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ABSTRACT

Here the equipment *FAULT TREE SIMULATOR'
is developed. The priliminary informmtions like

1, Various Path Sets
2. Minimal Path Sets
3. Various Cut Sets
4., Minimal Cut Sets

which are neccessary in the Fault Tree Analyeis of system can

be obtained from the equipment.



LIST OF CONPONENTS USED

PARTICULARS

1, 7493 FOUR BIT BINARY COUNTER

2. 7483 FOUR BIT FULL ADDER

3. 7408 JUAD TWO INPUT AND GATE

4. 7404 HEX IRVERTER

5. 7400 QUAD TWO INPUT NARD GATB

6. 7430 SINGLE EIGHT INPUT NAND GATE
7. L.E.D, IRDICATING BULBS

8. BANANA SOCKETS
9. SINGLE SIDED CU~CLADED PLATE 3' x 2!

10.

8'x 2!
DOUBLE SIDZD CU~CLADED PLATE 3*' x 2!

1l.  PUSH BUTTUN SWITCHES OK -

OR « OF SWITCH

12. 80=-10% TRANUBISTORS
13. FPLEXIBLE AND HOOE-UP WIRE
14. RESISTANCES 440

330
1K
6.8 K

15. CAPACITORS. 100 MBD

16,

1.C, BASES 14 PIN TYPB
16 PIN TYPB

17. METAL CASE FOR EQUIPMENT

oes

LE N J

s 80

ey

L X R J

L R A

ve

[ X F 3

se e

L2 X2

L2 B ]

LA X 2

L X B J

LA B

S
(5]

1
11

T S R Y R R G F R v L

40 Meters
13
3

11



ER =
INTRODUCTION

There has been a mushroom groth of electronic
industries manufacturing lot of entertainment and power
electronic equipment. However, reliability of these
equipment manufactured currently in India is doubtfull.
primarily on account of dieregard of these industries in
proper1§ carrying out of reliability analysis of tnq!ﬂesign.
These industries can not afford to have an exclusive group

for such analysis.

It is therefore the main purpose of the proposed
'*FAULT TREE SIMULATOR' to provide these industries with
an anologue equipment which will help them in physically
carrying out the studies mainly in identifyiﬁg the various
causes of components fallure of the equipment through
functional simulation of these components failures on fault
tree simulation, TMault tree aimulator is bag}cally an
anologue equipment which will provde an ina;@e to the designer
or the critically of the components ueed in an equipment with

regard to the equipment performance.

The idea of fault tree simulation has not yet been
exploited any where and is likely to revolunise thinking in



equipment failure analysis methodology, basides its
‘'potentiality for bringing out patent.

The preliminary imformations like Path-sets, cut-sets
Minimal Path-gsets and Minimal cut-sets can be obtained from

the equipment.

The given system is first represented by its functional
interconnection. Each element of the network element is
represented by a 2~input AND gate. One terminal of each AND
gate 18 used to form the given system configuration,. vhile the
other terminale are supplied from the out put dbinary geneora-

tion.

The input state vector to the AND gated system ‘
network for whioch the cut put indication is odbtained represents
the various Path sets. And those input state rector which
do not give the out put indication represents the various

cut-sets,

To obtain Minimal Pathe-sets, first the path sets of
various oiges are obtained by compairing the state vector
at the input of AND gated network and state vector at the
out put of AND gated network in a binary full adder. The
out put of full adder and state of out put node condition
are then feed to a final AND gate, which gives the out put
indication, for paths of various sizes. Out of these paths

of various sizes all paths of size up to and including



(n=1) represents minimal paths sets, Here n are number of
nodes present in the network.

Minimal cut sets are nothing but the minimal path sets
of DUAL system network.

In the chapter for circuit modification, design of
switch operating a monostable multivibrator is given. The
out put of this multivibrator is used to drive the input of

binary generatar,



CHAPTER

PAULT TREE ABALYSIS

2.1 WHA? 18 TAULT TRFE

Fault troe analysis 1o 2 tochnigue used for reldability
analysis and is generally applicable to complex systems. The
predictione fron this type of analysis are important conside-
rations in the dosign of many systems such as space wohicles,
air crafts, ships and their eleotronic gystems, missiles and

nuclear reaetor oystons,

Fault trece analysoioc is considered to be the most simple
and most sophisticated analytical technique for rolisbility

analysis.

2.2 ADVAITAGES OF FAULT ZTREE ANALYSIS:

Tochngie of 'Fault Troo Ammlysis' 1o of major wvalve
in the folloving rospect.

1. Analyst can concentrate on one particular oystem at
a tize,

2e Amlyoip can be performod with difforent dogrees of
dotail.

Je Analyot can knov the intormal behaviour of the gyston.



4, Pointe out the aspects of system which are important
with respect to the failure of interest.

5e Provides the option for qualitative or guantitative
system reliability analysis.

6. Makes easy tranalatibn of graphical symbols for
methamatical simplification,

Te Allows an easy modification of the number and the
characteristics of input random quantities and allowing
different out put quantities to be related.

8. Provides a graphical aid giving visibility to those
in system nmanagement and planning about the final
results of the examinations in a syntific way.

9. External infiluences are just another input ¢to0 the fault
tree.(environmental and operational ete.). |

10, Analysis can easily be computerised.

2.3 DISADVANTAGES OF FAULT TREE ANALYSIS:

Fault tree analysis has certain disadvantages as
listed .belows

l. High cost of development
2e Limitatione of skilled persons in this technigues.
3e Non-availability of efficient mathematical techniques

for analysis.

2.4 DEFIRATIONS OF CERTAIN TERM USED IK FAULT TREE ARALYSIS

1. COMPONERT: 4 ‘

A component is a functional unit, These functional



units are arraonged and interconneeted so as to form o

system.
2. SISTEHs

Intercoupling 6f gseveral components leads to a system.
The pystem ip designed to fulfil its function throughout a
specified period of time.

3. RELIABILITY:

The characteristic of an item expressed by the probdba=-
bility with which 4t will perform a required fuanction under
stated condition for a stated period of time., Tho ternm
reliability is widely used in connection with non-maintained
system. (where repair ie not possible), such as air craft

systems, equipments used in military and medical side etc.

4. T0P _EVERT:

It ie an undepired event for the gystem and is

obtalned by the combinations of primary failures,

5._PRIGARY FAILURE:

It is a failure for a oystem component

6. FAILURE iSODES:

Pailure mode is tho type of failure in vhich a



component or system fails to fulfil its funetion within a
a specified period of time.

7. COMMON MODE PAILUREs

Certain single failure that can result in eeveral
component failure simultaneously i8 called common mode

failure.

8. FAULT EVERT

It is a failure esituation resulting from the logical
interaction of primary failure.

9. BRANCH:

Development of any fault event results in a branch of
a fault tree.

