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Here the equipment 'FAULT TREE 3IMULATOR.' 

is developed. The priliminary informations like 

1. Various Path Sets 

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

which are necessary in the Fault Tree Analysis of system can 
be obtained from the equipment. 
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R RODUCTION 

There has been a mushroom Broth of electronic 
industries manufacturing lot of entertainment and power 
electronic equipment. HIowever #  reliability of these 
equipment manufactured currently in India is doubtful... 
primarily on account of disregard of these industries in 
properly carrying out of reliability analysis of the design. 
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 identifying the various 
causes of components failure of the equipment through 
functional simulation of these components failures on fault 
tree simulation. Fault tree simulator is basically an 
anologue equipment which will provde an inside to the designer 
on the critically of the components used 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 
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equipment failure analysis methodology, basides its 
potentiality for bringing out patent. 

The preliminary informations like Path-sets, cut-sets 
Minimal Path-sets 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 is used to form the given system configuration,, while the 
other terminal& are supplied from the out put binary genera-
tion, 

The input state vector to the ADD gated system 
network for which the out put indication is obtained 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 Path-sets, first the path sets of 
various sizes 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 teed 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-l) represents minimal paths cote. Here n are number of 
nodes present in the network. 

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

In the chapter for circuit modification, design of 
switch operating a monoetable multivibrator is given. The 
out put of this multivibrator is used to drive the input of 
binary generatdr. 
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FAUI ;R E AI ALYSXS 

2.1 t~H ,.,13 rF `ULT T, Rig 

Fault tree analysis is a technique used for rel4ability 
analysis and i.a generally applicable to complex syeteso. The 
predictions from this type of analysis are important conai.de-
rations in the design of many systems such as space vohicleoo, 
air craftep ships and their electronic systems, missiles and 
nuclear reactor oyatome. 

Fault tree analysis is considered to be the most simple 
and most sophisticated analytical technique for reliability 
analysis. 

2.2 AVA ~'.AG y3 OF FAULT TREE ANAL SIS 

Tochngio of 'Pauli roc Analysis' is of major valve 
in the follouin, ,; respect. 

1. Analyst can concentrate on one particular system at 
a tire. 

2. Analysis can bo performed with different dogroeo of 

detail. 
3. 	Analyst can know the int rrial behaviour of the oyetom, 



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

5. Provides the option for qualitative or quantitative 
system reliability analysis. 

6. Makes easy translation of graphical symbols for 
methamatical simplification. 

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

$. 	Provides a graphical aid giving visibility to those 
in system management and planning about the final 

results of the examinations in a syncificc way. 
9. External influences are just another input to the fault 

tree (environmental and operational etc.). 
10. Analysis can easily be computerised. 

2.3  3ISADVANTAGES OF" FAULT TREE ANALYSIS: 

Fault tree analysis has certain disadvantages as 
listed .belovs 

1. High cost of development 
2. Limitations of skilled persons in this techniques. 
3.. 	Non-availability of efficient mathematical techniques 

for analysis. 

2.4  DEFXNA SOP CERTAIN TERM USED ILYAULT TREE ARALYSIS 

1.  gi, PONE  ;  
A component is a functional unit. These functional 
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units are arran, od and interconnected so as to form a 
system. 

2. SYs 

Intorcoupling of several components leads to a system. 
The system is dcsi, ned to fulfil its function throughout a 
specified period of time. 

3. RFLIkBILITIs  

Tho characteristic of an item expressed by the probes-- 
bility iith which it will perform a required function under 
stated condition for a stated period of time, The term 
reliability is widely used in connection with non—maintained 
system. (uhero repair is not possible) such as air craft 
systems, equipments used in military and medical side etc. 

4. TOP E ENT: 

It is an undoz ired event for the system and is 
obtained by the combinations of primary failures. 

It is a failure for a system component 

6.  FAILURE M  s 

Failure mode i s the type of failure in rthich a 



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

7. P©ON M DE EATEN* 

Certain single failure that can result in several 
component failure simultaneously is called common mode 
failure. 

8. , AU ,T, E 	. 

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

9.H: 

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

10. BASE RVV  * 

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

11. TAANSPER HUT: 

Transfer of any base event from one part of the tree 
to the other is a transfer event. 



12. RKPRAT EY' ITT  t 

Transfer of one primary event to the other branch of the 
trop is a repeat event, 

13. H 8 

Set of elements tboso functioning trill ensure oyotoa. 
success. 

149  NU AL PATH Sjj 

It is a path sot consisting of minimum number olemento 
whose operation is necessary for the system tem o ccees. Minimal 
path set is nothing but the forward path from input node to 
output no4e. 

15. CUT S 

Set of elements th000 failure will ensure system 
to fail. 

16. :_  ix'  A,& gigET: 

It is a cut--set consisting of minimum number of 
elements whose failure eneuros the system failure. 

Cut sets are nothing but the path sets of the 'DUAL' 
system of original system. Similarly minimal cut sets are 
the minimal path sets of this DUAL system. 
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2.5 aRAPIIO sXBL8 U5D IjJAUTR$B AIiALYBI8  

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

Of the three theories for fault tree analysis set 
theory is generally considered the best known and easiest 
to understand. Set operators can be calegoriaed as 'Union' 
operators„ 'Intersection' operators or combination of these 
two. Fault tree gates basically fall into these three 
calegorie s. 

	

1. 	'Union' operator 
(a) OR gates 
(b) Exclusive OR gates 

	

2. 	'Intersection' Operator 
(a) AND gates 
(b) Priority AND gates 
(c) Inhibit AND gates 
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3. 	Combinations 

The graphical symbols used in a fault tree basic ally, fall 

in to two categories. 

