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Abstract

The industrial research was conducted at Burapa Steel Co., Ltd under their real working conditions.
The main objective of this study was to reduce the amount of rework of non-conforming steel
casting parts. A trailer suspension part named “U-Bolt Plate UT005A40A” was chosen as a subject
in order to analytically verify the influential factors that caused “Shrinkage defect” by the Design
of Experiment method and the indicator was considered by the gross plant rework reduction. By
root cause analysis and FMEA, there were four influential impacts on shrinkage defects, namely:
pouring temperature, riser volume, sand mould moisture and pouring time. An effect of the pouring
temperature on shrinkage could be explained by metallurgical theory, while the other three factors
were analyzed by OFAT method. The result showed that the two significant conditions that cause
the least shrinkage under studying constraints were riser volume and pouring temperature. The
results from the design of experiment showed that the optimum condition was 271.3 em’ of riser
volume and 1600 °C of pouring temperature. When the experimental findings were applied to mass
production process, the shrinkage in U-Bolt Plate UT005A40A was reduced from 13 percent to 2.28
percent. Consequently, the gross plant rework defect was successfully reduced from 15 percent to

10 percent.

Keywords: Steel Casting / Shrinkage Defect / Design of Experiment / FMEA
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(Power of the test) ZUAININNII 0.80 NANNIT (I—B ) = Power of the test

HAMIMIUNIARI81 Tdwadag1f 4.10

Power and Sample Size
Test for Two Proportions
Testing proportion 1 = proportion 2 (versus not =)
Calculating power for proportion 2 = 0.05
Alpha = 0.05 Sample
Proportion 1 Size Power

0.13 25  0.164684

0.13 50 0.285425

0.13 75 0401173

0.13 100 0.506764

0.13 125 0.599683

0.13 150 0.679224

0.13 200  0.800595

The sample size is for each group.
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Test and CI for Two Proportions

Sample X N Samplep

1 35 200 0.175000

2 30 200 0.150000

Difference =p (1) - p (2)

Estimate for difference: 0.025

95% CI for difference: (-0.0472633, 0.0972633)

Test for difference = 0 (vs not =0): Z = 0.68 P-Value = 0.498
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Test and CI for Two Proportions

Sample X N Samplep

1 37 200 0.185000

2 22 200 0.110000

Difference =p (1) - p (2)

Estimate for difference: 0.075

95% CI for difference: (0.00588868, 0.144111)

Test for difference = 0 (vs not=0): Z=2.13 P-Value =0.033
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Test and CI for Two Proportions
Sample X N Sample p
1 26 200 0.130000
2 30 200 0.150000

Difference =p (1) - p (2)
Estimate for difference: -0.02
95% CI for difference: (-0.0879800, 0.0479800)

Test for difference = 0 (vs not =0): Z =-0.58 P-Value = 0.564
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General Linear Model: #@ versus @#, y11a3au
Factor Type Levels Values

uUuAN  Fixed 2 1560, 1600
YIAgaY Fixed 2 i, Il

Analysis of Variance for W\, using Adjusted SS for Tests

Source DF SeqSS  AdjSS AdjMS F P
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Guumg’é'u 1 0.320 0.320 0.320 5.04 0.026
qmwgﬁ*wmgé’u 1 0.080 0.080 0.080 1.26 0.263
Error 196 12.440 12.440 0.063

Total 199 49.820

S=0.251931 R-Sq=75.03% R-Sq (adj) =74.65%
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Test and CI for Two Proportions

Sample X N Sample p
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2 4 150 0.026667

Difference =p (1) - p (2)

Estimate for difference: 0.113333

95% lower bound for difference: 0.0619543

Test for difference =0 (vs > 0): Z =3.63 P-Value =0.000
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4. Whvnegammdimnuanuge <12% <12%
5. ﬂ"mammﬁcﬁauLLé’amiqrﬂmmﬂ 33,517 38,606
[12/100%(1)]
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10| SwanamgenTnsmadiionyaliilg 5945 2950
udrwssathmne [(7)-(6)]
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3 vodldaunldos 23.73 5.91
4 Aniudomas 8.15 8.15
5 Ay 15 1.82 1.82
6 AMMBULHAUY D 6.16 6.16
7 A1ee lnalsenouau 0.14 0.14
8 Quieudinau 20.15 20.15
9 minanulasans 1.33 1.33
10 Rufeu 15y 19.67 19.67
11 GRETEUIREK 4.62 4.62
12 | mlih 40.0 38.9
13 sinlzah 0.49 0.49
14 MFDNTDYN 2.66 2.66
15 AFoUInT0I0INT 10 0.21 0.21
16 AFOUIATDUTYS 434 434
17 AMTUTO4 3.71 3.71
18 ATy 0.56 0.56
19 n3ouToy 0.98 0.98
20 mldnadiaman 0.77 0.77
21 A Insdmn 1.4 1.4

