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ABSTRACT

The present investigation deals with a stochastic model for multi
components system with spares and state dependent rates. We study the machining
system where failed units may balk with probability (1-3) and renege according to
exponential distribution. The queue size distribution in equilibrium state for the
system having M operating units along with mixed spares of which S are warm
and Y are cold, is established using product type method. Since the reliability of
the system, depends upon the system configuration, the provision of r special
additional repairmen which turn on according to a threshold rule depending upon
the number of failed units in the svstem, is also made. The expressions for some
performance measures are provided. The expressions for expected total cost per
unit time has also been facilitated. By setting appropriate parameters some special
cases are deduced which tally with earlier existing results.
Keywords : Machine repair, Mixed spares, Queue Size, Balking, Reneging,
Additional repairmen, State dependent retes.
2000 Mathematics Subject Classification : Primary 90B50; Secondary : 91B06.

1. Introduction. The study of fascinating area of machine repair
problems via queueing theory approach can play a crucial role in predicting system
descriptions of manufacturing and production systems. In the industrial world,
the machine repair problems arise in many areas such as production system,

computer network, communication system, distribution system, etc. When a
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machine fails in a system, the interference cccurs in the production if all spares
have exhausted. A machine interference problem is said to be Markovian, if the
inter arrival time and service time are both exponential. Machine repair problem
with spares and additional repairmen is an extension of machine interference
problem. In view of machine intérferenc, the provision of standby units is
recommended as by using these units the system may keep working to provide the
desired grade of service all the time. There are three types of standbys namely
cold, warm and hot as defined below. A standby machine is said to be a cold standby
when its failure rate is zero i.e. only operating units fail. In case of warm standby,
the failure rate of spare unit is non zero but less than the failure rate of an operating
machine, and is called hot standby when its failure rate is equal to an operating
machine. The available standby unit may replace the failed unit whenever the
operating unit fails. The behavior of the failed unit depends upon the number of
failed units ahead of it.

For maintaining eontinuous magnitude of the production, it is recommended
that the spare part support and additional removable repairman will be provided. -
It is worthwhile to have a glance on some of the relevant works done in this area.
The queteing modeling of machine repair problem with spares and /or additional
repairmen has beent done by many researchers. Gross et al. (1977) considered the
birth-death processes to study markovian finite population model with the provision
of spare machines. Gupta (1997) introduced machine interference problem with
warm spares, server vacations and exhaustive service. Jain {1998} developed model
for M/M/R machine repair problem with spares and additional repairman. Jain et
al. (2000) and Shawky (2000) studied a problem with one additional repairman in
case of long queue of failed units.

The concept of balking and reneging for machine repair problems in different
frameworks was also employed by many researchers working in the field of queueing
theory. In recent past, queueing problems with balking and reneging have been
studied by Abou E1 Ata (1991), Abou E1 Ata and Hariri (1992) and many others.
Jain and Premlata (1994), investigated M/M/R machine repair problem with
reneging and spares. Shawky (1987) and Jain & Singh (2002} considered machine
interference model with balking reneging and additional servers for longer gueune.
Ke and Wang (1999) developed cost analysis of the M/M/R machine repair problem
with balking, reneging and server breakdowns. Jain et al. (2003) investigated a
queueing model of machining system with balking, renéging, additional repairman
-and two modes of failure. Al- seedy (2004) presented a queueing model with fixed
and variable channel considering balking and reneging concepts. Jain et al. (2005)
suggested a loss and delay model for queueing problem with discouregement and
additional servers.
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In this paper, we study machine repair problem with balking, reneging,
spares and additional repairmen by using birth death process. The spares are of
two tyvpes namely cold and warm. The life times and repair times of the units are
assumed to be exponentially distributed. The terminology of the model and
notations used are given in section 2. In section 3, the governing equations in
steady state and their product type solution are provided. In section 4, some
performance measures are derived. In section 5 cost analysis is made. The discussion
and ideas for further extension of the work done are given in the last section 6.

2. MODEL DESCRIPTION AND NOTATIONS

Consider mixed multi-components machining system with balking, reneging,
spares and additional repainman. For formulating the model mathematically, the
following assumptions are made :

* There are M operating, S warm standby and Y cold standby units in the

system.

* The system will work with at least m operating units where for normal
functioning M units are required.

* The life time and repair time of units are assumed to be exponentially
distributed. ‘

#

The repair facility consists of C permanent repairmen and r additional
removable repairmen to maintain the amount of prodution up to a desired
goal. If the number of failed units is more than the permanent repairmen
then we employ the additional removable repairmen one by one depending
upon work load.

