Mansoura Engineering Journal

Volume 22 | Issue 2 Article 4

6-1-2021

A Flow Shop Rank Approach to GT Scheduling.

Hassan Soltan
Production and Mechanical Design Department., Faculty of Engineering., EI-Mansoura University.,
Mansoura., Egypt.

Follow this and additional works at: https://mej.researchcommons.org/home

Recommended Citation

Soltan, Hassan (2021) "A Flow Shop Rank Approach to GT Scheduling.," Mansoura Engineering Journal:
Vol. 22 :Iss. 2, Article 4.

Available at: https://doi.org/10.21608/bfemu.2021.159318

This Original Study is brought to you for free and open access by Mansoura Engineering Journal. It has been
accepted for inclusion in Mansoura Engineering Journal by an authorized editor of Mansoura Engineering Journal.
For more information, please contact mej@mans.edu.eg.


https://mej.researchcommons.org/home
https://mej.researchcommons.org/home/vol22
https://mej.researchcommons.org/home/vol22/iss2
https://mej.researchcommons.org/home/vol22/iss2/4
https://mej.researchcommons.org/home?utm_source=mej.researchcommons.org%2Fhome%2Fvol22%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.21608/bfemu.2021.159318
mailto:mej@mans.edu.eg

Mansoura Engineering Journal . {MEJ), Vol 22, No. 2 June 1997, Moo
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ABSTRACT

Previous gronp technology leurisues liave not focused on Lhe problem formuiation: they have focused
on fanuly and dispatching rules which lead to different results depending on the type of Lhe problein.
The objectve of Uus paper is w present a stufic exhaustive Lheunsuce (o solve such problem for unhmited
Job  shop mamufaciunng cell. it s mainly based on decomposing the cell-queue into suhfamilies and conr
stucting o graph showing the setup relatonships between the mmaciune armngement aud the current
puttiton of subfamilies. The solution is similar to thar made 1n the flow shops 1t a sumple applicable
fashion. The hearisuc is a trial 1o formulxie the problem in an equivateul Jow shop to simplify the ccll
dSSCSSINCIIL,

Keywords: SUBFAMILY: CELLULAR, SEQUENCE

1. NTRODUCTION

Group technology s a manutacturing philosophy based on the similanities of production
and design requirements exist between parts produced in a manufacturing shop. The
concept of group technology (cellular manufacturmg) is to segregate a inanufactunng
system into cells and classifiir g parts into families via coding schemes and grouping
techniques; for a review, see Groover [9]; Xu and Wang [19], Moiser [16], and Askin
et al. [2]. A part family is a eollection of parts which posses similar manufacturing char-
aetcristics.  Each cell includes a number of machines whieh are ahle to process a famiiy
of parts, Cellular manufacturing provides an attractive alternative for manufacturing job
shops (Burbidge [4,5], Knox [12], Black [3] ), and numerous case studies of actual
implementations indicate a substaniial increase in efTiciency (Allison and Vapor [1], Droy
(6} ). Benefits mentioned in the literature: lower work-in-process inventory, shorter
manufacturing lead times. reducing material handling , and better qualily (Greene and
Sadowski [8], Suresh and Meredith {18]) The work in GT goes into two-class prob-
lems: fliest is the formaticn of part families and machine cells; second is the schedubing in
1 anufcturing cell whicit [ the field of interest of this paper. The group scheduling
«calin the htorature reguires a twe-stage procedure. The first stage sequences the jobs
nee elimic wiwe cre - ond sequences the subfamilies in the queue of each ma-
chine cell
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Vithiananthan and McRoberts {20] reported the first study in group scheduling by de -
composing each part family in the queue of the cell based on setup similarities into
subfamilies and treating each subfamuly like aflow shop problem. Sundaram [17] pro-
posed two static heuristics based on minimization of makespan to find a reasonable
sequences. Mosier et al. [15] proposed two exhaustive and non-exhaustive queue sefec-
tion heuristics concerned with the efficiency in the cellular manufacturing shop. Kelly et
al. (11] proposed two cost oriented and exhaustive queue setection rules. Flynn [7] pre=
posed a simple queue selection heuristic attempts 1o minimize the number of setups. This
heuristic is-based on the repetitive lots concept {Jacobs and Bragg [101) and the FCFS
disparching rule. Mahmoodi et al..[13] have used computer simuiation to test three
queue selection rules in confunction with three dispatching rufes under eight experimental
conditions. Mahmoodi and Dooley [14] presented ron-exhaustive heuristics and com
pared them with existing exhaustive heuristics in a job shop cell environment using
colnputer simulation.

