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In the modern power houses, the protection of equipments
hasvbecome‘ééry important. Ihvariabty the protection of machines
is an intexrdependent phenomenon i.e, the protection of one
machine is related to a group of machines. The system requires
the monitoring of a large number of parameters and after
processing the data the commands have to be issued to various
machines for control purposes.

The inventlon of microprocessor has made possible the
design of such equipments for protection and control purposes.
It is possible to monitor a very laxgq‘ﬁumbér of,interdependent :
parameters, process them and then decide the control commaﬂd
for various machines with the help of a small desk top miﬁrué

processor based equipment,

Synchronization of generators on to the main bﬁs is an
important problem. It requires the continuous monitoring of
voltage,frequency and phase angle of generator and the bus.
The control commands have to be issued to the generator-C.B..

fleld circuit and governors to achleve safe synchronization,

A machine can be switﬁhéd into the system,only when ‘certain
conditions necessary for its synchronization bith the system are
satisfieda'Manual method using Voltmeter to judge the voltage
and synchroscope to judge the slip frequency and phase difference
is 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



 to be shut down during slump load period. Hence there is
| requirement‘for a faster synchronization,

Solid state componenis based automatic synchronizers
havé_glr@ady been reported (1,2,3, ). Such synchronizers use
_’a'veryvlarge number of diéctete components leading to a
complexity of circuitary and lowering of its reliability.

A microprocéssor based synchrunizer can 0ver come above

" mentioned a limitations of solid state cnmpenents based

automatic synchronizer. A«K. Ghal, HoKe Vbrma and P.Mukhopadhaya
" have developed and laboratory tested a microprocessor based
‘synchronizer which 15 cl&imed to have‘a good prﬁ&paﬂt for
sﬁall.pbwer houses to assist thé operating engineer to carry
out pérfeét and fast synchr@nizétion.'Tﬁéy'used\on 8 bit
'SC/MP-micropracessor‘system'as a controller, First of all they
measured and compared the voltages outside of microprocessor

~ when it comes within the required band, the frequency of the
machine and system was measured and compared in tems of the
time periods inside the microprocessor. After the fulfilment
of frequency condition, the C.B, is closed at minimum phase
difference of the two voltages.

In the proposed synchronizer, the voltages are measured
" and compared inside the microprocessor itself, For 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 command to circuit

breaker to close the circuit at zero phase difference angle.

A we - - - -



An 8=-bit Intel 8080 A system has been used in the work
presented here. ‘



When &n incoming machine,xas been parél&ed with busbars;
thé faﬁtorsvinflneﬁcing the e#tént of any disturbances or |
Buxgee'Which'méY arise are~ the capacity of the running plant;
voltage, frequency, and phase éf the maCh;ne-with,respect to
those of busbazrs, and the synchronising torque. Accordingly,
the conditions are laid ﬁaﬁh‘lﬁ'ﬁhé reportad‘work to obtain a
perfact and accurate synchronizations ensuring minimum system

disturbances.

2,01

Pallawﬁng are conditians fcr svnchxonization of incoming
machiﬁa with the system t -
| (1) Phase sequence of the incoming machine voltages
" and that of busbars must be same.
{2) The difference between magnitudes of their voltages
must be'sméllg In proposed wbrkkg 5% of system voltage
15 assumed,but adjustable to any other value.
(3) Difference in frequencies of the two must be small,
A maximun slip frequency ofg 0.5 % of the supply
 frequency is assumed in proposed work, However to get
more precision siip frequency can be adjusted to the
desired value,
(4)"The-difference in time phase between the incoming
machine and running veltage must be.améll and decreasing
with time, The proposed system is designed to pemmit
the circuit closure at zero degree phase difference;by
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taking into account the offect of rate of chéﬁge of phase
angle and circuit breaker closing time.

2.1 Sunchronizer Detalls :

The proposed synchranizer comparas the machine vultage
and frequency with those of busbaxw and gives signals for
ccrrecting the generator excitation and its _speed, Once the
| 'vaitage and frequency values are acceptable, the closing signal
Iiis sent to the citcuit breaker, after taking into consideration

the aixcuit breaker cloaing ttma,such that the gircuit

'bxeakex nloses at exaﬁtkphase coincidence;

in probased synchronizer; the;busbar and inccming machine

'voltagas from the respective transfoxmers {V;Ts.) are fed to
maatifiers through auxiliary VIs. The ractifiad voltages are
‘fed to A/D convertors and then tarmiﬁxoPrpcessor‘for voltage
measurement. The largest value in one ¢yele of one vaitage
signal is compared with the largest value in one cyc¢le of
- other voltage,signal. If the two values are within the
‘abggpfabie limit,\microprn¢assex starts frequenﬁy-ﬁeasurement¢
For this, the rectified signals are squared and fed to
micioprocessor. Viith the help of clock, the counting is done
inside the microprocessor for the time periods of the £two
wave~forms. 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 anéle; Otherwise,
the f:equency high or fxequency'iawsignal is sent t6 governor

for corxrrection,
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To calculate the rate of change of.phase‘angleithe two
signals which were used'for,figquency gtima period) measurement
are again used. ﬁumbew Qf checking cycles between the two
riéing edges of waveforms are eounted and when 1t starts
decreasing, the rate of change is calculated and thus the
instant of zero phase diffexenca is calculatada

2.2

| The system solving the autasynahxnnizatian problem ¢an be
représented,in fallowing blocks ° (Refer fig. 2.2) ¢

y. Iransformer 3~ The order of the incoming bns and
" altemator voltage is 230 Volt, Which &5 too high to be used"
with othar blocks of the system. Therefore a step down trans=

former is used. |
Rectifier :~ Input sigﬁals_ére reatifiéd-sc~tha% they can
be used for vcltage and frequency measurement.

Sircuit s- 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 perlod measurement of the above aneforms.

oL 3= Signals from the rectifier
cixcuits are fed to A/Q convertoxs. As the mame suggests the
blocks convert the analog signals into digital signals for the
voltage measurements; insida the CPU, Further the CPU also
compares the bus and generators voltages and issues a MATCH
command when the two are within pxogrammeﬂ limits, Otherwise a
"GENERATOR VCLTAGE HIGH" ox " GENERATOR VOLTAGE LOW® commands
are sent to the governors,



;QRQEZOutggt Ports s~ The signals from squaring circuits and
Ahélog to Digital convertors are fed to microprocessor through
the input ports. Those input ports which are coﬁnécteé.to the

- sigpals coming from A/D covertors are used as Output part.alsb“
fox outputtipg the mesages and command such as voltage low,
voltage high, frequency low, Frequency High and circuit Breaker
closing command. Teletype is also connected with IP/OP Port,
Read Only Memory &= 'This is used lo'étora tbé Monitor programme
_ and other various programmes for Vbltage‘measuxﬁmehﬁ and
comparision, Frequency measurement and compérision,calculaﬁioﬁ
of rate of change of phase angle etc, |

ndom Access Memo RAM L This ia used for storing the
intermediate results invulvedfin ﬁhe execution of program,

CPU :~ This is heart of microcomputer where the actual execution
of instructions takes place. |

ERT = With the help of GRT. the operatar can communicate with
the equipment. The tolerances for voltage and frequency
comparisions can be moditied if required, A print o&t.nf circuit
" breaker closing command can also be obtained,

2.3

Fig, 2.3.1 shows the basic flow chart for autosynchronizexz.

For this,maximum value of.bus voltage is achieved on which
tolerance of 5% is calculated. fhe‘maximum value of generator
voltage 1s caiculated'and compared with the tolerance band across



bus voltage, If it does not 1ie in beﬁween tolerancé’bédd; a.
signal for adjuatmeﬂt of generator voltage 15 outputted and -

after a tlmB delay of 5 seconds, same ptacess is repeated. o

When generator voltage ‘comes within tolerance band the
time period cormesponding to bus frequency is calculated on
which tolerance of 0.5% is calculateds Then genexatoxs tine
period is calculated and campared with the tolerance band
. 3€T088 the bus timo periods If it daes not 113 in between
\;tolerance»bandg a signal for adjustment of generatcm frequency
is outputted and after'a tim& delay of 5 secands; same process
L 1s repeated.

When generator voltage aﬂd frequency~comes ‘under tolerance
“'band + the phase difference hetween the bus and generator is
calculated. The time for zero phase difference is anticipated.

' The circuit breaker clesing command is sent; taking the ciidﬁit
breakexr closing fime in ia‘QCcountaV"

Fige 2.3.2 shows the flow chaxt for voltage measurement,
'The ﬁutput of Andogy to Digital (A/D) convertor is inputted and
stored, This value is compared with the.next output of A/D
convertor. Both the,vé,l‘u'eé are compared and larger value is
stored. In this wa?#iaigeét value of voltage signal is retreivied.

Fige 2.3.3 shows the flow chaxt for frequency measurehment.
Frequency is measured in terms of time period, The coutning
starts only when thé ZoT0 tO 6he transition tapes place
coutning is stopped when one to zero transition takes glace
thus the available counts are proportional to half value of
frequency.



P‘ig. 2.3.’44 shéws fhe flow chart for phase ix_xeasnmmenta
Phase is measured ,in,fé:i:ms;o.f\ counts between the bus signal
"v.and,gene::ator ss.gnélg To ':a;vo_id‘ mistake in' counting;masking
f!.s&i done 8o that -th,e‘ countiri{y .initiates at the righf moment,
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The advent of minicomputers enabled the designers to
'inglude digital computers as pait\af various process control
eysiams. Unfortunately the size and cost of mini computers |
has limited their use in "dedicated applications”, The advent
of mictoéomputer has made 1t possible-to have a one card |
camputet (sizp 6" x 4") as an integral part o£ the Process
~contxol equ_ﬁ.pmen;t M&emcomputer' pmvmés immapse flexibility
io thelelectrohzcs engineering designing systems, By simple
reprogramming the microcomputer; it is possible for the
system designer to have another systems

Consider the design of an automatic computing scale for
the supemnarket, The weighting unit finds out the weight of
the commodlty, and the price of the commodity is entered %o
the microcomputer through a keyboard and it is required %o
work out and display the total pricé.

