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USAWADEE ONGARJWUTICHALI : DESIGN OF JIG FOR BUS CHASSIS
PRODUCTION. THESIS ADVISOR : SOMSAK SIWADAMRONGPONG.

Ph.D., 213 PP.

BUS/CHASSIS/JIG AND FIXTURE/STANDARD TIME

Recently, bus manufacturing is majority built on used chassis. The used
chassis will be maintenance before assembly. The minority is built on own designed
chassis. However, the chassis manufacturing processes is quite very long throughputs
time, which lead to low production rate. This study aims to reduce chassis platform
production time by designing of production jigs. Chassis technical data and
information was collected in Cherdchai Industrial. The chassis was devided into 4
groups of sub-assembly. 4 production jigs were designed for sub-assembly groups.
The jigs were analyzed for strength by simulation technique using ANSYS
Workbench. It was found that the weakest point has SF 1.94. Moreover, the lock pin
also need for changing of materials and size. Standard time for production of each
sub-assembly was calculated. It was found that production rate of 2.3 chassis/day is
achieved based on 2 workers. The 2 workers yield about 90% increasing in production
rate compared to 1 worker and %idle less than that of 4 workers. 6 workers with
additional 2 jigs yields production rate of 5 chassis/day. The additional 2 workers

yield about 25% increasing in production rate compared to 4 workers system.
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Allowances Men (%) Women (%)
Standing allowance 2 4
Weight allowance
Weight encountered (Ib) : 5 0 1
10 1 2
20 3 4
40 9 13
50 13 20(max)
70 22 -
Bad light 2 2
Heat & Humidity
Cooling power (Kata thermometer) 12 or more 0 -
10 3 -
8 10 -
6 21 -
Fine or exacting work 2 2
Noise level :
Intermittent, loud 2 2
Intermittent, very loud 5 5
Mental strain :
Fairly complex 1 1
Very complex 8 0
Monotory :
Medium 1 1
High 4 4
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nﬂzméauﬁ (ﬁya) hen TMU

A B CorD E Am Bm
HeunI 3/4 2 2 2 2 1.6 1.6
1 2.5 2.5 3.6 2.4 2.3 2.3
2 4 4 5.9 3.8 35 2.7
3 53 53 73 53 45 3.6
4 6.1 6.4 8.4 6.8 4.9 43

5 6.5 7.8 9.4 7.4 53 5
6 7 8.6 10.1 8 5.7 5.7
7 7.4 9.3 10.8 8.7 6.1 6.5
8 7.9 10.1 11.5 9.3 6.5 7.2
9 8.3 10.8 12.2 9.9 6.9 7.9
10 8.7 11.5 12.9 10.5 73 8.6
12 9.6 12.9 14.2 11.8 8.1 10.1
28 12.3 17.2 18.4 15.5 10.5 14.4
20 13.1 18.6 19.8 16.7 11.3 15.8
22 14 20.1 21.2 18 12.1 17.3
24 14.9 21.5 225 19.2 12.9 18.8
26 15.6 22.9 23.9 20.4 13.7 20.2
28 16.7 24.4 25.3 21.7 14.5 21.7
30 17.5 25.8 26.7 22.9 15.3 23.2

1IR30 117 0.4 0.7 0.7 0.6
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Equivalent Stress

Type: Equivalent (van-Mises) Stress
Init: MPa

Tirme: 1

27T18r285314:33
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[ —
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Equivalent Elastic Strain

Type: Equivalent (ron-Mises) Elastic Strain
Unit: mrmdrmm

Time: 1

12N F2553 1119
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Total Deformation

Type: Total Defarmation 1
Unit: mim

Time: 1

121028531141
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Equivalent Stress

Type: Equivalent (van-Mizes) Stress
Lnit: MPa

Time: 1
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Equivalent Elastic Strain

Type: Equivalent (von-Mises) Elastic Strain
LInit: mmifmrm

Time: 1

2TiBr25583 1450
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Total Deformation
Type: Total Defarmation
Unit: mim

Time: 1

27I8/25853 14:41
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Equivalent Stress

Type: Equivalent {von-mMises) Stress
LInit: MPa

Time: 1
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Equivalent Elastic Strain

Type: Equivalent {van-Mises) Elastic Strain
Unit: mm/fmm

Time: 1
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Total Deformation
Type: Total Deformation
it mm

Time: 1

2718124553 15:04
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Equivalent Stress

Type: Equivalent (won-Mises) Stress
Unit: MPa

Time: 1
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Equivalent Elastic Strain

Type: Equivalent ivon-Mises) Elastic Strain
Unit: mmifrm

Time: 1
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0.00014534 Max
000012918
0.00011304
9.68948-5
8.0745e-5
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Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

2TI8f25853 1515

0.12192 Max
0.114593
0.10994
0.10396
0.087968
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0.085994
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Equivalent Stress

Type: Equivalent fvon-Mises) Stress
Unit: MPa

Time: 1

1210528531127

200.78 Max
178.47
156.16
133.85
111.55
B9.236
BE.927

44 618
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Equivalent Elastic Strain

Tvpe: Equivalent fvan-Mises) Elastic Strain
IInit: mmimm

Time: 1

272553 14:43

0.0010039 Max
0.00089236
0.00078082
0.00066927
0.00055773
0.00044618
0.00033454
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Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
271826531444

1.0565 Max
0.93997
0.9234
0.85685
0.79029
0.72373
0.65717
0.59061
0.52405
0.45749 Min
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Equnsalent Stress

Type: Equivalent ivan-Mises) Stress
Unit: MPa

Time: 1

271825453 14:54

114.03 Max
101.36

3.8856e-5 Min

Y
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Equivalent Elastic Strain

Type: Equivalent fwan-Mises) Elastic Strain
LInit: mmfmm

Time: 1

27182553 14:56

0.00057016 Max
0.00050681
0.00044346
0.0003801
0.00031675
0.0002534
0.00019005
0.0001267
B.3351e-5
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Total Deformation
Type: Total Defarmation
Unit: mm

Time: 1

271812853 1447

0.60029 Max
0.58626
0.57223
0.5582
054417
— 0.53014

1 051611
050208
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Equivalent Stress

Type: Equivalent fvon-Mises) Stress
Lnit: MPa

Time: 1

2712553 1508

167.58 Max
148.96
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11.72
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Equivalent Elastic Strain

Type: Equivalent tvon-Mises) Elastic Strain
LInit: mmimrm

Time: 1

271812553 145:09

0.0008379 Max
0.0007448
0.0006517
0.0005586
0.0004655
0.0003724
0.0002753
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931e-5

1.4884e-10 Min
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Total Deformation
Type: Total Defarmation
Lnit: mm

Time: 1

27182853 15049

1.9035 Max
.883
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.42
8214
.Bo0g
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Equivalent Stress

Type: Equivalent fvon-mMises) Stress
Init: MPa

Time: 1

2718255314617

53.116 Max
47.214
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35.411
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11.804
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Equivalent Elastic Strain

Type: Equivalent tvan-Mises) Elastic Strain
Unit: mimimm

Time: 1

2718126531517

0.00026558 Max
0.00023607
0.00020656
0.00017705
0.00014754
0.o0011804
8.8527e-5
5.9018e-5
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Total Deformation
Type: Total Defarmation
Lnit: mim

Time: 1
277826531518

0.26588 Max
0.25584
0.2448
0.23576
0.22572
0.21568
0.20564
0.1956
0.184556
0.17552 Min
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Equivalent Stress
Type: Equivalent fvon-Mises) Stress
LInit: MPa
Time: 1
120110525853 11:38

18.988 Max
16.878
14.768
12.658
10.549

8.439

6.3293

4.2195
21098
1.3897e-8 Min
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Equivalent Elastic Strain

Type: Equivalent (van-Mises) Elastic Strain
LInit: mmimm
Time: 1
121062553 11:29

8.6308e-5 Max
7.6718e-5
6.7128e-5
5.7538e-5
4.7949e-5
3.8358e-5

2 8TR%e-5
1.918e-5
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6.3169e-14 Min
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500.00
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Total Deformation
Type: Total Deformation
Unit: mim

Tirme: 1
121052553 11:40

0.022884 Max
0.020341
0017798
0.015256
0.012713
0010171
0.0076279
0.0050853
0.0025426

0 Min
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T —
500.00 Z £3X

A ' [ 9 Jo =R Qy A
E‘JJT] 4.41 uammm='uﬂqqqmmquainqﬂﬂimﬂmmfuqmgmmn 1

a 4 A A 4 Y Cu = A =
1INWANI5IATIEH Iunsain 3 e lassadeginsaldudaguaunuuh 1
@ o 1 a o 1 o
T85uM3nI 51 4268.29 N insutsvuiawamud 14 9aae (Node) 130519 gauagziiuiu
9
aAMUA 59173 AU TaHAN1TATIZH A9l A1AIUAUGIGA 18.99 MPa A1AIINIAT OA

0.0000863 ANYIAFIGA 0.022884 mm Liag AIANNLavANY 15



114

ad _a o ¥ o 2 =
4410 N30IN 3 ALY 1395199 NIl TVBATUNUUD LN 2
v 9
HANIUATIEH Taousan laseadwgunsalsudaguanldsunnlnseaing
Y 9 E4 v 1
dosuazamiminglnsaldudaduauludiunsiszneusuauunui 2 Falinsznssuy

NINUA 3140.33 N

Static Structural
Time:1.s
121102653 11:42

. Fixed Support
. Force: 16702 W
. Force 2168702 M

] v
0.00 1000.00 {mm) T
e —
500.00 Z £33

[

= A 4 ) do = A =
gﬂ‘ﬂ 442 LL’L"WNW‘Lﬁ’]5‘lJﬂ'li%ﬂiiﬂ‘ll@iiﬂﬂﬁiﬁ@ﬂﬂiﬂ!"l]‘lJEI@I‘]f‘LN'IHLL‘U‘U‘VI 2



Equivralent Stress
Type: Equivalent {van-Mises) Stress
LInit: MPa
Time: 1

12102553 11:43

14.851 Max
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B.5006
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Equivalent Elastic Strain

Type: Equivalent {van-Mises) Elastic Strain
Unit: mmifmim
Time: 1
121072553 11:45

6.7506e-5 Max
A.0005e-5
5.28045e-5
4.48004e-5
3.7803e-5
3.0003e-5
2.2602e-5
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Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
1211072553 11:44

0.017064 Max
0.015168
0013272
0.011376
0.0094302
0.0075841
0.0056381
0.0037921
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0 Min
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Equivalent Stress
Type: Equivalent fvon-Mises) Stress
Linit: MPa

Time: 1
12102553 11:48

17.872 Max
15.386

139

11.914
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Equivalent Elastic Strain

Type: Equivalent tvan-Mises) Elastic Strain

LInit: mimimm
Tirme: 1
12052553 11:44

8.1234e-5 Max
7.2208e-5
G.3182e-5
4.4156e-5
4.813e-4
3610485
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1.8052e-5
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Total Deformation
Twpe: Total Defarmatian
Init: mm

Time: 1
121052553 11:50

0.020614 Max
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0.016033
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Equivalent Stress I
Type: Equivalent (von-Mises) Stress
Linit: MPa

Time: 1
12011002553 11:54

7.6808 Max
6.8274
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2.5603
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Equivalent Elastic Strain

Type: Equivalent tvon-mMises) Elastic Strain

LInit: mmfmm
Time: 1
12011012853 11:485

3.4913e-5 Max
3.1034e-5
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Total Deformation
Type: Total Deformation
LInit: mm

Time: 1
120002553 11:56

0.0097 209 Max
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Equivalent Elastic Strain
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n.1 MUz Simply Supported Beam
dnyaza1uY 21N Simply Supported Beam 11 1A 1171310155895 U@ 28 Rollers

#30 Pin enunsoueaas Idaegl n.1

e |

Simply support beam

3 U n.1 uaag Simply Supported Beam

=
n2  madsgiluesnu

=\ d’ =1 [ 3 9 [
MM lven I weillaevesmuiinissessuisaesiu uaasnzll n.2

2

gﬂ‘ﬁ .2 uamﬂty,mmm Simply Supported Beam
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Pl

HamasLUATIUeIN TTeg ) geganinaTunun1ulszinn Simply Supported Beam

aad laaeanms n.1

4 2
5qL 3L~ (1-
I u-v) (n.1)
16Ebh SEbh
Tag & = ams@egdventy (m)
E = Young’s Modulus (Pa)
v = Poisson’s Ratio
q = uUsanITIUUAIN (N/m)
L = A7U8199901U (cm)
B = aun319v99n 1Y (cm)
h = ANUFIVIAIU (cm)
Jaiuaz1a
5(100N/m)(0.1m)” 3(100N/m)(0.1m)2(1-0.3)
5§ = + (n.2)

16(80GPa)(o.o1m)(o.01m)3 5(80GPa)(0.01m)(0.01m)

5 = 3.95875x10%m

N3  AMANNAUGIEA

Pl

HoHAMATIIUATIVEIAIANMAUFIgATNATUA DAL 521N Simply Supported

Beam Laad laaaauns n.3

3qL2

(n.3)
4bh?