(a) Logic symbol [ fig....1.. *.page ► 	1 
(b) Event symbol [ fig.....l..... page %O I 

The moot commonly used Logic symbols 
are described below:  

IL~3.Y. 4!D GAtE [, fig.. t +M'... 	e.) i .... * j 

The set notation for event A is 

A 	Bl fl B2 

In. other words event A will occure if both events Bi and B2 
occur., The probability of A when B1 and B2 are Independent 

is 

P(A) P(B1). P(B2) 

In general formula for the AND gate containing K tidependent 
events in 

P(A) = P(Bl) P(32) P( B3) ..........P(Bk) 

THE OR GATR 	[ fig„ 	... Page.1Q... J 

The set notation for event A is 
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A  ' B1 Li  $2 

Event A will occurs if either event Bi  or event B2  
occurs* The probability of A when Bl  and B2  are independent 

2(A) = 1.(1..P(B1) ), (l-P(B2)) 

In general formula for OR gate containing k independent 
events is 

P(A) = 1.:(l..P(a1 ))..(1-P(B2 )). (1u.P(B3 )).......(1.P(Bk )) 

o 	a m (fig. .t... page. tQ... 

Priority AND gate is used when the Occurance of events 
is important. As shown event A occurs only if event B1  occurs 

first B2  occurs next. Both events 3I  and B2  can occurs in two 
different ways (B1  first B2  next or vice-versa), but the 
event A will occur only when Bi  occurs first and B. next. 
If both B1  and B2  have uniform probability distribution over 
the interval in question, the probability of A can be given 
by 

P(A) 	+ P(B1*. P(B2) 
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General formula is 

P(A) = 	P(B1 ) P (B2 ). P (B3 ) 

where k to the number of ways  the Ba  can occurs, following 

permulation selection without replacement. 

THEPXC LL'3IV ; .R GA TA  (fig.. 1 A .. page 	... 

Events immediately following the exclusive or gate 
are mutua::.;r exclusive, that is the occurance of BI  implies 
that B2  can not occur (i.e. P(B1 	B2) = 0) or vice-versa. 
The general formula for exclusive OR gate containing k 
events (nnutually exclusive and iaxdependent) 

P(A) - P(B1) + P(B2) + P(B3) t......+P(Bk) 

ThE I I DIT AND GAT  (fig. .' v... .page..S ....,. ] 

It requires the occurence of some out aide event 
for flow thrugh. In order that B flow through the gate event 
C moat occur. The set notation for the gate is 

A ft BI f7  B2  

and 	P(a) : P(Bl). P(32) 
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The most commonly used 'Event Symbols' are described 

below 

Ec T R,. ai J f ig. t F . pa ge AR... ) 

This represents a fault event resulting from the 

combination of more basic faults acting through the l6gical 

gates. 

ciaar ..Cfig.!6...page.~►Q... j 

This denotes primary events or failure inputs that are 

independent of all other events. 

Tts ( fig. 	.. page. 3... 
It is not strictly an event symbol but a transfer 

from one part of the fault tree to another. A line from 

the side of the triangle denotes an event transfer out from 

the associated logic gate. .A line from the 9pex 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 VELOPMENTOP FAULT 	: 

The following four steps generally can be present 



in a fault true analysis. 

1. ¶o defino system 
2. Fault tree dovelopmont 
3. _ Qualitative analysis 

4. Quantitative analysis 

1.  To Doff .o 	,form  

System defination is often the most difficult task 
associated with fault tree analysis. Of primary importanco 
is a functional lay out diagram of the system showing all 

functional inter connections and identifying each system 
component. 

The next atop in the eyotea description is to establ 
the system boundary conditions, System boundary condition 
is defined as the situation for which the fault tree is to 
be drawn. A most important system boundary condition is 
the top event. System boundary conditions also includo any 
fault event declared to exist or to be not-allowed for the 
duration of the fault tree construction. These events are 
called existing system boundary conditions and 'not allowed 
system boundary condition.' Qn existing system boundary 
Condit t or_ is treatod as certain to occure and not allowed 
system boundary conditions 1s treated as an event with 
no possibility of occuring. Noithor existing non not-allowed 

15 



cyoton boundary conditions appear as event in tho final 

fault troo. 

2. FAULT TRECQN8TRCIOfl  

Here too trill illustrate by an example that hot r a 

fault tree can be constructed. 

Lot us consider tho example of D.C. motor set up 

shown in (gi.3h...page.V1...)  

?op events Motor overheats 

The other boundary conditions are snitch is closed and 
failure due to external system is not allowed event. The 

motor overheats if an electrical over load is supplied to the 

motor or a primary failure within the motor causes the 

overheating e.g. if the bearing lose their lubrication or 

a tiring failure ocouro tuit king the motor. 

Fault tree is constructed as ehovn in [ fig. , .. , .peg.. 
Hxc000ivo current to motor occurs if excessive current in 
present in the circuit and fuse fails to open. It also 
occurs if the wire fails shorted or the power supply eurfos. 

. U~I~,Ii TIt AWALTUSI 

i6 

For tho fault tree ohoun in [fib 2 Q. pa e.~ 1... J it is 
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possible to find the Minimal cut*seta by inspection but 

an exhaustive method is required to be found out for 

larger tree configuration. The primary events are numbered 

from 1 to 4 which leads to top event. The miniml cut set 

are (by inspection) 

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

The top event is given by the boolean equation. 

Top asIU 2f73Li2n4 

and the top event probability ±s given bit 

P(Top) =P(.11J2173U2174)  

= 1»(lr-P(1)). (l—P(2)). x'(3).(1—P(2)). PMMM 

'Vesely and Narvm' 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 

is 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 equation is true, the collection 

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

these cut sets are determined, all out sets that are sub sets 



19 

of other out sets are discarded to obtain minimal out nett. 

Vesely and i1arum have suggested a Mole carlo approach 
There by appropriato weighing of primary ary events is used to 
accelerate the process of determining minimal out sets. 

However, doubt that all minimal out Bets have been found is 
aluayo prosont when Monto Carlo approach is used. 

In practice both of these methods requires excessive 

computer tie to obtain cut sets containing more than three 
primary events. 

4. "„UI11TIT&TIVE Ai~ALYSI : 

Theo are three methods for solutions to fault trees 

(a) Direct simulation Apporoach 
(b) onto Carlo fle thod o 
Cc) Direct analytical solutions 

The direct simulation appnoach uses booloan logic 
hard uaro similar to those used in digital computer. Obviously 
this method is costly for implimentation. 

