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Abstract

This thesis presents a numerical simulation to study the motion of the top
loading machine on the spinning mode, which has the highest vibration in the
condition without mass and in terms of mass 1.2 kilogram. The vibration and natural
frequency are calculated by numerical simulation. The results of the mathematic
model will be compared with the results of the accelerometer to control the top
loading washing machine. Find the RMS accelerated in X axis and Z axis are greater
than Y axis. Therefore this thesis is determined only XZ-plane acceleration. Compare
the RMS acceleration in XZ-plane by the mathematic model and the RMS
acceleration in XZ-plane by the measurement. The result of this comparison in terms
of the mass difference is + 1.12% and in terms of mass 1.2 kg with a difference of +
6.38%, and the study of the numerical simulation, the factors affect to the
magnitude of the vibration to the washing machine are the balancing mass, mass of
the basket, mass of the tub, mass of the basket, coefficient of the spring arm
strength, coefficient of the damper arm strength and Mass of balancer case (
Exclude salt water ). So we study the effect of these parameter on acceleration in
the XZ-plane of the washing machine in the spinning mode and found that the
effect of coefficient of spring on acceleration in the XZ-plane of the washing machine
in the spinning mode is a little value. Lastly, the balancing mass, mass of the basket,
mass of the tub, mass of the basket, coefficient of the damper arm strength and
mass of balancer case ( Exclude salt water ) were optimized by exhaustive search
principle in order to reduce vibration. The results of the parameter values from

optimization are as follow: 2 kg of balancing mass, 1.95 kg of mass of the basket, 2.5



kg of mass of the tub, 1.2 N-s/mm of damper coefficient and 2.65 kg of mass of
balancer case ( Exclude salt water ).

The average acceleration in the XZ plane was reduce by 45.19% after the

optimization
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1 a 2 1 = = r.‘l al =) 1
LT'ILi"l’i]%ﬁ]ﬂLL?\i'i]']ﬂLLiQIUNﬂ?dLLﬂSLLi\?ﬁU"iQﬁﬂﬂ kA MAFNNITNIILARDUN VLLVADILA

HAAWSINLSINNSEYIdausa M madoufinuuny X winiiu

s

o & aly v J
LSINIMUAALDSIINYRLART]

AAAN
wn v et
{3.3)
aun1si 3.3 anansadenlslugy
. B —
X+ wpx=0
(3.4)

v A

uaziagUlahannsd 3.4 Juaunisenslufin aumseyiusdrduiiaes dameuialussil

X = Asinw,t + Bcosw,t

12



W A, B udnail mildaandndudiu x(0), v(0) auntsit 3.5 Saunu sulsidu

X = X—CEO—) sinw,t + x(0)cosw,t

n

o - %)
LaEAURSTIUANI AN

8|~

(3.7)

3.1.1 MsduaziauwuUTIAU

nsduauiiounuudsdunuldluamsimnssy dannifatiuanaiuliausaues
= ar =t ) v = b=y E‘t" L4 ! & { ] o
\wseddnsvyu fainsdutuveslulinasisfulosniinsdulssinmdu usnnsiau
virlansdunuvansluladudrdglunisiiondilelunmsaevauasienisdudsuaniueg

snvgfiansanluszAuanudassideanariinismdae gnasedulasussansluda

s

Fosinwt uwvuiiulugu 3.2 auniseyiusvesnisndeuiimldainnismusuising

9

ey

mX + cx + kx = Fysinwt

(3.8)
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Cc = 2MWy = Amnsmhsingn

C
{ = — = duusedndnisming
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k oK Wy

ANEITUSYRY WenNd9n, use, A1leaUse uazaLisTTuR
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F;_
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3.1.2 mnuliaunavasnismyu

1 A4 o a ) -
aliaunalueiesdnsmpidumvaraynfvesmsduayiieu 51finsunsyuviia
a a a v 4w & i = <
fnausslumniuazgnnsydulaeieiosinsmyuiufe anuliauna fudndlusuil 3.4 anny
Liaugagnuvushoina M ssosibasgud € Avyudonudaudaunad o 1% X ussey
msnsydnvesnailigy (M.m) 9ndumisengaatn, szezmansednvesna m fe

X + esinwt
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A 2 - 1
Ui 3.4 msnseduneniluiinlaennuldaunavosnismyu

o o A
AdUN1TINTILARDUN AD

2

d
(M —m)x + mﬁ(x + esinwt) = —kx — cx

FevasUlnalandu

J

MX + cx + kx = (mew?)sinwt

(3.10)
woundgavonisduluuuafsmlsann
mew?
X =
V(& — mw?)? + (cw)?
(3.11)
uaz
@ Cw
tang = ————
k — Mw?
(3.12)
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3.2 malszgnanguinmsduaziiouldiuinsasdndriuu
3.21 wuuinaemnadamansvesiiinaunasiavosnal (Liquid balancer)

svhaugavidamadvihnnuaadnagluussymeiinges slumstuuiaininie

as

o Y o o s _ 4
hmhiidglunsaausamismiaudnaafitinain Unbalance mass lngdundeay
= A‘L = v oW Y < < 4w s

