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ABSTRACT

In the present work a scheme has been
propssed for oontmlling the speed of Kramer Drive.
The scheme employs a so0lid state chopper for the
purpose. The performance equations of the systenm
have been derived. Bxparmental regults are com=
pared with theoretical results and the discre-
pancies explained.
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LIST? OF SYMBOLS

= Commutating capecitor (uF)
a rotor phase voltage (V)

T S o

e instantanecus value of current (A)

I, = Primary phase current (1)

I, = f£ield current of d.c.motor (A)

I o d.c. motor amature ourrent (A) .
I, = load current (A)

Loy, = Locked rotor eurrent (A)

K = rotational voltage oaetﬂoient of d-c.motor
Ly1sTpp= stator and rotor self inductence (H)

Lo = mutual inductence (H)

Lo = 4.¢. motor armature self inductance (H)
I, = inductente in chopper circuit (H) _
L, = external inductance in series with loed (H)
N = speed (r.p.m.)
112/11:l = rotor to stator tum ratio
| P, = number of poles on induction motor
Pogy = Output of synchronous gemerator (w)

r)»T, = stator and rotor resistance ()

r, = d.c. motor amature resistence (Q)
Ryg = Synchronous generator resistance (%)
S = per unit slip

8, = 3lip at steagdy state

6y = Nno load mslip

3
ot

= electromagnetic torque of induction motor (Nw-m)



T = steady state torque developed by the drive (Xw-m)
T,.3 =1o° load torque |
v = ingtantaneoua value of voltage (V)
vy = applied r.m.s.phase voltege to stator (v
v, = applied rem.s.phase voltage to rotor (V)
3 = rectified d.c.voltage (V)
Vo = Voltage ecross capacitor
v = Load voltage (V)

' a Input power to induotion motor (W)
Wayn = Ou-losses of synchronous generator (W)
£ = Power factor angle (degree)

& = duty cycle
@ .= supply frequency (rai/sec.)
Subgoript

d = direct axis quantity

q = quaddbature axis quantity

o = stesdy state quantity

8 a stator quantity

r = rotor quamtity



- CHAPTER - 1
INTRODUCTION

Mony industrial processes require varisble speed
drive. But essentially induotion motor is a constant
gpeed drive. If by some means the speed control of Induc~
tion motor can be schieved then induction motor is the most
economical in comparison to D.C.motor and thus avoid the

expenge of a«C+/d«.C. conversion.

The wound rotor induction motor is not as rugged
as the squirrel-cage motor and cemnot operate at very high
speeds. But the outé‘canding foature of the slip ring type
of induction motor i1g that the gtarting and cperating
characteristics can be determined by suitebly controlling
the rotor ecircuit, as for example, by connecting resistances
in series with the slip rings for the improvement of the
starting torque as well as for the control otv gpeed and
power factor. The reduced speed operation with sm ordi-
nary wound rotor induction motor supplied at constant
frequency source, as is well known, is pﬁas:lbla only by
the wagteful expedient of ‘bleeding off' glip frequency
energy from the rotor and dissipating i¢ in a set of
external rotor resistances. During reduced gpeed opere~
tion at any given torque, the power difference detween
the fixed stator input power detemined by the torque
and the gotual output power at the shaft is wasted in the
rotor external resigtences. Such an ineffioient arrange-
ment is olearly quite unsuiteble.



1.1 Speed Control Through Siip Power Recovery Sohemeg
An attempt to replace the additiona_l resistances from

. the rotor circuit of the wound rotor induction motor by means
of suxiliary mechines was made by Scherbius and Kramer in
order to obtain the desired speed control at higher efficiency
with the help of recovered rotor slip power. All slip power
recovery schemes enable the motor to 6pera,te at continuously

variable spaedm These gchemes can be divided into two
groups - o '

(a) Eleotrical Recovery
(v) Mechanical Recovery

1.1.1 Electrical Recovery Scheme |

'In Electrical Recovery shown in Fig. 1.1, the slip
power converter converts motor electrical power at slip
frequency intc an eleotrical power at the line frequency.
In this scheme mechanical torque remains constant. For
subaynchronous operation, the additionel rotor slip power
converted into that at line frequency ias returned to the
supply whereas for super synchronous operation, the aidi-
tional power required ig taken from the pupply at the iino
frequency, which is converted into that at the slip rrequency
of the rotor, and is fed to the rotor winding.

