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ABSTRACT

The dissertation concerns the Development of Micro -
processor Based Commutatorless Constant Power Kramer Drive
which consists of a wound rotor Induction motor and a commu~
tatorless motor, The slip power extracted from the sggtor
terminals of the induction motor is rectified and converted
to mechanical power by the commutatorless motor which is
coupled mechanically to the induction motor shaft forming
a constant power drive, The d.c. link consists of a rectifier,
é chopper, and a commutated inverter, The d.c, link inverter
and synclronous machine with synchronised firing circuit is
popularly. known as commutatorless motor (CIM). The CIM is
among the earliest attempts to replace the meéhanical

commutator of D.C.motor,

Speed control in the entire sub-synchronous region
is accomplished by either varying the field current of
the CLM, or the duty cycle of the chopper. By reducing the
dhty cycle of the chopper, the effective armature voltage
of the CIM and hence the speed of the drive is reduced.

The firing pulses of the thyristors of ICI and
chopper are generated by the microprocessor. The firing
angle of ICI is kept constant through out the operation.
The system description, priﬁciple of operation and imple -

mentation of the system software and flowcharts are presented.



The performance cheracteristics of chopper controlled
commutatorless Kramer drive are studied on a laboratory
size experimental set up. It is shown that the voltage
and current waveforms obtained with this scheme are

sinusoidal and are almost free from harmonics,
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CHAPTER - 1

INTRODUC TION

1,1  GENERAL

Variable speed drives may be realised by using d.C.
motor or-a.c. motor as the drive motor., A di.c. motor offers
simpler means for stepless speed control below and above the
base speed in comparison with a.c., motor, However, the d.c,
motor suffers from the disadvantages, lisfed below, on

account of its commutator.

(a) It limits the power rating and speed of the machines
that can be built,

(b) It imposes restrictions on the ambient conditions,

(c) It prevents full targue at standstill for mora than
a few seconds,

(d) It increases the length, weight.and inertia of the
motor which are the disadvantages for several applica-

tions such as traction, servo drives etc.

Furthermore, D.C. machines are of complicated
mechanical construction and hence more expensive. For these
reasons enginears have investigated for a long time, the

possibilities of variable~speed drives which use A.C,motors.

Some of the advantages of A.C. motors over D.C. motors

are =«

(i) simple and robust construction,
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(ii) no commutator and hence sparking problems are not
present. Hence, a.c, motors can perform much better

in explosive atmospheric conditions.

(iii) higher power/weight ratio.

(iv) less maintenance and hence running cost,

(v)  Though a.c, motor is considerably cheap compared to
D.C.motor; cost of static inverter is comparatively
much higher than converter., In general, ébqve 50 KVA,
the difference in cost of motors is more dominating
and hence now-a-days a.c. drives are necommended on

economic considerations,

With numerous othsr merits available with a.c. drives,

present trend is to use a.c. drives [1-3].

Two basic modes of operation of variable speed a.c.
drives have been identified as synchronous and non-synchronous
and two basic methods of control namely frequency control and
control of rotor voltage, Synchronaus motor drives can only
be frequency controlled. Now - synchronous drives can be

controlled by either method.

The induction machine is most commonly used in adjustable
spead a.c. drive system, Betweaen the two classes of inducfion
machines- squib¥el cage and wound rotor, the former is always
préferred, because the wound rotor machine is more bulky and

exp=nsive and has the additional disadvantages due to the
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prasence of slip-rings and brushes. The wound rotor machines
had long been used for inexpensive speed control by mechani-
oally'varying the rotor circuit rheostats. One advantage of
this type of machines is that slip power becomes available
which can bé controlled to control the spsed of the machine.
For limited range speed-control applications, whera the

slip power is only a fraction of the total powar of the
machine, the converter cost reduction may be substantial,
The advantage of this system is that the slip power can be
controlled to flow either cut of tha rotori%o the rotor

and thus super-synchronous regions with motoring can also

ba achieved.

ROTOR-RESISTANCE CONTRCL

The speed of a wound rotop machin2 can be varied by
varying the rotor circuit resistance through an externally
connected resistor bank. Also thyristor chopper circuit is
used [4-15] on the rotor side for the speed control of slip-
ring induction motor drive, This control scheme provides
contactless and contimous variation of rotor resistance,
Rotor resistance control is very inefficient because the siipr

energy is wasted in the rotor circuit resistance.

SIIP POWER RECOVERY
| Instead of wasking the slip-power in the rotor circuit

resistance, it can be either converted to a.c. and pumped

back to the supply lines forming a constant torque type



system or used more directly by converting it into
mechanical power and adding the same to the main shaft,
thus forming a constant power type system.[6,7]. The former
method, where tha slip power‘ié racovered back to the line
through a converter cascade is known as static Kramer

drive [8-11].,

The %ﬁg&fﬁﬁ Kramer drive system used a rotory converter
instead of a diode rectifier and fed power to a d.c. motor
coupled to the Induction machine shaft, After the second world
war, a modified Kramer Revival” using a transformer/mercury-
arc rectifier combination as a converter was successfully
appliad to several mins ventillating fon drives [12-14],This
drive system is not only efficient but the converter power
rating is low, because it . has to handle only the slip power.
This power rating becomes lower for a more restricted speed |
rahge near the synchronous speed, The additional advantages
are that the drive system has characteristics like d.c.
machine and the control circuit is simple, These advantagaes off
set to soma extént the disadvantéges of the woundrotar

machine and poor power factor characteristics,

The static Kramer systems do not have the regenarative
mode of operation, This feature requires that the slip'power
in the rotor should flow in the reverse direction. If the diode
bridge rectifier is replaéed by thyristor bridge, the slip
power flo& can be controlled in either direction. Such a

static Kramer system with a bi~directional slip-power flow
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can be controlled for motaring and regencration both ih
sub-synchronoué and super-synchronous ranges of speed.The
dual converter system in a static Kramer drive can be
replaced by a single -phase controlled I}ne commutated
cycloconverter to permit the slip-powab flow in either
direction, such a scheme is known as a Static Scherbius
drive. This type of drive has poar power factor character-

istics,

The use of inverter circuits [16-18] sc far reported
for speed control of induction motor are ussually of forced
commitated type and the risk of commutation failure is
mora because of high instantanzous currents and steep risé
in voltages at the time of commutation. The use of cyclo -
converter circuifs gives limited variations in frequency and
requires complicated trigger circuits., Because of these limi-
tations, these circuits are not reliable in case of group drive
applications, such as intraction system and textile industry. |
To overcome scme of these disadvantages of forced commutated
invarter circuits, a d.c, link inverter consisting of
inverter - synchronous machine COmbinatio§ as a variable
frequency source is been discussed by Ranganadhachari et.al, -
[19]. The d.c. link invertsr and synclronous machine combina-
tion is popularly known as commutatorlzss D,C. machine (CLM).
This drive system is comparable to the variable speed d.c.

drive and some of the limitations of variable spead d.c.



6

machinas that is, commitator effect at higher speed can be

“overccme in this system,

A scheme for power factor improvement for very high
power applications is known as thé commutatorless Kramer
system [20-25] for large capacity induction motors. Th:
speed and torque of the drive system are controlled by the
inverter firing angle and field current so that the line
commutation of the inverter is possible at optimum firing
angle on different specds. A8 a characteristic of the line
commutated inverter drive, sp2ed control is not possible at

a low value of speed because of insufficient counter enf.

To reduce the spead of the drive down to almost zearo
a chopper is included in the armature circuit of the D.C,
motor of the Kramer drive. The use of thyristor chopper is
very favourablp because of high efficiency, flexibility in
control, small size and quick response to very low speeds.
The output voltage of the chopper can be controlled by using
thyristor firing techniques to preduce timg ratio control
or current limit control, The chopper may then be operated
aithar at a constént frequency or at a constant ON or OFF
time abd veariable frequency. Between the different methods
of time-ratio contrdl, the one with variable ON-time and
constant frequency is preferable because it permits a
choice of frequency suitable to the supply. The comutation
circuit, the filter circuit and the load ensuwring fast

response.
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By controlling the duty cycle of th: chopper, the
effective armature veltage of the d.c: motor is ccntrelled
and it is possible tc reduce the spead of the drive down
to almost zero [26-28].

The firing circuit for a 3-phase variable frequancy
thyristor bridge is developed by Naik et.al [29]. The
microprocessor has opened up an existing range of opportu~
nities to the variable spead drives [31-35]. In the present
work, a microprocessor based chopper centrolled commutatorless
Kramer drive is cconsidered to study the performance of tha

drive system.

1,2 IITERATURE SURVEY

A larger volume cof research work has been publishad
on the Kramer drive. From the literature review it is found
that not much work has so far been reportaed on chopper
controlled commutatorless Kramer drive, Bese [1] reviewed
the presentvstatus of ac drive techmology in which the
selient technical features of ac machines, converters,
controls and performances of the integrated drive systems are
described. Jones and Brown (2] outlined_the control of spsed
of alectrical mechines from the earlier methods to their
modefn eduivalentsfusing eléothnic oontroi.'

