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ABSTRACT

This thesis presents the algorithm for speed control of d.c. motor with self-organizing
fuzzy logic controller . The objective is to design the system that can learn, mcrease, reduce and
modify the rules in rulesbase and provide the response that to be within the accepted bound. The
concept about state analyze and performance measure are used to determine the modification rule
in the rulebase. The structure of self-organizing fuzzy logic controller consist of self-organizing
control, d.c. chopper, and speed sensor devices. For the control method. The closed loop speed
tecniques are applied. The self-organizing fuzzy logic algorithm is experimentted by controlling
the speed of ~separate excited D.C. motor , 1 KW 220 volts. The results of the fuzzy self-

organizing with separate excited d.c. motor for both step response and step load are shown.
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= e
A, = &eU |y (x)2a) (3.7)

3.3 mslfiamsuudasdian

fewil Mt uvesdsra(Equallity)

H v o H ad v M - o o v = Qs
HyFiaa A M1vy Asdnya B naelile ﬁnwmgnmlumnnwﬂwvlﬁ fimszauanuiiu
ansnvesiaman A shiumssauanuiiumnsnvesiladisa B RGUUNUAIY AUNIT

(3.8)
A=B <> ﬂA(x):ya(x) VxelU (3.8)

finwiz msidhusasesvesfwdimm
Hadaa A Duiradesyss Aadwa B freiie mnFnynsluennndning sy
asdlumninvesflafan A vesndmienhdusmszsusimifumindnvesiladise B

ATUINUA2Y AU (3.9)

AcB <> JuA(x)SyB(x) Vxel (3.9)

figw1s aeundmuavesfleFwa (Complement)
Pl o A - - .- o Sk A o as =
AOUNAMUAYRINFTIYRA AB Hadya A Tuennndunnsasnidansuniiuansn

dait
L = -, (3.10
ugI14 qrﬁﬂu (Union)

: i { @ o da
Hudsa A pilow Aedian B Fouumudis AUB fe Hamaaluenanduins sl

o ar - Y d’
FanduaruilumnFnaail
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W, G = max[ QL ), ()] @.11)

fieuls SunesIsATY (Intersection)
H =) 1 = d' L L% é
HAaudaa A Sumedion Audivs B Wouunudis AOB fv AyFraluenanduimsaed

ﬂaﬁ%’ummnﬂuﬁm%nﬁai’:
W, ) = min[\L (), ()] (3.12)

@ er o c‘l
3.4 ANUTUNUSVoINTY (Fuzzy Relation)
fiow 16 AmdURUTVEIH Y
@ W o d A - A Yoo o = 1 var @ oA TX s
anudunutuesdsy Ae  WeFwavegouay Taofudnzgsuduiinszdunauiy
= L] " = = ar d’
mnFnegrenne 0da 1 Fouumulddsil
$ U uaz v ihuenawduinidiaeiiios (Continuous) 18y £f : UxV —[01] 9189

R = Lug(u,v)/(u,v) (3.13)

Us¥

& U waz v iluenanduinii hineiios (Discrete) 40z £f - Ux¥ —[o1] ez1dn

R = Zﬂn(u,v)/(u,v) (3.14)

Ux¥

[T ” e o d‘ .
3.5 s Gan1suunNUETURUS VeI wY (Fuzzy Relation)
figu 17 BuiAe3IvAYY (Intersection)
smuald Ruaz S Wuanuduiuivesiled PUBANNTIINT X x ¥ A13zAunm
- = o o v P} " as a A9 =
SlumngnueansoumesisaTuIEIN Ry S A aszauatuandnniesiaa
send1e Ruaz S Weuunudlsaunis (3.15)

