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ABSTRACT

This thesis presents control system for a stabilized plate which is divided into 2 parts;
PID controls and FUZZY-logic controls. Arithmetical equations using MATLAB/Simulink to
simulate the movement of the plate on x and y axis were applied. Experimental test which the
accelerating modules for a bevel angle sensing and MATLAB/Simulink for controlling the plate
level were also conducted.

The experiment is consisted of two parts: the application of MATLAB/Simulink to
simulate stabilized plate and the application of MATLAB/Simulink to experiment the system.
For the experiments on both parts, the PID control was setup with P=600 and I= 1. Moreover,
the Fuzzy-logic control was setup with the input-graph ranges about [-0.27,0.27] and [-50,50], and
the output-graph range about [-20,20]

As the resulting simulation, the FUZZY — logic control system is more effective than
PID-control system, however, the PID-control system is more accurate. From the experiments,
the FUZZY - logic system is sensitive to noise which leads to the instability. Moreover,
the returning motion is unsatisfied while the PID control system yields smoother response and

the response for the different angles command is more stable.

Keywords: PID-control system, FUZZY- logic control system, stabilized plate
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' CNL NM NS ZE PS PM  PL

FFH]

COH

BOH

40H

00H -
e 32H 4ADH SEH 6FH 80H 91H A2H B3 CDH FFH
=50 =55 =367 =247 <127 0 12° 24 aw 55 a0

d‘ J o < a
MNN 2.10 ‘Wﬂﬂ%uﬁl}i’)\iﬂﬁnlllﬂuﬁll"l‘lfﬂ‘ll@\ilqlll [14]

o Jdo < a 1 a @
HenFuvesnnuiluanFnueswam1usayuneunUNa1 (Angle derivative) taaa 13

AInNINN 2.11

{ NL ‘NM NS ZE PS PM PL
FFH
CO0H
80H
40H
00H -
mH IAH 3CH SEH S0H AXZH C4H E6H FFH

-90°/s =T2%s -48°/s -2470s O0°fs 24%/s 487/s T2 Ws

d' Jd o < a 1 a ~ @
MNN 2.11 Wqﬂ%ummmmvﬂuﬁmsﬁﬂmmwasmwvmmvmmunm [14]
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o P I a I @ & o {
‘1/\|\‘1ﬂ"]ﬂl"l]@ﬂﬂ’)'lll!,“lJu’ﬁiﬂ‘]fﬂell?)\il’mV!G]Vlﬁﬁﬂielmglﬂulmﬂ “Singletons” @NﬂTWﬁ 2.12

'\ M NS B S MR
CORH
80H
40H
00H |

00H 2BH  55H  80H AAH  DSH  FFH
-18mA -1ZmA -6mA OmA GmA 12ZmA 18mA

~ 7w & A ¢
NINN 2.12 ‘17‘]\‘lﬂ"]ﬂ!ﬂl@ﬂﬂ’ﬂhlﬂuﬁﬂ'l‘lfﬂﬂ]@\u@ﬁ/!ﬁ‘lﬂ [14]

o 1 1 ~ I~ Aa d @ :JI ~ 9 o 9 [
Tunmsimuadiaila q danuiluaudnvesilansuniaesnlnanuuintiesunla
> o 9 o @ 9 [ o o I~ a . .
HuduudesirnannuFuvesdiuai g vesilanduauiuaui¥n (Membership functions)
Fama ldsaaumsn (2.18)

siope = 299
pe Gz — x0) (2.18)

4 J v o 1 1< a
WeNTIUAIANUFULEITEINITaRIUIUNMIAIA NN uaNIFn (Membership

function grade)"lg]} ﬁaﬁau”lwia"lﬂf:ﬁa
If Point1<Input<Point2
Grade=(Input-Point1)(Slopel)
If Input>Point2:
Grade=FFH-((Input-Point2)(Slope2))
Sidesmsmyudiiian 10° uaznamaaguioufunaiisunsy -10° s ks

o 1 a 3 o v J 4 { {
ﬂWU’Jﬂ‘!W1ﬂ1ﬂ’NﬂJLﬂuﬁiﬂﬂfﬂ iﬂﬂu1!“I/lTﬂﬁaﬂ’NllLlﬁ3i?]lln’i1WﬁﬁW‘ﬁmﬂﬂ§]Lﬂﬂ!“ﬂﬁuﬂ1uﬁﬁﬂEl

U

9 =

[ Q ' [ < P 1 a = o
L%uﬂgﬁﬁﬁi%uﬁW ﬂ?lllliJﬂHﬂuﬂUmﬂﬁﬂﬂ (Negative small) LASHAATUEIYUINIUNULIAN

q

I J 4 a1 g <
(Delta_angle) Lﬂuﬁuﬂ (Zero) N3zL@vRINEIADS v RA T UL INEANTBY (Positive_small)

29 éfumuﬂuﬁ‘laﬁ (PID controller)
~ S A @ 1 @ 1< £
i$‘]J'Uﬂ'J‘]Jﬂ3JWUl§Jﬂ ﬂ’f]ﬂ'liﬂ')ﬂﬂhﬁ'ﬂﬁ')uﬁ@uﬂﬁﬂ Lﬂuigﬂﬂﬂ'liﬂﬂﬂﬂhgﬂllﬂﬂﬂuﬂ

