Power Electronics Dr. Mohammed Tawfeeq

Tutorial Sheet No.6

Application to motor control

1. A single-phase full converter is used to control the speed of small separately excited
d.c. motor rated at 5 hp, 110V, 1200 rpm as shown in Fig.1. The converter is connected
to a single — phase 120 V, 50 Hz supply. The armature resistance is Ra = 0.40 ohm and
the armature circuit inductance is La = 5 mH. The motor voltage constant is Ke @ = 0.09
V/rpm.

With the converter operates as a rectifier , the d.c. motor runs at 1000 rpm and carries an
armature current of 30 A . Assume that the motor current is continuous, determine:

(@) The firing angle a.
(b) The power delivered to the motor.
(c) The supply power factor.

Fig.1 ¢

2. A single-phase semiconverter , shown in Fig.2 , is used to control the speed of small
separately excited d.c. motor rated at 4.5 kW, 220V, 1500 rpm. The converter is
connected to a single — phase 230 V, 50 Hz supply. The armature resistance is Ra =
0.50 ohm and the armature circuit inductance is La = 10 mH. The motor voltage constant
isKe ®=0.1 V/rpm.

With the converter operates as a rectifier , the d.c. motor runs at 1200 rpm and carries an
armature current of 16 A . Assume that the motor current is continuous and ripple-free,
determine:




(d) The firing angle a.
(e) The power delivered to the motor.
(F) The supply power factor.

Fig.2 TR S P
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3. A d.c. permanent magnet motor has the following parameters:
Ra=3Q , Ke=0.52 Virpmwb , ® (flux per pole) = 150 mWh.

The motor speed is controlled by a full wave bridge rectifier. The firing angle a is set at
45°, and the average speed is 1450 rpm. The applied a.c. voltage to the bridge is
vs=330sinwt volts. Assuming the motor current is continuous; calculate the armature
current drawn by the motor and the steady-state torque for the cases of:

(@) Fully controlled brdge
(b) Half-controlled (semiconverter) bridge.
Note: Ea=Ke®n , T=Kr®dla , Ky = 9.55Ke , N =speed in rpm.

[Ans: (a) la=11.8 A, T=8.79 N.m, (b) 1a=22A,T=16.38 m]

4. A 100 hp , 1750 rpm , d.c. shunt motor has an armature inductance of 1.1 mH, a
resistance of 0.0144 Q and an armature voltage constant of 1.27 volt —sec /rad. The
motor is operated from a 3 — phase half-wave controlled — rectifier at rated armature
current of 340 A. Find the firing angle o, assuming that the supply voltage is 480 V and
the motor speed is 1750 rpm. Consider the thyristors to have a forward voltage drop of 1
Volt and assume continuous conduction.

[a=42.6°]



5. The speed of 10 hp, 230V 1200 rpm separately excited d.c. motor is controlled by
single-phase fully controlled full-wave rectifier bridge. The rated armature current is
38A, Ra = 0.3 ohm ,the ac supply voltage = 260V.The motor voltage constant is Ke @ =
0.182 V/rpm .Assume sufficient inductance is present in the armature circuit to make la
continuous and ripple-free:

(a) For a = 30° and rated motor current calculate,
(i) motor torque (ii) motor speed (iii) supply power factor

(b) the polarity of the armature emf is reversed say by reversing the field excitation
,calculate :
(i) the firing angle to keep the motor current at its rated value .

(ii) the power fed back to the supply.
[ Ans: (a) (i) 66.12 N.m ,(ii) 1051.8 rpm,(iii) p.f=0.78, (b) (i) a = 140°,(ii) 6840 W]

6. The speed of a 125 hp, 600 V, 1800 rpm, separately excited d.c. motor is controlled by
a three-phase fully controlled full- converter (6-pulse converter). The converter is
operating from a 3 — phase 480, 60 Hz supply. The rated armature current of the motor is
165 A. The motor parameters are:

Ra = 0.0874Q La=6.5mH, Ke ® =0.33 V/rpm

(@) Find no — load speeds at firing angles a =0° and a = 30° .Assume that ,at no load,
the armature current is 10% of the rated current and is continuous .

