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A Tool Selection and Tool Loading-Part Assignment Procedure

to Minimize Operation Costs in FMS

g
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Abstract

In FMS where tool movement policy is adopted, a mathematical model has been
developed which determines the selection of a tool type for each operation and tool
loading-part assignment simultaneouly. The objective is to minimize the total cost of
operation including machining time cost, tool cost, tool replacement and loading time cost,
and tool change time cost. Due to the complexity of the problem, an approximate solution
procedure has been developed utilizing the special structure of the model. Tool selection
was determined first to allocate one tool type to each operation considering more than one
tool type alternatives for each operation. Tool loading-part assignment was determined to
minimize the total number of tool changes due to part mix based on the tool selection.
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I : set of machining centers or tool crib

J © set of parts

O : set of operations

T : set of tools

M : a very large positive number

B; : batch size of part j

C, : operating cost of the machining center

Ci  cost of tool t

net - numer of tool type t required for completion of operation o

tot : machining time of operation o using tool t

ty . tool magazine loading time for tool t

tn © tool replacing time for tool t

t. © tool change time

Dot . number of times that an operation o can be performed by a tool type t
_[1 8 7t 33 oEBREI=RF
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rj = number of tools required by part type j ( ‘; ;_ @joZot)

s; = capacity of magazine at machining center i
b = exact balance of workload

a = workload imbalance factor
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P: Minimize C, ;/__‘}B,o;b,»,, g;za,t,,,+ C, Dg)r);}zo,[ (ot Dtn+ by
+ ;;zo,no,c,-k C,td ;g(n - .; ;.d;‘aza:xu)yﬁ]

subject to g;z,ﬁl for every i<l 1
Not < Mz, (2)
Exi,s ;n"‘ for every t€T (3)
,Ee;x,-,zl for every t€T (4)
‘;xitssi for every i€1 5
2y,-,-=1 for every j&J (6)
(sz-yﬂt”’z”’a"’y” b1+ a) for every i€1 7
x;,=0o0r 1 for every i€l,t€T 8
y;=0or 1 for every i€l je] 9
zuy=0o0r 1 for every o€0,t€T (10)
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Minimize ;;zot[gcoBib,},tmﬁ- Col (o= )b + Ly} + 1n4C

subject to g;z,,,zl for every 0€0

2y=0or 1 for every 0€0,t€T

zdl
Y2y g 34’-‘46}1% de T )J\E}.
step 0. Let not=Ea,~oB,-/p,,t for every 0€0,teT and

= ;Cnijiofgrf Cof (e Mty + Ly} + 2,,C

step 1. For every o€0, select t' such that ke=minimun ko and let zy=1.
step 2. For zo=0, let ne=0.
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’;xi,ﬁ s; for every €1 3)
gy,-,-=l for every j=J 4)
é;;ta,z;,b,ay,y < bW1+a) for every i€l (5)
%;0=0 or 1 for every i€LtcT 6)
yi=0or 1 for every i€l jE] (N
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Fe Y S AFxznHe FFE Azt 8 AT totally unimodulare] ™ (H21) S A3
AgY EA2 2 4+ Ui (Papadimitriou & Steiglitz, 1982). watA w4 xof dig ASx

AorzAAe A&y AFFAY, 0<xx<], for all i, t. &2 W& & Yt
(A 8]1) Matrix A is totally unimodular.

(#%) Let Ax be any k x k submatrix from A. In order to prove the total unimodularity

of the constraint set, we only have to show that det Ax=%1, or 0 for all k. Since every

element of matrix A is 1, -1, or 0O, it is true for k=1. By induction on k, suppose that the

totally unimodularity property is true for Ax-1. There are several cases for Ax

(1) If any column of Ax has no nonzero entries, then det Ax=0.

(2) If some column of Ax contains a single 1 or -1, then expanding det Ax by the minors
of that column we get det Ax=tdet Ax-i. But, by the induction hypothesis, det Axi=
+1. 0. Thus, det Ax==1, 0.
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(3) Each column of Ax has more than one nonzero entries. There are following three
cases.

(i) Each column of Ax has at least two 1's. Then, the first row of A matrix is included
and sum of the rows with 1’s will yield the first row of Ax. Thus det Ax=0.

(i) Each column of Ax has at least one 1 and one -1. Then, sum of all the rows
except the row with all 1's is the zero vector and det Ax=0.

(ii1) There exists a column containing one 1 and one -1, say j and a column containing
two 1’s. Since there is a column containing two 1’s, the first row of A matrix is
included. Suppose that column j has 1 at row i; and -1 at row iz. There are two
cases for the elements of row i2¢ when there is another -1 or not. If there exists
another -1 at row Iz, say at column j’, subtract column j' from column j. Then
column j has only one element -1. If there is no another -1 at row iz, add row i
to the first row. Then, the first row of column j becomes 0 and column j has only
one element -1. In either case, by expanding det Ax by the minors of column j, we
get det Ax=*det Ax-1. Thus, det Ax=%1, 0.

By (1), (2), and (3), the property is true for Ax and the total unimodularity of the
constraint set is shown. Q.ED.
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subject to gy,;:l for every ;€] 4)
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Step 0. Use LPT(Longest Processing Time) rule to find an initial solution of vi’.
zi" : objective function value of S; at iteration n
z2" ¢ objective function value of S at iteration n
xi" ¢ solution of S; at iteration n
vi" © solution of Sz at iteration n
& . small integer value
2200
n<l
Step 1. With vi=yi"™", solve Si to find x«" and z". If (22"'-z"<e, then stop with the
solution of y;,'"‘l and xi. Otherwise, go to step 2.
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Step 2. With xy=xi"", solve Sz to find yi" and z". If (z"*-z™< e, then stop with the
solution of Yijn_l and xit". Otherwise, go to step 1.

(A 2]2) The objective function values of S1 and Sz do not increase as the subproblems are
solved recursively.
(37) It should be demonstrated that z:"< z" and z""'< z".
(i) Proof of z2"< zi™.

Since z2" is an optimal solution value of Sz at iteration n, the following equation holds
for any vy

Z; = Cotc[ ;;(7)' - t;.aioz;txir)y;}] < Cotc[ ,‘S;(rj - ';aioz;txi?)yii] .

This equation holds true if yy is replaced with Yijn_l in the right hand side. Then right
side becomes z". Thus, z2"< 71"
(ii) Proof of z1™"'< z".

Since z:™" is an optimal solution value of S; at iteration n+l, the following equation

holds for any Xis

2T = Cutl g;(n— - g;a,-oz;,x,-fﬂ )y,'-’i] < Cotld ;;(7’,' - ;rajoz;x“)yf}].

This equation holds true if xi is replaced with xi" in the right hand side. Then right side
becomes zz". Thus, z:""< 2"

From (1) and (i), it is proved that the successive optimal solutions of S; and S» do not
deteriorate. Q.E.D.
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AIREA () E(%)=
A duas | BAANY (Zatg/ Znew)*100
FA41 30.3 0.29 514
A2 337 0.67 475
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of, FTRAUNEL HLBHE FTTHY EAS $4 AAHIL oo} REEYl BE BT
BPol5L AL FTE9Y R FEYYEAE HPSAY. FT9Y L FELYE
ANAE FELYH ITLIL WRIA FYHE AYL ANAQT

gAe) BgYo Astel AHE Tat Ao ANOE BrhET W ohlY, ¥ =Y
3 aEY ¢ e 1E 2l PAR e, Bot 48 Pde SARAES AN 4E
Mmste WS ASAc. 4923 AAE AP TARAPRG ANNTE § el x2
golou, Bt S48 AE ATHE Aol YFHUL
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