The varlable speed ac drlves are 1d>nt1fled as
Inductlon motors and synchronous motor drives. The wound

rotor machlnes were long bean used for. speed control by
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verying the rotor circuit rheostaks., Tha speed centrol of
slip ring induction motor is also reported using thyristor
chopper controlled resistance in the rotar circuit [4 and
5], This control scheme provides confactless and continuous

variation of rcter resistance,

Instead of wasting the power in the rotor circuit as
2at, the slip power may be either returned to the shaft
of the main motor or returned to the supply after modifying

its frequency to be equal to supply frequency. Shepherd
and Kbalil [6] investigated the improvamént of the power
factor using capacitor in the rotor circuit of slip energy
recovery system and alsc using two sets windings in the
rotar [7]. Mittle and Venkatesan [8 and 9] determined
stability and instability region of a static slip region
of a static slip-power recovery drive. Doradla et.al.[11]
investigated a new slip-power recovery scheme with a PWy
converter with the improved supply power factor. The spead

and torque characteristics ¢f this drive were similar to

those of a separately excited d.c. motor,

The basi¢c Kramer combinétion developed scme 80 years

~ ago, used a rotary converter to provide the mcessary slip-

: fneQuéhcy ac to:do‘COnversion.'But*the qost of‘providing,
"maintenanCe; miltiplicity of machines and brush gear natufaliy
toid rather'héévily‘agéinst thisﬁtype:of drivéf Clapham and Griffin

[12] héVe‘desoribedsthé usefulness of modified Kramer system
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" for large power outputs using a transformer/mercury are
rectifisr combination as a converter, The only limitation
is that the rectifier in the Kramer combination constitutes
a norrreturn valve and this pr=v nts the bi~directional
power flow possible in the a.c. commututcr motor, In

conse qu ance, power can be abstracted (only) from the rotor
and not supplied to it and thus the speed range is:- extended
from just under synchropous speed down to half synchronous

speed and balow [13 and 14].

Whan the appliCations of convenfional d.c, machines
are limited by their commutatcr they can be replaced by an
equivalent system of a static ccnvertar and an a.c, machine
the combination of a synchronous motor and a load commutatad
inverter is well adopted to high power levels and is popularly
known as commutatorless motcr (CIM). The inverter circuié is
a fully controlled thyristor bridge [16~18], triggered
synchronously with the revolution: of the rotor of the machine,
Ranganadhachari et al [19] attempted for the feasibility
of a CIM as a variable frequency scurce to the induction
motor. The main feature of this variable freguency operation
of induction motor is that it provides continuous control
over a wide range of speed and is_efficient. CGkuyama [21]
has discgséed the éffedts of machine constants on steady
state and transient éharéctafisticé of commutaforless motors.
Nacto [22] dlscussed the affect of fluld current fluctuations

on operatlng pe rfcrmance of the CLM.



10

Kuniomi Oguchi [24] proposed the speed control,
of a brushless static Kramer system. He discussad the
various control methods such as field control method,
chopper control method, and advance angle ccntrol method
von the drivé systém. He showed that the émooth spead
variation is possible by chopper control, Wakabayashi‘[25]
described the commutatorless Kramer control systen and
applied commercially for driving large.capacity pumps.
Venkatesan and Gupta [26 and 28] suggested a method to
extend the épeed range in the sub synchronous region down to
almost zero by including a chopper in the modified Kramer
system, The steady state performance of this system is also

discussed [27].

- A firing circuit for the 3~ phase varisble fraquency
thyristor bridge inverter is given by Naik et.al. [29],The
firing pulses for the thyristors of ths ICI and tha choppar
are generated by a micfoprocessor. Richter [34] have discussad
the microprocessor oonfrolled inverter-fed synchronous motor,
The important advantage of microprocessor conﬁrol is that of
fléxibility. No hardwars changes are required if it is
desirable cr necessary to make cdntrol_modifications.
Chakaraborty [35] has discussed the microprdqessor controlled
commutatoriess d.c;‘series motor by using induced vcltage

- commtated inverter aldnngiﬁh,the.inducéd'voltage S2nsor .
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In the present work, a microprocessor based chopper
controlled commufatorless constant power Kramer dfive is:
fabricated and expérimental performarce characteristics

are obtained,

1.5 SCOPE OF THE PRESENT WORK

The present work is concerned with the development

of the microprocesscr basad commutatcrless constant power
Kramer drive, Which consists of a wound rotcr induction
motor (main motor) and a synchronous motor (auxiliary motar)

mechanically coupled to the same shaft of thJ main motor -
and load. The slip power extracted from the s%ator terminals
of the induction motor is rectified by an uncontrolled
rectifier bridge. The d.c. link consists of a d.c. chopper
and an inductor which are connected to the load commutated
inverter which supplies power from the d.c, source to the
synchronous motor, The d.c. lirk inverter-synchronous métbr
combination is popularly known as commutatorlass d.c.
motor (CLM). Thls drxve system is compardble to the variable
speed d.c, drlve and some ol the limitations of variable
spead d. c.vmachln»s, nambly, the commutator affect at higher |
.speed can bhe overCOme in thls system, The function ofvthg
’induCtor' on the de s’ide' is tc smooth out current undulaticns and

to meke the eurrent continuoué in the cirOuit.
The spead df the drive system can be either varied

by varying the duty eycle of the ehopper thus varying the
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d.c, link voltage or by varying the field excitétion of

| the synchroncus motors Speed control in a wide range from

synchronous down to almost zero could be cbtainad, Howevér,

the field weékening cf the CIM causes commutation féilure

due tc insufficient induced emf ‘available- at synchroncus

motor terminals, So field current should not be reduced tec

very low values,

A simple microprocesscr basaed firing congrol scheme
using reduced hardware components are designed, fabricated
and tested. The no load test is carried out on the choppar
controlled commutatorless cohstant powar Kramer drive by
varying the field current of the separately excited CLM
~ with constant’dhty cyele of the chopperf varying the duty
cycle with constant field'cuﬁrent cf the CIM, The ioad tast
is performed on the drive at different dutyvcycle and field
current'séttings and the stéady state performanCe.of tha
drive is obtalned experimentallys, The wavefcrms and osclllo-
grams at dlff arent points of the COHtPOl‘Clrcult and powar

circuit are recorded and discussed.,

1.4 - OUTLINE OF THE CHAPTERS

In chapter.li, the compléte hardware of the present
scheme is discuséad ih'detail. The design of.power circuit,
microprocessor based firing control circuit using less
hardware ccmponebts pulse amplifier and ADC cxrcuxts are

present ad in this chapter.
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The impiementation of software and flowcharts of
the chopper contrclled commutaterless Kramef drive is
discussed in Chapter II1. The various subroutines used
in conjunction with the main program such as ADC, sub-
routine, MULT subroutinz, IRy, IR, and IRj interrupt sub~

routine are also developed in this chaptar,

Chapter IV deals with the experimental steady
state performance of the drive system, Conclusions and

suggestions for further work are discussed in chapter V,
‘The rating of the machine pin details and connection
diagram of ADC chip and assembly language program for

steady state performancé of the drive are given in APPENDICES,



CHAPTER = 1T

DESCRIPTLON OF THE SYSTEM
2,1  GENSRAL

A chopper controlled commutatorless kramer drive
system presents a constant power type slip energy recovery
drive, which is different with respect to thé conventional
Kramer drive, in that the d.c, motor is replaced by comur-
tatarless d.c. motor, The commutatorless d.c.motor is dbtained by
feeding a synchronous motar from a 3 phase ihverter whose
firing‘eénstants afe synchronized with its speed and which
is naturally commutated by the 3 phase voltagés avajilable
at its output_terminals in the form of induced emf of the
synchronous motér, A chopper  is included in the d.c. link‘
to effectively control armature voltage of the d.c. motor and
thereby control the shaft speed in sub~syn¢hronous region;A
- microprocessor based control scheme for line commutated
inverter and the time ratio control of the chopper is

described in detail.

2.2 PRINCIPLE OF OPERATIQN

A block'diagram of the sYStem considéréd is shown
in Fig. 2.1, It consists of a wound roter Induction motor,
an uncontrolled diode bridge rectifier, a smootheniﬁgvd.c.
link inductor, a series comected chopper, a line comﬁutated :
inverter and a synbhronous motor whose field is separately

excited, The rectifier bridge along with the d.c. chopper
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and the d.c, link inductor forms the variable d.c. source,

The variable d.c, voltage is impressed at thé d.é. input
terminals of the line commtated inverter (LCI). The ICI
supplies power from the D,C., source to the synchronous

machine, It is a three phase fully controlled SCR bridge

and can be operated in an inverter mode bj suitably

chosing the firing angle between 90° and 180°, The syncir
ronous machine is a convehtibnal one, The inverter-synchronous
machine along with the synchrbnising gating circuit constitutes

a commitatorless d.c. motor (G1M)

Th2 system is started by running the synchronous
machine as a synchronous generator with Induction motor
écting as prime mover and the firing pulses for invertor
thyriétors are derived from the generatéd‘emf of the synchronous
machine stator by the induced voltage sensor. The firing pulses
are generated by means of microprocessor to the thyristors of
the inverter and the éhopper. The input power to ICI is in -
creased by duty cycle so that the inverter input d.c. voltage
increasas and power is pushéd through ICI from d.c. side to
a.c, side. The synchronous machine now qurafes as a motor
offering characteristics of a separately excited d.c. motor.
The speed control of‘thisvcommutatorless Kramer drive is
obtained eithar by varying the d.c. input voltage which is
achizved by vafying the duty cycle of the chopper-or by chan
ging the field ekcitation of the synchrohous motor. By contro-
1ling the duty cycle of the chopper, it is possible te reduce

the speed of the drive down to very close to zero,
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2.3  SYSTEM IESCRIPTION

The schematic diagram of the chopper controlled
commutatorless Kramer drive using induced voltage cofmute-
tion along with the voltage sensor for synchronizatioh‘is
shown in Fig. 2.2, The major components comppising the system

are briefly discussed as under,
(1) Three-phase wound rotor Induction motar.

