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Solve & draw as much as you can (questions in two pages)

Question (1) [10] Points

a- Explain in details: Electrical drives- Speed control of a DC motor?

b- A three phase- Y- induction motor [380V, 60Hz, 1700rpm, pf=0.8, nm=0.85,
4 poles]. Find @syn, S, s, Pm, Tdev When used to:
I-Drive a load of 80Nm, 1440 rpm across gear box of ngear= 0.9.

Ii-Drive an elevator of nee,=0.75 and loaded by 8000Kg to 100m in one minute
(design to half load).

iii-Drive a water pump of 20m*/hour, height =25m across gear box of Mgear=0.8.

Question (2) [15] Points

a- The closed loop control system is used for speed control of a separately excited DC motor.
Draw the steady state block diagram and prove that

Wy KiK¢ Wy Rq

V. BRg+K¢(KiKy+Kp) —Tyw  BRg+Kp(K1Kz+K)

b- A [80Hp, 200V, 1200 rpm] separately excited DC motor is used in a speed
control system. The field current is held constant at a value for which R, =
0.1Q,B=0.03N.m.s/rad, Kb =1.3V.S/rad, K; = 200, K, = 0.1Vs/rad.

I- Find V. required to drive the motor at rated speed with no load?
Ii- Find the motor speed if V. is not changed and the motor supplied rated torque?

Ii- Find the motor speed if V,. is decreased by 15%?



Question (3) [30] Points

A separately excited DC motor has

11hp, 240V, 1500rpm, R, = 0.125Q, Ry = 120Q, K® = 1.5Nm/A, Tipsses =
constant = 2.24Nm, load torque is 50Nm.

a-
b-

Find the motor speed if the armature voltage is 190 V?

Find the motor speed and (pf) if its armature is supplied by fully controlled
single phase rectifier [firing angle = 25 degrees, 240 V, 60Hz AC supply]
and assume constant armature current and field current?

Find the motor speed and (pf) if its armature is supplied by a semi-controlled
single phase rectifier [firing angle = 20 degrees, 240 V, 60Hz AC supply]
and assume constant armature current and field current?

Find the motor speed if its armature is supplied by fully controlled single
phase rectifier [firing angle = 25 degrees, 240 V, 60Hz AC supply]. Assume
constant field current but the armature current discontinuous for 10 degrees
every half cycle?

Draw the wave forms of voltages and currents and the power circuit for b, c,
and d?

Question (4) [10] Points

A separately excited DC motor has[ k@ = o. SNTm,R =0.30, L, = 0.06H ]

a

a- If the load is [SNm at 859 rpm] and the motor armature supplied from class A chopper and
72V dc source. The chopping frequency is 1 KHz. The field current is held constant.

i-Find the minimum duty cycle?
ii-Find the armature current equations during the on and off periods?

iii- Draw the power circuit and current and voltage waveforms?

Question (5) [25] Points

a- Explain how to control the speed of the 3-phase induction motor?
b- A three phase 460V, 60Hz, 4 poles, 1750 rpm, wye-connected induction motor has the
following equivalent circuit parameters referred to the stator side:
R, =1.01Q, R, = 0.690, X,, =43.5Q, X; =1.3Q, X, =1.940, T, = KWy’ =
41Nm at1740rpm



i-Draw the equivalent circuit and find @syn, @r, S, Is, Ir, Pgap, Pcopper , Tdev?

ii- If the motor is connected to a 3-phase full wave AC/AC converter. Find the firing angle
required to run the motor with speed range of 1000 rpm to 1750 rpm.

iii- If the motor is connected to a 3-phase six step inverter. Find the required DC supply to run
the motor with speed of 1000 rpm?

iv- Draw the power circuit and current and voltage waveforms for case ii and case iii?

Answer

Question (1) [20] Points

a- Explain in details: Electrical drives- Speed control of a DC motor?

The study of electric drive systems involves controlling electric motors in the steady
state and in dynamic operations, taking into account the characteristics of me-
chanical loads and the behaviors of power electronic converters.

L =11 1.

