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A BS T R-A C T 

This thesis deals with the implementation of the Shortest 

Processing Time Scheduling Rule with Truncation Process 
" (SPT-T) at the Parts Production Plant of ~ukurova !n$aatMa-

kinalarl. Sanayi ve Ticaret A.~. (~imsata~) to improve the 

performance of' the plant by: 

1- Decreasing the level of work-in-process inventory 

2- Better utilization of the machine centers 

3- ,Realiz~ng higher inventory turno~er 
4- Decreasing the number 'of tardy jobs. 

:E'or this purpose, a general simulation model has been deve

loped for a multiproduct, multifacili1:7y and deterministic 

job-shop scheduling system to study,the effects of the SPT-T 

rule on -the performance of the plant. 

'The actual data from the Parts Production Plant were used in 

the simulation 'model in order to better compare the act':lal 
-

, performance with the one given by the model. 'rhe comparison 

of the tvlO sets of results thus obtained suggests that it is 

,possible to 

i- decrease the actual ~l()rk-in-process inventory 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%, 

iii- utilize the shops 50% better than the ac .... :ual case, 

iv- identify the machines which are bottlenecks in produc

tion system and hence to indicate technological needs 

for investment planning. 
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tJ Z E T 

Bu tez SPT-T tipi i~-~izelgeleme kuralin~n uygulanmas~yla, 

C;ukurovatn~aat Makinalar~ Sanayi ve Ticaret A.$. (C;imsata~) 

Par~a tlretim·Tesislerininperformans~n~' a~ag~da belirtilen 

sahalarda geli~tirmek arnac~yla yap~lrn~?t~r: 

1- Ara stok duzeyini azaltmak 
! 

2- Makina kapasitelerinin daha iyi kullan~m~n~ saglamak 

3- Daha yuksek stok de vir hl.z~ saglamak 
. " . 

4- Art~sal gecikmeli i~lerin say~s~n~ azaltmak. 

SPT-T tipi i~ ~izelgeleme kural~n~n soz konusu Uretim tesisi

nin performans~ Uzerindek~etkisini gormek amac~yla ~ok urlin

lU, ~ok tezgahl~ ve gerekirci tezgah ylikleme sistemi i<;in bir 

benzetim modeli geli~tirilmi!?tir. 

Toplanan verilere gore ~al~~t~r~lan benzetim modelinin soriu~

lar~ ile uretim tesisinde gozlemlenen performans kar:ala?t~

r~larak: 

i- art~sal gecikme iizerinde istenmeyen sonu<;lara neden 01-

madan ger~ek ara stok dnzeyinin% 50'den faz1a aza1t~1-
mas~n~n, 

ii~ ortalama artisal gecikmenin % 70 ve art~sal gecikmeli 

i!?leriri say~s~n~n % 55 oran~nda azalt~lmas~n~n, 

iii- sistemden yarar1anma oran~n~n % .50 artt~r~lmas~n~n, 

iv- uretim sistemindedarbogaz yaratan makina~ar~n saptanma

S~ ve boylece yat~r~m planlamasJ. i~in gereken teknolojik 
gereksiniinlerin belirlenmesinin 

mumkun olabilecegi goriilmii~tlir. 
() 
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I. INTRODUCTION 

In this thesis, a real life n/m job shop scheduling problem 

at the Parts Production Plant of <;imsata:;; has been studied'. 

It has been observed that one of the main problem of the, 

existing plant was the high level of work-in-process inven

tory, which has an average value of 85 million TL per month. 

In addition to the high level of \'Tork-in-process inventory, 

! there are others problems such as: 

1- Low stock turnover 

\ 2- Underuti1ization of man~machine capacity 

3- Increase in the nurnberof tardy jobs. 

Therefore, in this study, the emphasis has heenan'the pro

duction scheduling in order to improve the existing undesired 

situation. 

The result of this study suggest that one first has to deter

mine the economic lot si ze s of the parts to be produ,ced 

(jobs) and then'to sequence the jobs thus defined in accord

ance with the selected scheduling rule SPT-T. More spec1Ji

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 
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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 proposed scheduling rule SPT-T on the perform

ance 6f the nlant. The simulation results indicate that it is 
~ . . 

possible to improve the performance' of the production system 

with respect to work-in-process inventory level, average 

tardiness, shop utilization and capacity planning. 
~' 
.. 

It is shown. that the level of work-in-:process, inventory can 
I 

be decreased by more than 50% without causing any unfavour-
~ '\ 

able effects on tardiness, since number of jobs in the system 

are decreased by assigning 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 

average tardiness 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 i~the 



- 3 -

system~ The detailed definition of these problems are g-iven 

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 

impacts on the system are explained in Chapter .6. 

~he effects of ~he SPT-T rule on the performance of the shop 

is expla·ined in Chapter 7 by the use of simulation model, 

results of which are compared with the actual case. , 

The implementation of recoITIrnended orocedure of .this study on 

the' system is explained in Chapter 8. 

( 

r') 

. I 
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2. CHARACTERISTICS OF THE MANUFACTURING COMPANY' 
. . . 

This section summarizes the generalcharacteristic~ of the 

manufacturing company under study· namely, 'company products, 

production facilities, and technology in use, main markets 

and other prope.rties related to the production-inventory.· 

system. 

a.l. COMPANY PRODUCTS 

Gukurova !ngaat Makinalar1 Sanayi ve Ticaret A.~. (in short, . 

<:imsatag) is a leading automotive company in Mersin, with its 

. own Foundry and Forging plant. G:!-msatag is producing 

construction machines and their parts. The present annual 

capacity of this fp.ctory is 300 Track loaders and 1500 

Complete undercarriage parts for all crowler-type co~ction 

machines. The undercarriage parts produced in.this factory is. 

classified as fol10\"s, 

· Pins 

· Track Link Bushings 

Track Links 

· Track Shoes 

Track Roller Shafts 

Track Rollers 

Track Roller Bearing Assembly 

· Track Roller End Collars \ 

~ Sprocket Segments 
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• Front· Idlers 

• Track Link Assemblies 

C;imsata~ is also supplying various automotive companies in 

Turkey with rough forgings and castings; machined and head 

treated compon~nts. 

At the present, casting, machining and heat treatment of the 

above products are performed at the existing facilities. 
~ 

'However, the blue-print and technical specifications of these 

products as well as the technological know-how are provided 

tly the Caterpillar Tractor Company under licenseaqreenent. 

2.2. PRODUCTION TECHNOLOGY AND FACILITIES 

The oroduction facility of C;imsata~ which covers a production 

area of lS.OOOm2 consists of the followinq plants: 

1- Parts Production plant 

2- Machine Assembly plant 

3- Forging Plarit (due in 1982) 

4- Foundry. 