1onto Carlo notherin are perhaps the most simple in 
principle but in practice it is vory complex, The Tonto Carlo 
methods is not practical without the use of digital computer 

In this mothod probability data are provided as input and aimula- 
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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 theory' can be used for 
solving complex fault tree containing primary failures which 
are a complex function of time and repair possibilities. The 
solution of fault tree is obtained through the application of 
probability theory and differential calculus. the use of 
AND , OR and I. tHIBI'j gate is allowed,, Since the information is 
obtained as a function of time hence with regard to reliability. 
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3.1  fBIP BINARY COUMER,_j4'TL/l"M8I 9393/5493!7495)  s . 

17ESCR IPTIO!  s 

The TTL/MSI 9393/5493./' 493 is 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 tine is provided 
which inhibte the count inputs and simulteneously returns 
the four flip flop outputs to a LOW level. As the out put 
from flip flop A is not internally connected to the succeeding 
flip flops the counter may be operated in two independent 
models: 

(A) When used as a 4—bit ripple through counter, out put 
ql  must be externally connected to input CF B' The 
input count pulses are applied to C. Bimulteueously 
division of 2, 4,8 and 16 are performed at QAP  RB' QC  
and QB  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 C. Simulteneously 
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frequency division of 2,4 and 8 are available at Q3, QQ  and 

Q D  output, Independent use of flip flop A is available if 

the reset function oonside with the reset of the 3 bit ripple 
through counter. 

PIN NAME s 	 Loading 

Ho 	Reset Zero input 	 1 U.L. 
aFA 	Clock (Active low going edge) input 2 'T. L. 
C PR 	Clock (Active low going edge) input 2 V. L. 

QA' Q.89 QC and QD 	out puts 	 10 'U. L. 

1 U.1. = 40 pA HIGH/l.6 MA. LOW 

CONNECTION DIGRAM AND LOGIC DIGR $ s 

These dig rams are shown in fig. .?r.M- 22  

Count 
- Q D  - Q 

Outputs 
Q I Q 

0 1 
- 

1 1 1 

1 L I Ii H 

Ir I H L 

1 I 8 H 

4 L B I L 

table contnue 
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table contd.... 

Count 	4u uto 
Q„ 	4,~ 	4, 

5 L H L H 

6 L H H L 
7 L H 8 R 
8 $ L L L 
9 H L L H 
10 R I. H z 
11 R L R R 

12 H R L L 

13 H H L H 

14 R H H L 

15 H H R 'H 

1. Out put Q connected to input 0PB. 

2. To reset all out puts to IOW level both R0(1) and R0(2) 
input must be at HIGH Level. 

3. Hither (or both) resent inputs Ro(1) and Ro(2) must be 
at low level to count. 

3.2 11AD TWO INPUT ANLGAT LLS8I 4O8/474Q8h 

DRSCRIPI9I 

The 7408 I. C. consist of four kndependent 2—input 
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AND gates ae shown in fig. L4 ?49e`-5' 

1, 2 Input to AND gate A. 

3 Output of AND gate A 
4,5 Input to AND gate B 

6 Output of AND gate B 
7 Ground terminal 

9,10 Input to AND gate C 

$ Output to AND gate G 
12,13 Input to AND gate D 

11 CUT put of AND gate D 
14 Voc supply terminal = 5.07 

If P and Q are (say) input to a AND gate then the out put 

(y) of AND gate i.e given by the logic 

T VsPQ 

3.3  HEX II y RZEI.  TTL/8SI 9N04/5404/7404] 

DBQ RIFT ION 

The 7404 I.C. consist of six independent inverters 
as given shown in fig.  

28 
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1.  Input to inverter A. 

2.  Output of inverter A 
3.  Input inverter B 
4.  Output of inverter D 
5.  Input to inverter C 
6.  Output of inverter C 
7.  Ground terminal. 
8.  Output of inverter D 
9.  Input to inverter D 
10.  Output of inverter B 
1i. Input to inverter g 
3.2. Output of inverter P 
13.  Input to inverter P 

14.  Vcc supply terminal m 5.OD 

If P is the Input to a inverter, the out put (1) of inverter 
is given by logic 

Y = 15 

3.4  2M W INPUT NANi GATE t  TTL/ssX 9N00/5400,7400) 

qR 	: 

The 7400 I.C. consist of four independent two input 
NAND gates as shown in figh.?43e 2 S 
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1, 2 	Input to NAND gate A 

	

3 	Output of NAND gat* 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 0 
12,13 Input to NAND gate D 

11 Output of NAND gate D 
14 Sao Supply terminal = 5.OY 

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

3.5 	GL'.' BIQBT IN P N D- GA B[  TTL/2a$I 9N30/5430,7430] 

Dj8C1IPTIIQ ç %5  ?9 e Z 8 

The 7430 I.C. consist of only one 8input NASD gate 
as shown in fig. 1, 2, 3, 4, 5.6,11,12 input to NAND gate . 

8 out put of NAND gate 
7 Ground terminal 

14 Vco supply terminal a 5.OV 
9010.13 	N.C4.... terminals. 
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If P,Q,R,S,T,U,V,W forms input to NAND gate then the out put 
(Y) of NAND gate in given by logic 

T + PQRSTUVW 

$.6  QYR. BIT 8I ART PULL ADD,:6 TTL/MSI 9383/5483,7483] 

Qi 	: 

The TTL/M8I 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 (C4) Is obtained from 4th bit. Designed for medium 
to high speed, multiple bit, parallel add/aerial—carry 
applications, the circuit utilized high speed high fan out TTL 
The implimentation of a single inversion, high speed, darlington-
connected serial—carry circuit within each bit minimizes the 
necessity for extensive 'look ahed and carry cascading circuits. 

PI t NAtI!! 
Loading 

Al, B1, A3, B3  Data Inputs 4 U.L. 
A2, B2, A4, B4  Data Inputs 1 U. L. 
C IN  Carry Inputs 4 U.L. 

1' 2' 3, 4 Rum Out puts 10 U.L. 

C4  Carry Out bit 4 5 U. L. 



