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Optimum Design of A Drum-Typed Washing Machine Suspension System

Sang-Tae Cha

Department of Mechatronics Engineering, The Graduate School
Pukyong National University

Abstract

Most washing” machines are now produced as. a drum-type, where a
washing drum, mounted on a susSpension 'System with springs and dampers, to
minimize the/transmittance of the vibration from the drum, to the cabinet.

The purpose of this paper is to develop' optimized suspension system of the
drum washing machine which minimizes transmission of disturbing vibration
and force. In this paper, a method for optimizing suspension system of the
drum washing machine is presented using ADAMS. The design variables to
optimize are extracted- using Sequential Quadratic Programming(SQP) in
ADAMS.

To evaluate optimized spring constants ‘and damping coefficients of the
drum washing machine, simulation was done to compare the vibration
attenuation performances before and after the optimization. The results of
simulation show that tthe optimized suspension system has better performance

than before the optimization.
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Fig. 3.7 =2 AE7]9] sy md

Table 3.2 S8 A|E7] 2dlo) A &%

Number of coordinates 48
Number of bodies 8
Number of constraints -36
Cylindrical joint 2 x (-4) = -8
Revolute joint 1 x (-5) = -5
Fixed joint 1 x (-6) = -6
Hook joint 4 x (-4) = -16
Driver constraint -1
DOF 48 - 36 = 12
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Table 3.3 =R AE7]2] A<

Name Weight(kg) Size(mm)
Flange .
Diameter : 500
shaft 10 ]
Height : 430
& Drum
Tub 24 Diameter : 570
& Motor Height : 500
Length : 610
Cabinet 49 Width : 700
Height + 940

Passive Damper:
Cylinder : 0.25

) Rod : 0.15
Cylinder & ~
Rod
MR Damper:
Cylinder : 0.3
Rod : 0.7
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Table 34 &A7}A]ZE o)y AT ) AF=p

Number Spring const. (N/mm)
@ 2.121
@ 4.203
@ : 0Oil damper 8.26
@ : Friction damper 8.09
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Table 3.5 AF3&Fef 74|
MODE | UNDAMPRED "NATURAL DAMPING
REAL IMAGINARY

NO. FREQUENCY (Hz) RATIO

1 1.375 0.1874221 =2.577816E-001 | £1.351033
2 1.933 0.03875556 | =7.491948E-002 | £1.931676
3 2.500 0.08666847 | -2.167047E-001 | £2.490979
4 4.013 0.7551396 -3.030659 +2.631025
5 4.247 0.09418228 | -4.000543E-001 | £4.228779
6 4.702 0.03670952 | -1.726254E-001 | £4.699301
7 4.757 0.6525742 -3.104762 +3.605038
8 8.838 0.249514 -2.205304 +8.558849
9 9.029 0.241504 -2.180757 +4.199152
10 10.002 0.09438664 | -9.441348E-001 | £8.762588
11 14.547 0.09121388 | -1.326956 +14.48710
12 15.003 0.07218797 | -1.083052 +14.96408
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Minimize F—i\/ L f T[f ()]t (5.3)
v/ = - ; .
i=1 T 0 '

Subject to 3 < k; < 12 (N/mm), i=1,2
0.02<¢ <02 (Ns/mm),i=1,2

5.2.2 E{E2| He| X3}

O

AE7le) A 9 AelA Fa Tk F shte AR §3o &
Fholth. el F7be =3 HEe A7E S/MAIE, HdAES &
stol uwel A7) WAl BUVLEE wole BHE e gin|ulAlo]le] F3HS

& A

& a7 duh el wek HEsgfuul Y] FEE QY 25 F

& AAsAT A "HE Y 5 HAE HAihgsle Aew HF
Eigsi=
Minimize D= max(X(t)) (5.4)

Subject to 0.8 < k., k" < 2.5 (N.m/deg)
0.02 < c,¢" <0.07 (Nm.s/deg)
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Objeclive functioon (mm)

18.0

15.0 4

14.0 -

13.0 1

12.0 1

1.0

100

Table 5.1 AA|HAF2] s} (22X F-H)

- Ob'ectiveﬂ"-ﬂ \Left nghjj
er. N Kl
m)

k2 / c2
. (N.s/mm) | -QNV/fam) | (N.s/mm)

136.65 10.000 0.10000 10.000 0.10000

110.37 6.9052 0.15045 10.682 0.13922

97.306 3.9452 0.18801 8.3718 0.17163

91.254 3.5971 0.19609 5.2502 0.18424

80.544 3.0000 0.16828 3.0000 0.17626

66.424 3.7753 0.11233 3.0000 0.11554

54.092 3.7834 0.049790 3.0000 0.050826

53.364 3.0000 0.020000 3.0000 0.020000

51.885 3.3383 0.042456 3.0000 0.020000

|| N L0kl WwWw|INd|+~|O

51.867 3.2058 0.043726 3.0000 0.020000

51.844 3.2558 0.041377 3.0000 0.020000

—
—
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Table 5.2 AAHG2] Wl (F4)

o Lower bushing Upper bushing

Iter. Objective : l , .

(mm) k. c; k. c.

(Nm/deg) | (Nms/deg) | (Nm/deg) | (Nms/deg)

0 15.39 2.4435 0.0438 2.0544 0.0228
1 13.75 1.5307 0.0623 2.0804 0.0245
2 11.83 1.0574 0.0700 1.9424 0.0277
3 10.21 1.0574 0.0700 0.8337 0.0337
4 10.21 1.0574 0.0700 0.8337 0.0337
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Table 5.3 HAAA A9 #aHlE XH d2=)
Measure Initial rms Optimal rms Reduced rate
point (N) (N) (%)
Left Front 27.6328 13.8254 50
Left Back 31.9781 14.0195 56
Right Front | 23.4542 11.4125 -} 51
Right Back 26.4487 25867 52

Table 5.4 HAHA A5 Zdanls (HES x5 W9)

Measure Initial Disp. Optimal Disp. Reduced rate
point (mm) (mm) (%)
Tub 15.39 10.21 34
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