['0 give an idea about the· production technology and facilities 

at this factory, a brief explanation about Cimsata9 0uality 

Control Laborotories, Engineering Design Office, and Tools, 

Fixtures and Dies Production Department \'7ill also be orovided 

in this section. 
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2.2.1. Parts Production Plant 

This plant produces undercarriage components and various 

parts for construction machines. This plant is divided into 

two main facilities. 

'i- Machining Facility 

ii- Heat Treatment Facility 

~w material enters the machining facility in the form of 

rough forq~pgs in case of forged parts, rough castinqs in 

case of cast parts, and in the form.of steel pro~iles and .. 
bars in case of shoes, pins and bushings. These materials 

go through the machinery operation on various special.turning, 

milling and cutting machines in· this facility~ 

The second facility of this plant is the heat treatment 

facility. It is under the same roof with the machining 

facility. All kinds of heat-treating' (hardeninq, tempering, 

stress relieving, normalizing, annealing) operations are 

done in ,this facility. The temperature-controlled, electric

heated roller hearth,' special-purpose heat-tre'ating furnaces 

are used in these operations. 'This plant also has gas 

carburizers, flame hardening units, and induction heating 

units for ha~dening operati6ns of Darts. 

Materials handling in this plant is carried out in baskets' 

between the ~achining centers. Without this operation 

'," small mass production" (which is thought to be the most 
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suitable type of production in the existing plant) would 

stop. In order to provide for future materials handling 

requirements, the machine layout is arranged so that a 

conveyor system can be installed later on The detailed 

descriptiopof this plant i.e., productiqn facilities and' 
, 

machine layout is given in the Appendix. To qive.anidea of 

the production process at this nlant, a typical product, the 

link, will be taken as an examnle. The production'of link 
~ 

consists of the'followin~ staqes. 

• Milling , 
• Direct Hardening 

Links are heated to austenizinq temperatures in electric 

heated roller hearth furnaces and quenched 

• Quenched links are temoered in electric heated roller 

hearth furnaces to accomplish 'the desired hardness level 

. Surfaces of the links which are iri contact with the 

rollers are re-hardened in snecial induction heatinq 

equipment to a higher hardness value, in order to minimize 

the wear of the surface 

• Boring 

'. B~oaching 

Quality Control. To ensure the.productionof hiqh quality 

links, tensile and impact tests are performed at every 

stage on the producti~n line. 

The other products also go throucrh similar production 
(--; 

processes and quality control tests. 
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2.2.2. MachirteAssemb1y Plant 

Construction machines are made in the Machine Assembly Plant. 

Production started in 1981 with 955L Traxcavators. Track type 

tractors, wheel loaders, motor graders, dump trucks,and 

highway tractors are also planned to be assembled in thi.s 

plant. 

The source of raw materials and parts for the above products 

cpn be classified in three groups. 

1- Parts Production Plant of the Company 

~ Local Suppliers 

3- Imported Parts. 

Presently the raw material and various parts of the 955L 

Traxcavator are being obtained from above sources. The parts 

thus obtained are assembled. by using adjustable fixtures .and 

too1ings in the following production and auxi1iCiry facilities 

of this plant. These are: 

• Manufacturing machine shops for several parts of the 
I 

products 

• Plate and sheet metal workincr and profile forming shoos 

• ~'le1ding areas 

Heat treatment areas 
., 

• Subassembly sections 

• Wash and paint areas 

Tools and fixtures manufacturing and maintenance shops 
r''j 
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Quality Control department 

• Main Assembly lines for 

•• Track-type construction machines 

•• Wheel-type construction machines 

Lift tracks 

•• '..:Track . and., 'highway tractors 

• Performance tests area 

• Materials storage buildings 
~ 

/ Spare parts,' tools arid fixture storage bui1dincrs 

• Mechariical and electrical maintenance department 

."Boi1er and central heatina facilities 

• Transformer substation. 

2.2.3. Forging Plant 

The construction of the forginq plant is progressing rapidly. 

The forging plant is scheduled for op~ration in 1982, with a 

capacity 'of 12.500:tons/year. 

This plant will supplies rough 'forgings to the Parts Production 

Plant mainly for the production of undercarriaqe parts. Rough 

forging requirement of various automotive industries will also 
. 
met by this plant. 

In this plant, production will be enti'rely made, on 4500 tons 

and 2500 tons mechanical maxi-presses where billets are heated 

by inductionheatinq equipment. The annual forginq production 

capacity of 12.000 tons will be increased in the future in 
() 
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order to be able to meet the increasin~ demand for hi~h 

quality rough forgings of the automotive industry. 

All dies and fixtures used in this plant will be produced in 

the Die Making Department of " <;imsata§l. 

2.2.4. Foundry 

Gimsata§l Foundry was started up in 1979 to provide auality 
: 

castings I for the Parts Production Plant and automotive '."" 

industry. It can produce castinqs of alloy and non-alloy 

S't:ell, 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 tests of every types of castinas are 

performed in quality control iabs to meet hiqh Quality 

requirements of Parts Production Plant. 

2.2.5. Quality Control Laboratories 

Gimsata~ 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 through wet methods as well 
() 

as by use of the most sophisticated equipment like emission 
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spectrometer. 

The parts produced in ~imsata9 are .tested for their mechanical 

properties such as tensile/impact strength and elongation. 

Facilities are also available for microstructural analysis, 

non-destructiv~ testing and hardness measurements. 

2.2.6. Engineering and Design Office :: . 

. 
This office is responsible for preparing efficient nroduction 

methods for all units. 

Designinq of tools and fixtures,developing prototype 

production and realization of expansion projects are also 

among the responsibilites of the EngiI1eering and Desian 

office. 

2.2.7. Tools, Fixtures and Dies Production Department 

,. 

The most up-to-date machinerv and equipment may.i:le.found in 

this department of the factory. Dies of the most comnlicated 

forged components will be produced in this department with 

the use of precise copy milling, pantograph milling. and snark 

erosion machines. 

Various dies and fixtures for machining and heat-t!eatment 

operations are produced in this department with the highest 

precision. 

('J 
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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 E1ectricitY'Department (Y.S.E) 

• State Highway Department (Y.C.K) 

• State Hydraulic Department (D.S.!) 

• Land Water Department (Toprak-Su) 

2- Private Sector 

3- Armed Forces (Army, Air'Forces, and Navy) 

4- Provinces and Municipalities. 

The public and private sectors are the largest users of the 

construction machines. They obtain the machines either 

-directly from the manufacturers or through their aqents;they 

can also obtain the machines from the domestic market. 

The machinery owned by the Armed Forces is mostly provided 

through foreign aid. 

Provinces and Muriicipalities obtain their machinery mostly 

through donations. 
{J 
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All the above sectors use construction machines in different 

areas for various purposes. Table 2.1 shows the distribution 

of this usage according to sectors. 