Ox —
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Tasfi o, = ARy (Pa)
q = useinsERIuAI (N/m)
L = A38199901U (cm)
b = AN NWBIAY (cm)
h = ANUZIVBIAIU (cm)
Suiuazld

3(100N/m)(0.2m)2

- 750,000N/m? (n.4)
4(0.01m)(0.02m)

a4 nsannadisllsunsy
a ) 2 o A a 7 ' A ' 9
FUNMIATFUOUN aegil 0.3 WelnngmmmsdegvesniutazmauAy
I Aa 4 o a 4 . 9
gage laolun1s NI ILHLTINTERUVADNERaAS (Static) 1aen13 1% 1151053 ANSYS

U Q

Workbench V.11

10

20

200

19 0.3 werasnuiiasaeinTusunsu Solidwork 2007 SP 2.2
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o vAa [ I [ {
mwuﬂﬂmaammanamﬂu Structural Steel @Ngﬂﬁ N.4

- Structural AddiRemove Properties
Young's Modulus g.e+010 Pa h
Poisson's Ratio 0.3 B
Density 7850, kgfm® [\
Thermal Expansion 1.2e-005 1/C h
Alternating Stress B
Skrain-Life Parameters B
Tensile Yield Strength 2.5e+003 Pa
Compressive Yield Strength 2.5e+003 Pa
Tensile Ulkimate Strength 4,6e+005 Pa
Compressive Lltimate Strength 0. Pa

- Thermal AddfRemove Properties
Thermal Conduckivity 60,5 W/ |\_\-.
Specific Heat 434, Jkgee [N

-I Electromagnetics AddfRemove Properties
Relative Permeability 10000
Resiskivity 1.7e-007 Ohmem

31U 0.4 vansguautiauesiag

u

Qaj o 1w IS ' a3 9 a 4 o
i]'lﬂuu‘Vl'lﬂ'li!ﬂJﬂ’Jﬁﬂ@@ﬂL‘]J‘L!ﬁﬁ]umﬂ 9 IﬂﬂﬂWiﬁi'NL’E]ﬁLiJu@]LmZﬂ'liﬂ'l’ﬂuﬂellu'lﬂ

a 4 o o Yy a . a $ 1 a 4
ﬂlauaamu@LimzmmiﬂmuﬂiwL@amu@ﬁﬂlum 0.4 118 0.2 IBUAUNT Gdﬁqmmmmamum

]
=

uaaeldasg i n.s wazgl n.e awdray
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0070 (m)

0.000

0033
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a
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a

N NS5 UHAINTUUUDANUAVUIA 0.4 FFUANAT
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51 1.6 HAAIMITUUVORWUAVUIA 0.2 1FUANAT

o A o I A A A
MAUALIINNTIZNMUUATU Tﬂﬂ A L‘lJuLLiQﬂi%%Wﬂﬂﬂi&'ﬂuﬂ1u3\lﬂ1 100 N/m Liagtiye

o Ao ] qul <] o Y a = £ -dy o
ﬂTL!Qﬂ‘jE)Qi‘lJ‘]/WanuQﬂa1EJﬂ1u1ﬂ\1ﬁ”Oﬁﬂi]%‘ﬂﬂ’mﬂﬂLLiWﬂiJ‘V]i]B;]SUENﬂ1u BAULTIUITNTEN

Tunaasstnuiunsannsziunu Tasiia 10 N (§1umie B 1azC)



Static Structural
Time:1. s
131002553 317

[ Line Pressure: 100. Mim

[Bj Force: 101
. Force 2:10.M

0.000 0.070 )
L I
0.035

ZAX

JU% 0.7 uaaImsimuaLsInIs MUY
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4
niniuiimsudilymlasnisilszuianadielilsunsu ANSYS Workbench V.11

Equivalent Stress

Type: Equivalent ivon-Mises) Stress - Top/Bottom
LInit: Pa

Time: 1

13M0/2553 319

7.509e5H Max
f.754g5
5.998e5
5.2441e5
4.4891e5
3.7341ed
29791k
222472k
1.4602e5
71421 Min

0.000 0.070 (m)
[ —
0.035

gﬂﬁ A.8 UEAAIAIN VA Y (Von-Mises Stress) n'ldanTdsunsu (Element Size 0.4 cm)
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Equivalent Stress

Type: Equivalent (von-Mises) Stress - Top/Bottom
Unit: Pa

Time: 1

131052553 3:09

7.5149e5 Max
G.685505
A BAREA
A.02RERS
418725
3.3677es
2538385
1.7089a5
a7a943
5000 Min

0.000 0.070 () v
[ —
0.035
Z ﬁx X

319 1.9 waraafInIAY (Von-Mises Stress) 114910 1151053 (Element Size 0.2 cm)
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Total Deformation
Type: Total Defarmation
Unit. m

Time: 1

131052553 321

3.9913e-6 Max
3.5613e-6
31313e-6
27014e-6
2.2714e-6
1.8414e-6
1.4114e-6
9.8146e-7
5.5148e-7
1.215e-7 Min

0.000 0.070 (m) v
[ —
0.025

A Y

317 n.10 waasansdegain 1d9n 1sunsu (Element Size 0.4 cm)
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Total Deformation
Type: Total Defarmation
Unit m

Time: 1

1312553 313

3.09062e-6 Max
1.8528e-6
31094e-f
2.6659e-6
2.2235e-6
17791k
1.3357e-6
2.9233e-7
4 48493e-T
5.5211e-9 Min

0.000 0.070 {rm) %
e —
0.035 ¢
7 e\ X

517 n.11 waasamsidegdn 1890 T115unsu (Element Size 0.2 cm)
) i 1 Y J =S Y] =
NNMIMUIUNDHIAANVAUIGALALAINNNFEFUVRIATUMUHANN Y]
o 1 = = [ ~ U 9
eIy ausathaumlseumesuiunain laannisszulanaasl1sunsy ANSYS

& Y v A [ -dy
Workbench V.11 %Qﬁ'm'liﬂll’ﬁﬂ\?hlﬂﬂ\?@'li'l\?ﬂ .1 AU

-d' U Y U =
M13190 0.1 paaansagimanuauuazaInsaesl

NSNABDY AANUAUFIFA (N/m’ ) AMstdegil (m)

NNNYHY 7.5 3.96E-06
(PAUUA 0.2 U, 7.5149 4.00E-06
DAUUA 0.4 3. 7.509 3.99E-06




1.4 PITAUIUAIANUAANAIN

T-A
error = x100%
TaeN  error = MANURANAIA
T = awdwnaldnnmgui
A = amdaldonTsunsy ANSYS Workbench V.11

9
[ Y

AU AANUAANEIAYDINUAUFIA

a 4 a
1DANUA 0.2 LBUALUAT

750000Pa - 751490P
error = | a a|x100%=o.199%
| 750000Pa |

a 4 a
1DANUA 0.4 IBUALUAT

750000Pa - 750900P
error = | a a|x100%=o.12%
| 750000Pa |

9
[ Y

AU AIANUAANIAINATTF

a 4 a
1DANUA 0.2 LBUALUAT

6 -6
m-3.99662>< 10 m%xlOO% =0.95%

3.95875x10" m

 |39ss7sxa0°
crror = ‘

a 4 a
DANUA 0.4 IBUALUAT

6 -6
m-3.99613><10 m%xlOO% =0.82%

3.95875x10 " m

 |39ss7sxa0°
crror = ‘
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(n.5)

(n.6)

(n.7)

(n.8)

(n.9)
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o 1 a d' Y 9
nneansduImaInuAanataluaun1si (n.6-n.9) swsaagllaiinisld
Y
TdsunsulumsMuradunmssivuannmgeiu manudugegaiininuranaia
{ a J a { a J a [ [
0.199% NDANUA 0.2 LFUAUAT 1AL 0.12% NDANUA 0.4 15UAINAT dIUAINITITYY
{ a J a { a 4 a ]
0.95% MOAINUA 0.2 LFUALNAT UAL 0.82% NIDANUA 0.4 LFUAINAT LALIINNITH
a & a a 1 ] a 4 a
OALUAY 0.2 FUANAT AT 0.4 IFUAIUAT WUIINITULUBAUUAVUIA 0.4 LFUALUAT
1 a c; 1 1 a 4 a b
HAIANUAANAIAATINIINITUUUD AU UAVUIA 0.2 t5umuaT Falunisiszurananis
qg;} ] a r{dl a 9 U [ 091}
Tsupsuiumsutaeamuan 0.2 wruawas a2 1sna1lun1sdszulranasIuIun1 a9y
9 9 dyd o ] a oA a <3 9 A
nnilgmdduiteamusodimsutvedmuai 0.4 wudmasng ldwamasiiininiu

a A [ 9
Aanaaneousyla
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AN .1 HAANUNINS THaveINTZUIUNISHAA Front 1 CB420
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uRuniMs lvaveanszuIuMsHan

A9N33Y : M31%oN Front 1 CB420 M3t

CCRTE OPERATION 20

AU : 1 AU TRANSPORT 9

Aiudin : DELAY -

An3am : INSPECTION 1
STORAGE 1
UM (WAT) 45

na1 Qun) 1238.5395

E4
aq (Fu) 11
o o o
2 . . ITYTNN 13801 o Y YU Hug
VUADUNIININIU UIU A
(1u95) Qui) | O [> DIl [ 119)
1. ¥%¥U9U CC-CB420-01-01-0003A
, 1 5 8.7774 X
Tdwmisilszney (14.8 kg)
2. Clamp 8A%UU 4 AUIHUS - 1 7.9760 X
3. FUU CC-CB420-01-01-0005A
B , 2 5 6.7648 X
Tddwmislszneu 2.73 kg)
4. 598 sdunia
- - - 1.5696 X
uazda SCREW
5. Clamp 8ATUU 2 AULHUS - 0.7 3.9880 X
6. 1M¥UIU CC-CB420-01-01-0012A
B , 1 5 7.5810 X
Tddwmislszneu (7.3 kg)
7. Clamp 8A%UU 3 At - 0.6 5.9820 X
8. 111%1U CC-CB420-01-01-0014A
, 1 5 7.5810 X
Tddwmialszney (7.3 ke)
9. Clamp 8ATUIU 3 AU - 0.6 5.9820 X
10. 1HoUYA 4 AU (2 99) - 1.5 4.0464 X
11. vyu JIG - - 180.0000 X
12. 15ouYA 4 AU (2 99) - 1.5 4.0464 X
13. 11%U9IU CC-CB420-01-01-0086A
, 1 5 6.3072 X
Tddwmisilszney 0.75 kg)
14. Y5ud8198adwm s
- - - 1.5696 X
uazda SCREW




A13197 0.1 neraaueuning laveanszuIUN1INAA Front 1 CB420 (70)
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o o o
2 . . ITYTNN 13801 o Y YU Hug
VUADUNIININIU UIU
GED) Gy | O DD O 1¥9)
15. Clamp Ba%FUU 1 A wnua - - 0.5832 | x
16. 1HoUYA 1 AU (2 99) - - 0.7128 X
17. 11%U9IU CC-CB420-01-01-0088A
B , 1 5 6.3072 X
Tddwmiailszneu (1 kg)
18. YSudI81adadwm g
- - - 1.5696 X
uazda SCREW
19. Clamp HAFUU 1 A wnua - - 0.5832 | x
20. 1¥01YA 2 AN (2 99) - 0.2 1.4256 X
21. ¥FUIU CC-CB420-01-01-0091A
. , 1 5 6.7648 X
Tddwmialszney @ ke)
22. 150628199 9 wminia
= - - 1.5696 X
uazda SCREW
23. Clamp 8AFUU 1 AUHU - - 0.5832 | x
24, 1FpU9A 2 AWNUS (2 99) - 0.29 14256 | x
25. 1OUTOIADTUIU 9 AWNU
- 1.28 226.0000 X
(2 uu)
26. “yU JIG - - 180.0000 X
27. RUTOIADTUIU 9 ANUI
- 1.28 226.0000 X
(2 uu)
28. 15798913081 - - 300.0000 X
29. 1161 Support 111szney (1.2 kg) 1 5 6.3072 X
30. 1162 Support 11szNOY (2.2 ke) 2 5 6.7648 X
31, enFUNUAVUUTY - 16 19.7712
. ~ ~
WU9HA : Normal Time = 20.64 U x (1+0.14) = 23.53UM
. I} ~ =1
Standard Time = 23.53 UM +(23.53 UMNx9%) = 25.65 UIMN



AN V.2 HAANUAINS THaYBINTZUIUNITHAA Front 2 CB420
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uRuniMs lvaveanszuIuMsHan

ﬁﬂﬂﬁﬁll : ﬂ'lﬁlfd]ff]ll Front 2 CB420 ﬂ'lﬁﬁ'l\ﬂu
701U : OPERATION 12
AUNIU : 1 AU TRANSPORT 6
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
F2HLNA (1UAT) 41
a =
na1 Qun) 1141.6653
E4
109 () 10
o o o
2 . . ITYTNN 13801 o Y Hug
VUADUNIININIU UIU
(ua9) Guiy | O E:> D 10
1. ¥%¥U9U CC-CB420-01-01-0002A
. , 1 5 8.7774 X
Tddwmislszneu 22 kg)
2. Clamp 8ATUU 5 AUHU - 1.87 9.9700 | x
3. FUU CC-CB420-01-01-0005A
B , 2 5 6.7648 X
Tddwmislszney .73 ke)
4. 598 sdunia
- - - 1.5696 X
uazda SCREW
5. Clamp 8ATUU 2 AULHUS - 0.74 39880 | x
6. WFUIU CC-CB420-01-01-0004A
B , 2 5 7.5810 X
Tddwmislszneu (7.58 kg)
7. Clamp 8A%UU 6 AU - 0.595 11.9640 | x
8. 11T CC-CB420-01-01-0091A
. , 2 5 6.7648 X
Tddwmialszneu (2 kg)
9. 15ud18190 98 wmna
- - - 1.5696 X
uazda SCREW
10. Clamp HAFUNU 2 A wHUa - - 39880 | x
11. 15ouyA 8 A (2 99) - 3.55 8.9424 X
12. “yu JIG - - 180.0000 X
13. 15ou7A 8 AU (2 99) - 3.55 8.9424 X
14, 150U5D0ADFUIU 8 AIHL
- 1.12 184.0000 X
(2 1)
15. vyu JIG - - 180.0000 X
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o o o
2 . . ITYTNN 13801 o Y YU Hug
VUADUNIININIU UIU
GED) Gy | O DD O 1¥9)
16. 10UT0UAD T 8 AMIHL
- 1.12 184.0000 X
(2 uu7)
17. a579@0U5 0810 - - 300.0000 X
18. 111@2 Support iszno (1.2 kg) 1 5 6.3072 X
19. 11@2 Support niszneu (2.2 kg) 2 5 6.7648 X
20, SNFUNUAVUUTY - 16 19.7712
. I} =1
WU9HA © Normal Time = 19.03 UIN x (1+0.14) = 21.69 UM
. = ~ =1
Standard Time = 21.69 U1 +(21.69 UIMN x 9%) = 23.65 UIN



A139N U3 HAALNURNINT IHaUBINTZUIUNINGA Rear 1 CB420
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uRuniMs lvaveanszuIuMsHan

