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ABSTRACT

This thesis presents the numerical simulation of the spinning mode vibration of a
pulsator-type washing machine. The spinning mode was found to be the highest among all
vibration modes. Vibration behavior, natural frequency and vibration mode were calculated
by numerical simulations and compared with the experimental results. It was found from
simulations and experiments that the RMS values of accelerations in the X and Z axes were
much larger than one in the Y axe. Therefore, only the accelerations in the XZ plane are

considered in this research study. The simulation results were found to be + 2 949 accurate.

The factors that affect vibration found in this study are the masses of liquid balancer, basket
and tub. However increasing these masses is impaossible to apply in manufacturing because it
would lead to a higher production cost. Therefore, a balancing mass is proposed to be
attached at the bottom plate of the tub. From the simulations, adding a 3 kg balancing mass
yielded 8.086% reduction of the average acceleration in the XZ plane. Lastly, the balancing
mass, balancing mass position, spring stiffness and damper coefficient of the suspension
system were optimized by exhaustive search principle in order to reduce the vibration. The
results of the parameter values from optimization are as follow: 5 kg of balancing mass, 0
degree of balancing mass position, 1] N/mm of spring stiffness and 0.1 N-s/mm of damper
coefficient. The average acceleration in the XZ plane was reduced by 12.81% after the

optimization.
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S2(0) —k3xy =y (xp = x1) = (% = %)) = mp Xy (26)
Yaun1sn (25) uae (26) mﬁmgﬂaumﬂwﬁlﬁﬁ’aﬁ
mX) + (0 +¢p)x —coxg +(ky +ka)x —koxp = £1() 27
nay
My = coiy +eaxy —kyxy +(ky +k3)x7 = fo () (28)
Yaunsi (27) uag (28) udeuagluglumingazla
2 S TN AT
0 my [ % - J|% —ky  ky+k3|x] 200
29

° ‘ i pn v a ol a o a ' a [
aumsi (29) wdeuluglaunsiluvesssuudinaiiissauaudassviniuae s

d d. =
aunsh (30) Fazegluzvaming

M5 +Cx+ Kx =1(¢) (30)
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WoAn M, C uar K Aum3nguadna smviuiauazanudavesauSaenudinu Tnailanea

dUn1e

0
M= {ml ] (31)
0 mp
+ —_—
c =|:Cl (%] 62:| (32)
—€2 2
k+k —k
e L 2 (33)
—k2 kz + k3

3.4 AMUDSIIUYIAWAS Mode shape

ANURETSUTRYBITSUULEINaNissAuA B ase i vaeslua 9 auns7(30) wnld

3/

Auszuuwuulidimevin Suibilaaunishugudal

Mi+Kx=0 (34)
Lfii']
o
X(1)= sin(et + @) (3%
A
LAY
.. 2| 4 | .
X()=-w [ }sm(wt +¢) (36)
A

Wraumsil (35) way (36) wnuadluaunisn (34) wldl
A 0
(K—sz){ I}:[ } (37)
Ay 0
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MNAUNTTN (37) JLWUIAN A, Ude 4, Wamnsawinfugudlafay
det( K - 0*M)=0 (38)

INANMSH (38) Luaums quadratic F9lva o Wulldosife o waz o, 3
mneauIlusyuudsnaniissauanudassiniuassiuagiinnudsTiugRassan Loy
ANANUDETSUALAALATNAIINNBITB U mode shape WaZANN15VOY mode shape @13150

at

mlosall

p| 420 s (39)
‘14|70 ol

Pl P12
P=(K-ofM)= s Tk, 2 (40)
P21 P22,

Wannsi (39) asluwnuluaunisd (40) duagldimaaunas
iy +2,iAi =0 (41)
Po1idL; +paidy =0 (42)

ANAUNSA (41) wae (42) duliaursamasaulfiwsiznaun)suuiliie mi
aumsuallduusiilinauafsaesh deduidamnuadnadmsenin 4; wes 4;

o

&
NU

Ay P @)
A Pl
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warliviimsfundn 4;v3e 4y ; el lagduannasimuee 4 ;= 1
AT A

