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ABSIRACI

Operationai reliability is a measure of equipment or
system effectiveness, Usually, itlis expressed as sage~based
reliability, but in a steady-state situation, it may be
interpreted as meaning operational readiness and avallability,
The modeling for:operational reliability of a complex system
is done by decomposing the system into subsystems or components
and thus generating a block dlagram expression of system
operation, A thorough study of various system configurations
has been made. The model has been applied to assess the
retiability of a fertilizer plant which helps in 1dentification
of critical equipments with low reliability, The causes of low
reliability and various possibilities of improviﬁg reliabilities
of ¢ritical equipments have been studied, Heliability improvements
hag been compared, In the calculation of'reliability of individual
equipment,’Weibull reliability iurction has been used, The |
shepe and scale parameters of this distribution has been
estimated by Hazard Plotting, Maximum Likelihood Estimator and
SEQLIM methods. Steady state availability and operational
readiness have also been calculated for individual equipments

as well for the whole plant,
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CHAPTER 1

INTRODUCTION \

(¥ et \Fé ‘

, . ‘ 3" by, g&dw .

1.1 General Introduction .' Y,
e haﬁ 12 Af“'

The operation of & process plant involves'many'problems
wh*ch causes shut down of the plant, Since most of the process
equipments are complex mechanical units, their control and

protective devices are very complicated.

“During operation, failure of the plant may occure for
many reasons, eogoa previous incompetent { incomplete and incorrect)
maintenance of mechanical, electrical, electronic and pneumatic
equipmen ts; fault signals of instruments and safety trip systems,
poor design of the equipments, sudden and unexpected perturbation
of voltage or currents etc. If the piant operates at high temperatures
and pressures, then sometimes, it may go out of control which results
failure of the plant, In addition to these causes failure of the
plant may also happen due to wear and tear, random causes Or Wrong

action taken by the operator,

In order to meet either safety or economic criteris, large
and complex plants must have & potential high reliebility of
operation, This is generally achiered by the re-design of existing
equipment, installation of redundant equipments, duplicating the
safety trip systems, improving the maintenance policy, increasing
the rate of periodlc inspection etc. But these various meens of
reliability improvement must be cpmpared on the-basis of implementa=-

tion cost., In otherwords, Cost-Optimal reliability must be ensured,



In the general sense, Operational reliability is the
quantative measure of system performance or system effectiveness,
Mathematically, Operational reliability is a time dependent N
function indicating that the reliability of equipment or plant will
decrease with operating time. But steady state measure of operat= ’
1on§1 reliability can usually be indicated by operational readiness,
avéiiabilit?*and intrinsic availability, All of these measures are
expressed as simple ratios considering operating time, idle time,

down time and active repair time,

However simple the above measures may sEemlto be, in reality,
the reliability analysis of a complex system is extremely difficult
if 1t is treated in its entirety. So, the logical approach is to
decompose the system into subsystems or components, thereby genera-
ting a block diagram description of system operation, Then the
caleculus of probability 1s applied to calculate system reliability.

1.2 Fertilizer Factory to be Studied.

Irrespective of the nature of Operation, the treatment of
reliability analysis is same for any type of fertilizer factory
er so to say for anyrcomplex plant in general, So, for this study,
Urea Fertilizer Factory Liﬁited, Ghorasal, Dhaka had been chosen
because of its importance to the natiopal economy; This is one of

the modern complex and continuous production Chemical Plants in

the Country.



This plan£ operates closer to its trip limit run at very
high temperatures and pressurts and use potentlally dangerous
chémicals, Hore over, most of 1ts installed equipments and
machineriesipre single unit in a flow train except few small units
w@e?e stanagby redundancy is available, This plant produces about
1;850 tons‘é% Urea per day, If the plant is shut-down for any minor
tngubles, i; will take minimum 2 to 3 Jdays tc restart production‘
which leads to great loss 1n production volum. So, when the plant
gées‘into operation then the mauin objective is to avold the failﬁre_

of the plant by taking all possible preventive measures,

Review of the plant 1ife history indicates that the plant
suffers frequent shut-downs due to various troubles of equipments
and machineries, The troubles might be reduced considerably if 1t
is possible to identify the critical equipments and the potential
trouble ereas for which major shut-down of the plant occurs and
improving the situation by installing redundant equipments or

duplicating the system of the trouble areas,

4
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Objective of the Study.

The objectives of this research are the follouing:

i)

i1)

111)

iv)

q@%deveIOp a model for assessing operatioral reliability
ﬂy decomposing the whole layout of the system into block
dlagram representation,

To assess the operational reliability of each individual

components and the overall reliability of the factory.
To identify the eritical components and major trouble
areés.

To suggest a poliey to improve operational effectlveness

of the factory.
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CHAPTER 2
LITERATURE REVIEW

2.1 Reliability theory and definition

In its useful sense rellability theory is a method of
assessing the performance of equipment that complements the
familiar criieria of performance. Applieé to processing opera-
tions, reliability teechniques allow altermative plant configu—
rations or processes to be compared objectively in terms of their
abllity Lo perform the allotted task, Similar techniques may be
applied to the provision of maintenance and services, The systematic.
analysis of fallure modes of itself leads to the discovery of
danger points, and in combination with adeuvate failure rate data
allows quantitative estimates of such loss quantities as down-

time to be made.

Chemical plants operate continuously in timej reliable T
plant only rarely fails or operates improperly, This suggests -
that the following definition of reliability given by Fresh
water end Buffham ( 1) is suitables

The reliability is the probability that the plant operates
successfully within a desired band of operating variables for
more than a specified time,

Clearly the reliability is a function of the time specified

and depends on the nature of the plant and its environment, The

reliability function R ( t ) may be defined mcre formallys



R(t) = Pr ( no fallure in (0,%t))

where Pr(A) 1s used to denote the probability of event A occuring,
and failure i1s synonymous with operations outside the desired band
of conditions: The concepts of reliability and failure rate are
iniimately related. If a large anumber of identical plahts opérating
under identical conditions, The plants will have a distribution of
life times in much the same way that the materlal entering a
chemical prqqess has a distribution of residence times :

" £(t) at = Pr(Plant fails in (t,t+dt))
The density function £(t) may be regarded as the fallure rate at
time t based on the number of plants put into operation at time
Zero. ‘
2.2 Failure Types, Fallure Rate and Hazard Rate
2.2.1 Faillure Types | |
- Failure is defined as The termination af the ability of an
item to perform its required function. Three types of failures are
recognized in system and component reliability studies by Aird(2),

namely early failures, random and wear out failures,

2.2.1.1. Early Failures
In the early life of a plant these failures caaz be identi-

fied as commissioning problems and are usually caused by one of the
following :° |
. '(4) Design faults = failure caused by inadequate design which
will continue until the design i3 modified.
(11) Manufacturing faults - the use of subatandard components
due to lack of quality control or poor workmanship in the assembly

of units will produce early failures.



(111) - Construction faults - the initial assembly and setiing up
of plant items can produce additonal stresses over and above the

design values resulting in premature failure.

In plant and equipment which has been in use far-several
years and is obviously past its initial life period, 1t is still
possible to get early failure characteristica. This 1s due to the
maintenance activity it-self whether in response to a breakdown or
for preventive reasons. The most obvious reasons for these early

failure charactefistics are ¢

(a) Incorrect fault identification -« usually because the symptom
of fallure has been corrected but not the underlying cause. This may
be simply for expedlieacy to get the plant operationas as quickly asa

posaible or because there is a multiplicity'of possible causes which

are difficult to seperate.
(b) Disturbance of equipment - this may lead to one or more

secondary failures such as the loosening of accumulated deposits

which can then produce blockages or opening seals which then leak.

(e) Poor maintenance work - whilat this is the most difficult

of categories to eliminate it is unfortunately one of the more

common causes of early failure. Many examples can be quoted including
using similar but incorrect replacement parts; allowing dirt and othex
matter to get into equipment ; or physically damsging replacement

parts by using incorrect malntenance procedures.

It is desirable that all early failure modes are eliminated
by appropriate action. In each case it is necessary to investigate

the cause carefully so that one failure mode is not simply replaced



by another. Where maintenance induced failures are occuring then
it may be necessary to provide more formal diagnostic procedures

or retralning as necessary.

2:.2.1.2 Random Failures

5 Raadomness of failure times occurs when the probablllty
of fallure does not vary with the age of a unit ( the hazard rate
13 COnstant), From, an englneering point of view 1t would be expected
that mechanical equlpment would show wear out characteristics.
N;th complex mechanical equipment there can be many different modes
and although these mey individually follow normal distributions with
different means and stendard deviations, when considered altagethér
these can produce on apparent exponential or even early failure.
distribution., In addition meny faults can interact; for example,
the‘failure of one component could lead to additional stresses on

others through overheating, unbalance, or vibration.

In genefal it would be caﬁtious to mssume that all
equipment has an underlying wear out distribution and ¥o examine
any data that do not produce this type of result with extreme care.
Unfortunately this is frequently imposaible to carry'put because
the original data are not available through the lack of a good

recording system.



2.2.1.3 Wear out Failures

From a maintenance point of view 1t is desirable to have
equipment with a wear out type of fallure distribution since this
gives a much longer mean time between failures (MTBF), is much more
predlctable in the sense that the variation between the lives of o
the indlvidual units is small, and it can be used as the basis of
a preventlve maintenance policy. Since the egquipment services a

much greater length of time there are likely to be several dominant

moqee of fa%%ure contributing and it is important to 1solate these,
If?one partfeular failure mode 1s causing a significant feduction in
the overall MTBF then steps can be taken to design out this mode

er at least improve the units performance., Possible causes of this
type of distribution include wear, erosion, corrosion, fatigue or
depogition of material causing failure due to blockages, ot of

balance, or local overheating.
2.2.2 Fallure Rate
The failure rate of a system is defined as the number of

failn?es per unlit time. The failure rate is not constant for the

entine life of an equipment.

Jardine(3) haa described that when making a graph of the

failure rate for the whole life, the fallure rate would be high at the

begining and would show a decreasing tendency., It would usually
hecome constant in a comperatively short tiumc, i.e., when the
equipment or system reaches a state of operational maturity
(Fig-2.1). The period of decreasing failure rate is called the

" burn-in" period, during which infantile (early) failures are

inherent in the new product,
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Fig~-2.1 Failure rate curve
When the curve stralghtens and funs essentially parrallel to the
abscilssa, the‘failure rate 13 approximately conatant and the
product has reached its peridod of useful life where only chance
failures occurs at rando. lLater the failure rate assumes an inc-
reagsing tendency and' degradation failures begin to appear as a

cpmgegiemce pf age (Wear-out), when the equipment is reaching its

Mrated life.?



11

Herd(4) has defined that the probability of failure in a
given time interval, t1 to t2 can be expressed in terms of either
unreliability functions or reliability functions. The relation=-

ships are as follows :

to
S £(t) dt = P(t,) - F(t,)

k51
- R(t1) - R(tz)

The rate at which failures occur in the interval t1 to t2, naturally

celled the failure rate, will be defined as the ratio of the proba-
bility that failure occurs in'the interval, given that it has not
occured prior to t1, the atart of the interval to the interval

length. Thhe the expreasion for the failure rate is

R (t4) = R (%))

(t, = $4) R(%,)
2.2.3 Hazard Rate

The hazard rate or instantaneous failure are, 1ls defined
as the 11@;t'of the failure rate as the interval length approa-

cehs Zero. Then the hazard rate is :

, Limit (R(t) = R (t+t)
n(t) = Pyt

T R
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2.3 Selection of Probability Distributions

The probability that gsomething will fall at a prescribed
instant 1s zero. Thus failure distributions are represented by
funcfions of time f(t), such that when integrated over g apecified
timgéintervé;lt1 to t2, the probability'of at least one failure
dugigg the ﬁiﬁe interval is obtained. i

F(t1£ﬁé) = St1 £(t) dat

5 ts

There are many functions used to represent probability
density distributions(5); for example, the hyper exponential, the
negative exponential, the log-normal, the normal, the Gamma and the

weibull distributions etc.

To provide flexibility in matching different density shapes
and for easiér analytical manipulation it is common in reliability
gtudies to use the weibull distribution, which has & density

function f£(t) given by

g g £,°
£($) = 5 (ﬁ) exp{-—(ﬁ) \I

where f£(t) is the probpotion of fallures per unit" time , ¢t is

time in appropriate units, A is the shape parameter and nis the

scale parameter. The scale parameter v is also referred to as the
characteristic age of the equipment. A high value of rlindicates a goed
designed system, good quality control or large factors of safety.

The shape parameter B defines the type of distribution. When B is
equal to 0.5. 1.0, 2.0 and 3.4 the weibull gistribution simulates

the hyper exponential, the negative exponential, the log-normal and

- the normal distributions respectively.



13

The cumulative density function F(t) and Reliability func-

tion R(t) are given as follows :
B
#(t) = 1 - exp{-(g'l)}

g
R(t) = exp {_(131)1]

2.4 - Estimation of Weibull Distribution parameters.
The published methods for the estimation of the parameters

£ and 7 include :

1. The maximum likelihood estimators (MLE)

2. The best linear invariant estimators (BLIE)

3. The good linear unbiased estimators (GLUE) and
4o The least squares estimators.

In addition to these methods, some graphical techniques such as

hazard plotting and Weibull paper plotting are available also.

Te IMIE Method
For life testing situations, where r failures have been
observed from a sample of nitems, Bain(6) gives the following \

equation for estimating B

r

3 ? B
E =ti:n 1r1ti:n + (n-r) t1:n1nti:n
i=1 ) T
1.1
- -.,-é.“l" J; lnti:
B (n-r)4°
ZE: ti:n ton T rin
im1

L LN (204.1)
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After determining B, the scale parameter M can be egstimated by :

_1" p 1
| Z tin * (n=r) top B
__i-"-"l ) eae RN (2-4-2)
= r ,

From éauation (2.4.1), it is clear that B cannot be obtained
with a single failure, in a 1life testing situation. The major
problem with MLE 1s that the estimate of fis highly biased

when there are only a few fallures.

2. BLIE Method
This method haa been developed by Mann, et al (7). They

have given the following relationship for evaluating estimates

p and M

Ir s
T] :Z A(n,r,i) ti : saase eve (2.4.3) (-‘:
1=1 7
and 1/ﬁ =ZC(n,r,i) t'l e s s (2.444.)
i=1 .

Mann, et al.have given the weighfing factors A(n,r,1) and C(n,r,i)
for n>2 and r > 2; r is the number of observed fallures and
n is the number of items on test. Obviously these formulations are
valid for life-testing gituations only. The main disadvantages of |
this method are that it cannot be used before the second failure
and the estimate B is highly bilased for the first few fallures.
3. GLUE method |

The method of good linear unbiased estimators have been

. discussed by Bain. The eQuations to be solved are :
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(1) Por r2sn ( incomplete data ),

r
rilnt_ . -Zln i

l/pa > & 8 L J * B (2.4.5)
n k_ .
r,
Inn=1n t . -c./B) ... (2.4.6 )
where the conatants K and C are given in tabular forms
r,n r,n _ o

for n>5 or may be calculated by quadratic approximations
provided by Bain.

(11) For r = n (complete data),

8 n
— E lnt, ., + S/(a-2) z
1:1 In ti-n ‘ '
i=1 i=5+1 ’
1/ﬁ-"’—' : "re 00.(2.4.7)
nKIl
1n -= 1 ;ﬂ
Y—l H lnti:n + I'*/JS e s e 0..(2.4.8)

where K_ 1s an uniasing coastant given in tabular form, S= [0.84n]
is the largest integer £ 0.84n, and r* = 00,5772 13 the Euler

constant,

This method provides a good estimate of Bfar few failures., But,
it also cannot be used before ﬁhe geoond failure. Another short-
coming with GLUE is that 1t is 1lnapplicable when replacements are-
carried out on failure; because there i3 no single value of tr:n' |
4, Least squares metiod

The method of least squares 1is appl%cable only after all

the eguipments in the sample have failed; i.e., no censories is

allowed. Neverthless, the method 1s effective in dealing with
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few fallures within engineering approximations. The determination
of P and M by this method, is based on the inversion and double
logarithmic transformation of the equation for the cumulative

distribution function P(t) given by

R
Pt) = 1 = exp[ (%)}
which on transformtion becomes

1n 1n j:j'.‘l%'f'r = g lnt - E) lnYz secnssee (2-4-9)

This is of linear from Y =M X - 2 .

where Y = 1n 1n 1
CT=F (T

o=
X = 1nt
Z=p 1o

Hinds et al(8) gives that there are geveral ways of calculétihg

F(ti) for the ith failure; three of which are as follows :

Choice , F(ty)
Mean rank i/(n+1)
Benard's approximation (1-0.3)/(n+0.9)
Symmetrical Sample cdf (i-0.5)/n ese s s one (2.4.10)

Estimates of P and q can be obtained either graphiecally or
by msing a computer'programme. In the programne, equations(2.4.9)
and (2.4.10) can be golved by the least squares techaique to
estimate 8 , while the scale parameter'q is estimated by the
following equation

M = exp { Y(at 63.2%) + 2z} /B ... vos (2.4.11).

Equation (2.4.9) can also be solved pgraphically.
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Weibull paper plotting - Some special graph papers called

"Weibull probability" papers are commonly used for plotting

Y Vs. X. In using such papers, the usual technique 1is to produce

a best fit line by eye. As an ald to this type of fitting, it
should be noted that the line must pass through ( X, ¥ ), where

¥ = i=1
n
_Il
2:;: 1n 1n 1 ]
= - 1 J
¥ =

like all other methods mentioned before, the least wquares

method also can not be used for n < 2. .

Hazard plotting : Another graphical technique for estimating the

Weibull parameters is 'hazard plotting' which has been developed
by nelson (9). The main difference of this method from the earlier
one ig that it uses cumulative hazard function H(t), instead of

cumulative distribution I(t) for a linear fit.

