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CHAPTER t 

1MODUCTON  

In the modern powerhouses, the protection of equipments 
has become very important, Invariably the protection of machines 
is n interdependent phenomenon, i. e„ the protection of one 
machine is related to a group ref machines. The system requires 
the monitoring of a large number of parameters and after 
processing the data the coimrmde have to be issued to various 
machines for control purposes. 

The invention of microprocessor has made possible the 
design of such equipments for protection and control purposes. 
It is possible to monitor a very large number of interdependent 
parameters,, process them and then decide the control command 
for various machines with the help of a small desk top micro 
processor based equipment. 

Synchronization of generators on to the main bus is an 
important problem. it requires the continuous monitoring of 
veltage,f equency and phase angle of generator and the bus. 
The control commands,  have to be issued to the generator C,B., 
field circuit and governors to achieve safe nynchron .zatien,, 

A machine can be switched into the system,cnly when certain 
condi ions necessary for to synchronization with the system are 
satisfied Manual method using Voltmeter to judge the voltage 
and eynchroe+cope to judge the slip frequency and phase differencee 
it common, but not suitable when synchronizing is to be carried 
out rapidly and accurately. For example#  in peak load stations$ 
generators have to be operated only during peak loads and have 
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to be shut down during slump load period. Hence there is 

requirement for a faster synchronization. 

Solid state components based automatic synchronizers 
have already been reported 	). Such synchronizers use 
a very large number of discrete components leading to a 
complexity of c reuitary and lowering of its reliability.  . 

A microprocessor based synchronizer can over come above 
mentioned a limitations of coltd ' state'_ components `based 
automatic synthronizer. A.K. Ghai, H K.Vemma. and P.Mukhopadhaya 
have developed and laboratory tested a microprocessor based 
synchronizer which is claimed to have a good prospect for 
small power houses to assist the operating engineer to carry 
out perfect and fast synchronization. They used on 8 bit 
Sc/MP microprocessor system as a controf .er. first of all they 
measured and compared the voltages outside of nicroprocessor 
when it - comes within the required band the frequency of the 
machine and system was measured and oonpired in terms of the 
time periods inside the rnicrOprocessor. After the fulfilment 
of frequency condition, the C.B.„  is closed at minimi.n phase 
difference of the two voltages. 

In the proposed s chron&zer)  the voltages are measured 
and compared inside the microprocessor itself. 'Pot this 
voltages are sampled. and peak value is compared. When Voltage. 
and -frequency of the incoming machine and system came within 
the required band,the rate of change of 'phase angle is 
calculated in order to send the . closing cormmand to. circuit 
breaker to close- the circuit at 'zero phase difference .angle* 



An 8-bit Intel , $000 A system has been used in the work 
presented here. 
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CHAP _TER 	 .. 

?ROBflVi Btz1u1qN 

When n incoming machine has been paraUed with busbars 
the factors inf1uencng the extent of any disturbances or 
suges which may arise are-* the capacity of the running plant 
votage, frequency, and phase of the machine with .respect to 
those of busbars, and the synch ronising torque. Accordingly, 
the conditions are laid down in the reported work to obtain a 
perfect and accurate synchronizations ensuring  minimum system 
dstuxbanCOe. 	., 	 . 

2001 cp4itions ouJ 	hj tip t 
Following are conditions for synchronization of incoming 

machine with the system : 
(1) Phase sequence of the incoming .machine voltages 
and that of busbars must be 
(2) The difference between magnitudes of their voltages 
must be small, In proposed work .. % of syptem voltage 
is assumed,but adjustable to any other value. 
(3) Difference in frequencies of. the two must be small. 
A maximum sUp frequenày of 0.5 % of the supply 
frequency Is esurüed in proposed work. However to get 
more precision Slip frequency can be adjusted to the 
desired valu 
(4) The difference in time phase between the incoming 
machine and running voltage must be small and decreasing 
with time, The proposed system Is designed to permit 
the cfrcujt closure at zero degree phase difference,by 



teiing into account the effect of rate of change of phase 
angle and circuit breaker dosing time. 

2.1 	qet XIs: 

The proposed synchrcnizer compares the machine voltage 
and frequency with those of btasbars and gives signaXa for 

correcting the generator excitation and its speed. Once the 
voltage and frequency values are acceptable, the closing signal 
Is sent to the circuit breaker, after taking, into consideration 
thS circuit breaker closing time,such that- the circuit 
breaker closes at exact phase coincidence4 

n proposed synchronizer the busbar and incoming machine 
voltages from the respective transformers. 

V (V. Ta..) are fed to 
rectifiers through auxiliary VTs. The rectified voltages are 
fed to AID converters and then to microprocessor for voltage 
measurement. The largest value in one cycle of one voltage 
signal is compared with the largest value In one cycle of 
other voltagevsAgnale if the two values,  ,are within the 
acceptable limit, microprocessor starts frequency measurement. 
For this, the rectified signals are squared and fed to 

microprocessor. With the help of clock the counting is done 
Inside the microprocessor for the time  periods of the  two 
wave-toms. The two counts: are compared and when the counts 
difference comes within the acceptable limit,, microprocessor 
starts to calculate the rate of change of phase angle. Otherwise, 
the frequency high or frequency low signal is sent to governor 
for correction. 	

V 
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To calculate the rate of change of phase ang e e two 
signals which were used for. frequency (time period) measurement 
are again used. N ber of checking cycles between the two 
rising edges of waveforms ' are counted and when it starts 
dec easing, the rate of change is calculated and thus the 
instant of zero phase. difference is calculated* 

2.2 B kDaml e ri d ion 

The system solving the . autosynhronizatton . problem can be 
represented in following blocks 	(efer fig# .2) 

iNW1! inrrrgru+ 	rrlrr   
	''he order of the incoming g bus and 

alternator  voltage iS 230 Volts Which . is too high to be used • 
with other blocks of the system. " `herefore a step down trans- 
former 14 used. 

J 

of . 	Input signals are rectified tt that they , ± an 
be used for voltage and frequency measurement. 

a a.....-A~ 	,C„ 	- Rectified signal iS fed to squaring circuit.. 
The output of the squaring circuits are the square waves at 
the bus and generator frequencies respectively. The CPU carries 
out the time period measurement of the above waveforms. 

Maloao Dictital WLcpnvertor x- Signals from the rectifier 
cicuits are fed to AID convertors, As the name suggests the  
blocks convert the analog signals into digital signals for the 
voltage measurements, .inside the CPU. Further the CPU also 
compares the bus and generators voltages and issues a MATCH 
coed when the two are within programmed lirn&ts ' Otherwise a 
*GENERATOR VOLTAGE HIGH" or "GENERATOR VOLTAGE LOW" commands 
are sent to the governors.l 



~a 1'O tut Ports - The .signals from squaring circuits  and 
Analog to Digital convertors are fed to microprocessor through 
the input ports. Those input ports which are connected to the 
Signals coming from A/I) covertors are used as Output port also 
for outputting the meeages and oo and such as Voltage low, 
Voltage high, frequency how, Frequency High and circuit Breaker

. 

closing comp and, Teletype is also connected with t'ot Port. 

~ _. m.,o :- This is used to store the Monitor programme 
IfMI1M 	

.
I 

and other  var . us programmes  fr a 	.tag+ m u eme ► and 
compar s onp Frequency measurement and compai s on„calculatior 
of rate of change of phase angle etc. 

do Access I a (R*. : Th  Is s s used for s ori the 
Lntainediate results involved. In the execution ion of program'. 

CRU a«- This is heart of microcomputer where the actual execution 
of instructions takes place. 

s- With the help of CRT, the operator can communicate with 
the equipment* The tolerances for voltage and frequency 
comparisions can be modified if required. A print out of c rcuit 
breaker closing co and can also be obtained. 

2.3 Fow Chart s 	ti 

Pig, 2,3,1 shows the basic flow chart for autosynchronize8. 
For this,maximus► value o # b a voltage is achieved on which 

tolerance of 5% is calculated* The maximum value of generator 
voltage is calculated and compared with the tolerance band across 
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bus voltage, If it does not Lie in between tolerance brd a 

signal. for adjustment of generator voltage is outputted and 
after a Limo delay of 5 seconds, same process is repeatedi.  

When generator voltage comes within tolerance band,the 
thne period correapoding to bue 'frequency is calculated on 
which toleranceof 065% is caIculate. Then generators time 
Period is calcultod and compared with the tolerance band 
acro" the bus time period.;  lf.t does not lie inbetween 
tolerance band, a signal for adjustment of generator frequency 
is outputted and after a 	delay of 0 seconds same process 
is repeated. 

When generator voltage and frequency comes under tolerance 

band • the phasO difference between the but and generator is 
calculated. The time for zero phase diSf'rence te anticipated. 
The circuit breaker .clesft.g ccnand Is sent taking the circuit 
breaker closing time In to account*-  

Pig. 23.2 shows the flow chart for voltage measurement. 
The output of Anogy to Digital. (AID) convertor it inputted and 
stored#  This value is compared with the next output of AID 
convertor. Both the values are compared and larger value is 
stored. In this way4arçest  value of voltage signal is retreived. 

Fig*' 23.3 shows the flow chartor frequency measurement. 
Frequency is measured in terms of time period, The coutn&ng 
starts only when the zero to one transition tapes place 
coutntng is stopped when one to zero transition takes place 
thus the available counts are proportional to half value of 
frequency. 
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Fig. 2.3.4 shows the flow chart fo c phase measurement,  
Phase is measu d ,in. terms of countabetwein the bus signal 
and . genera r signal. To avoid mistake in - counting*ma s ing 
is done so that the counting initiates at the right moment. 
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CHAPTER 3 

3.01  1 

The advent of minicomputers enabled the designers to 
rS ude digital computers as part of various process control 

systcme. Unfortunately the size and cost of mint: computers 
has limited their, use e . "dedicated applications". The advent 
of microcomputer has made At possible , to have a one card 
cuter (size 6 x 4") as an integral paw of the Process 
control equipment M cr computer provides Immense flexibility 
to the electronics engineering designing systems, By simple 
reprogramming the microcomputer it Is possible for the 
system designer to have another systomii. 

Consider the design of an automatic- computing scale for 
the supermarket. The weighting unit f .nds out the weight of 
the coninodity, and the price of the commodIty Is entered to 
the microcomputer through a keyboard and it Is required to 
work out and display the total pr Ice, 

The system block diagram is shown .n figure .' M. The 
weighing machine measures the weight of the object, The 
weight is converted In binary fo n and made available to 
the system through the Input Interface 1.. The rate of the 
eomzodity Is made a ailabl through Input interface 2. The 
central processing unit has lilt 	ed the two numbers and 
OUTPUTS, the result to displays through output Interface. 
The steps can be summarised as below : 
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I • INPUT WEIGHT TO CPU FROM INTERPACE I,  

2. INPUT PRICE, TO CPU,FROM INTERFACE 2 

3. MtJLTZPLY WEIGHT AND PRICE 

4. OUTPUT VALUE TO o OtPUT INTERFACE. 

• Those commands are stored in pxcgranllflabie read only 

memory (PR(M) in machine language .notruct&on i.e. in binary 

fori. The CPU FETCHES .the instruction from PROM and RCI3rES.: 
Random access ninory.(RAM), which, can .bo-  used. for both READ 

and MITE operation cart also be used for storing the programme 

or any data. The CPU and other devices communicate with each 

other on a bi directional bus. 