(b) Find the firing angle to obtain the rated speed of 1800 rpm at rated motor current.

[Ans: (a) 1959 rpm, 1696 rpm, (b) a = 20.1°]



‘ P@t\;e(— ['-;le( brenwc s DT_ ML}"\GMMt“J’\—:‘L—;\?f;F 'I/
l _ Uroeral Sheet Nc}-g

TY el Sraoblem Solutriens
gt ‘

Quesrion 1

[ R
Thi 3 a
(Ot) Eq = Ke g N r_‘_\___:;x T %La

A5 < Ui ngus Vdc '
- ogqxiee = gV o o * l P
I"om.g -

\/{:‘; :V&‘{C = Ea 1—1(\ Rc«
— Qo 4+3Bex0 4 = o2V .

LU'Z- ELCMVE{ JC@ r ’(’tuz “ “ - dlAalre
Vale = Va = 2V cogx = BXEXIZE cosx = 02
N i

F&l'(— Conver e s

C . ¢ - P e o
2yz X1 P

— - A Ve

oy h“'zm Sipp by Cuvrent 9\ as a dfudare (e

(C. ) [ FP/ | AL 3o
(U u‘t‘lfl QW\P {'{"‘L‘vle— ~L"-‘i. = 30 A N !S ‘

oA _ [ (U I —
Is:#%ﬂLwa:Lu&%‘ S
i

g Svpp.\/ VA = S = 120X30= 3600

5@1])))'1/ Cvrren(

‘ Ackive Pewer (W) = 3;{60 = .85
T Dow = Ty F e —
oo ’Po\,@ er dﬁlchw _APPﬂff”m’" Puwei’( VA) S



Question 2

() Eau-ikegph i—"‘"l M-The
T 3

za-1 Xiz2ov A2evew

— [V —
= 120 £ $D

Va = Vde =Ca + Ta Pa

= 120 + (6X0.8 = 120+ 8= 123 \/.

. . o p T feer
Feo.- H £ - C"'c.s?:-rr‘cf”cg/ ] Cjéﬁ’h Ccmvérr-er) reck

Va = Vde = Y (14 cos )
Vz X229 (i—f— Cujo() —jz8 -
NAY
CosX = .22 . 1.¢ = O.292
&3

Fo X = [3.¢ *

(b) P: Vi La = 128X 168 = 2648 W ~

(C) ﬂi& S'\J?ID!Dl - OMYTen i i < T A
S}Qouvn i F—mre 'o-alonj -

[a) . T X+T

S S
T, . - _\/.._r_,ﬁrq) e
Tr
o

= \).-Iaf Tewt]™
ox

— ~_ = I Lt TR 3dq -0
= —L(’& \} ‘Tr:;(?( g Ié --“- = 3“‘;‘

= 232 A . |
m,e S‘V’Ppy VA — 220 X12-33 = 27Zi2-9

o PJ: __F_VV .—__M: 07‘5‘/7
o oo - - va 7 2F 1291 P

]
1

1



(R3.

(O"} Fof Fm” - C.“on{'m“fci b*”i'c'((f],e’

Ve - .%;\{CL”_ Cos K
Nis

SO
= 2X53¢ GAYA T
T

— 148 53V.

vdc. = Ve - Ea + Lo Ra
14893 = Kedpnn + La X3
= 052K 045 Xi450 o 3Ll -
oo La = 11.84 A
Ky - qugs Ke = “4-9¢¢
T = Ky Ta @ = 4-96¢6X0 15X 18t = &779 MNom

(b)y Feor Semiccwecrer ( half —conrreiled)

Ve = y%”_(f_,-_ Cos )

J
-+
-t
0y
[
-+
<
(4
vy

Vde = Eq+ takRa
| 79 36T = Kedn +3 T B
—o52xo A5 X450 + 3 La
e da = 22 M -
T7 = 4.9ééXcamsxez - 1638 Nm.



