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ABSTRACT

This thesis deals with the implementation of the Shortest
Processing Time‘Scheduling Pule with Truncation Process
'(SPT-TY at the Parts Production‘Plant.of Qukurovajlnsaat_MaQ
kinalara Sanayi ve Ticaret A}s;;(Cimsatas) to improve. the

- performance of the plant by: ’ ' |

1- Decreasing the’level'of‘work—inéprocess inventory'
2- ‘Better utilization of the machine centers
.3—-Rea1i21ngvhigher inventory turnover

4- Decreasing the number of tardy jobs.

For this purpose, a general simulation model-has been deve-
'Qloped for a multlproduct, multifacility and determlnistlc
job=-shop scheduling system to study. the effects of the SPT-T
rule on - the performance of the plant ‘

F‘The‘actual data from the Parts Production Plant were used in
the simulation ‘model in order to better compare the actual
tperformance with the one glven by the model. The comparison
of the two sets of results thus obtained suggests that it is
fpossible to - ' | ’ ' / o

Ai-' decrease the actual'work—in—processbinventory level by
more than 50% without causing any infavourable effects
on tardiness,

'ii- decrease the average tardiness by 70% and the number of
‘tardy jobs by 55%r - ' '

iii- utilize the shops 50% better than the actual case,

iv= identify the machines which are bottlenecks in pfoduc—”
tion system and hence to indicate technological needs
for investment vlanning. .

(]
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OZET

Bu tez SPT T tlpl 1$-gizelge1eme kurallnln uygulanma51yla,

’Qukurova Insaat Maklnalarl Sanayi ve Ticaret A.S. (Cimsatas)

Parga Bretim Tesislerinin performansini’ asagida bellrtllen
sahalarda gellstlrmek ama01yla yaollmlstlr-

1- Ara stok duzeylnl azaltmak ,
2= Maklna kanaSLtelerlnin daha iyi kullanlmlnl saglamak

‘_3— Daha yliksek stok dev1r hlZl saglamak
T 4- Artlsal gec1kme11 1sler1n SaYlSlnl azaltmak.

SPT-T tipi is gizelgeleme kurallnyn sz konusu lretim tesisi-
nin performansi ﬁzerindék;‘etkisini'gérmek amaciyla ¢ok lirin-
ld, ¢ok tezgahll-ve gerekirci tezgah yﬁklemensistemi igin bir

benzetim modeli gelistirilmigtir.

Toplanan verilere gére galistirilan benzetim modelinin sonug-
larl_iIe ﬁretim’teéisinde gazlemlenén performans-karsilasti-

-rllarak:

i- .'artlsal gecikme lizerinde istenmeyen sonuglararnedén ol-
madan gergek ara stok dﬁzeyinih % 50'den fazla ézaltlle

masinin,

" ii- ortalama artlsal gec1kmen1n 3 70 ve artisal ge01kmell

islerin’ sayisinin % 55 oranlnda azaltilmasinin,

ijii- 51stemden vararlanma oranlnln % 50 arttirilmasinin,

~lv- uretlm 51stem1nde ‘darbogaz yaratan maklnalarln saptanma—

s1 ve bdylece vatirim nlanlama31 ig¢in gereken teknolojik
gereL51nlm1er1n belirlenmesinin

" miimkiin olabilecedi g&riilmistiir.

~
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I INTRODUCTION B

In this the51s, a real life n/m job shop schedullng problem
at the Parts. Productlon Plant of lesatas has been studled
It has been observed that one of the main problem of the.
ex1st1ng Dlant was the high level of work-ln—orocess 1nven;
tory, which has an average value of 85 million TL per month.
Iniaddition to the high le&el of work—in—process_inventory,

.there are others problems such as:

1- Low stock turnover
\2f'UnderutiliZation of man%machine‘oapacity

3- Increase in the numberbof tardy jobs.

Therefore, 1n thls study, the emphasis has been on” the oro—
ductlon schedullng in order to 1mprove the exxstlng undesxred

situation. ' !

. The resnlt of tnis stuaybsnggest‘that'one firstbhas‘to deter-
mine the economic lot sizes of the‘partsbto”be nroauced P
(jObS) and then to sequence the jObS thus deflned in accord—-

~ance w1th the selected schedullng rule SPT T More snecrfl—

cally,

i- incoming orders first should be converted into economic

lot-sizes

ii- the economic lot-sizes are to be considered as "jobs"
in production scheduling

o)



iii— the job designed thus are to be sequenced according to

the SPT-T rule.

A Simulation model has been developed in order to study the
effects of the prooosed scheduling rule SPT-T on the perform-
ance of the plant. The Simulation results indicate that it is
possible to improve the performance of the production system
with'respect.to4work—in—process inventory level, average
,tardiness. shop,utilization‘and'capacity\planning.

It is-shown_that the level of'work—infprocessfinventory can
hevdecreased by more than 50% without cauSing any unfavour—
able effects on tardiness, since number of jobs in the system
~are decreased by a351gning priorities to the jobs according

to the SPT T. rule.

Sequencing the jobs by taking into consideration their due-
dates and processing times it is possible to decrease the

:averageftardiness by 70% and the number of tardy jobs by 55%.

It is also shown that it is possible to utilize the shop 50%
better than actual case by the use of SPT-T rule, which also

identifies the real bottlenecks of the system.

Chapter 2 explains in detail the characteristics of manufac-
"turing company under study such as company products, avail-

able.production technology and facilities.

Chapters 3 describes the existing production inventory system,

which is the main source of the problems arising in’the



“system. The detailed definitipn_of,fhesé‘probléms are given

in Chapter 4.

The relationship between'the‘inventory level and the.

scheduling rules are explained in Chapter 5.

Various.scheduiing_rules such'as, SPT, S/OPN, SPT—T and their

ihpacts on the system are explained in‘Chaptef_G.

The effects of the SPT-T riule on the performahce of the shop
is explained in Chapter 7 by the ﬁse,of simulation model,

results of which are qomparea“With the actual case.

. _
- The implementation of recommended orocedure of.thiS‘study on

" the system is explained in Chapter 8.

, .



2, CHARACTERISTICS OF THE MANUFACTURING COMPANY

This section summarizes the genéral,characteriétics of the
manufaCturing coﬁpany;under sfudy~ namely,'company'products,i
prbductién.facilities, and technologfiin use, main markets'
and other properties’relatéd to the productiéh—inventory

system.

2:.1. COMPANY PRODUCTS

gukurova Insaét Makinalafl Sanayi ve Ticaret A.S. (in short,
Cimsatas) is a leading automotive ¢ompany invMersin, with.its
_own Fouhdry and Forging Plant. Cimsatas is'produCing;.
constructién_machineg'and thgix parts..The presenﬁ annual
capécity of this factoryAis BOO_Track loadé:s'and 1500
.compleﬁe undercarriége parts fbr all grdwler—type comﬁxuct331 
hachinés..The undercafriage pérﬂs prOddcéa in . this factory is

classified as follows,

. Pins

. Track Link Bushings

. Track Links

.« Track Shoes

,f}Track Roller Shafts'
. Track Rollers ‘
. Track Roller Bearihg Assembly_
. Track Roller‘End Collars

« Sprocket Ségments . ’ ’ A ~



. Front Idlers
. Track Link Assemblies

Cimsatas is also supplying,rarious automotive companies in
Turkey with rouch forgings and eastinge; machined and head

treated components.

At the present, casting;_machining and heat treatment'of the
above products are performed at the existing fa01llt1es.

s
'However, the blue-print and technlcal spec1f1catlons of these

products as well as the technoloq1cal know—how are orov1ded

Bv the Caterplllar Tractor Comnanv under llcense aqreement

2.2. PRODUCTION TECHNOLOGY"AND FACILITIES

The nroductlon fac111ty of Clmsatas whlch covers a productlon

area of 15. 000 mz'cons;sts of the follow1nq plants::

1- Parts Production Plant-

2

Machine Assembly Plant ‘
3- Forging Plant (due in 1982)

4- Foundry. -

To give an idea about the'prednctionﬂteehnoloqy‘and facilities
at this factery, a briefvexnlanation abent Cimsatae buality
Centrdl Laborotories, Endineering‘Design Office, and Tools,
Fixtures and Dies Production Department will also be»nrmﬁded

~in this section.



"2.2.1. Parts Production Plant

This plant produces undercarriage components and various
parts for constructidn machines. This plent is divided into

two main facilities..