Each Central processing unit has, a set of intrutione 

associated with it vthih can be broadly classifted into the 

following three categories * 	. 

(a) .;ansfq in,,s 	AM$ I. These set of instructions 
are required to effect transfer of Info itntion between 

the three components of the microprocessor system i.e. 
CPU memory and Znput/output ports. 

(b) c 	 s These instructions 
are requited to . carry out erithmatic and logic operations 

like addition,. subtraction, AND# EXM# comparsion etc. 

inside CPU, on the data which has been transferred 
inside CPU at an carnet stage. 

(c) Coto 1nstruct:ons : The programme instructions  
are arranged in the memory in the order of their 
execution* A program counter, inside CPU is normally 
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.ncromented by one to ±ecall the instructions one 
by one from the memory.. The control instructions are 
required to alter the nozmal reca ling of instructions 
to the CPU. 

3.02 	Z1T1tT4. 	 t C SANG .  

The he of the microprocessor based system is the 
central processing unit, In the folic cw ng paragraphs is 
def ed the architecture € f typic . ' CPUIntel 8008 which  
is simpler and easier ' to deztaid. The other CPUC s essentially 
follow the same architecture with few chanes here and there. 

," a tch 	rea S er : CPU contains 7 nos. of scratch 
pad' registers each of 8 b t length. The registers are labelled  
as A, B C D, E,H and I. Each- register Is a signed a three bit  
binary ' cedes which can be used to address any registers The 
codes at Used in Intel 8008 CPU are given below s 

Register 'Binary code Register Binary Code 

A '000 E 100 
001 H 101 
01t L 110 
Oil HL III 	' 

A, separate code has been provided for addressing 144 
pair of registers#  which can be used to store data of 16 bit 
length in the CPt3. 
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303 IRSfluCTZQN ..sit mw ~i rw.rr r.wrr■.~w~.~~ 

As described earlier the complete set of insttictions 
can be divided into the following three categories : 

Transfer instructtono 
2. Accuinmulator group instruct ons 
3, Control instructions 

Each Instruction is represented in the short form called  
Mnemonic, 

3..03. T ~3SFER I I.S 

(a) - Data transfer inside•CPU : An tistruction to 
transfer the content of  scratch pad register a to 
register D is shown below 

ISI O V Vit,, B 	11 	011 	0 0 1 

Mnemonic 	op code for the Code, fc.r the Code for 
move thstruction -destination 	source 

register 	register B 

(b) atatraxWfer from CPU tom+ 	: thenever the 
memory has to be addressed it needs a 16 bit address 

8 bit low order and 6. bIt high order and 2 bit control 
code with the high order address),. In order to 
transfer the data from CPU to memory first the memory 
address from the CPU has to be sent to the memory. 
This memory address is stored in H4 pair of registers 
by a preceeding Instruction. An Instruction to transfer 
the data from scratch pad register C to memory is shown 
below i 



MOVMC 	11. 	010 	111 

mnemonic 	op code for code for 	Code to recall 
move instzu reg C 	H-t pair of 
ction 	 register 10 

(.c) .a%a knfergum jemory to CPU: in this case 
alsO the memory addressi where the data Is available, 

As preloaded in H'L pair of registers by a proceeding 

• instruction. A tytcal Instruction is shown below * 

Mnemonic 	op code 	code for 'D 	Code for memox 

MOVDOA 	1 1 	01* 	ii I 

The operation content of memo W moved to register D 

is shown symbolically as (0) - (14), 

(d) 	 The move instruction 

(CPU memory) described, earlier needed preloading of H-L 
pair of registers with the memory address. The move 

iranodiete Instructions- are 2 byte instructionsdosignOd 

to eliminate the preloadng of HN4L, pair of registerso  

Mnemonic op code destination op code 
MVZB 00 .001 110 
Data bb .bbb bbb 

The operation in the symbolic form is shoWn. below * 

(B) *- (Data) 

Here the data to be transferred from the memory to 
CPU is stored in the program itseU, in a locAtion which 
is next to the instruction* it can also be seen that 

there is no source for the more Immediate instruction. 
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Hence the last three bite.. normally. reserved for the 
source code i have ,al . been used' to specify the op. code,. 
glove Mediate £ñtructLons be used to store data 

code for memory   op code 

.bbb 

directly In memory. 

Mn onic 	op cad+ 

	

VU 	00..  

	

DATA 	b br 

. In this case the ,so rc.0 and destination both are in 
the memory., The data stored in the program has.: o be 
transferred to some other location., in the mo o r whose 
address has been preloaded In W.L pair of registers„ 

(e) Inçemetsid . 4errient insLthctos 'or hjsajch 
pad _r c titers  r . The formats for the above two 

instructions are given below 
za 	00 	0 0 	000.  
D ,C 0 	0 0 	0 .11 	0 0 1 

The operttons are es shoi. below 0 

3. 03.2 	A 	- 	Int 	1 

The scratch pad register a serves as the accumulator , 
Accumulator- is also the destinationregister for accumulator 
group Inst- uctions* Hence the space allotted for destination 
code becomes part of the op code. Th general format of the 
accumulator group instructions ons is as given below s. 



16 

OP code 	Function 	Source 

.2 	Elam 
The central 'processing unit contains an Arithinatic 

logic unit for carrying out the,  aritbuatic and logic operations. 

The arithmatic logic unit in 'Intel, 8008 can do the 

following operations t 

a. Addition 

be Su*action 
c. Logic functions AND* 

XCWSZVE OR. OR and compares 

The data in the source register ate operated on by the 
srithma tic logic unit and the result is stored back in the 
accumulator. The source register could be either a scratch 
pad register or a register in the memory. 

Several types of questions can be asked about the content 

of accumulator, and the answer to those questions are indicated 
by FLAGS. The arithmattc logic unit of Intel 8008 permits the 

following four flags. 

: The most significant bit (MSB) of the 8 bit word 

indicates the sign, The SIGN flag is TRUE or ON when the MSB 

of the word stored in accumulator is OP. The magnitude of the 
word is given by the remaining 7 bits. 

: Consider the case when two words of 8 bits are added 

and the result is a 9 bit word or in other words a 'carry' Is 
generated. Similarly consider the case when a larger number is 

subtracted from a smaller number and a 'BorTow' is generated, 
In both the conditions 'CARRY' flag is true. 
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_ z The zero flag is TRUa when the content of the ccumula or 

is taro. 
When the word in accumulator contains a ien number '' 

the parity flag is TRUE, 

' The accumulator group instruct&ons for. Intel 8008 are 

eu1Nnarised in. Table 

10 000 SSS (A).-(A):+ (r).. r i 	unaffected 

10 000 111  ()- - (A) + (M) a na .y address is ,, 
preloaded in H L 

ADi 00 000 11I' (A)*- (A) + (data) 2 byte instruction 
bbbbbb 

. ' 	In the above addition operation carry is not taken into 
account ..t 

AX r 	10 001 SSS (A) E- (A)..* (r) + (c) 

ADCM 

A 	data 

10 

60 

001 

001 

111 
100 

 A) 

A) 
-(A) 

(A)• 

-+ 	M) C - -(c) 

'+ (lata) (c) 

In the above operations cam bit. as indicated by the 

carry flag is also adde+ 

Sur 	to 01.0 SSS (4)--(A)-(r) 

10 010 ill 	(A)-(A) 	(M) 
00 010 100 (A)-(A) B 

r 	10 016 S $ (A).--(A) - (r) - (borrow) 
SØM 	10 011 Ill(A)-(A) 	-(M) 	(borrow) 
Mnemoic F-oz ►at 	Eunction 	Comments 
Sal 	00 !0 t 100 	(A)--C-1 - (A) .- (82)- (borrow) 
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The borrow is also indtoa ed by the Carry flag* 

ANDr 	10 100 SSS (A) *- (A). (r) 

AWDM 10 100 111 (A)-(A}. (fit) ND 
ANDZ 

wl 119 ~IIwl~i/~YIIM ~If~IgYl 

00 
wwl~jw - ~~nlwYl 

100 
YRiWYY~~I/ 

100 
I~wiIYY'flilill 

(A)-(A), 
/InInnf11r11IlYfMYI~i1MInI1~Nl ! 

) Operation 
~ 	WII IYYYI~w~fYww~~~~~Vil w~ 

XRr 10 101 SSS (A) 	{A} (r) Excusiye 
S 10 101 111 (A) — (A)  0 M) O 

XRZ 00.101 100 •• 	+-(A) C) (B2) Operation 

ORr 10 110 ss5 (A)-(A) + (r) on 
A 10 111 0111 (A) - (A) + 	) Operation 

ORZ 00 110.100 (A)-(A)+ (02) 

CPr 10 III s (A) 	(r) ompa 	• 
CPM 10 111 111 (A) •(M) operation 
cPI 	00 111 100 (A) 	($2) 	The result of the 

(t2} 
 

subtxuction operatior 
is not loaded back 
in accumulator# HB CE 
(A) remains unchanged 

In compare operation, the function As indtcated against. 
each operation is case out and the result is stored in 
acc mullato r . It is pots ble to obtain separate indications 
for the following three cond t .ons:j by teeing appropriate 
flags, as Indicated against each condition. 

(A) > ($ou a) 	Oro 	Cay ' 
(A) 4 (Source) 	0 
(A) = (Sou e). 	1 	0 
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These nstructionc Can be used to shift the content 
of the aoet u ator either alone or with ,n the carry bit to 
the right or to the left by one bit..  

RALE BAR Le]  

Rotate with carry 

RLC,RRC Al) 	# 	J3 	JA4 JAB JA6 	A7 

Rotate without carry. 
The instructions are steer 	ed ' below 

sam!jonc 	Format Function Coninents  
RLC 	00 000 01 M1 	, 

iAo) - (A7) Shift left 
(carry) 	Al 	. 

REC 	. - 	00 001 010 
7 	- (AD) shift right 

carry)o.(AO) 
RAL' 	00010010 ). ( 	) V 

(Carry) Shift left 
Carry) 4. (A7) into carry 

RAR • 	00 011 10 	Am 	(Am+1 
(Carry) 	Shift  right 

(carry),.(AD) 	with carry 

3.-033 OONThOL INST UCt ON 
explained earlier the program counter a 14 bit 

sister; stores the address of the next byte to be brought to 
the CPU. The program, counter is normally incremented by 1.g  after 
each byte is fetched. The control instructions can alter the 
content Of the program cour.  ter. The  followingg instruction are 
included in the set of control instructions. 



a. Unconditonai JtThtP 
• b. Conditional  

• +c. CALL and R 'U N instructions 

(a) UNC ,7T1flN . -J 	* The fonnat and the function is rwrwr. 	rni~ii~r~r.rwJ, 

as shown below t . 
Mnemonic 	'bit 

	Function 
•01 xx- 0C 
 

(P- 1 3) 	2) 

(82). 	i.e. 02, 03 entered 

(83) 	in program count+ *: 

It is a 3 byte ns ruction,. The next thstzuction - to be 
brought to the CPQ shah be fromo y icc.ation hose lower 
order address is (82) we a th l higher order address is (83). 
Zn the execution phase of the instruction the content of 
program counter PC is . replaced by (83)(B2). 