The hazard function h(t) for a distribution of times t
to failure is defined in terms of the cumulative distribution s
funcfion F(t) and its derivative, which 1s the probability density |
f(t), as follows :

h(t) = £(t)/ {1-F(¢)} cere  eees (2.4.12)
The cumulative hazard function H(t) of a distribution is the

integral of the hazard function up to time t; 18 :

t
H(t) = § h(£). dt = =1a {1-F(H)) eeeeennn (2.4.13)
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Again for the Weibull distribution,
t
| P(t) = 1-exp{- (—"-lﬁ ,
H(t) = ~ln [l-l + exp {- (-::7) ’]j : .
i.e., H(t) = (t/q)Fj t>o0

This can be rewritten to express time as a function of the
comulgtive hazérd, namely : |
lnt = (1/B) 1la H + 1an (2.4.14)
By this relatiénship, lnt is a linear function of 1ln H; Thus,
Weibgil h&zarq;paper is simply log=-log graph paper from equation
(2.4:1"4), it is obvious that the slope of the atraight line
plot equals 1/B , this fact 1é used to estimate B with the
aid of the shape parameter scale from a Weibull hazard plot For
H = 1(100%) the corresponding time t equalS'qj this fact is used
to estimate‘q grephically.
For hazard plotting, the basioc steps infolved are as follows :
(1) cullect a number of failure dates/times for the same equipmeﬁt
(or a number of similar equipments)
(1i1) Determine hours run between failures and order the times
| (both failed and unfailed times) from smallest to largest.
(i1i) - Level the times with reverse ranks, that is, the first time
18 levelled n, the second n - 1, and the n this levelled 1.
(iv) Mark the failure times to distinguish from the unfailed
times, because the hazard value is colculated iavolving
the failed items only. |
(v) Calculate the hazard value for each failure, omitting

unfailed items, as'1/h, where K is its reverse rank.
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(vi) Calculate the cumulative hazard value for each failure as
the sum of its hazard value and the hagard values of all

preceeding failure times.

(vii) Plot cumulative hazard values Vs, sample failure times on
a log - log graph paper.

(viii) ‘By eye, fit a straight line through the data poiats. If the
plot: 1s ieasonably stralght, one may conclude that the dis-
tribation.adequately fita the data.

(ix) In the Weibull model 4 log H/d log t is B and when

H=1, t=Y1_
5 SEQLIM METHOD

This new method SEQLTM has beea given by Kabir & Lihoa (10).
aAlthough the method was developed primarily for safety systems, its
application is not limited to those systems only, rather it can be
used for analysing data from almost any system, provided there

are not a large number of items on lest or in service.

The method SEQLMM utilizes the basic acceptance principles
of Sequential probability ratio test' (SPRT) to estimate sets of
Weibull distribution pramaters (P Y1 )3 and then the theory of
probability limits is used to gelect the most suitable values of

these parameters. The acceptance point Vr for SEQLIM is calculated as

p .
V = I 1n d had lgB s e PP evrsoe (2.4015)

r a1 & - 1




where, B = P'/(1- &)
' = Producer's risk a 0.10
' = Consumer's risk = 0.05

=  disorimination ratlo = 2.0
r = No. of failures

The accepted estimate of'q is obtained as

;1.. {(i ti@)/"r}% (2.4-.16)

for any value of B

a

where ti denotes the operating time for the ith item on test
(including failure time if any), and n 1s the total number of

items on test.

Now, for a set of P values, one can obtain a set of
(B,7') pairs. Having obtained a set of (f,MN ) pairs one now
needs to compute tr/Tl for r observed failure times and to
check whether thege values are wilthin the desired pbobability
1imits. The pair that has no "outlier" is accepted as the best
estimate of B and mn .

with SEQLIM the fundemental approach for applying
probabllity limits 1is the same as explained above, but it has
been proposed by Dubey (11) that one should first use the 40%
(lower) - 60% (upper) limits (double sided).' If at this stage, no
pair ( P fﬂ ) can be selected, then the limits should be increase
gstepwise, to 30%-70%, 20% - 80%, 10% - 90%, 5% - 95%, and so on,

20

d
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until a pair can be selected. It may happen that there are a
number of pairs within the selection zone. In that case, the

pair with the smaller value of 3 should be selected.

2.5 .System Rellability predictim and Models

In perfoﬁming the reliability analysis of a complex system,
it is glmost im;pssible to treat the system in 1ts entirety. The
logicai:approacﬁgis to debompose the system into functional entit-
ies cdmposed Aog;units, subsystems, or components. Each entirety

is assﬁﬁed to héve two states, one good and one bad. The subdivision

genera%es a block-diagram description of system operation. lModels

are then formulated to fit this logical structure and the calculus

of probability is used to predict the system reliability in terms

of the subdivision reliabilities. Series and parallel structures often
occur, and thelr reliability can be described very simply. In many
cagea the structure is of a more complicated nature and more general

techniques are needed. It is assumed that each functional entity '

is independent of the others in the forementioned models, but in

many cases this is untrue. Dependent failures occur in standby o
systems, and systems which respond to a common environmental change.
The models which govern these cases contain time-~dependent conditional

probabilities.

The formulatioa of a structural reliability model can be
difficult in a large, sophisticated system and requires much appro=-
ximation and judgment. The basic configurations of some reliability

models are developed by carter (12), shown below :



2.5.,1  System reliability - Components in Series

A series system 1is onelwhich operétes only if all 1ts
components are operating, For a series system the reliability is
the products of the reliabilitles of the components, Figure 2.2
chows the seriles arrangement of a number of components which have

respective reliabilities R, , R, , R3 « « o« ete,

L

Figure 2,2 components in series,

The system rellability, Ryls given as

Rslﬂ R1IR2X R3x .ooooooRn

where n = No. of components,
when the reliabilities of several serles components are equal then

Rg = ( Ry )"
vhere Ro = reliability of several components when

their reliabilities are equal to each other,

Again their may be 'ny components of Ry reliability and n,
components of R2 reliability etc., in this case thwe overall
rellability of the system,

Ry = (R)™M,( Rp)"2, ( Ry)"3,

2.5.2 System Rellability - Ccmponents in parallel,

A parallel system is one which-falls to operate only
components fall to operate, For a parallel system, the un?eliabi-
1ity ( provability of failure )} is the product of the unrellabl-
. lities of the components, The reliunility block diagram for a

parallel system is shown in figure - 2,3,
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Figure 2,3 +~ Components in parallel

If n units are in parallel with an unreliability

F1, F2, F3 “ e s s . Fn’then wnrallabllity of the system,
Fp = Fyx Fp X Fyooo ... Fy

if F1a F2 = F3 B 4 4 0 s s Fn

then T = Fy |

But R+ F & 1 or Nl m 1t « F
Hence the system reliability Rp is given by

1
Rp = 1 ,ﬂ F1

In analysing a parallel system in this fashion it is
implied theat all sub-systems are activated when the system is
activated and that failures do not influence the reliability of

the surviving sub;systems.
2563 System Reliability -~ Components in Series/Parallel.

The reliability of the system can be determined from the
failure probability of the arrangement as a consequence of H+F = 1

Ra1a«TF,
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Ra

Y
Figure 2,4 Components in Series/Parallel,

Considering the arrangement in figure 2,4, reliability of the

series path X 418 given as

Therefore, unreliabllity of the seriles path X is given as
F L] 1 - R = 1 - R1 X R2

X X
simildiarly,

R = R

Y " B R
and FYu 1 -RBxRI"\ *

Now unreliability of the system F_1s given by

Fg = (1« B..R,) (1 - B3'Bh)

Hence, reliabllity of the system R, 1s given by

Bgm 1 = (1 -R.R) (1 -ReR)

2.5M r- out-of-n parallel systems,

For & system whlch has n components ir perallel and
operates as long as r survive, the Binomial distribution is
appiicable. The system relliabllity 1s obtalned by summing the
probabilities that n, n«1, . . . . . T+ 1, r components,

will]l survive,
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R = ni nek
E k\_(n-f)\_RI:(c(1'Fx)

K ar

wvhere R = System reliability
Rx e Components reliability

2,5.5  Stand-by Redundancy

In a system with redundant elements that are completely
on stand=by, no time is accumulated on stand-by elewents until the
primary element faills, For simplicity, it will first be assumed
that stand-by elements cannot fail if de-energized, and that the
necessary switching devices are fallure free, If the system
contains two elements, A and B, the reliability.function has been
given by Welker ( 13 ) as follows 3 The system will be successful -
et time ¢ 4if elther of the following twoc conditions holds (letting '1

A be the primary element )s

i) A succeeds up to time t, or
i1) A fails at time ¢, /. t and B operates from t, to t.

The following dlegram represents these two conditionss:

t, t
Time Axis T
Conaition (1) A >
(1) A :
A B .




26

Translation of the two conditions above to time dependent probabi-

lities gives

R{t) = S?aft) dt + St{fa(tl) jﬂ;b(t) dt}dtl
s ° 3ty

where £(t) is the time-to-failure density functim of an elament.
The first tefm of this equation represent the probability that
element A will succeed until time t. The second term, excluding
the outside integral, 1s the density function of a failing exactly
at t, and B succedding forlthe remaining (t-t1) hour. Since t1 can
fange from O to t,t1 is integrated over that range. For exponential

case where the element failure rates are Ngand Ay

R(t) =

expl-At) - =D exp (=At)
Ao Aa Pi= Ap— Aa b

which 1s a form of the mixed exponential. It can be shown that it.

1

does not matter whether the more reliable element 1s used as the

primary or the standby element.

if‘ >\a_=‘?\b= )\ 3
R(t) = exp{-At) (1+ A t)

For n elements of equal reliability

n-l (2 e)®

R(t) = exp(=At) Z =
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2.6 System Effectiveness and Its Measures,

2.6.1 System Effectivenesa

System effectiveness (14) is the probability that the
system can succesgfully meet an operational demand within a

given time when operated under specified conditions.

Effectiveness is obviously influenced by the way the

equipment is designed and built. However, just as critical are

the ways in which the equipment is used and maintained. In other
words, system effectiveness can be materially influenced by the

design engineer, the production engineer, the operator and the

.maintenance man., It can also be influenced by the logistic system

that supports.the operation and by the administration through personnel

policy, rules governing equipment use, fiscal control, and many

other administrative policy decisions.

The definition imply that the system fails (i) if it is
in an inoperable condition when needed, or gii)'if it is operable
when needed but fails to complete the assigned mission successfully.
The expressfon vgpecified conditona"™ implies that system effective-
ness must be stated 1n terms of the requirements placed upon the |
system, indicating that failure and use conditions are related.

As the operational stresses increase, fallure frequence may also be
expected to 1ncrease,

If continous operation is required, any ceasation due fo
failure or scheduled maintenance reduces system effectiveness., If
the demands on the equivpment are such that an on~off use cycle
'profides glgnificant free time for maintenénce, system effective~

ness is ehhanced,
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2,6,2 System Effective Measures.

The following are the various measures of system effecti-
veness. For example, Serviceability, Maintainability,Repairability,
Operational readinéss, Availability, Intrainstic Availability ete,

In this context, some of the important measures are defined by

Kepur ( 15 ) as follovss

Operational Readinesss
The term operational readiness is defined as the probability
that either a system is operating or can operate satisfactorily

when the system is used under stated conditions,

The operational readiness ( O. R.) would be estimated by

OuR. = Operating time +
*Te Operating time + idle time + dowh time

vhere operating time is the time during which the system 1s operating

in & manner acceptable to the operator.

Avpilaniditys

| Avallability is defined as the probability that a system
is operating satisfactorily at ahy point in time and considers
only operating time and down time, thus excluding idle time,
Avpilability in a measure of the ratio of the operating time

of the system to the operating time plus the down time, Thus it
includes both reliability and maintainability,

The avajlability function ( A ) would be estimated as

A = Operating time,

Operating time + down time
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The availability function would also be derived by the following
way ¢
Let U = Mean Time Between Failure (MTBF)

M,= Mean time to Repair (MTTR)

N = Number of failures.

then )y = ( Total operating times/number of failurea)
Up= ( total repair time/number of failures)

Therefore, for N failures
time lost = U.N
time elapsed = (total operating time + total repair time. .

= UN + MpN

Availability, A = PN _ Y
. BN + HeN }J. + Py
i. Ee A = NITBF
MTBF + MTTR

_lntrinsic Availability

Intrinsic availability is defined as the probability that
a gystem is operating in a satigfactory nammer at any point in time

when used under stated conditions. In this contest, time is limited

to operating and active repalr time. Intrinsic availability is a more
restictive measure that availabitity; hence the availability will
always be less than or equal to the intrinsic availability. The
decrease will be caused by the administrative md logistics time
connected with the repair cycle, which is included in the availability

meagure.
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Por instance, the unavailability of spare parts will decrease the

availlability measures bu not the intrinsic availability measure.
The intrinsic availlability is estimated as

A = Operating time :
I Operating time + active repalr time

where active reapir time is that portion of down time during which
one or more techniclans are working on the system to effect a

repair. This time includes preparation time, fault location time,

fault correction time and final check-out time for the system.
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CHAPTER 3

DESIGN FEATURE OF UREA FERTILIZER FACTORY LTD.,
GHORASAL DHAKA

3.1 Production Capacilty
This plant 1s designed to produce 660 Metrilc Tons per day
of liquid ammonia and about 18,000 NM3 per hour of carbon dioxide

for Urea Plant.

The raw material used in this plant is natural gas
362 Process Description of Ammonia plant.

The processes utilized in Ammonia production from natural
gas in this factory are summerzed (16) ©below. The process flow

diagrem of Ammonia Plant are shown in filgure 3.2.

-

Serubing of natural gas

The éleaning of natural gas is done through dust
geperator, Venturi, Scrubber and Pilter. After being cleaned, a
certain part of this naturai,gas is sent fo the compression unit
as feed stock for ammonla production and the rest without any
compression is used as fuel in ammonia plant, power plant, steam

generation plant and others.

Compression of Natural Gas feed stock

-

The natural gas is supplied at 24.5-28.0 kg/cm“G. and
compressed to about 35 kg/osz before it is sent to the desulfu.
risation unit because high pressure reforming process is adopted

in this plant 'S
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Desulfurization Process,

It is necessary to reduce sulfur content of the natural gas
feed stock to less that one ppM because sulfur would act ag a
poison on the reforming catalysts. Therefore.the sulfur in the natu-

ral gas feed stock is almost completely removed by using zinc oxide

catalyst.

Reforming process

The natural gas form the desulfurization vessles ig mixed
witH thé superheated steam and then enters the primary reformer.
I'he steam reforming reaction is basically the reaction between the
hydrocarbons and steam to prqduce hydrogen, methane, carbon dioxide
and carbon monoxide. This steam reforming occurs in the preasence of

vickel catalyst under high temperature. The reaction is shown below :

CH, + H.O == CO + 3H2

4 2

CO + H20 e CO2 + H

2

The reformed gas from the primary reformer is mixed with process
air from fhe alr compressor (A-GB 101) preheated. Through process
air prgheater i3 sent to the secondary reformer (A-DC 101) where
methane and steam further react to produce hydrogen and carbon

monoxide and required Nitrogen for Ammdnia-synthesis is also

supplied.

The gas from the secondary reormer passes through the reformed
gas waste heat boilers (A-EC 107) and the process gas procedds to

the shift conversion procegs.

-
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Shift conversion proceas,

In shift conversion, carbon monoxide reacts with steam to
from{ﬁydrogen and carbon dioxide and this hydrogen 1is used in

ammonia synthesis reaction.

. This sﬁift reaction occurs under the proper temperature and

pressure condi{ions with suitable catalyst.

Cu + %2? s -002 + H2

002 régpval progess

For rémoval of 002 the converted gas enters the 002 removal
process wich is based on GIAMMARCOVETROCUKE (G.V) €O, removal
process, |

The process gasa from CO conversion unit enters the process
gas reboiler (A=EA 301), pro#iding the heat required for regenera-
tion of the G.V. solution; then it 1s seperated from process conden-

sate in the process gas K.0. drum (A=-FA 301).

The gas leaving the process gas K.O. drum is passed to the
002 absorber (A-DA 301), where 002 is removed, contacting couater
currently with G.V. solution, Passing through'the absorber effluent
cooler (A-~EA 304), the process gas is washed in the mist trap
(A-DA 303) where the mist 183 removed and is sent to the methanation'

unit as a purified gas with the 002 concentration of 0.1 ~ 0.3%

The G.V. soltution which absorbed 002 ig extracted out from the
bottom of the CO2 absorber and after being heated through the solution
heat-exchanger (A-EA 302) it is supplied to the top of the 002

regenerator (A-DA 302).
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The regenerated G.V. solution is delivered,ouf.through the bottom

of the 002 regenerator and after being pressurized by the solutioﬁ
pump (A=GA 301)_19 colled by passing fhrough solution heat exchanger
and solution cooier (A-EA 303 A-C) successively and then-Circulated

to the top of the 002 absorber.

The gas released from the top trays of the 002 regenerator

where it is washed by condensgte, enters the washing part to the

CO, direct cooler (A-DA 304), here the mist is further removed by 3

2
circulating water and condensate from the mist trap. The washed 002

is sent to the Urea plant with a purity of above 98.5%

Methanation process

In order to complete the removal of CO2 and CO gases from
synthesis gas by hydrogenating into steam and methane, methanation
is used as the final process for gas purificati&ﬁ. Thege reactions
a8 explained by the following equations are reversible and also
each of them being exothermic.

3H2 + CO = CH4 + H20

4H, + 002 =i CH4 + 20,0
The gas from CO2 removal unit enters the process gas heat exchanger?
(A-EA 201) of the shift conversion unit and is heated to 300°Clby 3
18t shif+t converter outlet gas and then enters the methanator., i
The procegé gas after the removal of carbon oxides in the methanatar
heats up the boiler feed water in the methanator effluent economizer
(A-EA 401) and is then cooled to ambienat temperature in the gas

final cooler (A~EA 402).

i
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The condensed water in the gas is removed in gsysthegis gas K.O.

drum (A-~FA 401) and the gas is sent to the synthesis gas compre-

g30T,

Amnmonia synthesis Unit.

Ammonla synthesis reaction occurs on the iron catalyst
promoted with wvarioug kinds of methals and 1s indicated by the

following equation.
3H2 + N2 = 2 NH3

Incrasing the pressure results in an increase in Ammonia

concentration at the equilibrium condition.

Decreasing the systhesis temperature results in an increase
in ammonia content at the equilibrium condition, but results in
decreasing the rate constant of reaction. Moreover, the better the
catalyst, activity 13, the lower the sgynthesis pressure can be.
Therefore there is an optimum temperature for ammonia synthesis

aystem.

