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ABSTRACT 

This project investigates each production process in UTK Co., Ltd. which 

produces plastic bags. The operation problems occur from inadequate planning so the 

production department has more jobs interrupting the process. There are problems of 

raw material loss and late delivery. 

This project applies job measurement to determine and estimate time required of 

each step in production process. Stopwatch time study technique is used to find the 

standard time of each job element. The plan starts with studying the process existing. 

Next, data collection and target improvement are done. Then, improvement plan is 

analyzed to increase work efficiency. The study of the project includes interviewing 

operators, observing the operation, measuring the time and analyzing improvement 

plan. 

Before the improvement plan is implemented, the standard time has to be set in 

each operation element. The result of the research can be developed into a program. 

This program can calculate time consumption of each job. So the planning schedule can 

be set. This schedule will help the sales department to know the delivery date and help 

the production department to set production schedule. 



ACKNOWLEDGEMENTS 

I am indebted to the following people and organizations. Without them, this 

project would not have been possible. 

I wish to express my sincere gratitude to my advisor and Dean of Computer and 

Engineering Management Faculty, Dr. Chamnong Jungthirapanich. His patience, 

assistance, guidance, and constant encouragement have led me to accomplish the 

research. I would like to thank many instructors in Computer and Engineering 

Management (CEM) faculty for all the knowledge they have rendered. 

Besides, I would like to thank UTK Co., Ltd. for giving me a chance to do 

research for this project. Special appreciation goes to the family for their fervent and 

continuous encouragement. Above all, I am forever grateful to my parents, whose 

willingness to invest in my future has enabled me to achieve my educational goal. 

11 



St. Gabriel's Library, Au 

TABLE OF CONTENTS 

Chapter 

ABSTRACT 

ACKNOWLEDGEMENTS 

LIST OF FIGURES 

LIST OF TABLES 

I. INTRODUCTION 

I. I Overview 

I .2 Research Objectives 

II. LITERATURE REVIEW 

III. RESEARCH METHODOLOGY 

3. I Process Existing Condition 

3 .2 Monitoring And Analyzing Existing Operations 

IV. CALCULATION OF LABOR STANDARD 

V. SYSTEM DEVELOPMENT 

VI. IMPLEMENTATION 

VII. CONCLUSIONS AND RECOMMENDATIONS 

7. I Conclusions 

7.2 Recommendations 

7.3 Further Study 

APPENDIX A DRAFT DATA OF WORK MEASUREMENT 

APPENDIX B PROCESS SPECIFICATON 

APPENDIX C DATA DICTIONARY 

BIBLOGRAPHY 

iii 

11 

IV 

v 

I 

I 

4 

6 

I6 

I6 

20 

24 

43 

53 

55 

55 

58 

59 

60 

110 

I26 

132 



LIST OF FIGURES 

Figure Page 

1.1 Plastic Production Flowchart 4 

3.1 The Production Process Chart 23 

4.1 Normal Time of Setup Process in Extrusion Department 37 

4.2 Normal Time of Extrude Plastic Roll in Extrusion Department 38 

4.3 Normal Time of Setup Process in Printing Department 39 

4.4 Normal Time of Printing Process in Printing Department 40 

4.5 Normal Time of Setup Process in Cutting Department 41 

4.6 Normal Time of Cutting Process in Cutting Department 42 

5.1 UTK Sales and Planning System-Context Diagram 45 

5.2 UTK Sales and Planning System-Data Flow Diagram Level 0 46 

5.3 UTK Sales and Planning System-Data Flow Diagram Level 1 Process 1 47 

5.4 UTK Sales and Planning System-Data Flow Diagram Level 1 Process 2 48 

5.5 UTK Sales and Planning System-Data Flow Diagram Level 1 Process 3 49 

5.6 UTK Sales and Planning System-Data Flow Diagram Level 1 Process 4 50 

5.7 UTK Sales and Planning System-Data Flow Diagram Level 1 Process 8 51 

5.8 UTK Sales and Planning System-Entity Relationship Diagram 52 

iv 



LIST OF TABLES 

Table Page 

3.1 Capacity of Each Extruding Machine 17 

3.2 Capacity of Each Printing Machine 18 

3.3 Capacity of Each Cutting Machine 19 

3.4 The Number of Row in Each Width of Plastic Roll 19 

4.1 Normal Time of Extrusion Department (Setup Process) 30 

4.2 Normal Time of Extrusion Department (Extrusion Process) 31 

4.3 Normal Time of Printing Department (Setup Process) 31 

4.4 Normal Time of Printing Department (Printing Process) 33 

4.5 Normal Time of Cutting Department (Setup Process) 33 

4.6 Normal Time of Cutting Department (Cutting Process) 34 

v 



I. INTRODUCTION 

1.1 Overview 

UTK Co., Ltd. is one of the leading companies in the plastic packaging industry in 

