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PROGRAM RK4LPAS;
(*A PROGRAM FOR SOLVING ORDINARY DIFFERENTIAL.*)
(* EQUATION BY FOURTH-ORDER RUNGE-KUTTA METHOD
b
(*.READ INITIAL CONITION, NUMBER OF STEPS, *)
(*.AND STEP SIZE:*)
CONST
TLO = 0.0;
VAR IN:INTEGER:
TH:REAL; IT=TIME, H=STEP SIZE OF CALULATION)
K1K2,K3,K4,L1,L2,L3,14 M1 M2 M3 M4&REAL; {VARIABLE
OF FOURTH-ORDER
RUNGE-KUTTA METHOD}
X1X2X3,TL:REAL; | X1=ARMATURE CURRENT
X2=ANGULAR VELOCITY

X3=ANGULAR
DISPLACEMENT
TL=LOAD TORQUE )
(i, *)
FILVAR :TEXT;
FILENAME :STRING[14);
(#-——re== FIRST STATE =+euresmaeemees )

FUNCTION FUNCXID(T,X1,X2,X3:REAL):REAL:
BEGIN

FUNCXI1D:=-75.#X1-68.75*X2+125%55;
END;
(*
FUNCTION FUNCX2D(T,X1 X2,X3, TL:REAL):REAL:
BEGIN

== SECOND STATE ~—-rrrermsereeenat)

FUNCX2D:=11.827957*X 1-0.086022*X2-21.505376*TL:
END;
(#~—-——-—- THIRD STATE -----

"
FUNCTION FUNCX3D(T,X LX2X3:REAL):REAL;
BEGIN

FUNCX3D:=X2;
END;
( 2

BEGIN

WRITE(ENTER NAME OF FILE TO WRITE:);READLN
(FILENAME);
ASSIGN(FILVAR,FILENAME); {ASSIGN FILENAME}
REWRITE(FILVAR); {CONSTRUCT AND OPEN FILE}
WRITECENTER NUMBER OF STEP, STEP SIZE:");READ(N,H);
WRITECENTER INITIAL T X1,X2,X3:);;READ(T,X1,X2,X3);
WRITELN(FILVAR,' T X1 x2 X3
WRITELN(FILVART:11:5,X 1:11:5,X2:11:5,X3:11:5);
FOR I:=1 TON DO
BEGIN
[ =
KE=H*FUNCXID(T.X1,X2,X3);
LI=H*FUNCX2D(T,X1,X2,X3,TL);
MI=H*FUNCX3D(T,X1,X2,X3);
K2:=H*FUNCXID{T+0.5*H X 1+0.5*K 1,X2+0.5*
LLX3+0.5*M1);
L2=H*FUNCX2D(T+0.5*H X 1+0.5*K 1, X2+0.5*
L1LX3+0.5*M1,TL);
M2:=H*FUNCX3D(T+0.5*H,X 14+0.5*K |, X2+0.5*
L1,X3+0.5*M1);

K3:=H*FUNCXID(T+0.5%H X 1+0,5*K2,X2+0.5*
L2,X3+0.5*M2);

LI=H*FUNCX2D(T+0.5*H X 1+0.5*K2,X2+0.5*
L2,X3+0.5*M2,TL);

M3:=H*FUNCX3D(T+0.5%H,X 1+0.5%K2,X2+0.5%
L2,X3+0.5*M2);

K4=H*FUNCXID(T+H,X 1+K3.X2+L3,X3+M3);

L4=H*FUNCX2D(T+H, X 1+K3,X2+L3,X3+M3,TL):

M4:=H*FUNCX3D(T+H,X 1+K3,X2+L3 X3+M3);

X=X 1+{K1+2*K2+2*K3+K4)/6;

X2:=X2+{L1+2*L2+2*L3+L4)/6;

X3:=X3+{M1+2*M2+2*M3+M4)/6;

IF I>=1500 THEN TL:=8,

ELSE TL:=TLO;

(* *)

T=T+H;

WRITELN(FILVAR,T:11:5,X1:11:5,X2:11:5,X3:11:5);
END;
END.
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mwmsdimeivesszuunlFlumssiansmsdiny fanunauYes

¥
Sousa 110 Bose (1994) uag Sen (1981) Haaae 11

- AguomesiuunszduiladuundmvNANSALTIRLII0 V 2.5 hp 1800 rpm

-R,=0.6Q

-L,=8mH

2
- J = 0.0465 kg-m

- B =0.004 N-m.sec/rad

- K,=0.55 V.sec/rad

- o o
-1, =20 A NITUANNAVDINDIADI (rated motor current)

" = o’ VA a ;
nAMINIime N ldunannsommoun 1ddail

- ueIRDT YA 2.5 U5 MRS 1Y 2.5%746 = 1865 W. (rated power)

- A3 1800 rpm 1IFY 1800*27T/60 = 188.49 rad/sec (rated speed)

-MNP=T,® AU T(rated torque)=P (rated power)/®(rated speed)
=1865/188.49 = 9.89 N-m.

MINUANUNUBINDS MIInad s AR 18 9.89 N-m.

- RSN IAUGOUNGTY (back emf constantK,) finmduius A AaTis g

1@ (torque constant:K,) fo K, (N-m./A) = K, (V/rad/sec)=0.55 N-m./A
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dunldlumsdrassmaiauminnnnmisdeves Sen (1981)  wowmesi1audaty

o [y
(drive motor) ttaz 191111 Tran (loading) Wunemesvna@eItu #io DC motor 110V, 2.5

hp, 1800 rpm

" o o a1 9
-R,:=1.0 Q; Li‘]‘umﬂ’J‘lnﬁ"lumuHJEN'NMEJ'IEWL'BE]‘STJIJ AUMANUATUNIUUDY

o o i o ot as
AINTINIANTTUA 0.4 Q NADBYNTUNINBIADI N 199D

U { ) o a w1 = °
-L,:=46 mH; Lﬂu mmmmﬁ UIUIVDINVIDTNVDTTINAVAIANUHHEIUINY

{ ar o o
uen 40 mH Neeoynsufuuemesnldiu

2 3 s L] A ar 4 o ar
-J:=0.093 kg-m ; dhviumsasiniesnaaedn lfdudrdunaz iy Tnaadh

Auiu

-B:=0.008; M5 UMIABIAADINAA DI NS0 L

-1, =20 A; NSZHANAAYDINDINDS

-k, @:=0.55 V.sec/rad; Anaiussaumilenidounduiazainaius sbia (N-m./A)

" o d a
-T,=Ly/R, =46 msec; MAINMIIMIv0u0imosiaya 1nlh

v { o a
-Tm =J/B=11.63 sec; ﬂ’]ﬂQﬁﬂ‘l\inﬁ.lﬂﬂ\,uﬂ!ﬂasﬁfqna

1 - 4 a =
- T,= 0.1 sec; MAINNNIAIWBUATOIIANNNSITOUVBINBINDS

a y ar o 7
> kl =0.057 V.sec/rad; ﬂﬂﬁ“lﬂﬂ‘lﬂﬂﬂﬂlﬂ?ﬂﬂ?ﬁﬂ'J']lll'j']ﬁf)ﬂﬂlﬂiﬂﬂlﬂﬂﬁ

o a a L4 o
= k, =0.5 V/A; DATIVYIYUDININTIVIANTLUADITINIDDS

- =200 Hz; anudalumsduiwihwesisesdyIndh

Amniimesvesdiniuguiuyi 1ol NNIBMINZAUNAUUUANAT
-Amugunszualdamnniines K,=0.129, K, = 104.16

-dnuguanuEldimsiiined K, - 11537, K, = 19.841

v - o o = o = '
MMINUIRRIVEIAIMILUUULA o IdvinmInaasudvus
¥
(IwazipvatureumMsmmmsinesaguihda 1y)
-Amqunszualdamniines K, - 1.0,K, = 231

as o 1 =
- MU lFRilines K, = 15, K, = 150
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PROGRAM PI-
ConlrolIer_For_Choppﬁ_fed_sepam:ly_Excited_DC"Molor_Drives:
(*----by Komkrit Prasertwong, 20 March 1997—---+)
USES CRT; |use screen)
CONST
{--——Constant of Chopper-—---—)

f=200; | frequency = 200 Hz}

Time_Period1=1/f; { time period:T defind constant or f=200 Hz }

Time_End=5 ; { total time computation |
VAR
TH:REAL; {T=Time, H=Step size of calulation)

J1,J2,3,J4,K1,K2,K3 K4:REAL; {Variable of fourt-order Runge-
Kutta method }
L1,L2,L3,L4M1,M2,M3 M4:REAL: |Variable of fourt-order Runge-
Kutta method}
X1,X2,X3,TL:REAL; { XI=Armature current, X2=Angular
velocity, X3=Angular displacement TL=Load torque |
RfLfRa,Lakbkt),BV,Vt, Td:REAL; {Parameter of motor}
Sum_[a,Snm_Td,Sum_Sp.Ia,Num_X,Sp:llEAL:
{#-———Variable of Chopper—
Time_Period, Ton, Ton_New:REAL:
Time_Period_Old, Time_Period_New:REAL:

*|

Dluy_CytIe_Vt.Pulse_Wid:h_Tun.wy_Cycle.Pubc_Widm_Ton_Nrw
‘REAL;

Duty Cycle VEREAL:

X2 OLD,X3_OLD:REAL;

Counter_V:INTEGER;

(*=====——-Variable of print to filg---——-*)

FILVARLFILVAR2 FILVAR3,FILVAR4,FILVAR 5 FILVARG,FILV
AR7FILVARS :TEXT;
FILENAME,FILENAME2 FILENAME3:STR ING[14];

PTLENAME4.FIL.ENAME5,FILENAMEG.F[LENAMET.FILENAMES
‘STRING[14];

T_Print:REAL;
(*-=——-end variable of print to i

(*=-——=Variable of Pl-controller---————-+)

Sp_wf,ln_rl:f_kp_Sp.kp_Ia.ki_Sp.ki_[a.E_'Sp.E_la.V_Sp.V_Ia.ki:REAL'.
I:INTEGER;
Vo_la,U2 1a,U3_Ia,T_on,la_Trankd:REAL:
Vo_Sp,U2_Sp,U3_Sp,Sp_Tran.Vt_Max.V_la_Max:REAL:
(*---—-—End variable of Pl-controller----—-*)

- "
FUNCTION FUNCXID(T X 1,X2,X3,Ra,La kb,V:REAL):REAL:

=== FIRST STATE --==-v==-

BEGIN
FUNCX1D:=(-Ra/La)*X I-{(kb/La)*X2+(1/La)*V;

END;

(* - SECOND STATE ¥

FUNCTION FUNCX2D(T,X1,X2,X3 kt,J,B,TL:REAL):REAL;

BEGIN
FUNCX2D:=(ktJ)*X 1<BI)*X2-(I/))*TL;

END;

(#--=-sse— THIRD STATE -

FUNCTION FUNCX3D(T,X 1.X2,X3:REAL):REAL;
BEGIN
FUNCX3D:=X2;
END;
BEGIN {main program}
CLRSCR;
FILENAME:='m1.DAT'; {data file}
WRITELN('WRITING DATA FILE : * FILENAME):
ASSIGN(FILVAR1,FILENAMEI); { assign filename)
REWRITE(FILVARI1),  {construct and open file}

ln:=0;Sp,=ﬂ;E_laF0:£_Sp:=ﬂ;la_Tnn:==ﬂ;Sp_‘Tran:=();
U2_la:=0;U2_Sp:=0;

U3_la=0,U3_Sp:=0;Vo_la:=0;V_la:=0;V_Sp:=0:

Ra:=1.0; {Ra=armature resistor{ohm)}

La:=0.046; |La=armature inductor(henry)}

kb:=0.55; {kb=hack emf constant(V sec/rad))

kt:=0.55; {kt=torque constant(N.m./A))

J:=0.093; [J=moment of inertia(kg-m"2)}

B:=0.008; [B=viscous friction(N.m.sec/rad)}

TL:=0.0; {TL=load torque(N-m)}

(*——eiieeee¥)

T:=0.0; X1:=0; X2:=0; X3:=0;

H:=Time_Period1/50;

Sp_ref:=100*0,057;

kp_Sp:=115.37:ki_Sp:=19.841; kp_la:==0.129:ki_la:=104.16;

Time_Period:=Time_Period];

Duty Cycle=0; Ton:=Duty Cycle*Time_Period: {initail Ton/T
=002

Sum_la:=0; Sum_Td:=0;Sum_Sp:=0;

T_on:=Ton; T_Print:=Time_Period];

REPEAT |

begin loop———--—|
(#+w=smamem— Command set of chopper

._.-]



(t_
IF (T<=Ton) OR ((T-Ton) < (H/10)) THEN {----duty interval---)

Armature voltage controller -—-————-—*%)

BEGIN
IF T>Time_Periodl THEN V:=110.;
END;

IF (Ton<T) AND (T<Time_Period) AND ((T-Ton)>(H/10))
THEN
{-——freeweeling interval-—
BEGIN
Vi=0,0;
END;