1.1.2 Mechanical Recovery Seheme

In the scheme shown in Fig. 1.2 the rotor mlip power
is converted into mechanical power by an euxiliary mechine
which is then, for subsynchronous operztion, alded to the
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rotor shaft. For super synchronous operation, the sddi-
tional power required is taken from the rotor shaft (inm
the form of mechanical power) which is converted into an
electrical power at the slip frequency and is fed to the
rotor winding. This scheme maintains mechanical power con-

stant throughout.

1.2 Literature Review
(1

The basic kremer combination 2) developed some
sixty years ago, used a rotary converter to provide the
necessary slip frequency a.c./d.c. conversion, but the
cost of providing and maintaining the multiplicity of
machines and brush gear naturally told rather heavily
against this type of drive. It was however often success-
fully employed, especially for limited speed ranges and ok
very large outputs, where no very practicabie alternative

was availadle. The actual speed control is effected by

- varying the field current of d.c. motor.

In the original kramer system the speéd of the
main motor must be lesa than sbout 80 percent or greater
than 120 percent of its synchronous épeed as the rotary
converter becomes unstat‘)le‘ with less than gbout 10 Hz at
its slip rings. A continuoug range of speed control both

above and below aynchronous is thus not practicedle.

The recent developments in the field of solid state
devices which can handle large quantum of power e.g.,

silicon didoes and SCR3, have diverted the attention



towards the use of these static devices. By using these
static devices the rotary machines can be replaced to achieve
high efficiency and greater reliability bdesides low main-

tenance, smaller size and reduced cost.

In one of the papers by K‘Runamoorty“). a achenfis
has been proposed for the speed control of slip ring imduc-
tion motor using thyristor controlled ;:hoppe:c. It has been
shown that a wide range of speed variation is obtained and
it con be used for any type of drive. Inspite of the
simple and cheap control the schéme has a digadvantage.
Simple chopper 61m1t, produces diasontinuous rotor currents
and ocauses exceassive rotor heating which results in derating
of the motor. The speed range obtainable by the simple
choppér is also limited. ‘

Another scheme has been investigated by Sen and _Ma”)
for speed control of induction wumotor using a chopper cir-
cuit in the rotor side. The control scheme provides conti-
nuous and contactless variation of rotor resistance by
electronic mesns snd theredby eliminates the Iundesilmble
features of the conventional rotor resistance, control
method. MFurther a d.c. and a.c. circuit models have been
developed and a thorough analysis of stealy state perfor-
mence of the system 1g presented. The feosibility of the
system and verification of theoretical results are demons-
trated by experimental results and it ie anticipated that
such simple and elegent control scheme will find applice-
tions in many industrial drives.



Bland and Hancook('j) presented a paper on 'considera-
tions conecerning o modified krsmer system'. In view of the
above paper a variable speed drive can be odbtained by mesns
of a modified kramer system consisting of a polyphase
induction motor, the rotor circuit of whicﬁ is comnected
through e 3-phase bridge rectifier to the amature of a |
d.c. motor direcrtlj coupled to the induction motor. Control
is obtained by varying the field excitation of the d.c.motor.
The oporation of such a aystem is considered in respect of
the commutating reéctanoe, the speeds at wirich locking
torques due to curmrit_ harmonics could occur end, the

possidle magmitudes of the current harmonics and the losses.

1.3 Pregent State of Art
The modified Krgmer varisble-speed cascaded motor

oonbinagtion consista gasentially of a wound rotor

motor and a rectifier fegd anxiliary d.c. motor, the two
machines being mechanically coupled and comnected electri-
cally in cascade i.e. with the d.c. motor energised via
the rectifier from the slip-rings of the induction motor.
With this éehemu speed control in the subsynchronous region
from synchronous to 50 percent of synchronous speed is only
possidble.

