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Abstract
This paper deals with the reliability vralysic of wircioa milt
system of an integrated steel plant. The system consists of two sets of
crane and a charging grid. At some particular time one set of crane and
charging grid comes 'nto the operztion whereas the other set remains in
standby mode. The main function of this mill i to provide the support

various characteristics of interest to the system designers as well as for
operation managers Fave been evaluated which is helpful to improve
the retiability of overall systems. Finally with the help of some graphs
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we have tried to show the effective: result.
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Introduction

Now-a-days, improvem:nt in the
design and Jevelonmen: oflarge sca.c Coimpiex
systems have been taken as a challenge by
the engineers and operation managers. Engineers
are interested in the cdevelopment of those
systems whose reliabiliy and profit earned hy
them are maximum on one hand and purchasing
cost of the units and their running cost are

minimum on the other. Modern techniques are
introduceid to increase: profit and to overcome
the maintenance prob ems on the basis of real
conilguration ot the model with real assumptions.
Reliability technology encompasses with such
models to reach at optimality. [t is well known
that the parformance of any sysitem can be
considerably imiproved by carrying out preventive
maintenance on it. Further where shut-down
or off-line maintenance is uneconomical, the
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system performance can be increased by
resorting to on-line preventive maintenance.
Although, lot of work have been done in the
field of reliability but most of it are concerned
with hypothetical models. Very few works has
been reported by taking practical models and
real data. Gupta er al.' have analyzed the
availibility of two-unit parallel redudant complex
system. Dhillion et al.> and Neteson et al.®
have analyzed pulverize systems with common
cause failures. Kochar et al.* developed a
systematic method for investment decision on
additional equipment to form a standby or
redundant system in a production system.
Kumar ef al > have analyzed a feeding system
in sugar industry. Recently Singh e al.” have
studied a stone crushing system having one
apron feeder, one grizzly, one primary gyratory
crusher. This group of equipments is used to
get iron ores from stones in mining crushing
plants. Singh et al.® have also studied the
stochastic modeling and analysis of door-
extractor system. They have obtained various
parameters of the systems which are useful
to the system managers and engineers. For
the purpose of analyzing industrial models
Bhilai Steel Plant one of the leading steel plant
of India is selected as our working area. Through
this paper we have tried to study the Wire Rod
Mill of an integrated steel plant.

Brief discription of the wire-rod mill :

The Wire-rod Mill is designed to roll
6,7,8,10 & 12 mm diameter wire rods into coils
from square billets obtained from Blooming and
Billet Mill.

Inspected billets are fed on the charging
gate of the furnace by magnetic finger cranes.
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The billets are fed one by one to the furnace
through rolf table and draw-in-roller mechanism.
Billets arc moved into the furnace by means
of pushers at the charging end and soaked biilets
are ejected out by means of ejector ram from
the discharging end.

There are Reheating furnaces of size
18m x 12m. Mixed coke-oven and Blast
furnace gas is used in the furnace as fuel.
Capacity of the furnace ts 120 'I'/hour.

Flying shears are provided for each
individual stand between the roughing group
and horizontal stands to cut the front end of
the bars and also to cut the bar when trouble
occurs in other groups.

Model :

The purpose of the present paper is
to study a Wirerod mill system consisting of a
crane and a charging grid in standby configuration.
This system is helpful in placing blooms
towards the furnace. Blooms are obtained
from Blooming and Billet mill area. In the stock
yard where blooms are stored, crane is used
to carry those blooms from the stock yard and
throw it near the charging grid and from this
place charging grids automatically push the
blooms onto the roll table which charges the
biooms inside the furnace for further
processing and thereby converting it into wires
of required sizes. Using regenerative point
technique following measures of system
effectiveness are obtained to carry out the
profit analysis:

(i) Steady state transition probabilities and
Mean sojourn times in different states;
(i) Mean time to system failure;
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(i) Mean up “ime during (0,t];

(iv) Expected busy period of the repairman in
repair (electrical, mechanical, on - line) in
(0,t] and in steady state;

(v) Expected busy period of the repairman in
shut-down repair in '0.t] and in steady
state;

(vi) Expected profit earned by the system in
(0.t] and in steady sta'e;

At last some particular cases are also
discussed and graphs are plotted to highlight
the important results.