A9N33W : M3FoN Rear 1 CB420 M3t

CCRTE OPERATION 12

AU : 1 AU TRANSPORT 6

Aiudin : DELAY -

An3am : INSPECTION 1
STORAGE 1
UM (WAT) 46

a1 QuIN)  976.6606

E4
109 () 7
o o o
2 . . ITYTNN 13801 o Y Y Hug
VUADUNIININIU UIU
(ua9) Gui | O E:> DU 1¥9)
1. ¥%¥U9U CC-CB420-01-01-0081A
. , 1 5 10.0368 X
Tdumialszneu (21.67 kg)
2. Clamp 8ATUU 6 AUHU - 2.22 119640 | x
3. WU CC-CB420-01-01-0084A
o 1 5 7.1414 X
Tddwmislsenou 4.74 kg)
4. 598 sdunia
- - - 1.5696 X
uazda SCREW
5. Clamp 8ATUU 2 AULHUS - 0.28 3.9880 | x
6. TFUIIU CC-CB420-01-01-0015A
o 1 5 7.1414 X
Tddwmisilszney @.74 kg)
7. U5ud28190 9 wmnda
- - - 1.5696 X
uazda SCREW
8. Clamp 9ATUU 2 AULHUS - 0.28 3.9880 | x
9. FUIIU CC-CB420-01-01-0093A
. , 1 5 7.9612 X
Tddwmislszneu 9.04 kg)
10. Clamp HA%FUU 2 A wHua - 0.32 3.9880 | x
11. 15ougA 4 e (2 99) - 1.52 4.0464 | x
12. “yu JIG - - 180.0000 X
13. 15ouYA 4 AU (2 99) - 1.52 4.0464 | x
14. 1¥ONTRIADFUIIU 4 AUHUQ
- 0.64 108.0000 X
(2 1)
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A3 V.3 ueaaueuning 11aveanszuIUNIHAA Rear 1 CB420 (A0)

o o o
2 . . JTYLNN 1391 o Y YU HuY
VYUADUNIININIU TUIU
(ua9) Gy | O DDl 0Ov 1¥9)
15. vyu JIG - 180.0000 X
16, 150UT0UADFUIIU 4 At
0.64 108.0000 X
2 1)
17. a579@0U5 0010 - - 300.0000 X
18. 4167 Support 111520 (4.86 ke) 1 5 7.1414 X
19. 11@2 Support iszno (1.35 kg) 2 5 6.3072 X
20, BNFUNUAVVUTY - 16 19.7712 x
. = =1
WU8M : Normal Time = 16.28U11 x (1+0.14) = 1856 UM
. = = =1
Standard Time = 18.356 UIN + (18.56 UIMN x 9%) = 20.23 UIN




ATNN V.4 HAALNUNINT IHaUBINTZUIUNITHAA Rear 2 CB420
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uRuniMs lvaveanszuIuMsHan

ﬁﬂﬂﬁﬁll : ﬂ'lﬁlﬁd]ff]ll Rear 2 CB420 ﬂ'lﬁﬁ'l\ﬂu
q01UN : OPERATION 12
AUNIU : 1 AU TRANSPORT 6
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
F2ETNG (1NAT) 46
a =
13801 ('J‘Ll'l‘Vl) 971.1086
E4
199 () 7
o o o
2 . . ITYTNN 13801 o YU Hug
VUADUNIININIU UIU
(1ua9) Gy | O DD O~ 1¥9)
1. %194 CC-CB420-01-01-0002A
. , 1 5 10.0368 X
Tddwmislszneu 22 kg)
2. Clamp 8ATUU 6 AUIHU - 2.22 119640 | x
3. FUIU CC-CB420-01-01-0016A
o 1 5 7.1414 X
Tddwmislszneu G kg)
4. 598 sdunia
- - - 1.5696 X
uazda SCREW
5. Clamp 8ATUU 2 AULHUS - 0.28 39880 | x
6. FUIU CC-CB420-01-01-0016A
o 1 5 7.1414 X
Tddwmialszneu G kg)
7. U5ud28190 9 wmnda
- - - 1.5696 X
uazda SCREW
8. Clamp 9ATUU 2 AULHUS - 0.28 39880 | x
9. IFUIIU CC-CB420-01-01-0093A
. , 1 5 7.9612 X
Tddwmialszney O ke)
10. Clamp HA%FUU 2 A wHua - 0.32 39880 | x
11. 150199 4 RN (2 99) - 2 52704 | x
12. “yu JIG - - 180.0000 X
13. 15ouYA 4 AU (2 99) - 2 5.2704 X
14. 1¥ONTRIADFUIIU 4 AUHUQ
- 0.64 104.0000 X
(2 1)
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A3 V.4 ueraaueuning lMaveanszuIUNITHAEA Rear 2 CB420 (AD)

o o o
P . . JZUZN a0 Tyanyal Hiuy
YUADUNITNINU IUIU
GED) Gy | O DDl 0OV 1¥9)
15. Myu JIG - - 180.0000 | x
16. i¥oUT0EADFUNN 4 Flville
- 0.64 104.0000 | x
2 1)
17. a5 doU 08I0 - - 300.0000 X
18. 111@2 Support i1sznov (5.4 kg) 1 5 7.1414 X
19. 111@2 Support aniszneov (1.7 kg) 2 5 6.3072 X
20. BAFUNUAVVUFY - 16 19.7712 X
. = ~
WU9HA : Normal Time = 16.19 UIN x (1+0.14) = 18.46 UM
. = = ~
Standard Time = 18.46 UMN +(18.46 UIMNx9%) = 20.12 UIMN



AN V.5 HAALNURNINT IHaUBINTZUIUNIHAA Rear 3 CB420
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uRuniMs lvaveanszuIuMsHan

AINITU : MIIFOY Rear 3 CB420 N5NIY
q01UN : OPERATION 18
AUNIU : 1 AU TRANSPORT 11
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
FZOZN (LUAT) 71
a =
a1 un) 1498.9265
E4
199 () 11
o o o
P . . FZULN a0 duanyal WY
YUADUNITINY U
(1ua9) Gy | O D|D] O 1¥9)
1. %194 CC-CB420-01-01-0002A
o 1 5 10.0368 X
Tddwmisilszney 22 kg)
2. Clamp 8ATUU 6 AUHU - 2.22 119640 | x
3. FUU CC-CB420-01-01-0034A
o 1 5 7.5810 X
Tddwmialszney (7 ke)
4. U5udigadadums
- - - 15696 | x
uazda SCREW
5. Clamp 8ATUU 2 AULHUS - 0.28 39880 | x
6. WFUIU CC-CB420-01-01-0034A
o 1 5 7.5810 X
Tddwmialszney (7 ke)
7. U5udadradadumma
- - - 15696 | x
uazda SCREW
8. Clamp 9ATUU 2 AULHUS - 0.28 39880 | x
9. IFUIIU CC-CB420-01-01-0092A
o 1 5 7.1414 X
Tddwmislseneu (6.25 kg)
10. U5Ud8198 9w
- - - 15696 | x
uazda SCREW
11. Clamp Ha%FUU 2 A wna - 0.28 39880 | x
12. 11%U9IU CC-CB420-01-01-0055A
o 1 5 6.3072 X
Tddwmislszneu (0.76 kg)
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A3 1.5 ueraaununing lMaveanszuIunISHAEn Rear 3 CB420 (Ap)

o o o
2 . . ITYTNN 13801 o Y YU Hug
VUADUNIININIU UIU
GED) Gy | O DDl 0OV 1¥9)
13. 111U CC-CB420-01-01-0033A
o 1 5 7.1414 X
Tddwmisilszney (6.25 kg)
14. 1568198 9w
- - - 1.5696 X
uazda SCREW
15. Clamp BA%FUU 2 A wna - 0.28 39880 | x
16. 111914 CC-CB420-01-01-0013A
B , 1 5 6.7648 X
Tdwmisilszney (2.92 kg)
17. Clamp Sa%¥uU1 1 A - - 1.9940 | x
18. 111U CC-CB420-01-01-0043A
. , 1 5 6.7648 X
Tddwmisilszney (2.92 kg)
19. Clamp HAFUU 1 A wnua - - 1.9940 | x
20. 1% CC-CB420-01-01-0011A
. , 1 5 7.9612 X
Tddwmialszney 9.5 kg)
21. Clamp 8AFUU 3 AUIHU - 0.8 59820 | x
22, 1¥01YA 8 AN (2 99) - 2.5 6.4944 X
23. “yu JIG - - 180.000 X
24, 1¥019A 8 AN (2 99) - 2.5 6.4944 X
25. 15OUTDHABFUIN § AWNU
- 2 340.000 X
(2 uu)
26. “yu JIG - - 180.000 X
27. 15ONTDUABFUIN 8 AWNU
- 2 340.000 X
(2 uu)
28. 15798013081 - - 300.000 X
29. 1161 Support 11152NOY (5.6 kg) 1 5 7.1414 X
30. 111 Support 111l5ZNOU (7.8kg) 1 5 7.5810 X
31, enFUNUAVUUTY - 16 19.7712 x
. ~ ~
WU9HA © Normal Time = 24.98 U x (1+0.14) = 2848 UM
. I} ~ =1
Standard Time = 2848 UIN + (2848 UMM x9%) = 31.04 UIN



A3 .6 HAAINUNINS IHaYBINTZUIUNISHAA Front 1 CG280
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uRuniMs lvaveanszuIuMsHan

ﬁﬁ]ﬂﬁﬁll : ﬂ’lﬁlﬁdﬁﬂll Front 1 CG280 ﬂ’lﬁﬁ’l\ﬂu
q01UN : OPERATION 16
AUNIU : 1 AU TRANSPORT 8
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
ITYTNN (Luﬂﬁ) 56
a =
3801 ('31!11/]) 1132.5463
E4
109 () 9
o o o
2 . . ITYTNN 13801 o Y Y Huy
VUADUNIININIU UIU
(14913) Gy | OO (] e
1. 11%U9U CC-CG280-01-01-0003A
. , 1 5 10.0368 X
Tddwmislszney 21.62 kg)
2. Clamp 8ATUU 6 AUHU - 2.22 119640 | x
3. 11%UU CC-CG280-01-01-0006A
B , 1 5 6.7648 X
Tddwmisilszney .73 kg)
4. 598 sdunia
- - - 1.5696 X
uazda SCREW
5. Clamp 8ATUNY 1 AULHUS - - 1.9940 | x
6. 11FUAU CC-CG280-01-01-0006A
B , 1 5 6.7648 X
Tddwmisilszney .73 ke)
7. 50828199 s mmia
- - - 1.5696 X
uazda SCREW
8. Clamp 8ATUNY 1 AULHUS - - 1.9940 | x
9. 11%¥UAIU CC-CG280-01-01-0002A
. , 1 5 8.7774 X
Tddwmislszney (14.82 kg)
10. Clamp AU 4 AU - 1.1 79760 | x
11. ¥%UIIU CC-CG280-01-01-0086A
. , 1 5 6.3072 X
Tddwmieilszney 0.75 kg)
12. 568198 9w
- - - 1.5696 X
uazda SCREW
13. Clamp BAFUU 1 Awnua - - 1.9940 | x
14. 91%U9IU CC-CG280-01-01-0088A
B , 1 5 6.3072 X
Tdwmieilszney (1.05 kg)




168

A3 1.6 LeraaNunIng 11aveInszUIUNIHAA Front 1 CG280 (710)

o o o
2 . . ITYTNN 13801 o Y YU Hug
VUADUNIININIU UIU
GED) Gy | O DDl 0OV 1¥9)
15. 58198 9 uinia
- - - 1.5696 X
uazda SCREW
16. Clamp BA%FUU 1 AwHua - - 1.9940 | x
17. 15ouga 7 e (2 99) - 1.6 4.0464 X
18. Hyu JIG - - 180.0000 X
19. 1ouYA 7 AU (2 99) - 1.6 4.0464 X
20, HOUTOURDTUIIM 7 KU
- 1.016 176.0000 X
(2 uu)
21. vyu JIG - - 180.0000 X
22. 15ONTUABFUIN 7 AWNU
- 1.016 176.0000 X
(2 uu)
23. 15798015081 - - 300.0000 X
24. 111 Support 11152nOY (3.9 kg) 1 5 6.7648 X
25. 1162 Support 11152NOY (2.2 kg) 2 5 6.7648 X
26. SNFUNUAVUUTY - 16 19.7712 x
. ~ =
WU9HR © Normal Time = 18.88 U x (1+0.14) = 21.52UM
. I} =~ =1
Standard Time = 21.52 UM+ Q21.52 UMM x9%) = 23.46 UIN



AN V.7 HAALHURNNT 1MaY0INTZUIUNIIHEA Front 2 CG280

169

uRUNM3 lMaveanszuIuMsHan

ﬁﬂﬂﬁﬁll : ﬂ'lﬁl,ﬁd]ff]ll Front 2 CG280 ﬂ'lﬁﬁ'l\ﬂu
q01UN : OPERATION 12
AUNIU : 1 AU TRANSPORT 6
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
FTUZNIG (INAT) 46
a =
na1 () 972.0581
E4
109 () 7
o o o
2 . . ITYTNN 13801 o Uﬁﬂﬂm Hug
VUADUNIININIU UIU
GED) Gui | O E:> DUV e
1. 1%U9IU CC-CG280-01-01-0001A
. , 5 10.0368 X
Tddwmislszneu 22 kg) 1
2. Clamp 8ATUU 5 AUHU - 1.87 9.9700 | x
3. 11%UU CC-CG280-01-01-0006A
o 5 6.7648 X
Tddwmisilszney .73 kg) I
4. 59D sdunia
- - 1.5696 X
uazda SCREW -
5. Clamp 9ATUNY 1 AULHUS - - 1.9940 | x
6. 11FUAU CC-CG280-01-01-0006A
o ' 5 6.7648 X
Tddwmisilszney (2.73 kg) I
7. U5ud28190 9 wmnda
- - 1.5696 X
uazda SCREW -
8. Clamp 8ATUNY 1 AULHUS - - 1.9940 | x
9. 11%¥UAIU CC-CG280-01-01-0001A
. , 1 5 10.0368 X
Tddwmialszney (22 kg)
10. Clamp AU 6 AWMU - 2.23 11.9640 | x
11. 1HouqA 4 A (2 99) B 132 4.0464 | x
12. “yu JIG - - 180.0000 X
13. 15ouYA 4 AU (2 99) B 132 4.0464 | x
14. 1¥ONTRIADFUIIU 4 AUHUQ
- 0.64 104.0000 X
(2 1)




AT 1.7 HAAWNUNINIS IMAveINTZUIUNINAA Front 2 CG280 (610)

170

o o o
2 . . JTYLNN 1391 o Y YU HuY
VYUADUNIININIU TUIU
(ua9) Gy | O DD O 1¥9)
15. vyu JIG - - 180.0000 X
16, 150UT0UADFUIIU 4 At
0.64 104.0000 X
(2 uu) 3
17. a579@0U5 0010 ] - 300.0000 X
18. 111@2 Support isznou (3.9 kg) 1 5 6.7648 X
19. 111@2 Support niszneu (2.2 kg) 2 5 6.7648 X
20. AFUNUAV VLT - 16 19.7712
. = =1
WU9H © Normal Time = 16.2 U x (1+0.14) = 1847 UM
. = =~ =1
Standard Time = 1847 UMM + (1847 UMM x9%) = 20.13 UIMN



A1390 .8 HEAANUNTNT 1HaY0INTZVIUNITHAA Rear 1 CG280
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uRuniMs lvaveanszuIuMsHan

