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APISIT TAWEEAPIRADEERATTANA : DESIGN OF HEMATOCRIT
CENTRIFUGE MACHINE. THESIS ADVISOR : ASSOC. PROF.

JIRAPHON SRISERTPHOL, Ph.D., 108 PP.

HEMATOCRIT CENTRIFUGE MACHINE (HCM)/RELATIVE CENTRIFUGAL
FORCE (RCF)/BLUSHLESS DIRECT CURRENT MOTOR SPEED CONTROL

SYSTEM/VIBRATION ISOLATORS

Hematocrit Centrifuge Machine (HCM) is a tool used for separating red
blood cells from blood. By using a motor that rotates at a speed between 10,000 and
14,000 rpm, it generates a relative centrifugal force (RCF) for the blood sample. Prior
to medical analysis process, the blood samples were estimated percent of red blood
cells. Currently, most of HCM's products imported from other countries are expensive.
Therefore, creating knowledge and increasing efficiency of high speed HCM that
meets the standards of the Ministry of Public Health can help domestic manufacturers
compete with international companies. This thesis present the analysis design of
hematocrit centrifuge disk, to determine the size of the disk rotor. The analysis of
working principle and the design of HCM prototype, with blushless direct current
motor speed control system for controlling the speed of work- with stable condition.
Moreover, the analysis for accurate vibration isolaters can reduce the vibration’s force
transmissibility from disk rotor to body-chamber. This allows the HCM prototype to

have the same working efficiency as imported products.
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; = AIAINIUYTA

T, = DATIAIHIUL

HTC = Hematocrit

HCM = Hematocrit centrifuge machine

RCF = Relative centrifugal force

BLDC motor = Brushless direct current motor
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deu dunansaoa lldeannis

t
u(t) = K et) + K, j e(t)dt + K, %e(t) (2.11)
0
Tagh K, Ao snesidmuquuuudada

4

AMAINAINIVANLLVLTHUS

@

@

MASNEINDANLIUOYWUT
4 da d
ANUAAIANABUNINATL

sunannelinuszuy (V)

(0]
~~
Ny
D) D D) D D)
a2} a2}

@

v Y
naMIALaZA LI & VLY AUIN sec)
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y A
2.8 MITUALINBUNNING
Msduazou (Vibration) ADNTUNIINTONITUVOITANTOUY) JAAUAA ONAI0EN
' ) Y 1 v
IFUNITUNTIVEIgNAY MIdudzifouvesuii nTeudnsznimsduaziiouvesdrIng
- T = T Y1 o A ad o Y ' '
woines noedni Wudu wnldnmsduazioulineguiss Teminazdoids Taodaulng
o A A A S A o a 7 o
1I5IAsdeuMIdudaziiouveuniosie uazginsal e ldmszduazdosiuaiuy
=S A [ =& o A [~ 9 [
idermeuoaniosdnina samsaudziiountaiu 2 Uszanldun
o A a . . A ¢ o £ 9y
MsduazINouNUUdasy (Free vibration) Ao Usingmsainnnaniaguilelasy
4 k4 3
WAIIU (WAL, WAINUANA) NAHUTURAMITUTINoUDE1NDATE INAIDE1TU
= Y dyt: 9 Y 1 Y 1 ] a = % I A [ q‘/
MafuMoFIiwalasyliunisednedase msaseaalvilidosdaazdu
Q‘J A LYY . . = = @ dy
MSTUAZINDUNVDILIAY (Forced vibration) 18i5180208ARI1
281 ngumsduazousuDAY
ApMIAUNNNTINTZTINNIIUBNBY1NADITDIAABAIAT ANNDYBINITAY
1w = o o -dycs' 9}3 2 A ]
simnuANuIvewsInszi luszuy usanszitidu ldnas adean1umie i (Damp)
a ' a ' a =] o
uazusUasy (Force) 15U M3 1023994 Inae199zA0eq oonussaIuiaAnInsunIasinagi

a 1 | ' a [ ! Y ' a
IiFadnoon H1ag iudu uaming Inlvzesnusudiuludanaz ined nunsunisueesedn

a

o

ya 9 ' =2 2 A 9 Ao o A
ﬂﬁ]%ﬂ1114%\1‘]51“?73\1“5\151]11!,@3@\1EUL!LTQEJ il (ﬂWUﬂTSiﬁLLiQW@@ﬂ‘UﬂWUﬂWSE‘TULLUU@ﬁig)
o v AdaA o v
ANHUSIFUUNADNITAUNDI

d'd q'.; Y q'z L] Y o d' U dy
i%‘]JiJ‘ﬂ?Jﬂ”liﬁuLL‘U‘U‘UQﬂUIﬂﬂﬂ?qﬂﬂxﬂgﬂ"lﬂslmﬁﬂﬂimm Iﬂﬂ‘l/luﬁ\i!,ﬁﬂ1ui]$
I v o & A 1 v [} ] A
Lﬂuﬂm%uﬂunm mmgimz‘uumq ) FFU LIINTSLUND (Impact) LLiQLLTJ']J?!lI (Random) #1590
J a J P <3| 9 o @ J a e’dyd T g @
LLi\iLLTJ‘]J%I"IiIJJL!ﬂﬁ (Harmonics) L']J‘H@]Ll amiuusmuuawﬂuuﬂﬁuamnﬂuuﬂwa’m
~ <3 9 A A M a =& [ dy A [V
TIW‘]JLT?H%@]ZJWTWIU?%UUWNﬂWiﬁueluVH\i'Jﬁ’Jﬂiﬁll G]Ni]zWTJ!,LiQﬂﬂymguiumiﬂ\iﬂﬂi
A A~
Wiﬂﬂahlﬂﬂllﬂ15ﬂigu
TasdnAudInisaevanedvedszuuazilszneulidroaesdu An M3
Gl’e]‘Uﬁum“ffﬂﬂ?: (Transient response) HaTNIAoUA U lUED UL AIAT (Steady state response:
P , v Ao o A & A ,
SSR) c]N%zmagmaeﬂmmmmﬂizm Luf)\iﬁ]'lﬂfﬂiﬂ@'Uﬁl.lfN“H'Jﬂg%gﬁ']ﬂulﬂmﬂnﬁ'm']uulﬂ
NOHUAIT ﬂWiﬂ@UﬁuﬂQﬂZﬂ\‘l’E]ﬁuilfﬁENﬂ']3ﬂﬂUﬁu@ﬁiuﬁﬂWHgﬂ\i?g]"ﬂlﬂﬂiZUU mmmumw%’ﬁq

oaszlugii 2.11(v) v ldaumsmsinaouh Ao

mX + bx + kx = f (t) (2.12)
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(M) V)

507 2.11 szuvwaalseiminemeldusnszd (n) nuudiassvesszuy

(v) LLNHﬂ1W5’ﬁQ§ﬁ§$ﬂJfJQi$UU
A o w [ o a J A [ qs/l Y 1 o 9 3
LLiQVIﬂi%Vﬂﬂ‘iﬁ%iﬂJlﬂuuN%ﬂiilluﬂﬁ (Harmonics Force) muuummanmwuﬂimﬂu
f(t) = F,sinwt (2.13)

4 3 < { 5 a < {
Tash F, uvuaveduss uag W lunnudans lwind 31naunsi (2.12) amnsniegn

Teglugl
X+2zw X+w X = f(t) (2.14)

' { A o A [ J ..
wioweuliegluTamuanudididou Tasdmualiiianizisudmiugud (Zero Initial

Condition) #30 x(t = 0) =0 118z x(t = 0)=0 14

[$° + 22w s+w 2] X (S) =%F(s) (2.15)
dagiaumsluila
W 2
X(s)=K . > F(s) (2.16)

S +22W, S+W,
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liio

K= mi/nz 2.17)
viomeulioglugll

X(9)=G(g)F(9) (2.18)

o1l G(s) Ao WardFuaioTou (Transfer Function) 11naun1si (2.16) HedFunioTou
s 1
iian
Kw. ?

G(s)= . 2.19
) s +2ZW s+w.? 219

5 J v 1 { I J @ U @ @
FalantuaroToun ldiduiladduatelouveesz UV UAVADY (Second order system)
a =y A o 1 I o a 4 1 ~
MINDUNANIOUTINNTLINADI LV VI LT 1815 TN 1FUANNTN (2.20) HANITABUAUDY

YOITTUVR T 1UZAI fio
X(t) = F, |G(jw)|sinwt—j ) (2.20)

Tagfi
X =F,|G(jw)| (2.21)

J v 1 4 1% 1 o a 1 a
vinileddunieTou (2.19) tledaldedlugdvosdurusedon d11959 (Real part; Re)

1 a Jd o J @ J
HAZEIUIUANN (Imaginary part; Im) VoailanFuare Toudananamnsoni ldan

K[ (w0 /w,)°]
[1_ (W/Wn)2]2 +[22 (W/Wn)]2

Re(w) =

(2.22)

uae



2Kz (w/w,)
[1_ (W/Wn)2]2 +[22 (W/Wn)]2

Im(w) =—

9
v W d o 1
Aty viavesilangunie Touvoase U ﬁf)

IG(jw)| = VRe*(w) + Im?(w)

K

IG(jw)| =
JL- (W /w,)2? +[2z (w i w,)]?