Gd]fﬂ%ﬂﬁﬂ’)ﬂﬂhiﬂizﬂﬂ’)ﬁﬂﬂ ﬁ?@i%ﬂﬂﬂ?ﬂﬂhllﬂﬂﬁ@ﬂﬂﬁu (Closed-loop control system,
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4 a @ T I a
Feedback control) !ﬁ@ﬁﬂﬂ]?ﬂN@]Wﬁ'l@i]1ﬂﬁiyiy1miﬂﬂ3u 'E]EJ'I\?hliﬂGHiJ AIMUHANAIATDIUS A

v

o ] A A o 1 1% I = 4 A 4?
G]'JﬂENVliJTillﬂ]lﬂ uazmamuaﬂmuﬂaumummauaummmﬁ’mzﬂanaﬁgmwmu N3

o 1 aov J @ o w a
3’Jllfﬂiﬂ’J‘Uﬁ]Mﬁﬂﬁ’lullﬁgﬂﬁﬂ’J‘UﬂiJ‘iJi“Wu‘ﬁl"lgl}w%}’:]Elﬂu%%E’HNTiﬂﬂmﬂﬂ’ﬂiJWﬂW’ﬁ1ﬂﬁﬂ1u$ﬂ\1

@ 9 1 o 9 A ~ (=Y lel =K 9 =~ @ s A o Y
Q‘]'Jllﬂ Ll?‘mg‘ﬂ'lsh’iﬂWiﬁ@Uﬁu@\‘lﬂ'lilﬂa@u‘V]lliJﬂ PNUU WABDINUNTITAIUANOYNUD e lins

4

ad A o Yy 9 o ¥ A
AU UDIVDITEUUAUU LﬂJfJi'JiJ‘VN?HiJ!‘VI’E]iJL"U'lﬂ'JElﬂu%gllﬂzﬂLLUUﬂWiﬂQUﬂNLLUUWVl@ﬂ (PID

controller) A4NIWN 2.13 Ay MNN 2.14

Process o(s)—>

I(S) —» c u 0

mwi 2.14 msaruguuuniloundu [16]

o = =2 Y
anunuii led Usznouaiy
2.9.1 Proportional Feedback Control (P)
o 1 o o {3 [ [ 1 A
ﬂiﬁﬂﬁﬂﬂﬂﬁﬂﬁ?u ﬁi’] miﬂ:mﬂ3Jﬁmmwmﬂﬂuﬂauﬁtﬂuﬁﬂmuﬂlﬂm”|mmwﬂwmﬂ

) 9
ioaanuAANaIAYDIdR N IMeeN d1mnsom laninaumsae luil
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F= R (2.6)

9
[ Y

[ d‘ 9 1 dy
Wi nmsmuauuuutlounauluning 2.9 v 1daumsas luii

Disl= K (2.7)

[

Weo P Asdanav1onn

9 9

v
v 1

K olaruosTou (Transfer function)

e ADAIANUAANAIN

2.9.2 Proportional-Integral (PI) Feedback Control
aov 4 o w a @ 1 o
M3AUANUTWUT (Integral) tWPAANTDRIIAANUAANAIAADIUL AR Ladz i 1R
o = a A 9 o a o J Y
ﬂ15ﬂ@ﬂﬁu@ﬁcﬁjﬂlﬂlguﬂ5$ﬁﬂ'ﬁﬂ'lWﬁﬂa\i Iﬂﬂﬂ1ﬁﬂmﬂ?ﬂﬂﬁ§1m818ﬂﬁwu°ﬁ ﬁ'nJ”lﬁﬂ‘H']vlﬂﬁ]']ﬂ

v
aunIae il

E rt
Gy = E‘L‘E d&

(2.8)
nnmsmvguuuuileundulunini 2.9 agldaumsae i
U@) i
R - ﬂ _—
E(z) 2 55 (2.9)
tﬂ' A o
115 1) AvdayanmIenn
T fona

4

D a9 awlsilsiug

E f9 aruvnimanunanaa

2.9.3 Derivative Feedback Control (D)
[ J A [ o 1Y A [ d‘ a
m'imuqmuwuﬁmaauwuﬁﬂauﬂau o @ﬁﬁ?ﬂ'ﬁlﬂaﬂullﬂﬁﬂﬂlﬂﬁﬂ?’]ﬂﬂﬂwa']ﬂ

A‘ J 1 Y 1 dy
ioana lonesganazaanargauga awison lannaunmsae Tl

DY = KT ¢ (2.11)
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@ A P2
i]'lﬂﬂ?iﬂ?ﬂﬂul!ﬂﬂﬂﬂuﬂﬁﬂiuﬂ’lWﬂ 2.9%31@31

D) m KTy 5 (2.12)

e DG fe dyanavieen
A

4

A3V YW UT

[

K 13
T A (4 . . .
il 9 OUNUTNIAT (Derivative time)

v Jdo W

é Ao OYWUTOUA DM HIVBIAIWAANAIA

2.9.4 Proportional-Integral-Derivative Control (PID)
AMTUMIAIVANANUHANAIATDIUEAIAIAZANUAANIAFIVME  (Transient
9
error)  @N30AUAY Tasmssauisamemdiduiu Idunnmsarugudadiunmsniugu

Ao o o o ' ¥ ' Y
UYsHusuazmMsnIugueyus ¥usenin msnruguuuui lod awnsom ldnnaumsaslii

H ol
Cutput = ¥ + [61+ BE) = E€'+FL€'::£F+ T
]