Thailand, which mainly produces Polypropylene, Linear Density of Polyethylene, High 

Density of Polyethylene; most of the materials are first grade of plastic materials. This 

company was established in1975, which is accounted for more than 26 years in this 

business. 

Currently, the production capacity is 100 tons per month or approximately 1,200 

tonnage per annum. Productions of plastic bag sizes are varied from 1 inch to 40 inches. 

Because this business acts as a supporting industry, products are mostly supplied to 

various industries such as hotels, garment industries, food industries, hospitals, 

department stores and retail companies. UTK supplies its products to both local market 

and overseas markets in Singapore and the U.S.A. 

Company Profile 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Land area 2,000 m2 

Building area 1,200 m2 

Register capital 2,000,000 baht. 

Number of employees 30 persons 

Production capacity 100 tons/ Month 

Production facilities 

(a) Extruding equipment 

There are 12 machines of extruding machines. There are 3 

machines imported from Japan, 7 machines imported from Taiwan 

and 2 machines are locally made. 
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(b) Printing equipment 

There are 5 printing machines,3 printing machines imported 

from Japan and 2 machines imported from Taiwan. 

( c) Cutting equipment 

There are 10 cutting machines,5 cutting machines imported from 

Japan and 5 cutting machines imported from Taiwan. 

The business has been growing very fast among high competitions. Many serious 

problems have occurred and caused labors (work/employees) to do more work. 

According to the study, it is found out that this company have not have appropriate 

planning so the problem of late delivery occurs. As a result, there are conflicts with 

customers and production department has more job interrupting the process. So the 

company suffers loss of raw materials such as plastic resin, printing ink and setup cost 

in the process. 

This project will apply work measurement (stopwatch time study) to determine an 

estimated time required of each step in production process which will develop and 

improve the performance of production department and set it to be the standard of each 

job. So the company can estimate the delivery date and plan the production schedule. 

Moreover the data of job measurement can be the information of personnel department 

to set reward and punishment of each worker's performance. 

The production of plastic bags comprises the process of extruding the plastic resin 

passing extruder cylinder. The molten polythene is extruded upwards from a circular die 

and expanded outwards by internal air pressure. The cooled film can then be reeled for 

subsequent processing, or fed directly to the printing machine or cutting machine if it 

does not need to be printed. To make the surface of the polythene film receptive to 
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printing inks, it is oxidized by an electric discharge method using electrodes positioned 

as near to the pinch rolls as possible. 

The printing process which are widely use is gravure printing process and 

flexographic printing process. UTK company selects the gravure printing process to use 

in factory. The gravure printing process is most suitable for printing variety sizes and 

designs on polythene film and using metal cylinder rolling on the film. It is possible to 

use up to 6 colors in one pass. The printed tubular film is readily converted into sacks 

by a single weld across its width; this is usually combined with the cutting operation. 

For cutting operation, UTK company uses the continuous band heat-sealers which 

are the most widely used closing machine. A tubular plastic film runs into the cutting 

line, grip the mouth of the sack to pass it first over a series of electrically heated blocks. 

Under the pressure exerted by the bands, the two inner surfaces of the film sack are 

fused into a homogeneous mass the width of the band. The steps of plastic production 

are shown in Figure 1.1. 
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Plastic Resin Extrusion 

Printed Color Printing 

Cutting 

Plastic Bag 

Figure 1.1. Plastic Production Flowchart. 

1.2 Research Objectives 

( 1) To find the standard time of each process in production line. 