1.4 York Presented
In the present work a chopper has dbeen 1ntrqdncod
between the rectifier and the a.0. motor and the speed

control range is increased from gero to synch. speed.



Experimental results hgve been compared with the
theoretical ones and the discrepencies explained.



CHAPTER ~ II

PERFORMANCE BQUATIONS OF THE SYSTEM

This chapter deals with the performamce equationa of
the Kramer Drive. These equations have been derived in

reforence (11).

The basic diagram showing voltages amd currents of
Kygmer Drive §3 shown in Pig. 2.1. In deriving the perfor-

mance equations two basic assumptions have been mede.

(1) The commutation time of the thyristors is negligible.
(2) Chopper input is a steady d.¢. voltage '

2.1 Dynemfie Equations of t¢he System

The induction motor equations expressed in the

synchronously rotating reference frame are(d)

Vas = (B #P) Lg4 = WIpal g #1300 $gp = Vil (201)
Vas = V11 dag K7y 4y P01 8l L4 tlnop 40 (3.:2)
Var = LioP f9gWhp g4 7 olpop) 19,SWhpp 1o (3:3)
Vor = My 4 ¢ Ly op Lgs * Mop fap¥mpdlpon) 1o, (3.4)

and the electromagnetic torque developed in Newton meters
is given by

P
Tei_ Ig ;1' 1112 (1q! id!.' - ‘.de iqr) (2’5)
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Let the voltages aspplied to the stator phase de

v, =Y2 'Vl cos e, V% =V2 V, cos (ut - %3) emd
Vé = V2 v, ocos (ut +-§! ) (3.6)

and to the rotor phascs be

V, = V2 Yy cos swt, W «V2 V, cos (eut - )

A

end V, = V2 V, cos (sut +Z%) (2.7)

Selecting the angular relationship betwoen the d-gxis of
the reference frame and the magnetic axes of the sta;tér

and rotor phases such that these axes coincide at time gero,
the 4q component voltages obtained using equations (2.6) end
(2.7) are '

Vig = V2 9y Vs = © o (2.8)
Vap = V2 ¥ Tr =0 (2.9)

For the uncontrolled bridge rectifier in Pig.(2.1) the
voltage relationehip is given by'S’
Vg =1:35V3 %, (2.10)

From eqs. (2.8) and (2.10)

,.....l-._ 'Vd | ' : (2911)

v
ar .35 1.5

811p powsr = 8 Vy. I
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end the power dalance equation is glven by
8V I, =3 VynIgs (2.12)

vhere the nogative sign is due to Considering an input power
to the rotor snd the factor 3/2 due to actual units is
different temmasa. |

or, . lea = —g ;—;g-%_;‘s Vd Id!.'
or = - ... (2.13)
5 1. 35 V1.5 % dr

Voltage balance e.g. for the d.o. motor axmature circuit is
given by

6§ Vg = raj(hgflaz)p I, +K, I, B

In steady state

el s W e

2(3-8) &_ (2,14
+K, I, 5T, | $214)

From (2.10) and (2.14)

R, 2(1-8) &
Vap == Ty Frde—s I, +=LL 2.1
R PR A T R T ) (2.25)

Under steady state ( p = 0)



s .‘1 —— —— - -
Y rp YLy 0 =Ly 1am0
0 ==,ilal:f_.‘."l T “1’412 | 0 1q80

Ko 2u( 1—32 T '
QO =8 — Ty & ‘ - i
V1.5 P1.35h | M2 T2 (T35 022 dxo
0 8Ly © | 8 Lyy - T "qro
(2.16)

Steady state torque developed by the drive
2 -
Te = '51' 1'12 ("qso = 1300 qro) R le 1o ’53 %