These are also 3 byte instructions.Tho 
instructions along with their function ' are suxinnarised below s 
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nemonic 	Format 
J'Tc 	tit 1 4 0 000 

SPc 	01 0 C4 3• 000 

Function 
Jump to location ( ) 82) 

if the condition flag is t 

jump to location 03,,82 iS 
onditien flag is flans. 

in the earlier sections four conditions fags .t, e:. zero 
carry,parity and sign were discussed. Each flag is specified by 
two control 'bite C4 C3 Which are as given in the following Table 
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FLAG TRUE CONDITION C4 C3 
-.-: 

Mnemonic 

Z(0 When (A) is zero 00 JTZ 

CARRY When there 	ove#ow oveow 01 S1 
or underfi-ow. 	- 	 -. 

PARITY Even number of l's in (A) 10 31P 

SIGN. - When Al orMSB is I in (A) ii. - 	 sts 

- 	-- 	-- 	 - 	 - 

(c) - ç 	IN$TiUTI0N t 	 all instruction is different from 

the jump instructions defined above* Whenever a call,  instruction 
comes the contents of program counter are,saved in a special 
mernolry  inside CPU called the 	so that one can return to 
the main program after executing the Call subroutine. The Call 
instxuc-.ton is also a 3 byte inS.truCtGn. Therefore if fizst 
byte of the CALL instruction is located at (PC), then (PC) + 3 

may have to be saved in order to - come back to the main program 

after executing the subroutine# The typical CALL and RETURN 
instructions are shown below z 

Mnemonic. Fozinat 

01.. xxx-  110 

(sz) 

(03) 

uflction 

Stack 	(PC) 
(pc) - 	(83) (82) 

Let (PC) = xv  where the first byte of CALL instruction 

to stored.- When the third byte of the CALL instruction is 
brought to CPU, (PC)- 	X + 2. At this stages  program counter 
as usual shall bo incremented by 1:0 , 	 :- 	(PC) =1 X: + 3. 
Now the program counter contents shall be saved in a special 
memory called STA(, and the program counter shall be loaded 
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with 03j S2 which 1,4 the address of the first instruction of the 

subroutine. 

02 

B3 

In case of Cic, if the flag c is true La, (c) = I then, 
the next two byte of tnstuction are brought to the CPUj and 
specified functions Will follow. Otherwise the data bytes 
B24. 83 will not be brought to the CM and the instruction 
stored at (PC) + 3 ohall be brought to the CPU for execution, 

(d) 3M. 	 t The CALL. and RETURN instructions 

are operated in pairi The RtTUAN inatructlons are summarised 
as below 

Mnemonic 	Format 	 Ptincton 

•oo xxx ill 
	(pc) 	(stack) 

RTO 	00 1 G4C3 01 
	

It (c) = 1 then 
(PC) w(Stack) othe.rwis 
(PC) 	PC) + I 

RC 	000C403 Oil 
	

If (C) = 0 then 

(PC) "'(Stack) otherwis 
(PC) ,(Pc) +1 
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In cast of conditional return instructionsi, if conditions 

are satisfied,, t,e program counter content PUSHED in stck, is 
POPE) OF from the stack andstored in program counter,to 
enable the CPU to return to the man programme. If conditions 
are not satisfied, the next instruction W the subroutine is 
executed. 

(0) ALTi$ 	TXfl : This instruction causes the CPU to 
go *A STC WED state and remain there until receipt of an 
ZTERRJPT stgnal. 

• Mnemonic 	Foat 	 Function 
0000000x. • 	(PC) 	(PC)+i 

11 ill .111 	CPU Stopped state 

The program counter points to the next instruction. 

3,03.4 	;qo 	I 

The memory addresses where the current instruction is 
available#  is stored in a special register called Program 
counter. The program counter is a 14 bit wide register. The 
memory addresses is 14 bit wide and consists of a 6 bit Higher 
order address and a 8 bit lower order address, The memory 
address is sent to the memory on $ bit wide bus in two parts. 
1irót the 8 bit lower order address and then the 6 bit higher 
ower address Is sent. The balance two bits in the high order 
address are called the control bits. The control bits occupying 
06, D7 positions in the data bus decide the control cycle of 
the CMG"  
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3.04C 	dot. tOC ES SING 	 ON # CH3 " t 

Intel 8008 microp 	or chip is shown in fig* 3.4 
The CPU required two clock 	a*d 2 and sync pulses 

at the SYUC terminal from a clock generator for synchronization 
of the complete . system, The pulses at Ø'1 0 $ and SYNC. are 
shw in fig. 3. 

motion. 	Dad 	hb3f .. cvcles:, 

The time required to fetch and execute an. instruction 
is. ca ,l d the instruction cycle.. 

Overy Instruction cycle consists of a member of machine 
• oyole. A machine cycle is. required  -each time the CPU -access 

the memozy or an /o part' 
• Sack machine cycle consists of a nor of states 
(Ti period 	 state s . de a med by - to ~ . The time e~~~t p each 
the time period of *look pulses Ø.and . 	• Begining of a new 

. machine cycle is synchronized with the rising edge of 	in 
state D. , which is also the first state of any machine cycle. 

A basic instruction cycle consists of two phases I 
1. FETCH Phase 

2. EKEcU?E Phase 
States TI and T2 of any machine cycle are associated. with 

the FES phase. The state 13 is reserved for actual transfer  

of data. The states 14 and 15 are reserved for actual execution 
of the instruction inside the CPU. The 8 bit low order address 
to the ,memory is sent during TI., While the 8 bit high order 
address is sent during 12. The type of machine cycle Is indicatec 
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by the control bits D6 1)7 sent during 12 along with high order 
address. The function performed , in, each machine cycle and the 
control bits assigned to them are shote in the table -g .ven below 

a 07 	Cycle' cold& 	Function performed  

	

4 0 	p c Z 	IEAD Zst byte of instruction 

	

0 1 	 P C R 	READ additional byte of instruct~ 

	

0 	 p C' C' 	Designate the data as. 1/0 cone an 

	

1 1 	 PC VI 	WR TE the data bits in memory 

The control bi.ts are used by external circuitry to provide 
MIRY VRXTE And Ma4OF READ Cozmand*: 

Consider ~ for example. the executo of MMS', M struc.tLon 
Type of 
"machine State Operation 

11 Low order address of the 
'I 

'ts rust on to memory 
PC1 72 High order address of the 

instruction to memory 
73 Instruction MDV DM brought 

oCPU 

TI ' ' U 	, sent tomemory  
72 (H) sent to memory 

M2 PCR 1 Data read from memory and sent 
to 	Ubus 

'14 
 .. 	Data latched 	 tom. re`. b 

(b) transferred to 
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As apparent fi Instruction cycle consists of two machine 

cycles (PCI and R).. 	.e consists of only 3 states 'while 

• 1R cycle consists of five states. A machine cycle always begins 
with state Ti, 

Beginning' of new state cóncidas with the rising edge 
of 	 rising edge' of '.. 	pulse co :ri+c d@s with the 'rising 
edge of 	SYNC puZ. a identifies the first state Tiin óvery  
machine Cycle. 

The internal state of the CPU is indicated at 80,61 and 

terminals*  These, state signals are also used to synchronise the 
entire sys em The state signals at SO, Si, 	for various states 
are shown below s 

so $1 $2. State 
O t. 0 Ti 	Low order address 
0 $ 1 TIl 	CPU interrupted  
0 t? 1 12 
0 0 0 Wait,mernory not ready 
1 0 0 13' 
1 topped'Ialt' state 

1, 

0 1 T5 

(a) 	 fl 	Many real world situation like power failure.  
human decisions etc. require forced entry of Instructions in. 
CPU. An interrupt signal (active high) at. the Interrupt terminal 
of CPU interrupts the normal f l.ow of program. A 'ter the 
interrupt needs of the external system have bee i met, the 
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normal flow of programme rosumeso , fiance interrupt request comes 
from the external circuit, it may - appear in the middle of an 
,instruction* In such : a case the CPU completes the current 
instruction and then acknowledges the .retie pt of interrupt• 
request through the state s naso (SO S1, S) That Is once, 
the current execution is over the machine cycle to follow 
has its first state designated as 1Z. The program C Unter at  
this stage points to the next instruction in the normal program#. 

At this point a special instruction called RESTART  
instruction is zammed into CPU. by the external device requestng  . 
the interrupt.. 

Mnemonic 
RST 	00 MA, 101 (Stack) <- (PC) 

(C) 	- 000 000 
00 4M 000 

The Restart instruction, allows the CPU to obtain the 
programme to be executed during the Interrupt period from  
memory location whose address has been loaded in the program 
counter during the execution of Restart instruction. The last 
instruction in the Interrupt subroutine a is a Return ins truc ion;, 
which a1.lows the normal program flow to resume. 

• (b)   AZT.TAT  : When memory is presented with add ass, :t 
takes' some time to output or Input the data. In slower memories,. 
if this time, also known as the access ti o is larger than the 
time of one state the memory can request a wait state to the C 
by pulling the PEA. Ltn.e low. Since the request is coming from 
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memory, the request Can be synchronised with the 2 pulse . during 

T, that is when addresses have been transmitted and they have 

been allowed sufficient time to stab lse the CPU responds by 

outputting sate TW, instead Of state t3. 1W  the wait state PU 

.idlest The CPU carnes out of the' WAIT t,a e# when the Ready line 

goes high during a 02 pu ie, CPU acknowledges the rc+e pt of  

signal on Ready line through state 's gnaZe. 

The architecture , of Intal 8080 is deferent from Intel 

8008 in the following manner ;t 

• (a) Intel 8080 also `naa the same nurs er of scratch pad 

registers (A, a t C, D, Ej H, t) However the codes for them 
are different* In 8008 oniy scratch pad H and L registers could 
be accassed together, while in 8080 8 and C I) end, E and fi and 
registers can be accessed in pairs, 

Codees for Registers 

A 111 

B 000 
C 001 

L~ 010 

Oil 
.100 

.L 101 
Table I 

Codes for Register pairs 

	

B C 	00 

	

a 	01  

10 

Ii .  

Tale 2 



29 

(b) 'he.last entxy- in Table 2 is for a register called 
stack pointer. Intel 8080 has the sack stack memory located insidc 

An external Random access memory addressed from the stack 
pointer , a 16 bit 	ister • stores the address of the memory 
location filed last, 

c Intel 8080 has a septi ate 16 bit bus for sending 
the memory address#  besides the 8 bit data bus. 

(d) There are five flags in Intel 8080.1 The additional 
flag is called auxiliary. hich can be understood with the 
following example. 

Intel 8080 has m'  instruction called D A A which 
is defined, as below 

Iperot is  
•DAA 	010 ill Ui 

The Decimal adjust accumulator operation is defined to 
adjust the eight bit number in the accumulator to foam bit numbers 
The instruction is useful while working with decimal, numbers. 

Consider the following example 

0101 4111 
7.6. 	 0.111 0110 

13. 	Add6 	o 	* t00 ,  1101 
readjust 	0000 0110 

1101 0 0 1 

When the 'value of least significant 4 bits is more than 9. 
as in the above case, the readjustment-can be done by 
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adding 6 to the least significant bits. 

