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A _ P RACT .is~i~un ~n+isurirni 

In the present work a scheme has been 

proposed for controlling the speed of Kromer eve. 

The scheme employe a solid state chopper for the 

purpose. The performance equations of the system 

have been derived. Experimental results are oom- 

pared with theoretical results and the diaoor+ 

pancies exp1o4ined. 
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LISA' OP SThBOLS 

C1 	a Commutating capacitor (up) 
rotor phase voltage (V) 

I 	a instantaneous value of current (A) 
11 	. Primary phase cur t (A) 
it 	= field current of d.e.rnotor (A) 
Ia 	a d.c. motor armature current (A) 
1L 	a load current (A) 
ICL 	= Looked rotor current (A) 
K f 	= rotational voltage coefficient of d.o.motor 

111  2= stator- and rotor self inductance (H) 

L12 	= mutual Inductance (H) 
La 	= d.c. motor armature self jn+ uctanoe (B) 
Z, 	a 

 

inductance in chopper circuit (H) 
I2 	= external inductance in series with load (H) 
N 	a speed. (r.p.m.)  
N2/N1 	rotor to stator turn ratio 
P1 	= number of poles on induction motor 

output of synchronous generator (w) 
ri, r2  a stator and rotor resistance (0) 

ra 	d.c. motor armature resistance ( ) 
Reg 	synchronous generator reel $tanoe (0) 
S 	per unit slip 
So 	= Slip at ate ady state 
bn 	a no load slip 
Tel 	- electromagnetic torque of Induction motor (Nv m) 



r 

~e 	a steady state torque developed by the drive (w-m) 

. 	a no load torque 
V 	0 inetentaneoae value of voltage (') 
Ti 	= applied r.r. e.pbane voltage to etator 

V2 	a applied r•m. e.phase voltage to rotor (V) 

Td 	t» rest fled d•e.volta (Y) 
To 	Voltage across capacitor 

9, 	Load voltage (V) 
W 	Input power to induction rotor (W) 
Ws 	. Cu.loeeee of synchronous generator (W) 

Power factor angle (degree) 
i 	duty ovale 

W 	. = supply frequency (rte/eec. ) 

subser ,ut 

d 	direct axle quantity 
q 	a quaabature axile quantityy 
o 	g steady state quantity 
a 	= stator quantity 
r 	= rotor quantity 
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Many industrial processes require variable speed 
drive. But essentially induction motor is a constant 
speed drive. If by some means the speed control of Induces» 

tion motor can be achieved then induction motor is the most 

economical In comparison to D. C motor and thus avoid the 

expense of s.c./d•c. conversion. 

The wound rotor induction motor is not as rugged 

as the squirrel-cage motor and Cannot operate at very high 
speeds. But the outstanding feat .re of the slip ring type 

of Induction motor is that the starting and operating 

characteristics can be determined by suitably controlling 
the rotor circuit, 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 of speed and 
power factor. The reduced speed operation with an ordi-
nary' wound rotor induction motor supplied at constant 
frequency source, as is well town, is possible only by 

the wasteful expedient of 'bleeding oft' slip frequency 

energy from the rotor and dissipating it In a set of 

external rotor resistances. During reduced speed opera-

tion at any given torque, the power difference between 
the fixed etator input power determined by the torque 

and the actual output power at the shaft is wasted in the 

rotor external resistances. Such an inefficient arrange-
ment is clearly quite unsuitable., 
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1.1 Seed Cptroughsljn Power Recovery 9~beme 

An attempt to replace the additional resistances from  
the rotor circuit of the wound rotor induction motor by means 
of auxiliaz7 machines was made by Scherbiue and Kroner in, 
order to obtain the desired speed control at higher efficiency 
with the help' of recovered rotor slip power. All slip power 
recovery scheme# enable the motor to operate at continuously 
variable speeds • 'These schemes can be divided into two 

groups 

(a) Electrical Recovery 
(b) Mechanical Recovery 

1.1.1 Electrical Recovery Scheme 
In Electrical Recovery shows in Fig. 1.1, the slip 

power converter converts motor electrical power at slip 
frequency into an electrical power at the line frequency. 
In this schema mechanical torque remains constant. For 

aubeynohronoue operation, the additional rotor slip power 
converted into that at line frequency is returned to the 
supply whereas for super synchronous operation, the addi-
tional power required is taken from the supply at the line 
frequency, which is converted into that at the slip frequency 
of the rotor, and is fed to the rotor winding. 