(2.17)
NO o
2.2 Load Siip !
Since the current in the secondary circuit is sero

under ideal no loed condition, the rectified rotor induced

voltage should be equal to the induced voltage in the d.c.
machine. Hence

‘ K K I (1'-8 2w v :
§+1.35 V3 F% vl ........_.f-T__......_. (2.18)
Where S, is the idesl no loed slip. From (2.18)
AIX
Sn = —
B+ If
2 Ky @
Where A= ——

1l



N
end  Bab 1"5V3N§ v,

13

Primary phase current is given by

Y

2 2
1&30 + Iqm
[

Powoy feotor is given by




CHAPTER « 11

EXPERIMENTAL SETUP AND WORKING PROCEDURE

3.1 Experimental Setup

The complote experimental setup of 'chopper controlled
Kremer Drive' aystem has been shown in Fig, 3.1. In the
present setup an 1ndnetion motor. hWom_md two

———

rotom of 6 pole and 2 po}gzﬂia directly y coupled to a
aepaggtggl excited d.c. motor. The 6-pole induction motox
1;;un as the nain motor which provides input supply through
its slip rings to the 3-phase bridge rectifier. The 2-pole
induetion motor of the set iz made ¢t0 run as a synchronous
generator which is usged to load the main motor. The recti-
fied output of the bridge eircuit is given to the arméture
of the d.c. motor through a chopper circuit. Consequently by
adjusting the ON time of the chopper unit with the help of

a suitable controlling circuit, the average d.c; voltege
applied to the armature of the d.c. motor cen de controll&d.
The field control of D.C.motor gives a certain range of speed
control so by controlling the armmature voltage we can have
the speeds ranging from stand still to just below the
synchronous spsed of the Kramer drive.

3.2 ¥o of Choppe

Chopparisa power switoh electronically monitored by a
control module whioch can be turned OF and OFF very fast. For
the purpose the chopper circuit used here is known as
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oscillating chopper shown in Pige 3.2. The advantage of
this type of circuit 18 that it has a higher characteristio
frequency of switching. The operation is started by applying
e firing pulse to SCRy. The switching capecitor G then
ocharges through the load, so that the lower plate in the
diagrem is negative with respect to the upper plafe. Upon
sch being fired, the supply is connected directly to the
load, and in eddition, G, is discharged into the choke L,, C
and I‘l form a lightly damped resonant c¢ircuit. Current
continues to flow in it, therefore, until the charge on cl
15 reversed and builds up slmogt to the original voltage,
i.e. the gupply voltage. The current can not reverse be-
cmuse of the diode Dl and henc_e Cl remains charged with its )
ldver plate now positive. When SCB.‘, 18 gubsequently fired
again, the charge on 01 is applied in reverse scross scnl

and turns it off. The load current free wheels through the
free ‘sheeling diode D, during periods vhen SCR, is non-conduot-
ing. A high inductance L, in series with the amature of
the D.C.motor is also included for steabilisation of current.

It 18 observed that chopping the cuyrent in this
manner does not involve chopping the current supplied to
the motor. In fact, if the chopping frequency is high in
relation to the time constant of the load circuit, the
loed current is virtually smooth. Undgr thege conditions
the mean input current is equal to the load current divided
by the voltage reduction ratio.
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!hé ideal output of the chopper is a rectangular

pulse shown in Fig. 3.3.

3.3 Morking of the Systen

(1)

(2)

(3)

(4)

(5)

(6)

The whole operation takes plece ag follows =

The gate signal to the main thyristor 3(:11_L is dig-
connected end commutating capacitor C is charged via
euxiliary thyristor SCR, by giving voltage to the 6~
pole stator of Induction motor with amtotransformer.
The gate signal is given to the main thyristor .‘i'r(‘,'P.1
consequéntly motor starts up.

The field excitstion to the D.C.motor 18 applied emd

kept at a fixed value foy a set of readings for
difforent values of &, the ON time of chopper.

The apeed control can be achieved just by a potentio-
meter in the firing circuit which changes the d.c.

level in the comparator. By applying full field d.c.
excitation emd further By potentiometer control a
very lovw values of speed can be obtained.