. )
uazyuainlasu i (Phase shift) Y090 IMNANTOHANITADDTUBIVDITZVUAD

f =tan™ [M]
Re(w)

A 1
nIoMmnu

€

: tm(m}
1-(w/w,)?

22

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

NAUNITN (2.21) (2.25) uag (2.27) ﬂz:"léfwamm@‘uauawmizuumﬂiéfuiqawﬁuﬁﬂ’ﬁ Ao

X(t) = F, |2< Sin(vvt+tan‘1 222]
\/(1—r2) +(2z1)? 1-r

(2.28)

(2.29)
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9 v
AU S2UVILTUBUNAYAN I TUININD

K
X=F (2.30)

0\/(1—r2)2+(22 r)?

A a Y @ a . . A
Woneulin1svInane (Static deﬂectlon;dsl) um

F
d =—° (2.31)
K

NAUNITN (2.30) AT IFIUIUIN (Amplitude ratio) nsounlamosvene (Magnification factor)

V9TV AD

X _ 1
dy I +(22r)

(2.32)

A A o o A
2.8.2 1AFDINDIAMIAUALINDOU

v
= o

o 4 @ o I 4
Pagiu inTestiedamsduazinounuunnnuduaiosdiongmimnldlums
A529a0L ANAALNAYDATEIINT TABRIABUIANTFUALINEY (Vibration amplitude) AU
o A Y o a [ A [ 09.1’ o a A a a d‘! 9
WA Maduazieu udnhulsziudn miesdnsiuihnulng wie Aalnd oz Id
o @ 1 A A o @ A A A 9 o
NanuIgesne ae i Tagniosde iansduazinounuunnninio naies auian

o A . . I~ A A Aquw ' = v YA g
ﬂu‘lmm “Vibration meter” L']J‘L!Lﬂii’NiJ’f)‘Vl bl"]f\‘]ﬁﬂl\ﬂﬁl Uay ggaln %QLW?J"I%T‘I‘]J@L?N@H

Ao 12 o g ¥y A A o a A A o A g A
ATNABUANNATOINT LEdInTe U ANz lmnToaloTariiail AI5ATeNANT0IAY iDL
1 4
1aldnToaiie Idea1edilsz@nsnmasil
1) 1193511 ISO 10816-1
aslinnudineddy asgriumsianisduaziiou 81915 1SO
v Y o <
2373:1974, ISO  10816-1 W30 ISO 10816-3 lufitivenuziil M1Asg 11 ISO  10816-1 11U
o Y o A A ] A v oA
wnasgulumsvenszauanuguusIumsduaziion TaoliSou lumsldauiowdu As
1.1) §1A1D 10 - 1000 Hz
a ) < 1
1.2) 4BUNAYANIAY (AWTI) 1Y mm/sec, rms

A @ 9 = <3 1y 1
1.3) 1AT939NTADINUAITULIIVDUNAN "liJuE)EJﬂﬁn 120 rpm
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TAgA13EADYD9 ISO 10816-1 AaLaAdgli 2.12 uazans1an 2.1

WIATFIU ISO10816-1 931U UNIATOITNTAIN 189

4 @ [
(Power,kW) ¥DaIAT93905 IAau1iuily 4 Class

Class I: @ mM5UIAT039n3NY 11ae T 15 kw
1 v v

Class II: S 1MSUIATIINTVUIANAIANT A189 Aaua 15

kW 94 75 kW

o g d‘ [ Id‘d .. A o w 1
Class II:  dmSunTosdnsvina v AT rigid 3 fras aj

AU 300 kKW

o [ di [ A I~ A
Class IV:  dwmiuniesinsvinalv g uuny soft 011 gas

[

turbine, turbo generator AMae lunu 1oMw

R.M.S Class | Class Il Class lli Class IV
Vibration Up to 15 kW
Velocity RMS

319 2.12 @391 1SO 10816-1

G

d' [ ) = d‘ a Ad?‘ d' @
A1TNN 2.1 ANNNNIYVDIYIY (Zone) MsauanounavuL lumse9dng

d’ v 1 -Q' 9
Zone A 1N30990T 11 laau
d’ 7 Q' = Q'J A 1 =
Zone B IAT0IINTITNLMIFUALINOU e aNaIde I uTzaze)
d‘ [ =1 a'/ A 9 U 9 =\ = 1Y dl Y]
nFoInsimsduaziougunse d1laee Aazlinaidenunioainslu
Zone C . 2
5282 UTY
tﬂ' [ =1 o A o Y tﬂl [ a
INTOITNIUMIATUALINOUTULTINN 81991 1H1IATRIIN T @O
Zone D -
NAY
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2)  wWimyianmsdudziiioy
= 9 dy [ QIJ = d‘ 1

asaNu laNugIuMIasIIamsduazimeu Tagmmiziean1ie

@ ) 1 @ L4 @ {
lumsiamsduagiou Nianumunzausy ginsal vie anmanudemenvyla degla

] 9

2.13 Tumsiszidiu anudomsveuniodnsars n1sasraiamsdudziion luniie
< ) @ a @ 4 ]
ANUISY Nz d ISy MslszlussAuauEenIen AT gIN 1SO 10816 11189910 AIIUD
lifiwany vuemsdueaziion daunieanuse 1¥aseaeuanuinlndves adugnilu

= v

a A = a 42’ A 1 A a2 J
nag Yarngs 313Jﬂ?]13J!ﬁ€J1’T”IEJLﬂWIJUW§@]13J NI ANULTYN1YUDY G]ﬁ‘]JEq]ﬂ‘]J‘Ll iHag garngs

Wosudene v dadygnumsduazioufinnudge Finazgandn 500 Hz 1a1m150a529

v Y
JAaa K

Y1 o Y = Y Y 99 Y q¥ ' <
‘WUUlﬂﬂﬂu i]%‘i/]ﬂ‘l’iﬁnﬂiﬂmu"ﬂlleﬂll ’JNLLNLNTL!]lﬂﬂENEU‘L! E]Wjisb' 16151,1,911414';&1@131111,5’;

o9y hiiumslumsileaduanudemevesadugnifumiiuld

Acceleration

Velocity

Amplitude

Displacement

b
-

Frequency

A =) = o =) 1 1 g
51 2.13 nfSsumeumsduazimounoritiensIa

U

(N1 OBYIYT T9ANTY, 2559)

3)  @umilamsiansduaziiou
fSruadiunuan1sia uaznaniansdaldmnzay Falndd g
AsdanIsduazinoy aznIn1sianduruanuse Tunani1a uuy 3unu Ao uny

Y ]
1114 IUBY (Horizontal) HAUUUIAY (Vertical) HAZLUIMNY (Axial) 9317 2.14
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317 2.14 dwmlamsiamsduazinou

2.83  MIdamITanamIauazinou

o o

o (fll [ 1 o a o )
nndaananivezd liaunsathuimseiilymnsduasiion]d lnsas

[ 1

A 1 quj <3 9 1 A ~ o = Y o [
IHUDIININ ammmwmuumu"lﬂmaﬂmamawmﬂwmﬂm’mnuag BAVTABDININITIANIT

g o

[

4
AudaaaananaIsnsal

Anzlog | Bnti- ,
l{__’al..J Imput Alizsing E_SWEH:I
=] Filter :
Windons ] .
o and lmput o FFT o| Auaraging Display &
Buffar Storage

=1 [ [ A o ya 4 =S
317 2.15 msvamsdganasneth lU19mszianndonme

(111 Dennis H. Shreve, 1995)

v Y i1
13U 2.15 uilodyanald Analog 1dmvzdesiinisnsesnnuni

Y 1 £ I o A o 1 A 9 091’ o
@]’E]Qﬂ”liﬂﬂﬂllﬂﬂ@u“]ﬁi]mﬂuinw’Jﬂﬂ?TﬂJﬂﬂJﬂQﬁﬂlui}JJWmiiJﬂiu@WQﬂ‘V]lel”lll”l INUUISNING
% <3 g aa y { o ]
ulasdyanuineuiaen (Analog) 1dnateiiluainea (Digital) iiefivzhimsinudeyaves
ﬁa;agwmuuummamﬁq (Real time) #0119 R INTUINANDAY Fast Fourier Transform:

A 4 599 3 a ' A9y o =
FFT LwamzﬂﬂwmmimmmNamsﬁuﬁzmauimmazmma”lﬂ fegn 2.16

U
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Armclituacl=s

meTedrtde

~ [ ' Y v Y
E']J‘V] 2.16 AUYIUNDUIVINTSUIUMTUATHAUUINTSVIUNIT

(111 Dennis H. Shreve, 1995)

29  anwluaugamana

1 ~

Wornanu liaugaluaiuvyu MuryuIzdasivilgudnaltesnuinasanis

a

o £ N A ~ IS A I o A
NNIU GBQNWQ@IﬂﬁiNﬂTiLﬂﬂ@H‘ﬂ!LUUE’I"Iiilli!ﬂﬁ ﬂ\iz']_]‘ﬂ 2.17
50

180 380

2.17 dyananinany luavgavesnunyuluTamuna

=D.
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= 4 ] 1 Y a < A v Ay y
U,i\ﬁ’iL!fjﬁ«lflﬂﬂWQflnﬂﬂ?]”lllulllﬁllﬂa%5@'@Wﬂ1ﬂlﬂﬂﬂ1iﬁuﬁ$ﬁﬂﬂu TﬂﬂﬂTiﬁu‘Vlhlﬂfﬂz

o = g A o A o A ' 3 o A .
ﬁi\iﬂllﬂ'l”lilﬂcluﬂ”ﬁ{lulaﬂﬂ!ﬁllﬂ UUADNITAUN 1 INUDIAIULTITOV Glulﬂ!flﬁﬁll (Radial)

e WeshmsdamsdyauliegluTawuanududiez 1daeg i 2.18

U
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1x RPM - Radial

2.18 dyanmainany luaugaaumvyuluTamwuanud
(141 Md. Abdul Saleem HagANE, 2012)

=).