The most significant. 4 bits are also adjusted In the 
same manner except that the carry flog is checked Instead of 
the auxiliary carry flag. The flags and their codes are,  shown 

in the following table, 

Flag 	 C8 C4 C3 

NOT ZERO 
	

E 
zEao 
NO CARRY 
CARRY 
PARITY ODD 
PARITY EVER 	 0 
PLUS 	 1 
MINUS  

• :T  

The auxiliary tarry flag cannot be spectfied.. The 
most significant bit &ndicates the sign of the number, 

8081.. CPU CHIP is a 40 pin device which is used for 
the followings 
Designation 	Number of pins 	Remark 
A0  to A 	 16 	Address bus 
00 	 Data bus 
+l2V 

OWL 5v 
+ 5v 	 4 	Power supply and ground 

and 
READY 
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INT 

CLAS 	 6 	Con tr i inputs  
RESET 

Total, 	 40 pins 

'Intel 8080 has., a separate 16 bit address taus which 
is loaded by the memory address . The : addresses renain ' 
stab stabló until the 1st. pulse after 73» 

`PES OF MACHINE CYCLE AND 	WORD RD 

The following ' ypes of machines cycles may occur within 
an instruction$ in Intel 8080. 
(I) FSH INSTRUCTION 	I 	Same as PCI of 8008  
(, MEMORY READ 
(3)  MORY ATE 

(4)  STACK WRITE 

STACK READ 
(6) .INPUT 
( 	) OUTPUT 
(8)  ZNE1RUPT 

(9)  HALT  

(10)  ~r a NT 	UPT 

t 	Same as PCR of 8008 
I 	same as PCW of 8008 

Same as PCC of 80Q8 
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The cycles at 4589 and 10 are additional. Since 
8080 has a seperate address bus.  data bus is free during T1  
and T2. 

Latus 	•: The data bus 00  to 07  Is also used to transmit 
status infoation which indicates the external crcuitaiy the 

type of machine cycle currently running at any time In the CPU. 

The status information is available on the bus during 
first state ie., T1  of every machine cycle and during the 

SYNC internal. The data bus is available free during T1 and 
T2  for such an operation* Each data bit is assumed a specific 
function which are detailed belowt 

Bit 	Symbol 	 Definition 

Do  INTA Acknowledge signal for interrupt request. The 
signal is used to latch a RESTART instruction 
when DBZN is active# 

Dl 
 

Indicates a WRITE memory or OUTPUT function, 
otherwise a READ MORY or INPUT Operation 
will be executed. 

02 STACK Indicates that the address bus 	holds the 
pushdown stack address from the stack pointer. 

03  HL.TA Acknowledge signal for HALT instruction 
04 OUT Indicates that the address bus contains the 

address of an output device. 
CPU is in the fetch cycle for the first byte 
of an instruction. 

p6  INP Indicates that the address bus contains the 
address of an input device and input data 
can be placed on the data bus when OBIN is 
active. 

07  MEI4R The data bus will be used for memory read data. 
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çontrol tnjite and OUtPUt8 and SYNC : A set of non-overlapping 
pulses l'2 are used to synchronise all the operations* The 

rising edge of 	is the beginning of new state, The SYNC pulse 

output from the CPU identifies the beginning of a new machine 
cycle. SYNC pulse is triggered by the rising edge Of 2, and 

ends with the rising edge of 	in the net stato. 

&Lft grid Wait: When READ? to CPU is made low, the CPU goes 
in the WAIT state, As long as the ready input is low the 
processor remains in the wait ótate TW. Ready input is used 

essentially by slow,  memories which take move time to output. 
However, the request must be received during state T2  to enable 
the CPU to acknowledge the request by outprint&ng WAIT signal. 
The WAIT signal will get reset during state 

!and IN 	interrupt request is asyrnibronous  and may 
originate at any time. The request is however acknowledged if 
• it persists till INTE signal appears j  in the last state of a 
cycle. Once this happens an interrupt m-achine cycle follows 
which is a nonal machine cycle 'with five states.: As usual the 
status word is transmitted on data bis, which however accompanied } 

an IA status bit. This signal can be used by the external 

device to jam a RESTART instruction during T which tells the 
processor the location of the programme. 

PLBIN* 	DBIN signal from microprocessor is used by external 
devices to enable the transfer of the data to cpu*  The signal 

is available in th following machine cycles. 
I. FETCH 
2. MEMORY READ 
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31  STACK READ 
4*: INTERRUPT $ for reading the Restart instruction from 

the external devce. 

DEIN is initiated by the rising edge of 4 2 during 

state 12 and terminated by the corresponding edge of f2 during 

T3. Any 1W state, between T2 and 13 will therefore. extend 

DBIM by one or more clock periods. 

IM * Similar to PBIN1  CPU generates a Yt signal which can be 
used by the external devices to enable transfer of data from 
CPU during 	The signal is available in the following machine 
cycles. The loading edge of A signal As sflchron&zed by the 
leading: edge of 	In a state following T2  and the trailing 
edge of Vff signal with the leading edge of 	in a state follow — 
Ing T3ó 
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CHAPTER 

MICROPROCESSOg s gD SYST DESIGN 

4,1 HARD A g DeSZGN 

4.1.1 LAICa0PR0CESSQR 5'YST _ .nw,rairo 	 a 	 .h 

A micro computer system Using INT 8080 would consist 

of the following components. 

1. 	eg bra p +c sa n Un 	b 	 is heart  

of the system.  , . 
2! 	pqpk nera' D t 	Which provides. nonoverlapp 	g 

clock pulses 01 ,, 02 to the Ctlpit . 
3. 5, , Contr4Uer gM * Which buffers the data bus 

and also provides Iotrol signal (control bus h6 bit 
wide) using, status word form data bus and OBIN,WR, 

DA from C.P.U.  

4! Addres 	Lu O ,buA .ffers . p + nail 8212 The address bus 
 y 4 ~~irrp - ~w~rr~rw Y+iYr, it 	ir.yyurlr4isW 

can not provide sufficient current and hence the 
address bus has to be buffered. Intel 8212 load the 
address bus by 0.25 mA and provide a maximum loading 
of 15 mA at Its output terminals. 

5. ' C ,ram nab a RonmemprioaPROMS. 
+6.an+d m access me tr,e . RAMS 
7, InpuJQutput jntface e  
4. (a) 821 fr interfacing with tel. etype T, toxminal etc. 

(b) 8255 for interfacing with a `D converter. 
S. rogrmablglrterrupt controller (8259, 814)s To 

manage the interruption of C.P.U. .bar a number of 
devices and to latch RESTART instruction. 
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9. ProgramaI4e DMA.cont;oliex (8zfl t To manage DMA 
service for 4 number of peripireat devices*, 

s04P1ion of ddl ..Wock:. 

1. 	fltraX Pro e jnq Ut ,t 

CPU 8080 has been described ealiGr. 

Clock Generator (p224 s (?Rot* fig.. 4.1.2) 

Oscilator frequency is 9 times the speed at which 
the microprocessor has to be run. The  clock peaiod (tey ) is 

specified for the m.tcroprocaseor. Consider, for example, 
$080 A CPU chip for which tcy can be from 0,48 HI-See to 
2.QM See. 	•. 	. 	''' 	: ' 

Considering the fastest. speed#  I* Go tv, 0,48 
microsecond. 

Crystal frequency 	. 	x 9 MHz 

18.8 MHz 

Standard crystal of 18.432 MHz is available which 
gives a tcz 	0.49 micro second. 

Clock generator consi5t of*vide- '. by 9 counter 
whose four outputs Q to Q. are Combined in logic gates to 
obtainØ A .   and 2 clock pulses for CPU which are shown in 
fig. 4.1.39 

02  TTh, available at pin 6 which is similar to 02 
except, for a small. delay,*  can be used for external timing 

purposes. Xt is especially useful in DMA dependent activities. 
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2 (irli can be used to gate the requesting device on the bus 

once CPU issues BOLD ACKNOWLEDGE (RLDA) signal*'  

The clock generator also generates 515Th (status strobe) 

signal which is used to latch the status word on the control 
bus gqer Fig, 4.1.4. The control bus is connected to the 
data bus through the SYSTEM CONTROLLER (8228), The states signal 
Is, available on the data bus during the. $NC ptLtse. 

Automatic system reset feature on power on can be 
incorporated by adding components R, C1  and D, in the circuit. 
The RESIN input to the Reset flip Is through a Schmidt trigger 

which converts the slow transitioninto a clean fast edge for 

triggering the D flip flop. 

SytemgntrjXer 8g2$ * 	(Ref. Fig.41 . and 4.1.6) 

System controller generates all control signals required 
to directly interface RAM, R, and I/O components, 

An eights.bit, bidirectional bus driver buffers the 

data bus from memoxy and Input/Output devices. Data bus whth 

has an input requirement of 3.3 volts (ruin.) and can drive 
(sink) a maximum current of 1.9 mA is assured by data bus 
driver to fulfil these input requirement even in enhance 

motse inmunity. Due to the availability of adequate driving 

current (to mA typ,) on the system side of the driver, a 
large number o memory and 1/0 devices can be directly 
connected to the bus, 
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When 	input goes lov,  , the status information that 

is issued by CPU to its data bus at the beginning of each 
ahLne cycle gets stored in the status Latch* 

The Gating Array generates control signals 
Vit̀ 'W0 1 0 , i7öii and ft K) by gating the outputs of the  
status Latch with signals from the $000 CPU (Daiw, t and 

£4A). 
The U I (Bus Enable) input to the Gating Array is an 

asychronous input that forces the data bus output buffers 
and control signal buffers into ' heir "high » mpedanoe state . 

if it is a 'one'.  If f3US 4 is a ' 2ero'' normal Operation of 
the data buffer and control signals take place* 

pr9amab3e Cormunication . terfaoe X 51) s. 

It is used as a peripheral device and is programmed 
by CPU to operate using virtually any• serial data transmission 
technique. its functional configuration is programmed by the 
system's software for maximum flexibility. 

In the problem, aC3 ' is used which comuncatG wit.. 
CPU through this interface. 

Projpbl& er' ezal. iqterfac,ePPI 8 

A block diagram of the device is, thown in figure 4..1.'7. 
The device is connected to the data bus through e. 3 state data 
but buffer. The output terminals of the device have been 
arranged In 4 ports (A, supper  c lmver G, B). These ports 
have been arranged in two groups. Group A consists of port A 
and Upper C while grout a consists of lower C and port So 
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The device has a register tO store the control word,,arh:ich 

decides the manner in which the ports will behave.: Besides 

this the device has a numb4r of control inputs (RD. `fit., Ad, Al, 

Reset and e5). 

The data Is received or transmitted upon execution of IN 

port or OUT port instructions by the CPUC. which are described 

as below '$ 

IN port 	(A) --- 	da. 

The data placed by , the specified port on the data bus 

is moved to Accummujator, 

Similarly in OUT port ifl$trUctiOfl,datO from the 
accumulator is , put on the data bus for transmission to a 
specified port. 

In .both the cases the po'rt i6 specified by the 2nd byte 

of the instruction becomes the lower order part of the address 

(Al to *0) , upon execution of theInstruction* 

Ao 	Al 

0 	0 	Port A 	, 	Data bis 
p 	1 	Port 8 	 Data bus 

1 	0 	Port C 	 Data bus 

1 	 Data bus 	. 	control register 
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The control word sent from CPU through an OUT port 

instruction decides the mode in which various ports of $25 
operate. 