The electrical Drive is a system converts the electrical Energy to the mechanical energy with
electrical control.

Drive types are: 1-line shaft drive 2-single motor single load drive 3-multimotor drives.
Functional blocks of an electric drive system

Power Electronic Mechanical
- Motor load
source converter —’/J oa
3
l h

Controller -




1. Separately excited machines. The field winding is composed of a large num-
ber of turns with small cross-section wire. This type of field winding is de-
signed to withstand the rated voltage of the motor. The field and armature
circuits are excited by separate sources.

Speed control of DC drive: Common dc drives are 1-rectifier drives 2-dc chopper drives 3-dual
converter drives
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Imech = K:{(I}d 'f:{’ € Kaqjd{am
In a motor the relation between the emf E, generated in the armature and and the
armature terminal voltage V. 1s

V.=E +IR (7.11

_V,-E,

" R

a

I (7.12

Torque and power:
The electromagnetic torque T,

mech

JFII‘"ﬂrn.ech - Kﬂ {I)dfa
The generated voltage £
E, =K _ DO,
olesC
K, =P2S5%a
2T 5
FE_7T_ : electromagnetic power
E_T _
E—nlech — = = = Ka(I)dIa
&

I

b-Athree phase- Y- induction motor [380V, 60Hz, 1700rpm, pf=0.8, nn=0.85,
4 poles]. Find @syn, S, s, Pm, Tdev When used to:
I-Drive a load of 80Nm, 1440 rpm across gear box of ngear= 0.9.

li-Drive an elevator of mee,=0.75 and loaded by 8000Kg to 100m in one minute
(design to half load).

iii-Drive a water pump of 20m*/hour, height =25m across gear box of Mgear=0.8.
I----Ns=120*60/4=1800rpm, ms=1800*pi/30=188.5rad/s, S=(ns-nr)/ ns =(1800-1700)/1800=0.056
PL=TL* ©.=80*1440*pi/30=12.06KW, Pinp gear= PL/ Mgear=12.06/0.9=13.4KW

Pinp m= Poutm/ NMm=13.4/0.85=15.8KW=\3 VI cos®, [L.=15800/(\3*380*0.8)=29.95A
li-----PL.=F*V=m*g*V=8000%9.81*100/60=130.8 KW, Pinp etle= PL/ Mele=130.8/0.75=174.4KW
Pinp m= Poutm/ Nm=174.4*0.5/0.85=102.6KW=V3 VI cos®, I.=102600/(\3*380*0.8)=124.7A

ii----P =F*V=Q*g*h*p/t=20*9.81*25*1000/3600=1.3625KW, Pinp pump= P/
ngear:13625/08=1703KW, Pinp m— Poutm/ nm:l703/085=2004KW:\/3 VLILCOSq),
1L=2004/(\3#380%0.8)=3.81A

Question (2) [15] Points



a- The closed loop control system is used for speed control of a separately excited DC motor.
Draw the steady state block diagram and prove that

Wy K1K¢ Wy Rq
V,  BRg+Kp(KiKr+K¢) —Ty,,  BRg+K¢p(K1K,+K¢p)
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Fig 63 Development of motor transfer function. () Separately excited de motor model. {b)
Functional block disgram. () Simptified functional block dizgram.

Ea(s) - Eg(s) _ [Ea(s) - Eg(s)]l/Ra
R,+sL, l + 7,5

I(s) =

where 7,=L,/R, =e¢lectrical time constant of the motor armature

T(s) — T,(s) _ [T(s) — T (s)]1/B

B+ Js 1+ 7,5

N(s) =

where 1, =J/B = mechanical time constant of the motor.

N(s) kK kK, .2 (1L + s57,)
E_(s) 1 + &k kK, 2k, I+ s (7, +7) N s2r T,
1 A
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Proportional (P} Controller

Several types of speed controllers® are possible. Two of the more co
ones are proportional ( P) and proportional-integral (PI). First, a P cor

is considered.
From Fig. 6.3

where

Ns) __ G(s)
E(s) 1+ G(s)H(s)

_kkkmikm
T T+t

G(s)

H(S)=k, |

From equations 6.15, 6.15a, and 6.15b
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b- A [80Hp, 200V, 1200 rpm] separately excited DC motor is used in a speed

control system. The field current is held constant at a value for which

R,

0.10,B=0.03N.m.s/rad, Kb =1.3V.S/rad, K; = 200, K, = 0.1Vs/rad.