71

da a4 N - . 4 ,
nnilymiinaziimsduaziownatuiiosnniinnu liauqade anuhiauaalu
[~ ] a . a 1
MUNYU (Unbalance) 92131 A liduaanuudana (Static Unbalance) tha lavatensdl au
a A Aa a 9 < < 9 £
MAINNTZUIUMIKAANAaNA1AIN 153011 A5 IFadunaiuu dudu e
, 1 U v ~ P [} [

Tiguaaluaunyuveuniesilu@ontiazmaningaguinatauiavesnuvyu liasiugae

1 £4
Auinaavounal i iaugavesnuryuiuin ldnnaunsdail

U=mr (233)

9
=

Ao a1 liaugaMnaTuuU UMY (g.mm)
A d’o Y a 1

m Ao vwevewwdranmldmnannuliaugalumsvyy (g)
A
)

1 { o a 1 Y 4
D 53azwwuaqmaﬁmﬂﬁ’mﬂmwullmﬁu@aﬂuquﬂﬂmqmﬁmgu (mm)

di d'i @ = 1 o Y a = =% 4 d'i
Lll’EJ!ﬂ5’fNi]ﬂiJJﬂ’J'lll113JE‘T?JﬂE]GI,L!"lnLl‘VilJ‘Lli]%‘i/l1114LﬂmliﬂLﬁ?ﬂﬂﬂuﬁuﬂﬂﬂ”lﬂmﬂﬂmﬂ

anwhiaugatl awnsodwaa ldninaums
F —Uw?sint (2.34)

4 { a 1
Tas  F fo usnilgudnaninaonnanu liaugaluavmyu (N)
1 4

A ] A a K
U 9 mmlluﬁmamﬂmuuumuwu‘u(g.mm)

3 o
w Ao anusiseulumsihuaea (rad/s)
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aunsonnsanansuzmsdedugauuuatavesn Uy Idagli 2.19

517 2.19 e higuaave Ry

U Qq

(11 Md. Abdul Saleem tagA, 2012)

o 1 oij 1 ) a q'z ¥
usaniigudnarsainau bigugalumsnyuiuszdwwamldinansduazioudu

~ <3 Y A < d? o EY=} =} 4 d?
nazaInaunIsn 234 vziu ldiulonnunsiseugein mlddusaniiqgudnarauiniu

& A Aa B g 2 < v '
msdudziiouiinadunvzgaliuauanmirseulumsnyumsud lvilguianwliauga
a L o Y, ) A
uuvuane lunuvyuiuanagnsatimud lu'ld 2 upude

a -Q' q'; 9 d‘d [ Y d' Y a = -4 o‘/ 9 o Y [

aauaiiyuisasanundvinaminuie Iineus wmtgudluilaasanunaiaiy

=} 4 A o a ] [ ~
uiwuquﬂﬂaNwmmsmﬂmm"lmuaamgﬂm 2.20 (n)

o 1 A a 3 A o o ~ 4 @ ~
mmamumﬂuiumuwguuuaamwami}mgimuquﬂﬂmqmgﬂm 2.20 (v)
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) (v)

511 2.20 udluTae (n) MsdauravamInuila st

() msaamanhliinannuliaugaoen

I a A =< o ] A o Y a 1 qa/, 1
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q a

e
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]

&£ A4
YU BINITNON

@
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29319 2.21

U

Tachometer
Prooe

@ (/,g a2\ j{ Filter
Y i
,' SO 5

* =\ | Ji\d
¥ N 1
iy \II\. Acceleramels 1
-

Vibraten
Metar

=

=

@ ) = = o =)
ETJVI 2.21 mimmiﬁummauuazmauumviﬁm‘iﬁummau

(MW Guilherme Kenji Yamamoto (aZAME, 2016)
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2.10 MIVONUVUDUIUMITTHAZINOU (Vibration Isolator Design)

=

o . o { a 4 ' <
NIDINLUURUIUNITAU (Isolator design) Glumﬁﬁuﬁmﬂﬁumuumm%ﬂmﬂuwa

a d‘ [ 09; 1 3 d? Q" d! 9 9 d‘d o w
INNINTNINUVBUATOITNIT WD 13U MITNIUFUFHOUFIdoldusanszunnnil fds
o o q ¥ Y - Y v 1 A o
10 ussananzih Id lassad ez i 1d Sszuveenuun Tumanzau nFensdau
Ay A Y <3| 9 1 o ' Y
n laugalumsnyuveuaiessnsvyu iudu mensaldauiumsduszninlaseaing
@ A o 4
AuuangnusInszi 1

as o 9 o A = Yo A .
’J‘ﬁﬂ1§f]f]ﬂ!l,‘]J‘1JﬂLl’Juﬂ13ﬁuﬁWWiUi%‘U‘U“ﬂMﬂWifJﬂjpuUl’Jﬂ‘]J‘ﬂ (Fixedbase systems)

E4
~

s A Ay v . aw Yas
Llazizunmugmmaauﬂ% (Base motion systems) Tﬂmmafﬂﬂu $1°ﬁ3°ﬁﬂ1§@ﬂﬂllﬂﬂﬂu3u
o ) @ o A J : a § | @ <
m‘iﬁu’dmiunuuLL“U“ULLSﬂmﬁﬂanmﬁwzwmmmwmﬁauﬁ (MTVIA AT LAY

' v
AU139) nagnisdeduusainatuiivaa liauaa w3551 UIUNITUIA

(Displacement isolation) L@ZRUIUUTI (Force isolation) N139ALULAUIUAITIU

Ed
a %

Usz@nsnmaduegiuanyuzMsdumuanInsssumaniaulng

k. s IF(”
m, m 1
1’ % l N
ke k c
i’ // s ‘g & s
a) (b)

'
v A

3111 2.22 YUV 1@EILVUR WIUMITULD U ITAAUN

(ﬁil”l Jiraphon S., 2012)

suudraesszuunimsaag 1 13nungUN 2.22() naawIavoUATeEIINT (M) Ngn

Y
l 9

o & & AAo v W a 1w o a’/‘ 9
133 F( nsgmyuifuszuunidrsuduanuoaszmnuaesnuiumsduiuilsznouaiy
a139 (k) nazdmu (o) ensoh limsduvesuia manasrioussdeiu ludegiu (m)
1 a 1< 1 < a f 1
aaasduase k iumnnuuisesalSsesiiunio Iassadedmiagiu (m) Jvualng)

A 1 < Aa = £ I g 9 =) [ qul
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#include <FreqMeasure.h>
#include <Wire.h>

#include <LiquidCrystal 12C.h>
LiquidCrystal 12C 1ed(0x3F, 16, 2);

int rpm = 0;

long Times, Timel, Time2, Time3;
intn=0;

int j =0;

intz=0;

int STT, ST, SH, S, SF;

double sum = 0;

int count = 0;

inta=169;

intb = 181;

intc=192;

long C = 0;

int R =0;

intx =0;

int T;

longTimeSet = 60000; //time run centi
second (107-2)

void(*resetFunc)(void) = 0;

String Speed;
charSp[10];
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#include <PID_v1.h>

#define PIN_INPUT 0

#define PIN_OUTPUT 3

doubleSetpoint, Input, Output;
doubleKp = 0.01, Ki = 0.0045, Kd =

0.001;//Load

PID myPID(&Input, &Output, &Setpoint,
Kp, Ki, Kd, DIRECT);

void setup() {
myPID.SetMode(AUTOMATIC);
Serial.begin(115200);
pinMode(A2, INPUT PULLUP);
pinMode(A3, INPUT PULLUP);
pinMode(2, OUTPUT);
pinMode(A0, INPUT);
pinMode(11, OUTPUT);
pinMode(12, OUTPUT);
FreqMeasure.begin();

lcd.begin();

digitalWrite(2, LOW);
analogWrite(PIN_OUTPUT, 0);
digitalWrite(12, HIGH);
digitalWrite(11, LOW);