UTK company wants to find out the standard time of each process in 

each department, so the company can determine an estimate of the time to 

do a job. The planner can plan the time requirement for each job and arrange 

each job to fit in the delivery date of customers. If some jobs cannot finish 

on time, the planner can solve the problem before the delivery date. 

(2) To analyze the workload for each operator. 

Workload of all operators should be analyzed. I can determine the 

percentage utilization of all operators and try to balance them. It is not 

appropriate if two operators are very different on percentage utilization. One 

operator may be very busy but another one may take more rest. This will 

create discontent among employees. 
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(3) To determine and prepare for manpower m case of future capacity 

expans10n. 

My production plan intends to increase in sales demand. Not only do I 

get the workload analysis but also can prepare this percentage utilization in 

the increasing demand for the future expansion. 

(4) To increase the efficiency of work or decrease time waste. 

After I get the standard time, I can make quality improvement of 

work, promote safety activities, or set environment concerning training. I 

will not do well if I do not know the standard time of each work. If any 

operators work very slowly, I can set some training programs can be 

arranged to improve the performance of the operators. So I can increase the 

jobs instead of increasing more operators. 

(5) To reduce unnecessary operators. 

The other benefit for the company is labor reduction because the 

company does not pay only salary for one operator but it includes welfare, 

training, expenses, etc. The cost of company will increase if I do not make a 

appropriate hiring operators. Saving cost from unnecessary operator 

reduction is preferable for any company, especially in the time of economic 

cns1s. 
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II. LITERATURE REVIEW 

Work measurement is determining how long it takes to do a job. Managing human 

resources requires a manager to know how much work operators can do during a 

specific period. Otherwise production schedules or output cannot be planned. Without a 

good idea of how long it takes to do a job, a company will not know if it can meet 

customer expectations for delivery or service time (Russell 1998). 

Work measurement, known as time study, determines the amount of time required 

to perform a unit of work. It establishes the amount of time required by a qualified 

operators, using a standard method and working at a standard work pace, to perform a 

specified operation. When properly utilized, work measurement can increase overall 

efficiency, which can make possible higher wages for labor, lover prices for customers 

and higher profits for equity interests. 

The traditional means for determining an estimate of the time to do a job has been 

the time study, in which a stopwatch is used to time the individual elements of a job. 

These elemental times are summed to get a time estimate for a job and then adjusted by 

a performance rating of the operators and an allowance factor for unavoidable delays, 

resulting in a standard time. The standard time is the time required by an average 

operators to perform a job once under normal circumstances and conditions (Russell 

1998). 

Work measurement techniques have developed into several distinct categories. 

The most common work measurement techniques are stopwatch time study, work 

sampling, elemental time files and predetermined time studies. 

For work measurement technique, stopwatch time study technique of work 

measurement will be used to conduct this report. 
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Time study refers to a subset of work measurement procedures used where human 

endeavor is involved in the productive act and some procedure is used to adjust the 

human time to some concept of a standard level of endeavor (Barnes 1980). 

Objectives 

(1) To determine labor and equipment requirements. 

Any managerial plan for the production of outputs must be tested for 

feasibility with respect to available resources. Feasibility is examined by 

converting a statement of the desired quantity of outputs to a statement of 

required resources and determining whether this amount of resources is 

within the allowable limitations. If the plan is not feasible, either the amount 

of the desired outputs must be altered or the factors affecting the need for 

resources must be altered (Kanawatyl 992). 

(2) To assist in developing effective methods. 

(a) To determine the number of pieces of equipment a person may run. 

Time values for human parts of the production cycle are 

important factors in setting up the job method for such work 

(Kanawaty 1992). 

(b) To balance the work of crews, coordinate or in sequence. 

Efficient crew work demands an even distribution of work 

among the members of the crew. It is the crew member with the 

longest job who determines the output of the crew. Office processing 

sequences, assembly lines, and most crew activities usually achieve 

higher production and lower cost than individuals doing complete 

operations (Kanawaty1992). 
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(c) To compare methods. 

As can easily be seen, a standard of consistent difficulty is 

required to provide an unchanging yardstick for the comparison of 

two or more methods of performing the same work. In this case the 

relationship of the standard time to possible performance is immaterial 

(Kanawaty 1992). 

(2) To constrain the use of operator resources. 

(a) To set schedules. 

Production schedules are a vital necessity for any organization. 