1.1.2 Mechanical Recovery Scheme 
In the scheme shown in Pig. 1.2 the rotot slip power 

is converted Into mechanical power by an auxiliary machine 
which is then, for eubynchronoua operation, added to the 
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rotor shaft. For super yncbronoue operation, the addi-

tional power required is taken from the rotor shaft (in 

the form of mechanical power) which is converted into an 
electrical power at the slip frequency and 3e fed to the 

rotor winding. Ibis scheme maintains mechanical power con-

etant throughout. 

1.2 Literature  Review 	 I 

The basic kraner combination(l'2)  developed some 

sixty years ago, used a rotary converter to provide the 
necessary slip frequency a.c •/d we * 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 suoceee-

fully employed, especially for limited speed ranges and at  

very large outputs, where no very practicable alternative 
was available The actual speed control 1  effected by 
varying the field current of doe. motor. 

In the original kremer system the speed of the 

main motor must be lose than about 80 percent or greater 

then 120 percent of its synchronous speed as the rotary 

converter becomes unstable with less than about 10 He at 
its slip rings. A continuous range of speed control both 

above and below synchronous in thus not practicable. 

The recent developments in the field of solid state 

devices which can handle large quantum of power e.g., 
silicon didaee and SCRS, have diverted the attention 
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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 besides icer main. -
tenance, smaller size eM reduced cost. 

In one of the papers by M.Raamoortyf "~`), a scheme 
has been proposed for the speed control of slip ring induc -
tion motor using thyrietor controlled chopper. It has been 
shown that a wide range of speed variation is obtained and 
it can be used for any type of drive. Inspite of the 
simple and cheap control the scheme has a disadvantage. 
Simple chopper oirouit produces discontinuous rotor currents 
and causes excessive rotor heating which results in deratsng 
of the motor. The speed range obtainable by the simple 
chopper i e also limited. 

Another scheme has been investigated by Son and 
for speed control of induction motor using a chopper dr-
suit in the rotor side. The control scheme provides conti-
nous and conteotless variation of rotor resistance by 
electronic means and thereby eliminates the undesirable 
features of the conventional rotor resistance, control 
method. Purther a d.c. and s•c• circuit models have been 
developed and a thorough analysis of steady state perfor-
mance of the system is presented. The feasibility of the 
system and verification of theoretical results are demons-
trated by experimental results and It In anticipated that 
such simple and elegant control scheme will find applica . 
tions in many industrial drives. 
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Bland and Bancook 5)  presented 6, paper on ' considera-

tione concerning a modified krmner system* . In view of the 

above paper a variable speed drive can be obtained by mean® 

of a modified kramer system consisting Of a polyphase 

induction motor, the rotor circuit of which is connected 
throu9b a 3-phase bridge rectifier to the armature of a 
d.o. motor directly coupled to the Induction motor. Control 

is obtained by varying the field excitation of the d•o•motor. 
The operation of such a system is considered in respect of 

the commutating reactance, the speeds at v'rich locking 

torques due to current harmonics could occur end, the 

possible magnitudes of the current harmonics and the losses. 

1.3 P sent $t ate of  -Art 
The modified Kromer variable-speed cascaded motor 

combination consists essentially of a wound rotor 
motor and a rectifier fed enxt .i ery d • c • motor, the two 
machines being mechanically coupled and connected electri-
cally in cascade i.e. with the d.e. motor energised via 
the rectifier from the slip-rings of the induction motor. 
With this scheme speed control in the aubeynchronous region 

from synchronous to 50 percent of synchronous speed is only 
possible• 

1.4 MorkPreented 

In the present work a chopper has been introduced 

between the rectifier and the d.c. motor and the speed 

control range is Increased from zero to synch. speed. 