It is a conventional Inductioh motor whose slip~
rings are connected to an .uncontrolled diode rectifier
bridge. The slip power is extracted and then rectifiad supply
is fed to the commatator less machine which is coupled to thé
 same shaft of the Induction motbr, thus obtaining a constant

power drive system,
(i1) Uncontrolled diode bridge rectifier.

v The function of the diode rectifier is to ractify
the rotor frequency ac voltage to a dc voltage and the bridge
configuration gives batter utilization of tha motor giving a
six pulse output.
(iii) D.C.Chopper

' Choppers are widely used for speed control of

separately excited D.C.motor as they offer high efficiancy
quick response, wide speed control range down to very low
speeds. The firing pulses are generated by the microcomputer

to trigger the main and 8Dxiliary thyristors TH1 and Thy, of



IANEA H3WVEN SS3ITHOLVINANWOI 4371104 LNOD ¥3ddOHD 40 WV¥9VIA
IVYNOIS & _

3T3A0 ALNG

11nd2812
ONIZINOYHION AS

1102410

ONidid d3svse
HO0SS3008d OH 31N

=1yl

IERIR

JILVAN3IHIS —Z-Z 914

3NIHOVW

%S 7 8y Y

g 0t oBmMN la %a .SM
i v 2yl _ :
R Y 9 9 IN—A “ l_lmo. g \q

o)
w1 |
¥3183ANI N 300148
om»<~:ﬁ&ou © HMOLONANI ¥3ddOHD © ¥31d14338 30010
avo _

AlddNs

SNONGYHINAS

3V

h “AddNsS F

- +
20

3JSVHJI-¢

¥OLO0OW NOILONANI
d010¥ aQNOAOM



17

the chopper, The main thyristor in a chopper has to b2 turned off
by auxiliary commutation circuitary, The voltage commutation
circuit comprises an auxiliary thyristor Iﬁz; a diode D, an
inductor I, and capacitor §. To start ths circuit, capacitor
C is inttially ocharged by firing the thyristor Th,, charging
is now from the source via Thy, and 3oadwith the charging thyris-
tor turning off §Sthe‘charging current ﬁeCays to zazro, Fig 2.3
shows the voltage commutated choppar, The output véltage of
chopper is usually controlled either by using timé ratko
control (TRC) or by using current limit control (CLC). In IRC,
the ON to OFF time ratioc is adjust:d. The choppsr may than bz 3
éperated either at a fixed frequancy and variable ON ar OFF.
time ar at a variable frequency and fixsd ON or OFF time.
In C1C, the load curraent ié‘restricted batwean spacifiad
maximun and minimum valuzs by using suitabl: firing techniquas
Al‘though both the schemes have relative advantages and limitat-
.ions, choppers with variable ON tima and fixad frecuancy ar:
pra2ferable baecaus: thase afe simple and provide floxibility
in control,
(iv) D.C. link inductcr,

The function of the D.Cy 1ink inductor is to smocth
out the current amdulations and to make the current contimious
in the circuit, Hence a large value of inductance is comnected

in the d.¢. link of the system.
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(v)  Line commutated inverter (LCI)

It is a simple three phase thyristorized inverter
bridge. It converts the d.c. voltage into ac voltage of
variable amplitude and'frquency. The induced voltage in
the stator of the synchronous machin: is utilised to gene -
rate'the«firing pulsés for inverter thyristors. The
relationship between line to line and line to neutral
voltages at synchronous machine terminals along with the
firing instants of the thyristors are shown in Fig, 2.4,
The thyristors :1’ TB’ Té are called positive group sirce
they are turned on when the machine terminal voltages are.
positive, similarly the thyristors TL, IB, T, are called -
negative group SCRs. Since they are triggered when the machine
voltages are nzgative, The firing angle of the inverter is
zlways greater than 90O and_measured from the instant 0.
crossihg point of two phase voltages as shown in Fig. 24k,
In the _ﬁomal operation, always two thyristors one from
positive group'and another from negative group will remain
in conduction, Ihyfistors are triggered at 60°‘interval with
_respect to the terminal voltage frequency, Each thyristor
conducts for a period of 120° and the frequency of current is
same as_that of machine terminal voltage. In case of ICI,
machine current always lzads the corrésponding phase voltage.
The d.c. output voltage of a <fully céntrolled converter is

given by the following equation.
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TABLE 241
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00_ 6 00
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36 |
Vdo = mfuu Vcosa = Emcos g
7
wheare V. = per'phase ac voltage.

If a dice voltage source is connaected to the invértér
bridge in proper polarity and magnitude (> Vgg) then it will
feed the power to the A,C, system through the controlled

circuit,
(vi)  Synchronous motor

It is a conventional synchronous motor and oparated
as a variable spead motor. The back emf Qf synchronous motor
.is used for natural commutation of the inverter thyrisﬁors.
The frequenéy éf the inverter is a function of the motor speed.
(vii) Synchronizing circuit

It consists of steb down transformers, comparator,
switching transistor,‘and AND gate, Synchfonizing signal is
derived from the lin® to line terminal voltages of the
synchronous machi ne VAC and Vg and it is of 60° pulse width
. of the machine fr aquency at bvery cycle,: Thls signal gives
information about the operating frequency oi{ the machine

terminal voltage and 60° delay count. o

Fig. 2.5 shows a zero-crossing detector'circuit using
IC 741,IC 741 is a voltage compafétor, The output of which
is a square wave on the principle of voltage comparison, that is
the output swings ideally between +12V and -12V at every zero

crossing of machine voltage frequency. The output of comparator
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is raduced to a lower voltage by a series connected resistor
at the base of the tramsistor, The positive swing drives

the transistor in to saturation‘producing a TTL input of
approximately Q volts and the negative swing drives the
transistor in to cut-off producing an input of +5 vdlts.

Thus the transistor inverts the input control signal, The
diode in the base circuit protects the base against excessive
reverse voltaga as the negative oufput of the comparator
approaches ~12 volfs. The two output signals of the tran-
sistor are ANDed in two input AND gate, IC 7408, It gives

the required synchronizing signal of 60° pﬁlse width as shown
in Fig, 2.6 which is usaed to generate the firing pulses by the

microprocassor.,

(viii) MicroprodeSSOr basaed control circuit

The control circuit to generate the firing pulses for
thyristors of ICI and chopper has two programmable interval
timer (PIT -82§34), one programmable interrupt controller
(PIC-8259) which is shown in Fig. 2,7. The synchronizing
signal derived from machine terminal voltages is inputted
to PC, of programmsble peripheral interface (PPI-8253), gate
of counter, (1) and IRO pin of 8259A. The status of PC; is
-checked at every instant by the microprocessor to load the
counter 1?&(1)‘with FFFF H for the calculation of 60° count.
A clock of 511,67 KHz is generated by operating TMi(l) in
mode 2 from a clock of 1,535 MHz, This clock is provided
to the TMé(l) and TM1(2). A1l the counters except T (1)
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are programmed in mode O, Counter IMi(Z) is used to load
(¢~120°) count for the fir'st time to Igenerate firing pulses
for (495) thyristors of the inverter and then the same counter
TM1(2) is used to load 60° count to generate firing pulses

for the other next five pairs of thyristors of the inverter,
Counter TMb(Z) is usad to load IbN/(IbFF) periQd in mode O,

at the clock frequency of 1,535 MHz to fire the auxiliary

and main thyristors of the chopper accordingly. ADC 0809 is
intarfaced to the micropfooessor through port B and port C

- of 8255A. ADC provides information about duty cycle of the
choppar. The duty cycle can be changed linearly by varying
analog input ﬁo the ADC through a 447K pot connected in seri:qs
to a 8.2 K resistar, The firing pulses for the Thyristors are
outputted through port A of 82554 as p2r the firing command
word. The output of counter T4 (2), synchronizing signal and
generation of firing pulses are shown in Fig, 2.8, The duration
of firing pulses generated by the microcomputer via 82554 is
very small, The firing pulse duration is increased to 0.72

m seconds through a monostable multivibrator circuit, These
firing pulses are amplified using a puls: amplifier circuit

which is described in the following section.

2.4 POWER AMPLIFIER CIRCULT
Fig. 2.9 shows the power amplifier circuit for one

channel. It consists of
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(a) Monostable muitivibrator
(b) Oscillator

(c) AND gate

(d) Pulse amplifier,

(a) Monostable multivibrator

‘- An output pulse of 0,73 im seconds width is produced
by a 74123 retriggerable rmonostabla multibrator. This pulse
width is decided by the externally corinected R and C which is
given by the formula

T = 0-33 Re
where, R and C are selected as 22 K ohm and 0,1 ufF,
(b) Oscill ator

IC 555 timer is used as oscillator, The frequency of

timer is given by

, 1.44
B -
(R, + 2Rp) CT
whare . ,
R, = K, Ry = 4,7 K and CT = 0,01 uF which gives
a frequency of 14 KHz,
(¢)  AND gate

The output pulses from the monostable multivibrator
are at low frequency, hence they are ANDed with a high
frequency modulating signal obtained from IC-555 oscill@tor
with a freaquency of 14 KHz, This preVehts the saturation of

pulse transformer in the pulse amplifier circuit,
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(a) Pulse amplifier

The strength of the AND gate output pulses is
amplified using the pulse amplifier circuit. A pulse
transformer is used for slectrical isolaticn between
control circuit and power circuit as shown in Fig. 2.9.
The diode across the primary windings of the transformer
avolds tha saturation of the pulse transformer; and also
- protects the‘transistof. A diode in series with the secon-
dary winéing blocks the negative pulse, A diode across the
secondary of the transormer protects the gate of the thyris-
tor from long reverse voltages. The capacitor across the
sacondary prevents any spurious high frequency from tri -

ggaring the thyristors.