P11
Ay =——L (44)

’ I4bX;

PFinamundwhlilanaeai1a9 mode shape 1AUA @ WNAUAIINSITUTE @),

Faaun1si (31)

N
v\ T =1,2 (45)
l 3

3.5 HANITAAUAUDILUULESYDITZUULBINANLSLAUAUD ASLYINNUFD LU
laifinnuag
Hasrnssuudanaiisesuaudassminfuaesuuliiismmisniudwilkauns

Aniasisueamaas U saal

M5+ Kx=0 (46)

X (1) =eq Vq sin{oyt + @) + ap Vo sin{ant +¢) 47

INEUNNTT (45) V1 uae Vy AaiAmeijuuuuguilodlneaiaasiiastusgiunud
= [ ( 1 « 1 ¥ cg!( 1oy
SITUUR @ UAE wp MUY AR a1, ap, ¢ wae ¢ iurnanilagduagiuan1iznis

SuAuYBININTEeR X (0) LazAusl X (0)

'
<=

Ranesudy £ = 0 elan1snsednnamSudumal

q

X(0) =0 Vysingy + a V;singy (48)
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o singy
X(0)=0 _ (49)
ay singy
dlo @ WHunwdndawn 2 x 2 fail
Q=[V1 V2] (50)
fanmuiiudu r = 0 sgldimmiivlgeEusudsil
X (0) =a1 Vq @ cosdy + an Vo o sing, (51)
wisannsnleuluguuvsndlefatl
} wo sin gy
X(0)= Q{ : } (32)
ana) sin gy

3.6 NANISADUAUDIHUUUIAUYDITZUULTINANLSZAUAIUDASLUNINUFD WU

Tiigia 9018 TR RSINBUBNNUINTSNIIUANEE sinusoidal
MnsruUdenaniiseruanudasevinfuas syl eliussnauaniiun

nsevinludnuae sinusoidal Hudvinlaun1sAnWessuTEaRefwUseall

M+ Kx=1(t) (53)

wioanunsadeuluguuvEngla

M[%1J+K[xl}:{fw}inwt ' (54)
Xy x| | /f20
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{xl(t):lz[Al}sinwt (55)
X7 (t) A2

1Euns9 (55) wnuaslu (54) aglansaunisasil

4| | A
o3l :
(K-w )LZ o (56)

3.7 NISAUANIURUUIETVBI5ZUULEINANTTEAUAMNUDESLVINAUAB UL -

AMU97 1L 599INANYUDNUINTEHN
nsEULEInaTsisesuaLdasEintuasu Uiy iliiusanaeLenunseyh

2
a

Yuvlaun1saninesisulisadonuU a9l
Mi+ Ci+ Kx=0 (57)

Wlo M, C way K Anuvisnguedana duuszansanuviauasaiavesdumnyuaisu
Tnefian1en1si5usunsnsean x(0) wazriiuns? 2(0) WiwhAugud uaganaunITves

Boyce 4a¥ DriPima Wouluglmmingazla

4 |
X() = 58
Q) Az} (58)
haumsi (58) wnuasluaunnsi (57) ale
2 41 10
(Ms“ +Cs+ K) = (59)
A 0

Felurmasiluuuduat (Ms? +Cs + K) JavilFviiueud

det(Ms® +Cs + K) =0 (60)
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NaUNSA (61) Huanursowdseanlimdudn 2 nsdl Tne

NG 1C=0

o/

NN s=1jo Wundlugunisn(el)dsazlaaunislwiaail

det(-Ma? + K)=0 (61)
n3aif 2 C %0
AUNRAK
y1 = x(t) uaz y, = X(t) (62)
ey
Y1 =Y (63)

NAUNTT (62) wae (63) uvuasluaunisf (57) agld
v,=%= MK x()-MCx@)
= M ky,)-M7'Cy, 0 (64)