There are three basic modes of operation in which the 
ports can operate. (Refer fig, 4.1.8).  

Mode 0 	 flask Input/Output  

Mode 1- 	 Strobed Input/Output 
4  

Mode 2 	 Bidirectional bus 

It is also possible to set/reset any of the eight bits 

of port C by using a single OUT port instruction (Defer ig.4.li,  

When Reset input goes high all ports will be soot to the 
Input mode' (in the high impedance sot). After the RESET' is 

removed 8255 can reaain in the Input mode with no additional 
initialization  quired. 

PP tcAflo  

(1J ) OP 	s  s When, operated 	odG 0 the basic features 
are given below :- 

1. Two 8 bit port and to 4 bit ports.' 
2, Any port can be input or output. 
3, Outputs on the ,parts are lathed. 
4. Inputs on the ports are not latched. 

Mode 0 Is Ideally suited to commuf cato sin ie switch 

closings to the CPU. Depending upon the control word number 

of configurations of the ports are possible (Refer Annexure I 
for details). 
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Jod I 	ratios smo Zn mode I the basic features are at 

given below ;(Refer ftg.4.i0O). 

I. Ports operate In groups only (Group A and Group B.). 
2, In group A, Port A operates as 8 bit data port While 

upper C acts as control/data port. Consider for oxampie,the 

Case when port A Operates as an input port. A low on PC4 loads 

data into the input latch., A high on P5 Indicates that, the 

data is loaded .n the input latch although, it has yet to be 

off loaded by, CPU. Mien, CPU of loads the: data by accessing. 

• port ,At  P5 goes low, again. It is also ,possle to generate 

an Interrupt, request for. the CPU by the peripheral device 
connected on Port A. $255 contains an ANTE A flip flop which 

can 	set/reset by PC4., when CPU sónds the following 

control word. 
Ox x x 1 001 	for setting the ZNTEfIip flop 

0 x x x 1 0 0 0 	for resetting the flip flop. 

Aa a first step the peripheral device on port A latches 

RST instruction on the port. As a result 18?A goes high4f 

ZtE flip flop has been SEr by CPU earlier an XN?RUPtS 

the CPU. Wring T3 of the interrupt cycle RST instruction 

is off loaded. RD pulse also rose-ICs INT flip 'flop 

PC6, 7 the balance terminaJ.sof upper C port can be 
programmed as either inpat or output port as the case may. be. 

In a similar manner port B, and loner C port tan be 

used to generate an Interrupt request* 



limo e I . port A or,  pOrt. 8 can be operated as ouut, 
ports. 

The OBV output goes low to indicate that CPU has written 
data in the port. A low on Adi input informs 825 that the 
data has been accepted, by the peripheral device. fl is also 
Possible to generate an Interrupt request by the peripheral 
device connected on the specified port, 

Once the periphera] device has accepted the data both 
ORF and ACK are high. At- this- stage if INIT9 flip flop is 
SEr by sending an appropriate control word, Znterxipt request 
shall be generated, In t,hit.r case RST instruction sh11 be 
loaded by some other peripheral devce connected on an Input 
port. Refer Table 3 in Annexure I for more details. 

The basic features of Mo'e 2 operation are as given 
below : (Ref. Fig, 4,1.11), 

I. Mode 2 is Usedp A ony (Poizt A and 5 bit 
upper 0)  for control, 
2# In node 2 both inputs and outputs are latched, In 
mode 2 port A operates al: a bidirectional bus. 

The terminals O8P, XM V  M s, To have their usual 
meaning. The interrupt request to generated at: PC3. 

Otatus 4 

When the 8255 is programed to function modes,  I or 2 
Port C generates or accepts handshaking signals with the 
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peripheral devices.—,Reading the status of Port C allows the 

pràgraner to verify the status of each peripheral device by 

sending a simple IN port C irstructon. The, word can be 

finally interpreted, 

Examples 

Consider the case when 12. bit B/A converter hot to be, 

,connected as an output devtàà while an 'S bit WD converter as 
an Input device. 'The software for .Initialisation of the 

ports is as she in-ft. 4.i.12. 

MVI,A 	- 	 this makes port  OUt,Upper C 

82' 	. 	 - 	Out3ower CiOUt,Pt t3—Inp 

OUT " 	 D3 	in Mode 0.  

Control register 	17 

'.---- 

- 	When CPU wants to request A/D converter for a data it 

sends a strobe pulse to A/D converter on PC3, The conversion 

takes place and the digital word is stored in the A/ 

converter. After some time CPU sends sample enable pulse at 

PC2 and data is,cornunicated to CPU on the data bis. 

- 	3E 	SitP3of port Cis set and 

07 	' 	- 	0 7 	then reset to produce a sharp 

OUT 	 - - - D 3 	pulse at PC3, which Is the 

PMT C 	 1 6 	strobe pulse to A/D convertor. 

DMA 	 3D 

OUT 	- 	 Ba 

PORT 	 16  
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As a next stop CPU would sent a pulse at P2 to enable 

the sample on thedatabus,oCPU, 

MVIA 	 3 

05 	 05 
OUT 	 •D 

Port C 	 16 
DORA 	 8D 

OUT 	 03 
Port C 	 r 

In a similar manner software programmes can be written 
to OUT put data through 12 bit D/A converter. 

FOR SDK 80 KIT ONLY t 

BY : 	(HC.) 8 . 	TZON  

*xxltOxx 18 62M 

X x.x1 Dt D0 14 Port 8 	5(1) 
x x x "1 0 1 0 11 15 Port 8/85 (1)  

x x x 1 0} 1 1 0 16 Port C/8: 	i5 (1, 

x x x 1 0 11 1 17 Control regieter/S 	(1)  
x x. x 0 ii 

A 

00 OD Port- A/8255 (2) 
x x X 0 1. Q 1 OD Port B/8255 (2) 
x x x 0 1 1 1 0 08 Port C/8 	5 (2) 

x x 0 1 # 1 oI Control register/8255 (2) 
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By sending OUT Port or IN port instruction any port 

(A,s,C) or the control register can be accessed* In case of 

control register only OUT port instruction isvalidbecause 

the data stored In Control register cannot be read 

MO1Q. Ooer4iin 	 ?able-2 

CONTROL GROUP A 
UP 

PORTS GROUP 
TUS OF  
B 	PORTS 

BINARY A UP? 	.0 a tCWERC 

10-00 000,0 80 OUT OUT OUT OUT 
1 0 () 0 0 0. 0 1 8 1 OUT OUT OUT INP 

1000 ooim 82 OUT OUT IN!. OUT 

1000 00 -11 83 OUT OUT INP INP 
100 -0 1000 88 OUT IMP OUT out 

1 0 0,0 1 0 0 1 8 9 	. OUT INP OUT INP 

-10-0-0 101.0 8A OUT INP INP OUT 

10 0-0 101 88 OUT INP IMP IMP 

1 0 0 	11 0000 90 INP 	- OUT OUT OUT 
001 0001 91 iMP- OUT OUT IMP 

1001 0010 92 IMP OUT IMP OUT 
1:001 1000 98 INP IMP OUT OUT 

001 1001 99- IMP IN? our IMP 
1001 1010 9A INP IN? INP OUT 
1001 

- - - 
1011 

--. ------- 
98 IN? IN? IN? IMP 

Ports can be Initialised to operate as per the design 

required by sending opproprtate control words as detailed above. 
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ThBkE go 3  

O. :x XX 0 1. 0 ,  0 04 W T E, RE$ET.... R' S' INPUT/OUTPUT  

Oxzx 0101 05 INTE. SEt PORT 0 INPUT/OUTPUT  

%x 1 000 08 INTE RESET PORIA INPUT  

'.0 x x x 1 0 0 1 0 9 XNTE SET PORT A INPUT 

O x x 1 1 0 0 08 INTE RESET  .. 	3HT A OUTPUT  

0 x x x # 1 0 1 0 0 INE . 	£T PORT A OUTPUT  

01 I I ii BE PORT A INPUT PC6,1 INPUT PORTS PUT 

11 0 1 ix 1) 6 PURT C INPUT PC 6 7 OUT'S'` PORT 8 INS' 

$01.3 0 "l O x S 4 PORT A INPUT PC6,C OUTPUT PORT B OUTPU 

011 1 1 Ox SC POAINPUTP06,C INPUT POR' 	B OUTPU 

0! 1 0 1 LI 1 x A E ,ORS" A OUTPUT P 4 5 INPUT PORTS.'  NPI' 

01 0 I 1 D x A C P)RT A OUTPUT pC4,5 INPUT PORT 'fl t iTPLY 

0 1 0 0 1 1* A6 P0R.T A OUTS` PC4, a tUTPUT Pt 	` 8 1  INPUT 

1 0 1 0 0 1 0 x A4 ►RTA OUTPUT P 	,5 OUT UT P 	T 9 O 	'PU 
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4.2 	STRtS OPERATION (Refer figure 4.2 .1) 

trt-fJp,o the it 

When power is applied initially to the 80309  the processor 
.beg .np operating immediately. To make the contents of program 
counter i stack pointer and the other working registers zero,, 
it is necessary to begin the, power-up sequence with RESEW. So 
the . start« up procedure is as fo lows 

'I. Plug the system communication Monitor (CRT into 

the kit,, 
2. Turn power on at both the kit supply and communication 

monitor, 
3. Press the Reset switch. 
At this point, monitor will, display the following 

message : 	 . 
MCS 80 KIT 

The monitor communicates with the operator via an 
interactive console,, here a CRT. 

The monitor requ es each command to be tezz .need 
by a carriage return;' with the exception of the '5' and 'X' 
co mans, the command is not acted upon until the carriage 
return &s sensed. 

Selected areas of addressable memory may be accessed 
and displayed by the 0 command. The D +conmnand produces a 
formatted listing of the memory area between < low address) 
and < high address ► , Inclusive#  on the console device. 



Control of the CPU. is transferred, front the monitor to 
the use]; program by means of the program execute co and#  
G. The ( entry point )'should be an address in RAM which 
contains on instruction in the. user' a program,. For example 

1400 means control is passe to location 140H, 

User program is entered into AM with the I command, 
After sensing the carriage return terminating the command line 
the monitor waits for the user' to enter a string of Hexadecimal 
digits ' ( 0 to 9, A to F) . Each digit in the string Is converted 
intoits binary value and then loaded into memory.Two Hexa -
decimal ' dir its are loaded into each byte of memory. 

The M command moves the contents of memory < ,ow address 
niusive to the area of RAI begtnng at( destination)' • The 

contnt of source 'field rauàin ttndastuxbed unless the 
receiving field overlaps the source Feld* 

+wrYl 7+1i 
	 a%on  a 

After the cold startup of tho kit, the .p gram is 
inserted into they RAM. with tae help of I <, a,ddress ► command, 
,'fie program is stored sequentially in t o memory. 

On issuing the G 	 t y potnt command, d, the execution 
of program stored  n 	begins' and the results are displayed 
on RT according to program inserted, in the memory. For 
example in the presented work- message* like voltage adjust 
high ,voltage 'adjust low, Prequency adjust high, Frequency 
adjust low, close the circuit breaker will appear in the CRT. 
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4.3  9F  AR& _D N 

PROGRAM FOR AUTO SNCHR0NIZATION OF ALTERNATOR WITh BUS 

VOLTAGE MATCH 

• a. - — — «...» ,. -w.- - ,* a. " — -- 	, , —. — 4. . 

