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Analysis of Dynamic Characteristics and Improvement of Vibration
Table for Expendable Pattern Casting Process
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ABSTRACT

Vibration table is required to obtain high packing density in expendable patfern casting process.

Packing density, which is an important manufacture factor, depends on the vibration pattern induced

by vibration table. In general, circular vibration pattern is recognized as the best pattern. The existing

vibration table is investigated to identify current vibration pattern and consider a countermeasure.
Modal test is utilized to identify the dynamic characteristics of vibration table, and finite element

method is used to propose the improved design. In simulation using finite element method, the

position of stiffeners is obtained to satisfy the required dynamic characteristics.
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Vertical-horizontal vibration table (2 dimensional)

[
Vertieal-lmrimnltal (Concuarent)  Vertical-horizontal (Successive)

!
Vertical and horizontal

Vertical and horizontal
Motion Motion not synchronized
(Girde, elli]lﬁc, linear) {complex)
[ ]
Phase difference ¢ between No phase control between
vertical and horizontal vibrations  vertical and horizontal
controlled (Circle if ¢ = 90°) vibrations

Fig. 1 Classification of vibration table
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Fig. 2 Vibration table for EPC process
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Table 1 Vibration acceleration with change of
phase in the case of separated flask

{circle)
Phase () Yibration acce.leration (G).

X dir. Y dir. Z dir.

0 1.13 0.06 1.28

45 1.07 0.08 1.21

90 0.84 0.07 0.94

135 0.47 0.06 0.54

180 0.12 0.06 0.27
Lissajous Graph (Phase 0°)

5 ;

Vibration acceleration of Z axis
o

Vibration acceteration of X axis

(a) phase 0°

Lissajous Graph (Phase 180°)

Vibration acceleration of Z axis

55 5 5
Vibration acceleration of X axis
(b) phase 180°
Fig. 5 Vibration pattern with change of phase

in the case of separated flask (circle)
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of
acceleration in the case of filled flask
(linear)

Fig. 6 Measurement positions vibration

Table 2 Vibration acceleration with position in
the case of filled flask (linear)

Position Vibration acceleration (G) .

X dir. Y dir. Z dir.
1 0.13 0.08 1.04
2 0.20 0.18 0.89
3 0.19 0.16 0.84
4 0.23 0.16 1.05
5 0.17 013 0.83
6 0.12 - 1.01
7 0.22 - 1.02
8 0.12 0.09 1.03
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Table 3 Vibration acceleration with rotation

speed in the case of filled flask
(linear)
Speed (rpm) | Vibration acceleration in Z direction (G)
780 0.05
1560 0.16
2250 0.24
2850 1.04
3600 1.96

Table 4 Vibration acceleration with phase

difference
Phase (°) Vibration acceleration (G)
X dir. Y dir. Z dir.
0 047 0.01 0.26
%N 0.12 0.02 0.19
180 0.58 0.03 0.09
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Table 5 Comparison between FEM results and
experimental results

Mode 1 2 3 5 6
Modal analysis
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Table 6 Change of the natural frequency with
shapes of flask

Shape| ;| Quad | g | o

(present) Circle

Mode

Pnatural | op | o9 | g | 3 | 3
frequency(Hz)

120 ——tri —— quad (present)
i hex —o—oct
§ 100 ¢ circle
< &0 -
2
S 60
3
g 40
w
20

1st 2nd 3rd 4th 5th 6th
Mode

Fig. 10 Changes of the natural frequencies with
shapes of a flask
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Table 7 Change in the natural frequency with
sizes of a stiffener at lower part of
flask (h, mm)

Size(mm)
Mode 0 40 30 | 120 | 180

1% natural
frequency (Hz) 13 18 29 3 35

~ 150 —&— vertical —J— horizontal
I
3 100
c
@
=]
g 50
uw

0

1st 2nd 3rd 4th 5th 6th
Mode
Fig. 14 Changes in natural frequencies with

directions of stiffener
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Fig. 15 Positions of a stiffener in horizontal dir

Table 8 Change of the natural frequency with
case

Case
Mode 1 2 3 4 5

1% natural
frequency (Hz) 29 40 64 69 67

upper part lower part

Fig. 16 Mode shape of a flask
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Fig. 17 Changes in natural frequencies with
positions of stiffener (horizontal)
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Fig. 18 Changes in natural frequencies with
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Table 9 Change of the natural frequency with
multi-positions of stiffener

Case| 143 | 144 | 145 | 14345

1* natural
frequency (Hz) 64 8 % 106

upper part lower part

=% Stiffener

Fig. 19 Mode shape of stiffened flask

8 3239 1A IFAFF29 Ho)dl uig) %
TE 228 % 7t Y HAUL, A S 13 %
7} HAck £§ Fig. 199 REX¥AES B8] B
aAHe s d As st

2 AN 9% 24
21 A 2 A

et w7 23
& E399Y. o8 Edz i@i@%&% %R
A9 AAFEE A2 ek
e R
(1) HRY, 292, o)A, 199%, "2YYFE

Wl gt FFAABAF ML FFFZ IR, Al
18 9, A 4 3, pp. 325~333.

(2) A71Q, o4, Y73 2002, “¢Fuly ¥
AAREFE A9 £ FAA o 54 W
ST FEI A, A 22 4, Al 3, pp. 137~143.

(3) lkenaga, A, °)72%, ZA=Z, ZAw), 2001,
“FHIY AMEFYFRE AFHAA” FFFREIA,
Al 21 &, Al 2 ZF, pp. 104~110.

(4) lkenaga, A. Kuraoka, S., and Kawamoto,
M., 1998, “Performance of Rotary Vibration Table
for Compaction of Molding Sand,” Transactions of
the American Foundrymen's Society, Vol. 106, pp.
1~6.

(5) #d=, A8l 2001, "H "E Al2Ee] F
5 AW FASAFTHI=EH, A 11 W9 Al 8
%, pp. 331~337.

(6) AR, FAE, oA, SAA, AAH, 1996,
"HAE o83 dY AAY FREY FEREANY
o #g AR FFL2LINFFEHE =T, A 6 B,
A1 3, pp. 57~66.

=28/A 1448 A 335, 20049



