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Abstract:

This study presents a comprehensive reliability analysis and mean time to failure (MTTF) evaluation of
complex sunflower oil extraction plant, integrating mechanical expelling, solvent extraction, and refining
subsystems. The Boolean function technique models system behaviour under exponential and Weibull
failure distributions, enabling precise probabilistic reliability trends and MTTF value sensitive to failure
rates, highlighting critical components.
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1. INTRODUCTION

The Boolean function technique is a systematic and mathematical approach used to evaluate the reliability
and mean time to failure (MTTF) of complex engineering systems. It is especially useful for systems
composed of multiple components arranged in series, parallel, or mixed configurations.

Evaluation of system Reliability:
Using probability theory, the system reliability R(t)is obtained by replacing Boolean variables with

component reliabilities and evaluating the Boolean expression.

Evaluation of Mean Time to Failure (MTTF):
The MTTF is a key reliability index that represents the expected time until system failure. Once the system

reliability function R (t) 1s derived using the Boolean function technique, MTTF is calculated as:
0
MTTF = [R(t)dt
0

Advantages of Boolean Function Technique:

The following are the advantages of Boolean function technique:

1. Provides clear logical structure of system operation.

2. Suitable for complex systems with dependent components

3. Easily integrates with probabilistic reliability models.

4. Helps identify critical components affecting system performance.
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About sunflower oil extraction plant:

The process of extraction of sunflower oil from sunflower seeds starts with the cleaning of seeds and the
separation of impurities and then diverges into two main extraction methods:

Mechanical Expelling:

Clean sunflower seeds undergo dehulling to separate the kernel from the hull. The kernels are then pressed
(expelled) to produce oil and a resulting cake. The crude oil is filtered to become “Expelled Sunflower
Oil”.

Solvent Extraction:

The Cake from the expelling process, or sometimes the deoild cake from another process, undergoes
solvent extraction to recover remaining oil. This results in “solvent Extracted Oil” and “Deoild cake”.
Refining Process:

Both the expelled and solvent extracted oils undergo a series of refining step to achieve a high-quality
“Expelled Refined Sunflower oil”:

Degumming/ Neutralization/Washing:

This step removes gums and free fatty acids.

Bleaching:

The oil is treated to remove colour pigments and impurities.

Dewaxing:

Waxes are removed to prevent the oil from becoming cloudy at lower temperatures.

Deodorization:

The final step uses steam distillation to remove volatile compounds responsible for unwanted odours and
flavours.

2. LITERATURE REVIEW

In 1983, Fratta, Schneeweiss & Fuji [1] model system success and failure state using Boolean variable
and derive system reliability expressions by algebraic manipulation. The approach simplifies reliability
evaluation of complex systems compared to conventional probability-based methods.

In 1986, Gupta et al.,[2] analyses a four-generator power plant using the Boolean function technique.
Reliability and MTTF are derived by representing system success through Boolean functions. The study
demonstrates that Boolean modelling provides exact reliability expressions without using minimal cut or
path sets.

In 1986, Aggarwal et al.,[3] evaluated the reliability behaviour of power plant under arbitrary failure time
distributions using this technique. Unlike exponential assumptions, the model allows flexible life time
distributions, showing that Boolean methods are adaptable and robust for realistic reliability analysis.

In 1991, Gupta & Singhal [4] apply this technique to evaluate the reliability and mean time to failure
(MTTF) of a power plant. The system structure is expressed as a Boolean function of its component, and
reliability expressions are obtained analytically. The study highlights the effectiveness of Boolean
expansion in handling large systems.

In 1994, Somani & Trivedi [5] submitted NASA technical report develops Boolean algebraic methods for
analysing phased-mission systems. The study establishes a strong theoretical framework for reliability
evaluation using Boolean logic influencing later research in system reliability modelling.
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In 1999, Costas [6] used an algorithm for reliability analysis of phased-mission systems using Boolean
algebraic methods. The approach efficiently handles system configuration changes across mission phases,
demonstrating the flexibility of Boolean modelling in dynamic systems.