Ve XxY : i (xy) = min( [ (%) (%.7)) (3.15)

g1 18 giiisu (Union)
o o @ @ o A w a o T s
dmuald Ruaz S dluanuduiusvesdsduuennnaunns XxY mszauamu

anSnvesmsgiiiousznin Ruay S Ao asvauanudumnEniinafgasznIn Ruas

S WeUUNUABANMS (3.16)



o w  d
dninvemANAN  MaYeBNINDIAANIYLY -

fio7a 18 giiion (Union)

svuald Ruaz § SlumwdniuivessFuumnandining XxY fszauaumiu

anfnveamsgiiousznite Rung S fe aizdummiumninnnangaiznin Ruay
S Wouunudasanms (3.16)

Ve XxY g (xy) = max(Q (x.y). [ (%) (3.16)

S 19 Tiseaduvesnd@uniug A (Fuzzy Relation Projection)

dmuald R = (@) U (x¥)](%.y)e X XY} e X, Y ilusderios
Tdsiaduves Ruu ¥ giiomasil

projRenY = J.sup RV (3.17)
Y X

sup fie supremum IUMTMIAIGIqRIS X, Y usnaeiiios

dte X ¥ iihus hiderites 19621)§1An1s MAX unu supremum

fio11 20 Total Projection UMAIMENNUT R

fmuald - R = {((x,y),ﬂﬁ(x,y))l(x,y)eXxY} total projection YU R 9

sanauilumningaqavesnanduiug R

proj RonX = {(xmaxu, (x,y)/(x,y) e X x¥ }
¥

projRonY = ﬂ%mgnh(nxvﬁny)eXxY} (3.18)

total.proj = {(cy).maxmaxpy(xy)/(xy)€ Xx Y}
X y

fionw 21 msveadunsanszuen (Cylindrical extension)
- d- [ ar o o d’
mavosflunssnszuen Ae nsvooiadira lgaiuduius e
smuald F duilsSamuuenandin ¥ nsvnodunsanszuenves Fuu

¥
1 Qs ar ar é r = 1 ot al
XxY dhuraveagdusuimun (x,y) € XxY FINTTAUANUDANTOINY 2, (¥) A
uaas luaums (3.19)

35169
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ce(F) = [pe(y)/(x.y) (3.19)

3.6 MInoUINEVuveIRNUF N UTHTS (Composition of Fuzzy Relation)
fmuald P, yuaz 0@,z il mwdniuisineannduins X 1 Yuaz 910 ¥

1 Z awdiv
- o @ e { & a0 4
psnonIngsu umudio PoQ Wusrwduiuilu XxZ 9% (x,z) € PoQ Hevlile

4 L] 4& af c‘é ar H
it y e Y otafooniladands (x,y) € Puaz (y,z) € Q duaalugii 3.1

[xxz]

= = o @ P
31N 3.1 msne IngFuyeInIIaNT D H
1813 22 Max-Min Composition
Max-Min Composition UBIRIMENNUTHYE P(x, )tz 0,z Wusnmdniuiied

Po 0 Tumnandnimg Xx Z gafiowilsidunimiiuvaudndaluaunian (3.20)

RpplX2) = gtgmin[up(x,y),ug( ¥.z)] (3.20)

Taon (x,z)e XxZ
U1 23 Max-Product Composition
Max-Product Composition YA WAUWUSHYE P(x, y)uaz O(,z) Wunawduiusily

= o o - s - o a
& PoQ luenawduing Xx Z goilonflsddummuifumndndsluaumsi 3.21)

HeglBa) = n;egx[pp(x,y)xxig(y,z}] (3.21)

Taof (x,z) € XxZ
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‘d . - s
3.7 dianlsasndann (Linguistic Variable)
- s = I oA - as d. o v o s & - z
fiow 24 Fanlsdsieadn fe Faunlsiamnsodmuasuiudmnmunmd sedneiugn

- A o w o as Aa da a 3
sy Taofsdnsa e nanduninivesdustnvaanuu

myfmuaguaiavesdamlsisisadn exldillu (X TUM)

Y a dda a v o - g/
= @Al AIAAAN 1FU AT QUNDY fludu
A o Yo o a da = 9/
- aveuneniiannsofmualifuduilsdniaanla

