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Chapter 1

What machines and
transformers have in common

Scilab code Exa 1.1 Find efficiency of the 5 horesepower three indcution motor ope
clc

horsepower=2.5 //rating of induction motor in
horsepower at half load

V1=230 //terminal voltage of motor in volts

I11=7 //load current of motor in amperes

pf=0.8 //power factor of the machine

Pin=sqrt (3)*V1xIlxpf //input power in watts

mprintf (" Pin=%f W\n” ,Pin) //The answer may vary due
to roundoff error

Whp=746 //watts per hp

Pout=horsepower*Whp //output power in watts

mprintf (" Pout=% f W\n” ,Pout)

mprintf (” =%f\n”,Pout/Pin)//The answer may vary due
to roundoff error //efficiency of the machine

mprintf (" Losses=Pin—Pout=%f W\n” ,Pin-Pout) //The
answer may vary due to roundoff error //losses in
the machine in watts




N O TR W NN =

10
11

12

13

N O U R W N =

Scilab code Exa 1.2 Calculate efficiency and output power when losses are 365 Watt

clc

//the below exmaple is an extension of Exl1_1.sce

V1=230 //terminal voltage of machine in volts

I1=7 //current drawn by machine in amperes

pf=0.8 //power factor of machine

Pin=sqrt (3)*V1xIl*pf //from Ex1_.1 //input power in
watts

Losses=365 //in watts

Pout=Pin-Losses //output power in watts

Whp=746 //watts per hp

mprintf (” =1—(Losses/Input)=%f\n",1-(Losses/Pin))
//The answer may vary due to roundoff error //
efficiency of the machine

mprintf (" Pout=%f W\n” ,Pout) //The answer may vary due
to roundoff error

mprintf (" Pout=%thp” ,Pout/Whp) //The asnwer may vary
due to roundoff error //output power in
horsepower

Scilab code Exa 1.3 Find hysteresis loss in core A and B

clc

f=60 //frequency of voltage source in Hz
x=1.9 //Steinmetz coefficient

V=80 //applied sinusoidal voltage in volts
t=100 //no of turns wound on a coil
hc=500 //hysteresis coefficient

w=2xYpixf //angular frequency in rads/sec
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phimax=(sqrt (2)*V)/(t*w) //maximum value of flux in
the core in webers

mprintf (" phimax=%fWb\n” ,phimax) //the answer may vary
due to roundoff error

A1=0.0025 //cross—sectional area of core in metre
square

Bmaxl=phimax/A1 //flux density in core A in tesla

mprintf ("Bmax=%{T\n” ,Bmax1) //the answer may vary due
to roundoff error

1fe1=0.5 //mean flux path length of core A in meters

VolA=A1x1fel //volume of core A in metre cube

mprintf (" VolA=%f metre cube\n”,VolA)

//for core A

Phi1=VolA*f*hc*(Bmax1"x) //hysteresis loss in core A
in watts

mprintf ("Ph=%f W\n” ,Ph1) //the answer may vary due to
roundoff error

//for core B

A2=A1%3 //cross sectional area of core B in metre
square

1fe2=0.866 //mean flux path length of core B in
metres

Bmax2=phimax/A2 //flux density in core B in tesla

VolB=A2*1fe2 //volume of core B in metre cubes

Ph2=VolB*f*hc*(Bmax2"x) //hysteresis loss of core B
in watts

mprintf ("Ph=%f W\n” ,Ph2) //the answer may vary due to
roundoff error

Scilab code Exa 1.4 Find voltage induced at 30Hz eddycurrent loss at 60Hz hysteres

clc

V1=240 //voltage applied to a winding of transformer
(three phase) in volts

f1=60 //initial applied frequency in Hz
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£2=30 //reduced frequency in Hz
Phe1=400 //core loss in watts at fl frequency

Phe2=169 //core losses

in watts at f2 frequency

mprintf ("V2=%dV\n” , (£2%V1) /£1) //voltage at 30 Hz

frequency

mprintf ("Ph+e/f=Ch+Cexf\n”) //equation for

claculating hysteresis

coefficients

and eddy current

a=[1 f1;1 £2] //left hand side matix for the

equation above

b=[Phel/f1;Phe2/f2]

equation above
c=inv (a) *b

Ch=c(1,:)//hysteresis loss coefficient in W/Hz
Ce=c(2,:)//eddy current loss

)

coefficient in W/(HzxHz

mprintf ("Ph=0tfW\n” ,Ch*£f1) //ans may vary due to
loss in watts at 60

roundoff error //hysteresis

Hz

loss

//right hand side matrix for the

mprintf ("Pe=%fW\n” ,Ce*f1*f1) //ans may vary due to
roundoff error //eddy current loss at 60 Hz

watts

in

Scilab code Exa 1.5 Find the kVA load for the transformer to operate at maximum ef

clc
Pk=75 //core loss
R=0.048 //internal

of transfomer in watts

resistance

in ohms

V2=240// secondary voltage in volts
I2=sqrt (Pk/R) //secondary current in amperes
mprintf (" I12=%f A\n”,I2)//ans may vary due to

roundoff error

mprintf (7 |S|=V2x12=0%d VA” ,V2%I2)//The answer in the

textbook is wrong //output volt ampere of

transformer

10
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Scilab code Exa 1.6 Find full load speed regulation of the motor

clc

sf1=1746 //speed at full load in rev/min

snl=1799.5 //speed at no load in rev/min

mprintf (" Voltage Regulation=%f",(snl-sfl)/sfl) //the
ans may vary due to round of error

Scilab code Exa 1.7 Find voltage regulation for unity power factor and zero point

clc

Vnl=27.3 //no load voltage in volts

Vfl1=24 // full load voltage at power factor 1 in
volts

mprintf (7 (Vnl-V{l/Vfl)=%f\n",(Vnl-V£f11)/Vf1ll) //ans
may vary due to roundoff error

Vfl2=22.1 //full load voltage at power factor 0.7 in

volts
mprintf (” Voltage Regulation=%f{",(Vn1-V£f12)/Vfl1l)

11
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Chapter 2

Synchronous Machines

Scilab code Exa 2.1 Find flux per pole off the synchronous machine

clc

L=0.25 //length of stator stack in metre

r=0.15 //radius of stator stack in metres

BImax=0.96 //peak value of air gap flux density in
tesla

P=6 //no of machine poles

phi=(4*xLxr*BImax)/P //flux per pole in webers

mprintf (7 =%fWb” ,phi)

Scilab code Exa 2.2 Determine the coil pitch and pitch factor

clc

//the example below is an extension of Ex2_1

L=0.25 //length of stator stack in metres

r=0.15 //radius of stator stack in metres

BImax=0.96 //peak value of air gap flux density in
tesla

P=6 //no of machine poles

12
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phi=(4*xLxr*BImax)/P //flux per pole in webers

//above comes from Ex2_1
span=5 //span of each coil

edps=30 //electrical degrees per

given by mno of slots

slot in degrees

p=span*edps//coil pitch in degrees
mprintf ("p=%d \n”,spanxedps)

Nc=2//turns of coil

Kp=sin (((p/2)*%pi) /180) //pitch factor //degree
ans before calculation
mprintf ("Kp=sin (p/2)=%f\n" ,Kp) //the ans may vary

being converted to radi

due to roundoff error

mprintf (7 cmax =NcxKpx =VfWb turns\n”,NcxKpxphi)//
max flux linkage //ans may vary due to roundoff

error

ns=1000 //machine speed in rev/min

p=6 //no of poles

f=(p*ns) /120 //frequency at given speed in Hertz

mprintf (7 {=%dHz\n" , )

mprintf ("Ec=sqrt (2)* *fxNcxkpx

=%fV\n” ,sqrt (2) *%pi

*f*Nc*Kp*phi) //ans may vary due to roundoff error
//voltage induced at above frequency

Scilab code Exa 2.3 If the armature winding is star connected find the phase volta

clc

//the example below is an extension of Ex2_1 and

Ex2_2
S1=36 //no of slots
ql1=3 //no of phases
p=6 //no of poles

Nc=2 //no of turns per coil

L=0.25 //length of stator
r=0.15 //radius of stator

stack
stack

in metres
in metres

BImax=0.96 //peak value of air gap flux density in

tesla

13
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P=6 //no of machine poles

phi=(4*xLxr*BImax)/P //flux per pole in webers

span=5 //span of each coil given by mno of slots

edps=30 //electrical degrees per slot in degrees

p=span*edps//coil pitch in degrees

Nc=2//turns of coil

kp=sin (((p/2) *%pi) /180) //pitch factor //degree
being converted to radians before calculation

ns=1000 //machine speed in rev/min

p=6 //no of poles

f=(p*ns) /120 //frequency at given speed in Hertz

Ec=sqrt (2) *}pixf*Nc*xkp*phi//voltage induced at above
frequency

n=51/(ql*p)

mprintf ("n=S1/(ql*p)=%f\n",n) //coils per group

edps=30 //electrical degrees per slot //equal to
as per textbook

kd=(sin ((n*xedpsx*’%pi) /(180%2)))/(n*sin((edps/2) *%pi
/180)) //distribution factor of the machine //
degree converted to radian for calculation

mprintf ("kd=sin (nx /2)/nxsin( /2)=%f\n”,kd) //ans
may vary due to roundoff error

mprintf (7 | Egroup|=nxEcxkd=%fV\n” ,n*Ec*kd) //ans may
vary due to roundoff error

mprintf (" | E |=px|Egroup|=%{fV\n” ,p*n*Ecxkd) //ans may
vary due to roundoff error

mprintf ("sqrt (3)«E =%dV\n”,sqrt (3) *n*Ec*kd*p) //ans
may vary due to roundoff error

stp=n*Nc*p //series turns per phase //equal to N
in textbook

mprintf (" N =nxNcxp=%dturns\n”,stp)

mprintf (" | E |=sqrt (2)x *«N xfx sxkpxkd=%fV",6 sqrt
(2) *%pixstp*f*kp*xkd*phi) //ans may vary due to
round off error //induced phase winding

14
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Scilab code Exa 2.4 1Find horsepower being delivered to the pump2Rheostat setting

clc

V1=2300 //terminal voltage of synchronous motor in
volts

I1=8.8 //minimum line current in ampere

P=sqrt (3) *V1x*I1l

mprintf ("P=UKW\n” ,P/1000) //power drawn from the
line //ans may vary due to round off error

pf=0.8 //operating power factor

mprintf ("HP=P/746=%fhp\n” ,P/746) //ans may vary due
to round off error //conversion of power to hp
requires division by 746

