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[a) The load on each station is 1,2SMW.
[b) 1'heJoads on respective bus bars are 60MW and 190MW ancl(cl The load is 150MW at the -station A bus bar only.
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(iircn the loss coeflicients ilrr-= 0.00r pcr MW. Il,r_ 0!94_p.r MW. r.ind rhc ec.nornicI schcdLrle o 1' qcn eration,.)

Q2
B: The following incremental costs pertain to a 2 plant system.(ir = 6.63p'* 1a $/MWhr
Cz= 0.04P2 + 10 $/MWhr ;
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Pc= Pr= 1000MW
R= 0. 015 rad per sec/MW

Pc= Pr.= 10000MW
R= 0. 0015 rad per sec/MW

ll

Fis. (l)

lEl= t.os

;6 1E

3rJ i:tull

l.tqc)

c))'
+I\A' 

u )Y

Pa tt : A'l'1"



Unlverslty oflrlyale

College of Englneerlng

Dept of Power & Electrlcat ilacllnes

Subfect: Irlsdbudon & IreslEn

4tr Ste$

Tl|re : 3 hours

Enmlner : Hadm Gh. Abood

(( lnswer AII Quections ))

Ql/ Answer the following :

A- State the types of distribution
B' State the types ofdistribution

Q2 / Answer the following:

( I0 Marks)

( I0 Marks )
A- state the control method for the amount of power factor correction capacitor.

B- Find the size of the capacitor bank that required to improve the p.f. from 0.8 to 0.9 ,
and find the reduction in transformer losses after the correction for a system of 500 KW
and a transformer 630 kVA .

Q 3/ for the system shown in Fig.(l) , select the suitable transformers and calculate the total
annual losses.( use the tables ) ( I0 Marks )

Fig. (r)

Q4 / Answer two only from the following; ( 10 Marks )
A- Draw the diagram of main and emergency generator for smaller size case.

B- State the advantages ofthe neutral grounding system.
c- Draw the configuration of version -3 of (132 133 lll) kv substation ( with details ).

system configurations ( with draw) .

in large buildings ( with draw ).



? --z
Q5/ Select the suitable cable size for 3-phase,380volt three induction motors have followhg
ratings( 50, 40, 25 ) kW, the distance between the motors and the supply is 40rq efficiency
(0.9), and the p.f. is (0.85 ) ,( voltage drop must not be exceed 5%). ( use the tables)

Q 6/ Find the number, location and mounting height of 40 W fluorescent tube of 60 lm/W,

that required to illuminate a laboratory of the following specifications :Dimensions(30x12)

m with a height of 5m , required illumination 190 fux, working plane is 0.8m above the

floor, the fitting arc fixed at 0.4 below the ceiling , UF = 0.7, and the location is clean and

has a good maintenance ( use twin tube on each fitting). ( I0 Marks )

Table (l) Oil - immersed power distribution transformer ( I I / 0.4 ) kV.

Rated Power Iosses (W) Fuse Size (Amp.)

kvA No Load On Load H.V. Side L.V. Side

315 780 3850 40 s00

400 9300 4600 40 630

500 I100 5500 63 800

630 1300 6500 63 1000

Table (2) Stranded copper conductor, in ducts , PVC oversheathed cables.

Area of Conductor Two Core Three and Four Core

-m2

Current
Rating
Amp.

Voltrge Drop
mv /amp /m

Current
Rrting
Amp.

Voltege Drop
mv / amp /m

50 180 0.94 150 0.82

70 220 0.66 185 0.57

95 265 0.49 225 0.42

120 300 0.4 255 0.35

150 340 0.34 285 0.29

Good Ltrck & All The Beast
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Q.1:A.numirise the faults nhich nay ocrluxe on an alternator tExplain
one of then ?