TABLE 2.1 

USAGE OF CONSTRUCTION ~.ACHINES DISTRIBUTION 

ACCORDING TO SECTORS 

SECTOR PERCENT 

Irrigation (Village Deve loprnen t) 37 

Road Construction 20 

Hydraulic Works 18 

Mining 13 

Forest Road Constructlon 10 

Others· 2 

TOTAL 100 
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3. DES.CRIPTION OF THE EXISTING PRODUCTION-INVENTORY SYSTEM 

This section describes the existing production inventory 

system in "Parts ,Production PaInt". for which agqreqate 

production planning is made on the basis of customer orders, 

inventory, and production caT:lacity. In addition, a brief 

explanation of the 'interfunc,tionaldependencies in the 

organization will be qiven, such as the" interactions. between 

tpe functions of production"marketing, and procurement, and 

so on. 

3.1. DEMAND 

The:d~mand which is used in deterrnin~ng the production level 

of "Parts Px:oduction Plant" can be class"ified in two qroups 

1- Demand due to the Machin'e' Assembly Plant 

2- Demand which comes directly from the customer 

a). For finished,products (e.q. Track Link Assemblies) 

b) For semi finished nroducts (e.g. Subcomponents of the 

finished products) Now details follow. 

3. L 1. Demand Due To The r.1achine Assembly Plant 

All of the undercarriage parts of this plant are supplied by 

the Parts Production Plant. Since the only product of the 

Machine Assembly plant is the track-type loader presently, 

the production amount of this product deterwines the ~hole 

demand,' ~or undercarriage parts, which coroesfr,om the ~'1achine 
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Assembly Plant. 

The number of track~type loaders which will be produced during 

a period of one year is determined generally two or three 

months before the production period, and distributed over 

months. This data, which is transferred to Parts Production· 
. . 

Plant, determines the quantity of. finished products to be 

supplied to the Machine AsseI!1b~y Plant. These finished 

~oducts consist of several subcomponents, which are 

assembled in Parts Production Plant to form the finished 

p~rodtict. Therefore the main demand, which comes from the 

Machine Assembly Plant, consists of these subcomponents. The 

production of these.subcom1?onents are calculated according to 

the followinq"fol:mula 

D.=a .. xP. 
~ ~J J 

·where D. 
~ 

Quantity to'be produced of subcomponent; 

(1) 

Amount of subcomponent used to produce one unit of 

the finished product; 

p. : Demand for finished product. 
J 

The above formula gives the quantities to be produced of 
. 
sUbcomponents in a given period and these quantities are 

uniformly distributed over the months throughout the year .. 

3.1.2. Demandl'lhich Comes Directly From The Customer 

The forecasting of the demand due to customers is done bv the 



" 

.' 

.;.. 16 -

sales department. The expected sales for the fo11owinq year 

is estimated by this department and the results are conveyed 

to the Parts 'Production Plant at least two or three months 

before the beginning of the following production period in 

the form of 

i- Demand for finished products: As explained in the 

previous section finished products 'consist of several 

subcomponents,. and therefore the expected sales of 

finished products determine the production levels of 

subcomponents according to the explanation and Formula(l) 

in section 3.1.1, 

ii- Demand for semifinished products (SubcomPl:ments):. In ·some 

cases there is a demand from the market for the sub-

component, mostly from the users of the finished products. 

Therefore the exp~ctedsales of subcomnonents as spare 

parts is .. directly taken as the quantity to be produced by 

Parts Production Plant. 

3.2. AGGREGATE PRODUCTION PLANNING' 

The term II aggregate production'planning"is ahlays concei~7ed 

as some sort of capacity study, where current man and machine 

. capacities would be established. It is si9nificant'to know 

what the capacity, capability and notential of a job is. But 

the important question before determining capacity availability . - -
is to determine. the capacity requirements. In other words, 

how much capacity is needed. 
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The aggregate production planning in·Parts Production Plant 

largely depends on how·men and machines are actually utilized, 

i.e., how these resources are scheduled. The main rout:i,nqs of 

list of the operations required to meet the production demand 

wi th the standard man and machining times of each production 

part associated with each operation. However the existence of 

inventories in this system, of cour-se,has another impact-on 

aggregate production planning.- For example, the parts of which . 
the raw materials can not be obtained from local or foreiqn 

suppliers, are not taken into the production program. 

The minimum economic lot size to benr6duced of each subcomp-

gnentwhich is determined by the production department is an 

another impact on Aggregate Production Planning. The parts of 

which the demands are less than the minimum economic lot size 

of produced parts are not taken into theproduct1on proqram. 

The production capacity (Man, Machine, and-Eauipment), and 

requirements of the Parts Production Plant are the main .inputs 

to the aggregate production planning. The followinq inform

ation flow figure shmvs this relationships. 
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Engineeririg am. 
Mariufacturing 
Infonnation 

·Deinand 

Production· 
Capacity , 

, 

,if 

Aqcrreqate 
Production 
Planning 

, 

The engineering and Hanufacturing Information,· which is, 
., 

prepared by the eItgineering and design department, .. consists 

of the following necessary data on each·part. 

I-Necessary operations.and manufacturing list 

2- Processing time of operations oti machines 

3- Set-up time of machines for different operations 

4- Raw materials requirements. 

The Production Planning Denartment determines the number of 

man and machinina hours required to meet the demand (Customer 

and Machine Assembly Plant demand) in liqht,of the above 

informations. This process in known as "Planning Canacitv 
r J I +. 

Requirements ll where 0 tentative plan to show the required 

capacity is included. This is then compared with the available 

capacity in order to determine whether or not the nr~?uction 

demand can be met. In this plant, the problem of capacity 
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during the aggregate production planning has not arisen, since 

there has always been idle capacity in all machines excent 

for one or two. So in the be~inning of each production period, 
, '- \ 

the required capacity is always available. When the capacity 

requirement exceeds the, available capacity, there are 

basically. three alternative solutions. 

1- Baying new machinery and/or hiring personnel 

~- Use of overtime 

3- Use of subcontractor. 

rn the agaregate production planning; the nlIDlber of man are 

generally calculated according to the number of machines; 

e.g. one operator for each machine is always'provided in each 

shift. Man and machine capacities are aLso allocated with a 

margin of tolerance of lO,percent. 

In aggregate production planning the following procedure is 

followed for the allocation of each machine: 

1- Estimate the necessary operation time (Tl) of the machine 

required to meet the demand in the production year. ~his 

is always estimated by adding the operation times o.fthe 

parts which t,.rill be manufactured on machine. 

'2- Find the available working hours (T2) in the productidn' 

year. 

3- Find the available machine hours (T3), by usina the 

following formula 
rj 
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where Nl Number of machines of the same type available 

in the plant for the year. 