S=P/(pf*1000) //total volt amperes of motor in kVA

mprintf ("Q=|S|sin m=|S|sin cos—1(pf)=%tkVAR” ,S*
sin(acos(pf))) //kVAR supplied by motor to the
system //ans may vary due to roundoff error

Scilab code Exa 2.5 Find new plant power factor and percent decrease in line curre

clc

//the following code contains userdefined fucntion
complexstring

function s=complexstring(a)

if imag(a)>=0 then

s=sprintf ("%g+%gi’,real(a),imag(a))
else

s=sprintf (*%gWhgi’,real(a),imag(a))

end

funcprot (0)
endfunction
Load=5000 //load of the plant in kW
pf1=0.8 //power factor of load(lagging)

15
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pf2=0.9 //power factor of induction motor
pf3=0.8 //power factor of synchronous motor
Hp=500 //rating of induction motor to be replaced in
hp
Pout=0.746*Hp //output power of induction motor in
kW
Eta=0.96 //efficiency of the induction motor equal
to in textbook
Sp=Load+(Load*tan(acos(pf1)))*%i //original complex
power of load in kVA
disp(’Sp=" + complexstring (Sp)+’'kVA’)
Pin=Pout/Eta //input power in kW
mprintf (" Pin=%fkW\n” ,Pin) //complex power of
induction motor //the ans may vary due to round
off error
Sm=Pin+(Pinx*tan(acos(pf2)))*%i
disp(’Sm="+complexstring (Sm)+ 'kVA’) //the ans may
vary due to round off error //complex power of
induction motor
mprintf ("\n")
Ss=Pin-(Pinx*tan(acos(pf3)))*%i
disp(’Ss="+complexstring (Ss)+'kVA’) //complex power
of synchronous machine //the ans may vary due to
round off error
mprintf ("\n")
Qm=(Pin*tan(acos (pf2)))*%i//reactive power of
induction motor in kVAR
Qs=(-1x(Pin*tan(acos(pf3)))*%i)//reactive power of
synchronous motor in kVAR
Spl=Sp-Qm+(Qs
disp(’Spl="+complexstring (Sp1)+'kVA’) //new plant
requirement ,equal to Sp‘ in textbook
mprintf ("\n”)
pha=acos (real(Spl)/abs(Spl)) //phase angle of Spl in
radians
mprintf ("New power factor=%f\n”,cos(pha))//new power
factor //the ans may vary due to round off error
invl=abs(Sp)//initial value of complex power in kVA

16
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fnvl=abs(Sp1l) //final value of complex power in kVA
mprintf (" Percent reduction=%{%c\n”, (((invl-fnvl)/
inv1)*100), ’%’) //the ans may vary due to round

off error

Scilab code Exa 2.6 What should be the kVAR rating of a synchronous condenser to c

clc

//the example below is an extension of Ex2.5

//the following code contains

complexstring
function s=complexstring(a)

if imag(a)>=0 then
s=sprintf (’%g+%gi’ ,real(a),imag(a))

else

userdefined fucntion

s=sprintf ("%g%gi’,real(a),imag(a))

end
funcprot (0)
endfunction

Load=5000 //load of the plant in kW
pf1=0.8 //power factor of load(lagging)
Sp=Load+(Load*tan(acos(pf1)))*%i //original complex
power of load in kVA
disp (’'Sp="+complexstring (Sp)+ 'kVA’)
pf2=0.9 //new power factor
Qpl=real (Sp)*tan(acos(0.9)) //reactive power,equal
to Qp‘ in textbook
mprintf ("Qp‘'=%kVAR\n”,Qp1) //the ans vary due to

roundoff error

Qp=imag (Sp)

mprintf (" Qs=%fkVAR” ,Qp1-Qp) //KVAR to be supplied by

synchronous

condenser

17
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Scilab code Exa 2.7 Calculate the excitation requirement for the alternator

clc

//the code below uses userdefined complexstring

function

function s=complexstring(a)

if imag(a)>=0 then

s=sprintf ("%e+%gi’,real(a),imag(a))

else

s=sprintf ("%g%gi’,real(a),imag(a))

end
funcprot (0)
endfunction

VLB=2400 //line to base voltage in volts
V1=VLB/sqrt(3) //reference phasor in volts //ans
may vary due to roundoff error

mprintf ("VI=%{V\n” ,V1)
kVAB=9375 //rated kVA

I1B=(kVAB*1000) /(sqrt (3) *VLB)

pf=0.8 //power factor

mprintf ("I1B=%fA\n” ,I1B) //ans may vary due to

roundoff error

I1=T1B*exp ((-1) *%i*(acos(pf)))
disp(’Il="+complexstring(I1)+’A’)//ans may vary due

to roundoff error
mprintf (7\n”)
x1=0.1//in ohms

disp(’E =VI+jllxl="+complexstring (V1+%i*I1*x1)+’'V’")
//ans may vary due to roundoff error

mprintf ("\n”)

18
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disp(’sqrt3 x| E |=’+complexstring ((abs(Vi+%i*I1xx1))

*xsqrt (3))+'V’7)

Ifu=110 //value in ampere,dc
Ifs=149 //value in ampere, dc

ks=Ifs/Ifu
mprintf (" ks=%f\n” ,ks) //ans may vary due to roundoff
error
mi=(abs ((V1+%i*I1*x1)))/Ifs //equal to m‘ in
textbook
mprintf (7 m =|E |/ Ifs=%f \n”,ml1)//ans may vary

due to roundoff error
xdu=0.8 //in ohms
xd=x1+((xdu-x1)/ks)

mprintf ("xd=x1+(xdu—x1)/ks=%f \n”,xd)//ans may vary

due to roundoff error
Ef=V1+(%i*xI1*xxd)

disp(’Ef="+complexstring (Ef)+’V’) //ans may vary due

to roundoff error
mprintf ("\n”)

mprintf (" If=%fA\n” ,abs(Ef)/ml1) //ans may vary due to

roundoff error

Scilab code Exa 2.8 Find filed current and open circuit voltage and maximumkVAR

clc

VLB=2400 //line to base voltage in volts

Ix=2005 //current in amperes

xda=VLB/(sqrt (3) *Ix)

mprintf ("xda=%f \n”,xda)//ans may vary due to

roundoff error

Ifv=116 //current in amperes
mal=VLB/(sqrt (3)*Ifv)//equal to ma‘
mprintf ("ma =VIB/Ifv=%{f \n”,mal)//ans may vary due

to roundoff error
//from ex 2_7

19
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V1=VLB/sqrt (3)

kVAB=9375 //rat
I1B=(kVAB*1000)
pf=0.8 //power

I1=T1B*exp ((-1)
Ef=V1+%i*xI1*xda
disp("Ef="+stri

//reference phasor in volts

ed kVA

/(sqrt (3)*VLB) //current in amperes

factor

*%ix(acos(pf)))//current in amperes

ng (Ef)+’'V’) //ans may vary due to

roundoff error

mprintf (" If=|Ef|/ ma =%fA\n”,abs(Ef)/mal)//ans may

vary due to
Voc=2960 //line

mprintf (" V1oc=%fV\n” ,Voc/sqrt (3))//ans may vary due

to roundoff
If=240 //curren
Efmax=malx*xIf

mprintf (" Efmax=%dV\n” ,Efmax) //ans in textbook is

wrong
Ilmax=(Efmax-V1

mprintf (" I1lmax=

roundoff error
to line volatge in Volts

error
t in amperes

)/xda //ans in textbook is wrong
%fA\n” ,Iimax) //ans may vary due to

roundoff error

mprintf (" Qmax=7%fMVAR” , sqrt (3) *VLB*I1imax*(10"-6)) //

ans may vary

due to roundoff error

Scilab code Exa 2.10 Find initial current and current at the end of two cycles

clc

xd=1 //in ohms
xd1=0.3 //in oh
xd2=0.2 //in oh
Td2=0.03 //time
Tdi=1 //time in
MVA=100 //ratin
V=16000 //volta
I2pu=1/xd2
mprintf (" Ipu

per unit
ms per unit
ms per unit
in seconds
seconds
g in mega volt ampere
ge in volts

=%dper unit\n”,I2pu)
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Ib=(MVA*(1076))/(sqrt (3)*V)
mprintf (" Ib=%fA\n” ,Ib) //ans may vary due to roundoff
error
mprintf (" I =%fA\n” ,I2pu*Ib)//ans in textbook is
wrong
I1=1/xd1 //current in per unit
mprintf (" I =Efo/xd =%fper unit\n”,I1)//ans may
vary due to roundoff error
Iss=1/xd//current in per unit
mprintf (" Iss=Efo/xd=1 per unit\n”)
t=2/60 //time in seconds
mprintf (" [=%fper unit\n”,(I2pu-I1)*exp(-t/Td2)+(I1-
Iss)*exp(-t/Td1)+1) //ans may vary due to roundoff
error
t=10 //time in seconds
mprintf (" I=%fper unit\n”,(I2pu-I1)*exp(-t/Td2)+(I1-
Iss)*exp(-t/Td1)+1) //ans may vary due to roundoff
error
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Chapter 3

Transformers

Scilab code Exa 3.1 1Voltage to be applied to the transformer to result in rated v

clc
//code uses userdefined function complexstring
function s=complexstring(a)

if imag(a)>=0 then
s=sprintf ("%e+%gi’ ,real(a),imag(a))
else
s=sprintf ("%g%gi’,real(a),imag(a))

end

funcprot (0)
endfunction
r2=0.02;
X11=20 //in ohm
x1=0.05 //in ohm
X22=2000 //in ohm
x2=5 //in ohm
Xm1=X11-x1
Xm2=X22-x2
mprintf ("Xml=X11-x1=%f \n”,Xm1)
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mprintf (
X12=sqrt
mprintf (

"Xm2=X22—=x2=%1f \n”,Xm2)
(Xm1*Xm2)
7X12=sqrt (Xml*Xm2)=%f \n”,X12)//ans may

vary due to roundoff error
kVA=10 //rated kVA

V2=1000

//secondary voltage in volts

I2=(kVA*(10°3))/V2 //rated current

mprintf (

712=ratedkVA %1000/ raated V2=%dA\n”,I2)

