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AC -DC single phase drive

1 -single-phase semiconverter Drives

A single-phase semiconverterfeeds the armature circuit, asshown in Figure below .1t is a one-
quadrant drive, and is limited to applications up to 15 kW. The converter in thefield circuit can
be a semiconverter.
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Single-phase semiconverter drive.
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2- single-phase full-Converter Drives
The armature voltage is varied by a single-phase full-wave converter, as shown in Figurebelow It
IS a two-quadrant  drive, and is limited to applications up to 15kW. The armature converter
gives +Va or -Va, and allows operation in the first and fourth quadrants.
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Single-phase full-converter drive.



3-single-phase Dual-Converter Drives

Two single-phase full-wave converters are connected, as shown in Figure below. Either
converterl operates to supply a positive armature voltage, Va, or converter 2 operates to supply a
negative armature voltage, -Va. Converterl provides operation in the first and fourth quadrants,
and converter2, in the second and third quadrants. It is a four-quadrant drive and permits four
modes of operation: forward powering, forward braking (regeneration), reverse powering, and
reverse braking (regeneration). It is limited to applications up to 15 kW. The field converter could
be a full-wave, a semi-, or a dual converter.

Converter 1 Ay Converter 2
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Single-phase dual-converter drive.
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AC -DC three phase drive

The armature circuit is connected to the output of a three-phase controlled rectifier or a
forced-commutated three-phase ac—dc converter. Three-phase drives are used for high-
power applications up to megawatt power levels. The ripple frequency of the armature
voltage is higherthan thatof single-phase drives and it requires less inductance in the
armaturecircuit to reduce the armature ripplecurrent. The armature current is mostly
continuous, and therefore the motor performance is better compared with that of single-
phase drives. Similar to the single-phase drives, three-phase drives may also be
subdivided into:

1. Three-phase half-wave-converter drives .

2. Three-phase semiconverter drives .

3. Three-phase full-converter drives.

4. Three-phase dual-converter drives

1. Three-phase half-wave-converter drives

A three-phase half-wave converter-fed dc motor drive operates in one quadrant and
could be used in applications up to a 40-kW power level. The field converter could be a
single-phase or three-phase semiconverter. This drive is not normally used in indus-
trial applications because the ac supply contains dc components.
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2- Three-phase semiconverter Drives

A three-phase semiconverter-fed drive is a one-quadrant drive without field reversal,
and is limited to applications up to 115 kW. The field converter should also be a single-
phase or a three-phase semiconverter.

With a three-phase semiconverter in the armature circuit.

3V3V,,
= (1 + cos ay) for0 =, ==
21T
With a three-phase semiconverter in the field circuit,
_3V3V,
Vi = . (1 + cos ay) for0 =ay=m

3-Three-phase full-Converter Drives

A three-phase full-wave-converter drive is a two-quadrant drive without any field reversal, and
is limited to applications up to 1500  kW. During regeneration for reversing direction of
power flow, the back emf of the motor is reversed by reversing the field excitation. The
converterin the field circuit should be a single- or three-phase full converter. With a three-
phase full-wave converter in the armature circuit.
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4-Three-phase Dual-Converter Drives

Two three-phase full-wave converters are connected in antiparallel. Either converter 1operates
to supply a positivearmature voltage, Va, or converter 2 operates tosupply a negative
armature voltage,-Va. It is a four-quadrant drive and is limited to applications up to1500 kW.
Similar to single-phase drives,the field converter can be a full-wave converter or a
semiconverter. If converter 1 operates with a delay angle of a_,,

3V3V,,
V, = T Cosay for0 =a, =
3V3V,,
V, = T COs o for0 =aqp =
3V3V,, ,
Vi= COS Q for0 = ar=m
. IIT “ “