A9N33Y : MaFon Rear 1 CG280 M3t

CCRTE OPERATION 12

AU : 1 AU TRANSPORT 6

Aiudin : DELAY -

An3am : INSPECTION 1
STORAGE 1
UM (WAT) 46

a1 QuIN)  976.6606

E4
109 () 7
o o o
2 . . ITYTNN 13801 o Y Y Hug
VUADUNIININIU UIU
(uag) Guiy | O E:> D 10
1. 11%U9U CC-CG280-01-01-0089A
. , 1 5 10.0368 X
Tddwmislszney (21.67 kg)
2. Clamp 8ATUU 6 AUHU - 2.22 119640 | x
3. MUY CC-CG280-01-01-0014A
o 1 5 7.1414 X
Tdwmislszney @.74 ke)
4. 598 sdunia
- - - 1.5696 X
uazda SCREW
5. Clamp 8ATUU 2 AULHUS - 0.28 3.9880 | x
6. 1BUU CC-CG280-01-01-0015A
o 1 5 7.1414 X
Tddwmisilszney @.74 kg)
7. U5udadradadumma
- - - 1.5696 X
uazda SCREW
8. Clamp 9ATUU 2 AULHUS - 0.28 3.9880 | x
9. 1MBUU CC-CG280-01-01-0040A
. , 1 5 7.9612 X
Tdwmisilszney 9.04 kg)
10. Clamp HAFUU 2 A wnua - 0.32 3.9880 | x
11. 15ougA 4 e (2 99) - 1.52 4.0464 | x
12. “yu JIG - - 180.0000 X
13. 15ouYA 4 AU (2 99) - 1.52 4.0464 | x
14. 159N 0HABFUIY 4 FUHUQ
- 0.64 108.0000 X
(2 1)




A3 V.8 HAAWNUNINIS IMAVOINTZUIUNITHARA Rear 1 CG280 (610)
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o o o
2 . . JTYLNN 1391 o yanya HuY
VYUADUNIININIU TUIU
(ua9) Gy | O DD O 1¥9)
15. vyu JIG - - 180.0000 X
16 1FousDIAD T 4 FuHle
- 0.64 108.0000 X
2 1)
17. a5 doU 08I0 - - 300.0000 X
18. 4167 Support 111520 (4.86 ke) 1 5 7.1414 X
19. 11@2 Support iszno (1.35 kg) 2 5 6.3072 X
20. BAFUNUAVVUFY - 16 19.7712
. = ~
WU9YE : Normal Time = 16.28U11 x (1+0.14) = 1856 UM
. = = ~
Standard Time = 18.56 UMN +(18.56 UIMNx9%) = 20.23 UIN
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A1390 .9 HAALNURNINT IHaUBINTZUIUNITHAA Rear 2 CG280

uRuniMs lvaveanszuIuMsHan
ﬁﬂﬂﬁﬁll : ﬂ'lﬁ!,gﬂ]ff]ll Rear 2 CG280 ﬂ'lﬁﬁ'l\ﬂu
q01UN : OPERATION 12
AUNIU : 1 AU TRANSPORT 6
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
FEHTNE (1NAT) 46
a =
na1 ) 971.5662
E4
109 () 7
o o o
2 . . ITYTNN 13801 o Y Y Hug
VUADUNIININIU UIU
(ua9) Guiy | O E:> D U] wa
1. W1%UIU CC-CG280-01-01-0001A
. , 1 5 10.0368 X
Tddwmislszney (22.12 kg)
2. Clamp 8ATUU 6 AUHU - 2.22 119640 | x
3. 11%UU CC-CG280-01-01-0039A
o 1 5 7.1414 x
Tddwmisilszney (5.08 kg)
4. U5udigadadums
- - - 1.5696 X
uazda SCREW
5. Clamp 8ATUU 2 AULHUS - 0.28 39880 | x
6. 1MBUIU CC-CG280-01-01-0039A
o 1 5 7.1414 x
Tddwmieilszney (5.08 kg)
7. U5ud28190 9 wmnda
- - - 1.5696 X
uazda SCREW
8. Clamp 9ATUU 2 AULHUS - 0.28 39880 | x
9. 11%¥UAIU CC-CG280-01-01-0040A
. , 1 5 7.9612 X
Tddwmisilszney (9.04 kg)
10. Clamp HA%FUU 2 A wHua - 0.32 39880 | x
11. 150199 4 RN (2 99) - 2 52704 | x
12. “yu JIG - - 180.0000 X
13. 15ouYA 4 AU (2 99) - 2 5.2704 X
14. 1¥0NTRIADFUIIU 4 AUHUQ
- 0.64 104.0000 X
(2 1)




A1319N 1.9 ueraaueuning liaveanszuIunIsHan Rear 2 CG280 (710)

174

o o 4
P . . JZUZN a0 Tyanyal Hiuy
YUADUNITNINU IUIU
(ua9) Gy | O DDl O 1¥9)
15. Myu JIG - - 180.0000
16. 1FoUsDIAD T 4 Fulvirle
- 0.64 104.0000
2 1)
17. a5 doU 08I0 - - 300.0000 X
18. 111@2 Support i1sznov (5.4 kg) 1 5 7.1414 X
19. 11@2 Support andszneou (1.7 kg) 2 5 6.7648 X
20. BAFUNUAVVUFY - 16 19.7712
. = ~
WU9MA : Normal Time = 16.19 U x (1+0.14) = 18.46 UM
. = I} ~
Standard Time = 18.46 UMN + (18.46UM x9%) = 20.12 UIMN



A1599 .10 HAALHURNITNT IHaUBINTZVIUNITHAA Front Assy 2 CB420
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uRuniMs lvaveanszuIuMsHan

AINT5W : M 310N Front Assy 2 CB420 MINu
q01UN : OPERATION 12
AUNIU : 1 AU TRANSPORT 7
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
FEHTNE (1NAT) 51
a =
3801 ('J‘Ll'l’ﬂ) 988.4565
E4
109 () 7
o o o
2 . . ITYTNN 13801 o YU Hug
VUADUNIININIU UIU
(ua9) Gy | O DD O 1¥9)
1. %194 CC-CB420-01-01-0008A
. , 1 5 7.9612 X
Tdwmieilszney 9.36 kg)
2. Clamp 8A%UU 3 At - 0.995 59820 | x
3. FUU CC-CB420-01-01-0009A
B , 1 5 6.7648 X
Tddwmialszney @ ke)
4. 598 sdunia
- - - 1.5696 X
uazda SCREW
5. Clamp 8A%UNY 2 @14 - 0.095 3.9880 | x
6. TFUIIU CC-CB420-01-01-0007A
o 1 5 7.1414 X
Tddwmisilszney .78 kg)
7. Clamp 8A%UU 1 A1HU - - 0.5832 | x
8. 11T CC-CB420-01-01-0008A
. , 1 5 7.9612 X
Tddwmieilszney (9.36 kg)
9. Clamp 8ATUIU 3 AU - 1.162 59820 | x
10. 11%U9IU CC-CB420-01-01-0007A
o 1 5 7.1414 X
Tddwmislsenou 4.78 kg)
11. Clamp Ha%FUU 2 A wnua - 0.4 3.9880 | x
12. (HouYAS AU (2 99) - 1.64 4.0464 | x
13. vyu JIG - - 180.0000 X
14. 1501905 A1IM1ie (2 39) - 1.64 40464 | x




A13197 V.10 HAAWNUNINT 1HAYDINTZUIUNITHAA Front Assy 2 CB420 (¢10)

176

o o o
2 . . JTYLNN 13921 o Uﬁﬂ‘ﬂﬂ! HuY
VYUADUNIININIU TUIU
(ua9) Gy | 9 DDl O 1¥9)
15, 150UTDOADFUIIU 5 At
- 0.6 114.0000 X
(2 uu7)
16. vyu JIG - - 180.0000 X
17, 150UT00AD FUIIU SN
- 0.6 114.0000 X
(2 uu?)
18. A579A0UT0BI o - - 300.0000 X
19. 111@2 Support niszneu (2.3 kg) 1 5 6.7648 X
20. 1162 Support 1115ENOY (2.3 kg) 1 5 6.7648 X
21, eNFUNUAVUUTY - 16 19.7712
. = =1
WU9HA © Normal Time = 16.47 U x (1+0.14) = 1878 UM
. = ~ =1
Standard Time = 1878 UMM +(18.78 UM x9%) = 20.47 UIN



A15190N V.11 HAANUNINT 11HAY0INTZUIUNTHAR Rear Support Assy CB420
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uRUNM3 lMaveanszuIuMsHan

AINTTN : MI1HON Rear Support Assy CB420 MININUY
q01UN : OPERATION 17
AUNIU : 1 AU TRANSPORT 12
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
ITYTNN (!JJ@I?) 76
a =
3801 ('J‘Ll'l‘ﬂ) 1310.7846
E4
109 () 12
o o o
2 . . ITYTNN 13801 o Y Hug
VUADUNIININIU UIU
(1ua9) Gy | O DD O 1¥9)
1. 1%U9IU CC-CB420-01-01-0018A
. , 1 5 7.5810 X
Tddwmisilszney (7.63 ke)
2. Clamp 8A%UU 3 At - 0.795 59820 | x
3. FUU CC-CB420-01-01-0017A
B , 1 5 6.3072 X
Tdwmisilszney (1.18 kg)
4. 598 sdunia
- - - 1.5696 X
uazda SCREW
5. Clamp 8ATUNY 1 AULHUS - - 0.5832 | x
6. WFUIU CC-CB420-01-01-0023A
B , 1 5 6.7648 X
Tddwmisilszney (3.55 kg)
7. Clamp 8A%UU 1 A1HU - - 0.5832 | x
8. WU CC-CB420-01-01-0023A
. , 1 5 6.7648 X
Tddwmisilszney (3.55 kg)
9. Clamp 8ATUIU 2 AUIHU - 0.1 39880 | x
10. 11%U9IU CC-CB420-01-01-0017A
. , 1 5 6.3072 X
Tddwmislseznou (1.18 kg)
11. Clamp Ha%FUU 1 AW - - 0.5832 | x
12. 11%U9IU CC-CB420-01-01-0018A
. , 1 5 7.5810 X
Tddwmisilszney (7.63 ke)
13. Clamp BA%FUU 2 AW - 0.73 39880 | x




178

A3 V.11 HEAAHUNINT 11avY0INTZUIUNIHAA Rear Support Assy CB420 (7D)

o o o
2 . . ITYTNN 13801 o Y YU Hug
VUADUNIININIU UIU
GED) Guiy | G O|D| O~ 1¥9)
14. ¥1%UU CC-CB420-01-01-0024A
o 1 5 7.1414 X
Tddwmisilszney (.39 kg)
15. Clamp HA%FUU 2 A wnua - 0.345 3.9880 | x
16. ¥1%UU CC-CB420-01-01-0021A
B , 1 5 6.7648 X
Tdwmisilszney (.81 kg)
17. Clamp Sa%¥uU1 1 A - - 0.5832 | x
18. 11U CC-CB420-01-01-0064A
B , 1 5 6.7648 X
Tddwmialszney 2.3 ke)
19. Clamp AU 2 Fwnua - 0.135 3.9880 | x
20. 1% CC-CB420-01-01-0022A
o 1 5 7.1414 X
Tdwmisilszney (@.38 kg)
21. Clamp 8ATUU 2 AUIHU - 0.43 3.9880 | x
22, 1FugA AWMU (2 99) - 1.82 52704 | x
23. vyu JIG - - 180.000 X
24 1Fu9A 1A WML (2 99) - 1.82 52704 | x
25, FOUTOURDTUIIY 11 A1l
- 1.5 254.000 X
(2 uu)
26. “yU JIG - - 180.000 X
27. ANTOIADTUN 11 AWNU
- 1.5 254.000 X
(2 uu)
28. 15798913081 - - 300.000 X
29. 1161 Support 111/52NOY (3.76 ke) 1 5 6.7648 X
30. 1162 Support 11152NOV(2.97 ke) 1 5 6.7648 X
31, enFUNUAVUUTY - 16 19.7712 x
. I} =1
WU9HA © Normal Time = 21.85 UMM x (1+0.14) = 2491 UM
. = = =
Standard Time = 2491 UMM+ (2491 UMM x9%) = 27.15UMN



AN V.12 HAAUHUNTNT 1MaUDINTZUIUNTIHAR Front WheelMember CG280
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uRuIMs laveanszuIuMsHan

AINITY : ﬂﬁl%ﬁm Front WheelMember CG280 MINU

CCRTE OPERATION 11

AU : 1 AU TRANSPORT 7

Aiudin : DELAY -

An3am : INSPECTION 1
STORAGE 1
UM (WAT) 51

na1 Qun) 988.3232

E4
109 () 7
o o o
£ . . ITYTNN 13801 o Y Y Hug
VUADUNIININIU UIU
(1ua9) Gy | O E:> DIRRIAVARRTT
1. HFuau CC-CG280-01-01-0082A
. , 1 5 7.9612 X
Tdwmieilszney 9.36 kg)
2. Clamp 8A%UU 3 AUHU - 1 59820 | x
3. 11%UU CC-CG280-01-01-0033A
. , 1 5 6.3072 X
Tddwmielszney (1.18 kg)
4. Clamp 8AFUNU 1 A wHUa - - 0.5832 | x
5. 11U CC-CG280-01-01-0084A
o 1 5 7.1414 X
Tddwmialszneu @.5kg)
6. Clamp 8ATUIU 2 AUIHU - 0.2 39880 | x
7. WBUNU CC-CG280-01-01-0084A
o 1 5 7.1414 X
Tddwmiatlszneu @.5kg)
8. Clamp 9ATUU 2 AULHU - 0.2 3.8880 | x
9. 1MFUIU CC-CG280-01-01-0082A
. , 1 5 7.9612 X
Tddwmieilszney (9.36 kg)
10. Clamp AU 4 FwHUa - 0.88 79760 | x
11. iFouga SA M1 (2 39) - 1.5 40464 | x
12. “yu JIG - - 180.0000 X
13. 1HougA 5AUNUQ (2 99) - 1.5 4.0464 X
14. 1¥ONTRIADTUIIU 5 AWHU
- 0.68 114.0000 X
(2 1)
15. vyu JIG - - 180.0000 X
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M50 V.12 HAAWHUNINT IMaveINTZUIUNIINAA Front WheelMember CG280 (#0)

o o o
2 . . JTYLNN 1391 o yanya HuY
VYUADUNIININIU TUIU
(ua9) Gy | O DD[0Ov 1¥9)
16. 1FoUsDIAD T 5 FuLHL
- 0.68 114.0000
(2 uu)
17. a579@0U5 0810 - - 300.0000 X
18. 111@2 Support i1szno (3.76 kg) 3 5 6.7648 X
19. 11@2 Support i1szno (3.76 kg) - 5 6.7648 X
20. AFUNUAV VLT - 16 19.7712 x
. = =1
WU9HE © Normal Time = 16.47 UM x (1+0.14) = 1878 UM
. = ~ =1
Standard Time = 18.78 UMM +(18.78 UM x9%) = 20.47 UIN



A1319N V.13 HAAWNUNINT 11HAY0INTZVIUNINAA Rear Support Assy CG280
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uRUNM3 lMaveanszuIuMsHan