245 INTERFACING OF PROGRAMMABLE INTERVAL TIMERBZ53A

Fig. 2.10 shows the interfacing of PIT 8253A, It
consists of a 3 line to 8 line decoder 74IS138 which derives
the chip select TS signal to 8253A., The select inputs A, and
Ay are connected to the A, and A address bus signéls of the
- CPU respectively, RD ,_Wﬁ and I/ M control signals are
derived directly from the contrél bus of the microprooessor.

The port addresses for the 82534 are selected as under,

us\0¢

the

el Library Oniversity «* "C0TREs
veal Ljhra y amver’
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A'7 % A5 Ay AB o A A

1 ©c 1 0o o0 0 0o 0 &

1 00 1 o0 0 0 0 1 & g

1 0 1 o0 0 ©0 1 0 4 @D

1 © 1 0 0 0 1 1 A  CONTROL WORD
1 o 1 0 0 1 0 0 4

1 o 1 o o0 1 ‘0 1 A T

1 0o 1 o0 o 1 1 0 A& T

1 0 1 0 © 1 .1 1 A  CONTROL WORE

Thus the interfacing circuit meets the requirement

of the extra counters other than from the p® 8085 system.

2.6 ‘INTER FACING OF ADC CIRCUIT

Fig. 2,11 shows ADC 0809 interfacing circuit, The
ADC 0809 is an 8 bit A/D converter with 8 channel multiplexer
operating with a single +5 volts d.c. An analog input of 4.7
K potential -divider comected in series to a 8,2 X fesistor
is connected to INO gf ADC. A suitable_clocﬁ of 125 KHz for
conversion time is obtained from an oscillator IC 555. The
firing pulses for the thyristors are outputted through port
A of 8255A as per firing command word. The duty cycle of
chopper can be changed linearly by varying'the analog input
to the ADC. The details of pin configuration of 0809 is given

in Appendix = I,
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2.7  IESLGY OF POWER CIRCULT

The power circuit for the proposed scheme consists
of the following parts,
i« Three-phase diode bfidge.
ii, = Three-phase fully controlled ICI,
iii. D.C,chopper
iv, D,C,LINK inductor

The design ratings of SCRs and diodes for the
bridges must be such that they should not be exceaded

when maximam power is being delivered by the circuit,

i. Cheoice of ratings of rectifier bridge diodes.

Tha power circuit has beun daesigned to supply an
active load of IRMS = 10 A. at voltage = 400V input to thé
bridge rectifier. Thus the d.¢, link current for this a.c.

currant can be obtained from

IRMS = 1022 I dC
s IDC = 00816 IRIVB
IDC = 8,16 A

The voltage rating of diodes of the uncontrolled bridge have
.to be selected with the considerations of the peak inverse
voltage appearing across the davicés, this in turn depoends
upon the 'maximum threa phase input line voltage to the
bridge.

Therefore the PIV across each diode is
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I LI
\ = e X em— :
PIV 3 n IN
= 2045 VIN .
400,
Vpry = 2,45 x " = 566 V

/3
A safety factor of 2 is kept, so that the diodes

can easily take reascnable over voltages. Thus the diodes
of rating 164, 1200 EIv'can be selected to meet the require-
ments.

(ii) Selection of rating of thyristors

For a 3 phase bridge the ratio of PIV and line to

neutral voltages is given by

Bprv 2,45
By

Borv

2,45 x Bpyy = 2485 x 400
' /3
- 566 V

As the rated current of a synchronous motor is 104, we

have
I
AB g2
Inc
. IDC = 0.816 X 10 = 8.16 A.

Allowing & safety factor 2, a rating of 164, 1200 Pry

can be used,

(iii) Selection of commutating capacitor and Inductor
of chopper. |
The rated rotor voltages of the WRIM = 140 V.,

Rated rotor current = 224,



27

At rectifier output the voltage

= 1035 X 190
| =289 V
and Idc the current = 1,28 x 22
‘ =28 A
Taking Turn off time = 20 micro secs
o 2140 Torr
- v
R.
where VR-_- average value for rectified slip voltage
189 «+ _;ng
VR= = 141.75 V
2

c.o C =.7¢9 mi.croo F :’-8 micrO‘Fo

L2 = et I
de

< L = 0.81 mH

Hence a capacitor of 8 micrc Farads and an inductor
of 0,81 milli Henry are used in the auxiliary circuit cf

voltage commutated chopper,
2.8 CONCLUSIONS

The details of the microprocessor based ‘firing control
scheme for the inverter bridge gnd the firing pulses for
chopper thyristors has been discussad 'in this chapter, The
design of power circuit and synchronising circuit are also
developed, The interfacing of ADC circuit and PIT ~8253A has

also baen described,



CHAPTER = IIT

IMPLEMANTATION OF SYSTEM SOFTWARE AND FLOWCHARTS

3.1 GENERAL

In this chapter, mainly, the development of system
software and flowcharts is described, The complete logic
of the control scheme is discussed in the main program
vroutine. The other subroutines along with the main programme

are also given in this chaptér.

3.2 MAIN PROGRAM ROUTINE

" The flow chart for the main program is shown in Fig,
5.1. The program is started with the initialization of -
programmable peripheral devices in suitable mode according
to the requirements for the present scheme, The port A of
8255A (the programmable peripheral interface) is programmed
in output mode for outputting the firing pulses as per the
firing command word. The port B is the input mode for inpu~ .
tting the data from ADC output. The port CL is in output

mode and port Cu is in input mode.

In the GP 8085 system, two counters of programmable'
‘interval timér (PIT -8253A) are available for the user through
CChnectorAJl. Counter T, (1) is programmed in mode 2 for gene-
rating the clock of 511.67 KHz by uéing the clock of 1,535 MHz
and all the other counters are in mode (0.) T, (1) is used for

providing count corresponding to 60° with a clock of 511,67 KHz.
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TMO(Z) of the interfaced PIT ~8<53A is uéed for providing
Ty C and Tgppe for the chopper and ™, (2) is used for
providing count for 30° initially and then count for 60°
delay to generate the firing pulses in seguence with 60°
delay for inverter thyristors. The output of TMi(Z) and
TMO(Z) are used as IR, and IRs interrupt requesﬁ for gene -

rating the firing pulses.

The programmeble interrupt controller (PIC -8259A)
is initialized in fully nested}mode, in which IRo has the
highest priority and IR7 has the lowest priority, In the
present scheme three interrupt lines IRO, IR, and IR5 are

used.

After the initialization of 8253(1), the Ty(1) is
loaded with a eount(3H to generate a clock of 511,67 KHz.
Continuously. The microprocessor checks the status of the
synchronizing signal imported through PC7. If it is found
to be low then FFFF H is loaded ~ - into the TM,(1). The
synchronizing signal is also inputted continuously to the
Gate of TNé(l) and counting becomes enable as soon as the
digitized signal goes to high. The counter starts decrementing
fhe count value (FFFF H) as long as the synchronizing signeal
remains high and counting becomes disable as soon as the
synchronizing signal goes to low., Now the count value for 60°
duration of terminal voltage of synchronous machine is
calculated. Then the 30° count value is calculated and loaded

in to the IMi(a) whose gate is made~perman§ntly high, After
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calculating the count for 60° and 30°, the programme
jumps to ADC subroutine, ADC converts a particular analog
input to it throughlthe channael INg into its equivalent
digital signal and this output is stored in the memory
location address (Add 6). This digital output contains
the information about the duty cycle of the chopper, Next,
the programme moves to multlpllcatlon subroutlne. In this
subroutine the value of K in hexadecimal is multiplied by

the ADC output for calculation of IONC and IbFFc as shown

bEJ.OWo
Tch = ADC x K - (3.1)
1 ’ clock frequency
whera K = &~ x e
fCH 100
K = 1 1,5 % léi
h 100
K 3(50)10 = (32)H ' (3-2) -
TbFFc'z (64~ ADC) K - ' (3.3)

where the frecuency of the chopper

fCH is considered as 3@ hz.