2. ASSUMPTIONS AND RESTRICTIONS

In order to present the proposed heuristic as clearly as possible, the following assump -

tions have been imposed.

1. The main objective 1s to minimize the setup changeover and the cell makespan.

2. The second objective is to accumulate the idle time before each machine 1o smooth
the time assignments and minimize the machine stoppage.

3. The batch consists of a considerable number of parts and the grouping problem is
completed for families and cells. Also, setup requirements of the parts in the queue
are defined with a complete process sheet.

4 The family in the queue of 2 machine cejl is decomposed into a number of subfamilies
according to the setup similarities; each subfamily parts have the saine major setups.

5. All the jobs in each subfamly move together from machine to the next (limiting but
practical in motion control). Each of the subfamilies couid be treated as a flow shop
problem. A machine does no1 switch from subfamily to another.

6. The reversible touting and eyciing is not allowed. In other words, a part visits a ma
chine once a time.

7. The number of machines in each cell is not restricred.

3. DEFINITIONS

Before explaining the procedure, Lhe terms which will be used shouid be dcfincd. These
terms are restricled to the proposed procedure and may be not used in other heunstics.
-Data Sheet-A tabular form, as shown in Table |, including all parts information about
ma chines (Mi}, tools (Tj), and time in seconds.

-Incidence Matrix-Two dimensional array, as shown in Table 2, indicates the machines
and tools used for each part. The entry | indicates thar a machinc or a toot is used, ot -
erwise it will be 0.
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-Part Setup Matrix (P)}-Two dimensional array, as shown in Table 3, indicates how the
family parts share the machines and tools. Each entry of the matrix consists of two digits,
the first indicates the machine while the second indicates the tool.

-Subfamily Basic Part-The queue part which requires the maximum operation charac-
teristics in Lhe subfamily such as time, tools, and machines. The priority is given to the
number of machines and the tie is broken arbitranly.

-Subfamily Complement Part-The queue part which has the nearest characteristics to
the basic part. The prionty is given to the number of machines and the tie is broken ar-
bitrarily.

- -Snbfamily Setup Matrix (F)-Two dimensional array, as shown in Table 4, indicares
how the subfamuilies shares the machines and tools. Each entry of the martrix consists of
two numbers, the first indicates the number of shared mnachines and the second indicates
the number of shared tools. This matrix is so helpful for the purpose of finding which
subfamily must visit the cell first and which subfamity will follow in order to minimize the
tool changeover.

-Machive-Subfamily Graph-A graphical plot, as shown in Fig. 2, for the routes of
subfamily parts on the machine ceil.

-Machine Retationship Matrix (M)-Two dimensional array, as shown in Table 3, ind -
cates the dependency relationships between the machines. In other words, it shows if a
machine can start directly without waiting for feeding from other machines or it must
wait for work-in-process; this depends on the operations of parts. The entry 1 indicates
that the machine in column is dependent on the machine in row, otherwise an entry 0
EXISLS.

-Subfamily Time Cycle (C)-The central time allocated to each subfamily. It will be used
as a decision cut point. It is not an exact quantity, but it is used as a trnal to equalize the
time aileated to each subtamily.

-Subfamily Time Content {FT)-The total operation time of all parts composes each
subfamly. It may be around the ¢ycle time by a value specified by the system engineer.
-Ready Machine List (ML)-The list of' cell machines that can start work at the current
machine assignment pomt. This li-t is updated each time an assignment decision is in-
tended. In other words, a machine .s belonging to this list when all work assigned to the
preceding machines 15 performed.

4. PROCEDURE

This section of the paper describes a new heuristic procedure for solving the problem of
machine cell scheduling through an equivalent flow shop image to the GT cell. With ref -
erence to Fig. 1, it begins with the input of parts and cell information which involves
operalions, machines, tools. and times (operation and setup time). The procedure is in-
volved in four main parts. In addition, other mechanisms are included in between such as
computing, ranking, making decisions, and registering 1imes which are clearly illustrated
on the :iow chart.