= ¢§ T - ey i 3 o o - = -
- Tﬂmumﬁﬁnfr’wﬂummﬂsmmﬁfnmsﬂmuua”lﬁnumuﬂm&ﬁnmn‘lﬁ'

& N
|

- SlfsidideneasudaliinaluTauulFidusdfvadn

fionw 25 dauveneuesdauilsfendadn (Linguistic Hedges)

' a A da a A o A wa &£ ' A da A - = &
ﬂ?u‘“ﬂ']ﬂ‘uﬂ\‘iﬂqu‘ljiﬂqﬂﬂﬁﬂﬂ flg ﬁ’Jﬂf,]iJﬁﬂ’li‘]N‘UU"lUﬂ?ﬂﬁﬂilﬂﬁﬂﬂiﬂiltl‘lt!ﬁﬁ!‘lﬂ“ﬁﬂ bR

niuiy
£ ﬂ U P o dl - - q’: Aa ﬂ
Concentration Hua3uvmshansyaun M umNFnvesnNTANIMuANIN LY
¥ ¥
qungnmeluafisaunsduminiul17] suasiuaunisn 3.22)

smualt 4 huslsdge walwsaanduing X Taoh xe X

CONE) ‘= Haw® = la()f (3.22)

#9819
"Very"4 = [u,(x)f
“Very ven? - = it}
? Plus%d = Lu % )]1.:.:
Dilatation ﬁ‘]udawuwi’irﬁnssﬁ"vmmr‘ﬂumj1§ﬂvﬂaﬁn1§ﬂﬁawnﬁﬁﬁﬂamﬁ’luﬁuﬁsﬂ
mn"luwmﬁﬂmmimzmtfu Faaasluaumsi (3.23)

smuald 4 Wuiedion walwenomdwing X Taoh xe X

DILA) = Huw® = [p(x)” (3.23)
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fetalTu
nSlighty" A = [p,(x)]”
"Minus"A = [,uA(x)]Mj

" [l ¥ ¥
Intensification Suauvsefifiuszsuanuiiuandnvesandnnamuaniiszauanu
' )
g Fn@unnnal 0.5 uag aﬂs:ﬁ"uﬂamrﬂuﬁuwmlmﬁmmﬂﬁwnﬁﬁﬁs:ﬁ'um‘lm'ﬂu

ansnduiesnd 0.5 dwaaslumunisi (3.24)

: ; 2u5(x) for0<p,(x)<0.5 (3.24)
"intensify" A = .
1201 - p, (%)) for 0.5< (%) <1
3.8 ﬂizmﬁumnﬁcﬁ&f (Fuzzy Propesition)
Jsenerd Ao Tenaummastinmeisquaiansenwfinavesing wie dauds

5 A
Tadualsniis

U 26 1J5enoridas@nne s (Atomic fuzzy propositions)

3 e < @ - &
Jrsmoruiletian Ao denrmudasguaniameilatvesianlsaniadn izl

HUVAIANNITN (3.25)

X SUre A (3.25)
Taoh
o - Jdd - ¥ d = 9
¥ = A3 DeaAYaAN 1Y AT JUN QY fludu
o - uuaiavesmuiy
' - ol - - ﬂ;
g AnInvaANY I oNFFIwA

o 27 s zmﬁﬂma”}mn ( Compound fuzzy propositions)

Ysznnifdadnan Ao Usennifiledidnadaus 2 YsznnidulFaFeufudrodauion
#199 19U “AND” “OR” waz “NOT” {iudu

oty Uszwaifednandion 1dFuamdnius s Iﬂﬂﬁﬁ’)ﬂﬁﬁﬁmiﬁﬂﬁy

Jsnoriiidendas <AND” Wanlfiams dedswaesivndu dwansluaumsi (3.26)



X isA-AND Y 15 B
Wop(xy) = minlu,(@).0s0)]

dsynariidendan “OR” WdnljuansHadgiiou

X s ORY isB
Wap(%y) = mau,®.1,0)]