©i- Machining Facility

ii- Heat Treatment Facility

ng’material enters the machihihg facility'inbthe‘form.of
rough forqbpgs ih case of forged parts, rough eestinés'in.
‘.qese of cast parts, and in the form_dfﬁsteel profiles and
‘bars in case of shoes, pins and bushihgs. These‘meteriais

go through the machlnery 0peratlon on" varlous ‘special. turnlng,

mllling and cutting machines in. ‘this fa0111ty.

—

The second- faClllty of. thls plant is the heat treatment"
fac111ty. It is under the same roof w1th the machlnlng
fac1lltv. All kinds of heat- treatlng (hardenlnq, temoerlng,

- stress rellev1ng, normallzlng, anneallng)'Operatlons are
done in this_feciiity, The temperature—controlied, eieetricf
heated‘rollerbhearth,:special—purpoee'heatftreating'furhaces
are used invthese operations. This piant aleo has gas
4earbﬁri2ets, flame haraeninq uhite, and ihductioh heeting'
units for hardening operations of narte;_

Materials handling in this‘plaht is'carriea eut in baskets

between the machining centers. Without this operation

"small mass production" (which is thbught to be the most



'suitéble type of préduétion in the eﬁisting plaﬁt)vwoﬁld
étop. In order to provide‘for'futufe maﬁerials handling:
requirements, the machine-layout?is afrangéa:so that a
conveyor!System canAbevinstalledjléter on The_éetailed
description of thisvplant i.e., productiQn—facilities‘aﬁd

| machine 1ayéut.is»given in the.Appendix. To qive_an;idea bf
thé production process at thiS'nlaﬁt,-§ typicalip;odﬁc£/ the

. link, will be taken as an example. The production of link

- B
- .

consists of the following stages.

. Milling
A Y

-

. Direct Hardening
. Links aré_heated to éﬁstehizinq ﬁehﬁeratures ih'electric
heated rd%ler,hearth-fufnaéeé’and quenched |
. Quenched links'ére tempvered iﬁ elécﬁric heated rolier
“hearth furnqces to aCcomplish'the désiréd hardness level .
. Surfaces :of the links which afeyin’COntact with £he 
‘follérs are're—hardénea in special induction heatinqbv, |
equipment to a[hiéher ﬁardnéss value, in order to minimize | ‘
(thé wear of the surface | | |
. Bdrind"_ - L U ,;
~ Broaching | | | |
 ;. Qﬁality éontfol. To énsure thé;production'bf>hi§thuality -

links, tensile and impact tests are perfo:med at every

stage on the productién line.

The other products also go throuch similar production
: . . ()]

processes and qualitv control tests.



2.2.2. Machine Assembly Plant’

Constructlon machines are made in the Machlne Assembly Plant.
»Production started in 1981 with 955L Traxcavators. Track tvpe‘
tractqrs,‘wheel loaders, motor graders; dump trucks;’and
:highWay tractors are also pianned to be assembled iabthis

plant.

The source of raw materlals and parts for the above nroducts

:can be c1a551f1ed in three grouos.'

1- parts Production Plant of the Cempany
2~ Local Suppliers

3~ Imported Parts.

Presently the ;awrmaterial'and.various'parts Qflthe 955L
:ira3cavator are being obtained ffom abote sources. The ?arts
thus’obtaihed are assembled.by usiﬁg'adjustable fiktureeaand‘
toolihgsAin the folldwiﬁg production aﬁd auxiliaty facilities

of this plant. These are:

. Manufacturinq maChine,shops for eeveral‘narts'of the
“products“
. Plate and sheet metal workina and proflle Formlng ehons
: Welding areas |
.. Heat treatment areas
0 Subaesembly sections
. Wash and paint areas

-« Tools and flxtures manufacturlnq and malntenance shons
. oo



. Quality Control department -
.:Main Assembly lines for
.o Track-gype constrqction machines -
..'Wheel-tQpe construction machines
..’Lift tracks. | |
..=Track and.highway tractors
. Pe:formanée tests afea
..Materials'Storege buildings . |
Spare parts,“teols'and fixture étorége buildinqse
Mechaﬁical'and.electrical,maintenance depa#tment}i

~ Boiler and central heatina facilities

' . Transformer substation.

2,2.3. Forging Plant'

- The cbhstruction of the‘Forginq plant is progressinq raoidly.
The forging plant is scheduled for operatlon in 1982, w1th a

capacity of 12. 500 tons/year. S S

This plant will supplies rough'forgings te the Parts Production
Plant mainly'forlthe'productionvof undercarriaqe parts. Rough
forging requirement of various-autométive industries will also

met by this plant.

In this plant, production will be entirely'made on 4500 tons
and 2500 tons mechanlcal max1—presses where billets are heated
by inductlon heatlnq equipment. The annual foraging productlon

capacity of 12,000 tons will be increased in the future in
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order to be able to meet the increasing demand for hich

quality.rough forgings of,the automotive industry.

\

- All dies and fixtures used in this plant will be nroduced in

‘_the Die Making Department of" Cimsatas.

' 2.2.4. Foundry

giméata$ Foundry was started up in 1979 to provide quality
castings: for the Parts Production Plant and autOmotive_lﬂ
industry. It can prbduce caStinqs of alloy and non—alloy _

© gtell, sphero and gray iron.

This Fonudry has a capacity of 2500 tons/year and a casting

piece part size capacity of 800 kg/net.

‘In this plant, quality testavof every types offéastincs are
'nerformed in quality control labs to meet hiqh cuality

requirements of Parts Production Plant. «

2.2.5. Quality Control Laboratorieé» R , ' o

Cimsatag Quality Control labs have a wide range of facilities
for chemical analysis, testina and determining mechanical’
properties of alloy steels, sphero, gray iron and non-ferrous

‘materials.

Chemical contents‘of ferrous and non-ferrous materials of
up to 20 elements are determined throuch wet methods as well

‘ o _ - . ~ o
as by use of the most sophisticated equipment like emission
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spectrometer.

The parts produced in Cimsatasg are,tested for their mechanical
properties such as tensile/impact strength and elongation.
Facilities are also available for mlcrostructural analvs1s,

non-destructlve testing and hardness measurements.

2.2.6. Engineering and Design Office

This office is fesponsible'for prenaring effioient produetion
methods for all units. o : n

. :
De51gn1nq of tools and letures, developing prototvpe

' production and reallzation of exoansion progects are also
among the'reSpon51b;lltes_of‘the Engineering and_Deslcn

'office.

2.2.7. Tools, Fixtures and Dies Production Department

The most up-to-date machinery,and equipment'maywbe,found in
this department of the factory. Dies of -the most comolicated
‘forged components will be nroduced in this department w1th

the use of precise COpy milling, pantograph mllllnq and soarkl

.er051on machlnes.

Various dies and fixtures for machining and heat-treatment
operatidnsvare'produced in this department with the highest_
precision.

[}
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2.3. CUSTOMERS

A brief explanation about the users of construction machines
in Turkey is given in this seCtion, because these users are
the main customers of the undercarriage parts, of the

construction machines.

In Turkey the construction machines are owned and used by the

following associations and sectors. .

1- Public Sector
. Highways, Water and Electricity Department (Y.S.E)
. State Highway_Department (Y.C.K) |
. state Hydraulic,Department (D.S.1)

. Land Water Department (Toprak-Su)

2— Private Sector ‘

3- Armed Forces}(Army; Air\Forces;band Navy)

4- Provinces and Municipalities;

The public and private‘Sectors‘are the largest users of the
construction machines. They obtain the machines either
4d1rect1y from the manufacturers or throuah their agents; thev

can also obtain the machines from the_domestlc market.

The machinery owned by the Armed Forces is mostly provided

through foreign aid.

Provinces and Municipalities obtain their machinerv mostly

through donations.

[
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All .the above sectors use construction machines in different
areas for various purposes. Table 2.l‘showsvthe'distribution

of this usage according to sectors..