VS S i T —e NN
t t iy ) v,
Ts + iy 2 A T’
vr Ry
o i,
R,
Ve Vo2
<D
L, ¢ - %3’ -
: ] . |
Ca)
On | 15, Tg | Te, T 19,75 15, T3 | 153, T, T4, T5 15, Tg |
AV | | | | | | | |
an I Van [ Ybn Ven
I~ : Vo
0 T | w? (b)
1 1
1 1
1 1 1 |
i i i !
~ | — Van | ___ Vibn _ Ven ———
Vv,, | —_—— A AKX I —_—— JULAW - AAAK -
- oL A o Jb‘ Js\
Py P LY o> w? (€
/ -~ -
:/ (./ (//
—— it S~ T~
) I oo ] I Converter 1 output for a; = 60°
Vol
“ Vep Vab Voo Vba Vea Veb
ar a7+ oy 3ar DT
A —v -0 6 2 I 2 Converter 2 output for a, = 120°
/ Vac Vbe Vba Vea Veb Vab Vac
0 LI [ | 7ar wt (e)
— Choke voltage
6 | ™ — oy | o 6 e
A o~
Vy = Vo1 -+ Vo2
0 I ,,T\ wr (D)
\I 6 \

Three-phase dual converter. (a) Circuit, (b) Triggering sequences, (¢) Input supply voltages, (d) Output
voltage for converter 1, (e) Output voltage for converter 2, and (f) Circulating inductor voltage.



Example 15.2 Fmdmg the Performance Parameters of a Single- Phase
Semiconverter Drive

‘The speed of a separately -excited motor is controlled by a single-phase semiconverter in
Figure 15.12a. The field current, which is also controlled by a semiconverter, is set to the maxi-
mum possible value, The ac supply voltage to the armature and field converters is one phase,
208V, 60 Hz. The armature resistance is R, = 0.25 {), the field resistance is Ry ='147(), and the.
motor voltage constant is K, = 0.7032 V/A rad/s. The load torque is T, = 45 N *m at 1000 rpm.

. The viscous friction and no-load losses are negligible. The inductances of the armature and field
circuits are sufficient enough to make the armature and field currents continuous and ripple
free. Determine (a) the field current /; (b) the delay angle of the converter in the armature cir-
cuit a,; and (c) the input power factor (PF) of the armatitre circuit converter. -

Solution
Vi =208V,V, = V2 X208 =29416V,R, =025, R, = 147, Td-»TL-45N m; K, =

0, 7032 V/A radfs,and w = 1000 7/30 = 104.72 rad’s.

- “a From Eq. (15.16), the maximum field voltage (and current) is obtained for a delay
" angleofa; = Oand

2V,
o 2X29416 _ 18727V
A 0 y

The ﬁei’d current is

v,
;18727

== =—"=1214A
t Ry 147



_ Tq _ 7 45
T K, 07032 % 1.274

1, =5023A .

From Eq. (15.2),
Ey = Kywlp = 07032 X 104.72 X 1.274 = 93.82 V
From Eq. (15.3), the armature voltage is |
V, =93.82 + I,R, = 93.82 + 50.23 X 0.25 = 93.82 + 12.56 = 106.38 V

From Eq. (15.15), V, = 106.38 = (294.16/7) X (1 + cos a,) and this gives the delay
angle as o, = 82.2°,

If the armature current is constant and ripple free, the output power is P, = V,I, =
106.38 X 50.23 = 5343.5 W. If the losses in the armature converter are neglected, the
power from the supply is P, = P, = 5343.5 W. The rms input current of the armature
converter, as shown in Figure 15.12, is

m 12 — 2
e )15
27 Jq, o

180 — 82.2\!~2 _
50 ) = 37.03 A

= 50.23 (

and the input volt-ampere (VA) rating is VI = VI, = 208 X 37.03 = 7702.24. As-
suming negligible harmonics, the input PF is approximately -

P, 53435

PF = 31 = 770024

= 0.694 (lagging)

From Eq. (10.61),

V2(1 + cos 82.2°)
[r(m — 82.2°)112

PF = = 0.694 (lagging)



Example 15.3 Finding the Performance Parameters of d Single-Phase
Full Converter Drive

The speed of a separately excited dc motor is controlled by a single-phase full-wave converter in
Figure 15.13a. The field circuit is also controlled by a full converter and the field current is set to
the maximum possible value. The ac supply voltage to the armature and field converters is one
phase, 440 V, 60 Hz. The armature resistance is R, = 0.25 (), the field circuit resistance is
Ry = 175 (), and the motor voltage constant is K, = 1.4 V/A rad/s. The armature current corre-
sponding to the load demand is /, = 45 A. The viscous friction and no-load losses are negligible.,
The inductances of the armature and field circuits are sufficient to make the armature and field
. currents continuous and ripple free. If the delay angle of the armature converter is a, = 60° and
the armature current is /, = 45 A, determine (a) the torque developed by the motor Ty, (b) the
speed w, and (c) the input PF of the drive.