(2.13)
o A Y 1 dy
vinmsmuauuuuileunauluning 2.9 ag'ldaumsaelii
\ 1
DGY=K\1+ —+ Tpy
Tiz (2.14)
d‘ %
M1319N 2.2 WanBUEUDIVDIALS
F
1 J 1 a v
- FIWIAYU Toresygn nalgauna ANUAANAIATDIULAIA)
duls
(Rise time) (Overshoot) (Settling time) (Steady — state error)
2 = 3 9
g an Y nlagulasaniios an
,« an AT TN an,Mia
4 < 4 <
K, |vavwnlasanioes an an nasunlavantios




VNN 3

v
U

VYUADUNIINAADN

Tunisnaaeslivuneumsduiiums Taesunnmsadeaunismsinaeufive sy
$ABIAIARTES (Mathematical model) taz§1a09msinaoUAiA28 TU51n31 MATLAB/Simulink
TudruuesmsnruguuduinEInUades 195200 PID controller Mazsz 1y FUZZY Logic-
control controller 1uFIAIUAY 1T 1R0eNsIAGENT TAe1F 1151053 MATLAB/Simulink 1iie
Wi suifeulszangnmlumsiauveia 2 szuu sauieAnsanuiu 1 18 unsiha
934 mn&uﬁwammua%’wmﬁuizmmmwiaqﬂﬂm‘fwm%{mm%wﬂ%’mﬂﬁaumiu%ﬂm
anierdesidn@aedu ududouTysunsu MATLAB/Simulink voamsiauasuiten/Seudioy
AMUED T NNV IUHUS NHIANUEADETINNITAIUANTZUY Tae 1% PID controller 1Az FUZZY

Logic-control controller

31 mscﬁmmmsmﬁauﬁmmizuu

3.1.1 MIasNauMIMIINaUNUOILHLS DY IANNIEDYS

‘:‘ ] 4 = d’ an
M 3.1 gilvewrusnmANuEadesieuedluglunuaea
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MINMIHUTIEIANUED e TUA NN 3.1 =@oINNTAU ML TDINALAZIZA0
Y
NTUNEDIATIADNNTUWHUS NEIANUADITAIU X LAZUHUSNEIANUEDITAIU Y 98198
Qall a (% 1 d‘ d‘ 9 7 d‘ d' 1 [ =} [ 1 dy
A5 Tagfiansandiutlsane o MnervesdumsnaeuivewnusnyInNUades aaae liil
L = ANUENVOULAUTAYIANUAD YT
1 A
¢ = MANNHAvTDIATIYY
F = 32zNUsINNIZ N UMHUTE DDA
F = u5a9anNnsginuuKUs n¥IAN0a 085 (Mathematical model of motor)
= o 1 @ = Y 1Y) £ 9 9 =
NANYEHVOIMINWHUTIIANUADET THVUIUAUUAY (Parallel) FIADaldNgug

VIN1THYU (Moment of inertia ) AaduMIN 3.1
=], mpdt (3.1)

1
F= gl (3.2)

1 I 1 £ A A & d'dy 9 ~ A
A J Wudruviavesaumsmsnasun selunieglgam J vesaunisi 3.2 waziilo

a ~ Y o s I A ~ 9 A [V dy
NATWUIRINNINHT 3.1 LLa’J‘L!TMWLﬂlﬂuLﬂuﬁilﬂﬁﬂﬁLﬂﬁ’t‘)u‘V]ﬂlf)ﬁ%ﬂ“ﬂﬁ]gl’lﬂﬁiJﬂTi‘Vl 3.3 U

Yu=j8

(3.3)
Fr—cf =J& (3.4)
éﬁ'"';"?: 4 (3.5)
fmsthedreaunsi 3.5 oma § vz 18aumsi 3.6
d= (P_g&)r
f (3.6)
é% F“? d (3.7)
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9
[ Y

Y A £ g A A 1 Aq Yo o
ANUU fl]zvlﬂﬁllﬂ'ﬁ‘ﬂ 3.7 Gﬁﬂlﬂu’ﬁilﬂ’lﬁﬂ’lilﬂﬁ'ﬁ]u‘ﬂ"“@Q!lwuﬁgu'lﬂ‘ﬂi%ﬁ'lﬁiﬂllﬂu X
o = [ A g A A 1 o = Aq ¥ o o
llﬁ311!1/]’]1!@\1!@fJ'JﬂuLll'ﬂ@l'ENﬂ’li‘l’nﬁilﬂ’lﬁﬂ’lilﬂﬁ'E]u‘ﬂellﬂﬂllwu5ﬂy'lﬂ']'lulﬁﬂﬂﬁﬂiﬂfﬁ’lﬁiﬂllﬂu

< o Y ) v A9 Yo o vy { =q vd o
Y denwsai 1d Tegldaums@erdunlasdmsunnu X uadoanlasu & 1dilu & @il

™ &
a=pF-rt (3.8)

¥ A A %z o s
3.1.2 ﬂ’liﬁi’N?ﬁJﬂﬁﬂﬁlﬂa@uvﬁlﬁ]ﬂlc})”ﬂiI’JiJE]imE]i

Fa
— AAMAA———
= : Hﬂ'
I -

Je

H 1 @ y ~ 4
MNN 3.2 ﬁ')uﬂ53ﬂ@‘]_lellﬂQﬂallﬂiquﬂ1jﬁ%}']ﬁﬂﬂ15ﬂ"|iLﬂﬁ@uﬂm@quﬂ!ﬁﬂi [17]