 12  
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CONNEQTIQJ DIGRA.H: 

Connection digram is shown 'in fig. S P9`3e ZA 

V3UTL TABLS 

s _Input Out ut 

A1~ 3 Bl ' 3 £ /A B2/B4 
WREN 

0 f ~HSN WHEN C 	1 	
C ~1 

1~ 2, 4 2/C4 1/ 2/ C2 fC 

L L 3 L L L L i L L 

H L L L H L L L H L 

L H L L H -L L H L 

H H L L L H L H H L 

i L H L L i L H H L 

H L a L R H L L L H 

L H H L H l z L H 

H R H L L I H i L H 

L 8 L H H H L L L H 

H H h H L IN H H L H 

H L H H I L H L H H 

L H H R I L H L H H 

H H H H L H H H H H 

Notes Input co$►ditiona at Al, A2, Bl, B2 and CIH are used to determine 
outputs 1 and 2 andth• value of internal carry C2. The valves 
at C2, A BY £4 and B4 are then used to determine outputs 
3 4 and C4 
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THIS FQUT PjBD AND ITS D 

4.1 SIG! F I Q8OPHY: (AF,LIABILITY EVALAATIOA THROUGH PATH SE' S 
AJD CUT SETS). 

Design approach is well explained by the f olio'ring 

illustrative onample o. 
Consider the system given in [ fight . pago. . ] and the 

Table ohoun in [ Pig.... Page 3... ] Lt state [ 1] represents 

that a path is conducting and state [0) represents that a path 

is non-conducting. 

Each element in the notuork has two utatoo (a) conducting. 

(b) non-conducting. Thoro are four such elements in the 

system under consideration. Therefore, the maximum possible 

states in uhiob the system can exists are 2 i.e. 16* Those 

16 ota t os are nhoun in [ tablo.) .. page...7 • columns �... • ] 

Vi000 states can be generated by binary gonorator. 

Further a signal can flo r from nods tX# to nods 'V tuhon 

(a) 'Moro is a path betieon X and T and 
(b) Signal is present at node X 

In otbor Nord© it can bo said that signal floao from 
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node I to node T only when conditions (a) AND (b) both 
exists. This is equivalent of having a 2-input AND gate 
between X and T. 

Therefore we represent each element of the given 
system by a 2-input AND gate which transmits the signal in a 
direction in which the original element tranemitte 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 (fig.M.page.1: .) 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 system of [fig.t.  

OR gates are necessary at node 2,3 and 4 as 
shownQ 

Now the state vectors for which the given system gives 
through and through passage to the input signal are noted 
i.e. state vectors corresponding to 'l' out put in column-3 

of table..,..page.t7] These state vectors are the various 'PATH 
SETS' of the system and their sum gives the reliability of the 
given system. 



let PA' Pgs pc and pD represents the reliabilities 

of the network elements A,B,C and D. Then reliability of 
whole network can be written as 

R = pA.gB.qC + PA•PB.qG*qD + PA*g$•pC.qD + gA.pB-pC•gD 

+ pA. pB. po* qD + pA. qB* qD. pD + 'LAO pB. qC. pD + 

+ pA'QB'PC'PD + qA*PD'pD`pD +  

equation.. (l ) 

The state vectors which do not give passage to the 
input signal (i.e. the state geotors corresponding to '0' 
of the column-3 table....page...... are known as CUT-SETS 

and their sum gives the expression the un.-reliability (Q) 

Q '~ [gA.qD•qC.qD + 4A•Pg*ga•qD + qA*q$*PD•QD 

+ qA-q'D'gC*PD + gAaqB-PC'PD ] 

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

3s 

R - (l. Q) 	 S.... 	(3) 



37 

Lu 1n 	Colu 2 Colu nc'3 Column-4 ColumnColumn 

L 	Qinary otc to at &tato 	Sat at 	 ho output Output CO 	tho in t of A JD of out— , ' AD ~.tod from 	Pat ho er bor 	o 	a xrorl ,. — put nova n 	uor~ final. and 
A bn► ! 	bn 	b  

0 0 0 0 0 O o 0 0 0 0 

o o 0 1 1 PATS0 0 0 1 1 A 
00 1 0 0 CUT o 0 10 0 

D 0 1, 1 1 PAD 0 0 '1 1 1 AD 
01 0 0 0 Oi 0 0 00 0 

01 0 1 1 PATS1 0 01 0 
0 1 1 0 1 PATH 0 1 1 0 1 DC 

0 1 2 1 1 PATH 0 1 1 1 1 ABC 
10 0 0 0 0U20 0 00 0 

1 0 0 1 1 PtfJ10 0 0 1 0 
1 0 1 0 1 PATCH 1 0 A 0 1 BD 
10 1. 1 1 PATH I 0 11 1 ADD 
11 0 0 0 CW a 0 00 0 

2 1 0 1 1 PATH0 0 0 1 0 
11 1 0 1 PATH I 1 10 1 DOD 
I 1 3. $ I PATH I. I, 1 I 1 ABOD 

1. (9) mrhod pulco numboro aro the do aired pulco nunbor 
to uhiob the equipment ohou] 4 ro opond o 

2. (3) r. hod pulco nubor are the puloeo which CivoD the 
un ooi 'O4 out put oi{ nal. 

0 
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Thus in general the various path-sets and cut-seta 
of the any given system can be found by the following procedure,. 

'Represent each element of the given system network by 
a 2-►input AND gate. One terminal of each AND gate is used 
to form the given network configuration. 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, Also use OR gate at out put node if out put 
is obtained from more than one source. Each input state veor-
tor which gives the out put indication represents a path net. 
Each input satate vector which does not give out put indication 
represents out-aeta. The reliability of the network between 
input and output node is then evaluated as explained by the 
above example' 

This in the simplest way o f evaluating reliability through 
path-seta and out-nets. 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 equipment is to be made automatic 
and reliability of given system is desired in digital form. 

4,2  DESIGN PRILOSOPHpj 

RELIABILITY EVALUATION THROUGH MINIMAL PATH SETS AND MINIMAL 
CUT BET i (2ES1GN APPaflACR) 

The rel#ability expression can also be determined if 
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one can find out the paths of various sizes existing in the 
system network under consideration. 

Consider the system of [ fig.lo Apage a  39 . j. 'his 
system is a case of non-series parallel network. Since the 
network is of practical size, therefore paths of various sizes 
can be found out by inspection. 