Z1=V2/I2 //load impedence

I1=((Z1+r2+(%i*X22))*I12)/(%i*X12) //ans may vary due

to roundoff error

disp(’I1

=(Zl4r24jwL22) %12 /wL12+%[1="+complexstring (I1

)+7AT)

r1=0.01

//in ohm

Vi=((r1+(%i*X11))*I1)-(%i*X12*I2)

disp('V1=(rl+jwL11)I1—jwL12I2="+complexstring (V1)+’V

) //ans may vary due to roundoff error
k1=Xm1/X11
k2=Xm2/X22

mprintf (
mprintf (

"k1=%f\n" , k1)
" k2=%f\n" ,k2)

k=sqrt (k1xk2)

mprintf (

"k=sqrt (k1xk2)=%f\n" , k)

Scilab code Exa 3.2 1Find the turns ratio a 2primary and secondary induced voltage

clc

//code contains user defined function complexstring

function

s=complexstring(a)

if imag(a)>=0 then

else

s=sprintf ("%gt+%gi’,real(a),imag(a))

s=sprintf (*%gWhgi’,real(a),imag(a))
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end
funcprot (0)
endfunction
i2=141.4 //load current max val in amperes
r2=0.02 //secondary resistance in ohms
V2=707/sqrt (2)
pha=-30 //phase angle of load current with reference
with reference voltage in degrees
I12=(i2/sqrt (2))*exp (}i*pha*3.14/180) //ans may vary
due to roundoff error ,conversion of degrees in
radian for calculation
mprintf ("V2=%dV\n" ,V2)
disp(’I2="+complexstring(I2)+’A’)
disp(’Secondary drop I2r2 is="+complexstring(I2*r2)+
'V’) //ans may vary due to roundoff error
L12=3*(10"(-4))//secondary leakage inductance in
henry
w=377 //angular frequency of the supply in rad/sec
x2=w*L12 //secondary leakage reactance
mprintf ("x2=%f \n”,x2)
E12=(I2%*%i*x2) //ans may vary due to roundoff error
disp('—E12=12jx2="+complexstring (E12)+'V’)
E2=V2+(r2+(%i*x2))*I2//ans may vary due to roundoff
error
disp(’E2="+complexstring(E2)+’V’)
N1=300//primary winding turns
N2=30 //secondary turns
a=N1/N2
mprintf (" a=N1/N2=%d\n” ,a)
El=a*E2//ans may vary due to roundoff error
disp(’El=aE2="+complexstring(E1)+’V’)
Iex1=0.707 //magnitude of exciting current of
transformer in amperes
paex=-80 //phase angle of exciting current in
degrees with reference voltage
Iex=(Iex1/sqrt (2))*exp(%i*paex*3.14/180) //ans may
vary due to roundoff error ,conversion of degrees
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to radians

I1=(I2/a)+Iex//ans may vary due to roundoff error

for calculation

disp(’'Il="+complexstring (I1)+’A"’)

mprintf (" Actual ratio=I12/11=%f\n",abs(I2)/abs(I1))//
ans may vary due to

L11=0.03 //leakage inductance of primary in henry

E11=%i*wxL11%I1//ans may vary due to roundoff error

roundoff error

disp(’Ell=jwL11I1="+complexstring (E11)+'V"’)
r1=2 //primary winding resistance in ohms

Ilrli=I1*r1//ans may vary due to roundoff error

disp(’Ilr2="+complexstring (Ilrl1)+’'V’)

Vi=E1+I1r1+E11//ans may vary due to roundoff error

disp ('VI=El+I1r2+Ell="+complexstring (V1)+’'V’)
mprintf (" Actual voltage ratio is V1/V2=%f\n",abs (V1)
/abs(V2))//ans may vary due to roundoff error

Scilab code Exa 3.3 1Find the secondary current 2primary current and impedance see

clc
//the code uses userdefined function complexstring
function s=complexstring(a)

if imag(a)>=0 then
s=sprintf ("%et+%gi’ ,real(a),imag(a))
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else

s=sprintf ("%g%gi’,real(a),imag(a))

end

funcprot (0)

endfunction

E1=2400 //primary voltage rating in volts
E2=240 //secondary voltage

z=2 //magnitude of impedance connected to secondary

terminals

in ohms
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phal=36.9 //phase angle of impedance connected with
reference in degrees

a=E1/E2

mprintf ("a="%d\n” ,a)

V1=2200 // applied primary voltage to transformer in

volts

V2=V1/a

mprintf (7 |V2|=|V1|/a=%dV\n",V2)

I12=V2/(z*exp(phal*%i*3.14/180))//ans in textbook is
wrong , conversion of degree to radian for
calculation

disp(’I2="+complexstring(I2)+’A’")

I1=I2/a //ans may vary due to roundoff error

disp(’I1=I2/a="+complexstring (I1)+'A’)

Zin=V1/1I1

disp(’Zin=V1/I1="+complexstring (Zin)+’ )

S2=V2*xI2

pf=0.8 //power factor of load

mprintf (7 |S2|=|V2||12|=%kVA\n", (abs (V2)*abs (I2))
/1000)

mprintf ("P2=|S2|% cos 2=%kW\n”, (abs (S2)*pf)/1000)

mprintf (7 |S1|=|V2||I1|=%kVA\n", (abs (V1) *abs (I1))
/1000)

mprintf ("P1=[S1|cos 1=%kW\n”,((abs(V1)*abs(I1))*
cos (phal1*3.14/180))/1000) //ans may vary due to
roundoff error ,conversion of degree to radian for

calculation

Scilab code Exa 3.4 Find turns ratio of transformer and voltage levels on applicat

clc

Z=4 //impedance of loudspeaker in ohms

Zin=500 //impedance of audio line in ohms
a=sqrt(Zin/Z) //ans may vary due to roundoff error
mprintf ("a=sqrt (Zin/Z)=%f\n" ,a) //ans may vary due to
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roundoff error
P2=10 //audio power in watts
V2=sqrt (40) //ans may vary due to roundoff error
mprintf ("V2=4xP2=%fV\n” ,v2) //ans may vary due to
roundoff error
Vi=ax*xV2
mprintf (" VI=aV2=%fV\n” ,V1)

Scilab code Exa 3.5 Find core and copper losses and efficiency

clc
//code uses a userdefined function complexstring
function s=complexstring(a)

if imag(a)>=0 then

s=sprintf ("%g+%gi’,real(a),imag(a))
else

s=sprintf (*%gWhgi’,real(a),imag(a))

end
funcprot (0)
endfunction
V2=120 //reference voltage in volts
kVA=16.67+x(10°3) //kVA rating of transformer
I12=kVA/V2 //secondaary current aat unity pf
mprintf (" I12=kVA/V2=%fA\n” ,12) //ans may be wrong due
to roundoff error
r2=0.00519 //secondary winding resistance in ohms
x2=0.0216 //secondary winding reactance in ohms
a=7200/120
E2=V2+(I2*(r2+(%i*x2)))//secondary induced voltage
//ans may be wrong due to roundoff error
disp ("E2=V24+12 (r2+jx2)="+complexstring (E2)+’V’)
El=a*E2//ans may be wrong due to roundoff error
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disp(’El="+complexstring(E1)+’V’)

Rc=311000

Ihe=E1/Rc

disp(’core loss current="'+complexstring(Ihe)+’A’)

Phe=((abs (Ihe))"2)*Rc//ans may be wrong due to
roundoff error

mprintf (” Core loss Ph+e=|Ih+e| 2xRc=A{W\n" ,Phe)

Xm=54800

disp(’1 =El1/jXm="+complexstring(E1/(%i*Xm))+'A’)//
ans may be wrong due to roundoff error

Iex=The+(E1/(%i*Xm))

disp(’lex=lh+e+]1 =’+complexstring(Iex)+’A’)//ans
may be wrong due to roundoff error

I1=TIex+(I2/a)

disp(’Il=Ilex+I2/a="+complexstring(I1)+’A’) //ans may
be wrong due to roundoff error

r1=18.7 //primary side resistaance

x1=77.8

VIi=E1+(I1*x(r1+(%hi*x1)))

disp ("VI=E1+I1 (r1+jx1)="+complexstring(V1)+’'V’) //ans

in the textbook is wrong

Pcu=(((abs(I1)) "2)*r1)+(((abs(I2))"2)*r2)//copper
loss

mprintf (" Pcu=%fW\n” ,Pcu) //ans may be wrong due to
roundoff error

mprintf (" Efficiency =output watts/output+losses=%f\
n” ,16670/(16670+Pcu+Phe)) //ans may be wrong due
to roundoff error

Scilab code Exa 3.6 Find the primary terminal voltage

clc

//extension of Ex3_1

//uses a userdefined function complexstring
function s=complexstring(a)
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if imag(a)>=0 then

s=sprintf ("%e+%gi’,real(a),imag(a))
else

s=sprintf ("%g%gi’,real(a),imag(a))

end
funcprot (0)
endfunction
I2=10
V2=1000
r2=1
X11=20 //in ohm
x1=0.05 //in ohm
X22=2000 //in ohm
x2=5 //in ohm
Xm1=X11-x1
Xm2=X22-x2
X12=sqrt (Xm1*Xm2)
V12=V2+I2*(r2+(%i*(X22-X12))) //ans may vary due to
roundof error
disp(’V12="+complexstring(V1i2)+'V’)
I1=12+(V12/(%i*X12))//ans may vary due to roundof
error
disp(’Il="+complexstring(I1)+’A’)
r1=0.01
V1=V12+(I1*(r1+(%i*(X11-X12))))//ans may vary due to
roundof error
disp(’'Vl="+complexstring(V1)+'V"’)
a=0.1
Zeql=ri+(a*a*xr2)+(%i*(x1+(a*a*x2)))//ans may vary
due to roundof error

disp(’Zeql="+complexstring(Zeql)+’ ')
Vi=(axV2)+(I2"Zeql/a)//ans may vary due to roundof
error

disp(’Vl="+complexstring(V1)+’'V’)
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Scilab code Exa 3.7 Find the primary voltage required to induce 240 volts at secon

clc
//the code uses a userdefined function complexstring
function s=complexstring(a)

if imag(a)>=0 then

s=sprintf ("%g+%gi’,real(a),imag(a))
else

s=sprintf (*%gWhgi’,real(a),imag(a))

end

funcprot (0)
endfunction
ri=3
r2=0.03
x1=15
x2=0.15
ViB=2400 //primary side voltage
V2B=240 //secondary side voltage
a=V1B/V2B
Zeq2=(r1/(a~2))+r2+(%i*x((x1/(a~2))+x2))//ans may

vary due to roundoff error

disp(’Zeq2="+complexstring (Zeq2)+’ )
SB=10000// rated kva of the trnsformer
V2B=240

