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Abstract

This report defines a factory model and a set of experiments that can be used to compare alternative
scheduling methods. The factory model defines parts, process plans, resources, and constraints.
Multiple sets of test data are defined to test the scheduling algorithms under varying factory
loadings. The model and test data are based on the ISIS/OPIS projects.



1 Introduction

The goal of this report is to define a factory model and a set of experiments that can be used
to compare alternative scheduling methods. The model was originally created to provide a com-
parative analysis of the OPIS [4] [5] and ISIS [3] constraint directed scheduling systems and the
COVERT dispatch rule[l]. The model is a simplification of the model used originally to test ISIS
2.

This report defines a Job Shop in terms of:

e Parts, including physical characteristics.

¢ Process plans composed of operations, precedence relations, and resource requirements.
e Resource descriptions, including labor machine ratios.

¢ Constraints covering due dates, work in process, machine restrictions, etc.

Twenty-two experiments are defined each containing orders composed of release dates, due
dates, parts, quantity, and priority. Orders were statistically generated based on the parameters

described in the latter sections.
The data described in this report is available online by sending email to Mark.Fox@cs.cmu.edu.

2 Model Overview

The factory being modeled is a Turbine Component Plant. A turbine blade is a complex three
dimensional object composed of two parts: root and airfoil. The root is designed to clamp the
blade into the turbine shaft and the airfoil is to transform the kinetic energy of hot stream or air
traveling on it into the rotational motion of the turbine. A blade as in figure 1 is produced by a
sequence of forging, milling, grinding and finishing operations to tolerances of a thousandth of an
inch. There are three types of blades: t blade, cse blade, and sse blade. (Short for T-shape, Curved
Side Entry, and Straight Side Entry blades.) They differ in the operations and materials required
to produce them.

Tenon
Stellite Strip

Airfoil Section

Lugs

Figure 1: A Turbine Blade
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operation set-up | piece
op-l.bladel | 25200 | 1238
op-2a.bladel | 49500 471
op-2b.bladel | 53400 759
op-3.bladel | 9000 1123
op-4.bladel | 5400 162
op-5.bladel | 10830 860
op-6.bladel | 14400 658

Table 3: Time Table for Produce-Phladel

3.2.2 Process plan for Produce-Phlade?2:
Table 4 and 5 are the process plan and its time table for producing Produce- Pblade?2, respectively.

operalion type area prev-operation nert-operation
op-1.blade2 ws-operation | lst.str N/A {or op-2a.blade?2

op-2b.blade?2)
op-2a.blade2 | rooting root.210 op-1.blade2 op-3.blade2
op-2b.blade2 | rooting root.208h op-1.blade2 op-3.blade2
op-3.blade2 | ws-operation | tapered-blade- | (or op-2a.blade2 op-4.blade2

area op-2b.blade2)

op-4.blade2 | airfoil airfoil-area op-3.blade2 op-5.blade2
op-5.blade?2 | ws-operation | brazing area op-4.blade2 op-6.blade2
op-6.blade2 ws-operation | final.str op-5.blade2 N/A

Table 4: Process Plan For Produce-Pblade?

operation set-up | piece
op-l.blade2 | 25200 957
op-2a.blade2 | 55800 | 2995
op-2a.blade2 | 55800 | 2995
op-3.blade2 | 16019 396
op-4.blade2 | 5400 205
op-5.blade2 | 10800 619
op-6.blade2 | 14400 468

Table 5: Time Table for Produce-Pblade2

3.2.3 Process plan for Produce-Pblade3:

Table 6 and 7 are the process plan and its time table for producing Produce- Pblade3, respectively.



operation set-up | piece
op-1.bladed | 95350 1238
op-2a.bladeq | 49500 47
op-2b.blade4 | 59400 759
op-3.blade4 | 9000 1123
op-4.bladed | 5400 162
op-5.bladed | 10800 860
op-Gbladed | 14400 | 653 |

Table 9: Time Table for Produce-Pblade4

Process plan for Produce-Pblades:

Table 10 and 11 are the process plan and its time table for producing Produc&Pblade&, respectively.