* After repair, the unit will join the standby group. Whin an operating unit
fails, it is replaced by cold standby unit if available. If all cold standbys are
exhausted, then it is replaced by warm standby unit.

* The repairmen repair the failed units in FCFS fashion.

*  We assume that B{0<8<1) is the probability of the unit to join the queue

when all permanent repairmen are busy and some standby units are available

and B, when all standby are exhausted and no additional repairman turns
on. When j{1 < j < r) additional repairmen are working, the balking probability

is given by 1-0;.

* Failed units renege exponentially with parameter v when all permanent
repairmen are busy and standby units are available. In case when all standby
unnits are exhausted and number of failed units is below and equal to threshold
level T, reneging parameter is denoted by v,,. Unit reneges exponentially with
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parameter v; when all permanent repairmen and j{l1< j<r) additional

repairmen are busy.

The additional removable repairmen will be available for repair depending

upon the number of failed units present in the system according to a preseribed

scheme as stated below :

e When there are n<T failed units, only C permanent repairmen are
available for repair them.

o Incaseof jT<n<(j+1)T,j=1,2,..r-1, there are j additional repairmen
available to provide repair with rate u,. The ;j* additional repairmen is

again removed when gueue length drops to jT-1, 7=1.2,...r.
e In case of rT<n<M+S8+Y-m failed units,

'+r} repairmen i.e. all
b

the permanent and additional repairmen will be busy in the system.
We develop the mathmatical model by taking suitable notations which

are given below :

M : The number of operating units in the machining system.

C : The number of permanent repairmen

r : The number of additional removable repairmen

S : The number of warm standby units

Y : The number of cold standby units

A : Failure rate of operating units

od : Failure rate of a warm standby

B : Joining probability of a failed units in the queue when some
standby units are available.

B; . joining probability of a failed units when all standbys are
exhausted and j (7=0,1...,r) additional repairmen are turn on.

u,U; . Reneging parameters of failed units whin a few standbys are
aviable, and no standby is avialable and j (j=0,1...,r) additional
repairmen are turn on. v '

i : Repair rate of permanent repairmen.

My : Faster repair rate of permanent repairman when all standbys are
exhausted.

I, Repair rate of i (i=1,2,...,r) additional removable repairman.

An)uln) . State dependent failure rate, repair rate of units when there aren
failed units present in the system.

n : The number of failed units in the system waiting for their repair

including those failed units which are being repaired.
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D, : Probability that there n failed units present in the system in steady
state.
P, : Probability that is no failed unit in the system.

3 FORMULATION OF THE PROBLEM. We assume two cases for
analysis purpose, which are given as follows :
Case I: Cc<Y
In this case the failure rates and repair rates of the units are state dependent and

are given by

M2+ Sa, 0<n<C
'M}.ﬁ:-,Sﬂ, C<n<Y
j.f‘,ﬁ_ﬁ+(8‘+Y—n)a Y<n<Y+S
HEEIMIB, +(S+Y -nk Y+S<n<T D)
(M+S-Y-npg8, JT<n<(j+1T,j=12,.,r
(M+-S+Y-npB.. rT<n<M+S+Y-m
and
np,
O<n<C
C -Ch,
wrln=Ch, C<n<Y+S
C?»lf+(n—C)UOv Y+S+1<n<T
23(’1)* _— L A=
C”f*;”i*{\”‘cﬂ)vf’ JT <n<(j+1)7,j=12,.,r-1
Cgi;+2gé+§rz—C+rbr, rT<n<M+S8+Y-m

.(2)
Using appropriate state dependent rates given in (1) and (2) we can write the
governing steady state equations as :

(M.~ Sa)p, +up, =0 ~(3)
~(My+Sa+nu)P, +(Mi+Sa)p, , +{n+1jup,., =0, 0<n<C ..(4)
~(M1B+Sa+Cu)p, +(Mr+Sa)p,_, +(Cu+V)p,., =0 ..(5)
~[Mip+Sa+Cu+(n-Chlp, + (MAB +Sa)p, ;1 +[Cr+(n+1-CW|P,,; =0,
C<n<Y ...(6)

~[MM+(S=Y -nja+Cu+(n-CwIP, +[MAp+(S+Y +1-n)]P, 4
+[Cu+(n+1-CWP,.; =0, Y<n<Y+S (T
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—[MABy +Cu+ (Y +S-Cl|Py.s +(MIB+a)Py. g,
+[Cpy +{Y + S +1-Clog |Py.s.y =0 ..(8)