3197 3.1 manﬁwmmmai’ [17]

MRATINGS AND SPECIFICATIONS S
o —————_____Nolor Type UGFMED-
<N yon dorw B5T20E  BSS20E  BSM20E { B5L20E
Rated Oultput w 62 82 123 |
Rated 'rm Nm (ozdn) | 0.028(4.2) 0.03MEE) 0.05MBI)  0.083NH
llthtl.!pud : f/min| 2000 | 2000 2000 2000
Raled ﬁlﬁol v B1 | 260 30.0 19.4
Raled Curront A 10 0.66 078 1,66
Rated Mv Rate KW/s 028 0.35 0.67 090
Rated Wlf Acceloration mdfEt | 10000 | 8880 0670 10760
MMT«qu N‘m (ozdn) | 0.157(22.2) 0.186(26.4) 0.275(38.9) 0.392(55.6)
Inslantaneous Max. Speed rfmin | 4000 4000 4000 4000
mam(m Encodar) kgm'| 28x10* | 44x10* E1x10*  TTwi0*
Ju (=GD'w/d) loadns’) | (42x10 ") (B3x10 ') (BEx10)  (Mx10Y)
'Amﬂmmm f 62 12.5 n2 31
Armalure Induclance mH 2.4 6.0 82 19
Induced Voltage Constant V1000 (r/min) 38 78 ar 62
Torque Constant N'm/A (ozdn/A) | 0.036(5.1 0.07300.3) 0.092013.1) 00SHEZS
Friction Torque Nm | 00039 0.0048 0.0058 0.0068
lozintl os6)  (o.70) 0.8 0a7)
Viscous Damping Coefficient Nem/ {r/min) | 0.39%10 * 0.59x10° 088x10* 088x10*
{oz4n/ (r/minj} [ (5.6x10") (B3210°) N2Ex10°% (14 %107
Inertia Time Constant ms ] 105 B4 68
 Induclive Time Conslant me| 039 0.48 065 061
Approx. Mass gfoz) | 280088) 330(16) J90038) = 4S005E)




A A o Y Y ' o J
INNTINN 3.2 LAagM1T 1N 3.1 'I/]'IGI,WWiUﬂ'lgnllﬂiﬁ'lﬂa]ellﬂﬂﬁ'nﬁllﬁﬂi

A v Ay 9 ° Y
weniuanasdlslumssiaa Taun

Vi = Motor input voltage
Ra = Resister of motor
Io = pszualvideduvaaia
f{r = Torque constant
{ o Jd Aa

Vﬂ' = ﬂ‘i%LLﬁVlV‘Iﬁ@]’JN@M@ﬁNﬁ@]’ﬂﬂﬂﬂﬂ
Ke = amafivodback emf

<3 a 4
o = ﬂ’J'liJLi'J"lJ?NHNHSJ%’EN?J@M@i
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A [ 1 9y =K o 1w [ Qa: [ A 1 ::'91
LiJ’é)T]iT]JGl’JLL“]Ji@HQ“]Lm’J vihmaudsmanivnydseneun e iial F 19093

Taol¥ngues nesrenls (Kirhhoffs voltage law) vz lagLluuuannsdaii [17]

I‘Egn—fﬂﬂlﬁ = I‘Fh =0

A
LUAaZIuD
IRe =-Koo + Vi
1 I(;r 4 lrlwd' o d Aa h‘lﬂl A
A1 Ve (DIZUF INNSINBEDINANDDNUT) ¥ I 1naun1In 3.11
I‘;h' = Hg.m
A
LUAaZIuD
=R,

A A A k4
UAZIUDNITUIFAUNITN 3.10 ﬁ]gvlﬂ
. (’Vm 2 Hi.m}
= _R_
@

Maumsn 3.14 unuasluaunsn 3.13 1216

_ Vi — B
r=(Rr )

(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)
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d' a [ d' 1 S % 1 d' 1 9
Tﬂﬂ“l/l Vie Niﬂfﬂ?ﬂ\i‘ﬂ upvzialsAua N volt NYVITEUY

3 o 1 1 A Y @ Y 9 Y 1 & J 1
AMNUUUIATAN € m”l@mﬂizﬂmmuﬁum‘imwu%z”lmﬂum F G]f\‘ilﬂl!f’n

@ J Qa: ) o 1 . ]
Mathematical model YDINIUDINDT %1ﬂuu'§ﬁuﬂﬂﬂi$ﬂﬂﬂﬂﬂﬂ1 Mathematical model VYDILUHNU

FAEIANUADYTAIVAUNITN 3.7 1AL 3.8

3.2 M3DavIMIINAOUTAIY MATLAB/Simulink
o A A 09.: ] Y I 1 v A 1
lumsdraesmanaouMivutiseon laiflu2 drundan AvdruveszUUAILANLLY
'l (PID control) uazd’mmmizumnuammu % aodn (FUZZY Logic-control control)
1 Y
WeimMIlseuieunNULANA I UDINITBITE UL
. A4
3.2.1 mMsdaeemsmasun luldsunsuiuniuay (MATLAB)
. A da ; A4 . -
Mssnavsmsmaeuniunmsihiaumsiaoun  (Mathematical model) M uVeulu
T1/5un53 MATLAB/Simulink Taemsiiaunsf 3.7 uaz 3.15 wwilasldeglugiveslonsn
o Y]

A A ' a ay P = o Ay
159349 (Toolbox) “lummmwm%lmﬂ muamiumww 33 Tﬂﬂhﬂﬁﬂﬂ’iuﬂﬂgwﬂﬁ@ﬂﬂﬁ

Y A A AA 1T a A 4 @ A
ﬂﬂaaﬂﬂu%ﬂ@umaemﬂ (Toolbox) N¥DI DUNNTNDT1 (Integratorl) aataasluning 3.4

Gaind Derivative

Gain

Gaini 1 1

In1 Out1
Integrator Integratort

ot u

h 4

Subtract

Gain2
Subtract!