The system block diagram is shown in figure 3.1. The
wéighing machine measures the weight of the object, The
weight is converted in binary fomm and made available to
the system through the Input Interface 1. The rate of the
commodity 4s made available through Input interface 2. The
centzral processing unit has multiplied the two humbers and
QUTPUTS, the result to displays through output Interface,
The steps can be summarised as below :



1, INPUT WEIGHT TO CPU FROM INTERFACE 1

2 INPUf'PRICE.TO CPU. FROM INTERFACE 2

3. MULTIPLY WEIGHT AND PRICE

4, ourpur VAi.UE T0 QUTPUT INTERFACE,

These commands are stored in programmable read only
mqmory (PROM) in machine ‘language instruction i,e. in binary
form. The CPU FETCHES the instruction from PROM and EXECUTES.
Random acgess.memo:y;(aﬁﬂji-which,can,bewuséd~for both READ
and WRITE operation can also be used for storing the programme
or any datas The CPU and other devices communicate with each
other on a bl directional bus,

fEach-aeﬁtmal processing unit has a set of instructions
associated with it which can be broadly classified into the
following three categories ¢ - |

{a) Irans ructions @ These set of instructions

are required to affect transfer of information between

the three components of the microprocessor system i.e.
CPU memory and Input/Output ports.

{b) Accumulator group instructions : These instructions
are required to carry out arithmatic and logic operations
1ike addition, subtraction; AND, EXOR, comparision etc.
inside CPU, on the data which has been transferred
ins;de CPU at an earlier stage,

! 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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incremented by one te'reaali the instructions one
| by one from the memory. The control instructions are
required to alter the&nazmal recalling of instructions

3,02

The heJ? of the micr@piﬁcessgx based system is the
central.prOcessing unite In the following paragraphs 1is
defined the architecture of & typical ‘CPU Intel 8008 which
is simpler and easier to understand. The ot her CPU's essentially

"' follow the same architecture with few changes here and there.

: 1ster 3 CPU cbntains 7 nos. of sératch

pad xegisters each of 8 bit 1ength. The registers are labelled
as AsB;C;D,E;H and 1. Each xagister is a signed a three bit

'f”hbinary ccde, which can be used to addx@ss any registem; The

| ”codes aa used in 1ntel 8008 cpu are given below 3

Register- ﬁinary'Code

Register 'Binary code‘

A 00 B 100

B o0t  H 101
e 010 L 110
D an R a—ix-.” 111

A separate code has been prnvided fox addressing He)
pa&t of registers, which ¢an be used to stare data of 16 bit
~ length in the CPU, '
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3.03 RUC N S

As desczﬁbed earlier the complete set of instructions
can be divided into the fellawing three categaries : -

Transfer instructions
2¢ Aﬁcummulator group 1nstructicns
- 3. Contzal instruatians
Each instruction is repxesented in the short form called
,&nemonic. |

{a) Bata transfer inside CPU 1 An instxuction to
transfer the content of seratch paﬁ rEQistex B to

\

register D is shown below :

MOV D,B 1r 011 001

~ Mnemonic op code for the Code for the Code for
nove instruction destination source
register register B

3 _transfer from CPL memory ¢ Whenever the
memory has to be addressed it needs é 16 bit address
( 8 bit low o:de; and 6 bit high order and 2 bit control
code with the high order address). In order to
transfer the data from CPU io memoxy firet the memory
address from the CPU has to be sent to the memozy.
This memory address is stbrad in H=L pair'of registérs
by a preceeding instruction. An instruction to transfer
the data from SC?atch pad register C to memory is shown

below t
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MOV MC 11 010 1141
Mnemonic - op code for Code for  Code %o recall
~ move instru~ xegs C HeL pair of
ction register %.
{c) pat J ¢ In this case

also the memory address, where the data 1s avallable,
is proloaded in H-L pair of registers by a preceeding
instruction. A typlcal instruction is shown below i

~ Mnemonic - op code code for ‘D* Code for memoxy
MOV DM 1 011 114

The opezationrcon@eng of memory moved to register D
is shown symbolically as (D) < (M),

(&) . The move instructlon
(cru memry) descﬂ.bed eaz.lie: neeﬂea preloading of HeL

pair of registers with the memory address. The move
immediate instructions are 2 byte instructions;designed
to eliminate the preloading of Hel. pair of registers.

Mnemonic op code destination op code
MVI B 00 001 110
Data bb : bbb bbb

The operation in the symbolic farm'is shown bealow §
(8) «— (Data)
Here the data to be transferred from the memory to
CPU is stored in the program itself, in a location which
is next to the instruction. It can also be seen that

*

there is no source for the more immediate instruction,



Henoe the last three bite, normally reserved for the ..
source coﬁe, have alao been used to specify the<cp code.
Move immediate instructions be used to store data .
dizectly 1n—meme:y.‘

Mmgm ~op code " code for memory o op cade
wm 00 R I 110
DATA . bb bbb Abbh

. In this case the source and destination both are in.
the memoxy. The data stored in-the program has to be
transferr@d to come cther 1ncation in the memory whose

address has been pxelbaded in HAL pait of registers,

{e) Increment and Qggxemeutﬁggggguctionsrfor the scratch
gggﬂgggi_gggg 1 The faxmats for the abaQe ﬁﬁa |

1nstruct1uns are given below LI

INB 00 601 000

DCD 60  ot1 oot

The opertions sre as shown below 3§

(8) «— (B) +1
(D) «— (D) =1

The scratch pad register a serves as the accumulator,
Accumulator is also the destination megistex for accumulator
group instruc tions. Hence the space allotted for destination
code becomes part of the op code. The general format of the

accunulator group instructions is_gsvgiven below &



op code Function Source
bb bbb bbb

The central processing unit contains an Arithmatic
logic unit for carrying out the arithmatic and loglec operations.
The arithmatic logic unit in Intel BOO8 can do the |

following operations ¢ |

a. Addition
b. Sublraction ,
c. Logic functions AND,
EXCKUSIVE OR, OR and Compare.

The data in the source register are operated on by the
arithmatic logic unit and the result is stored back in the
accumulator. The source register could be either a scraich
pad register or a registar'iﬁ the memory.

Several types of questions can be asked about the content
of-accumulaior. and the answer to those questions are indicated
by FLAGS. The arithmatic logic unit of Intel 8008 pemmits the
following four flags.

SIGN ¢ 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 std:ed in accﬁmulatcr is *1', The magnitude of the
word is given by the'remaining 7 biis;

CARRY ¢ Consider the case when two»words of 8 bits are added

and the result is a9 bit ward or in other words a Ycarry' is

generated. Similarly consider the case when a larger number is
subtracted from a smaller number and a 'Borxrow' is generated.

In both the conditions 'CARRY' flag is true.
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ZERQ ¢+ The zero flag is TRUE when the content of the accumulator
is zero. |

PARITY When the word in accumulator contains even number '1’
the parity flag is TRUE, |

The accumulator—group instructions for Intel BO08 are
summaxised in Table | :

'  Comment

- ADD = 10 000 5SS {A)é-(ﬁ) + (r) r is unaffected
LA 10 000 111 (A)<(A) + (;m)-;» _,Memoxy address is
pralbaded in HelL
‘ADI 00 000 111 (A)< (A) + (data) 2 byte instruction
b bbb bbb , o

In the above additian operation camry is not takan into

‘gecount 3 -

ADC 10 001 555 <A>»<_<As-,+-‘cr‘>'-; ©
ADC M 10 001 111 {A)—{(A) + (M) C {c)
ACY data 00 001 100 {A)<(A) + {Data) + (¢)

In the above operations carry bit as indicated by the
cayry flag is also added, -

| st}r 10 010 éés (A)= (A)- (1)
S 10010 311 (M) (A) - (W)
s 00010 100 (A)(A) =B
{82} |
sBx 10 010 588  (A)e—(A) = (2) = (borrow)Y
saM 10 011 111 {A)<(A) = (M) = (borrow)
Mnemoic Fomat Function | Comments

5125 4 O?n%' 100 (A)< (A) = (B2)= (borrow)
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The borrow is also indicated by the carry flag.

ANDz 10 100 SSS (A) &« (A). () ,

ANDM 10 100 141 (A)—(A). (M) AND

ANDY 00 100 100 ~ {A)< {A). (B2)  Operation

XRr 10101 555 (A)={A) @ (x) Exclusive

XRM 10 101 111 (A)<{A) @ (M)  OR

XRI 00 101 100 {A) <(A) @ {B2) Operation

ORr 10 110 555 (A)<(A) + (1) OR

ORM 10 111 0111 {(A)<{A) + (M) Operation

ORI 00 110 100 (A) «(A) + (82)

cPr 10 111 885 (A) = {r)  Compare

CPM 10 111 119 (A) -« (M) operation

CP1 00 111 100 (A) - (B2) "~ The result of the
(82) subgtruction operatiorn

is not loaded back
in accumulator. HENCE
(A) remains unchanged

In compare operation, the function 4s indicated against
each operation is carriedout and the result is stored in
accumulator » It 1s possible +o pbtain separate indications
for the following three conditions, by testing appropriate
flags as indicated against each condition,

(A) > (source)  Z§7° oW
(A) < (source) 0 B

| (A) = (Source) 1 0



These instructions can be used to shift the content

of the accumulator elthervalone or within the carry bit,to

the right or to the left by one bit.

RAL;.aAR

Rotate with cazry
R@C, RRC | C

Rotate without carry.,

The instfuctions are summarised below ¢

Maemonie

- 'RAR

3.,03,3 CONTROL INSTRUCTIONS &

Ax

A7

C AD

AD

Al

- Eommat

~ 00 000 010

06 001 010

00 610 010

00 011 D10

.  Shift left

Shift right

- Shift left

into carxy

Shift right
with carry

As explained earlier the program caunter, a 14 bit
| xegister; stores the addrese of the next byte to be brought to

tite CPU, The program counter is ncrmally incremented by 1, after

each byte is fetched, The cpnﬁ;oi.instructions can alter the

content of the program countex., The following instruction are

included in the set of control instructions.



as 6nconditicnal'JﬁMP
b¢ Gonditianal JUMP }
¢e CALL and RETURN instzucticns

(a) LQLJ!QZ;EL,JQQ¢L~_w t The format and the functiou is

as shown below 3.