Paths of site 
Paths of size 2 
Paths of site 3 
Paths of size 4 

Paths of size 5 

1 	9 

(A,C), (B.L.) 
(A,D.E)s  (B,DsC,) 
(A►E,D,C)► IA,BsDsE,)s 

(A►D,C,B, )s (B,DresE►) 

(A,C,BsN,) 

_ 	 (A,B,G,D,E,), (A,BscsDsBa 

Here (AC,), (B,E)s (A,D,E, ), (B,D,C,) are the forward paths 
are minimal paths. The remaining (A►B, D, C,) s (A:E, D►E.) : 

(A#D#C#B,), (B,D,C,E,)s (A,C,Bs8i)# (A,BsC,DsE,) and  (A,BsCsD.,B,) 
are various 'forward paths with lope' 

Reliability expression is then given by 

EO (A. C . + B.E. + A.D.E. + L. D. C .. - ABDO - ADBE - ADC E 
a- BDCE..ACBE+2ABCDE i 

If pAs PBs PC. pD  and pS  tars the reliabilitieo of elements 



0 0 0 0 0 0 CUT 0 0 0 0 0 0 

0 0 0 0 1 00U 0 0 0 0 1 0 

0 0 0 1 0 0 CUT 0 0 0 1 0 0 

0 0 0 1 1 0 OLD 0 0 0 1 1 0 

x 0 1 0 0 0 0UT 0 0 0 0 0 0 

0 0 1 0 1 1 P! R 0 0 1 0 1 1 

0 0 1 1 0 . 	0 Ctrs 0 0 0 1 0 0 

0 0 1 1 1 1 pATB 0 0 1 1 1 1 

0 1 0 0 0 OCTJT 0 0 0 0 0 0 

0 1 0 0 1 0 CUT 0 1 0 0 1 0 

0 1 0 1 0 0 Out 0 1 0 1 0 0 

0 1 0 1 1 000T 0 1 0 1 1 0 

0 1 1 0 0 0CU 0 0 0 0 0 0 

0 1 1 0 1 1 FA's 0 1 1 0 1 1 

0 1 1 1. 0 1r& 0 1 1 1 0 1 

0 1 1 1 1 1 P.A H 0 1 1 1. 1 1 

1 0 0 0 0 0 0tr_ 0 0 0 0 0 0 

1 0'O 0 1 0 CUT 0 0 0 0 1 0 

1 0 0 1 1 1 PATH 1 0 0 1 0 1 

1 0 0 1 1 1 PA. aH 1 0 0 1 1 1 

1 0 1 0 0 0 0UT 0 0 0 0 0 0 

1 0 1 0 1 1 P H 0 0 1 0 1 0 

1 0 1 1 0 X Pia i 1 0 0 1 0 0 

AC 

A©D 

BCD 

ABDO 

BE 

BBA 

t 
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'4 

iw mu 	O u d \nm O `mn. V W.in'r' 	o Uimn. 

II~ 	rg ata~o at o y otc~ a a output 	Pasha 
at the Input of of 	got the out put off' Yr©n 

100 	ADD Gatod not- output Rio Cato a not ftnl and 
moor nodo 1y 	1- I 

	 b ..$ 



> Le oontd...  

' 	1 0 1 1 1 1 PATH 1 0 1 1 1 1 ABCB 
1 1 0 0 0 0 OUT 0 0 0 0 0 0 
1 1 0 0 1 1 PATH 1 1 0 0 1 1 AD$ 
1 1 0 1 0 1 PATH 1 1 0 1 0 1 BBD*  
1 1 0 1 1 1 PATH 1 1 0 1 1 1. ABDE 
1 1 1 0 0 0 CUT 0 0 0 0 0 0 

' 	1 1 1 0 1 1 PATH 1 1 1 0 1 1 ADDS 
1 1 1 1 0 1 PATH 1 1 1 1 0 1 BDCB 
1 1 1 1 1 1 PATH 1 1 1 1 1 1 ABODE 

a 

1. (P) marked pulse numbers are the desired pulse number to 
which the equipment should respond. 

2. ( ) marked pulse numbers are the pulses which gives the 
undesired output signal. 



A,B,C, D and B then the equation (4) becomes 

B s IPA-PC + %•P H  + PA-PDTPB + PB  PDPC - 'AAB'PD-FC 

-PAPDPBPB  ` PAPDeCPE  - PBPDR0P$ - PAPOPBPB 

+ 2pAgBPCPMpB] 	
S.. S 5 (5 ) 

As a check, wheather the rolability expression given by 
equation (4) is correct on not, one should get R + 1 for 
pA =pB Wp0npD =PB =1 	 ..,... (6) 

Substituting equation (6) In equation (4) 

R = [ 1 + 1 + 1 + 1 -1 1 -1 -1 + 2(1) ] = +1 checked. 

HOW TO AiI10CATB POSITIVE AND NEGATIVB 3IGN3 IN RELIABILITY 
BX'RR5S ION 

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

2. Then all forward paths with loops of next higher 
size than the forward paths of maximum size are given 
negative sign. Thus in equation 4 all forward paths 



with loop of maximum size 4 i.e. ABDO, ADBB, ADOB, 

BDCE., ACBB are given negative Sign. 

39 	Then all forward paths with loops of next higher order 

(than those which are alloted negative signs) are 

give positive sign. Thus in equation 4 all paths 
ABODE and ABCDB of size 5 are given positive sign. 

In sun ry we can say that all forward paths are 
alloted positive sign and forward paths with loop which are 
arranged is increasing order of 'size' are given alternately 

negative and positive sign. 

As an another example consider the system of  
page.''.i., 3. Here the reliability expression is given by 

R A+BC +BD 	0 	A! D — BO D -+ ABC D_...._........r.   forward path 	forward paths with loop 

M p1~ +pB`pC +PBPD = 	 ABB  B`pB -- pB'pC'pD 

+ pAABBC'p8 

If 

 

PA = pB pC = p8 - 1 then 

R = +1 checked. 

Note that all forward paths .ABC, and BD are given positive 
sign. The forward path of maximum size is 2. Thesefo re , ' 

41 



45 

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 i.e. ABCD) are given positive sign. 

