87
PR Tuber #2,3 65.00% 69.00% 68.00% 67.36%
PIR
Duplex DHT 201,25  181.04 19584  578.13
PR Duplex DHT 3500% 31.00% 3200% 32.64%

PR



3.19

[Duplex

-

NnLAtag
Tuber #

273

67%

Tuber #2,3
Duplex ,DHT

PR
. 2541

Tuber #2, 3

71



3.6

(Causes and Effects diagram)
(Tree diagram)
(Relation diagram)

Effects Analysis ~ FMEA)

35

(Failure Mode and

72
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(Check sheet)

Diagram)

(Pareto

J17
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FMEA

(Risk Priority Number)
0.D . '
RPN

(Cause

and effect diagram)

(Tree

Diagram)

(Relation Diagram)

FMEA)

FMEA

RPN

0D
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> 100

FMEA

RPN

RPN

' RPN

(Continual Improvement)
( Process
Failure Mode and
Effects Analysis)

RPN
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Non-Conform

* Foreign Material -

! 1 ] ! ! ] ]

(Contamination)
« Lumpy - Lumpy
* Blending stock -
PR
Recycle
3.6

3.6

1 Profile Wrong profile

protile off-spec
Die

2 Blister



3.6

3 width

4 Length

5 Weight

6 Cement

7 Marking

8 Cutting

9 Drying

10 Splice Cement
1 Other

7

()

width off-spec
Wrong cutting length
Weight out of spec.
Poor apply

Cement
Wrong marking
Unclear Marking
Wrong cutting angle
Poor cutting surface
Too wet
Imprecise applying
Not applying cement
Contamination

Compound

Deformation of component
Component



« Start/stop -
(Compound)

* Endffinish -
* Process control -

- Profle
- Blister

- Width

- Length

- Weight

- Cement
- Marking
- Cutting

- Drying

- Splice cement
- Other

+  Other-

(Check sheet) 320 32



extruder:  Tuber#2 13 ;
PR

Sze De  Stock  Production )
Code  BK ) Sartup Er?h;iljej Wdth  Weight Lengh Bisr Making Cuting Cement EndFinish Others
)
( ( () () ( ( (
) ) ) ) )
) )

3.20 PR Tuber #2, 3



extruder:  Tuber#2,3
Non conform

Foreign Material Lumpy Blending stock Others

321 Non conform Tuber #2, 3



.. 2547 37

3.8
.. 2547
26.07
Non conform scrap 1.78
PR 24.29
322 3243
3.7
Non conform (1.78% ) Tuber#2, 3
.. 547
()
- Lumpy 2244 68% 68%
- Foreign Material 8.25 25% 93%
- Blending Stock 132 4% 97%
- 0.99 3% 100%
(Compound 1
1 )
3 100%

() 1509



100%+ 100%

82

30.00 + 90%
+ 80%
= + 70%
z x
~ 20.00 - +60% @
o [ 2
" | R
2 +50% =
a q
g
a La0% g |
2 . |
= ] :
® 10.00 + 30%
| 20%
L 10%
0.00 B @ = @
> E 6 S
3 8 8 “
3 s 9 '
= =
() g
= 5
< o
ANALTUNAWSDY
3.22 Non -conform
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- Blister

- Length

- Start/stop

- width

- Marking

- Endffinish

- Profile

- Weight

- Cement

- Cutting

Tuber#2, 3

()
8504

6146

5086

3710

3038

2645

1824

1749

1287

703

2541

23.711%

17.18%

14.22%

10.37%

8.49%

1.3%

5.10%

4.89%

3.60%

1.98%

23.711%

40.96%

55.18%

65.55%

74.04%

81.44%

86.54%

91.43%

95.02%

97.00%

83
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- Splice Cement

- Other

Tuber#2, 3 2547 ()

()
712 1.99%

360 1.01%

PR( ) 35769 100.00%
PR( ) 153044

84

98.99%

100.00%

.
2
2
o
'

- Length

- Start/stop

91.43%
86.54%

/ 81.44%
e 74.04%

65.55%

55.18%

- width

Marking
End/finish

- Profile
Weight
Cement
Cutting

- Splice Cement

98.99%
9502% 97:00% l

100.00%
90.00%
L 80.00%
T 70.00%
1 60.00%
T 50.00%
+ 40.00%
J( 30.00%
T 20.00%

+ 10.00% |

0.00%

- Other

3.23 PR




(Material),

(Man)
(Method)

