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53920835:  MAJOR: INDUSTRIAL ENGINEERING; B.Eng.
(INDUSTRIAL ENGINEERING)
KEYWORDS: DESIGN OF EXPERIMENT/ TORQUE TIGHTENING PROCESS/
TORQUE VALUE
CHAT MANONOM: A STUDY OF FACTORS EFFECTING BOLT BROKEN IN
AN ENGINE ASSEMBLY TORQUE TIGHTENING PROCESS. ADVISORY COMMITTEE:
BANHAN LILA, Ph.D., 105 P. 2012.

This research presents the solving method of bolt broken problem in an engine
assembly tightening process for the engine assembly. The full factorial design experiment was
performed. The result indicated that fluid in the thread hole, the diameter of the thread hole, the
diameter of the bolt, and the dust on the bolt were significantly contributed to the torque at the
broken point. The optimal settings were determined and controlled to be 6.647 to 6.912 mm. and
7.760 to 7.972 mm. for the diameter of the thread hole and the diameter of the bolt, respectively.
The thread hole and the bolt must be without fluid or dust. The expected torque at the yield point
was 23.78 N-m which is better than the specification. The try-out of 30 sets with 23 N-m of
applied torque was performed successfully without any broken bolts. Thus, the sefting found in
this study can significantly eliminate the problem and expect to yield at least 1.5 of the long run

process capability.
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didu | veunang , | Hwnlyan |
VDG woaluay (HIAU-13N3)
(Ju.) (1)

1 1 6.5 7.7 -1 23

2 1 6.5 7.9 1 22

3 0 6.5 7.9 1 27

4 1 6.5 7.7 -] 22

5 0 6.7 7.7 -1 22

6 0 6.5 7.9 1 2

7 I 6.5 7.7 -1 24

8 -1 6.7 73 ] 27

9 0 6.7 7.7 -] 20

10 1 6.5 7.7 1 24

11 -1 6.5 7.7 -1 28

12 0 6.5 7.9 1 19

13 -1 6.5 7.9 1 20

14 y 6.5 7.7 1 23

15 0 6.5 7.7 -1 19

16 1 6.5 7.7 1 20
240 -1 6.7 7.9 1 24
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General Linear Model: Aul33iin versus Yoamadng, guinaavesy, urvguinarvesiuan, duiluan

Factor Type
= -
vBaMaINg fixed
@usimguinaieveg fixed
¥ ' 4 o
W@usuguinanva Tuan fixed
fdunTuan lixed

Analysis of Variance for fugsiin, using Adjusted §S for Tests
Source
WIUHAIN§
durugudnatvedg
¥ 1 o o
surhuguanarivesTuan
i Tnan
yoaMasRgdudguinativeag
< ' s I's
voumadfigadudiuguinataved Tuat
voamadfg*duiiTuan
Y . 4 ' < <
@usugudnavoagfusiguinatsvos Tuay
¥ P ] ¢
urugudnalvesg Huf Tuar
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< ' s ' s o
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< ¥ ¢ T I3
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A ¥ I3 TR e
spamarfigidusugudnarues Tuar+duhTuan
' ¢ ’ s g o ¢
durmguonatasg sduruguinaives Tuar+«gui Tuan
younaIngIfuduguina e
Wurguinatuos Tuanedun Tuad
Error

Total

§=1.74032 R-Sq=52.11% R-Sqadj) = 47.01%

Levels
3
2

2

DF

216
239

Seq 8§
267.033
20417
81.667
4.817
4.633
3.733
110.633
16.017
24.067
2,017
14.533
45.033
28.933
29.400
58.800

654,200
1365.933

Values
-1.0,1)
6.5.6.7

7.7,1.9

Adj S§
267,033
20417
81.667
4817
4633
3713
110.633
16.017
24.067
2.017
14.533
45.033
28.933
29.400
58.800

654.200

Adj MS
133.517
20417
81.667
4817
2.317
1.867
55317
16.017
24.067
2.017
7.267
2517
14.467
29.400
29.400