Descripiion of the system :

1. System consists of two cranes ard two
chargm grids in standby configuration. At
4 timc a combinaton of a crane and charging
grid works simultaneously whereas other
combinatior: remains in standby mode.

2. Shut-down occurs due 1o failure either in
crans or in charging giid provided the other

combination is already under repair.

3. Assoon ascrane/ charging grid of asingle
combination fails, the other charging grid /
c-ane comes inte good and idcal state and
with the repair of that particular the other
unit comes into operation.

4. Failure time distributions of all the units are

negative expenentially dictributed whercas
repair time distributions are arbitrarily
distributed.

5. A’ter repair units work as good as new.

State transition diagram and graphs
are shown in figures [, 2, 3 and 4 respectively.

Notation .
W : Constart failure rate of the Cragic.
g,(t) :p.d.f of repair time of the Crane.

1 : p.d.f. of failure time of Grid.
7, (1) :p.d.f of repair time of Grid.

g+(2) :p.df of shut down repair time.

DI * Staze of the sysicin at epocii i=0

E : Set of regenerative state.

B/ (¢) : plrepairman is busy in repair / shut
down repair (j=12) respcctively
(E, =S ekE).

S| : Symbol for Laplace stieltjes convolution.

iCl : Synbol for Lanlace convolution

* : Sybmol for Laplace transform/Laplace-

stieltjes transform.

Symbols used for states of the system :

C. /G,
C,/G,
C./G,
C,/G

SD * Whole system under shist-dowin ropait.

: Crane / Grid is in under operation.
: Cranz/ Grid is in standby position.
: Crane / Grid is under repair.

. : Crane:/Grid is good and non operative.

UP and regencrative states :

S, =(C,,G,.C.,G,) ;
G,)) ;
G,)

0?2

S, =(,,G,,C,,

s, =(C,,G,,C

Down state :

S5 :=(S.D.)

Possible transitions among states are shown
inFig. 1.
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Transition probabilities and sojourn fimes:

Simple probabilistic considerations
yield the following expressions for non zero
transition:

pOl = J-e"\"”dt;

0

P =4 J‘e‘Xﬂdt;
0
P = ng(t)e 2 dy
0

P =X, [e7G, (Bt ;
0

P = Jg,(t)e'x"dt;
0
Py =X, J‘e‘X"GI(t)dt
0

i

Py = |&;()ar (1-7)
0

Mean sojourn time |1;, in state S;, which is

d 116 simiiar arguments are :

-r

aand ~n
advu UL

My = ."e'/\"’dt;lul = J-—G—Z (t)e'x"dt;,uz
0

0

= .[GI (t)e _X"dt ;/',13 = J‘G3 (t)dt (8-1 ])
0 o]

; w LTy .
Meaon time to system failuie .

Time to system failure can be regarded
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as first passage time to the failed state. To
obtain it, we regard the down states as absorbing
states. Using arguments as for the regenerative
process we obtain the following recursive

relations for ﬂi(t) :

(1) = D, Q,,(1) s 7 (1),

wy=0, @) S (1) + Q1)
Z3(1) = 0y (1) S o (1) + O (1) (12-14)

Taking Laplace-Stieltjes transforms of equations

[12-14], and after solving for 77, (s), we have

{
MTSF=E(T) = __“;77(5)
ds le=0
_ Dl/(O]’_ N,'(O) _ Ho T Py + L Py
D, (0) L= po P10 — PoaPo
(15)

System availability :

Let M ,(t) be the probability that
the system is up initially in regenerative state
S'; hasnoransition till time t, then by probabilistic

arguments we have

M, =e " M, =G, (e "

M,=G (e ™' M, =G, (0
(16-19)
Recursive relations giving the point wise

availability A4, (7) :

Aoty = M (1) + z g, () CA, (1)
=1, ’

i 2
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AV =M - ¥ 7, (0 T4
=03

A (=M, () + D g, (DT A1),
=03 ’

A (1) = g3 (1) 1C Ay () (20-23)

Taking laplace transforms of {20-23] and & fter

solvinys for A, (s) the steady state availab litv
A, is given by
N,(0)

D,’\u)

A, (90) = le A, (1) = hm sA($) =

for —

ds =)
Mo tuPor T Mol
,Uo + i Poy + Ma Pz + H3(Poy D3 + P2 Pa3)

(24)
Where
Vo(0) = py + 1y Py + 1y Poa and
/ .
D5(0) = pty + ty por + taPo2
- U)(D/\!‘Ki pzp j) (25-2{1)