22 MUTUNITUL 35 3.5

23 MB5ITUHINTUIAG 0.28 0.28
24 ATeaans 3.43 3.43
25 ml¥aedeoon 6.3 6.3

118



26 milseiudenu 3.08 3.08
27 Apssuiendus 0.21 0.21
28 udionlszfuse 0.91 0.91
29 | midsnm 2.8 2.8
30 MOUTUTUUU 0.07 0.07
31 NOINURUNAUNL 1.26 1.26
32 | miduldyanarn o 6.72 6.72
five
33 Foiniaafionioald 1.05 1.05
34 f1 X-Ray 0.07 0.07
35 MANIFN 0.07 0.07
36 dudionl$umE 1.19 1.19
37 Amionson 3.43 3.43
38 VIANUIINDAT 2.52 2.52
wanulae
39 AN5ITOU ISO 0.28 0.28
40 AusainANEIAnY 0.14 0.14
41 mlgaelumaauna 3.5 3.5
42 | mInaa 0.49 0.49
43 MBAFIANNT V1Y 0.7 0.7
44 | MAIRARVIYY 0.28 0.28
45 AnTnAY 1.68 1.68
46 AMYUA 0.49 0.49
47 | mShymThau 3.57 3.57
48 ADNITETIE O/D 0.07 0.07
49 ADNITETY 0.42 0.42
50 ADNITETI0 IRP 1.61 1.61
3 117.23 98.31
51 vn/nlansu 16.75 14.04
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3 Chemical Composition
& Element #1 #2 #3
7 % C
8 % Si
9 % Mn
10 Yo P
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13 %% Cr
14 % Mo
15 % Cu
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M31eh 9.1 AT NUHUNTNATDINITNATOUNTIA

MAUMS Hinatay . MAUMSI Hineay .
K WD K NI
NAavY FUNY NAa0Y CITRNLY
1 15 Ty 41 3 nuuduA
2 15 HUFUA 42 15 HUFUR
3 4 Y 43 2 Y
4 20 uuduA 44 5 nuuduA
5 2 WY 45 9 uuduA
6 10 nbudua 46 3 vy
7 6 Tngy 47 13 HUFUR
8 3 MY 48 1 Yy
9 14 npuduA 49 12 Ty
10 16 Ty 50 10 IHNFUR
11 1 AHNFUR 51 14 Y
12 5 Y 52 6 EuFUA
13 16 uuduA 53 16 Y
14 12 HNFUR 54 2 HNFUR
15 3 nuuduA 55 7 HNFUR
16 4 9y 56 13 Ay
17 8 Y 57 9 Y
18 1 inBUFUS 58 4 inBUFUG
19 14 uuduA 59 11 uuduA
20 11 uuduA 60 19 vy
21 7 Ty 61 16 npuduA
22 17 nuuduA 62 17 by
23 19 9y 63 1 Ay
24 10 nBUFUS 64 9 inBUFUG
25 2 inbUFUS 65 5 inBUFUG
26 4 Y 66 8 Tl
27 13 Y 67 15 Y
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msei V.1 MINURNUNMITNAADININATOUNIIA (@"EJ)

MAuMs Hinatay . MAUMSI Hineay .
K Winaw K Winaw
NAADY T NAADY Fuau
28 8 nuuduA 68 7 HNFUR
29 6 nuuduA 69 20 by
30 20 Ty 70 13 HUTUA
31 12 HUTUA 71 12 Yy
32 17 Ty 72 17 IHNFUR
33 18 AHNFUR 73 10 Ty
34 9 Y 74 18 It
35 7 Y 75 11 Y
36 20 nbudua 76 14 Ay
37 18 Ty 77 19 nHUFUR
38 5 M9y 78 8 WAy
39 19 AHNFUR 79 6 Y
40 11 Y 80 18 Y
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Ms1ai v.2 GﬂiNﬂﬁf]’é)ﬂ!!,‘]J‘]Jf‘lﬁ“l/lﬂﬁf]ﬁiﬂﬂﬁl%jﬂillﬂiu Minitab LAZHANMINATDITEHIN