AINTTN : MI1HON Rear Support Assy CG280 MININUY
q01UN : OPERATION 17
AUNIU : 1 AU TRANSPORT 12
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
FEHTNE (1NAT) 76
a =
3801 ('J‘Ll'ﬁ/'l) 1311
E4
109 () 12
o o o
2 . . ITYTNN 13801 o Uﬁﬂﬂm Hug
VUADUNIININIU UIU
(1ua9) Gui | O E:> D 1¥9)
1. ¥%FU9IU CC-CG280-01-01-0041A
. , 1 5 7.5810 X
Tddwmisilszney (7.63 ke)
2. Clamp 8A%UU 3 At - 0.795 59820 | x
3. MBUU CC-CG280-01-01-0008A
B , 1 5 6.3072 X
Tddwmisilszney (1.18 kg)
4. 598 sdunia
- - - 1.5696 X
uazda SCREW
5. Clamp 8ATUNY 1 AULHUS - - 0.5832 | x
6. MBUU CC-CG280-01-01-0047A
B , 1 5 6.7648 X
Tddwmisilszney (3.55 kg)
7. Clamp 8A%UU 3 AUIHU - - 0.5832 | x
8. 11FUAU CC-CG280-01-01-0047A
. , 1 5 6.7648 X
Tddwmisilszney (3.55 kg)
9. Clamp 8ATUIU 3 AU - 0.1 3.9880 | x
10. 1FUIIU CC-CG280-01-01-0008A
. , 1 5 6.3072 X
Tddwmisilszney (1.18 kg)
11. Clamp Ha%FUU 1 AW - - 0.5832 | x
12. 1%U9IU CC-CG280-01-01-0041A
. , 1 5 7.5810 X
Tddwmialszneu(.63 ke)
13. Clamp BA%FUU 2 A wna - 0.73 39880 | x
14. 1FUaU CC-CG280-01-01-0048A
o 1 5 7.1414 X
Tddwmielszneu@.39 kg)




A1319N V.13 HAAWNUNINT 1HAYDINTZUIUNITHAA Rear Support Assy CG280 (¢10)

182

o o o
2 . . JTYLNN 1391 o Uﬁﬂﬂm HuY
VYUADUNIININIU TUIU
(ua9) Gui) DOD|0Ov 1¥9)
15. Clamp BA%FUU 2 AW - 0.345 3.9880
16. FUIIU CC-CG280-01-01-0045A
B , 1 5 6.7648 X
Tddwmialszneu.81 kg)
17. Clamp Sa%FuU14 1 Awnua - - 0.5832
18. 11FUIIU CC-CG280-01-01-0049A
B , 1 5 6.7648 X
Tdwmislszneu.3 k)
19. Clamp AU 2 AW - 0.135 3.9880
20. ¥1%UU CC-CG280-01-01-0046A
o 1 5 7.1414 X
Tddwmisilszney (.38 kg)
21. Clamp 8AFUU 2 AUIHU - 0.43 3.9880
22, 1FugA AWMU (2 99) - 1.82 52704
23. vyu JIG - - 180.0000
24 1Fu9A 1A WML (2 99) - 1.82 52704
25, 1¥0UTEEADTUIIL 11 AU
- 1.5 254.0000
2 1)
26. “yU JIG - - 180.0000
27, ouse8ADTUIIL 11 A1
- 1.5 254.0000
2 1)
28. A3V DO - - 300.0000 X
29. 1161 Support 11152NOY (3.76 ke) 1 5 6.7648 X
30. 1162 Support 11152NOY (2.97 ke) 1 5 6.7648 X
31, 8AFUNAD VLT - 16 19.7712 x
. = =1
WU9HA © Normal Time = 21.85 UM x (1+0.14) = 2491 UM
. = ~ =1
Standard Time = 2491 UMM+ (2491 UMM x9%) = 27.15UMN



AN V.14 HAAWNUNTNT 1HaYDINTZUIUNTIHAR Rear Assy 2 CB420
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uRuniMs lvaveanszuIuMsHan

A9NT5 : MIIFOU Rear Assy 2 CB420 NIN1U
ﬁmuﬁ' : OPERATION 12
AU : 1 AU TRANSPORT 11
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
FZYZNY (LUAT) 61
na1 WR) - 1135.9547
109 () 10
P . . ILUTN M daydnwal 0L
YUABUNTNINY UIU ) Gy [O E} SIS
1. 11¥1911 CC-CB420-01-01-0026A
Tddwmisilszney (3.07 kg) : i 6.7648 h
2. Clamp FAFLaI 3 i - 0.8 59820 | x
3. 11319 CC-CB420-01-01-0017A
Tdwmisilszney (1.18 kg) : : 63072 h
4. USuddresadwma
- - - 15696 | x
azta SCREW
5. Clamp FAFua 1 i - - 0.5832 | x
6. VIHU CC-CB420-01-01-0029A
Tddwmisilszney (5.83 ke) : : Tt h
7. FHUY CC-CB420-01-01-0017A
Tddwmisilszney (1.18 kg) : : 63072 h
8. 13U CC-CB420-01-01-0025A
Tdwmisilszney (5.83 ke) : i [ h
9. Clamp Fadua 3 Fuvia - 0.69 59820 | x
10. YA CC-CB420-01-01-0028A
Tddwmisilszney (.57 kg) : : 6.7648 h
11. Clamp AR 2 i - 0.2 3.9880 | x
12, ¥4I CC-CB420-01-01-0041A
Tddwmialszney (4.53 kg) ] : Tt h
13. Clamp AFLaIm 2 duiia - 0.4 3.9880 | x
14. YA CC-CB420-01-01-0065A
Tddwmislszney (3.2kg) ] : 6.7648 h




A3 V.14 HAAWHUNINT 11HAYDINTZUIUNIHAA Rear Assy 2 CB420 (#10)

184

o o o
2 . . ITYTNN 13801 o Uﬁﬂﬂm Hug
VUADUNIININIU UIU
GED) Gui) DD O 1¥9)
15. Clamp Ba%FUU 1 A wnua - - 0.5832
16. L%aNQﬂS AUNLU (2 99) - 0.8 2.8224
17. vyu JIG - - 180.0000
18. 1HOUAS AU (2 99) - 0.8 2.8224
19, 15OUTDOADFUIU 5 AL
- 1.08 180.0000
(2 uu?)
20. “yu JIG - - 180.0000 X
21. 15ONTDHABFUIN 5 AWNU
- 1.08 180.0000
(2 uu?)
22. asIndeUTBuIFRL - - 300.0000 X
23. 112 Support 1N15znoU (2 kg) 1 5 6.7648 X
24. 111 Support 111s52nOY (3.5 kg) 1 5 6.7648 X
25, gNFUNUAVUUTY - 16 19.7712
. I} =1
VUM © Normal Time = 18.93 UM x (1+0.14) = 21.58 UM
. = ~ =1
Standard Time = 21.58 UMM+ (21.58UIM x9%) = 23.52 UM
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A3 .15 HAAHUNTNT IMaUDINTZUIUNIIHAA Rear Assy 2-1 CB420

uRuNM3 lvavenszuIuMsHan
AINTIN : M 310N Rear Assy 2-1 CB420 MINu
q01UN : OPERATION 12
AUNIU : 1 AU TRANSPORT 9
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
ITYTNN (!JJ@I?) 56
a =
na1 ) 1086.9892
E4
109 () 9
o o o
2 . . ITYTNN 13801 o Y Y Hug
VUADUNIININIU UIU
(1ua9) Gy | O DD OV wa
1. 1%U9IU CC-CB420-01-01-0053A
o 1 5 7.1414 X
Tddwmialszney (4.2 kg)
2. Clamp 8ATUU 2 AUHU - 0.8 3.9880 | x
3. FUU CC-CB420-01-01-0017A
B , 1 5 6.3072 X
Tdwmisilszney (1.18 kg)
4. 598 sdunia
- - - 1.5696 X
uazda SCREW
5. Clamp 8ATUNY 1 AULHUS - - 0.5832 | x
6. WFUIU CC-CB420-01-01-0029A
o 1 5 7.1414 X
Tddwmislszneu (5.83 kg)
7. FUU CC-CB420-01-01-0017A
B , 1 5 6.3072 X
Tdwmisilszney (1.18 kg)
8. 1% CC-CB420-01-01-0025A
o 1 5 7.1414 X
Tdwmisilszney (5.83 ke)
9. Clamp 8ATUIU 3 AU - 0.69 59820 | x
10. 11%U9IU CC-CB420-01-01-0028A
. , 1 5 6.7648 X
Tddwmislszney .57 kg)
11. Clamp Ha%FUU 2 A wnua - 0.2 3.9880 | x
12. ¥1%UU CC-CB420-01-01-0041A
o 1 5 7.1414 X
Tddwmisilszney (4.53 kg)
13. Clamp BA%FUU 2 A wna - 0.4 3.9880 | x
14. 1HougA 5 AU (2 99) - 0.8 28224 | x
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A3 V.15 HAAWNUNINT 11HAY0INTZUIUNIHAA Rear Assy 2-1 CB420 (719)

o o o
2 . . ITYTNN 13801 o Uﬁﬂﬂm Hug
VUADUNIININIU UIU
GED) Gy | O DODlOv 1¥9)
15. vyu JIG - - 180.0000 X
16. 1HOUYAS AU (2 99) - 0.8 2.8224 | x
17, 10UT00AD FUIU 5 At
- 0.96 160.0000 X
(2 uu?)
18. Hyu JIG - - 180.0000 X
19, 150U BADFUIU 5 AL
- 0.96 160.0000 X
(2 uu?)
20. 157U OEIAOY - - 300.0000 X
21. 1162 Support 111lszney
1 5 6.7648 X
(2 kg)
22. 1161 Support 1115znOY (3.5 kg) 1 5 6.7648 X
23, eNFUNUAVUUTY - 16 19.7712 x
. I} =1
VUK © Normal Time = 18.12 UM x (1+0.14) = 20.66 UIN
. = ~ =1
Standard Time = 20.66UIN + (20.66U TN x9%) = 22.52 UIN



A3 .16 HAAWHUNTNT IHAaVDINTZUIUNTIHAR Rear Assy 3 CB420
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uRuniMs lvaveanszuIuMsHan

AINT5N : MI1FON Rear Assy 3 CB420 MINu
F0UN OPERATION 15
AUNIU : 1 AU TRANSPORT 11
Aiudin : DELAY -
An3an : INSPECTION 1
STORAGE 1
FEETNG (1NAT) 71
a =
13801 ('J‘Ll'l’ﬂ) 1512.33
E4
109 () 13
o o o
2 . . ITYTNN 13801 o Y Y Hug
VUADUNIININIU UIU
(ua9) Guiy | O E:> D 10
1. 1%U9IU CC-CB420-01-01-0056A
. , 1 5 8.4008 X
Tddwmisilszney (11.5 kg)
2. Clamp 8ATUU 6 AUHU - 1.66 119640 | x
3. FUU CC-CB420-01-01-0057A
B , 1 5 6.7648 X
Tddwmieilszney (1.66 kg)
4. 598 sdunia
- - - 1.5696 X
uazda SCREW
5. Clamp 8ATUNY 1 AULHUS - - 0.5832 | x
6. WFUIU CC-CB420-01-01-0060A
B , 2 5 6.7648 X
Tddwmisilszney (2.14 kg)
7. WFUIU CC-CB420-01-01-0061A
B , 1 5 6.3072 X
Tddwmisilszney (1.45 kg)
8. 1U5ud18199 9w
- - - 1.5696 X
uazda SCREW
9. Clamp 8ATUU 1 AUHU - - 0.5832 | x
10. 11%U9IU CC-CB420-01-01-0019A
. , 1 5 7.5812 X
Tdwmisilszney (7.63 ke)
11. Clamp Ha%¥UU 5 AW - 0.92 9.9700 | x
12. 11%U9IU CC-CB420-01-01-0059A
. , 2 5 6.3072 X
Tddwmisilszney 0.76 kg)
13. 58198 9w
= - - 1.5696 X
uazda SCREW
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A3 19N V.16 HAAWHUNINT 11HAYDINTZVIUNINAA Rear Assy 3 CB420 (#10)

o o o
2 . . ITYTNN 13801 o Uﬁﬂﬂm Hug
VUADUNIININIU UIU
(ua9) Gy | O O|D| O v 1¥9)
14. Clamp a%FUU 1 AW - - 0.5832 | x
15. 11%U9IU CC-CB420-01-01-0058A
B , 1 5 6.7648 X
Tddwmislszneu (3.88 kg)
16. Clamp BAFUU 1 AU - - 0.5832 | x
17. 11%U9IU CC-CB420-01-01-0062A
B , 1 5 6.3072 X
Tddwmialszney (1.1 kg)
18. 11%U9IU CC-CB420-01-01-0065A
B , 1 5 6.7648 X
Tddwmislszney (3.2kg)
19. 1HOUYA17 AWMU (2 39) - 1.72 4.0464 | x
20. “yu JIG - - 180.0000 X
21. 1¥ougal7 A (2 99) - 1.72 4.0464 | x
22, APUTOURDTUIIY 17 At
- 2.16 360.0000 X
(2 uu)
23. vyu JIG - - 180.0000 X
24, 159UTDHABFUIN 17 AWNU
- 2.16 360.0000 X
(2 uu)
25. 1570801081 - - 300.0000 X
26. 1161 Support 11152NOY (4.37 ke) 1 5 6.7648 X
27. 111 Support 111s5znoY (2.1 kg) 1 5 6.7648 X
28, eNFUNUAVUUTY - 16 19.7712 x
. I} =1
WU9HA © Normal Time = 25.21 UIN x (1+0.14) = 2874 UM
. I} ~ =1
Standard Time = 28.74 UMM +(28.74 UIMNx9%) = 31.33 UM



A3 V.17 HAANUNI N5 11aveInszUIUNIHAA Rear Support Assy CG280
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uRuniMs lvaveanszuIuMsHan