Y 4 { 1 a a J
M 3.3 msulssaumamanasunlieqlugivesduyded

Rl
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rﬂ Function Block Parameters: Integratorl @1
Integrator - __ -
Continuous-time integration of the input signal.

Parameters
External reset: [none - ]
Initial condition source: [internal - ] -
Initial condition:
0.345
[T Limit output '

Upper saturation limit:
inf

Lower saturation limit:
4nf

7] Show saturation port

[C] Show state port

\} 0K l [ Cancel ] [ Help ] Apply

M 3.4 ms ldyuideans

v
a J 9 Y

A Y A A A 1 a =2 o A A o Y
Lllﬁlhlﬂ’ﬁllﬂﬁﬂﬁl,ﬂa?J‘Ll“VI“VI’E]Qiﬂgﬂﬂ]@ﬂ%ﬂ‘hﬁﬂﬂuaﬁ]\?u1ﬁhﬂﬁﬂﬁlﬂﬁ’ﬁ]uﬂuulﬂﬂﬂﬂﬁl

U

e .

Tugidusamuivesossuszuuvosmsnuguiazinnldauae T awnmi 3.5

out

Subsystem

gy

[

Ml 3.5 madaumsneglugdsuyas 1dedlusddusamy

U

=\ =
3.2.2 S2UUMUANLLY i 197 (PID control)
= = I
szuUAUANLUL #1098 (PID control) luTisunsuuunuan (MATLAB) (Huns
auauszuuldedlumnsensuldlamdon lonoumniesiio (Toolbox) #iloRudouaoiy
v A d' [ d‘ v dlal 9 ] [ =) [ [ Y
dugmnulunni 3.5 uazldaned Euidosms ldudusnanuadesSnmsgan) uda
) [ (% [ d‘ A =~ = d' [ 1 .
Rmstleudyananduindunioaiio (Toolbox) #ilod aunIwa 3.6 uazilSuaA1 Kp, Ki, Kd

o w an A D A
ﬁ'liJa'lﬂﬂiﬂﬂ'Jﬁﬂ'lianle]leulﬂﬂ']ﬂﬂ‘qu@ﬁnJﬂ']Wﬂ 3.7

v



24

Scopet

E} § m | PID »> @ o (] Ot > E

Canstant Saturation

FID Contraller Subsystemn

= 4 4 Ay A
HNN 3.6 NMIANUAUTUNITNITIAADUNLIY ‘W]’lﬂﬂ

= -
E Function Block Parameters: PID Controller M

PID Controller {mask) (link)

Enter expressions for propaortional, integral, and derivative terms.
P+lfs+Ds

Parameters

Pr@:

soo~—"

Integral:

1

Derivative:

a0

[ oK ]l Cancel ” Help H Apply ]

MR 3.7 nieedSua Kp,KiKd

3.2.3 330UAIUANLLY W9 aodan (FUZZY Logic-control control)
v 9
FTUUAIUAULDY Hd a09n (FUZZY Logic-control control) d1451113901 18
o 1< a 1 a 1
29 NUUUNIFUANMD WAL (Membership function) °lumuauwmll% 2 A1A® Error tag Error.

= ogj [l s ) Y I [ ~
ani luauemMunamuualiitu Volt danaadluning 3.8
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IS Editor: dor P _ =nec!
File Edit View

dor

(mamdani)

\
X

‘ FIS Mame: dor FIS Type: mamdani
And method min = Current Wariable
Or method P m error
T it
Implication min = s He
Range [-0.27 0.27]
Aggregstion max =
Defuzzification centroid - Help Close I ‘

‘ Opening Membership Function Editor ‘

Y o o 3| a 1 a
mui 3.8 Wesduanuiuamndnludruduna Eror iag Error

L h 1
— 4
B Membership Function Editor: dor I = | B |
File Edit View
FIS Variables Membership function plots  PIot poirt: 181
nl nm ns z ps pm |
o [0l
i
error volt
Error.
-025 -02 -015 -01 -005 0 005 01 015 02 025
input variable "error”
Current Variable Current Membership Function (click on MF to select)
Maime error ez nl
Type inpLt Type trimf. -
Params
[-0.3588 -0.27 -0.179E]
R 1-027 0.27]
J Display Range 1-0.27027] Help Close | |
[ | Ready |
— — —_—

4

a o < a 1 a
MNN 3.9 W\1“Iﬂ!ﬂQWNLﬂuﬁNTWﬂiuﬁjuﬂlﬂﬂﬂuVQﬂﬁ

I A ' 4

A <3| o I a 1 a
mwin 3.9 Wlugiileduanuiuaunsnludiuvedunndnyedn Emror 99

AMANUDVEINT W (Range) 19110 [-0.27 0.27]