operalion type areg prev-operation nert-operation
op-1l.blade5 Ws-operation | Ist.atr N/A (or op-Za.bladeh

op-2b.blades)
op-2a.blade5 rooting r00t.210 op-1.blade5 op-3.blades
op-2b.blades tooting 100t.208h op-1.blade5 op-3.blades
op-3.blade5 ws-operation tapered-blade- {or op-2a blades op-4.blade}

. area ' op-2b.blade5)

op-4.blade5 airfoil p/w op-3.blades op-5.blade5
op-5.blades ws-aperabion brazing area op-4.blades op-6.blades
op-6.blade5 Ws-Operation | final.sty J op-5.blade5 N/A

Table 10: Process Plan for Produce-Pblades

operation | set-up | piece
op-l.blade5 | 25200 957
op-2a.blade5 | 55800 2995
op-2a.blade5 | 55800 2995
op-3.blade5 | 16019 396
op-4.blade5 | 5400 205
op-5.blade5 | 10800 619
op-6.blade5 | 14400 468

Table 11: Time Table for Produce-Pblades

3.2.8 Process plan for Produce-Pblades:

Table 12 and 13 are the process Plan and its time table for producing Produce-Pbladeo', respectively,



machine area description consiraints

str-1a Tst.str (WA1) first straightening w/s Tst str-shift-constraint
str-1b 1st.atr (WA1) first straightening w/s 1st.atr-ghift-constraint
str-1c ist.ssr (WAL) first straightening w/is 1et.siz-ahift.constraint
ttr.1d lst.sir (WAL) frst straightening w/s ist.otr-shift-constraing
atr.le 1st.atr (WA1) first straighiening w/s 1st.str-shift.constraint

str- 1 1st.str (WAL) first straightening w/s 1st.str.shift-constraint
str-1g Tst.atr (WAIL) first straightening w/s 1st.str-shift-constraint
str-1h 1st.str (WA1) first straightening w/s 1st.str-shift-constraint
str.1i lst.str (WAL) Brst straightening w/s 1st.stc-shift-consiraint
str-1j 1st.str (WA1) first straightening w/s 1st.str-shift-constraint

str. 1k 1st.str (WA1L) first straightening w/s 1st.str-shift.constraing
str.1l lst.str (WAL} Brat sicaightening w/s 1st.str. shift.constraint
elb.a.proc elb.a.proc (WA2) eib form grisder A eib.a.shift.constraint
retary rocting.area (WA3) rotary 8 station mill rotasy-shift-constraint
r210a root.210 (WA4) XLO 210 A rooting machine r210a-shift-constraint
r208c 100t.208h (WAS) XLO 208 C rooting machine 1208¢c-shift-constiraing
r208h to0t.208h (WAS) XLO 208 H rooting machine | r208h.shift.consiraing
r208-9 root.208v (WAS) XLO 208 9 rocting machine r208.9-shift-constraint
§r.852 tapered.blade-area (WAT) [ XLO 852 root grinder £r.852-shift-constraint
ttr-2a 2nd/peg.str (WAS) sccond straightening w/s 2nd/peg.str-shift-constraint
1tr-2b 2nd/peg.str (WAS) second straightening w/s 2nd/peg.str-shift-constraint
str-2c 2nd/peg.sir (WAS) tecond straightening w/s 2nd/peg.str-shift-constraint
str.2d 2nd/peg.str (WAS) second etraightening w/s 2nd/peg.atr-shift-constraint
str.2e 2nd/peg.str (WAS) second straightening w/s 2nd/peg.sir.shift-constraint
str.2f 2nd/peg.str (WAS) second straightening w/s 28d/peg.atr-shift.constraint
plw airfoil-ares (WAS) Pratt Whitney wolverine p/w-shift.constraint
brazer-a brasing-area (WA10) induction brazer 1 brazer-z-shift.constraint
brazer-b bryzing-area (WA10) indnctica brazer 2 brazer-b-shift-constraint
brazer-c brazing-area (WA10) induction brazer 3 braszer-c-shift.constraint
str.3a finslastr (W11) final straightening w/s final-shift-constraint

str-3b finalatr (WA11) final straightening w/s final-shift-constraint

str-3¢ finalatr (WA11) final etraightening w/s fnal.shift.constraint

str-3d finalatr (WA11) final straightening w/s final-shift.constraint

Table 14: Machines in OPIS Factory Model

4 Experiments

The experiments were designed, primarily, to focus on three scheduling ob jectives:

e Minimize total tardiness cost of all orders.
¢ Minimize the total number of setups to be performed at each machine.