H

void loop() {

while (1) {

66

digitalWrite(2, LOW);

Times = millis();

Timel = Times / 10;

Time2 = Times / 100;

Time3 = Times / 1000;
intPoten = analogRead(A0);
intSw5 = digitalRead(A3);
unsignedint Set = map(Poten, 0, 1023, 0,
12000);

Set = (Set/ 100) * 100;
if (Sw5 ==LOW) {

n=1;

C = Time3;
digitalWrite(11, HIGH);
digitalWrite(12, LOW);
led.setCursor(0, 0);
led.print(" ");
led.setCursor(0, 1);
led.print(" ");

b
led.setCursor(1, 0);
led.print("Setup™);
if (Set <10000) {
lcd.setCursor(11, 0);
led.print(" ");

H
if (Set <1000) {
led.setCursor(10, 0);
led.print(" ");

H



if (Set <100) {
led.setCursor(9, 0);
led.print(" ");

H
if (Set <10) {
led.setCursor(8, 0);
led.print(" ");

H
led.setCursor(7, 0);
led.print(Set);
led.setCursor(13, 0);
led.print("RPM");
while (n==1) {

Times = millis();

Timel = Times / 10;

Time2 = Times / 100;

Time3 = Times / 1000;
digitalWrite(2, HIGH);
intSwRe = digitalRead(A2);
intPoten = analogRead(A0);
unsignedint Set = map(Poten, 0, 1023, 0,
12000);

Set = (Set / 100) * 100;
if (SwRe == LOW) {
resetFunc();

H

Input = rpm;

Setpoint = Set;
myPID.Compute();
if(x==0) {
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if ((T) % TimeSet == 0) {
R++;
x=1;
H
H
if(x==1){
if (T % TimeSet !=0) {
x=0;
H
H
if(R==1){
analogWrite(3, Output);
H
if(R==2) {
digitalWrite(2, LOW);
analogWrite(3, 0);
Serial.printIn(rpm);
resetFunc();
H
//analogWrite(3,a);
if (FreqMeasure.available()) {

// average several reading together
sum = sum + FreqMeasure.read();
count = count + 1;
if (count >30) {
double frequency = F_CPU / (sum / count);
sum = 0;
count = 0;
rpm = (frequency * 60) / 3;

H



H
if (j==0) {
if (Times % 10 ==0) {

T++;
lcd.setCursor(1, 0);
lcd.print("Setup");
if (Set <10000) {
led.setCursor(11, 0);
led.print(" ");

H
if (Set <1000) {
led.setCursor(10, 0);
led.print(" ");

H
if (Set <100) {
lcd.setCursor(9, 0);
led.print(" ");

H
if (Set <10) {
lcd.setCursor(8, 0);
led.print(" "),

H
lcd.setCursor(7, 0);
led.print(Set);
led.setCursor(13, 0);
lcd.print("RPM");
led.setCursor(1, 1);
led.print("Run");
if (rpm <10000) {
led.setCursor(11, 1);
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led.print(" ");

H
if (rpm <1000) {
led.setCursor(10, 1);
led.print(" ");

H
if (rpm <100) {
led.setCursor(9, 1);
led.print(" ");

H
if (rpm <10) {
led.setCursor(8, 1);
led.print(" ");

H
led.setCursor(7, 1);
led.print(rpm);
led.setCursor(13, 1);
led.print("RPM");

=L

b
H
ifG==1)1{
if (Times % 10 = 0) {
j=0;
H
H
H
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9.1.1 Arduino Uno R3

gﬂﬁ 9.1 Arduino Uno R3
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9.1.2  Liquid crystaldisplay (LCD)
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9.1.3 Brushless Direct Current Motor

gﬂﬁ 9.4 Brushless Direct Current Motor
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4.1.4 Driver @1%51 Brushless Direct Current Motor

g‘lJ‘ﬁ 9.5 Driver @1%51 Brushless Direct Current Motor
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Speed Control System Design of the Brushless DC Motor

for Hematocrit Centrifuge Machine
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Siripong Pawako'*, Apisit T pil a’, Odngam’ and Jiraphon Srisertpol®
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unanto

m?aeﬂvﬁuﬁmﬁaﬂummemamm Centrifuge Machine: HCM) dhwadosflfuonadsznaufiinnu
fsdmnzine gnolwdensensinin e WS meiraniantsunne ﬂhw‘l.r"um‘i'm HCM dauanniign
nanlzinauazinamuns Wasneias HoM ﬁ"lrluﬁ“ﬁum"luﬁﬂauga 10,000 fia 13,000 30URBUIT
(rpm) uazﬂ'nmm%uaﬁﬁguﬂé’nﬁnﬂﬂelativs Centrifugal Force: RCF) daailfinaunnda 1,000 winvasda
ausslludaanasgulan (g = 9.80665 mis?) ilwra 5 wifl uazmusnviaa1an o fs 12,000 pm i
(i 10 Judt .11u%iﬂﬂ%amtmmmmEmuum:'uumuquﬂ1':uﬁ'}sau'uawamas'ns:uwmmmu'lﬂﬁuﬂnaﬁm
Fmiuintoniiudadonuns Iauﬁm*mﬁanuama‘fnuu'lﬂiu,lJ a96u(Brushless Direct Current Motor: BLDC
motor) qﬂnidﬁumﬁnuuamﬁ wiwluwlsadadanun ua:annuum:'ﬂumuqumwﬁﬁnuuuuﬁn
(Closed-loop) TifidanIunauLLTlad (PID controller) 15un3nanialu(Arduino UNO) iululnsnoulnisiaed
WAz TR 51 50L9IN Hall-effect sensor HafIRaNATIMARBsRaanuuLwiuamanTariwldiiulles
Jafimuazaaiaios HCM finaiasay 12,000 rpm fi1n1wﬂmmnsaugaqﬂﬁauni1 3%

mday: inTosidaideausd, usimednizuansouuy lTuds i, Aanoveuuuyiled uaz T s:mwaﬁ"s‘l Tu.

Abstract

The Hematocrit Centrifuge Machine (HCM) is a machine that uses centrifugal force to separate
components of blood which have their own specific gravity into layer. So that able to continue in medical
analysis process. Currently, most of HCM's products are imported from abroad and expensive. Because the
HCMs have a high working speed range of 10,000 to 13,000 rpm. And the RCF (Relative Centrifugal Force)
must be greater than 1,000 times the Earth's gravitational acceleration (standard gravity g = 9.80665 m/s”)
for 5 minutes and can be operate from 0 to 12,000 rpm within 10 seconds. This research presents speed
control system design of the Brushless DC motor for hematocrit centrifuge machine by selecting a BLDC
motor, motor drive, hematocrit centrifuge disc and designing closed-loop speed control system of HCM motor
using PID centroller with Arduino UNO as a microcontroller and measure velocity from hall-effect sensor. The
results are that the designed HCM.can be operated speed of 12,000 rpm with maximum error less than 3%
at steady state response.

y } it centrifug ine, Brushless DC motor, PID and Arduing p
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(H), Mt dunitoin vy (M), T, fio ussda
AAaduanawinudmanvng (N.m), T, fin
wsafiantouan (N.m), @ fanuiiseuluns
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- 0 -
a1l 2 uassd T TlinaTuaanamad

Parameter Value Unit
B 0.4880 N.s/m
E 1.0001 Voit
M 9.0570 H
J 0.4368 kg.m*
L 271711 H
R 28,9490 Q

damuguuuu lad (Manjusha P, 2014)
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u(t) = Kye(t) + mfe(tjm +xd§;e(r) (4)
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1997 2 RARIANER IV EBVDY PID-controller

Gain v@d PID Controller Value
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Abstract. Hematocrit Centrifuge Machines (HCM) apply centrifugal force to separate
suspended particles from a liquid or liquids which have different densities. Centrifuges of
which the forces are greater than gravity can greatly accelerate separations that occur naturally
as a result of density differences HCM were intended to separate red blood cells from plasma
in order to facilitate later diagnosis process. Main components include a motor that supplies
power to the disk to quickly attain required speed. An unbalance found on a disk which creates
vibration on the structure of HCM was caused by either nontomogeneous material or
manufacturing process, Therefore, to balance the disk, this paper presents the analysis and
design of the Vertical Balaneing Device (VBD) for HCM using inexpensive accelerometer to
measure amplitude with Hall-effect sensor to estimate rotating speed and maximum phase
trigger for balancing, The experimental results show that VBD can balance the disk which in
wrn effectively reduces vibration to the determined dynamic response criteria effectively of
unbalance vibration.