TABLE 2,1

USAGE OF CONSTRUCTION MACHINES DISTRIBUTION
ACCORDING TO SECTORS

=

Y SECTOR =~ | PERCENT
Irrigation (Village Development) | 37

. .Road Construction. | .20
Hydraulic Works R 18
Mining . o 13
Fdrést Road Consﬁructibn_ o .10
Others 2
TOTAL S| 100
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3, DESCRIPTION OF THE EXISTING PRODUCTION-INVENTORY SYSTEM
_ This section describes the existing production inventory
system in "Parts_?roduction Palnt" for which agaregate
production olanning is made on the baSis of.customer orders,
inventory,‘and production capacity. In addition, a brief
‘explanation of the\interfunctionai-dependenciee‘inithe
organization will be aiven, such as the“interactions between,v
the functlons of productlon, marketlng, and procurement, and
so on.
3.1. DEMAND = o B B . i
The{demand which is used invdetermining the production.level

of "Parts Production Plant" can be classified in two groups’

1- Demand due to the Machine Assembly Plant

- 2- Demand which comes directly.from the‘customet

a) For finishedhproducts (e.a. Track Link Assemblies)'
b) For semifinished nroducts:(e.g. Subcomponents of the

finished products) Now details follow.

;3.1;1. Demand Due To The Machine Assembly Plaht'

All of the undercarrlage ‘parts of thls plant are supplled by
the Parts. Productlon Plant Slnce the only product of the
Machine Assembly Plant 1s.the»track—type loader presently,
the productlon amount of this product determlnes the whole

demand,’ for undercarriaae parts, which’ comes from the Nachlne
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Assembly Plant.

Thehnumber of traokétype loaaers whichbwill be proauced'aﬁring
a oeriod of one year is determlned generallv two or three
months beFore the production oeriod, and dlstrlbuted over
months. This data, which is transferred to Parts Produotion’
Plant, determines the ouantitv of. finished'products to be
supplied to the Machine Assemblv Plant These finlshed ;

' products consist: of several subcomponents, ‘which are _

. assemb;ed in Parts Production Plant to form the finlshed"
R?oduct; Therefore the main demand, thch‘comes from the
Machine Assembly Plant,‘consists of these subcomponents. The'
production of,these:Suboomponents‘are oalculated according to-
the followianformula' -

Di:,aij,x,.Pj' S '. | | (1)

!

/where Di : Quantity to be produced of-suboomponent;

a; ¢ Amount of subcomponent used‘to oroduce'one‘unit of
~ the finished product; o
Py Demand for finished product.

The above formula gives the quantities to be pfoduced of -
subcomponents in a given perlod and these quantltles are

uniformly dlstrlbuted over the months throughout the year ,

'3.1.2, Demand Which Comes DireCtly’FromiThe Customer

1

:The forecasting of the demand due to customers is done bv the
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sales department The expected sales for the followinc vear
is estimated by this department and the results are conveyed
to the Parts’ Production Plant at least two or three months o
before the beginning of the follow1ng production period in

the form of

i- Demand for finished products: As explained in the

previous section finished products consist of several

4y

subcomponents, and therefore‘the ekpected-sales of
finished products determine the production letelsrof
subcomponents according to the,exolanation and_Formula(l)
in section'3.l.l,_

ii- Demand for semifinished products‘(Subcomnonents):.In~some
cases there is a demand from the market for the sub-
fcomponent, mostly from the users of the finished oroducts.
Therefore the'exnectedusales of subcomoonents as spare
parts is, dlrectly taken as the quantity to be produced by

Parts Productlon Plant

'3.2. AGGREGATE PRODUCTION PLANNING -

.The term "aggregate production”planning"'is;always conceived
as some sort of capacity study, where current man and machine
'capaCitles would be established. It is Siqnlflcant to know

jwhat the capacity,»capability and notential of a job is._But

the important qdestion before determining capacity availability

is to determine the capacity requirements. In other words,

"how much capacity is needed.
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The aggregate Droduction plannlng in Parts Productlon Plant‘

larqely depends on how men and machines are actually utlllzed

i.e., how these resources are scheduled The main routlnqs of

list of the Operatlons required to meet the nroductlon demand

with the standard man and machlnlng tlmes”of each productlon'

part associated with each operation. However the existence of

- inventories in this svstem, of'course,‘has another impact'bn,

aggregate productlon olannlng. For example, the parts of which

vthe raw materlals can not be obtalned from local or forelqn

suppllers, are not taken lnto the»productlon program.

.

-The minimum economic lot size to be nroduced of each subcomp-

Qnentfwhich is determined by‘the production department is an

another impact on-quregate Prodﬁction Planning. The parts-of

which the demands are less than the minimum economic lot size

of produced parts are not taken intofthe-production program.

The production capacity (Man, Machine, and “Ecuipment)

requirements of the Parts Production Plant are the main inputs

to the aggfegate production planningL The following inform-

ation flow figure shows. this relationships.

, and

o
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Engineering and . . '
Manufacturing - ‘ 4 Demand -
Information - o s
> % ~
"
¥ | Production R ;gggigiﬁgn |
Capacity J Planning

"~ The engineéring and Manufacturing Information,'Which is.
prepared by the engineering and design'department,?consists‘

“of the following necessary data on each part.

1~ 'Necessary operations and manufacturing list
2- Processing time of operations on machines
.3~ Set-up time of machines for different operations

4

Raw materials requirements.

The P;oductionbPlanning'Departménf defermines'the number of
‘man and machinina‘hours’requiréd.to meet the demand kCustomef
and'Méchine Assembly élaﬁt demand) in liéht.of-the above
informétionsl This process in khown as "Planning Caﬁac%ty
Reéuifements"vwhere o tentative plan to show the required
capacity isiincluded.'Tﬁié is then compared with the available‘
‘capacity in order to determine whe;her or not the 5r9gu¢£idn_:

demand can be met. In this Dlant,vthe problem of capacity
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during the aggregate productioh planﬁing has not arisen, since
‘there has always been iale.capacityviﬁ all maéhines excep£
fdrlone 6: two. So in the beginniﬁg'of each_pfbdhction ﬁerkxh
the required bapacity‘is alwaysiavailable. Whén'the capacity
requireﬁent exceeds the_availablé capacity, there are

basically.three alternative solutions..

s . :
1- Baying new machinery and/or hiring personnel

2- Use of overtime -

3- Use of subcontractor.

'n the-égqregate productidn plannihg; the numbér of ﬁan_are
génerallY“calculated according to the number ofvmachineé;l
é.g.,ohe_obefatdr for each machine is alﬁafs;proVided'in éach_
shift. Mén-én& machine capégitiesfafé’also allocéted witﬁ.a

margin of télerance of lO,pércent.

In aggfegate production planning~the folldwing orocedure is

followed for the allocation of each machine:

l—rEstimate the necessarynopefatioh time.(Tl)’oF the ﬁachine
required to meet the demand in the prqdhétion yeaf. This -
is always estimated by adding the Opefationvtiméslof.the
parts which will'be manufactured on~ﬁéchine;
2~ Find fhe évailable working hours (Tz).in_the prqduction'h
year, | , | | |
3- Find-the availéble‘machine houré»fT3),¢by usinq'the
foildwing'formUla | |

~

’5T3 =‘N1 . Tz
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where Nj; : Mumber of machines of the same»tyDeAavailablé
in the plant for the year. o
4- Decide on the ﬁumbér df shifts (Nz)iper day to meet the
required opération time éf theAmachine (Tl) so that‘thev_f
following relationship.is satisfied: | |
TSN, LTy, , N, = 1,2,3 |
If,the above re}atiénship'can not be met with ﬁhé aQailable’

capacity, then eitherybuy a new machine or use a sub-

Y

contractor. However, the latter-rarely occurs.
5- Find the reaquired number of men for the machine (N3) by
‘using the following formula |

N3 =N . Ny o |
6- Find the available opefatidn hours (Té) according to'the
following&formuia.' | |

T3 = N3 . T2 .

The above procedure is applied’to all machines which exist in
the system, to find the total availéble_and utilized man and

”

‘machine times.

3.3. SCHEDULING

fThis isAthe éctivity that determines thédeerall production
plan Qﬁ'the basis of months ovér the production yeér. Afféf
the total production améunt of éach vart has beenﬁdeterminéd,
énd«capacities'hévg been pretty well fixéd; schedﬁlina'actﬁﬁfy

assigns production capacity to individual products.,

-
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The demand which comes directly rrom customer and from the
machine assembly olant determines which parts should be
produced when, and all scheduling is done accordingly. After
this step, allvof the scheduling decisions are taken by the
Production Planning Departﬁent to minimize deviation from due
dates, but because of inefficient use of the available
capacity, this objectiwe can not always be achieved. Thisb
~occurs due to lack of scheduling policy, and therefore most

s

of the jobs are completed before or after their due-dates.