I2B=SB/V2B

mprintf ("I12B=%fA\n” ,I2B) //ans may vary due to
roundoff error

//with V2 reference

//0.8 pf lagging

I12=12B*exp (%i*(-1)*acos (0.8))//ans may vary due to
roundoff error
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disp(’I2="+complexstring(I2)+’A’)

V2=240

Vi=a*x(V2+I2xZeq2) //ans may vary due to roundoff
error

disp(’V1l/a="+complexstring (Vi/a)+’'V’)

mprintf (7 |V1|=%fV\n”,abs (V1))

//0.8 pf leading

I2B=SB/V2B

I2=12B*exp (%i*acos (0.8))//ans may vary due to
roundoff error

Vi=a*x(V2+(I2*Zeq2)) //ans may vary due to roundoff
error

disp(’Vl="+complexstring(Vi/a)+'V’)

mprintf (7 |V1|=%fV\n” ,abs (V1)) //ans may vary due to
roundoff error

Scilab code Exa 3.8 Find the full voltage regulation at zero point eight pf laggin

clc

//example below is an extension of Ex3.7
//values below from Ex3.7

V2B=240 //secndary side voltage

a=10
//0.8 pf lagging
V1=2496 .44

V=V1i/a //secondary voltage at full load

mprintf (7 |V1/a|=%fV\n",V)

Regulation=(V-V2B)/V2B //ans may vary due to
roundoff error

mprintf (" Regulation=(|V1/a|-V2B)/V2B=%f\n",
Regulation)

//0.8 pf leading

V1=2347.8

V=V1/a

mprintf ("V at 0.8 pf leading=%fV\n”,V)
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mprintf (" Regulation=%f\n", (V-V2B) /V2B)

Scilab code Exa 3.9 Find voltage regulation at full load and zero point eight pf 1

clc
//code uses usedefined function
function s=complexstring(a)

if imag(a)>=0 then
s=sprintf ("%e+%gi’ ,real(a),imag(a))
else
s=sprintf ("%g%gi’,real(a),imag(a))

end
funcprot (0)
endfunction
pf=0.8 //power factor of full load
I2=1 //magnitude of load current in amperes in per
unit system
I2pu=I2*exp (%i*(-1)*acos(pf))//—1 comes due to
lagging power factor
disp(’I2pu='+complexstring (I2pu)+’A’)
pres=2 //percent resistance in ohms
preact=5 //percent reactance in ohms
Zeqpu=(pres/100) +(%i*x(preact/100))
disp(’Zeqpu='+complexstring (Zeqpu)+’ )
Vipu=1+(I2pu*Zeqpu)
disp(’Vlpu='+complexstring (Vipu)+’'V’)
Regulation=abs (Vipu) -1
mprintf (7 | Vlpu|-1=%f\n" ,Regulation)

Scilab code Exa 3.10 Find the ratings and turns ratio of a three phase transformer
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clc

SB=10000000 //rating of transformer

VL1B=230000 //voltage rating

IL1B=SB/(sqrt (3) *VL1B)

mprintf ("ILIB=%fA\n” ,IL1B)

VL2B=4160

IL2B=SB/(sqrt (3) *VL2B)

mprintf (" IL2B=%fA\n” , IL2B)

//star delta connected

mprintf (" Rated kVA=SB/1000=%fkVA\n”,SB/1000)

mprintf (" Rated 11=11B=ILIB=%fA\n” ,IL1B)

mprintf (" Rated I12=I2B=IL2B/sqrt (3)=%fA\n”,IL2B/sqrt
(3))

VL1=230 //rating in kV

VL2=4160//rating in kV

mprintf ("Rated V1=VIB=VL1/sqrt (3)=%fkV\n” ,VL1/sqrt
(3))

mprintf (7 V2=V2B=%{V\n” ,VL2)

mprintf ("turns ratio=VIB/V2B=%f\n",(VL1%1000) /(VL2*
sqrt (3)))

mprintf ("kVA per phase=%dkVA\n” ,3333)

//delta star connected

mprintf (" Rated kVA=%fkVA\n”,SB/1000)

mprintf ("kVa per phase=%dkVA\n” ,3333)

mprintf ("V1B=VL1B=%fkV\n” ,VL1)

mprintf ("V2B=VL2B/sqrt (3)=%fV\n” ,VL2/sqrt (3))

mprintf ("I1B=ILIB/sqrt (3)=%fA\n” ,IL1B/sqrt (3))

mprintf (" I12B=IL2B=%fA\n” , IL2B)

mprintf ("a=V1B/V2B=%f\n" , (VL1B*sqrt (3))/VL2B)

//delta delta connected
mprintf (" Rated kVA=%fkVA\n”,SB/1000)
mprintf ("kVA per phase=%dkVA\n” ,3333)
mprintf (" VIB=V{KV\n” ,VL1B/1000)
mprintf ("V2B=%fV\n” ,VL2B)

mprintf ("I1B=%fA\n” ,IL1B/sqrt (3))
mprintf (" IL2B=%fA\n” ,IL2B/sqrt (3))
mprintf ("a=%f\n” ,VL1B/VL2B)
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Scilab code Exa 3.11 Find the voltage regulation at full load and zero point eight

clc
//the code uses userdefined function complexstring
function s=complexstring(a)

if imag(a)>=0 then

s=sprintf ("%et+%gi’ ,real(a),imag(a))
else

s=sprintf (’%g%egi’,real(a),imag(a))

end

funcprot (0)
endfunction
//delta connected
// sol 1
ViB=7200 //primary voltage in volts
VL1B=7200 //primary voltage in volts
kVA=50 //kva rating
IL1B=(kVA*1000) /((sqrt(3))*VL1B) //ans may vary due

to roundoff error
mprintf ("IL1IB=%fA\n” ,IL1B)
I1B=IL1B/sqrt (3) //ans may vary due to roundoff error
mprintf ("I1B=%fA\n” ,I1B)
//star connected
VL2B=208 //seconadry voltage in volts
V2B=VL2B/sqrt (3) //ans may vary due to roundoff error
mprintf ("V2B=%fV\n” ,VL2B/sqrt (3))
IL2B=(kVA*1000) /(sqrt (3) *VL2B) //ans may vary due to
roundoff error

mprintf (" IL2B=%fA\n” ,IL2B)
I2B=1IL2B
a=V1B/V2B//ans may vary due to roundoff error
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mprintf ("a=%f\n",a)

Z2B=V2B/I2B//ans may vary due to roundoff error

mprintf ("Z2B=V2B/12B=%f \n”,Z2B)

Reqpu=0.012 //percent resistance in ohms

Xeqpu=0.05 //percent reactance in ohms

Zegpu=Reqpu+(%i*xXeqpu)

mprintf (" Zeqpu=%{ with phase angle of %f degrees
\n” ,abs (Zeqpu) , (acos (Reqpu/(abs (Zeqpu))))*180/%pi
) //ans may vary due to roundoff error ,conversion
of radians to degree

Zeq2=7Z2B*Zeqpu//ans may vary due to roundoff error

mprintf ("Zeq2=%f with a phase angle of %f degrees)
n” ,abs(Zeq2),(acos(real(Zeq2)/abs(Zeq2)))*180/%pi
) //ans may vary due to roundoff error  conversion
of radians to degree

pf=0.8 //power factor of load

I12=IL2B*exp(%i*(-1)*acos(pf))//ans may vary due to
roundoff error,—1 comes due to the lagging power
factor

mprintf (" I12=%fA with a phase angle of %f degress\n”,
abs (I2),(-1)*(acos(real(I2)/abs(I2)))*180/%pi)//
ans may vary due to roundoff error ,conversion of
radians to degree

V2=120 //seconadry voltage in volts

Vi=a*x(V2+(I2*Zeq2))//ans may vary due to roundoff
error

mprintf ("VI=%fV with a phase angle of %f degrees\n”,
abs(V1/a),(acos(real (V1) /abs(V1)))*180/%pi)//ans
may vary due to roundoff error ,conversion of
radians to degree

Regulation=(abs(V1/a)-V2)/V2//ans may vary due to
roundoff error

mprintf (" Regulation=%f\n" ,Regulation)

//sol 2(per unit method)

I2pu=exp (%i*(-1)*xacos(pf)) //seconadry current in
per unit in amperes

V2pu=1 //seconadry voltage in per unit in volts

Vipu=V2pu+(I2pu*Zeqpu)
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mprintf ("V1pu=%fV with a phase angle of %f degrees\n
7 ,abs (Vipu),(acos(real (Vipu)/abs(Vipu)))*180/%pi)
//ans may vary due to roundoff error

Regulation=(abs(V1/(a*V2B))-(V2B/V2B))/(V2B/V2B)

mprintf (" Regulation=%f\n" ,Regulation) //ans may vary
due to roundoff error

Scilab code Exa 3.12 Find Magnitude of current in secondary of each transfomer

clc
//the code uses a userdefined function complexstring
function s=complexstring(a)

if imag(a)>=0 then

s=sprintf ("%gt+%gi’,real(a),imag(a))
else

s=sprintf ("%g%gi’,real(a),imag(a))

end
funcprot (0)
endfunction
kVAL=100 //kva required for supply
kVAM=20 //kVA rating of motor of the air
conditioning compressor
V=220 //supply voltage in volts
IL3=(kVAM*1000) /(sqrt (3) *V)
mprintf ("IL3=%fA=|12| of small transformer\n”,6IL3)
//abc sequence
ph1=36.9 //phase angle of motor current
IL3=IL3*exp (%i*(-1)*phl*%pi/180) //—1 comes due to
the lagging power factor ,conversion of degree to
radian for calculation
mprintf (" I13=%fA with a phase angle of %f degrees\n”
,abs (IL3) ,(-1)*phl)//—1 comes due to the lagging
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disp(’IL3="+complexstring (IL3)+'A"’)

ph2=30-25.8 //phase angle of Il1

IL1=((kVAL*1000) /V)*exp (%i*(ph2)*%pi/180)

disp(’IL1="+complexstring (IL1)+’A"’)

mprintf ("IL1=%f with a phase angle of %f degrees\n”
abs (IL1),ph2)

I2=IL3+IL1

disp(’I2="+complexstring(I2)+’A’")

mprintf (" I2=%fA with a phase angle of %f degrees\n”
abs (I2),(acos(real(I2)/abs(I2)))*180/%pi)