In 2006, Rahmat, Jovanonic & Lo, [7] applied Boolean truth table method to estimate the reliability of
UPS systems. System states are represented using Boolean variables, and reliability is computed by
enumerating successful operational states.

In 2014, Gupta and Shrma [8] evaluates reliability parameters of a solar panel system using Boolean
algebra techniques. The system configuration is modelled using Boolean logic, and reliability expression
re derived to assess performance under different operational conditions.

In 2016, Igbal & Uduman [9] analyses a paper manufacturing plant using Boolean function techniques
integrated with fuzzy logic. The system reliability is expressed through Boolean structure functions, while
fuzziness accounts for uncertainty in component failure data.

In 2018, Navyata, Sharma &Gupta [10] used this approach to analyse the reliability of dual-channel logic
communication system. The Boolean model effectively captures redundancy and switching behaviour,
enabling accurate reliability evaluation.

In 2017, Garg [11] applies the Boolean function technique to evaluate reliability factors in a refinery unit.
The Boolean representation helps identify critical subsystem affecting overall reliability and supports
decision-making for maintenance planning.

In 2023, Ismail [12] explores the mathematical relationship between reliability functions and Boolean
rings. The study provides theoretical foundation for Boolean reliability modelling and shows how Boolean
algebraic structures can simplify reliability computations.

In 2024, Kumar [13] used this technique to assess the reliability and MTTF of power plant operations. The
author demonstrates how Boolean algebra reduces computational complexity and provides closed-form
reliability expressions, making it suitable for modern industrial reliability analysis.

In 2025, Kumar, Kumar & Srivastava [14] integrate this technique with pentagonal fuzzy numbers to
model uncertainty in component reliability. The approach is applied to a sugar plant system, showing that
Boolean methods can be extended to fuzzy environments for more realistic reliability assessment.

In 2025, Malik, Balram & Yadav [15] evaluates the reliability of a fast-food manufacturing system using
this method combined with the path tracing method. Reliability and mean time to system failure are
derived, proving the applicability of a Boolean models beyond power systems.
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3. SYSTEM TRANSITION DIAGRAM
The system under consideration is shown in the following figure.
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Fig 1. System Configuration
4. ASSUMPTIONS
1. The reliabilities of all constituent component of the system are known.
2. The States of all components are independent.
IJFMR260187735
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The state of each component and of the whole system is either good or bad.
The failure time of all components are arbitrary.

All components are always operating (no stand by or switched redundancy)
There is no repair facility.

AN AN ol

5. NOTATIONS:

X3 Xy Xgyevenemnnnnnnnnns » X501 Xo1 States of each subsystem of the System Configuration

1 :
X, Negation of X, (k=1-21)
A Conjunction

v Disjunction

X, =

{O, in bad state, (k=1-21)

1, in good state
Pr(f =1)  The probability of the successful operation of the function f .

6. FORMATION OF THE MATHEMATICAL MODEL

By using Boolean function technique, the logical matrix is expressed as

XX X
Xl X2 X3 X4 Xil
f(Xl,Xz,X3, ------------- ’Xzoile): X X X X X X X X Xz Xy X Xy Xy
Xl X2 X3 X4 X5 XG X12 X13 X14 X16
Xl X2 XS X4 X5 X6 X12 X13 X14 X15 X17 X18 X19 X20 X21
(D
7. SOLUTION OF THE MODEL:
By the application of algebra of logic, equation (1) may be written as
S A S Ko X1 ) = (% Xy N(Xg, Xy eovnnnnnnn . Q)
Where
X0
X3 X4 Xll
N(Xg, Xy yeomeveenee oo Xor ) = Xs Xy Xg Xg Xy Xig o Xy X 3)
XS X4 X5 X6 X7 X8 XQ X17 X18 X19 XZO X21
X3 X4 X5 X6 X12 X13 X14 X15 X17 X18 X19 XZO XZl
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Substituting, kl =X , kz = X3 X4 Xy, ks = X3 X4 X5 Xg Xpp X3 Xy Xpg
Ky = X5 Xy X5 Xg X7 Xg Xg %17 Xyg Xig Xpg Xy ,