IF (T>=Time_Period) OR (ABS(T-Time_Period)<(H/10)) THEN
BEGIN
la:=Sum_la/Num_X; {la=average current)
Td:=Sum_Td/Num_X; {Td=average developed torque!
Sp=Sum_Sp/Num_X; {Sp=average speed motor}
Sum_la:=0;Sum_Td:=0;Sum_Sp:=0;
Time_Period_Old:=Time_Period;
Time_Period_New:=Time_Period_Old+Time Period!:
Time_Period:=Time_Period_New;
(*-=-——Speed Controller-—-—*) (*-—=——PI Controller (kp(s
+ki)fs)——-—-*)
Sp_Tran:=0.057*Sp*(1-exp(-T/0.1)); {Sp_Tran is Sp pass
Tachogenerator ki=0.057 V/A
and tachogenerator filter
time constance =0.1)
E_Sp:=Sp_ref-Sp_Tran;
IFE_Sp>13 THEN E_Sp:=13; | E_la must varies +-13}
IF E_Sp<-13 THEN E_Sp:=-13;
U2 _Sp:=kp_Sp*E_Sp;
IF U2_Sp=>13 THEN U2_Sp:=I3; {U2_Sp varies +13 V}
IF U2_Sp<-13 THEN U2_Sp:=-13;
U.!_Sp:nkp_Sp“ki_Sp"T_on"E_Sp+Vo_Sp:
IF U3_Sp>13 THEN U3_Sp:=13; | U3_Sp varies +-13 V}
IF U3_Sp<-13 THEN U3_Sp:=-13;
V_Sp:=U2_Sp+U3 _Sp;
IF'V_Sp>13 THEN V_Sp:=13; {V_Sp varies 0 to +13 V}
IF V_Sp<0 THEN V_Sp:=0;
la_ref=V _Sp;
IF Ia_ref >13 THEN la_ref :=13; {Current Limit Reference} {for

a current limit of 26 A}

(*-----End PI Speed Controller =-------%)
(*-=Current Controller------*) (*---—-P| Controller (kpls + ki)'s)
-.-)

Ia_Tran:=0.5*la; {la_Tran is Ia pass current transducer kr=0.5
ViA}

E_la:=la_ref-la_Tran; | E_Ia must varies +-13}

IF E_la>13 THEN E_la=13;

IF E_la<-13 THEN E_la:=13;

U2_la:=kp_la*E_Ia;

IF U2_la=13 THEN U2_la:=13;

IF U2_la<-13 THEN U2_la:=-13;

U3_la:=kp_la*ki_la*T_on*E_la+Vo_la;

IF U3_la>13 THEN U3 la:=13;

IF U3_la<-13 THEN U3 _la:=13;

V_la=U2_la+U3_la;

GOTOXY(14;WRITE(' la ='la:10:4, sec.); GOTOXY(1,5);
WRITE(' Sp ='Sp:10:4,' sec.');
GOTOXY(1,6;WRITE(' Sp_ref ='Sp ref:10:4, sec.');
GOTOXY(L.7),WRITE(' Sp_Tran ="Sp_Tran:10:4, sec.’);
GOTOXY(1,8;WRITE( E Sp ='E Sp:10:4, sec);
GOTOXY(1,9XWRITE(' T_on ="T_on:10:4,’ sec.);
GOTOXY(1,10),WRITE( U2 _Sp ='U2_Sp:10:4, sec.);
GOTOXY(L,II;WRITEC U3 _Sp="U3_Sp:10:4,' sec.);
GOTOXY(1,12);WRITE(" Vo_Sp="Vo_Sp:10:4," sec.’);
GOTOXY(1.13);write’  V_Sp="V_Sp:10:4);
GOTOXY(48,6),WRITE(' la_ref ='1la_ref:10:4,' sec.);
GOTOXY(48,7T;WRITE(' fa_Tran =",la_Tran:10:4," sec.");
GOTOXY(48 8, WRITE(' E_la ="E la:10:4, sec.');
GOTOXY(48,9,WRITE( T on ='T_ on:10:4,' sec.'):
GOTOXY(48,10,WRITE(' U2 la ="U2_la:10:4, sec.);
GOTOXY(48,11);WRITE(" U3_la="U3 _la:10:4, sec.);
GOTOXY(48,12;WRITE('  Vo_la="Vo_la:10:4, sec.):
GOTOXY(48,13);writel’  V_la="V_la:10:4);
Vi_Max:=0.99*110; {Maximum armature viotage
Vi=0.99*110=108.9}

V_la_Max:=13; [Maximum control voltage :V_Ia or Ec}

kd:=Vt_Max/V_la_Max; {kd=linear relationship between control
voltage V_Ia:(Ec)
and armature voltage Vt=Duty_Cycle*V;(Ea) }

IFV_la>=13 THEN V_la:=13;

IFV_la<=0 THEN V_la:=0;

Duty_Cycle:=(kd*V_la)110; {convert Vt to Duty_Cycle}
GOTOXY(48,14);writeln('  Duty_Cycle ="' Duty_Cycle:7:4);
(*--—End Current Controller------*)

Pulse_Width_Ton_New:=Duty_Cycle*Time_Periodl;

Pulse_Width_Ton:=Pulse Width_Ton_New:

Ton_New:=Time_Period_Old+Pulse_Width_Ton;
Ton:=Ton_New;

IF T>Time_Period] THEN V:=110;

Counter_V:=0;

Vo_la=U3 Ia;

Vo_Sp:=U3 Sp;

T_on:=Pulse_Width_Ton_New;



(#=-=—=- Over current protection-——-*)
IF Ia_Tran > 0.5*40 THEN {Transient operation motor current can
be alloewd 2-3.5 times the rated current}
BEGIN
Ton:=Time_Period_Old;
WRITELN('Over current la = 1a:8:4);
Sound(220); | Beep |
Delay(200); { For 200 ms }
NoSound; | Relief |
{ Halt(1); { Halt right here! )
END;
(*-——end—-*)
END;
IF T>3.0 THEN TL:=9.0; { Step Load torque (TL) is applied at
T=3.0 sec}

(*—=—-- Over current protection-——*)
IF Ia_Tran > 0.5*40 THEN
BEGIN  {la_Maximum be 2 times the rated current |
V=0,
WRITELN('Over current fa = ' la:8:4);
Sound(220); | Beep ) Delay(200);  { For 200 ms )
NoSound; { Relien }
END;
(*-=-=-Set command calculation Fourth-order runge-kutta method--
*)
K1:=H*FUNCXID(T,X1,X2,X3,Ra,Lakb,V);
LE=H*FUNCX2D(T,X 1,X2,X3,kt,J,B,TL);
MI=H*FUNCX3D(T X 1,X2,X3);
K2:=H*FUNCXID(T+0.5*H,X 1 +0.5*K 1,X2+0.5*
L1,X3+0.5*M1,Ra,Lakb,V):
L2:=H*FUNCX2D(T+0,5*H.X 1+0.5*K | X2+0.5*
L1.X3+0.5*M1,kt,J, B, TL);
M2:=H*FUNCX3D(T+0.5*H,X 1+0.5%K 1,X2+0,5+
L1LX3+0.5*M1);
K3:=H*FUNCXID(T+0,5*H,X 1+0.5*K2,X2+0.5*
L2, X3+0.5*M2,Ra,Lakb,V):
1.3:=H‘FUNCXZD(T*-GJ*HX]W.S'KZ.X!*UJ‘
L2,X3+0.5*M2 kt,J,B,TL):
MJ:EH"FUNCXJD(T'PO.S‘H.X]+[I,5'K2,XI+D.S‘
L2,X3+0.5*M2);
K4:=H*FUNCXID(T+H,X 1+K3 \X2+L3,X3+M3,Ra,Lakb,V);
L4:=H*FUNCX2D(T+H,X | +K3,X2+L3,X3+M3.ktJ,B, TL);
M4:=H*FUNCX3D(T+H,X 1+K3 X2+ L3,X3+M3);
X1=X1HK14+2*K242*K3+K4)/6:
X2=X2+L1+2*L2+2*L3+L4)6;
X3=XIHM 1 +2*M242*M3+M4)/6:
(*-—Comput Error Armature Current-—-*)

(*---Compute Developed Torque——-*)

94

Td:=ki*X1; |Td=Develop torque}

Lo )
(*-—Compute Average Armature Current:[a---*)
IF (T <=Time_Period) OR (ABS(T-Time_Period)<(H/10)) THEN
BEGIN
Sum_la:= X1+Sum_la;
Sum_Td:= Td+Sum_Td;
Sum_Sp:= X2+Sum_Sp;
Num_X:=Time_PeriodI/H;
END:;

(* end )

{*--——-compute e e voltage *)
IF V=110 THEN
BEGIN
Counter_V:=Counter V+1;
END ELSE
BEGIN
Duty_Cycle_Vt=((Counter_V-1)*H)Time Period];
IF T>Time_Period] THEN
BEGIN
Vi=Duty_Cycle_Vi*110;
IF V1<0 THEN Vt:=0; {Vt=Terminal voltage or average
voltage}
END
END;
{* END- *)
IF (T>=0.0) AND (T<5.0) THEN {Given print follow condition

IF statement |
BEGIN
IF T>=T_Print THEN BEGIN
WRITELN(FILVARI,T:11:5.Vi:1 0:4,Duty_Cycle:10:4,
la:11:4,Sp:11:4);
T_Print:=T_Print+Time_Periodl; END:
END;
GOTOXY(28,ISKWRITE( T ="T:11:5, sec.):
GOTDXY(ZS.IGJ:WRY]‘E('Dmy Cycle =".Duty_Cycle:11:5," sec.');
GOTOXY(28,17):;WRITE(' Armature voltage:Ve=",Vt:11:5, V.):
GOTOXY(28,18); WRITE('Current Transducer= “Ja_Tran:11:5, A,

GOTOXY(28,19);WRITE('Average Current="la:|1 5 AN

GOTOXY(28,20); WRITE('Actual Current=",X1:1 I:5) A

GOTOXY(28,21);WRITE( Angular velocity =" X2:11:5, rad/sec’);

GOTOXY(Z&JL’):WR!TELN('MM displacement =" X3:11:5,
rad');

T:=T+H;

UNTIL T>=Time_End;  {add terminal voltage: Vit until Vi>=100
volt)

{ I
CLOSE(FILVAR1); END.
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Tusunsu MATLAB S lumsmanudintus szuia S, rer NV S, HUVNTOUVIAA
echo on KP=1.0; KI=231;
% DC separately excited motor %KP=0.129; KI=104.16;
% 1.865kW rated power,
%rated speed 188.49 rad/sec numl=[KP KP*KI]
Y%rated armature voltage 110V denl=[1 0]
%and rated current 20 A.
Ra=1.0; La=0.046; J=0.093; B=0.008; kb=0.55; % Current Transducer (k)
ki=0.55; numh=[0.5]; denh=[1];
ta=La/Ra
tm=J/B % Armature circuit
tml1=Ra*B*tm/(Ra*B+ki"2) num2=cl*[tm 1]
kmI1=B/(Ra*B+ki*2) den2=[tml 1]
km2=ki/B
km=km1*km2 % Step 1
kd=110/13; [num3,den3]=series(num1,denl,num2,den2)
cl=kd*kml;
% Step 2

% Current Controller (P1-Controller) [num4,dend]=feedback(num3,den3,numh,denh,-1)



[p,z]=pzmap(num4,dend) % end program

pause

% Speed Controller (PI-Controller)
KP_Sp=15; KI_Sp=150;
%KP_Sp=115.37, KI_Sp=19.841,
num5=[KP_Sp KP_Sp*KI_Sp]
den5=[1 0];

% Step 3

[numé6,den6]=series(nums,den5,num4,dend):

% Mechanical circuit
num7=[0 km2]

den7=[tm 1]

% Step 4
[num8,den8]=series(num6,den6,num7,den?);
printsys(num8,den8)
[p,z]=pzmap(num8,den8)

pause

% Speed Transducer (k)
num9=[0.057]; den9 =[1];

% Step 5
[num10,den10]=feedback(nums,
den8,num9,den9,-1)
printsys(num10,den10);
[p,z]=pzmap(num10,den10)
step(num10,den10)

pause
[num,den]=minreal(num10,den10);

[p.z]=pzmap(num,den)

100
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PROGRAM
Fuzzy_Logic_Controller_for_Chopper_fed_Separately Excited DC_M
otor_Drives;
(*-—by Komkrit Prasertwong, 25 March 1997-—-*)
USES CRT; {use screen}
CONST
{==----Constant of Chopper-———|
{ frequency = 200 Hz)
{Ton1=0.0001; | Initial Ton=Ton1 }
£=200; Time_Period1=1/f; { time period:T defind constant or
f=1428.57 Hz }
Time_End=5 ; | total time computation }
sy
VAR Z2,7374,7576,27,78,29,710,Z1 |.REAL;
T,H:REAL; {T=Time, H=Step size of calulation}
J1,J2J3J4 K1, K2,K3,K4,L1,L.2,L3,L4M1,M2M3 M4:REAL;
{variable of fourth-order method}
X1,X2,X3,X4,TL:REAL; { X1=field current, X2=armature current,
X3=angular velocity, X4=angular displacement, TL=load torque }
RELfRa,Lakbkt ) BV V,Td Vf Viield:REAL; {parameter of
motor}

Sum_la,Sum_Td,Sum_Sp,la_Tran,Num_X,Sp_Tran,la,Sp kp,Ti la_Ref,
E_Ia,E_Sp,Sp_ref:REAL;
{*

Variable of Chopper-- ")
Time_Period, Ton,Ton_New,

Time_Period_Old, Time_Period New:REAL;

Duty_Cycle_Vt,Pulse_Width_Ton,Duty,Pulse_Width_Ton New:REAL

Counter_V:INTEGER;
(#*——-—Variable of Print 0 file-——r—*)

FILVARLFILVAR2 FILVAR3.FILVAR4,FILVARS FILVARG FILV
ART :TEXT;
FILENAMEL FILENAME2 FILENAME3:STRING[14);

FILENAME4,FILENAMES, FILENAMES,FILENAME7,FILENAMES

STRING[14];
T_Print:REAL;

*--—-variable of Fuzzy-----*)

{---variable of Fuzzifier-—-—-)
MEW_NB_Sp,MEW_NM_Sp.MEW NS Sp,

MEW_ZO_SpMEW_PS_Sp,MEW_PM_SpMEW PB_Sp,
MEW_NB_la,MEW_NM_1a,MEW NS _[aMEW_ZO Ia,

MEW _PS_Ia MEW _PM_Ia,MEW PB_la:REAL:

{---—end variable of Fuzzifier—----}
{---variable of Defuzzifier----—--}
Sum_W,Sum_Mew:REAL;
{-=--end variable of Defuzzifier--—---}
(*——end variable of Fuzzy *)
e ~—FIRST STATE ~——————%)
FUNCTION FUNCXID(T,X1,X2,X3,Ra,La,kb,V:REAL:REAL;
BEGIN
FUNCX1D:={-Ra/La)*X 1-(kb/La)*X2+{1/La)*V;

END;
(#-—=e-—s- SECOND STATE +-=-~~v *)
FUNCTION FUNCX2D(T,X1,X2,X3,kt.JB,TL:REAL):REAL;
BEGIN
FUNCX2D:=(kt))* X 1-(B/*X2-(1/)*TL;

END;
{ Ve THIRD STATE ————————-' *)
FUNCTION FUNCX3D(T,X1,X2,X3:REAL):REAL;
BEGIN

FUNCX3D:=X2;
END;

PROCEDURE MEMBERSHIP_Ia(E_la:REAL;VAR

NB,NM,NS,ZO,PS,PM,PB:REAL);

VAR

MEW_NB_Ia, MEW_NM_[a,MEW_NS_[a, MEW_ZO Ia,

MEW_PS_Ia MEW_PM_la MEW PB_la:REAL;
B,C.D.E.F,G,H,:REAL;

BEGIN {~BEGIN PROCEDURE-|
Bi=-1.5:C=-1.0;D:=-0.5E:=0;F:=0.5,G:=|;H:= 1.5;

MEW _NB_la:=0,MEW _NM_la:=0;MEW NS la=0:MEW_ZO la:=0;
MEW _PS_la;=0;MEW_PM_la:=0;MEW_PB_la:=0;

{-—--FUNCTION NB OF SPEED ERROR-—-}

IF (E_la>=B) AND (E_la<=C) THEN MEW _NB_la:=(C-E_la){(C-
B);

IF (E_la<B) THEN MEW_NB_la:=1;

{-=—END NB -~}

GOTOXY(45,6),WRITELN(MEW _NB_la="'MEW_NB_la:5:5);

{===— FUNCTION NM OF SPEED ERROR +-----)

IF (E_la>=B) AND (E_la<=C) THEN MEW_NM_la:=(E_la-B)/
(c-B);

IF (E_la>=C) AND (E_la<=D) THEN MEW_NM_la:=(D-E_la)/
(D-C);

GOTOXY(45,7;WRITELN(MEW_NM _la="MEW_NM_la:5:5);

{===- END NM -~



|- FUNCTION NS OF SPEED ERROR -—|

IF (E_la>=C) AND (E_la<=D) THEN MEW _NS_la:=(E_la-C)(D-
C)

IF (E_la>=D) AND (E_la<=E) THEN MEW NS _la:=(E-E_la)/(E-
D);

GOTOXY(45,8);WRITELN(MEW NS la ='MEW NS la:5:5);

{-— END NS —-}

{-—=— FUNCTION ZO OF SPEED ERROR -~}

IF (E_la>=D) AND (E_la<=E) THEN MEW_ZO _la:=(E_la-D){E-
D)

IF (E_la>=E) AND (E_la<=F) THEN MEW _ZO_la:={F-E_Ia)/(F-
E);

GOTOXY(45,9),WRITELN(MEW _ZO la="'MEW_Z0 la:5:5);

{===- END ZO -}

{~-=FUNCTION PS OF SPEED ERROR -----}

IF (E_Ia>=E) AND (E_la<=F) THEN MEW _PS_la:=(E_la-E)/(F-
E)

IF (E_la>=F) AND (E_la<=G) THEN MEW_PS_la:=(G-E_la}/(G-
F);

GOTOXY(45,10; WRITELN(MEW _PS _la="'MEW_PS_la:5:5);

{-—=- END PS —-}

{==-- FUNCTION PM OF SPEED ERROR -}

IF (E_la>=F) AND (E_la<=G) THEN MEW_PM _la:=(E_la-F)(G-
F);

IF (E_la>=G) AND (E_la<=H) THEN MEW_PM_la:=(H-E_la)/
(H-G);

GOTOXY(45,11);WRITELN(MEW_PM_la ='MEW_PM _la:5:5);

{==== END PM --—}

{-—-=- FUNCTION PB OF SPEED ERROR --—-|
IF (E_la>=G) AND (E_la<=H) THEN MEW_PB_la:<(E_la-G)/(H-
G);
IF E_la>H THEN MEW _PB_la:=1;
GOTOXY(45,12);WRITELN(MEW PB la= "“MEW _PB_la:5:5);
{——END PB —}
NB:=MEW_NB_la; NM:=MEW _NM_la; NS:=MEW NS Ia;
ZO=MEW_ZO_la; PS:=MEW_PS_la; PM:=MEW _PM _Ia;
PB:=MEW _PB_la;
END; {--PROCEDURE-—-}

PROCEDURE MEMBERSHIP_Sp(E_Sp:REAL:VAR
NS,ZO,PS,PM,PB:REALY);
VAR

MEW_NS_SpMEW_ZO_Sp,MEW_PS_Sp,
MEW_PM_SpMEW_PB_Sp:REAL;

103

D.E,F,G,H 'REAL;
BEGIN |-BEGIN PROCEDURE-]
D:=2;E:=0;F:=2,G:=4;H:=6;

MEW_NS_Sp:=0:MEW_ZO_Sp:=0;MEW_PS_Sp:=0;MEW_PM_Sp:=
O;MEW_PB_Sp:=0,

{—— FUNCTION NS OF SPEED ERROR —--}
IF (E_Sp<=D) THEN MEW_NS_Sp:=I;
IF (E_Sp>=D) AND (E_Sp<=E) THEN MEW_NS_Sp:=(E-E_Sp)/
(E-D);
GOTOXY(1,6),WRITELN(MEW _NS Sp='MEW NS Sp:5:5);
{-—- END NS -}

{----- FUNCTION ZO OF SPEED ERROR ——-}
IF (E_Sp>=D) AND (E_Sp<=E) THEN MEW_ZO_Sp:=(E_Sp-D)/
(E-D);
IF (E_Sp>=E) AND (E_Sp<=F) THEN MEW_Z0O_Sp:=(F-E_Sp)/
(F-E);
GOTOXY(1,7, WRITELN(MEW_ZO_Sp ='MEW_Z0O_Sp:5:5),
{—— END ZO —}

{—--- FUNCTION PS OF SPEED ERROR -—-}

IF (E_Sp=>=E) AND (E_Sp<=F) THEN MEW_PS_Sp:=(E_Sp-E)/
(F-E);

IF (E_Sp>=F) AND (E_Sp<=G) THEN MEW _PS_Sp:=(G-E_Sp)/
(G-F);

GOTOXY(1,8);WRITELN('MEW _PS_Sp="MEW_PS_Sp:5:5);

{——END PS —}

{=---- FUNCTION PM OF SPEED ERROR ——|

IF (E_Sp>=F) AND (E_Sp<=G) THEN MEW _PM _Sp:=(E_Sp-F)/
(G-F);

IF (E_Sp=>=G) AND (E_Sp<=H) THEN MEW_PM_Sp:=(H-E_Sp)/
(H-G);

GOTOXY(1,9%;WRITELNCMEW _PM_Sp ='MEW_PM_Sp:5:5);

{=— END PM —-}

{----- FUNCTION PB OF SPEED ERROR -~}

IF (E_Sp>=G) AND (E_Sp<=H) THEN MEW_PB_Sp:=(E_Sp-G)/
(H-G);

IF E_Sp>H THEN MEW_PB_Sp:=1;

GOTOXY(1,10,WRITELN(MEW_PB_Sp ='MEW _PB_Sp:5:5);

{--- END PB -}

NS=MEW NS _Sp; ZO:=MEW_ZO _Sp; PS=MEW PS Sp;
PM:=MEW_PM_Sp; PB=MEW _PB_Sp;
END; {~PROCEDURE-—]

PROCEDURE DEFUZZI_DUTY(MEW_VS_Duty, MEW S _Duty,



MEW_QS_Duty, MEW_SM_Duty,MEW M Duty, MEW MB_Duty,
MEW_QB_Duty, MEW_B_Duty,MEW_VB_Duty,
MEW_AL_Duty:REAL; VAR Duty:REAL);
VAR

(*-——Variable of Defuzzification--—-*)

AB,C.D.EFGH,LLLKL, x1,x2,x3.x4,y1,y2,y3,y4,Ycoa,
ml,m2blb2:REAL;

W_VS.W_S,W_QS,W_SM,W_MW_MB,W_QB,W_B,W_VB.W AL:
REAL;
(*-——End variable of defuzzification —*)

BEGIN {--PROCEDURE-}
A=0.B:=0.1;C:=0.2;D:0.3;E:=0.4;F:=0.5,G:=0.6:H:=0.65;
1:=0.8:0:=0.9:K:=0,.99;L:=1.0;
W_VS=0;W_S:=0;W_QS:=0;W_SM:=0;W_M:=0;
W_MB:=0;W_QB:=0;W_B:=0;W_VB:=0;W_AL:=0;

(*— Very Small Duty Cycle —-*)

IF Mew_VS_Duty>0 THEN BEGIN

xb=A; x2=C-Mew_VS Duty*(C-B);, x3=C: xd:=A:
yl=0; y3:=0;, y2:=Mew VS _Duty; yd=Mew_VS_Duty; ml:=(y2-
¥IMx2-x1); m2:=(y4-y3)ixd-x3);

bl=(y2*x I-y 1*x2)/(x1-x2); b2:=(y4*x3-y3*xd)(x3-x4);
Yeoa=(bl*m2-m1*b2)(m2-m1);  Xcoa:=(b2-b1)(m1-m2);
Duty:=Xcoa;

W_VS:=Mew_VS_Duty*Duty;

END;

(*--— End Very Small Duty Cycle —*)

(*---- Small Duty Cycle —-*)

IF Mew_S_Duty>0 THEN BEGIN

x1:=B; x2:=D-Mew_S_Duty*(D-C); x3:=D; x4=Mew S Duty*(C-
B)+B;

y1:=0; y3:=0; y2:=Mew_S_Duty; y4:=Mew S_Duty:

mI=(y2y 1(x2-x1); m2:=(yd-y3)/(xd-x3); bl:=(y2*xl-y 1*x2)(x1-
x2); b2i=(y4*x3-y3*x4)/(x3-x4);

Yeoa:=(b1*m2-m1*b2)/(m2-m1); Xcoa:=(b2-b1)}(m1-m2):
Duty:=Xcoa;

W_S=Mew_S_Duty*Duty;

END;

(*-=—- End Small Duty Cycle -——*)

(*-=-==- Quite Small Duty Cycle -—*)

IF Mew_QS_Duty>0 THEN BEGIN

x1:=C; x2:=E-Mew_QS_Duty*(E-D); x3:=E: xd=Mew_QS_Duty*
(D-C)+C;

y1:=0; y3:=0; y2:=Mew_QS_Duty; y4:=Mew_QS_Duty;

ml=(y2-y i(x2-x1); m2:=(y4-y3)/(x4-x3); bl={y2*x -y 1 *x2)/(x1-
x2); b2:=(y4*x3-y3*x4)/(x3-x4);
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Yeoa:=(bl*m2-m1*b2)(m2-m1); Xcoa:=(b2-b1)}{(m1-m2);
Duty:=Xcoa;

W_QS:=Mew_QS_Duty*Duty;

END;

(*---—— End Quite Small Duty Cycle —--—*)

(¥--- Small to Medium Duty Cycle *)

IF Mew SM_Duty >0 THEN BEGIN

x1:=D; x2:=F-Mew_SM_Duty*(F-E); x3:=F; x4:=Mew_SM_Duty*
(E-D}+D;

yhi=0; y3:=0; y2:=Mew_SM_Duty; y4:=Mew_SM_Duty;
ml=(y2-y DAx2-x1); m2:=(y4-y3)/(x4-x3); bl:=(y2*xI-y1*x2)/(x1-
x2); b2:=(y4*x3-y3*x4)/(x3-x4);

Yeoa=(bl*m2-m1*b2)/(m2-m1); Xcoa:=(h2-b1)/(ml-m2);
Duty:=Xcoa;

W_SM:=Mew_SM_Duty*Duty;

END;

(#======- End Small to Medium Duty Cycle -----*)

i

IF Mew_M_Duty >0 THEN BEGIN

xI=E; x2:=G-Mew_M_Duty*(G-F); x3:=G; x4:=Mew_M_Duty*(F-
EXE;

y1:=0; y3:=0; y2:=Mew_M_Duty; y4:=Mew M _Duty;
ml=(y2-y1A(x2-x1); m2:=(y4-y3M(xd-x3); bl:=(y2*x1-y1*x2M(x1-
%2}, bZ:=(y4*x3-y3*xd)(x3-x4);

Yeoa:=(b1*m2-m1*b2)(m2-m1); Xcoa:=(b2-b1)}/(m1-m2);

(*-—-- Medium Duty Cycle

Duty:=Xcoa;
W_M:=Mew_M_Duty*Duty;

END;

(*------ End Medium Duty Cycle -----*)

(*--—- Medium to Big Duty Cycle -—*)

IF Mew_MB_Duty>0 THEN BEGIN

x1:=F; x2:=H-Mew_MB_Duty*(H-G); x3:=H; x4:=Mew_MB_Duty*
(G-F)}+F;

y1i=0; y3:=0; y2:=Mew_MB_Duty; y4=Mew_MB_Duty;
m=(y2-y i(x2-x1); m2:=(y4-y3V(xd-x3); bl:=(y2*x1-y1*x2)(x|-
x2); b2:={y4*x3-yI*xd)(x3-x4);