They are used to control the rate of using resources. They also serve as 

a basis for planning sales programs in profit-motivated organizations 

and for planning accomplishment programs for government or service 

organizations. Production schedules, if they are to be reliable guides, 

must be based on measures bearing a known relationship to the 

expected rate of output (1~\91'.i 2542). 

(b) To set labor standards. 

This does not necessarily refer to wage incentives. Labor 

standards can be the levels of individual or group production deemed 

satisfactory and may be applied without financial incentives. The 

standard times used for this purpose should be readily attainable by 

the type of worker who is expected to be average for the job, to avoid 

either making substandard performance typical or creation a frustrated 

feeling on the part of the workers (1~\91'.i 2542). 
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(c) To determine supervisory objectives. 

A supervisor is supplied with a mix of staff, materials, space, 

machines, tools and methods. In the non-manufacturing environment, 

the names of the components of the mix may vary. Time standards for 

this use should indicate the rate at which the supervisor is expected to 

coordinate the facilities in order to meet schedules and produce 

outputs within the standard costs (Barnes 1980). 

( d) To provide a basis for the setting of piece prices of incentive wages. 

Incentive wages are a means of automatic financial supervision 

for both labor and management. They tend to reward the more 

productive workers in proportion to their output (1~1>11 2542). 

(4) To assist in comparing performance with plans with respect to workload and 

resource usage. 

An organization, if profit motivated, usually prices its merchandise 

prior to manufacture. To do this it must predict how much labor or 

production-center time will be expanded on each phase of the work and 

must have a means of continuously comparing actual performance with 

predicted performance (Barnes 1980). 

(5) For total productivity measurement. 

In order to improve the productivity of an organization, first measure 

productivity must be measured so as to have a datum from which to measure 

the improvement. The productivity of any organization can be measured by 

comparing the ratio of the aggregated outputs to inputs, for some period, to 

the same ratio for a base year (Barns 1980). 
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Labor Standards and Work Measurement 

Effective management of people requires knowledge of labor standards. Even 

though employees and unions may be opposed to jobs being observed and timed, labor 

standards are necessary to help a firm to determine as follows: 

(1) Labor content of items produced (the labor cost) (Heizer 1996). 

(2) Staffing needs of organizations (how many people it will take to make the 

required production) (Heizer 1996). 

(3) Cost and time estimates prior to production (to assist in a variety of 

decisions from developing cost estimates for customers, to the make-or-buy 

decision) (Heizer 1996). 

(4) Crew size and work balance (who does what on a group activity or assembly 

line) (Heizer 1996). 

(5) Production expected (both manager and worker should know what 

constitutes a fair day's work) (Heizer 1996). 

(6) Basis of wage-incentive plans (what provides a reasonable incentive) 

(Heizer 1996). 

(7) Efficiency of employees and supervision (a standard is necessary against 

which to determine efficiency) (Heizer 1996). 

Work Measurement and Time Study 

The written standard practice is usually checked and updated, if in existence, or 

made as part of the time study procedure. In that an actual worker or group of workers is 

being studied, the first data recorded are: 

(1) Name, number of workers being studied, and work location. 

(2) Date and time when the study began. 

10 
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The other records are descriptions of each operation. The type of terminology 

used in the description of the elements varies with the nature of the job. For heavy work 

involving moving from place to place, a description of the activities of the person as a 

whole is most suitable (Kanawaty 1992). 

The preparation of the description of the manual details of the job may be done 

most easily in two steps: 

(1) Using a scratch pad, list a rough description of the elements and check these 

against the previously given requirements for time study elements, adjusting 

the elements as necessary (Barnes 1980). 

(2) Using the time study form, detail the descriptions of the elements, one by 

one (Kanawaty 1992). 

Time values for a time study may be recorded with equipment in the following 

three ways: 

(1) Stopwatch - the most common type is the decimal minute watch with the 

usual clipboard. Electronic timers with digital readouts are also available to 

replace the watch (1~\911 2524). 

(2) Video tape recorder and tape analysis - until the introduction of available 

light photography and the subsequent use of the video tape recorder, the 

cost of using recording, by pictures, was too high (Barnes 1980). 

(3) Time study machine - a small, portable solid-state memory device is 

available. The observations are keyed in and stored in computer language. 