AINTTN : MI1HON Rear Support Assy 2 CG280 MININUY
GORILE OPERATION 19
AUNIU : 1 AU TRANSPORT 16
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
FLYTN (LUANT) 96
a =
191 (AUIN) 1506
E4
109 () 20
o o o
£ . . JEYLNN 13921 o YU Huy
VYUADUNIININIU TUIU
(ua9) Gui | O E:> DU 10
1. 11%U9U CC-CG280-01-01-0057A
. , 1 5 8.7774 X
Tddwmielszney (15.26 kg)
2. Clamp 8ATUU 5 AUHU - 1.94 9.9700 | x
3. 11%UU CC-CG280-01-01-0059A
. , 1 5 6.3072 X
Tddwmisilszney (1.53 kg)
4. Clamp 8AFUNU 1 A wHUa - - 0.5832 | x
5. 11U CC-CG280-01-01-0062A
. , 1 5 6.7648 X
Tddwmisilszney (2.84 kg)
6. Clamp 8ATUY 1 AUHU - - 0.5832 | x
7. 11U CC-CG280-01-01-0059A
. , 1 5 6.7648 X
Tddwmieilszney (1.53 kg)
8. Clamp 8ATUNU 1 AULHUS - - 0.5832 | x
9. 1MFUIU CC-CG280-01-01-0062A
. , 1 5 6.7648 X
Tddwmislsznou 2.84 kg)
10. Clamp HaFUU 1 AW - - 0.5832 | x
11. ¥FUIIU CC-CG280-01-01-0059A
. , 1 5 6.3072 X
Tddwmislszney (1.53 kg)
12. Clamp HA%FUNU 1 A - - 0.5832 | x
13. 91%UIIU CC-CG280-01-01-0058A
B , 1 5 7.9612 X
Tddwmisilszney 9.29 kg)
14. Clamp Ha%¥UU 3 Awnua - - 0.5832 | x
15. 91%UIIU CC-CG280-01-01-0065A
B , 1 5 6.3072 X
Tddwmieilszney (1.49 kg)




A13N V.17 HAANUNINT 1HAY0INTZUIUNITHAA Rear Support Assy CG280 (¢10)
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o o o
£ . . JTYLNN 1391 o Y YU Hnuy
VYUADUNIININIU TUIU

wan) | Guiy | OO|D OV e
16. Clamp BA%FUU 1 AwHua - - 0.5832 | x
17. 9%UIIU CC-CG280-01-01-0060A
. , 1 5 6.3072 X
Tdwmieilszney (0.49 kg)
18. Clamp HAFUU 1 A wnua - - 0.5832 | x
19. 91%UIIU CC-CG280-01-01-0060A
. , 1 5 6.3072 X
Tdwmisilszney (0.49 kg)
20. Clamp 8ATUY 1 AUIHUS - - 0.5832 | x
21. W1TUNIU CC-CG280-01-01-0064A
. , 1 5 6.7648 X
Tddwmialszney 3.5 ke)
22. Clamp 8ATUU 2 AUHU - - 3.9880 | x
23, 111%U9U CC-CG280-01-01-0061A
. , 1 5 6.7648 X
Tddwmialszney 2.7 kg)
24. Clamp 8AFUNU 1 AUHU - - 0.5832 | x
25. 11%U9U CC-CG280-01-01-0072A
. , 1 5 6.7648 X
Tdwmisilszney (3.73 ke)
26. Clamp 8ATUY 1 AUHU - - 0.5832 | x
27. FougA 15 AW (2 99) - 2.1 52704 | x
28. “yu JIG - - 180.0000 X
29. NN 15 MU (2 99) - 2.1 52704 | x
30, 1¥0UTEEADTUIIL 15 AU
- 2.04 344.0000 X
2 1)
31 ¥yu JIG 3 - 180.0000 X
32, HONTEADTUIY 15 AU
- 2.04 344.0000 X
2 1)
33. A3aUI 0O - - 300.0000 X
34. 1161 Support 111/52nOV (0.82 ke) 2 5 6.3072 X
35. 112 Support 11sznov (1 kg) 1 5 6.3072 X
36. 1162 Support 11152NOY (0.94 kg) 1 5 6.3072 X
37, AFUNAD VLT - 16 19.7712 x
. = =1
U9 : Normal Time 25.11 U x (1+0.14) = 28.63 UM
. = = =
Standard Time 28.63 UIN + (28.63 UIN x9%) = 31.20 UM



A1390 .18 HAAILHUNINT 1HAYBINTZVIUNITHAR Assy Front Wheel RH CB420
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uRuniMs lvaveanszuIuMsHan

NINT5Y : ﬂﬁ!,ﬁ]fﬁ]ll Assy FrontWheel RH CB420 TR
F0UN OPERATION 6
AU : 1 AU TRANSPORT 11
diuiin : DELAY -
Ansan : INSPECTION 1
STORAGE 1
F2EZNG (JUAT) 51
a =
na1 Quan) 2114.7393
Ed
109 () 11
o o o
» . . FLILNI nal danwyal WU
JUADUNITNINU UIU
(ua9) Gy | O DD O 10
1. 11%UIU CC-CB420-01-01-0094A
o 1 5 6.7648 X
Tddwmielszney (4.06 kg)
2. FUU CC-CB420-01-01-0070A
o 1 5 6.7648 X
Tdwmisilszney (2.22 kg)
3. WIBUAY CC-CB420-01-01-0069A
o 1 5 7.1414 X
Tddwmieilszney (4.23 ke)
4. 1%U9IU CC-CB420-01-01-0070A
o 1 5 6.7648 X
Tdwmisilszney (2.22 kg)
5. 1%FUIIU CC-CB420-01-01-0068A
o 1 5 8.4008 X
Tddwmislszneu (11.14 kg)
6. WIFUIY CC-CB420-01-01-0085A
o 1 5 7.9612 X
Tddwmislszney (10.88 kg)
7. 11%U9U CH-J-B04-M04-16A
o 1 5 6.3072 X
Tddwmislszneu (0.32 kg)
8. U9 CC-CB420-01-01-0030A
o 1 5 6.7648 X
Tddwmislszneu (2.74 kg)
9. FUIIU CC-CB420-01-01-0037A
o 1 5 6.3072 X
Tddwmielszney (0.52 kg)
10. 11%U9IU CC-CB420-01-01-0071A
o 1 5 7.1414 X
Tddwmielszney (4.36 kg)
11. 1% U91% CH-J-B04-M04-15A
o 1 5 6.7648 X
Tddwmialszney 2.3 kg)
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A15197 V.18 HAAWNUNINT 1HAVDINTZUIUNITHAA Assy Front Wheel RH CB420 (¢10)

o o o
2 . . JTYLNN 1391 o Uaﬂ‘ﬂm Hnuy
VYUADUNIININIU TUIU
GED) Gui) DD 0O 19
12. L%Nﬁ;ﬂ 10 AW (2 99) - 3.48 8.9424
13. vyu JIG - - 180.0000
14. 15ougA 10 AN (2 99) - 3.48 8.9424
15, 15ONTDOADFUNIU 10 FUHLUA
- 3.825 670.0000
2 1)
16. vyu JIG - - 180.0000
17. 150N OAD TN 10 FIUHLA
- 3.825 670.0000
2 1)
18. A579A0UT0BI o - - 3000000 X
19. SNFUMIA VUG - 16 19.7712 X
. = =1
WU9HA © Normal Time = 35.25 UM x (1+0.14) = 40.19 UM
. = ~ =1
Standard Time = 40.19 UM + (40.19 UMM x 9%) = 43.80 UIN



A1390 U.19 HAAHUNTNT IMaUDINTZUIUNTIHAR Assy Front Wheel LH CB420
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uRuniMs lvaveanszuIuMsHan

AINTTN - MILTFOU Assy FrontWheel LH CB420 MININUY
F0UN OPERATION 6
AUITY 1 AU TRANSPORT 11
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
F2EZNG (JUAT) 51
a =
na1 Quan) 2114.7393
Ed
109 () 11
o o o
» . . FLILNI nal danwyal WU
JUADUNITNINU UIU
(1ua9) Gui) | O E:> DU 1¥9)
1. 11%U9U CC-CB420-01-01-0087A
1 5 6.7648 X
Tddwmieilszney (4.06 kg)
2. P CC-CB420-01-01-0070A
1 5 6.7648 X
Tddwmisilszney (2.22 kg)
3. FUU CC-CB420-01-01-0069A
1 5 7.1414 X
Tddwmisilszney (4.23 kg)
4. 111%UIU CC-CB420-01-01-0070A
1 5 6.7648 X
Tddwmisilszney .22 kg)
5. 191%U9U CC-CB420-01-01-0068A
1 5 8.4008 X
Tddwmislszneu (11.14 kg)
6. WFUIU CC-CB420-01-01-0083A
1 5 7.9612 X
Tddwmislszney (10.88 kg)
7. %UY CH-J-B04-M04-16A
1 5 6.3072 X
Tdwmislszney (0.32 kg)
8. FUIIU CC-CB420-01-01-0030A
1 5 6.7648 X
Tddwmislszney (2.74 kg)
9. IFUIIU CC-CB420-01-01-0037A
1 5 6.3072 X
Tddwmielszney (0.52 kg)
10. ¥1%FUIU CC-CB420-01-01-007 1A
1 5 7.1414 X
Tddwmialszney (4.36 kg)
11. 1% U91% CH-J-B04-M04-15A
o 1 5 6.7648 X
Tddwmialszney (2.3 ke)
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A1519N V.19 HAAWHUNINIT 11HAVDINTZUIUNIHAA Assy Front Wheel LH CB420 (70)

@
2!}

P . . FLYLN Al dyany Ny
VUADUNIININIU UIU
wan | Guiy | JO[D] O]V ma
12. 1ougA 10 AN (2 99) - 3.48 8.9424
13. vyu JIG - - 180.0000
14. 15ougA 10 AN (2 99) - 3.48 8.9424
15. 1¥ONTRIADFUIIU 10 AU
- 3.825 670.0000
(2 uu)
16. vyu JIG - - 180.0000
17. 150N TN 10 FIUHLA
- 3.825 670.0000
(2 uu)
18. 93298908 - - 300.0000 X
19. SNFUMIA VUG - 16 19.7712 X

UYL : Normal Time

Standard Time

35.25 119 x (1+0.14)

40.19 W19 + (40.19 W1 x 9%)

40.19 11N

43.80 11N
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uRuniMs lvaveanszuIuMsHan

AINTTN - MILTFOU Assy FrontWheel RH CG280 MININUY
q01UN : OPERATION 6
AUNIU : 1 AU TRANSPORT 11
Aiudin : DELAY -
An3am : INSPECTION 1
STORAGE 1
FTUZNIG (INAT) 51
a =
nar ) 2114.7393
E4
109 () 11
o o o
2 . . ITYTNN 13801 o YU Hug
VUADUNIININIU UIU
(1ua9) Gui) | O E:> DU 1¥9)
1. 1%U9IU CC-CG280-01-01-0094A
1 5 6.7648 X
Tdwmieilszney (4.06 kg)
2. 11%UU CC-CG280-01-01-0070A
1 5 6.7648 X
Tddwmisilszney (2.22 kg)
3. 11U CC-CG280-01-01-0069A
1 5 7.1414 X
Tddwmislszney (4.23 k)
4, 1BUNU CC-CG280-01-01-0070A
1 5 6.7648 X
Tddwmislszneu 2.22 kg)
5. 111%UU CC-CG280-01-01-0068A
1 5 8.4008 X
Tdwmisilszney (11.14 kg)
6. 11FUAU CC-CG280-01-01-0085A
1 5 7.9612 X
Tddwmislszney (10.88 kg)
7. 11%U9H CH-J-B04-M04-16A
1 5 6.3072 X
Tdwmislszney (0.32 kg)
8. 11FUU CC-CG280-01-01-0030A
1 5 6.7648 X
Tddwmislszney (2.74 kg)
9. 1MBUIU CC-CG280-01-01-0037A
1 5 6.3072 X
Tddwmieilszney (0.52 kg)
10. 1FUIIU CC-CG280-01-01-007 1A
1 5 7.1414 X
Tddwmisilszney (4.36 kg)
11. %1% 197 CH-J-B04-M04-15A
B , 1 5 6.7648 X
Tddwmialszney (2.3 ke)
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A5 V.20 HAAWNUNITNT IMAUDINTZVIUNIITHAA Assy Front Wheel RH CG280 (719)

@
2!}

2 . . JTYLNN 1391 ’ngl Uﬁﬂ‘ﬂ HuY
VYUADUNIININIU TUIU
GED) Gui) DDl 0OV 1¥9)
12. L%Nﬁ;ﬂ 10 AW (2 99) - 3.48 8.9424
13. vyu JIG - - 180.0000
14. 15ougA 10 AN (2 99) - 3.48 8.9424
15, 10UT00AD T 10 FIUHLA
- 3.825 670.0000
2 1)
16. vyu JIG - - 180.0000
17. 10150080 F I 10 FIUHLA
- 3.825 670.0000
2 1)
18. A579A0UT0BI o - - 3000000 X
19. eNFUMUAUUGY - 16 19.7712 X
. = =1
WU9HA © Normal Time = 35.25 UM x (1+0.14) = 40.19 UM
. = ~ =1
Standard Time = 40.19 UM + (40.19 UMM x 9%) = 43.80 UIN
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uRuniMs lvaveanszuIuMsHan

AINTTN - MILTFOU Assy FrontWheel LH CG280 MININUY
q01UN : OPERATION 6
AUNIU : 1 AU TRANSPORT 11
diuiin : DELAY -
An3am : INSPECTION 1
STORAGE 1
FLUENI (NAT) 51
a =
3801 ('J‘Ll'n/'l) 2114.7393
E4
109 () 11
o o o
2 . . ITYTNN 13801 o YU Hug
VUADUNIININIU UIU
(1ua9) Gy | O DD O 1¥9)
1. FUIIU CC-CG280-01-01-0087A
. , 1 5 6.7648 X
Tddwmislsznou (4.06 kg)
2. 11%UU CC-CG280-01-01-0070A
. , 1 5 6.7648 X
Tdwmisilszney (2.22 kg)
3. 11%UU CC-CG280-01-01-0069A
o 1 5 7.1414 X
Tddwmislszneu 4.23 kg)
4. 1IFUU CC-CG280-01-01-0070A
B , 1 5 6.7648 X
Tdwmisilszney (2.22 kg)
5. 111%UU CC-CG280-01-01-0068A
B , 1 5 8.4008 X
Tddwmislszneu (11.14 kg)
6. 1BUIU CC-CG280-01-01-0083A
B , 1 5 7.9612 X
Tddwmislszney (10.88 kg)
7. 1%UY CH-J-B04-M04-16A
B , 1 5 6.3072 X
Tdwmisilszneu (0.32 kg)
8. 11FUAU CC-CG280-01-01-0030A
B , 1 5 6.7648 X
Tdwmisilszney (2.74 kg)
9. 11%¥UIIU CC-CG280-01-01-0037A
. , 1 5 6.3072 X
Tddwmieilszney (0.52 kg)
10. 117U CC-CG280-01-01-0071A
o 1 5 7.1414 X
Tddwmisilszney (4.36 kg)
11. %1% 197 CH-J-B04-M04-15A
. , 1 5 6.7648 X
Tddwmislszneu 2.3 k)




198

A151N V.21 HAAWNUNINT 1MAY0INTZVIUNITHAA Assy Front Wheel LH CG280 (¢10)

P . . FTHZNN M oy Ny
VUADUNIININIU UIU
GED) Gui) DDl 0Ov 1¥9)
12. L%Nﬁ;ﬂ 10 AWMU (2 99) - 3.48 8.9424
13. “yu JIG - - 180.0000
14. L%Nﬁ;ﬂ 10 AW (2 99) - 3.48 8.9424
15, 10UT08AD T 10 FUHLA
- 3.825 670.0000
(2 uu7)
16. vyu JIG - - 180.0000
17. 10U 0080 FUI 10 FUHL
- 3.825 670.0000
(2 uu?)
18. A579A0UT0BI o - - 300.0000 X
19. SNFUMIA VUG - 16 19.7712 x
. = =
WU9HA © Normal Time = 35.25 UM x (1+0.14) = 40.19 UM
. = ~ =1
Standard Time = 40.19 UM + (40.19 UMM x 9%) = 43.80 UIN
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Jig Design for Bus Chassis Platform Production

Somsak Siwadamrongpong, Usawadee Ongarjwutichai
School of Mechanical Engineering, Suranaree University of Technology,Nakhon Ratchasima, Thailand

ABSTRACT

Recently, bus manufacturers in Thailand are
developing and designing new own chassis.
However, the chassis manufacturing processes
is quite very long throughput, such as chassis
platform assemble and welding. This study
aims to reduce chassis platform production
throughput by designing of production jigs. The
structures chassis platforms were studied. The
chassis platforms are divided in to sub-
assemblies, 4 jigs were designed for 4 groups
of sub-assembly. Standard time for production
of each sub-assembly was calculated. It was
found that production rate of maximum 2.8
bus/day is achieved based on 2 man x 8 hour
working. The double workforce yield about 90%
increasing in production rate.