B.Alo -MVA ('.i'- ,i.:) ,,i_t?/77 KV solidly earthecl / delta -connec-
ted tra.nsf orner protected by circulating current equi .'n'ent, is
supplied ou the 17K',1side .If the H.V C.T has a prirnary current
ratin6 of 1!oA, calculate the necessary C.T ratio for use with
relay rated at lArlf an earth f ault of loooA occure on one line
terminal of lt2- KV r'rind-ing (within the protected zone ).
Determine the currents in each part of each pilot wire and in
the relays coils ,assu.ning no in-feed from the !2t KV system.

:A.trhich hind of protection which used in case of stator wincline
alternator.
Transformer shown

rooo/ >

77ri1r

niay be call.ed 1'.pon to or--e::ai;c at p1,iz over .l_cad_ . the transf cfine?
u.-u r.s equlped vith looo/5 C.T,s ,the feeder C.B with 5oo/5 C.T ,
the f eeder relays are set at 125/.' and a TI\1S =o .4 , use the tirne pspi

^h ^5^^.F^-.: -J-.1 ^ ^ -.: ---clr al'ac! err- srr-c s gaven be10w ,and a discrimi.nation l4irgin of o.5 sec.
for athree phase f ault cu_nent of 4oooA at F ,Find.
a) the operating tine of the feed.er relay
b)the ninimum setting of the transforner re] ay ,and
c )the TIJIS of the transf o.rmer relay

Tine 2.2 2.8 a B 1o

PSM 2o 15 lo 5

fault for an
B.The lo MVA in f icr hol nr^r.

loo/5

( J- ) marKs,



Q.]: A.Fusin6 cr"urrent ri.r:pr:ndc upon :
7 -t

3.An 11.8Kv Busba:: is; fcd from three s:lnchronous 6enerators
he-ving the fol.lovriliu latings and reactances 20 I,ivA X o.g p.u
6ol4vA x ..1 p.u , 2o I4vA X o.o9 p.u . grcula.te the fault
current and r'lvA .ff athree phase symmetrical fault occurs on ihe
Bus bars ,r.esistance may bc negJ.ectccl . the voLtagge base r.ri1l
be taken as 1l-.8Kv and the VA base as 6oMVA .

(1! rnarks)
Q.4:A.In r^,hich purpose the Buchht_os reiay i,s pi;;i.1"4-,E61ain it is

operatl-on.
B.A. iter connected l-phase lol{VA G.f:: Kv al.ternator has a per_
phrse reactance of Loii it i-s protected by lulerz Fri.ce crrcurati.n;;
current principJ-e r,vhrch ls set to operate for f au]_t currents notless than 175A .Cel',:ui.a.be i;he val.ue of eartiri.ng resiste,nce to beprovicl.ed -'j.n ,:,rder to ensu,re that only Lo{,, of the alternator
wi nding remains unprotected. ?

( J. > rnaTKs,
Ql.A. How many types of

the pole shaded wj-th
B.For the folloning

structure used in
drawing and vector

system :

induction relay,Explain
diagram ?

b

2oo/5
4ooo

current grading .Suggest proper relay

t'L

CT ratio
rf (A)

It required
setting and

+oo/j
6oo o

to provide time
TMS ?

T_._.--.i____.._- _ ._ ___. _.._.._.1

I7 lB i9 !10 '2o r- -'1. "l - -.-. --r- -.-.'.."1
1.5 1.11a.e z.B | 2.2 

I_.- i_.1." -i--. ..i.. - r

lr -\ l) na"rKs J

with best wishes
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Choose only four from the following questions under condition. Ql must be
found with the questions choice.
Ql) Figure -l- shown part of electrical power network, where the loads were supplied from
(south Baghdad) thermal power plant with four units each 250 MVA and (north Baghdad)
gas power plant with two units each 125 MVA through transmission lines and group ol'stcp
down transformers. Answer the following questions.

l- Draw an impedance diagram for the network.
2- Determine the P.U current flow in the loads.