UssnnifiFondae “NOT” 1¥anIfiansneuntuudvesiatan

X is NOT A
#;(x) = N5, 0)

3.9 ﬂg'umﬁcué? (Fuzzy Rules)
flow 28 nyvesilyd

L7

= 4 & H
aguesiled Wudemmuuuiitenly Seeglugiliuyves IF-THEN sl

IF{ fuzzy proposition)THEN( fuzzy proposition)

15U
IF Xis ATHEN Y is B
Taof X is Afludauden'lvvong (ule antecedent)

Y is Biilududeaginionadnivesng(rule consequent)

11870 29 AIFOUWAIATU

= - o = a4 & a i red ar -
nsBuWAIRTY Ap MsARIIMINENgYesHed Felina1edT udn ldsuawiion CLFT

- — @ A
msdunanyun141as Prof. Mamdani [18]

fmuald

IF (FP,) THEN (FP,)

21

(3.26)

(3.27)

(3.28)

E)
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Funguesiled Tao FPifluanudiuiiladlu X = X, x..x X, ,FP, Wunnuduiug
Hadlu ¥ = ¥, x...x Y, uag xuaz y Judunlstendadnlu X uaz ¥ amddy
Mamdani Implication: gnamamilunamdiniuiiled Qluxx¥ feilaidummdumnin

aaaas luauns (3.29)

no(x.y) = min[(W_ (X)W _ (¥)] (3.29)

Ro(xy) = U ()xU_ (¥) (330)

v =
3.10 AINIUNNN¥Y (Fuzzy Controller)
Fmumiladindnivaiiudnuguuuldgmn i Knowledge base) 1o Uszay
o o = 4 - w P TR Sy
nalndiseany dusgriamiamdunsaauaunzondaniugulagngeniid <

|
Aaunuile g IIAINS” (Fuzzy Knowledge Base Controller: FKBC)

3.10.1 'In'na%'wlmﬁ"amuauﬁqélwugmmmi’
Tassadreves FKBC vxilsznoudioaud Ay 4 o [14] ﬁquﬁm‘lu;ﬂ‘fi (3.2)
1. ﬂ‘ﬂﬁlﬂ%ﬂiﬂgﬁ (Fuzzification Module)
2. §1UAM3 (Knowledge Base)
3. na'lnn139YwIU (Inference Engine)

4. ANYFMATY (Defuzzification Module)
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Ardyanemaunuiidiuindl
faouzveans suIuN U IAAYF

Csi l

4 £t : - 7

> uoiuenladsFu : | Auoawenladadu
A
\

> HadHindu —>  nalpnsepnu o L & L L AT o

X : A A : %

AxFinsuluga : ; alaFingu Tuga

g
gudoya

311 3.2 Tassadravesdandunuiledy

3.10.1.1 HaFHn¥ulnge Uszneudin 2 dou
o ar 4 v @ 9 o A v - d ar
nsuspenladiadu (Normalization) ¥k nasuananiasmisianduead
L] o Qs é
mlsaniue lgienanduimiasgnueniealadido
s ™ 5 o L. - 3 - o
HAsFHaTU (Fuzzification) ¥ alasuanFalSinantiuaaslisavesdanls

aome lifuilaFian Tasidiegsznin 01

3.10.1.2 g1unnuiiaF (Fuzzy Knowledge base) 1l5znauAsn 2 aau
9 1 A d o o - = 1 o w o
U8y Sudrnauiesunuiiumn¥nvesiledaa Aueaanduims uaz
" - a o =3 '3 o o
anade A9 lunsuevea ladiwdu uoz Aussuen ladyiu

v A d P & v
giung ShudauiuagilFlunsaivauszun seglugives IF-THEN

IF (process state) THEN (control output)