In addition to nitrogen and hydrogeh with ﬁ ratio of about
1 ¢+ 3, the refined synthesls gas has about 1.2% of methane and '

argon.

The process gas compressed by synthesis gas compressor is
mixed with the effluent recycle gas from the synthesis converter
through synthesis ecenomlzer (A-~EB 501). After cooling in different

stages, the synthesized ammonia present in the gas in condensed.
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The product liquid ammonia from seperator is sent to the
product let down tank (A-FA 502) and 1ts pressure is decreased.
Finally it is sent to the ammonia storage tanks (A-FA 501A,B),

which are designed to store liquid smmonia of about 20 Kg/qsz.

3.3 Proceas Description of Urea Plunt
The following processes are adopted in Urea Proauction in
this plant. The process flow dlagram of Urea Plant ure shown in

figure 3.3

Synthesis Section

Urea is synthesized in the reactor from liquid ammonim and
carbon dioxide. 002 gas ié compressed by CO2 main compressor
(U=GB 102) upto 230 kg/cm2 and is directly fed with gasous state
into the Reactor (U=DC 101). Liquid ammonia from recovery ammonia
reservior (U-FA 401) 3da pumped upto 230 kg/om2 by liquid‘ammonia

fedad pump (U-GA 101), and fed in to reactor.

The first reaction in the reactor is farmation of ammonium carbamate

from ammonia and carbon dloxide.

NH, COO0 NH

2NH, + 002 = 4 5

3
This reaction release to large heat, and rapidly total 002 reacts
to be ammonium carbamate., Next, a part of ammonium carbamate
dehydrateé, to be Urea and water.

= NH,CO NH, + H,0

NH, CO, NH 5 5 o

4 2 2
Equilibrium reaction of Urea and Biuret is shown below which is'

also reversible.

2NH, CONH === NHECONHCONH + NH

2 2 2 3
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The reaction product leaving the reactar consists of Urea, ammonium
carbamate, ammonia and water and these materials except Urea and

water are decomposed and seperated in the purification stage.

Decomposition and purification Section

The reaction product reduced 1ts pressure through ﬁressure
control valve frow 230 kg/cm2 to 18 kg/om2, and enter into the high
pressure decomposef'(U-DA 201). Entering into high pressure decbm-
poser, nearly 90%'of free ammonia and carbamate will vaporize and
decompoge to ammonla and CU2 gas. On the other hand, small quantity

of Urea hydrolyzes to ammonia and carbon dioxide.

The gas consisting of ammonia, carbon dioxide and water from '
high pressure decomposer, enters in to high pressure ahbsorber cooler

(U~-EA 401).

N
The liquid from high pressure decomposer (U-DA 201) enter iﬁto
low pressure decomposer {(U-DA 202) through ch. The composition
product, which 1s mixture gas of NHB’ 002, HEO flows 1n low pressure
absorber (U-EA 402) from low pressure decomposer (U-DA 202). The
liquid of low pressure decomposer enters in to Gas seperator (U-DA 203) B

through L.C.V.

In gas seperatar, NH39002 and little water is vaporized and sent to

gas condenser (U=RA 403).
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Crystallizer (U-FA 201),

The Urea soiution enters into concentrator through the
circulation pump for crystallizer. Almost all water in the supplied
Urea solution are vaporized at this condition. Crystal Urea deposits

in concentrator, and grows 1n crystaliizer,

An ggitator 1s inatalled in crystallizer to prevent agglomera{
tion of Urea crystal. Best condition for crystal grouth in crysta- |
llizer is maintained by adequate recirculation of Urea slurry and
enough residence time. Urea glurry having nearly 35% of crystal Urea
18 sent to centrifuge (U-GF 201) by slurry feed pump (U-GA 202),

Urea solution enters in to centrifuge and slurry is devided into
crystal and mother liquid by centrifugal force. Mother liéuid is
gathered in the mother ligour tank (U-FA 203), and about 90% ia
returned back to concentrator and remaining 10% is recycled to re-
covery section as absorbent. Crystal Urea from centrifuge contains

100""1.5 % Of H 0 and 0.10""0.15% Of biureto

2
Drying.

Crystal Urea sent to dryer (U-FF 301) and dried by hot air of
about 110°C and dried up to 0.10~0.20% of moisture and then caught
in the cyclones (U-FC 301).

5e Prillin

The crystals Urea from the cgyclone are fed to Melter(U-EA 301)
by screw conveyor (U-JD 301). Crystalls Urea fed in the melter are
sprayed uniformly on the heating tube surface by agitator. In the
melter the orystals are melted and the molten Ureas flows to head

tank (U-FA 301) through strainer (U-FD 301).



%

Head tank is installed to keep necessary head to the molten

urea falling down from distributor (U~PF 301). The liquid in head
tank falls down from distributor as rain drops. During falling down
iﬁ the tower, the molten Urea is prilled and colled by the ascending
air, which comes from blower for fluidiring, cooler( U-GB 303) and
from the bottom oflprilling tower as natural draught. The prills
are further cooled on fluidizing cooler (U~FD 302) at the bottom
of theztower and gent to the Urea storage through weighing
conveyor and through Tromnel (U-I'D 303) which sperates big block

of Urea from products.
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CHAPTER 4

DATA COLLECTION AND DATA ANALYSIS
4.1 Failure History of Ures Fertilizer Factory Ltd., Ghorasal

In plant failure history, date and time of failure.and Start-
up, causes of failure or troubles, repairing time taken fdr the
remedial measures as well as down time resulted for the failure of
the equipments and'machineries, etc are included. These are collected
from relnted departments (17) of the plant. Such failure records |

of Ammonia and Urea Plant for four years (July 1977 to June 1931),

are shown in Appendix - A and B respectively. The profarma nsed in

recording fallure data are shown below :

Faildre Time Start-up time | Down time| Repair time
Time Time
Date Hra. Date Hra, Days Days'
1 2 - 3 4 5 6
Causes of fallure Remedlal measures/
Equipment failed Causes Remarks
(] 8 . 9
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4.2 Operating Time Calculations of Equipments.

In calculating operating time, the ruaning periods for each
items are seperated from the period consldered (July 1977 to
June31931) in the fallure history of the Plant, It is noted heré
that at every running period i.e. between gtart-up and failure
of an equipment, there exist some idle time due to the troubles
of the other equipments. These idle times are summed for every
running period and congequently actual operating time of an
equipment is caleculated by subtracting the idle time fromthe
running period. By this way, operating times in between failures of

each equipment of the Ammonia'and Ures Plants are calculated and are

shown in Table 4.2.1 and 4e2¢2. regpectively.



The symbols used in column 3 & 9 of Tables L4,2.9 and %.2,2 are as followss

F,5. ~ Faults signal(instrument), E,F,~ Electrical Fault, M.F.=Mechanical Faults, I.Fo-Instrﬁmental Fault,
W,F, = Wear-cut Fault, O,F, - Operational Fault, O,H,-Ovehauling and * - Failure.

Table %,2,1 = Operating time calculationioef.equipmentsin Ammonia Plant,

Bqvtoment [ e g | Eg e 1ede Ve Ghorating| vime [Tmeln | fenees of
1 2 1 3 N 5 6 7 8 9
Gas Turbine | 26-06-77 | 03-09=77"| 73,00 0,00 ~ 73,00 5,18 5,00 F,S.,
(p-GT 101 &) 09-09-77 | 12-10-77"| = 33,00 0,00 |- 33,00 6.55 | 6,00 E.F,
19=10-77 | 16011=77" 28,00 0,00 28,00 3,00 | 2450 E.F.
19211277 | 27-01=78" 65,00 0,00 | 69,00 4,36 4,00 E,F.,
01-02-78 02-05-78 | 90,00 0,00 90.00 | 78.06 | 15,00 0,H,
19-07-78 | 08-08-79"| 385,00 N ,73 360,27, 8,00 7,50 E.F.
16-08=79 | 20=05-75 " 35,00 0,00 35,00 49,00 48,50 0,H,
08-11-79 30--ol+--8gH 173,00 '0,00 173,00 %.10 3,90 E.F.
| C4=05-80 | 12-06-80 | ° 39,00 0.00 39.00 | 10,25 | 10.0C I.F,
22.06-8C | 21~08-80 60,00 0,00 60,00 | 664,00 15,00, 0.H.




Table %,2.1

(Continued )
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1

2

3

4 5 b (i 8 g

Boiler Feed |16-7.77 [8.3.78 |235.00 61.59 | 173.41 il .. 4.77 0,16 E.F.

(i ca 202 13.3.78 |2.5.78%] 50.00 9.00 40,70 78,00 7,00 0.6.

19-7-78  |17~7-80 |728.00 | 71.98 | 656.02 4.62] 0.33 W.F.

21,7,80 |21.3.80 | 31,00 0.00 31,00 66,001 7.00 0.H.

F.D.F. 16=7=T7 |8.10.77 | 84,00 23.34 60.56 2,77 0.00 0.P.

( A-GB 104T) ) 44_90-77 |2.5.78™203.00 49.55 | 153.45 73,00 7.00 0.H.

19-7-78 | 25-12-73 |159.00 4,00 | 155,00 2,65 | 0.00 F.S.

29,12,78 |21.8.88 (600,00 67.95 | 532.05 66,00 7,00 0.1H.

26-10-80 |2-11-80 | 7.00 1.00 6.00 3,50 0.50 7.S.

6-11-80 |21-6-31 227,00 7.27 | 219.73 1.35 | 0.00 P.S.

Auxiliary 16777 |29-12-77 |166.00 42.81 | 123.19 3.00 0.25 F.S.
Boiler *

( A-Pa 101) =178 13,278 | 33.00 7.89 25,11 2.74| 0,00 _P.S.

10-2-78 {2.5.78 ] 81.00 14.37 66.63 78.00 |20.00 0.H.

19-7-78  |6.9.78 | 49.00 0.00 49,00 4.00] 0.16 W.F.

10.9.78 |21.3.80" |710.00 72.90 | 637.10 66.00 |20. 00 0.H.




Table 4,2.1.

(Continued )

1

21-8-80

543,32 ¢

2 3 4 5 6 i 3 g ]
A.T.B 16-7-77 | 2-1-78" | 170,00 68.95 | 101.05 | .. 1,50 0012 W.F.
4.1.78 | 2.5.78" | 118.00 33.35 84.65 78.00| 9,00 0.F,
19.7.78  121.8.80 763,00 132,00 | 630.32 66.00{ 9.00 0.H.
26.10.80 [17.6.81" | 234.00 17.26 | 216,74 ©3.411 1,50 E.P.
I.D.F. 16=7-77 | 8.10.77" | 84.00 25 .07 53.93 10,33 0.00 0.F.
(A-CB 11-10~77 | 2-5-718" | 203,00 78,19 | 124,81 78.00| 8,00 0.H.
19-7-78 | 21-8-30%} 763.00 130.18 | 632.82 66,00 3,00 0.H.
¥.G. Booster | 16-7-77 | 2-5-73"" | 290.00 103.30 | 136.20 78.00 12,00 0.H.
(B5°308 | 19-7-78 | 7-11-79" | 476.00 69.01 | 406.99 4.29] 0.66 I.F.
11=11=79 6-9-ao;H 210.00 37.88 | 172,12 1,701 0.12 0.F.
11-6-80 | 21-3-30 | 71,00 19.39 51. 61 66.00 112,00 0.H.
26,10.80 | 22.1.81 | 83.00 8.37 | 79.63 1.82] 0.16 7.5,
Waste heat 16-7-77 | 2.5.78°|290.00 103.80 | 186.20 78.00 [12.00 0.H.
?zi%§r107) 19-7-78 9.8.80* 751,00 129.47 621,53 2.7T1} 2.7 F.F.
11-8-80 | 21-8-80"| 10.00 0.00 10.00 66.00 |i2,00 0.H.
Process Gas | 16=7-T7 2—5—78?H 290.00 103.80 | 36,20 78.00| 5.00 0.H.
T 19-7-18 | 1-11-78_[105.00 17.37 87.63 6.13| 3.80 W.F.
7-11-78 652,00 108,68 66,00 0.H.
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Table 4,2,1 (Contimed)
7 3 N 5 %7 3 9]
CO, absorber |16-7-77 | 22-10-77| 98.00 34.73 63,27 21,57 19,90 W.F.
(A-Da 301) 12-11-T7 | 2-5-78 | 171,00 46,00 | 125,00 ° 78.00 | 2,00 0.H.
19-7-783 1<3-38H 163,00 132,18 | 630,82 “|. 166,00 |-2,00 0.H.
.V, Solution 16=7-7T 4-4-7%; 262,00 96.68 | 165.32 3,00 | 1,20 M.F.
, 6-4-78 | 2-5-78 | 23,00 4.0 23.33 78.00 | 6,00 0.H.
19-7-78 | 6-8-73 | 13.00 0.00 18.00 10.37 | 6.55 M.F.
16-8-78 [21-3-80""|735.00 121,81 | 613.19 66.19 | 6,00 0.H.
ist trap 16-7-77 2-5-7%Q 290. 00 103.80 | 186.20 78,00 | 5.00 0.H.
19-7-73 | 2-2-30 {563,00 89.25 | 473.75 11.85 | 4.50 W.F.
14-2-78 | 21-3-80 |188.00 31.08 | 156,92 66,00 | 5,00 0.H.
%gﬁgigitogcono- 16=7=-717 2oa9;zi 66,00 7.22 53.78 17.86 |15.80 W.F.
mizer(A~EA 401) | 7-10-77 | 2-5-78 |207.00 78.72 |-128.28 78.00 | 7.00 0.H.
 19-7-78 [21-8-30" [763.00 132,18 | 630.82 66.00 | 7.00 0.H.
Synthesis gas |16=7-77 | 2-5-78  |296.00 103.80 | 186.20 78,00 | 3.00 | O0.H.
(iora 401) 19-7-78 | 17-2-80 [578.00 101.10 | 476.90 2.30 | 2.30 #.F.
19-2-80 | 21-2-80  |183.00 28.78 | 28.78 154.22 |66.00 0.H.

T T T e —— L —— — e




Table 4,2,1 (Continued )
1

25-T7-80,

27.00

5 3 3 5 5 7 5
R.T.B. 16-T-TT |19-3=77 | 34.00 0,00 34,00 1.74.| 0,00 F.S.
21-8-77 | 21-11=77 | 92.00 6,087 31,13 3.34 | 1.70 WL F.
24-11-77 | 29-3-78 [125.00 254,55 99,45 5.18 | 3,90 ¥.F.
4-4-18 | 2-5-78" | 27.00 7.12 19,83 78.00 | 9,00 0.H.
19-7-78 | 16=1-79 181,00 31,37 | 149.63 2,05 | 0,00 F.S.
[18-1=79 | 11=11=79 |297.00 33.79. | 253,21 2.00 | 0.00 0.F.
13=-11=79 14—3;86k 121,00 28.19. 92,81 1.34| 0.40 I.F.
16-3-30 | 21-8-80 |158.00 27.44 | 130.56 66,00 | 9.00 0.H.
£6-10-80 | 13-6-81 [230.00 13.59 | 216.41 3.37| 0.00 7.5,
17-6-31 | 30-6-81 | 13.00 7.03 5.97 0.63| 0,00 #.5.
Hyper Turbine |16=7-77 | 2-5-78% |290.00 103.80 | 186,20 78.0015.00 ~ 0.4,
(A=GB 501 T&C) x . -
' 19-7-78 [16-9-78" | 59,00 14.37 44,63 3.00] 3,00 E.F.
19-9-78 | 31-12-78 75.00 10,78 64,22 3,22 3,22 0.F.
7-12-78 | 1-1-80 [390.00 46.84 | 243.16 4.85| 4.85 M.F.
6-1-80 [16-5-80 {130.00 8.78 | 101,22 2.25| 2.25 M.F.
118-5-80 [23-7-30 | 66.57 16,57 49.43 1.81] 1.81 0.H.
21-8-80 % 2.71 24.29 66.00|25,00 0.H.