9 ~ (% 1 1 a 3’ < ~ [
VYUIMVDIFaU ARG Gl‘l"iiJ) uazqmwgﬂumimmmaﬂ N3z 1560

1Ay 1600 paryaied) NTal a99iadeuazandseal

StdOrder | RunOrder | PtType | Blocks | Qi | viazau | wa
92 1 1 1 1600 Tl 0
104 2 1 1 1600 Tl 0
28 3 1 1 1600 Tnaj 0
43 4 1 1 1600 (N 0
96 5 1 1 1600 Tl 0
182 6 1 1 1560 Tl 1
42 7 1 1 1560 Tl 1
29 8 1 1 1560 (N 1
145 9 1 1 1560 1N 1
103 10 1 1 1600 1N 0
196 11 1 1 1600 Tl 0
44 12 1 1 1600 Tl 0

6 13 1 1 1560 Tl 1
142 14 1 1 1560 Tl 1
33 15 1 1 1560 (N 1
117 16 1 1 1560 (N 1
67 17 1 1 1600 (N 0
27 18 1 1 1600 (N 1
70 19 1 1 1560 Tl 1
61 20 1 1 1560 1N 1
143 21 1 1 1600 (N 0
187 22 1 1 1600 (N 0
22 23 1 1 1560 Tl 0
48 24 1 1 1600 Tl 0
110 25 1 1 1560 Tl 0
152 26 1 1 1600 Tl 0
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M319h v.2 ﬁﬁNf‘ﬂif]@ﬂLL‘]J‘]Jf‘lﬁ“l/lﬂﬁﬂ\ﬂﬂﬂﬁl%jﬂiuﬂiﬂ Minitab (Gl"é))

StdOrder | RunOrder | PtType | Blocks | Quigil | ¥inazau | wa
133 27 1 1 1560 ik 1
129 28 1 1 1560 ik 1
183 29 1 1 1600 (M 0
189 30 1 1 1560 1 1
119 31 1 1 1600 1 0
171 32 1 1 1600 1N 0

12 33 1 1 1600 Tl 0
73 34 1 1 1560 ik 1
130 35 1 1 1560 T 1
132 36 1 1 1600 T 0
100 37 1 1 1600 T 0
191 38 1 1 1600 1 0
63 39 1 1 1600 (N 0
169 40 1 1 1560 1N 1
164 41 1 1 1600 Tl 0
98 42 1 1 1560 T 1
158 43 1 1 1560 T 1
55 44 1 1 1600 1 0
149 45 1 1 1560 i 1
168 46 1 1 1600 Tl 0
47 47 1 1 1600 (N 0
87 48 1 1 1600 1 0
121 49 1 1 1560 ik 1
18 50 1 1 1560 T 1
50 51 1 1 1560 T 1
157 52 1 1 1560 1 1
194 53 1 1 1560 Tl 0
45 54 1 1 1560 (N 1
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M319h v.2 ﬁﬁNf‘ﬂif]@ﬂLL‘]J‘]Jf‘lﬁ“l/lﬂﬁﬂ\ﬂﬂﬂﬁl%jﬂiuﬂiﬂ Minitab (Gl"é))

StdOrder | RunOrder | PtType | Blocks Qmﬁ{]ﬁ YU au wa
198 55 1 1 1560 Tl 1
35 56 1 1 1600 1 0
154 57 1 1 1560 Tl 1
16 58 1 1 1600 Tnai 0
136 59 1 1 1600 T 0
188 60 1 1 1600 Tl 0
39 61 1 1 1600 (N 0
74 62 1 1 1560 Tl 1