Solution o
V., =440V, V, =2 X 440 = 62225V, R, = 025 Q, Ry = 175 Q, a, = 60°, andK —14

VIA radls. - . .
-a, From Eq. (15.18), the maximum field voltage (and current) would be. obtained fora

delay angle of oy = 0 and _
2V 2 X 62225

vV = 30614V
f ar m
The field current is I = _Vi — M =226A
] Ry 175

From Eq. (15.4), the developed torqueis Ty = Ty, = Ky, = 1.4 X 226 X 45 = 1424 N+*m



2V, - 2 X 622.
Va = —TT—COS 60° = - :_22 2 cos 60° = 198.07 V

E, =V, ~ LR, = 198.07 - 45 X 025 = 18682V

Lo De 18682
- Kﬂff 1.4 X 226

= 59.05 rad/s or 564 rpm

¢. Assuming lossless converters, the total input power from the supply is

P =V, + Vi, =19807 X 45 + 396.14 X 2.26 = 9808.4 W

‘The input current of the armature converter for a highly inductive Joad is shown in
Figure 15.13b and its rms value is I, = I, = 45 A, The rms value of the input cur-
rent of field converter is Iy = I; = 2.26 A. The effective rms supply current can be

found from
I = (1% + 13"

= (457 + 22641 = 45.06 A

and the input VA rating, VI = Vi, = 440 X 45,06 = 19,826.4. Neglecting the ripples,

the input power factor is approximately P 08084

PF =G = Togea - 040 Uassing).

or pr = (22 _ (22 9 = 045 (lagei
(17 0s ot = - cos 60° = 045 (lagging)



Example 15.4 Finding the Delay ;\ngle and Feedback Power in Regenerative Braking

If the polarity of the motor back emf in Example 15.3 is reversed by reversing the polarity of the
field current, determine (a) the delay angle of the armature circuit converter, a,, to maintain the
armature current constant at the same value of 1, = 45 A; and (b) the power fed back to the sup-
ply due to regenerative braking of the motor, - : -

Solution

a. From part (b) of Example 153, the back emf at the time of polarity reversal is
E, =186.82'V and after polarity reversal E, = ~186.82 V. From Eq. (15.3),

Vo=E, + I,LR, = 18682 + 45 X 025 = ~17557V

From Eq. (15.17),
2V, _2X622.25

V,= . cose,

cosa, = —~175.57V
o o

and this yields the delay angle of the armature converter as o, = 116.31°,
b. The power fed back to the supplyis P, = V,I = 175.57 X 45 = 7900.7 W.




De—dc converter (or simply chopper) drives are widely used in traction applications all
over the world. A de-dc converter 1s connected between a fixed-voltage dc source and a
dc motor to vary the armature voltage. In addition to armature voltage control, a de-dc
converter can provide regenerative braking of the motors and can return energy back to
the supply. This energy-saving feature 1s particularly attractive to transportation systems
with frequent stops such as mass rapid transit (MRT). De—dc converter drives are also
used in battery electric vehicles (BEVs). A dc motor can be operated in one of the four
quadrants by controlling the armature or field voltages (or currents). It is often required
to reverse the armature or field terminals to operate the motor in the desired quadrant.

[f the supply 1s nonreceptive during the regenerative braking, the line voltage
would mcrease and regenerative braking may not be possible. In this case, an alternative
form of braking is necessary, such as rheostatic braking,



Choppers are used for the control of de motors because of a
number of advantages such as high efficiency, flexibility in
control, light weight, small size, quick response, and
regeneration down to very low speeds. Chopper controlled dc
drives have applications in servos and traction. In traction, they
have been used In underground transit, in battery operated
vehicles such as forklift trucks, trolleys, and so on.