Table 4.,2.2 Operating time caleculation of equipments in Urea Plant,
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vty | e ——Jperating vino ale tinelGirtng | time (s | GEyIEROf
1 p 3 ¥ 5 - gggéxg""””g%Zé' — 9
CO, Booster 16-07=77 03a12-77* 140,00 67.11 72,89 1,76 0.k W. F,
fg?g;e::$rT&c) 05=12-77 15~02-78;H 72,00 33.73 38,27 0,98 0.33 'W. F.
16-02-78 | 02-05-78" 76,00 4,69 70,31 | 78,00 9,00 0. H,
19-07-78 | 18-12=7§ 152,00 23,50 128.50 0,21 0,00 ¥. F.
18-12-78 01-10=7; 287.00 45.77 241.23 0,58 0.12 M. F.
02-11=-79 16_10-?9* 14,00 00,00 14,00 0,54 0,10 M. F.
1710279 | 14=11-79 28,00 6429 21,71 0,06 0,00 M, F,
1%4=11-79 |10-12-79" 26,00 0.00 26,00 | 1,95 | 0.80 M, F.
12=12-79 | 29-12-79" 17 ,00 0,00 17,00 1.12 | 0.75 M. F,
30-12-79 21«=08~8((3}I-1 233,00 59.29 172,71 66,00 9.00 0. H,
26-10-80 |11-02-81" 108,00 10,19 97;81 3.83 2,50 We Fo




Table L,2.2. (Continued )

50

3 3 3 3 5 ks 7 3 5
%%EG;?6312§ 22-6-T1 19-7-17* 27.00 0.00 27.00 0.80 0.70 F.S.
19-T-17 [3-9-T7 | 45.00 0.00 45,00 5.48 5400 F.S.
9-9-77 |12-10-77 | 33.00 0.00 33,00 | 5655  |° 6400 E.F.
19.10,97 [16.11=77 | 28.00 0.00 | 28.00 3,00 2,50 E.F.
19-11=77 27-1«78? 69,00 0.00 69.00 4,00 4,00 - E.F.
1-278 2»5-7803 90,00 0.00 90.00 78.00 i5.00 0.H.
19-7-78 [20-12-78 {153.00 0,00 | 153,00 0.35 0.00 7.S.
21-12-78 [3-8-79  [230.00 24.73 | 205.27 3,00 7.50 E.F.
16-3-79 |28-3-75 | 35.00 0.00 35,00 49,00 49.00 0.E
8-11-793-4-80  [146.00 0.00 | 146.00 1.94 1,50 E.F.
5-4-30 30~4&85 25 .00 0.00 25 .00 4.10 3.90 E.F.
4-5-80 [12-6-80 | 39.00 0.00 39.00 10.25 10,00 . I.F.
22-6-30 |21-8-80 | 59,00 0.00 59,00 66.00 15,00 0.H.
€O, Main Compre-|16=7-77 27—8-72; 35,00 2.90 32,10 3.37 3.00 W.F.
(0o6E 102 A) 31-8-T7 | 2-5-T8 |244,00 | 104.80 | 139.20 78.00 25,00 0.H.
19-7-78 [10-7-79 [356.00 62,05 | 293.95 0.10 10,00 M.F.
10-7-79 27-9-7; 79.00 | a.s8 70.42 |  0.16 0.00 F.S.
27-0-79 |13-8-80 [320.00 | 71.23 | 248,77 0.41 0.20 W.P.
13-8-80 |21-8-80 | 8.00 0.00 8,00 66.00 25,00 0.H.
26-10-80 |26-6-81" (243,00 | 28.52 | 214.48 1.35 - | 1.10 W.F. |




Table %,2,2 (Continued )
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1

2

3 4 ] [ g 3
*
CO, Main Compre-16-7-77 .|18~7-T7 | 2.00 0,00 2,00 0.03 0.00 I.F.
_ v | .2:00 .
S30T» Yiir 16 T G B = R o Yo ~
0255 1028) 18~7-77 |2~5-78 288,00 107.70 | 130530 78700 25,00 0.H.
19’7‘"78 20“'12"’78 154000 24028 129!72 0013 0300 MoF.
8 |
20-12-78 {6-11=79 | 321,00 46.39 | 274.11 0.583 0,33 W.F.
6-11=79 {12-4-80"}| 157.00 42,27 114,72 0.44 0.24 7.F.
12-4-80 |11-7-80"] 90.00 19.28 70.72 0.04 0.00 M.F.
11=7-80 |13-8-80"| 33.00 9.14 23,86 0.41 0.20 M.F,
13-8-80 |21-8-88" 8.00 0.00 8.00 66,00 25,00 0.H.
Suction common 16=-T=T7 21—12-7% 158,00 69.46 88.54 0.17 0,11 W.F.
header valve OH
of NHB Puﬂlp 21”12"77 2"5"'78 132.00 39040 92.60 78e00 0010 OoHo
*
(0-GA~101) 19-7-78 |13-12=78| 147.00 23,50 | 123.50 0.80 0.50 W.F.
OH ' .
13-12-73 |21~8-80 | 616.00 | 120.08 495,92 66.00 0.10 0.H5.
i |
26-10-80 |28-6-81 | 245.00 28,12 | 216.88 0.12 0.09 W.F.
Ammonia 16~7=T7 |2-5-78 | 290.00 | 108.86 181.14 78,00 1,00 0.H.
Preheater *
(U-EA 101 A) 19-7-78 |7-7-80 |718.00 | 135.54 532. 46 0,21 0.20 WP,
OH : '
7-7-80 |21-8-80 | 45.00 10.17 34,83 66.00 1.00 0.4.




Table 4,2,2 ( Continued )

1 2 3 4 2 5 { 8 9

Ammonis . 16=-T=TT 23~1-7§' 191,00 73.96 117.04 0.20 0,10 0.H,
Preheater

OH )
(U-EA 101 B) 23-1~78 2-5-78 99,00 | 34.90 64.10 [78,00 1,00 0.H,

*
19-7-78 | 8-11-78 | 112,00 23,50 88.50 | 0,80 0,60 W.F.
OH .
8-11-78 |21-8-80 |651,00 | 122,40 | 528,60 |66,00 1.00 O.H,

Suction Cormmon {16-7-T77 8~9m77* 54,00 8.97 45.05 0,04 0,02 w.F,
Header wvalve of OH

R.C. Pump 8-9-7T { 2-5-78 {236.00 | 101,64 | 134.36 [78.00 | 0,10 | O0.H.
(U=-GA 102) OH

19-7-78 [21-8-80 | 763,00 | 143.57 619,42 | 66,00 0,10 O.H.

Urea Reactor 16-7=7T |5-2-78 | 204,00 | 86.26 | 117.74 | 0.10 | 0.05 | O.H.
(U-DC 101 B) OH

. |s-2-78 [2-5-78 86,00 | 21,09 | 64.91 |78.00 | 15.00 | 0O.H.
19-7-78 |29-7-30" | 740,00 | 141.98 |598,02 | 0.21 | 0.09 | I.F.

CH
29-7~80 |21-8-30 | 23.00 2.71 20.29 66.00 5,00 0.F.

High Pressure [16=7=77 |2-5-78 [290,00 | 108.86 | 181.14 |78.00 | 15.00 | O.H.
decomposer

(U-DA 201) 19—7"78 29"8"79* 406:00 37.56 368-44 2.08 1980 WOFO
* . ‘
31-8-79 [4-7-80 307,00 62.87 | 244.13 1.03 0.50 | M.F,
5-7-80 |21-8-80""| 47.00 9.14 | 37.86 | 66,00 | 15.00 | 0.H.
Centiifuge 16-7-77 |2-5-78°" 290,00 | 107.11 | 182,89 | 78.00 | 5.00 | 0.H.
(U-GF 201 A) . '
19-7-78 [21-4-T79 [276.00 | 44.79 | 231.21 | 1.28 | 1.25.| W.F.
OH o

 |22-4-79 |21-8-80 1486.00 | 100.31 385.69 | 66,00 | 5.00 | 0.H.
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ble L.2.2 (Continued. ) .
i 2 N 5 - 7T 8 3
C(Igixé;iéglilgg) 16=-T=T7 2—5-:78 ) 290,00 107.11 132,89 78.0_0 5,00 0O.H.
| 19-7-T8 | 23-4-79 |278.00 | 44.79 |233.21 | 2.86 | 2.84 ¥.7.
26-4-79 | 21-8-80""|282,00 | 100.31 | 331.69 | 66.00% |**5500 0.H.
| No. 2 belt  [16-7-77 | 2-5-78 |290.00 |108.86 | 131.14 | 78.00 | 2.00 0.H.
(U-0D 204 B) |19-7-78 | 15-3-79" |239.00 | 33,98 | 205.02 | 1.04 | 1.00 W.F.
16379 | 25-7<T9 [131.00 | 27.50 | 103.30 | 0.35 | 0.30 W.F.
26-7-79 | 6=12-79 |133.00 | 17.92 | 115.08 | 0.25 | 0.24 W.F.
6-12-T9 | 21-8+30 1253,00 | 64.67 | 193.33 | 66.00 | 2.00 0.H.
_%§}§2r301 o | 67T 2—5—78?“ 290,00 | 108,86 | 181.14 | 73.00 | 2.00 0.H.
19-7-73 4=-1-79 169,00 31.93 | 137.07 0,25 0.24 W.F.
4-1-79 | 1-8-79  |209.00 | 29.55 [ 179.45 | 0.60 | 0.58 W.F.
1-8-79  [21-8-30"" |358.00 | 83.62 |301.33 | €6.00 | 2.00 0.H.
paoket 16-7-77  |2-5-78 0" [290.00 |108.86 |131.14 | 78.00 | 2,00 0.H.
(B-JD 102)  h9.7.78  |3-11-79  |472.00 | 72.14 |399.86 | 0.20 | 0.20 W.P
3-11-79  [21-3-80 " [291.00 | 72.68 |218.32 | 66.00 | 2.00 | 0.€.
Belt conveyor |46 777 |o-5-73 %% ]290,00 |108.36 [181.14 | 78.00 | 3.00 | o0.H.
rage (B-JD 103) 197,73 [2-8-79* [331.00 | 61.48 |319.52 | 0.08 | 0.08 W.P.
©|4-8-79  |21-8-80 % 382,00 | 83.54 |298.46 | 66.00 | 3.00 | d.H,

53
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4.3 Weibull Distribution Parameters Egtimation of Equipménts .

The published methods for the estimation of the Weibull
distributio -parameters f and m are described eleborately in sectio
2.%4.:In this seotion [lazard plotting meth‘od a8 well a8 MIE method
are @sed for fhe estimation ofWeibull parameters. Graphical solu7 
tio;é of Hazard plotting method for indlvidual equipment arelshown
in A;pendix Ce Cﬁmputer programming (Shown in Appeandix D) wes used .-
to egtimate the parameters by MIE methods. It should be mentioned':
here that both of thede methods are applicable only when number 5fﬁ';
Failures r 2. But in analyzing operating time it has been found'_fi,']
that some of the equipments suffered only one failure during the -
period considered. In such cases Weibull parameters are estimated -b
by using the SEQLIM METHOD (Calculetion steps of SEQLIM method are N
ghown in Appendix I with example). Application of all the methods

mentioned above are shown in table 4.3.1 and 4.3.2 for the

equipments of Ammonia plant and Urea plant respectively.



Pable 4.3.1 Weibull Distribution parameters Estimation of Equipments

of Ammonia Plant

55

Method'used

Equipments No. of Hazerd Plotting VLE “SEQLINM
failures|Shape|Scale Shape|Scale Shape [Scale
¢ para-|para= | MTEF para- |para~ | MIBF pars- para- MTRE
meter|meter meterimeter meter meter
- Gas Turbine (P-GT 101 A) 7 1.12 (130,00 124,76 {1.23 ‘139.85 130.85| - - -
Boiler feed water Pump 2 0.78 | 400.00:461,82 1.86 1474,00] 421,22 ~ - -
(L=GA 202) o
FQD.F. (A‘“GB 104 T) 4 0091 200:!00 209924 0072 291e86 358537 - - i
Auxiliary boiler{(a=-Fi 101) 3 0.97 1422,00{123.39
A.7.B (A~-GB 101 T%C) 2 1,13 |225,00(|215.33 1.08 |503.67| 489,31
I1.D.F. (A-GB 102 T) 1 - - - - - - 0.95 (206,48} 211.37
N.G.Bcaster Comps(A-GE 106) 3 1.03 | 270.00|262.23 [1.91 {231,238 249.73 =~ | - -
Wagte neat boiler(A-EC 107) 1 - - - - - 3.40[744.96| 669,98
Process gas reroiler(A-EA 301) 1 - - - - - - 1.10[263.70 254,53
002 absorber (A-DA 301) 1 - - - - - - 1,00|223.57| 223.64
3.V. Solution ?ump(AnGA 301) 2 0,483 | 300,00 600,05 [0.63 |464.13 660.86 = - -
Mist trap (A-DA 303) 1 - - - - - - 3,40({575.68 517.73
Methanator effluent 1 - - - - - - 1.30{342.43 316.40
economizer(s=-E4 401)
Synthesi s gas K.O. 1 3.40/579.07f 520.78
drum (A-FA 401)
R.T.B. (A-GC 501 T&C) 8 0.93 [ 143.00|144.30 |1.22 133.01 124,74 - - -
Hyper turbine (A-GB 501 T&C) 5 0.83 |165.00[175.86 |1.26 |166.34 154.31 . - - -




Table 4.3.2 Weibull Distribution Parasmeters Estimation of

Equipments of Ureg Plant

56

Method used ]
No. of Hazard Plotting MIE SEQLIN
Equipments failures Shape {Scale Shape| Scale Shape| ocale
para- {para- MTEHF Para-| para- | HMTEF Pard-| para-~ MTEF
meter imeter meter| meter meter| meter
CO, boosster compressor
2 (U"GB 101 T&C) 9 0988 95900 101025 - bnd -m:“ - o __-
Gas Turbine (P-GT 101B) 10 1,14 100,001 95.45 (1.43 | 93,06 | 89,17 - - -
002 main comp. (U~-GB 1024) 5 0,94 [205,00i210.94 |1.74 206.54 184,09 - - -
002 main comp. (U=GB 102B) 6 0,76-ﬂ115,00 135.48 {0.91 132,311138,63 - - -
Suction common header 1 ‘ '
V@'.lve Of NHB pL).mp(U-GA. 101) 3 1076 EOOaOO 17‘3017 1927 324-68 301952 b - -
Ammonia preheater . - ‘
(U-EA 101 A) N 1 1 - - - - %;50 693,61 | 628,29
Ammonia preheater
(U-EA.. 101 B) 2 3412 123000 110-14 0¢97 403972 418:1_8 b -— - ---:-
Suction commoen hesder
valve of R.C. Pump 1 - - - - - - 0.35 (161,15 | 175.36
(U-G4 102) )




Table 4,3,2 (Continued )
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METHOD USED

No. of Hazard Plotiing N1k - SEQLIM
Equipments failures Shape| Scale shape| Scale Shape| Scale
para-| para~ | MITEF Para-| para-~{ MTEF para—| para- MTRE
meter|meter meter meterf“ - =i meter| meter
Urea reactor (U-DC 101 B) 5 0.68 |330,00(429.86 [1.59 412.73(370.50 | - - -
High pressure Decompo- ] - . - _ - -
ser (U~DA 201) 2 2,69 320,00 (234,79
Centrifuge (U-GF 201A) 1 - - - - - - 2010 1414.06 | 367.00 .
Centrifuge (U~GF 201E) 1 - - - - - - 2,10 (414,06 | 367.00
No. 2 belt conveyor . - -
(U~-JD_204 B) 1 2,76 [167.00 |148,76 3,20 [199,98 (179,31
Melter (U-EA 301 A) 2 3.32 [ 210,00 (188,63 |2.42 P83,56 |251,62 - - -
Bucket elevetar (B-JD 102) 1 - - - - - - 3.40 502,68 452,08
Belt conveyor to bulk 1 - - - - - - ’
storase (B=JD 103) | . 3.40 {463,03 416.4?~




CHAPTER 5

RELIABILITY PREDICTION OF EQUIPMENTS
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CHAPTER 5

RELIABILITY PREDICTION OF EQUIPMENTS.

501 Reliability Predictions

Ih this chapter the reliambility of each equipment: (which |
suffered at least one failure ) of the factory are predicted for
gifferent time period in days ( say 0, 10, 25, 50, 75, 100, 150,
200, 250, 300, 350, 400, 450 and 500 ) by using the formula
R = exp{(—%Jé}- vhere P and n are the respective shape and
scale parasmeters, Then the reliability of stand-by system where
available and finally the overall relisbility of the Ammonia and
Urea Plants are predicted and shown in Tgbles 5,1.1 and Delel

respectively.

The reliability block diagram and equvalent reliability
diagram of Ammonia Plant are shown in figure 5.1,1 and 5.1.2 and
that of Urea Plant are shown in figure 5,1.3 and 5.1.4 respectively. ’
Such diagfams are very essential and facilitate in ealculating
overall reliability of the plant, |

The formula used in reliability ecalculation of the stand-by

systems are again deplcted belows

For equipments Formula used

Gas turbine ( P-GT 101 A,B ), Rgm1=(1=R)(1«B;)

CO, main compressor(U-GB 101 A,B), Ry and R, represents the reli-
and Ammonia Preheater{U-FA 1014,B),| ability of equipment A and B
respectively and R, represents

standwby systems reliability,
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For equipments

Formula used,

Ureg'ieactor(UéDC 101 A,B),No.2
belt cpnveyor(ﬂrJD 204 A,B ),and

Melter(U-FA 301 A, B)

N.Ge.Booster Compressor{A-GB 106 A,B)

2
Rsm1-(1-R)
Where R represents the relila-
bility of both the equipment
A and B respectively,

Centrifuge (U-GF 201 A-E)

q |
. 51 BK - RY =k
PSR

|Where R represents the

reliobility of each equipment,

The overall relisbility of the plant are calculated by the

R R

formula Rp ™ R1 o R2R3 Rie oo oo ,.where R1 v Bo g By v o0 e

® @& o

. . etc., are the reliabllity of each individual unit.




Figure 5.1.2 Eguivalent Reliability Diagram of Ammonia Plant,

60
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List of Equipments of Figure 5.1.2 are shown below :

1. Gas Turbine
(P-GT 101 A,B)

2. BF.W Pump
(-G» 202 )

3. F.D,F(3:-GB ;m_T)

4. Aux,Boiler
(A.FA 101 )

5. A,T.B(A_GB 101 T&C)
6. I.D.F(A-GB 102 T).

7. N.G,Booater Compressor
(A-GB 106 A,B),

8. W.H.Boiler(A-EC 107)

9. P-G,Re-boiler(n-EA 301)

10. CO2 abaorber

(A-DA 301 )

11, G.V.Solution Fump
(A-GA 301}

12. Mist.trap{A-Dh 303)

13, M,E Economizer

(A-EA 401 )

14, Syn.Gas K.O0, Drum
(h-FA 401)

15. R,T.B{(A_GC 501 T&C)

16. Hyper Turbine
(A -GB 501 T&C)

a, Desulfurization vessel(A—Dﬂlloi A)
b. Desulfurization vessel(i-DA 101 B)
c. Ist.Reformer{A-B~ 101)

d. 2nd Reformer(A-DC 101)
e)u.G,.Seperator(A-FA 201)4

£, Ist.S.Converter(A-DC 201 )

g. P,G.Heat exchanger (A-Es 201)

h. Ist.C.G.Economizer(s-Es 202)

{. 2nd shift Converter(s-DC 202)

2nd C.G.Economizer (-EA 203)

k. P,G. K.O.drum(a-FA 301 )

1. $.H.Exchanger (A-EA 302 )
Regenera;:or(A—m 302)

m. ?02

n. CO, direct cooler{A-LA 304 )

0. Abgorb. E.Cooler{s-Ea 304 )

Methanator (A-DC 401 )

g. Synthesis Converter(A-DC 501 A,B)



Table 5.1.1

Reliability Prediction of Ammonia -Plant.