12 FIND MI NIML_PATH 

As explained earlier minimal path sets are nothing but 
the forward paths from input node to out put node off a network 
consist of On* nodes then the forward paths will have the 
maximum size of (n..l) . For example consider the bridge network 
there are 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 sizes' out of these all paths 
of size upto and including (a-i) 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 
(fig. 	... pago....) and (Table.. ).... pege.:TL ... ). For this 
system the reliability expression consisting of paths of various 
sizes is 

k - A + BC + DD -ABC - ABA► -BCD + ABC D 

The logical approach is that the equipment should respond 
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to the terms involving in the expression 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 exist*. 

The design approach again consist in representing each 
element of the network by a 2 input AND gate. One terminal of 9 

each AND gate is ueed to form the given system configuration 
and other terminals of the AND gates are supplied from the 
output of binary generator. These binary state at the input 
of AND gated network is shown in column-2. Also the binary 
state at the out put of AND gated network is listed in column-4. 
(Corresponding to each input state vector). Corresponding 
to the input state vector which provide through and through 
puesags 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 
design approach 

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

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



nut born) 9 

(a) Out put node condition io '1° and 

(b) Input ®tato vootor and but put otato vector are exactly 

einilar, 

Such ozaotly otmilar otato vootoro trhon oubtractod one 
fron another I.vo a otato vootor conointing of AI ZEROS. 
ihie all soro voctor can bo inverted to give the a rocultant 

otato voctor concioting of AT Ofl~SZ This all one atato vector 
can be found in another way aloe when pro add complementary 
binary input otato vector and out put stato vector. Tho 
desired pulco number divoo the output indication uhon the 

rocultant all one state vector to gothor with out put node 
condition driveo a final AUD Cato o,. Tako the case of desired 
pulco number 6th for uhioh following information to obtained 

l.. 	Input otato vector 	 0 1 1 0 
2, 	Output otato vector 	 0 1 1 0 
3. 	Out put node condition 	 ]. 

The oomplimontary Input state vootor 1 0 0 1 
Complimentary input state vector 	0 1 1 0 

o 
Resultant a otato vector 	3. 1 1 1 

"Thia all one atato vector toGothor with the out put node 
condition (rrhieh is alsayo *i' for dooirod puloo number ) r 



'enables' the final AND gate to give the output indication. 

For the undesired pulse numbers following information 
to obtained when eolumn -2 and column-4 are oompaired 

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

or die—similar. 

The similar input and output state vectors (for 
undesired pulse number) on oomparision gives a all--one reeul. 
tant state vector. But this all-one state vector together with 
out put node condition which in always zero, 'DISABLES' the final 
AND gate to give the out put Indication. The dissimilar input 
and out put state vector (for the undesired pulse numbers) 
gives a resultant state vector consisting 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 is obtained for certain undesired pulse number., 
For example 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 

i 	' 
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the forward path A. For the case of bnidge network undesired 
output indication is obtained corresponding to the pulse number 
XY, 19 and 26. For pulse no.?, the out put is due to forward 

path , 

For pulse no.?, the output is due to forward path AC 
• 13 	 t 	 AC  

19 	 * 	 BE 
' 	26 	 ' 	 BE 

The final information obtained from the equipment 
consist for deoired and certain undesired terms. These 
undesired terms oan be discarded as explained belows 

The ezpresoiou for reliability (like equation 7) mono: 
of 

(a) Either for eard paths 	 or 
b) Forward paths with loops 

The undesired path mete does not fall in any 
of these two categorize. Thus in the system under considers-. 
tion. path AB does not fall in any of the two categorize 
mentioned above. 
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Aftcr diocrdir;; undooirod torero, the roraoinix tormo 

aj o oitho 	patho or forward patho c~ith loop. Out 
of thoco torzx of oioo upto and includini (n-) tiil1 (ivo 
forward patho a"o ttniral path coto (whoro n to tho nunbor of 
nodoo pr cont in tho oyotom). 

Mon the oyoton fed to the equipment to S DUAL' of 
tho oriGiaa1 ~uton, the path ooto and ninit i path Coto 
(obtained in the manner no ozplainod abovo) for the DUAL 
8Y3T 1 aro ztothinj but out coto and minim cut ooto for 
the oriGinal cyotan• 

4,3 RC LIABILITY T► ALUA IOII1 USII t.lttTIIiAL PATH ; B'8 AND CU 

The clinical patho for the cy nt©n of fig. g ..pa 
are At BC and DD. If any hor thooe patho can be found 

ouporiaontally than tho reliability can bo found no ozplainod 
bolou: 

fininal patho At DC and DD 
Coebino A and BC to givo 

[ A+IG -AEC I 

Pinally oo:abi Rio thlo (A+ BC •. ADO] 

/oquo9 
E T?T~AL LIRRR°Y l""IVERSIiY OF ROOW EE 



fftth BD to give tho roltability of the oyotor i.e. 

I1 a [ A + BC BC) + BD - /3DD - BCD + ABCD 

or R m A + BC + BD - ABC-ABD -► BOD + ABOD 

xhio lathe too .rod r+ellabi .ity expr000ton for the aivon 

oy of eui. 

As an another oaip10 conoidor the eyotom of  

page„ 	... ] 'ohioh hac AC, BE# ADD a EDO an ni /patho 

combine AC and BB to give 

AO+ BE - ABCE) 

Combine thib with ADS to give 

AC + B. -- AZCB + ADB -• ACDD - ABDE + ABODE I 

Finally combine thin t'ith BDC to aivo the reliability 
oxprooaion to the oyotem 

R. AC + BD » ABGE + ADD • AG1.M -- ADI + ABODE + BDO - ABOD 

-: _ . C "4 	

, 7 

B AC ► BE + AD14 + EDO - ABDC - ABDD 

AODE - DCDB -• .ACB: + 2 ABODE 

51 

ETou we hill 000 hou z'oliability can be found using 



minimr►1 out sot 
Conoidor oyo-ton of [fiQ.....paao• r • * *. ] 
Nininal out aeto aro 

AB g  CD, ADE and BDC 

Combine AB aM CE to vivo 

(AB+CB —ABCIJ 

Oonbino this tsitb ADD to give 

(AB*CE - ABCB + AD z — ABDE — ACOD + ABODE) 

Combine thin with BOO to give th© final ozprooeicn for 
unreliability (c) 