Yeoa:=(b1*m2-m1*b2)}(m2-m1); Xcoa:=(b2-b1)}/(m1-m2);
Duty:=Xcoa;

W_MB:=Mew_ MB_Duty*Duty;

END;

(*-----End Medium to Big Duty Cycle ---*)

(*---- Quite Big Duty Cycle —-*)

IF Mew_QB_Duty>0 THEN BEGIN

x1:=0G; x2:=I-Mew_QB_Duty*(I-H); x3:=I; x4:=Mew_QB _ Duty*(H-
GHG;

yl:=0; y3:=0; y2:=Mew_QB_Duty; y4=Mew_QB_Duty;



ml=(y2-y IMx2-x1); m2:=(y4-y3W(x4-x3); bl:=(y2*x1-y 1*x2}/(x1-
x2); b2:=(y4*x3-yI*xd)(x3-xd);
Yeoa:=(bl1*m2-m1*b2}(m2-m1); Xcoa:=(b2-b1)/(m1-m2);

Duty:=Xcoa;
W_QB:=Mew_QB_Duty*Duty;
END;

(*

End Quite Big Duty Cycle —-*)

(*
IF Mew_B_Duty>0 THEN BEGIN

Big Duty Cycle -—-*)

x1=H; xZ:=)-Mew_B_Duty*(J-1); x3=1; x4:=Mew B_Duty*(I-H}+
H;

y1=0; y3:=0; y2:=Mew_B_Duty; y4:=Mew_B_Duty;
ml=(y2-y1)/(x2-x1); m2:=(yd-y3)(x4-x3); bl:=(y2*x1-y1*x2)/(x]-
x2); b2:=(y4*x3-y3*x4)/(x3-x4);

Yeoa=(b1*m2-m1*b2}(m2-m1); Xcoa:=(b2-b1)(m1-m2);
Duty:=Xcoa;

W_B:=Mew_B_Duty*Duty;

END;

(*

End Big Duty Cycle --——*#)

(*-—= Very Big Duty Cycle -—*)
IF Mew_VB_Duty>0 THEN BEGIN

xl=l x2=K-Mew_VB_Duty*(K-J); x3:=K; x4:=Mew_VB_Duty*(J-

D+

yli=0; y3:=0; y2:=Mew_VB_Duty; y4:=Mew_VB_Duty;
mlz=(y2-y A(x2-x1); m2:=(yd-y3M(xd=x3); bl:=(y2*x1-y1*x2)/(x1-
x2); b2:=(yd*x3-yI*xd)i(xI-x4);

Yeoar=(bl*m2-m1*b2)(m2-m1); Xcoa:=(b2-b1)/(m1-m2);
Duty=Xcoa;

W_VB:i=Mew_ VB_Duty*Duty;

END;

(*
(#=-=— About Limit Duty Cycle -----*)
IF Mew_AL_Duty>0 THEN BEGIN

End Very Big Duty Cycle ~----*)

xl=J x2=L; x3:=L; x4:=Mew AL Duty*(K-1}+J;

yli=0; y3:=0; y2:=Mew_AL_Duty; y4=Mew_AL_Duty;
ml=(y2-y 1i(x2-x1); m2:=(y4-y3)(xd-x3); bl:=(y2*x1-y1*x2)/(x1-
x2); b2:=(y4*x3-y3*x4)/(x3-x4);

Yeoa:=(b1*m2-m1*b2)/(m2-m1); Xcoa:=(b2-b1)}(ml-m2);
Duty:=Xcoa;

W_AL:=Mew_AL_Duty*Duty;

END,

(*-—— End About Limit Duty Cycle ~-----*)

Sum_W:=Sum_W+(W_VS+W_S+W_QS+W_SM+W_M+W_MB+W _

QB+W_B+W_VB+W_AL);
Su.nm_Mew:=Snm_Mew+(Mcw_VS_Duty+Mm_s_Dury+McthS_D
uty+Mew_SM_Duty+Mew_M_Duty
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+Mew_MB_Duty+Mew_QB_Duty+Mew_B_Duty+Mew_VB_Duty+
Mew AL Duty);

Duty:=Sum_W/Sum_Mew; | Defuzzifion by Center of Area (COA)}
WRITELN("Sum_W ="Sum_W:11:5," Sum_Mew ="Sum_Mew:11:5
)

Mew VS Duty:=0; Mew_S_Duty:=0; Mew_QS_Duty:=0;
Mew_SM_Duty:=0; Mew M _Duty:=0; Mew_MB_Duty:=0;

Mew QB Duty:=0; Mew _B_Duty:=0; Mew_VB_Duty:=0;
Mew_AL_Duty:=0;

END; [--PROCEDURE DEFUZZIFIER----}

PROCEDURE INFERANCE_RULE_NO_LOAD
(MEW_NB_laMEW_NM_la,MEW NS _Ia,MEW_ZO_la,MEW PS |
aMEW_PM_Ia,MEW _PB 1aMEW NS SpMEW ZO SpMEW PS_
Sp.MEW_PM_SpMEW PB_Sp:REAL;VAR Duty:REAL);

VAR (*-----Variable of Inferance rule----*)

MEW _VSI_Duty,MEW_S2 Duty, MEW S3 Duty, MEW VS4 Duty,
MEW_VSS_Duty, MEW_VS6_Duty,MEW_VS7 Duty,

MEW _S8_Duty,MEW_S9 Duty,MEW_SM10_Duty, MEW SM11_Dut
¥.MEW_MI12_Duty, MEW_M13_Duty, MEW M4
_Duty,MEW_QS15_Duty, MEW_SM16_Duty,MEW_M17_Duty,MEW
_MBI8_Duty, MEW_QB19 Duty, MEW_B20_Duty
MEW_VB21_Duty, MEW_VS22_ Duty,MEW_QS23 Duty, MEW M24
_Duty, MEW_QB25_Duty, MEW_B26 Duty,
MEW_VB27_Duty,MEW_AL28_Duty, MEW V$29 Duty, MEW S30
_Duty,MEW_QS31_Duty, MEW_M32_Duty, MEW_MB33 Duty,ME
W_QB34_Duty, MEW_VB35 Duty:REAL;

22,23, 74 526,27 78 79, Z10,Z1 1:REAL;

BEGIN |~-BEGIN PROCEDURE--]
22:=0,23:=0,Z4:=0,25:=0,26:=0,27:=0;Z8:=0,29=0;Z10:=0;,Z1 1 :=0;
Sum_W:=0; Sum_Mew:=0;

{~ Group of Rule | MEW NS _Sp> 0 ===}
IF MEW_NS_Sp>0 THEN
BEGIN
{RULE 1.} IF(MEW_NB_la>0) THEN
BEGIN
WRITELN(RULE 1');
IF (MEW_NS_Sp<MEW _NB [a) THEN
BEGIN
MEW_VS1_Duty:=MEW_NS_Sp;
Z2:=MEW _VSI_Duty;
DEFUZZI_DUTY(Z2,73,74,25,76,Z7,
Z8,29.Z10,Z1 1,Duty);
END ELSE
BEGIN
MEW_VSI_Duty:=MEW _NB_la;



Z2:=MEW_VSI_Duty;
DEFUZZI_DUTY(Z2,23,74,25 76,27,
Z8,79,710,Z11,Duty);
END;
Z2:=0;
END; {----END RULE ]----}

{RULE2.} IF (MEW_NM_la>0) THEN
BEGIN
WRITELN('RULE 2 ');
IF (MEW_NS_Sp<MEW NM [a) THEN
BEGIN
MEW _S2_Duty=MEW NS Sp:
Z3:=MEW_S2 Duty;
DEFUZZI_DUTY(Z2,23,74,2576,27,
Z8,79,210,Z11,Duty);
END ELSE
BEGIN
MEW_S2 Duty:=MEW_ZO _Ia;
Z3:=MEW_S2 Duty;
DEFUZZI_DUTY(Z2,23,74,75,76,27,
Z8,79,Z10,Z11,Duty);
END;
Z3=0;
END; {-—END RULE 2—}

{RULE 3.} IF (MEW_NS_la>0) THEN
BEGIN
WRITELN(RULE 3 );
IF (MEW_NS_Sp<MEW _NS_la) THEN
BEGIN
MEW_S3_Duty:=MEW NS _Sp;
Z3:=MEW_S3 Duty;
DEFUZZ1 _DUTY(Z2,73,24,25,26,77,
Z8,79,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_S3 Duty:=MEW NS _la;
Z3:=MEW _S3_Duty;
DEFUZZI_DUTY(Z2,73.74,25,76,77,
Z8,29,Z10,Z11,Duty);
END;
Z3:=0;

END; [--END RULE 3-—}

{RULE4.}  IF (MEW_ZO_Ia>0) THEN
BEGIN
WRITELN('RULE 4 ');

IF (MEW_NS_Sp<MEW _ZO_la) THEN
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BEGIN
MEW_VS4 Duty:=MEW_NS_Sp;
72:=MEW_VS4_Duty;
DEFUZZI_DUTY(Z2,23,Z4,25,26,Z7,
Z8.29,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_VS4 _Duty:=MEW ZO Ia;
£2:=MEW _VS4 Duty;
DEFUZZI_DUTY(Z2,73,Z4,Z5,26,Z7,
Z8,79.710,Z11, Duty);
END;
22:=0;
END; {-—END RULE 4-—-}

IRULE 5.} IF (MEW_PS_la=0) THEN
BEGIN
WRITELN('RULE 5');
IF (MEW_NS_Sp<MEW_PS_la) THEN
BEGIN
MEW_VS5 Duty:=MEW NS Sp;
Z2:=MEW_VS5_Duty;
DEFUZZI_DUTY(Z22,73,74,7526,27,
Z8.79,210,Z11,Duty);
END ELSE
BEGIN
MEW_VS5_Duty:=MEW PS _la;
Z2:=MEW_VS5_Duty;
DEFUZZI DUTY(Z2,23,24.75 2627,
Z8,79,Z10,Z11,Duty);
END;
Z2:={);
END; {---END RULE 5~}

{RULE6.] IF (MEW_PM_la>0) THEN
BEGIN
WRITELN('RULE 6 ');
IF (MEW_NS_Sp<MEW_PM_la) THEN
BEGIN
MEW_VS6_Duty:==MEW NS Sp:
Z2=MEW_VS6_Duty;
DEFUZZI_DUTY(Z2,23,24,25,26,27,
ZB,Z9.Z10,Z11,Duty);
END ELSE
BEGIN
MEW_VS6_Duty:=MEW_PM Ia;
Z2:=MEW_VS56_Duty;
DEFUZZI_DUTY(Z22,23,74,75,76,77,
Z8,79,Z10,Z11,Duty),



END;
Z2:=0;
END; {-—END RULE 6—}

{RULE?.} IF(MEW_PB_la>0) THEN
BEGIN
WRITELN('RULE 7');
IF (MEW_NS_Sp<MEW_PB_la) THEN
BEGIN
MEW_VS7 _Duty:=MEW NS _Sp;
Z2:=MEW_VS7_Duty;
DEFUZZI_DUTY(Z2,73,24,7576,27,
Z8,79,710,Z11,Duty);
END ELSE
BEGIN
MEW_VS7_Duty:=MEW PB_Ia;
Z2=MEW _VS7_Duty;
DEFUZZI_DUTY(Z2,23,74,25,26,27,
Z8,79,Z10,Z11,Duty);
END;
22:=0;
END; {-—END RULE 7---}

END; {END GROUP OF RULE 1}

{=== Group of Rule 2 MEW_Z0_Sp> 0 -——]
IF MEW_ZO_Sp>0 THEN
BEGIN

(RULE8.] IF (MEW _NB_la>0) THEN
BEGIN
WRITELN('RULE 8 ');
IF(MEW_ZO_Sp<MEW_NB_[a) THEN
BEGIN
MEW_S8 Duty:=MEW_Z0_Sp;
Z3:=MEW_S8 Duty;
DEFUZZI_DUTY(Z2,73,74,75,26,27,
Z8,Z9.210,Z11,Duty);
END ELSE
BEGIN
MEW_S8 Duty:=MEW_NB_la;
Z3:=MEW_S8_Duty;
DEFUZZI_DUTY(22,23,24,25,26,Z7,
Z8,79,710,Z11,Duty);
END;
Z3:=0;
END; {--—~END RULE 8-

[RULES.} IF (MEW_NM_la>0) THEN

BEGIN
WRITELN(RULE 9);
IF (MEW_Z0O_Sp<MEW_NM_la) THEN
BEGIN
MEW_S9 Duty:=MEW_ZO Sp:
Z3:=MEW_59_Duty;
DEFUZZI_DUTY(Z2,23,24,2526,Z7,
Z8.79.210,Z11,Duty);
END ELSE
BEGIN
MEW_S9_Duty:=MEW_NM _Ia;
Z3:=MEW_59_Duty,
DEFUZZI_DUTY(Z2,23,24,25,726,27,
Z8,Z9,210,Z11,Duty);
END;
Z3:=();
END; {----END RULE 9----}

{RULE 10.}  IF (MEW_NS_la>0) THEN
BEGIN
WRITELN('RULE 10);
IF{MEW_Z0_Sp<MEW_NS_la) THEN
BEGIN
MEW_SM10_Duty:=MEW ZO Sp:
Z5:=MEW_SM10_Duty;
DEFUZZI_DUTY(Z2,23,74,25,26,27,
Z8,79,210,Z11.Duty);
END
ELSE
BEGIN
MEW_SMI10_Duty:=MEW NS _la;
Z5:=MEW_SM10_Duty;