62

N _ S o ﬁ_ﬁ . _Time,ddys e
stng] Equipments. £ 1M o |25 | 50175 100 | xsof 200|250 200] 250[{ 400|450 {500
, o . Reliability o
: . -13F ‘3 55158 o2 0077 ooz6it 60087
Gas turbine | a3 s 0981% 0754) 5158 6] 5 026! 0082
1A . 2. %989
C_P' GT 101 A) D-886s Ry 1IN & 3362 01196 0 0454 0'0KR
18 Gas turbine | 4515506 098221 G627 03575 0'0625 00070 00035 000993
(P-aTi01B) | - };g@a____ 55953 lo15s3 00220 100020 60901
. has turbine 02338 02219 6889 0'2608 00213 002658 0-0082
(P-&TIW0IAB) | .  begse 0’8163 04419 0°i437 00473} 00143,
: . 05392 03848 0546 68179 04524 048212 10°3314
2 B.FW. Pump 186 |474-0d _
(A-GA 202) o 5558 09431 0°3890 07376 0 566} 04033, |
039156 07552 06237 04563 93605, 02851 02251
3z F-D.F. 07212986 - |
(A-aBicaT) 1 | ] _ 0 8562 0°6356 05383 04538, ‘63199, 02551 |
. 9 ; 0. o} o lo- ' 019
4 Aux. boilev o07 12200 0354 06564 4384 238 03131 \o 4122 00i%6
J(A-FAlO] ) 0 8056 o’535i 029456 01345 00620 00252 B
AT R 65855 109267 08359 06315 05647 04585 03707
5 L 1108 1503¢7 :
(A-GBI0LT+C) 09617 0-8753 07631 06154 05031 04125
09452 07710 . 10°6052 02790 02402 01534 - 100385
p 1.D.F. 035 20648
(A-GB1027T) 08741 06824 04779 0’3014 01918 01229
0538 - - - 03227 - 0049
. N.G booster Compl | g1 l2a128 82 03637 0°8704 05937 01409 457
A (A-GB106 A) 09502 0923 0'740) 04500 02191 00859
099 096 - 0593 03227, 0140 0049
o, [N booster Comb.| 1.5 l2g128 82 9637 08704 557| 3 1403 437
7B l(A-6B 106 B) 08302 09230 0740} 04500 0219 00853
. . . : . - D096
N.G.booster comp, 08993 0’5986 09832 08349 05412 02613 3
7 |(A-GB 106 AB) 09399 0'9940 09324 06975 0’390} 01644
. 03595 0'5998 09989 09886| . [0955¢ 05862 07727
8 wW.H. bDLLeT 240 ?443‘
(A-EC 107 ) 09999 }0'9995 9957 ‘9758 9262 ‘8351
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Table 5.1.1 Reliabilitcy Prediction of Ammonia Plant {(Continued ).
. Time, days
st.ao] Equipments. JS Y] {0 ]25 501 75 | 100 | 150] 200} 250 300| 5501400450 500
-
Reliability '
. 097 30 0°8516 07088 - e 03158 02056 0132
9 pG.'RE‘DGLLE‘P 110 26370 8 4761 K
- {(A-EA 301) 09278 0778} 05841 03834 02%52 01652
0857 0'803 0 0- 0269 0173 RIE)
(A-DA 301) \ 039¢% n7202 D'5187 03349 021672, BhLREY
08147 07821 06837 055 10 To-2
GV, Som Pu.rnp 063 145413 i . 52 04578 5“4022 03504
(A-GA D01) : 0'8532 D'728] 06121 05080 043:3 0 3750
. ‘ 09539 05557 5997 09729 08366 07482 05383
(A-DA =203 | 09539 0°95%0 03837 09430 o837 0'6468
: _ . 09893 99212 08172 06083 04308 02340 01948
13 M.E. Economizer | ;.3p 34943 |
(A-EA401) 09472 08763 07103 05144 03574 02401 .
‘553 ‘28 1) : : 6 07525 «0° 544
14 159 Gas K.0.Drum 240 57507 0'5339 q 97 09974 09734 0898 z 25 0 9
( A- FA401) - 09933 0’9930 09899 0344 08348 - 04542
09583, 07285 . 04935 01930 00673 100216 00065
5|, R TB 122 13301 |
__(A-aC 501 T+C) 08775 06082 0 314\ 0li53 00385 0019
. 0°57| ‘802 05505 0 0122 00 00182
6 HBPQT $urbine F26 liecaq 4 08025 59 2832 1221 | 487
(A-GB 50| T4C) . 05122 06931 04i56 0’1880 00778, . 0 03480
) : ‘0931 -
Ammonia Plant loem 003 0’0066
03106 00259 100003



Figure 5.1,3 Reliability Block Piagram of Uresa Plant.

— 1 H2H3HH4r-{s5H6{7}{8}{a

Figure 5.-1.4 Equivalent Reliability Diagram of Urea Plant.
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List of Eguipments of Figure 5.1.4 are shown below 3

1.

10.

11.

12,

13.

coz'bboster Compressor.
(U-GB 101 T & C )

Gas Turbine{P-GT 101 B)

CO2 Main Compressor.

(U-GB 102 A,B )

S.C.H.Valve of NH, Pump
(V-G 101 )

Ammonia preheater
(U-EA 101 A,B)

5.C.H.Valve of R.C.
Pump(U-GA 102 )

Urea reactor

(U-DC 101 A,B)

H.p.decomposer
(U-Da 201 )

Centri fuge (U-GF 201 A-E)

No.2 belt conveyor
(U-JD 204 A,B)

Melter{(U-EA 301 A,B)
Bucket elevator(B-JD 102)

Belt conveyor to hulk
storage (B-JD 103)

L.P. decomposer(U-Da 202)

Gas Seperator(U-DA 203 )

Crystallizer(U-FA 201 ) -

Bmlt conveyor(U-JD 202,AB)

Dryer (U-FF 301 A-C )

Cyclone (U-FC 301 A-B)

Screw conveyor (U-JD 301)
Head tank (U-FA 301 )

Belt conveyor{(B-JD 101)
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Table 5.1,2 Reliability Prediction of Urea Plant.

7 B __Time, days B -
Sl-T:D_I EqULFmEYJtS )B Yl ) 10 25‘ 50 l 75 ~0 l‘Sol 200 250' Sooﬁ —‘550- 400 _450 SOO
’ Reliabilily '
- 1 087 1 0546 03512 01458 00638 00283 0013
1 |C0o; boostet combp. 088 |9500) 1 ¢ 45 124
(U-GB 0y T4C) 07342 04438 02243 -~ 100560 00428 00|96|
: 362 7 6357 0 00070, 100065 D00
2 | Gas butbine a3 lom0g] 4 05675 04827 02575 00625 306070 00085 0000
(P-GT 0! B) 1 08879 05058 05393 ; 00220] . __ 100020 00001
. 4557 : i 3 338 : 004 100
3 |C0, mMAin cormp. 74 120654 1 A 53948 05187 07434 03364 0°ta7o 06424 00034
(U-GgBIO02A) | | | 1 9974 ) 08413 0537 2480 00817 00207
: . 03630 06619 P TE 2330 00847 00349
38| €0y main comp.| ngjlixza)l 1 v ' 04506 0 a3
(U-GB102B) _ 080 0’5507 03253 01679 00886 00475
D R - CE A R B “16R6S - 750 50 043
3 [co, main comnp. . D 5395 ‘0}725 0'8683] 105309 02503 [043 50433
(U-@B102AB) | | || 99350 107929 07058 03742 01630 00872
09330 105112 07992 058; D447 02716 0\772
4 (S.cr valve of | ya7:30469 4 | o
NH3 Pump(U-G Ao | 1 68621, 0B553 96972 04873 03328 0224
N L EEFE 09538 0°9936 03858 08450 108605 07256
sA  Ammonia brened: 24049861 1
tey(U-EAIDIA) 095339, 09994 0°9946 0’9700 03030 07592
. : 1y 77 " 472 371\ 02921\
58| Ammonia prehea 057140372 1 09727 38764 07723 -05029 04724 .o 37u
tex (U-EAIOIB) 0’9349 08215 06319 0°5335 04186 0'3292
. A - ' < v . HPY . 05
5 |[Ammonia prehea . 09939 09393 ' 0°959¢ 09943 03709 0’9122 6'8057
ter(U-EAIDIAB) 09999 0'9998 05982 09860 09470, 98653
09101 06508 - 10513 - 10°3007 01834 071146 00729
R.C.pump(U-6A102) 0’8145 05933 0°'3902 0°2339 0'1446' . 100912 ,
'3 965 09003 7290 05476 0386l 02575
(U-PCIOIB) 09884 09357  lo'gig7 06372 04632 0’3174 \
10997 05857 05003 7290 05476 0" 3861 0 2575
7A Uvrea Yeacltor i'59 4‘273 4 3 ) . a 0 4
1 (u-DcictA) lo-9884 " jo9357 06372 04632 03174

08187

66



Table 5.1.2 Reliability Prediction of Urea Plant (Continued ).

h

B

Time, days

cinol EquiPpments Y] Lo Jo |25 [50 |75 |00 |i50] 200] 250 EEOTZS_SQJ‘aOD 450|500
Rel'\d.b\.l.i.‘:y‘
T '§5¢ 03583 05503 103785 [0 73 042 31 044
7 | Urea yeaclor A 03953 95? o 4488
(U-DCiol A B) 99998 09958 0’9471 0’26873 d7ng|  los34g
33 53 T 5753 B ST -
8 | MR decomposer | .5 30000 4 63 93 537 0357} £33 043 01616 00350
(U-DA 201) 09989 99800 08778 959756 02801 100819
. 3355 09382 08548 08249 08015 03545 02262
A Ceht\rL‘SLL%e 2-10 4!406 1 0 4
(U-GF 201 A) 03972 09727 08831 97070 104952 0’3033
. 8535 038321 19506 2049 T loéois| 1933 2287
oe| Centyifusae 210141406 1 0 8 ) 950 0°8¢ca9 060i5 03345 0
(U-GF 201E) os972] 037270 108981| 0:7970 04952 03039,
. 55 83353 : ‘545 Z “307 -
o |Centrisuge . 05539 3333 05538 05457 DE8s] D 3079 0 0a0%
b (U-&F 201 A~E) 033335 09998 03852 08460 04310 01682
T ‘9335 3282 T T1089% 3877| 00257 065
o8 N0 2 belt conveyor = oplia908l 4 |00 0388 03348 0 B e
(U-JD 2c4B) 09387 0’3575 06713 1071296 00024
[ T ETTF) 1 3 3 ‘025 .
10AN02 belt Convesor | 500 19958 g 03553 0983 0°3968 03677 00257 00001
(U-Jr204A) 09587 08575 06713 01296 00024
. . . 551 : :
10 |NO0.2 belt conveyoy ' 03339 09358 03853 050 00507 30001
(U-3D 204 AR) 09993 09981 0891 072424 00047
09936 9851 9278 4507 377 01003 019
HA Melter 2421283356 4 | 058 095 0 $2178 | 00193
(U-EA 301A) - 09972 09607 08072 04784 01893 100470
09596 0'985! 09218 06507 03178 01003 00193
ne| Meltevy 2°42(28356 1 ' '
(U-EA 301B) 0°9972 0°96 07 0°8072 04784 01893 |g0470
SLEE] - 95340 877 5348 . 038
‘!l Meltevy , | 09937} 103340 08779 0534 01905170382
(U-EA3DIAB) ' 09999 03984 03628 07279 0-3427 00917
+ : ‘939 ' 95 0'957. - €31 0'3745]
Iz BU.CKCt eLEVQtOT 3.40 50268 4 0 ? !0 9336 03358 '9 3 08412 0°¢313 . 74
(B-3dio2) 3 109995 09984 05837 ‘91| 0'7467|. 0503

67



Table 5,1,2 Reliability Pradiction of Urea Plant { Continued ),

|

Tume, days

stnol EquiPments £ Y? 10 |25 1 50| 75 [ 1co ] (50 200‘1_2’50 .30‘;]'5750 400 {450 [500
Reliability '
- 9 . 3 AN L . £ - D
13 (B2l conveyor tobulkl 2y lucap3 0935 065534 023451 103440 07356 05444 02723
storase (B-Ib103) o 03593 09973 05785 09842 06735 04935
¢7529] " 02343 0041
Uvr=a PLant -
04958 01025 p0L4s _

68
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5.2 Reliability Va. Time Curve of Equipments.

In this section predicted reliability Va. time curve. of
’various equipments of the Ammonia plant are shown in figure
5,2.1 to 5.2.5 and that of Urea plant are shown in figure
5.2.6 to 5.2.10 . Finally, over all reliability Vs.time curve.

]
of Ammonia plant as well as Urea plant are shown in figure

5.2.11.
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Figure 5,2.,1 Reliability Va., Time curves of Equipments 3

(1) Gas turbine {(P-GT 101 A):(2) Gas Turbine

(P-GT 101 B); (3) Gas Turbine (P-GT 101 A,B):;

(4) Boiler feed water Pump (A-GAr 202 ) .
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Figure 5.2.2 Reliability Vs, Time Curves of ejuipments :
{(5) F,D,FA_GB 104 T);(6) Auxiliary boiler.
(A_FA 101) ; (7) A T.B(A-GB 101 T & C );

(g) 1.D.F,(A-GB 102 T) ;
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Figure 5.2.3

Reliability Vs, Time curves of Equipmentg.z.
(9) N.G. Boogter Compressor(A-GB 106 A or B)
(10) N.G.Booster Compreasor(A-GB 106 A,B),
(11) Waste heat boiler (A-EC 107);:

(12) Process gas Rebholler(a-Ea 301 ),
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Figura 5.2.4 ‘Reliability Vs. Time curves of Equipments'ii

(13) CO, absorber(s-D4 301),(14) G.V.Solution -

Pump (A -GA 301) ; (15) Mist trap (A-DA 303)

(16) Mmthanator effluent economizer(A-EA 401).,

1
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Figure 5.2.5 . Reliability Vs, Time curves of Equipments 3
(17) Syntheais gas K.lO. drum{A-FA 401);
(18) R.T.B,(A-GC 501 T&C);(19) Hyper turbine

.

(A-GR 501 T & C).
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1
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Reliability Vs. Time curves of Equipments :

(20) CO, booster Compregsor(U-GB 101 T & C);

2
(21) CO, Main Compreasor (U-GB 102 A) ;
(22) CO, Main Compressor (U-GB 102 B);

(23) CO, Main Compressor(U-GB 102 A,B),
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Figure 5.2.7

Reliability Vs. Time curves of Ecquipments :

(24) Suction common header valve of Ammonia Pump
U-GA 101);(25) Ammonia preheater(U-EA 101 A); ' gﬁ
(26) Ammonia preheater(U-EA 101 B);

(27} Ammonia preheater(U-EA 101 A,B),



Reliabrlity

77

15}
0Q
o6
. ~
\ N
‘ N
i \ .
04 ! N
29 N . |
AN .
) e
021 . N
.......... N
..,'.”."‘\”
VTN
G
| | | | L
0,0 100 200 300 - 400 500

Figure 5.2.8

Reljiability Va, Time curves of Equipments : e
(28) Suction common header valve of R.C.Pump(UéGﬂlioz):

(29) Urea reactor(U-DC 101 A or B)
(30) Urea reactor{(U-DC 101 A,B};

(31) High pressure decomposer (U-DA 201) .
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Figure

5.2.9
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Reliability Vs.Time curves of Eguipments :

(32) Centrifuge (U-GF 201 A B ,C,D or E) - ”"‘,

(23) Centrifuge (UGF 201 A-E}; (34) No.2 belt

conveyor (U-JD 204 A or B);

(U-JD 204 A, B},

(35) No.2 belt conveyor
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Figure 5.2.10 Reliability Vs. Time curves of Equipments :
(36) Melter(U~EA 301 A or B);(37) Melter(U-EA 301 A,B)

(38) Bucket Elavator{B-JD 102);(39) Belt Conveyor to

bulk storage (B-JD 103).
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Figure 5.2.1]1 Reliability Vs. Time curves of plants

(A) Ammonia Plant:

(U) Urea Plant,
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l} CHAPTER 6

OPERATTIONAL RUADINESS AND AVAILABILITY ASSESSMENT O DQUIPMENTS

P Operational Readiness and Avallsbility Assessment,

Avallability and Operational readiness 1s an important consi-
deration in relatively complex systems, such as Urea Fertilizer
Factory Limited Ghorasal, because high rellability of the system
alone is not sufficlent to ensure that the system will be available

or ready to operate when needed, It is also necessary to ensure that
it can be repairad quickly and that essential scheduled maintenance
tasks can be performed quickly to reduce down time and consequently
1dle time of the system, So, in thls chapter, Operational readiness
and availability of each equipment and finally those of the Ammonia
and Urea Plants are assessed, Results are shown in tables 6,1.,1 and
6.1.2 respectively. The mean time between rfailures (MTEF) have been
calculated by simple arithmatic averaging, In Tables 6,1,3 and
6.1.4 availability have been recalculated with MTBF from fallure
distribution parameters. Since this MTEF is slightly larger than
MTBF by simple averaging, resulting availability 1s slightly

greater,



Table 6.1.1 Operaticnal Rsadiness And Availabllity Assessment of Ammonia Plant(by arithmatic avaraging).

A}
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ey e .
| Total ) Total Total Tatal No.of INo.- o MTTR. TR : . LT T
??_iia‘cmg ldie time idown time|Tepair time ‘repa.'tj chqi Luf'e MTBE Of:;j':yf;‘:; PanLubal_utJ
cauiPmants 'r\.-,i.!'”) (dayse) (days) (days) (days) (days) i
(1) (2) (3 4 ) gy @) | (8)
IR IO N - (4) (5)__ () Fr=155 | ®)= 753 (9'}1‘131{3}*{3) (!0)—[—;)—:(3—)
Gras Tuwrbinz AlA - :
(P-&T101A D 960 24 2473 | 234 74 11740 {0 t0 it-74 5602 0 80%5 0’8910
Boiler jeed water| | .. | T . E —
PumP CA-GAz02) | 20V 12 [ 142:87 115335 | 14499 | 4 4 362 | 22523 | 03718 | 09841
BN A R s X ' - - |
Auxiliary boiler | __ | T 7 47~ | T
(A-FA 101) 901°03 | 13797 | 15374 | 4041 | 4 5 | 1010 | 18020 | 0871 | 0:9469
T T AU EPSUT! i e |
(A-GB 10l T4C) 81652, 234143 14550 1812 3 3 §04 | 27217 ‘1 08783 | 05782
1.D.F. L D R T |
(A-GB102T) 81656 | 33344 15433 1600 | 2 ) g-oo| 37218' 08718 | 09714
PN--&. boosfer CoOmPY- ) T T I T T
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wWaste heat boiler i = 3
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Process Gas Yebo- R i .
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! i
Cco, absorvber T _ 5
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Mist tvyaP?
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Table 6.1.1 { Continued )
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Total | Total | Tetal Total [0 0F [ Mo of | MTTR| MT.BF OperationallAvailability]
o Operaking [1dlz time ldown time|TePaiT timy vepair [ farlave) - o 7 Yyeadin2ss
EquiPments bom e L o _ ;
(days) (days)d (days) (d0ys) (days) (days) | :
: @ gy 0T Ly @) oy B
) (2 2) (4 (5) | ¥ {@={y @2 D nm e T e e
Methanaler €§rluent . _ y ) . . . i .
economize T(A-EASOY) 217-88 21812 161:85 29-80 3 > 993 | 272°62 08648 | 05648
Synthesis Gas X.0. o L ’ | . - |
: V7 23 14520 0 . . , 7 0°'9838¢
dyum (A-FA401) 81732 253¢8 | 15 2l g3 E 3 2 76“_;?.12_4:1 _L__?.__S'/ 8
(A-GC501THC) 8i5 614 213 33_1 15955 2400 5 3 4 ao_ _\01 95ﬁ*0 8663 | 0955
Hypex Turbing 258! | 13 ‘ %0 1616 08669 | 09258
Aamsortacy | B3| mEs pe | e 7 ) F | 22 bt
Ammonia Plant 81315 000 %847 26719 | &7 A4 ¥-22 1848 06798 | .0 %190
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Table 6.1.é Operational Readinass And Availabllity Agsessmant of Urea Plant(By arithmatic averaging ).