- [Mapy s (S+Y —nYa O+ (R=Clglp, < [MABy +(S+Y +1-n)alp,_,
+Cuy +(n+1-Clyglp,-; =0. Y+S<n<T A9
M eSSy —TRp +Cu (T -ChyPr = [MiB +(S+Y ~1-Tk]P,_,

+|Cuy + 1y +(T=Coy Proy _=0' ..(10

{_

—-f(M—nY T}fB +Cu; —Yp +jT-Cc=;-1v_, PT-

i= H

(1+8+Y +1- 7B, [Pirs + Cup = S0 =T +1-C j; (Ppy =0
. P i=1

j=1,2,...,r-1 L(11)
] (M+S+Y -nJiB, +Cuy+ 3 p, +(n-CxjlV, P, <[M+S=Y-1-np8, P, +
L 7=l B

JN |

| J — .
4 C“f +{\_—"_J—Li +(n+1"c+.]>)j 1Pn-} =0 iT<n<{ ?—:T,‘j:zzﬁr'i

i i

_?(N+S+Y rT))Br+Cg.t +Zu sre1-Cor b, ]
L =1 _‘
[(M+S+Y +1-rT)B, 1}PT1‘éﬁf*iﬂi*(fT%l‘m\)UrRT‘l:OE (13
i=1 d
—:(M+S+Y—n)kBr+Cuf+§ipi+(n*-c-:§#;§&*{M+S+Y*’1—”?}-Brkn-1
+_ ufi}_lu, (r'zﬂ C+r)b ;Pn 150, rT<n<M+S+Ym .(14)

- Cpf+2pi+(M+S+Y—m—C+r>z,. Prisivom Flm =108, Py sy iy =0 _(15)
i=1 ‘
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The steady state solution of equations (3)-(15) by using the product type solution
is obtained as foﬁowe :

f&igp SU) ! ‘M- Sa ‘é’PC Cen<y
[Mlea=-cr]* = 7
] ?:{:-i
Hézms (S+Y- 1-i]
eYel (M3 +Sa) S,.P, Y<n<Y+s
[[Cu+{k-Ch]
k=C+1
n Y+S
[T M8, +(S+Y+1-i)e] [[[MAB+(S+Y +1-i)t]
=¥ rssl — £l Sy.Py, Y+S<n<T
[Cus +{k=Clvy) TTICu+ (R-C]
E=Y +8+1 E=C+1
o [[3=5-Y 1007, )7
n =T =
a-jT J . I J-1{1+1)T J .1
[Cuf+> p;+K- —J)UJ,}E IT |Cuyf +Z;Ll—+(K— +1L1§
k=e:1 i=1 [1=1h=1T+1] i=1 iy
/ -1 r
{M»@O*(s V1] TT0) § |
x ZY 52 = =l “SyPy, jT <n<lg+1T 1< j<r
TTlcw, +(k—Cp)
A=Y -8+1
n {r-1 \‘
JlMes-Y- 1-:%(»@W;H(§B)
:T—: 121 !
H {Cgf*ZuJ-(K—C»r},}j ﬂ ECg;fy‘;LzJ—(K—C-i—r}}r}
B=rT+1 i=1 h=jT+11 =1 B
= ! —S,. P, mM<n<M+S+Y-m
gr -1 {1+31T [ v 1
T 0T |Cupe Yu+lx-C %Jg
L1=1=IT+1\ i=1 J
...(16)
where
[Mr+Sa' 1 :
S= =70 o S, = (Map+Sa) S,
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Y+§ ) ‘ MiB,+{S+Y +1-i
»H[M;Vg+(S+Y+1—z)a} <. i:;:lsgl 2B ( E)a}s
S,S _ l:{dY?S 825 4 T ic (k CQ } 3-
kEECLl+ k-Cl) k:}gilur Ttk

M-S+Y-m

Now we determine P,, using the normalization condition Z P, =1 Now we get
n=0

P_l_i(Mk+Sa)" 1 (M.+Saf 1 & (MiB+Sa)™
¢4 T nt ut Cl =,
=0 K H{CL (k-Ck]

E=C1

i ¥+8
ps [IBOp+(S-Y -1tk  [][MAp+(S+Y +1-i)]
+ 8, (Mh+Sa) Z}’ : , N S
ne¥-l Cu, +(k-C)] TTlcu=(k-Ck]
E=C+1 B=C=:1