//acb sequence

ph3=30+25.8 //phase angle of Il1 in degrees

IL1=abs (IL1)*exp (%i*(-1) *(ph3)*%pi/180) //—1 comes
due to lagging power factor

disp(’IL1="+complexstring (IL1)+’A"’)

mprintf ("IL1=%f with a phase angle of %f degrees\n”
abs (IL1),(-1)*ph3)//—1 comes due to the lagging
power factor

I2=TIL3+IL1

disp(’I2="+complexstring(I2)+’A’)

mprintf (" I12=%fA with a phase angle of %f degrees\n”
abs (I2),(acos(real (I2)/abs(I2)))*180/%pi)

Scilab code Exa 3.13 Find efficiency of transformer for a power factor of zero poi

clc

SB=300 //rating in kVA at full load

S=150 //kVA at half load

Phe=2.7 //core loss in kW

Phepu=Phe/SB //ans may vary due to roundoff error

mprintf (" Phepu=%f\n” ,Phepu)

Reqpu=0.0140 //per unit resistance in ohms=per unit
copper loss at full load in watts

pf=0.9 //power factor at full load
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//efficiency at full load

mprintf (" fl =%f\n”,pf/(pf+Phepu+Reqpu))//ans may
vary due to roundoff error

//efficiency at half load

a=S/8B //ratio of kVA at half and full load

mprintf (7 fl =%f\n”,(a*pf)/((a*pf)+Phepu+(a*a*Reqpu)
))//ans may vary due to roundoff error

//for max efficiency

mprintf (" |S|/SB=sqrt (Phepu/Reqpu)=%fA\n” ,sqrt (Phepu/
Reqpu)) //ans may vary due to roundoff error

Scilab code Exa 3.14 Open circuit and short circuit test on transformer

clc

//open ckt short ckt test

//code uses userdefined function complexstring
function s=complexstring(a)

if imag(a)>=0 then

s=sprintf ("%e+%gi’,real(a),imag(a))
else

s=sprintf ("%g%gi’,real(a),imag(a))

end
funcprot (0)
endfunction
kVA=50 //kVA rating
Poc=500 //core loss in watts
Voc=208 //open ckt voltage in volts
Vphioc=Voc/sqrt (3)
mprintf (" V oc=Voc/sqrt (3)=%fV\n” ,Vphioc)//ans may
vary due to roundoff error
Pphioc=Poc/3
mprintf (" P oc=Poc/3=%fW\n” ,Pphioc)//ans may vary
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due to roundoff error

Ioc=8 //open ckt current in amperes

mprintf ("ReLlV=V xV /P =%f \n”,(Vphioc*Vphioc)/
Pphioc) //ans may vary due to roundoff error

mprintf ("Voc"2/Poc=%f \n”,(Voc~2)/Poc)//ans may
vary due to roundoff error

mprintf (" sin oc=%f\n",sin(acos (Poc/(sqrt (3)*Ioc*Voc
))))//ans may vary due to roundoff error

mprintf ("1 =1 oc xsin oc=%fA\n” ,Ioc*sin(acos(Poc
/(sqrt (3)*xIoc*Voc)))) //ans may vary due to
roundoff error

mprintf ("XmLV=V oc/1 =%f \n”,(Voc/sqrt(3))/(Ioc*
sin(acos (Poc/(sqrt (3)*Ioc*Voc))))) //ans may vary
due to roundoff error

//short ckt

Psc=600 //copper loss in watts

Isc=4.011 //short circuit current in amperes

Vsc=370 //short circuit voltage in volts

ReqHV=(Psc/3)/((Isc/sqrt(3))"2)

mprintf ("ReqHV=P sc /1 sc "2=%f \n”,ReqHV)//ans may
vary due to roundoff error

ZeqHV=Vsc/(Isc/sqrt(3))

mprintf (7 |ZeqHV|=V sc /1 sc=%f \n”,ZeqHV)//ans may
vary due to roundoff error

XeqHV=sqrt ((ZeqHV"2) -(ReqHV"2))

mprintf ("XeqHV=%f \n”,XeqHV)//ans may vary due to
roundoff error

VHVB=7200//secondary side voltage in volts

VLVB=208/sqrt (3) //primary side voltage in volts

aV=VHVB/VLVB

mprintf ("NHV/NLV=VHVB/VLVB=%f\n" ,aV) //ans may vary
due to roundoff error

mprintf ("RcHV=RcLV*aVxaV=%f \n”,((Vphioc*Vphioc)/
Pphioc)*aV*aV)//ans in the textbook is wrong

mprintf ("XmHV=XmLV*aVxaV=%f \n”,(Voc/sqrt(3))/(Ioc*
sin(acos (Poc/(sqrt (3)*Ioc*Voc))))*aV*aV)//ans in
the textbook is wrong

ZeqLV=(ReqHV+(%i*XeqHV))/(aVxaV)
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disp(’ZeqLV="+complexstring(ZeqlLV)+’ ') //ans may
vary due to roundoff error

mprintf (" ZeqLV=%f ohms with a phase angle of %f
degrees\n” ,abs (ZeqLV) , (acos(real (ZeqLV)/abs (ZeqLV
)))*180/%pi)

SB=50000 //rating of transformer

ZLVB=(Vocx*Voc)/SB

mprintf ("ZLVB=%f \n”,ZLVB)//ans may vary due to
roundoff error

Reqpu=(ReqHV/(aV*aV))/ZLVB

mprintf ("Reqpu=%f \n”,Reqpu)//ans may vary due to
roundoff error

Xeqpu=(XeqHV/(aV*aV))/ZLVB

mprintf (" Xeqpu=%f \n”,Xeqpu)//ans may vary due to
roundoff error

Zeqpu=Reqpu+(%i*Xeqpu)

disp(’Zeqpu=’+complexstring(Zeqpu)+’ ') //ans may
vary due to roundoff error

mprintf (" Zeqpu=%fohms with a pgase angle of %f
degrees\n” ,abs (Zeqpu) , (acos (real (Zeqpu)/abs (Zeqpu
)))*180/%pi)

Vipu=1+((exp(%i*(-1)*acos (0.8)))*Zeqpu)

disp(’Vlpu='+complexstring (Vipu))//ans may vary due
to roundoff error

mprintf ("V1pu=%fV with a phase angle of %f degrees\n
7 ,abs (V1ipu), (acos(real (Vipu)/abs(Vipu)))*180/%pi)

mprintf (" Regulation=%f\n", (abs (Vipu)-1)) //ans may
vary due to roundoff error

// full load efficiency

pf=0.8 //power factor of load

Phepu=Poc/SB

mprintf (" =cos /cos +Reqput+Phepu=%f\n”,pf/(pf+
Reqpu+Phepu)) //ans may vary due to roundoff error

//second method

mprintf (7 =%f\n”, (SB*pf)/((SB*pf)+Poc+Psc))

//ans may vary due to roundoff error
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Chapter 4

Induction or Asynchronous
Machines

Scilab code Exa 4.1 Calculate air gap power and developed mechanical power and out

clc

SCL=1000 //stator copper loss in watts

V=460 //line voltage of induction motor in volts

I=25 //line current of motor in amperes

pf=0.85 //power factor of motor

Pin=sqrt (3) *VxIxpf //ans may vary due to roundoff
error

mprintf (7 Pin=%fW\n” ,Pin)

Pg=Pin-SCL //air gap power

mprintf ("Pg=%fW\n” ,Pg) //ans may vary due to
roundoff error

RCL=500 //rotor copper loss in watts

Phe=800 //core loss in watts

Pfw=250 //winding and friction loss in Watts

PLL=200 //stray load loss in watts

DMP=Pg-RCL ///developed mechanical power in watts

mprintf ("DMP=tfW\n” ,DMP) //ans may vary due to
roundoff error

Prot=Phe+Pfw+PLL //power loss in rotor in watts
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Pout=DMP-Prot

mprintf (" Pout=DMP-Prot=fW\n” ,Pout) //ans may vary
due to roundoff error

mprintf (" Horsepower=Pout /746=%fhp\n” ,Pout /746) //ans
may vary due to roundoff error ,conversion of
watts to hp needs division by 746

mprintf (7 =Pout/Pin=%f\n”,Pout/Pin)//ans may vary
due to roundoff error

Scilab code Exa 4.2 Find slip and operating speed and developed torque and output

clc

//this is an extension of Ex4_1

//following comes from Ex4_1

SCL=1000 //stator copper loss in watts

V=460 //line voltage of induction motor in volts

I=25 //line current of motor in amperes

pf=0.85 //power factor of motor

Pin=sqrt (3) *V*I*pf //ans may vary due to roundoff
error

Pg=Pin-SCL //air gap power

RCL=500 //rotor copper loss in watts

Phe=800 //core loss in watts

Pfw=250 //winding and friction loss in Watts

PLL=200 //stray load loss in watts

DMP=Pg-RCL ///developed mechanical power in watts

Prot=Phe+Pfw+PLL //power loss in rotor in watts

Pout=DMP-Prot

//above is from Ex4_1

s=RCL/Pg

p=4 //no of poles

mprintf (7" s=RCL/Pg=%f\n",s)//ans may vary due to
roundoff error

ws=(4*%pi*60) /p //synchronous angular frequency

mprintf ("ws=%frad/s\n” ,ws) //ans may vary due to
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roundoff error
ns=(120%60) /p
mprintf ("ns=%drev/min\n” ,ns) //ans may vary due to
roundoff error
w=ws*(1l-s)
n=ns*(1-s)
mprintf ("w=ws(l—s)=%frad/s\n” ,w) //ans may vary due
to roundoff error
mprintf ("n=ns(1—s)=%frev/min\n” ,n) //ans may vary due
to roundoff error
mprintf ("7 d =DMP/w=%fN—m\n” ,DMP/w) //ans may vary due
to roundoff error
mprintf (7 =Pout/w=%fN-m\n” ,Pout/w)//ans may vary
due to roundoff error

Scilab code Exa 4.3 Calculate performance at 1746 rev per min and starting current

clc
//code uses userdefined function complexstring
function s=complexstring(a)

if imag(a)>=0 then
s=sprintf ("%g+%gi’ ,real(a),imag(a))
else
s=sprintf ("%g%gi’,real(a),imag(a))

end
funcprot (0)
endfunction

//induction machine parameters in ohms
r1=0.39 //primary resistance

r2=0.14 //secondary resistance
x1=0.35//primary reactance
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x2=0.35//secondary reactance

