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ABSTRACT

The performance evaluation of flexible manufacturing systems or cells at the stages of design and planning is one of important

issues in manufacturing. For that reason, Guo has presented an approach based on moment generating function and generalized

stochastic Petri Nets for performance analysis. In this paper, Guo's approach is extended to the cases of flexible manufacturing

cell including one machining center with a

local buffer, AS/RS(Automatic Storage and Retrieval System), set-up station and

AGV(Automated Guided Vehicle). Then the performance measures from this approach is compared with simulation. The major

advantage of this method over existing performance evaluation methods is the ability to compute analytic solutions for

performance measures.
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Fig.3 Manufacturing Cell Petri Net Model

P1 pallet available

P2 material available

P3 AS/RS available

P4 machine buffer available
Ps AGV available

Pe set up finished

P7 in AS/RS

Ps on machine input buffer
P9 waiting machine service
P10 machine service finished
P11 on machine output buffer
P12 on AGV

{1 set up

t2 move to AS/RS

t3 move to machine

t4 pallet change

ts machine service

t6 load on AGV

t7 move to set up

Tablel Definition of Places and Transitions
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Fig.4 Manufacturing Cell State Machine Petri Net
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=u/(u-s) wl5 = w/(b+tw-s)
w2 = b/(b-s) w16 = m/(m+w-s)
w3 = m/(m-s) w17 = w/(m+w-s)

wé = w/(w-s) w18 = u/(u+m+w-s)

w5 = m/(m-s) w19 = m/(u+m+w-s)
w6 = u/(ut+m-s) w20 = w/(utm+w-s)
w7 = m/(u+m-s) w21 = u/(u+w+m-s)
w8 = u/(utw-s) w22 = w/(utw+m-s)
w23 = m/(u+w+m-s)
w24 = b/(b+m+w-s)
w25 = m/(b+m+w-s)

w26 = w/(b+m+w-s)

w9 = w/(u+w-s)
w10 =u/(u+tm-s)
wl1l = m/(u+m-s)
w12 = b/(b+m-s)
w13 = m/(b+m-s)
w14 = b/(b+w-s)

w27 = w/(w+m-s)

w28 = m/(w+m-s)

pl =wl w2 w7 w23 w9,

p2 =wl w2 w7 w22 wll;

p3 =wl w2 w6 w12 w3 w28 w19 w9 w23 w9.
pd =wl w2 w6 w12 w3 w28 w19 w9 w22 wll;
p5 =wl w2 w6 wi3 w28 wi4 wl9 wd w23 w9,
p6 =wl w2 w6 w13 w28 wild w19 wo w22 wll;

=3 ol

L1 =w2w7w23 w8 wl3;

L2 = w2 w7 w2l w27 w$5;

L3 =w2 w7 w22 wl0 w5;

L4 = w2 w7 w2l w28 wl5;

L5 =w2 wé wi3 w28 wl5;

L6 = w2 w6 w13 w27 w3,

L7 = w2 w6 w12 w3 w28 w19 w9 w23 w8 wl5;
L8 = w2 w6 wl2 w3 w28 wi9 w9 w2l w27 w5;
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L9 =w2 w6 wi2 w3 w28 wi19 w9 w22 wl0 w5,

L10=w2 w6 wi3 w28 wl4 w19 w9 w23 w8 wl5;
L1l =w2 w6 w13 w28 wl4 w19 w9 w22 wl0 w5:
L12=w2 w6 wil2 w3 w28 wil8 w25 wl5 w27 w5;

L13=w2 w6 w12 w3 w28 wi8 w25 w15 w28 wl5;

L14 = w2 w6 wi2 w3 w28 wl9 w8 w15 w27 w5,
L15=w2 w6 wl2 w3 w28 w19 w8 wl5 w28 wl5:

L16 =w2 w7 w23 w8 wld4 wil8 w25 wl5 w28 wls;

L17 = w2 w7 w23 w8 wld wi8 w25 wl5 w27 w5:
L18=w2 w7 w23 w8 wl4 wl9 w8 wi5 w28 wl5:
L19=w2 w7 w23 w8 wl4 wi9 w8 wl5 w27 w5;
L20 = w6 wl12 w3 w27 wS5;

L21 = w6 w12 w3 w28 w20;

L22 = w6 w13 w28 wl4 w20,

L23 = w6 w13 w28 wild wl8 w24 w17 w3 w27 w5;
124 = w6 wi3 w28 wid wi8 w24 wl6 wd w27 w5,
L25=w6 w13 w28 wld wi8 w25 wld wd w27 w5;

