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Study case /1/:

" Scherbius Drive " & yhy 43 oSaill oy iy a3 & jaas A1 82LEN S5 5 iS00 aUaS
idaul 5348030 ) " Slip Energy Recovery " Y ¥ dilk sale) dal (e
Al lical sl iy s Converter (AC-DC-AC)
Voltage phase to phase = 440 volt
Frequency of Network = 50 Hertz
Number of Poles = 4 pole
Y connected wound rotor.
Resistance of Stator = 0.5 ohm .
Resistance of rotor (Compared with Stator) = 0.4 ohm.
Reactance of stator = 1.2 ohm.
Reactance of rotor (Compared with Stator) = 1.2 ohm.
Transformation Ratio = 3.5
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Ul: Voltage phase to phase [volt].

Fr: Frequency of Electrical network [Hz].

P: Number of poles.

n: Engine rotation speed [r.p.m].

nl: Synchronous speed [r.p.m].

Rs: Resistance of Stator.

Rrs: Resistance of rotor (Compared with Stator).

Xs: Reactance of stator.

Xrs: Reactance of rotor (Compared with Stator).

a: Transformation Ratio.

z1: Total resistance for stator and rotor \ Rs+Rrs[ohm] \ .
z2: Total reactance for stator and rotor \ Xs+Xrs[ohm] \ .
z-abs: Absolute value of total impedance for polar complex form.

z-ang: angle value of total impedance for polar complex form.
nl n

Slip: Slipping Factor stip =

nl

fir: Angle between current and voltage.

Irs-abs: Absolute value of current for polar complex form.

Irs-ang: angle value of current for polar complex form.

Vr-abs: Absolute value of injection voltage for polar complex form.
Vr-ang: angle value of injection voltage for polar complex form.
Vrs-abs: Absolute value of injection voltage compared with stator.
Vrs-ang: angle value of injection voltage compared with stator.
Pg: Power of air gap[w].

Ps: Short circuit power[w].

Ws: angular speed of rotation [rad/sec] .

T : Engine torque [n.m].
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C++

#include<iostrean. hs
finclude<math. h:
vold maini )

1

float Ul.Fr.P.n.nl.Bs . Rre.is Krs.H.2l.22.2_angl.z_abs.z_ang.=lip.fir.
Ir=_abs,.Irs _ang.Vrs abs.Vr_abs,Vr ang.Pg.P=.ws.T;

const float pi=3.14;

cout<<"~n Enter woltage phase to phase Ul[wolt]:":

ciny:1; cout<< "'

cout<<" Enter electrical network frequency Fr[hertz]:":

cinsFr; cout<¢"n";

cout<<" Enter nomber of poles Plpole] "

cinz:P; cout<<"wn";

cout<<" Enter valde of stator resistance Rs[ohm] :";

cinyrHs; cout<< "~n";

cout<<" Enter valus of rotor resistance (compared With stator) Frs[ohm] "
cin::Rrs; cout<<"~n";

cout<<" Enter value of stator reactance Hs[ohm] :":

cinyris; cout<<"~n";

cout<<" Enter value of rotor reactance (compared with stator) Xrs[ohm] :";
cinyirs; cout<<"~n";

cout<<" Enter transformation ratio of engine H @ ";

cinysH; cout<<"sn";

cout " ~nt
cout<<"~n Enter rotation speed of engine [r.p.m] @ ";

cinyrn; cout<<"~n";

cout¢¢" Enter value of injection woltage by polar form Vr({db=olute, anglel-please “~n~n";
cout<<" (FIRST)Enter absolute walue of injection woltage Vr[wolt]: "

ciny»Vr_abs; cout"~n";

cout<<" (SECOND)Enter angle walue of injection woltage [degree=]: "

ciny»Vr_ang: cout<g"~n";

cout<<" Now we can calculate the injection woltage compared with stator “nsn Vres[wvolt]=";

Vr=_ah==Vr_ah=*N;
cout¢¢Vr=_abs<¢"<"¢(Vr_ang<{<endl;
nl={2#60*Fr)-F; ~synchronous speed

cout<<"~n Synchronous Speed nl{r.p.m] = "<<nl<<endl;
=lip={nl-nli- nl:

cout<<{"~n =lipping Factor = "<<=lip<<endl;
zl=Rs+(Rr=-=lip);

z=iz+Hr=:

cout<<"~n Equivalent impedance by complex form z[ohm] = zl + j=2 ="<<zl<<"+j"<<z2<<endl;
cont<< "»n For conversion to polar form z(db=olute.angle)l>n-n":
z_abs=={sgrt{(powv(=zl.2))+(pow(=z2. 21011 );

z_angl={atan (z2-zl));:

z_ang=z_angl*®130.pi;

cout<{" =="¢¢z_ab=<<"¢"{{=_ang<<endl:

Ir= _abs={({Vr=_ab=-=lipi— (Ul ({=qrt{3)))i- =_ab=:
Ir=_ang=180-z_ang:

cout<"~n Ir=="<<Irs abs¢{"¢"¢<Irs ang<<{endl;

fir=Ir= ang*pi~-180;