1. Introduction and problem statement

The measuring hematoerit technigue was discussed of the method which consists of the components of
whole blood. indications for measuring hematocrit and measuring technologies [1]. Those processes
require a microhematocrit centrifugation technique of the HCM that used to help diagnose blood loss.
The HCM devices intended to determine the blood 's hematocrit, the ratio of red-cell volume to whole
blood volume, expressed as a decimal, a fraction, or a percentage. Figure 1 (a) shows the components
including a motor that supplies power to the shaft and disk. centrifuge heads that spin on the disk, and
a lid latch with lid. The centrifuge head contains shields that cover the disk and turns on a spindle. A
safety shield in the chamber surrounds the disk. This model is equipped with an LCD' display, a
keypad, a timer. a braking system, and a tachometer, enabling the user to program a specific speed up
to 20,000 rpm and view timer status. Principles of operation, centrifuge heads apply centrifugal force
o separate liquids of different densities in the tubes. By generating forces many times greater than
gravity, centrifuges can greatly accelerate separations [2]. The HCM, a capillary tube pocket slot of a
centrifuge head unit, quickly attains required speed to spin microcapillary tube samples as shown in
figure 1(b). These tubes require only small blood samples taken from a puncture site or from venous
blood specimen.

“K}E Content from this work may be used under the terms of the Creative Commans Auribution 3.0 licence, Any further distribution
'- " of this work must maintain attribution o the authoris) and the title of the work, journal citation and DOL
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However, configurations of many disks are manufactured in the ways that produce dissymmetry,
rough surfaces on turning or milling, shown in figure lic). As mentioned previously, the rotating disk at
high speed is affected by the vibration The operation of the HCM may be noisy from vibration of
being dragged into the tube cracking. It will also shorten the life of the machine. It causes a problem of
unbalance which is often simply defined as the unequal distribution of the weight of a disk about its
rotating centerline. The International Standard ISO 10816 in the Class | at Zone A [3] is general used
as conditions and procedures for the measurement. The general evaluation criteria, presented in terms
of both vibration magnitude and changing vibration, are related to both operational monitoring and
acceptance testing. Therefore, it is necessary to correct the rotating disk unbalance before use.
MNowadays, the tools used to find the unbalance for high performance rotary disk are very expensive
and unsuitable for use in small and medium-size industries with limited operating costs.

(b Microcapillary
tube on pocket slot

Figure 1 Hematoerit Centrifuge Machine (HCM).

This project is a research and development study jointly with a private company in Thailand who is
a manufacturer of the vertical balancing device for HCM. VBD determines an analytical design
qualification for balancing HCM, balancing the disks to reduce unbalance to minimum. Select a
balance tolerance within this range that is cost effective and amount of unbalance allowed in a product
can easily be determined by the manufacturer.

2, HCM system and controller identification
Controller is a HCM which monitors and alters the operating conditions of a given dynamical system,
The control algorithms are usually divided into two main types: open-loop for parameter identification
and closed-loop for designing PID controller [4]. So the mathematical model of the BLDC motor is
controlled by the DC link voltage . The transfer function of the BLDC motor can be described by the
following equation:

(s) K,

— : : 1
vis) JLs® (JR BL)s (BR KK,) ()

where 7 is the reference speed. Specifications and system parameters used Parameter Estimation
Toolbox in MATLAB for the parameters identification of the HCM system and controller
identification are listed in table 1. Parameter Estimation toolbox is a Simulink-based product for
estimating parameters of model from experimental data [5]. The investigation of the coefficients in the
mathematical models equation (1) is a very simple problem because of restricted information, Input
voltage and speed can be measured, where Z is the speed from the mathematical model and e is the
error with difference between two outputs as shown in figure 2(a).

In practice, the PID controller has been widely used in industrial applications owing to its
simplicity, robustness, reliability and easy tuning parameters. PID commonly interpreted as
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proportional, integral and derivative controller possesses the step response conditions following at
operating speed 2,000 rpm. the steady state error is less than 0.5%, maximum overshoot is 5% and
settling time at 1.0% error is less than 15 sec. As a result, PID Tuner provides a fast and widely
applicable single-loop PID tuning method for the Simulink® PID Controller blocks [6], as listed in
table 1. This method, PID controller parameters can be tuned to achieve a robust design with the
desired response time as shown in figure 2(b).

(a) (b)

Figure 2 (a) Parameter estimation diagram (b) Response of PID controller at operating speed.

Table 1 Parameter of the HCM system and controller identification.

Description Parameters Value Unit
BLDC motor
Moment of Inerlia J 437 Kgm
Friction Coefficient B 488 Nimsrad
Resistance R 2894 phase
Inductance L 2717 Hyphase
Back-EMF K 0.1x10° V1000 rpm
Torque Constant K 0912 kNmA
PID Controller
Proportional Gain K, 0.0100
Integal Gain K, 00045 sec’
Derivative Gain Ky 0.0010 seC

3. Magnitude and phase processing

A vibration is the movement of a physical quantity in relation to a reference location in a cyclically
increasing and decreasing manner as a function of time. The most important features of machine
vibration change according to equation (2).

x(ry Asin(Zr 1) (2)

where A is amplitude of vibration. In this paper Arduino UNO, which is a microcontroller with 3-axis

accelerometer (ADXL-335) was measured signal voltage output from magnitude of vibration

transmission. [t is suitable because of the VBD speed operated under our condition. Hall-effect sensor

was applied for referenced signal between speed signal of motor and acceleration signal fo find phase

angle that can bring about balancing HCM disk. The response to compare signal between

aecelerpmeter and Hall-effect for finding the phase of maximum vibration by
T 7, uie0

7

(3)
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where is phase angle of maximum vibration, T,, is maximum vibration period in each cycle, T, is
starting time, T is ending time and T,= | —  is period time between Ty and .

Signal data of the vibration and speed rotor from the accelerometer and Hall-effect sensor are
acquired for signal processing. Vibration due to the unbalance is seen as a maximum peak-amplitude
in the harmonic at the vibration frequency. The vibration level and the phase of the rotational
frequency of the rotor signal could be read directly from the display. Figure 3 shows the proposed
methodology, which combines the amplitude of vibration and the trigger pulse reference signals from
rotor analyses to precisely determine the motor condition according to the following procedure:

1. Holding vibration and rotational frequency signals during BLDC motor operation;

2. Processing vibration and rotation frequency signals in the time domain to determine the phase

angle between the signals from (2) and (3)

3. Accepting whether the disk is balanced or unbalanced from the results of the above analyses;
4. Predetermining the trial mass and its position for correcting unbalance if any.
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Figure 3. Signal of accelerometer and Hall-effect sensor, left (Simulation) and right (Experimental).

4. Unbalance correction algorithm
The unbalance correction algorithm used herein is based on vector diagram calculations for single-
plane balancing [7]. The magnitude and angular position of the correction mass can be determined by
representing in figure 4 as follows:
i Measuring; Ay is the initial amplitude, ¢ is initial phase of vibration, and its direction is given
in polar coordinate.

ii.  Installing trial the given mass, My is known as trial mass and @ is trial phase to install on disk.
After that, executing and measuring amplitude and phase again in terms A; and ¢,
respectively.

iii.  Transforming amplitudes and phases in (i) and (ii) into rectangular coordinate, calculating the
net amplitude, A between A, and A, given by

2 2
Ay A, L 4)
where = cos |- pcos gand = sin ;- gsin ,

iv.  Caleulating the net phase ¢ from quadrant condition and A* = A, / 4, is defined according to
the following procedure in table 2.
v, After that, calculating the vibration amplitude that is proportional to the unbalanced mass My

which obtains the relationship

4
M, LM, (3)
4
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vi.  Determining the position of the mass relative to the position of the trial mass as,
. ! 20" 1 O° 179°
roar, M 0

"Ny g0 180 3597

Running motor and
Measuring initial

amplitude & phase i) ]

': Installing: Trial mass

Measuring amplitude &
phase after inserting Trial

_a

Removing: Trial mass

r'y

Calculating the balancing
mass and phase to install dii
(vi

’

Measuring amplitude &
phase after balancing

Vibration
reduces
less than 80

STOP

Figure 4 Block diagram of algorithin for automatic unbalance detection and correction.

i

The calculated angle is measured from the position marked on the rotor indicating the point where

the trial mass was mounted. If it is a positive angle. it is measured in the direction of rotation.
negative angle is measured in the opposite sense from condition equation (6).
Table 2 Phase guadrant condition.

Condition Phase formulas
- A, >0 and A, > 0 = an'dy
4,0 and 4,<0 fr-1800- tan'id")
A,<0 and 4,<0 $r= 1808 tan't4")
A,<0 and A,<0 dr=3600-tan'4")

5. Experimental results and analysis

A

Experiments were also carried out to wverify the correction algorithm. The balance correction
algorithms were developed under the Arduino UNO-R3. A widely used open-source microcontroller
board base on the Arduine software in Windows makes it easy to write a code and upload it to the
board. The board was equipped with sets of digital and analog input/output (I/0) pins that were
interfaced to various expansion boards or other circuits and experimental setup in figure 5. They were
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composed of (a) Arduino UNO-R3 microcontroller board; (b) a brushless DC motor (300 Watt, 220-
240 VDC with drive board); (c) -3axis accelerometer to measure acceleration with a minimum full-
scale range of 3+ g (Arduino-ADXL335); (d) Hematocrit Centrifuge disk setup on head of motor
(diameter 175 mm., weight 420 g., material made of Aluminum 6063); (e) laptops running the
application software in Arduino IDE. The BLDC motor was operated at a constant speed of 33.33 Hz
(2,000 rpm).