The equation (3.1) and (3.3) clearly indicates that
by varying analog input to the ADC, the duty cycle of the
‘chopper canvbe controlled easily during the operation'of the
.system. After calculatz.ng the TON and TOFF thn mterrupt
system is made. enable and T™ (2) is loaded lnltlally with

T
OFFC

in the Halt state for thu interrupt signal IR5 as only IR5

to generate IRS interrupt. Then the mlcroprocessor waits

is unmﬂsked in the begining, when IR5 is saved the programme
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INTIALISE 8255, 8253 (1), 8253 (2)

PORT A —= OUT PUT MODE
PORT B —e— INPUT. MODE
PORT CL— OUTPUT MODE
PORT CU—— INPUT MODE
TM1 (1) —= MODE (2)
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FI6.31—FLOW CHART FOR MAIN PROGRAM
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moves to aenable IRo interrupt as IRo, IR2 and IR5 are
unmasked. After all the interrupts are sarvad, the interrupt
system is made disabled and the firing sequerce is testod,
If the firing sequehce '6' is over then the microprocassor
reads the content of counter, (1) for new 60° and 30° count

and goes to Halt state after enabling interrupt system. -

3,3 ADC SUBRQUTINE

This subroutine is used to provide duty cycle infor -
mation for the chopper, This is executed once ih avery cycle
of the machine frequency. ADC convér’cs‘ the analog input} to
its digital eaquivalent at the instant, when the start of
conversion (SOC) bit of ADC goes from low to high, SOC pulse
is issued by the microprocessor through PCO-bit of 8255A,
The duty cycle can be changéd by varying tﬁe analog input
to ADC through a potential divider, The flow chart for ADC
subroutine is shown in Fig, 3.2, ADC clock in is given from
an oscillator developed with 555 timer at 125 KHz. The digital
output is stored in memory location Add 6 and displayed in

data field by the microprocessor,
3.4 MULT SUBROUTINE

The flow chart for MULT subroutine is shown in Fig.j.B.
In this subroutine the value.Of K is multiplied by the digital
output of the ADC for TbNé and (64H - ADC) for Toppe
The register pair (DE) contains the multiplicand which is
the value 6f the K = 32H corresponding}tolthe clock of

1.535 MHz. Reglster B contains the multiplier and Register C
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FIG. 3-2—FLOW CHART FOR ADC SUBROUTINE
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is used to indicate the bit position of multiplier,
Register pair HL will contain the partial product or
final product.Since the binary digits may be either 1

or 0, the miltiplier may be examined o a bit by bit
basis for 1 or 0, starting from right to left, If'a 1

is found the mltiplicand is shifted in proper position
and added to the accumulating result, If a 0 is found
nothing is added to the partial product, In the present
case all bits of.multiplier are to be tested and the

product is stored in HL pair,

345 IRQ INTERRUPT SUBROUTINE

Fige. 3.4 shows the flow chart of,iRo interrupt
service subroutine, In this subroutine 30° count corres-
ponding to 511.67 KHz, is loaded in to the countery(2) to
trigser the (4,5) pair of thyristors of the load commita-
ted inverter, The T4 (2) is loaded with a count for 30°
once in every cycla, Counter output goes high on the
terminal count and this output is used as IR, interrupt
request input, The microprocessor ensbles the interrupt
systems at the end of subroutine before returning to the

main programme.

3.6 IR, INTERRUPT SUBROUTINE

Fig. 3.5 shows the flow chart for IR, service routine,
HL is loaded directly with the firing command address to
point the correct address to fire (4,5) thyristor pair and

incrementad with a count for 600 delay loaded in the same
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Tml(Z;} Then the firing sequence 6 is.over, then HL is
reloaded with the starting address of the firing command
tabley The migroprogassor retrieves the registers and enables
interrupt systems at the end of the subroutine bafore retur -

ning to the interrupted programme,

347 ;55 INTERRUPT SUBROUTINE

- Figs 3.6 shows the flow chart for IRg interrupt sub-
routine, This subroutinas is used to genecrate firing pulses
for the main and auxiliary thyristors of fha chopper. At the
begining of the subroutine, the registers are saved and firing
index :¥I) is checked for 00, If it is 00, the auxiliary
thyristor is fired by loading the TV (2) with Typm .« If
the (FI )is found to be 01 then the main thyristor is fired by
loading TM_(2) with T

N c
high., The IMb(Z) is loaded once With‘IbFF c and naxt with Tave

and making the particular bit

~once in every cucle. The microprocessor retrieves the registers
and enables the interrupt system after calculating the new
TbN c and IbFFC for the next cycle before retrieving to the
interrupted main programme, The output of TMO(2) on the

terminal count is used as IR5 interrupt request.

-3,.,8 GONCIUSICNS
In this chapter the main program with various sub -

routines have been discussed in detail,

Subroutines discussed are ADC, MULT, IR, IRy, and

IRg subroutines.
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ADC subroutine provides the duty cycle information '
for the ehopper, MULT subroutine performs the calculations
for IbN c and TbFFc' IR, interrupt.subroutine is used to
load the TMi(Z) with a count for 300 and IR, interrupt
subroutine is used to gencrate the firing pulses for thé
thyristor of.inverter‘in proper sequence with a count of
60° delay. IR interrupt subrcutine is used to generéte
the firing pulses for the main and auxiliary thyristors

and T

of chopper by loading the TM (2) with OFF o

IbN c
respectively.

The main routine and various software subroutine
programs have been tested individually and altogether on
micfoprocessor 8085 based syétem for implementing the present

scheme, -
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CHAPTER ~ IV

- STEADY STATE PERFORMANCE OF THE

DRIVE __ SYSTEM

4.1 GENSRAL

This chapter deals with‘the experimental studies
on the mieroprocessor based chopper controlled commuta-
torless Kramer drive, The steady state performance of
this drive system have beeh studied on no load ahd on
load. The speed control is obtained by varying the field
current and duty cycle of the chopper. The oscillograms
of the induction machine terminal voltage, stator cﬁrrent,
dsCa link voltage and current, synchronous machine voltage
and current and vol tage waveforms at different points of

the firing control circuit are also given.

- 4,2  EXPERIMENTAL INVESTIGATLONS

Thé main~objective'of the experimental investigations
is to study the steady state performance characteristibs
of the chopper controlled commutatorless Kramer drive. The
details of the machines used in the system i.e. the induc-
tion motor, synchronous motor and d.c, generator used for
leading are given in Appendix~I. To obtain the steady state
performance of the drive system, the various,tests have been

performed on no load and on load,
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4,2,1 §tag§§ng of thg chopper controlled commtatorless

" Kramer drive

Under stand still conditions, synchronous machine
terminal voltage is zero and therefore firing pulse gene-
ration for load commtated inverter (ICI) is not possible.
The d.c+ supply is given to the field of the synchronous
machine and it is run as a gererator by means of the
wound rotor Induction motor by'olosing switch Sl in
Fige 441, The voltage induced at the stator terminals of
the synchronous machine is used to generate the firing
pulses for the thyriétors of ICI by mioroprooessor. In
the mesent work, a manual starting method shown in
Fige 4.l is édpptéd. The manual method of starting chopper
controlled comutatorless Kramer system involves the

following steps.

(i) The induction motor is started to drive the synch-
ronous machine as a generator at a very ldw speed.
v At low speed, the electromotive force of the synch -
ronous machine is small; So proper synchronizing signal
will not be generated from this low voltage, | |
(ii) A variable resistor, R shown in Fig. 4.1 is connected
across the bridge rectifier to accelerate the motar
upto a speed where the voltage induced at the stator
termina}s of the synchronous machine is sufficient
to generate the firing pulses for the thyristors of

the ICI by the microprocessor,
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(iii) Also the firing pulses for the main and auxiliary
thyristors of the chopper are generated by tha
microprocessor.‘The'Oufput voltage of the chopper
is variad by varying the duty cyele of the chopper
with the help of the ADRC input,

(iv) The starting Rheostat R is gradually cut out from

the circuit and switch Si is openaed.

(v)  The upper terminal of the D.Ce link is positive and
the lower one negative when sufficient power is being
pushed from d.cs side to the a.c terminals of the
synchronous motor (VR becoming greater, than the

| Vae) o |

(vi) A series resistor connected in series with the
inductor (not shown in Fig; 4,1) is gradually reduced
to the minimum value to enhénce'the power to the motar,
This resistor is placed in the circuit to reduce the
speed of oparation to a value which gives sufficient
slip voltage SE, which is necessary for commutation
of the chopper. |

(vii) A very low value of capacitor (not shown in Fig.

| 4,1) is placed at the ac terminals of the inverter

kridge to improve the reactive power,

(viii)The slip power from the rotor of the wound roter

Induction motor flows from the d.c side to the

éynchronous motor when the bridge rectifier voltage
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becomes greater than the inverter dc voltage thus

following the Kramer operation,

b2 42 Tests at no load

These tests are carried out by varying the chopper
duty cycle with constant field current and changing field
éurrant with constant duty cycle. Tha firing éngle of the
LCI has bean ehosen to be 150° through—out the operation,
From the results of no load tests the following no-load |

steady state characteristics are obtainad.
(i) Speed vs field current for different duty cycles
of the chopper.

(ii) Speed'vs duty cycle of the chopper for different

values of the field current;

4,2,3 Tests at load

The experimental performance under load of the
commutatorlesF Kramer system is obtained with the help of
a coupled d,c, machine rumning as a sepérately excited
genarator, Load test is carrie d out by varying the load on
the drive system at a field current with constant duty
cycle, From the experimental results the following charac-

teristics are obtainad.

(i) Speed vs load current,
(i1) Input current of the induction motar vs the load

current,



(iii) Synehronous motor current vs load current,
(iv) D.C. link current vs load current,

(v) Net power output vs load current,

4.3 RESULTS AND DISCUSSIONS

The experimental characteristics of chopper eontrolled
commtatorless Kramer drive at no load and load cohditions
are shown in Figs. 4,2 to 4.7, The oscillograms of the
waveshapes at different points of the control cireait for
: in?erter bridge and chopper, machine terminal voltage and
current, chopper input voltage andﬁcurrent, chopper output
voltage and current, D.C. link volfage and currenf after the
smoothening inductor. are recorded at no load and loaded

conditions and are shown in Figs. 4.8 to 4,12,

The following salient features on the performance of
chopper controlled commitatorless Kramer drive are observed

from the results.