I- Find V. required to drive the motor at rated speed with no load?

Ii- Find the motor speed if V,. is not changed and the motor supplied rated torque?

Ii- Find the motor speed if V. is decreased by 15%?

i- P=TE=(2pi/60)(1200*T)=80*746, T=474.8Nm, or T=(200-40pi*1.3)*1.3/0.1=476.2Nm

rated speed=1200rpm=125.7rad/s.

_ KiK¢

200 % 1.3 _

Wy _
V.~ BRq+K¢(KiK, + K$p)

27.7

=9.39



Vr=125.7/9.39=13.39V

Aw, R, 0.1 0.089
= = = = 0.00361,
—AT,, BR,+K¢p(K,K,+K¢p) 27.7 419
1.714rad 1.72rad
Aw, = —0.00361%*474.8 = —T,Aa)r = —0.00361 x476.2 = —
124.rad
w, =125.7—-1.72 = = 1184rpm

iii-As Vr decreased to =0.85*13.39=11.38V, wr=11.38*9.39=106.87rad/s

As motor loaded then wr=106.87-1.74=105.rad/s=1004rpm

Question (3) [30] Points

A separately excited DC motor has

11hp, 240V, 1500rpm, R, = 0.125Q, Ry = 120Q, Ko = 1.5Nm/A, Tipsses =
constant = 2.24Nm, load torque is 50Nm.

b-

Find the motor speed if the armature voltage is 190 V?

Find the motor speed and (pf) if its armature is supplied by fully controlled
single phase rectifier [firing angle = 25 degrees, 240 V, 60Hz AC supply]
and assume constant armature current and field current?

Find the motor speed and (pf) if its armature is supplied by a semi-controlled
single phase rectifier [firing angle = 20 degrees, 240 V, 60Hz AC supply]
and assume constant armature current and field current?

Find the motor speed if its armature is supplied by fully controlled single
phase rectifier [firing angle = 25 degrees, 240 V, 60Hz AC supply]. Assume
constant field current but the armature current discontinuous for 10 degrees
every half cycle?

Draw the wave forms of voltages and currents and the power circuit for b, c,
and d?

a-1,=[50+2.24]/1.5=34.83A, E,==190-34.83*0.125=185.65V, w=185.65/1.5=123.76rad/s,

n=1182rpm ,Va=E,+laRa

b-For a single phase rectifier with continuous armature current Va>Ea



a=25 degrees , Va=[2Vmaxcosa]/pi=(2*240*1.414c0s25)/pi=195.83V, w=[195.83-

34.83*0.125]/1.5=127.65rad/s, n=1219rpm ,Va=E.+laRa,
pf= cos0=0.9c0s25=0.82, pfi(fundamental)= cosa=c0s25=0.91
c-For a single phase semi-cont. rectifier with continuous armature current

a=20 degrees , Va=[Vmax(1+cosa)]/pi=[240*1.414(1+c0s20)/pi]=209.56V, w=[209.56-
34.83*0.125]/1.5=136.8rad/s, n=1306.4rpm

pfi(fundamental)= cosa/2=c0s10=0.985, pf=(~2/(pi(pi-0)))(1+cosc)=0.99

d-For a single phase fully-cont. rectifier with discontinuous (10deg.) armature current

a=25 degrees , Va=[Vmax(cosa -c05195)]/pi=[240*1.414(0.966+c0s25)/pi]=202.3V,

w=[202.3-34.83*0.125]/1.5=131.95rad/s, n=1260rpm
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Question (4) [10] Points

A separately excited DC motor has| K@ = o. 5"'77",12 =0.30, L, = 0.06H |

a

a- If the load is [SNm at 859 rpm] and the motor armature is supplied from class A chopper and
72V dc source. The chopping frequency is 1 KHz. The field current is held constant.