3 63 1 1 1600 i 0
147 64 1 1 1600 R 0
116 65 1 1 1600 T 0
135 66 1 1 1600 1 0

8 67 1 1 1600 T 0
83 68 1 1 1600 (N 0
185 69 1 1 1560 1N 1
195 70 1 1 1600 i 0

9 71 1 1 1560 R 1
118 72 1 1 1560 T 1
82 73 1 1 1560 T 1
71 74 1 1 1600 1 0
91 75 1 1 1600 (N 0
80 76 1 1 1600 Tl 0

7 77 1 1 1600 ik 1
11 78 1 1 1600 R 0
174 79 1 1 1560 T 1
165 80 1 1 1560 1 1
139 81 1 1 1600 1 0
81 82 1 1 1560 (N 1
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M319h v.2 ﬁﬁNf‘ﬂif]@ﬂLL‘]J‘]Jf‘lﬁ“l/lﬂﬁﬂ\ﬂﬂﬂﬁl%jﬂiuﬂiﬂ Minitab (Gl"é))

StdOrder | RunOrder | PtType | Blocks Qmﬁ{]ﬁ YU au wa
93 83 1 1 1560 1 1
75 84 1 1 1600 1 0
23 85 1 1 1600 1 0
94 86 1 1 1560 T 1
109 87 1 1 1560 1 1
84 88 1 1 1600 Tl 0
26 89 1 1 1560 Tl 1
175 90 1 1 1600 i 0

4 91 1 1 1600 Tl 0
144 92 1 1 1600 T 0
40 93 1 1 1600 Tnai 0
52 94 1 1 1600 T 0
172 95 1 1 1600 T 0
176 96 1 1 1600 Tl 0
193 97 1 1 1560 1N 1
127 98 1 1 1600 ik 0
95 99 1 1 1600 i 0
53 100 1 1 1560 ik 1
46 101 1 1 1560 T 1
179 102 1 1 1600 1 1
101 103 1 1 1560 1N 1
34 104 1 1 1560 Tl 1
79 105 1 1 1600 1 0
86 106 1 1 1560 Tl 1
41 107 1 1 1560 R 1

1 108 1 1 1560 (M 1
166 109 1 1 1560 T 1
24 110 1 1 1600 Tl 0
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M319h v.2 ﬁﬁNf‘ﬂif]@ﬂLL‘]J‘]Jf‘lﬁ“l/lﬂﬁﬂ\ﬂﬂﬂﬁl%jﬂiuﬂiﬂ Minitab (Gl"é))

StdOrder | RunOrder | PtType | Blocks Qmﬁ{]ﬁ YU au wa
60 111 1 1 1600 Tl 0
13 112 1 1 1560 R 1

200 113 1 1 1600 Tl 0
68 114 1 1 1600 T 0
31 115 1 1 1600 1 1
59 116 1 1 1600 (N 0
107 117 1 1 1600 1N 0
69 118 1 1 1560 ik 1
156 119 1 1 1600 Tl 0
106 120 1 1 1560 T 1
184 121 1 1 1600 T 0
124 122 1 1 1600 T 1
58 123 1 1 1560 T 1
54 124 1 1 1560 Tl 1
32 125 1 1 1600 Tl 0
89 126 1 1 1560 R 1
162 127 1 1 1560 T 1
150 128 1 1 1560 T 1
17 129 1 1 1560 1 1
180 130 1 1 1600 T 0
138 131 1 1 1560 Tl 1
78 132 1 1 1560 Tl 1
140 133 1 1 1600 Tl 0
123 134 1 1 1600 i 0
57 135 1 1 1560 R 1
155 136 1 1 1600 1 1
131 137 1 1 1600 1 0
141 138 1 1 1560 1N 1
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M319h v.2 ﬁﬁNf‘ﬂif]@ﬂLL‘]J‘]Jf‘lﬁ“l/lﬂﬁﬂ\ﬂﬂﬂﬁl%jﬂiuﬂiﬂ Minitab (Gl"é))