Mnemonic -~ -  Fommat Function |
JMp C . 01 mxx 100 - (pC) & (B3) {82)
| (82) 4,0, B2; B3 entered
(B3) - in program countey.

Itisa 3 byte instxuetieno The naxt instruetion to be
brought to the CPU shall be f£rom memory location whose lower
order addfasa is (B2) while the higher order address is (B3).
In the executlon phase of the instruction thé content of
'ﬁrugramleounter PC is replaced by {B3)}{(B2).

(b) ggmg;x;nmgg_ggmg 3 These ate also 3 byte instructions.The
instructions along with their fnnctinn are summarised below ¢

inemonic ?armat Function
ITe 011 C4C3 000  Jump to location (B3) (B2)
| ‘f(BQ) : . if the condition flag is ¢
(83) - |
Jje o1 0 ¢4 cs oon Jump to location B3,B2 if
| | {92) |  condition flag is flase.
(83) | |

~ In the eaxlier sections four conditions flags i.e. zero
carry,parity and sign were discussed, Bach flag 1s specified by
two control bite C4 C3 which are as given in the following Table
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FLAG __TRUECONDITION ~ C4C3  Mnemonic
ZERO ' 'QWhen (A) is zero 00 I12
CARRY i ' When there is aveq@ow 01 J1C

' or underflow. o L
PARITY ~  Even number of &'s in(a) 10 g
SIGN ~ When A7 of MSB 15 1 in (A) 1 - JT1S
(c) CALL INSTRUCTION s ' Call instruction is different from

the jump instructions defined above, Whenever a call instruction
comes; the contents of program counter are saved in a special
memoxy inside CPU called the STACK, 30 that one can return to
the main programrafter executing the Call subroutineg Th@ Call
1ﬁatmuation is also a 3 byte instruction. Therefore 1f'first
byte of the CALL instruction is lucated 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 2

s
Mnemonic Format Function
caLL, 01 xxx 110 Stack « (PC)
| (B2) - (pc) &= (B3) (B2)
 (B3) |

Let (PC) = x, where the first byte of CALL instruction
i stored. When the third byte of the CALL instruction is
brought to CPU, (PC)‘m:-X‘§-2, At this gtage,,program counter
as usual shall be incremented by 1, fees = - (BC) = X + 3.
Now the program counter contents shall be saved in a special
memory called STACK, and tha.p:egram'éaunter shall be loaded
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‘with B3; BZ which is the address of the first instruction of the

'aubrbuttne;

. Mnemonic  Format
‘eTe 01 1C4 G3 010
B3
cB¢ -~ 0% 004 C3 010
| T p2 |
B3 .

" In case.of CTc; if the“fiég'cié'fruézi;e; {c) = 1 then,
the néxt two byte of instruction are brought to the CPU, and
spocified Functions will follow. Otherwise the data bytes
82, B3 wiil not be brought to the EPU; and the instruction
stored at (PC) + 3 shall be bxaught to the CPU for executlon.

JOTIONS 1ha CALL and RETURN instructions
are perated in pair, The RETURN 1nstructions are summarised

as below 3

~ Mnemonic  Format ~ Function
~ RET 00 xxx 111 ~ {PC) = (Stack)
RTc 00 1 C4GC3 o011 If (C) = 1 then

(pC) ~>(Stack) otherwis
o ; (PC) «>(PC) + 1
RFc - 000 C4C3 0% If (C) = 0 then
| ‘ |.(Pc)' ~>(Stack) otherwis
(pC) =>(pC) +1
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In case of conditional return instructions, if conditlons
are satisfied, the program counter content PUSHED in stack, ic
POPPED OFF from the stack and atored in program counter,to
enable the CPU to return to the*main programme. If conditions
are not satisfied, the next instruction in' the subroutine is
executed, |
(é),’ ’ 1+ This instruction causes the CPU to

go &n BIBPPED gtate and remain there until receipt of an
- INTERRUPT signal. |

Mnemonic . :Fbxmék‘ © Function
00000 00x . (PC) -5 (PC) + 1
11 111.i1j CPU Stopped state

The program counter points to the next instruction.

}The memory addresses Where»tbe cérreni instruction is
available, is stored in a special register called Program
counter. The program counter is a 14 bit wide register, The
mémory addresses 1s 14 bit wide and consists of a 6 bit Higher
brﬂef address and a 8‘bit.lwwer arder~address; The memoxy

adéressyis sent to the memory on 8 bit wide bus in two parts.
| First the 8 bit lower order address an& then the 6 bit higher
oxder address 1s sent. The balance two bits in the high order
address are called the control bits. The control bits occupying
D6, D7 positions in the data bus decide the control cycle of
the CPUS



Intel 8008 microprocessor chip is shown in fig. 3.4
The CPU required two clock §, akd #, and sync pulses
at the SYNC terminal from a clock generator for synchronization

of the complete system, The pulsas at.ﬁf » Pp and SYNC. are
shown in fige 3.5 « |

_ The time required to fetch and execute an instruction
48 called the Instruction ¢ycle.

- Every Instruction cycle consié%e-af‘a‘numbex of machine
- eycle. A machine cycle is required each time the CPU -access

~ the memory or an 1/o part; o
"_Each machine cycle conslsts of a number of ﬁtatﬁs -

| (11;ﬁ¢ ). The time»period_ﬂffeacnigtate is detemined by
vtbe time period of clock pulses ¢ﬁ éndjﬁg + Begining of a new
-machine cycle is synchronized with the rising edge of‘{ﬁ1 in
state T1, which is also the first state of any machine cycle.

ecutio _of_an instru tion ¢

A basic instruction cycle consists of two phases 3
1. PETCH Phase
2. EXECUTE Phase,

- States T! and T2 ofany machine cycle are associated with
tha FEICH phaée. The state T3 is reserved for actual transfer
of data. The statas T4 and T are reserved for actual execution
of the 1nstructien 1nside the GPU. The 8 bit low order address
" to the memory is sent duxing ™, while the 8 bit high ordex
address 1s sent during T2. The type of machine cycle is indicatec
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by the control bits D6 D7 sent during T2 along with high order
addrese. The function performed in each machine c¢ycle and the
contxol bits assigned to them axe shown in the table given belows

(

D6 D7 " Cycle code Funétion pexfwmed »
EX I pc1 ?am} Ist wte of mstmcﬁon
) ' PCR  READ additional byte of instruct
10 pce Dgsignate the data as 1/0 comman

PCW mim the data bits in memoxy

";11

My - |PC1

| The contml bitss are used by extemal circuitw w pmvide
mm@m vﬁn‘e And MEMORY REA!J Command, 5

n

PCR

State

oo

e

T2

K.

14

Consider : » for example the executioh of MGVB, M instruction.

Type of
machine

Gyele

e

. Operation

| an brde'r address of fﬁe |

instruction to memory
High ordex address of the
instruction to memoxy

. Instruction MOV D;M brought

to CPU |

(L) sent to memoxy

(H) sent to memory

| _ Dqta read from memory and sent

to CPU bus

" Data latched in temp.reg,b
. {b) transferred tc D
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L As apparent the instruction eycle consists of fwo machine
- cycles (PCI and PCR)s PCE cyele consists of only 3 states,while
 PCR cycle congists of five shates. A machina cycle alwgys begins
~ with state T, |

Beginning of a now etate eoincidea with the rising edge
of ¢’. The rising edge of SYNC pulse coincides with the riaing |
edge of @,. SYNC pulse identifies the fizrst state T 4n every
machine cycle. | | : | o R

The internal state of the CPU is indicated at 50,51 and 52
texminalﬁﬁ,Thgsa»state“signais are also used to synchronise the
entire sygﬁemufhe'staﬁe eignals af S0, Sﬂ? $2‘fo¥ varieus'statas

are shown below §

8
B

State

T Low order address

TI  CPU interrupted

Wait,memoxy not ready

Stapped'ﬁaltf state

4

(a).gﬂ;gagggg i Ménvlrgax world eituations like power failure,
human decisions etc. reguima forced entry of instructions in
CPU. An interrupt signal (active high) at the Interrupt terminal

e T T - T~ T - Y -~ T
= -0 O O = s o

QO e ax O O O s s

of CPU interrupts the normal flow of program. After the
Interrupt needs of the external system have been met,the
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normal flow of programme resumes. Since 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 receipt of interrupt
request through the state signals (s0,51,52). That is once.

the current execution is over, the machine cycle to follow

has its first state designated as !ﬂz. ‘The program cotnter at
this stage points to the next instruction in the normal programe.