Note: all calculations must be with MVA base 100, base voltage l5kV on the seneration
side.
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Figure 1-single line diagram for electrical power network
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Q2) Figure -2- shown simple power system network. By using one iteration GAUSS
SEIDEL METIIOD to determine :-
l- Matrix admittance form.
2- P.U Line voltage on bus No.2 , bus No.3 and bus No.4
3- P.U active and reactive power flow from G I .

Where System data are given:-
Bus I - Gl: Reference bus - Vl:1.05 .61:0
Bus 2 - load bus bar : P2{.5 pu unity power factor
Bus 3 - generatorbus : V3:1.02p.u
Bus 4 - load bus bar : P4:0.5 p.u, Q4- 0.1 p.u lag power factor
Zl2: j0.5 p.u, 223: jr .0 p.u,234:jl .O p.u, 24l: j0.5 p.u
All data at the IOOMVA base and initial value lwith zero angle.

U-q

Z4t 723
li

]IlrrGt- sanBh. llnr dlrgrtm for rlnrph
lxtrrvrr lrlitc aaa$ eak

Q3) In the system shown
r.p.m counter clockwise.
following questions.

in figure 3. Three phase

When fault occur (single
synchronous generator oPerate at 1500

line to ground) on phase a. Answer the

l- Derive from the first principles fault current.
2- Phase voltages during fault.



.Qa) The ratings of the components of the three phases system represented by single line
diagram are shown in figure 3-, where base MVA is 50, base voltage is 22 kV on'the
generator side. Calculate the value of (X) required putting the current in the three phases
symmetrical short circuit at point F is 3000 A. System data are given:-

G1:30MVA.20kV. X"--J3%
G2: 30 MVA, 20kV, X"=J3o/o
G3: 30 MVA, 20kV, X":13%o
T1: 20 MVA. 20/33kV. X":I6oh
T2:20MYA, 20/33kY, X":16%o
T3: 20 MVA, 20/33kV, X":16%o
T4:20 MVA, 33/l32kV, X":JlI%o
T5:20 MVA, 132/ll kV, X":Jl0%o
LINE: X:129A

Q -ul - u\

fc;i)-T"

!.j-'''-r-
I
L-.,
?,, X

G:i;

[:-tj .=

{>i

Fitgrt r(.--,a- sirrgl(! lin(. (lir|grt|trt

r_IFiri

'€:;)

>.'--:X-t-3t-r-'
I

L-lx



QS).In the system shown in the figure -5-. 132 kV bus bar has connected to it some local

generation, a l32kV grid interconnection with fault level of 2000 MVA and l32kV feeders

which supply a static load and dynamic loads through step down transformer. The each

feeders has rated of 50 MVA and reactance ofj0.l p.u. By using bus impedence matrix
method,use 100 MVA base on the generator side. Determine:

L4 -%Q -\1- The fault level at bus bar A, B and C.

2- The current distribution in the network due to the fault (during fault) ,when 3 ph short

cct occur at bus bar C.

3- Voltage at buses A, B and C (during fault).

4- State any assumption mode.

ststic load

(, ,, *2
dyna nr ic
loads

T
I

I

GRID
PO\vE,R
SYSTEM

System data are given:-
G: 100 MVA' llkv'
T1: 100 MVA' ll/132 kV,
T2: 100 MVA, 132/ll tV,
LINEI: 50MVA,
LINE2: 50MVA'
MOTOR 1:25MVA,
MOTOR 2: 25 MVA,

l'igure$ single line ditgrrnr

X"=Jl0o/o
X'=J10%o
X"=J10%o
X"=Jl0%o
X"=Jl07o
Xu=J20o/o
X"=J2Ooh

GRID POWER SYSTEM: MVAF:2000
STATIC LOAD: 57 MVA, 10 kV, power factor4'6 lag'

Recommendation and Instructions

l- Read all questions carefully and then answer

2- Check the number: before use the personal calculator'

3- Use pencil to write and not use pen.