'In this plant if the available man and'machine canacities
are less than the work scheduled for a given week or month,
‘either the workers do overtlme or some of the current month' s
work is "pushed ahead" to the follow1ng_weeks or months. If
the available. man and machine_capacities are_forimore than
the work scheduled,'soMe work is "pulled back" from the
following months in order to fill up the idle caoacity;'éince,j
schedulino is not done very well, the actual load in the-"
plant does not fit the available»capacity exactly,_and

therefore some "push ahead"” and‘"pull back"-inevitably occur.

3.4, INVENTORY

When the inventory svstem of this plant was.analyzed, it was
nfound-that the stock turnover of this piant is very low; i.e.,
.the value of stock in'hand is very high when compared with
sales. The reason for this low turnover is analyzed by |

classifying the svstem into three main groups:
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- 1= Raw material inVentoryt
2- Work-in-process inventory

3- Factory overhead inventory.

Raw materlals inventory covers 40% of the total 1nventorv.
The raw materials demand of this plant is. satisfled in
relatively 1arger quantitles than needed, esnecially to

avoid raw materials shortages, and alsoito obtain-quantity
grice discounts, and to keep shi§p1n§ cests lon. The quantity
andjtiming of the purchasing of rewlméterials is nothbesed.on
a certain inventory moael,rnut it isvusually'GOne éuarterlv.
The main reason for keeplng large raw materlals stocks and
not u51nq an inventory model is the present s1tuatlon of the
raw material suppliers in Turkey, 1;e.,'capa01ties of

 suppliers being unstable. o ' L

- The secend and most valuable nart‘of the inventorv ststemsis
the work- 1n—process 1nventory whlch covers 48% of the total
1nventory (It has a value of more than 80 mllllon TL) The
work—ln-process 1nventory belna very high is due to
unscheduled production program of finlshed preducts, whiehr
Yesults in idle inventories betneen machines,band/or'idle
;nachines while 'othe_r machines are workingtwith full capacity.

, The»effectlof the Quality Control Department.isianother reason
_ for‘the high level of wprk?in;process inventory; i.e., some

'acceptedVeubcomponents of the finished products may be idle
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due to some rejected subcomponents‘of‘the same finished
products. Fortunately in the long run, positive effects of
intensive quality control offset their negative effects,

which‘results in producing,high quality goods.

ST

The remaining 12% of the total'inventcry-covers the‘factory
v‘overhead inventory, whlch also ‘contains 1nd1rect materlals
inventory of the whole plant The demand of this 1nventory is
satisfied in the same way as the raw.materlal:;nventory

requirements.

The-finished goods inventory Qf,this'plant is not mentioned
here, because the level of this inveéntory is not high with

'_respectslto the others,

3.5. MAINTENANCE

'There are two tvpes of maintenance programs which are in .

.application in this plant.

1- The malntenance program which 1s anplled to every machine
once year, in Whlch ‘all the machines are dissambled,
tesﬁed,lreplaced if necessary,  and reassembled.

2- The mainteﬁance program which is prepared by the
manufacturing departﬁent is éenerally done quarterly, and
and consiers of lubrication of the parts, whereas'machine
tool alianment'ie hot taken into program,

Unexpected breakdowns ocdur verykrarely_due to'the systems

being new.
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4. DEFINITION OF THE PROBLEN

The main problem of the plant under study ié hiéh work-in-
process-inventory, the féasons for which havé'been explained
in_previous section. Therefore the main objective of this
theSis,is to minimizé'thé work—in-process_invehtory by
finding an optimﬁm sequencingvof jobs, which wili be'pro—
cessed in a'multi—machine system. The sequencing of jobs will
be done according to the SPT-T (Shortest-Processing Time

: écheduling Rﬁle with Truncation Process) rule, and the re--

sults thus obtained will be analyzed.

~
The main coﬁpqnents of this system are jobs, operations and
machines. Thé’charactéfisﬁics'of.£hese components will'be the
ﬁain ihput for finding_an optimél sequencing of jobs ac-
‘cordinq to the SPT-T rule. These ére:

—_due—daﬁe of jobs

- proéessiné times of operations

- sét-up timés'of;maqhines‘

- number and order of operations in each: job.

In addition to high work-in-process inventory there are othefs

‘problems existing in the production system. These are

"1- Too many semifinished parts waiting in the production line,

2- Ineffective use of machine capacities
3- Low stock turnover

4- Téo maﬁy tardy'jobs;
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The solution to high work-in-process inventory'and the above
problems will be taken as a criteria of performance of the

SPT-T rule in this plant.

4.1, DEFINITION OF JOB

The optlmal quantltles of each oart in each manufacturlng
run, determlnes the "job" of the system. Each job consists of

a set of g; operations. These are described by gi_pairs.of

values

y Ry Pi1
m; 5 Pio
m. - P,
,'lgi v 19’5_”

where m,, is the identification number of the machine that is

1]
th-

required to perform the jth operation'of.the i joh, and P,

| 13
“is the proceSsing‘time, e.g. the amount of time that will be

required for machine mijtto'perform the operation‘

As éreviously defined, the demand is deterministic at a
'constant‘rate. Therefore there are known and'constant'demands
l’ 2, .;;.. b12 that occur over the months throughoutvther
year, and a single lot may be procured in each period. Let Q
denote the optimal quantity of job i in each manifacturing
run over the year. There is‘a fixed set-un COst_for each Qi,
'and'there‘is also an inventory carrying costlfor each unit of
{PHANES!

o © pogzic] DNNERSITESIKUT
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stock. But-no'shortage_is aliowed es a policy of the ﬁirﬁ,
‘because the due—dace of each part is previously»set by the
customers.or by the Machine Assembly Plant. Now the probiem
is to determine the lot sizes, Ql cesaas QN' which minimizes
_the sum of procurement costs, and 1nventory carrylng costs'
~over the perlod So under this circumstance, the behaviour of

this productlon—lnventory system conforms to the model given

in Figure 4.1.

>
-

A

9
\

&

o
>

o
0
xS
g
g .
£
H,

b— > Time -
e

" cycle length

: Figure'4.l. Infinite production nﬁe,rxﬁbadﬂpgghx;

' Now, it is obvious that the Economlc Order Quantlty (EOQ) is _"
the best adantlve formula for this model to find the ontlmal
.value of Ql’ Qz, ceeen Qﬁ. Therefore optlmal lot size’of each'A
'jOb will be calculated accordlng to the EOQ formula glven

below.

‘where
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Q; : optimal lot size of job i. 1=1,2, viees N
 Ai:: set—ﬁp cost of job i.

D; = yéafly demand of job i.

hy : ihventory carrying cost per unit pe;‘jea#.

Numbér of manufacturing runs (M) Qf'job/i in year will bhe
calculated adcording to the following,fofmular

.
N, = =

T Q.

-t
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5. RELATIONSHIP BETWEEN INVENTORY LEVEL AND SCHEDULING RULE

\The primary objective of'the.production manager is-to meet
'p;oduction targets both in volume and time, while:controlling
pfoddction cost and inventories etAthersame cime. By holding
largeAinventOries‘he geherally cah meet both volume and time |
targets. Mainteining large ihventories,-hooever, is costly; |

Inventory holding cost can be excessive and a aecline in
demands can easily result in large obsolescence costs. Cost

control thus suggest malntalnlng minimum or low lnventorles.

v$ois'problem of the production manager can be fortunateiy7
vvsolved by>a better SCheduling procedure; One'of thecorimafv
effects of scheduling on lnventory is che reductlon of work-

| in-process 1nventor1es, whlch can be achieved bv malntalnlng
a shorter cycle time through the line. The level of costly
raw material 1nventories can also be reduced by the reductlon
of work-mn—p;ocess 1nventor1es and cycle—tlme w1thout-cutt1ng
prodUction;targets‘AThe effect-of Scheduling rules on work-in

-process is well treated in Conwaj(l)_and therefore will be

omitted here.
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6. SCHEDULING RULES

According to oral a{nd Malouin(2), ,s'chedulii,{g is the ‘task of
ordéring of the operations of jobs on each machine in such a’
 Way>that a prédetefmined criterion of performance is opti-
mized. In general;.the_opﬁimai ordering of operations Oh\éach
machiné for a éiven criterion of performance may héﬁ be any
longer the best ordeting'fqr anothér criterion'bfAperfbrm&ncg.-
?his ﬁeans that'thefcriterion'of pe:fOrmanceishbuld‘bé deter-
'ﬁined before thg éelection of the scheduling:dispétching rule
or rules. However, this'aéprbach:may not,aiways Yield_siﬁple
Echédul%ng dispatching rules, if oné.can.obtain suchla rule
“at all. On the,other’hand; theré'aré some known simple and
.*applicable scheduling dispatching rules which are optimal
with respect to certain ériteria‘of performanée. Some of
these rules dgééribing_tﬁe—fcllowingfmeasures of shop per-

formance. These are

1- Number of-sobs.in'thebshop

2- Job flow time |
3-:Mean>¢ompletion time of jobs
k4—’Méan waiting'time of jqbs

*5= Shop ﬁtilization |

6~ Numbef,of tardy‘jobs in fhe4sﬁop
- 7- Averége tardiness of jobs

8- Maximum tardiness of jobs.