Figure 5 Vertical Balancing Device (VBD) experimental.

In the first trial, the HCM was operated without adding any mass to the disk and was therefore
considered balanced. Figure 6 shows the signal acquired (red line) by the accelerometer. which was
used to determine both the amplitudes and phases of the vibration signal before unbalancing. The
signal’s peak amplitude was approximately 6.40 mm/sec. for disk I and 7.60 mm/sec. for disk I
respectively. The experimentation installed, a trial mass of pre-determined weight was introduced for
testing 3 cases of the trial mass and phase which was the functional validation of VBD and tests
precision of correction algorithm, shown in table 3. The unbalance thus created to produce a
mechanical vibration in the HCM's structure. Vibration signal of the faulty unbalanced machine; the
peak amplitude and phase signal increased. shown in table 4. This unbalance produced an increase in
the HCM's vibration level. In this unbalanced condition, the phase between the signals of the Hall-
effect sensor and the accelerometer was calculated to be approximately from equation (3).

Table 3 Testing condition of trial,

Disk 1 Disk II
Mypgrams)  Brdegreer  Mygrams)  Oridegree)
Casel 053 0 G A
Case lI 079 0 07 170
Case INN 021 120 035 300

The proposed unbalance correction algorithm was implemented after identifying the correlation
between unbalance and increase in the vibration amplitude. In addition, additional experiments were
conducted for validating the proposed procedure by proving its effectiveness in balancing the system.
Table 4 shows six experiments in which different disks were used as unbalance masses and trial
masses.

The correction process included inserting a 0.42 g correction mass at 776 (as calculated by the
systemn) for disk | and 0.48 g correction mass at 878 for disk 11, respectively, The results of this are
shown infigare 6 (blue line) which the A; magnitude after balancing is reduced more than 80%; both
two disks.
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Table 4. Experimentally obtained correction balance data.

Trial in Case i:l:_:‘;::i Results
An #
(mnysec) (7} A, (mmysec) @ 17) Ag %
Mpigy Red
I I i} 10 (7 (niec) lien
Disk | 640 255 910 1470 480 35 334 186 42 T 070 89.06
Disk 11 760 261 1101 1420 1256 31 200 272 g4y &7 0.65 9145

(°i; degree, 1gx;

Amplitude (ram

Amplin

i s a s 02 028 0 0l a 013 02 (5]
Time {s€) Time (sec)

Figure 6. Behaviours of amplitude balancing, left (Disk I) and right {Disk 11).

6. Conclusions

The implementation of an experimental setup with signal processor management that combines
accelerometer vibration and Hall-effect sensor analyses yielded satisfactory results when detecting
unbalance and manufacturing fault identification in disk of HCM. Practical experiments using the
VBD showed that can effectively balance the disk. The effectiveness for reducing vibration caused by
unbalance is shown through the levels similar to those of the corresponding balanced rotating
machine. That was successfully tested and ready for quality control application in manufacturing
process.
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Abstract

Hematocrit Centrifuge Machine (HCMyis a tool used for separating red blood cells from
blood. By using a motor that rotates at a speed between 10,000 and 14,000 rpm, it
generates a relative centrifugal force (RCF) for the blood sample. Prior to medical
analysis process, the blood samples were estimated percent of red blood cells. Currently,
most of HCM's products imported from other countries are expensive. Therefore,

creating knowledge and increasing efficiency of high speed HCM that meets the
standards of the Ministry of Public Health can help domestic manufacturers compete
with international companies. This paper present the analysis of working principle and

the design of HCM prototype, with brushless direct current motor speed control system
for controlling the speed of work with stable condition. The Vertical Balancing Device
(VBD) is used to balance the disk, which packs up the micro-hematocrit tube test, it can
reduce vibration from its unbalance, Moreover, the analysis for accurate vibration
isolators can reduce the vibration's force transmissibility from disk rotor to body-
chamber, This allows the HCM prototype to have the same working efficiency as

imported products.
Keywords: Hematocrit centrifuge machine, Relative centrifugal force, Speed motor control,
Vertical Balancing, Vibration isolators.
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syduimza Tounohify 980665 mish [1] Famnannisi (1) wuimwisseseumsusisadsndutusamus
soufiltnu wumneiaswinuiiemuiiseugs veadehugudnaisuerumyuivseuaiss flauadin
stueiu sumsusawdiguddunivg [1][4] (51

RCFE‘E}=!Em|><Nj_rm],1|82x|0_" (n
RCF
= — oy
N° L x1.1182439 <10

P

-

) .4 2 -
annTavnyuRSRiRaeyo MR £, Siadwes mm) e 1, =

RCF - 1,000 G , snuiirsauntavinaiu N = 12,000 spm Fauzld F, = 06.21 mm, dleufurueueaasn
VARERTTwIA 75 mm srldmnadus rugudnanuasuelitasndt 162 mm uazitobilssoniod mivwiy
TUMABRVAG2ALAETDUHUBNIEAT VIR IEVR IANRREU waanLLuumw;guLﬁm'lﬁﬂ'nu'lmﬁumuﬁ;‘uénmwaww
WU 175 mm, Imnﬁ'ﬁqﬁlﬁﬁmﬂu 2gilli 6063 uazwiaualulad Fadterwudausa vumuuas Lo
don Lifluafiuuazmumeny fauandugii 2

Centrifuge heads

Microcapillary
tube an pocket slot

- = o e s
() A TUMALULITIEN () AFRARII TV UIVIENNULBIAET LAEMITIIIVRIAMAADY
Ui 2 dnsugaumuios nsfiefiuupied uaynnsTaanTAaaY

i qw w | ) w
alFr v ssSoade ROE lipdiing annnsihand aifad @udasainssoumununrd
« ol = w w o e - -
seutnsBmo STy N fansevsuieaanissaviinind oln e nind aulaifiy 5% vae
o = I af 4 o& oa w oo W s = . o .
ArTIssumIh vawe iliiueisdudadonuadidenlduamainssuansauvlifiudssd lnefiuein
ar - a__ w =l . w ks = " oA w © o oE A El el
tumdswiminfiruurstknduliiieammionhmelusomed Wweadsiiuiwinfuniousnanui
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Wuusidnams luddfednmsruguarudsauroweimesliiuluiifesnis e ds Halleffect sensor
aflunawmefidufwnsirmiovvewamed (7] - 9] Walsuawmadanunindneinmumiasevaaiiam #
12,000 rpm iasiinaosnavinem Sndufasdssuumuquaruisausawmnd Tadldnsarunuuuuedn uasi
ATuANTleR (PID controller)
398 nuw‘iwumuﬂ‘umml%'iwlun'l':l"T udindonunaitednsedviomlumaheuuasauamniiete
wpardasthudindonun Samsoudsnusand 2 dia
- UsminniuuudnasmaiinAEn e BLDC-motor [8] - [9]
DANKUUAATUANLLY PID dwiu BLDC-metor [6] - [71, [10]- [11]
dwiuntslssanuAimsiiwefresuuudianiniandinatand uas BLDC-motor axliussauluifiag v)
nazuaAnsatiy input uazaIT s @ WU output A InUsELaidud s Tawse BLDC-motor

o) _ K

w(s) JLs* +(JR+BL)s+(BR+KK,)

(2)

Tunrsussnradmirsimadrasuuiianmiadanianiiat BLDC-motor LiLA%ailo Parameter
Estimation Toolbox TulUsunsy MATLAB lunisilssudisusendtedayanisnevausstayasinsyuusiaiu
wuusaet[14] il @Asruirsoudnebs @Ronmuidiseuresuuiiasmindaniani uas e fa
m'u.mﬁ'ml.ﬂﬁﬂuﬁtﬁml'lnﬂ'n:uFi"ud'!laqm'ml"éﬁaumnﬁagaf?aﬁm u.ﬁmﬁ'qg\l'?i 3n)

T#indasile PID Tuner Tu MATLAB Simulink® Tuntseanuuusaayuay PID [15] 1n1snavausasy
Step input Tnarsumdeuledsd Audisaunmaianud 12,000 5auUsauH, Maximum overshoot Laitfiv 5%,
Settling time L1ty 5 Furitfi 2%error wnzdATAIM AR RLAA DUTIAD USRI (steady-state error) Lailfiu 3% &
frmriimesvesianIunu PID famssi | waeiiletiAl i msomumurnudsoulidsanisseuruessi

detuldnuGeuly duandu 39 3 (6)