10. BASE RVERT:

Event being developed is called the base event of
the branch,

1l. IRANSPFER EVENT:

Transfer of any base event from one part of the tree

to the other is a transfer event.



12, REPEAT EVENT:$

Tranofor of ono primary event to the other branch of the

troe is a repcat event,

13. PATH SET (OR TIE SET)

Set of elements vhose functlioning vill ensure sysotcn

guceesg.

14, HININAL PATH SET:

It ig a path set conelsting of miaimum numdber olements
vhose operation is necessary for the system success. Hinimal
path set is nothing but the forward path from input node to

output node,

15. COT_SET

Set of elements whose failure will ensure system

to fail.

16. MIJILIAL CUT SIT;

It i a cut~set consiating of minimum number of

elements vhose faillure ensures the system failure,

Cut pets are nothing but the path sets of the 'DUAL?
system of original system. Similarly minimal cut sets arc
the mininal path sets of this DUAL systom.



2.5 GRAPHICAL 8 QLS USED IN FAULTREE ANALYSI

Fault tree construction 18 a logical development of
top event, A fault tree consist of events, branches and gates
which define some undesired event thé gates acts ap mathena-
tical operators which determine the probabilities of events
preceding them, There are several operator theories for
obtaining probabilities, three of the them which are
commonly used in fault tree analysis being (a) Probabilistic
set theory (b) Logic theory and (c¢) Boolean Algebra.

0f the three theories for fault tree analysis set
theory 1is generally considered the best known and easiest
to understand. Set operators can bde calegorized as ‘'Union'
operators, 'Intersection' operators or combination of these
two. Fault tree gates bapically fall into these three

calegories.

1. 'Union' operator
(a) OR gates
(v} Bxclusive OR gates

2e 'Intersection' Operator
(a) AND gates
(v) friority AND gates
(¢) Inhibit AND gates®
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o Combinations

The graphical symbols used in a fault tree basically fall

in to two categories,

(a) I:Ogic symbol [ fig‘.‘-!-.-upage \D ]

(b) Event symbol [ fig....Jd.....page\0 ]
The most commonly used Logic symbols
are described below: .

THE AND GATE [fig..\B... page.lQ.....]
The set notation for event A is

In other words event A will occure if both events B1 and Bz
occure, The probability of A when Bl and Bz are independent
is

P(4) = P(B;). P(B,)
In general formula for the AND gate containing K independent

events 1is

P(1) = P(By) P(B,) P(By) eevecacessP(By)

THE_OR_GATE [fig.dB... Page.)P...]

The set notation for event A 1o
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A.Blu BZ

Event A will occure if either event Bl or event Bz

occurs. The probability of A when B1 and 32 are independent

is

P(A) = 1~(1~P(B;)). (1~P(B,))

In general formula for OR gate containing k independent
events is

P(A) = 1=-(1-P(B,)). _(1-9(32)). (1-1@(33)).......(,1.-.1’(3,‘))

THR PRIORITY AND GATE [fig..\G.page.\Q...]

Priority ARD gate 18 used when she occurance of events
is important. As shown event A occurs only if event Bl cccurs
first 32 occurs next. Both events 31 and 32 can occurs in two

different waya (31 first B, next or vice~versa), but the

2
event A will occur only when B, occurs first and 32 next.

If both By and B, have uniform probability distribution over
the interval in question, the probability of & can be given

by

P{(A) = % P(Bl'). P(Bz)



General formula is
P(A) = =4~ P(B,) P (B,). ¢ (By) «<P(B,)

where k 4s the number of ways the Bs can occurs, following

permulation selection without replacement,

{fig.. ‘g o-pBSQA\OOo-oJ

Evente immediately following the exclusive or gate
are mutually exclusive, that 1s the occurance of Bl implies
that B, can not ocecur {(i.e. P(Bl Bz) = Q) or vice-versa.

'The gencral formula for exclusive OR gate containing k

evente (mutvally sxclusive and independent)
P(A) = B(By) + P(B,) + P(By) ¢.e....+P(B)

THE_INHIBIT AND GATR {fig.M:E....page.\2....]

It reguirea the oocﬁrence of some out 8ide event

13

for flow thrugh. In order that B flow through the gate event

C must occur. The set notation for the gate is

A= B 1 B,

and P(A) = P(Bl). P(Bz)
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The most commonly used *'Event Symbols' are described

below

R EQT&!GLE lfig.\ Fo + PaAge c\oo ae ]

This represents a fault event resulting from the
combination of more basic faults acting through the lagical

gates.

CIRQ_I}_E Ifig-l.&....pageu\q ocu]

This denotes primary events or failure inputs that are

independent of all other events.

TRIANGLE: [fig.iH..page.)V...]

It is not etrictly an event symbol but a transfer
from one part of the fault tree to another. A line from
the gide of the triangle denotes an event transfer out from
the associated logilc gate. A line from the Ypex of the
triangle makes an event transfer in to the associated logic
gate from the transfer out triangle with the same identifi-

cations number,

2.6 DEVELOPMENT OP FAULT TREE:

The following four steps generally c¢an be present



in o foult treo analysis.

1. 7o defino syotom

2, Fault tree developmont
3. Qualitative analysis
4. Quantitative analyeio

1. To Dofino Systom:

System defiration is often the most difficult task
associatod vith fault tree analysis. Of primary inportance
is a Punctional lay out diagram of the system showing all

functional inter connections and identifying each systom

component.

The next otep in the syctem description is to establily
the system boundary counditions, System boundary condition
i defired ao the cituation for vhich the fault troe is to
be dravn, A nost important system boundary condition is
the top event. 8yotem boundary conditions also inelude any
fault event declared to exist or to be not-allowed for the
duration of tho fault tree construction. These ovents are
called exioting system boundary conditions and 'not allowed
syoton boundary condition. An existing system boundary
conditior ie trecated as certain to occure and not allowvod
oyotem boundary conditions is troatod ao an event with

no poanibility of occuring. Noithor emisting non not-allowed



18

oyoton boundary conditions appoar as event in tho final

fault troo.

2. PAULT TREE CORNSTRUCTION

Hore wo will illustrate by an example that hov a

fault treo can be oconstructed.

1ot us considor the example of D.C. motor set up

shown in [8ig.2M...page\)..]
Top ovents lotor overheats

The other boundary conditions are switch is eclosed and
failure due to external system is not alloved event. Tho
motor overheots if an electrical over load is supplied to the
motor or a primary failure vithin the motor causes theo
overheating ¢.5. if tho bearing lose their lubrication or

a viring failure occure withing the nmotor.

Faulg tree is constructed ae shown in [fig.e.c..paZeed
Excessive curront to motor occurs if excessive current is
prosoent in the circuit and fuse falls to open. It also

occuro if the wire fails shorted or the pover supply surfes.