It is difficult to find the effectivéness of'scheduliné rules
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in relation to a given-criterion‘ However in this section
SPT, S/OPN rules and SPT T rule whlch is the combinatlon of
,these two rules will be explained and analyzed w1th respect
to desired crlterla of performance, namely mlnlmlzatlon of

‘work— n-process 1nventory.

6.1. SHORTEST PROCESSING TIME SCHEDULING

Scheduling according to processing time, SPT, creates a
priority rule in which the job with the shortest processing

time is scheduled first.

It is proven that this rule is one of the best for minimiza-

tion of (1)

1- Number of jobs in the shop
vzé Average tardiness of joos
3- Mean completion'time of jobs =
4- Mean'waiting time of jobs in the sho?

5- Number of tardy jobs.

The main disadvantage’of tnis rule'is that it generally pro-
duces a great tardlness in a jOb with a very lOng nroces51ng
ftlme, 51nce lt always gives hlgh prlorlty to the job with the

'shorter processxng tlmes. This is due to the fact that this

rule never takes the due—dates-of jobs into consideration.
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6.2. S/OPN TYPE SCHEDULING RULE

The least—slack-tlme-per—operatlon—remalnlng, abbrev1ated
S/0PN.. ThlS rule gives the highest prlorlty to the job which
has the least—slackftlme;per—operatlon remalnlng, where slack
time of a job at time t is calculatea accofdihg to the fol-

lowing formula:

Q' ) e -t—Pi.
i~ n, :
s i
where
v A Qi :- the slack time per ooeration remalnlng for job i
t Present tlme “
Pi :.Remalnlng processing time of jOb
n, : number of remaining oneration of jOb i.

Example 6.1.

Let con51der two jObS X and Y in a s1ngle machining shop,

composed of both four- operatlons..

Job X (%17 X, x3}'x4), and

Job ¥ = (yl'.YZ'cYB; AR R -

' Assume that both jObS enter the shop at t=0, and let pro-
cessing tlme of le 3; Px2—2, Px3—2 Px4-3, and Py1-3 Py2=l,
PY3=4, .Y =4 unlts of tlme. Assumlng the due-dates of the
jobs to be dx 16 and dy 17, then the slack-time-ver-operation-

remaining of X iS’giVen‘as follows.
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5

Therfore, acCordingth S/0PN rule, the firstAoperation.of job
Y, ¥y, is scheduled first and the operation will take 3 units

of time.

At t=3, the situationlis as follows:
“

‘Job X has waited for 3 units of time and hénce‘the new slack

time of this job'ié decreased'by 3.

_13-10
Q = =7

3
T

Job Y has three more operations to be processed and hence the

' number of remaining operations is decreased to 3.

|
wijwn

Q. =
Since,3/4 is less than 5/3, operation Xl is scheduled next,
-and the machine is occupiéd for three units of time.

- Applying the same procedure to the remaining:operations, the
scheduling is éompleted, and the sequencing of jobs and

tardiness will be as follows

1"Yl‘Xl’Yz‘Xz-y3*X3'y4'X4 with tardiness TX=6 and Ty=?.
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.2;‘ylfxi'yz“x2*¥3’xj-x4-y4 with tardiness TX=2 and:Tyé6

6.3. SHORTEST-PROCESSING TIME SCHEDULING RULE WITH TRUNCATION

PROCESS - _ R s

The examination of above two rules lndicate tnat both the
processing times and the due¥dates of the jobs snould be
taken into the con51deration. The questlon, whether one can.=
fsomehow combine 31mple and useful orderlng rules lnto a new”
orderlng rule, appllcable yet in practlce, whlch w1ll optle

mlze or suff1c1ently nearly ootimlze a de51red crlterlon or

performance is answered by Oral and Malouln(Z) Their rules,

SPT and S/OPN, are converted 1nto a nev one called the ’
. Shortest . Proce351ng Tlme Schedullng Rule w1th Truncatlon

Process (SPT -7 - R

The reaSOn for introducing-SPT4T rule is the simple fact

‘that, SPT schedullng rule is preferable to the S/OPN in ‘terms

of the percentage of jObS that are tardy and mean tardiness,-—

. whilst in the case of varlance and hlgher moments of tardi-
ness, the reverse is true. With these observations it gives a
better result to combine these two tynmes of rules a way to .

- retain advantages of ‘both, but avoid their disadvantages.

6.3.1. Dispatching Rule

~ SPT-T rule introduces the concept of truncation process, with

parameter r, the truncated processing time. Tt has been nre-
N N .
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viously indicated that, when using the SPT rule;,ei, the pro-
¢essin9 time of the néxthimmediate operation of job i is the
deciding factor for assigning priorities to jobs. As for the.
S/OPN rule, Q. the slack—time—per—opetation:remaining fer -
jOb i is the dec1d1ng factor. The combination of these two
rules lmplies that durlng the schedullng process, sometlmes
processing time Ei' and the~rest of the timesﬁthe slack—timef.

',per-eperatiohfremaining Q;, will be the deciding factor, but

?the_percentage use of these two rules can be centrolled by
changing the.value of'the paiameter of the-SPT#T rele ae—

. ‘cording to the characterlstlcs of the job—shop, such as the
number of ]ObS in the jOb—ShOp The petameter r, =o<r<o,
enters the dlscu551on here, and takes a value according to
the cheracterlstlcs.of the shop, and determines whether SPT

1rule or S/OPN rule is used when assighing priorities’to;johs.

-~

The SPT¥T dispatching rule is defined in symbols as follows:

Min(K)

min{si+r,Qi}, for iex
i ' :

where

€. : the processing time of:theAnext immediate operation

i
 of job i
Qi '+ the slack time'per»operatienbrehaining for job i
r : a‘parameter;'-vw<r<°°
:,I‘ : the set Qf the - jobs waiting at:a’machihe center;

According to this SPT-T rule, all the next immediate avail-

able operations of jobsvwith their processing times and the
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slack‘time per opération»remaining of each job waitiné at a
giyen machinercenter are listed. Then'Ktﬁ priority is given
to the job with K™ minimum of minf{e +r,Q,} K=1,2, .... n,
‘Where n is the number of jobs in I. In the case of tie when
qomparing jobs, thé first—come—first-served rule is used;v
i;e,.the job which has waited longest is scheduled'firSt.'
This priorityAassignment_is repeated at the completion of

each single operation.

: -

s .
.o i

Example 6.2.

' .Let us consider again two jobs X and Y in a single machining

shophcdmposed_of two and three operations respectively

=3, P_ =2, d_=7

Job X‘f (23 r%5) le 1 TxaT A Py

Job Y = (yl,yz’,vy3)‘; ‘Pyl=2' l?y2=4», Py3=l'_ dy=12 .
and let,také r=0
at t=0, R P o ,
Min {min(3,1), min(2, 2} = 1 .
-séhedule ¥, for 3 unit of time -

at t=3,

. Min {miﬁ(2,2),-min(2, 2/3)} = 2/3

schedule Y1 for 2 unit of time

at t=5'

Min {min(2,0), min(4,1)} = 0



schedule x, for 2 unit of time
The rémaining operations‘y2 and y3 will schedule.respectiVelY{ -
and the sequencing of jobs will be as
X1TYTETY 7Y
The tardiness of jobs associated with the .schedule above~are_Aw

"~ the following

T

 6.3.2. Criterion of Performance

Oral and Malou1n(2) conclude that 90-95% use of r- truncated
proce551ng tlme when aSSLgnlng prloritles, produce the best

results‘for job—shop scheduling w;thﬁrespect to

.- percentage‘cf:tardy jobe“
- average tardinees
%:variance_of tardiness

- ekewness of tardiness
—?kurthosis'of tardiness'

- maximum tardiness.
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7. SCHEDULING SIMULATION MODEL

Awsimulation model has been aesigned for the purpose of
Studylng the effects ofvthe scheduling‘rule.SPTfT in solving
the‘problems, which have been explained in'preyious chapters.
In this simulation model the actual production;amount of
:Parts Production Plant'invl§81 has been used as real data.
The/main-characteristic of the-system which has been simulated
a;e as follows | B v
vl— The system has 70 dlfferent types of jObS where ‘each job
| is a 51mple sequence of operations, including assembly‘
2- There are 29 machlne centers. Each machine centers can |
_Ahave more than one machlne of the same type. Therefore the
total number of machines in the system becomes 48 when_the‘i
above conditionpis taken,into consideration. Moreover;
a) each machine center is continously availablelfor -
assignnent'A
b) only one machine center is capable of performing'aw
given operation
c)_set-up time for operationshis assumed
'dlvno oreemptlon is allowed
[c) 1nstantaneous transfer to the next machlne center is

assumed.