12000 — — — — —
E MAX 12,010
Purumeter £
Estimation T soon
2 2

] - S
Y 2000
o

o b B 7.5 10 125 15

Time {Second)
[t u,mun11-m"|°s1J‘3=mmﬁhwwwﬁma'haa BLDC-motor (1) namswmuaamwm%asawm BLDC-motor

fldiATuAlLUY PID

= ] = o
FUD 3 WHun N TSUSEI AT W BINAS HENTIRBUALBIATIGITUTEY BLDC-motor

e = i ur
A57E 1 wandiieas e BLDC motor LAEHIAIURL PID

feauag yaEmed ] 1 L]
BLDC motor
‘ - 5
Tsudpaidae ] 437 Kgm

a P - I i
Aulssdvcaaudaanu B 488 Nmsrad
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5
FATTIATUNTY R 2894 Qphase
Answmilei L 2717 Hiphase
wstipdaulushngu Ks 01x10? V1000 rpm
fRainasmadn K 0912 KNmiA
PID Controller
ArEnTIEauUUAREIY Kp 00100 -
ATARTITEERUU AU AR K: 00045 sec!
ANARTIEMUUAA LT Ky 00010 sec

LFI'-s.iJ afiaeay ﬁ'ﬁﬂ'lﬁﬂﬂ,!ul,ﬂ% B4

Tunszvsumsednsmanuissdmiuei sdudin doaunsidudemdslifim g alunsmuodsdiiiag
msduittiosiian Audusdniudeadinaiowhaugasumyuniosiouitluisdduedasindodonuns
Au§gs manasaumaLmyussi v o msudywinnsduas feudadusuuouiliRuuunduaily
an[16] Awandluaunsii (3) Tnw 4 Aaustufiyn maduandion

x(t)= Asin(an + ¢) (3)

s inrwientaulalaeld Wuseiina s 3uny (ADXL-335) warduvdanauaasmi

udnanaiiy Tas Hall-effect sensor lunisindugpamausvvesmame fi3suitsufudyyimauss e
WHUAYBINIAUZIEA(P) AIALNTTH (4)

(T, - T, )% 360
T,

o= 4
- . ; - e v a ¢

Tay 7, Aowanfiinnsdugean 7, AouaanGumuesa Pulse dyanm Halleffect, 7; AO3a18Wgn09 Pulse

Ao Halleffect, 7, fnsgpziiaauninsuauduanuas Pulse dygyios Halleffect wia T, =7, =T, uana

w

sk EsuTeudau [10] fuandlugui 400 waedon it nliesdugui 4 o)

/ Maximum Ampliteds
=2l — e #
:E /. "\. . A0 | By P e ;
= " o * , -
3 \'--_--’ oo “£ 4
-
20
Reference Signal :E £,
g o4
2 <
2 ; :
K 4
-i i i L
— T — 0 003 0.l 015 0.2 015
Tw Time {sec
To » T Time {sech
o a4 o - o . T
) uuumaaanmﬂiuumwatytgm () MIFEUSEUVEUI NSRRI TRUNIA D39

Uil 4 31JLL‘U'L|rl'l‘sL'l.Fs'uuLﬁnuﬁngnvnrwmmm'szfu uazdiyey o Halleffect
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wannnaLdlennsdsaunanuuszuu@e) (Single-plane balancing) Ineldudnnisinannmeiuufinalnard

i & H 0 - : ! a
(Polar coordinate) tfiuwujﬂu{ 15] wansumoumsaniiunsiu () - (vi) LASUHUALFUN 5

= 2 = ) A o = -
(i Tumeuwsnlwihm L emeisIRAmETseUATRoN T IRAwanURTAEIAY A, 3y
wlaFui go wardimmnaliludiisinatd nsduangua dunsianndiemisndai

dndnwalivilivulsoed wastuspiluiirmemssfuiuiursvsuedsees

(i) AAGLIANARDY (Trial mass, Mr)AiLamasey fr LU uwing waeTnAouUagauas

suwiadnasalnoiurlumenyas 41 uas ¢ niudRy

(i) waswauvAganasuualy (i) wazdi) Waglu fidnan(Rectangular coordinate) wae

A wanAIngng Ar sewin douaz A, lneli

Ay = \f(A) +(4
o A=A, cos dh -Aocos go bae A, = A sin g - Ao sin go

(iv) ﬁ'm'lr.ut-ﬂq:m\ﬁajﬂﬁ dr FnaunTTlus e 2 was A - Ay A,

= < 5 ]
A3 2 GaulvnsduanmAgulagnily Phase quadrant

ciouly CEEIC L VG
Ay=0 and 4,20 gr-tan'id"y
4,>0 and 4,<0 dr-180°- tan'i4')
A,<0 and A:<0 dr=180°+ tan" A"y
A< 0 and 4:<0 dr=360°- tan'4")

(v} AIMTUIRTDLIALEEANRR Ms A3Eun T uETUGe

M, = % M,

T
(vi) wwiunaiings @

d, =6, +180° ; 0 =g, <179

8, =8_+¢ —
Tl s By =, —180 ; 180" <4, <359

(5)

(6)

(7
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START

Running motor and
Measuring initial amplitude
& phase (i)

]

Installing; Trial mass

Y

h

Measuring amplitude & phase
after inserting Trial mass (i)

N | B

Removing; Trial mass

— |

Caleulating the balancing mass
and phase to nstall (iii) — (vi)

|

Measuring amplitude &
phase after balancing

Vibration reduces
less than 80%

STOP

= = ar ' o ' =l
FUR 5 weudivsunsun s T iy NI NaG e 0 1 IEU RATIURLAWIEY

wEnnIsIRsisaznsdenidauiunisduszifiou

o ' . a = o uoar .
Ul 6 srovviisTsrisewediugueToaing ueruinnsiuinuewnmeiiin)

uruuaduiafedas (Chamber / Body) fio dusuiivasiutawe? uavildnune funassin tilasae
Sed ; 4 o u W
ﬂﬂ ﬂﬁuﬂ']ﬁﬁi] NIUIInNATEUD ﬁ'[u'ti:u:m LA adamanu a\i'ﬂu"m\'l'u'ﬂ"!lﬂ\i il "IEJ‘].UGI WATEINE I.'l]'UFI'J'ThU ATAURTUTR
(ATEa At e s AR uinasewhsamaituiaeios Inopugaeaguiuntsdunaalidiu 24
mm 573 70 mm e 70 mmuaznagansdwivingursmomnibiiu @ 5 mmfugnduzui 6
= - I ¥ - e - .y ) -
ausunsiuafau (Vibration isolators) Aeainsaliianuuun et vasnsdsiunisduazfiauain
N & b o olak g i o o o N o '
undsindansdugiuiediflifoanslinnsduafoufndune] it iRensdadounisduain BLDC.motor §

YR N : : g g ; a_ o
FRTEY TaAunTIATILATNTEN AL Force transmissibility) voanTsduasiiou fia
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£ 1+Qdm) (8)
F (1=#) +(25w)

Farce transmissiility F.iF

| | | |
02 D4 0OE& OB 1 1.2 14

Frimunnicy ratio, (i) Tantin (i) Sutta i
() As SRR USRI IETUA TG () ARUANHUEYEIRUTIN T3

U 7 namimsdsihuugaiugnasuanud wardnuneauaunisduasiiion

PNAUATT & 1A TINEIAE A AR TsELIun 1AL (K) A liusad shunsduanas mngd-ﬁ
7in) azapUldndssansuuAiATuimasauIuihilFseuulianuissrumativiliinsauailiing 1414
Feanunsormnaenauudwasuaunisduiifosivue iy 492 16 Nimm dlefinsumeinedilyndudaay 3
Fwmnia frfuasiiourunsdutoan 3 il dasuiuiy wasrarasiaiasufuudadeddAudfdfuoaldvia
aurundazdeslitidruditaiAy 16405 Nimm

fufuslafiosuntlaiodosunn gadude ArAund wazmsiub il 25 Alansy (kg) @130
Wenawunsduiiiflusiommaindsd fo avnunisduuuuiuius fund uﬁ:LLuvT.¢1ﬁ'wﬁT'Eq'|uag:fiau Tauuana
FasSnuasauIINIA Tuguii 7w WA 3

=i = ar
e 3 TeazBunuasauIunIauA DY

Ussmauaumaiudsiioy | wuy U (mm) A1A21aLT (N/mm)
Tatin Ui 7 (900 A =700, d,-930,1-300 NA
Surupdiwni Uil 7 (w0 B d-100,1,-155, ;-390 25

C d=120, =150, =440 44

D d=120,4=150, - 440 74

B d- 135, 4=11.0, - 280 130

dlaldawumsduidasnisud delddumsesaliaisfuedoufemaununisduiiassoanuuaues
Uagaussduazitauiidminaumuissgiuedaddnudalunasguang 1S0 10816.1(12] #ail
- smpiauiiernisausia 12,000 pm ﬁ'uu’mn"ﬁé'u'hil.ﬁu 2.80 mm/sec
- uaznzgadwle (el 12,000 rpm Saadasemyu) fuunantsdugaaalicie 710 mmisee

gunsaifidenttlumsidonasou
1. 1383 HCM dmiummseudsmalusznauis
- uawasllinssuans suuvldfiuyseduguy F72:201105.220 9u7a 300 Watt, 220240 VDC wiaugn
vasnduipfiou BLMDSTC39-1P
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= ST S : . . ¥ a u ;
= PTUWY WIS (Centrifuge dlsk}'t.lmml,ﬁuu"luﬁuuunaw 175 mm. UIWUR 420 g 6@me1n3@s Aluminum