3« AUALITATIVE AHALYSIS:

For tho fault tree shown in [£1z28.page.l..] 1t &
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possible to find the Ainimal cut«sets by inspection but
an exhaustive method is required to be found out for
larger tree configuration. ZThe primary events are numbered

from 1 to 4 which leads to top event. The minimal cut sets
are (by inapsction)

(1) (2,3), (2,4)

The top event is given by the boolean equation,
Top =1L U 2713 U2N4

and the top event probability i1s given by

P(TOP) =P (1 U2n3U214)

= 1=(1~-P{1)}. (1-P(2)). P(3).(1~-P(2}). P(ft)

‘*Vesely and Narwvm' has suggested a computerized approach
for determining the minimal cut-sets., The boolean equation
implied by the fault tree is constructed by the computer.

The primary events are thin turned-on one at a time and

the equation is checked each time to determine wheather it

1s true. Next all possible combination of two primary events
are turned on and again the equation is checked wheather it
is true. Each time the eguation is true, the collection

of primary events that were turned on show cut set. After

thess cut sets are determined, all cut sets that are sub sets
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of other cut sots are disecardod to obtain minimal eut ocets,

Vegely and FNarum have suggested a fole carlo approach
wvhero by appropriato weighing of primary events 18 used to
aceelerate the process of determining minimal cut ssts.
Howewvar, doubt'that all minimal cut sets have boen found is

aluayo prosont vhen Monte Carlo approach is used.

In practice both of these methods requires excessive
computer tize to obtuin cut sets containing more than three

primary events.

4, JUANTITATIVE ANALYSIS:

Thepo aro three methods for solutions to fault trees

{a) Direct simulation Apporoach
(v) lonto Carlo Hethods
(¢) Dircot analytical solutions

Tho direet simulation appooach uses boolean logic
hard varc similar to those used in digital computor. Cbviously
thio method is costly for implimentation.

tionte Czrlo motheds are perhaps the most gimple in
principlo but ih practice it 1s wvery complex. The Honto Carle
methods 18 not practical wvithout the use of digital computer
In thie mothod probability data are provided ac input and simuln-
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tion programme represents the fault tree on a computer to

provide quantitative results,

Out ofthe various analytical techniques suggested,
the technique of 'Kinetic tree thmory' can be used for
solving complex fault tree contalning primary failures which
are a complex function of time and repair possibvilities. The
soluticn of fault tree is obtained through the application of
probability thecry and differential caloulus. The use of
AND , OR mand INEIBIY gate ig allowed, Since the information is
obtained as a functicn of time hence with regard to reliability.
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OMPORE ESCRIPTIO

3.1 4=BIT_BINARY COUNTER (TTL/MSI 9393/5493/7493): .

DESCRIPTION:

The TTL/MSI 9393/5493/7493 18 a 4~bit binary counter
consisting of four master slave flip flops which are internally
interconnected to provide a divide by two counter and a
divide by eight counter. A gated direct reset iine is provided
which inhibts the count 1npu£a and simulteneously returns
the four flip flop outputs to a LOW level, As the out put
from f£1ip flop A i8 not internally connected to the succeeding
flip flope the counter may be operateﬂAin twvo independent
models:

(A) When used as a 4-bit ripple through counter, out put
Q, must be externally connected to 1nput.cpn. The
input count pulses are applied to cPA' Simulteneously
division of 2,4,8 and'16 are performed at Qq» Qpe Qe

and QD out puts as shown in truth table.

(B) When used as a 3-bit ripple through counter, the input
count pulses are applied to input cPB‘ S8imultenecusly
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frequency division of 2,4 and 8 are available at Qpr Q¢ and
Qp output. Independent use of flip flop A is availabdble if
the reset function conside with the repset of the 3 bit ripple

through counter.

PIN NAMES: ILoading
Ro Reset Zero input 1l U.5L.
Cpa Clock (Active low going edge) input 2 U.lL.

Cop Clock (Active low going edge) input 2 U.L.

Qpe Qpe Qc and Qy out puts ' 10 V. L,
1 U.L. = 40 pa HIGH/1.6 mA LOW

CONNECTION DIGRAM AND LOGIC DIGRAMS:

These digrams are shown in tig.?.?’%%@ 2Z

TABLE
Count Outputs
Qp QQ ?g QL‘

o L L L L
1 L L L H
3 L L H L
3 L L H H
4 L H L L

table contnue
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table contd....

0 O N 0 W

Count 3 G LD 3
D o B_ A
L H L H
L B H L
5 H H H
H L ) # L
H L L H
10 B L H L
H L R H
12 H H L L
15 H H L :}
14 H H R L
15 H H H B
Notes
1. Out put QA connected to input GPB'
2. To reset all out puts to LOW lewvel bdboth Ro(l) and no(z)
input must be at HIGH Level.
3 Either (oxr both) resent inputs Ro(l) and Ro(2) must be

at low level to count.

3.2 QUAD TWO_INPUT AND GATE (TTLZSSI 9408/5408,7408):

DESCRIPTION
The 7408 1.C. consist of four kndependent 2-input
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AND gates as shown in fig. L Page 25

1,2 Input to AND gate A
3 Output of AND gate A
4,5 Input to ARD gate B
6 Output of AND gate B
17 Ground terminal
9,10 Input to AND gate C
8 Output to AND gate C
12,13 Input to AND gate D
11 OUT put of AND gate D
14 Vec supply terminal = 5,0V

If P and Q4 are (say) input to a AND gate then the out put
(y) of ARD gate is given by the logic

Y =PQ

3.3 HEX INVERTER [7TL/SSI 9K04/5404/7404]

DESCRIPTION

The 7404 I.C. consist of six independent inverters

as given shown in fig. ‘%_P,c.\ge x>y

26



21

1. Input to inverter A

2. Output of inverter A
e Input inverter B

4. Output 0f inverter B
Se Input to inverter C

6. Qutput of inverter €
7. Ground terminal

8. Output of inverter D
9. Input to inverter D

10. Output of inverter B

11. Input to inverter B

12. OQutput of inverter F

13. Input to inverter F

14. Vee supply terminel = 5,0V

If P is the input to a inverter, the out put (Y) of inverter
is given by logic

Y=F

3.4 QUAD TWO_ INPUT NAND GATE [TTL/SSI 9N00/5400,7400]

DESCRIPTIONS

The 7400 I.C. consist of four independent two input
NAND gates as shown in £ig.©.199e=28
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1,2 Input to NAND gate A
3 Output of NAND gate A
4,5 Input to NAND gate B
6 OUT put of NAND gate B
.7 Ground terminal
9,10 Input to NAND gate C
8 Output of NAND gate C
12,13 Input to NAND gate D
11 OCutput of FAND gate D
14 Vee supply terminal = 5.0V

If P and 4 are the inputs to a NAND gate then the out
put (Y) of the NAND gate is given by the logic