For a dc motor control in open-loop and closed-loop
configurations, the chopper offers a number of advantages
over controlled rectifiers. Because of the higher frequency of
the output voltage ripple, the ripple in the motor armature
current is less and the region of discontinuous conduction iIn
the speed-torque plane is smaller



The possiblecontrol modes of a dc—dc converter drive are:
1. Power (or acceleration) control

2. Regenerative brake control

3. Rheostatic brake control

4. Combined regenerative and rheostatic brake control

1-principle of power Control

The dc—dc converter Is used to control the armature voltage of a dc
motor. The circuit arrangement of a converter-fed dc separately excited
motor Is shown in Fig.1l. The dc—dc converter switch could be a
transistors or an IGBT.This isa one-quadrantdrive, assuming a highly
Inductive load. The average armaturevoltage is V, = kVs

Where K is the duty cycle of the dc—dc converter. The power supplied
to the motor iIsPo=V_ I, =kVs I,



Where [, Is the average armature current of the motor and it is ripple free.
Assuming a lossless dc—dc converter, the input power is Pi = PO =
kVs Is. The average value of the input currentis Is = ki,

g 4 la
1(1
i
0 > [
V Al
S V I,
f
0 > [
— AV, kT T
© V.
Circuit l
0 > [
AV, lv., kT T
Ve[~ 7
0 > [
0 >/, kT
Quadrant Waveforms

Converter-fed dc drive in power control.



The equivalent input resistance of the dc—dc converter drive

seen by the source Is v, V1

Req =
Iy I,k
By varying the duty cycle k, the power flowto the motor

(and speed) can be controlled. For a finite armature
circuit inductance. be approximated to Al ,, = -2

AL f

Where R and L, are the total armature circuit resistance and
Inductance, respectively. For a separately excited motor, R, =
R, + any series resistance, and L., = L, + any series inductance.

Fora series motor, R, =R, + R;+ any series resistance, and L,
= L, + L + any series inductance.



Example .1 .A 250-V separately excited motor de has an armature
resistance of 2.5 ohm. When driving a load at 600 rpm with constant
torque, the armature takes 20 A. This motor is controlled by a chopper
circuit with a frequency of 400 Hz and an input voltage of 250 V.

1. What should be the value of the duty ratio if one desires to reduce the
speed from 600 to 400 rpm, with the load torqgue maintained constant?

Solution: With an input voltage of 250 V and at a constant torque,
the motor will run at 600 rpm when k= 1.

1. At 600 rpm E, = V, - I,R, = 250 - 20 X 2.5 = 200 V

At 400 rpm, the back emf E_,=200 x (400/600) =133V

The average chopper output voltage KVa=Eg + I.Ra =133+ 20 x 2.5
= 183 V. Now K= 183/250 = 0.73.



Example 2 Finding the Performance Parameters of a Dc-dc Converter Drive

A dc separately excited motor is powered by a dc—dc converter

from a 600-V dc source. The armature resistance is R, = 0.05 (). The back emf constant of the
motor is K, = 1.527 V/A rad/s. The average armature current is /, = 250 A. The field current 1s
Iy = 2.5 A. The armature current is continuous and has negligible ripple. If the duty cycle of the
dc—dc converter is 60%, determine (a) the input power from the source, (b) the equivalent input
resistance of the dc—dc converter drive, (c) the motor speed, and (d) the developed torque.

Solution
V, =600V, I, =250 A, and k = 0.6. The total armature circuit resistance 1s R,, = R, = 0.05 ().

@ P =kVI, = 0.6 X 600 X 250 = 90 kW
b. R.q = 600/(250 X 0.6) = 4 Q.
C. V, = 0.6 X 600 = 360 V. The back emf is
E, =V, = R,I,, = 360 — 0.05 X 250 = 3475V
the motor speed is

347.5 30
—= = . . X — = .
© = T 0 91.03rad/s or 91.03 - 869.3 rpm

d. T, = 1.527 X 250 X 2.5 = 95438 N m