MEASUREMENT OF BUS VOLTAGE YB 

START # MVI A,R 93 

OUT 17 	INT LIZE . ORT A AS INPL 

IN 14 

MOY BOA 

1: 	IN 	14 	; FIND ZN 	S * VALUE 

CMP B 

1 

VB2: MOY BA 

IN 14 

C 	B 

3C VB2  

TOLERANCE CALCULATION 

CALL VTOLR 	;-SLR CALCULATES TOLERANCE 

VALUES ARE RETURNED IN LOCATION YB, VB+1 (+ 3%), VS+ (5 ) 

MEASUREMENT OF C BRAToR VOLTAGE VG 
IN 	15 	INPUT FROM B PORT 

MOY B A 

VG 1: 	IN 	15 	; FIND INCREASING VALUE 

P a 
SC YG 1 
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vG 2 : MOYB,A 

.. 	. 	. CMP 

flC VG 2 

CHWKING FR B * % 1 G 	... 	. .. 	... 

LACI H-V8+1. 

V mp M 

ZGH 

YMN• H 

CMP M ; COMPARING V+2 

J STFR ; VOLTAGE MATCHED .UMP TO FREQUEP Y 
MATCHING 

MV! DVL  

CALL MESSA<. 

CALL VADJL  

JMP VEl RESTART MATCHING PACCEDURE  

VHIGH s MV! D,VH 

CALL MESSAGE 

CALL VLH 

3MP V131 •t RESTART MATING PROCEDURE 

s tERUEP3* 	ATCHING 
 - 	'_ . 	F, 	Y... 	,i 	., , .. *M _M 	., ... .. :.may:. — 	- ... 	. —, 	so 	'Mo'  A*- — .rM 'fI1M,  — 	— '}k- 	— 	.If. 

STF  MVX 1),04 

CALL ERS GET BUS IBEQ (IN S, R.) 

CALL FTOLR GET TOLERANCE (.5%) IN ffl* R.+1 

+.5%), ER+2 (.*i5 ) 
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Flit 1 	Z MV! DiOZ 

CALL FREQ ; GET GENFRATOfl FR 	(n 1 8 REG) 

LXI Hi FR4 

MOV A, 0 

CMPM 

JI C P111GH ; BUS FRB .HIGH 

IMX 

àMP"M 

3 STPH ;REUE'CY IS MATC 

M DFL 

CALL •MESSAGE 

CALL,, . FADJt 

,MIS MM I 

MV! D ffi  - 

CALL MESSAGE 

CALL FADJH 

imp PBM I 

ZERO PHASE TIME ANTICIPATION 
_ .r. «r — ... Yw a. ,. +r .w gip. tiw 	'U. aw. 	U. 	.+r. 	. 	'U. 	U. 	U. 	.~.. 	-. 40 ..,► 	r. 

STPH * MVI C,00 

PHI s CALL PHASE VALUE IS IN 8 REG 

MOV A'B. 

qtP C 

JC PIS DECREASING PHASE OBTAINED 

MOV C,,A 

%TMP PH 1 
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CALCULATE OF ZERO PHASE TIME 

CALL 	, CBCL CLOSES CIRCUIT BREAKER 

HLT .  

VH 	BQt3 	010 

A 	EQLJ 	OE 

Ft-i 	EQtJ 	10 

FL 	.BU 	2A 

OV MAIN PROGRAM 

SUBROUTINES 

FSR EQ. SUBROUTINE 

PREQi 	1N 	16 N C PORT 

AICA 	3 

D 

MV! 	8,00 

F_ 	., 	IN 	16 

ANA 	D 

CMP 	D 

JNZ 	F 

P2: 	 a 
IN 	16 

MA 

MVI 	E4 

P3= 	DCR 	E 

NOP ; ' FOR RES' 	ICTING THE COUNT 

NOP IN 8 BITS ONLY 

JNZ 	P3 

• Cly 	.0 



jZ 	P2 

RET 

- - l ,  N - •0 • •' 	 -N lS - . -. - - N 	- N• - 	= N N - - - 

PHASE ROUTINE 

PHASE: IN 16 

ANI 04; 

CK 04 
Jz PHASE 

IN 16 

MI 04 

CPI 04 

NZ P2 

IN - 1.6 

ANI 0. 

CPI 02 

JZ PHASE 

WI .000  
P3 Ifl a 

IN 16 

ANI 02 

Pt MVZ E04 	DELAY FOR 

DCR E 	j SLO WING DOWN OF COUNTING 

3UZ P4 

CPI 02 

JNZ P3 

RET 



• E 

MESSAGE ROUTINE 

MESSAGE: LXI 	H, BASE 

MOV AO L 

ADD D 

MOV L A 

MES h MOY CM 

CALL 

1 	H 

DDR 0 

JNZ MESI  

CALL CROU  

RET 

BASE: 	DR 	2j2O64P. r, . • 

PB 

DB 

} 

Do 

i• . M. wr - ► - + rrww . .Mr •+ 	 «t w. 40+ - - 	w0 - w wr w0 	- - .* ter. 

ADJUST ROUTINES 

OUTPUT AT PIN C7 

VADH: MVI A8O I 7 

imp 	ZERO
..  

VA L: 	MVI 	A 	 6 

JMP ZERO 

54 
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FADJB: A2OPC5  

G 

Zit OUT 16 s START PULSE 

OUT 16 j STOP PULSE 

CALL DELAY ; GIVE TIME FOR ADJUSTMENT 

RET 

F B UENCY TOLERANCE ROUTINE PIQLR 

ETOLR: LX1 H, PR 

MOY M,B 

XNR ,a 

INX H 

MCV M,B 

OCR 8 

;SCR B 

MOY M,B 

RET 

FRt DS 3 RESERVE 3 BYTE. 	FOR FBffi+1,FR+2  

j. VOLTAGE TOL ER.AW E ROUTINE VTOLR 

VTCLRs LXI cif VB 

MOV MOB 

MOV A S 

RLC I ROTATE.A3 TIMES 

RLC .; LEFT WITHOUT CARR' 

RLC 

ANI 07 

MOY C, A 

RRC 

ANI OF SHIFT A ONE DIGIT  



56 

MOW 	C' A 	CCONXAXNS, % OP .VB 

ADD 8 

INX H 

MOV 	 STARE VB % IN VB+' 

MOY A,6 

SUB C 

INX H 

MOV M; A 	; S E VB - 5% CCN VB+2 

RET 

VE:  05  3 

.. ,.- ~ '+R era ... «. +i ~+ ~► .w+v Mr . ~M wi w.. .« .,, +~Mr .. +~► ~ .:w ~ a!,► wM. ~.. ..1» fir. «« wr .. 

DELAY SUBROUTINE (FOR 5 SECONDS DELAY) 

DELAY: CVl SOC 

LI 	MVI 

t2: MVI DER 

Las DCR 0 

JNZ 	L 

DCR 

.NZ 

DCR  R 

JNZ 	Li, ..  
RET 

0►- — 	-«.M W..IM#1.00.ft00.O0.:V►.00.0MW..00.4». 	 ,W• 

MULTI SUBROUTINE FOR 8K8. MULTIPLICATION•

GTI4B4S ARE IN A AND E REG.RESULT IN € L 1j, 

MULT : 	LXI 	H,0000 ; CLEAR RESULT REGISTER 

MVI 	R„O$ 	INITIALIZE SIT COUNTER 

MVI 0;04 
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LOOP 1* 	DAD H 
• RLC 

JNC D 

DECt. 	DCt B 

JNZ LOOPI 

RET 

CIRCUIT BREAKER CLOSE RO€ IN 

C8CL 	MOV A, C 

SUB a 
Sm TRIP'  

MVI A; 	
.. 	.. „ 	., 

OV E B 

CALL MULT 	..;RESULTINHLPAIR 

LDA TP 

CALL . DIV RESULT IN ACCUM JLA '3R 

A CONTAINS B* i'/(—) 

8U CORR 

WAIT E'OR ANTICIPATED TIME 

LOOT' 	DCII A 

HOP 

NOP 

JNZ LOOP 

i ZERO PHASE TIME 3S REACHED 

MVI DCL 

CALL MESSAGE 

MVI A,92 XNXTIATIEE C PORT 
OW' 17 	: AS OUTPUT 

MVI A;, O 1 
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OUT 	16 	•; CLOSE CB BK PCO 

TEMPS 

END 

DIV, :.. MOV 

MV.X C,O 

L MO't LjA 

cmp B 

jN t2 

SUB B 

MOY LiA 

3M? LI 

L2* MOV AH 

cpI ,  

JNZ 1.3 

DCR H 

MVI 

SUB 

ADD 1. 

MDV t,A 

INR C 

JMP LI 

L 3 : MDV A1C 

RET.. 



CHAPTER 5 

MATHEMATICAL MODELLING i D COMPUTER SIMULATIZOI  ■ ~irrri 	rrwrrr_~..r+~~+rr 	 r.rri.~~ - w.. 	 err 

5.1 1NTROD ICTZON 

In this Chapter mathematicaL model of mach tn! , 

•xoitation system and governor system has, been discussed. 

The conditions for syflchxOnizeton of alternator *tth bus bar 

are simulated in order to see the circuit breaker closing 
to synehron ze the alternator, 

5.2 MA EMATICAL MODEL. OP SMOiR lU$ MACHINE 

The following theory is developed from the funds 

mental starting point that the machine consists of several 

inductively coupled circuits, the self and mutual inductance 
of which vary periodically with the angular position of the 
rotor. 

Assumption for Mathematical Deecript9.onof Synchronous Machine 

s. The machine Is assumed to be magnetically linear and 
iron losses have been ignored. 

b. The stator has balanced, sinusoidaliyy distributed 3 phase 
winding i. The picture repeats every 21s Polo pitches. 

c. Stator slot causes very negligible variation of any 

of the rotor circuit inductances with rotor angle. 
d. Rotor magnetic circuits and all of Its electrical cirouiis 

59 
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are symnetrical both about the pole axis and Lnterpoiar 

as. 

Figure 5,2.X shows the schematic representation of 

synchronous machiflø (salient pole typo) per pole petr basis. 

The electric circuits on rotor, namely K 	are the 

equivalent d*axis and qaxis damper circuits, f is the machine 

field. The positive direction of various quantities is shown 

In Fig. 9 Is the angular Pósitonof the dexia (field axis) 

from the aXis of phase a measured 'in the direction of rotation 
of themath1ne.. 	denotes the 'fine linkage, • the terminal 
voltage and j:  the current of Any electrical circuit. 

Park's Transformation 

Du. to *11,. changIng nature of, moot of the inductance 

parameters, the machine voltage relations are nonlinear differ' 

entisi equations with tiae"changing coefficients and thus, 

are difficult to solve. The phase variables (opt or 	are 

sccordingZy transformed toots (Park) variables through the 

use of Park' a transformation." 

• The machine is accordingly ràpreseted bye two axis 

oel'('as far as the phenomenon of Interaction taking piece 

across the air gap is considered, the zerosquence interaction 

Is represented separately) as shown in fig.,  5.2.2.. 