Y= B

3«5 SINGLE EIGHT INPUT NAND GATE[TTL/SSI 9N30/5330,7430]
DBSCRIPTION; 9.7 Page 2§

The 7430 1.C. consist of only one 8~input NAND gate
as shown in fig, 1,2,3,4,5,6,11,12 4nput to NAND gate
8 out put of NAND gate
7 Ground terminal
14 Vce supply terminal = 5,0V
9,10,13 N.C. terminals,
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Ir P,Q,R{S,T,U,V,V forms input to NAND gate then the cut put
(Y) of NAND gate 18 given by logic

Y = PJRSTUVW

3.6 FOUR BIT BINARY FULL ADDER:[TTL/MSI 9383/5483,7463]

DESCRIPTION:

The TTL/MSI 9383/5483,7483 is a FULL ADDER which
performs the addition of two 4 bit binary numbers. The
sum ( ) outputs are provided for each bit andthe resultant
carry (C,) is obtained from 4th bit. Designed for medium
to high speed, multiple bit, parallel add/seriasl-carry
applications, the circuit utilized high speed high fan out TTL
The implimentation of a single inversion, high speed, darlington-
connected seriale-carry circuit within each bit minimizes the

neceesfty for extensive *'look ahed and carry cascading circuits,

IN MES
Loading
Ay B}.' A3, 33 Data Inputs 4 U.L,
Az. Bz. A4, 34 Data Inputs 1 U.Le.
CIN Carry Inpute 4 U,L.
1 2° 3, 4 Sum Out pute 10 U. L.
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CONNECTION DIGRAM

Connection digram is shown in fig. 3, Page
IRUTH TABLE

t Qutputs

—inputs .
A /s, Bise, Aa/x, Baym WHEN WHEN C, =1
A5 3 4 4§ Cyp=0 / gﬁﬁg mwﬁmﬂn C =l
i .

1/ 4 2/4 cz,,c‘ 1/3 2/4

o
N
- T T - - T - R - I - I R A A A T - A - R )
a~
oo

<> S < T <~ R < - N T - I L T - T - B - A - - B
- T I TN - T - B -~ S — N T - R - B - B T~ B I A
<< - - S < - - A L 2 Y ~ RO ~ B - - B -~ B - S - - S — B ~ T - B
- T - B - - - R - R I A - N o T B - T B t‘.
-~ S - Y — T B -- B - - B B - B I AT - T - B
I R T - - T - T - O - T - N - N - tﬂ. b t*_ b
R - A R - N - T - B -~ S - R -0 B - R - B - 2 B
o 4&3 I:n < T - S -~ S - - B - B - B -~ B ~ - S — I S B
- - T - - B T S I S - - I S (-~ S -~ B - T - -

Note: Input cogpditions at Al.Az,Bl.B2 and CIH are uged to determine
outputs 1 and > andthe value of internal carry 02. The valves
at C,, A3, B,. A4 and B4 are then used to determine outputs



33

CE TE
HE _EQUIPHENT AND ITS DESI

4.1 DESIGIH PHILOSOPHY: (RELIABILITY EVALUATION THROUGH PATH SEBS
- AND CUT SETS).
Deoign approach is well oxplained by tho following
illustrative ozamples.
Conpidor the system given in [21g9PA.pago.2H8.] and tho
Table shown in [£ig....page2h..] Let stato [1] represents
that a path is conducting and state [0] represents that a path

15 non-conducting.

Bach olement in the netvork has tvo statos (a) conducting
(b) non-conducting. Thore are four such elemento in tho
syotem undor conpideration. Thorefore, the maximum possible
‘ptotes in vhioh the oystom can exists aro 2% i.0. 16. Thoso
16 otatos aro choun in [tablo.)..page. 3l. colunne..2e... )

Thooe otateo can be generatod by binary gomorator.
Furthor 2 sigml can flov £rom node 'X' to nodo 'Y* vhon

(a) Thoro io a path between X and Y and
(b) Signal is preoent at node X

In othor words it can bo said that signal flovwo from
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node X to node Y only when conditions (a) AND (b) both
existe. This is equivalent of having a 2-input AKRD gate

between X and Y.

Therefore we represent each element of the given
systen by a 2-input ARD gate which transmits the signal in a
direction in which the original element transmitts one terminal
of each AND gate is used to form the given system network
configuration and other terminal of each AND gate is supplied
from the out put of binary generation.

If the *Signal Inputs' (Excluding the binary input to
AND gated network) +0 a AND gate (which is representing a

particular element in thenetwork) are more than one, then
these inputs are applied to the AND gate through an OR

gate e.g. in the system of [figfl&.page;gfi.] a OR gate is
needed at node 3. The input to this OR gate is from the

out put of, AND gate =A, AND gate~C, and AND gate D to obtain
the out put indication. Similarly for the aystem of [£ig.\CA
pagcf??...}, OR gates are necessary at node 2,3 and 4 as

showng

Now the state vectors for which the given aystem gives
throughvénd through passage to the input signal are noted
[i.e. state vectors corresponding to *1* ouf put in column-3
of table..\..page}]| These state vectors are the various °'PATH
SBET8* of the system and their sum gives the reliability of the

g&lven system.
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Iet Pye Pp» P, and pD represents the reliabilities
of the network elements A,B,C and D, Then reliability of

whole network can be written as

R = p,eQgedg + PyePyedgedp + Py+dp-Poedp + U4+Pp-Pg+p

+ pA.pB.pcqu + pA‘qB-qc-pD + qA.pB-qc.pD + pA.pB.qc.pD

+ pA.qB.pc.pn + chpB.pc.pD +* pA-pB.pc‘pD

equation..(1)

The stﬁte vectors vhich do not give passage to the
input signal {i.e. the state gwectors corresponding to *0O¢
of the column=3 table....pag€......) are known as CUT-SETS
and their sum gives the expression the un-reliability (Q)

Q= [.QA’QB'QQ’QD + QA'pBOQOOQD + QAOQB-pcaQD

+ Q eQpelnePpy + Q,*9p*PpePp ] (2)
) [ N X X N ) 2

The reliability of the given sytem is then found by the
relation

R = [1-Q] ceens  (3)
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1. (@) markod pulce numboro aro tho dcosired puloe nunbor

to vhich tho egquipront should rospond.