k5 = X3 X4 X5 X6 X12 Xl3 Xl4 X15 Xl? X18 X19 XZO X21

From equation (3) we obtain
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1 1 1
X3 X4 X5 XG X? X8 X9 X10 Xll X12 X17 X18 X19 X20 X21
1 1 1
kl kl klk _ X3 X4 X5 X6 X7 X8 X9 XiO Xll X12 X13 X17 XlS X19 XZO X21
172 N3 M T 1 1 1
X3 X4 X5 XG X7 X8 X9 X10 Xll X12 X13 X14 X17 X18 X19 XZO X21
1 1 1
X3 X4 X5 XG X7 X8 X9 X10 X11 X12 X13 X14 X16 X17 X18 X19 X20 X21
(12)
X, X X X X X : Xe Xo Yo X
3 4 XS 6 7 X10 Xll X12 X13 Xl4 X15 X16 X17 18 19 20 21
P A 1 1 1 1
kl k2 k3 k4 k5 - X3 X4 X5 X6 X? X8 X10 Xﬂ XIZ X13 X14 X15 X16 X17 X18 X19 X20 X21
1 1 1 1
ko Xy kg K KX K Ky Ky Ky Ky Xy X Kg Ky X Xy Xy Ky
(13)
Making use of (10) to (13) in equation (4), one can obtain
X0
X X X110 X
X X X X X Xy KXo Xg Xy Xy
% K X 5 XX X110 X111 X112 X7 Xg Xg Xy Xy
0% K X 5 XX X1lo X111 X1 X113 X7 Xg Ky Xy Xy
n(X3,X4, """""" ’X20’X21) 1 1 1
X X X X X X X Xy X Xg Xy Xy Xgo X Xy Xy
% K X 5 XX X110 X111 Xp Xg o Xy X116 X7 Xig Kg o Xy Xy
X X X % % X Xy Xg X Xy X X Xg Mg Xg Xpp Xy
0% X% X X Xé X1lo X111 Xp Xz Xy Xgs X116 X7 Xg Xg Xy Xy
o X X X % % % Xg Xy Xp Xg X X M5 Xg X Mg KXo Xy
(14)
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X2 X3 X4 X5 X6 X10 Xill X12 X13 X14 X16

X2 X3 X4 X5 X6 X7 Xﬁ X9 X110 Xll X12 X17 X18 X19 X20 X21

ol X Ny Xy Xg K Mg kg Xy Xy

NoXo KK K X X X kg Ky Xy Xg X Xp Xg kg Ny Ky

X2 X3 X4 X5 X6 X7 Xﬂ X9 X110 Xll X12 X13 X14 X16 X17 X18 X19 X20 X21
boXo XK X K K X X Xy Xs Xg Xg Xg Kg Xy Ky
X X d X G X Xy Xg Ky K K kg Xy X Xy Xy
NoXok K X X X K Ky Xp Xg Xy Xg Xg Xg Mg Ky K

[P ——— E

=<2 2} 2} 2} 2} 2} 2} 2} X
=><
3<
=<
<
=<
<

(15)
Finally, the probability of the successful operation (i.e. Reliability) of the complex system is given by

R, =P { f (X, Xprerrrerssssiee Xagr Xy ) =1}

=R R R, R R, R, R, Q, R, +R R, R, R, R R, Q, Q, R, R; R, R
+R R, R,R, RRR, R R Ry Q,Q; Q, R, Rg Ry Ry Ry,

+R R, Ry R, RRR R, Ry Ry Q Q; R, Qi R; Rg Ry Ry Ry,
+R R, RRR R R R, Ry Ry Q,Q; R, R;Q, R; Rg Ry Ry Ry,
+R R, R,R, RR R, R, Ry Ry Q, Q; R, Rz R, Qg R, Rg Ry Ry Ry,
+R R, R R, R R, Q, Q,Q; R, Rs R, R Qg Ry Rg Rg Ry Ry,
+R R, RRR R R R QQ,Q, R, R;R, R: Qg R Rg R Ry Ryy
+R R, R,R, R R, R, Ry Q, Q, Q; R, Rz Ry Rs Qi Rz Rg Ry Ryg Ry,
(16)