25

=
A\
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= . P
Bl Mermbership Funcion Editor:dor iR =RIEN X
File Edit View
FIS Variables Membership function piots ~ PIot points 181
nl nm ns z ps pm |
1
i
error volt
X
e
Error.
n T T T n T T T T |
-50 -40 -30 -20 -10 0 10 20 30 40 50
input variable “error.”
Currert Variable Current Membership Function (click on MF to select)
Mame error Mat: nl
Type input TSR trimf -
Params
o L050 [-66.7 -50-33.32]
Display Range 150 50] Help Close | ‘
Selected variahle "srror.” ‘
e

MNN 3.10 M3lasumanudvesns vl (Range) 19110 [-50 50]

A <3| @ 1< a 1 a JAA = =
NINN 3.10 L“JJugﬂﬁwummgﬂuﬁuwﬂuﬁ’mmmauwmm%%a’n Error. 39%1

A1V 1HNINY [-50 50]

u Membership Function Editor: dor #% % - . = | G )
File Edit View
FIS Variables Membership function plots It points: 181
‘
error volt
Error. h
0 1 1 L L 1 1 L
-20 -15 -10 -5 0 5 10 15 20
output variable "volt”
Current YWariakle Currert Membership Function (click on MF to select)
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4 a J
.1 1A5039ABNNAUABS (Computer)
A A 2q ¥ o Y A o '
1nTeInoUN AR 1F lumstimiinugunsiIuYeIszUUAIUANUALS UL Tad
4
19 11/5un5 MATLABIA#8 141151053 MATLABUDY Real time Window TargetWs o3y
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v o 1 [ J J
Joyannariannusanisznanatazdidyaueen lldumaruguuesines
d d
n.2 wemasuazlasd
4 Jd a
1503 19001AD3 31 UGFMED — BSL20EW@A 198 Yaskawa electric corporationd4/o3a

FUMZAINT19N N2

! o 4
ﬂ'lﬁ'l\‘i‘ﬁ .1 %’agammwmmmmm

Rated input Single phase 220 — 255 V. ~ 50/60 Hz
Rated speed 2000 rpm

Maximum speed 4000 rpm

Peak stall torque 0.059 Nm

Rated torque 0.083 Nm

Inertia (without brake) 0.00077 kg/cm2

Output power 0.174 Kw
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woIADS 1ATI5U ASP — 090 — 09 HARTAY Copley Controls Corp. HUPYATUNIZAINITI

nn2

Y o -4
5199 0.2 Yoyasumzveaneines 1A [19]

@Eoptevl DIGITAL SERVOAMPLIFIER c
anuols A I ™ for BRUSHLESS or BRUSH MOTORS
GENERAL SPECIFICATIONS RoHS
Test conditions: Load = 3-phase Wye connected load, 2 mH line-line. Ambient temperature = 25 °C, +HV = HVmax
MODEL ASP-055-18 ASP-090-09 ASP-090-18 ASP-090-36 ASP-180-09 ASP-180-18
OUTPUT POWER
Peak Current %gag(ltz.?) 9 (6.4) 18 (12.7) 36 (25.5) 9 (6.4) 18 (12.7) Adc (Arms)
ime z s
Continuous current 6 (4.2) 3(2.1) 6 (4.2) 12 (8.5) 3(2.1) 6 (4.2) Adc (Arms) per phase
Peak Output Power 0.92 0.79 1.55 2.95 1.59 3.15 kw
Continuous Output Power 0.32 0.27 0.53 1.0 0.53 1.06 kw
INPUT POWER
HV  toHV__ +20to +55 +20to +90 +20to +90 +20to +90 +20to +180 +20 to +180 Vdc, Transformer-isolated
Peak current 20 10 20 40 10 20 Adc (1 sec) peak
Continuous current 6.7 3.3 6.7 13.3 3.3 6.7 Adc continuous

PWM OUTPUTS

ype
PWM ripple frequency
COMMUTATION & CONTROL

3-phase MOSFET inverter, 20 kHz cen:%r-kv'a_'e!ghted PWM, space-vector modulation
z

Current loop 20 kHz (50 ps period) update rate
Velocity & ition loop 4 kHz (250 #s period) update rate
Commutation Sinusoidal, field-oriented control of DC brushless motor

Phase Initialization Amplifier initializes in trapezoidal comr

utation until a Hall transition occurs,
witches to sin ommutation wi hase-correcti

Hall signa

BANDWIDTH

Current loop, small signal 3 kHz typical, bandwidth will vary with tuning & load inductance
HV Compensation Changes in HV do not affect bandwidth
Analog torque/velocity +10Vdc, 12 bit resolution Differential §J3-2,14
Input impedance 66 kO Between Ref(+), Ref(-)
Digital position reference Pulse/Direction, CW/CCW Stepper commands (2 MHz maximum rate

Quad A/B Encoder 20 unt/sec (after quadrature), 5 Mline/sec
Digital torque & velocity reference PWM , Polarity PWM = 0~100%, Polarity = 1/0

PWM PWM = 50% +/-50%, no polarity signal required

PWM frequency range 1 kHz minimum, 100 kHz maximum

PWM minimum pulse width 220 ns
All inputs 74HC14 Schmitt trigger operating from 5.0 Vdc with RC filter on input
Logic levels Vin-LO < +1.35 vdc, Vin-HI > +3.65 Vdc, Input voltage range 0 to +24 Vdc
Pull-up, Fuli—down control BN2,3,4} have group selectable connection of 10 ka input pull-up/down resistor to +5 Vdc or ground
Enable [IN2 edicated input with 330us RC filter for amplifier enable, active level programmable
GP EINl,Z 3,4] General Purpose inputs with 330us RC filter and active level select, [IN1,3,4] have rogrammable functions
HS lNS,Gi High-Speed Inputs inputs with 100ns RC filter, active level select, and programmable functions
RS-232 RxD, TxD, Gnd in 6-position, 4-contact RJ-11 type modular connector, and on 13-24, 25, & 13