3.029

F
44.08
6.74
26.96
1.5¢
0.76
0.62
18.26
5.29
7.95
0.67
2.40

64

P

0.000
0.010
0.000
0.209
0.467
0.54]
0.000
0.022
0.005
0415
0.093
0.001
0.009
0.002
0.000
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Regression Analysis: filusalia versus vaamadflg, gudnaraveag, iuruguinaravesluan, dufiluan
The regression equalion is
' = .= Mo - Yoo e « T | *
Awmsada = 1327 - 906 Y8V IR - 204 EUATHEUENANVDS] - 165 duAguInnwvas Tuad - 1788 dudTuan
+ 138 ypaia IRy AURIIgUENANYDAg + 115 Yaamafg durugudna w0 Tuan
T * ' o+ ¥ s s
-27.4 vounadng*HuiTuan + 258 iduruguinaavasg sduRuguinavoa Tuan
+270 @urgudnatsvoag*dui Tuan + 232 Wusdmguinataves JTuarisduii Tuad
- 17.5 vpavalfy sdus ugudnanvesg iduigudnanvea Tuas
= W s ool o«
+3.26 voama g urugudnanveag i luad
- 35.0 dusuguinanveagduRuguinaives Tua«gui luad

+0.127 younadfi g uAurugudnanavasg «durhuguinatesves Tuar+guit Tuav

Predictor Coef SE Coel T P
Constant 1326.6 655.1 2.0 0.045
VouURaIng 9064 8072 <112 0263
iuugudnaleuoag 20442 99.85 205 0042
urguinatavedTuan -164.67  84.49  -1.95 0.053
fui Tuayt 17879 65901 271 0.007
voumafgadudguinaiivesy 1378 1223 13 0.26!
vounadngdudTuguinasve Tuar 1150 1035 1.1l 0.268
yoamarig i luad 27421035 265 0.009
@uruguinasuosydudiuguinatwes Tuan 2583 1280 202 0045
Wuriuguinatvog s oy 26983 9985 2.70 0.007
duruguinavos TuavieduiiTuad 23192 8449 274 0007
wpamarfg U uguina e dudgudnaved Tuar 17,50 1568 -1.12 0.265
voamaiyndusuguinatwesg il Tuav 3256 2427 134 0181
duruguinatosg idustuguinataves Tua«duil Tuay -35.00 1230 2.7 0.007
yoamangFumuguinaveag s mguina e Tuasi i Tuas 0.1274 02375 0.5 0592
S = 198293 R-8q = 35.2% R-Sq(adj) = 31.2%
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( 142 0 6.5 7.7 1 20 '
143 0 6.5 7.7 1 24 J
144 -1 6.5 7.9 ! 24 j
145 1| 6s 7.9 1 24 T
146 1 F 6.7 7.9 1 23
]
147 0 j 6.7 7.9 1 22
[ 148J 1 6.7 7.7 1 J 24
149 1 ( 6.5 7.7 1 J 25
150 1| s 7.7 q 28 1
‘ 151 0 6.7 7.9 1 24 J
r 152 | 1 6.5 7.7 1 22 J
153 -1 6.5 7.9 -1 24 J
154 1 6.5 7.9 1 23 l
155 0 6.7 7.9 1 24 j
156 1 6.7 7.7 1 %
157 1 6.7 7.7 -1 23
158 j 0 6.7 7.9 1 e
159 | 6.7 7.9 1 27
160 0 6.5 7.7 -1 22 _!
T 161 | 0 6.7 7.7 1 26 (
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. r guinma gudnma | L, musida