Xm=16 //manetizing reactance

VL=220 //supply volatge in volts

f=60 //frequency in Hz

//part a

p=4 //no of poles

ns=(120%f)/p

mprintf (" ns=%drev/min\n” ,ns)

n=1746 //runnimg speed of motor in rev/min

s=(ns-n)/ns

mprintf (" s=%f\n",s)

z2=(r2/s)+(%i*x2) //ans may vary due to roundoff
error

disp(’Z2="+complexstring(z2)+’ 7)

mprintf ("Z2=%fohm having a phase angle of %f degrees
\n” ,abs (z2),(acos(real(z2)/abs(z2)))*180/%pi)

Zf=(%i*Xm*2z2) /(2z2+(%i*Xm)) //ans may vary due to
roundoff error

disp(’'Zf="+complexstring (Zf)+’ )

mprintf (" Zf=%fohms having a phase angle of %f
degrees\n” ,abs (Zf) ,(acos(real (Zf)/abs(Zf)))*180/
%hpi)

Rf=real (Zf) //ans may vary due to roundoff error

mprintf ("Rf=%f \n”,Rf)

Zin=r1+(%i*x1)+Zf//ans may vary due to roundoff
error

disp (’Zin=rl+jx1+Zf="+complexstring (Zin)+  7)

mprintf (" Zin=%fohms having a phase angle of %f
degrees\n” ,abs (Zin) ,(acos(real (Zin)/abs(Zin)))
¥180/%pi)

Powerfctor=real (Zin)/abs(Zin) //ans may vary due to
roundoff error

mprintf (" Power facto=%f\n",Powerfctor)

I1=VL/(sqrt (3)*abs(Zin))

mprintf (7 |11 |=%fA\n” ,I1)//ans may vary due to
roundoff error

Pin=sqrt (3)*I1*xVL*Powerfctor

mprintf (" Pin=%fW\n” ,Pin) //ans in the textbook is
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Pg=3*I1*I1%Rf

mprintf ("Pg=fW\n” ,Pg) //ans in the textbook is wrong

DMP=(1-s) *Pg

mprintf (" Developed power=(1—s)Pg=fW\n” ,DMP) //ans in
the textbook is wrong

Prot=s*Pg //rotor copper losses

Pout=DMP-Prot//ans in the textbook is wrong

mprintf (" Output power=%fW\n” ,Pout)

mprintf (" Output horsepower=%f\n” ,Pout/746) //ans may
vary due to roundoff error ,1 hp=T746 watts

mprintf (" Developed torque=%flb—ft\n” ,7.04*(Pg/ns))//
ans may vary due to roundoff error ,1 N-m=7.04 lb—
ft ot torque

n=(1-s)*ns//ans may vary due to roundoff error

mprintf (" Output torque=%flb—ft\n” ,7.04*(Pout/n))

mprintf (" Efficiency=%f\n" ,Pout/Pin)

//part b

s=1 //machine at stanstill

z2=r2+(%1i*x2) //ans may vary due to roundoff error

disp(’Z2="+complexstring(z2)+’ 7)

mprintf (" Z2=%fohm having a phase angle of %f degrees
\n” ,abs (z2),(acos(real(z2)/abs(z2)))*180/%pi)

Zf=(%i*Xm*2z2) /(z2+(%i*Xm)) //ans may vary due to
roundoff error

disp(’Zf="+complexstring(Zf)+’ 7)

mprintf (7 Zf=%fohms having a phase angle of %f
degrees\n” ,abs (Zf) , (acos(real (Zf)/abs (Z£f)))*180/
%hpi)

Zin=r1+(%i*x1)+Zf//ans may vary due to roundoff
error

disp(’Zin="+complexstring(Zin)+’' )

mprintf (7 Zin=%fohms having a phase angle of %f
degrees\n” ,abs (Zin) ,(acos(real(Zin)/abs(Zin)))
*180/%pi)

I1=VL/(sqrt (3)*abs(Zin)) //ans may vary due to
roundoff error

Rf=real (Zf)
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mprintf (" Starting current=%fA\n”,I1)

Pg=3*I1*I1*Rf

mprintf ("Pg=fW\n” ,Pg) //ans in the textbook is wrong

mprintf (" d =7.04%(Pg/ns)=%flb—ft\n” ,7.04*(Pg/ns))//
ans may vary due to roundoff error ;1 N-M=7.04 lb—
ft of torque

Scilab code Exa 4.4 Find the pull out torque and slip at which it occurs
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clc
//below is an extension of Ex4_3
//code uses userdefined function complexstring
function s=complexstring(a)
if imag(a)>=0 then
s=sprintf ("%g+%gi’,real(a),imag(a))
else
s=sprintf (*%gWhgi’,real(a),imag(a))
end
funcprot (0)
endfunction
x1=0.35 //primary reactance in ohms

r1=0.39 //primary resistance in ohms

Xm=16 //magnetizing reactance
r2=0.14 //secondary resistance

in ohms

x2=0.35 //secondary reactance in ohms
ws=188.5 //angular frequency in rad/sec

V=220 //rated voltage in volts

//part a

Vim=V/sqrt (3) //ans may vary due to roundoff error

VTH=Vim* (Xm/ (Xm+x2))

mprintf ("VIH=VIm=%fV\n” ,VTH) //ans may vary due to

roundoff error
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X1=x1

mprintf ("X1=%f \n”,X1)

Ri=r1*(Xm/(x1+Xm)) //ans may vary due to roundoff
error

mprintf ("R1=%f \n”,R1)

mprintf (7 max =%fN-m\n”, ((3/ws)*(VTH"2))/(2*(R1l+sqrt
((R172)+((2%X1)°2))))) //ans may vary due to
roundoff error

//part b

sM=r2/sqrt ((R1°2)+((X1+x1)"2))//ans may vary due to
roundoff error

mprintf ("sM=%f\n", sM)

mprintf ("r2/sM=%f \n”,r2/sM)//ans may vary due to
roundoff error

Zf=((hi*Xm) *((r2/sM)+(%i*x2)))/((r2/sM)+(%hi*(x2+Xm))
) //ans may vary due to roundoff error

disp(’Zf="+complexstring(Zf)+’ 7)

mprintf (7 Zf=%fohm having a phase angle of %f degrees
\n” ,abs (Zf),(acos(real (Zf)/abs(Zf)))*180/%pi)

zl=r1+(%i*x1)

Zin=z1+7f

disp(’Zin="+complexstring(Zin)+’ ') //ans may vary
due to roundoff error

mprintf (" Zin=%fohm having a phase angle of %f
degrees\n” ,abs (Zin) ,(acos(real (Zin)/abs(Zin)))
*180/%pi)

I1=Vim/abs(Zin)

mprintf (" I1=%fA\n” ,I1) //ans may vary due to roundoff

error

Rf=real (Zf) //resistance in ohms

Pg=3xI1*I1*Rf//ans in the textbook is wrong

mprintf (" Pg=%fW\n” ,Pg)

mprintf (7 max =Pg/ws=0fN-m\n” ,Pg/ws) //ans may vary
due to roundoff error

47



ot W N =

[«

© 00

10
11

U W N~

10

Scilab code Exa 4.5 Find speed at half of the load and the corresponding outpt in

clc

ns=1800 //synchronous speed in rev/min

n=1745 //initial speed in rev/min

hp=10 //hp rating of the motor horsepower (1 hp=746
Watts)

s=(ns-n)/ns

mprintf (" s=%f\n”",s)//ans may vary due to roundoff
error

s=s/2 //slip at half torque

ni=ns*(1-s)//ans may vary due to roundoff error

mprintf ("n=ns(l1—s)=%frev/min\n” ,n1)

//output at half torque

mprintf ("New horsepower output=%fhp\n”, (0.5*hp*nl)/n
)//ans may vary due to roundoff error ,0.5 factor
comes due to half torque

Scilab code Exa 4.6 Will the mootor run hotter or cooler if voltage drops to 90 pe

clc

Vim(1)=1 //reference voltage in volts

Vim(2)=0.9//reduced voltage in volts

ratio=(Vim(1)/Vim(2))"2 //ratio of s2/sl

mprintf ("s2/s1=%f\n" ,ratio) //ans may vary due to
roundoff error

mprintf ("I12(2)/12(1)=s2xVIm(2)/s1*VIm(1)=%f\n",(Vim
(2)/Vim(1))*ratio) //ans may vary due to roundoff
error

mprintf (" (copperloss)2/(copperloss)1=(12(2)/12(1))
2=%f\n" ,(Vim (1) /Vim(2)) ~2) //ans may vary due to
roundoff error

s=0.03 //at 60Hz slip

ns=1800 //synchronous speed in rev/min

mprintf (" Speed at 90 percent voltage=%frev/min\n”,ns
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*(1-(ratiox*s)))//ans may vary due to roundoff
error

Scilab code Exa 4.7 Calculate performance of motor at given slip

clc
//code uses userdefined function complexstring
function s=complexstring(a)

if imag(a)>=0 then

s=sprintf ("%g+%gi’,real(a),imag(a))
else

s=sprintf (*%gWhgi’,real(a),imag(a))

end
funcprot (0)
endfunction
//dc test
Vdc=13.8 //dc voltage in volts
Idc=13 //direct current in amperes
//no load test
Vnl1=220 //applied no voltage in volts
f=60 //applied frequency in Hz
//blocked rotor test
VBR=23.5 //blocked rotor voltage in volts
f1=15 //frequency in Hz
Ia=12.8 //current of phase A
Ib=13.1 //current of phase B
Ic=12.9 //current of phase C
//from blocked rotor
IBR=(Ia+Ib+Ic)/3 //ans may vary due to roundoff
error
mprintf ("IBR=%fA\n” , IBR)
ZBR=VBR/(sqrt (3) *IBR)
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mprintf (7 |ZBR|=%{f \n”,ZBR)//ans may vary due to
roundoff error

P1=179 //power in watts

P2=290 //power in watts

PBR=P1+P2

mprintf ("PBR=/{W\n” , PBR)

RBR=PBR/(3*(IBR"2))//ans may vary due to roundoff
error

mprintf ("RBR=%f \n”,RBR)

mprintf (" BR =%f\n”, (acos (PBR/(sqrt (3) *VBR*IBR)))
*(180/%pi)) //ans may vary due to roundoff error

mprintf ("X‘BR=|ZBR|*sin BR=%f \n”,ZBR*sin(acos (PBR
/(sqrt (3) *VBR*IBR)))) //ans may vary due to
roundoff error