R (t)=R R, Ry +R, R, Ry R, (1-Ry) Ry
+R R, Ry R, Ry Ry (1-Ry )(1-Ry) R, Ry Ry Ry,
+R Ry Ry Ry Ry Ry Ry Ry Ry (1-Ry )(1-Ry; )(1-R )Ry Rig Rig Ry Ry,
+R R, Ry Ry Ry Ry Ry Ry Ry (1-Ry ) (1-Ryy ) Rip (1-Ri5 ) Ry Rig R Ryg Ry
+R R, Ry R, RA Ry R Ry Ry (1_R10)(1_R11) Ry R (1_R14) Rz Rig Rig Ryg Ry
+R R, Ry R, Ry Ry R, Ry Ry (1-Ry )(1-Ry ) R, Ry Ry (1-Rys )R Ry Ryg Ry Ry,
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+R R, Ry Ry Ry Ry (1R )(1-Ry )(1-Ryy ) Rip Rig Ry Ris (1-Ris ) Ry Rig Rg Ry Ry
+R R, Ry R, Ry Ry Ry (1-R; ) (1-Ry )(1-Ryy) R, Ry Ryy Ris (1-Rys )Ry Rig Ryg Ry Ry
+R R, Ry Ry Ry Ry Ry Ry (1-Ry ) (1-Ryp ) (1-Rui ) Ry R Ry R (1-Rye)
Ri7 Rig Rig Ryp Ry
(17)
Rs (t): R R, Ry +R R, Ry R;R; —R R, Ry R, Ry Ry
+R R R R, RR,R,R; R, R =R R, R, R, R R, Ry R, R; R, R:
-R R, Rs R, R5 R6 Ry Ry R13 R R15
+R R, Ry, R, RR Ry Ry R; R, R Ry R;
+R, R, R, R, R R, R, Ry Ry R; Ry Rg Ry Ry,
-RR R R RRR RR RyR; Rz Ry Ry Ry
—R Ry Ry Ry R Ry Ry Ry Ry Ryy Riy Rig Rig Ry Ry
+R R RRR RRR R RRR Ry R, R; Rz Ry Ry R,
+R R, R, R, Ry Ry R, R, Ry R R; Rg Rig Ry Ry,
+R R, Ry, R, R R, R, R, R; R, R R; Rg Rg Ry Ry,
-R R, R R, RRR; Ry R, R; R, R: R; Rg Ry Ry Ry,
-R R RR RR R RRR R,R;R,R:R; Rz Ry Ry R,
-R, R, R, R, RR Ry Ry, R, Ry R, R: R; Rg Rg Ry Ry,
—R Ry Ry Ry R Ry R; Ry R, Rig Ry Ris Ry Ryg Ry Ryg Ry
+R Ry Ry Ry Rg Ry Ry Ry R, Rig Ry, Ris Ry Rig Ryg Ryg Ry
+R R RRR R R R RRR RyR,R;R, R R, Rg Ry Ry Ry,
-R R, R, R, RR R, R; R, R; R, R: Ry Rg Ry Ry Ry,
—R R, Ry R, Ry Rg Ry Ry R, Ris Ry, Rig Ry R Rig Ryg Ry
+R, R, Ry R, Re Ry Ry R, R, Ris Ry Ris Ri; Rg Rig Ry Ry,
+R R, Ry Ry Rs Rg Ry RgRy Ry Ry; Rig Ry Ris Ry Rig Rig Ryp Ry,
+R R RR RR Ry;R,R,R;R, R: R, Rz Ry R, R,
+R R, R R, R R, R, Ry R, R, Ry R, R R; Rg Rg Ry Ry,
-R R, R, R, RRR; Ry Ry R; R, R; R, R Ri; Rg Rg Ry Ry,
-R R, R R, R R, R, Ry Ry Ry R; R, Rz R, R R; Rg Rig Ryy Ry,
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~R R, Ry R, R; Ry R, Ry Ry R, Ry R, Ry Ry, Ry Ry Ryg Ry,
+R1 RZ R3 R4 RS RG R? RB R9 R10R12 R13 R14 R16 R17 R18 RlQ RZO R21
+R, R, Ry R, R; Ry R, Ry Ry R;R;, Ry Ry, Ry Ry Ry Rig Ryg Ry,
~R R, Ry R, Ry Ry R, Ry Ry Ry Ry, R, Ry Ry, Rig Ry Ryg Rig Ryg Ry
_Rl RZ R3 R4 RS RG R12 RlS R14 R15 R16 Rl? R18 R19 RZO RZl
_Rl RZ R3 R4 RS RG R7 R12 Rl3 R14 R15 R16 R17 R18 R19 RZO R21
+R, R, Ry R, Ry Ry Ry Ry, Ry Ry, Rig Rig Riy Rig Rig Ry Ry
+R R, Ry R, Ry Ry R, Ry Ry Ry, Ry Ry, Rig Rig Riy Rig Rig Ryg Ry
+R1 RZ R3 R4 RS RG RiO R12 R13 Rl4 R15 Rl6 R17 R18 R19 RZO R21
+Rl RZ R3 R4 R5 RG R7 RlO R12 R13 Rl4 R15 Rl6 Rl? R18 ng RZO RZl