OMPOSING THE SUBFAMILIES
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After inputting the data, the part setup matrix is prepared 1o determine the setup simi-
lantics  between parts. The major family of parts is deeomposed, based on setup
Junuarities, into subfamilies, such that scheduling each of the subfamilies could be treated
as a flow shop problem. Each subfamily begins with a basic part and followed by the
complement parts. A decision cut parameter will be used, the subfamily cycle time, to
close each subfamily; this to add some smoothness to the-work content and the forced
idle time. In other words, this minimizes the work under unpredictable conditions.
INTERACTING CELL AND SUBFAMILIES

The subfamily setup matrix is prepared to determine the setup similarities between sub
families. Then, the machine-subfamily graph is plotted 1o illustrate the routes of
subfamilies and the conditions of machines. Some machines can be the first host for some
subfamilies and otber machines must wait uniil the preceding operations were completed;
such conditions are mainly dependent upon the first part in each subfamily in the queue.
This graph determines the machine relationship matrix which, in turn, indicates how the
machines restrict each others. Thus making 1t possible to weight and rank each machine
according to the number of direct successor machines, MRn, and the total processing
time allocated, MRt, given that the major family will be processed. The machine which
registers the maximum number of successors is ranked one and the machine which wiil
be assigned the mmimum operation time is also ranked one. The sum of these two ranks,
Mre, represents the equivalent rank for each machine at this point.

FINDING THE EQUIVALENT FLOY SHOP

An equivalent flow shop could be multi-inlet-outlet depending on the conditions of the
processed subfamilies. The machines are sequenced by updating the ready list and using
the rank obtained from the previous part. The machine in list which registers the mini -
mun equivalent rank will be set at the top of the sequence and so on. The machines are
reranked, MR, sueh that the first machine is ranked one and seo on. This rank will be
constant through the procedure application.

An image is considered such that the machines are arranged in a flow shop where each
machine represents 2 station starting from the first machine which is considered the
imaginary inlet and ending to the last machine which is considercd the imaginary outlet.
If a subfarmly will not wisit a machine, it is imagined to visit and leave it in an interval
zero.

ASSIGNING SUBFAMILIES

Betore going to assign the subfamilies in the queue, they are ranked, FRm, according to
their routes on the machine cell. This rank will not vary in the next steps. Each subfamily
rank registers the sum of ranks, MR, of all machines be visited minus the numher of
these machines, N; for example if a subfamily will visit the first, the second, and the third
machine, it will be ranked three. Considering this rank, in the following steps, making it
possible to schedule the cell as a fiow shop and trying to operate all maehines at the frst
part of time.
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The queue subfamilies are ranked, FRs, according to the cel setup already exists for the
current subfamily considering the prionty tor the tools. The nearest subfamily in setup to
the current one is ranked one and so on; this rank is updated each assignment decision
point, This to help in minimizing tool changing for each next subfamily. Also to keep the
advantage of flow shop, this rank is averaged with FRm to get the average rank, FRa.
Each assignment pomt, the subfamily of mimmum FRa is selected. When the cell is busy
(at least one machine works), the subfamilies in the queue are still registenng waiting,
but also some machines may register waiting. Every time an assignment is made, the
waiting time for both machines and subfamily must be registered to find finally the total
time required to get all subfamilies out of cell. The parts in each subfamily are sequenced
at each machine according to the current setup, otherwise, the short processing time
{SPT) rule is applied. The output of the procedure wilf illustrate the final time schedule.