(Man)

(Human error)
1,

2

3

(Machine),
(Measurement)

85



(Machine)

(Material)

(Methoc)

(Relation Diagram)
(Graphical Aid)

39

3.24

86



[ Mill

wr
Ml e
) Blister
Lumpy
e oMl ? U ") feed Strip*“]
width weight *
Profile »
Die Conveyor
' Screw

Length

3.24 Tuber



3.9

Ml Extrusion  Apply
cement

Non conform
- Foreign Material

- Lumpy

- Blending stock

Ik

Cooling

Marking  Cutting

Drying  Apply
Splice
cement

Inspecting  Booking
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PR
- Profile

- Blister

- Width

- Length

Mill

Extrusion

()

Apply
cement

Cooling

Marking  Cutting

Drying  Apply
Splice
cement

Inspecting ~ Booking
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Mil  Extrusion  Apply  Cooling Marking Cutting  Drying Apply  Inspecting  Booking

cement Splice
cement
- Weight
- Cement
- Marking K
- Cutting

- Splice Cement
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(Failure Mode and Effect Analysis PFMEA)

©)
(Process Failure Mode and Effect Analysis PFMEA)

(Inferential Statistics) |,

(Simulation) (Quality
Function Deployment) (Reliability Engineering)
FMEA

(Process Failure Mode and Effect Analysis PFMEA)



(Process Flow Chart)

4

(Stamatis, 1995 : 184)

1

5

Tuber #2,3

3.10

92



3.10

Loading on Mill

Compound
Mil

Compound

- Feed strip

Blending stock
Blending

Compound

Lumpy compound

Foreign Material

Blister

Non conform

Non conform

Non conformé

PR

Mill

Cooling system

Process oil

Mill

Feeding Conveyer



3.10
Extrusion
Die

Die

94

()
Wrong profile PR Die
1 1
Blister PIR
Die
profile off-spec PIR Die
width off-spec PIR Process capability

Lumpy compound  Non conform

Cooling system



3.10

Applying
cement

Cement

Cooling

Marking

Contamination

Foreign Material

Poor apply

Cement

Foreign Material

Wrong marking

Unclear Marking

Non conform

1
Non conformé

PIR

Non conforms

Stock

Cement

Cement

%



3.10

Cutting

Drying

Applying splice
cement

Cement

Wrong cutting
length

Wrong cutting
angle

Poor cutting

surface

Too wet

Foreign Material

Imprecise

applying

\ Cutter

Cooling conveyer

Cutter

Blower

1
Non conformé

Cementer

%



3.10

Inspecting

Booking on tray

component

Not applying
cement

1
Weight out of

spec.

Foreign Material

Deformation of

component

Component

97

Cementer

1
Non conformé

Booker
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(Severity)
(Occurrence)
(Detection) ()
(0)
(D) 4
(Severity, )
Severity
(Occurrence, 0)
Occurrence
(Detection,
D)
(Root Cause)
Occurrence
Detection Detection
Occurrence
(6) (Risk Priority Number RPN)
RPN

RPN= *0*D



Severity .Occurrence

RPN

Detection

(Ford 11992)

(Process Failure Mode and Effect Analysis

FMEA

Severity Occurrence

99

PFMEA)
Detection
3.11

RPN



311 FMEA
: TUBER #2.3
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Compound
Mil Blending
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Compound Compound
Lumpy Non conform Mill
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3.1

Foreign
Material

FMEA

Non conformé

()
: TUBER #2.3
/

Cooling system

Process oil

Mill

0

Mill man

Mill man

Mill man

5 270

5 250

3 150



3.11 FMEA ( )
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Mill man
Blister PR
Mill
6 8 Mill man 240
Extrusion Wrong profile PR Die
2 Die
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3.

Die

1

Blister

profile off-
spec

PR

PR

FMEA

Die

' TUBER #2.3

Die

/

()

Die

Dio

270

75
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FMEA
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tATBNANT : TUBER #2.3
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3.11 FMEA ()
'TUBER #2.3
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