i-Find the minimum duty cycle?
1i-Find the armature current equations during the on and off periods?
iii- Draw the power circuit and current and voltage waveforms?

la=5/0.5=10A, E=(2pi/60)*859*0.5=45V ,E/VVdc=45/72=0.625,
Ta=La/Ra=0.06/0.3=0.2S,Tp=1/1000=1mS, Tp/Ta=0.005,

E (T
ton critical = T In [1 +— (3 T—1 )] = (0.626msec.
Vdc

T,
K ivical = éln[l + Vidc <e Ple -1 )]20.626, Va=E,+laRa = 45+10%0.3= 48V,

K=ton/ Tp=Vau/V4c=48/72=0.67> Kc then continuous current mode

t
_ Vae(1—e= "

t
_ Vaee -1y E
Imax - -

D_E 102A Lyin = — =994

T T
Ry(1—e~ Plry  Ra Rg(e T/r-1) Ra




. Vac—E Vac—E _t _
lon period = ;a — ( }:a — Iin)e /T) =90-80exp(-5t)

. —E E _t
loff perioa =7 (o + Imax)e /) =-150+160exp(-5t)
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Question (5) [25] Points

a- Explain how to control the speed of the 3-phase induction motor?

The speed control of an induction motor requires more elaborate techniques than the
speed control of de machines. First, however, let us analyze the basic relationship for
the speed-torque characteristics of an induction motor given in Equation (5.57).



_Pi_ VR,
L=y~ R'\2 2
sms[(Rl + _-) + Xo,

(7.1)
5

By examining this equation, one can conclude that the speed o (or slip ) can be
controlled if at least one of the following variables or parameters is altered:

armature or rotor resistance

armature or rotor inductance

\HI\JI.—‘

magnitude of terminal voltage

4. frequency of terminal voltage
Using three tools are 1-inverter 2-AC/AC converter 3-cycloconverter

(b)

Figure 6.9 Single-phase equivalent circuit for a three-phase induction motor.

Equivalent circuits with the core-loss and iron losses are neglected

b-A three phase 460V, 60Hz, 4 poles, 1750 rpm, wye-connected induction motor has the
following equivalent circuit parameters referred to the stator side:

R, =1.01Q, R, =0.69Q, X,,=43.5Q0,X,=1.3Q0,X,=1.94Q, T| = K(x)r2 =
41Nm at1740rpm

i-Draw the equivalent circuit and find @syn, @r, S, s, Ir, Pgap, Pcopper , Tdev?

ii- If the motor is connected to a 3-phase full wave AC/AC converter. Find the firing angle
required to run the motor with speed range of 1000 rpm to 1750 rpm.

iii- If the motor is connected to a 3-phase six step inverter. Find the required DC supply to run
the motor with speed of 1000 rpm?

iv- Draw the power circuit and current and voltage waveforms for case ii and case iii?

ns=120*60/4=1800rpm, ms=1800*pi/30=188.5rad/sec., wr=1740*pi/30=182.2rad/sec.



S1=(ns-ny)/ ns = (1800-1750)/ 1800= 0.028, wr1=1750*pi/30=183.3rad/sec.
S2=(ns-ny)/ ns = (1800-1000)/ 1800= 0.444, wr2=1000*pi/30=104.72rad/sec.

,2

3I’R 2
motor torque = S(ZU 2 = load torque = K(J)rZ = k(1822) =41Nm,K = 0.001235
S
2 3%0.69 I
load torquel = K(W,.1* Nm = 0.001235(183.3)" =41.5Nm = ﬁ = I, =10.34,

2
+ (X, +X'Z)2]

R,
Vph= I'Z*ZZ I'Z* (R1+T)