© L26 = w6 wi3 w28 wid4 w19 w8 wid wd w27 w5;
L27 = w7 w21 w28 w14 w20,
L28 = w7 w23 w8 wl4 w20,

L29 =w7 w21 w28 wild4 w18 w26 wi2 w3 w27 w5;

L30=w7 w23 w8 wl4 wl8 w26 wi2 w3 w27 w5,

L3l =w7 w21 w28 wi4 wil8 w24 w17 w3 w27 w5;

L32=w7w23 w8 wld4 wi8 w24 wl7 w3 w27 w5;

L33 =w7 w2l w28 wi4 wil8 w24 wi6 wd w27 w5;
L34 = w7 w2l w28 wi4 wi18 w25 wld wd w27 wS5;

L35 =w7 w2l w28 wl4 w19 w8 wid wd w27 w5,
L36 = w7 w23 w8 wid4 wi8 w24 wl6 wd w27 w5;
L37 = w7 w23 w8 wi4 wi8 w25 wl4 wd w27 wS;
L38 = w7 w23 w8 wid w19 w8 wld w4 w27 w5;
L39 =wl12 w3 w28 w18 w26

L40 = w13 w28 w14 w18 w26:

L4] =w3 w28 w8 w24 wl7;

L42 = w28 w18 w24 w16 w4;

L43 = w28 wi8 w25 wl4 w4,

L44 = w28 w19 w8 wi4 wd;

L45 =w21 w28 wid w19 w9,

L46 = w23 w8 wl4 w19 w9;

L47 = w28 wl4 w18 w25 wl5;

L48 = w28 wld4 wl9 w8 wls5;

L49 =w2 w7 w23 w8 wl4 wil8 w26 wi3 w27 w5,
L50 = w2 w6 wl2 w3 w28 w19 w9 w2l w28 wl5:
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Woo=(pl+p2)(1-(L39+L40+L41+L42+L43+144+L47+L48))+
(p3+p4+p5+p6) / (1-(L1+L2+L3+L4+L5+L6+L7+L8+L9+
L10+L11+L12+L13+L14+L15+L16+L17+L18+L19+1.20+
L21+L22+L23+L.24+1L.25+1.26+L27+L28+L29+L30+L31+
L32+L33+L34+L35+L36+L37+L38+L39+L40+L41+L42+
L43+L44+L45+L46+L47+L48+L49+L50)+(L1+L3)*(L39+
L40+L41+L42+L43+L44+L47+L48)+(L2+L4)*(L39+L41+
L42+L43+L44)+(L5+L6)*(L41+L42+1.43+L.44+L46)+1.20*
(L45+L46+1.47+L48)

ds X#el siM4

AggFRRE 2, @0 ds FE 2z Ah F4d

B FEE ssprobu-nd v Y HE- o g}

SA AL YA

PR(u,b,m,w)=(ssprob10[u,b,m,w}*m/(u+w-+m)+
ssprob12[u,b,m,wl*m/(w+m)+ssprob 13[u,b,m,w]*m/(u+m)+
ssprob15[u,b,m.w]*m/(w+m)+ssprob16{u,b,m,w]+ssprob19[

u,b.m,w])*m

71418 B&

Util(u,b,m,w) = ((ssprob 14[u,b.m,w]+ssprob22[u,b,m,w])}+
(ssprob12{u,b.m,w]+ssprob15[u,b,m,w])+(ssprob17{u,b,m,w
}+ssprob18[u.b,m,w]+ssprob24[u.b,m,w])+ssprob21fu,b,m,
w]+ssprob23[u,b,m.w]+(ssprob10[u,b,m,w]+ssprob20[u,b,m
w])+ssprob25fu.b,m,w])

A

WIP(u,b,m,w)=(ssprob00fu,b,m,w]+ssprob14[u,b,m,w])+
2*(ssprob01[u,b,m,w]+ssprob02{u,b,m,w]+ssprob10[u,b,m,
w]+ssprob13[u,b,m,w}+ssprobl7[u,b,m,w]+ssprob18[u,b,m,
w]+ssprob20{u,b,m,w]+ssprob22[u,b,m,w])+3*(ssprob03[u,
b,m,w]+ssprob05[u,b,m,w]+ssprob12[u,b,m,w]+ssprob15[u,
b,m,w]+ssprob16[u.b,m,w]+ssprob19{u,b,m,w]+ssprob21|u,
b,m,w]+ssprob23[u,b,m,w]+ssprob24[u,b,m,w]+ssprob25[u,

b,m,w])