4- Decide on the number of shifts (N2) per day to meet the 

required operation time of the machine (Tl) so that the 

following relationship is satisfied: 

, N2 = 1,2,3 

If the above relationship can not be· met with the available· 

capacity, then either buy a new machine or use a sub-. . 

contractor. However, the latter-rarely occurs. 

5- Find the required number of men for the machine (N3) by 

using the followinq formula 

N3 ;" Nl • N2 

6- Find the available operation hours (T3 ) according to the 

following .formula 

The above procedure is applied to all machines which exist in 

the system, to find the total available and utilized man aDd 

machine time s. 

3.3. SCHEDULING 

This is the activity that determines the overall production 

plan on the basis of months over the production year. After 

the total nroduction amount of each oarthas been'determined, 

and· capaci ties have been nretty well fixed, sch~dulinC1 activity 

assigns oroduction capacity to individual products. 



- 21-

The demand which comes directly from customer and from the 

machine assembly plant determines which parts should be 

produced when, and all scheduling is done accordingly. After 

this step, all of the scheduling decisions are taken by the 

Production Planning Department to minimize deviation from due 

dates, but because of inefficient use of the available 

capacity, this objective can not always be achieved. This 

occurs due to lack of ,scheduling policy, and therefore most 
! 

o'f the jobs are completed before or after their ,due-dates. 

In this plant, if the available man and'machine capacities 
~ 

are less than the work scheduled for a given week or month, 

either the workers do overtime or some of'the current month's 

work is "pushed ahead" to the following weeks or months. If 

the available man and machine capacities are for more than 

the work scheduled, some work is "pulled back" from the 

follo\ol1ng months in order to fill up the idle capacity. Since, 

schedulina 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. 

9.4. INVENTORY 

t<1hen the inventory system of this plant was analyzed, it was 

found that the stock turnover of this plant is very low, i.e., 

the value of stock in hand is very high when compared \07i th 

sales. The reason for this low turnover is analyzed by 

classifyinq the system into three main groups~ 
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1- Raw material inventory 

2~ Work-in-process inventory 

3- Factory overhead inventory. 

Raw materials inventory covers 40% of the total inventory. 

The raw'materia1s demand of this plant is_satisfied in 

relatively larger quantities than needed, especially to 

avoid raw materials short'ages, and also to obtaihquantity 

~ice discounts, and to keep shipping costs low. The Quantity 

and timing of the purchasing of raw materials is not based on 

~ certctiri inventory model, but it is usually done quarterly. 

The main reason for keeping large raw materials stocks and 

not usinq an inventory model is the present situation of the 

raw material suppliers in Turkey, Le., capacities of 

suppliers being unstable. 

The second and most valuable nart of the inventory system is 

the work-in-process inventory which covers 48% of the total 

inventory (It has a value of more than 80 million TL). The 

work-in-process inventory beina very high is due to 

unscheduled production program of finished products, which, 

r'esu1ts in idle inventories between machines, and/or idle 

machines while other machines are working'with full capacity. 

The effect ,of the Qua~ity Control Department is another reason 

for the high 1eye1 of work-in-process inventory, i.e~, some 

accepted sUbcomponents of the finished t:'roducts 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 con~rol offset their negative effects, 

which results in producing high quality goods. 

The remaining 12% of the total inventory covers the factory 

overhead inventory, which also contains indirect materials 

~ventory of the whole plant. The demand of this inventory is 

satisfied in the same way as the raw mat~rial_ inventory 

requirements • .. 

The finished qoods inventory of this plant is not mentioned 

here, because the level of this inventory is not high with 

respect$ to the others.· 

3.5. MAINTENANCE 

There are two types of maintenance programs which are-in 

application in this plant. 

1- The maintenance program which is applied to every machine 

once year, in which all the machines are dissambled,' 

tested, replaced if necessary, -and reassembled. 

2- The maintenance program which is prepared by the 

manufacturing department is generally done quarterly, and 

and consist!'; of lubr ica tion of the parts, vlhereas machine 

tool alianment is not taken into program. 

Unexpected breakdowns occur very rarely due to the systems 

being new. 

I 

i 
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4. DEFINITION OF THE PROBL81 

The main problem of the plant under study is high ~.rork-in

process inventory, the reasons for which have been explained 

in previous section. Therefore the main objective of this· 

thesis is to minimize the work-in-process. inventory by 

finding an optimum sequencing of jobs, which will be pro-

cessed in a mUlti-machine system. The sequencing ·of jobs "dll 

pe·done according to the SPT-T(Shortest-Processing Time 

Scheduling Rule with Truncation Process) rule, and the re-

sults thus obtained will be analyzed. 

The main components of this·system are jobs, operations and 

machines. The characteristics of these compon~nts "Till be the 

main input for finding an optimal sequencing of jobs ac

cording to the SPT-T rule. These are: 

-due-date of jobs 

- processing times of operations 

- set-up times of machines 

number and order of·operations in each job. 

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

problems existing in the production system. These are 

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

2- Ineffective use of machine capacities 

.3- LO\-l stock turnover 

4- Too many 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 optimal quantities of each part in each manufacturing 

run, determines the "job" of the system. Each job consists of 

~ set of gi operations. These are described by gi pairs of 

values 

P. 
~g. 

~ .. 

~lhere mij is the identification number of the machine that is 

required to perform the j th operation of the i th· job, and P .. 
~J 

is the processing time, e.g. the amount of time that will be 

required for machine m .. to perform the operation. 
~J 

As previously defined, the demand is deterministic at a 

constant rate. Therefore there are known and constant demands 

. Dl' D2 , .•••• Di2 that occur over the months throughout the 

year, and a single lot may be procured in each period. Let Qi 

denote the optimal quantity of job i in each manufacturing 

run over the year. There is a fixed set-up cost for each Qi' 

and there is also an inventory carrying costfqr each unit of 

BOGl\liQi UNiVERSiTES\ K010P\1I\NES\ 
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stock. But no shortage .is alloT.rled as a. policy of the firm, 

because the due-date of each part is previously set by the 

customers .. or by the Idachine Assembly Plant. Now the problem 

is to determine the lot sizes, Ql •••••• QN' T.rlhich minimizes 

the sum of procurement costs, and inventory carrying costs 

over the period. So under this circum~tance, the behaviour of 

this production-inventory system conforms to the model given 

in Figure 4.1. 

\ 

~------~------~--------~----------~Time ' 
tl 

" ;, 
cycle length 

Figure 4.1. Infinite production rate, no backlogging 

Now, it is 'obvious that the Economic Order Quantity (EOQ) is 

the best adaptive formula for this model to find the o"?timal 

,value of Ql' Q2' •••.• QN· Therefore optimal lot size' of each 

job T.rTill be calculated according to the EOQ formula given 

belm'l. 

~A,.D. Q =, ~ ~ 
i hi' 

where 
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Qi optimal lot size of job i\. i =1,2, ••.•• N 

Ai set-up cos t of job i. 