Full-duplex, serial communication port for amplifier setup and control, 9600 to 115200 baud
Data protocol: binary
Phase U, V, W Amplifier outputs to 3-phase Wye or delta connected brushless motors with floating neutral
Hall U, vV, W Digital Hall signals .
Encoder A, /A, B, /B, (X,/X) guadmture encoder signals, single-ended or differential (X or Index signal not required)
MHz maximum line frequency (20 Mcount/s) when driven from active differential outputs

[IN1] Motemp B See Digital Inputs (above) for details (Note 1)
Amp Status Bicolor LED. Amplifier status indicated by color, and blinking or non-blinking condition

Type Current-sinking MOSFET open-drain output with 1kQ pullup to +5 V through diode, 1 Adc sink max, +30 Vdc max.
[OUT1,2] Programmable
External flyback diode required with inductive loads

HV Overvoltage +HV > HV Amplifier outputs turn off until +HV < HV__ (See Input Power for HV,,.)
HV Undervoltage +HV < 20Wdc Amplifier outputs turn off until +HV > Z8Vdc

Amplifier over temperature PC Board > 70 °C.

Short circuits Output to output, output to ground, internal PWM bridge faults

I’T Current limiting Pro?rammable: continuous current, peak current, peak time

Motor over temperature Digital inputs programmed for overtemp function will disable amplifier

Size 6.58 in (167,1 mm) X 3.89 in (98,81 mm) X 1.17 in (29,72 mm)

Weight 0.94 Ib (0.43 kg) for amplifier without heatsink

Ambient temperature 0 to +45 °C operating, -40 to +85 °C storage

Humidil 0% to 95%, non-condensing

Contaminants Pollution degree 2

Environment IEC68-2: 1990

Cooling Heat sink and/or forced air cooling may be required for continuous power output (see pg. 8 & 9)

1.Digital input & output functions are programmable. Default functions are shown here.
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Product Name
Product Family
Form Factor
Part Number
Operating System/Target
LabVIEW RT Support
DAQ Product Family
Measurement Type
Isolation Type
RoHS Compliant
Analog Input
Channels
Single-Ended Channels
Differential Channels
Resolution
Sample Rate
Max Voltage
Maximum Voltage Range
Maximum Voltage Range Accuracy
Maximum Voltage Range Sensitivity
Minimum Voltage Range
Minimum Voltage Range Accuracy
Minimum Voltage Range Sensitivity
Number of Ranges
Simultaneous Sampling
On-Board Memory
Analog Output
Channels
Resolution
Max Voltage
Maximum Voltage Range
Maximum Voltage Range Accuracy
Minimum Voltage Range
Minimum Voltage Range Accuracy
Update Rate
Current Drive Single
Current Drive All

Digital IO

PCI-6232

Multifunction Data Acquisition

PCI

779617-01

Windows , Real-Time

Yes

M Series

Digital , Frequency , Quadrature encoder , Voltage
Bank Isolation

Yes

16 bits

250 kS/s
10V
“10V,10V
3.1 mVv

97.6 yv
-02v,02v
112 pv

5.2 uv

4

No

4095 samples

2
16 bits
10V
-0V, 10V
323V
-0V, 10V
323 v
500 kSs
5mA

10 mA

60



Y o J
M99 n.4 ‘ls]l@ﬂaljﬁi]"ILW"lgéU’ﬂ\iﬂﬁﬂ DAQ [12]

Bidirectional Channels
Input-Only Channels
Output-Only Channels
Number of Channels
Timing

Logic Levels

Input Current Flow

Output Current Flow
Programmable Input Filters
Supports Programmable Power-Up States?
Current Drive Single
Current Drive All

Watchdog Timer

Supports Handshaking 1/0?
Supports Pattern /0?7
Maximum Input Range
Maximum Output Range

Counter/Timers

Counters

Number of DMA Channels
Buffered Operations
Debouncing/Glitch Removal
GPS Synchronization
Maximum Range

Max Source Frequency
Minimum Input Puilse Width
Pulse Generation
Resolution

Timebase Stability

Logic Levels
Physical Specifications

Length

Width

/O Connector
Timing/Triggering/Synchronization

Triggering

Synchronization Bus (RTSI)

0

6

4

0,6,4
Software
24V
Sinking , Soﬁrcing
Sourcing
Yes

Yes

350 mA
400 mA
No

No

No
ov,30V
ov,30V

Yes

Yes

No
ov,30V
80 MHz
125ns
Yes

32 bits

50 ppm
24V

155 cm
9.7cm

37-pin D-Sub

Digital

Yes
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Plate control system

W18 AhE qﬂﬁ'ﬂ“, p9. AW s TuneT 2 AnusAmanssuANans

Mr. Witcha Upaphai 1, Dr. Pipat Pramot ° Faculty of engineering

unAnea

= o X
U ATIUN

o

niszasAiiemuANLR Iz UTeRET IE lunsaudnadiaaldes Tuuuwad
o n&l o 2y o a a o 1% v a ¥
sunuiuiunaennalaednlud® nsantunimdaldainnisaisgluuuaunimaadinaansiagld
Tsunsu Matlab/ Simulink {luiuuanasenisiadauizesfasluwn x uazunu y ldiugadnaniuisaly
o - = . o | o | A
nedayNeenaadfes uazldllunsy Labview AUANIZAULRILNLIEUNL tnBAWIINANNRNgA Y