In the simulation model five tables are needed to describe
the state of the parts production plant. Therefore_a brief
description of the characteristic of each table,is given as



follows:

i~ Job table: This table defines the order of operations

ii-

iii-

N in

‘and the processing time of these operations for each

on idle machines, and that the proper job isdremoved
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job,

Event table: This table keeps tracks of what should

‘happen at future time period; In other words, it retains

the forecasts of primary events,

Machine table: To insure that jobs from queues are put

from a machine and placed in the next queue, it is-
necessary to maintain records on the status of each
proces51ng statlon.‘Thls data is also needed to obtaln
cummary 1nformatlon about each machlne s proce551nq
record (e g. machlne utullzatlon), A
Queues. The focus of thls study is on how to remove jobs

from queues (1 e. waltlng lines) when a machine is 1dle.

'It is necessary to keep track of the spec1f1c jobs in

N

each queue and thelr prlorltv,

Output table- As the 51mulatlon Operates 1t is necessary

to accumulate the data that can produce the requlred

statistics. In this case the output table accumulates
the following statistics.

a) machine utilization

' b) queue position

c) manufacturing run of job‘

d) average tardiness.



This simulation model conSLts of one main program and 10

=~subroutines, flowchart, details, and result of Wthh are given

in this section.

1~

r4r

7.1. SIMULATION PROGRAM

MAIN Program: The necessary data related to the system is

read into the program and the shop is assighed to the

initial condition.

The main function of this program is to find the .type and
time of the event that should happen at the future time

period.

Subroutine CREATE: Generation of job arrival in predeterm-

‘ined time interval is done in this program. Also the due-

date and next arrival time of related job is calculated in
this program. Finally arrived job is transferred to the

machine on which job will be proéessed.

' Subroutine INQUE : This program stores the jobs,'waltlng in

‘the machlne S queues, accordlng to their prlority.

Processing of job starts 1mmed1ately if the machine is

idle.

Subroutine QUTQUE: This subroutine takes jobs out of gueue

. for processing and updates;the position of the jobs which

are left in the ‘queue.



doﬁe'in'this program;
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5- Subroutine ENTER' ThlS subroutine flnds the number of 1dle'

machines of the same type and assigns a jObS to these
machlnes according to the prlorlty of jObS, if there

exists a job in the queue of that type of machlne. The

'c0mpletlon time of the a551gned job is automatlcally

calculated also by this subroutine.

Subroutine SELECT: This subroutine prevents the

unnecessary records in the machine and event table,hby

storing the machine nﬁmber which has the lowest completioh

time'infcomparison to the other machines of the same. type.

Assignment of the machine to the idle condition is also

N

Subroutine'ASSMBL: ThiS'subrcutine is used’fCr-the-

assembled jobs to»control whether their subccmponents‘are
ready to be assembled. If they are all ready then the

assembled job arrival is generated.

Subroutlne PRIOR: Thls subroutlne calculates the orlorlty

of the job accordlng to the SPT-T rule.

Subroutlne LEAVE: The event of job completlon is done in .

this subroutlne. Therefore,the necessary updatlng of

machlne ‘and job record is also done in this 'subroutine.

Controlling assembly structure of job-iS’another-function -

of this subroutine.

This subroutine also controls the operation order of the
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jobs according to the following criteria.

a) If there is 'still remaining operation to be done on
the job, then the job isusent to the next operation.

b) If there is no remaining operation to be done on tﬁe
job’then the manufacturing rﬁn.of the job is finished
and the ﬂob leaves the shop. This case is,prihted_in

- the output.

- Subroutine STAT: This subroutine'ie_used,to collect

i

statistics for queues and machines.

Subroutine REPORT: This subroutine is used to obtain the
'following periodic reports which cover the time from theur~

beginning of the simulation till the reporting time.

a) Machine queue report: This report coVers.the meximﬁm‘
ana average number of jobs waiting in queues. y

b) Machine utilization report: This report covers the
average and the mexiﬁum utilization of the maohihes of
the same type.' | |

c)vJob status report. This report glves the number of
started and flnlshed jObS. | |

d) Average tardiness report: This report covers the average
tardiﬁess of jobs being siﬁulated,

ef Job priority report: This report gives the number of
iobs which'takes either‘aocoraing to SPT or according

to S/0PN rule.



- 42 <

'7.2. FLOW-CHART OF THE MODEL -

The flow-chart of the simulation model .which is explained

" above is~indicated-in'Figure 7.1.

tr




Figure 7.1. Flow-Chart of the Simulation Model
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7.3._'_RESULTS AND POSSIBLE IMPROVEMENTS

The simulation model‘has~been run for a period of one year
utiliZing the actual data obtained from the Parts Production
Plant. The following results of the- simulation runs indicates

the pOSSlblllty of. four major improvements.

i- to decrease the level of work in—process inventory,
ii- to better utilize the machining and ‘equipment,

Siii- to avoid’ slow moving items,

iv- to better plan the production capacity.

These possible improvements will be now discussed in more .

detail.

7.3.1. Work-in-process Inventory

As;explained.in‘previous chapters,‘the system has a high
level of work-in—process inventory: As a result of tne-
application of SPTQT rule to tne system, the work—in—prooess
has decreaSed.more than-SO%;fThe comparison of the simulation
| model with the actual system in_the'plant is given in Table

7.1,

—

lTheAwork—in-process inventory is reduced with theAaid of the
simulation model since shop‘orders‘are released to the floor
just oefore the'production starts andbfinisned with minimum
delay. Tnis condition achieved‘by assiéning-priorities to‘the

jobs accordinq to the SPT-T rule.
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\

" Reduction of work-ln-process inventories will allow a shorter
.cycle—tlme through the line. This w1ll enable more stablllty
in delivery schedules and shorter delivery commltments to
sales departments.'With reduced work—in—prodess inventory and
Stabilized line’the level of cestly finished—goodslipvenrqries
can be decreased. Finished-goods inventory'is'also reduced

by preventingftﬁe.early'éompletion ofvshop orders that

-~ otherwise would be part of finished geeds inventory.

s
v .

The’reductiod of work-in-process-inventbry'leads to'reduction
dr‘raw materia; ipventoryvfor raw materiels are not ailbwed
to enter thedshepvunless‘they arefrequired due to rﬁe féét,‘
job'arrivei times'are predetermined. Raw material inventory»
is also reduced by controlling_the‘Quantity released to the

J shop since‘eptimal productioh quaﬁtity of each part (i.e.

economic lot size of each part)'is,predetermined.
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TABLE 7.1

YT

AVERAGE WORK-IN-PROCESS INVENTORY OF THE SYSTEM

-Timé
Period (Month)

W.I.P, in.