Keywords: Bus, Chassis, Jig and Fixture,
Standard time

INTRODUCTION

Bus manufacturing is one of important industry
among automobile industries. The buses that
using in Thailand comes from both importing
and local manufacturing.  The  local
manufacturing sometimes uses chassis from
well known bus manufacturer, thus only bus
body and interior are manufactured. The rest
local manufacturing is based on used chassis.
The wused chassis will be modified and
maintenance, then body and interior are rebuilt
[1-2]. Recently, some bus manufacturers, i.e.
Cherdchai Industrial who is one of the biggest
bus manufacturer in Thailand, plan to produce
chassis themselves by own brand. However,
the chassis manufacturing processes is quite
very long throughput, such as chassis platform
assemble and welding, which lead to low
production rate. Therefore, this study aims to
reduce chassis platform production throughput
by designing of production jigs. The idea of this
study is to divide chassis platform into sub-

assemblies. The sub-assemblies are produced
and move to assemble together on the main jig
platform. This study focuses on only jigs for
preparation of sub-assemblies. It is expected
that the jigs may yield standardized parts, sub-
assemblies and manufacturing processes.

BUS CHASSIS PLATFORM
CONFIGURATION

Fig. 1. Chassis platform of 8-wheel Double
Decker bus configuration; DD model

Fig. 2. Chassis platform of 6-wheel Single
Decker bus configuration; SD model
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Chassis platform of 8-wheel Double Decker
bus, noted as model DD, is shown in Fig. 1.
Front of DD bus is located on left side of
platform in Fig. 1. The platform sizes of DD are
approximately 2.3 m width, 11.8 m length and
0.86 m height. Chassis platform of 6-wheel
Single Decker bus, noted as model SD, is
shown in Fig. 2. Front of SD bus is located on
left side of platform in Fig. 2. The platform
sizes of SD are approximately 235 m width, 11.8
m length and 0.77 m height. Both models are
conformed to Thailand’s regulations by
Department of Land Transport 2009. The
chassis platforms are made from various size
of stainless steel rectangular tube RST 4003,
such as 80x80x4, 80x40x4 and 50x50x4.

PROCEDURE

Studying on chassis platform

I
Dividing the platform into

sub-assemblies

Sub-assemblies grouping

Jig designing

Evaluation

Fig. 3. Flow diagram of works

Fig. 3 shows diagram of this study. The
structure of chassis platforms, shows in Fig. 1
and 2, were studied. It was found that these 2
models are similar to each other. The chassis
platform was divided into 3 zones, front, middle
and rear zones, as illustrated in Fig. 4. The
front zone is from the front end to front wheel
hub. The rear zone is from rear wheel hub to
the back end and the rest between front and
rear zones is the middle zone. Please note that
the chassis platform in the front and rear zones
is quite symmetry along the longitudinal axis.
Moreover, the front and rear zones are rarely
changed by customer order. Unlike the middle

March 29 — April 2, 2010, BITEC, Bangkok, Thailand

zone, bus length may be changed by customer
requirements, and it leads to some changes in
middle zone. Therefore, the middle zone of
chassis platform is not considered as
subassembly.

| Font | Middle |  gear |

e <V ==
Side view

| Front I Middle l Rear |
l Top view

Fig. 4. Three-zones of chassis platform; DD
model

SUB-ASSEMBLY CONSIDERATION AND
GROUPING

The front and rare zones of DD model was
divided into subassemblies as illustrated in Fig.
5 and 6, respectively. Fig. 7 and 8 also
indicates subassemblies of front and rare zone
of chassis platform of SD model, respectively.
The subassembly consideration and grouping
was based on similarity of shape and size of
each portion.

Assv FrontWheel RH

Front 2

Fig. 5. Sub-assemblies of front zone; DD model
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:7 Rear 31 Rear Support
Rear Support

Assy 3

Assy 2-1

N 27 Rear Support
W Assy
Rear Rear Support
\ Assy

Fig. 6. Sub-assemblies of rare zone; DD model

/ Assy_Front Front 2 \%
Vs
> </ Assy_Front
; =

Wheel RH o\

p. > wy Front Wheel

< >
\‘ Member
Front 1

Fig. 7. Sub-assemblies of front zone; SD model

Rear 2 :

Fig. 8. Sub-assemblies of rare zone; SD model

March 29 — April 2, 2010, BITEC, Bangkok, Thailand

/Front 1; DD Model

Front 1: SD Model

Rear Support Assy
:DD Model

Rear Support Assy
;SD Model

Fig. 9. Similarity of sub-assemblies among 2
models

From Fig. 5-8, it was clear that some sub-
assemblies are very similar between front and
rare zone on the same model and also similar
between same zones of DD and SD models.
The similarity of sub-assemblies is shown in
Fig. 9.

JIG DESIGNING

Jigs were designed for each group of sub-
assemblies. The jig composed of supported
structure and assembly table with clamps, as
illustrated in Fig. 10. The supported structure
contains 2 important features. Firstly,
supported columns have adjustable slot for
table height setting. Secondly, manual rotation
device was installed to the structure.
Therefore, the table is 360 degree rotatable on
horizontal axis for easier manual welding
process. Clamps were installed on the table at
designed point to fix sub-assembly’s part
elements [3].
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Clamp

Assembly
table

Rotatiol
support

Fig. 10. Configuration of jig's supported
structure and assembly table

EVALUATION METHODS

Flow Process Chart analysis was carried out to
analyze the working processes of each sub-
assembly [3]. This analysis has concerned the
whole processes including operation time,
inspection time, delay time, storage time and
moving time. Pre-Determined Standard Time
Technique and Rating of Westinghouse System
were employed to estimate Normal Time (NT)
of each process, as displayed in equation (1)
[3-5].

NT = (1+ R)CT 1)

NT =Normal Time (minute)
R = Rating

CT =Cycle Time (minute)

The Cycle Time (CT) was obtained from Pre-
Determined Standard Time Technique, except
welding time. The welding time was
determined by welding test of the company’s
workers. The Westinghouse System Rating
Techniques was used by considering skill,
effort, working conditions and consistency of
workers and working environments. Standard
Time (ST) can be calculated by equation (2).
Allowance is percent allowed for some idle
situations such as meeting time and breaking
time. This study has used 9% of allowance for

March 29 — April 2, 2010, BITEC, Bangkok, Thailand

further calculation, 4% for tired of worker and
5% for daily idle activities [6].

ST = (1+ ANT (2)

ST =Stardard Time (minute)
A = Allowance

NT = Normal Time (minute)

RESULT AND DISCUSSIONS

The 2 models of chassis platform were
considered and divided into sub-assemblies.
The DD model was separated into 15 portions,
12 different sub-assemblies and the SD model
was separated into 12 portions, 9 different sub-
assemblies, as shown in Table 1. The number
in () indicated number of such sub-assembly in
the model. Each sub-assembly was illustrated
above in Fig. 5-8. Similarity of sub-assemblies
leaded to 4 groups of sub-assemblies and 4
jigs were assigned to such groups.

Table 1. Sub-assemblies of chassis platform

Jig DD model SD model
Front 1 (1) Front 1 (1)
Front 2 (1) Front 2 (1)
1 | Rear1(1) Rear 1 (1)
Rear 2 (1) Rear 2 (1)
Rear 3 (1)
| | FromtAsy2) Momber ()
Rear Support Rear Support
Assy (2) Assy (2)
Rear Support Rear Support
Assy 2 (1) Assy 2 (2)
3 Rear Support
Assy 2-1 (1)
Rear Support
Assy 3 (2)
Assy_FrontWheel Assy_FrontWheel
4 RH (1) RH (1)
Assy_FrontWheel Assy_FrontWheel
LH (1) LH (1)
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The jig was designed conform to all sub-
assemblies in the group. 4 jigs were designed
and layout of assembly table was shown in Fig.
11. Standard Time for production of each sub-
assembly on specified jig of chassis platform
model DD and SD were determined and
indicated in Table 2 and 3, respectively.

Jig 1

Jig 2

ﬁli( Jig 3

Top View

Fig. 11. Layout of assembly table of 4 jigs

Table 2. Standard time of sub-assemblies; DD
model

March 29 — April 2, 2010,

BITEC, Bangkok, Thailand

Table 3. Standard time of sub-assemblies; SD
model

Standard Time
JIG SD Model (minute)

Front 1 23.5

1 Front 2 20.1
Rear 1 20.2
Rear 2 20.1
Front Wheel

2 | Member 20.5
Rear Support Assy 27.2

3 Rear Support Assy 2 31.2

4 Assy Frontwheel LH 43.8
Assy Frontwheel RH 43.8

From Table 2 and 3, production rate for 1 set of
sub-assemblies based on 1 man working was
calculated. The calculation results were
indicated in Table 4. It was seen that
preparation of sub-assemblies of 1 bus
consume about 412 minute for DD model and
329 minute for SD model. On the other word, it
can be notified that preparation of sub-
assemblies for bus chassis platform can
achieve approximated 1.2 bus/day for DD
model, and 1.5 bus/day for SD model, based
on 8 hours working a day.

Table 4. Production rate based on 1 man
working

DD Model | SD Model
po—— JIG (minute) (minute)
tandard Time
JIG DD Model (minute) 1 120.7 83.9
Front 1 257 2 95.2 95.2
Front 2 237 3 108.7 62.4
1 | Rear 1 20.2 4 87.6 87.6
Rear 2 20.1 Standard Time 412.2 329.2
Rear 3 31 Production Rate/ Day 1.2 1.5
9 Front Assy 2 20.5
Rear Support Assy 27.2 ) )
Rear S  Assy 2 235 In case that 2 men working for chassis platform
gar oupport Assy : production.  The production rate was re-
3 | Rear Support Assy 2-1 22.5 calculated, calculation results show in Table 5.
Rear Support Assy 3 31.3 The calculaltion was based on 8 hours working
day, the 1° man work at jig No. 1 and 4, and
4 Assy Frontwheel LH 438 the 2™ man work at jig No. 2 and 3. From table
Assy Frontwheel RH 43.8 5, it was seen that Standard time and
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production rate for DD model and SD model
are 208.3 minute, 2.3 bus/day and 171.5
minute, 2.8 bus/day, respectively. It was found
that production rate of 2 men working yield
about 90% increasing while double workforce is
used. It can be considered that %ldle in the 2
men working system may be the cause of les
than double production rate. However, high
production rate is good alternative for the
company to achieve higher production
volume/day. 3 and 4 men working system is
more complicate to calculate and unacceptable
idle time was obtained. In case that higher
production rate is required, more number of jigs
and workforce should be considered.

Table 5. Production rate based on 2 men
working

Time Operation
Operator JIG (minute)
DD model | SD model
Ope{amr 1and4 | 2083 1715
Opezrawr 2and3 | 2039 157.6
Standard Time 208.3 171.5
Production Rate /
Day 2:3 28
% idle 1 34
CONCLUSION

This study aims to reduce chassis platform
production  throughput by designing of
production jigs. The structures of 2 models,
Double Decker (DD model) and Single Decker
(SD model), of chassis platforms were studied.
It was found that these 2 models are similar to
each other. The DD model was separated into
15 portions, 12 different sub-assemblies and
the SD model was separated into 12 portions, 9
different sub-assemblies. 4 jigs were designed
for 4 groups that have high similarity of shape
and size. Standard time for production of each
sub-assembly on specified jig was calculated.
In case of 1 man working, it was found that the
production rate of chassis platform are
approximated 1.2 bus/day for DD model, and
1.5 bus/day for SD model, based on 8 hours
working a day. Furthermore, in case that 2

March 29 — April 2, 2010, BITEC, Bangkok, Thailand

men working, production rate for DD model and
SD model are 2.3 bus/day and 2.8 bus/day,
respectively. The double workforce yield about
90% increasing in production rate. Although
the idle time make it loss in 10% workforce,
higher production rate is quite interesting
alternative for manufacturer.

There may make more advantage to study
more complicated alternative such as, more jig
set compared with various workforce levels.
The jigs are during fabrication, on the job
investigation for jig performance will be carried
out later.
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Simulation and Design of Production Jigs for Bus Chassis
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Abstract: - Bus manufacturing is one of important automobile industries. In small enterprise, bus chassis is based on
manually production. The manual production is low production rate and long throughput time. Moreover, the manual
processes are also difficult to make standardization and lead to maintenance difficulty. Therefore, this study aims to
design production jigs for bus chassis and use finite element method to analyze the jigs. Production rate with various
production scenarios also analyzed. 2 models of Chassis technical data and information was collected from bus
manufacturer. The chassis was break into sub-assemblies. 4 Jigs were designed for production of all sub-assemblies.
Jigs design was built and assembled on SolidWork, finite element method was carried out by using ANSYS
Workbench. Simulation results show that the minimum safety of factor occurs with factor 1.94. Re-design of jigs yield
an improvement on the weak point with safety of factor 4.20. Standard time for production of each sub-assembly was
calculated. It was found that production rate of 2.3-2.8 chassis/day is achieved based on 2-man working with 4 jigs.
The 4-man working yields about 75% increasing in production rate with also increase of %idle time compared to 2-
man working scenario. 6-man working with additional 2 jigs found that production rate of 5 chassis/day.