0.69

2
V,,h=10.3*\/[(1 °1+M) +(1.3+1.94 )]=Z66.32V

3I7R,

2
load torque2 = K(W,»”* Nm = 0.001235(104.72)" = 13.54nvm = 223
S

I, = (0.444 » 188.5  13.54) /(3  0.69) = 23.4A4,

Vo = 23.4+ 101+ﬂ +(1.3+1.94 )*[=96.7v
4-

As 1750rpm,
Ré—0'69—2464 Z', =1.01+ 24.64 +j(1.3+ 1.94) = 25.86L7.2 Q
S —0oz8 2464 , = 1. . j(1. .94) = 25. .
V., = 460L0 = 265.6L0V, [, = 265.6L.0 =10.3L — 7.2A th =7d
PRT 3 T T 2T 586172 eRTEna = e
As 1000rpm
Ré—0'69—155 Z'5, =1.01+ 155+ /(1.3 + 1.94) = 4.13L.51.7 Q
S = 04aa - o> 5 = 1. . j(1. 94) = 4. .
V., = 46010 = 265.6L0V, I, = 265.6L.0 = 64.3L — 51.7A
ph— 3 274130517 0 '
Tcont. — [(1 - Scont.) g — Srate (Icont.>2
Trate 1- Srate) Scont. Irate
| 103 0444 1-0.444 2 — 53444
= . * = .
cont. 0.028 [1 — 0.028]
then o, 3 from table or curves as I,y = % = 0.834,angle = 51.7deg.

The AC/AC converter used to control the speed of the 3-phase induction motor



. . 2%V .
for six-step inverter V,, = 3 g41 - sinnwt ,

*D
\/E * Vdc
Vipnorms == = 967, Vae = 215V = 600K, K = 0.36
\/E * Vdc
Viphorms = = = 2663, Va = 2663V = 600K, K = 099
Phase control of induction motor Impact of voltage on motor speed
v, SE:Fed : Load Ve <V
Vi e m %‘“
V., i
Torque

as Vzw —
100 ﬂ/
[t
0 5o w,
=
—100
-200 |

e 6.10 Tvpical hne-current and phase-voltage waveforms of a phase-controlled induction motor drive
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Fourier series expansion of line to neutral voltage v, in Fig. 8.20 is given by

iere £=0,1,2...
and line currents can be obtained from Eqgs. (8.44) to (8.46). From Eq. (8.44), rms value of nth
component of line voltage is

4V, nm '
Vin= o %% g ...(8.48)
Rms value of fundamental line voltage,

4V, I i
Vu—mcos g = 07797 K ...(8.49)



1/2
1 2r/3 2
V.= ;jo Vid ()| =\3 V.=08165Y,

Rms value of phase voltage V, is
VL‘ V2
Vp - qg— —3"' Va - 0.4714 Vs

Rms value of fundamental phase voltage, from Eq. (8.47), is

V.= 2Y, =0.4502V Y h
P g~ sTNg

Speed
|
Io, I, 9. Vy L Armature voltage,Vy
s la i/r Armature current,lq
e ----—---—/L---“J--..\ 2
L ], —f f ----- -+\“ ‘§\~(:-Fleld “UX, ’
¢ I o | ‘~~~\ \?(Field current, Iy
‘././l Vt ! .. ‘s.

0 e i —
Bece Speed
speed

=—Constant torquée drive —s4=e— Constant power—.l

drive

Fig. 12.4. Characteristics of a separately-excited dc motor.



12.19. A separately-excited dc motor is fed from 220 V dc source through a
ing at 400 Hz. The load torque is 30 Nm at a speed of 1000 rpm. The motor has
nH and K, = 1.5 V-sec/rad. Neglecting all motor and chopper losses, calculate

nimum and maximum values of armature current and the armature current

wature current expressions during on and off periods.

As the armature resistance is neglected, armature current varies linearly
inimum and maximum values.

i =—L=— =

e armature current, I, K. “1s 20 A

; Ea=Km-wm=1.5xw-=157.08V

ut voltage, oV,=V,=E;+1,r,=157.08+0
_157.08 _
=250 = 0.714

| P .

e, T-f_ 400—2.5 ms

: T,.=aT=0.714%2.5=1.785ms
Toﬂf= (1-a) T=0.7T15ms
-period T, armature current will rise which is governed by the equation,
di
0+L -‘# +E,=V,

di, _V,-E, 220-157.08
dt ) 0.02
: di, E, -157.08
[ period, = R R =-T854 A/s
ent rising linearly, it is seen from Fig. 12.21 that
di
I..=I1,+ [—‘“- during To,,J XT,,