XBR=(f/f1)*(ZBR*sin(acos (PBR/(sqrt (3)*VBR*IBR))))

mprintf ("XBR=(fB/f1)«X‘BR=%{f \n”,XBR)//ans may vary
due to roundoff error

x1=0.4xXBR //designed reactance

x2=0.6xXBR //designed reactance

mprintf ("x1=%f \n”,x1)//ans may vary due to
roundoff error

mprintf ("x2=%f \n”,x2)//ans may vary due to
roundoff error

//from dc test

r1=0.5%(Vdc/Idc)

mprintf ("r1=%f \n”,r1)//ans may vary due to
roundoff error

r2=RBR-rl

mprintf ("r2=%f \n”,r2)//ans may vary due to
roundoff error

//from no load test

Ia=3.86 //current of phase A in amperes

Ib=3.86 //current of phase B in amperes

Ic=3.89 //current of phase C in amperes

Inl=(Ia+Ib+Ic)/3

mprintf (" Inl=%fA\n” ,Inl)//ans may vary due to
roundoff error

Znl=Vnl/(sqrt (3)*Inl)
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mprintf (" Znl=x14Xm=%f \n”,Znl)//ans may vary due to
roundoff error

Xm=Znl-x1

mprintf ("Xm=Znl—x1=%f \n”,Xm)//ans may vary due to
roundoff error

P1=550 //power in watts

P2=-350 //power in watts

Pnl1=P1+P2

mprintf (" Pnl=/tfW\n” ,Pnl) //ans may vary due to
roundoff error

Pfwc=Pnl-(3*%Inl*xInlx*rl)

mprintf (" Pfwc=/fW\n” ,Pfwc) //ans may vary due to
roundoff error

Prot=Pfwc

s=0.03

z2=(r2/s)+(%hix*x2)

disp(’z2="+complexstring(z2)+’ ') //ans may vary due

to roundoff error

mprintf (" Z2=%fohms with a phase angle of %fdegrees\n
7 ,abs (z2) ,(acos(real (z2)/abs(z2)))*180/%pi)

Zf=(z2*(%i*Xm)) /(z2+(%i*Xm))

disp(’Zf="+complexstring (Zf)+’ ') //ans may vary due

to roundoff error

mprintf (" Zf=%fohms with a phase angle of %fdegrees\n
7 ,abs (Zf) ,(acos(real (Zf)/abs(Zf)))*180/%pi)

Rf=real (Zf)

Zin=r1+Zf+(%i*x1)

disp(’Zin="+complexstring(Zin)+ ' ’)//ans may vary
due to roundoff error

mprintf (" Zin=%fohms with a phase angle of %fdegrees})\
n” ,abs(Zin) ,(acos(real (Zin)/abs(Zin))) *180/%pi)

mprintf ("power factor=%f\n”,(real(Zin)/abs(Zin)))//
ans may vary due to roundoff error

I1=Vnl/(sqrt (3)*abs(Zin))

mprintf (7 |11 |=%fA\n” ,I1)//ans may vary due to
roundoff error

Pin=(sqrt (3)*(real(Zin)/abs(Zin))*I1%Vnl) //ans is
wrong in textbook
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mprintf ("power drawn from line=sqrt (3)«VLx|I|x
cos =7%fW\n” ,Pin)

Rf=real (Zf)

Pg=3%I1%I1Rf

mprintf ("Pg=%fW\n” ,Pg) //ans is wrong in textbook

DMP=Pg*(1-s)

mprintf ("DMP=%fW\n” ,DMP) //ans is wrong in textbook

Pout=DMP-Prot

mprintf ("output horsepower=%thp\n” ,Pout/746) //ans
may vary due to roundoff error ,1 hp=746 watts

mprintf (" =Pout/Pin=%f\n" ,Pout/Pin) //ans may vary
due to roundoff error

Scilab code Exa 4.8 Upper limit of the starting current at 230v

clc

kVA=6.3 //upper limit for kVA per horsepower

hp=10 //rating of induction motor in hp.(1 hp=746
watts)

V=230 //voltage rating of the motor

I=(kVA*xhp=*1000) /(sqrt (3) *V)

mprintf (" [=%fA\n” ,I)//ans may vary due to roundoff
error

Scilab code Exa 4.9 Find the starting line current and torque with provided compen

clc

vtap=0.8 //percantage voltage tap of compensator

hp=100 //rating of motor in horsepower ,I hp=746
watts

n=1750 //rated speed of motor in rev/min

a=1/vtap //compensator turns ratio

V=2300 //voltage rating of induction motor in volts
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I1=150 //current rating in amperes

mprintf ("a=%f\n",a)

mprintf (" Voltage applied at starting of motor=%fV\n”
,V/a)

Ilstart=I1/a

mprintf ("Ilstart=(1840/2300)*150A=150/a=%fA\n",
Ilstart)

IL=Ilstart/a

mprintf ("IL=I1start /a=%fA\n”,IL)

tfl=hp*5252/n

mprintf ("7 fl =(hpx5252)/(rev/min)=%flb—ft\n” ,t£f1l)//
ans may vary due to roundoff error

t=1.2%tfl //120 percent of the full load torque in
Ib—ft

mprintf (7 st =360/axa=%flb—ft\n”,t/(a*a))//ans may
vary due to roundoff error
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Chapter 5

Direct Current Machines

Scilab code Exa 5.1 Find out the power developed and the torque and determination

clc

B=0.78 //flux density in tesla

A=200*%(10"(-4))//cross sectional area in centimetre
square

mprintf (" Flux per pole =B. A=%fWb\n” ,B*A)

C=95 //no of coils

Nc=2 //no of turns in each coil

Z=2xCx*Nc

mprintf ("Z=2xCxNce=%fconductors\n”,Z)

n=1200 //rotating speed in rev/min

w=(n/60) *(2*x%pi)

mprintf ("w=%frad /s\n” ,w)//ans may vary due to rounof

error

a=2 //no of paths

p=4 //no of poles

Ka=(Zxp) /(2*%pix*xa)

mprintf ("Ka=%fV—s /Wb\n” ,Ka) //ans may vary due to
rounof error

Eg=Ka*BxAx*xw

mprintf ("Eg=Kax sw=%fV\n” ,Eg)//ans may vary due to
rounof error
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VT=250 //terminal voltage in volts

ra=0.2 //armture resistance in ohms

Ia=(VT-Eg)/ra

mprintf (" Ia=%fA\n” ,Ia)//ans may vary due to rounof
error

Pin=VTx*Ia

mprintf (" Pin=%fW\n” ,Pin) //ans in textbook is wrong

mprintf (" Armature copper loss=fW\n”, ((Ia*Ia)*ra))//
ans in textbook is wrong

Pd=Pin-((Ia*Ia)*ra)//ans in textbook is wrong

mprintf ("Pd=Pin—coper loss=%{W\n” ,Pd)

mprintf (7 d =Pd/w=%{N-m 7 ,Pd/w)

cf=0.7376 //conversion factor for conversion from N—
m to lb—ft

mprintf ("or %flb—ft” ,(Pd/w)*cf)//ans may vary due to

roundoff error

Scilab code Exa 5.2 Find torque developed by the motor and speed and armature cure

clc

I=100 //current drawn in amperes

ra=0.07 //armature resistance in ohms

Vt=230 //terminal voltage of motor in volts

mprintf ("Egx=VTsx—Tlara*x=%fV\n” ,Vt-(I*xra))

n=1200 //speed of rotation in rev/min

mprintf ("wx=%d rad/sec\n”,(n/60) *2)

mprintf (" Ka =Egx/w«=%fV—s/rad\n” ,(Vt-(Ixra))/((n
/60) *2*%pi)) //ans may vary due to roundoff error

Ia=100 //armature current in ampere

mprintf (7 d =Ka Ia=%fN-m\n”,(Ia*x(Vt-(Ixra))/((n/60)
*2xYpi))) //ans may vary due to roundoff error

Td=300 //torque in N-m

Ia=Td/((Vt-(I*ra))/((n/60)*2x%pi))//ans may vary due
to roundoff error

mprintf ("la= d /Ka =%fA\n”,Ia)
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ra=0.07 //resistance in ohms

VT=230 //voltage in volts

w=(VT-Iax*xra)/((Vt-(I*ra))/((n/60)*2*%pi))

mprintf ("w=(VI-Tara)/Ka =%frad/sec\n”,w)//ans may
vary due to roundoff error

w N
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Scilab code Exa 5.3 Find speed of the motor when it develops a torque of 300 Newto

clc

//Ex5.3 uses a magnetization curve given in textbook

mprintf ("At 1200 rev/min and shunt field current of
0.7A Egx=90V \n”) //from magnetization curve

n=1200 //speed of rotation in rev/min

Eg1=90 //voltage in volts

wB=(n/60) *2

mprintf ("wB=%d rad/sec\n” ,wB)

mprintf (" Ka x=Eg*/wB=%fV—s/rad\n” ,Egl/(wB*%pi))//
ans may vary due to roundoff error

10
11

12
13
14
15

16
17

18
19

20
21

Td=30 //torque in N-m
Ia=Td/(Egl/(wB*%pi))

mprintf ("la= d /Ka *x=%fA\n”,Ia)//ans may vary due

to roundoff error
VT=125 //voltage in volts

ra=0.2 //resistance in ohms

Eg=VT-(Ia*ra)

mprintf ("Eg=%fV\n” ,Eg) //ans may vary due to roundoff

error
w=Eg/((Egl/(wB*%pi)))

mprintf ("w=Eg/Ka x=%frad/s\n”,w)//ans may vary due

to roundoff error
n=(wx60) /(2*%pi)

mprintf ("n=%frev/min\n” ,n) //ans may vary due to

roundoff error
//other two techniques
//first technique
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nB=1200 //speed in rev/min

n=nB*(Eg/Egl) //ans may vary due to roundoff error

mprintf ("n=%frev/min\n” ,n)

//second technique

mprintf (" d =%flb—ft\n” ,Td*0.738) //ans may vary due
to roundoff error

mprintf ("Ka‘ =Eg*/nB=%fV—min/rev\n” ,Eg/nB)

Ia=(Td*0.738) /(7.04x(Egl/nB))//ans may vary due to
roundoff error

mprintf ("la= d /(7.04xKa‘sx )=%fA\n”,Ia)

n=Eg/(Egl/nB)

mprintf ("n=Eg/K‘a =%frev/min\n” ,n)//ans may vary
due to roundoff error

Scilab code Exa 5.4 Find the terminal voltage at full load and no load and voltage

clc

//Ex5_4 uses a figure given in textbook

Ia=50 //current in amperes

IB=50 //current in amperes

nB=1200 //speed in rev/min

ratio=0.01 //ratio of Nsc/Nf ,unit less

Isc=0.6*Ia //equation given in textbook

mprintf (" Isc=\dA\n” , Isc)

