56:166 Production Systems

Material Review 4

seneduling
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Problem 1

For the following matrix of :equence dependent setup

times In MIBWies:

{a) Formulate a :cheduling model minimizring the total
changeover time.

{b) Find the optimal :chedule for manofacturing the six
batches of part:

{c) What &= the make:pan of the schedule, given the
proceszing fime of each batch i= 4 minutes.
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Solution

a)

Min 9X12+ 4X13+ TX14+ 2X15+10X16+
11X321+ 9X23+ 5X24+ 2IXD5+ 6X26+
SKINH14NI2HI T 435+ OR36+
4X41+ IX42+ T4 SX45+ 9K46+
8X51+ 6X52+ 4X5M 6X54+ K56+
19X6]1+ 3X62+ 4X63+11X64+8XK65
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The Model

L4 =
:--J--
T I 1-_7
®
i Ix, =
|
]
I:_I L4
=l
u - =L, 5 E- 1 = | " Ld
T i 1, I =
=
= H =

X12+X1HX14+X15+X16=1
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OIS K 6=1
XA+ XA KSR 46=1
XS1+X5HXSH XS4 X56=1
X61+X62+X6 3+ X64+X65=1

X21+X31+X41+X51+X61=1
XI2+X3- X424 N5+ K 62=1
XIHXIHIHXSHX63=]
N14+X2H M NS4HK64=]
X1HX25RASE45X65=1
X16+X26+ XM+ X46+X56=1
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X2 HU2-Ud==5
6X24+102-U4==5
6X25+U2-US==3
6X26+U2-Ub==3
6XIMHUIT2=5
6X3IHUI-Ud==5
6XISHUI-US==5
6XIG+UI-Ub==>
6X42+U4-1U2==5
6X4HUS-Ud==5
6X45+U4-US==3
6X46+U4-Ub==3
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6X52+UST2==5
6XIHUSTI==5
6X54+USUd4==5
6X36+U5-Ub6==5
6X62+U6-U2==5
6X63+1U6-U3==5
6X64+1U6-Ud==5
6X65+1U6-US==5
End

INT M

23 00000

b) Solve the mathematical model in LINDO

OBJECTIVE FUNCTION VALUE

31 10000 5000000
i3 Q. 000000 14000000
334 Q000000 17 OCHD0R0d0
i35 Q000000 4 000000
36 Q000000 Q.000000
M4l Q000000 4 000000
x4l 1000000 2000000
43 Q000000 7000000
M43 Q000000 5000000
K46 G 000000 Q. 000000
51 Q000000 8000000
51 Q000000 §.000000
H53 Q000000 4000000
54 Q. 000000 §.000000
56 1000000 3000000

VAFIAELE VALUE BREDUCED COST
i 0.000000 Q000000
3 0.000000 00000
X4 1.000000 7000000
X5 0.000000 200000
Al 0.000000 10.000000
i | 0.000000 11.000000
23 0.000000 900000
ot 0.000000 5000000
325 1.000000 2. 000000

: 26 0.000000 G 00000
X6l Q.000000 12.000000
a2 0000000 5.000000
63 10040000 4.000000
64 0000000 1100000
a5 0000000 8.000000
2 1.000000 0 D000
13 5.000000 00000
U4 0.000000 0000
U5 2.000000 000000
Ué 4000000 0 D000

Xl4=X25=XI=X42=X5=X63=1
Thusz, the machming sequence of the six batches is:

1-4-2-5-6-3-1
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c)
The schedule i1s 1-4-2-5-6-3

the corresponding changeover time is
t=[7.2,2,3,4]

Makespan=7+1+2+3+4+4%6=41

1 2 3 4 5 & _
1 - & 43 2 10
2| 11 2 5 (D 6
3EN1E - 17 4 8
mFE 4( 4 EH 7 - 5 9
5| 8 6 4 6 3
618 5 @1 8 - |
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Problem 2
Solve optimally (mim Fmax) the following job shop
schedulmg problem with 10 part=.

Processing (nder and 1

The tran:portation time is 1 unit for each part transfer.
{a) How many operation: are scheduled m thiz problem®
{b) How manyv precedence constraint: are in this problem?
{c) Draw Gantt chart of the optimal schedule

{d) What iz the schedule malke:pan?
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Solution

a) 16 operations
b) 6 precedence consiraints

Profassing Orde and Time

Pat_ [First Maching Satond Maching

1 M1 B . M2 10

z M1 3 " 2 B

3 Mz 10 = M 11

4 M1 T B .

' 5 Mz 10 - -
& M1 4 M2 6

7 T 10 - 1 -

& M1 4 M2 10

E Mz o - -

10 Mz 10 M 8
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¢)

To determine an optimal schedule zeparate the paris into
4 zroups:

l |'reasiaargy Leder Wie |
Firl Kan-firs

1"l Sy kelschires
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i | s | 18 | 1 - 1 - |
- | Mi 5 M 14
] |ome | 8 ] P - 1 - 1
11} M jli] M1 -]

Tvpe A part:- Partz 4 and 7 ars to ba processed on machine Bl
alone.

The partial schedule Sa= (4, 7} - arbitrary order of 4 and 7.
Tvpe B Part:: Pantz 5 and © ars to be processed on machine b2
alone.

The partial scheduls Sb = (5, &)
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Tvpe C Partz: Pantz 1, 2. § and 8 are to be processed on machine
M1 first, then on machines M2, we can sat 5c uzing

Obtain the sortad triplets
(Part MNumber, Min{til 112}, Comesponding hachine MNumbar):
(6, 4, 1} — = .
I:‘E':l I1':l I} i 1"l P M 3 S Misachire
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