ABER -\
.onn Colunp=2 Golunne3 Column~4 Column Colunn |
L Oinory ototo at  Stato  g.q ﬁﬁg 2323& gutpu% ¢
S g e Aot gl s
Z Sy b’ by ¥ oeie
6 0 o0 © o ¢ 0 0 O O O
0o 0 0 1 3 PATHO © O 1 2 A
o 0 1 0 o c 0 0 1 0 O
o 0o 1 1 1  PATHO 0 1 1 1 &
0o 1 o0 0 0 cur 0 0 ©0 0 ©
¢ 2 0 1 1 PATEL O ©0 1 0
o 1 1 0 1 PATHO 1 1 0 1 BC
0 1 1 1 1 PATHO 1 1 1 1 ABC
1 0 0 0 0 CUP 0 0 ©0 0 O
1 0 o0 1 1 PATRO O O 1 ©
’ 1 0 1 O 1 PATH1 © 1 0 1 BD
‘ i 0 1 1 1 PATHY O 1 1 1 ABD
1 1 0 o0 0 ClF O 0 ©0 0 O
1 12 o0 3 1. PAYTHO O 0 1 O
’ 1 1 1 0 1 PATHL 1 1 0 1 BCD
’ i1 1 1 1 PATH1 i 1 1 1 ABCD
Hoto

2.(% ) carkod pulce numbor aro tho pulpes vhich cives tho

undesizrod out put oigml,
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Thue in general the warious path-sets and cut-sets

of the ény given system can be found by the following procedure,

'Represent each element of the éiven system network by
a 2-input AND gate., One terminal of each AND gate is used
to form the given network oontiguratioh. The other terminal
of each AND gate is supplied from the out put of binary
generator. Use OR gate of signal input to the AND gate is
more than one. Alsc use OR gate at out put node if out put
is obtained from more than one sourcs. Each input state vec~
tor which gives the out put indication represents a path set.
Each inpu$ satate vector which does not give ocut put indication
represents cut-sets. The reliability of the nedwork between
input and output node 18 then evaluated as explained by the

above example!

Thie is the simplest way of svaluating reliability through
path-gets and cut-sets. When the network grows complex and
complex, the expression for reliability contains a large numbers
of terms. This in turn needs large memory and increased
mathematical operations if the egquipment is to be made automatic

and relliability of given eystem is desired in digital form.

4.2 DESIGN PHILOSOPHY;

RELIABILITY EVALUATION THROUGH MINIMAL PATH SETS AND MINIMAL

CUT SETS (DESIGN APPROACH)

The reldability expression can also be determined if
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one can find out the paths of warious sizes existing in the

system network under consideration,

Congider the systenm of [tig.?l&pasb.?fl. « This
systen is a case of non-series parallel network. Since the
network is of practical sige, therefore pathe of various sizes

can be found out by inspection.

Paths of sige 1 3 None
Paths of size 2 s {A,C), (B.E.)
Pathe of size 3 s (A,D.B), (8,D,C,)
Paths of size 4 H (A,B,D,C), ‘A,B,D,E,),
| (a,0,C,8,), (B,D0,C,E,)
(4,C,B,%8,)
Paths of size S : {A,8,C,D,8,), (A,B,C,D,E,

Here (A,C,), (B,E), (A,D,B,), (B,D,C,) are the forward paths
are minimal pathe. The remaining (A,B,0,C,), (A,B,D,E,),
(A'D.C'E.)' (B,B’G’B’)' (ADG’B’BD)' (AOB’OIDDED) and (A’B’G,D,E')

are various ‘forward paths with lopp'
Rellability expresesion is then given by
Rﬁ [AbCO + B.E. + AODQE. + BODQG‘. had ABDG aad ADBE - ADCE
- BDGE - AGBE + 2 chE ] toooco(4)

It Pus» Ppe Por Pp and Py awe the reliabilities of elements
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iu:m Colunne2 Uolunn=3  Golunned Colunn=8 Colunne6
Stat Dinary o%oto at output

oo TS Sk ot S oot 0SB BLEE B, T

obor 1@1:0& Bo%=  aodo m____s____@tc
X §n 5B X °s " %0 3 ")
0000 O OGP ©0O0OGOO O
0000 1 O0CUK ©0O0O0OC1I O
00011 O o cur ©0 0 0 1 0 0
00021 1 O0C® 00011 0
mo110 0O O6CT O0O0O0OGO0 O

| © 0210 1 1 pat 000101 1 ac
6011 0 ©06C® O0O0O011LO0 O

¢ 0011 1 1 PatH 0001111 1 AcB™
6100 € 0C®W ©000O0CO0 O
6100 L O0CT 61001 O

| 6101 0 ©0Ct 01010 O
6101 1 o0oc® 61011 O

r 0110 06 OCWH ©0O6O0OGOG O

* 0110 1 1rm 01101 1 acp™

4 0111 © 1 PATH O 1 1 1 O 1 BCD
01121 1 1 PATE O 111 1 ABDO
1000 © OCU® ©O0O0COOOG O

' 10-00 1 ©0CT 006G O0O1 O

\ 1001 1 1 PATH 1 0 0 1 © 1 BE

* 1001 1 1P 200112 1 BBA™

» 1010 0 O0CW®R ©00O0O0O 0
1010 1 1L P9H 002201 O

: 1012 0 1 P32 1001220 0
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' 1011 1 1 P 10111 1 ABCE
1100 0 O OUT 0 0 0 0 O 0
’ 11090 1 1 PATH 1 1 0 0 1 1 ADB
* 1101 o 1 PATH 1 1 0 1 0 1 BED™
’ 1101212 1 1 PATH 1 1 0 1 1 1 ABDE
1210 0 O0CUT 0O0OOCO O |
' 1110 1 1 PAMMH 11101 1 ADCE
' 1111 0 1 PATE 1 1 1 1 0 1 BDCE
’ 1111 1 1 PATH 1 )2 1 1 1 1 ABCDE
Note;

1. (?) wmarked pulse numbers are the desired pulse number to
whi»ch the equipment should respond.
2. (X) marked pulge numbers are the pulses which gives the

undesired output signal.
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A,B,C, D and B then the equation (4) becomes |
R = [pyepg * PgePg * Py-Pp-Pg 4 p *PrPc ~ PaPp-Pp-Pe

=P,PpPpPr = Pp\PpPcPg . PpPpPcPr — PaPcPpPp

+ 2p,PyPcPpPE) ceese(5)

As a check, wheather the relability expression given by

equation (4) is correct on not, one should get R = + 1 for

pA. PsaPc'PD“Psﬂl Sess8e (6)

Substituting equation (6) in equation (4)

R=[{1+1+1+ 1=-1~1=1«1¢+ 2(1)] = +1 checked.

HOW 70 ALLOCATE POSITIVE ABD NEGATIVE SIGNS IN RELIABILITY
EXPRESSION

1. All forward paths are give positive sign, Thus
in equation (4) AC, BE, ADE and BDC are given positive
sign. The forward path of maximum size is 3.

20 Then all forward paths with loops of next higher
eize than the forward paths of maximum size are given
negative sign. Thus in equation 4 all forward paths
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with loop of maximum size 4 i.e, ABDC, ADBE, ADCB,
"BDCE, ACBE are given negative sign.

Be Then all forward paths with loops of next higher orader
(than those which are alloted negative signs) are
give positive sign. Thus in equation 4 ell paths
ABCDE and ABCDE of size 5 are given positive sign.