At this point a speeialtihstxuctimn called RESTART -
instruction is zammed into CPU by the external device requesting
~ the interrupt.. |

Mnemoni¢
RST 00 AAA 101 (Stack) < (PC)
| - (pC) < 000 000
00 AAA 000

The Restart 1nstruc£inn, 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 erecution of Restart instruction. The last
instruction in the interrupt subroutine a is a Return instruction,

which allows the nommal program flow to resume,

{b) WALT STATE ? When memory is presented with addx ss.it
‘takes some time to output or Input the data, In slower memories;
if this time, also known as the access time;is larger than the
time of one state,the memoxry can request a wait state to the CPU,
by pulling the READY line low. Since the request 1s coming from
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memory, the request can be synchronised with the ¢2 pulse during
| 12, that is when addresses have been transmitted and they have
‘been allowed sufficient ttme to stabi&ise. The CPU responds by
"outputting state Tw, instead af state 13¢ In ‘the wait state CPU
. idies. The CPU comes out of ‘the WAIT state. ‘when the Réeady 1ine
’ goes high durlng a g, pulae« cPU acknawiedges the reaeipt of
signal on Ready line thxaugh state s&gnals. o

The architecture of Intel 8086 is differﬁnt from Intel
:VEGOS in the following manner 3 :

~ {a) Intel 8080 also has the same number of “cratch pad
regiete;s (A, B, C, D, E H,-ﬁi. However the codes for them
amé;different, In 8008 onily scratch pad H and L registers could
be accassed together, whiie:ih 8080 8 and C; D and € and H and L

reglsters can be accessed in pairs,

 Codees for Registers | CQdes foxlaegistéi pairs

A w | s 00
B o0 | | & o

c o0t | | om0

D o0 | .| sp u
E oty | e —
" .iOO : -'Tablevz

L 10i

Table 1
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(b) The last entxry in Table 2 is for a megister called
stack pointer, Intel 8080 has the sack stack memory located inside
An external Random access memoxy addressed from the stack
pointer; a 16 bit register stores the address of the memory
location filed last. |

: (c) Intel 8080 has a seperate 16 bit bus for sending
ihe memory address, besides the 8 bit data bus,

(d) There are five flags in Intel 8080. The additional
flag is called auxiliary. Which can be understood with the
following example. |

Intel 8080 has vy instruction called U A A which
is defined as belows

DAA 010 111 11

The Decimal adjust ac¢cumulator operation is defined to
adjust the eight bit number in the accumulator to form bit numbexrs
The instruction is useful while working with decimal numbers,

| Consider the following example ¢

8,7 | . 01L0Y . 0111
7.6 0111 0110
13.3 Addd 640 1200 1101

readjust 60600 0110

1101 0011

When the value of least significant 4 bits &s 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.

vThe most significant 4 bits are also adjusted in the
same manner except that the caxry flag is checked instead of
the auxiliary carry flags The flags and their codes are shown
in the following table, :

Flag Cy C4 C3
NOT ZERO 0 0 0
ZERO ® 0 1
NO CARRY o 1 0
CARRY 6 1 1
“., PARITY ODD 1 0 0o
PARITY EVEN 100 1
PLUS 1 1 0
MINUS 1 1 1
-- —

The auxiliary carry €lag cahnot be specified, The
most significant bit indicates the sign of the number.

Intel 8080 CPU CHIP 4s a 40 pin device which is used for
the followings

Designation | Number of pins Remaxk

Ay to Ajg 16 " Address bus

Dy to Dy 8 Data bus

+ 12v .

+ BV | 4 Power supply and ground
- BV

énd

READY
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INT |
CLOCKS 6 Control inputs
RESEY

‘HOLD

INTE

DBIN 4 | .
™ 6 Control output .
WALIT

- HALDA -

Total e 40 pins

XQtél’EOBO» has a gepefatéfi6~bit addmess'bus.which
is loaded by the memory address . The addresses remain
’st&blé until the Ist pulse after Ta. T

VTYPES OF MACHINE C’YCLE AND STATUS WORD _

The foilowing types of machines cycles may occur within
an instructions 1n Intel 8080.

(1) FEICH Insraucrxon ot Same as PCI af’saoa'
(2) MBMORY READ oy Same as PCR of 8008
(3) MEMORY WRITE 3  Same as PCW of 8008
(4) STACK WRITE .1 t

(3) STACK READ 3

(6) INPUT | |

(7) ouTPUT ".s Same as PCQ.Of QOOB
(8) INTERRUPT S

(9) HALT

. {10) HALF.INTERRUPT



The cycles at 4,5;8,9 and 10 are additional, Since
8080 has a seperate address bus, data bus is free during Tl
and T2.

Status Signal ¢ The data bus Dy to D, is also used to transmit
status information which indicates the external circuitary the
type of machine ¢ycle currently running at any time in the CPU.
The status information 1s avallable on the bus during
first state f.e., T of every machine cycle and during the
SYNC 4intexnal. fhé data bus 1s available free during T; and
Té for such an operation, Eaéh data bit is assugned a specific
function which are detéiled belows

Bit Symbol Definition

Dy INTA Acknowledge signal for interrupt request.The
signal is used %o latch a RESTART instruction
when DBIN fs active,

D W Indicates a WRITE memoxry or OUTPUT functian,
othexwise a READ MBMORY or INPUT Operation
will be executed.

D2 STACK Indicates that the address bus holds the
pushdown stack address from the stack pointer.

Ea HLTA Acknowledge signal for HALT instruction

E4 ouT Indicates that the address bus contains the

o address of an output device.

D5 M CPU is in the fetch cycle for the first byte
of an instructlon.

D¢ INP Indicates that the address bus contains the

address of an input device and input data
can be placed on the data bus when DBIN is

: actlve,
B7\ MBEMR The data bus will be used for memory read data,

et — bt
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ontro; inputs and Outputs and SYNC ¢+ A set of none-overlapping
pulses (¢1,¢2) are used to synchronise all the operations., The

rising edge of ¢l is the beginning of new state, The SYNC pulse
output from the CPU identifies the beginning of a new machine
cycle. SYNC pulae is triggered by the rising edge of &2 and

' enda with the rieing edge of @2  the next state.

ea Wait ¢+ When REABY to CPU is made low; the CPU goes
in the WAIT state, As long as the ready input is low the
processor :emains in the wait state TW., Ready input'is ﬁsed
essentially by slow memories whigh takesmaxe'time to output.
However, the request must.be-réceived during state T, to enable
the CPU to acknowledge the request by outprinting WAIT signal.
The WAIT signal will getrreset‘duriné state 23.

INT_and INIE ¢ Interzupt request 1s asynshronous and may
ciiginate at any time., The :aquéat,i$hawever acknowledged if
it persists till INTE signal,abpéarsg‘in the last state of a
éycle. Once this happens an interrupt m-achine cycle follows
‘which is a nomal maéhine”g?éla“with five states, As msual the
~status word is trénsmittad»on data bus; which huwevém'ggcémpanied k
an INTA status bit. This éignal can be used'by iha'external
device to Jam a RESTART instruction during Té which tells the

processor the location. of the pxogxammec

- DBIN; . DBIN 'aignai'fxbﬁfmiﬁxbpruceasot is used by external
devices to enable the transfer of the data to CPU, The signal
- 45 available 1n’thé‘faila&1n§ machine‘ayéles.

1. FEICH

2. MEMORY READ



3, STACK READ
4, INTERRUPT ¢ for reading the Restart instruction from

the external device,.

DBIN 4s initiated by the rising edge of ¢, during
state T, and temminated by the corresponding edge of ¢, during
1‘3. Any TW state, between '1?2 and T, will therefore extend
DBIN by one or more tlock periods,

TH ¢+ sSimilar to DBIN, CPU generates a WR signal which can be
used by the external devices to enable transfer of data from

CPU during '1?3:‘.‘? The signal is available in the following machine
cycles, The leading edge of WR signal is synchrondzed by the
leading edge of §, in a state following T, and the trailing
edge of m gsignal with the leading edge of @l in & state follow-
ing Tye
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CHAPTER 4
MICROPROCESSOR BASED SYSTEM DESIGN
4.1 HARDWARE DESIGN
44101 mc&o::nocessoa SYSTEM,
A mdcro~computer systom using INTEL 8080 would consist

ooy

of the f011owing components.

1. Central P cess‘n_“Unit chip QBG :»W5i¢h is ﬁeart‘

o of the system. . :
‘.2; Llock generatox ngd\: Which provides nonoverlapping
| clock pulses 8, , ¢‘ to the C.P.U.
3. System Contr 1er_8“j 't Which buffers.the data bus
| and also provides control signal {control bus 6 bit
wide) using status word form data bus and ﬂBIN,Wﬂ;
~ HLDA from C.P.U.
4. _Address bus guffers_ggption§1):821g ¢ The address bus
- can not provide sufficient current and hence the
éddress‘buS'has §6‘he buffered. Intel 8212 load the
address bus by 0.25 mA and provide é maximum loading
. of 75 mA at its output temminals, , |
5., Programmable Read only mgggriaglpﬁg§§.

6., Rendom access memories RAMS
7. . .

8. {a) 8251 for interfacing with teletype CRT,tominal etc.
(b) 8255 for interfacing with a A/D converter.

8. Erogrammable Interrupt controller (8259, 8214): To

manage the interruption of C.P.U, by a number of

devices and to latch RESTART instruction,
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CPU 8080 has been desczﬁbeﬂ eatlier.

2. _ Qlﬂg Gg!;egagor ‘gggﬁl ‘f (?Befo figo 4. 02)

Oscilator frequency is 9 times the speed at which

| the micrOpracessor has to be :un. The clock pemlod {tey ) is
5pecified for ﬁhe micruprocessor¢ Coﬁsider, for example,
8080 A CPU chip for»which icy can be fram 0.48 H Sec to
2,0 Sec, o ,_._H;, | N

considering the fastest speea. i‘e. tq? 0.48
| micrnusecond. |
Crystal frequenﬁyfs 5f%§~*' x99 Mﬁz ,

= 18,8 MHz

Standard crystal of 18.432 MHz is available which

gives & tcz = 0.49 micxo second.

Clock generator consists of a dbvide by 9 counter
whose four outputs QA to QB are combzned in logic gates %o

obtain Py and ¢2 clock pulses for CPU which are shown in
ig. 4,143,

g, TIL available at pin 6 wnich is similar to ?,
except for a small delay, can be used for external timing

purposes. It is especially useful in bMA'dependent activities,
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¢2_(Ti£) can=be‘uged to gate the requesting device on the bus
once CPU issues HOLD ACKNOWLEDGE (HLDA) signaly

| ?he'cloek generator also generates STSTB (status strobe)
signal which &s ﬁsed to laiah the gtatus word on thé control
bus gefler Flg. 4.1.4. The control bus is connected to the
data bus through the SYS?EM CDNTROLLER {8228). The states signal

',,is available on the data bus during the SYNC pulse.