ﬁ[MXBO +(S+Y +1-i)]

i =Y +5+1 —S: 3
n=Y+S+1 H[C“] 4 (}B _ C,)DGE
k=Y +S+1
. i H(M S+Y+1-iny T (p; )ﬂ'ﬂ“
(1 s | T ‘-/\; _ZT 1 T S
i H lC_uf+qus-+(‘k—C+1}:3_;;%'"i_‘h_“" o H Cu -‘Tuyif? C+ j;i
I=1/=IT+1\ =1 7 A= T~¢ ’ B

+54 rT T ] [r-1 (=T / ] 0
H Cuf*zui+(k_c“'r)vr§5 H Cur+> u ~i£:~C-1}Lgeé
k=jT+1 =1 . 5_ 1=1 k=IT-1 =t /]
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Z . ."—. »"—1_ ; N ‘ (17)
n=r7=l H 5C§—£;‘*Z.U'z i C2rl :
F=rT- i=l B

Case-11: C>Y
In this case the failure rate and repair rate are as follows:

M+ Sa, . 0<n<Y
M) +(S+Y -nk Y<n<C
() MIB+(S+Y —nk, C<n<Y+S
wnl= ) ‘
TMMB, +1S+Y —nke, Y+S<n<T
(?@f : s Y -n}B.. JT<n<(j+1)T,j=12,.,r 18)
;.”’f Y -nhp_, rT<n<M+S+Y-m
and
nu O<n<C
Cu+{n-Cl, C<n<Y+S
C;}r+(¢—C)U@, Y+S+1<n<T
U;{R?Z Cuf «Zg —-(n_C-‘-J},J JT <7LS(_]+1)TJ’ =12,...,r-1
r S— ..(19
Cu;—j—;“}ii—}in—Cd]rLr: rT<n<M+85+Y-m 19
AUSing (18) and {19) we can write the governing steady state equations as :
~ (M7 +Sa)P, + 1P, =0 ..(20)
—{M}-f‘Sa-&np}P +(Mr+Sa)P,_ +(n+1pP,,, =0, O<n<Y ..(21)
ML+ (S+Y -nlo+nulP, +[ML+(S+Y +1-nk]P,_, +(n+1)P,, =0, ..(22)

—MiB+(S+Y -Cla+CulP. +[M3+(S+Y +1-Cl]B., +(Cp+v)P.,, =0, ..(23)
M (S+Y —nla+Cu+(n-CWIP, +[MAB+(S+Y +1-nk|P,,
+{C;&+ﬁn+l—0)v}}’,z0 C<n<Y+S ..(24)

—[MaB, + Cu+ (Y + S-CllPy.s + (MAB+ )Py s +]|C1s + (Y +S+1-Clyy [Py =0
...(25)
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—|MiB, +(S+Y —n)o+Chy +(n=Co, [P, +[M3B, +(S+ ¥ = 1-nklP,

“lCu, +(n+1- Clv, P,., =0, , Y+S<n<T .-.(26)
(M +8+Y ~ThB, +Cu, +(T ~Cloy [Py + [MiBy +(S+Y +1-T)a]P;
{C’u iy + +{T - C)vleT ;=0 LA27
[(M+S Y - JT)AB Cu{/ i —f]T C+j- l)u i{(M+S+Y+1—jT)}.§S‘_j_J
L ,f
P T
PjT-z‘T%C.ilf‘TZ?‘i*(\JT*l“C‘TJ.L ;P T2 :Of 1.2....r-1 ..{287
L i=1 d
~(M+8+Y -npB,+Cu, + Zg C- Jk P (M+S+Y+1-npg, P,
+ Cu,rTZuz (nTl CTJ)UJ w1 =00 T<n<(j+1D)Tj=1,2,...r-1 .(29)
- (M+S+Y—rT)XB,.+Cpf+2p5+€rT+E~C:—r};M P,

[(M+S+Y +1-rTRB, ,Pry + écﬁ,,-é_:ar%f’?fl—&rﬁt; Bri=0 (30
~ (M +8+Y -n)p, + Cu,-rZ;,z cfr}u P+[(M S+Y+1-n)B,|P,_,
+ C“f+zui+(-n+l_'c+r}Jr Pt =0, rT<n<M+S-Y-m (31}