3.10.1.3 nalnN139Y31M (Inference Engine)
& 4 ; & o PO |
nalamsewnugnlfimeswngiladlugmanuiiiendeasy Falinn1vI5ANI
: : act - d o =1 v e wa ) & Y
1. Max-min method 35m3umeFuriunyil 92 198 fAMS min MmayenTlosiuves
i ' 4 Al & o Al
Yszmniuuyuiled ludaudeu lvvesnguaazng ey 1dszdumnnduvesdoasylundazng
uaz 1992 §1iAnT max Tumssandandeagudozngihdrsnuiiudeaglgaie (19] ds

uaasluaunsi (3.31) waz 3N 3.3
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up(y) = maxmin(By,up () (3.31)
T
w0 = Hesummifumniovesdeagiudsnimimisduresun
B, = syAummtNveIngii
s (¥) = Hansunanilumngnvesdeaslungh &
bl
2. Max-product method I3msawumaifuniuuniios1g#ngians " (product) lums -

SumanTu[0] uaz1¥ETANS max TumssmdeayUvesnganeudndioiu daums
BouToesznedssnaiuilsdludiuten lvuesnges 19§ 1idns min 139 product

1’ Ll & sl 1 d‘
atalandranils awmaas luaumsh (3.32) uaz3ln 3.4

pp(y) = mgx(Bk*uBt(y)) (3.32)
Tagh
o ﬂ = 9/ s ° - o o
wpy) = Heaguainm nemnFnvesteaziudmniiniaowmeiug
o ) P
B, = JTAUAIMVNYRINQN £
Woky) ™= Hensunnmniuandnvesdeaglungh £

¥
3. Sum-produet method 33MsdumeiswiULTTE Alfjians Tumsaunamsu wu
[=) o/ ¥ 9/ ' 9/ as - asa o
AeafUs Max-product uAn13sandeavesngaageslfdalfians sum Awansluau

159 (3.33)

Rel(¥) = 2 Bi*is (¥) (3.33)



1 A 1
: = u Y 4 thenB =| A
AT .
X, 0 y
: A
¢ L :

e a
7 3.3 mdue UL Max-Min

K, &)

31 3.4 MsBureIs UYL Max-product

3.10.1.4 AHwENATY (Defuzzification) Ysznoudin 2 dau
AdaFHIngY smhiulasasesuauiumndavesfeayuiildninnalnms
o ¥ - & 1 e g " - -,
oymunduiniusiaddnliva Fudlusii WA lunsavguszude ) FEnsAfladiie

as : =) oy o 1 dv
sutiuiinaiodsaene 1
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- v o = - 1w & ¥ a -

1. Center of Gravity fimmuasii ldommsailad IWaliondy y, Fuilusguinmeiun

P o - ' & o !
Funneunquiaitsisunmiumninvesdenyivowdazng  Finnuldvnaunsi

(3.34) haz3l 3.5

Zyj 'JuB'(yj)
J=1

yo - = (3.34)
> bp(y;)
i=1
h
A :'_
Y

A = L /sl :
319 3.5 M3Ad¥FAFUIT Center of Gravity

¥ ) v
3. Centerof Sums 33N fhzvanmosnmiilsifunsniluangai 1dvinnseypman
P | - o <L . 4 i ' g P
gilouiu Frozinnsauiumu FailisiiuiEngs d y, ioaldveaunsi 6.35)

uazgl 3.6

;y] '[#Brl(zj)+1uBr2(zj)+"'+}uBr"(zj)] (3 35)

V. =

< O

S bt (2, )t g ()4 b (2]

Y

A

Yo
1% 3.6 M3ANYFMATUTT Center of Sums
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o " 3 - =y v o L] 4
3. 5% Mean of Maxima  fmuasi ldnnmsaasd IMaliiny y, fAe Aundoves
o é P~ s F Y o ar - d &
angndaiisszrunnuiuandaluftaiduanuiivandnveuewiynilunits aunsom

Ronaumsi (3.36) uazierasliifiudagi 3.5)

n

é s (3.36)