Key-Words: - Bus, Chassis, Jig, Fixture, Standard time, ANSYS

1 Introduction

Bus manufacturing is one of important industry
among automobile industries. The buses that using in
Thailand comes from both importing and local
manufacturing. The local manufacturing sometimes uses
chassis from well known bus manufacturer, thus only
bus body and interior are manufactured. The rest local
manufacturing is based on used chassis. The used
chassis will be modified and maintenance, then body
and interior are rebuilt [1] [2]. Recently, some bus
manufacturers, i.e. Cherdchai Industrial who is one of
the biggest bus manufacturers in Thailand, plan to
produce chassis themselves. However, the chassis
manufacturing processes is quite very long throughput
time, such as chassis platform assemble and welding,
which lead to low production rate. It should be
advantage in bus manufacturing processes if jig and
fixture are available. The jig and fixture may lead to

Fig. | Bus.Chassis Platform configuration 2 models.

Chassis platform of 8-wheel Double Decker bus,

e« I noted as DD model, is shown in Fig. 1. The platform
standardization of production, low defect and lower sizes of DD are approximately 2.3 m width, 11.8 m

throughput time. Therefore, this study aims to design  jepoth and 0.86 m height. Chassis platform of 6-wheel
production jigs for bus chassis and use finite element Single Decker bus, noted as SD model, is shown in Fig,
methnd_to analyze_the Jigs. Production rate of various |. The platform sizes of SD are approximately 2.35 m
production scenarios will be analyzed by varying width, 11.8 m length and 0.77 m height. Both models
number of manpower and number of jig. The idea of this are conformed to Thailand’s regulations by Department
study is to divide chassis platform into sub-assemblies. of Land Transport 2009. The chassis platforms are
The sub-assemblies are produced and move to assemble made from various size of stainless steel rectangular

together on the main jig platform. This study focuses on tube RST 4003. such as 80x80x4. 80x40x4 and
only jigs for preparation of sub-assemblies [8] [9]. 50x50x4. ' ’

ISSN: 1792-507X 313 ISBN: 978-960-474-230-1
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2 Procedure
2.1 Studying on chassis platform

The structures of chassis platforms 2 models are
similar to each other. The chassis platform was divided
into 3 zones, front, middle and rear zones. The chassis
platform in the front and rear zones is quite symmetry
along the longitudinal axis. Moreover, the front and rear
zones are rarely changed by customer order. Unlike the
middle zone, bus length may be changed by customer
requirements, and it leads to some changes in middle
zone. Therefore, the middle zone of chassis platform is
not considered as sub-assembly.

2.2 Dividing and grouping the platform into sub-
assemblies

The front and rear zones of DD model was divided
into subassemblies as illustrated in Fig. 2 and Fig. 3,
respectively. The SD model can be divided same as DD
model, both front and rear zones. The subassembly
consideration and grouping was based on similarity of
shape and size of each portion.

Assy_FrontWheel RH

Assy_FrontWheel LH

Front Assy 2 ;

Fig. 2 Sub-assemblies of front zone; DD model

? Rear Support Rear 3

Assy 2-1

Rear Support
Assy 3

Rear Support
¥ Rear Support

Assy 2
A% :

Fig. 3 Sub-assemblies of rear zone; DD model
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2.3 JI1G Designing

Jigs were designed for each group of sub-assemblies.
The jig composed of supported structure and assembly
table with clamps, as illustrated in Fig. 4. The supported
structure contains 2 important features. Firstly,
supported columns have adjustable slot for table height
setting. Secondly, manual rotation device was installed
to the structure that make the table is 360 degree rotable
on horizontal axis for easier manual welding process.
Clamps were installed on the table at designed point to
fix sub-assembly’s part elements [3].

Clamp

Assembly table

Fig. 4 Configuration of jig’s supported structure
and assembly table.

2.4 Analysis and Material

Analysis of Jigs model was carried out to determine
the stress and deformation by wusing commercial
software, SolidWork and ANSYS Workbench. Jigs were
designed based on 3 types of material. Assembly table is
used of Structural Steel AISI 1020, Support Structure is
used of Stainless Steel RST 4003 and pin is used of
Steel AISI 4142, as indicated in Table. 1. Finite element

method was applied to analyze structure stress,
deflection and safety of factor in 4 cases [7] [10].
Table 1 The features of the material
Properties AISI AISI  RST
1020 4142 4003
Modulus of Elasticity(GPa) 200 220 220
Poisson’s Ratio 0.25 03 03
Weight Density(kg/m’) 7860 7860 7740
Yield Stress(MPa) 390 1720 320
Tensile Stress(MPa) 470 1930 450
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CASE 1 Analyze stress of Assembly table

This case considers load of sub-assemblies that lie on
the assembly table. Load figure of case 1 is illustrated in
Fig. 5 and maximum load of each jig is shown in Table
2.

W Qe
R332 2222222

P i ———
rf rf

Fig. 5 Load on Assembly table in case 1

Table 2 Load on Assembly table in case |

nG 1 2 3 4

Maximum Load of

. 645.79 388.25 46278 415.62
Sub-assemblies (N)
Support Area (m’) 076 041 059 023
Maximum Load of

. 49.7 946.9. 784.37 07.04
Sub-assemblies (Pa) 84972 94695 T84 18
Reaction force (N) 3229 19413 231.39  207.81

CASE 2 Analyze stress of Assembly table

This case considers load of sub-assemblies and the
table itself that applied to the assembly table. Load
figure of case 2 is illustrated in Fig. 6 and maximum
load of each jig is shown in Table 3.

W (M/m?)

2112312111211

-i1$=Illillﬁi1hililllii§T=

mg (M)

Fig. 6 Load on Assembly table in case 2

Table 3 Load on Assembly table in case 2

JIG 1 2 3 4
Maximum Load of
; 9.7 X . .
Sub-assemblies (Pa) 849.72 946.95 784.37 1807.04
Load of Clamp and
75.62 i 7. 3
Screw(N) 5.6 82.06 67.01 6.34
#Zziie:);;)\ssembly 3156.14 228858 205745 87983
Reaction force (N) 193871 137944 1743.62 6509
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CASE 3 Analyze stress of Supported Structure

This case considers load of sub-assemblies and table
that loaded on supported structure. Load figure of case 3
is illustrated in Fig. 7 and maximum load of each jig is
shown in Table 4.

A

Pin in case 4

Fig. 7 Load on Supported Structure in case 3

Table 4 Load on Supported Structure in case 3

NG 1 2 3 4
Total Maximum
33 3859. R
Load (N) 426829 31403 8593  1780.1
Reaction force (N)  2134.15  1570.17  1929.65 890.05

CASE 4 Analyze stress of Pin when the maximum load
is applied (about 4268.29 N). Figure of loading and pin
is shown in Fig. 7.

2.5 Standard Time

Flow Process Chart analysis was carried out to
analyze the working processes of each sub-assembly [3].
This analysis has concerned the whole processes
including operation time, inspection time, delay time,
storage time and moving time. Pre-Determined Standard
Time Technique and Rating of Westinghouse System
were employed to estimate Normal Time (NT) of each
process, as displayed in equation (1) [4] [5].

NT = (1+R)CT )

NT = Normal Time (minute)
R = Rating

CT =Cycle Time (minute)

The Cycle Time (CT) was obtained from Pre-
Determined Standard Time Technique, except welding
time. The welding time was determined by welding test
of the company’s workers. The Westinghouse System
Rating Techniques was used by considering skill, effort,
working conditions and consistency of workers and

ISBN: 978-960-474-230-1




210

SELECTED TOPICS in SYSTEM SCIENCE and SIMULATION in ENGINEERING

working environments. Standard Time (ST) can be
calculated by equation (2). Allowance is percent allowed
for some idle situations such as meeting time, breaking
time and tired of worker. This study has used 9% of
allowance for further calculation, 4% for tired of worker
and 5% for daily idle activities [6] [11].

ST = (1 + ANT
ST =Stardard Time (minute)

(2)

A = Allowance

NT = Normal Time (minute)

3 Result and Discussions

The 2 models of chassis platform were considered
and divided into sub-assemblies. The DD model was
separated into 15 portions, 12 different sub-assemblies
and the SD model was separated into 12 portions, 9
different sub-assemblies, as shown in Table 5. Each sub-
assembly was illustrated above in Fig. 2-3. Similarity of
sub-assemblies leaded to 4 groups of sub-assemblies and
4 jigs were assigned to such groups.

Table 5 Weight and Standard time of Sub-Assembly

Standard Time (minute)

NG Sub-Assembly DD Weight SD Weight
model (N) model (N)

Front 1 25.65@" 390,51 234601 43596
Front 2 23.65(@1 468.06 20.13@ 1 493.78
1 Rear 1 20.23@1 403.50 20.23@1 403.50
Rear 2 20.12(@1 411.61 20.12a@!1 411.61

Rear 3 31.04i@1 64579

Front Assy 2,
20.47@2 297.05 2047@?2 283.50
2 Front Wheelmember

Rear Support Assy 27.15@2 388.25 27.15@2 388.25
Rear Support Assy 2 23.52(@l 272.49 31.20@2 462.78

3 Rear SupportAssy2-1 22.52@1 22205

Rear support Assy 3 31.33@2 273.26
Assy_FrontWheelLRH 43801 41562 43.80@l  415.62
¢ Assy_FrontWheel, LH 43801 41562 4380@l 41562

" @ show the number of sub-assembly in the chassis

The finite element analysis results of case 1, 2 and 3
were presented in Table 6-8, respectively. It is set in
ANSYS to display safety of factor equal to 15 in case
that its factor higher than 15. Results of case 1 and 3
showed that the jigs can be safely used with low
deformation and quite high safety of factor. However,
results of case 2 analysis showed the highest risk on
Jig#l with high deformation and low safety of factor.
The weakest point is pin use for locking adjustable slot
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on assembly table as shown in Fig. 8 and deformation of
the table is shown in Fig. 9. It is considered that re-
design of this part may yield better safety of factor. It
was found that, the re-design yield higher safety of
factor from 1.94 to 4.20 as show in Table 9. The
analysis results for case 4, maximum stress 730.24 MPa,
strain  0.0033193 and deformation 1.2449 mm are
obtained and shown in Fig. 10. The pin may be sately
used with safety of factor 2.36. Re-design of either pin
size or material should yield improvement of safety of
factor.

Table 6 Analysis Result of Assembly table (case 1)

JG 1 2 3 4
Maximum Stress (MPa) 36.42 25.32 2742 29.07
Maximum Deformation
(mm) 0.18 0.10 0.30 0.12
Safety of factor 10.71 15 1422 1342

Table 7 Analysis Result of Assembly table (case 2)

JIG 1 2 3 4
Maximum Stress (MPa) 200.78 114.03 16758 53.12
Maximum Deformation 1.06 060 1.90 027
(mm)

Safety of factor 1.94 342 233 7.34

Fig. 9 The deformation point (case 2)

Table 8 Analysis Result of Support structure (case3)

JIG 1 2 3 4
Maximum Stress (MPa) 1899 1485 1787  7.68
Maximum Deformation 4 555 0017 0,021 0.009
(mm)

Safety of factor 15 15 15 15
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Fig. 10 The max stress and deformation point(case4)

Table 9 Analysis Result of Assembly table (re-design jig
1 case 2)

G 1
Maximum Stress (MPa) 92.94
Maximum Deformation (mm) 1.50
Safety of factor 4.20

The standard time used in the production for each
sub-assembly is expressed in Table 5. It was seen that
preparation of sub-assemblies of 1 bus consume about
412 minute for DD model and 329 minute for SD model.
On the other word, it can be notified that preparation of
sub-assemblies for bus chassis platform can achieve
approximated 1.2 bus/day for DD model, and 1.5
bus/day for SD model, based on 8 hours working per
day.

Table 10 Time of Operation the Chassis, DD model

Operator 1 2 4 6
SEndard i 41223 20829 12069 9524
(minute)

Production Rate/Day 1.2 23 4 5
% idle - 1.04 6.85 8.61
Production

rate/day/man 2 LIS LY 083

Table 11 Time of Operation the Chassis, SD model

Operator 1 2 4 6
St Time 32018 17154 9524 -
(minute)

Production Rate/Day 1.5 2.8 5 -
%idle - 4.05 8.62 -
Production

rate/day/man e I = B

In case that 2-man working for chassis sub-assembly
production, the 1*' man work at jig No. 1 and 4 and the
2" man work at jig No. 2 and 3. For further analysis of
production capacity, 4-man working and 6-man working
scenario were also considered. In case of 6-man
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working, additional 2 jigs (jig#] and #3) are needed.
Table 10 and 11 showed standard time, production rate
and %idle time on each scenario of DD model and SD
model, respectively. It was seen that production rate for
DD model and SD model are 2.3 bus/day and 2.8
bus/day, respectively, for 2-man working scenario. It
was about 90% increasing while double workforce is
used. It can be considered that %ldle in the 2-man
working scenario may be the cause of less than double
production rate. That result is also implied in reduction
of production rate/day/man. It was found that, generally,
increasing of number of worker tend to higher
production rate, higher %idle time and lower production
rate/day/man as shown in table 10 and 11. In case of 6-
man working scenario of DD model, 5 bus/day with
8.61% idle time is obtained. It should be trade-off
between number of worker, production rate and %idle
time for desired production capacity.

4 Conclusion

This study aims to design production jigs for bus
chassis and use finite element method to analyze the jigs.
Production rate of various production scenarios will be
analyzed by varying number of manpower and number
of jig. The structures of 2 bus models, Double Decker
(DD model) and Single Decker (SD model), of chassis
were studied. The DD model was separated into 15
portions, 12 different sub-assemblies and the SD model
was separated into 12 portions, 9 different sub-
assemblies. 4 jigs were designed for 4 groups that have
high similarity of shape and size. Finite element
analysis was employed to analyze the jigs in 4 cases. It
was found that Jig#l was the weakest in stress analysis
with safety of factor 1.94. After redesigning of part in
that jig, safety of factor is improved to 4.20. The pin of
rotation table might also under risk of using with safety
of factor 2.36. Re-design of either pin size or material
should yield improvement of safety of factor.

Standard time for production of each sub-assembly on
specified jig was calculated. In case of 1-man working,
it was found that the production rate of chassis platform
are approximated 1.2 bus/day for DD model, and 1.5
bus/day for SD model, based on 8 hours working per
day. Furthermore, in case that 2-man working,
production rate for DD model and SD model are 2.3
bus/day and 2.8 bus/day, respectively. The double
workforce yield about 90% increasing in production rate.
Although the idle time make it loss in 10% workforce,
higher production rate is quite interesting alternative for
manufacturer. The 4-man and 6-man working will result
higher production rate. However, increasing of %idle
time and lower production rate/day/man are important
trade-off.
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There may make more advantage to study more
complicated alternative such as, more jig set compared
with various workforce levels.  The jigs are during
fabrication, on the job investigation for jig performance
will be carried out later.
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