- Cuj + Z“z + (M + S + Y —=m - C + rbx g‘Pz‘-f-.—S+Y‘m + [(m + 1)}‘ﬁr ]RM‘*S-&"*.@:*E =0 ..{32}
i=1 i

The steady state solution of above equations by using the product type solution is
obtained as follows :



AMisSa) 1

93

- P, Q<nzgY
u”
[~V =1-ik]
=& I {"’Vf"‘;ga} Py, Y<n<C
T '
k=Yl
5 C
T8+ (S+Y +1-ik }H{m-(s Y+1-ia]
Jraany =Y — S;P;, C<n<Y+S8
[T(Cu={-Ch) Ik RS
E={=1 V=Y +1/
Y+8
H[w,‘gh.,s Y-1-ija] J]IMiB+(S+Y +1-i)] :
iV 2S5+l 5=C—?1Y+S SgFPy, Y+S<nsT

il g(; (k- Cl]
H _—c 1

| H (M+S-v-1-ipy7 H(/ﬁ)T (B )“JT

TTCu+(&-C)

T
[TMABy +(S+Y +1-i)a]

i=Y +S+1

I ie:u,f«‘i“pﬁfk—&l)ﬁi
E=jT-1L =1 4
. 1 S: Py,

T
[T(Cu, + (k- Cly)

k=Y +8+1

jT<n<(j+1)T1<j<r

I
[T Cu:-
: - 7
; pa
E=rT=11_ =

...(33)

el UL
n H Cpf;; u
Li=1k=IT+ 1\ i
where
C
H[MK»%(STYTl—L)oc]
M:_S'I S _ =Y+l
35:{__”.___&_}_ & [c c

T WL
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T

MAB+(S+Y +1-ik] [TM08, +(S+Y +1-i)]
S, = i=C+1 S ; S;. Ss = =} +5+1T
H(Cp+(k—C)U) H[Cp_f. +(]3—C)Us}
E=Y+8+1

k=C+1

+S

e

S

M +8+Y-m
Now we determine P, using the normalization condition _S: P =1. Then, we get
' n=4

o e o TIPSy 1)k
%«(M/‘&Sa)r 1 Mr+Sef < 55

Bl =
9 y ? ’ ya /o )
n=0 u" n! Y! n=Y +1 AR
TR

b 51

ﬁ[Mx+(S+Y+1—z:)a] vos J1MAB+(S+Y +1-i)c]
+8, =Y+l 7 =C+1

I s

k=Y +1 J E=C+1

OB (SeY e1-ia] & ik

+Sﬁ Y+§ et no. .
= T(en+ (k=C) 75 [Tlows (5 -Cley )

E=C+1

T e D
H[M'ABO +(S+Y —1»1—i)ocj 168, |
+S. =Y +S+1 {71 J _ _ 1 )
1 -1 U=1T f i ‘ . j%
. F 11;1 %

7 T .
S 23 » i=1 » 7

k=Y +S+1 1 i=1k

=1 (j+1)T ﬁ(M +S+Y +1-i) )T (Bj)'t—ﬂ" | |
X Z Z I=T‘+ln - - — !_ X z=1r % —
(k—C“é'jﬁ)jj H EC;{’?ZH"Q‘E-C*?‘}&

] , j

i=1n=4T- !
SRR [ T GTV R
=1

k=7T+1
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1 S om n (M+S+Y +1- 0.8, )n—z‘T
- N i=T+1
“ “?_E T ! ¢ 3 — .,AL;;" 1 no [ 5 (34)
H H %Cr'&"‘f+Zpi+£ﬁ_cﬂi?} T H }CLLf Zu L(k C+ }/
L=l E=IT =1 i=1 ; b=rT-101 i=1 B

4. Some Performance Measures. After obtaining queue size distribution
in previcus section, now we obtain some system characteristics as foilows :

= The expected number of failed units in the system
Eln)= ErP . .(35)
* Expected number of operating units in the system
...(36)
= Expected number of unused cold spare units in the system
E(UCS)=Y (Y -n)P, . (37
* Expected number of unused warm spare units in the system
s Y-8
E(UYS)=Y P A E(Y S-n)P, ..(38)
n=0 n=Y~
* Expected number of idle permanent repairmen
L Ell= Vé{?—ﬂ? ...(39)
* Expected number of busy permanent repairmen
E(B)=C-E(I). : ...(40)
* Probability of /** (1< j<r-1) additional repairman being busy
i r=1  {(j=1IT v :
E(4)=3J 2E .(41)
* Expected number of busy additional removable repairmen
fis AMiS5:Y-m . .
E(BAS)= ‘T‘j S“P <r > P ..(42)