DEFUZZI_DUTY(22,23,74,75 76,27,

Z8,79,Z10,Z11,Duty);
END;
Z5:=0;
END; {---END RULE 10~}

IRULE I1.} IF (MEW_ZO_la>0) THEN
BEGIN
WRITELN(RULE 11°);
IF (MEW_ZO_Sp<MEW _ZO_la) THEN
BEGIN
MEW_SM11_Duty:=MEW_ZO_Sp;
Z5:=MEW_SMI1_Duty;

DEFUZZI_DUTY(Z22,23,24,25,26,27,

78,29.210,Z11 Duty);
END ELSE
BEGIN
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MEW_SM11_Duty:=MEW _ZO _Ia;
25:=MEW_SM11_Duty;
DEFUZZ]_DUTY(Z2,23,24,25,26,27,
Z8,79.710,Z11,Duty);
END;
Z5=);
END; {----END RULE 11~}

{RULE 12.} IF (MEW_PS_[a>0) THEN
BEGIN
WRITELN('RULE 12');
IF (MEW_ZO_Sp<MEW_PS_la) THEN
BEGIN
MEW _MI2 Duty:=MEW_Z0 Sp;
Z6:=MEW_M12_Duty;
DEFUZZI_DUTY(Z2,23,74,75.76,Z1,
Z8,79,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_MI2 _Duty:=MEW _PS la;
Z6:=MEW_MI2_Duty;
DEFUZZI_DUTY(Z2,73,24,25,26,27,
Z8,79,210,Z11,Duty);
END;
Z6:=0;

END; {-—END RULE 12~}

{RULE 13.] IF (MEW_PM_la=0) THEN
BEGIN
WRITELN('RULE 13 ),
IF (MEW_ZO_Sp<MEW_PM la) THEN
BEGIN
MEW_MI3_Duty:=MEW _ZO Sp;
Z6:=MEW_M13_Duty;
DEFUZZI_DUTY(Z2,23,74,25,26,27,
Z8,29,.Z10,Z11,Duty);
END ELSE
BEGIN
MEW_MI3_Duty:=MEW PM Ia;
Z6:=MEW_M13_Duty;
DEFUZZI_DUTY(Z2,73,74,25,26,27,
Z8,79.Z10,Z11,Duty);
END;
Z6:=0;

END; {-—END RULE 13-—}

(RULE 14.} IF (MEW_PB_la>0) THEN
BEGIN
WRITELN(RULE 14 ');
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IF (MEW_ZO Sp<MEW PB la) THEN
BEGIN
MEW_M14_Duty:=MEW ZO Sp;
Z6:=MEW_M14 Duty;
DEFUZZI_DUTY(Z2,Z3,Z4,25Z6,Z7,
78,79,210,Z11,Duty);
END ELSE
BEGIN
MEW_M14_Duty:=MEW _PB_Ia;
Z6:=MEW_M14_Duty;
DEFUZZI_DUTY(22,23,74,25.26,27,
Z8,79,Z10,Z11 Duty);
END;
Z6:=0;
END; {-—END RULE 14—}
END; {END GROUP OF RULE 2}

{=-=- Group of Rule 3 MEW_PS_Sp> 0 ~---—]
IF MEW_PS_Sp>0 THEN
BEGIN

IRULE I5.} IF (MEW_NB_la>0) THEN
BEGIN
WRITELN('RULE 15",
IF(MEW_PS_Sp<MEW _NB_la) THEN
BEGIN
MEW_QS15_Duty:=MEW PS Sp;
ZA:=MEW _QS15_Duty;
DEFUZZI_DUTY(Z2,23,24,25,Z6,Z7,
28,29, 210,211, Duty);
END ELSE
BEGIN
MEW_QS15_Duty=MEW NB_la;
Z4:=MEW _QSI15_Duty;
DEFUZZI_DUTY(Z2,23,74,25,26,Z7,
Z8,29,Z10,Z11,Duty);
END;
Z4:=0;
END; {---END RULE |5----}

{RULE 16.) IF (MEW_NM_la>0) THEN
BEGIN
WRITELN(RULE 16);
IF (MEW_PS_Sp<MEW NM_la) THEN
BEGIN
MEW_SM16_Duty:=MEW _PS_Sp;
Z5:=MEW_SM16_Duty;
DEFUZZI_DUTY(Z22,23,24,25,76,77,
Z8,79,210,Z11,Duty);



END ELSE

BEGIN
MEW_SM16_Duty:=MEW_NM_la:
Z5:=MEW_SM16_Duty;
DEFUZZI_DUTY(Z2,73,24,25,76,27,

Z8,79.Z10,Z11,Duty);
END;
Z5:=0;

END; {---END RULE 16—}

{RULE 17.} IF (MEW_NS_[a>0) THEN
BEGIN
WRITELN('RULE 17");
IF (MEW_PS_Sp<MEW _NS_la) THEN
BEGIN
MEW_MI17_Duty:=MEW _PS Sp;
Z6:=MEW_M17_Duty;
DEFUZZI_DUTY(Z2,73,74,75,26.217,
Z8.79,Z10,Z11,Duty);
END
ELSE
BEGIN
MEW_M17_Duty:=MEW NS _la;
Z6:=MEW_MI17_Duty;

DEFUZZI DUTY(Z2,23,Z4,25,Z6,Z7,
Z8.79,210,Z11,Duty),

END;
Z6:=0;

END; {-—END RULE |7-—]

{RULE 18.} IF (MEW_ZO_Ia>0) THEN
BEGIN
WRITELN({'RULE 18 ");
IF(MEW_PS_Sp<MEW_ZO la) THEN
BEGIN
MEW_MBI8_Duty:=MEW _PS_Sp;
Z7:=MEW_MBI8_Duty;
DEFUZZI_DUTY(Z2,23,74,25,76,27,
78,79.Z10.Z11,Duty);
END ELSE
BEGIN
MEW_MBI8_Duty=MEW _ZO Ia;
Z7:=MEW_MBI8_Duty;

DEFUZZI_DUTY(Z2,73,74,25,26,77,
Z8,29,Z10,Z11,Duty);

END;
Z7=0;

END; |--END RULE |8--}

109

{RULE 19.} IF (MEW_PS_la>0) THEN
BEGIN
WRITELN(RULE 19°);
IF (MEW_PS_Sp<MEW_PS_la) THEN
BEGIN
MEW _QBI19 Duty:=MEW _PS_Sp;
Z8:=MEW_QBI9_Duty;
DEFUZZI_DUTY(Z2,Z3,Z4,25,26,27,
Z8,79.Z10,Z11,Duty);
END ELSE
BEGIN
MEW_QBI19_Duty:=MEW _PS la;
Z8:=MEW _QBI19_Duty;
DEFUZZI_DUTY(Z2,23,74,25,Z6,Z7,
Z8,29.Z10,Z11,Duty);
END;
Z8:=0;

END; {---END RULE 19----}

{RULE20.} IF (MEW_PM_la>0) THEN
BEGIN
WRITELN(RULE 20 );
IF (MEW_PS_Sp<MEW_PM_la) THEN
BEGIN
MEW_B20_Duty=MEW _PS_Sp:
Z9:=MEW_B20_Duty;

DEFUZZI DUTY(22,23,24,25.26.27,
78,729,210, Z11 Duty);

END
ELSE
BEGIN
MEW_B20_Duty:=MEW_PM _Ia;
79:=MEW_B20 Duty;

DEFUZZI_DUTY(Z2,23,24,25,26,77,
78,79,Z10,Z11 Duty);

END;
29:=0,

END; {-—END RULE 20~}

{RULE21.}) IF (MEW_PB_Ia>0) THEN
BEGIN

WRITELN('RULE 21');
IF (MEW_PS_Sp<MEW _PB_la) THEN
BEGIN
MEW_VB21_Duty:=MEW _PS Sp;
Z10:=MEW_VB21_Duty;

DEFUZZI_DUTY(Z2,23,74,2576,77,
Z8,79,Z10,Z11,Duty),

END ELSE



BEGIN
MEW_VB21_Duty:=MEW PB Ia
Z10:=MEW_VB2I_Duty;
DEFUZZI_DUTY(Z2,23,Z4,75,76,71,

Z8,79,210,Z11,Duty);
END;
Z10:=0;
END; {---END RULE 21---}
END; [END GROUP OF RULE 3}

{---=- Group of Rule 4 MEW_PM_Sp> () === !
IF MEW_PM_Sp=0 THEN
BEGIN
{RULE 22.} IF (MEW_NB_la>0) THEN
BEGIN
WRITELN('RULE 22');
IF (MEW_PM_Sp<MEW _NB_la) THEN
BEGIN
MEW_VS22 Duty:=MEW_PM_Sp;
Z2:=MEW_VS22_Duty;
DEFUZZ]_DUTY(Z2,23,24,25,26,27,
Z8,29.210,Z11,Duty);
END ELSE
BEGIN
MEW_VS22_Duty:=MEW_NB la;
Z2:=MEW _VS22 Duty;
DEFUZZ1_DUTY(Z2,23,74,25,26,77,
78,79,710,Z11,Duty);
END;
22:=0,
END; {---END RULE 22—}

IRULE 23.} IF (MEW_NM_la>0) THEN
BEGIN

WRITELN('RULE 23 ');

IF (MEW_PM_Sp<MEW_NM_la) THEN

BEGIN
MEW_QS23_Duty:=MEW_PM_Sp;
Z4:=MEW_QS23 Duty;
DEFUZZI_DUTY(Z2,73,24,25,26,21,

28,79.Z10,Z11,Duty);

END ELSE

BEGIN
MEW_QS23_Duty:=MEW _NM Ia;
Z4:=MEW_QS23 Duty;

DEFUZZI_DUTY(Z2,73,24,25,76,27,
Z8,79,710,Z11,Duty);

END;

Z4:=();

END: {--END RULE 23—}

{RULE 24.} IF (MEW_NS_la>0) THEN
BEGIN
WRITELN('RULE 24");
IF (MEW_PM_Sp<MEW_NS_la) THEN
BEGIN
MEW_M24 Duty=MEW_PM_Sp;
Z6:=MEW_M24 Duty;

DEFUZZI_ DUTY(22,23,74,75,26,Z7,

Z8,79,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_M24 Duty:=MEW_NS_Ia;
Z6:=MEW_M24_Duty;
DEFUZZI_DUTY(Z2,73,24,25.26,27,
ZB.79.Z10,Z11,Duty);
END;
Z6:=0;
END; {---END RULE 24----}

{RULE 25.) IF (MEW _Z0 la=0) THEN
BEGIN
WRITELN('RULE 25 ');
IF (MEW_PM_Sp<MEW_ZO_la) THEN
BEGIN
MEW_QB25_Duty:=MEW _PM_Sp;
Z8:=MEW _QB25_Duty;
DEFUZZI_DUTY(£2,73,Z4,25,76,Z1,
Z8,29.Z10,Z11,Duty);
END ELSE
BEGIN
MEW_QB25_Duty:=MEW_ZO |a;
ZB:=MEW_(QB25 Duty;
DEFUZZI_DUTY(Z2,23,24,7576,27,
Z8,79,Z10,Z11,Duty);
END;
Z8:=0,
END; {---END RULE 25--—}

{RULE 26.} IF (MEW PS_la>0) THEN
BEGIN
WRITELN(RULE 26 );

IF (MEW_PM_Sp<MEW_PS_a) THEN

BEGIN
MEW_B26_Duty:=MEW_PM_Sp;
Z9:=MEW_B26 Duty;
DEFUZZI_DUTY(Z2,23,24,25,26,27,

28,29.210,Z11 Duty);
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END ELSE
BEGIN
MEW_B26_Duty=MEW PS la;
Z9:=MEW _B26_Duty;
DEFUZZI_DUTY(Z2,23,74,25,26,27,
Z8,79.Z10,Z11,Duty);
END;
Z9=0;
END; {---END RULE 26---}

[RULE 27.) IF (MEW_PM_la>0) THEN
BEGIN
WRITELN('RULE 27);
IF (MEW_PM_Sp<MEW_PM _la) THEN
BEGIN
MEW_VB27 Duty:=MEW _PM_Sp;
Z10:=MEW_VB27 Duty;
DEFUZZI_DUTY(Z2,Z3.24.25,2Z6.27.
Z8,79.Z10,Z11,Duty);
END ELSE
BEGIN
MEW_VB27 Duty:=MEW _PM _Ia;
Z10:=MEW_VB27_Duty;
DEFUZZI_DUTY(22,23,24,25,26,27,
Z8,29,Z10,Z11,Duty);
END;
Z10:=0;
END; {---END RULE 27}

IRULE 28.} IF (MEW_PB_la>0) THEN
BEGIN
WRITELN('RULE 28 *);
IF (MEW_PM_Sp<MEW PB la) THEN
BEGIN
MEW_AL28_Duty:=MEW_PM_Sp;
Z11:=MEW_AL28_Duty;
DEFUZZI_DUTY(Z2,73,74,25,26,27,
78,79,210,Z11,Duty);
END ELSE
BEGIN
MEW_AL28_Duty:=MEW PB _la;
Z11:=MEW_AL28 Duty:
DEFUZZI_DUTY(Z2,23,24,25,26,27,
Z8,79.Z10,Z11,Duty);
END;
Z11:=0;
END; {--~END RULE 2§----}
END; {END GROUP OF RULE 4}

{===- Group of Rule § MEW_PB_Sp> 0 -——-}
IF MEW _PB Sp=0 THEN
BEGIN

{RULE 29.} IF (MEW_NB_la>0) THEN
BEGIN
WRITELN('RULE 29 ');
IF (MEW_PB_Sp<MEW_NB_la) THEN
BEGIN
MEW_VS29 Duty:=MEW _PB_Sp;
72:=MEW _V829 Duty;
DEFUZZI_DUTY(Z2,23,24,2576,27,
Z8,Z9,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_V829 Duty:=MEW_NB_Ia;
Z2:=MEW _VS29_Duty;
DEFUZZI_DUTY(22,23,24,25,76,27,
Z8,79.Z10,Z11,Duty);
END;
22:=0;
END; {-—END RULE 29-—}