\nRaUTIlLTIARTUINU Unbalance mass sagui 2 e R, uay R; fe saflasusnuas
meluresiaunasinvesvainud iy, v e Ysumsveniunde, P fe Anumuiutures
!O’ = - =3 =l L3 1 1
unde, @ fie woanilunamgy, S fe ynqudnanmwesgunsy, € Ao svezvineseningn
gudnarwenhindaisuivdumis S, O fe yagudnarwansuyy, € fo svezviubas

guiilaiipuiuiumia S uaz Ry fle Safinigluvesiniundele 0 Wugaaudnandng

vnavasusmigudnasanunsonlannnaunis

F =decosB &= pmzede—l—pmzfXdV

(3.13)
sEgNTEnIagudnaenindeisuiudumis S fAuviniy
[ xdVv
C="—r—
[dv
(3.14)
wazUSumsvoaiundamldainaunisi 2.15
- 2 2
(3.15)
P
\ilo
- 2 ")
Rs = (1 - @R} - aK;
(3.16)
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JU% 3.5 gaqudnanaveniinfeninsvug o fumianeg

= &l a v o a e —
1N3U7 3.5 (a) Ao JUfiuansnsiadeulmuesivhaunasinvesvmiile e < €

[

o nl 1 d £ 73 1 A=’IJ
ward1aun1sh 3.15 way 3.16 lUunuatluaunisn 3.14 azlaaunisiusl dad

fde f f — x2dx — fo—e \/RZ — (x + e)2dx

= mRZ%eh

(3.17)

CJ = 1 3 Iﬂl = L o ]
NNANNTTA 3,17 ansalisunsimseningadudnatveniindaiieuiusumia S(c)

Auszevviinsiasguéiiiaifisuiudumis S(e) alinafssud 3.6
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U 3.6 muduiudszninesvezvihingudnansueaiindeiisuiiudums S fusezeing
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@
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a ! | da v @ e Y i o= g & ¢ oo oo
Sondn il uduiusiBadu (inear range) Tnsdn @ (udmsilaarudgeandisad

]
= 1

AnuduiusuuuBudy dw C* anludssesihanniigasningerudnanvasninnge

= @ o ' ' s - 1 : 1 e '

Wiguusuwmis S wazAnmdurasgun 3.6 Tutas linear range axvsuaniiaAssninge
s ::l = = a o I b <

Audnanwasiindelfisuiuiuvus S 1aMaun1si 18

Rie
= = se

= e——
RZ — R2

(3.18)

a o w & U

Todrinvesaunisi 3.18 axiifedinfern e < € wiitly duguil 3.20) uaw

] O @ o a Ao = ' =
3.5(c) Aeguiwanimaindouiivewivhaunaviinveunarfifidn € > € uaver e D> &
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o w = — o w b - = < A & = o v
AEWY sxnuIiied € > € agviliiuniowndsunlusiuegudaamiledainlid

AauandRmlounaudanis Jamvirdszesianniignsenitgagudnansveninndaifioy
fusuvus S azanansemldninaunisi 3.19

qgh (R,
_ 2h Jy J5.°cosB-dr-de

c* = i
2h [ [¥° rdr - do

_ 2(RZ + RoR; + R?)(sin(qm))
P 3(Ro + R (qm)

(3.19)

-l o o | | ¢
INFAUNTTN 3.18 Uy 3.19 ¢aUITOWHUANNITNUIUDNATTY L’ﬁ']\‘}"ﬂ‘ﬂﬂu&ﬂaq\‘l"uaﬂ

£
(]

vnndetieuiuduniy S(c) wuuifeululddaunisi 2.20

I *

_{se, A4S
€O\ e\ 7>%s

(3.20)
3.2.2 wuiaesiaiinmansinsastndiviind vy (Vertical washing macine)

° o i A o v o o
LuudaensimReunueaATedinduL Azgnuanalinagui 3.7 Tne X4, Xy

o iy

uay X3 Aofiringnedelausau (slobal reference) X1, X2 wag X3 fio fifnd1a51ueenis
WU (rotating reference) lnsaginguinarunavewnsnd awes S Ao LAmasMwmia

a v au o

fidnedefufinndredalnesiu nemes I Ao LAmasT e BauRing19Barasn MYy
nAWeT X Ao AwpTvaINIsnsEinluluLnuiBuRuRindeBdlaesn awes @ fe
nAreIYBININTEIRvBIN MU sUAURNR 198 lne T wasfdnusenids ()b
()Y ()%ar (P vanefa aensildn, &, waiviliiAnaalliaugs, dviaunavia

voaad dw ()5 Ao sumiswesinlany (rod) Hinfusa war (+) € dumisvasiy

laue (rod) NAafulasass (case)
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hydraulic
o R, basancer