(1) The effect of field current on speed is shown in
Fig. 4.2 for three settings of chopper duty cycle
which are 20 percent, 50 percent and 90 percent, It
is observed that .speed falls as field current increases,

- Further, at a given field current setting, speed rises

with increase in chopper duty cycle Fig. (4.3).'Thé
maximum speed withd = Q0 percent fis seen from Fig.
4,2 to be around 1000 rpm. Normall(, the speed should

approach synchronous speed (1500 rpm in present case)



§ = 1.0 and I, = 0,0, However, it is due to
inclusion of a resistance in series with the d,c.
link inductor, The reason for including the resistor

has already been explained,

(ii) It is observed from Fig, 4.4 that the commtatorless
Kramer drive exhibits similar drooping load current
vs speed characteristics like a conventional d.c,
motar. Also that the characteristic shifts upword as
the duty cycle is increased, The load current (d.c,
generator armature current) is proportional to load
torque since field current of d.c. generator is kept
constent, The load current is therefore chosen as

independent variable in plotting the characteristic.

(iii) It is observed from the Fig.4.5 and 4.6 for duty
cyclé settings of 60 percent and 80 percent respectively
that the variation of d.c. link current with load
eurrent is similar to the armature current vs load
eurrent characteristic of a conventional d.c. motor.
D,C, lirk currént increases almést linearly with the

load current.,

Ssynchronous motor current also shows the rising trend
whieh is almost linear. This is expected on account of the

rising trend of the d.c. lirk current,



SPEED (RPM)

SPEED (RPM)

0 T R R l L ! ! I J
0 1 2 3 4 5 6 7 8 9 M0 N

FIG. 4:2—NO LOAD SPEED Vs FIELD CURRENT

a00r

Ojlp=2A
. : ‘ O Ig, = 4A
700t

600f

500
400f
300}
200}

100

0 1 ! I ! L i
00 9 60 70 60 50 40 30 20 10

DUTY CYCLE (%)
FIG. 43—NO LOAD SPEED Vs DUTY CYCLE

\
] 1\\
)



800 O | 61 =60%
X | 67:80"%
_ 600
s
Q
a
=~
0 400
o
wn
200
-0 1 ! 1 1 L I l | J
0 1-0 2:0 3.0 40 5.0
LOAD CURRENT (A)
} FIG. 4-4—SPEED Vs LOAD CURRENT ,
Isyn(A)
2:2 V44
2.0 440
18 43.¢
1.6 H3.2
g
14 -~42-8 o
5
1.2 Hz.4 %
s
1.0 ~2.0
0-8 1.4
0:6 416
0-4 —0-8
02 404
0 | ) ] 1 ] ) .

I |
05 10 15 20 2'5 30 35 4.0
LOAD CURRENT(A) PROPORTIONAL TO LOAD TOROUE)

FIG. 45— LOAD CURRENT Vs INDUCTION MOTOR INPUT CURRENT,

D.C.LINK CURRENT AND SYNCHRONOUS MACHINE CURRENT



221 64
0 | lde d4.0

2:0 X T imw

1.8 | & [ lgyn M : 436

1.6k | 82280% 432

141 128

a

~ 1.2 2.4

> B

> *

L0 2.0
0-8F 416
06} d1.2
04t Ho-8
021 | —0:4

0 ! 1 L L i ! ! 1 dg

0 05 10 15 20 25 30 35 40 45 50

_ LOAD CURRENT (A)
FIG. 46—~ LOAD CURRENT Vs INDUCTION MOTOR CURRENT, D. C. LINK,
CURRENT & SYNCHRONOUS MACHINE CURRENT
100[
© | §1:=60%

%0 | X | 62 =80%

80f

70

ek
[
<
Z 50
e
40
30F
20}

10 | L \ \ 1 ! L ! 1
0 05 10 15 20 25 30 35 &0 &5 50

LOAD CURRENT (A)

FIG. 4.7—LOAD CURRENT Vs NET POWER OUTPUT

Ipc, M (A)



41

It is observed that the induction motor current
remeins almost constant with ingrease of load current,
This i5 due to the fact that amount of loading is rather
low (gbout 100 w only) and therefore the current drawn

by the Induction motor increases only marginally,

(iv) The loading is done by a direct coupled fully
exeited d.c, generator, its armature voltage drops‘
significantly under lbad conditions due to fall in
speed, Its power output tTherefore falls at high
load current. The power output is already low for
low load currents. Thus th2 loading ability of the
arrangement is as depictad in Fig, 4.7 for a field
current set at Z-Ambs and the choppar duty cycle set at
(1) 60% (i) 80 %. . | |

(v) The oscillograms of synchronous machine terminal

voltage V the two output signals of the voltage

AC?
comparator, the synchronizing signal of 60° pulse

width are shown in Fig., 4.8.

(a) They are éxactly similar to the theoretical ones

given in Chapter II. Fig. 4.8(b) shows the terminal
voltage'VAC, synchronizing signal, the output of Ty (2)
and the firing pulses for Th, of ICI. Fig. L.8(c and d)
shows the terminal voltage V,, and the firing pulses
for IQI thyristors in proper sequence at an interval
of 80° for the six channals. Fig, 4.8(e) shows the
oﬁtput of M™o(2) and the firing pulses of the main and

auxiliary thyristors of the chopper at o = 70%. .



(iv)

(vii)

&

The oscillograms of stator input voltage and current
of induction motor at no load and loaded conditions
of the drive are shown in Figs. 4.9(a) to 4,9(d) for
two different values of field currents, Ifl and Ifz |
respectively., Chopper duty eycle is set at 50 percant
that the current waveform is very nearly sinuscidal

with super posad notches, 6 per cycle.

The rotor voltage (at slib frequency) aﬁd current of
wound rotor Induction motor under no load and loaded
conditions at the field currents Ifl and If2 raspectively
are shown in Figs. 4.9(e), (£),(8) and (h) chopper

duty cycle ié set at 50 percent, The voltage waveforms

are sinusoidal with notches at 60° interval due to the

commutation of thyristors, The current waveform is quasi-

- square with 120° pulse width due to the diode bridge

rectifier.
The oscillograms of the wvoltage and current under no

load and load are shown in Fig., 4.10(2) and (b). The

'field current is set at Ifl at a duty cycls of 50%%..

(viii)The oscillograms of d.c, lirk voltage and current

(ix)

under no load and loaded conditions with two values

Ifl andva2 are shown in Figs. 4.11 (g),(b),(é) and (d).
The stator current and voltage éf synchronous motor
under no load and loaded conditions are shown in

Figs. 4.12(a), (b), (c¢) and (d). The voltage and current

waveforms of synchronous motor are almost sinuscidal

‘because of the capacitor at the input terminals of the

motaor,
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The chopper controlled commutatorless Kramer drive
at no load and load conditions works_satisfactofily and
will find good applications in various industries for wide

sp2ed range of sub-synchrenous region,

Lo4  GONCIUSIONS

The present scheme works satisfactorily at no load
and loaded conditions, Microprocessor basad firibg controlled
circuit generates firing pulses for thyristors of ICI end the
chopper in proper sequence and the duty cycle of the chopper.
througt. ADC has been achieved. The commutatorless D.C.motor

behaves exactly similar in its characteristics of that of a

conventional d.c. motor in the Kramer system.
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CHAPTER - 5

CONCLUSIONS AND SUGGESTLONS
FOR
FURTEER WORK

CONCI USTONS

The work presented in this thesis covers the design

and fabrication of a microprocessor controlled firing schemes

for line commutated inverter dscs link %ke chopper and the

7

experimental investigations on the performance of chopper

controlled commitatorless Kramer drive, The main conclusions

of the present work are summarized as follows,

1,

The power circuits and an open loop firing angle
control scheme using only few hafdware cbmponents have
been designed and fabricated, The firing circuits works
satisfaotorily deSpite the presence of commutation
spikes in the terminal voltage of the synchronous

machine,

The terminal voltage of synchronous motor is observed
sinusoidal under all conditions with small notches
spaced at 60° interval occuring due to the commutation
of the thyriétors of load commutated inverter., The
duration of the spikes is equal to the commutation

over lap angle and is Quite small,
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3 From the experimental investigations, it is
observed that the system is stable at no load as
well as loaded conditionse. The variation of speed
beyond half ~synchronous speed is obtained by
reducing duty cycle of the chopper, which is
equivalent to reducing armature voltage of the
commtatérless motor, It is also verified that
commutationless dc motor exhibits the characteris-

tics similar to the conventional D.C.moter,

4, The main advantage of the present work with the
microprocessor control over the analogue control is
that of flexibility, saving in cabling by use of
twisted pairs, easier fault diagnostics, as well as
remote informafion is available to the micromocessor
allowing a decision &and display to take place, easier
sequence modifications without‘hardwire changes and
longer life of hardwire as these equipments are

sompletely solid state.

Compared with other systems of spead coﬁtrol of
wouhd rotbp, Induction motar, the praferrad system is
6ommutatorless and therefore has advantage of less main-
tenance, higher reliability and also of causing fewer of
the harnful effects that harmonic currents and the reactive
power of the inverter have on power supplies, The experi -

mental results are obtained on a laboratory size chopper
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ceQontrolled commptatarless Kramer drive which verifies the

Kramer @wineiple, This system is suitable for applications

such as large pump and fan type of drives which have a

limited spead control range,

5.2

SQUGGESTIONS FOR FURTHER WORK

During the course of investigations, some problems

have arisen which would require further investigations,

Therefore this work can be extended, on following aspscts,

1.