Busy period analysis :
Expected husv pe-izd analysis uf ihe
repairman in repair in (0,t] :

Lt W, (t) denote the probability that
the repairmian busy init 21y in regetiv auve state
S; and remains busy at epoch t without transiting
to any other regenerative state. It might return
to itself through one or more non-r :generative
states, so trat it either sontinucs to ve busy in
regenerative state S; without visiting to any

other regenera 2 state inciuding itself. By

pl‘ObablllStlL arguments we have:

G, (e ",

Wy©) =G (e ™

W, =
(27-28)

Wedefine B! (¢) . the probability that repaliiiaii

is busy at epoch * starting from state S, € E.

By probabilistic arguments we have

By(1)= Y gy T B,.’(i);
i=1.2
B =W,(D+ Y. q,() = B/
={).3
BY(ty=W,(t)+ > 4 (1) B} (1),
=03 ’
By(t) = g (1) (€ BL() (29-22}

Taking laplace transforms of [27-30], anc by

calculating WI* (0, we get the expression for

B;'(0)i. e.

Wy 0) = [Gae Yt =

U

W) (0) = 15» (e dr = p1,

(33-34)
Using equaiton {33-34] and equation [1-7], we
get
N3(0) = g4 po1 + 12 P02 33

Thereforg, in the lon 7 rin_the friction of tinue
for which the system is under repair is given

by:
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g . N N:(0)
R} (o) — Lim By — LiinisBy(s) = ;

t—o s D2 (())

(36)

Where: N;(0) and Dé (0) is given by [26

and [35] respectively.
Similarly

Expected busy period analysis of the
repairman in shut down repairin (0,t] is
given by

B2(w0) = Lim B (1) = LimsBg 's) = Ny (0)
P =00 Ué((})

Where

and is Ziven

~ L., ML}
i) blvull UJ LA’-UJ.
Particvlar cases :

M M M b DS
When all repair time disttoutions are

n-phase Erlang distributed i.e.

density function g,(¢)=nr, (nrit)”'le'”’i’ /
wm-D!
_ = (ner) e
survival function G, (¢) = E_-f )
]
P it

aind other time distributions are negative

exponential i.e. a(r)=ae ™ ,b(t)= be™,

Then the steady state equations are given by
{1} Mean Thne To System Failure (MTSF)
_Ky
= (38)
K
r

(2) Availability: 4,(0) = =2
K2

(39
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(3) Busy Period analysis.
{a) Expected Busy period analysis of the
repairman in repair in (0,t]
K!
Bl(e0) = Lim By(t, = LimsB)(s) = —%

1% S50
2

(b) Expected Busy period analysis of the
repairman shut down repair in (0,t]

2 K}
Bg ()= LimB,(t)= LimSBg () =-—12%
t— R gl )

Where

1 A %
Ko =ty + £ Po) + 462 oy = 7‘:‘4"/’2_\,"*‘[’4“[/“:[(01;
XA A

A W
K =(1=poip1o = Poap2) = —}[—bl ‘st)

K =ty + 14 poy + 1 Po; + 15 (Po1P13F PozPas)

lo
e Zn, Vb Zxp + L xby)
X, x CxUx Uy,

s
[

I7a! I : i
Kop ~ i Po1 + HaPor =0y ——+ by
Xl Xl

K&z = p3(Pyi Pr3 + PoaP23)
2
=b (=X b, +~—X b .
S(X‘ 192 X, 1 4)(42 46)

Where :

poy =AY Do =/ X,
P = b ; Pz =X,\by

P =bs > Pas = Xibys

Pa ~ L : po =1/ X,
Hy=by s py=by; py=>b; (47-57)
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Where :

. ﬁﬂﬂz)” b n—l#(nrz)i

! —-6"’2 +X,)" P —r:o(””z‘FXl)iJrl ’
] (e "
by SN A
(nry+ X"
b —”§! (nrl)i h ,7"‘—4 _1__
1=, . b5 =2 - :
=0 (nr +X|)I+l =0 12
Xy =(A+y) (58-63)

When we put n =1 in above equations [58-62]
tien repair time follows negative exponential
distribution.

por =~/ X0 p=w/X,

P =7 (r,+X,)

Piz =X lry+ X )5 pag =nin + X))
pa3 =X (n+ X))