Antomatic system reset featuza on power on can be
" and D in the circuit,
The RESIN input to the Reset flip is through a Schmidt trigger

fncorporated by adding components R 42 C

which converts the slow transition into a ¢leaﬁ fast edge for
triggering the D flip flops S

) 8 (Ref. Fig.4:1.5 and 4.1.6)

System controlier genérates all control signals required
- to directly interface RAM. ROM, and I/0 components.

An eight=bit, bidirectional bus driver buffers the
data bus from memory and Input/Output devices, Daia bus which
has an input requirement of 3.3 volts {min.) and can drive
(sink) a maxlmum current of 1.9 mA is assured by data bus
driver to fulfil these input requiremént even in enhance
moise irmunity. Due to the avallability of adequate driving
current (10 mA typ,) on the system side of the driver, a
large number of memory and I/0 devices can be directly

connected to the bus,
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. Vhen ST’T@ input goes low, the status infbxmation that
is issued by CPU to its data bus at the beginning of each
machine cyele gets stored in tha status Latch.

, The Gating Axray generates contro& signals (Eﬁﬁﬁ,
EF?T?& T?uﬁﬁ .'i7ﬁﬂw and :NTA ) by gating the outputs of the
status Latch with signale from the 8080 GPH (DB&N, WR and
HLDA)+ |

The BUSEN (Bus Enable) 1nput to the Gating Array 13 an
asychronous input that forces the data bus output buffers
aﬁd control signal buffers into %heix‘highuimpedauce state
1f'i£ is & ‘one', If BUSEN ié‘a"zeio‘ normal operatiah of
the data buffer and control signals take placés

It is used as a peripheral device and is pragrammed
by CPU to operate Using virtually anyfsexial‘daté transmission
téthnique. Its functional configuration is pr@gxammed by the
system's software for maximum flexibility,

In the problem, a CRT is used which communicate with
CPU through this interface. | | '

A block diagram of the device is shown in figure 4.1.7.
The device is connected to the data bus through a 3 state data
bus buffer. The cutput terminals of the device have been
axranged in 4 ports (A; supper C,lower C; B). These ports
have been a:ranged in two groups. Group A conslsts of Port A
%nd Upper C while groub B consists of lower C and port B,
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The device has a register to store the control word,which
decides the manner in which the ports will behave. Besides
this the device has a numbér of control inputs (RD, WR, Ao, Al,
Reset and CS).

| The data 18 received or transmitted upon execution of IN
port or OUT port 1nstructians by the GPU, which are described

as below 3 o
~IN port (A} '«— (data)
11 011 011
‘bor% |

| - The data placed by the épecified bort on the data bus
is moved to Accummulator,

sxmilariy in OUT poxt 1n tructidn.data from the
accumulator ﬁs,put on tha data bus for transmission to a

specified port.

both the cases the port is Specified by the 2nd byte
of the instru*tion becomes the lower order part of the address

(A7 to A0), upon execution of the instruction,

A0 "Al

0 0 | Port A Loy Data bus
0 1 Port B &= Data bus
1 0 Port C @ ‘Data bus
1 1 -

' Data bus &y Control register
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The control word sent from CFU through an OUT port
instruction decides the mode in which various ports of 5255
operate,
There arve three basic modes of qperaflon in which the

‘ports can operate, {Refer £ig, 4.1.8),

Mode 0 - | Basic Input/Output
Mode 1 wm= Strobed InputﬁOutpét
- Mode 2 = Bidirectional bus

| It is also possible to set/reset ary of the eight bits
of port C by using a single OUT port instruction (Refer Flg.4.14

When Reset input goes high all'pcxﬁe will be set to the
Input mode {in the high impedaﬂce sgt)r‘Aftér the RESET is
zemoved 8255 can remain in the Input mode with no additional
 indtiailization required. |

APPLICATIONS
MODE O OPERATION ¢ When operated in HMcde 0 the baslic features

are given balow i

1. Two 8 bit port and two 4 bif ports,
2. Any port can be input or output,
3+ Outputs on the ports are latched,
4, Inputs on the'pbmtg are not latched,

Mode 0 is ideally suited to communicate simple switch
closings to the CPU, Depending upon the control word number
of configurations of the ports are possible (Refer Annexure 1
for details). | |
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ode 1 Operations s= In mode 1 the basic features are as

ngen below :{Refex Fig.4.1.10).

1, Ports operate in groups only (Giaup A and aroup B).

2+ In group A, Port A operates as 8 bit data port while
upper C acts as control/data poxt. Consider for cxample,the
¢ase when port A operates as an input port. A low on PC4 loads
data into the input latch. A high on PCS indicates that the
data is loaded in the input latch although it has yet to be
off loaded by CPU, When CPU of 1oads the daﬁé by'éccessing

- port 1A, PCS goes low again. It is alseo posaible to generate

-an Interrupt request for the CPU by the pezipheral decice
connected on Port A, 8255 contalins an LNTE‘A flip flop which
ean séi/fesetlby9¢4,'when QPU“sen&s_the following
control worde | S
| Oxxx1001  for &ettihg the INTE fiip flop
O0xxx1000 for‘iesetting the flip flop.
Ag a first step the paxﬂphexal device on port A latches
‘EDT instruction on the ports As a result IBFA goes high.xf
" INTE flip {lop has been SET by CPU earlier, an INTERRUPTS
the CPU: During T3 of the inierxupt cycle RST instruction
is off loaded. RD pulse also resets INTEA £1ip flops

PC6, 7 the balance terminals of upper G port can be
programmed as either input or output port as the case may be.
In a similar manner port B, and lewer C port can be

used to generate an Interrupt request.
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In made 1, poxt A ox*@nrt B can.be apezatad as output,
ports. .

| The 0BF nutput go@s 1aw to indicate that CPU has written
data &n the pbrt, A low an'ﬂﬁﬁ input infozmﬁ 8255 that the
data has baen acceptad by *ha paripharal devlce. It is also
possible'ﬁn genetaté én Xnterrupt request by the pexipheral
devica connec%ed on the speaifzed pazt, " |

B Once tha per&phexal device has accepted the data bath
OBF and ACK are high. At this stage if INTE flip flop L&
SETHby sgnding.an eppropriate control word, Intemxnpt.r@queat
shaillbé generated. ln'éhis éasé RST instruction shall be
loaded by some other perﬁpheral device connected on an Iﬂput
ports Rr:fér Table 3 in Annexure ¥ for mare detailsy

The basic features of Mode 2 operation are as given
helow : (Ref. Figs 4414%1)s

1. Mode 2 18 used in guoup A only (Pﬂ:t A and 5 bit

upparxJ) fox centxul¢

2, In mode 2 both inputs and outputs are latched, In

mode 2 port A operatés as a bidirectional bus,

| ‘The terminals OBF, & éﬁﬁ 'ET".jTE? have their usual
mmanang. The interrupt request 1s generated at PC3.
ﬁ.m.......mam..c tatus ¢

~ When the 8255 1s‘pragrammed‘te function modes 1 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
,p:ngémme#'tq #eiify the status of eacb’peripheral device by
sending a simple IN port C instruction. The. word can be
finally intérbretad. | |

Example @

Conszder the case when 2 bit D/A converter has to be
‘conneoted as an output device while an 8 bit A/D converter as
_ an Input device. The 8cftwara for-initialisation of the
porte is as shown &n-fig. 8.1.42. | '

MVIg'A»' . - 8E ;Thi§ makes poxt A OUL,Upper C

g2 82 Outjlower Ceout,Port B-Inp
our - D8 in Mode 0. L
Contrel register 17 -

when CPU wants to réqges% A/D converter for a data it
sends a strmSEfpuise‘tb A/b con§9r£e£ oh PGG. The cah&ersion
takes place and»the\digitai word is'stcred in the &/B _
converter. After some time CPU sends sample enable pulse at
.962 and data is communicated to CPU on the data bus.

MVl A = ' 3E Bit PU3 of port Cvis set and
07 : L 07 then reset to produce a sharp
our. ‘ D3  pulse at PC3, which is the
PORT C 1 6 strobe pulse to A/D converter.
DCR A 3p

oor D3

PORT C 16
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| As a next step CPU would sent a pulse at PC2 to enable
‘the sample on the data bus of CPU,

WI a0 38
05 05
S our D3
Port C 16
DCR A | 3D
ouT D3’
Port C 16

- In a similar manner software programmes ¢an be written
to OUT put data through 12 bit D/A convertez,

FOR SDK = 80 KIT ONLY TABLE = 1 /
BYTE 2  BYIE (HEX)  SELECTION
% % 110 % % 18 8251
xxx10100 14  Port A/8255 (1)
xxx10104% 1% Poxt B/8235 (1)
xxx10110 16 Port C/8255 (1)
XX % 1‘0 {11 17 Control register/825% (1)
xxx01100 OO  Port A/8255 (2)
XXx01¢03% oD " Pport 8/8255 (2)
xxx014110  OF Port /8255 (2)
xxx01%1

14  OF  Control register/s2ss (2)




. By sending OUT Port oxr IN port instruction any port
(A,Bic) or the control register can be accessed. In case of
control register only OUT port instruction is valid,because
the data stored in Control registexr cannot be read.

MODE=O . Quoration . Tablew2

CCONTROL WORD  HBX o BATORRTS  gnop B PORTS
BINARY ' A" UPERC B LOWRC
1000 0000 80 OUT OUT  OUT  OUT
1000 0001 81 OUT  OUT  OUT  INP
1000 0010 82 OUT ' OUT  IN  OUT
1000 0011 83 oUr oUT  IN NP
1000 1000 g8 our IN  our out
1000 1001 89 oUT IN  OUT  INP
1000 10 1.0 8A  oUr e I out
1000 1011 8B oUr  INP NP NP
1001 0000 90 IN  OUT ouT  -OUT
1001 0001 9 1 INP ouT ouT mp
1001 0010 92 . INP ouT INP out
1001 1000 98 I INP out ouT
1001 1001 99  IN  INP oUT  INP
1001 1010  9A IN  INP INP ouT
1001 1

101Y 98 INP INP INP INP

Ports c¢an be iInitialised to operate as per the design
required by sending oppropriate control words as detailed above.
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CONTROL WORD ~

© DETAILS

ey e

0 x x
05
08
09
08
0D

Q,xx
0xx
D x x

0 xx

T
h e ks = OOD
S S ~ T ~ T
©o ©o © © o ©
- D w O e O

0 x x

04

INTE.