Machine expressions in terms of P'k'a"vari'abj.s 

ate,  as follows ( here p is the 'd/dt opeator'). 



f1 I 

I 

d  d 	-  

a p4c1 	+ 	Tdpe 	rid 

p410 	+ 	rig  

ekd 0 	' WW + rkd 	kd 
ekq  0 	P41jq 	+ 9cq  tkq  

where#  
Od 

Y 

tdId + mdSkd) 
 

Lgiq + Lq  t k ) 

41 did  + .fTf  + 	and 	d 

Lmdid + Lmdf+ 1 d 	d 

4; Lois, 

Motional Equation or. Swing equation of machine, 

base 

d 	= TT } 	 e 	fin 

Excitation Voltage 

P4 + r : 	 ►. 	(2) 

Damper winding voltage 
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of 	= Lmd Id  + Ioffif + t'mdkd 	 '. (5) 

4 kd 	Lmdid + Ld if + 1& hd 	 (6) 

1kq =•Lmqiq +Lkkq ikq  

ed 	(tqiq Lqikq)PG  

Tie Line Equation 

Leiq  P 	 (9) 
eq 	= vq + Leidpa 	 .. (10) 
Va 	 Vb sin % 	 ,. (Ii) 

Vd =VbSifl(9.%) 	 '• (12) 

A 	Vb COS  (9•.Q) 	(13) 

System's Dynamical Equation 

w 	 (14) 

(Trn 1 Te T)/(4L) 	() 

EornEqn(8) and (9) 

	

=i*(Sltqiq + Lnqq)P9 	Vd tiq  P 	. 	(16) 

Iq  (vd + £thqikq1ie)PQ 	 '. 	(ii) 
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Similarly 

id  = ( Lmd ( f+ikd )-'Vq)/ L d e )P9) 	 (18) 

/ 	pQ /w)  

Equations (2),, (3). and (4) can be written in. the follcwint.  

faxin 

P c 	t d rkd 

P41q 	' rkq 'kq  

PuttLng Value of I from Eq. (17) and solving 
x 

i kq 	
q 

	

qt 	$. 

5.33 COMPUTER REPRESENTATION CSF EXCITATION SYSTEMS 

(i) Block Diagram 

in the development of the excitation , system block diagrams 

it has been found necessary to establish a per unit voltage base. 

For the following discussion one per unit generator voltage is 

defined as rated voltage. One per unit excitor output voltage 
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is the voltage required to produce rated generator voltage on 

the generator air gap line. 

The excitation system shown in Figure 5.3,1 is represen-

tative of the majority of modern system now in service, This 

Includes most continuously acting systems with rotating excitors. 

Figure 5.3.1 shows the significant transfer functions 

which should be included for satisfactory .representaton in 
,computer studies. Many other system types may be represented 

if excitation system ceiling voltage is assumed to be independent 

of generator terminal conditions, 

In the figure V is the generator tóxminal voltage 

applied to the regulator input,, The first transfer function is 

a simple time constant TR  representing regulator input filtering. 

For most systems, TR  is very small'and may be considered zero. 

The summing point compares the regulator reference with 

the output of the input filter to determine the voltage error 

input to the regulator amplifier. Also , the voltage error 

input is co*$ined with the excitation major damping loop signal 

V. Most computer  programs do not require an input of 

but rather internally calculate the prcper value by assuming 

at t = 0 is at the proper value*  

The main regulator transfer functions is represented as 

a gain KA  and a time constant TA.Following this, the rnaxrnum 

and 'minimum limits of the, regulator are imposed so that large 
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Input error signals cannot produce a regulator output which 
exceeds practical limits. The output of this block is exciter 

output voltage or generator field voltage E. 

Major loop damping is provided by the feed back transfler 
function p5/ (1 + pT) from the exciter output Ef .d to 
previous summing point# 

( ii) Mathematical Equations 

Output of damping loop 
y 	= p5 afdPTF)  

Output of regulator 

X = KA(Vft - Vr Y)J(1 A) 

III) State Space Representation 

2fd = (KA(VR ° "V 'Y ) Ed)/Tia 

and f = (55€gid 

It should be emphasised that there is an interisrelation 
between exciter coiling Edd tU and red„ulator coiling VA 

if V A~ 	< X <V MA ' her fd 	X 

If X ?` VR 	~r then E fd = Vi W and E fd 0 

if 	V,R MSN ' then " d 	N and E ,d = 0 
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5.4 cOMPUTER REPRESENTATICN OF GOVERNOR SCHEME 

(i) Block .Diagram 
Block diagram of the governing scheme is shown in Pig.5.44 

Following are the deviation of variables from initial 
steady state conditors* 

W f  reference speed per unit 
w 	shaft sped, per unit 
* 	gate position, per unit 

gate opening, per'' unit'. 
T 	governor response, time seconds 

i•w 	water starting tine, seconds 
Tr 	Dash pot time constant, seconds 
a 	permanent speeddropp, pet unit 
6 	temporary speed droop, per Unit 

•TM 	shaft torqu.,p.r unit 

(Li) Mathematical Equation 

(6 TrP)/( i+TrP) 

((WREp W)/2x  base 	 ))/(;) 

z -  

z(I! T_P)/(140.5rp) -TM  

(Iii) Stat. Space Representation 
from aq (I) 

(6T-)/ 

MtAAL  [ly, STY OF CCC' 
i r1UL3 



From EE's (ii) 

`,(( EP w)/2n `f~# ) '0 (ez  + *l l T9 

From eq (iii) 

Tm _ (z 	"' TM)/(.Q.8 T_) 

From the d agram it is clear that 

if Z 'TMA, 	X'"Ttl1X 	d T, =0 

i.f z <0 , 	z -0 , And Z a0 
if m 	) Z `y 0 , only then Bq (iv) will be followed, 

5,5 IN IT ALIZ ATION 

We know that 
e $td gee @ -►~t q SiYG 

and ed'~ -*'Vq 	-0 
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and •q Vd 

Vf0 
tmd tfv WO 	Lmd rf 

o • 

 

a a 	d 	* w~ sine 

Also ea 	40 Y2 v0 . sin (e40) 

equalling equation (A) and (B) 

Lmd ! 	wO sin 0 * 1(2 TO sin 0 
0VTo"f 

f0 	
d Wo 	 base 

/(12 r 	 W f 	d (W~ .aee 



from block diagram it 1s clear that 

VTO 
[Vr.f - Vt0 ] KA - Ef40 

(VJJWb. 

... 	y• 	
JkL 	

I 

Wb SS, 

5.6 FLOW WART 

A simplified programme flowchart to carry ou4 the 

operation, is shown in figure 5.6 	• It is checked that alter- 

nator field voltage, (Efd)  is withIn the prescribed liirtt. 
After ensuring thié,', the machine dvnimivig are eolved.Next, 
the terminal voltage is compared with bue,voltage. If iis 
outside the operating range, excitation level of alternator 
is adjusted. In both the cases, when terminal vbltaeV 

to within or outside the spetfiód band,,  the speed (w) of 
alternator is compared with speed of bus. If it is Outside 

the specified band, the level of mechanical, power to adjusted 

and machine dynamics is solved. The whole process ie repeats 
until the voltage and frequency ,  of machIne come  undrthe 
specified zone of bus voltage, and frequency respectively. \\ 

Once Aho machine terminal voltage , speed. Is with-

in the specified ranges, system dynamical equations are, 

slightly modified 'so as 'to calculate the angle between the 	\\ 



machine and infinite but polar axis. Based on the actual 
difference in the speeds of the two machines to be synchronize,, 
the phase angle difference between their voltages is calculated 
corresponding to the circuit breaker closing time . lfthis 
anticipated phase angle difference,  is within a certaintoleranee 
angle #  a command ts given to close the Circuit Breaker. The 
CB actually closes of ter a time called circuit breaker 
closing time (TC). 

After the CB has closed, the line current is calculated 
and checked whether it is within the safe limit, Zn case it 
is daa rrously large a command i s given to open the CS. The 
circuit breaker opens after a time called CB opening time. 

An attempt is again made to synchronize the generator. 
15.7 DIScUSSION 

It to found that cB is closing at the moment 
Speed is building up upto e#n...chronous value.  Since current 
transient is taking large time to settle darn, voltage build 
up will take large time 



XD 	I'm O9P 
XMD ! 0.847 pu 
XQ s 0.66 pu 

Q - 0.507 pu 
XP- 1.097 Pu 
XKD * 1.001 pu 
)OQ * 0,167 pu 
XE - 	.1. 3224 Pu 
RP 0.000392 Pu 
RKD 0. 021 	Pu 
RKQ w 0,034 Pu 
H -6.6 

1 

5.8 APPENDIX 
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1. Nuasrical Value used 

d *xis sync. reactance 
d axis Magnetizing reactance 
q-axis synchronous reactance 
qaxts magnetizing .reactionce 

field reactance 
4-axis damper ckto reactance 
qaxis damper ckt reactance 

Line reactance 
field reactance 

daxis damper ckt reactance 
q-exie damper ckt reactance 

Inertia constant 
Regulator gain 
Damper gain 
Riqultor' a time Constant 
Daper's time con ttant 

Maximum voltage limit' of Regulator 
Minimum voltage limit of Regulator 
P.rman•nt speed droop 

•.lemp'orary ispoeo. droop. 
Governor Response. time 
Dashpot time. Constant 
Max. value of primemovor. torque. 

AK 	= 25.0 
AP 
TA' 	-0.1 seó. 
TF 	'rn O.6'sec 
Vkmx' It '1.0 
VRMN ! 0 
SIGMAw • 0.04 

D IT .a 

TO 

•TMX.. LQpu 
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Water starting time 1W - 1.0 	sec 
voltage deviation (pu)from no 	a1 
within Yh tch .the syno- comes Into 

~, 	action R 005 

8pe~ed -do WER a 0,005. 
Incremental vo .tage dev ation (pu) 
within *icha transient response 
is 	assumed to have reached S.S. EPY _ 6.002 

Speed 	-do" EPW 0,0002 
Initial Machtne',s' t,rm 	a1 Voltage VIZ = 0.6 pu 
Machine's initial, speed WI *0.8 Pu 
Bus voltage VB. a 1.0 Pu 
Frequency of Bus .FOUS , 59;0 
frictional Torque TEW . a 0.2 
Retardation Factor for voltage ACCV 1.0 
Retardation factor for frequency ACCW 1.0 
incremental Time for an Iteration DI a 0.002 
Maximum simulation time for Vic. 
action TLMX 

-, 
8.0 see 

Tolerance _ 5,0 
Circuit breaker . closure time IC 0.1 set 
Circuit breaker opening time T0 is- 0.1 see 
a to denoted bpi = 
Max.v*lue of current beyond which 
Ca will trip off E IMX = 2.0 

Results will be printed after every 
MPth 	 iteration MP a 26.+ 

t. 	Variables used in Programme attached 
Ott 1) 	Angular speed 
x(2) 	slip speed 
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X(3) Field fl  ix L keg* 
X(4) Flux linkage of the d akis damper ckt. 

(5)• Flux linkage of the q a*is damper ekt 

X(6) Field terminal violate (referred to stator) 

X(7) Stabilizer output in the excitation chamber 

X(8) Gate Position 

x(9) 	Governor 4a14t Pot output 

X(10) 	Mechanical torque 

E(J) to P(1Q) are time derivative of X( i) to x( O) resp. ctive]y. 