- #Olang referance frama

Y
»”

o %

Pe N

/ global! redarence trame

= ° :u' - P o W
E“thl 3.7 WUURDINISLARDUNYDAUATOIVNN L UUEIUU

fuesesdndiinnsdusrasamname fueanInsednlumnunuvesiuay

wamihliiinauldauqalssdl

xt = xP + Qrt

(3.21)

x4 = xP 4+ Qr¢
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(3.22)

-
e
1 03 —0;
Q=|—0s 1 D4
@, -0, 1
(3.23)
 S——
e TR
(3.24)
naz
r = b, ¢a80, Bl cos0lT
(3:25)
wameinnilunsmyuremenildduasdenmsadeuduaunisidsd
b — Q®+m
(3.26)
LI_;t — Q@
(3.27)

1T ;
d: <y = v 1 25 =1 = o s
We w = [0, 0, 9] Ao Lawmaslunsuyudumvemznildduileifisuiuds

uaz O Ao yun1snay

QI =t o L3 o o L3 dil L5
ANAUATTN 3.21 03 3.27 TAUTOMINEIUIAUUALWANUAN LI IN WS

o
o &

fa9eeszuulnmail

1 1 -
T = S mp [0+ ZmellKE12 + 2 my 542
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1, .1 T
+ 2 (°) Ty + % (W) 1,9t

(3.28)
- b t u
Vg = (mbx3 + mex3 + muxg)g
(3.29)
- & l ¢ o @ &
e [ A Alusudanudoswasingiiu
wseiliAnanaUdauassamiadlufgadunsatasuannsamlfen
- oL
i
Fspy, = — Z(kiSi +6vi) —
. 0X:
i=1 )
(3.30)
4
dL;
Fspg; = — ) (ki + CiVi)_an_
=1 )
(3.31)
\8 i Ci
Li = [[x* —x4]
(3.32)
6p'=1;= Ly;
(3.33)
vj = x> el
(3.34)

d * = 1 = =Y = 1 at = Qs‘ 1 =~
dej = (1,2,3), k; flo dnlavesaiy, ¢ Ao ArduusyanSannumieg, Loj Ao
a v Y, & v da Y 1 a
arugTsuawvesilang, Ly Ao anwgngavienfinnsanvesiulane uas e e
§ et | a v
nawasniahgluiirvesmulany
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wanntuInu A aunavinre eI iy uiIsAIS AT (steady state) 4z

ypudnananaianiidndieddassaluunu X3 Wussernaiilaefidviiu e + ¢ &

PN =t [V ) 2 o 2 =l [ h o L4
‘E‘U'W 35 %d%']ﬂﬂ’.l']uﬂmwuﬁ‘ﬂ']ﬂﬁu‘{lB%ﬂ’ﬂ‘lﬁﬁ?ll"liﬂL‘UEJUE‘I&Jﬂ']'i‘UENLTIﬂLCﬂE]i ST gatdunnnes

nsnszAnvasgaguinanuesiiaunaviaveunarivaudiennauaedilddauntsi

3.35
57 (1+c/e)(sd; +xP + hy0,)
sh=<sht={(14 c/e)(sg;3 + x5 + thDl)
h
S3 (523 + Xg + hh)
(3.35)
il SD Ao nawmesBuduvomenildin
NAUNIA 2.35 Jwvilimamussvesivhaunaviinvounarlimmeiduiy
52 (1+ c/e)()'{lf + hhéz)
AT T . VL, ) =
AR (1+c/e)(x2 + hy, @)
b
X3
(3.36)

Naunsh 3.36 wlimusavissgaudnaruazusaiminvesnsndldinldmannis

—xh Fugx,
Fyp = mp{ —x = {Fypy,
—8 + g Fipx,

(3.37)
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MnauMsh 3.37 ashlumlusiudsevanguinatsesnsnildinlddsil

Fugg,
MHB = (Sh — SB — Xb) . FHB = FHBQZ
Fupg,

(3.38)

:5 = I o =~ - PN = @ i =
ﬁ]’?ﬂﬁliﬂ'ﬁ%ﬂ‘l/mm‘ﬂﬂa']'llﬂuqiﬂL‘UEJ"[JL'@UHQJH']5ﬂ']iLﬂaEJUW‘U@QLF’]'SENQWN']’UUWN'IUU

3

Ialnedeudiuannisainsudlamnail

d /0T JdR\\ |/ OV
a Bxb oy aXb \L 6xb > FSDXj T FHBX]'
] ) ]
(3.39)
e j = (1,2,3)
d (6T) T i AY 4 o
T 7 = I'spg; HB®;
(3.40)

iej = (1,2, a]

INMIUATUNST 3.39 Way 3.40 azanunsowimnussvasmeadladidumuslae
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