The synchronous machine in the present work is
basically a slipring induction motor Eﬁé& as a
synchronous machine. Hence better performamce of
the drive system may be expected by using a convemr
tional synchronous maching,

The Steady state analysis of the drive may be

developed to correlate the experimental résults.

A dynamic model may also be developad to study the

 transient and dynamic performance é%%;he drive,
. %,

TP
The speed control of the wouhd rotor K@guction motor

may also be attempted by varying the fiﬁ;ng angle of .

g
the inverter bridge. | ’()o‘%,
| ﬁ%ﬁa.
| v
<

1%5
/
7
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APPENDIX - I

DETAILS OF THZ MACHINZS USED

i) 3phase wdund rotor Induction motor,
230/ 400V, 3 phase, 50 hz, &/Y, 3.75 kw (5 HP)
1440 RPM, 7.5A, 140 Rotar Volts, 22 Rotor Amps.

ii) Slip ring Induction motar used as Synchronous moter.,
3.75 KW, 3 phase, 50 hz, ,440V, 8 Amps,
‘Rotor volts 146, Rotor CUrfent 16 .2 Amps.
Cos 0 = 0.8
1ii) D.C.Compound gernerator (loading machine)
220V, 5 HP.



APPENDIX - II

1Ny ~ IN2 28
21N 'XN1 27
IINg INg —26
4 INg 0 | ADDA —{25
5-1Ng - 8 ADDB —{24
6}-so¢ 0 ADDC —{23
7} €OC 9. A_LE —22
gl-1° A Mse -
rumr 0 P
10p-CLK 73 449
11} vee 24 J1g
12}~REF + VE 28158417
13}-GND REE-ve—{16
14427 7% s
FIG. — DETAILS OF ADC 080‘9 P|N

CONFIGURATION



APPENDIX - ITT

MAIN PROGRAM

MNEMONICS

LABEL ADDRESS CONTENTS COMMENTS
6000 31,FF,7F  IXI SP INITIALIZE STACK POINTER
6003 38,84 MVIA,8A INITIALIZE 8255(1) IN
MODE O
6005 D3,03 QUT 03
6007 38,00 MVI 4,00 MAKE ALL BITS OF
' PORT A LOW
6009 D3,00 QUT 00
' 600B 38,54 MVIA,ShL INITIALIZE TM1 OF
8253(1) IN MODE 2
600D D3,13 OUT 13 -
60CF 38,03 MVIA,O3 LOAD TM, (1) FOR
511,67 EHz OUTPUT -
6011 D3,11 OUT 11
6013  3E,BO MVI A, BO INITIALIZE TMR (1)
6015 D3,13 OUT 13 IN MODE O
6017 38,70 MVIA 70 INITIALIZE TM(2)
6017 D3, A3 OUT A3 IN MODE O
6018  3E, 30 MVIA,30  INITIALIZE TM(2)
601D  D3,A3 QUT A3 IN MODE O
601F 38,56 MVIA,56 INITIALIZE 8259
6021 D3,78 OUT 28 IN FULLY NESTED -
6023 38,61 MVIA,61 MODE E
6025 D3,29 OUT 29
6027 F3 DL DISABLE INTERRUPT SYSTEMS
6028 3E DA MVI A,DA UNMASK IRO, IR, AND
602 A D3,29 OUT 29 IR5, INT CHANNELS

Oontd. cee



ii

LABRL ADDRESS CONTENTS  MNEMONICS  COMMENTS
602C CD,70,62  CALL ADC GET THE INFORMATION
602F CD,B0,62 CALL MULT  OF DUTY CYCLE TO
' CALCULATE TONC
6032 22,7C,61 - SHLD ADDR(11) STORE TONC IN ADDR11
6035 3A,72,61  1DA ADD(6) CAICULATE TOFFC
6038 L7 MOV B, A
6039 3E,64 MVIA,64 TOFFC=[64,~ ADC QUTPUT]
603B 90 SUB, B e
603G 32,72,61  STA,ADDR(6)
603F CD,B0,62 CALL MULT  SAVE TOFFC
6042 22,7F,61  SHLD ADDR(12) IN ADDR 12
6045 3A,7C,61  LDA ADDR(11) LOAD TM_(2) WITH
60l D3,A0 QUT AO TON c |
604A 34,7D,61  LDA ADDR(11+1)
604D D3, A0 OUT AD
604F 21,60,61 IXI H 6160 10AD HL WITH FIRING COMMAND
6052 22,66,61 SHLD ADDR(0) ADDRESS |
Sq 6055 B, 02 INPORT C INPORT PC,BIT
6057 17 RAL IN CARRY |
6058 DA,55,60  JC,S1 IS PC7=0 NO
JUMP 10 Sy.
605B 38, FF MVIA, FF LOAD TV, (1) WITH FFFF H
605D D3, 12 QUT 12
605F 3B,FF MVIA, FF
6061  D3,12 ouT 12

contd...



iti

LABEL ADDRESS CONTENTS MNEMONICS COMMENTS
S- 6063  DB,02 IN PORT.C INPORT PC7 BLT
6065 17 RAL
60R6 < [R,63,60 JNC S, IS PC =1 N0,
JUMP TO S,
55 6069 DB, 02 INPORT C INPCRT PC, BIT
606B 17 RAL o
606C  DA,69,60 JC 55 IS BC,=0 1O
| JUYP 10 Sy
N7 606F DB, 12 IN 12 INPUT 1OWER BYTS
OF TM,(1)
6071 LF MOV C, A GET LOWER BYTZ IN
| REGISTER C
6072 8,12 1IN 12 INPUT HIGHER BYTS
‘ OF TM,(1).
6074 47 MOV B, A
6075 21,FF,FF  1XIH,FFFF 104D HL WITH FFFF
6078 8 DSUB SUBIRACT CONTENT CF
BC PAIR IN CONTENT
OF HLPAIR
6079 22,68,61 SHLD ADDR(1) 35AVZ 60° IN ADDRI
607¢ AF XRA A CLZR CiRRY
607D 7c MOV A, H CALCULATE 30° COUNT
607E 1F RAR
607F 57 MOV D, &
6080 7D MOV 4,L
6081 17 RAR
- 6082 5F MOV E, A
6083 B XCHG

Con-tdt . Q‘0 LY



o e

MNZMONI CS

iv

L A e

wwan

1ABZL ADDRESS CONTENTS COMMENTS
6084 22,64,61 SHLD ADDR(2)  SAV3 COUNT FOR 30°
6087 3E,FF  MVI A,FF 104D TH,(1) WITH
5089  D3,12 OUT 12 FFFF FOR NZW
608B 38, FF MVI A,FF 60° COUNT
608D D3,12 OUT 12 |

WAIT 608F  Fb &I  ENABLE INTERRUPT
6090 76 HL T SYSTENS
6091 24,66,61 IHID ADDR(O) 1LOAD H PAIR WITH
609t F3 oo N
6695' 7D MOV A, 1
6096 FE, 66 CPI 66 IS FS = 6
6098 CA,6F,60 JZ NEW IF Yas, JUMP

TO NIW

6098 C3,8F,60 JMP WALT IF NO, JUMP TO

WALT,

o emrpriee sy



IRO INTSRRUPT SYSTAM

IABAL ADDRESS CONTENTS . MNZMONICS COMMENTS

6180 F5 PUSH PSW SAVSE PSW

6181 38,02 WYL 4,02 MiKE PC, HLGH

6183 D3, 02 OUT, 02

6185 38, DA ML A, DA UNMASK IR, IR,AND

: IR, INTIRRUPT CHANNZLS

6187 D3, 29 OUT 29 | ‘

6189 34,64,61 1DA ADDR(2) - LOAD Tiy(2) WITH
30° COWNT

618C D3, A1 OUT Al

6185 - 3A,6B,61 1DA ADDR(2+1)

6191 D3, A1 OUT, A1

6193  F3 DI DISABLE INTZRRUPT
SYSTaMS

6194 35,60 MVI 4, 60 iND OF INTIRRUPT

6196 D3, 8 oUT, 28 IRO |

6198 Fl POP PSW

6199 Fb Bl " INABLE INTIRRUPT
SYSTEMS

6194 c9 RAT RITURN TO THE

MAIN PROGRALN-



IR 2 INTZRRUPT SUBROUTING

P

cxme

TR T W LR D RRLIBI o e Y D A R T AL TR ST e

COMMANTS

1ABZIl ADDRESS CONTENTS  MNEMONICS
61D0 F5 PUSH PSW SAVE PSW
61D1 3E, 02 MVIA, 02 MAKE PC; HIGH
61D3 D3, 02 OUT, 02
6105 38, DA MVIA, DA NUMASK IR, IR,
L AND IR. INTZRRUPT
6107 D3, 29 OUT 29 SHANNS S »
61D9 24,66,61 1HLD ADDR(O) 1OAD HL WLTH
MZMORY POINTZR
61DC 78 MOV A, M GET FIRING PULSE
61DD D3, 00 OUT PORT A COMMAND IN A
| MAKE PARTICUL AR
BIYS HIGH
61 DF 23 INK H INCREMINT HI PAIR
6180  22,66,61 SHLD 6166
61E3 7D MOV AL
61B4 FB,66 CPI 66 IS Fg=6
' IF NQ, JUMP
6186  CA,FF,61 JZ AGAIN TO AGAIN
61E9 34,68,61 IDA 6168 104D 01, (2)
61EC D3, A1 OUT, Al _ WITH 60°
DELAY COUNT
61EE 34,69,61 LDA 6169
61F1 D3, Al OUT AL
‘NC 10AD 61F3 3B, 00 MVI A, 00 MAKE ALL THS
61F5 D3,00 OUT 00 PORT A BITS LOW
61F7 F3 DI DISABLE INTIRRUPT
SYSTZMS |
61F5 38,62 MVI A, 52 END OF INTZRRUPT
SYSTEMS
61FA  D3,28 T 28
61FC F1 POP PSW

contd...