3. The programme is attiched separately. 
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t4A _>R...,,1., 

the thesis, the system's protection :aspects .and 
the excitationn system' $ and governor' $ charactortstic,,have 
not been considered. 

In mathematicall analysis by computer, the 
excitation system and governor. characteristic has been 
taken into account. As a first  step, the problem formu- 
lation was done and a computer programie was written to 
develop more generalize system, It should be possible` 
to develop the generaliz. system on microprocessors. 

The atito sy*chronizer Presented, in the thesis has 
no provision for the prote+ tion of the system, in the event 
of any xal ftmction. It should be possible, to develop the 

• generalized system wherein microprocessor would protect 
the system also. 
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AUT0SYCHRO'rx7AT LON OF ALTERtfAT(lRS 
~),I:iEdSIU , ((10) x(10) F(10) EX(2) 
)PE+vkU I '=1,~>EVICE-'0LK'.Ftf,r='r~A~iESti.DA'C') 
KEAD(1,101)Xi),Xt°'D,Xt?,Xi'lQ,XK,XKF),XKt),XE 
t'RIivT 101,XD,X',D,X~),X,V;G},){F',XKD,XK(),Xtlp 
READ (1,101)R^',RKO,RKJ,H 
PRI ,J'P 101,RF ,RKi),RK), i 
READ(1,101)AI,AKF',TA,TF,\IR+X,VR)4N 
PRINT 101,AK AKS' TA, TF' VR!'X,VRMN 
READ(1,101) Ic,:"A Dt,T,'FG,TR,Tr~X,TW 
PRI:dr 101,S1G:-k;A,OL1',TG TK,TX,TTW 
READ (1,101) VER, r'ER, E:PO F EP+v 
PRINT 101, VR WF:R,~PV E:r'= 
HEAD(1,101) 	I,11 	'Ht'S,TFvt,ACCV,ACCW VRHF 
NR1,jT 101 ,VT 	.,i, Vti, 'du,,'1', AGCV, ACCw, t REF 
READ(1,101)Dr, f1U ~X,7'C,TC0,ALPhi T[.R,V F.Flr7X 

I"I't 101s t)'['  
HEAD(1,1.02)~i~ 
F'raR'1AT(IF 10.5) 
FOR '4AT (15 ) 
;FVT'I/tWI 
iF(EFD — VRAX)2,'1,1 
PRi T201 
FORMAT (15HF'LD. IS. Ah„JR AU ) 
GO TU 100 
IF(EFD-VRMW)1,1,3 
1=0.0 
P=0 

,BAS=314.15920 
K(1)-O.0 
X(2)=tN1*oi3AS 
X(3)=Xr *SQRT(2.0)#VTI/(X , it)*X(2) ) 
X(4)=VTl*S0B'i'(2.0)#V'rl/(X;iD*X(2) ) 
X(5)=0.0 
X (6)=EFD 
X(7)=0.0 
X(8)=0.0 
X(9)=0.0 
X(10)=7'F 
FX(1)1.OE+10 
X(2)=XE 

. 8U)S=2.0* 3. 1415926*Er4US 
RE:F=t+BUS 

~1t1=H/ (3 . 1415926*50. 0 ) 
VTt' =VTi. 

EI=EIMkX 1 -- XREF 
U=''! REF 

=1 
i J=1 
GU TU 19 
JF( AN,S(VTf -VFX)-VF[itVn) 70, 71, 71 
yVR=1 
1-EF=VREF+ACCV* (VB—VT,. ) 

I.F(AtiS(+~N-US)- ,, ER* ;FWS)72,73,73 
F=.~RF'+ACC,*(> AUS-.') 

;0 TO 75 
tF(KVR)100,74,75 
.),J=2 
Gil TO 19 
(F(A»S(VTN—VT'U)—EPV)76 76 75 
tF(A8S(~.N—t;o)-EP •)77,7,7~ 
CVR=0 
GO TO 11 
TPATC*(bf —it.'RUa) 
G=1 
[F(A83(ALPA)—AT,PI*3.1415926/180.0)81,80 80 
LF'(AbS(X(1)+ALPA)-TihR3.1415926/180.0) 12,80,60 
i'ChASS=P+TC 

'R1i1T 110,TCLS VTN, '.',C 
taEtr'AT(5X,7b1C(ASF=,F10.5,3HV2'=,F'),0.5,5t c:I,,/C= ► T).0.5,2Wr=,10.5) 

1,J3 
,r, TO 19 



Pdge 2 

	

_L13 	IF' (T-'dCt,S) 84, 83, 83 

	

83 	uCE3=2 

	

85 	J,)=4 
r.; CI TO 19 

	

14 	TF"(EI-F:zX)85,86,86 

	

86 	TOPN=' +TCU 
JJ=5 
co TO 19 

	

15 	Ifa (T-TOPj)19,4,4 

	

19 	VTQ=VTr' 

X0T=XD+EX(JCF.) 
x0T=XU+EX (JC(i) 

Xt) 	 [i/XDT 
(XF-e))/thAS 

r+=(X+MT)-D)/sDAS 
C=(XKD-E))/,.BAS 
I)E A*C-h 45 
J=1 
I H T F.' = T * 	ii 
c,0 TO (F~0,62),K 

	

20 	00 21 1-K,10 
-4• 	X (I) =X(1)+0.5*Q'C*f'CI) 

	

21 	0(I)=OT*F(I) 
J=2 
GO TO (b0,62),K 

	

22 	O 23 1=K,10 
X(i)X(I)+o.29289*(D7'*(1)-t (I) 

	

23 	O(I.)U.535791K~}'CSE"(l_)U.12132 i1(I) 
U=3  
(;n TO (60,62),K 

	

24 	110 25 I K,1c 
x(1.)=X(1)+1.7071*(UT*F'(I)-Q(T)) 

	

25 	•;(I)Q(I)+1.707)*(2.0*►,'r*H'(1)-3.0*Q(1)) 
'J=4  
Gfl T0(60,62),K 

2E; Do 27 r=K,10 
27 X(I)=X(I)+U.1 667*(UT#i7'(1)-2.0*Q(I)) 

'11=T+nor 
„i=XC2) 
1F (K-1) ].00, 120 130 

130 QKI=X(5)#~vt~AS/kK , ) 
F'I=(X(3)#XKD-X(4)#X;•'.U) BAS/(XF'*XKD-XML)*Xt1)) 
iKT=( (X( (4)*XH'-X(3)X 0)*'WtiAS/(XE'*XKI)-XM0 XMDD) 
•? 7. ~' if f 1/ 

01=U10 
G0 Pt.) :140 

120 VD SURT(2.o)c~!F#,s?: (X(1)) 
v0=,ST(2.0)*V *COO5(X(1)) 
, =X(2) 

T=(X(5)+v1)*x L)/(XO'T# ))/((XK0-XM0 XrMQ/X0T)/48AS) 
I=(VD+X'+(Q'0KT# ( / r 4 S)) / (X(T V4/'d BAS) 
F(1=X11)#V0/(}lDT* r) 

r'1=((X(3)-FEN)*C-(X( 4 )-FF )' E1)/DEtl 
DKI (A*(X(4)-h 	 )-r•f*(X(3)-FEfi) )/()Fri 

'II=((Xl-kid*(F7+DKI)*'•/ bAS)-V0)/(XDT*w/YkA$) 
140 5I0(-X[7 DI+X i3*(FI+UKI))/ li3A4 

SI(X,t~I*QI+X: 	̀ 0KX)/: kiAS 
I F"=0.5*'J3AS*(SIU*i11-S1*1)I) 
[ =t,*S~ RT((sln*,Ti)+S1u*SiQ)/z.0) 

.X=SoFr"r((~Iai~I+Qi~~~Zl/2.G? 
ACCF" (2) /WHA,S 
IR (T-TL iX)103,103, 100 

103 P 0+1 
IF(NP- , ;P) 105, 1.04, 104 

104 P=O 
t'RINP111.,'r V'rr X(2),X(6),X(10) VidEF',v~RE[; 

Nd NT 111 r r'(85,F'(4),F"(10),X(8),X(),X(1O) 
111i'oRMMA`r(5x,5(F,14.8 7X)) 

i.P(K-1)100,125 ios 
125 rI<1f `i'1l 1 X(1),(I,TH.,r~CCil 
105 (,() TO !11,12,13,14,15)„3J 
b) r (1)=X(2)-011WIS 

•
V =SURT (2.0 	V►r CClS (x (1) ) 
=X(2) 
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L 	~~ =(UCS X ,Q*QKI*(:/-JfAAS))/(Y,0T'ov4/WBAS) 

F'X-((X(3)-FEj  
(X(4?•F'kRti)^K'~CX(3)°F'F'~))/MEN 

)I((X"[~ (F'It°[jKl)*. /' (~E~Sl•V(l/(XtiT ;~/vrEtAS) 
5I[)= (-X0*DI+Xtln# (FI+DKI)) /v:NAS 
ST()=(-Y.( *Qj+Xsit,*(Ki)/' k A,S 

F'(7)=(X (1ul-a'F:n`TE'th)/Ari 
GO TO 64 

62 F'(2)=(X(1U)-7'F'w)/A~~ 
•:-X(2) 

'I=(X(3) XKD -X(4)*X,' v) 	thAS/(XF *XD-XMD*XMp) 
L)0.() 

$ID=A D#(FIt1)K1)/kA 
SSIy=X:4, (dpt~Y.I( -thAS 

64 	F'(3)=-IF f'T+X(6) SQR(2,0)  
e(4)-•lRKD*DK1 

{ 	VTw*SWT((Srf SIt+sIQ 3{0)/2.0) 
VF=F(6) 
IF(X(6)-Vp'lX)35,30,30 

30 	X(E~)=VFtiNX 
1F =0.0 
GO TO 37 

35  .tF(VR! -X(6),)37,4o,4o 
40 	X(6)=vk~t,li 

VF=0.,0 
37  

F'(9)=(-X(9)i1 p*TR '(8))/Tt1 
CFF(8) 
7=TFi, -fid(8) 

5 0 
	 1P(Ze -T' X)51,5U,5O 

cF O.0 
`;o TO 53 

51 	
JP(Z)52,52,53 

CE' =0.0 
53 	K(1u)=2.0*(G-T:-CF-X(10))/TW 

GO TO (20 22 24,26),J 

100 STOP 
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Start 
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G~ B 

Yes 

Read FB 
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Adjust FG 	 1 
Read FG 

No  " 

Yes 
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Close C.B. at zero phasl. 

Stop 

FIG.2.3.I BASIC FLOW CHART. 
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Start 

I Initialize input port 

lAssume Pi -0 

Read VB level 

It~I' 

Yes 
Read VG level 

Is_ 
It`0' 

j Yes 
Initiate counter 

Read VG_ level  

Increment counter 
^ t No 

Pi 	- Pi + 

No 

is 
It l' 

Yes 
Pi.fj •counter value 

i is -_ 
Pi, Pi+I 

Yes 

Stop 

No 

No 

FIG.2.3.4 FLOW CHART FOR PHASE MEASUREMENT. 
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Data memory 
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FIG.3.1 SYSTEM BLOCK DIAGRAM. 
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WQIIG 
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V - Voltage 

tv - Angular speed 
Sufeex Ref- Reference 

Tco -C.B. opening time 

Tc -C.B. closing time 
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