To }: el

Tolal

\ Total To?:;;-.l,i “U}G} o od .0 ‘TR N ”.17_*',5 o 1,3'-,; 447 ! . TRV
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. . e e — e . i S VU S, . = 4 . . o o e
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(P-&TI01B) 95427 | 24'73 | 23783 | 120710 | 12 13 000 | 7340 . 0845 | 088 |
e mawnm ComPre - 52 249 -5 _ o - _ o o B
Soot (U-GRI02A)D 79247 5 148 04 532 4 6 1330 13207 0’8756 1 09085
€0z malin CombTe - §03'43 24356 14563 5082 8 016 A %? § B ._ o
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] —- ] :
Guction C-H. valse of . ]
R.C.Pump CU- GAI02) 9881 25418 14404 | 0°22 > 3 007 26627 08796 09997
Urea reactor _ ‘ _ ' 7 _.-_— . -
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(U-&GF 201 E) . ,
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Table 6.,1.2 { Continued )
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L Urea Plant 90057 | 192'37 205:08 11650 | 28 3% | 416 20752 0°'8288 | 0824
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Table 6.1.3 Availability Asseasment of Eguipments of

Ammonia Plant by using MLE Method.

EqQﬁPmcnta AVdLLulej
| (days) (TLE) (1)
! » (days - l.
Lo kA (H) % (_'i)__"(-,r)efcug
Gos burbine )
Boller {ecd water
Pump (A-GA202) | o2 421°22 0’9914
i
F.D.F.
(A-GB104T) ¥-00 358°'37 0'9808
. 1
Auxiliary boiler
{ A-FA \ga p) (010 123°39 09243
A-T.B. _ ' ‘
(A-GIBI0I T4C ) 604 4893\ 09878
1.D.F. | '
(A-GB102T ) goo | 2137 )l ©°9635
N.Gr. booster C.O\mprc:-—§ _
coor (A-GB 106 | O 24979 09758
l ~ ' |
I Y t
Waste heat boiler ! o | . .
(A-EC 07 ) ge | 569'98 09868
s + " e -
. Process das Yebo-. _ -
et (A-sAamory | 460 b 25453 0'9822
FCO;_ oboorber . _ |
| (A-DA IO ) ! 7R 228764 09663
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Table 6.1.4 Availability Assesament of Equipments of
ing MLE Method.

Urea Plant by us

1

Ik sferage(B-IDi1O2D |

FauiPpments - MTTR MTBF Availabilily
: | (MLE) {
ey (daye) mne '
i T ) b Y ) (1) (02)= 300
Co, booste'y! compressot . .
(U-GB IO T4C) 256 jo-a5 0’9753
 Gae Eurbine . .
(P-GT\0IB) 10" 09 8917 0’899 |
Co, Main ComPeressor . T
(U-GBIO2A)D '3 20 18409 09326
(O, mawn COmMPressovy
20 GB102B) 1016 13863 09317
quckion C-H. V. 0f NH _
PumpP (U-GA10! ) ’ 0’20 A01°82 09993
Ammonia Prehealer . . - -
(U-EA0TAD 073 620°29 -, 0’5560
Ammonia Prehecaler ) T '
(U-EAI101BD 067 410718 0'9983
Guclion C.H.v- 0f R-C. o T ‘
PumP (U-GA 102) 007 175" 36 09996
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(U-DCclo1 B D 753 37050 0’9800
High Presswre decom! ‘ T .
poseY (U-DA 201D 807 1 20479 0'Y724
Cenirituge _ l '
(U-GF 20V A ) | 275 ; 36700 0’5898
| Centrifuge ! . i .
(J-GF 201E) | 428 36700 0'9884
— ——t |
No.2 belt conveyor | . |
(U-TD 204 ) 1o 17931 0'9939
|
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CHAPTER 7

D;SCUSSION ON RELTABILITY IMPROVEMENT

7.1 Discu#sion on Reliability Improvement. 7

: Comparing predilcted values of reliability (Chaptef-ﬁ ) of
indiviéual equiﬁﬁent of the factory %t has been observed that F.D.F.
(A~GB {Oh T ), iuxiliary boiler {A-FA 101 ), GV solution pump(A-Ga
301) aﬁd RTB (A~GC 501 T&C) in Ammonia Plant end Gas Turbine (P=GT

101 B), C02 booster compressor {U-GB 101 T&C) and CO,, Main Compressg.i

or (U-GB 102 B) in Urea Plant Contributes relatively lower values of

relisbility, Now it necessitates the analysis of the fallure history:
of the above mentioned eguipments individuelly to find the causes for

which poor reliability results. Actually in continuous productioqf} g
plant, fallure free eguipment are rarely feasible and fallure ma&fgi

cccur from various causes of troubles, So, it is advisable to fin¢ |

the sources of major faults and then preventive measures would be

»

taken for the same teo improve relisbility.

_ In this context, a list of individual equipménts showing;
different fauls during the period under ccnsideration is prepared
in table 7.1.%1 for ammonia plant and in table 7.1,2 for Urea Plant;'.
Total faults per equipment are also shown at the last column of the
table, It 1s noted here that these tables are prepared by analysing

the failure history of the factory;
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Table 7.1.1 Troubles of Equipment in Ammonla Plant,

No.of Faultg —Jfotal
Equipments, Instru- [Elect- |Mecha- Wear- [Operat- [faults for
ijenta.l__r_mal_Bisal_ out _Jdon equipments)
Gas Turbine(P-GT 101A) 2 5 - - - 7
Boiler feeg wvater pump - 1 - 1 - P
FDP(A-GB 104 T ) 3 - - - |1 Y
Auxiiiary boiler P - - 1 - 3
WO AT N ) ) P >
IDF(A-GB 102 T ) - - - - 1 1
NG Booster Compressor 2 7‘ - - - 1 3
Waste Heat Boller - - - 9 - 1
(A-EC 107
Frocess gas reboiler - - - 1 - 1
(A-EA 301 ), .
CO, absorber(A-DA 301 )| = - - 1 - 1
GV,8clution Pump _ _ 5 _ _ 5
(A=GA 301 ). .
Mist trap(A-DA 303 ) - - - 1 - 9
Methanator effluent - N - 1 - 1
1) :
Synthesis gas K.O,drum :
(loFA 01 3. - - .- 1 - 1
RTB (A-GC 501 T&C) 5 - 1 1 1 8
Hyper turbine
(A~GB 501 T&C ) - 3 - Z
Total L 8 6 10 5 43
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Table 7.1.2 Troubles of Equipment in Urea Plant.

of Faults Total faults
Equipments nstru- |[Blect- |Mecha- |Wear- |Opera- | far
' mental |rical inical jouk |tional |Equipments.
booster compressor 1 - 5 3 - 9
(0268 301 T&0) -

Gas Turbine(P-GT 101B) | 4 6 - - - 10

Main Compressor
(0265102 A) 1 - 1 3 | - 5
CO, Main Compressor | -
(U2GB 102B ) 1 - 3 2 6
Suction common header .
Valve of NH3 - - - 3 - ) 3
(U-GA 101) .
Ammonia preheater - 5 N n
(U-EA 101 B) - - <
Ammonia preheater - . _ y o 1
U-EA 101 A
Suetion common header
valve of R,C, Pump - - - 1 - 1
(U=GA 102 ) —
Urea reactor(U-DC 101B) 1 - - 1 - 2
High pressure decom=- 1 4 - o
poser(U-DA 201 = - ~
Centl‘ifuge(U—GF 201E) - - - 1 - 7 1
Centrifuge(U-GF 201A) - - - 1 - 1
No,2 belt conveyor _ - - 3 n
(U2JD 204 B) 3
Bucket elevator _ _ - p _ ] i
B-JD )
Belt conveyor to bulk
;gtgmgg(B-}D 103). - - - 1 - 1
Total 8 6 10 26 - 50
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From tables 7.1.1 éﬁd 7.1.2, it has been found that major faults
appeared in F.D.F. Auxiliery boiler and R.T.B. due to instruﬁental
( including safety trip systems ) troubles, in gas turbine due to
Eleotripal troubles and in G.V. Solution Pump, CO, booster compressor
and 002 Main Compressor due to mechanical troubles, Now question
arises what would be the Optimal policy to improve reliability
elther utilizing proper technology to réduce major faults or
installing stand by unit, Before cOming to a conclusion, it will
be useful to predict the reliability of each identified equipment
for the following cases

1. Excluding major faults of each identified equipment,

2, Considering stand by unit of each identified equipment, .

Case = 13
~ For predicting reliability of each above mentioned equipment

after excluding major faults, it is first required to caleculate the
operating time and then Weibull parameters are to be estimated, all
of which are'shoun in table 7.1.3. The reliability are then calcul-
ated with the parameters obtained in table 7.1.3 and shown in table

7.1 .h.



Table 7.1.3 Weibull parameters estimation of ldentified equipments after exeluding major faults

(Original values are given in parenthesis ).

T

3 L Rupnipez date Gperatrfdle Town | Repair| shape MoT.B.F.|Btand-| detnod
ing time |time time |para-| para=- ‘ard applied Remarks
Equipments| From To - | time meter| meter %gvia- .
' : on
{davs)|(days)| (days )] (days): (daysg)
F.D.F. 16~07-77| 08-10-77| 60,66 23.34 2,77 | 0,00 roluding
(A<GB 10LT) strument
11-10-77 [02-05-78 {153,145 | 49,55 (78,00 | 7,00 | 0.95 | 228.88 | 234,30 |246.61|SEQLIM PTS, SALELY
: | aults,
19=07-78 [21-08-80 [687.05 | 71.95 [66.00 | 7,00 [(0,72)(291.86)(358.37)
Auxilia
botler Y  {16=07-77 [02-05-78 |216,03 | 63,97 [78,00 20,00
(A-FA 101) -
. 119=07-78 [06=-09=-78 | 49,00 | 0.00 | 4,00 |0,16 | 0,90 | 207,37 | 218,25 [242.,81| -do- . =do=
10-09=78 [21-08-80 637,39 |72.60 66,00 0,00 [(0.97)(122,00)(123.39)
R.T.B. 16=07=77 21=11=77 | 65.13 [60.87 | 3.3% |1.70
(A=-GC 501T&C) .
U m11=77 29-03=78 | 99.45 125,55 | 5.18 | 3,90
Ol =C%~78 02-05=78 | 19,88 | 7,12 78,00 | 9,00 | 1,42 (267,06 242,93 {73.03 MLE ~-do=-
19=07-78 11-11-78 H06.84 71,16 | 2.00 |0.00 [(1.22)(133.C1)(12%,74)
13=11-79 121-08-80 |223,37 F5.63 |66,00 19.00




Table 7,1,3 (Continued )
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" Rurning date | Overate| ldle |Down |Repair|Shape | Scale  |Hel.B.F. [Stand- Method
. ing time |[time |time |Para- ) para- ard applied |pomarks
! Equipments From To time meter | meter ggvia- - .
i ' on :
, (days) |(days) (days)i(days)| {days) , .
CO, booster |16-07-77| 03-12-77| 72,89 | 67.11} 1.76 | 0.1
| Compressor [5-12-77 [15-02-78| 38.27 | 33,73 0,98 0.33 . Bxalud;ng
| (U-GB 10174C)| 16.02-78| 02-05-78| 70,31 | 4.69|78.00 | 9.00| 0.96 |225.35 | 229.60 [239,23| Mig |Mechanical
19-07-78|18-12-78128.50 | 23.50| 0.21 | 0,00]{€0.88) (95.00) {(101.25) faults.
18-12-78|21-08-80 (493,05 111,95 66,00 9.00
26-10-80{11-02-81| 97.81 | 10,19 3.83 2.50
Gas Turbine |22=C6-77|13-07-77| 27.00 | 0,00/ 0,80 | 0,70 Excluding |
(P-GT 101B) [19-07-77|03-09=77| 45,00 | 0,00/ S.48 | 5,00 Rlectrical
09-09-77 |02-05-78 220,00 | 0,00/78,00 | 15,00 - faults,
19-07-78 |20-12-78 [153,00 | 0,00] 0.35 | 0,00 1,23 225.63 | 211,56 |174.,50 | MIE
21=12-78 |20-09-79 |240,27 | 24,73 (49,00 | 49,00 {(1.%3)( 98.06) |(( 89,17)
08-11-79 {12-06-80 210,00 | 0,00(10,25 | 10,00 |.-
Co,, Main 16=07~77 [02-05-78 |282,30 1107,70|78,00 | 25,00 | 1.12 | 318.51 305.67 P73.20 | MIE
Compressor  46.07.78 |06-11-79 403,83 | 71.17| 0,58 | 0.38 |
(U-GB 102B) |06_19.90 [12-04=80 114,72 | 42,274 OM4 | 0,24 [(6.91)(132.31) [(138.63)
12,04-80 {21-08-80 [102,58 | 28,42 [66,00 | 25,00




Table 7.1.4 Reliability Prediction of Identified Equipments Agter Excluding major faults.

T l._,u,_._w.—. “___ o o o e, days.
Equirpments. |8 |\ M) "57[25 |50 [ 75 | 100|150 [200]250 [300|®50]400[450][500
' Reliability,
I — - _ 07900 05342 04148 02744 01827y 01223
F.D.F. 0-95 122888 1 .

(A-GB104T) | 08851 0707/ 05120 03379 02237 014%4 .
s s e - T TET : ‘379 ‘2480 01642 1029
Aux. boiler |o5o horsrl 07573 05552 0’3758 0 o

(A-FA101) 1 08616 06700 0’4737 03062 0 2015 01341
0915 107504 65151 0°3074 01635 00874
R.T.B. |42 126706 1 -
(A GC 501 T+C) 03655 0'8481 0’6435 0'4023 102303 01227
Y 5 T o500 06322 04539 02881 017€4 01163
COZ buostefgpmp, 06 :225-35 1
(U-aB o1 T+CD ! 02859 07062 0’5083 03312 02173 01433
e B 03525 66503 04218 0242 071338 00713
Gl S *T}.\.‘i‘bi'ne 122 '22565 i ’ .
(P-@Ti01T) 09339 07703 05446 03219 0718 11 0098}
T T . I . 08818 07609 05522 03925 072750 01906
Co, man CompP .y 5851 ‘
(U-6B 102 RB) 09438 08204 06503 04665 0329 02233
- T . — - . - - 2013 1564 0’0785
Gas Turbine, { 05638 08500 05441 03 015
(P-aTio1 AB) | 09925 0'9146 06977 0’4097 02182 oliA
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Cose « 2%

In reliability assessment of stand-by equipment; it 1is
acsumed that the failure pattern of this equipment will be similar
tc the prineipal equipment, So, both units will have ldentical
failure distribution and reliability, The formula used in calcula-
ting the relisbility of each proposed stand-by systems are glven

as
R - - R )2
s 1=(1~R)
Where R = Reliability of stand-by system

R = Reliability of existing unit,

The reliability celculations are shown in table 7.1,5.



Table 7.1.5 Reliability Prediction of I1dentified Equipments Agsuming Standby
Redundant System of Each,

Time, ddys :
Stdndby Redunddnt| o [25 | 50 | 75 | 100 | 150 | 200] 250] 00] 350 ] 400 | 450 | 500
System of EquiPment: o an
-t tLlity
FD.F { 0’9400 08628 37156 059f0l 04%39 0405¢
(A-GB®104T) 05775 09017 07868 106504 05374 04451 .
AuXx. bowler 1 0’8813 0846 03580 0’1742 00836 00388
( A-FA |01) 09625 07846 05024] o509 01201 50547
RTB. ¢l 09316 07434 03487 0300 00437 00135
(A-GCBoIT4C) 09850 08464 W5295 02173 00755 00236
CO, booster comp. . 0gits 05750 02703 01235 00ZEd 00758
(U-GB 101 T4C) 09293 06906 03582 01827] 100837, 00388
Gas tuYbine L 08353 0587 01210 00139 56065 000605
(P-&T 1018) 03825| 07557] 102932 00435 00039 0000}
co; mawn comp. - g 08856 0’7090 c4n7 02284 012512 o'oeﬁs
(U-GB 102-8) o'sen 0’7581 05455 03076 0’1693 00927
CO, main ComP. ' 09906 09282 06401 03420 513 | FXEF]
(L-©B102A.B) 0’9990 09681} - 08017 04793 02371 o114
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,For comparison, reliability Vs, time curves of each identified
equipment are drawn in figures 7.1.1 to 7.,1.C, In each figure,

“there are three curves showing the followings

Curve - A $ Reliabilitv Vs, time curve of existing equipment.

Curve = Bt Reliability Vs, time curve of existing equipment
after excluding major faults and

Curve N Reiiability Vs, time curve of stand-by system of
the exieting equipment.