Experimental results have been compared with the 

theoretical once and the diecrepen®fee explained. 

7 



MEA 

OIAPTBR - II 

This chapter deals with the performan©e equations of 

the Kramer Drive. These equations have been derived in 

reference (1i). 

The basic diagram showing voltages and currents of 
Kroner Drive is shown in Fig. 2.1. In deriving the perfor-
manes equations two basic assumptions have been made. 

1) 	The commutation time of the thyristors is negligible. 
(2) 	Chopper input is a steady` doe. voltage 

2 • 1 J g u atjgn of 3~. V st em 

The Induction motor equations expressed In the 

synchronously rotating reference frame are 

vde = (r1, 1p) ids - aILI11ge 	dr x112igr 	C •1~ 

qe : wL1 'de 4(x14 1p)igs4 "t 2 dr ,2p 1qr  

vdr x128 'di-3"12 iga4(r2 '22P ) dr 3"22 iqr  

V'qr - Sw'%2 tdo+ L12! Sqs + "2 ldr"(r24L22p) iqr (•4) 

and the eleotrom etic torque developed in Newton meters 
18 given by 

P TQL 	2 2L L12 t .qn ' 	id o iqr) 	C .5) 
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Let the roltagee applied to the stator phase be 

= '(2 'V1 eo a (Wt . 	) and 

V0 	'2 Ilcoe(+'t+ 	) 	 ( .6) 

and to the rotor phases be 

V2 00e ewt, Vb = Y2 f2 cos (ewt -• ') 

and V0 f2 2 cos( +t• ) 	 (2.7) 

Selecting the angular relationship between the d-:aerie of 
the reference frame and the magnetic ace® of the at ator 
and rotor pbaaee such that there wee coincide at time zero` 
the dq component voltages obtained ming equations (2.6) and 
(2.7) are 

Ada aV2 Vl a=0 .8) 

vdr MRY2 v2 Vqr so0 (1.9) 

For the uncontrolled bridge rectifier in Pig.(2.l) the 
voltage rel ationehip La given by(8 ) 

Td 1.35 392 , 	 (2.10) 

Prom eqe• (2.8) and (2.10) 

qdr ,~ •.-,.-- 9d (2.11)  1.35 11.5 
Slip power a 6 fid. la 
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and the power balance equation is given by 

6 qd Ia ' - 	Vdr 1d,r 	 (23.2) 

Where the negative sign is due to considering an input power 

to the rotor and the factor 312 due to eatue3, unite is 
different terms. 

or, 	6 Vd' a = 	 V, 18r 1.35 Y• 

or 	I M - 	.-.- 	 (2.13) 
' 	. 1.35 Y1.5 

Voltage balance e.g. for the d. e. motor armature circuit in 
given by 

b 'fid z ra (La 4I,) p Ia +Kt 1f p-°P 

In steady state 

Q 

	

d = -rr -.--~- 	I,dr 

	

.351f'1.5 	82 

11; ~'e ' 	 (2.14) 
1 

From (2.10) end (2.14) 
8 ., 2(1..e) is rad (1 	

Idr + 	 (2.15) 1.351.5P1  y`  

Under steady state ( p 0) 

1 
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0 

C f 2 .ee 
p1.5 P11.3 

0 

r1 -Uhl 	0 	 ~' i2 	tdeo 

WI11 r1 12 	0 	igeo 

r 
0 o .,2 1'2 ".w. 

	2 "'ao 2 	tdro 

8̂ 2 	saw' 2  • V2 	'qrO 

Steady state torque developed, by the drive 

Te 	2 l`' L2 ( t 	.d 	,d 	, 	6 • . 	a qe~► 	iso q 	K 1 	dro 

(2.1?) 