J

Jo =

m
~ - A Ad Y a s &
Tagh y, semnFninanzivanuilumndaveusminmiuniis

& . A ad o a P &
m fie snmaumndafiiassauanundumndnveueninmiiunils
A

A

]

i

]

1

1

]

]

1

i

L

A
Yo

3 19 37 ﬂ‘liﬁﬁ%ﬁlﬂ‘!ﬁlﬁ Mean of Maxima

¥ 9
A . 0 g S ° ar a £ '
4. 5% Height 371191958031 33 moment 33 fuzzy-mean W39 3% Msrnhminmde Feldan
adl  y vesuAnzio NN B, Awaalugdii (3.8a) nazadnaniminlasldnnmgeves
o ar a o - o » o 3 t
Handuaruiuaun@nd ldnnarseumes unvesusazng unudie 4 Aulu M1 y, A

s ldvinaunish (3.37) uaz 319 (3.8b)

:yl"ll+y2'h2+"'+yn'hn (3.37)
h +h,+--+h,

Yo

h27] h27]

h17] h17]

v
>
;

Y Yo
(2) (®)

s1h 3.8 M3ANHYFRATUIT Height
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o o/

o < = v P v o 4 -
Aueauealadydu  (Denormalization) Sludaunuasmanavesdauilsiemymeing

fudiunsu Wedhuenamdinimiven/Sinai 1§ lunaugueis

3.11 ¥iiaveswmunuiadiuugunag (Fuzzy Knowledge Base Types)
y ® 9
wmuguiladiionlfazilsiadgadofunsasuguuuududy i wuy P, PD, PI
uay PID udu msﬁ‘muﬂﬁ"auﬂiﬁuwmm:ﬁmﬂsnmﬁvgm:ﬁanﬂ6’mﬁu§ﬂ1mwmﬁa

¥ ¥
munuuazite1fifludunlsdumauaznaagilveang ms fmuadauls Aimualansi

sunlsdummitiiudauiou lvwesngudinaunuilad

e fRanmaszu i muauazafii i 1ds
Ae = mnldsumlnsesriianaia
Se =  HOIMNUBIAIAANDIA

sunlsiemimiidudaudeagivesngludnounuiled

a s & ‘ﬂ @ o @
u ﬁ’J!lﬂilﬂ'!‘l’lﬂ‘n‘Nl uﬂﬁﬂﬂ‘ﬁﬁl’ﬂﬂﬂ’éﬂi‘ﬂﬂﬂ

= U d
nsnlasusiasvesnueminm

I

Au

adansaegaunsofislann aumsin (3.38)-(3.40)

e) = ¥y - YK (3.38)
ce(k) = e(®) - e(k-1) G
Au): = u®) - ulk=1) a8
fmuald
Yo = fhrawﬁgmmﬂs:mumsﬁﬁmms
yk) = AUD T HNVBINTZUIUNITDIY
k = PAMIGUTUYIN (sampling time)

nssiinvesdanURNlyE whedaiaguanidiAuvesmInIuRuIUUAN TAons
:5 o o o o A
muguuuDHsFiz i muan WANRUTINAY HATINULUY GMP nnmgie 1 lAwaagl

Taosmualidauvesiouluuaznaagegluzvesdaunlsisivadn
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3.11.1 RN BFUVY Proportional (P-like FKBC)

aunsieFneAInIuquYiia P uuuANfAD

e A (3.41)

Tas K p = Proportional gain

wamalieglugilveanguesiledIdwsil
if e(k) is (antecedent) then u(k) is (consequent)

3.11.2 fnuRuAsBIUUY Proportional-Derivative (PD-like FKBC)

auMINesUIeAINIUANYIIA PD HULIANAD

u = KpetKpe o

P
Taoh

K, Proportional gain

It

K3 Derivative gain
TRRNPL
uanalveglugivesnguesiladlddsi

if e(k) is (antecedent) and ce(k) is (antecedent) then u(k) is (consequent)