Di :. yearly demand of job i. 

hi inventory carrying cost per unit per year. 

Number of manufacturing runs (N i ) of job i in year will be 

calculated according to the following. formula: 

D. 
. l. 

N~ = 
• Qi 



- 28-

5. RELATIONSHIP BETHEEN INVENTORY LEVEL AND SCHEDULING RULE 

The primary objective of the production manager is-to meet 

production targets both in volume and time, while controlling 

production cost and inventories at the same time. By holding 

large· inventories he generally can meet both volume and time 

targets. Maintaining large inventories,·however, is costly. 

Inventory holding cost can be excessive and a decline in 

demands can easily result in large obsolescence costs. Cost' 
: 

control thus suggest maintaining minimum or low inventories. 

~his problem of the production manager can be fortunately 

solved by a better 'scheduling procedure. One of the primary 

effects of scheduling on inventory is the reduction of .... ,ork-

in-process inventories, \'lhich can be achieved by maintaining 

a shorter cycle time through the line. The level of costly 

raw material inventories can also be reduced by the reduction 

of work-in-pJ:'0cess inventories and' cycle-time without cutting 

production targets. The effect of scheduling rules on ~10rk-in 

-process is well treated in Com-lay (1) and therefore will. be 

omitted here. 

., 
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6. SCHEDULING RULES 

According to Oral and Malouin (2), Scheduling is the· ·task of 

ordering of the operations of jobs on each machine in such a 

way that a predetermined criterion of performance is opti

mized. In general ,the optimal ordering of operations on each 
. - -

machine for a given criterion of performance may not ~e any· 

longer the best ordering for another criterion of performance. 

This means that the criterion 'of performance should be deter-

mined before the selection of the scheduling dispatching rule 

or rules. However, this approach t:nay not ah!ays yield simple 
\. '. 

scheduling dispatching rules, if one can obtain such a rule 
./ 

at all. On the.other hand, there are so~ known simple and 

applicable scheduling dispatching rules which are optimal 

with respect to certain criter;ia of performance. Some of 

these rules describing the following ~measures of shop per-

formance. These are 

1- Number of jobs in the shop 

2- Job flow time 

3- r-1ean completion time of jobs 

4- Hean waitirig time of jobs 

-5- Shop utilization 

6- Number/of tardy jobs in the shop 

7- l>.verage tardiness of jobs 

8- Maximum tardiness of jobs. 

It is difficult to find the effectiveness of scheduling rules 



- 30-

in relation to a given criterion. However in this section 

SPT, S/OPN rules and SPT-T rule which is the combination of 

- these two rules will be explained and analyzed with respect 

to desired criteria of performance, namely minimization of 

work-in-process inventory. 

6 .1. SHORTEST PROCESS ING Tn-m _ SCHEDULING 

~cheduling 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 (l)-

l~ Number of jobs in the shop 

2- Average tardiness of jobs 

3- Hean completion- time of jobs 

4- Mean waiting time of jobs in the shop 

5- Number of tardy jobs. 

The main disadvantage of this rule is that it generally pro-

duces a_ great tardiness in a job with a very long ~rocessing 

time, since it ah1ays gives -high priority to the job with the 

. shorter processing times. 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 1east-s1ack-time-per~operation-remaining, abbreviated 

S/OPN. This rule gives the highest priority to the job which 

has the 1east-s1ack-time~per-operation remaining, ~1here slack 

time of a job ~t time t is calculated according to the fol

lowing formula: 

Q. = 
~ 

d.-t-P. 
~ ~ 

ni 

where 

.. Q. :. the slack time per qperation remaining for job i 
~ 

t Present time 

Pi Remaining processing time of job i 

ninumber of remaining operation of job i. 

Example 6.1. 

Let cons~der two jobs X and Y in a single machining shop, 

composed of both four operations .. 

Job X = (xl' x 2 ' x3 ' x 4), and 

Job Y = (Yl' Y2 , Y3' Y4) 

Assume that both jobs enter the shop at t=O, and let ~ro-

cessing tiJIle of PX1 =3; PX2 =2, Px3 =2, PX4 =3, and Py'1=3, Py2 =1, 

Py3 =4, Py4 =4 ·units of time. Assuming the due-dates of the 

jobs to ~e dx=16 and dy =17, then the slack-time-T?er-.operation

remaining of X is given as fo11ow~. 
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16-10 = 4 
6 = 4' 

and the slack~time-per-operation remaining of job Y is, 

,17-12 5 
Qy = 4 = 4' 

Therfore, according to S/OPN rule, the first operation of job 

Y, Yl' is scheduled first and the operation \'li11 take 3 units 

·pf time. 

At t:3, the situation is as follows: 

.. 
Job X has waited for 3 units of time and hence the ne\,l slack 

time of this job is decreased by 3 

13-10 
4 

3 
4' 

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

number of remaining operations is decreased to 3. 

14-9 5 
Qy = -3- = '3 

Since 3/4 is less than 5/3, operation Xl is scheduled next, 

.and the machine is occupied for three units of time . 

. Applying the same procedure to the remaining operations, the 

scheduling is completed, and the sequencing of jobs and 

tardiness will be as follows 



- 33-

6.3. SHORTEST-PROCESSING Tn1E SCHEDULING RULE WITH TRUNCATION 

PROCESS 

The examination of above two rules indicate that both the· 

processing times and the due-dates of the jobs should be 

taken into the consideration. The question, ~lhether one can 

~omehow combine simple and ~seful ordering rules into a new 

ordering rule, applicable yet in practice, which will opti

mize or sufficiently nearly optimize a desired criterion of 
~ -
performance is answered by Oral and !-1alouin (2). Their rules, 

SPT and S/OPN, are converted into a ne~l one called the 

Shortest Processing Time Scheduling Rule with Truncation 

Process (SPT-T). 

The reason for introducing SPT~T rule is the simple fact 

,that, SPT scheduling 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 variance and higher moments of tardi-

ness, the reverse is true. ~'li th these observations it gives a 

better result to combine these two types of rules a \~lay to 

retain advantages of·both, but avoid their disadvantages. 

6.3.1. Dispatching Rule 

SPT-T rule introduces the concept of truncation ;?rocess, Nith 

parameter r, the truncated processing time. It has been nre-
\ . 
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viously indicated that, when using the SPT rule" £i' the pro

cessing time of the next immediate operation of" job i is the 

deciding factor for assigning priorities to jobs. As for the 

S/OPN rule, Qi , the slack-time-per-operation-:-remaining for 

job i is the deciding factor. The combination of these blO 

rules implies· that during the scheduling process, sometimes 

processing time £., and the rest of the times the slack-time-:-
1. 

per-operation-remaining Qi , will be the deciding factor, but 
~ 

·the percentage use of these two rules can be controlled by 

changing the value of the parameter of the SPT-T rule ac

~cbrding to the characteristics'of the job-shop, such as the 

number of 'jobs in the job-shop. The parameter r, -oo<r<oo, 

enters the discussion here, ,and takes a value according to 
-

the characteristics of the shop, and determines whether SPT 

rule or S/OPN rule is used when assigning priorities to jobs. 