StdOrder | RunOrder | PtType | Blocks Qmﬁ{]ﬁ YU au wa
177 139 1 1 1560 ik 1
77 140 1 1 1560 R 0
38 141 1 1 1560 T 1
120 142 1 1 1600 Tl 0
125 143 1 1 1560 1 1
115 144 1 1 1600 1N 0
30 145 1 1 1560 Tl 1
102 146 1 1 1560 Tl 1
167 147 1 1 1600 ik 0
170 148 1 1 1560 T 1
146 149 1 1 1560 T 1
128 150 1 1 1600 T 0
65 151 1 1 1560 1 1
114 152 1 1 1560 Tl 1
20 153 1 1 1600 Tl 0
178 154 1 1 1560 Tl 1
49 155 1 1 1560 ik 1
64 156 1 1 1600 T 0
134 157 1 1 1560 T 1
197 158 1 1 1560 1 1
14 159 1 1 1560 Tl 1
21 160 1 1 1560 (N 1
186 161 1 1 1560 Tl 1
151 162 1 1 1600 ik 0
199 163 1 1 1600 (M 0
76 164 1 1 1600 T 0
15 165 1 1 1600 1 1
160 166 1 1 1600 Tl 0
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M319h v.2 ﬁﬁNf‘ﬂif]@ﬂLL‘]J‘]Jf‘lﬁ“l/lﬂﬁﬂ\ﬂﬂﬂﬁl%jﬂiuﬂiﬂ Minitab (Gl"é))

StdOrder | RunOrder | PtType | Blocks Qmﬁ{]ﬁ YU au wa
108 167 1 1 1600 Tnai 0
19 168 1 1 1600 R 1
161 169 1 1 1560 R 1
10 170 1 1 1560 T 1
190 171 1 1 1560 T 1
181 172 1 1 1560 1N 1
192 173 1 1 1600 Tl 0
25 174 1 1 1560 ik 1
85 175 1 1 1560 1 1
112 176 1 1 1600 T 0
2 177 1 1 1560 i 1
126 178 1 1 1560 T 1
153 179 1 1 1560 1 1
111 180 1 1 1600 i 0
36 181 1 1 1600 Tl 0
173 182 1 1 1560 ik 1
159 183 1 1 1600 i 0
137 184 1 1 1560 R 1
66 185 1 1 1560 T 1
90 186 1 1 1560 T 1
97 187 1 1 1560 (N 1
122 188 1 1 1560 Tl 1
148 189 1 1 1600 Tl 1
163 190 1 1 1600 i 0
88 191 1 1 1600 T 0
113 192 1 1 1560 1 1
51 193 1 1 1600 1 1
37 194 1 1 1560 (N 1
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M319h v.2 ﬁﬁNf‘ﬂif]@ﬂLL‘]J‘]Jf‘lﬁ“l/lﬂﬁﬂ\ﬂﬂﬂﬁl%jﬂiuﬂiﬂ Minitab (Gl"é))

StdOrder | RunOrder | PtType | Blocks qamgﬁ VUG au | wa
56 195 1 1 1600 Tnai 0
99 196 1 1 1600 1 0

5 197 1 1 1560 R 1

62 198 1 1 1560 T 1
72 199 1 1 1600 T 0
105 200 1 1 1560 1N 1

WeIve Ha Aedlsnouaues

= Qy d‘d (%
1 M9 FUNUNY TNTIHAa2

=2 Qa’ A = v A A v A A 1 1 (g
0 Uy 51)'11\111!‘1/1llllllIWi\1Wﬂﬂ?ﬂi@ﬂﬁﬂﬂmxﬂuﬂklui%TWiﬁ‘Hﬂﬁl’)
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v Y
5197 4.3 M3AAMUHAYDYAVEITUIIY U-Bolt Plate UTO05A40A Tudounsod Tnsaviaga

Tundou/il ngueloni vinanii NUIUVDITE P
18/12/2549 1 400 8 0.02
19/12/2549 2 400 7 0.018
20/12/2549 3 400 12 0.03
21/12/2549 4 400 11 0.028
22/12/2549 5 400 10 0.025
23/12/2549 6 400 9 0.023
25/12/2549 7 400 8 0.02
26/12/2549 8 400 9 0.023
27/12/2549 9 400 6 0.015
3/1/2550 10 400 10 0.025
4/1/2550 11 400 9 0.023
5/1/2550 12 400 9 0.023
6/1/2550 13 400 8 0.02
8/1/2550 14 400 7 0.018
9/1/2550 15 400 7 0.018
10/1/2550 16 400 9 0.023
11/1/2550 17 400 12 0.03
12/1/2550 18 400 11 0.028
13/1/2550 19 400 12 0.03
15/1/2550 20 400 10 0.025
16/1/2550 21 400 9 0.023
17/1/2550 22 400 8 0.02
18/1/2550 23 400 9 0.023
19/1/2550 24 400 9 0.023
20/1/2550 25 400 9 0.023
33U 10,000 228 0.0228
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