In summary we can ssy that all forward paths are
alloted positive sign and forward paths with loop vhich are
arranged is increasivg order of tgize' are given alternately

negative and positive sign.

As an another example consider the system of [£1g.2A..

pege.>H..]. Here the reliability expression is given by

R = A+BC+BD = ABC_ - ABD = BCD + ABCD
forwerd path forvard paths with loop

™ Py ¥ PpePg + PpPp = P\PpPg  Py-PyePp = PyePpPp
* PyPpPcPp
ir Pp=Pg=DPg = Pp~ 1 then

R= +1 checked.

Note that all forward paths A,BC, and BD are given pocsitive
sign. The forward path of maximum size is 2, Thepefore ,’



forward paths with loops of size 3 (i.e. ABC, ABD and BCD)
are given negative sign. All forward paths with loop of size
4 (1.e. ABCD) are given positive éign.

IND MI TH_ 8

As explained earlier minimal path sets are nothing dbut
the forward paths from input nodé to out put node off a newwork
congist of 'n' nodes then the forwvard patha‘will have the
maximum size of (n-l). For example consider the bridge network
there afe 4 nodes. Therefore maximum size of the forward

path will be (4-1) i.e. 3.

Thus a equipment is fabricated, the purpose ofwhich is
to filter out ‘paths of various eizes' out of these all paths
of size upto and including (n=1) will give forward paths
(where n are the number of nodes present in the system under

consideration).

To explain the design used consider the system of
(rig.gfﬁ...pago;§5...) and (Table..J...page.f?l...). For this
system the reliability expression consisting of paths of wvarious

diges is

R= A+ BC # BD - ABC - ABD -~ BCD + ABCD veee(T)

The logical approach is that the equipment should yespond
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to the terms involving in the expreossion for reliability
(equation (7) i.e. corresponding to the pulse number 1,6,7,10,
11, 14 and 15 only. Out of the 16 possible states in which the

given system can exists.

The design approach again consist in representing each
element of the network by a 2 input AND gate. One terminsl of e
each AND gate is used to form the given aystem cdnfiguration
and other terminals of the AND gates are -uﬁplied from the
output of binary generator. These binary state at the input
of AXD gated network is shown in column-2., Also the binary
8tate at the out put of AND gated network is listed in columne4,
(Corresponding to each input state vector). Corresponding
to the input state vector which provide through and through
pussage the input signal, the output node condition is represent

by '1' otherwise by '0' as shown in column 3.

Thus we are making use of following 3 things in the
daiign approach

t. Input state vectors (column - 2)
2,  Output state vectors (column - 2)
3. Output node condition {(Column -~ 3)

When we compair input state wvectors of column-2 and
out put state vector of column-4 it is found that corresponding
to the desired terms of reliability expression ( marked pulee



nunboro),

(a) Qut put nodo condition ip '1* and

(b) Input stato vootor and out put stato vsctor arc Exzactly
sinilor,

Such cxnotly olmilar state voctoro vhon oubtractod onc
£ron nnothor give a otato veotor concieting of ALL-ZEROS.
Thio oll soro vector can be invortod Vo give tho a rosultant
ptato veetor conoiséing of ALL-OIRSZ This all onc otato vobtor
can bo found in another way algo when va add complementary
binmry input stato voector and out put stato vector. Tho
dosired pulge numbor giveo tho output indicatlon whon tho
rooultant all ono stato veotor to gothor with out put nodo
condition'drivnn o final ADD goto c.g. Take tho cage of dooired
pulco nunbor 6th for vhioch followving information is obtainod

l, Input otato vector 0110
2¢ Output state wvoector 0110
e Out put node condition h

Tho complirentary input state vootor 1001

Conmplinentary input siate wveotor 0110
¢ and put gtate vogtor
Ropultant = stato veetor 1111

This all one ptate vestor togothor with tho out put nodo
conditicn (vhich is cluays '1' for dopirod pulse numbor ) !
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tenables' the final AND gate to give the ocutput indication.

For the undesired pulse numbers following information

is obtained when folumn-2 and column-4 are compaired

(a) Output node condition is either '0' or '1°
{b) Input and out put state veotors are either similar

or dis-similar.,

The similar input and output state veectors (for
undesired pulse number) on comparision gives & all-one resul-
tant state vector, But-thaa all-one state veotor together with
out put node condition which is always zero, 'DISABLES' the final
ARD gate to give the out put 1nﬁication, The dissimilar input
and out put state vector (for the undesired pulse numbers)
glves a resultant state vector cdneisting of combination of ‘0!
and *'1' such state vector together with out put node condition

again disables the final AND gate to give out put indication.

However when this design approach is used, out put
indication 4g obtained for gertain undesired puleelnumber.
For exampls for system under consideration undesired out put
signal is obtained corresponding to pulse no.3. Such undesired
output.

The reason for indication is due to forward paths on
forward paths with loop connecting the input and output nodes,

The undesired out put indication due to pulse no.3 is on account
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the forward path A. For tha'oaae.of brnidge network undesired
output indication is obtained corresponding to the pulse number 7
13, 19 and 26, For pulse no.7, the out put is due to forward

path .,

For pulse no.7, the output is due to forward path AC

' 13 ¢ * AC
' 19 : ¢ BE
' 26 ! BE

INTERFRESATION. OF RESULT:

The final information obtained from the equipment
coneist for desired and certain undesired terms. These .

undesired terms ocan be Aiscarded s explained belows

The expression for reliability (like equation 7) cons!
ot ’ ‘ I

(a) Either foreard paths or
(b) Porward pathe with loops

The undesired path sete daoé not fall in any
of thess two ontegorize. Thue in the system under considora-
tion path AB does not fall in any of the two categorige

mentioned above,
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Aftcr Qioeardiv undoolrod torms, tho ronaining tormo
a: 0 oithor foxard patho or foruard paths vigh loop. Oud
of thoso torno of ociso upto and including (n-l) will givo
forverd patho aro nininel path coto (vhere n is tho numbor of

nodos procont in tho oyotem).

Vhon tho pyotonm fod {0 tho equipnent ie 'DUAL' of
tho origipal -yoten, the path soto and ninimal path coto
(obtainod in the camner oo cxplained dhova) for the DUAL
SYSTEN arc nothing but cut soto and ninimal cut sote for

the original gyoton.