4- Depend the clear line when you write
5- Use thre€ characters after integer number. example : l'234

6- Finally , Good luck witb best hrP.
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Q I : A) What are methods for speed control of induction motors on rotor side? Explain with

sketch two of these methods. (6 Marks)

B) The star connected rotor of an induction motor has a standstill impedance of (0.a + ja)
ohm per phase and the rheostat impedance per phase is (6+j2) ohm. The motor has an

induced e.m.f. of 80 V between slip rings at standstill when connected to its normal
supply voltage. Find rotor current: (6 Marks)

a) At standstill with the rheostat in the circuit.
b) When the slip rings are short circuited and the motor is running with a slip of 3%o.

,\o
.'t
J

'./

Q2: An induction motor is running
41.5 kW and the mechanical

Estimate:

a) The rotor Cu loss.

c) The line current.

at 75yo of the synchronous speed with a useful output of
losses total 1.5 kW and the stator losses total 3.5 kW.

(12 Marks)
b) Power input to the rotor.

d) The efficiency is the motor working

Q3: A) What are the conditions must be satisfied for synchronization of alternators? How that
indicates these conditions are satisfied? (6 Marks)

B) A 3 phase, star connected alternator has an open circuit line voltage of 6600 V. The
armature resistance and synchronous reactance are 0.6 Q and 6 Q per phase

respectively. Find the terminal voltage and voltage regulation if load cunent is 160 A at

0.9 leading. (6 Marks)

Q4: A IMVA, 1 lkv, 3 phase, star connected alternator has following O.C.C. test data:

Field cunent (A): 50 I I 0 140 I 80

Line voltage (kV): 7 12.5 13.75 15

The short circuit test yielded full load current at a field current of 40 A. The armature
resistance is 0.6 Q per phase. Find the regulation at half full load at 0.8 lagging by using
synchronous impedance method. (12 Marks)

-i !-



Q5: A) What are applications of synchronous motor? Explain briefly. (6 Marks)

B) A2200-V,3 phase, star connected synchronous motor has a resistance of 0.6 O
and a synchronous reactance of 6 Q. Find the generated e.m.f. and the angular

retardation of the motor when the input is 200 kW at: (6 Marks)
a) Power factor unity b) Power factor 0.8 leading.

Q6: A 3 phase, star connected synchronous motor takes 48 kW at 693 Y, the power factor

being 0.7 lagging. The induced e.m.f. is increased by 25o/o, the power taken remaining the

same. Find the armature current and the power factor. The machine has a synchronous

reactance of 2 Q per phase and negligible resistance. (12 Marks)

Good Luck M.Sc.: Gh. A. Salman
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Answer six questions only:

Q1/A/ Define three only :

Processes, systems , disturbance ,feedback ,delay time.

Q B/make a comparison b€tween closed-loop systems and open loop systems.(10marks)

Q2/Design a circuit that can be used as a lag or lead network; with sign invert€r? (tOmarks)

Q3/Obtain the transfer function of the mechanical system shown in fig -1-

And draw its equivalent electrical circuit ? (tomarks)

X1

K1 b1

u
Fig-1-

-\

Q4/Obtain the transfer function Y(Sl/X(Sl of the system shown in fig-2- ? (lomarks)

D2 b3

x(s) y(s)

-42

tig-2-
c-j.'j



(c -'@

q5/ Determine the range of K for stability to system having the closed loop

transfer function shown below ? (10marks)

c{51_
*l'i'= S(St *S* I )r,J*2)* rf

Q6/For the system shown in fig-3- design a lead compensator such that the

dominate closed -loop poles are located at S=- 1t j1 ? (lOmarks)

Fig-3-

Q7/Sketch the root -locus plot ofthe system shown in fig-4- and locate the

closed -loop poles, and draw the response for a unit step input ? (lomark)

R(s)
c(s)

Fig-4-

Cbilt+ cJ+ia 6"
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Answer all question 6
Q4
(A) Explain the Cathode Ray Tube (CRT)
(B) Explain the Vertical and Horizontal Deflection System
(C) Explain the Curve Fitting and Approximation by Least Square Approximations
Method
(D)Explain the Transducers classified according to their application, method of
energy conversion, nature ofoutput signal.