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

where 

Min(K) min{E.+r,Q.}, for ieI 
1. 1. i 

E. the processing time of the next immediate oneration 
1. 

of job i 

Qi the slack time per operation remaining for job i 

r a parameter, -oo<r<oo 

I the set of the, jobs, "'Tai ting at a machine center. 

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

able operations of jobs with their processing times and the 
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slack time per operation remaining of each job waiting at a 

given machine center are listed. Then~Kth priority is given 

to the job withKth minimum of min{E.+r,Q.} K=l,2, •••• n, J. . J. 

where n is the number of jobs in T. In the case of tie when 

comparing jobs, the first-come-first-served rule is used, 

i.e, the job which has waited longest is scheduled first. 

This priority assignment is repeated at the completion of 

each single operation. 

Example 6.2. 

~et us consider again two jobs X and Y in a single machining 
\. 

shop.composed of two and three operations respectively 

and let take r=O 

at t= 0, 

. 5· Hin {min (3,1), mJ.n (2, 3')} = 1 

schedule Xl for 3 unit 6f time 

at t'::::3, 

Min {min(2,2), min(2, 2/3)} = 2/3 

schedule Yl for 2 unit of time 

at t=5, 

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

I 
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schedule x2 for 2 unit of time 

The remaining operations Y2 and Y3 will schedule respectively, 

and the sequencing of jobs will be as 

The tardiness of jobs associated vlith the. schedule above are 

the following 

T =0 x 

T =0 
Y 

6.3.2. Criterion of Performance 

. Oral and Malouin(2) conclude that 90-.95% use of r-truncated 

processing time when assigning priorities, produce the best 

results for job-shop scheduling with respect to 

- percentage-of tardy jobs 

average tardiness 

- .variance of tardiness 

~ skewness of tardiness 

-kurthosis of tardiness 

- maximum tardiness. 



- 37-

7 I SCHEDULING SIMULATION MODEL 

A simulation model has been designed for the purpose of , . 

studying the effects of the scheduling rule SPT-T in solving 

the problems, which have been explained in previous chapters. 

In this simu1a~ion model the actual production amount of 

Parts Production Plant in 1981 has been used as real data. 

The main characteristic of the· system which has been simulated 

are as follows / 

1- The.system.has 70 different types of jobs where ·each job 

is a simple sequence of operations, including assembly 

2- There are 29 machine centers. Ea~h machine centers can 

have more than one machine of the same type. Therefore the 

total number of machines in the system becomes 48 when the 

above condition is taken into considerat~on. Moreover; 

a) each machine center is continous1y available for 

assignment 

b) only one machine center is capable of performing a 

given operation 

c) set-up time for operations is as~iumed 

d) no preemption is allowed 

• c) instantaneous transfer to the next machine center ~s 

assumed. 

Tn the simulation model five tables are needed to describe 

the state of the parts production plant. Therefore a brief 

description of th~ characteristic of eacn table is given as 
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follows: 

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

and the processing time of these operations for each 

job, 

ii- Event table: This table keeps tracks of what should 

happen at future time period. In other words, it retains 

the forecasts of primary events, 

ii1- Machine table: To insure "that jobs from queues are put 

on idle machines, and that the proper job is removed 

from a machine and placed in the next queue, it is

necessary to maintain records on the status of each 

processing station. This data is also needed to obtain 

Gurnmary information about each machine's processing 
\ 

record (e.g. machine utulization), 

iv- Queues: The focus of this study is on how to remove jobs 

from queues (i.e. waiting lines) when a machine is idle. 

It is necessary to keep track of the specific jobs in 

each queue and their priority, 

v- Output table: -As the simulation operates it is riecessary 

to accurnulatethe data that can produce the required 

statistics. In thi.s case the output table _ accumulates 

the following statistics. 

a) ma:chine utilization 

b) queue position 

c) manufacturing run of job 

d) average tardiness. 



- 39-

This simulation model consits of one m~in program and 10 

subroutines, flowchart, details, and result of which are given 

in this section. 

7.1. SIMULATION PROGRAM 

1- ~..AIN Program: The necessary data related to the system is 

read into the program and the shop is assigned 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. 

2- Subroutine CREATE: Generation of job arrival in predeterm

ined time interval is done in this proqram. 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 processed. 

3- Subroutine INQUE: This program stores the jobs, waiting -in 

ithe machine I s queues, accor~ingto their priori ty. 

Processing of _ job s,tarts immediately if the machine is 

idle • 

.4- Subroutine QUTQUE: This subroutine takes jobs out of queue 

for processing and updates -the position of the jobs which 

are left in the queue. 
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5- Subroutine ENTER: This subroutine finds the number of idle 

machines of the same type and assigns a jobs to these 

machines according to the priority of jobs, if there 

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

completion time of the assigned job"is automatically 

calculated also by "this subroutine." 

6- Subroutine SELECT: This subroutine prevents the 

! 
~nnecessary records in the machine and event table, by 

storing the machine number which has the lowest completion 

~ time in comparison to theo~her machines of the same type. 

Assignment of the machine to the idle condition is also 

done in this program. 

7- Subroutine ASSMBL: This subroutine is used for-the 

assembled jobs to control \vhether their subcomponents are 

ready to be assembled. If they are all ready then the 

assembled job arrival is generated. 

8- Subroutine PRIOR: This subroutine calculates the priority 

6f the job according to the SPT-Trule. 

9- Subroutine_LEAVE: The event of job completion is done in 

this subroutine. Therefora the necessary updating of 

machine"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 cri_teria. 

a} If there is 'still remaining operation to be done on 

the job, then the job is sent to the next operation. 

b} If there is no remaining operation to be done on the 

job then the manufacturing run of the job is finished 

and the job leaves the shop. This case is printed in 

the output. 

1({- Subroutine STAT: This subroutine is used to collect 

statistics for queues and machines. 

1r- Subroutine REPORT: This subroutine is used to obtain the 

following periodic reports which cover the time from the 

beginning of the simulation till the reporting time. 

a) Machine queue report: This report covers the maximum 

and average number of jobs waiting in queues. 

b} Machine utilization report: This report covers the 

average and the maximum utilization of the machines of 

the same type. 

c) Job status report: This report gives the number of 

started and finished jobs. 

d) Average tardiness report: This report covers the average 

tardiness of jobs being simulated. 

e) Job priority report: This report gives the number of 

jobs which takes either according to SPT or according 

to S/OPN rule. 
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7.2. FLOW-CHART OF THE MODEL 

The flow-chart of the simulation model which is explained 

. above is indicated in Figure 7.1 . 