4.3 RELIABILITY RVALUARIOR USILG HMINIIAL PATH 3BETB AND CUT
828 g& ALY 2ICALIY !

The ninical patho for the oyotem of [fig.f%&..page???&.]
are A, BC and BD. 1If ony hov thooe patho can be found
exporinontally thon the reliabilify can bo found ao oxplained

bolous

[iniral patho A, DC and BD
Coobino A and BC to givo

[ A+ EC - 2BC ]

Pinally coabino thio [A¢ BC = ABRC)

/0G80Q
EITRAL LIBRA®Y U™IVERSHY OF ROGORNEE
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Hith BD to give tho roliability of thoe oyston f.o0.
Ref[A ¢+ EC «ABC] ¢ BD = ABD ~ BCD ¢ ABCD
or R = A + BC ¢ BD - ABC~ABD -« EUD ¢ ABCD

Thio iothe doosired reliability exproooion for thoe givon

ﬂyatmp

As &n anothor oxanmplo e¢onoider the gystom of [figu\.e.
page.?gg...] vhish hao AC, BE, ADB and BDPC ao minim/patho
combine AC and BE to glve

{AC+ BE -~ ABCE]

-combino thio with ADE to give

[AC *-EL‘ - AGCE + ADE - ACDS - ABDE + ABCDE ]

Finally aombiha thie vith BDC to glive tho reliadbility

oxproeoplon for the gystem

Reo AG + BE = ABCE + ADE = ACDE - ADBD: + ABCDE + BDO - ABCD

‘« BEDY 4 .3CDT T

Ra= AC ¢ BE + ADY ¢ BDC « ABDC « ABDD
~ ACDE ~ DICDE -~ ACBE + 2 ABCDE .

How we will 000 hov rolisbility can bo found uoing
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nininnl cut sed
Conoidor oyotiton of [ficc cse s PARVevesss ]

[inionl ocut oceto arc
AB, CB, ADE ond BDC
Combine AB and CE to givo
tu» CE « ABCE)
Combino this with ADE ¢o give
[AB4CE « ABCE + ADE « ABDE ~ ACDE + ABCDE]
Combine ihia vith BDC to give the f£inal oxpresaian for

unreliability (Q)

Q = AB+ CE = ABCE ¢ ADE - ABSD = ACDE < ABODE
+ BDC = ABCD = BCDE ¢+ ABCDE = ABCDE ¢+ ABCDE
+ ABCDE ~ ABCDE

0O Qo= AB 4+ CE ¢ ADE ¢ BDC « ADUS = ABDE =~ ACDE
« AGCD « BCDE + 24ABCDE

Suppooe tho uareliabilitioo of A,;B,0,D, and E aro give ao
2p0 g0 e and'qg thon

Q= qpedp + Ap+2g + Upeqpdp + pedpe9c = 94°9p9¢ 9p

= 9p°Updpelp = Up°9g+dpe9p = 95+

= Qgedgedp Ay * 2 QpeQpeQpeq A



Tho relinbility 1o thon givon of omproooion

(v)

(e)

(@)

R = [1=0]

Tho oquipront 10 fabriontod 0 oinulato a notvork

oconoioting of reximn 12 olononto.

Pulocoo (0 to S5 V ngnotude) oro applicd manuolly.
Actunlly thor? pulooo arce uped €0 uvporate dipnry gonorpe
tor. Tho input torninil of (iven nefvork oyotenm 4s
connootod to +5V D.C. viilo ontput 1o obtainod through
an O0 mto.

The oupply input $o tho cjuipaont chould bo 45V D.C.
otrietly.

The folloving infornntion 10 obtoincd fron the equipcont,

(i) Poth~soto
(11) Cut coto,
(111) iinicnd poth oots
§iv) Ilini-2l ocut ooto of tho given oyiten

The Llogk disgran chwving tho thonie ocheomo of tho
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oquipaent 4o chown in [£is.\.page %4.] Kooping tho abowo
dcoign philocophy in mind, tho oquipzant io constructed
in Glloving indopondont unit. Tho cquipnont 10 dooigned for

o notvork uoins manimum of 12 olemonto.

(1) 12-Bit Binary Gencrator
{2) Floating AIID Gatod Hotuork
(3) 12-Bin Binary Full Adder
(4) 12-Input AUD Gato |

Lg BIT & IH!EEY G’EEER&TOR! [fign \? «pago ;spz & 3

The 7493 I.C. is used for this purpooce. To obtain
12 bit gencrator throe ouch ICS are used in cagscado by
conneoting pin-ll of a chip to pin-14 of the next chip
in cascade, Input puvloen aro appiied to tho pin-l4d of tho
firot chip. 4 330 rooioctance 10 uced to ground tho
rocet tormiml, Thue divide by 2,4,8,16440....{requoncice
aro availablo at cut puto 1,2,5.4,5.......).

Sinco binary ocomplomontary out put aro not avnilable
from Bhe tho 7493 itoolf, Thorofore a inverter circuit is
usod to inv rt tho binary out puts. The 7404 (tho Hex Invorter)
1.0, Chip {0 uocd for inverting tho binary outputo. Thuo 1if
the binary cut put ds AyB,CyDese. thon the comploumentary
binary out puts fron tho imvorting okt. aro ®, B, T, Deveses
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Ju-ply voltage Vee should be otrictly 5V, Puloco
arc appliod to the bdinary gomeration through o monostable
nultivibrator oporatcd by o mannval owvitch., Puloes arc of

0 to 5V nmagnotude.

Por thio purposd 7408 1.C. Chip io upod. Each T408
chip conoist of 4 indopondent AND gatos. Total of 3 puch
chips are u92?, In this way in.:t and out put comnectionno
of these 12 AllD gatos are drought to punnol board, The
out put of each AND gate 10 provided wvith a indicating
bulbo blg ”2'*"“12' botucon out put of o AID gate and

ground.
12-BIS_RIWANY PULL ADDEI [ Pigdé page.$).)

2ue 7483 io o 4 Pit binory full addor. i.e. it por
formo tho cddition of $vvo 4 bit binery numboro. To
obtain 12 bit binary full sdder, %o perfora the addition
of twvo 12 bit binory nuambor, 3 cuch 7463'aro uncd in cascendo
by connocting pin 14 of one chip to pin 13 of next chip
in cacecado {.,0., by connecting carry input of onc chip to cm
of noxt ¢hip in socado. Pin-l) 1,0. carry input pin of firot
1.0, in croo cade 4o grounded. The carry~out put of addition

of 12 bi$ number is obtainod frum tho pin~ld of last I,C.
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in enccocado, Tho ocum ic obtained im tho follouing mannor

A120.O0..OQOQOIOOD 4 A3 Aa A]-
. :
BlzoooooochO0.0QQ a BS Bz Bl
2 z = z z
Carry 12 4 . =3 2 I
output
fron pin 14
All inputs AJ.' Azg Ajoﬁoodsaouﬂlzp Bl' B2, By;.o»-oBlz
and all out puts 5_1 =g 23 £, 8aro brough to

pannel board. This 12 bit binary full adder can be used to
porform tho addition of cay 5 bit binary number, Actually ve
ape not intcrooted in gotting sotual sum, but the rosultant

vecetor,

La-BIZ A;'YSE G!LTP; i Flg. .‘;715 » » PRS0 0§}. }

T1ip 10 the finsd AID gnte in the oquipment to wvhioch
resultcnt otate vector (from output of 12 bit binary full
adder) and the out put node condition nre fed. Thio gate
vorko only vhen all the inputo aro at otéte 'l', otherviso
not. To conotpuct a 12 bit AJD gate. folloving types of I.C,

arc uocod.