6063 91071 2 97w wiaushla

- UM SR fA)ﬁ'.ﬂLﬁaJ_. (B)25 Nimm, (C)44 Nmm, (D)74 Nomm uas (E)130 Nmm 284az 3 7

PRI VR |
- WHHLUDTVTOALATDY

2 m"':'amanﬁ')maﬁﬂwqunﬂsﬁwﬂmLasuHmua wiaulUsunsy MATLAB/Simulink® dnivugielunis

AN ALINATEN S LALLARIHA

3. Tusunsu Arduino wiswuain UNORS dwiulfilu microcontroller uaz Arduino-ADXL335 fnumul &1 iiia

v 4 o
"l ’ .
fludueeiiuniaaniey RALNUAI

4. wuwa$ Accelerometer 3-axis 1u1A £ S0G F1uau 2 1 wisugUnsoirevin

5. psdladssnanas Ay DeveSoft Minitaur WinugUnsaldowi

zﬂﬁ 8 auns tilumismagay

HENTTNAHDU

el . 13
NTNARDULATIINIIFUARLIUAL

A w ) & ' u ¥ o 5 o n. '
windlumstududmanmssastunounsdnaunatsuai e nefmuansneaausidasmsdianna
PIUNYUWILT §7U2U 2 weude Disk I fu Disk 1 wazdaunalnowfouiwmidadnnanagauluauae 3

Fu Aanandlumnsiad 3

ol = ' & - 8 ar
TN 3 dusansinmanaaaulunsinaaay Case I I, IO @nydaneu

Disk | Disk 11
Cases | My(grams) | Or{degree) | My(grams) | Gridegree)
Case | 033 0 033 0
Case 1T 079 0 071 170
Case 11 021 120 035 300
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10

mnn'ﬁwaaumsmaauaamuwummm 'n'N 2 Whu LLD\E’I.-L&H‘HN 3 Nl Tﬁ!JﬁNWDlsk] S-Eﬂﬂil.‘aiiUﬁ'Qﬂﬂ'li
aumasm 6.40 mm/sec Wz Disk 11 m:u'smmiau 7.40 mm/sec 11\11‘]0 3 ﬂ'immim-ﬂmmamaau‘lummﬂmuma..
el m’hﬂuaawﬁ’lnumﬁmqnumaaﬁmumaLauauﬁaﬂg‘lummumm ﬁ#l.\ﬁﬁﬂuﬂ'l‘ﬂ-lh ) I.kﬁ..-iﬂﬂ 2

ﬂ"l“i"l-lﬁ q Nﬁﬂ"l'iﬂﬁﬂﬁuﬂ"l‘ﬁﬁ’]dﬁ;lﬂﬁ

Trial in Casc Bularelog Results
Ao do Parameters
mmisecy | () Ay immsecy dii® e Ar %
Meig
1 1l 11 | I | m | immsee) | Reduce
Disk 1 640 158 210 1470 480 315 | 334 | 1R6 | 042 77 070 8906
Disk 11 760 261 1101 1420 1256 | 300 | 200 | 272 048 87 065 9145

(“x; degree, (gi; grams

[ T T ] T T T
s 8
AN ET] S
E
g ,-\L I | |I f i 2 ‘\ |
£ - z
VA, B
g Ll ] B Ll
. 4F \} U I'u \/ i b ! J
E &
-Hn ﬂ.lﬂﬁ "TL ﬂ.".." 01 023 'I‘"J" U.il]i Ufl I:l:|5 ﬂf: 25
Time (sec) Time (sec)

(n) Aymnirduasiiounouviinaunaa Disk] (o) dyanunisduasiisunou-winaaugaues Disk I

= = Y Ci u , | 2
Eﬁ‘ﬂ El Wﬂﬁﬂ‘ﬁﬂr‘-‘liﬂU,LUSUUL“UUHEH—HﬁQﬂ‘]iﬂNﬁ&Jﬂﬂ Disk | uaz Disk 11

HASNEDINATIANANRA T TIUMIIWINRE YuwinvauneFuauma 0.42 ni’uﬁuu 779 d iy Disk T uas

0.08 n¥u ﬂqu 87° dmiv Dtsk 1 uammﬂaaumwwmaawmmnmaauﬂa mmmmaﬂwﬂﬁmiﬁﬂmnu
80% AINLAY ¥ 2 quumm uanins s aumuwmﬂmsawmquwmmm z mnaumaama(am
G v auRaEua g '*.ugt}w 9

nMARBUALIUMSHUAzITiDY
oA - [ i | g - - w Al
Tunsvrsaumeldonauiuntidu FNLUAATUTIANTIVNIUTI380A 381 HCM sl
1. Fearnmnsduasiouvneeioninuf 12,000 rpm (constant speed)
a1 o - o - el - oW | a
2. dedinsduandfisususiriouin i lauundwion sduios (resonance) ludruaianisinguaan 12,000
rpm Bavgaiia (speed-down) W3BiiRITAL5739U 200 Hz §1 0 Hz fansmiguil 10
uaglidwadinrouida 3-unu Arral i vawed | dumds wasiisrundosdn | dunldeeinfisnmanduead
Tifitmvnauaaunus wnuy nuz ndeiy deannsagfeuifsudpguliudastnusiemls
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11
0 50 100 150
12
oF [ amplituce | 200
i -
\ [ oot |
6 3
Iy N 150
& 3t b N
£ s =
1]
= s 100 %
£ s X 5
* ~
B ] = . ]
- W S _
A2 ; dred 123 0
0 30 60 90 120 150
Time (sec)
Ui 10 nmluamsinFinTduazieu (Amplitude) kazruiiTousaus 200 Hz f1.0 Hz
i 2 w i £ - & -
fé'lJ‘ﬁ 10 I.fJ';.ifT:’]\“]'tlFl‘lJa 1 Tunrswepaauiasun 20m53 Tnswrsauiuauiunisduriines 4 /31 90 5 wiin)
A1514 6 uaz1'1-51'1@1aauumuiwaqm?aﬁmﬁﬁLﬁamumﬁm*uu?'J'muci'u']
solators Max Amp. At motor {mmJsec) Max Amp. At chamber (mm/sec) I
pes 2
Freq. A B C D E A B C D E <
- , 1.340 0840 | 1.740 | L1160 [ 0284 | 0171 0081 | 0130 | 0149 | 0069 b3
]“‘?_SO 1410 | 2480 | 1770 | 1140 | 0265 | 0153 | 0272 | 0110 | 0058 | 0004 | ¥
® 2870 3710 | 3860 | 0971 (1822 2210 (759 | 0822 0291 (148 o
0074 | 0293 1160 | 0137 [ 0105 | 0346 | 0.549 | 1080 | 03589 | 0127 | x
§°;°}g“‘”fl‘: 0050 | 0803 | 1050 [ 0139 | 008y | 0222 | 0350 | 0844 | 0070 | 0124 | ¥
i 0422 | 0716 | 1950 | 0094 | 0142 | 0018 | 0041 | 0090 | 0018 | 0036 | ©

o . L P 4 a 3 o 5 P I
PINHANINATDUATINN 6 wudrswmmsaudefirdanuiuni sduwuudngg Wbkuuianisdunasnn
£ - - N i - | o = -
uawaIFELATes dvumanas LazauuATIARTTln IALTu s aTigmisvmEyinauR 12,000 pm uasvLE
Il - - - - s a - ar [} -
srunTuEsTuAYs st iiad lauued A cutunisdu E fsdlauanisdunaiiaiud 12,000 pm luiml x v
way z Ay Nuowred 0284 mmsee 0265 mmsee ey 0822 mmisec TULIANISAULRDNTRULATAUTLA
a4 8 W o o i W o 1] o
BUNIMNA TWIANTTAUTRILATES 0,069 mmsee 0004 mmsec kA 0.048 mmsec Alwuranisaufivasndinisdu
PnauIuMSALTEeE Y tamsdut s iaslewuusuainad 0.105 mmsec 0.089 mmsec L&y 0,142 mmsec
s - v B =l vl = PV T i ' i
wuiluwny x uaz y fvuinnisdudeeiian uaiiunu 2 Jvuamsduioondt A B uas C wivinndl D dusue
W - | = o -
nriduunsinilauuudiraeie 0127 mmsec 0124 mmsec Las 0,036 mmsec AU x Tranisduioeiian
uifiuny y fowmnisduliannds A B kay Cwduinnd D #uny 2 Sewamsdutiosndt Auas B udwinnd ©
usy D fniudiofinnsanandnuuensi e aaso i uRA ST auY Y wvedlas s ui vt
a e T S ) W o ) o - w - o i b
rslauuudiRrtuiseiaume annsonanlr euunTsduitivannisduaediouliuniigafo auau E #illd
@udi 130 Namm

ajunansive

pansiATikarsonuursssudafonurafununiiaiuisoas s milgudduinsvnmunnndt 1,000 G 4
FuEasaumITaTuiane 10,000 -13,000 mpm vinaduEugudna s umusdasdiviie 175 mm seuuaiuey
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