No 
2.z°d 

Since the current in the eecondaiy circuit I a zero 
under ideal no load condition, the rectified rotor induced 
voltage should be equal to the induced voltage in the d.o. 
machine. Bence 

	

N 	x f I(1.8) 2 w If  
b .I.35 T3 	ill 9. 	1 	 (2.18) 

Where Sn is the ideal no load slip. Prom (248) 
AI 

Where 	A 	-. 
1 



r, 
and 	B=6 1.35 Y3 	P1 

2.3 xI,mgipngr Prjmav Thae Current and Parer P wto 

Primexy phase current is given by 

ç2 2 
11 = 	deo * gro 

'r2 
Power factor Is given by 

Coø 	- — `$8 
dao' qec~ 

13 
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MAP ,'E8 -- .IIS 

EXERIPBNTAL SB1UP AND WORKING PROCEDURE 

3.1 xneriinent eise tua 

The complete experimental setup of 'chopper controlled 
Kramer Drive' system has been shown in Fig. 3.1. In the 

present setup an induction motor, having two stators_and two 

rotors of 6 polo and 2 pole, ie directly coupled to a 

separately excited d.c. motor. The 6-pole Induction motor 
Is run as the main motor which provides input supply through 

its slip rings to the 3-phase bridge rectifier. The 2-pole 
induction motor of the set is made to run as a synchronous 
generator which is used to load the main motor. The recti- 

Pied output of the bridge circuit is given to the armature 

of the div. 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. voltage 
applied to the armature of the d.c. motor can be controlled. 

The field control of D• C.motor gives a certain range of speed 
control so by controlling the armature voltage we can have 

the speeds ranging from stand still to just below the 
synchronous speed of the Kramer drive. 

3.2 Working of C.hot uer 
Chopper a power switch electronically monitored by a 

control module which can be turned ON and OFF very fast. For 

the purpose the chopper circuit used here is known as 
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OSCILLATING CHOPPER 

ftp. 

n 

f 

I 

IDEAL OUTPUT QF CUOPPER 



oscillating chopper shown in Pig. 3.2. The advantage of 

this type of circuit in that it has a higher characteristic 

frequency of switching. The operation is started by applying 

a firing pulse to SCR . The switching capacitor C1  then 

charges througb the load, so that the lower plate in the 

diagram Is negative with respect to the upper plate. Upon 

3C being fired, the supply is connected directly to the 

load, and in addition, C1  is discharged into the choke 11,. Cl  

and Il form a lightly damped resonant circuit. Current 

continues to flow in it, therefore, until the charge on C1  

is reversed and builds up almost to the original Voltage, 

I.e• the supply voltage. The current can not reverse be-

cause of the diode D1  and hence C,1  remains charged with its 

lower plate now positive. When 8CR2  is subsequently fired 

again, the charge on C1  is applied in reverse across SC'A1  

and turns it off. The. load current free wheels through the 

free 'heeling diode n2  during periods when SCRI  Is non-conduct-

ing. A high inductance L2  in series with the armature of 

the D.C•motor is also included for Stabilization of Current. 

It I. observed that chopping the current 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 
load current Is virtually smooth. Under these conditions 

the mean input current is equal to the load current divided 

• by the voltage reduction ratio. 

17 



The ideal output of the chopper -  is a rectangular 

pulse shown in Fig. 3.3. 

3.3 Workinz o ted etem 
The whole operation taken piece as follows - 

(I) 	The gate signal to the main thyrietor SCR1  is dis- 

connected and commutating capacitor C is charged via 

auxiliary thyrietor 3CR2  by giving voltage to the 6-

pole stator of Induction motor with autotraneformer. 

(2) The gate signal is given to the main thyro. stor 3CR1  

consequently motor starts up. 

(3) The field exci tati 6n to the D. G.motor is applied and 

kept at a fixed value for a net of readings for 
different values of 6, the ON time of chopper. 

(4) The speed control can be achieved just by a potentio-

meter in the firing circuit which changes the d.o. 

level in the comparator. By applying full field d• c. 
excitation and further by potentiometer control a 
very low values of speed can be obtained. 