Po=((3*{pow(Ilrs_abs=s,2))*Er=s)+({3*¥Vr=s_abs=*Ir= abs*co=z(fir)))-=lip;
cout<<"~n Power of air_gap Pglwatt]="<<Pg¢<endl;
w==(Z2%¥pi*nl ) 60;

T=Pg-w=;

cout<<"~n T="<<T<<"[H.m]"<<endl;

¥
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voltage phaze to phase Ullvoltl:44@
electrical network freguency Frlhertz1:58
nomher of poles Plpolel =4
value of stator resistance Rslohml 8.5
value of rotor resisztance Ccompared With stator? Rrslohm]l :@.4
value of stator reactance Rslohm]l 1.2
value of rotor reactance <compared with stator) Xrslohml 1.2
tranzformation ratio of engine W =3.5
-
Enter rotation speed of engine [r.p.ml -12808
Enter value of injection voltage by polar form Ur{Abhsolute.angle)-please
CFIRST »Enter absolute value of injection wvoltage Urlvoltl: 15
CSECOMD>»Enter angle value of injection voltage [degreel: @
Mow we can calculate the injection voltage compared with statop
Urs[uolt 1=52_5<8
Synchronous Speed nilr.p.ml = 1588

slipping Factor = B.2

Equivalent impedance by complex form zlohml = =1 + j=2 =2.5+3j2.4
For conversion to polar form z{(Ahzolute.anglel

=2=3.46554<{43 8531

Ire=2_44287<136.147

Power of air_gap Pglwatt]l=—-1349.85

T=—8.59776I[N.m]
Prezz any key to continue
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Study case /2/:

(=" Scherbius Drive " 44 yhay 43 aSate  pmy a5 &l yaay Jadi A3 ine 3oL (S 5 iS00 alas
S Cliial gall 5 (3 331 Al o s yind) Jal
Voltage phase to phase = 440 volt
Frequency of Network = 50 Hertz
Speed of engine =970 [r.p.m]
Number of Poles = 6 pole
Y- connected wound rotor.
Resistance of Stator =0.1 ohm .
Resistance of rotor (Compared with Stator) = 0.08 ohm.
Reactance of stator = 0.3 ohm.
Reactance of rotor (Compared with Stator) = 0.4 ohm.
Transformation Ratio between Stator and rotor = 2.
Range of Speed control Smax = 0.25.
(Firing angle) max = 165 degree.

0

Recovery
Tronsformer

Current
controller
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Ul: Voltage phase to phase [volt].

Fr: Frequency of Electrical network [Hz].

P: Number of poles.

n: Engine rotation speed [r.p.m].

ns: Synchronous speed [r.p.m].

Rs: Resistance of Stator[ohm].

Rrs: Resistance of rotor (Compared with Stator)[ohm)].

Xs: Reactance of stator [ohm].

Xrs: Reactance of rotor (Compared with Stator)[ohm].
Smax: Range of Speed control.

Ang...: Maximum angle of Firing control [degree].

N: Transformation Ratio between Stator and rotor.

m: Transformation Ratio between Stator and rotor.

n2: Speed of engine for second order[r.p.m].

a2: Firing angle for second order[degree].

S2:Slipping factor fro second order.

Vdl11:Voltage of first thyrestors circuit for second order [volt] .
Vd21:Voltage of second thyrestors circuit for second order [volt] .
Id: Passing Current by equivalent circuit[A].

Td : Engine torque [n.m].

n3: Speed of engine for third order[r.p.m].

S3:Slipping factor fro third order.

Vd13:Voltage of first thyrestors circuit for third order [volt] .
Vd23:Voltage of second thyrestors circuit for third order [volt] .
A,B,C: Parameters for resulted second degree equation.

alphal: Firing angle for first solution[degree].

alpha2: Firing angle for second solution[degree].

ws: angular speed of rotation [rad/sec] .
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C++

#include<iostreamn. h:
#include<math h:
wold main)

!

double Un.Fr.n.n=.P . E=.Rrs.Fd. E=. dr=s.N.5nax, angnax. m.n . a2, 52, vdll, wd21.,
RFer Rr.Id.Td. Tn.Tnl0S5 . R EX.S3 .03 . w=s,vdl3d wd23 4. B.C.5n.delta. deltal.
alphal . alpha?,.co=al . cosal:;

con=t double pi=3.14159;

cout<<"~n Enter nominal woltage phase to phase Un[wolt]:

ciny»Un;

cout<<" Enter Frequency of current Fr[Hertz]: ": cin::Fr;

cout<<" Enter nominal Speed of engine n[r.p.m]: ":; cinr:n;

cout<<" Enter number of poles Plpole] " cinr:P:

n==(120%Fr)-F;

cout<<" Synchronous Speed of engine ns(r.p.m] ="<<ns<{<endl;

cout<<" Enter walus of stator resistance REs[ohm] :"; cin::BEs;