3.11.3 @muRuNFFuUY Proportional-Integral (PI-like FKBC)

aunIHe S oA uAUYIA PIUVLIANAD
u = Kpe+K, [edt (3.43)

Taen

K, = Integral gain
uaaaliagluzilvesnguesiladldnsil

if e(k) is (antecedent) and ce(k) is (antecedent) then Au(k) is (consequent)
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3.11.4 fn2UANHIFUVY Proportional-Integral-Derivative (PID-like FKBC)

auMsNeFeAINIUANTIA PID uULIANAD

u = Kpe+K,e+K, [edt (3.44)

smm‘lﬁag"lugﬂﬂmnguaaﬁwé’}'lﬁﬁ'ﬁ;

if e(k) is (antecedent) and ce(k) is (antecedent) and & e is (antecedent)
then Au(k) is (consequent)

o ¢ o o n:
3.12 msmmuarnFunnuilumndnluimunuias
mssmuaistsumuiiumnda It fudadea i 2 33 Ae dmualasldduay uay
W v
dmualasldteisu msdmualasldimuiuaiszauantiumnFnvesiladyaannso
- 9 o o é -y (.; 1a o - J v A'l
aﬁma'lﬁ'iﬂﬂhnﬂmnsmmwmmmnnmawuagnnmuwﬁnwn%ui’lmmu'lunamm
9
s @ 1 a s s =) a ar é ¥
Tuennnausms daunissmus lagldflsdsuiuseims smuaisnduguiuieadsy 0

at a a - 4 o b 1 ¥
- enawdusing lluu [0,1] e siteddunamuiiumingniitionfiasae 11 (6]

b4 v
3121 Weadugida s (S-function) MedFuilvziiziiiluds s Awansluaumsi

(3.45) ung gﬂ‘ﬁ" (3.9)
0 Ju<a
Wt = 2[(11—4:1)/03—::1)]2 ;asu<b (3.45)
1-2(u-e)/tc=a)f ;b<us<c
1 31 A8

= el
Tagh a,b,c fio A lag

- ' e =
u  f8 AwIliaunNn
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0

:
a b C
1 3.9 plaiFupamniumnIngilda s

3122 Warduguszsiond (T-function) Feiuiivxiipuiruituszaiands duaaslum

ms# (3.46) noz 314 (3.10)

fiinsbo)y= Stu;c—b,c-b/2,c) usc (3.46)
1- Stu;e,c+b/2,c+b) JU>C
1 T"

0.8 -
0.6 -
0.4 -
0.2 A

0 T

c

-

51l 3.10 HdFunaunilumngngdszaian

' > v
3.12.3 vhndugdmaumae (T-function) HeduiteziigUiaduannvaon dwanaslu

quMIN (3.47)

[0 u<a

FSibia) = (u—a)/(b—a) ;a<us<b (3.47)
e 1(c—u)/(c—b) ;b<u<c

0 >
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d ¢ ar =
3.13 msimesveaianFunanuaindn
- - a’ “w o A G = o z L
‘lummuwuﬁ’wuu'ﬂ%’ﬁaﬂ‘wammnumﬂuﬁarfmmmrﬂuﬁuwnmuu%nfm
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If A0V <03 Then weight = 0.0
If (AQV >=0.3)and(AQF <=1.0) Thenweight = 1.0
If (AOV >1.0)and(AQV <=3.0) Then weight = 3.0
If (40V >3.0) Then weight = 5.0
e(kT)
ce(kT) 0.0
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wmmmuama'ﬂﬂﬂms:uﬁmaﬁiﬂumimnmm:ﬁﬁﬁﬂmnmmﬁ 5.1
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14 A.C. tacho generator YHIA 10 volt, 1.5 watt, 6000 r.p.m. dhussesitodianinnda

¢
FUUBIUDIADI

5.1.3 30991089 lriaaNena
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5.1.5 N300 1M
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D.C. amp meter 0-10 amp. 2 A2