( i) 	The excitation of the synchronous generator is .given 
to the rotor of 2-pole motor from external d • c. esu rce . 

The output voltage of the rnohronoue generator is 

connected to a 3-phase resistance load. 

(6) 	At different loads the speeds, currents and voltages 
etc, are measured. 
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DESIGN CONSIDERATIONS ARD DESIGN 	D1T 
11 - rrrn.~rll .r~Plrr 	~r1~r~iri~rYr~7rrl~irl~rrw SII 

4.1 !ei ear► of Choin &r 

Design Tr le Offs. 

The following information is required for the design i 
of components in the oscillation chopper. 

VFd = d.c supply Voltage 

I n The rotor current required to provide load 

breakay torque. 

Both maximum motor current and d.c. supply voltage are key 
variables assuming a fixed motor H.P. required. Other 

important and interrelated variables are commutating capm- 

citor size and SCR current and voltage requirements. Al]. 
of the above mentioned parameters and circuit component 
requirements are interrelated. 

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

toff ` 	CL 	 ( 4.1) 

The voltage Va across capacitor, whish is also equal to the 
supply voltage Td' can be determined as follows -- 

The energy stored in the inductor 7a is 

I
1 2y L. 

19 
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This energy must be transferred, to the capacitance Ci . Then 

I 	Ci 

" X02 /X2 , 

V0 a Z c 

Substituting (4.2) in (4.1), gives 

off 

(4.2) 

Dfining re Td' CE  

It is seen that major design revolves around the selection 
of ra, i1 and Cl Where I~ and CI determines both circuit 
turn off time for 3CR1 and the circuit voltages. 

The chopper is designed to control a d.c. motor 
directly coupled to the shaft of as induction motor. 
Specifications of d.c. motor are as follows - 

0.220 V, 20 Amp, 750-1000 
3.75 Kw output 

It has an armature resistance of 2.5 ohms. 

a 2.5 Ohms. 

The relation between rectified d.c. voltage and slip ring 
voltage is given by 

Vd *2,34 B 
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When stator is given 400 volts in star maximum Blip 

ring voltage a 182 V. 

1~g a 2.34 	' 

246 Volts 

246/2.5  1O Amp* 

Taking Toth 2 Tq 2 x Thyri etor turn off time 

a2 a15xIt 6 sea. 

Ca acitar 

Assuming a turn off time of the SCR, to be 15 micro-
see. value of capacitor can be determined from equation 

OLA 
 

CL 

Faking a safety factor of 2 to ensure commutation 
Cx 246 

2 x15 xW6 
100 

a 12 micro Parad. 

Induotanc• 

Inductance value ie'determined from equations (4.2) 
and (4.3). 

ra a %C 

L,/Cj a (2.5) 

Li/C1 *6.25 

Ll x6.25 x 12 x10"6 =75 x 1076 Henry 



Thyri art re 
The maximum current rating of the d 4 c. motor 

armature winding is 20 amp• and maximum voltage appearing 
at standstill is 246 volts. Taking into account for safety 
factor the thyrietore chosen are 28 TB6. They can withstand 

600 V and 28 Amp. current. 

4.2 F ew'heelUng~Dio4ee 

Pree wheeling diode handles with. 1/4 of the average 

load current so under normal operating conditions it should 

be able to withstand about 5 atop. But it is chosen as per 

starting current of 100 amp., hence, a diode with current 

rating of 25 amp. will suffice. A capacitor in also inolud-

ed across it for surge protection. 

4.3 3 eeian of Rectifier 
There In no complexity involved in the design of 

three phase bridge rectifier. Selection is based on the 

current it has to carry and the maximum voltage it has to 
withstand. For the purpose power diodes of 40 amp. and 600 

volts rating have been used. 