Q a AB+ CE - ABOE + LOB AB 1 AQD£ + ADO DE 

+ BOO = ABOD — BODE + ABODE -» ABODE + ABODE 

+ ABODE ► ABODE 

or Q = AB + CE + LOB * BDC ABO1 ABDE - AC DE 

— AICD BCDD + 2 00B 
Supp000 the unroliabilitioo of ApB,D,D, and B are givo so 

q,AQ 48Bo g0,QD, and c 8  than 

Q rs gA*qB  + +gC'qD  + + ,A`gDln  + g8•c D"qC  — $A.QB.i C•qB, 

— qA*,IB°qD'$B  - gAoqC'q.D'q8  — qA*gB.qo*qD  
. gB.qC6qD*qB  + 2 gA`qB*qo  ogD*q 
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Tho reliability to than Civon of onpr000ion 

a 

4*4 ;'iW 

. 	~' ° . ~? 	~'' ~ ':; 	T' r;t. ~► 	yam`" ' f 

(a) Tho ogutpxontt to fabricated to oinulato a notuor.1 
oonctatinfj of 	tnu 12 oloonto,. 

(b) Pu lcoa (0 to 5 V rjnotudo) cam appui.od za►n. a11y. 
Actually thocQ pulaan arc uccc2 to uporato binary conora'. 
tor. The Input terminal of (jvon net ►ork oy►otc to 
con) ootod to +5V D.C. r ;ilo o tput to obtained throvj 
an 01 Cato. 

(c) Tho supply input to tho Q1utf•ont ah.ould be s5V D.C. 
otriotly. 

((3)Th. follouin3 in_foranti.on to obtainod fro the oq,utpcent. 

(i) .L tb.►coto 

(ii) Ciat ooto. 

(iii) r;intcx1 patty oota 

'iv) IIini- 1 out onto of tho 13iuon a,j ..oe 

Tho Lloch diUircri ahuuin the baaio aohc=o of trio 
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oqu'ipmont to ohoan in [fitj. . pago '.. a) IoopinC the abovo 

dooftjn phiiocophy in wind, tho oquip=nt is constructed 

in 71loc;inn indopon+iont unit„ The oquipaont is dooignod for 
a notaork uoi taazirnum of 12 olemonto. 

(1) 12--Bit Binary Generator 

(2) Floating AID Gutod fottiork 
(3) l2~►Bin Binary Pull Adder 

(4) 12-Input turn Gato 

DZl T 	' i ;. ,R TOR 	fib• 1 . p$,~o ,~ s .3 

The 7493 1.0. is used for this purpose. To obtain 
12 bit genorator throo ouch ICS are used in cascade by 
connecting pin 11 of a ship to pir 14 of the next chip 
in cascade, Input pulses are applied to the ptn-14 of the 
first chip. A 330 	roototanco is ur3d to ground the 

reset toruin 1, Thus divido by 2 p 4 v O v l6 .. „ .... (roquoneio e 
are available at out puts 1,2,3,4, ,,..... ). 

Sinco binary ooraplomontary out put arc not available 
from a s tho 7493 itoolf. Thoroforo a inverter circuit is 
uood to I .4 rt tho binary out put.,. The 7404 (the Hem: Invorter) 
I.C. Chip to used for inverting the binary outputs. Thuo if 
the binar7 out put is ApB,C, D.... than the complementary 
binary out puts froze the inverting Wit, are i.,  
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8u ,r,ly volta6e Vec chould be otriotly 5V. Pulcoo 
aro applied to the binary Gonaration throe ;h a raonootablo 
aultivibrator operated by a Dannua]. at itch. Pul000 arc of 

0 to 5V as jnotudo. 

m RI- 	(fig.t..pago..R..]  

Per thio purpose 7408 1.0. Chip to ucod. Each.7408 
chip oonotot of 4 indoponlont AND (atoo. Total of 3 ouch 
chips arc un . In thin iiaxy in.. -.it and out put conneotiono 
of thopo 12 AND gatoo arebroughtt to punnol. board. The 
out put of each AND gate is provided with a indicating 
bulbs b1  b2.„..b12, botwoon out put of a AND Cate and 
around. 

BT 	 pago. 

Tho 7483 lo a 4 Bit binary full . addor. i.e. it par 
forma the addition of two 4 bit binary nunboro. To 
obtain 12 bit binary full adder, to perfor4 the addition 
of too 12 bit binary nunbor, 3 ouch 7483 are uocd in oaooedo 
by connecting pin 14 of one chip to pin 13 of next chip 
in caccado i.e. by connecting carry input of one chip to CIn  
of not chip in cooado„ Pin--13 i.e. carry input pin of firot 
I.G. in cacso cado to Cxroundod. she +carry-►out put of addition 

of 12 bit number ire obtained frou the ,Jinnl4 of laot I.Q. 
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in oarocado. Tho oun is obtained in tho follouin( mannor 

	

Al2i.••ii......***A4 	A3 	A2 	A, 

B1~! i O i • • . • • • • i • 46T 	8 	 B2 	Bi 

wwr•+rrrr 	 iwr +rrwnrn 	r rrrr rra rrrl-----̀ -~-- --- — 	- +— 

Carry 	l2 	 X 4 	7-3 	22 	El 
output 
from pin 14 

All inp-tita Al# A2d A,.... ... ..Al2, 111, B2, B3 ... B12 

and all out puts► 	£ j fa 	S3 7-12 are 	brough to 
pannol board. 	Thio 1.2 bit binary full adder can be uoed to 
porfozin tho addition of cay 5 bit binary number. Actually io 
avo not intorootod in dotting actual man, but the roaultant 
VOotor, 

Px 11 P QAIX' 1 Fi g..'.7a.. pago.~?. j 

This is the finc.1 ALID gate in the oquipnont to which 
roaultant otato vector (from output of 12 bit binary full 
addor) and the out put node condition are fad. Thin Cato 
uorl.o only t:ion all the impute arc at ctato '1,, othor~rioo 
not. To conitauot A 12 bit A 1) Cate. folio ling types of 1.0. 
are ucod. 

7400 Quad two input ITAf3D Cato 
7430 otn to eight input I1M D Cato 
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7448 Quad t !o inputAi3D gate. 