Digital storage oscilloscope 150 MHz.
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MANUIN Y

- 5 - ~ A - e
LRI 10IBIAYDY A/D card 1@ 12 fin 7 1$TuInoiinug Fudludeyaninuiung

Won
Function PA-ST12 PA-ST12-H
A/D Resolution 12Bits 12Bits
Channels 16 differential or | 16 differential or
32 single-ended | 32 single-ended
Speed 20 Ms. 10 Ls.
D/A Resolution 12 Bits 12 Bits
Channels /. 2
Speed 10 Us. 10 Ms.
DI/O Digital /P 16 Bits 16 Bits
Digital O/P 16 Bits 16 Bits
Standard package
Quantity : Products
1 PA-ST12 or PA-ST12-H card
3 Testing wire for connecting D-type connector
1 Testing and sample program diskette
1 This instruction manual

System requirements :

IBM PC or compatibles

Option products

The following is a list of the optional products which are available from acqutek.



Screw terminal board and chassis
Model No Function
ST-DM37 Screw terminal board for A/D D/A with cable
IC-xcxd Chassis for ST-DM37 and XCI/XDI expansion board
Xpansi I r
Model No Type Channel | Function
XI-PI08 Input 8 3-32V Photo-coupled I/P
XI-IM04-28 Input 4 12-32V AC/DC input module
XI-IM04-140 | Input 4 90-140V. AC/DC input module
XI-IM04-280 Input 4 180-280V AC/DC input module
XO-RRO8 Output 8 10V A reed relay
X0O-SRD4 Output 4 3A 5V-60V DC S.S.R.
XO-SRA4 Output 4 3A 24V-280V AC S.S.R.
ST-XD02 16 Screw terminal board for 2 XDI
IC-XCXD Chassis Chassis for XCI/XDI I/F card
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These input and output modules offer several options for digital /0 applications. All come

with ribbon cables and connections that enable direct and immediate connection to the digital I/O.

Specifications

Analog to digital (A/D)

Resolution

Input channel

Input voltage range

Accuracy

Conversion

Time

12 Bits

32 channels(single-ended)
16-channels(differential)
-5V to 5V, -10V to 10V
0V to +5V, OV to +10V

1 Bit

20 ps. (PA-ST12)



Overvoltage

Gain controller

Conversion method

Connector

Digital to Analog (D/A)

Resolution
Input channel

Output voltage range

Accuracy
Conversion Time

Connector

DIGITAL VO

Number of digital input
Input type

Input high/low voltage
Number of digital output
Output type

Output high/low voltage

Digital I/O connector

10 Us. (PA-ST12-H)

35V.

1, 2, 5, 10, or user define

By H/W jumper setting or S/'W
programming

S/W trig

External clock trig

Internal 8253/8254 timer trig
Internal 8254 timer trig (paced)
37 pins D-type male connector

(shared with D/A)

12 Bits

2

=5V 105V, -10V to 10V

OV to +5V, OV to +10V

1 Bit

10 LLs.

37 pins D-type male connector
(shared with A/D)

16 Bits
74LS244
2.0V/0.8V
16 Bits
74L8273
2.4V/0.5V

20 pin dual-in-line male box header
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Programmable timer

Controller

Counters

Clock source

Input/output type

Interface and environmental characters

Compatible bus

Data path

Interface type

/O location occupied
Port address range
Interrupt

Interrupt source
Power consumption
Operating temperature
Storage temperature
Operating and storage humidity
Weight

Dimension

8253 or 8254

3 16 Bit down counter

2 for A/D timer conversion
1 for user’s application

4 MHz.

TIL

IBM PC and compatibles

8 Bits

12 Bit I/0 mapped

16

0100H to OFFOH
IRQ2,3,4,5,7,10,11,12, 14,15
A/D end of conversion (EOC)
1.00A/+5V

5°C 10 50°C

-25°C 10 +85°C

0 to 90% non-condensing

280 g

33.6X12.6X1.8 cm.
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