4.4 Detail and De ei gM of Pu eta + irouit 

In the present chopper circuit the thyrietora used 

are 2896. The aim is to have the gate pulses of sufficient 

magnitude to turn ON the thyrietor. For the present 

22 

thyristore the pulses of 3 V are needed for effective firing. 
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As is well known chopper ie nothing but en electric switch 
which can be made ON and OFF for a certain period depending. 

upon the duty cycle. Nov the main elm Is to vary the duty 
cycle to change the average value of chopper output which 

inturn will change the speed of the drive. If the relative 

position of two pulses in a particular frequency cycle can 
be changed our aim is fulfilled. To achieve this a scheme 

has been developed which is as Follows •- 

The block diagram of such scheme has been shown in 

Pig. 4.1• The whole circuitar9 can be divided into five 

pacts. 

(1) 	Frequency aerator - the first block determines 
the chopping frequency. For the purpose square waves are 

required for which IC 741 can be used readily. In tact, 

square waves can also be obtained using translator circuit 
but due to iib' versatility and cheapness of IC741 it is 
being preferred. It has got an additional advantage that 

frequency can be varied only with the help of one potentic-  
meter. Here it has been used as an eatable multivibrator, 

shown in Pig. 4.3a. The normal recommended values for feed-
back resistances .R2 and N are 10 K for good stability. Now 
the frequency of this astable Is given by 

r' 1!1TRAt L1RR~,R1 vest" of jeea1D 
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Choosing a value of 0#1 /micro fare, for C the upper 

and lower limit of variable resistor R3 are determined for 

two extremum of operating frequenoi.es. By changing the 
value of the potentiometer R3 the free ency can be varied. 

The output wave shape of alt able multivibrator in shown in 
Fig. 4.2a. The output of astable is fed to the next block 

integrator. 

(2) Integrator - The second block integrates the square 
output of the astable. The configuration of integrator in 

shown in Fig. 4.3b. Here again IC 741 in used due to its 
versatility. While calculating the changing time reel e-► 
tance R4 is omitted. The slope of integration depends 

upon resistance P and capacitance Q2 whereas the two Units 
of time are decided by input Vl and output 2• Now taking 
the normal recommended value of R6 as 'OK we can calculate 
the value of capacitor 02 using I t a CV. Here i is V1/R6r 
t is reciprocal of frequency and V equals V2 which Is the 
desired output voltage level. Rona inv erring input is ground-
ed through a resistance of l.OR. So the inverting and non~- 
inverting inputs are at the same level. The output of 
integrator is a triangular wave which in shown in Fig.4.2b. 

(3) Comparator 	The third block is one of the important 
blooke of the complete firing circuit which also employs 
IC 741. The configuration of comparator is shown in Pig. 
4.3o. It compares the triangular output of integrator with a 
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variable d•c• voltage. The maximum d•c• level depends upon 
the upper limit of the triangular output. When it is compared 
with maximum d. c. level we gat no output and maximum output 

is obtained when compared with minimum level. The output 
width of comparator which is shown in Pig. 4.20. le the 

desired output or ON time which inturn varies the average 

d. c. voltage to the armature of d• o. motor. The values of 
resistances in the comparator circuit are chosen no as to 
obtain the d.c. level for comparison in the required range 
only. 

(4) Differentiator - The fourth block of the firing circuit 
differentiates the rectangular, output from the comparator. 

For the purpose a RC differenti ator has been used. The turn 
ON time of thyrietore are tarn an about 10 microsecond. The 

differentiator time constant must be more than the thyristor 

turn ON time• To ensure reliable turn ON 0. 3. micro Parade 
and 10E values are chosen for turn differentiator. The R C 
network is shown in Big- 4.3d. and the output waveform is 
shown in Pig. 4.2d. 