.. 
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Figure 7.1. F1ON-Chart of the Simulation axlel 
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7.3. RESULTS AND POSSIBLE H1PROVEMENTS 

The simulation model has been run for a period of on~ year 

utilizing the actual data obtained from the Parts Production 

Plant. The fol,lowing results of the· simulation runs indicates 

the possibility of four major improvements. 

i- to decrease the level of work-in-process inventorY1 

fi- to better utilize the machining and equipment, 

ii1,- 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 the 

application of SPT-T rule to the system, the work-in-process 

has decreased more than 50%. The comparison of the simulation 

model with the actual system in the plant is given in Table 

. ? .1. 

The work-in-process inventory is reduced with the aid of the 

simulation model since shop orders are released to the floor 

just before the production starts and finished with minimum 

delay. This condition achieved by assigning priorities to the 

jobs accordinq to the SPT-T rule. 
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. Reduction of work-in~process inventories will allow a shorter 

cycle-time through the line. This will enable more stability 

in delivery schedules and shorter delivery, commitments to 

sales departments. With reduced work-in-process inventory and 

stabilized line the level of costly finished-goods inventories 

can be decreased. Finished-goods inventory is also reduced 

by preventing· the early· completion of shop orders that 

, otherwise would be part of finished goods inventory. 

The reduction of work-in-processinventory leads to reduction 

of raw material inventory for raw materials are not allowed 
~ 

to enter the shop unless they are required due to the fact 

job arrival times are predetermined. Raw material inventory 

is also reduced by controlling .tl)e quantity released to the 

shop since optimal production quantity of each part (i.e. 

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

AVERAGE WORK-IN-PROCE'SS INVENTORY OF THE SYSTEM 

Time W.I.P. in W.I.P. in 
Period (Month) Actual Case(TL) Simulation Mode1(TL) 

1 60.12'0.000 38.418.000 

2 61.600.000 35.923.000 

3 62.000.000 41.648.000 

" 4 63.690.000 47.014.000 

5 82.726.000 55.998.000 

6 82.764'.000 52.565.000 

7 100.864~000 6 5 • 4 70 • 00,0 ' 

8 115.028.000 52.947.000 

9 104.494.000 56.044.000 

10 98.675.000 33.446.000 

11 ·95.425.000 37.159.000 

12 92.325.000 16.553.000' 

Average Vl.I.P. 84.975.916 44.432.083 

'\ 
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7.3.2. Tardiness 

The previous analysis on the system has,"shown that there 

exists too many tardy jobs. Therefore, tardiness has been 

taken as one of the criteria of performance of the sugg~sted 

scheduling rule. The results of the simulation model has 

proved that effective use of the SPT-T rule has also decreased 

. the number of tardy jobs and average tardiness of the system 

fSee Table 7.2). 

The frequency distributions of tardiness before and after 
~ 

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 

Actual Case Simulation Model 

At tiine 
Period 

Tardiness (Hr) Number of Tardiness (Hr) Number of 
Tardy Job Tardy. Job 

1 93 3 3.61 4 

,2 .113 9 13.79 17 

3 115 22 . 29.54 40 

.. 
4 149 46 45.12 66 

5 194 86 69.50 94 

6 267 159 89.74 120 

7 357 246 113.74 147 

, 
8 470 280 136.34 167 

. 
9 496 328 168.25 185 

10 543 381 177.68 199 

11· 595 437 182.92 205 

12 648 483 194.12 211 
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Figure 7.2- Frequency distribution of ~ardy jobs in actual 
case 
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Figure 7.3- Frequency distribution of tar<'!.y jobs in 
simulation model 
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7.3.3. Overtime 

Reduced overtime is another beIiefi t of 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 als'o prevents the 

~neffective utilization of man and machine capacities. This 

result obtained in terms of money saving is 10 million TL 

per year for the company . ... 

7.3.4. Shop Utilization 

The reduction in overtime, work-in-process inventory and th'e 

tardiness C?f 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 50~ of the. 

available capacity is sufficient to make the parts.of the 

year in question. Table 7.3 gives the average machine 

uti'lization of this system in system in the simulation model. 

In the actual case' same . production quant.ities is produced by 

using almost 100~ of the capacity. With the actual perforrrance 

one may get the impression that the capacity is fully utilized 

and therefore if it is desired to produce more than the 

expansion is necessary: This study shows the contrary. No 
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TABLE 7.3 

AVERAGE l>1ACHINE UTILIZATION 

Machine . Average Machine Average 
Code Utili zat ion (%) Code Uti1ization(t) 

1 59 15 49 
\ 

2 29 16 23-

3 14 17 13 

4 20 18 17 

5 88 19 22 
I 

6 21 20 33 

7 43 21 25 . 
8 100 22 26 

9 43 23 24 

10 69 24 .9 

11 57 25 . 14 

12 23 26 65 

13 .69 27 57 
. / 

14 40 28 13 

29 26 
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expansion 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 shop utilization. 

7.3.5. Investments 

Al though the simulation model ShQt.1S that the average 

utilization of the capacity is low, there are some machines 

~hich are rather overloaded where as some are unde.rutilized. 

The overloaded machines have a great effect on high level of 

work-in-process and tardiness. Therefore the simulation model .. 
can be used as an indicator for the investmerit plan related 

with the Parts Production Plant, e.g. machine 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 with an 

increase in the capacities of machine number 5 and 8 which 

has resulted in apparent decrease of the avelage tardines~ of . 

the jobs and the level of work-in-process inventory. The case 

above has been discussed with the plant manager and. it h?l-s 

been justified that the machines' shown to be overloaded in 

the simulation model are also overloaded in practice. In fact, 

extra machine, performing the same operations are bought to 

overcome this problem. Therefore the simulation model is valid 

approach for the future investment plan of the system. 

\ 

! 
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8. H1PL81ENTATION PROCEDURE 

The scheduling and control of work actually on the shop floor 

is a complex and demanding 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 capacity, but 

also the problem of shop floor control. 