* 03 0



SN D 3w IBLETiTa s W o3 L Lt LY

LABSL . ADDRESS CONTENTS

G W ST e TR WA 23 Al

61FD  FB
61FE  C9

A GAIN 61FF  21,60,61
6122 22,66,61
6125 C3,F3,61

IRs IN
6210  F5
. 6211 3E, DA

6213 D3,29
6215 AF
6216 3a,74,61
6219 16,01
621B 2, 34,62
621E 38,40
6220 D3,00
6222 34, 73,61
6225 D3, A0
6227 3a,7F,61
622 D3,A0 |
622C  3E,01
622E 32,74,61
6231 C3,47,62

LaeCr e UBAD LRaeae WTE WM TR

S M AT T TR TR T TR TS

MNSMONICS

EL

RET

IXI H 61560

SHLD 6166

JMP NOLOAD

SELATRCG N W.e T W el o

e e

T T AW A Feia we B iwTan S m B

COMMANTS

W LT M W RLR TR CROINT W TRETALIYC TG LM U LSRN R e e o

ANABLE INTIRRUPT SYST4MS

RETUHN TO THE PTAIN
PROGKAN

‘1O0AD HL WITH ADDR(0Q)

JUMP TO NCLOAD

g.ﬂRUPT SUBROUTLNE

PUSH PSW

- MVIA DA

OUT 29
XRA A

IDA ADDR 10

ANT 01
JNZ 51
MVI 4,40
OUT, 00

SAVE PSW

UNMASK IR, IR,

AND IR. INTERRUPT
CHANNETS .
CLEAR CARRY

1OAD ACCUMUL ATOR
WITH FIRING INDEX = O

CHECK FI=00
IF NO,JUMP TO SI
MAKE PA; BIT HIGH

1DA, ADDR(12) LOAD COUNTER

OUT A0

™ (2) WITH TOFFC

LDA ADDR(12+1)

OUT AO

MVI 4,01

1 0AD ACCUMULATOR WITH
FI=01

STA ADDR (10)

JMP ECQIL

contd...



viii

LAB&L ADDRESS CONTENTS  MNEMONICS
S1 6234 3E,80 MVIA,80
6236 D3,00 OUT 00
6238 34,7C,61  1DA ADDR(11)
6238 -  D3,A0 OUT A0
623D 34,7D,61  1DA ADDR(11+1)
6240 D3, OUT A0
6242 3B,00  MVIA,Q0
6244 32,74,61 STA ADD 10
0L 6247 3E,00 MVIA, OO
6249 D3,00 OUT 00
6243 35,65 MVI A,65
624D D3,28 OUT 28
62 4F F1 POP PSW
6250  Fb EI
6251 09 RET

COMMEN TS

T Sty e e P e

MAKE PA7 BIT HICGH

LOAD COUNTER
TMo(2) WITH TOFFC

LOAD ACCUMULATOR WITH
FI=00,

MAKE ALL THE PORT BITS
10W

EOI

ENABLE INTERRUPT SYSTEMES

RETURN TO THE MAIN
PROGRAM




_ ix
ALG SUBROUTINE

1ABEL ADDRESS CONTENTS  MNEMONICS COMMENTS
6270 3E,01 MVIA,01 LOAD BYTE IN ACCUMUL AZOR
_ TO SET PC, |
6272 D3, ® OUT PORT C  SET PC,
6274 11,01,00 IXID COUNT LOAD (D,E) WITH DE&LAY
COUNT
6277 CD BG,03 CALL DELAY THIS IS A DELAY
627A 38,00 MVIA, OO LOAD BYTE IN ACCUMULATOR
627C - D3,02 OUT PORT C~ TO RESET BC,
READ 627F  DB,02 INPORT C INPORT EOC SICNAL
6280 17 RAL
6281 17 RAL GET PCg IN CARRY
6282 - D2,7E,62  JNC READ IS CONVERSION OVER
_ | NO JUMP TO READ
6285 DB,01  INPORT B GET THE DATA.IN -ACCUMUI ATOR
6287 32,72,61 = STA ADDR(6) SAVE A DC OUTPUT.
6284 ., 32,F6,27 STA 27F6 |
628D 06,00 ° MVIB,00
628F CDJFA,06 CALL MODDT DISPLAY ADC OUTPUT IN
, ' DATA FIELD
6292 | 9  RET

RETURN TO THE MAIN PROGRAM.




MULT SUBROUTINE

LABEL ADDRESS CONTENTS

MNEMONICS CONTENTS

62B0

62B3
62B4

62B7
62BA
62BB

NEXT 62BD
62BE

62BF
62C0

62C1
62C4
62C5
62C7
62CA
62CB
UPDATE 62GC

62CD

24,6%,61

EB
21,00,00

37,72,61
L7
05,00

oc

78

iF

47

2, Do,62
79

FE,0l

C4,CC,62

AF
18

19

C3, 18,62

1HLD ADDR(4)  LOAD (HL) WITH
MULTIPIICAND
XCHG GET MULTIPLICAND IN (DE)
IXIH OOCH INITIALIZE (HL)
WITH 0000 H

LDA ADDR(6) LOAD ACCUMJLATOR
WITH MULTIPLIER

MOV B,A

MVIC,00 INITIALIZE COUNTER
C WITH COH

INR C

MOV A,B

RAR PUT LSB INTO CARRY

MOV B, A

JNC TEST - IS CY=l NO
JUMP TO TEST

MOV 4,C

C¥r OLH

JZ UPDATE IS Z=1 YES
JUMP TO UPDATE

XRAA CLEAR CARRY

RDIC ROTATE (DE) LEFT

| BY ONE BIT
DALD UPDATE THE PARTIAL
| | PRODUC T
JMP FINISH

COl.’l'td. TR B A



(RN p T < e S ST x amean T w . e e TR G . A T

1487 ADDRESS CONTiNTS — MNEZNONTCS CONTENTS

T e ratw. - e o

ol R KL S TR LT FTE U R T A T S 2 g TN S TS 3 TR D

TEST  62D0 79. MOV A,C
6211 FE, 01 CPI OILH

62D3 CA, 18,62 JZ FINISH IS Z=1 Y&s
JUMP TO FINISH

6206 AF XRAA CLIAR CARRY
6207 18 RDLC | ROTATZ 1FT BY
ONE BIT
FINTSH 6208 79 MOV A,C '
6219 FB, 07 CPI 07 H

62DB C2,BD,62  JNZ NiXT 1S Z=1 NO,
JUMP TC N&XT

62DE C9 RET RATURN TO MAIN
PROGRAM

RN T T T R T A S BRI 11 T TATIN TR ST WM L 4e T A 3 TN e TR LA AT B A R L3 L8 e R e T e

Nace e



FIRING PULSE COMMAND TABLA

S8 e N AR B TRYYNE A TR WA, A L, e L e T -, Ly e M L L, LA WD AT I Y LB R TR 6D Y e W8 RIS IR or BN TV WA WD eRenA LR e e

ADDRZESS CONTaNT - THYISTOR PAIR FIRING SZQUENCE
TO BS FIRED ’

TR R SRR SRS B A FIC T DT L - e I N AT R Y T N e AL Ll A N Wl AW <1 e e

6160 18 (4,5) 1
6161 30 (5,6) 2
6162 oc (6,1) 3
6163 06 -1, 4
6164 03 (2,3) 5
6165 | 21 (3,14 6

R AT T PTG T SRR N L N TN L AT LTI S M TR i e Y R G e s o



MEMORY 10CATIONS

Address of command word
60° Count value

30° Count value
Quotient

ADC OUTPUT

FIRING INDEX

TON COUNT

: TOFF COUNT

VALUE CF X
6168 R
616F 00

VEGTOR ADDRESSES

6140 — CD, 80, 61 ~ IR,
o

6144 ~ CD, 00, 61 = IRy
o

6148 ~ CD, DO, 61 = IR,
09

614C ~ CD, 00, 61 ~ IR
9

6150 ~ CD, 00, 61 ~ IR,
&)

6154 - CD, 10, 62 ~ IRs
@ N

6158 = CD, 00, 61 ~ TRg
C9.

xiii

= 6166 -~ ADDR O
6168 ~ ADDR 1

it

6164+ ADDR 2
616E~ ADDR 4
= 6172~ ADDR 6

[t}

= 6174+ ADDR 10

617C - ADDR 11
= 617E ~ ADDR 12

615C = CD,00,61 - IR,
o |



NON SPECIFIC EOL

6100
6101

6103

6105
6106

6107

FS

38,20

D3,28
Fl
Fb

PUSH PSW
MVI 4,20
OUT 28
POP PSW
ET

RET

14

INITIAITZATION OF
8259 WITH OCw2

ENABLE INTERRUPT
SYSTEMS

RETURN TO THE MAIN
PROGRAM.
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PHOTOGRAPHS QF THZ SXPERT MANTAL SET
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