Reliability Vs, time curve of F,D.F. (A=GB 104 T) are
shown in figure’ 7 1.1, for different cases, It has been found
thet reliability;( Curve =B ) of the equipment is not sufficiently
improved though major faults aré excluded; rather after 100 days
of Operétion9 reliability decreases below that of existing one
( Curve - A ), which is not expected; because in that particular
case reliability should be improved, since major faults are
excluded, The pcor reliability resulted may be due to the fewer
no, of failures used in estimating shape parameter for the

equipment after excluding major faults.

Put if a stand-by wit of F.D.F. 1s introduced, a shafp
reliability improvement‘df the equipment 1s obtained (Curve=C).
Iz should be pointed hefe that other factqrs e.g+3 Cost involve-
ment, availgbility of power, space facilities ete, are to be |

considered befofe.installing any stand=-by unit.
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Figure 7,1,1 Reliability Va. Time curve of F.D,F(A.GB 104 T):
®) Existing conditions (B) Excluding major

Faults & (C) Standby system.



Reliability

o2r

o9

<
R

o
=i

| I 1 i I
0,0 T 200 300 . 400 500

«Figure 7.1.2 Reliability Vs. Time curve of Auxiliary
hoilec(A-FA 101 ) : (A) Existing condition;

(B) Excluding major faults & (C) standby

system.

99



Reliabirt 'y

1of

Q
oo

]
o

04

02

0,0

100

{ |

1 te s T
{00 200 300 400 500
Iime, days |

Figure 7.1.3 Reliability Vs, Time curve of R.T.B(A-GC 501T&C):
(A) Existing condition; (B) Excluding major faults

& {(C) Standby system,
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Figure 7.1.4 Reliability Vs, Time curve of 002 booster
compressor(U-GB 101 T & C) : (A) Existing

condition ; (B} Excluding major faults &
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Figure 7.1.5 Reliability Vs. Time curve of Gas turbine
(P-GT 101 B) : (A) Existing condition ; (B)

Excluding major faults & (C) standby system.
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Figure 7.1.6 Reliability Vs, Time curve of CO2 Main

compressor (U-GB 102 B) : (A) Existing

condition :ﬁ(B) Excluding major faults

& (C) Standby system.
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Referring to figures 7.1.2 to 7,1.6, it has been observed that
reliability Vs, time curves after exeluding ma jor faults (Curve - B )
of auziliary boiler ( A-FA 101 ), R.T.B. (A.-GC 501 T&C ), CO, booster
compressor ( U~-GB 101 T&C), Gas Turbine (P=GT 101 B), and CO, main
compressor ( U-GB 102 B) show satisfactory results, Although'stand-by
system of each indicates lmproved reliability ( Curve -C), but, after
a certain period reliability decreases below that of curve- B, which
hae bern obtained by exeluding major faults, From the results obtained,
it may be concluded that attentlon should be given to avoid the respect-
ﬁve major fanlts rather than installing stand-by units,

Tn the case of GV, solution pump (A=-GA 301), it has been found that
only two mechanical faults occurred during the period under consglderation,
If it is possible to avold such mechanical faults the pump would contri-
hute to better rellability. Now it should be mentioned here that the GV,
salution pump a8 well as the boiler feed water pump (A-GA 202 ) wvere
originally designed to have a stand-by redundant unit with one motor
driven and snother steam turbine driven unit, But due to lack of steam, .
both the steam turbine driven units were out of service from the
beginning of production of the factory. It is obvious that the reliab-
ility of GV, solution pump as well as boiler feed water pump will be
ivproved by a considerable amount if original stand-by system of both
the wnits cen be restored either by installing motor or by Increasing
steem generation which will be required for operating existing steam
turbine,

The reliability of both GV, solution pump and boilef feed water
pump are now predicted by assuming stand=-by redundant system of each
machine snd identical reliabilities for each unit, The calculations

are shown in Table 7,1.6.



Tabla 7.1.6 Standby Redundant Systems Rellability of G.V. Solution Pump (A~-GA 301) and
Boiler Feed Water Pump (A-GR 202 ).

- ———— +  ge——
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Time, days

EquiPments M 0 [25 [ 650 | 75 [ 100 ] 150} 2001 250 [ 300 | 352 | 400| 450]| 500
o Reliability
T : - 1T T e 05837 05552 04678 04022 03506
G.V. Solittion PumpP 063 46413 1 |
(A-aA301) 1 losssal  lovas: 05121 05080 04329 03750
25 ‘ "8021 767 0642 5
Standby Tedundant Sys \ 055 03399 08 0 56426 05782
tem 0§ G.v- S0 Pump. 1097341 108260 08495 07579 0678%, 10609
. 5 44 0'8I79 06524 1048122 3%
Boiley jeed water 186 la7400 1 | 0234 69 48 0'33%i4
PumP (A-&GA202) 08958 |0268] 08890 07376 05661, 04033
0’9597 0’9870 p9668 0’8791 ;0738 05529
Stangby Yedundant Sye- 1
fem 0) B.F.w. PumpP, 05799 UEEEY) 0’5876 vERL 0817 06439
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7.2 Overall reliability prediction of the plants including

propesed improve systems,

The reliabllity prediction tables and reliability Vs,
time curves of Ammonia Plant and Urea Plant are shown in
Chapter - 7.0, Now it is necessary to find to what extent the o
overall reliebility of the plant increases if the Zmproved .
reliabilities of the identified critical equipments ( i.e, the
reliahility of proposed stand-bj systems as well as the
reliability of those equipments after excluding major faults )
ere included in the caleulations., In doing so, the reliabilities
of siand-by redundant systems of F.,D.F., G.,V, Solution pump and
Boiler Feed water pump and the predicted reliablilities of Auxi-
lisry Boiler, R.T.B., CO, Booster Compressor, Gas Turbine(P-GT
1018) and CO, Main Compressor (U-GB 102 B) after exeluding major
faults are considered in place of their existing reliability. The
overall reifahility of the plants inciluding improved systems are
prediected in table 7.2.,1. For comparison, the existing overall

relisbility of the plants are also shown in this table.



Table

7241

improved system,

Gverall Reliability of the Plants including
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] TIME, DAYS

|
Neme of Plant. 25 50 75 100 150

RELIABILITY

Ammonia Plant
(Tnelvding )Proposed 0.4869| 0,2133| 0,0872 0.0335 | 0,0041
impreve system
Ammonia Plant
(Exigting eondition) 0,3106 | 0,0931| 0,0259 | 0,0066 ;| 0,0003
Urea. Plant{Including
Proposed improve . -
System )° 0.6‘1‘611' 0.l+1f30 0.2:}90 (?01 531 0;0""11
Urea Flant(Existing 0.4958 0.23#3 0.,1025 | 0.,0411 0.00u6
Condition ) :

The reliaBility Vs, time curve of Ammonia Plant for existing

condition as well as including improved systems are shown in curves

D and E of Figure 7.2.1 and those of Urea Plant are shown in curves

F

and G of figure 7,22
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'CHAPTER 8

CONCLUSION AND FUTURE WORK

Ccnelusion

From the study of this research, the following points ara apparent.

i) Teom tables 5.1.1 and 5.1.2 and figure 5.2.,11 it can be
observed that the tine-based reliability of toth Ammonia and
Urea Plants fall dramatically., The probabilities of encounter-
ing a failure within the first 25 and 50 days cf cperation of
itmmonia Plant are 69% and 91% respectively; those for Urea
Plant are 50% and 77% respectively. Since, the shut-down of
Ammonia Flant will invariably cause the shut-down of Urea

Flant, the maximum bound reliability figures are these for

Araronia Plant reliabilities,

From the reliability values of the individual eguipments
( Tables and figures of chapter 5 ), it can be seen that the
main econtributors to this low system reliability are F.D.F.
(A~GB 104T ), Auxiliary boiler {a-Fi 101 J), G,V. sclution
Pump ( A-CA 301 ) and R.T.B. (4-GC 501 T & C ) in ammcnia
Flant and Gas Turbine ( P-GT 101 B ), COE bocs ter compressor

( U-GB 101 T & C ) @nd CO, main compressor {(U~GB 162 B )  in

2
Urea Plant,



11

i

i1) In chapter 6, Operational readiness and avallability of
individual equipments and plants have been calculated, The
Operational readiness of individual equipments in Ammonia Flant
very frem 0.8075 te 0,8783 uand for the plunt itself, this
@alue in-0.6788; The values for operaticnal readiness for
individual equipments in Urea Plant vary from 0,8045 to

C.E796 and that fer plant itself is 0,8288.

The availability figures for both Ammonia and Urea Plants
are 0,7190 and C.8314+ respectively., By similar reasoning, as
in (1), 1t can be said that the upper bound of fertilizer
factory availability for production is 0,7190, Since there
are failures of Urea Plant as well,the actual availability

is less than C,7190.

iii) To improve the reliability of the plants, two alternatives
were eonsidered --eliminating major faults of each critical
equipmentras identified in (i) and considering installation
of identical stand-by units of these critical equipments,

In Tables 7.1.1'and 7.1.2, failure types and nuwrkers of failures
of cach equipment in both Ammcnia and Urea Plants have been |
1isted, It has been found that major faults appesrd in F.D.,F,.,
Auxiliary boiler and R.T.E. due tc¢ instrumental ( including
safety trip systems ) troubles, in gas turbine - B due to
electrical troubles and in G.V. solution pump, 002 booster

compressor and 002 main compressor due to mechanical troubles,
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Relizbility figures have beeﬁ, recalculated for beth the
cases mentioned abeve and Lalles and graphs have been presented
( Tabies 7.1 = 7.,1.6 and figures 7.1.1 = 7.1.6 ). It can be
observed that almost in all cases, installaticr of stand-by units
would iﬁprove réiiability situations considerably for the first 100
days of operation, But this would require comparatively much heavier
capital investment and radical changes in plant layout, So, for
Auxiliary bofler (A-FA 101), R.T.B.(A-~GC 501 T & C ), CO, booster
compressor{U-GB 101 T&C), Gas turbine (P-GT 101B) and CO, main

compressor ( U-GB 102 B ), measures to eliminate major faults have
been considered, because this sﬁep will also improve reliability

situations appreciably,

In Table 70241 overall reliability values have been recalcu=-
lated by considéring the above mentioned improvement procedures,
From the table as well as figures 7.,2,1 and 7.2.2, it can be
observed that for the first 25 and 50 days of operation of Ammonia
Plant, the reliability has improved from 31% to 49% and from 9% to.
21% respectively., The improvements in Urea Plant are from 507 to
65% for the first 25 days and from 23% to 42% for 50 day:s of

operation,
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8,2 Scope of Future Works

Since many failures were caused Ly Spurious trips, the
reliability of the Safety system can be investigated, The possibi-
lity of_duplicatin% trip systems or installing high integrity
Qrotective systemsf(HIPS) can be studied,

An optimal maintenance policy for mechanical equipments
should be developed,

Fault diagngﬁtics of the plant equlpments should be prepared

fo pinimlze corrective measures by trial and erreor.

Malntenance procedures should be recorded and guide lires
»

should be strictly followed to minimize maintcenance induced failures.
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I e . : _— e , .
Failure time | Start-wp time 10 [(FPEIT)  Causes of fetlurs Remedisl measures/
Date %ﬁge-' : Daté ‘_i%g?_ Days ilays Equipr@nt failed Causes Egmarks
O G S MY A L MO " s ———
21677 |11.10 | 22-6-77 {18.20 1,30| 0.0%|NG Booster Comp. {Pressure regulator |Regulator was
( A-GB 106 ) troubles of Titas replaced,
| gas metering
station
%a7-77 10,20 | 16=7=77 [11.,16 | 12,04 | 8,54 Whole plant For repairing
works .
19-8-77 10,20 | 21-8-77 | 3,96 1.7%| 0,00 RTB(A4-~GC 501T&C) [Steam pressure Wrong signal,
extra low.
3=9-77 14,30 9-9-77 | 1.82 5.48 | 5,00 [Gas turbine Exhaust temperature |[Wrong signal
| |(P-GT 101 A,B ) |high, ' .
20=-9-77 - 0,90 7-10-77 P1.5% | 17.86 | 15.80 Methanator effl- [Tube leakage Defect tubes were
nt Economizer plugged,
FA—EA 401 )
8-10-77 (8,30 |8-10-77 pné.,22 0.33| 0,00 I.D,F.(A-GB 102T) |[Lub,01i1 pressure Operational
_Extra low ' faults,
.
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1 2 3 L 6 7 8 9
8-10=77{ 15,45 | 11=10=77| 9=93 | 2.77 0,00{ F.D.F,(A=GB 104T)| Exhaust steam Operational faults
| pressure extra :
high,
12-10=77 | 19,05 | 19-10-77| 8.25 | 6,55 6,00 | Gas Turbine Fuse troubles Fuse replaced.
| | (P-GT 101 A,B) |
22-10=771 9,30 12=11=77 | 22,98 [21.57 | 19,90 Co, absorber Differential R/Ring were changed
' (A =DA 301 ) pressure was high '
1U4=11=77 | 9,35 | 17-11=77| 16,79 | 3.31 1,50 | (Ammonia & Urea For repairing
Plant ) works,
16-11=-77 1 17.30 | 19-11=-77 | 17.30 | 3.00 2,50| Gas Turbine Fuse dburnt dve to |Fuse replaced.
| ' (P~GT 101 A,B) reverse current.
21=11=77 3,20 2h-11-77- 11.36 .| 3.34 1.70 | R.T.B.{A-GC 501 Iuh.0il line Pipe line replaced
T&C). leakage, .
03-12=77 | 7.25 | 05=12<77 | 1,49 | 1,76 0.41| CO, Booster comp~ Thrust bearing Thrust bearing
ressor (U«GB 101 | (Turbine) damaged |replaced.
T&C).
29-12-77 | 9.10 | 01-01=78 | 9,10 | 3,00 0.25 | Auxiliary boiler | Drum level extra [Faults signal,
(A-FA 101 ) low
02-01«78 [ 13,50 | O4-01-78 | 1.50 | 1,50 0,12 | ATB - (A-GB 101T&C) | Blockage of air Filter replaced.

filter,
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4PPENDIX-A  {(Continued )
1 2 3 L 5 | 6 7 3 9
160178 | 6415 | 19=01=78 | 11,67 | 3.23 1.30| Whole plant For repairing works,
27.01-78 | 21,40 | 01-02-78 | 6,03 | 4,36 4,00 | Gas Turbine Due to reverse :- | Checked,
(P-GT 101 A,B ) current, '
08-02-?8 11,35 | 10-02-78 22,63 | 2.47 0.00 | Auxiliary boiler | Drum level extra Faults signal,
| | (A-FA 101 ) | low
08-03-78 | 8.45 | 13.03-78 | 2,93 | W.77 0.16 | Boiler feed water| Wrong maintenance
pump(A-G& 202.) by Electrical
personnel,
29-03-78 | 21,50 | O4-04-78 | 1.82 5.18 3.90 | RTB(A-GC 501T&C) | Thrust brgs.damaged Bearing replaced
and also instrument )
air pressure extra
low. _
O4-C4-78 | - 06-04-72 - 3,00 1.20 | GV solution pump | Bearing temperature |Bearing replaced
(A-CA 301 ) high, :
15=-02-78 16=-02=78 0.98 0.33 | COy Booster comp- | Thrust bearing Bearing replaced
ressor {(U-GB 101 | damaged.
T&C),
07-04=78 | 10=04=78 ¥.12 | 2.25 | Manual shutdown | For repairing works.
02-05-78 19-07-78 78 22 | Manual shut-down | For annuel overhaul-
- ing.
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RTB (A-GC 501T&C)

1 2 3 b 5 7 8 9
08-08=78 | 11,25 | 16=08=78 | 20313 [10,37 | 6,55 | GV solution pump | Coupling damaged Coupling replaced
_ - ; | (A=GA 301 ) '
06-09-78 | 0,35 | 10-09-78 | 0,34 | 4,00| 0,16 | Auxiliary boiler | Air preheater coup- | Coupling repaired
‘ (A-FA 101 ) 1ling damaged.
16-09=78 | 14,32 | 19-06-78 | 14,32 | 3,00} 2,30 | Hyper turbine Lub, oil pump stop- | Electrical circuit
‘ (A-GB 501 T&C), ped due to Electri- | rectified,
cal troubles,
101-11-78 | 17.20 | 07-11-78 | 20-32 | 6,13 | 3.80 | Process gas GV solution leakage. | Line repaired.
reboiler(A~-EA 301)
18-12-78 18-12-78 0.21) 0,00 | CO, Booster compr. Mal, functioning of Checked,
‘ (U-CGB 101 T&C) delivery check valve,
25-12-78 | 19,00 | 27-12-78 | 10,60 | 2,65 | 0,00 | FDF,(A=GB 104T) Lub,oil pressure Faults signal,
extra low,
27=-42-78 13,00 | 29=12-78 113,00 2,00 | 0,00 | FDF, (A=GR 104T) Mal,funetioning of Checked.,
' trip system,
03=12-78 |21,00 |07-12-78 | 2,28 | 3,22 | 0,00 | Hyper turbine Due to fire on turb-
(4-GB 501 T&C) ine insulation,
16-01-79 |20,25 |18,01-79 |21, 45 | 2,05 | 0,00 Low level of Bcono- |Wrong signal,

rizer,
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APPENDIX-A  {Continued )
1 2 3 Y 5 | 6| 7 8 9
o4.03=-79 | 15.30 | 01-04-79 | 16,26 | 8,04 | 5,20 Manual shutedown | Short fall of raw NG iine repaired.
| matsrial, o
03.04=79 | 14,53 | 06=-C4=79 | 9.00 | 2,77 | 0.50 De—acrator bent | Troubles of the Repaired.
valve(PCY 524 ) valve,
C3=06-79 | 21.52 | 20-06=79 | 14,00 (16,69 |12,20{Manual shut-down | Spared Fo, G, for
o _ , P.D.B,
08-08«79 | 5.30 | 16=08-79 | 5.40 | 8,00 | 7.50|Gas turbine Gas turbine-A,was Checked,
‘ ' (P=GT 101 4,B ), | trip due to flame
failure & that of'E!
vas trip. vwhen synch-
7 ronizing with FDB,
01-10-79 117,30 | 02-10-79 | 7.22 | 0,58 | 0.12|C0, Booster compr,| High temperature of |Bearing checked,
' {(U-GB 101 T&C) pinion side redial :
bearings,
16=10=79 (15,35 | 17-10-79 | 4,30 | O,5% | 0,10 - do - - d0 - - do -
07-11=79 | 9,15 | 11=11-79 | 16,25 | 4,29 | 0,66 |NG Booster compr, | NG,pressure actua- PCV checked,
{A=-GB 106 ), tion,
11=11-79 (21,10 | 13-11-79 |21,10 | 2,00 | 0,00 |RTB (A-GC 501T&C) |RPM decreased ‘Operational faults
suddenly,
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APPENDIX-A { Continued )
1 2 3 L 5 6 7 8 9
1,711,791 13.50 | 14,11.79 15,00 | 0,062 | 0,00 co, Booster eompr.| Brg. temperature No, action taken.
- | (UGB 101 T&C), |high at pinicn side
: radial bearing,

1€6=11=-79 | 12,15 16=11=79 { 13,40 0,052 0,00 = do = - do' = = do =
19-11=79 | 11,30 | 19=11=79 | 12,25 |0,04 | 0,00 - do = - do - - do =~
10-12-79 | 21,15 | 12-12-79 | 1.00 | 1.95 | 0,80 -~ do = - do - Alignment checkedy
29-12-79 | 12,00 | 30=12=79 | 15,25 | 1,12 | 0,75 - do = = do = Bearing changed,
01=01-80 | 15,05 | 06=01=80 | 12.25 | 4.85 | 3.50 | Eyper turbire Failure of Askania | Checked,

(A=GB 501 T&C) controller,
14-1-80 | 15,00 | 15-01-8C | 22,00 | 1.29 | 0,80 CO2 Booster compr.iAigh temperature of | Alignment checked,

' ( U~CB 101 T&C), |pinion side radial
bearing,
4=01-80 | 15.15 | 02-02-8C | 20,00 | S.19 | 7,00 |W=DA 302 B, Saron cloth damaged | Saron cloth of
. filter was replaced

02-02-80 | 22435 | 14-02-80 |19.15 [11.85 | k.50 |Mist trap Extra high level of | Rectified.