INAUNTTA (64) WuaTaangUaNnsvioles

V)=Ry() (65)
o
At (t)
y(t) = [m) (66)

bhEIE

o ed
R-= (67)
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wiaduddaunld Fvhmauluguuuuinnuidoursludnune conjugate Ataung
—ot jo=—-to, tal-E) (68)

e £ wag o, AoAdRTE@UAIIDMarANnssINRLUUlEifne detiy

= NG + 0’ (69)

bhEis

N7 -0

3.8 WANISABUELDIIUENIILAINVIITSUUINANLTEAUAINUBATSIVNNUEDY

LUUNAMU AL SINTENIRINAEUANLUY sinusoidal

naumsi (16) JUaunsiluvesssuudinailissauanudassiitivaesiidus

L

N2V INAUDNLUY sinusoidal ewandlanatl

M5 +Cx+ Kx =£(1) (71)
Taed
N1@)
()= 72
() {fz(t)} (72)

]
o a o

AW waz f(0) gnivuabituusanssyihiiddnuae sinusoidal Feanusadisuly

. <4 . e
E‘LJ sine %138 cosine lAGI@UNNS

fi = Fisin(or +y;) W8 f = Fsin(er +y7) (73)

fi= [:‘1 cos(mt +y1) WA fH = 13'2 cos{@t +y3) (74)
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IneAmanavauesaiIalisuaanuTlugUveleidy sine 38 cosine lonaunts
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X1
X3

}:[(K—sz)Jr jCa)Tl{

|
|

x1(2)
x(2)

x1(1)
xp(t)

|
|

{ A sin(wt+¢l)}

Ay sin(ot + ¢y )

| Arcos(at +¢)
| Ay cos(wt +¢,)

A =[X]
A =X
h = £X
$ = LX)
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Ceramic Shear TEDS Accelerometer, 10 g
Specifications Type B772A10T
Model (Single axis or triaxial) Single axis linear
Range g +10
Sensitivity mvig 500
Frequency Range Hz 1..5000
Resaolution, Threshold mgrms 05
Temp. coef, of sensitivity %rCc -01
Transverse Sensitivity % <5
» Downloads Non linearity %FSO 1
Shock 0.2ms g 7000
half sine
Operating temperature range * 0..65
Supply mA 2..20
Voltage v 20..30
Housing/Base fype Hard anodized
P e e Aluminium
Sealing N epoxy
Groundisolation \\1[// /7 N Yes
Mass ) g W .
Connector e s e . 10-32 neg.
PiezoSmart (TEDS) . Py N
Diamefer _Np-R).= e mm TR
Height SU7IRR\N _mm 127
Mounting waxadhesive
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ATARUIN .

A1SATUINIAIAINULILRAE TULUILAUAIL)

o 1 1 -:I ] a4
1. nmMsAumamauseaigluwInueagannsia
A aade RMS luwwiuwny X, Y uay Z fisussdnsqlugasanuidasounsiivi

AN ULRANNAT TN TIANAIRIS 19N .1

AUSaE RMS A7NISARE RMS AIULIRRY RMS
Tuwuunu X Tuwuwnu Y Tuwuiunu z
LU 35¢g 1.7g 25¢
LL 43¢g 28¢g 245¢g
RU 345¢ 13 ¢ 43¢
RL 4.6¢g l4g 59g
FU 45¢ 18¢g 45¢g
FL 45¢g 08¢g 45¢g
BU 39¢ 09g 35g
BL 4g 06¢g 44¢

< ] a o e "o 1 P
A5199 B.1 Asuady RMS luuny X, Y uag Z VW]’]LL’WUW]’N‘]'Lu"li’Nﬂ’J’]ﬁ.lL%’Ji’e]UﬂGVW]

an1zduknagInnisie

LU, +LL +RU,+RL, +FU,+FL,+BU, +BL,
8

_35+43+345+4.6+45+45+3.9+4
8

AARasluLILNg X (deeg) =

= 4.09375 ¢



77

LUy+LLy +RUy +RLy+FUy +FLy+BUy +BLy
3

1.7+2.8413+1.4+1.8+0.8+0.9+0.6
8

Arusaadsluwuiau Y ( Accy)