{RULE 30.} IF (MEW _NM la>0) THEN
BEGIN
WRITELN('RULE 30 );
IF (MEW_PB_Sp<MEW _NM_la) THEN
BEGIN
MEW _S30_Duty:=MEW_PB_Sp;
Z3:=MEW_S30 Duty;
DEFUZZI_DUTY(Z2,23,24,25.Z6.Z7,
Z8.79.Z10,Z11,Duty);
END ELSE
BEGIN
MEW_S30_Duty:=MEW_NM _Ila;
Z3:=MEW_S30_Duty;
DEFUZZ1_DUTY(Z2.Z3,Z4,Z5,76,71,
78,79.Z10.Z11,Duty);
END;
Z3:=0;
END; {---END RULE 30---|

{RULE3L) IF (MEW NS _[2>0) THEN
BEGIN
WRITELN(RULE 31);
IF (MEW_PB_Sp<MEW _NS_Ia) THEN
BEGIN
MEW_QS31_Duty:=MEW_PB_Sp:
Z4:=MEW _QS3I_Duty;
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DEFUZZI_DUTY(Z2,23.24,75.76.27,

Z8,79,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_QS31_Duty:=MEW NS _Ia;
Z4:=MEW_QS31_Duty;

DEFUZZI_DUTY(Z2,73,74,75,76,27,

Z8,29,Z10,Z11,Duty);
END;
Z4:=0;
END; {-—-END RULE 31--}

{RULE32.} IF(MEW _ZO [a>0) THEN
BEGIN
WRITELN('RULE 32 ),
IF (MEW_PB_Sp<MEW _ZO_la) THEN
BEGIN
MEW_M32_Duty:=MEW_PB_Sp;
26:=MEW_M32_Duty;
DEFUZZI DUTY(22,23,24,25,26,27,
Z8,79,210,Z11,Duty);
END ELSE
BEGIN
MEW_M32 Duty:=MEW _ZO la;
Z6:=MEW_M32_Duty;
DEFUZZI_DUTY(Z2,23,24,25,26,Z7,
Z8,79,Z10,Z11,Duty);
END;
Z6:=0;

END; {-—END RULE 32—}

{RULE33.] IF (MEW PS_Ia>0) THEN
BEGIN
WRITELN('RULE 33 ");
IF (MEW_PB_Sp<MEW_PS_la) THEN
BEGIN
MEW_MB33_Duty:=MEW_PB_Sp;
Z7:=MEW_MB33_Duty;
DEFUZZI_DUTY(Z2,23,74,75,76,77,
ZB,Z9,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_MB33_Duty:=MEW _PS _la;
Z7:=MEW_MB33_Duty;
DEFUZZI_DUTY(22,23,74,75,76,27,
78,29,Z10,Z11,Duty);
END;
Z7:=0;
END; {~--END RULE 33-—|

IRULE 34.}  IF (MEW_PM_la>0) THEN
BEGIN
WRITELN('RULE 34 ');
IF (MEW_PB_Sp<MEW_PM_la) THEN
BEGIN
MEW_QB34_Duty:=MEW _PB_Sp;
Z8:=MEW _QB34_Duty;

DEFUZZI_DUTY(Z2,73,74,2576,Z7,

Z8,29,210,Z11,Duty);
END ELSE
BEGIN
MEW_QB34_Duty:=MEW_PM _la;
Z8=MEW_QB34_Duty;
DEFUZZI_DUTY(Z2,73,24,25,26,27,
Z8.79 Z10,Z11,Duty);
END;
Z8:=0;
END; {---END RULE 34~}

{RULE 35.) IF(MEW _PB_la>0) THEN
BEGIN
WRITELN('RULE 35 ');
IF (MEW_PB_Sp<MEW_PB_la) THEN
BEGIN
MEW_VB35 Duty:=MEW _PB _Sp;
Z10:=MEW_VB35 Duty;
DEFUZZI_DUTY(Z22,23,74,25,26,27,
Z8,79,710,Z11,Duty);
END ELSE
BEGIN
MEW_VB35_Duty=MEW _PB_la;
Z10:=MEW_VB35_Duty;
DEFUZZI_DUTY(Z2,23,24,2576,27,
Z8.Z9.210,Z11,Duty);
END;
Z10:=0;
END; {----END RULE 35----}
END; {END GROUP OF RULE 5}

END; |PROCEDURE INFERANCE_RULE_NO LOAD}

PROCEDURE INFERANCE_RULE_HAVE_LOAD
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(MEW_NB_[a, MEW_NM_[a,MEW _NS_la, MEW_ZO_la MEW_PS |

a,MEW_PM_la, MEW_PB_la,

MEW_NS_Sp,MEW_ZO_Sp,MEW_PS_Sp,MEW_PM_SpMEW PB_

Sp:REAL;VAR Duty:REAL);
VAR

(*-—Variable of Inferance rule-—-*)



MEW_VSI_Duty, MEW_S$2 Duty, MEW_S3 Duty, MEW VS4 Duty,
MEW_VS5_Duty, MEW_VS6_Duty MEW_VS7 Duty,

MEW_S8 Duty, MEW_S9 Duty,

MEW_SM10_Duty. MEW_SM11_Duty, MEW_MI2_Duty, MEW MBI
3_Duty, MEW_QB14_Duty,MEW_QS15_Duty, MEW_SMI6_Duty,
MEW_MI7_Duty,MEW_MB18_Duty, MEW_QB19_Duty, MEW_B20
_Duty, MEW_VB2I_Duty, MEW_VS22_Duty, MEW_QS23_Duty,ME
W_M24_Duty, MEW_QB25,Duty,

MEW_B26_Duty, MEW_VB27_Duty,MEW _AL28

_Duty, MEW_VS29 Duty, MEW_S30_Duty,MEW_QS31_Duty,
MEW_M32_Duty MEW_MB33_Duty, MEW_QB34 Duty,MEW VB3
5_Duty:REAL;

72,73.74,75,26,21,28,29,210,Z1 :REAL;

(*-——End Variable of Inferance rule-—-*)

BEGIN {-BEGIN PROCEDURE-}
Z2=0,73:=0,Z4:=0,Z5=0,26:=0,Z7:=0,28:=0,79:=0,Z10:=0:Z1 | :=0;
Sum_W:=0; Sum_Mew:=0;

{==== Group of Rule | MEW_NS_Sp= 0 ==}
IF MEW_NS_Sp>0 THEN
BEGIN
{RULE L} IF (MEW_NB_la>0) THEN
BEGIN
WRITELN(CRULE 1 7);
IF (MEW_NS_Sp<MEW _NB_la) THEN
BEGIN
MEW_VS1_Duty:=MEW _NS_Sp;
Z2:=MEW_VS|1_Duty;
DEFUZZI DUTY(Z2,23,74.75,26,77,
Z8,29.210,Z11,Duty);
END ELSE
BEGIN
MEW_VSI1_Duty:=MEW_NB_la;
22:=MEW_VS1_Duty;
DEFUZZI_DUTY(Z2,23,24,25,26,Z7,
Z8,79,Z10,Z11,Duty);
END;
Z22:=0;
END; {----END RULE 1----}

{RULE2) IF (MEW_NM_la>0) THEN
BEGIN
WRITELNCRULE 2°);
IF (MEW_NS_Sp<MEW_NM _[a) THEN
BEGIN
MEW_S2_Duty:=MEW_NS Sp;
Z3=MEW _S2 Duty;

DEFUZZI_DUTY(Z2.23.74,25.26,Z7,

Z8,79,Z10,Z11,Duty};
END ELSE
BEGIN
MEW_S2_Duty:=MEW_ZO _la;
Z3:=MEW _S2 Duty;

DEFUZZI_DUTY(22.23,24,25,26Z7,

78,79.Z10,Z11,Duty);
END;
23:=0;
END; {-—END RULE 2-—)

{RULE 3.} IF (MEW_NS_la>0) THEN
BEGIN
WRITELN(RULE 3");
IF (MEW_NS_Sp<MEW _NS_la) THEN
BEGIN
MEW_S3_Duty:=MEW_NS_Sp;
Z3:=MEW S3 Duty;

DEFUZZI_DUTY(Z2,23,7Z4,25,26,27,

Z8,79.210,Z11,Duty});
END ELSE
BEGIN
MEW_S3 Duty:=MEW _NS_la;
Z3=MEW_S83_Duty;

DEFUZZI_DUTY(Z22,23,24,75,26,27,

Z8,79.Z10,Z11,Duty);
END;
Z3:=0;
END; {----END RULE 3-—|

{RULE4.} IF(MEW_ZO_la>0) THEN
BEGIN
WRITELN('RULE 4);
IF (MEW_NS_Sp<MEW_ZO_la) THEN
BEGIN
MEW_V84 Duty:=MEW_NS_Sp;
Z2:=MEW_VS4 _Duty;
DEFUZZI_DUTY(Z2,723,74,25,26,27,
Z8.Z9.710,Z11,Duty);
END ELSE
BEGIN
MEW_VS4 Duty:=MEW_ZO_la;
Z2:=MEW _VS4_Duty;
DEFUZZI_DUTY(Z2,23,24,25,76,77,
Z8,29,Z10,Z11,Duty);
END:
22:=0,
END; {-—-END RULE 4~}
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{RULES.} IF(MEW_PS_la>0) THEN
BEGIN
WRITELN('RULE 5 );
IF (MEW_NS_Sp<MEW PS [a) THEN
BEGIN
MEW_VS5_Duty:=MEW_NS_Sp;
Z2:=MEW_VSS_Duty;
DEFUZZI_DUTY(Z2,23,Z4,25,76,Z7,
Z8,79.710,Z11,Duty);
END ELSE
BEGIN
MEW _VS5_Duty:=MEW _PS_la;
22:=MEW_VS5_Duty;
DEFUZZI_DUTY(Z2,23,24,25,76,77,
Z8,79.210,Z11,Duty);
END;
Z2:={),
END; {-—END RULE 5---}

(RULE6.} IF (MEW_PM_la>0) THEN
BEGIN
WRITELN('RULE 6 ');
IF (MEW_NS_Sp<MEW _PM la) THEN
BEGIN
MEW_VS6_Duty:=MEW NS _Sp;
Z2:=MEW_VS6_Duty;
DEFUZZI_DUTY(Z22,23,74,25,26,27,
Z8,79,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_VS6_Duty:=MEW_PM_Ia;
Z2:=MEW _VS6_Duty;
DEFUZZI_DUTY(22,23,74,25,76.77,
78,79.Z10,Z11,Duty);
END;
Z2:=0;
END; {-=END RULE 6—}

{RULE7.} IF (MEW_PB_la>0) THEN
BEGIN
WRITELN('RULE 7");
IF (MEW_NS_Sp<MEW _PB_la) THEN
BEGIN
MEW_VS7 Duty:=MEW NS Sp;
Z2:=MEW_VS7_Duty;
DEFUZZI_DUTY(Z2,73,74,25,26,77,
Z8,29,210,Z11,Duty);
END ELSE
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BEGIN
MEW_VS7 Duty:=MEW _PB_la;
Z2:=MEW_VS7_Duty;
DEFUZZI_DUTY(Z22,23,74,2576,27,

28,79, 210,211 Duty);
END;
2:=0;
END; {----END RULE 7---}
END; {END GROUP OF RULE 1)

{-—=- Group of Rule 2 MEW_Z0 Sp> 0 ———)
IF MEW_ZO_Sp>0 THEN

BEGIN
{RULES.} [IF(MEW_NB_la>0) THEN
BEGIN

WRITELN('RULE 8');
IF(MEW_ZO_Sp<MEW _NB_la) THEN
BEGIN
MEW_S8_Duty:=MEW_Z0O_Sp;
Z3:=MEW S8 Duty;
DEFUZZI_DUTY(Z2,23,74,25,76,Z7,
Z8,79,Z10.Z11,Duty);
END ELSE
BEGIN
MEW_S8 Duty:=MEW NB_la;
Z3=MEW _S8 Duty;
DEFUZZI_DUTY(Z22,23,24,25 76,27,
ZB.Z9.Z10,Z11,Duty);
END;
Z3:=0;
END; {-—-END RULE 8-}

{RULE9.] IF (MEW_NM_la>0) THEN
BEGIN
WRITELN(RULE 9 );
IF (MEW_ZO_Sp<MEW_NM _la) THEN
BEGIN
MEW_S9 Duty:=MEW_ZO_Sp:
Z3:=MEW_S9 Duty;
DEFUZZI_DUTY(Z2,73,24,Z5,Z6,27,
Z8,29,Z10,Z11 Duty);

END ELSE

BEGIN
MEW_S9_Duty:=MEW_NM _la;
Z3=MEW _S9 Duty;

DEFUZZI_DUTY(Z2,23,24,2576,27,
28,79 Z10,Z11,Duty);
END;
Z3:=0;



END; |--END RULE 9----}

{RULE 10.} IF(MEW_NS_la>0) THEN
BEGIN
WRITELN(RULE 10);
IF (MEW_ZO_Sp<MEW_NS_la) THEN
BEGIN
MEW_SMI10_Duty:=MEW_ZO Sp;
Z5=MEW_SM10_Duty;
DEFUZZI_DUTY(Z22,£3,74,Z5,76,Z7,
Z8,79,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_SMI0_Duty:=MEW NS Ia:
Z5:=MEW_SMI10_Duty;
DEFUZZI_DUTY(Z2,23,74,25,76,27,
Z8,29.210,Z11,Duty);
END;
Z5:=0;