A AND Cato can be formed using 2 DAUD gato.by uoing the 

following login 

4.5 	 PR0CED 

1. Roprec nt each element of the given system by 2—input 

AFID gato one terminal of each AND gate is uued to form the 

givon cy tom configuration Chile other terminals are ouppliod 

from the out put of binary generator*  Use the OR gates if the 
'signal in put to a AND gate is more than one. Also use the 
OR gate at the out put if out put is obtained. 

2. If in a element the signal can flow in either direction 

(e.g. the bridge arm, of the bridge notn`ork oyotoD), then 
ropr000nt such paths by tu-ro back to back AND gate. Such 

tro back to back AID gates are supplied from the oamo binary 
out put o.g. the too AID gates representing the bridge are 
ouppliod fron the eario binary out put. X. 

5. 	stoop the terminals open which are not in uso. 

4. 	In order to find the path onto and out sots of the 

given oyotou oboorvo tho otato of out put node (shown by the 
indicating bulb by). All input otato voctoro (shown by the 

s1 
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indicating bulbs) uhA".oh give:o the conducting state Ol' of the 

out „ ut nodo repro sonto the ariouc path cote. State 
vootoro uhich gives the non-conducting otato of out put 

bulb arc the v'rioue cut cots. 

5. To find the minieal path eats. Supply one set of 
torninalo A vA2, A.....of 12 bit binary full adder from 
the out put it B'p , i.... of the oomplimontary binary out 
put. Tho other set B1p B2,, B3 . •......of the full adder 
are supplied from the out put of corresponding MID gatoo 
uond to form the given eyotem configuration. 

6. The ours out puts z1. z2, ~~..... and state of out 
put node is fed to the final 13 input .SID gate hoop all 
the terminals of 12 input AED Cate which are not its use. 
The tormir to uhich arc loft open are at high state. 

7. Iota the otate shown by the indicating bulbs Hhenovar 
the output inJ ioation is obtained. 

0, 	Dic:oard the undooirod terms from the final information. 
as explained oar tier. Out of the remaining terms coloot terms 
upto and including the size of (n-i) where n are the number of 
nodes in the givon system, Those selected terms will give 
minimal path note. 

9. 	To find the out not food tho dual of given system on. 
tho pannol board and apply tho procoduro for find finding 



minisal path seta. The minim. path sets of the duel. 
network are minimal out sate of tho original network. 

ss 
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G, gUIT IIODIP ICATI a 

A difficulty mrriBoo thou the input of binary generator 
is driven froii a mechanical switch directly. Contact Bounce 

in mechanical sit ch causes the generation of a twin of pulses 
at each operation. To avoid such difficulties follouirg 
alternatives can be used. 

1. In the simple arrangement ohoun in (gig..pago,.C ) ~?̀ 

the use of resistor B reduces. the possibility of noiso 

pick-up when the ouitch is open. 

2. Alternativoly if a change over switch is available then 

a pair of crone coupled Cate may be used ac shown in 

~'~(i a .`e'd • a p~'fl e ~ r~ti a a, a 

3. Other alternative (which ice used in the equipment boing 
fabricated) consist in triggering a one shot monootablo 

multivibrotor by a snitch and the out put of monoctablo 

nultivibrator is used to drive the input of binary 

generator. This method is designed and diocusood in 
detail in the following paragrnpho. 

1aR U - 4 :10005 LD IN L^ I II?^GR 

Rofor [figs?. a pago. ~'.ofe . ] which ohorro the ochomo used 

{t iL L1 {~, 2Y urtrrr OF 
t' 'rt.r- : 

st 
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to drive the input of binary generator. 

A monoatable multivibretor has only one stable state. Let 
in this stable state transistor T2  in ON and Ti  Is OFF. When 
a short the pulse is applied the base of Tl , through the 

mechanical switch, Ti  is brought to ON condition with T2  
thecapacitor c which was charged to a voltage of Vcc with the 
polarity shown during the stable state of the multivibrator, 
causes a -'Vcc volts at the base of T1. Thus T2  is brought to 
OFF. The capacitor nowdischarges through R and hence the 

voltage at the base of T2  rises in potential and as soon as 
this potential vises above zero volts, the T2  to brought to 
ON with T1  OFF. 

Thus when a short positive pulse is applied through a 
switch, the stable state (T2  ON` Tl  OPP) i® changed to un—stable 
state (T2  OFF, Tl  ON) temporarily, The circuit regains its 
stable state after a time. 

Ta 0.7 RC 

DESIGN CONSIDERATIONS; 

Select SO-103 . NFN Transistor. This has following 
specifications. 

"VCBO - 30V 	Io  a 0.25A 

HYCER.  - 24V 	hpf Min/Max a 40/300 
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BVRBO " 5.09 	at V03 5V and I0 = x,50 mA 

For a transistor to be in saturation following conditions 

must be satisfied 

1. Base current 	le  or Current  
pain 

2. Base—Emitter Junction must be forward biased. 

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

Tl OFF 

1cmax 	o.25A 

IB2a ax " 	ICma~r 	_O..2_ 	6mA 
Pain 	40 

This means base of T2 can carry a max. of 6rA for T2 to be ON 

Let 132 = 5 mA (assumed) which the base can take 

safely 

11 	a 	 all 

Abeume a 330 resistance in the collector of '2 

- 15 mA then 	ICZ : 	5 eO  



Base current corresponding to '2 = 15 mA required to bring 
T2 in ON condition 

'B _ 	150 	= 0.4 mA 

Actual base current is 5 mA. 

Also VB2 is positive 5V this make base emitter Junction 

of T2 forward biased.  

Therefore, both conditions for the transistor to be in 
saturation are full—filled 

T2 becomes ON with V 2 cc OV 

Since switch is open voltage at the two ends of the voltage 
divider (formed by RI and R2) are zero ~Til is zero volts 

Hence Tl is out—off with V1 = + 5V 

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

to thebase of T1. The transistor Ti is forward biased with 
a voltage given by 

V = Yea — '*2 
1 2 

a + 4.36 V 

x 1000 

79 

Thus Ti is now ON with V.i a 0 Volts 
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Thus when switch ie open, out put voltage at B is + 5 V 
and when switch is closed the out put voltage at B is applied 
OT. 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 geneator. In the equipment out put 
from B is connected to the pin 14 of binary generator. 
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