¢ Minimize the work-in-process time (wip) of orders.

Tardiness cost is computed based on the relative tardy costs per day late. Work-in-process time
refers to the length of time an order remains in the shop, assuming that it enters the shop only
when it is scheduled to begin processing, not when it is first released to the shop.? Order release
time refers to the earliest possible time an order may start.

The characteristics of the orders were varied by manipulating the following parameters.

Product Miz. The probability of an order being for a particular product type is a variable. Two
probability distributions were used, PM1 and PM2, shown in the Table 15:

The probability distributions were designed so that the resulting loads on the bottleneck ma-
chines would be approximately equal. Products 1 and 4 take proportionately shorter time relative
to available capacity than the other products, hence more of those orders would be processed in a
fixed period of time.

Priority class. An order can be assigned to one of six priority classes with equal probability of
being in each class, as in Table 16:

3This is generalizable to the case where the order has to enter the shop (say, in the form of raw materials) some
constant period of time before processing starts.



of tardy orders low.

4.1 Experiment Generation Parameters

This section summarizes the different parameter settings for generating the order sets. Each pa-
rameter setting creates an order set belonging to a particular order category, which is identified by
a number in the Category column. 22 order sets were created covering 18 categories. Two order sets
were created for certain categories. The load of the shop was affected by the product mix, order
release pattern times and batchsize together. The order lead time distribution was the strongest
influence over the tardiness factor of the schedule[6]. The tardiness factor is a coarse measure of the
proportion of tardy jobs in a random schedule. The four variables were manipulated to examine
how the three systems would perform under varying conditions of our model shop. Two of the tests
are comprised of 85 orders. All others have 120 orders [See Table 18].

Category | Product miz | Baichsize | Release | Leadtime Approz. Load
1 PM1 U(0,8) Daily U(0, 4P..20P) 120%
2 PM1 U(0,8) Daily U(6, 4P..8P) 120%
3 PM2 U(0,15) Exp(3) | U(0,4P..8P) 105%
4 PM2 U(0,15) | Exp(3) | U(0.67P, 5P) 105%
5 PM1 U(0,29) Weekly | U(0, 4P..8P) 90%
6 PM2 U(0,29) Weekly | U(0, 4P..8P) 90%
7 PM2 U(0,29) Weekly | U(0, 4P) 90%
8 PM1 U(0,29) Weekly | U(0, 4P) 30%
9 PM1 U(0,29) Exp(7) | U(o, 4P..8P) 90%
10 PM1 U(0,29) Exp(7) | U(0.67P, 5P) 30%
11 PM2 U(0,11) Exp(3) | U(0, 4P..8P) 77%
12 PM2 U(0,11) Exp(3) | U(0.67P, 5P) TT%
13 PM1 U(0,22) Weekly | U(0, 4P..8P) 70%
14 PM2 U(0,22) Weekly | U(0, 4P..8P) 70%
15 PM1 U(0,22) Weekly | U(0.67P, 5P) 70%
16 PM2 U(0,22) Weekly | U(0.67P, 5P) 0%
17 PM1 U(0,22) Exp(7) | U(o, 4P..8P) 70%
18 PM1 U(0,22) | Exp(7) | U(0.67P, 5P) 70%

Table 18: Experiment Generator by Categories

4.2 Experiments

This section defines each experiment. The 22 experiments relate to each of the categories defined

earlier as in Table 19:
The order generator would take input in the order.init file as in the following program example:

(weekly-orders 120 ; total number of lots
"2/18/85 8:00:00" ; start & Date of first batch, Monk Day 8 a.m.
*(FO CR SD SO SH ST) ; acceptable priority classes
1 ; lead time factor
29 ; max. batch size => mean size = 4 orders
*(50 54 66 84 96 100) ; 50 : 4 : 12 : 18 : 12 : 4

3file /test-series6/orders-db/order.init under the directory fusr/isis/3/isis-test/pso-exps
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