Qs

(A) Defied all items
l-Oscilloscope 2-Transducers 3- Delay Line 4-Errors 5-Force summing

devices

(B) Draw and Explain Hay's bridge for coils with large phase angle

Note all the questions have same mark (20 marks).

Good luck

A.M. N--AZZAWI





Q3) A steady current of 580 pA flow through the parallel plane electrodes when d:0.5'cm

and 9.5 kV is applied. The gap distance is doubled and the electric field (and hence the

townsend's first ionization coefficient) is kept the same. By ignoring the secondary

ionization process and assuming that the extemal current injected at the cathode is 25 pA.

find the values of the following:-

l- Townsend's first ionization coefficient.

2- The applied voltage

3- The current

6-6

e4) In the circuit shown in the Figure 2. Observed low effeciency circuit . Derive from the

first principles the output voltage.

Q5) Conect the under line following questions.

l- Insulators must be often survive reliably under high electrical stress for lone periods of

ume.

Sparkover is breakdown in material between electrodes in a sas or solid material'

The main purpose for study high voltage engineering is transmitted electrical energy

in high voltages to reduce losses.

It is measured the output voltage by high voltage COCKROFT-WALTEN multipler

DC circuit 4 stage is792kY, where input voltage to the circuit is 99 kv, rms, AC

source.

5- fuse time is the time taken by impulse reach to l0% of the peak value'

6- At constant temperature in a uniform field the sparking potential of gas material

depends only upon applied voltaee and type ofsas.

7- If an overhead line has a surge impedance of 400Q, the surg,e imoedance loadine is

I 00MW when the transmission line voltage is 132 kV.

&
U

a

J-

1

ligurc 2- lmpulse circuil diagranr-design circuit
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Ql) In the circuit shown in Figure I observed high voltage generation circuit. Determine
l- The output voltage V(o).
2- The current flow in the resistor and capacitor.
3- The efficiency of the circuit.

NOTE: - ideal diodes- neglect voltage drop

l:450 v(o)

2kO > l0prF

-L-L

DI

220 V
50 hz
AC,
sou

Q2) For an electronegative gas show that the townsend criterion for breakdown is given by:

Y 0 [.(o-rl)d_ 1l:1'O-qt- t

Prove from the hrst principles and state conditions to obtain

Figure I high voltage generation circuit

-.f 
(-

CI.- t+y
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Answer only four euestions
Ql /A / Draw the circuit and wave forms for full-wavc rcctifier of center tapped
transformer with resistive load.(5 marks)
BI

l'he recfilier shorvn in ligure has a purell' resistive loa<i ol'/1.
Deternrine,
(a) the efficiency
(h) the lirrm factor
(c) the ripple factor
(d) thc tra[sformer utilization factor
(e) tlrc peak inverse voltage (PII) ot diode D1

(l) thc CF ofthe input currcnt (20 nrarks)

Q2lA,/ Discuss protcction ol'thc thyriskrr- during tum on and turn off. ( I 0 marks)

B/ A Thyristor with a steady state power loss of 30W has ajunction to heat sink

thermal rosistancc ol'0.7'clw. Determine the maximunr value of rhermal Resistance

the heat sink ca' have if the ambient tempcrature is 40oc andjunction tenrperaturc is

limited to 125'C. ( t 5marks)

Q3 /A/Discuss the switching time of thc MOSFT (5 marks)

B/ A three phase star rectitier has purely rcsistive load R ohnrs. [)clcrruinc:

a)Effiency. b) Form factor. c) Ripple iaclor. d) 'l tllr. c; l,lV lil.caclr tliotlc. t) I pr:ak

throughthe diodc il' Ia":30 A at V6":140 V. (20 nrarks)

Q4/A/ Draw the three phasc / single phasc cycloconverter circuit. (5 marks)