Many management problems are caused by a lack of up-to-date 
: 
information on the status of jobs in the shop. Often even the 

location of a job is not known, let alone whether it is ahead 

or behind- schedule and what work remains to be done. There-

fore in this section the implementation procedure of the 

-SPT-T rule \,Till be explained to provide a well designed dis-

patching and shop control system (See Figure 8.1), and it 

will be seen how a well designed dispatching and shop floor 

control system can help to organize and rationalize the flow 

of jobs through the shop, and to ensure that the right jobs 

are being worked on at all times. It will be also seen hOt,ol a 

-well des~gneddispatching and shop control system can greatly 

assist management in the continuous decision-making process 

that is required to keep a shop running i.e. in controlling 

the level of work-1n-process inventory, tracking down trouble 

'some jobs, and spotting difficult situations before they de-

velop. 
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Figure 8.1. Information flow for short-term scheduling 
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8.1. DEFINITION OF JOB 

Definition of job is the most important stage of this 

implementation because all decisions related with scheduling 

will be done under the basis of job. It has been previously 

defined that, the optimal quantities of each part in each 

manufacturing run will determine the "job" of the system; and 

it will be calculated accordin9 to the EOQ formula. Their due 

~tes and number of manufacturing run in year will be also 

obtained by the use of the same formula. The details of this 

activity is explained in·Section4.l, therefore· only the main .. 
formulas of. this activity will be given here. These are; 

1- Optimal lot size of jobi 

2~ 

3-

Q = J2~.iD.i J' 

hi 

Number of manufacturing 

Ni 
Di 

-= Qi 

Due-date 

1 
Ti =N . 

. ~ 

of jobi 

run of jobi in year 

The cycle length of job corresponds its due-date, because it 

has been previously indicated that the demand is deterministic 

and uniformly distributed over the months throughout the year. 

Job arrival will be generated at the beginning of the cycle 

length of job •. 
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8.2. FLOW SHOP CONTROL SYSTEM 

priority sbop·scheduling requires valuable info~mat~on because 

all decisions related with job priority are done according 

to the informations related with current position of the 

shop. Therefore the design and control of these informations 

are very important as well as the selection of scheduling 

rule. 

: 
There will be two types of information for each scheduled 

job. The first one will contain the fixed information of job 

tSee Figure 8.2) and it will be used over the whole production 

year. The informations on this card will "be prepared by the 

Production Planning Department at the beginning of production 

year. 

The second one will contain some informations from the first 

one and some information from the current position of shop 

(See Figure 8.3) such as the first, second and fifth columns 

of Figure 8.3 completely depend on the information of Figure 

8.2 and they do not change, but the remaining column of the 

Figure 8.3 must be updated at the end of each operation 

especially slack time will be. Therefore the informations on 

Work Order Card (Fig.8~3) will be continously updated to keep 

the priorities and job status current. With current inform

ation on job stut.us and priorities available in readable 

form dispatchers or foremen can be prov.ided t.-Ti th lists showing 

the current location and priority of all jobs in the shop. 
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" 

Job No Demand 

Job Name Lot size 

Oper.No. Machine No. Processing Time Set - up Time 

, 

OF igure 8.2- Job Information. Card. 
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Job No Date -
W/O No 

Production Amount Latest Start Time 

Total Proc.Time Date to be Finished 

Oper.No. M/C No. Date Date Processing Slack priority 
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 center (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 make good 

decisions on which job to run next by using the SPT~T rule 

which is explained in Chapter 6. 

Figure 8.3 also contain the latest start date of job which 

is calculated by subtracting the total processing time of job 
: 
from its due-date. ,This information will used when it comes 

to be critical 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. 

I 

I 
j 

I 
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9. CONCLUSION 

The application of SPT-T rule to the Parts Production Plant 

of Gimsata~ would provided not only a cost advantage. due to 

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

efficie.nt . shop' utilization but a systematic and a better 

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

work-in-process inventory observed has been decreased by 50~ 
! 
which amounts 'to 30 million TL. per year. The total saving 

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- A better shop control system can be established by the 

use of SPT-T rule, that is, controlling the level of 

work in process inventory, tracking do~ troublesome 

jobs, and. finding out difficulties be£ore they develop. 

This shows that SPT-T rule isa practical and flexible 

method to be applied to such a system. 

ii- Average number of tardy jobs has been decreased by 55% 

and the average tardiness by 70t due to sequencing the 

jobs by us ing the SPT-T ru Ie •. 

iii- It is possible to identify the machines which are 

bottlenecks in production system and hence to indicate 

technological needs for investment planning. 

In this study, the value of the parameter r for SPT-Trule 
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has been assumed to be ~ero. It is, however, possible to run 

the simulations for differeht values of r until an 

appropriate value of it is founded. Under the prevailing 

conditions, at the plant this has been observed to be rather 

difficult since it would have been complicated the implement

ation. This feature of the scheduling rule has been left to 

a later planning period as a strategic,decision in order to 

first implement the very basic scheduling rule at the plant . 

.. 
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APPEND I X A I USER'S MANUAL 

In this section input and output variables of the simulation 

model will be explained. 

INPUT VARIABLES 

NJ Number of job in the shop 

NM : . Number of machine in the shop 

SMTM Sirnulationtime 

~Q Maximum queue capacity 

INC : Periodic report time 

~A Number of assembly job in the shop 

TOJ . To-tal number of operation arl:ay of ea9h job 

PT Processing time matrix of jobs 

00 Operation order matrix of jobs-

MC : Array of available machine capacities 

DD Due-dates c:trray of jobs 

.NMR Number of manufacturing run array of each job 

RPT TOtal processing time array of each job. 

JA Array of number of subcomponents existing in each 

assembly structure 

AS : Assembly structure matrix 

·ST Job number matri~ of sUbcomponents existing in each 

assembly structure 



OUTPUT VARIABLES 

MS Machine statistics matrix 

QQ : Queue statistics matrix . 

MM Machine matrix which contain job number 

Q :A que~e matrix in which jobs "are waiting according 

RM 

! , 

JOB 

to a given priority rule 

A matrix which contains completion time of operations 

in each corresponding machines 

: An array in which the job numbers corresponding to 

each batch is stored 

MIN : An array which contains the priority given to each 

OR 

, DDT 

RPTT 

BF; 

BFF 

LLl 

batch 

An array which contains the operation rank number 

: Due-date array of each batch 

: Remaining processin~ time array of each batch 

Array of manufacturing run finished 

Array df subcomponents finished 

Number of jobs that took priority accordina to the 

S/OPN rule 

LL2 :, Number of jobs that took priority according to the 

SPT i::il)le 

RT Ready time array of each batch· 
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CIM:iATAS • • 
Cukurova insaat Makinalan • • 

Sanayi ve Ticaret A.~. 



<;IMSATAi;l <;UKUROVA INi;lAAT MAKINALARI SANAYI VE TlcARET A.i;l. 

Head Office/Plant : Mersin-Tarsus Karayolu 11. Km P~K. 634 Mersin-TURKEY 
Genel Miidurltikl Fabrika : Telephone: 90·741·14660 Telex: 67256 CATA TR 

Istanbul Office 
istanbul Btirosu 

: Btiytikdere Cad. 1415 P.K. 124 i;li~li Istanbul·TURKEY 
: Telephone: 90·11-462813190·11·474168190·11-484258 

Telex: 23 585 CKE TR 1 22 693 CADA TR 1 23345 CCE TR 
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