END; {-—END RULE 10---}

{RULE 11.} IF (MEW_ZO la>0) THEN
BEGIN
WRITELN('RULE 11);
IF (MEW_ZO_Sp<MEW_ZO_Ia) THEN
BEGIN
MEW_SM11_Duty:==MEW_ZO_Sp;
Z5:=MEW _SM11_Duty;
DEFUZZI_DUTY(Z2,73,74,25,26,27,
Z8,79.Z10,Z11,Duty);
END ELSE
BEGIN
MEW_SMI1_Duty:=MEW _ZO Ia;
25:=MEW_SM11_Duty;
DEFUZZI_DUTY(Z2,23,24,25,26,27,
Z8,79.710,Z11,Duty):
END;
Z5:=0;
END; {-~END RULE |-}

{RULE 12.} IF (MEW_PS_Ia>0) THEN
BEGIN
WRITELN(RULE 12);
IF (MEW_ZO_Sp<MEW_PS_la) THEN
BEGIN
MEW_MI2_Duty:=MEW_ZO_Sp;
Z6:=MEW_M12_Duty;
DEFUZZI_DUTY(Z2,73,74,25,26,Z1,
78.29,Z10,Z11,Duty);
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END ELSE
BEGIN
MEW_MI12 Duty=MEW _PS la;
Z6:=MEW_M12_Duty;
DEFUZZI_DUTY(£2,Z3,24,25,26,Z7,
Z8,79,210,Z11,Duty);
END;
Z6:=0;
END; {----END RULE 12----}

{RULE 13.} IF (MEW_PM_la>0) THEN
BEGIN
WRITELN{(RULE 13 ');
IF (MEW_ZO_Sp<MEW_PM_la) THEN
BEGIN
MEW_MBI3 Duty:=MEW ZO Sp;
Z7:=MEW_MBI3_Duty;
DEFUZZI_DUTY(Z2,23,74,25,26,27,
Z8,29,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_MBI3 Duty=MEW _PM_la;
Z7:=MEW_MBI3_Dury;
DEFUZZI_DUTY(Z22,23,74,75,26,27,
Z8,Z9.Z10,Z11,Duty);
END;
Z7=0;
END; {--—END RULE 13-}

(RULE 14.} IF (MEW_PB_la>0) THEN
BEGIN
WRITELN('RULE 14 ),
IF (MEW_ZO Sp<MEW PB_la) THEN
BEGIN
MEW_QBI14 Duty:=MEW _ZO Sp;
Z8:=MEW_QBI14 Duty;
DEFUZZI_DUTY(Z2.23,74,25,26,21,
Z8,79,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_QBI4 Duty:=MEW PB la;
Z8:=MEW_QBI14 Duty;
DEFUZZI_DUTY(Z2,23,24,25,26,21,
Z8,29,Z10,Z11,Duty);
END;
Z8:=0;
END: |-—END RULE 14---}
END; {END GROUP OF RULE 2}



{==— Group of Rule 3 MEW_PS_Sp> ) —-=-}
IF MEW_PS_Sp>0 THEN
BEGIN
|RULE 15.] IF (MEW_NB_la>0) THEN
BEGIN
WRITELN(RULE 15");
IF (MEW_PS_Sp<MEW _NB_la) THEN
BEGIN
MEW_QS15_Duty:=MEW _PS_Sp;
ZA:=MEW_QSI15_Duty;
DEFUZZI DUTY(Z2,23,74,25.26.77,
Z8,79,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_QS15_Duty:*MEW _NB_Ia;
Z4=MEW_QS515_Duty;
DEFUZZI_DUTY(Z22,23,24,25,76,27,
Z8,Z9.210,211,Duty);
END;
Z4:=0;
END; {-~—END RULE |5----}

{RULE 16.] IF (MEW_NM_la>0) THEN
BEGIN
WRITELN(RULE 16');
IF (MEW_PS_Sp<MEW _NM_[a) THEN
BEGIN
MEW_SM16_Duty:=MEW_PS_Sp;
Z5:=MEW_SM16_Duty;
DEFUZZI_DUTY(Z2,23,24,25.76,77,
78,79,710,Z11,Duty);
END ELSE
BEGIN
MEW_SM16_Duty:=MEW _NM_ia;
Z5:=MEW_SM16_Duty;
DEFUZZI_DUTY(Z2,23,74,25,26,27,
Z8,79,210,Z11,Duty);
END;
Z5:=0;
END; {-—END RULE 16-—}

{RULE 17.} IF (MEW_NS_Ia>0) THEN
BEGIN
WRITELN('RULE 17");
IF (MEW_PS_Sp<MEW NS la) THEN
BEGIN
MEW_MI17_Duty:=MEW PS_Sp:
Z6:=MEW_MI17_Duty;

DEFUZZI_DUTY(Z2,23,24,75,76,27,
78,79,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_MI17_Duty:=MEW _NS_la;
Z6:=MEW_M17_Duty;
DEFUZZI_DUTY(Z2,23,Z4,25,Z6,Z7,
Z8,29,Z10,Z11,Duty);
END;
Z6:=0;
END; {---END RULE 17—}

{RULE 18.) IF (MEW_ZO_la>0) THEN
BEGIN
WRITELN('RULE 18 ),
IF (MEW_PS_Sp<MEW_Z0_la) THEN
BEGIN
MEW_MBI8_Duty:=MEW_PS_Sp;
Z1=MEW_MBI18_Duty;
DEFUZZI_DUTY(£2,£3,74,25,76,71,
Z8,29,210,Z11,Duty);
END ELSE
BEGIN
MEW_MBI8 Duty:=MEW_ZO la;
Z7=-MEW_MBI8_Duty;
DEFUZZI_DUTY(Z2,23,74,25,26,27,
28,79,210,Z11,Duty);
END;
ZT:=0;
END; {----END RULE 18----}

{RULE 19.] IF (MEW_PS_Ia>0) THEN
BEGIN
WRITELNCRULE 19");
IF (MEW_PS_Sp<MEW _PS_la) THEN
BEGIN
MEW_QBI9 Duty:=MEW _PS_Sp:
Z8:=MEW_QBI9 Duty;

DEFUZZI_DUTY(Z2,23,74,25,76,27,

Z8.79.210,Z11,Duty);
END ELSE
BEGIN
MEW _QBI9 Duty:=MEW _PS Ia;
Z8:=MEW_QBI19_Duty;

DEFUZZI_DUTY(Z2,23,24,25,76,27,

Z8,79.710,Z11,Duty);
END;
Z8:=0;
END; {-—END RULE 19-—}
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(RULE20.) IF (MEW_PM_Ia>0) THEN
BEGIN
WRITELNCRULE 20);
IF (MEW_PS_Sp<MEW_PM_la) THEN
BEGIN
MEW_B20_Duty:=MEW_PS_Sp;
Z9:=MEW_B20_Duty;

DEFUZZI_DUTY(Z2,23,74,25,26,27,

Z8,29,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_B20_Duty:=MEW_PM _la;
Z29:=MEW _B20 Duty;
DEFUZZI_DUTY(Z2,73,74,25,26,Z7,
Z8,29,Z10,Z11,Duty);
END;
29:=0;
END; {----END RULE 20----
(RULE21.} IF(MEW_PB_la>0) THEN
BEGIN
WRITELN('RULE 21 ');
IF (MEW_PS_Sp<MEW _PB_la) THEN
BEGIN
MEW VB2l _Duty:=MEW _PS_Sp;
Z10:=MEW_VB21_Duty;
DEFUZZI_DUTY(Z2,23,24,25,76,27,
28,79,210,Z11,Duty);
END ELSE
BEGIN
MEW_VB21_Duty:=MEW _PB la;
Z10:=MEW_VB21_Duty;
DEFUZZI_DUTY(Z2,23,24,25,26,27,
Z8,Z9,Z10,Z11,Dury);
END;
Z10:=0;
END; ({-—END RULE 21—}
END; {END GROUP OF RULE 3}

{-—— Group of Rule 4 MEW_PM_Sp> 0 ———}
IF MEW_PM_Sp>0 THEN
BEGIN
{RULE 22.) IF (MEW_NB_la>0) THEN
BEGIN
WRITELN('RULE 22°);
IF (MEW_PM_Sp<MEW_NB_la) THEN
BEGIN
MEW_VS22 Duty:=MEW_PM_Sp;
Z2:=MEW_VS22 Duty,

DEFUZZI_DUTY(Z2,Z3,24,25,26,27,
78,29,Z10,Z11,Duty);
END ELSE
BEGIN
MEW VS22 Duty:==MEW NB la;
72:=MEW_VS22_Duty;
DEFUZZI_DUTY(Z2,73,74,25,26,Z1,

Z8.79.210,Z11,Duty),
END;
Z2:=0;
END; {--END RULE 22----}

|RULE 23.} IF (MEW_NM_la>0) THEN
BEGIN
WRITELN('RULE 23 );
IF (MEW_PM_Sp<MEW_NM_la) THEN
BEGIN
MEW_QS23_Duty=MEW_PM_Sp;
Z4=MEW_QS23_Duty,;
DEFUZZI_DUTY(Z2,23,24,25.76,27,
Z8.79.Z10,Z11,Duty);
END ELSE
BEGIN
MEW_QS23_Duty:=MEW_NM_Ia;
Z4=MEW_Q523_Duty;
DEFUZZI_DUTY(Z2,73,74,2576,27,
Z8.79,Z10,Z11,Duty);
END;
Z4:=0;
END; {-—END RULE 23---}
|RULE 24.] IF(MEW _NS_[a>0) THEN
BEGIN
WRITELN('RULE 24 ');
IF (MEW_PM_Sp<MEW _NS_Ia) THEN
BEGIN
MEW_M24 Duty:=MEW_PM_Sp;
Z6:=MEW_M24_Duty,
DEFUZZI_DUTY(Z2,23,74,75,26,27,
Z8,Z9.Z10,Z11,Duty);
END ELSE
BEGIN
MEW_M24 Duty:=MEW _NS la;
Z6:=MEW_M24_Duty;
DEFUZZ1_DUTY(Z2,Z3,Z4,Z5,Z6,Z7,
Z8,Z9,Z10,Z11,Duty);
END;
26:=0,
END; {--END RULE 24-—}
{RULE 25.) IF (MEW_ZO_la>0) THEN
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BEGIN
WRITELN('RULE 25 ');
IF (MEW_PM_Sp<MEW _ZO_la) THEN
BEGIN
MEW_QB25_ Duty:=MEW _PM Sp;
Z8:=MEW_QB25_Duty;
DEFUZZI_DUTY(Z2,23,24,25,26,27,
ZB.Z9.Z10,Z11,Duty),
END ELSE
BEGIN
MEW_QB25_Duty:=MEW _ZO _Ila;
Z8:=MEW_QB25_Duty;
DEFUZZI_DUTY(Z2,23,24,75 76,27,
78,79,Z10,Z11,Duty);
END;
Z8:=0;
END; {—-END RULE 25----}
{RULE 26.} IF (MEW_PS_la>0) THEN
BEGIN
WRITELN('RULE 26 ");
IF (MEW_PM_Sp<MEW _PS_la) THEN
BEGIN
MEW_B26_Duty:=MEW _PM _Sp;
Z9=MEW _B26 Duty;
DEFUZZI_DUTY(Z2,23,74.25,26,77,
Z8.79.Z10,Z11,Duty);
END ELSE
BEGIN
MEW_B26_Duty:=MEW _PS_la;
Z9:=MEW _B26_Duty;
DEFUZZI_DUTY(Z2,23,74,25,26,27,
Z8,79,210,Z11,Duty);

END;
Z29:=0,
END; {---END RULE 26—
{RULE 27.} IF (MEW_PM_la>0) THEN
BEGIN

WRITELN(RULE 27);
IF (MEW_PM_Sp<MEW_PM_Ia) THEN
BEGIN
MEW_VB27_Duty=MEW _PM _Sp:
Z10:=MEW_VB27 Duty;
DEFUZZI_DUTY(£2,23,24.25.26,Z7,
78,79,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_VB27_Duty:=MEW _PM la;
Z10:=MEW_VB27 Duty;

DEFUZZI_DUTY(Z2,£3,74,25,26,Z7,

Z8.79.710,Z11 Duty);
END;
Z10:0;
END; {-—END RULE 27—}

{RULE 28.} IF (MEW_PB_la>0) THEN
BEGIN
WRITELN('RULE 28 ');
IF (MEW_PM_Sp<MEW _PB_la) THEN
BEGIN
MEW_AL28_Duty:=MEW_PM_Sp:
ZI1:=MEW_AL28_Duty;