The excitation of the synchromous generator is given
to the rotor of 2-pole motor from external d.c.source.
The output voltage of the gynchronous generator is
connected to ﬁ 3-phase resigtance load.

At different loads the speeds, currents and voltages

etc. are measured.
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CHAPTER -« 1V

DESIGN CONSIDERATIONS AND DESIGN PROCEDURE

4.1 Deaigm of Chopper
Design Trade Offs.
The following information is required for the design
of components in the oscnlatio!; chopper.

Va

Im_'a The rotor current required to provide load

= d.¢. SuppPly voltage

breakaway torque.

Both maﬂmm motor current end d.c¢. supply voltage are key
variables asguning a fixed motor H.P. required. ' Other
important and interrelated variables are commutating capa-
citor sige and SCR ourrent and voltage requirements. All
of the above mentioned parameters end circuit component

requirenents are interrelated.

The thumdb rule equation generally used for circuit .
turn off time in a chopper is

v
Yore ~ f}_ﬁ% - (41)

The voltage Vo atross capacitor, which is elso equal to the
supply voltage V4, can be determined as follows -

The energy stored in the inductor I is

g



This energy must be transferred to the capacitance C;. Then

3ian =29 Y%
L/¢ =V /g,

Vo = Igp, 11,/ | | (4.2)

Subatituting (4.2) in (4.1), glives

£

toze =

Defining r, = Va/E . (4.3)

It 18 sgeen that major design revolves around the selection
of Ty I‘l and cl where I’l and (11 detormines both circuit
turn off time for SCR, and the circuit voltages.

The chopper is designed to control a d.c. motor
directly ooupled to the shaft of an induction motor.

Specificationn of d.c. motor are as follows «

0-220 V¥, 20 Amp, 750-1000 RPM
3.75 KW output

It has en amature resistance of 2.5 ohms.

Lo = 25 ohms.

The relation between rectified d.c. voltage and alip ring
voltage is given by
Va = 234 E,
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When stator is given 400 wolts in star maximum slip
ring voltage = 182 V.

Vd = 2’3‘ x‘ m“fl -

= 246 Volts |

Taking mo'“a 21 q= 2 * Thyristor tumn off time
=2 x15x 10 gec.

Capacitor
Agsuning a turn off time of the SCR, to be 15 mioro-
sec. value of capacitor can be determined from equation

5%

t - -
0L
1ot

Taking a safety factor of 2 to ensure commutation

6 Cxa46
2x15x1 =
: 100

01 = 12 maro Parad.

Inductance

Inductance value is determined from equations (4.2)
and (4.%).

r nulal/C

a

1,/¢ = (2.5
141/01 = 6.25

I, =6.25 x12 x10°° .+ 75 x 10°® Henry
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Thyristors

The maximum current rating of the d.o. moto:‘r:
armature winding is 20 émp- and maximum voltege appearing
at standstill 1s 246 volts. Taking into account for safety
factor the thyristors chosen are 28 TB6. They can withatand
600 V and 28 Amp. current.

4.2 Freewheeling Diodes

Pree wheeling diode handles with 1/4 of the average
load current so under noxmal operating conditions it should
be able to withstand ebout $§ anpe But it is chosen as per
gtarting current of 100 amp., hence, a diode with current
reting of 25 amp. will suffice. A capacitor is also inolud-

ed across it for surge protection.

4.3 Design of Rectifierx

There i no complexity involved in the design of
three phase bridge rectifier. Selection is based on the
current it has to carry end the maximum voltage it has to
withstand. Por the purpose power diodes of 40 anp. and 600

volts rating have been used.