~R R, Ry R, Ry Ry Ry Ry Ry, Rig Riy Ris Rig Riy Rig Rig Ryp Ry

~R R, Ry R, Ry Ry R, Ry Ry Ry Ry, Rig Riy Ris Rig Ry Rig Rig Ry Ry
+R1 RZ R3 R4 R5 RG R11 R12 R13 R14 RlS RlG Rl? R18 R19 RZO R21
+R R, Ry R, Ry Ry R, R;; Ry, Ry Ry, Rig Rig Ry Rig Rig Ry Ry
~R R, Ry R, Ry Ry Ry Ry R, Ry Ry, Ris Rig Ry Ryg Rig Ryg Ry
~R R, Ry R, Ry Ry R, Ry Ry R, Ry, Ry Ry, Ris Rig Ry Rig Rig Ryg Ry,
_Ri RZ R3 R4 R5 R6 R10 R11 RlZ R13 Rl4 RlS R16 Rl? R18 R19 RZO R21
—R R, Ry R, Ry Ry R, Ryg Ry, Ry, Rig Ry, Rig Rig Riy Rig Rig Ry Ry
+R, R, Ry R, Ry Ry Ry Ryg Ry, Ryy Rig Ry, Ris Rig Riy Rig Rig Ry Roy
+R R, Ry R, Ry Ry R, Ry Ry Ry Ry; R, Ry Ry, Ris Rig Ry Rig Rig Ry Ry

(18)
Where R, Ry, R31 R, R5’ Ref R;, R8’ Rg' R1o’ Ri1s R, R13’ Ry, R15’ R Ry,

ng, ng’ Rzo’ R,; are the reliabilities of the units and Qs (k=1-21) are corresponding

unreliability’s.

