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Internal Defect Minimization of Die Cast Impeller Blade
Using Taguchi’s Design of Experiment
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Abstract

A die cast impeller blade has been developed in the effort on cost reduction in marine equipment industry. The purpose

of this work is to optimize the die casting process using Taguchi’s design of experiment for minimizing the internal defect

of the die cast impeller blade. The experiments were preformed using the numerical simulation based on the L

orthogonal array. As a results, the internal defect size of the die cast impeller blade for optimal design was controlled less

than 1mm.
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Fig. 1 Example of (a) an axial flow pan and (b) an

impeller blade
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Table 1 Definition of control factors
Control factor | Unit Geometry
A Overflow -
Thickness of
B mm
Gate 1 (G1)
Thickness of
C mm
Gate 2 (G2)
Thickness of
D mm
Gate 3 (G3)
Width of
E mm
Gate 1 (G1)
Flow rate in .
F . I/min
cooling channel
Off time in
G . sec
cooling channel
H| Pressure time | sec
Table 2 Levels of control factors
trol
Contro Level 1 Level 2 Level 3
factor
A (0] X -
B 1.5 3.0 4.5
C 0.0 1.5 3.0
D 1.5 3.0 4.5
E 30 32 34
F 0.3 0.6 1.0
G 0 35 70
H (5)+1 (5)+6 (5)+11
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Fig. 2 The domain defined for the output response
function

tol= ol o] Uiy A3 H23)

Table 3 Experimental plan using L3 orthogonal array

NO| A | B C D E F G | H
1 o [ 15] 0 | 15|30 (03] 0 1
2 o | 15]15] 3 32 | 06 | 35 6
3 o | 15| 3 |45|34 10| 70 | 11
4 0 0 | 15]32 06| 70 | 11
5 0 3 15| 3 34 |10] O 1
6 0 45|30 | 03 | 35 6
7 o |[45] 0 3 30 | 1.0 | 35 | 11
8 o |45|15|45|32]03] 70 1
9 o [45| 3 | 15|34 (06| 0 6
10 x |15 0 [45] 34|06 | 35 1
11 x |15 1515301070 | 6
12 x | 15] 3 3 32 103 1] 0 11
13 X 3 0 3 34 103 | 70 | 6
14 X 3 | 1545|130 (06| 0 11
15 X 15132 10| 0 11
16 x 45| 0 | 45] 32|10 35 1
17 x |45 | 15| 15]34 |03 35| 11
18 x |45 3 3 30 | 0.6 | 70 1
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Table 4 Results of L5 orthogonal matrix
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15C 20C 30C SN
NO Air Retained Air Retained Air Retained ratio Mea;l
entrapment melt entrapment melt entrapment melt (dB) (mm”)
(mm’) (mm’) (mm’) (mm’) (mm’) (mm’)
1 1353.9 59960.1 1353.9 59918.1 1353.9 59960.1 -89.73 30650.0
2 3606.7 59341.1 3606.7 59395.2 3606.7 59343.7 -89.96 31483.3
3 8007.9 61259.6 8007.9 61259.6 8007.9 61259.6 -90.79 34633.7
4 5762.4 58623.3 5762.4 58620.2 5762.4 58750.0 -90.16 32213.5
5 4789.2 64828.5 4789.2 64828.5 4789.2 64828.5 -90.83 34808.8
6 9338.5 60863.2 9338.5 60863.2 9338.5 60868.7 -90.91 35101.8
7 263.4 61658.9 263.4 60982.8 263.4 62132.7 -89.81 30927.5
8 3159.4 63019.7 3159.4 63019.7 3159.4 63019.7 -90.39 33089.6
9 211.2 66104.8 211.2 66099.6 211.2 66122.5 -90.41 33160.1
10 360.4 56871.3 360.4 56871.3 360.4 56871.3 -89.13 28615.8
11 298.5 51433.1 298.5 51441.2 298.5 51440.0 -88.26 25868.3
12 6038.7 56932.2 6038.7 56903.2 6038.7 56903.2 -89.96 31475.8
13 584.6 52917.3 584.6 52637.5 584.6 52645.0 -88.52 26658.9
14 15837.0 54216.8 15837.0 54222.9 15837.0 54216.8 -90.89 35027.9
15 5024.7 52282.9 5024.7 52281.7 5024.7 52294.0 -89.14 28655.4
16 1019.9 54318.8 1019.9 54316.8 1019.9 54316.8 -88.84 27668.7
17 1890.7 53421.7 1890.7 53417.0 1890.7 53413.5 -88.84 27654.1
18 13730.9 54176.2 13730.9 54176.2 13730.9 55973.8 -90.70 34253.2
T - - - - - - -89.85 31319.2
-88.8
< 892 _ _ i
L 896 . . 2
RS . —u Ll S
5 900 ~ o . Lo
z 904+ * L
? 908+
A1A2 B1B2B3 C1C2C3 D1D2D3 E1E2E3 F1F2F3 G1G2G3 H1H2H3
(@)
35000
330004 = -
/ I/. u " n -
§ 31000 . ¥ o« .
= 29000{ " . .
27000

()

AI1AI2 I BI1BIZBI3 I CI1CIZCI3 I DI1DI2DI3 I EI1EIZEIB I FI1 FI2FI3 I GI1GIZG:3 I HI1HIZHI3

Fig. 3 Main effect plots of (a) S/N ratio and (b) mean value in response graph
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Table 5 Control factors for initial and optimum

design

Control Initial Optimum

Factor Level Value Level Value
A 1 (0] 2 X
B 1 1.5 1 1.5
C 2 1.5 1 0.0
D 1 1.5 1 1.5
E 3 34 2 32
F 1 0.3 3 1.0
G 1 0 2 35
H 1 (5)+1 2 (5)+6

Table 6 Confirmation analysis

Estimation Confirmation
SN Mean SN Mean
(dB) (dB)
Initial -89.9 31342.8 -89.9 31117.9

22205.7 -87.9 24894.9
Gain 2.6 - 2.0 -

3 FENESRE R ERDTRE IS
AR AuES 2Y AHE LA FHol g
KR

Moisir (S/N or Mean) = A1+ Bl1+C2+ D1
+E3+ F1+Gl1+ H1-7T (S/N or MEAN)

T optimum (S/N or Mean) = 42+ B1+Cl1+ D1 @

+E2+F3+ G2+ H2-7T (S/N or MEAN)
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Fig. 4 The air entrapment for (a) initial and (b)
optimal design
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Fig. 5 The amount of retained melt for (a) initial and
(b) optimal design

o2
“

=2
=
oy o B
02
ox
tlo
_I./
F—.>L "
2l
>~
>,
2
£
i)
")
P
N
>~
>,

2

=4 *} W féxﬂ@l R i

;L_tmﬁm
—_&4

=3 MN 2 o
Spop Nt

e oo

R TSP
(0 2 N

o}ﬂw

o_?i;\g

o 2

AL

o =2

)

5 2

w

2

SO

o

G

i

O o

o
9%
1
=
o

Ir

= A Age] BRI A S
¥ A%l 44 ol

2l S 4
<# Fig SOM ‘:*lﬂ gz =3 98
)] [e) ] Pz

NTEE
o
o &

ML 2D fo K N2 e o 2

ﬂ4w0i—awﬂ%% 2717} o
Imm ol3tz WAHYM, o=H Fx T4 AA
7t 4438 ool AeS HAT & Atk



Fig. 6 Layout of die set for optimal design

()

Fig. 7 The cross section of defect zone in die cast

impeller blade for (a) initial design and (c)
optimal design
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