cout<<" Enter walue of rotor resistance (compared With stator) Rrs[{ohm] : ":cin:»Rrs;
cout<<" Enter walus of stator reactance X=s[ochm] :";ciny:is;

cinryrirs;
cinr:H;

cout<<" Enter walus of rotor reactance (compared With stator) Xrs [chm]:
cout<<" Enter transformation ratio for betwesen stator and rotor H "
cout<{<{" Enter range fo spesed control Smax " cin::Smax;

cout<<{" Enter mazimum angmax ": cinrrangma:;

m=—i (H-Smax)*co={angnaz*pi~-1830)):

cout<<" Transformation ratio for network woltage to inwverter m="<<m<<endl:
cout<g"” SECOND ORDER ~nt

cout<<" Enter nominal Speed of engine for second order n2[r.p.m] = " cinyrng;
cout<<" Enter a2z = " cinera;

cout<<" Enter Fd = ": cinr:Rd;

SZ=i{n=—n)-ns;

cout<<" Slip for nZ i=: 52="<¢¢5Z2<<endl;
vdll={{3%(sgrt(6) )} -pili*({(SZ*Un) (Hei=qrt{3))));

cout<<" Voltage For First thyrestors circuit Vdll[wolt] = "<<wdll<<endl;

wdZ2l=( (3% ({=grt{e)))-pii*{{co=(aZz*pi-180)%(In) (m*=grt{3))));

cout<<" Voltage For second thyrestors circuit Vd21l[wolt] = "<<wd2l<<endl;

Fer=Rs*({powi{(1-H),21):

Fr=Rrs*{pow{{1-H).2)1):

Td={wdll+vd2l) {{2*{{S2*R=r)+Rr))+Rkd):

cout<<" Current passer by equivalent circuit Id[i]= "<<Id<<endl;

A Andiall b



cout<< " Current passer by equivalent circuit Id|d|= "<<Id<<endl:
Td={—wdz21=Id)- (SZ*x2*xpi*xn=-60):

cout<<" Torgque of engine Td[H.m] = "<<Td<<endl:

cout<¢” THIED ORDEER ~nt
cout<<" Enter nominal Speed of engine for third order ni[r.p.m]
cin:rhnd;

S3={n=—ni)-n=;

Sn=i{n=—n)-n=;

FE=R=+({Fr=-5n):

E=HE=+Xr=;

w==( 2*¥pl¥n= )60

wdl3=( (3% ({=grt(61))-pi)={ (S3*Tn) - (He(=grt(3131717;

vdZ23=( (3% (sqrt{b)) ) pri*{(Un) (m*sqrt(3)));
Tn={Th*n*Er=-53 1. ( (Z*pi*n=-60 1% (pow(R. 211+ (powi(X. 2322 ;
TnlS=0. 5%=Tn;

bd={pow{wd23, 23 ) ({2%( (S3*E=r )+Rr ) +Rd ) ®*S53%w=) ;
B=({wvdl3®yd23)( (2%( (S3*R=sr )+Rr )+Rd)*S53%ys) ;

C==Tn0t;

SOooutdd "A="gchd "n g "B="¢<Beg "mn g "C=" ¢4 Cegendl ;
delta=(B*B)—{d*h*) ;

deltal==grti{delta):

if {delta:0)

i
cosal={-B+deltal ) {2=%4);
cozaz=({—-deltal-B)-{2=*4);

¥
if(delta=0)

cozal=—(B-{2%4));
cosasd=co=al ;

b
alphal={aco=s{co=al) =180 pi:
alphaZ={aco={co=a:) 1*#180-pi;
cout<<" alphal="<<alphal<<endl<<" alphaZ="<<alphalZ<<endl;
b

Enter nominal voltage phase to phase Unlveoltl: 448
Enter Frequency of current FrlHertzl: 58

Enter nominal Speed of engine nler.p.ml: 278

Enter number of polesz Plpolel = &

Svnchronous Speed of engine nsler.p.ml =1000

Enter value of stator resistance Rz [ohml :B.1

Enter value of rotor resistance Ccompared With stator? Rrszlohml

Enter value of stator reactance Hzlohml -8.3

Enter value of rotor reactance (compared With statord Rrs

Enter transformation ratio for hetween stator and rotor
Enter range fo speed control Smax : B.25
Enter maximum angmax = 165

Transformation ratio for network veoltage to inverter m=7.7274

SECOND ORDER

Enter nominal Speed of engine for second order nZ2lr.p.ml

Enter a2 = 148
Enter Rd = B.81
S1lip for n2 i=: 52=A.22

Uoltage For First thyrestors circuit Udiilvelt] = 65.363
Uoltage For second thyrestors circuit UdZilvolt]l = -58.7859

Current passer by egquivalent circuit Id[Al= 185_854
Torgque of engine TdIMN.ml = 278.654

THIRD ORDER
Enter nominal Speed of engine for third order n3lr.p.ml
alphal =89 _2959
alphaZ=141.724
Prezz any key to continue_
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