Py =1 po=1/X py=1/X,

Using equation [64-74] in equation [42-46] we
get,

Ko:'lT* : s l., = o1
‘X.’ (2 v/‘x/l)/‘il U”l-r-A!)/Xl ’
A r 1 r
Kj=(l-—o—2 ¥ 0,
Xi(m+Xp) X(@m+X)
1
K2=L+ 1 A + kd

Xy (p+X)X; (n+Xp X
, A Xl____ W

I X
,{____\—. <
r; X(np+Xp) X|(n+Xp)

o 1 A I
Koz = —+ ——
(n+Xp Xy (m+Xp Xy

2 __L(_L____Xl___ VX

o Xy +27) X (g Xl>)
(75-79)

Using equation [75-79] in equation [38-41] we

get the required results.

When we it n=2 in abcve sguationns [58-02]

then repair time follows 2-phase Erlang

distribution and equation {47-57] will reduce

» ( i N 2r,
13 Cen X)) Qe+ X))
2r12
T @an X))
1 2F
=X + L.
i l((.zr:+X;) (27’1+1Y1)2')’
p30=1 ; /l():l/Xl
1 2r
Hy = (— t- : 57
Zry+ X)) @ry+ X))
1 2r
Ha = ( +- l )
(2r1+X1) (,2Y!+X!)
b ,
o (80-90)

“Jsing equaticn 180-901 in eauation 142163 5id
then using equation [38-41], we get the required
results
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Cost analysis :
EFFECT OF [¥ ] ON MTSF FOR VARYING VALUES OF [

The cost benefit analysis of the system 450 —

—/. =0.001
can be carried out by considering the expected o \\, " 55%) [—aam)
busy period of the repairman in repair in (0,t] . ' —

Therefore, o h
G(t) = expected revenue earned by the system -
in (0,t]-expected repair cost of the machine in ~
(0,t] - expected busy period in shut down |, ** \\
of the system in (0,t]. % o e o ~ |

= Cypt,, (1) = Copty (0) = Cypap (1) (91)

Where :
t t " —‘
/uup ([) = J.AO ([)dt ; /_[[I’ (t) = J-B(; (t)dt, :.oooz 0.0004 0.0006 0.0008 0.001
0 0 FAILURE RA‘TE'OF CHARGING GRID 1]
;lbz = IB& (H)dt Figure 2
0

The expected profit per unit of time in steady
state 1s

EFFECT OF ¥ | ON AVAILABILITY FOR VARYING VALUES
OF .

So 24 AT~
c \ N 5 1 : .
0 > r [Co =004 [z :_T-_QOO‘
G i G, G o9 ——t

ol C
N o] Go _ \ g 14 o I M S
.y 3,(t) ] o8 | T
l\ 0 92( t) g - J G % u:5
Ve % ou
) 0.3
\
/C 9F° \f 3 en "
G, | Go . it 04 [ =082 1, =004 , 13 = 0.8
8 e S, .
0.0002 0.0004 0.0006 0.0008 0.001
Figu re 1. FAILURE RATE OF CHARGING GRIDE/]
STATE TRANSITION DIAGRAM
O UP STATE COODOWN STATE _
o REGENERATIVE POINT Figure 3
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EFFECT OF |V |JON EXPECTED COST FOR VARYING
VALUES OF
450
[» = 0.001 ‘
400 ——
————
350 A =0.008 l
—y
30| 0t
7
o
O 250
Q
m
o
w200 —_— ]
o
>
w
150
100 =002, 1 =004 , i3 =008
C{=500,Cy, =100 , C3 =175
50 '
0 ; i
0.0002 0.0004 0.0006 0.0008 0.001
FAILURE RATE OF CHARGING GRID @
Figure 4
Gt ) . C, and Cy are the repair cost and shut down
G = lim K1) = lim s°G"(s) = Cpy, (1) 2 . > .
s ¢ $—0 repair cost respectively.
-C, ,Ull, (1)~ C, ﬂf? @) (97) Graphical representation :
where C| is the revenue per unit up time and Fig. 2 shows the behaviour of the
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mean- time-to-system-failure of the hot metal
crane system with respect to y (failure rate of
charging grid) for varying values of A (failure rate
of crane). From the graph it can be observed
that MTSF of the machine ificreases as failure
rate A decreases. Same case arises in case of
availability and expected cost or profit as shown
in figure 3 and figure 4.
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