=3146 A/s

dt
=1, +3146x1.785x 107 ®
I..=1, +5616 A1)
‘variation between I, and I, ,, average value of armature current
_dmetdmn g0 a
S 2
I,.=40-1_, -(31)

18. (3) and (i7), we get [, = 22.808 A






e current expression during turn-off,

di

L@)=1,+ [E? during Toﬁ)x t

=22.808-7854¢t for0<t<T,p,

e 12.20. Repeat Example 12.19, in case motor has a resistance of 0.2 Q for its
cuit.

1, (@) From Example 12.19, armature current, I, = 20 A and motor emf, E, = 157.08 V,
e, V, =220 V.

ature circuit, aV,=V,=V,=E, +I,r,=157.08+20x0.2=161.08V

161.08
o= 220 =(0.7322

T,,=0T=0.7322%x 2.5 =1.831 ms

R_ 02
Tyy=T-T,, = 0.669.ms, 75002 10

I',, from Eq. (12.34), armature current is

 220-157.08
W= 52

=3146(1-¢ 0 +1I e 1%

= 1.831 ms, current become /.. This gives
i, 0)=1,,=5.7079+0.981871,,, sdt)
L'y from Eq. (12.35), armature current is

. - 157.08
o 1=

=-7854(1-¢e Y+ -0
669 ms, i,(t) =1, This gives : :
| | i(t)=1, =-5237+0.99331,_ SR (1)
Egs. (i) and (ii), we get |
I,.=5.7079 + 0.98187 (- 5.237 + 0.9933I,.,)

s LG W SRR N ‘

(L= '®+I , e 10¢

=0.5658 + 0.9753 1,
_ 0.5658 _
I.= 0.0247 = 22.907 A '
l,,==5237+0.9933 x 22..997 =17.516 A
ture current excursion &

ad. o =T  =D9.007  _37RIAQ =K 20 A



t-torque region. As explained before, this region of constant torque can be
volts/hertz control as shown in Fig. 12.29. In the low-frequency range of speed,
stator resistance is compensated by a boost in the stator voltage as shown in Fig.
s region, stator current is kept constant at its rated value. Power, equal to the.
onstant torque and speed, varies linearly with speed as shown. Slip frequency

stant during this region.

Stator voltage, ‘/1\

—_——— —

Motor torgue,Te /JT

—e
|

t
) i
' Constant power, P i
Stator current r : |
.
I 7 1
L
/ |
Vi 7P
/ :
o
Y
g |
’ s
0 : 1 2 3 perunit
Constant torque | Conswant power | High speed series speed
s regicn region motoring region —

ig. 12.35. Stator voltage, current, slip-frequency, torque and power variation
with speed for speed-torque characteristics of Fig. 12.34.



power region. When maximum speed, called base speed, is attained in the
» region, stator voltage reaches its rated value. Motor speeds beyond base (or
e obtained by keeping stator voltage constant and lowering the stator frequency.

. 3-phase induction motor is given by

T,= -(i— (Power input to rotor)
S

=?03—s - E,l, cos 6,

rs "
r frequency, cos 8, | = = o 2;\: 7 2123)2 is almost nearer to unity.
9 :
T,== EJ, .(12.76)
S
E,
urrent, I,= -
B
—+
3 J X2
Ty SEQ -

\ps, = > X,. This gives [, = —
s Ty

The three line output voitages can be described by the Fourier series as follows :

4V

Vap™ D, n—n‘cos"—gsin n(ot + n/6) .(8.44)

n=13,85,
_ o AW, ‘

Vo= 3, n—n’cos%sin n(ot - /2) (8.45)

n=]3,5,
o Ay

Ve = 224 008 2% sin nf ot + 2E ...{8.46)

n=1386,~ o 6 6 -

- 3n " . ” .
Forn =3, cos F T 0. Thus, all triplen harmonics are absent from the line voltages as given

by Eqgs. (8.44) to (8.46).