INTE
INTE

INTE
INTE
INTE

RESET

SET.

RESET
SET
Rséﬁr |
SET

PORT B
PORT B

'PORT A
~ PORT A

CPORT A
~ PORT A

INPUT/OUTPUT
INPUT/OUTPUT

INPUT

INPUT
OUTPUT |

ouTPUT

o

401
101
foi
o

D6
8 4
B C

iy ol il -l
- O O -
ool b il P
O O e -
R oM

B E

PORT A INPUT PC6,7 INPUT PORT B
PART C INPUT PC6;7 OUTSUT PORT B
PORT A INPUT PC6,C OUTPUT PORT B

PORT A INPUT PC6,C INPUT PORT B OUTPU

INPUT
INPUT
OUTPU

AE
AC
A6
A4

101
101
101
101

0o O © o
S O s ws
O e O

® oM M M

PORT A OUTPUT PC4,5 INPUT PORT B

PORT A OUTPUT pC4,5 INPUT PORT B
PORT A OUTPUT PC4,5 OUTPUT PORT B INPUT

INPUT
QUTPU

" PORT A OUTPUT PC4,5 OUTPUT PORT B OUTPU
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4.2

Start-Up of the Hit s*

| When pawer is applied in&.tially to the 8080, the processor

SYSTEM*S OPERATION (Refer figure 4.2.1)

begins operating immediately. ’ro make the contents of program
cquntqr, stack pointer and the Mhair wazf:king registers ze_:m.
it is necessary to begin the.pwetwup seq’uencé with RESEi’. So,
the _s'!;art-_vup- pmcedure is as‘ ?ollows 3

1. Plug the system communication Monitor (CRT} into

the kit. | .
- 2. Turn power on at both the kit supp..y and aomunicatian
" monitor. '
" '3, Press the Reset switch,
At ﬁnis point. nonitor will display -the folluwingl

message T |
- MCS = 80 KIT

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

The monitor requies each command to be temminated
by a carriage return;, with the exception of the *5' and X"
commands, the command is not acted upon until the carriage

return is sensed.

Selected areas of addressable memory may be accessed
and displayed by the D command. The D command produces a
formatted listing of the memory area between < low address D

and < high address » , inclusive, on the console device.
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Control of the CPU is transferred from the monitor to
the user program by means of the program execute command,
G. The <entey point >should be an address in RAM which
contains on instruction in the user's program. For 'example
G 1400 means control is passaﬁito\loaatian 1400H,

User program is ent&réd‘ into RAM with the I command, 4
Aftexr sensing the carriage retum teminating the command line. ~'
' the monitor wai’cs for the user to enter a string of Hexadecimal.

" digits ( 0 to 9, A to F). Each dlgﬁ: in the stxs.ng is converted
‘into its binary value and then loaded ﬂmx; memory‘ Two Hexa=
" decimal digits are loaded into sach byte of memery. -

The M command moves the contmts af memo.w < :Low addxess 2
inﬁlusive to the area of R!‘M beganmg a«k( destmataon:» « The
' content of source field remain undesturbed, unless the

:r:e;:eivmg field ovea:laps the soume field‘
‘B ic Operation | |

After the cold gtart»up of the kit, the pmgram is
ir;sexted inte the RAM with the help of 1 < address > command,
- the program is stored sequentially in the memory,
on issuing the G entry poi’nt cominand, 'tﬁe execution

af program stored in RAM beg:lns and the results are displayed
on CRT according to pmgram inserted in the memory. For
example in the presented work message like voltage adjust
‘ ‘high,vol*age adjust 1ow, Frequency adjust high Frequency -

adjust low, close the circuit breaker wil; appear in the CRT.,
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4.3  SOFT WARE DESIGN
$ PROGRAM FOR AUTO SYNCHRONIZATION OF ALTERNATOR WITH BUS

3wwd-nwu—"-hﬁﬂ-ﬁ@—ﬁ‘ﬁamn”um.ﬁ-ﬁﬁ-'—-‘tpu

3

VOLTAGE MATCHING

3pnwmnuu,-cnq-qu;-unap-nq-ﬁmm'mdpmn.-wa<ﬁ

~ § MEASUREMENT OF BUS VOLTAGE VB

START ¢ MVI
ouT
CIN
MOV
VB 1s  IN
CMP
JC
VB 2 MOV
IN
CMP
JNC

A,93

47 3 INTIALIZE PORT A AS INPUT

14

BsA o

14 ; FIND INCREASING VALUE
: |

VB 1

B,A

14

B

VB 2

} TOLERANCE CALCULATION
| CALL VIOLR  §VIOLR CALCULATES TOLERANCE
3 VALUES ARE RETURNED IN LOCATION VB, VB+1 (+ 5%), VB+2(=5%)
3 MEASUREMENT OF GENERATOR VOLTAGE VG

IN
MoV

VG 13 IN
. CMP

JC

15 ; INPUT FROM B PORT
BiA |

13 s FIND INCREASING VALUE
B

VG 1



VG2: MOV

IN

v .. CMP

JNC
$ CHECKING FOR
LXI

P
JNC

INX

CMP

e

Wi
CALL
CALL
JMP

VHIGH ¢+ MVI
CALL
CALL
JMP

D;VL

BiA |

15

VG 2

VB-SYSVG.SVB 4 8% v T

H, B+t

) |

VHIGH

it

Mo j COMPARING VB+2

STFR $ VOLTAGE MATCHED JUMP TO FREQUENCY
| + MATCHING

MESSAGE

VADIL

VBl § RESTART MATCHING PROCEDURE

D,VH

MESSAGE

VADIH N .
VB! } RESTART MATCHING PROCEDURE

' SR FREQUENCH MATCHING

;pﬁuﬂwwwwﬂn-ﬂuq—umnmnum%u-wuwwﬁﬁ#

STFR 3 MVI

D,04

CALL FREQ 3 GET BUS FREQ (IN B RES.)
© CALL PTOLR  § GET TOLERANCE (.5%) IN FR, FR#1

3 (#B%), FRe2 (=u5%)

. 17678/
mm. TRIRY FENERSITY OF ROCREED

RTEE A L
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FRM 1 ¢+ MVI D,02 | ;
CALL FREQ  § GET GENERATOR FREQ (IN B REG)
LXI  H;ER#1 -
MOV A;B
P M
JNC FHIGH  ; BUS FREQ.HIGH
mx v -
JNC  STPH  jFREQUENCY IS MATCHED
MVI  D,FL - .
| CALL MESSAGE
©* CALL  FADJL -
JMP  FRM 1
. FHIGHT MVI  D;FH
CALL MESSAGE
CALL FADJH
JMP  FRM 1
§ . e o o o o
5 ZERO PHASE TIME ANTICIPATION
S
STPH 3  MVI  C,00 | |
PH1: CALL PHASE j VALUE IS IN B REG
MOV A8 |
P C |
JC PH2 3 DECREASING PHASE OBTAINED
MOV  C,A ' |
JP  PH 4



52

} CALCULATE OF ZERO PHASE TIME
CALL CBCL 3 CLOSES CIRCUIT BREAKER

| HLT
vH BU 00
VL EU OE
FH BU 1
FL EU  2A

3 END OF MAIN PROGRAM
§ SUBROUTINES
R I R b R
§ FREQ. SUBROUTINE o
FREW IN 16 - 3 INC PORT

ANA D
cMP D
T
MVI  B,00
Pt ING 16
ANA
CMP
JNZ  F 1
F2s INN B
IN 16
ANA D
MVI  E,4
F3s DCR E
NOP 5 FOR RESTRICTING THE COUNT
NoP 3 IN 8 BITS ONLY
Nz F3 |

CMP ‘D
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3z F2
o
o o e e
s PHASE ROUTINE |
PHASE: IN 16
ANT -~ 04,
cpPl 04
| JZ  PHASE
P2: IN 16
a4
cP 04
Nz P2
IN 16
ANE 02
e 02
JZ  PHASE
w80
P3s IR B
IN 16
a0z
P41 MVI E,04 3 DELAY FOR
DCR  E § SLOWING DOWN OF COUNTING
mnz w4
CPI 02
mz  p3
RET
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;wlﬂgnaﬂd—uq--u‘-p_ﬁ!.nnh-’nquﬁuﬁﬁwm.w-.‘mﬁ“u'ﬁ»ﬂ
€
3 MESSAGE ROUTINE

MESSAGEs LXZ  H,BASE

MoV AL
ADD D
MOV L;A

MVY  B,0E
MES 41 MOV C;M

CALL €O

10

DR B

JNZ  MES %

CALL  CROUT

BASE: DB 25,20,56,4F. . ..