(5) Pulse Inverter Circuit -- Output of the comparator is 
fed to the part which utilizes two complementary circuits 
of 3 K 100 and SL 100. The frntion of t his part Is to 
invert the outgoing pulse from the output of the capacitor 

and produce the firing pulses for main and auxiliary circuit 
through diodes. The output wave shapes are shown in Pig. 
4.2e and t. 
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Generator and mtegrater. 
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The pulses thus obtained are weak in magnitude to fire 
the thyri st or so the magnitude i s increased through a pulse 
transformer which also provides the electrical isolation be-
tween the firing end 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 hi* voltage can 
be induced which can damage the driving transistor. Further 
when the transistor is turned ©N, current can not build up 
suddenly due to the inductance of primary of pulse trane-
former but it shoots up to a very high value as there is 
no resistance in the circuit. To limit that current bM a 
resistance is included in the circuit but to by pace the 
pulse to the pulse transformer a capacitor is added in 
parallel with this resistance otherwise' the pulses also 
reduce in magnitude • 

All the experrimental output waveforms of each block 
are shown in Fig. 4.4. Complete circuit with relevant values 
is shown in Pig. 4.5• 

e 



CtAPTER - 'P 

EXPE RIM EAThL RESULTS 

This chapter deals with the verification of theoreti-
cal results with the experimental results. Various experiments 
were performed on the machines whose specifications are as 
follows - 

Induction Motor 
2-pole and 6-pole 
Volt 400/440 Delta primary 
400 star secondary 

5.5 amp. primerry, 3.5 Amp secondary 
50 Hz, 3-phase 
D.C. Machine 
0.2207, 20 Amp., 750-2000 
3.75 K output. 

Armature resistance of D.C.Maebine 

ra  = 2.5 ohms 

Synchronous Generator Resistance 

Reg  = 7.5 ohms 

5.1  T'l eoretice3 Curves 

Following ideal curves are obtained in reference (ii). 
No frictional and windage losses have been considered for 
ideal case. These curves are obtained for different values 
of field current and duty cycle 

30  
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(1) No load speed(Fi g. 5.1) 

(2) Torque developed by induction motor (Fig. 5.2a.d) 

(3) Total torque developed at the Shaft -(Fi,g. 3.3e-d) 
(4) Power factor curve (Pig. 5.4a.-d) 

(5) Effloiency, curve (Pig. 5 5a-d). 

5.2 	ere , „R au. to 

All the experimental date are tabulated in Appendix-.-. 

In actual practice there are certain friction and 
windage losses which causes no load torque, hence, to be 
accounted in calculating the net sbcit torque. 

Pig. 5.11 shows the NO load torque vs speed characteri e•- 
tic. For verification of theoretical, results only one get of 
curves is shown. Taking d. e. field excitation I f  a 0 and 
duty cycle 6 a 0.5, actual theoretical curves are dram in 
Pig. (5.6 - 5.10) and the experimental points are marked 
on the same curves. 

5.3 tacueion 

The induction motor used in the Kroner Drive system 
has a high starting torque characteristic. In the convention 
al Kramer system the speed is controlled by varying d.c.,epee 
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.o.motor, armature voltage ®an 
be controlled which brings down the speed of the drive to 
practically zero. The aim was to verity the performance 



Voltage Waveform across 
Auxiliary Thyristor.  

Voltage Waveform aorose 
main T2 yristor. 

Rotor Current Waveform. 

Voltage Waveform at 
Armature of d.C• Motor* 



equations derived using chopper with the. experimental 

results. The experimental points marked on the theoreti-
cal curves show a close agreement. 
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GIA R -Vi. 

ON cLUSI oo 

The speed of the Kramer Drive can be controlled upto 

zero by controlling the d.o. suture voltage besides the 

field control. The armature voltage control is obtained in.-

corporating a shopper unit between the rectifier and d.c. 
motor. The slip energy property of the Kramer combination 
makes it inherently a bigh-efficiency system which naturally 
compares vex ► favourably with alternatives arch as rotor 
resistance control. As the additional secondary circuit 
losses tend to become decreasingly significant the modified 
Kramer system offers a competitive proposition at larger 
outputs. 

The presence in the rotor Circuit, of the three-phase 
bridge rectifier produces harmonica in the rotor current and 
these inevitably affect both the performance of the combina-
tion as e, motor and the commutation of the d.o.maohine. 

The close agreement between actual theoretical and 
experimental curves shown that the derived performance 
equations are correct and Can be used to predetermine the 

performance characteristic of the chopper Controlled Kramer 
Drive. 
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