(A=DA 303 ). GV solution,
17-02-80 | 1,40 | 19~02-80 | 9,00 | 2,30 | 0.56 |Synthesis gas High level, Checked and

401 ) :
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1

(A-EC 107 )

stream welding
Jjoint,

2 3 L 7 8 9
%=03-80 18,15 | 16-03=-80] 2,40 | 1.3% | 0.40| RTB(A-GC 501T&C) | Loecal instrument Repaired..?
‘ - panel troubles, ¢
30=04«80 | 20,50 | OW=05-80 | 23,04 | 4,10 | 3,90 | Gas turbine Unbalanced load Checked,
: " (P=GT 101 A, B ) | sharing.
16-05=-80 | 9,50 | 18-05=80 | 16,00 | 2,25 | 1,40 | Hyper turbine Failure of Askania | Checked,
(A=-GB 501T&C) controller,
09<06-80 | 20,16 | 11-06=-80 | 13,15 | 1,70 | 0,12 | NG Booster compr, | Abnormal NG press Titas gas supply
' (A-GB 106 ) drop., troubles,
12=06=80 | 10,45 | 22-C6=80 | 11.00 [ 10,25 [10,00 | Gas turbine Due to load reject-| Checked,
(P-GT 101 A,B ). | ion by gas turbine-
U
117-07-80 | 7,15 | 21=0780 | 22,15 | %.62 | 0,33 | Boiler feed water | Down stream line Line repaired.
pump (A-GA 202 ) | leakage. :
123-07-80 17,10 | 25-07-8C | 12.5% | 1.81 | 1.10 | Hyper turbine Inter cooler tube Leakage tube were
| (A=-GB 501 T&C), leakage. plugged,
09-08=80 | 4,20 | 11-08-80 [21.24 | 2,71 | 0,33 | Waste heat boiler | Leakage in up Repaired.
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APPENDIX - A ( Continued ),
1 2 3 4 5 6 7 .- 8 9
21-08-80 | 10,10 | 26=10-80 66,00 |60,00 | Manual shut-down | fﬁr annual over-
. | h:uling,

01-11-80 | 5.0 | 02-11=-80 | 5.%40 | 1,00 | 0,00 | Auxiliary béimer@ Closure of NG Instrumental
(A-FA 101 ) Emergency valve, faults,

02-11-80 | 20,20 | 06=11-80 | 8,19 3,50 0.50 FDF (A-GB 104T) Low lubt, oil press-| Faults signal,

' ure, '

08=11=80 | 17.35 | 12=-11-80 [ 1%,23 | 3,87 | 0,25 | Auxiliary boiler |Low instrument alr | Instrumental
(A-FA 101 ) |pressure, faults.

22-01=81 | 10,05 | 24=01-81 | 5,73 | 1.82 | 0.00 |NG Booster compr, |Low lub oil press- | Faults signal,

. (A-GB 106 ) ure, ’
11-02-81 | 7,35 | 15-02-81 3.27 | 3,33 | 2,50 CO, Booster compr Abnormal vibration | Rotor replaced.
1(U~6B 101 T&C), at compressor slde, '
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APPENDIX - A (Continued )
1 2 3 L 5 6 7 8 9 ‘
10-04=81 | 14.05 | 13-04=81 | 23,90 | 3.40 | 0,00 | Manual shut-down |NG supply stopped
' : of NH, Plant, by titas..
13=06=81 | 9,05 | 17=06-81 | 2,00 | 3,67 | 0,00 | RTB (A=-GC 501T&C) | Low indication of Faults signal,
' thrust pressure
relay switch, .
17=06=81 11,20 | 20-06-81 | 21,04 | 3,41 | 1,50 | ATB {A=-GB 101 T&C)| Failure of conden- | Electrical faults,
| sate pump,
21u06=81 | 9,30 | 25-06=81.| 0,18 | 3,62 | 0,00 | FDF(A=GB 104T), Mal, functioning of | Faults siznal,
Governor linkage,
30-06-81 9,20 | 01=07=-81 1.52 | 0,68 | 0,00 | RTB(A~GC 501T&C) Low thrust pressure, Faults signal,
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APFANDIX.B Failure History of Urea Plant.
Failure Time iStart time :}-Down " {Repair Causes of failures Uy
- e -up Time itime Remedial measures
Date g;fe Date - Tig? Days {Days iEquipment failed Causes, /Remarks.
i 21 3 R 5 18 7 g 9
16-07-77 | 8,00| 16-07-77| 16.00| 0,07 | 0,00 |Urea reactor |Abnormal suction flow  |Checked.
’ (U~DC 101 4,8 ). fluctuation,
18=07=77 | 7,00 | 18-07-77 7,72 | 0,03 0,00 |[CO, main compr, 011 pressure switch Pressure switch
' ( U=-GB 102 B) troudbles, e replaced,
49-07-77 | 0,50 | 19-07-77 | 19,70 | 0,80 | 0,70 |Gas turbine Exhaust temperature Checked and
( P=-GT 101 B) high, repair,
21=07=77 P20.55 22-07-77 | 0.33 0.36 0.30 = do = - 40 ~ Checked.,
22=7=77 9,00 | 22-07-77 21,48 | 0.952| 0.25 [Urea reactor Heavy leakage of 13 kg/ [Line repaired.
( U-DC 101 4,B) lcm® steam line lemding
’ to LPD,
27-08-77 P3,00 | 31=08-77 7.88 | 3.37 3,00 CO, main compr. Packing temperature Checked & rectifi-
( U-GB 102 A) abnormally high. Ld.
08-09-77 13,00 |08-09-77 | 13,96 | 0.0% | 0,02 Suction common Valve flange and seat Repaired.
- header valve of Vleakage.
RC, pump(U-GA102)
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roecee,

(U-GF 2012 ),

1 2 3 L 5 6 7 8 9
21=12=77 | 9,30| 21=12=771 13,36 | 0,17 | 0,11] Suction common Leakage between flenge ﬁepaired i
' header valve of | and seat, '
NH; pump (U-GA
101 ),
23-01-78 | 10,15 | 23-01-78 | 14,95 | 0,20 | 0,10| Aumonia prehea- | Tube leakage, Leakage tubes
‘ ter(U-EA 1014) were plugged,
05-02-78 | 20,00 | 05-02-78 | 22,40 | 0.10 { 0.05| Urea reactor Line cracked Repaired.
' { U=DC 101 B). .
26=07-78 | 0,25 27-07-78 | 13,93 | 0.57 | 0,00|Gas turbine Flame failures, : Faults signal,
(P-GT 101B ),
08=11-78 | 0,15 | 08-11-78 119,15 | 0,80 | 0.60| Ammonia prehee- | Leakage. Tube bundles.
| : ter(UfEﬁ 101B) replaced.
13-12-.78 | 0,80 13,12.78 | 20,00 | 0,80 | 0,10|Suction common Leakage, Repaired.
header valve of
NH; pump (U-GA
101 ).
Okw01-79 13,15 | O4=01-79 | 19415 | 0,25 | 0.24 [Melter(U~-BA301A) | Bearing damaged. Bearing replaced,
21-04-79 22-04-79 1,28 | 1.25{Centrifuge Over load trip, Main bush changed,
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AFPENDIX-B  (Continued )
23=04=79 | 26=04~79 2,86 | 2,8u Centrifuge Motor troubles, . Repaired,
‘ | (U-GF 201 EB)
20-12-78 | 8,45 20-12-78 | 11,57 | 0.13 | 0,00 CO, main COMpT s Abnofmal sound in Checked,
o ( U=GB 102 B ) stuffing box,
20-12-78 | 19,50 | 21=12=78 | 3,90 | 0,35 | 0,00 Gar turbine Over speed trip. Faults signal.
{(P-GT 101 B) B
15-03=79 16-03-79 1.04% 1000iNo, 2 belt Bearing worned-out Checked and
. conveyor replaced,
| (U.JD 204 B)
10-07=79 | 10,25 | 10-07=79 : 14,00 | 0,10 | 0,00 002 main compr, | Abnormal sound, E Checked,
| ' (U=GB 102 4 ) ‘
;25=07=?9 16,30 26-7-79 1,15 | 0,35 | 0,30!No,2 belt conv- | Bearing troubles. % Bearing changed,
E ' eyor {(U=JD 20%B) 1
01=08=79 | 9,30 | 01-08-79 {14,20 | 0,60 | 0,58 |Melter(U-EA1014) | Leakage, | Repaired.
OL=08-79 | 15.4%5 | Ok=08-79 18,00 | 0,08 | 0,08 |Belt conveyor to | Motor chaln worned Replaced with new
' ' bulk storage oute one.
(B=JD 103 ).
|29~C8=79 13,15 | 31=08-79 |45.30 | 2,08 | 1,8C {High pressure Leakage, | Repaired.
decomposer
(U=GB 102 4 )
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Continued )
1 2 3 L 5 6 7 8 9
27-09-79 | 8,45 | 27-09-79 [ 13.10 | 0,16 | 0,00 CO, main compr, | High temperature of . Checked.
‘ , (U-GB 102 A ) Ist stage deiivery,
03-~11=7G 8,20 03=11~79 1 13,00 | 0,20 0.20| Bucket elevator Worned-out of driving | Repalred,
( B=-JD 102 ) chain, | |
06=11=79 | 9,235 | 06=14=75 | 22,50 '0958 0,28 CO2 main corpr, | Figh temperature of Checked and .-
' ( U=GB 102 B ) pecking box, repaired,
0E=12e7G | 4,10 | 06=12=79 | 10,10 | 0.25 | 0.2%|{No,2 belt conve |Worned out of sprocket - Replaced with one
eyor (U~JD 204 B)| teeth,
03-CLn80 | 3,20  05-CLe8C | 2,30 i 1.% 1 1,50!Gas turbine Load hunting, Checked,
(P~CGT 101 B ) _
12-04-80 | 8,3C | 12-CL=80 | 16,15 © O, L& | 0,24 CO, main compr, |High temperature of Checked & Repaired,
: | (J=GR 102 B ) Ist stege delivery, .
24=C6-80 | 11,25 | 25=0€-80 | 11,00 0,98 | 0,80!Gas turbire Load rejecticn by gas = Checked,
( P=GT 101 B) turbine-'AY, !
O4=C7-8C [15,45 | 05=07=80 |16,2C | 1,03 | 0,50 High préssure Sight glass blown out i Replaced,
decomposer [
(U-Da 201 ), |
07-C7=80 [12,145 | 07=C7=80 [{17.53 | 0,21 0,20 MH:l nreheater Tubs lsakage, Tube bundle
(U=EA 101 A ) replaced,
I S
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1 5 3 L 5 6 ” 3 9
41=07=-80 | 12,10 | 11=07=8C | 13,23 | Q.04 | 0,00 CO2 main compr, Figh temperature of Checked,
29-07=80 | 3415 | 29=07-80 | 12.31 | 0,21 | 0.09| Urea reactor Failure of pressure Replaced,
| 1€ U=DC 401 B ) controller,
06-08=-80 | 16,30 | 06=~08=8C '20;95 - 0.19 | 0,00 - do = Mal, functioning of Checked,
- : ‘ pressure control valve,
3-08-80 | 12,15 | 13-08-80 22,11 - 0.41 | 0,20|CO, main compr, Compressure~-4,stcpped Thoroughly
(U-GB 102 A,B ). | due to high temperature| checked and
' of Ist stage delivery rectified,
& that cf "B' stopped
due to high temperatu-
re of packing box.
26=06=81 | 8,45 |27-0€=81 | 16, N 15.35 1,10|CO, mein comwpr, High temperature of Checked and
(U-GB 101 & ), Ist and 2nd stage repaired,
- . ' delivery.
28-06-81 | 1,15 |28-06-81 {17, 40 | 0,12 | 0,09!Suction common Flange leakage, Repaired,

header valve of
NH3 feed pump,
(U-GA 101 )
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APPEUDTX - Cp
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Equipments of Appendix C, are as follows $

1,  Gas turbine ( P-GT 101 A)

2a Roiler feed water pump ( A-GA 202 )

3. F.D.F. ( A-GB 104 T),

L, Auxiliary boiler ( A-FA 101 ),

Ahs Te B, (A-GB 101 T & C ).

6, N. G. Boozter Compressor ( A-GB 106 ).
7+ GV, Solution pump { A-GA 301 ),

R. T, Bo ( A-GC 501 T & C ),

e Hyper turbine ( A-GB 501 T & C ),

Eguipments of Appendix C, are as follows

1o C0,, Booster Compressor ( U-GB 101 T & C 5.
2o Gas Turbine ( P-GT 101 B)

3, CO,, Main Compressor ( U-GB 102 A ),

ke, CO, Main Compressor ( U-GB 102 B ).

5., Suction common header valve of Ammonia Pump { U<GA 401 ).
6. Ammonia preheater ( U-EA 101B ) -

7 Urea reactor ( U-DC 101 B ). A

8, High pressure decomposer ( U-DA 201 )

9,  No. 2.belt conveyor ( U-JD 204 B ),

10,  Melter ( U-EA 301 4 )
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APPENDIX - D
¥1E Method for the Estimation of Weibull distribution (W.D. )
Percwmeters,

The Computer programme used for the estimation of Weibull

distribution parameters is shown belows

c PR GARAMME FOR EVALUATING WEIBULL DISTRIBUTION
C PARAME TERS

DARENSION T(A0)s X(40), Y(A0), XY(40), YS(A40), XYS(a0), YF(40),

1T7F{4a0)
READ (1,900) N1
o000 FORMAT(IZ2)
Do 999 IX=1sN1}
READ {1,100) N, IR
100 FORMAT (212)
READ (1n1°1) {(T(XI)s I=1, N}
READ (15101) (TF(II);II=1.IR)
101 FORMAT(13F6.2)
B1=1.0

110 FORMAT ( MpLE'.IQo/p5xs9('*‘))

103 YELJZI=AL
$3=0.0
Do 105 KA=1,1IR
£3=53+YF (K1)
P5=(1.0/FLDAT(TR))*33
po 165 JAi=1,.M
x( J1)=T{a1)exB1
xv{Jl):K(Jl)ﬁY(Jl)
106 XYS(J1)=N(JI)tYS(J1)
52‘:0 -0
54=0.0
Do 104 L=1,K
31=S1+xY{L)
52=52+x(L )
Saz=Sq+xYS(L) .
G=(51/52)-(2.0/BL)—P3
sz(({32k34)~(31$m2))/(92*12))+(1.0/(31*&2))
R=G/GP )
1IF LABS{R) .LT.0.001) GO TA10/
B1=81—~R )
O Tuild
111 B1=B+1.0
B=B1
60 10 113
113 &0 TO 108
107 EVA=(S2/IR)I**x(1.0/81)
FMT=ETA®YY(1.0+({1.0/0L1))
SD=JORT((ETA#12)‘(YY(1.0+(B.O/Bl))*((YY(l-Of(l.o/Hl)))**2)))
WRITE(3,109)B1.ETA,FMT.nl
109 EDRMAT{5x " 5HAPE PARAM:'.FS.H.SK.'SCALE PARAME ' ,F10.3, 55X,
"MEAN LIFES®,FB8.3,5x%,*5TD UVEV="',F10.3)
959 COMTINUE
STOP
EMD

= kA
o 0
5]

A

Y
[ ]
D

T

FUNCTTON YY(T)
Yy=tTn»T)mEXP(-T)#SQRTttz.0#3.1416)/T)t(1.0+(1.0/(12.0£T))+
1(1.0/(298.0$LT**2))))

RETUAN . .
£
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APPENDIX « E

Caleulation Steps For Estimation of the Weibull Distribution
Parameters by the SEQLIM Method.

Y 1s caleulated by eqn. (24416 ) 5 t/M 1s the ratio of the
observed failure time to o for rth failure; t, 40 and t.60

indicaté the 40% lower and 60% upper probability limitsj
indicates that the observed failure time is not an outlier, while
Tt ind%bates an outlier; checks of outliers and nonoutllers are

on the left

made from the tables given by Kabir - (18 )3 " -
side of g indicates an incoming pair., An example of estimations of
8 2nd v for I.D.F. ( A,GB 102 T ) by SEQLIM method are shown below.

Failures data of I.D.F. are shown in chapter = k,

ﬁ Y-z t”l/q t’"-iO : tn.60
1.0 227 .2k 0.25928 - -
0,95 206 .48 0.28535 - -
0

«90 o 185.82 0.31708 - .

Estimates for single failure 3 B = 0,95, n = 206 48
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