4.4 Details snd Design of Fiping Circuit

In the present chopper eircuit the thyristors used
are 28T™6. The Aim is to have the gate pulses of gufficient
magnitude to turn ON the thyristor. For the present
thyristors the pulses of 3 V are needed for effective firing.
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As 13 well known chopper igs nothing but an electiric switch
which can be made ON and OFF for a certain period depending _'
upon the duty oycle. Now the main aim 1s to vary the duty
cyocle to change the average wvalue of chopper output which
inturn will chenge the speed of the drive. If the relative
position of two pulses in a particular frequency cycle cen
be changed ocur eim 18 fulfilled. To achieve this a scheme

has been developed which is as follows -

‘n_w block diggram of such scheme has been shown in
Fige 4.1. The whole circuitary can be divided into five
pBrtSQ

(1) Prequency Generator — The firgt block determines
the chopping frequency. For the purpose square wsves Iare
required for which IC 741 oan be used readily. In fact,
square waves cen alSo be obtained using tramsistor oircuit
but due to the versatility and chespness of ICT41 it is
being preferred. It has got an additional advantage that
frequency can be varied only with the help of one potentio-
meter. Here it has been used as an satadble multivibrator,
shown in Pig. 4.3a. The normel recommended values for feed-
back resistances R, and Ry are 10 K for good stebility. Now
the frequency of this psteble 1s given by

. 50\25
’.282&30

175 343
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.Choosing a value of 0.1 /Micro farad for C the upper
and lower limit of variable resistor Ry are determined for
two extremum of operating frequencies. By changing the
vaelue of the potentiometer 9.3 the frequency can be varied.
The output wave shape of asteble multividbrator is shown in
Pig. 4.2a. The output of astoble is fed to the next block

integrator.

(2) Integrator - The gecond block integrates the square |
output of the astable. The configuration of integrator is
shown in Pig. 4.3b. Here again IC 741 is used due to its
versatility. While calculating the changing time resis-
tance R‘ is omitted. The slope of integration depends

upon resistance R end capacitonce G, whereas the two limits
of time are decided by input ¥, and output V,. Now taking
the normal recommended velue of R as 10K we can calculate
the value of capacitor C, using 1 ¢ = CV. Here i is Yl/RG,
t is reciprocal of frequeéncy end V equals V, which is the
desired output 'vo_ltaga level. Non-inv erting input is ground-
ed through a resistance of 10K. So the inverting and non-

- inverting inputs are at the seme level. The output of
integrator is a trisngular wave which 18 shown in Pig.4.2b.

(3) Comparator - The third block is one of the important
blocks of the complete firing circuit wvhich slso employs

IC 741. Te configuration of comparator is shown in Pig.
4+3c. It compares the triangular ocutput of integrator with a
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varianble d.¢. voltage. The maximum d.c. level dependis upon
the upper limit of the triangular ocutput. When it is compared
with maximum d.c. level we get no output snd maximum ocutput
is obtained when compared with wminimum level. The output
width of comparator which is shown in Pig. 4.2¢. is the
desired output or ON time which inturn varies the average
d-c. voltage to the ammature of d.c. motor. The values of
reasistances in the cemparator circuit are chosen so as to
obtain the d.0. level for comparison in the required range

only.

(4) Differentiator ~ The fourth block of the firing circuit
differentiates the rectanigalar. outpﬁt from the comparstor.
For the ptirpoae a R-C ditferenfi ator haa been uged. The dturn
OF time of thyristors are taken as sbout 10 microsecond. The
differentiator time congtant must be more than the thyrigtor
turn OF time. To ensure reliable turn ON 0.1 micro farede

and 10K values are chosen for dtusm differentiator. The R-C
network is shown in Pig. 4.34 end the output waveform is
shown in Pig. 4.24. '

(5) Pulsge Inverter Circuit - Output of the comparator is
fed to the part which utilises two complementary c¢ircuits

of S K 100 and SL 100. The function of this part is to
invert the outgoing pulse from the output of the capacitor
and produce the fiying pulses for main and guxiliary circuit
through diodes. The output wave shapes are shown in Pig.
4.2 & and £.
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The pulses thus obtained are weak in magnitude to fire
the thyristor so the magnitude is increased through a pulge
tranaformer which also provides the electrical isolation de-
tween the firing and the main power circuitary. A free wheeling
diode is also included across the primary of pulse transformer.
Tue to the oscillations set up in primary a }high voltage can
be induced which cen damage the driving trgnsistor. Further
when the transistor is turmmed ON, ¢éurrent can not build up
suddenly due to the inductance of primary of pulse trans-
former but it shoots up to a very high value as there is
no resistance in the circuit. To limit that current du4 a
resistance is included in the circuit dut to by pass the
pulse to the pulse transformer a caepacitor is sdded in
parallel with this resistance othexwise the pulaes also
reduce in magnitude.