QY.

,, a

Si’fﬁ‘l C"%’ Yy mote - (0 rop: Shunt Motror
N = 1150 7pm- |
(.'h(}iﬂa,g %\M S‘Pcerf ﬁv g Y‘.I‘)m to huf[ﬁ:"( :

(Ll = 27 n — 27 x [#+50 = (923 25 rdc//f(“(' .

7 e fbene ot ke = B o1z
Armature  Volta G2 cen 3Hen e = —5

- Lo 1E325XL2F = Z232.F2V
Cig ~ O - " o
X302 i ; =
| \ S
L{:lc 553—{‘?— f Vin sinevt clect vde b AN o
"__3:‘ | MY R

) +3¢ . )
1\\\ LT N
- x+30 w iz

- 324, CosX
q I R L(KSI‘\ C{J‘u‘u

V;f‘ = —Eq 4 IQ R('& +- A\/’b
-3 .
324, COsok = 232.F 4 (4.4 Xw x 340 + 1

e
L = L4 2.6

¥

LS vl



Question 5

\/’5:260\/ a T
(Cx) ngrﬁue Calialai7'0n s 1 @_—% % Vdc 3?:
W) Te=Kréla < * :

Sepy iu :
KC(}'J‘: =Y AV \//rrm 174 *

but Kras = Kedh x 9.55
— o 82X .55 = .74
S Kepla=T =1 #4x38= 661 N.m Lzm]

(L[) Slaceec! QX(CulaHGn{
For Fullwave full _Contvlled  rectifier
Vdc:w—i; Cosx = M@sﬁa = 202 .32\/ .
T v
(=yH - Ve _LaRa = 20222 - 38X0.3~ 1904\«
Ep _ 194
Ked T og2

Stnce Ep =Ke P n on V1= = 1651 rpm-
I zm]

(L) Pwer factar aclalation :
PF-: !ck_—(:ft_ — “\{iﬁi~w_—: C.-F& EZM]

Vs Ten V¥ Z6o

QE) (o) CU"\en ‘(’L&e Folah"‘l—j Y’eve.r'sqgl an ‘H’ze me for f’e-"m’h“Q5

E“g::-Eb:-—lC{f.f—'—fZ\/*
2Vl = Ep - LaRa = —lq1-42 - $8X0-3 = =186\
\ ] i _ . 3
Vdczi_@%’%@sdzﬁ\go @O(:H‘O B

(-“) \DCJLUér {cc\“:adz_ to the Suppy :
= Vde 1w = —18ax 38 = 840 .7 W
= ¢.94 KW Lami




TWiccial Shect Na. [4
R-&
(Q) N -iL,_.,..b._(j Ccncl\‘h‘an . The 3"??('/'/ Pirm.rc* cuorren it
Vph = é—f-&—q— - 2772 V.
V3

\/Ph(m(«'X) = {2—)(277-
e JFM" ~Wave F"‘” _centroiled Ree h‘f'er br'flﬁ—e

Vil = 3"/?\’ vk (max) 1o

— VT XVTXZPF cpsoq ]_r_j‘_’_l,__,l
TC

= GEE Cosox
F-;‘)r o Oh
Vde = Va
Ea = Va—-LaRa = &4% —(1€5x0.0874)
= E49¢.¢\V .

Neo . load S‘peecj s
= 466 _ |gqs9 repm
Ny, = - -Ba_ . °2° 2 - 59 P
“ Ked ~ €33

For o~ =3¢° ,
Vo = é4p@s30 = 5612V,
Ea =5¢i.o_ (¢ 5xe0-0824) = 55g.8\
Tilag [\ Y'S} Qg}wj S'\')C',‘t" cj \‘S':
hg = 7218 = I€age vpm -

o33

(‘9) ru“—(r:mai Condirwon o Ac (g oo TPy
Ea = a.33xig00 = 594V

Va = 594 + (W65 X ¢ -0874) = Go& <\
co 643 cosox = COE-4
G ol = Zo-1° . 4