1.1875 g

il

LU, +LL, +RU, +RL, +FU, +FL,+BU, +BL,
8

_25+245+43+59+45+45+35+4.4
8

AAMusLadtluLILNY Z (Accs )

1t

4.00625 ¢
Wesnarannusandsluwiwny Y tuildidasninaiaindisuadsluwuinny X way Z
ADUTNLNA AINUATALIS LB TRLATDRAS asdnEdeltinATr s sl uLuILNL Y 10

FITAUN FIAIANULIURRLVDAATDUATDITNAN M LA I N5 T19804

ANANULSURTEUDAATDITAN \/(Accg)2 +(dees )?

J(4.09375)2 +(4.00625)°

il

57279 g

o » 1 d ’ o (=) ot
2. mMsmuumAIAMsswadgluluIunung SANHNANTITINADIVIAIAY

AAusaady RMS Tuluiunu X, Y uay Z fisunussnaqlugaminuiiaseunsiin

oW =

ANTEUULAIINNANTIINBD TN VIZLAIRINIT19N V.2



AU LRAY RMS AN URAE RMS AMseLRly RMS
Tunuaunu X Tusuaunu Y Tuwuunu
LU 325¢g 05g 26¢g
LL 48¢g 04g 4.15g
RU 325¢g 13¢g 46¢g
RL 4.7¢g l4g 59¢g
FU 34¢g 09¢g 35¢
FL 485¢ lg 52¢g
BU 35¢g l.lg 35¢g
BL 49¢ lg 46 g
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A15199 2.2 ANUISUedY RMS Tudwiuny XY uae Z Vlﬁ]'lLL“VTUQWN'LU“U’Nﬂ'J']EJL%’JiEJ'UﬂJ‘VWI

AN UURIAIIINHANISIIABLTIR LAY

LU+ LL, +RU,+RL, +FU, +FL, +BU, + BL,
8

325+48+3.25+47+3.4+4.85+3.5+4.9
8

AAdisuadsluLuILng X (decs) =

= 4.081025 ¢

LUy +LLy +RUy +RLy +FUy +FLy +BUy +BLy

ANAALSLRA I ULWILNY Y (decy) = .

_05+04+1.3+1.4+0.9+1+1.1+1
. 8

=09 g
LU, +LL, +RU, +RL, + FU,+FL, +BU, +BL,
8

26+4.15+4.6+59+35+52+3.5+4.6
8

AR ARATUNALNY Z (4ccs )

425625 g
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Wasanamusaeasluwuinny Y suiirtdseninaiannusaiedsluwuiwny X was Z
ABUTIINNN AAITUAAMLSLRRLYaRAToLAS ot nEnT A AN RadsluluILAL Y W0

AU FIAANNLTURAVDAATDUATRIYNEN TN PRIAUN1STNIE

ANAIULSALALUD A3 DITAR

\/(ACCE)z + (Acc;)2

\/(4.081025)2 +(4.25625)*

5.8966 ¢
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‘ LA SR b

Spinning + A7
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Pulsator # A .~ Suspension

| };«- Motor
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c=[xav/[ar @
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Ry =(1=g)R% —4R? )

i} thi ' ()
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vaslundarfiauiumuvus S(e) wuuiBeaululafsaunisy (9)
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ey X, Aonring198avealan (global reference) x, , x, k¥ x; AD NARENBIVDINTULY
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v

LALABS X A LIALMDITDINISASLIN IULLALAUT BUAUNTPDBmdlan 1IAWDS ¢ 7o
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XA kn‘cn
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global reference frame

XE/
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JUN A4 wuuhasamsindeunvesniestndiuwuuluie (3]
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