5. A CASE PROBLEM

Table 1 illusirates the processing data for 15 parts manufactured using a cell consists of 6
machines, each of them can be set with a specified number of tools. The incidence matrix
is prepared as shown in Table 2 from which the part setup matnx, Table 3, is prepared.
The parts are classified into four subfamilies as shown in Table 4 which also illustrates
how the subfamilies share the machines and tools to assess the pronty of sequence 1o
minimize the 1o0ols changeover between each successive subfamilies. The routes of su -
families are plotted on the graph shown in Fig 2 from which Table 6 is prepared. The
procedure continues with ranking the machines according to the number of direct suc -
ccssors and  the total processing nume allocared to each machine as shown in Table 6.
According to the procedure, the equivalent flow line will be machines 1,2,3,4,5, and &
respectively; this will be different for another group of parts. Begin with the mimmum
ranked, MR, machine which will be machine 1 in this case and select from the queue the
minimum rankcd, FRm, subfamily which starts with this maehine to visit the machine
ccll. Break the tie by the subfamily which occupies the cell in minimum time; ie., sub
family 4. If the procedure continues, and each time the machine of minimum MR is
selected, the subfamilies will be sequenced 4,1.3, and 2 considering the priority in sharing
tools to minimize the tool changinz. The parts in each subfamily is sequenced according
to the current setup rule and/or the SPT rule.

6. CONCOLUSION

It the proposed heuristic is traced from the beginmng, its effectiveness will be obvious in
sub-familiarization and scheduling. It tnes to mix all the advantages of minimizing the
tool changeover by picking up the similanties between queue subtarulies in setup m ad-
dition to the similarities between the paris in the same subfamily, and the total shop
visiting time. From the resuits, it is seems that the cell works as a station in a nearly bal -
anced :low line because the subfamilies are grouped in nearly equal times. And more, the
difference i setup is not significant in the sequence of all subfamilies which, in turmn,
regulates the tool changeover.
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the GT problem such as networks and linear programming.

Hassan Ali Mohammed Soltan
Most of the heuristics conceming the group technotogy scheduling is no longer applic -
bie to the real farge GT problems. Thev introduced theorerical solutions which are mainly
dependent upon the cell type and the number of machines included. The GT problem is
very difficult to formulate, therefore, the current heuristic is considered the first one
finding an approximation to the problem formulation as those of the flow lines. The cur -
rent heuristie is not limited {o specific characteristics of the GT cell as in the literature.
The proposed heuristic may be an integral algorithm actuating other tools to deal with