o o/ 1 L% 1l 'dl o ‘ij o a
nnediusesyl LmemWﬂmgiuummmunuwuimm BB

i A o v v a = = A o
NANITNARBINLIIN LN@L[ﬁ'lilﬂ‘lluilqﬁQ‘]J"JEILﬂﬂﬂ’]?Lﬂ@ﬂHHNiﬂ‘V]"]\?Lmu X UTALNK y UTRYINAEN
1% o o a [ o A | o s
Lmuwa‘@mumm@zmmmﬂim:mm@uﬂummgu 20 89A1 W 0 avrlneamiudd Twoan 0.75

a =
AUMN

Abstract

This research aims to control stretcher’'s plate in order to adjust itself in the stable state
automatically pararelled to earth surface. Arithemetical mathematical model using Matlab/ Simulink
programme was applied to simulate the locomotion of stretcher on x and y axsys. Module for
acceler (A2NL94) measurement was also applied to measure angle of stretcher. Level of plate was
controlled by Labveiw programme. The best value for adjustment of plate level pararelled to earth

surface was calculated.

The experiment result was that when stretcher change degree according to x or y or both
axsys, its plate was able to adjust itself by returning from 20 degree to 0 degree, automatically
within 0.75 seconds.

Key words : Lab view program, Matlab,Simulink, mathematical model, Plate control
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1. TupadnAIINLI (Accelerometer Sensor)

2. 1 @afauNamas (Servo Motor)

3. ARNNALAIAS (Computer)

4. Data Acquisition (DAQ CARD)

5. IARTLANLATIINELAaT (Motor driver)
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1. 45194:1N17 Mathematical Mode! UadWELWTE UL

N 1 glpesuiussunLeNealugl 2 J5 [1]
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A reanisiususzuu ALY (Parallel)  Assedldngureinisuyu  (Moment of

Inertia) [2]
f=Jermyd® 1)
1 2
J=—mL (2.2)

A J azifludounilsrasannisnisiefeuilaaar At J ae9aunen (2.2) Wagainani 1

v o = 2 = v |
udarhun@gwilugannisniaiadauresssuunazliin

SM=]é 2.3)
Fr—c@ =jé (2.4)
ifi g =F (2.5)
'S C

1 1 v
wnnsfiedneaunisi (2.5) iemen @ detuannisazaglugl

5 E )
&= (—F‘"—)T (2.6)
3 =}—TF—§E'? 2.7)

'
aa

satiuazlagnnisi (2.7) Tuduann1In12tA A UNBLEUILINLNNANTUNAMTLILAL X BAT

TuinuaaReailedenismAmaiuun Y faldaunismeatuusaziasuan 8 dfu § unu

E=§F—§E‘ (2.8)

2. N17a51941N17 Mathematical Model 784 Servo Motor AN AN NTZN LN ZUNL
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MRATINGS AND SPECIFICATIONS fo
" — WolrTipe UGRMED | poraoe  pssaoe | mswack | BsL2oE
tem e
Raled Output : w| ez | 82 28 |~z
mfm N'm (orin) | 0.020{4.2) 003966 0058@.3) 0.083N1.H
Rated Spoed dmin| 000 | 2000 2000 2000
Ratod Voltag v| e | 280 300 194
Ratad Current A 10 066 078 166
Raled Power Rate kW/e| 020 | 038 057 080
hh—n Angular Acceleration rad/s* | 10000 BABO 9670 10760
Instanianeous Poak Torque Nem (ozin) | 015722.2) 0.186(26.4) 0.278(38.9) 0.392556)
Instantancous Mox. Speed Wmin| 4000 4000 4000 4000
wum (with Encodar) kgm'| 29x10* 44x10* e1x10"*  TTRNO
Ju (=GDw/4) {ozdne) [ (42x10 ) (B3x10 ') (BEx10) (HxI0Y
 Armaur Winding Rosistance al o2 125 n2 a
Armature Inductance mH| 24 60 82 19
Induced Voltage Constant V/1000 {t/min}| 38 76 97 62 |
Torque Constant N/ (orin/A)| 0.036(51) 0073103 0092131 0OSHASE
Friction Torque Nm| 00039 0048 00059 00089
ozl ©s6 70 08y &M
Viscous Damping Coofficient Nem/ (e/min) | 03910 ¢ 05910 D8Bx 10 0.08x10 ¢
{ozdn/ {r/min)} | (5.6x10 ") BIx10%) 1262101 (M4x10%)
Inertia Time Constant ms 14 105 B4 69
 Induclive Time Constant ms| 039 0.48 056 081
| Approx, Mass gloz) | 280083) 30116 | H0038) | 450059
i
NN 3 [3]
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K, =— (2.12)

F =Kl (2.13)
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(M} K; (2.15)
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3. NN9318849 Matlab/ Simulink 289UHIIZWIL

PLARALALAIUDI LN UT LU LAN NN A e92089 A7 TEna UM 10aeAn 11 Matlab/ Simulink Live
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AN 4 1111n1910 Mathematical Model 81711948834 Simulink

4. Mnludaupoupnszu ey ludneniuls (PID)
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