Chapter 4

Problem 3

I'=S+P+R
SO
E[T)= E[S]+ E[P]+ E[R]

VIT]=VIS1+VIP1+VIR]

and C*[X]= V[X)/ E[X]" = V[X]=C’[X]x E[X}’
(a) let

E[S]=10 min, C*[S]=3,

E[P]=60min, C’[P]=1/2,

E[R]=5min, C*[R]=1,

thus

V[S]=3(10)*, V[P]= -;—(60)2, VIR =1(5)’

and

HT)=75 VT]=2125min?, C[T)=2n

-5 =03777

(b) the parameters are now
E[S]=1min, C?*[S]=1,

E[P]=60 min, C*[P]=1/2,

E[R] =5 min, C*[R]=1/3,
thus

VISI=10, V[P]=%(60)2, V[R]%(SY
and

E[T, =66, VIT,,]1=180933 min’, C*[T,,]=0415

new new

E[T,,]=12 % improvement,

C*[T, 1=-9.95 % improvement (it went up!)

new



Problem 4

a = E[F]/(E[F]+ E[R}), availability fraction for machine
E[T.} = E[T}/ a, effective mean processing time

C[T.)= C*{T]+(1+ C*[R))a(l - ) E[R]/ E[T]

let
E[T]=3, C?*[T]=2, normal processing time

E[F]=17, C*[F]=1, time between failures (required that C’[F1=1)

E[R]=3, C?[R]=2, repair time.
then

a= E[F|/(E[F1+E[R)=7/(7+1)=7/8
EIT]= E[T)/ a=3x8/7=3.4286

C*[T,]1= C*[T)+(1+ C*[R])a(l - @)E[R]/ E[T]

:2+(1+1)%x%><1/3=2+14/192:2.0729

g
Tl & Tl G"(‘re] -~ 2 0F%x 34280 =
= 2430150 b



Problem 7.
This problem can be modeled as an M/M/1/3 with breakdown and repair pa-
rameters 8 and v and states (0,1,1b,2,2b,3,3b):

0: wp1—Apo=0

©opp2 4+ Apo 4+ ypie — A+ 4 B)p1 =0
b: Bpr—(A+7)p=0
2 pp3+Apr+ypa — (A +p+B)pe =0
2b: Bpz+Apis— (A +7)p2w =0
3: Ap2+ypsp— (u+B)p3s =0

Z pi=1

i€{0,1,1b,2,2b,3,3b}

Solving these equation with A = 5hr™ ', = 4hr ', 8 = 1hr ! and v = 6hr "
we got
(po, P1, P16, P2, D2b, P3, P3b) : {0.138,0.173,0.16, 0.236, 0.026, 0.33,0.079}

WIP, = 1(p1 + pwp) + 2(p2 + p2v) + 3(p3 + p3p) = 1.94
TH, = )\(1 —p3 —pgb) = 2.955
WIP
CT, = % =0.657
TH,
Idle = po=0.138
Down = p1p+ pap + p3p = 0.121

Processing = p; 4+ p2 + p3s =0.739



Problem B1:

We have:
r, = 0.1/min
=0
U =r,t, =0.95 therefore t, =9.5/min
45

2+ 2
CTy = ik B Xt, = 45 min therefore ci’; = 1595— = 0.4986 and
2 1-u EX—O—.EX ,

i = u?c + (1 — u¥)cZ = 0.952x0.4986=0.45

Furthermore, since it is a stable system,

Ia =TIg

Finally,

t; = —= 10 min
d ra

05 = c3t3 = 45 min®



Problem B2:

. m; 7 5
1. 4= , A4 = =0.824, 4,= =0.909
m;+m, 7+1.5 5405
t, 11 11
t,=—, t, =———=1336min=0.223kr, ¢, =———=12.1min=0.202Ar
A 0.824 0.909
Station 1 is the effective bottleneck of the line.
il. u=rpt,, ul—ﬁ ﬂ=0974 uz—E E=0882
8 60 8 60

The utilization is less than 1 at both stations, so the production line can sustain the
production rate of 35 parts per 8-hour shift.

iii.  For station 1, the SCV of the effective processing time is

+(1+0.752)(1 - 0.824)(0. 824)1—560 ~2.108

¢l =c;
0
2 2
CT=(C" iz -—”—~+1)¢e =2 hrand 7.815 min = 2.13 hr

1-u

0+2.108 7, -0.223
=
2 1- r,-0.223
= r, = 4parts per hour |
The inter-release interval is 15 minutes.

1)0 223=2.13

iv. CT, =CT~t,=1908hr, WIP, =TH-CT, =4x1.908 =7.63
v.  Mean = 15 minutes = %,hrs iy

Variance = variance of inter-departure times

(2 +1-u’)-c (l) E4 0.223) - 2108+0]( )

=0.1045 (hr =376.2 (min)®

.b
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