TABLES
Table 1. Processine data, (M :machine: T :toah).
fPart Opr.l | Opr2 | Oprd | Oprd | Opr.5 | Oprs | Opr.7 | Total Time
No {seconds)
1] M1 M1 M3 MS M6 340
TijsofT2[ 60| T5] 30 T1]i00] T1] 50
2 m2 M4 M5 M6 215
TIJ4e | T1] 50| T20 70§ T3] 55
3] M1 M2 M4 M4 M5 316
T2] 45 { T3] 65] T2[100] T3] 40 { T2] 66
4| M3 M3 M5 M6 235
Ti{30fTalsofTal s3] T2] 70
s wi M3 M4 M5 M6 302
it 2ier{Ti{40] T2] 60
61 Ml M3 M5 Ms 27
, Tafoz[T2[35[T2] 40| 137 57
7] M1 M2 M3 M3 M4 M5 M6 424
Tal 7l 2] 60 f 5] s2[ T4l 8| T1j1o2 11| 30] T1] 45
8 M1 M2 M4 M5 M6 377
Tilafm{sa]|m[nimls|3]7
91 M2 M3 M+ M5 265
Til 69 15] 58] T2]106[ T1] 32
0] M3 M4 M5 M6 14
T3i100f Ti 372l 48] 1] 29
1§ M M2 M3 M4 M5 M6 392
T2l 85 3l sel Tt 48] T2l 62 [ T2 37 T2 104
12] Mt M1 M3 M5 M6 316
Ti[so] T2l g2 1534 Tifse [T ] 32
B M M2 M4 M5 92
T2[ 81| T3] st} T2[100] T2] 60
i Ml M2 M3 M3 M4 M5 M6 433
Tales 223l ss]alsr[TiTI7i {43 1] 5
151 M2 M3 M4 M5 M5 M6 378
T 4s{Tsieo ]3] wlTiTs2f ol 47{13]104
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Table 2. Incidence matrix of machine-tool.
iPa m | w2 | M3 | w4 [ Ms| me | [M[m[M[M[M]|M
TiTaTTd e T T T3ral T vl e rirdryralray f 1 {213 4] 56
11f{1lefololola]oloTole]1]ofolol1lofa]olollajojijol1]1
1lololololitolo]ofololofofilolololtfolelafioltiolajris
alofa{oloflolol1]ofoTolofofofaft]of1fololoff2i1{o(1]1]0
4 lolololofolalot1lol{alilofolofols]ofolsfagfololiioln]y
stojolt{ofofololslojele]le]ols{ofslololiloffajolala]1]1
stolalol1fololofoel1lofolofololaloltlalo{1fi1lol1]ol1]s
7Hloelofo[1felafoloelalslafof1lafol1fofzlo]off1iztz]al1]1
gl1(of{alofoio{ibelolololeleloltlolafola)a]ialelolela]1
sffofololefrlolofelofolofslelajolafofolosogfolajafa]1]o
wlololol{olololofolol1]otolslolo]elefsfoioffololuf1{1]1
1jol1folofoiotalale]olofo]olslofela]olafofialajufrla]a
wizt1itjololof{olololoflolol1lololol1]olalojoldtielt]al1la
wiol1|olofofol1lololojolofol1{ofol1folofoli[afa]uja(1]0
wdjololol1¥ol1iololofalaiefzlolofrlofatolollal1{a{1l1{1
isflofolololtlo{ololololaf[1fololslalatofelajfort]1l1f1lt
Table 3. Part setup matrix (P).
Part | 2 01 3 [ 45 si 7] s oJwln{rli|ulis
1 wla a3 2Ts51 4452142732
2 sit2o (o2l {alwln|ale
3 w3120 (g0 {433t 214 ]21{44]30]32
1 303032l l30 (3211wl 325n
5 wlst]40 2w {3 a3 ]s51][4H
6 4132120031041 [d0f21[40[32
7 SO | 411 43 | 60 | 42 | 40 | 67 | 51
4 30031 (52314423043
9 o (412251043
10 Aalnjalaln
T 41 44 60 | 31
i2 ] 42 1 32
13 , 10 [ 31
14 | f 51
Table 4. Subfamily setup matrix (F.
Subfamily | 1 3 E 4
Parts 7. 4. 11 15,8, 9. 2 5, 12,1 6 3. 13,10, 4
Part Time | 424433392 378.377.265215 [ 302.316,340.227 | 316.292.214.235
Total Time [ 1249 1235 1185 1057
Subfumily 1 6.t 538 6,11
Subfamily 2 5.6 6.6
Subfamily 3 37
Tublc 5. Machine relationship matrix (M), Table 6. Machine ranking,
Machige J 1 | 2 ]3| 4]5]6 Machie ] 1 | 2 | 3 ] 4 ] 5 ] 6
! Lyt Time sec. § $44 | 510 | 855 { 883 [ 903 | 731
2| L derid MRn t 2221202
. R MRC | 3 |t 13351612
4 ] MRe | 2 | 3 | 6] 7 | 8| 4
5 1| MR tl 2] 374135 s
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Table 7. Ranpking subfamilies according to machines.

Subfamily 1 2 3 4
N 6 & 5 6
FRm 15 15 15 15
FIGURES
) Prepare Subfamiy Setup Mamx |
-
[ Prepare Machine-Subfasaily Graph
[ Brepare Part Setup Mavm | [ Frepars Machine Relatoaship Mk |
? Opena New S“b&m'l;l Weight and Rank Machines accordmg to
1| Mumber of dependent machnes
|Jlecl: a Subﬁmmly Basic Part ! 2 Processing mmd sehup tme
A
> Equita hine
Hasic Part Fond Bompum nqmvmnl Machine Ranks J

Y Form Ready Ma.chmc List |
[ Setect 2 Complement Part | )\
< %ad; Lt Empty

| Rerank Sequenced Maghines
ikl

¥
[ Rank Queue Subfamibes with Machine Routes |

—»_ Rank Queus Subfamihes with Curent Cell Sewp |
¥

U Compute Subfamiy Average Ranks |
I

Stop

Ctput Cell
cxal Schedule

Register Wanng Tims W Yes
of Subfarmhes

,l, Mo

|— Assgn hwrmun Ranked Subfamily to the Cell |

v
! Eegister Wammg Tine
.
: of Machoes end Subfarmbes

Fig 1 The flow chart of a GT scheduling hewristic.
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Fig. 2 Machine-Subfamily graph. (Time in seconds).
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