DB

DB

DB

DB

B amomm o e e e e e e . e W e e e e e e o
$ ADJUST ROUTINES |
$ OUTPUT AT PIN C7
VADJH3 MVI A;80 3 PC7
JMP  ZERO
VADJL:  MVI  A;40 3 PC 6
JMP ZERO



. FADJH: MVI  A;20 3 PCS
ZEROT  OUT 16 3 START PULSE
| NI A0
OUT 16} STOP PULSE
CALL DELAY } GIVE TIME FOR ADJUSTMENT
RET
; FREQUENCY TOLERANCE ROUTINE FTOLR
FIOLR: LKL H, FR

MOV M,B

INN B

INK  H

MOV M,B

DCR B

DCR B

MOV M;B

RET o | |
FRt DS 3 § RESERVE 3 BYTES FOR FR;FR#1,FR+2

§ o - e a0y . A
4 VOLTAGE TOLERANCE ROUTINE VTOLR
VIOLRs LX1 H,VB
o MOV M;B
MOV A,B
RLC 3 ROTATE A 3 TIMES
'RLC . .§ LEFT WITHOUT CARRY
RLC |
ANI 07
MOV CA
RRC
ANI  OF 3 SHIFT A ONE DIGIT



MOV C,A 3 C CONTAINS 5% OF VB

ADD B
MOV - M;A  } STORE VB45% IN VB+i
MOV A;B 2 o |
sUB  C
INN H
MOV M;A 3 STORE VB ~ 5% IN VB+2
RET

VBs DS 3

;--mqnouuug—nwmmﬁmunﬁbwduﬁwwmuuuuuam
; DELAY SUBROUTINE (FOR 5 SECONDS DELAY)

DELAY s Mvl B;10 |
MVI c,C8

L1 s ’
12: MVI  D;FR
£3:+ DR D
Nz 13
bR ¢
NZ L2
DR B
wmz L

RET
J = -
§ MULTI SUBROUTINE FOR BX8 MULTIPLICATION
; ARGUMENS ARE IN A AND E REG.RESULT IN HL R\IR
MULT 3 LXE  H,0000 3 CLEAR RESULT REGISTER
MVI 8,08 j INITIALIZE BIT COUNTER
MVI  D;00



07

LOOP 13+ DAD H

" Rc
JNC DEC
DEC t DCR B
JINZ LOOP 1
RET

;m—-\—nn—”nﬂnnun'ﬂﬁﬁﬁhnmuduumwwwwunw

# CIRCUIT BREAKER CLOSE ROUTINE CBCL
CBCL: MoV AC

s8 B
STA  TBMP
WD MF

| Mov “E;B o
CALL MULT 3 RESULT IN HL PAIR
LDA  TEMP | -

CALL DIV 3 RESULT IN ACCUMULATOR
3 A CONTAINS B® £/(C-B) | |
| SUI  GORR
4 WAIT FOR ANTICIPATED TIME
LOOP: DCR A

NOP
NOP
. JNZ  LOOP
§ ZERO PHASE TIME IS REACHED
7wt b

CALL  MESSAGE

WL A92  § INITIALIEE C PORT
our 17 § AS OUTPUT
MVY A, 01



TEMP:
- DIV s, .

Lt

L2

L 3¢

i

RET

MOV

MVI

MoV
cMp
I

SUB

Cm
: MQV
P
MoV
cPT
o

- BCR

MVI
SUB
ADD

MOV

INR
JNP
MOV

RET..

16 3 CLOSE CB BK PCO
A;00

16

O BA

Cs0

LA

L2

| L_;,A

L9

~ AyH

L3

AFE

L;A

LA

AC

o8
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CHAPTER 5

MATHEMATICAL MODELLING AND COMPUTER SIMULATION

5.1 INTRODUCTION

~ In this chapter mathematical model of machine,
excitation system and governor system‘hag“bugn diseusséq. ,
The conditions for synchronization of alternator #ith bue bar
a:e simulated in order to see the circuit breakar closing

to cynchronize the altern ator.
5,2 MATHEMATICAL MODEL OF SYNCHRONGUS MACHINE

The following theory is devaloped from the funda*
mantal starting point that the'machine consists of several
1nduet1vciy coupled circuits, the self and mutual inductancl

of which vary periodically with the angular position of the
rotor.

Assumption for Mathematical Degeriptionof Synchroncus Machine

a. The machine 4is assumed to be magnetically linear and
iron losses have been ignored.
b. The stator has balanced, sinusaidailfidistributed 3 phase
windings. The picture repeats every 2~ pole pitches.
¢. 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 circuiis
: - \\\
\
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ate symmetrical both about the pole axis and interpoiar
axis. :

Fagur; 5.2.1 shows the schematic representation of
synchronous machine {salient pole type) per pole pair basis,
The electric circults on matoﬁ, name ly kg.,,xé,} are the
equivalent d-axis and q-axis damper cirguits, f is the machine
field. The positive direction of various quantlties is shown
in Fig. © is the angular position of the d-axis (fleld axis)
from the axis of phase a measured in the direetion of rotation
of tho’maehina§,~-q= denotes the fluw iihﬁadégﬂ o the terminal
voltagclaﬁd i the current of any electrical circuit,

Park's Transformation

Buo to tino changing nature of most of the ‘4nductance
parameters, the machine voltage r.lations are nonlinear differ-
ential equations with time=changing coofficionts and thus.
are difficult to solve. The phase variasbles (e,i or §f ) are
~ gecordingly trensformed touxis (Park) variables through the
uge of Park's traneformation. | o

. !he machine is accordingly xopresented by a two axis
odel’ (as far as the phenomenon of antaraction taking place
across the alr gap ig c¢onsidered, %ha_zerovsqqenca intexaction
is represented soparately)‘ag shown in Pig. 5,2,2;: 

. Machine expressions in terms of Park' s variables .

are as follows { here p is the d/dt ope¥ator).



¢, - My - 9§P° - Tiy

L = p‘lq + vdpg - rj’q
e, = pl, « i,

®a = O = phy + Ty g

ba' == Lalg * lngligriy)

by = bl +lpg (gg)

| ‘_’f | = - Lpata * bels * Lpg 4y
a7 ool * Toa'e * ket

Mg = gl * Beg Yk

‘Motional Equation or Swing  quation of machine

“base -

Excitation Voltage

Saﬁper‘winding‘vpltage

Clkd =0 = ol + Tty e

~°_kq~». i =0 = P"kq + rkq "‘kq : A (4) )

w-

(3)



Ve =oLgiy+lede et b,
Vea == Lygly + Lpg Lo # Ly 4y

"kq == Lnglq * Lexq dkq

a7 (Ll = gt )0
Tie Line Equation

a =Vq- Leid po

e = vq + Le:lde

LA s - 2 v, 8in 8,

va =2 v, sin(e-g)

V¢ =R v,cos(0-4q)

t

System's Dynamical Equation

®.

2. dw . ) . L H
g’c'z T moTe fw fhase

From Eqm (8) and (9)
e a m(-Lqiq + nm«tkq)pe = Vg = Lyt pO

. \ y . V{1 [ ]
e s.q e (vd + .Lmqikqpﬂ)/(Lq+Le)pG

se

L4

(s)
(6)
(7)

(8)

(9)

(10)
(11)
(12)

(13)

(14)

(15)

(16)

(17)
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Similarly
g = ( Lygh® (Lgttpq)=v )/ ((LysL )pe) o (18)
| 8 N/ g | )
=(xnqligtiea) 5o = Vo) (x,, p@ /ug) v (19)

Equations (2),(3), and {4) can be written in the following
form |
Pha =~ 1yq ka

pvkq o - kq s‘kq

From Eq. {7)
Putting value of iq_fxom Eq. (17) and solving
) ) R . ,
¢ - m
Vg * %ot Va
.

‘5.3 COMPUTER REPRESENTATION OF EXCITATION SYSTEMS

,(;) Block Diagram | | . |

. In the development of the éxcitatiqn;é?stem bleek diagranms
-4t has been found necessary to estaﬁ;ish é&per uni.t vgitage base.
For the followlng disqusstan; one,per-ﬁnit_generator voltage is

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

the generator air gap line.

The excitation system shown in Figure 5.3.1 is represen-
tative of the majoxity of madern system now in service, This

includes most continuously acting systems with rotating excitors,

Figure 5.3.1 shows the significant transfer functions
whiah should be included for satisfactory representation in
computer studies. Many other system types may be represented
if excitation system ceiling v01tage is assumed ta be independent

of generator te:minal conditions,.

In the figure , Vﬁ is the generator terminal valtage :
applied to the regulater input., The first transfer function is
a simple time constant T, representing regulator input filtering.

For most systems, Tp is very small and may be considered zero,

The summing point campaxaélthe regulator reference with
the autput:af the 1nput filter te detexmine the voltage error
input to the regulator amplifier. Also 0 the voltage errar
1nppt is combined with the excitation major damping lOOp signal
Y. Most computer programs do not require an input of vkEF;
but rather intexnally c¢alculate theﬂproper vglue by assﬁmihg

Vrat t=0 is at the proper value,

The main regulator transfer functians is repxesented as
a gain K, and a time constant Tpe Following this, the maximum
and minimum 1imits 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 Eeq®

Major loop damping is provided by the feed back transfer
function pKo/ (1 + pTp) from the exciter output Egq to
previous summing point,

(i1) Mathematical Equations

Output of»damping loop

Output of regulatoi

{134) State Space Representation
Beg = (Rp(Vppp =Vy¥)=Egq)/T,

and ¥ = (KgEey - Y)/T,
It should be emphasised that there is an inter-relation
bétween exciter ceiling Eeq MAX and redgulator ceiling VR MAX

If X > VRMAX’ then Efd avamand 5fd*=°
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5.4 COMPUTER REPRESENTATIQN OF GOVERNOR SCHEME
(1) Block Diagram

Block diagram of the governing scheme is shown in Fig.5.4,1

Following are the deviation of variables from initial
steady state conditionst |

£
3

reference speed per unit
shaft speed, per unit
gate position, per unit
gate opening, per unit

- NN E

L ]

‘governor response, ,t_:lmé, seconds .
water starting time, seconds
Dash pot time coﬂstant.:éecondé"

permanent speed dropp, pe# wnit

BRI s g

'_ - temporary speed droop, per unit
Ta  ‘shaft torque,per unit

{41) Mathematical Equation

; =& ?,pﬁ)/(h-’t‘tp)‘ R o ()

((Mpgy™ W/ £y = (o1 s N/IR) =2 oo (1)
Z= My v W )
z(lw T,P)/(l%O.&rwp) =T, e ('1'9}'”

(414) State Space Representation
From Bq (1)

: = (a1, z - /T,
(DAL LIBRARY. ISy OF nonpr

ROONLER



Prom Eq (1) |
# = (o= /28 £, ) = (o + AT,
From eq (414)

Ty = (z = T*S - Tu)/(zofb Tw)
From the diagram it is clear that
12 ®T,,,, T=T,y andz =0

itz <0 , z =0, and ivso
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if TMAX > 2 % 0 , only then Eq (iv) will be folllowad.