7400 Quad tvo input JAUD gato
7430 pinsle oight input UARD coto
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7408 Quad tvo inputAllD gate.

64

A ARD gato can bo formad uoing 2 HARND gate.by using tho

folloving logilc

4.5 BXPIRLIENZAL PROCEDURE

1, Represent each element of tho given system by 2-input
AMID gato one terminal of each AND gate is uved to form the
given syutem configuration vhile other terminals aro supplied

from the out put of binary genorator, Use the OR gates if the

‘signal in put to a AUD gate is more than one, Also use the
Ok goto at tho out put &€ out put is obtained,

2 If in o elemont the signal can flov in either dircetion

(c.8. tho bridge arm ofthe bridge netvork pystenm), then
roproosont such paths by twro back to back AND gate. Such

tro back to back ARD potes are supplicd frow the samo binary
out put oc.g. the tvo AND gaten reprosenting the bridgo are

oupplicd from tho samc binary out put. Xy

Se Roop the torminnls opon vhich aro not in uso.

4, In order to find the path sote and cut seto of tho
civon pyston obgorvo tho otate of out put node (shoun by the

'inaicating buld by). All input ototo veetors (shown by tho



indicating bulbs) vhich gives tho conducting stato 'l' of tho
out ut nodo ropresonto tho vorious path sota. 8Stato
.vootoro vhich gives the non=conducting otato of out put

buld oarc the vorious cut soto.

Se To find the minipal path sote. Supply one set of
torninalso A1,A2, A3.....of 12 bit binary full adder from
tho out put A, B, G, V... Of tho complimontary binary out
put. Tpo other set By» Bzg 83 seesssse0f the full addor
arc oupprlicd from the out put of corresponding AlD gatoo

uoed to form the given system configuration,

6. The sSum out puts zfl. =0 2'3..'... and statec of .out
put nodo is fod to the final 1B input AlID gate koop all
the terminalo of 12 input AID pate whieh are not in uso.
The tormirmlgo vhich arc loft open are at high state.

T Noto tho otate shown by the indicating bulbs whenover

the output inlication ia'obﬁained.

8, Diceord the undosired terms from tho final information.
a0 explained carlier, Out of tho remaining terme soleoet termeo
upto and inocluding the sigo of (n=-1) where n are the number of
nodeo in tho givon systom. Those Dolected terme will give

mininnl path octs,

e ?0 £irnd tho out oot food tho dual of givon gystom on
tho pannol bourd and opply tho procodure for find finding



ainimal path sets. The minimal path sets of the dual

network are minimal cut sgets of the original network,

66
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C P TER

GIRCUIT [NMODIFICATIONS

A dif7iculty evisos whem the input of binary genorator

is driven frou a mechanical ewiteh dircctly. Contact Bounce

in mechanicel svitch causee the generatiaon of a tuvin of pulses

at each oporation. To avoid such difficultios folloving

alternativeo can bo used.

1.

20

Je

In the simple arrangcment chovn in [@ig.V%.pago.fga]

the use of resistor R reduces the pososibility of noiso

pick-up vhen the ouvitch is open.

Altcrnatively if a change over switech is availablo thon
a pair of cross couplod gate may be used ao shoun in

[figoq‘o%o + PAZO, 3645?5 v w ]i

Other cltornative (vhieh 10 usod in the equipment boing
fobricated) consist in triggoring a one shot monootable
nultivibretor by a switch and the out put of monostablo
nultivibrator is used to drive the input of binary
gencrator. This method 1o designed and discussed in
detail in tho follovwing paragrapho.

Rofer [i’ig.%?..pago..e.s,.] vhich showo the schemo usoed

CERAL Ligpsay Ry o B e
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to drive the input of binary generator,

A monostable multivibretor has only one stable state, Let
in this stable state transistor Tz is ON and Tl is OFF., VWhen
a short the pulee ig applied the base of Tl’ through the
mechanical switch, T, is brought to ON condition with Ta OFF.
thecapacitor ¢ wpich was charged to a voltage of Vec with the
polarity shown during the stable state of the multivibdbrator,
causes a -Vcc volts at the base of Ty. Thus T, is brought to
OFF. The capacitor now discharges through R and hence the
voltage at the base of Té rises in potential and as soon as®
this potential pises above zero volts, the Tz is brought to
ON with Tl OFF. ' |

Thus when a short positive pulse ile applied'through a
evitch, the stable state (T, ON T, OFF) is changed to un-stable
state (Tz OFF, Tl CH) temporarily. The circuit regains its

stable state after a time.

T= 017 RC

DESIGN CONSIDERATIONS:

Select 3G=103 NPN Transistor. This has following

specifications,

BVcBo = 30V Ic = 0,254

BVoRR = 247 hp ™ Min/Max = 40/300
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BY o™ 5.0V at vi = 5V and Ic = 150 mA

EB

For a transistor to be in saturation following conditions

must be satisfied

Collector Current
Bmin

1. Base current

2. Base-~Emitter juaction must be forward biased.

Consider stable state (with switch open) we have T2 ON and
Tl OFF

Icmax

I

Thi® means base of Tz can carry a max. of 6pA for T2 to be ON

et 152”' 5 mA {(assumed) which the base can take
safely

v
5Y
e f5— - P -k

Assume a 330 resistance in the collector of Tz

;O
then Ic2 = *%%6*" = 15 mA



Base current corresponding to Icz = 15 mA required to bring

?2 in ON condition

IB- _1"%‘;‘02‘5“"‘ ‘004EA

Actual base current 18 5 mA.
Aleo VBZ 15 positive 5V this make base emitter junction
of ?2 forward biased.

" Therefore, both conditions for the transistor to be'in
saturation are full-filled

T.. becomes ON with Vbz e QV

2

Since switch is open voltage at the two ends of the voltage
divider (formed by Rl and R2) are zoro Vg, is zero volte

Hence Tl is cut-off with ?bl = 4+ 5V

Now consider that switch is closed and a short pulse is applied

t0 thebase of Tl‘ The transistor Tl is forward biased with

a voltage given by

V. R .
VB = V¢ = TR IR, =3~ FBOO + 1000

= & 4036 v

Thus Tl i8 now ON with Vbl = O Volts
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Thus when switch 18 open, out put voltage at B is8 + 5 V

and when switoh is closed the out put voltage at B is applied
OV. This out put from B is applied to input (pin 14) of
binary generator, Out put from A can also be used to drive
the input of binary genezxtor. In the eguipment out put

from B 18 connected to the pin 14 of dinary generator,
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