Actual Case(TL)

Ww.I.P., in

SimulatiOnbModel(TL)

84.975.916

1 so;lzo.ooo ’38;418.000
2 61.506;000 | 35,923,000
3 sz.odo.odo 41.648.000
4 ’63;696.006 47.014,000 -
5 82.726.000 55.998.000
6 182.764.000 52.565.000
7 100.864;000 65.470.000
8 115.028.00§ , 52.947.000
9 104.494.000 | Sa.béé;ooo-
10 98.575.600 33.446.000
11 1.95,425,000 37.159.000
12 92,325,000 16.553.000°
Average W;I.P. 44,432,083
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>7.3}2, Tardiness

| The prévious analysis on the systeh has~shown that there
exists too many térdy ﬁObs. Therefore; tardinessvhas been-
'Eaken aé-one_of the criﬁéria of performance offthézsuggésted

' schedulingvrule. The results of the simulatipn‘mbael has |
proved that effective use of the SPT-T rule h#s also decreased

“the number of’tardy jobs and aﬁerage térdineés'of the system

see Table 7.2).
- The frequency'distributions of tardiness before and aftét
~the simulation model are given in Figure 7.2 and 7.3

respectively. -
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TABLE 7.2 -

AVERAGE TARDINESS OF THE SYSTEM

At time

Actual Case

Simulation Model

Pe;iod. iardineés(Hr) g:ﬁgergé Tardiness(Hr) gg?ﬁ;?&gi
S 93 3 3.61 4
2 1113 9A 13.79 17
3 115 S22 29,54 »40
4 149 46 45.12  eéf-
5i 104 86 69.50 94,
6 267 159 89.74 120
7 357 246 113,74 147
| 8 470 280 136.34 167
9 49@_’: 328 168.25 185
10 543 381.> '177;68 199
11 555  .43§ 182,92 205
12 648 483 194.12

211
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7.3.3. Overtime

Reduced overtime is another benefitiof the SPT-T rule‘in_the
System{:In'the:actual case the Parts Production. Plant is
usually working 3 shifts.and sometimes in 2 shifts, but}in .
the simulation model the same - production amount is- produced
by using 2 shifts all the time. Reduced’ working hours
~achieved by the usage of job priority which also prevents the
ineffective utilization of man and machine CapaCltleS. This
result obtained in terms of money saving is 10 million TL
per year~for the company. o

N '

7.3.4, Shop Utilization |

The reduction in overtime, work-in-process 1nventory and the
tardiness of jobs result in overall effective shop utilization
in comparison to the actual case in the Parts Production

Plant.

The simulation model shows that, on the average.SO% of the.
available capacity ispsufficient to make the'parts.ofdthe
'yearbin question. Table 7{3'gives the averagevmachine‘
dutiiization of this system inbsystem in the simulation model.

In the actual case same production quantities is produced by
using almost 100% of the capaCity With the actual;xﬂfonmxme :
one may get the impression that the capacity is fully utilized -
and thereforebvif it is desired to produce more thanvthe

expansion is necessary. This study_shows the contrary. No
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TABLE 7.3

'AVERAGE MACHINE UTILIZATION

Ma}chAi_ne ~Average - . Machine A;rer‘age
Code Utilizat;on(%)  Code Utilization(%)
1 59 15 \ 49'
2 29 16 23
3 14 i7 13
4 | 20 18 17
5 | 88 - 19 22
6 21 a0 33
7 43 21 25
8 »_100 22 26
9 .t43_ 23 24
10 69 24 -9
1i 57 25 . 14
12 23 26 65
vi3 '69  ?7 57
14 »40: 28 13
29 26
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- exXpansion is needed to produce,more but a better utilization
is the answer. This shows the positive effects of the

suggested model (SPT-T rule) on sh0p utilization.

. 7.3.5. Investments

Although the simulation:model shows that the average_h
' utilization of the capacity is low, there are some machines
whlch are rather overloaded where as some are underutlllzed
The overloaded machines have a great effect on hlgh level of
work-ln-process and tardiness, Therefore the simulation modelr'
can be used as an indicator for the investment plan related
with the Parts Productlon Plant e, g machlne number 5 and 8
have proved to be overloaded in the run made with the actual
data. Another run of the program has been made w1th an |
increase in the capac1ties of machlne number 5 and 8 whlch :
~has resulted in apparent decrease of the averace tardlness of
the jobs and the 1evel of work—ln—process 1nventory The case
above. has been discussed with ‘the plant manager and,lt has
been justified that the machineS‘shown to be overloaded~in
the 51mulat10n model are also overloaded in practlce.,In fact,
extra machlne, performlng the same operatlons are bought to
overcome thlS problem. Therefore the 51mulat10n model is valid

approach for the future 1nvestment plan of the system.,
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8, IMPLEME_NTAUON PROCEDUREv'

The scheduling and control of work actually on the shop floor
'is ‘a complex and demandlng task In most large shops there

/:are hundreds of job orders in process at any given time. Thus

. there is not only the problem of the limited caoacity, but

also the oroblem of shop floor control.

uany management'problems'are Caused by a lack of up-to-date
1nformatlon on  the status of jObS in the shop. Often even the :
-location of a job 1s not known, let alcne whether 1t is ahead
br behlnd‘schedule and what work remains to be done. There-
fore in this seotion the implementation procedure of the

~SPT T rule w1ll be explalned to provide a well designed dis-
patching and shop control system (See Flgure 8.1), and it
’=.w1ll be seen how a well de51gned dlspatchlng and shoo floor
control system can help to organlze and ratlonallze the flow
of jobs through the shop, and to ensure that the rlght jObS
vare being worked on at all tlmes. It w111 be also seen how a
well desrgned dlsoatchlng ‘and shop control system can greatlv-
: a551st management 1n the contlnuous decision-making, process
that is required to keep a'shop running i.e. in controlling -
.the level of work-in-process inventory,_tracking down troukle
"some jobs, and spotting difficult situations before they de-

velop.
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8.1. DEFINITION OF JOB

Definition of job is the mést important stage of this'
implementation because all decisions related with schedullng
w1ll be done under the basis of job. It has been Dreviously
defined that, the optimal quantitles of each Dart in each.
'manufacturlng run will determlne the "job" of the system; and
it w1ll be calculated accordlng to the EOQ formula Thelr due
’dates and number cf manufacturing run in year will be also
obtained by the use of the same formula. The detalls of thlS
act1v1ty is explalned in’ Sectlon 4 l therefore only the main

A ‘formulas of this act1v1ty will be given here. These are;

1- Optimal lotisize?of jobi

2~ Number of manufacturing run of jobi in year
i
Q4

N
3- Due-date of jobi

.Ti=

aly

Thevcycle length of'job:corresponds its due-date, because it
has been previously indicated that the demand is deterministic
and uniformly dietributed'0ver.the months throughout the year.
Job arrival will be generated at the heqinning'of-the oycle

length of jcb.
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8.2, FLOW SHOP CONTROL SYSTEM

Priority shop scheduling requires valuable information because
all decisions related with job priority are done according

to the infcrmations related with current'position of-the

shop. Therefore the design and control of these informatione
are very important as well as the_selection df echeduling |

rule,.

[
-

There will be‘twc!types of'information for each'schednled

jOb The first one will contain the fixed information of jcb
(See Figure 8. 2) and it will be used over the whole production
year., The 1nformat10ns on this card w111 ‘be prepared by the
Production Planning Department -at the beginningpof production

year.

‘_The,second one will ccntain'eome informetiOns'frcm the first
- one andhscmefinformation from the current positicn of shop |
(See Figure 8. 3)'such'as the first second.and.fifth columns
of Figure 8.3 completely depend on the informatlon of Figure
‘8 2 and they do not change, but the remalning column of the
‘Figure 8.3 must be updated at the end of each_operation
especielly slack time Wiil be.'Therefore the'infcrmations on
Work Order Card (Fig.8.3) will be contincusiy updated to keep
 the prioritiee end job status current. With current inform-
ation on job stutus and priorities available in readable
formldiSpatchers or foremen can be provided with lists showing

~the current location and priority of all jobs in the shop,.
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Demand

Job No
| Job 'Name Lot size
Oper.No. Machine No. [Processing Timel Set - up Time

Figure 8.2~ Job Information Card.
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Job No ) = | } Date

N W/0 No: I
Production Amount Latest Start Tim
Total Proc.Time S Date to be Finished

Oper.No. [M/C No.| Date ~ Date 'Processing |Slack Priority
s : E

Started|Finished|&Set-up time|Time

Figure 8.3~ Work Order Card.
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If these lists are sorted by machine or work cénter (each

machine can be thought as a work center), the man on the

shoop floor has not'only a picture of all jobs in each machine'

~ queue, but also information that will enable him to maké»gqod
decisions on which job to run next by using the SPT-T rule

which is explained in Chapter 6.

