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Design Alterations of a Machine Structure for
the Improved Washing Quality
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ABSTRACT

Automotive industry requires high technologies to stabilize apparatuses for the EGR valve manufacturing. Vibrations

of washing machine are one of the most critical factors for causing unwashed products, which are the main reasons of the

defects.In this study, the structure of the washing machine was analyzed through the experiment and the computer

simulation to investigate the main reasons of the vibrations, and further to alter the design for the improved stability. And

the design alterations were applied to the machine to identify the effects of those alterations.The result of the study shows

that design alterations of the washing machine can effectively suppress about 85% of the vibrations, and further can

minimize the unwashed EGR valve.

Key Words : Washing machine, EGR valve, Design alteration of the Supporting Structure, Vibration suppression,

Stability improvement
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Fig. 1. The structure of an EGR washing machine.
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Fig. 2. The setup for the frequency response test.
Table 1. Spec. of the test equipments
Spec equipment Model Company
FFT. analyzer Net dB PRO-WA AREVA
Accelerometer 8634b5 Kistler
Impact hammer DYTR PULSE Dytran
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Fig. 5. Transfer functions of the machine (Imaginary part).
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Table 2. Natural frequencies of the original structure from
the experiment

Mode | Natural frequencies(Hz) Mode descriptions
Ist 18.75 Bending along X direction
2nd 2230 Bending along Y direction
3rd 28.10 Torsion Z axis
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2.3 Computer simulation
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Fig. 8. Mode shapes of the machine(computer simulation).
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Table 3. Comparison of the natural frequencies from
experiment and computer simulation
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Table 4. Natural frequency of the original model and

analysis Excitation (.Jompu.ter Error

Number simulation
Natural Ist 18.75 1851 13%
frequencies 2nd 22.30 22.02 1.3%
(Hz) 3rd 28.10 27.26 3.0%
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alteration #1
W Natural frequency[Hz] Comparison
ode — . o
Original Alteration #1 [%]
Ist 18.51 19.79 69 1T
2nd 22.02 2221 08 T
3rd 27.26 27.54 1.0 7
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Fig. 10. Design alteration #2.
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Table 5. Natural frequency of the original model and

Table 7. Natural frequency of the original model and

alteration #2 alteration #1~#3
Natural frequency[Hz i Natural frequency[Hz i
Mode q y[Hz] Comganson Mode i q y[H .] Comg)anson
Original Alteration #2 [%] Original Alteration #3 [%0]
1st 18.51 29.62 600 T Ist 18.51 32.74 769 T
2nd 22.02 30.98 407 T 2nd 22.02 42.40 926 T
3rd 27.26 40.01 468 T 3rd 27.26 58.86 1159 7
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Fig. 11. Design alteration #3.

Table 6. Natural frequency of the original model and
alteration #3
Natural frequency[Hz] Comparison

Mode - - )

Alteration #2 Alteration #3 [%]
Ist 29.62 32.74 105 7
2nd 30.98 42.40 369 T
3rd 40.01 58.86 471 7
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Table 8. Magnitude of vibrations of the original model and
final model

Magnitude of vibrations [um] Comparison
Range[Hz] o
Original Alteration #3 (7]
29~32 0.148 0.022 851 T
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