J=1 n=;T=+1 n=rT=1
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5. Special Cases
Case I : Model with Cold Spares, Balking Reneging and Additional
Repairmen. If S=0 then our model 1educe_, to model with cold spares, balking,

reneging and having additional repairmen.
(a) For the case 0 <Y, .
we determine steady state probability distribution as

(Mp)n ngpca OQ<n<C
-~ ye-C
_(p) AR, C<n<Y
[Jlcu+(»-Cl
k=C+1 \
. (M2, ) B.B,, Y<n<T
Cuy +(E=Clvp)
k=Y -1
n [ -1 Y -
H(MM-Y 1—1’ (> B) ( B )‘—
Pn =5 i=T+1 L=l J 1 \
: 7 s \TCNPEM
n J — Y
I1 {CPﬁZuﬁ(k—Cﬂ}v’j% T IT  cwr —m +[-C+1k
k=jT+1 i=1 4 1=1E=ITAN =1 :
JT<n<lj+1Ti<j<r
r r-1 \1; )
THM+Y 1) T8 (B )"
1=T+1 —— J_\;:I — R i - DP{}
[T Cup+>p+le-Cork.t T ] Cur=Sw=-Coipy
k=rT+1{ i= B i‘:-p:";—_‘ 1 /‘_J
rT<n<sM+¥Y-m
where
p:.A_, A — (Mp)( B — (‘M}UB}}-C A
H cr o ,
[TCu+(x-Ch]
’ 2=C-1
(MKB T-Y B C
C=— 0) B, D=— r . ; — ‘
[Tlcu; +(-C)v] Cu, =S+ B-Corb. ..(43)
k=Y +1 k= T+1L =1 i

Case-II : Model with Balking, Reneging and Mixed Spares. By setting r=0
our model reduces to machining system with mixed spares, balking and reneging.



97

Now for case C>Y, we get steady state probability distribution as

[ MrsSa) 1

Loow o, on

e Y ﬁ[M}L+(S+Y—11—z’}u}
s 2 ZSQ; e ; _%_-Pg . Y<ns<C
i ¥ [ ,‘ 'U.

i)

wE=Y -1

‘ ﬁ ML+(S+Y+1-iklx ﬁ[M;.;3+(S+Y+1—z)a]

P, =
=l e —S,P,,C<n<Y+S
TR RS TG+ (-Ch)
k=Yl ) LE=Cs1 J
-8 i —y 13
[[Mp+ls-v-1-C=ik] [[[M1B, +(S+Y +1-i)]
i=C-1 — i=¥=5+] - S¢.P,,Y+S<n<T
Hii’?u—éﬁa CH [Tlcw, +(&-C,]
: L h=s1 k=Y +S+1
..(44)

Case IIL If B=v=0 then our model reduces to Moses (2005) model for machine
repair problem with mixed spares and additional repairman.
Case IV, For Y=0, S=0, 3=0 v=0, we get results for classical machine repair
problem discussed by Kleinrock (1985).

6. Cost Function Our main aim in this section is to provide a cost function,
which can be minimized to determine the optimal number of repairmen and spares.
The average total cost iz given by

E(C)=C,, ifM'P +C,E(I)+ Cs-E(UCS)+ Cs E{UYS)+ CxE(B)+ iCAJ.E(AJ- )(45)
u=0 J=1

where

Cy = Cost per unit time of an operating unit when system works is normal
mode. »

C, = Cost per unit time per idle permanent repairmen.

Cgc = Cost per unit time for providing a cold spare unit

Cs, = Cost for unit time for providing a warm spare unit

Cp = Cost per unit time per permanent repairman when he is busy in prov1d1ng
repair.

C‘Ai = Cost per unit time of j*(j=1,2,...,r) additional repairman.
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7. Discussion. In this study, we have developed machine repair model with
balking reneging, spares and additional repairmen. The machining system
considered consists of warm and cold standby spares along with a repair facility
having both permanent and additional repairmen. The provision of spares and
additional repairmen may help the system organizer in providing regular magnitude
of production up to a desired grade of demand in particular when number of failed
units is large. The expressions for several system characteristics and cost function
are derived explicitly which can be further employed to find out the optimal
combination of spares and repairmen and might be helpful for system designer to
determine appropriate system descriptors at optimum cost subject to availability
constriant. ’ |
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