DEFUZZI_DUTY(Z2,23,74.25.26,27,

Z8.Z9.Z10,Z11,Duty);
END ELSE
BEGIN
MEW_AL28 Duty:=MEW_PB_la;
Z11:=MEW_AL28_Duty;
DEFUZZI_DUTY(Z2,23,74,75.26,27,
Z8,79,210,Z11,Duty);
END;
ZI1:=0;
END;  |-—END RULE 28-—}
END; {END GROUP OF RULE 4}
{=-—- Group of Rule § MEW_PB_Sp> 0 ----—-}
IF MEW_PB_Sp=0 THEN
BEGIN
{RULE 29.] IF (MEW_NB_la=0) THEN
BEGIN
WRITELN('RULE 29');
IF (MEW_PB_Sp<MEW_NB_la) THEN
BEGIN
MEW_VS29 Duty:=MEW_PB_Sp;
Z2=MEW_VS529 Duty;
DEFUZZI_DUTY(Z2,23,Z4,2576,27,
Z8,79,210,Z11,Duty);
END ELSE
BEGIN
MEW_V829 Duty=MEW _NB_la;
Z2:=MEW _VS829_Duty;
DEFUZZI_DUTY(Z2,Z3,Z4,25,Z6,27,
Z8,29,Z10,Z11,Duty);
END;
2:=0;
END; {-—-END RULE 29----}
{RULE 30.} IF (MEW_NM_la>0) THEN
BEGIN
WRITELN('RULE 30 "),
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IF (MEW _PB_Sp<MEW NM_[a) THEN
BEGIN
MEW _S30_Duty:=MEW_PB_Sp;
Z3;=MEW_S30_Duty;
DEFUZZI_DUTY(Z2,23,74,25,Z6,Z7,
78,79,210,Z11,Duty);
E‘ND ELSE
BEGIN
MEW _S30 Duty:=MEW NM la;
Z3:=MEW_S30_Duty;
DEFUZZ]_DUTY(Z22,23,74,25, 76,77,
Z8,79,Z10,Z11,Duty);
END;
Z3:=0,
END; {-—-END RULE 30~-}
{RULE 31.} IF (MEW_NS_la>0) THEN
BEGIN
WRITELN('RULE 31");
IF (MEW_PB_Sp<MEW NS_la) THEN
BEGIN
MEW_QS31_Duty:=MEW_PB _Sp;
Z4=MEW _QS31_Duty,
DEFUZZI_DUTY(Z2.23,74,25,26,Z7.
Z8,79.710,Z11,Duty);
END ELSE
BEGIN
MEW_0Q831_Duty=MEW _NS la;
Z4:=MEW_QS31_Duty;
DEFUZZI_DUTY(Z2,23,74,25,26,27,
78,79,Z10,Z11,Duty);
END;
Z4:=0;
END; {-—END RULE 31--}
[RULE32.) IF(MEW_ZO la>0) THEN
BEGIN
WRITELN('RULE 32");
IF (MEW_PB_Sp<MEW _ZO _la) THEN
BEGIN
MEW_M32_Duty:=MEW_PB_Sp;
Z6:=MEW_M32 Duty;
DEFUZZI_DUTY(72,23,74,25.76,Z7,
Z8,29,210,Z11,Duty);
END
ELSE BEGIN
MEW_M32_Duty:=MEW ZO Ia;
Z6:=MEW_M32 Duty:

DEFUZZI_DUTY(22,73,24,75.26,Z7,

Z8,79,210,Z11,Duty);
END,

Z6:=0;
END; {-—-END RULE 32—}
|RULE 33.} IF (MEW_PS_la>0) THEN
BEGIN
WRITELN('RULE 33 '),
IF (MEW_PB_Sp<MEW_PS_la) THEN
BEGIN
MEW_MB33_Duty:=MEW_PB_Sp;
Z7=MEW_MB33_Duty;
DEFUZZI_DUTY(Z2,23,74.25,26,Z7,
Z8,79,Z10,Z11,Duty);
END ELSE
BEGIN
MEW_MB33_Duty:=MEW _PS_la;
ZT=MEW_MB33_Duty;
DEFUZZI_DUTY(Z2,23,74,25,Z6,27,
Z8,79,210,Z11,Duty);
END;
Z7:=0;
END; {-—END RULE 33—}
{RULE 34.} IF (MEW_PM_la>0) THEN
BEGIN
WRITELN('RULE 34 );
IF (MEW_PB_Sp<MEW_PM _la) THEN
BEGIN
MEW_QB34_Duty:=MEW_PB_5Sp;
Z8:=MEW_QB34_Duty;
DEFUZZI_DUTY(Z2,23,74,Z5,Z6,Z7,
Z8.79.710,Z11,Duty);
END ELSE
BEGIN
MEW_QB34_Duty:==MEW_PM_Ia;
Z8:=MEW _QB34_Duty;
DEFUZZI_DUTY(Z2,Z3,Z4,25,26,L7,
Z28,29,Z10,Z11,Duty);
END;
ZB:=0;
END; {~—END RULE 34—}
IRULE 35} IF(MEW_PB_la>0) THEN
BEGIN
WRITELN('RULE 35 ');
IF (MEW_PB_Sp<MEW_PB_la) THEN
BEGIN
MEW_VB35_Duty:=MEW_PB_Sp;
Z10:=MEW_VB35_Duty;

DEFUZZI_DUTY(£2,23,74,25.76,27,

Z8,79,210,Z11,Duty),
END ELSE
BEGIN
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- MEW VB35 Duty:=MEW PB_[g;
Z10:=MEW_VB35_Duty;
DEFUZZI_DUTY(Z2,73,24,75.26,Z7,
78,29,Z10,Z11,Duty);
END;
Z10:=0;
END; {~—END RULE 35—}

END; {END GROUP OF RULE 5}
END; {PROCEDURE INFERANCE _RULE_HAVE_LOAD}
BEGIN {main program}
CLRSCR;
FILENAMEL:=6.DAT";, {data file}
WRITELN('WRITING DATA FILE : ' FILENAMEI);
ASSIGN(FILVAR1,FILENAMEL); | assign filename |
REWRITE(FILVARI);  {construct and open file}

(* el |
Ra:=1.0; [Ra=armature resistor{ohm)]  La:=0.046;
{La=armature inductor(henry)}

kb:=0.55; {kb=back emf constant(V sec/rad)}  kt:=0.55;
- {kt=torque constant(N.m./A}}
J:=0.093; {J=moment of inertialkg-m~2)}  B:=0.008;

{B=viscous friction(N.m.sec/rad)}
- TL=0.0;  {TL=load torque(N-m)}
(o)

T=0; X1:=0; X2:=0; X3:=0; X4:=0;
H:=Time_Period1/50;

la_refi=13; Sp_ref:=100%0.057;
Time_Period:=Time_Period1;

Sum_la:=0; Sum_Td:=0;Sum_Sp:=0; Duty:=0.0;
Ton:=Time_Period*Duty;

REPEAT |- BEGIN LOOPI !
(*-- Command set of chopper slowly add Ton-------—*)
(#-====-=-—— Armature side and Field side ———————%)

IF (T<=Ton) OR ((T-Ton) < (H/10)) THEN {-—-duty interval--—}

BEGIN
IF T>Time_Period] THEN V:=110.;
END;

IF (Ton<T) AND (T<T ime_Period) AND ((T-Ton)>(H/10))
THEN
|-——-freeweeling interval-—)
BEGIN V:i=0.0 END;

BEGIN

la:=Sum_la/Num_X; {la=average current)
Td:=Sum_Td/Num_X; {Td=average developed torque)
Sp:=Sum_Sp/Num_X; {Sp=average speed motor}

IF (T==Time_Period) OR (AQS(T-Time_Period)<(H/10)) THEN
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Sum_la:=0;Sum_Td:=0;Sum_Sp:=0;
Time_Period_Old:=Time_Period;
Time_Period_New:=Time_Period_Old+Time_Period1;
Time_Period:=Time_Period_New;
la_Tran:=0.5%la; {la through current transducer}
Sp_Tran:=0,057*Sp*(1-exp(-T/0.1));
{Sp_Tran is Sp pass Tachogenerator ki=0.057 V/A
and tachogenerator filter time constance =0.1}
E_la:=la_ref-la_Tran; E_Sp:=Sp_ref-Sp_Tran;
(* *)
GOTOXY(1,2;WRITE(" Sp_ref ="Sp_ref:10:4,' V.");
GOTOXY(1,3;WRITE(' Sp_Tran ="Sp_Tran:10:4,' V.);
GOTOXY(14);WRITE(' Sp ="Sp:10:4, V., GOTOXY

FLC Controller

(LS:WRITE(  E_Sp ="E_Sp:10:4) V.);
GOTOXY(40,2);WRITE( 1la_ref ='Jla_ref:10:4," V.%;
GOTOXY(40,3);WRITE( Ia_ Tran="la_Tran:10:4, V.):
GOTOXY(40.4);WRITE( la ='la:10:4, V.); GOTOXY
(40,5:WRITEC E_la ='E la:10:4, V.);

MEMBERSHIP_la(E_Ia,MEW_NB_Ia, MEW_NM_Ila,MEW_NS_IaM
EW_ZO_la,MEW_PS_[a, MEW_PM_la,MEW_PB_Ia);
|FUZZIFICATION PROCESS}

MEMBERSHIP_SP(E_SpMEW NS_Sp,MEW_ZO_Sp.MEW _PS_Sp,
MEW_PM_SpMEW PB_Sp); (FUZZIFICATION PROCESS}
WRITELN; WRITELN;WRITELN;
IF TL<=0 THEN
BEGIN

INFERANCE_RULE_NO_LOAD(MEW NB_IaMEW NM_Ia, MEW
_NS_[aMEW_Z0 Ia

MEW _PS_1a MEW_PM_IaMEW _PB_Ia MEW NS SpMEW ZO S
p
MEW_PS_SpMEW PM _SpMEW PB_Sp,Duty);
END ELSE
BEGIN

INFERANCE_RULE_HAVE_LOAD(MEW NB_laMEW_NM_laM
EW_NS_1aMEW_ZO_la

MEW_PS_la MEW _PM_laMEW PB_laMEW_NS_SpMEW_ZO 8
P
MEW_PS_SpMEW _PM_Sp,MEW _PB_Sp,Duty);
END;
WRITELN;
WRITELN('Duty =", Duty:8:4);
Pulse_Width_Ton_New:=Duty*Time_Period|;
Pulse_Width_Ton:=Pulse_Width_Ton_New;



Ton_New:=Time_Period_Old+Pulse_Width_Ton;
Ton:=Ton_New;

IF T>Time_Period]l THEN V=110,
Counter_V:=0;

(*-==== Ower current protection-—--*)

IF la_Tran > 0.5*40 THEN
BEGIN
Ton:=Time_Period_Old;
WRITELN('Over current la =" la:8:4);

Sound(220); { Beep | Delay(200); | For 200 ms
' NoSound; | Relief! | | Halt(1); { Halt right here! }
END;
END;

IF T>3 THEN TL:=9; { Step load torque (TL) is applied at T=3.0
SEC)

(*
IF Ia_Tran > 0.5*40 THEN BEGIN V:=0; END;
{la_Maximum be 2 times the rated current )
(*-----Set command calculation Fourth-order runge-kutta method-—*)
K1:=H*FUNCXID(T,X1,X2,X3,Ra,La,kb,V);

Over current protection===--=*)

LE=H*FUNCX2D(T,X1,X2,X3,kt,JB,TL);

ME=H*FUNCX3D(T,X1,X2,X3);

K2:=H*FUNCXID(T+0.5*H X 1+0.5*K 1, X2+0.5*
L1,X3+0.5*M1,Ra,La,kb,V);

L2:=H*FUNCX2D(T+0.5*H,X 1+0.5*K |, X2+0.5*
L1,X3+0.5*M 1 kt,J,B,TL);

M2:=H*FUNCX3D(T+0.5*H X 1+0,5*K 1,X2+0.5*
L1,X3+0.5*M1);

K3:=H*FUNCXID(T+0.5*H,X 1+0.5*K2,X2+0.5*
L2,X3+0.5*M2,Ra,La kb, V);

L3:=H*FUNCX2D(T+0.5*H,X 1+0.5*K2,X2+0,5*
L2,X3+0.5*M2 kt,),B,TL);

M3=H*FUNCX3D(T+0.5*H X 1+0,5*K2,X2+0.5*
L2,X3+0.5*M2);

K4=H*FUNCXID(T+H,X I+K3,X2+L3,X3+M3,Ra,La kb V);

L4:=H*FUNCX2D(T+H X I+K3,X2+L3,X3+M3 kt.] B, TL);

M4:=H*FUNCX3D(T+H X 1+K3,X2+L3 X3+M3);

XE=X1HK1+2*K2+2*K3+K4)/6;

X2=X2+{L1+2*L2+2*L3+L4)6;

X3=23HMI1+2"M2+2*M 3+ MA4Vs;

IF X1<=0 THEN X I:=0;

(*---Compute Developed Torque-——*)
Td:=kt*X1; | Td=Develop torque}

* *)
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{*--—-Compute Average Armature Current:la, Average Speed, Average
Torque—---*)

IF (T <=Time_Period) OR (AQS(T-Time_Period}<(H/10)) THEN

BEGIN

Sum_la:= X1+5um_la;

Sum_Td:= Td+Sum_Td;

Sum_Sp:= X2+Sum_Sp;

Num_X:=Time_Period1/H;

END;  (* end comy *)
*)

(#-——--—-Compute Vi-
IF V=110 THEN
BEGIN
Counter_V:=Counter_V+1;
END
ELSE
BEGIN )
Duty_Cycle Vi=((Counter V-1)*H)/Time Period];
IF T>Time_Periodl THEN
BEGIN
Vi:=Duty_Cycle_Vi*110;
IF Vt<0 THEN Vt:=0; {Vt=Terminal voltage or average
voltage}
END
END; (* end compute Vt *)

IF (T>=0.0) AND (T<5.0) THEN {Given print follow condition
IF statement }
BEGIN
IF T>=T_Print THEN BEGIN
WRITELN(FILVARLT:11:5,Vt:10:4,Duty: 10:4,1a:1 1:4,5p: 1 1:4);
T_Print:=T_Print+Time_Periodl; END;
END;
GOTOXY(45,14), WRITE(' T ="T:7:5, sec.'):
GOTOXY(45,15:WRITE('  Duty Cycle =",Duty:7:4,' sec.');
GOTOXY(45,16); WRITE(' Armature voltage:Vt =" Vt:7:4,! V.'):
GOTOXY(45, 17, WRITE(' Counter_V =',Counter_V:5,' A.');
GOTOXY(45,18);WRITE('  Average Current = ' la:8:4,' A.");
GOTOXY(40,19);WRITE('  Actual Current =" X1:8:4,' A.");
GOTOXY(45,20;WRITE(' Angular velocity =", X2:8:4," r/s);
GOTOXY(45,21);WRITELN('Angular displacement = ' X3:8:4,' rad');
T:=T+H;
UNTIL T>=Time_End;
| )
CLOSE(FILVAR1);
END. {end program}