Al]l the experimental output waveforms of each bdlock
are shown in Fig. 4.4. Complete eircuit with relevant values
is shown in Pigl 45



CHAPTER - V

EXPERIMENTAL _RESULZS

This chapter deals with the verification of theoreti-
cal results with the experimental results. Various experiments

were performed on the machines whoge speciﬁcationa. are as
follows - ’

Induction Motor

2-pole gnd 6-pole

Volt 400/440 Deltes primary

400 star secondary

5.5 amp. primary, 3.5 Amp secondary
50 Hg, 3-phespe

D.C. Machine

0.220V, 20 Amp., 750~1000 RM
3075 Kw output.

Armature resistence of D.C.Magchine

r, = 2.5 ohms
" Synchronous Generator Resistance

ng = 7.5 ohms

5«1 Theoretical Curves
Following ideal curves are obtained in reference (11).

No frictional aend windasge losses have been considered for

ideal case. These curves are obtained for different values

of field current and duty oycle.
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(1) Fo load speed(Pig. 5.1)

(2) Torque developed by induction motor (Pig. 5.2a~d)
(3) Total torque developed at the Shaft ~(Fig. S5.3a-d)
(4) Power fector curve (Pig. Se.4a~d)

(s) Efficiency curve (Pig. 5.5e-d).

5.2 Experimental Results
All the experimental data are tabulated in Appendix-A.
In actual practice there are certain friction and
windage losses which causes no load torque, hence, to be
accounted in calculating the net shaft torgue.

Pig. 5.11 shows the RO load torque vs speed charscteris-
tic. For verification of theoyetical results only one set of
curves i3 shown. Taking d.c. field excitation It = 0 and
'duty éycla 6 a 0.5, actual theoretical curves are drawn in
Pig. (5.6 - 5.10) end the experimental points are marked

on the ssme curves.

. 53 Digcussion

The induction motor used in the Kramer Drive gystenm
hag a high starting torque characteristic. In the convention-
aa.' Kramer system the gspeed is controlled by varying d.c.spee
field excitation of the motor by which <the speeds upto about
half the synchronous speed can be obtained. But using chopper
in between the rectifier and d.g.motor, armature voltage can
be controlled which dbrings down the apeed of the drive o
practically zero. The aim was to verify the performgnce



Voltage Waveform across
Auxilliary Thyristore

Voltage Waveform goross
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equations derived using chopper with the experimental
results. The experimental points marked on the theoreti-

cal curves show a close agreement.

i

FUNCIURY TRESAY O



CGHAPTER - VI

QONCLUSION

T™e speed of the Krgmer Drive can be controlled upto
gero by controlling the d.c.amature voltage besides the
field control. The amature voltage control is obtained ine
corporating a chopper unit between the rectifier and d.c.
motor. The slip energy property of the Kramer combination
makes it inherently a high-efficiency system which naturally
compares very favourably with alternatives guch as rotor
registance control. As the additional secondary circuit
losses tend to become decreasingly significant the modified
EKramer gystem offem a competitive proposition at larger

outputs.

The presence in the rotor circuit of the three-phase
bridge rectifier produces harmonics in the rotor current znd
these inevitably affect both the performance of the combina-

tion as a motor and the commutation of the d-c.maohine'.

The close agreement between astual theoretical and
experimental curves ghows that the derived performance
equations are correct and can be used to predetermine <the
performance characteristic of the chopper Controlled Kremer
Drive.



APPENDIX
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