B/ A pair ofparallel thyristors connectcd in opposite to control a resistive load :7 O,

t on:2.5 ms, Vs= 350 sin 3 l5t. Calculate Vo rms, power dissipated in the load. (20

marks)

A
t\'i



q-q
QS/A/ What is DC chopper? List a few industrial applications of DC chopper'( 5

marks)

B/ A Singlc-Phase Bridge Inverter R=2.4f1 and dc input Vs is : 48V .Determine the :

a) rms output voltage at the fundamental frequency,V | .

b) output Jnwer Po.

c) avcragc and peak currents o['each trunsistor.

d) Jrcak reversc blocking voltage of each transistor, VB.

e) total harmonic distortion THD.

f) distortion factor DF.

e) harmonic factor and distortion factor of lowest-order harmonic. (20 marks)

Good Luck
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Ql:a) Express the field D : ( *'+ y' )-' ( xax + yay ) in cylindrical components and
cylindrical variables ( ro MARKS )

b) Describe the surfaces defined by the equation :

l- r.a,:2 , where r: (x ,y , z)
2- r a* =2,where r a*:(0,2,-y)

Q2: Volume charge density is located in free space as p,: 2 e
0<r< I mm, and p":0 elsewhere.

a) Find the total charge enclosed by the spherical surface r = 1 mm .

b) By using Gauss's law, calculate the vaiue of D, on the surface r: I mm.

Q3: Let E : 400 a*-300 av + 500 a" in the neighborhood ofpoint p (6,2, _3 ) . Find
the incremental work done in moving a 4-c charge a distance oi 1 -,n in ihe direction
specified by : ( 20 MARKS )a) a* -t a, + a, b) -2a, + 3ay -.a.

Q4) Given the current density J : - I 04 [Sin (2x) e-2va, +Cos (2x) e-2y ar] kAlm2 ( zo uenxs )

a) Find the total current crossing the plane y = I in the a, direction in the region0<x<1,0<z<2.
b)Findthetotalcurrentleavingtheregion 0<x,x>1,2<z<3byintegratingJ.dSover
the surface of the cube.

Q5: Find the current in the circular wire , if the current density is J:15(l-e-r0oo,ya. Alm2 .

The radius of the wire is 2mm . ( r0 MARr$ )
b) Given J=103 sin 0 a, Almz in spherical coordinates, find the current crossing the I u
spherical shell r:0.02 m. ( r0 MARKS ) ._. 

I

96' Ato,ul charge of ( 4013) nC is uniformly distributed around a circular ring of radius
2m . Find the potential at a point on the axis 5m from the plane of the ring. compare with
the result where all the charge is at the origin in the form of a point charg-e . ( 20 MARKS )

( IO MARKS )

-tooo' nclmt fo.
( 20 MARKS )

WITH MY BEST I44SHES
M. Q. AL-BASSAM
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Q1

A- w.p. to find the average value of rectifier voltage (V"") where:

Y p= 1 6.26v, Fl20Hz, Pty=22e3 Q, C=5e-6.

-. ..( I )V,,=Vrll-.r*"1 tUsingC++language).

B- If g(x,y) = .r2 + 1,2 find (IJsing Matlab language).

(1) The value of g at the point (1, 2).

(2)The value of g at the point (1, 3) and (2,4).

25%

Q2

A- Find the function y defined through:

lxz+4x+4 for -2<r<-lt-y=l0.l6x' -0.48x for -l<x<1.5
I

[ 0 orherwise

B- Write a script file to define a (3x3) matrix A with

requirements below depending on your entry from

1-The transpose of matrix A.

2-The determinate of matrix A.

3-The inverse of matrix A.

4-The sum of the main diagonal of matrix A.

A- w.p. to compute and print the distance between

Cartesian coordinates where:

. (Use C++ Ianguage)

elements from I to 9 then find

I to 4: (Use Matlab language)

point (x l,yl ) (x2,y2)

-[ 
e

Distance= la-t-a;6;;* (use C++ language)

25%

Q3 25o/o