5.5 INITIALIZATION

~

We know that

| ‘;"d cos © -oqme
_ 3 _ ’,.” 1 ..o

end eg ==Y, pe _

and 'Q ‘Wd pe

L. 1 L “to

md vfo o md re, "0 |
o .a = Lmd rfo ’VO 'sm e | | oo ‘A)
Also .‘ = = "2 VT e 8in (e'.'o) ses (B)

ﬁqullllng equation (A) and (B)
W, sin@®= Y2V, sin @
Ln'u:l r £o ° T To V'r f
» '{2 vl‘a rf'ﬁ o

et T <2 "md("'u7 "oage)
e Bpgo = 0g/[V2 re/Xq] ”(—71‘:.’
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From block diagram it is cleoar that

[ Ve lK i
\ / - = E ;- ——
“ref To® TA fdo ”
(“b/“blse)
vTo o “’5’4“' : o o ' . . 4 . 3
Ko oo )
: Dase .. ..

5.6 FLOW CHART

A simplified programme flow chart to carry out the
Qperattan is shown in Figure 5.6 o .'I% is'cheaked that alter=
nator field voltage (afd) ie within the Prescribed 1imit,
After ensuring this, the machinp dynamies are solved;ﬁext.
the terminal voltage is compared with bus voltage. 1f it 1s
outside the operating range, excitation 1evel of alternator
is adjusted. In both the cases, when terminal voltage Y& {
is within er outside the specified band, the speed (w) of
alternator is compared with speed of bus, If it is outside g
the specified band, the level of mechanical power is adjustoQ
and machine dynamics is solved. The whole process is :opeatd@

A

until the voltage and frequency of machine come: underthe ;\y\

specified zone of bus:voltagq and frequency respectively. Q\‘\
. '\?

Once #he maching terminal voltage , speed 13 with-‘ \‘

///

in the specified rangee. system dynamical equations are \\
slightly modified sgo aa‘io‘caleulaﬁe the angle between the \i

15
AT
.

-
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machine and infinite bus polsar axis. Based on the actual
difference in the speeds of the two machines to be synchronize,
the phase angle difference bétween their voltages is calculated
corresponding to the circuit breaker closing time . Ifthis
anticipated phase angle difference is within a certaintolersnce
angle, a command is given to close the Circuit Bxeaier. The

cé actually cloges wfter s time ¢alled circuit breaker
closing time (TC).

After the CB has closed, the line current is calculated
and checked whether iﬁ is within the safe limit, In éase it
is damgerously large a command s given to open the CB., The
cireuiﬁ breaker opens after a time called CB opening time.

An attempt is again made to synchronize the generator.
%.7 DISCUSSION

It 1s found that CB 1s closing at the moment
Speed is building up upto ifnch:onous value, Since current
transient is taking large time to settle down, voltage build
up will take large time.



5.8 APPENDIX
1, Numerical Value used

d axis sync. reactance
d axis Magnetizing reactance
q~axls synchronous reactance
gq~axis magnetizing reactionce
field reactance
d-axis damper ¢kt. reactance
g-axis damper ¢kt reactance
Line roactance
Field reactance
d~axis damper ckt reactance
qraxis damper ¢kt reactance
Inertia constant
Regulator gain
| Bampn: gain
. Rogulator' & "time ¢onstant
.”."‘Damper's timo constant

“aximum voltage 1imit of Regulator |

Minimum voltage limit of Regulator
Permanent speed droop

- Temporary speed. Q?OOP- o
Governor Response time

- Daghpot time Constant

. Max. value of primemover torque.

XD =
XD =
XQ =
nUQ =
XF =
XKD =
XKQ =
XE =
RF =
RKD =
RKQ =
H =
Ak =

70

1.09 P
0,847 "pu
0.66 pu
0,507 pu
1,097 pu
1.007 pu
0,767 pu
1,1224 pu
0,000392 pu
0.028 pu

0,034 pu

6.6
25.0

0,04

TA = 0,1% sec.

. T’F . I‘? .

X =

VRMN =

SIGMA=

DLT =

Bw =

R =
™X =

0.6 sec

1,0

~1.0 SRR
'0.04

0.3
_n.go sec,
5,0

1.0 pu



T e e e g e “"M o
.

Water starting time

Voltage deviation {pu)from normal

within which the syn. comes into
action

Bpeed =do~ -

 Inecremental voltage deviation (pu)
within which a transient response

is assumed to havo reachéed s.s.
Speed =do= _
Inltial.Machane*a'To:minaIIVGItage
ﬂachino's &niﬁhl speed
Bus voitage ‘ .
ngquoncylaf Bus
Frictional Torque |
RetardétiQn Factor for voltage
Rotardatian factor for froquency
Incremcntal Time for aﬁ iteration

action
Tolerance
¢lrcuit.breakox,closure'tima
Circuit breaker opening time
a is denoted b§

Max.value of current beyond which
GB will trip off

Results will be printed after evorv

“MP th Ltersgtion

™ = 1,0 sec

VER = 0.08

WER = 0,008

EPV = 0,002
EPW = 0,0002
VIi = 0,6 pu
Wi = 0.8 pu
Ve = 10pu

FBUS == w- L
CTRW & 02

ACCW = 1,0

BT = 0.00
Maximum simulation time for gync. o

TIMY = * 3.0 sec
TIRN = 5,0

"'71C = 0,1 sec

TCO0. = 0,1 gec

m 201-
EIMX = 2.0

$. Variables used in Programme attached

X(1) *°  Angular speed
X(2) °  Slip speed |



[

%(3)  Pleld flux lihkage )
X(4) . PFlux linkage of the d axis damper ckt.
X(3) . Flux linkage of the q atls dampex ekt
X(6) Field terminal volate (referred to stator)
x(7) ~ Stabilizer output in the excitation chamber
x(8) ~ Gate Position '

X(9) Governor dath pot outmt

X( 10) Mechanical torque

F(1) to F(10) are time derivative of X(1) to X{10) respectively.

3. ‘e programme is attached separately. : "
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' In the theslis, the system's protection aspects and
the excitation system's and governor's characteristic have
not been considered. . o ) L

In mathe matical analysis by cdnputetg the
excitation system and governor characteristic has been
taken into account. As a first step, the problem formu-
lation was done and a edmputer‘prog;amme wé#vwritten‘tc
develop more generalize system. 1t shbuid ba_pqss;blq(;
to develop the generalize svstam.on microproceséors.

The auto symchronizer presented in the thesis has
no provision for the protection of the system, in the event
of any mal function. It ghould be Possible to develop the
. gcﬂoxalized system wherein microprocessor would protect

the systqm also,



|

3

4.

3.

6.

7.

8.
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Adjust VG

Is
It minimum

?
) Yes
Is™ ~ .

VB-5/4¢VG & VRIS 2=
?
Yes

M J

Read Fpg

Y
calculate Fg+5/ &Fg-57

t
Adjust FG Read Fg

]
Is
\Fg-sx.g&?; <F-57

\ﬂs

calculate phase differentce

Y

calculate time of O phase

Y
Close C.B. at zero phasl.
e time.

FIG.231 BASIC FLOW CHART.
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Initialize input port
&
Assume Pj =O
-
Read Vg levsl
- No
Read Vg level
No
Initiate counter
\ ol
[ Read Vg level
[Increment counter L
L No Tk
?
Yes
‘ Pi+| = counter value
Pi  =Piel | - ad
A
No

F16.2.3.4 FLOW CHART FOR PHASE MEASUREMENT.
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000QO0
00000
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Input Input Output
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8080 l \
CPU Program [Data memory
memory (RAM)
(PROM)
FIG.3.1 SYSTEM BLOCK DIAGRAM.
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Scratch pad
register A

Source data

FIG.33

Sign |
E/F |

8 bit

8bit

OCO~NOOA LW~

Temp.
Arithmatic register B |
logic
unit
Carry Zeero Parh)1
F/F lF/ F
l l |
FLAGS
- 118 Interrupt
- 117 Ready
- 116
s {15 o2
= 414  Sync.
= 113 Sq
- 112 Si
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- 110 Vee

FIG.3.4 8080 CPU
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| FIG.3.6
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PC3 —=INTRp
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_____ PCz =-0QBFA
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RD
PCo—PCzI/o
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Converter
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FIG.4.1.12




"INIHOVN SNONOHHONAS 40 NOILYIN3ISIHLIY JILVWIHOS 1'2s'9]d

SiXD-b




" "INIHOVIN SNONOYHONAS 3710d LN3ITVYS 40 T3d0NW SIXveesold

-— ll'Al—l
. — 17
-1 ps [+ hd
P
yl
SIXD-p = Ph-~—S
]
>— — VVAA— o
bs | of J ] bh
A

sSIXD-b



'W3LSAS NOILVLIDX3 40 NOILVIN3SY3d3Y H3LNdN0D '€S9)4

J)d+ A
dyd

pw y

H.— IN.\. Uhu szm|>\ll X

dijd+




‘ANIHOS HONYIAO9 4O NOILYLINISHI43H H31NdWOD I'+s'9)4

jod ysoQg i
n:._.+|_q M
d ._._.wl._

uoiyisod 9ib9 >

0]
Wy dm) GO+ | W +
— — —_-— - _—— — ee——— -
anbuoy }ibys dmj | Z zZ




[ Read data

Setinitial conditions

la

q
At circuit breaker open
line reactance —

L Solve machine dy]wamics

age (Vy)-bus voltage
vg) X specified % of
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Viaf® f vg-
refawrebia o VBVT

e

< Wg-Wpyg)specified % of > Yes
- W

!
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=
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V - Voltage

W = Angular speed
Sufeex Ref— Reference

Y

[ S
No

§
Solve machine dynamic

[

et the counter zero
i.,e. KVR =0

[

Tco —C.B.opening time
Te ~-C.B.closing time
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2
e
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