8. PARTICULAR CASES
CASE 1:
If reliabilities of each component of the complex system is R, equation (18) yields

R, =R®+R®—R®+ R —2R" 4+ R + R* — R — 2R™ + 2R — 2R* 4+ 5R'* — 4R? + R?
(19)
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CASE 2: When failure rates follow Weibull Distribution:

Let failure rates of each unit is 601, a)z ' a)gi 604 ' a)51 a)ﬁ ’ 0)7 ’ a)g ) a)g y a)lo ) a)ll’ a)lg ) a)lg y 0)14 )

W5, Wy, W7, Wy, Wyg, Dy, Wy respectively, then from equation (18) reliability of the complex system at

an instant t is given by

Raw (1) =exp(-g,t") +exp(-g,t") —exp(-g,t”) +exp(-g,t") —exp(-gst")
—exXp(=ggt”) +exp(-g,t") +exp(—ggt”) —exp(=gyt”) —exp(=gy,t”)

+ eXp(_ gnt p) + eXp(_glzt p) + eXp(_ g13t p) - eXp(_g14t p) o eXp(_glst p)

+exp(—0;,t") +exp(=g,t") +exp(-gyt”) —exp(=g,,t") —exp(-g,st”)

—eXP(=Gyst") —exp(=0gpyt”) +exp(—gyst") +exXp(=gyot”) —exp(—gaxt”)

_eXp(_g21t p) + eXp(_gzzt p) + EXp(_gzst p) + eXp(_gz4t p) + eXp(_gzst p)

_exp(_gzet p) - exp(_gz7t p) - exp(_gzst p) + exp(_gzgt p) + exp(_gsot p)

—€XP(=gyt") —eXP(=gg,t") —eXP(=ggsl ") +EXP(=Ysut ") +eXp(—gsst”)

+eXP(—03t") +exp(—0z;t") —exp(—gzt") —eXp(—gst”) +eXP(=gyt ")

+ exp(_g41t p) o exp(—g42t p) o exp(—g43t p) o exp(—g44t p) - exp(—g45t p)

+EXP(—g,et”) +EXP(—9,rt") (20)

Where p is a positive parameter and g, are given by

0, =0, tw, +a,

g, =0, tw, +w;, +o, +w,

g3 =0+, +0; + 0, + Wy + 0,

0, =0+, +0, + 0, + O, + 0y + @, + O + O, + O

O =0+, +0; +0, + 0, + 0y + @y +@, + @, +@, +0;

Jg =0, +0, +0;+ 0 + Oy + Wy + @y + W +O3 + Wy + O

9, =0, +w, +0, + 0, + W; + @ T Wy tWy +@O,+ O+ Oy + O

Oy =0, +0, +t W, + W, + Wy + Wy +@; + O3 + Wy + O + O+ O + W,y + Oy

0y =0, +@, +0;+ O, + O+ Oy + @ + W + 0y + @y + @ + W+ O+ Oy + Oy

glO =0+ 0, T + W + WO+ Oy tW; W+ Oy + Oy +O; + O+ Oy + Wyg + Wy

0y, =0 +w, T W+ 0, +0O;+ W5+ W +Wy +Wy +Oy+ Oy + O + Wg+ Wg + Wyy + Wy

Op =0, +0, +0; + 0, + 05 + Wy + W, + W3 + @O + W5 + W7 + Wy + Oy + Oy + 0y
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=0, +0, + 0+ W, + W; + W5+ W; +Wy + O3+ Wy + W5+ W7 + W + W9+ Wyy + Wy

Ju=0 +tw, +w; +0, + 0; + W; + Wy +@, + W3+ O, +W+0; +Wg +Oy+ Q)+ Oy

glsza)l+a)2+a)3+a)4+a)5+a)6+a)7+a)8+a)9+a)12

t+ Wy O, Ot W7 W+ Wy + Wy, + Oy

Oig =0+, +03+ 0y + Wy + Wy + Wy + Wy + W3 +Oy + W5+ Wy + Wyg + Oy + Oy + Wy

Oy =0 +0, t O+ 0, + O + 05 + @, + @ + @
TO3 WOy T O T W7 T WO+ Og T Wy + Wy
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CASE 3: When failure rates follow exponential distribution
Exponential distribution is nothing but a particular case of Weibull distribution for p=1 and is very useful

in numerous practical problems, thus the reliability of the complex system in this case at an instant tis
given by