Figure 8.3 also contain theiiatest start date of job which
from its due-date. This information-will used when’iEicomes-
to be crit;cal means, current date is equal to the latest
start date. In this case this job will take high priority in

. each machine but this will occur rarely, in situations such

as ‘missing materials tools documents or machine breakdown.

is calculated by subtracting the total processing time of job
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9, CONCLUSION

The application of SPT-T rule to the Parts Production Plan£

of Cimsatas would provided not only a cost advantage.due to

decrease in the level of work-in-process inventory and

efficient shop utilization but a systematic and a better

approach  for job shop scheduling as well. The high level of

work

1n-process 1nventory observed has been decreased by 50%

whlch amounts to 30 million TL. per year The total. sav1ng

implied by the suggested model is 40 million TL. per year

when overtime has been:reduced from 3 shifts to 2 shifts. In

‘addition to the cost advantage there are also intangible

benefits that would have been realized. These are as follows.

i-

ii-

iii-

A better shop control system can be established by the

use of SPT-T ;uie, that is, controlling the level of

work in process inventory, tracking down troublesome

jobs, and,finding out difficulties before they develop.

This shows that SPT-T rule is a practical and flexible

method to be applied to such a system.
Average-nnmber’bf taray jobs has been decreased by 55%

and the average tardiness by 70% due to sequencing'the

jobs by using the SPT-T rule.

L

It is possible to 1dent1fy the machines which are
bottlenecks in productlon system and hence to 1nd1cate 

technological needs for investment plannlng;

‘in this study, the value of the parameter‘r for SPT-T rule



R §

‘has been assumed to be zero. It is, howéver, possible to run
the simulatibns‘for different valﬁeé of r until én
_appropriate value of it is founded. Under the preﬁailing '
conditions, at the plant this has been‘observed'té be raﬁhe:
difficult since it would hé?e been compliéated the impiemen€~‘
atioh. Thisvfeéture qf_tHeAscheduling rﬁlé ﬁés béén left-té

a later planning period as a strategic decision in order to

-
-

first:implemeht the very basic scheduling rule at the plant.
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 APPENDIX A, USER'S MANUAL

In this section input and output variables of the similation

model will be explained.

" INPUT VARIABLES

NJ

. NM

SMTM

MO
JINC
NA
TOJ

PT

00

DD

 NMR

JA

AS |

‘ST

.”"” e L L) 1l L1} (1] LL N [T I .. (1]

Number of job in the shop

~Number of machine in‘the shop

Simulation time
Max1mum queue capac1ty

Perlodlc report tlme

Number of aesembly job in thevshop

Total number of operation array of each job =
Processing time matrix of jobs |
Operation order matrix of jobs °

Array of availableAmachine capaeities'
: 3 : .

Due-dates array of jObS

Number of manufacturlng run array of each job
Totalrproce551ng tlme array of each jOb.

Array of number of'subeoméonents.existing in each
assembly structure

Assembly structure matrix‘

Job number matrix ofveubcomPOnents existing in each

assembly structure




OUTPUT
'MS

Q0
MM

@)

e

JOB
MIN

OR

' DDT

" RPTT
_BF: 

BFF

LL1
LL2

_RT

VARIABLES

Machine statistics matrix
Queue'statistics matrix

Machine matrix which contain job number

A quege'matrix in which jobs 'are waiting accdrding _

to a given priority rule

A métrix_which éonéains com?letion time of operations
in each corréspondiné machines

An array in which the job numbers correéponding té
each batch is stored;

An array which contains the priority given fd each
batch |

An array whichAchtains thevoperation rénk number

Due-date érray of each batch

Remaining processing time array of each batch

Array of manufacturiﬁg run finished

Array of subcomponehts finished

Number of jobs>that~todk priority accordina to the.
S/OPN rule - o |

Number of jobs that took priority according to the

SPT rule

'Ready time array of each batch
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REPORT (CL.OCK M -
4 : JkTE FRA:A—?)r VoD KKK ) o e e
MMON TOJ(70) ¢ PT 7ﬂ-?ﬂ).0q(70-2n MC (20) 70D ( PMMR(70) 9 RPT(70) N
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*MIMN(429)0R uz“)rDDT(q?n),QpTTrlpo),np(70y,5 F(70),A§(7n'?)y -
¥ST(15105) 0 JAC15) 4MA LT LLD e o
- REAL =AVA; AYMs AYTARD. 20 5 = _ 3
. PRINT J#CLOCK . :
;1;ggn¥é111?1ﬁ4//rzoxv'fUMULATIVF STATISTICAL: PEpnnT SATTINE 03X, 15).
PESRR T AT o P Beuy B R & I B I e o
CALL STAT (N0, T+MC 0 rCLOCK) >
- CALL STAT(MS, IvvrvlvaocK),
15 COMTINUE " =
BFT=0
b RFT+R
F.

.0 MU . :
Dp {\ N Do VI Iy ‘ - " N v - oo oIS
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*ééox.vCoDEr'3x',MACH.AVAIL,.va.HTTLI7F 12X UTTLIZED ¢ /) »
0.8 T=1eMM ol - » AR
: AVM:FLOAT(”S(T' /FLOAT
PRIMNT 7»1+MC(1) MeMS(T
7 FORMAT(/,11XrI3,7Y% A{ZK .
8 COMTINUE — 7 -
PRINT_ 9 .. -
9 FORMATI(/7//010%
o DOy Iz1eMY o
: INMT 10.TeFECH
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INSAAT MAKINELERI VE AGIR 1§ KAMYONLARI URETIM TESISLERI1

En bilyiik ve modern teknolojik imkinlarla, insaat makinelerinin ve agir i kamvonlarmm iiretilmesi i¢in kurulan bu tesislerde,
paletli ve lastik tekerlekli yilkleyici ve paletli dozerlerin firetimi icin CATERPILLAR lisansy; damperli kamyon ve treyler
cekicileri diretim igin MACK TRUCKS Inc. lisans: kullamimaktadir,

CiMSATAS hmtmamﬂmkxmy&mﬁmrwmmmmwmmhbmu
makineleri thtiyacmm kargilanmam smaglanougtir. 1981 yilinda iiretilmesine baslanan CIMSATAS “955L" tipi yiikleyiciler
bugiin cegitli (ilkelerde bagariyla girev yapmaktadiriar.

CONSTRUCTION MACHINES AND DUMP TRUCKS PRODUCTION PLANT

Production of wheel and track type loaders and dozers are made under the license of CATERPILLAR TRACTOR CO.Production
started in 1981 with 955 L Traxcavators. 953 Traxcavators are scheduled to be produced in 1982.

Production of dump trucks and highway tractors will be made under the license of MACK TRUCKS INC.

This plant is capable of supplying the neighbouring countries with its products.

Through the use of the most sophisticated

Tl e e
JIMSATA  capacity for your

_L,'L Y l

I

B R

i

,'.\ '
o S T —

O L




BDQWG@C

J-DL@UW

ﬁDI@UMf

B o

.D i
seieicield ¥

g | @D--
aDIDI-:
g--@-c

oy s

@@

_9@@‘

g e ot

i

 GE[E]

.M?'mﬂ%%' Gcccccc

SEIEEE]

g

N , e o
a{{ (o2& BlEie.
= e — : N

i |

--@;w.~- | o] isalnge
@@ %3:\?- .:;| L ,'L._ ‘ g fi; g FELH ., \-f e
égjjﬁjﬁ |

. v 4 AO0 Py

CICEE
CREE
@&
@{__:J cJG
7@@M
ElelElE
fl‘::::-_t U @ ;@ [
D . l{_’,l@m
@@
joceke
B E)E)
S]]

) N )L S T Jie)

R el T

-



DOVME PARCA ORNEKLERI/ SOME FORGED PARTS
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Cukurova Insa analan
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CIMSATAS JUKUROVA INSAAT MAKINALARI SANAYIVET!CM‘: 8. o
BIR CUKUROVA HOLDING KURULUSUDUR. Rl T ]

(IMSATAS CUKUROVA INSAAT MAKINALARI SANAYI VE TIC i

1S A CUKUROVA HOLDING COMPANY.
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CIMSATAS CUKUROVA INSAAT MAKINALARI SANAYI VE TICARET A.S.

Head Office/Plant : Mersin-Tarsus Karayolu1l. Km P:K. 634 Mersin-TURKEY
Genel Miidiirlik/ Fabrika : Telephone: 90-741-14660 Telex: 67256 CATA TR

istanbul Office : Biiylikdere Cad. 14/5 P.K. 124 Sisli Istanbul-TURKEY
Istanbul Birosu  : Telephone: 90-11-462813/90-11-474168/90-11-484258
Telex: 23 585 CKE TR / 22 693 CADA TR / 23345 CCE TR
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