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Cabinet Design for Vibration Reduction of a Drum Type Washing Machine
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In the quest for improved capacity and accelerated dehydration speed of drum type washing
machines, an increase in vibration emerges as a major challenge. In an attempt to derive a new
design with reduced vibration, a full finite element model of washing machine has been
developed, with experimental verification. After modal analyses of several design variants, a new
design of the cabinet has been proposed. Forced vibration analysis of the new model suggests
that 19% reduction in cabinet vibration amplitude can be achieved with this design.
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Table 1 Material properties of cabinet assembly

Cabinet / Upper panel /
Lower panel / Bracket Base
Material Steel Polypropylene
E (Gpa) 192 1.4
1% 0.3 0.4
Density
(ton / mm®) 7.85E-09 9.00E-10

E: Young’s modulus, v : Poisson’s ratio

Table 2 Specifications of test equipments

Test Brand/

equipment Model Specification

Max frequency: 204 khz
Max input voltage:
+10V

8-ch FFT Siemens/
nalyzer | LMS CADAS

Sensitivity: 100 mV/g

Accelero- PCB/ Frequency range:

Meter 352C33 0.5 - 10 LHa

Force PCB/ .
hammer 086D20 Sensitivity: 0.2434 mV/N
Software Siemens/

Test lab ver.14

(a) 1st Mode (b) 2nd Mode
Fig. 3 Mode shapes of cabinet assembly

Fig. 4 Experimental setup
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(a) Sectional view

(b) Front view

Fig. 6 Tub assembly

ake wead me o4 A, 14 16
37.87 Hz, 23 70.61 Hz® ﬂo}ﬂg}u}
=AY Avel oA niES
o7} Hol a4 mue Aol

BE odige B8 ¥ HE, e =
d, 2He =5 dddhe xdelrjeh Fow
?Hﬂoi Utk =4 ¥ = a0yt F2

Fig. 6 EA13}3t}.

221 HE2
HEEs R Ay e AWy $Hes +4
Ha, SHolE wojg she-Ao] AjiETh BHE
AWy $He 4 44 A2E a4 (
Shell Element), Hlo]% 3}-9-4 &
2~ (4 Node Tetra Element) & %
o A7|E 5 mmE FLET. 72 B3 B4l
Table 39l A 2]} T}
R A A3, 12 i3
31, 2= 198.05 Hzol o). 14} &
o2 WyPEM, 23= HAE FdHI}
O

1.1



ok

t2 U385 x| X 33F XM 93 pp. 731-737

September 2016 / 734

Table 3 Material properties of tub

Tub, Front/ Bearing
Tub, Rear housing
Material Polypropylene | ALDC 6006
E (Gpa) 3.8 80.53
1% 0.41 0.3
Density (ton / mm”) 1.01E-09 2.76E-09

Table 4 Material properties of drum

Drum | Shaft Spider
Material Steel ALDC 6006
E (Gpa) 182.2 205 80.53
v 0.3 0.29 0.33
Density (ton / mm®) 7.85E-09 2.76E-09

(a) 1st mode

(b) 2nd mode
Fig. 7 Mode shapes of tub

(a) 1st mode

(b) 2nd mode
Fig. 8 Mode shapes of drum
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[Top View]

[Front View]

(b) 2nd Case

(e) 5th Case

(f) 6th Case
Fig. 10 Design variables of cabinet deformation

Natural frequency(Hz)

Fig. 11 Mode analysis of cabinet deformation

Table 5 Four cabinet design parameters in two levels

Dlrxw;&gz%; net Type of bead (B)
Al Outside B1 Linear
A2 Inside B2 Curved

Direction of bead (C) Depth of bead (D), mm
Cl Inside D1 2.0
C2 Outside D2 3.0
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O A A A —)

(a) Linear design (b) Curved design

Fig. 12 Bead shapes of cabinet

Table 6 Modal analysis results for L16(2*) orthogonal
array of the four design parameters in Table 5

Natural

Run A B ¢ b frequency (Hz)

1 1 1 1 1 42.09

2 2 1 1 1 37.13

3 1 2 1 1 43.25

4 2 2 1 1 38.33

5 1 1 2 1 41.45

6 2 1 2 1 38.71

7 1 2 2 1 42.29

8 2 2 2 1 40.30

9 1 1 1 2 43.33

10 2 1 1 2 39.74

11 1 2 1 2 45.35

12 2 2 1 2 39.52

13 1 1 2 2 42.27

14 2 1 2 2 38.81

15 1 2 2 2 43.51

16 2 2 2 2 40.85
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