Ree (t) =[Rg (V)] at P=1
Ry (t) = exp(—g;t) +exp(—g,t) —exp(—g,t) +exp(—g,t) —exp(—gst)
—exp(—ggt) +exp(—g,t) + exp(—ggt) —exp(—ggt) —exp(—g,,t)
+exp(—9g,,t) +exp(—9g,,t) +exp(—g,st) —exp(—gy,t) —exp(—g,st)
—eXp(—Jyst) —exXp(—9g,;t) +exp(—0ygt) +eXp(—gyet) —eXp(—g,t)
—exXp(—g,t) +exp(—g,,t) +exp(—0,t) + exp(—g,,t) +exp(—g,st)
—exXp(—0y6t) —eXp(—g,;t) —exp(—0st) +eXp(—gy0t) +exXp(—g;t)
—eXP(—gyt) — eXP(—05,t) —eXP(—gyst) +XP(—ga,t) + eXP(—gast)
+eXP(—gsst) +eXP(—gs,t) —eXP(—gast) — eXP(—gaet) +EXP(—g,0t)
+exp(—0,t) —exp(—g,,t) —exp(—g,,t) —exp(—g,,t) —exp(—g,t)
+exp(—g,t) +exp(=g,,t) 21)

EVALUATION OF MTTF OF THE SYSTEM:
The expression for MTTF in this case is given by

MTT.F = [Re(t)dt
0

MTTF=t,t+t t t 1 1,1, 1 1 1

g, O, 9 9, U U5 U5 U5 s O
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1 1 1 1 1 1 1 1 1 1
+ + + — — — — + + —

gll g12 913 914 ng g16 gl? 918 919 gZO

1 1 1 1 1 1 1 1 1 1
— + + + + — — — + +

gzl gzz g23 924 925 926 927 928 929 gso
1 1 1 1 1 1 1 1 1 1
— — — + + + + — — +
931 932 g33 934 935 936 937 g38 g39 g40
1 1 1 1 1 1 1
44—t —+ )
0u 92 9 Yu Ui U Iy (

9. NUMERICAL COMPUTATION FOR RELIABILITY AND MTTF:
Setting @, =0.01 for i =1-21 and p=2 in equation (20) and (21), one can compute Table 1 and setting

@, = @ one can compute table 2 from equation (22).

S.No. | Time(t) | System Reliability RELIABILITY VS TIME
Exponential | Weibull
Distribution | Distribution —&—"Exponential Distribution === \Neibull distrution
1. 0 1 1 15
2. 1 0.9716 0.9716
E 0.9003 0.9459 i
4. |3 0.8033 0.9223 > 08 e ——p
5. 4 0.6811 0.9003 2 06
6. 5 0.5376 0.8795 2 o4
7. 6 0.3919 0.8595 -
8. 7 0.2645 0.8403 '
9. 8 0.1662 0.8216 0
1 2 3 4 5 6 7 8 9 10 11
10. 9 0.0978 0.8033 TIME
11 10 0.0540 0.7852
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SLNo | ® | MTTF

1 0.0 | 0 MTTF VS Failure rate

2 0.1 | 3.0643 \e

3 0.2 | 1.5321 3

4 0.3 | 1.0214 25

5 0.4 | 0.7660 £ o2

6 0.5 | 0.6128 =12

7 0.6 | 05107 o

8 0.7 | 0.4377 o |

9 0.8 1 0.3830 0 0.2 0.4 0.6 0.8 1 1.2

10 0.9 | 0.3404 Failure Rate

11 1.0 | 0.3064

10. INTERPRETATION OF THE RESULTS

Table 1 computes the variation of reliability with respect to time, when failure follows Exponential and
Weibull distributions. A critical examination of Reliability vs time graph shows that the reliability of the
complex system decreases approximately at a uniform rate in case of exponential distribution, where as it
decreases very rapidly when failure follows Weibull distribution.

Further, Table 2 computes the mean time to failure i.e., MTTF at an instant t. An inspection of MTTF vs.

failure rate graph reveals that in the beginning it decreases catastrophically, but later on, it decreases
approximately at a uniform rate.
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