If=1.3 //field current in amperes

mprintf (" If«=1f+4(Nsc/Nf)xIsc=0fA\n” ,If+(ratio*Isc))

Eg1=132.5 //voltage in volts

mprintf ("Ka‘ =Eg*/nB=%fV—min/rev\n” ,Egl/nB)//ans
may vary due to roundoff error

n=1140 //speed in rev/min

Eg=n*(Egl/nB)

mprintf ("Eg=Ka‘n=%fV\n” ,Eg) //ans may vary due to
roundoff error

ra=0.2 //resistance in ohms

Ra=0.03+ra //by kirchodff’s law and parallel
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combination or

resistances

mprintf ("Ra=%f \n”,Ra)

VTfl=Eg-(Ia*Ra)

mprintf (" VT{I=%fV\n” ,VT£1) //ans may vary due to
roundoff error

mprintf (7 If«=1f4+0=%fA\n” ,If)

Eg2=125 //voltage in volts

VInl=Eg*(n/nB)

mprintf ("Eg=Egx(n/nB)=%{fV\n” ,VTnl) //ans may vary due
to roundoff error
mprintf (" Voltage Regulation=(VTnl-VTfl)/VT{1=0%{%c”
, ((VTnl-VT£1)/VT£1)*100, '%’) //ans may vary due
to roundoff error

Scilab code Exa 5.5 Find the efficiency and input horsepower requirements under gi

clc

V=250 //voltage rating in volts
Pout=125000 //output power in watts
ra=0.025 //armature resistance in ohms
rsc=0.01 //resistance in ohms

rf=30 //field resistance in ohms

If=5 //field current in amperes
mprintf (" Shunt field

Iload=Pout/V
Ia=Iload+If
Isc=Iload+If

copper loss=AdW\n” ,If*If*rf)

mprintf (" la=Isc=Iload+1f=tdA\n” , Ia)

mprintf (7 Seires
rsc)

filed

copper losses=/dW\n” ,IscxIsc*

mprintf ("ACL=%fW\n” ,Ia*Ia*ra)//ans in textbook is

wrong

mprintf (" Brush copper loss=2la=%dW\n” ,2*Ia)
mprintf (" Stray load loss=1%c of 125Kw=%fW\n", %’

,0.01xPout)
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Prot=5000 //rotational loss in watts
losses=(If*xIf*xrf)+(Isc*Isc*rsc)+(Ila*xIla*xra)+(2*Ia)
+(0.01*Pout)+Prot //aadding all losses

mprintf (" Efficiency=%t%c\n” , (Pout/(Pout+losses))
*100, '%’) //ans may vary due to roundoff eror

rlosses=500 //rheostat losses in watts

Pin=Pout+losses+rlosses

mprintf ("Pin required=%fW\n” ,Pin) //ans in the
textbook is wrong

Tal=sqrt ((Prot+(If*Ifxrf))/(ra+rsc))

mprintf (" lal=%fA\n”,Ial)

59



© 00 J O U i W N

I I e T e T e T e T e e T e i Y
_ O © 00 J O UL i W NN+ O

Chapter 6

Single Phase Machines

Scilab code Exa 6.1 Find the performance of a single phase motor under provided co

clc
//code uses a userdefined function complexstring
function s=complexstring(a)

if imag(a)>=0 then
s=sprintf ("%e+%gi’ ,real(a),imag(a))
else
s=sprintf ("%g%gi’,real(a),imag(a))

end

funcprot (0)
endfunction
rim=1.9//resistance in ohms
x1m=2.6 //reactance in ohms
r2=3.6 //resistance in ohms
x2=2.6 //reactance in ohms
Xm=56 //magnetizing reactance in ohms
Prot=25 //rotational losses in watts
f=60 //supply frequency in Hz
zim=rim+(%i*x1im)
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s=0.05 //slip

disp(’Zlm="+complexstring(zim)+’ )

2f=((hi*Xm) *((r2/s8)+(%hi*x2)))/((hi*Xm)+(r2/s)+(%i*x2

))//ans may vary due to roundoff error
disp(’Zf/2="+complexstring (Zf/2)+’ )

Zb=((%hi*Xm) *((r2/(2-8))+(%hi*x2)))/((hi*Xm)+(r2/(2-s)

)+(%i*x2)) //ans may vary due to roundoff error
disp(’Zb/2="+complexstring (Zb/2)+’ )

Vm=115 //voltage in volts

Im=Vm/((Zf/2)+(Zb/2)+z1m)
roundoff error

Imf=Im

Imb=Im

//ans may vary due to

disp(’Im="+complexstring(Im)+’'A’)

Pin=Vm*abs (Im)*(real (Im)/abs(Im))//ans may vary due

to roundoff error
mprintf (" Pin=%{W\n” ,Pin)

Pg=((abs (Im)) "2) *(real (Zf/2)-real(Zb/2)) //ans may

vary due to roundoff error
mprintf ("Pg=Pgf—Pgh=%{W\n” ,Pg)
mprintf (7 d =%fN-m\n” ,Pg/(2*x%pi*(£/2)))

DMP=Pgx*(1-s)

mprintf ("DMP=%fW\n” ,DMP) //ans may vary due to

roundoff error
Pout=DMP-Prot

mprintf (" Pout=%fW\n” ,Pout) //ans may vary due to

roundoff error
mprintf (” Efficiency=%f\n"
due to roundoff error

,Pout/Pin) //ans may vary

Scilab code Exa 6.2 Calculate the starting torque for the motor under provided par

clc

//Ex6_2 is an extension of Ex6_1

//code uses userdefined

function complexstring
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function s=complexstring(a)

if imag(a)>=0 then

s=sprintf ("%e+%gi’,real(a),imag(a))
else

s=sprintf ("%g%gi’,real(a),imag(a))

end
funcprot (0)
endfunction
ria=12//resistance in ohms
xla=6.5//reactance in ohms
Xc=-20 //reactance in ohms
rim=1.9 //from E6_1
x2=2.6 //from Ex6_1
s=1
a=1.6 //no unit
r2=3.6 //resistance in ohms
x2=2.6 //reactance in ohms
Xm=56 //magnetizing reactance in ohms
Vm=115 //applied voltage in volts
2f=((hi*Xm) *((r2/8)+(%hi*x2)))/((hi*Xm)+(r2/s)+(%i*x2
))//from Ex6_1

Zst=7Zf

Zb=7%

zla=rla+(%i*xla)+(%i*Xc)
disp(’zla=’+complexstring(zla)+’ ’)//ans may vary

due to roundoff error
mprintf (" zla=%fohm havinga phase angle of %f degrees
\n” ,abs(zla),(acos(real(zla)/abs(zla)))*180/%pi)
Z12=((1/2)*(z1a/(a*xa))) -(rim+(%i*x2)) //ans in
textbook is wrong
disp(’Z12="+complexstring(Z12)+’ ’)//ans may vary
due to roundoff error
mprintf (" Z12=%fohm havinga phase angle of %f degrees
\n”,abs (Z12) ,(acos(real (Z12)/abs(Z12)))*180/%pi)
Vmf=(Vm/2) *(1-(%i/a))
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disp('Vmf="+complexstring(Vmf)+’V’) //ans may vary
due to roundoff error

mprintf ("Vmf=%fV havinga phase angle of %f degrees\n
? abs(Vmf) ,(-1)*(acos(real (Vmf)/abs(Vmf)))*180/
%hpi)

Vmb=(Vm/2) *(1+(%i/a))

disp (’Vmb="+complexstring (Vmb)+'V’) //ans may vary
due to roundoff error

mprintf ("Vmb=%fV having a phase angle of %f degrees)
n” ,abs(Vmb) ,(acos(real (Vmb)/abs(Vmb)))*180/%pi)

Imf=11.77*exp (%i*(-1) *54.93*%pi/180) //textbook
doesnt provide any formula or hint for this
calculation

Imb=4.37*exp (%hi*x(-1)*19.7x%pi/180) //textbook doesnt
provide any formula or hint for this calculation

disp(’Imf="+complexstring(Imf)+’A’) //ans may vary
due to roundoff error

disp ('Imb="+complexstring (Imb)+’A’) //ans may vary
due to roundoff error

mprintf (" Imf=%fA having a phase angle of %f degrees)
n” ,11.77,-54.93)

mprintf ("Imb=%fA having a phase angle of %f degrees)
n” ,4.37,-19.37)

mprintf (7 st =%fN-m\n” , (2xreal (Zst)*((abs (Imf) ~2) -(
abs (Imb)~2)))/(60*%pi))//ans may vary due to
roundoff error

Im=Imf+Imb

disp(’Im="+complexstring(Im)+’A’) //ans may vary due
to roundoff error

mprintf ("Im=%fA having a phase angle of%f degrees\n”
,abs (Im) ,(-1)*(acos(real(Im)/abs(Im)))*180/%pi)

ITa=(%i*(Imf-Imb))/a

disp(’la="+complexstring(Ia)+’A’)//ans may vary due
to roundoff error

mprintf (" Ia=%fA having a phase angle of %f degrees\n
7 ,abs(Ia),(acos(real(Ia)/abs(Ia)))*180/%pi)

I=Im+Ia

disp(’Line current="+complexstring(I)+’A’)//ans may
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vary due to roundoff error
56 mprintf (" I=%fA having a phase angle of %f degrees\n”
,abs(I),(-1)*(acos(real (I)/abs(I)))*180/%pi)
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Chapter 8

Forces And Torques In
Electromagnetic Systems

Scilab code Exa 8.2 1Find forces on plunger at 1A rms 2Voltage applied for the cur

clc

x=0.01 //length in metres

L=0.03+(270*x*x) //equation provided in the textbook

mprintf ("L(0.01)=%fH\n” ,L)

w=377 //angular frequency in rad/sec

XL=wx*L

mprintf ("XIL=wl=%f \n”,XL)//ans may vary due to
toundoff error

I=1 //current in ampere

V=I*XL

mprintf ("V=IXL=%fV\n”,V)//ans may vary due to
toundoff error

a=540 //comes from an equation in textbook ,unit is
henry /metre

f=(1/2)*(a*x)

mprintf (7 f=%{N\n",f)
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