Mdy | veumadng . | dwnlvan |
VB3j woluan (Fwiu-ms)
() (H3.)
(7162 n -1 6.5 7.9 1 23
' 163 -1 6.5 7.7 I -1 23
164 -1 6.7 79 | 26
165 -1 6.7 7.7 1 24 |
166 0 6.5 7.9 1 22 l
167 1 6.5 7.9 -1 22 ]
{ 168 -1 6.5 7.9 1 20 ——1
{ 169 1 6.5 7.7 1 23 ]
—
Tl’lo 0 6.5 7.9 1 22
171 1 6.5 7.7 1 F 23
172 1 6.5 7.7 1 26
|
173 0 6.7 7.9 -1 22
174 0 6.5 7.9 1 23
175 0 6.5 7.9 -1 20 }
176 1 6.7 7.9 1 20 j
177 1 6.7 7.9 -1 22 j
178 0 6.7 7.9 -1 23 ~,
L 179 1 6.5 7.9 -1 22 ‘
180 0 J 6.7 | 7.9 1 23 T
181 0 j 6.5 j 7.7 1 26 J
182 -1 T 6.5 j 7.9 -1 23 T
183 1 6.5 lﬁ 7.9 -1 23 J
184 -1 6.5 J 7.7 1 23 J
L
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TR AN
. guiinas guiinana o Ausaiia
9y | veumaIng N dunluan
N VB3 yaaluan ) (HIRU-1UAT)
(W) (31.)
185 | 6.7 7.7 1 2 |
lﬂ 1 6.5 7.9 1 20 J
187 1 6.7 7.7 ] 23 T
1884‘\; 0 6.7 7.9 1 J 24 J
189 -1 6.5 7.7 -] 23 }
190 -1 6.5 7.7 -] 26
191 -1 6.5 7.7 -1 30
12 0 6.5 7.7 1 23 |
_
193 -1 6.7 79 | 1 27 J
194 1 6.5 7.9 T -] J 19 J
195 -1 6.7 7.9 —J 1 j 23 j
196 0 6.7 7.9 -] F 20 J
197 -1 6.7 7.7 -1 J 27 J
198 -1 6.7 7.9 1 i 24 7
199 -1 6.7 7.7 1 23 J
200 -1 6.7 7.9 1 24 ?
L 201 0 6.5 7.7 1 26 J
202 -1 6.7 7.9 -1 23 J
203 -1 6.7 7.7 1 23 J
204 1 6.5 7.9 -1 20 j
205 1 6.7 7.7 1 20 j
206 1 6.7 17 1 24
207 1 6.5 7.9 1 | 22
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3. .
- (W) (W)
208 -1 6.7 7.7 -1 22
209 1 6.5 7.7 -1 22
210 0 6.7 7.7 1 26
211 -1 6.7 7.9 1 22
212 -1 6.7 7.7 1 23
213 0 6.7 7.7 -1 20 J
214 0 6.5 7.9 1 J 23 T
215 1 6.5 7.7 1 24
216 -1 6.7 7.9 1 23
217 1 6.7 79 1 22 J
218 -1 6.7 7.7 1 27 .
219 ] 6.7 79 I 22 ]
( 220 i 6.7 7.9 -1 20 ]
—
( 221 1 6.5 79 ] 24
1
( 222 0 6.5 79 -1 20
r 223 0 6.7 7.9 1 22
S
224 1 6.5 79 1 20 T
Lzzs 0 6.7 7.9 1 20 ,
226 1 6.7 79 1 23 T
227 -1 6.5 7.1 -1 30
228 1 6.5 7.7 1 22 J
229 -1 6.7 7.7 -1 26
[
230 0 J 6.7 7.9 -1 20
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FEURIY (UATY j
d < ¥ =
. 4 guanand gudnana Ao Asala
ey | vsumaIng .| dwmwen |
D3 yodluan (I u-1as)
(33 (332
231 1 6.7 7.9 1 24
232 0 6.7 7.9 1 n
233 -1 6.5 7.9 -] 24
234 1 6.5 7.9 -1 23
235 -1 6.7 7.9 1 26
236 1 6.7 7.9 -1 20
’7 —
237 -1 6.5 7.7 1 20
238 -1 6.7 7.7 1 24
239 1 6.5 7.9 -1 20
E—
240 -1 6.5 7.7 1 24
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