These data can be transmitted by the device to a computer for all further 

processing (Barnes 1980). 
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Improvement Theme 

The improvement themes use the concept of rethinking about valuable works. 

Valuable work is a useful operation, transforming raw material to product. On the other 

hand, invaluable work is useless operation such as transportation, storing, etc. 

Therefore, any process with less invaluable work must be improved. The company can 

get the benefit of productivity up for process step or operation step. 

(1) Process Improvement Principle (Barnes 1980) 

(a) Reduce number of steps. 

(b) Arrange steps in best order. 

(c) Make steps as economical as possible. 

(d) Reduce handling. 

(e) Combine steps if economical. 

(f) Shorten moves. 

(g) Provide most economical means for moving. 

(h) Cut in-process inventory to workable minimum. 

(i) Use minimum number of control points at most advantageous places. 

If the analyst is familiar with the product and applies each of these themes with an 

open mind rather than trying to find why each suggestion can be rejected, the analyst 

will find, in most cases, a variety of suggestions for improvement. 

One of rethinking improvement for the system, Just-in-time, represented by the 

acronym JIT, became popular with American manufacturers as part of the Toyota 

approach of reducing production costs by cutting inventory to the minimum consistent 

with smooth production. 
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The questions for rethinking can be shown as follows: 

(a) Can any step be eliminated? 

(1) As unnecessary (Ask: Why is it done?) 

(2) By new equipment (Ask: Why is present equipment used?) 

(3) By changing the place where it is done or kept (Ask: Why is it done 

there?) 

(4) By changing the product design (Ask: Why is it made as it is?) 

(5) By changing the specifications of the incoming supply (Ask: Why is it 

ordered in its present form or used at all?) 

(b) Can any step be combined with another? 

( 1) By changing the specification of supplies or of any raw material 

(2) By changing the design of the product, even if only the tolerances? 

(3) By changing the order of the steps of production or doing inspection at 

any operational station so as to avoid an inventory of faulty products? 

(4) By changing the equipment used (e.g., using a multifunction machine 

or creation of a multi-machine work cell served by a single person or 

by a robot) 

(5) By redesigning one or more workplaces? 

( c) Can the steps be rearranged so as to make them any shorter or easier? 

( d) Can any step be made easier? (If this looks like a possibility, make further 

detailed analysis of this step) 

(2) Operation Improvement Principle (Kanawaty 1992) 

(a) Eliminate all unnecessary steps. 

(b) Combine steps. 

( c) Shortens steps. 
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( d) Place in best sequence. 

( e) Make each step as economical as possible. 

Analyst must consider working steps of operators, connection of several 

operations, and moving into several steps, apparently feeling that some of them might 

later be eliminated, combined, or rearranged. 

The questions for rethinking can be shown as follows: 

(a) Can any operation be eliminated, combined, shortened or make easier? 

(1) As unnecessary? 

(2) By new or different equipment? 

(3) By changes in the layout; by grouping equipment better? 

(4) By changing the form of the product sent out? 

(5) By more knowledge on the part of the worker? 

(b) Can movement be eliminated, combined, shortened or made easier? 

(1) By leaving out operations? 

(2) By changing the places where things are kept? 

(3) By shifting some operators to another job into which they fit more 

conveniently? 

(4) By changing equipment? 

(5) By changing layout? 

(6) By changing the order of work? 

(7) By conveyors (make sure that they are economical)? 

( c) Can delays be eliminated, combined or shortened? 

( 1) By changing the order of work? 

(2) By changing the layout? 

(3) By new or different equipment? 
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( d) Can counting or inspections be eliminated, combined, shortened or made 

easier? 

(1) Are they really necessary? What happens after they are done and the 

information is obtained? 

(2) Do they provide unnecessary duplication? 

(3) Are they done at the best point in the sequence? 

(4) Can sample inspection or statistical control be used? 

( e) Can any step be made safer? 

(1) By changing the order of work? 

(2) By new or different equipment? 

(3) By changing the layout? 
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III. RESEARCH METHODOLOGY 

3.1 Process Existing Conditions 

At first, understanding the process or the problem will help me know the 

conditions exactly. After that, I can suggest improvement and improve many others 

things. I can use many ways to grasp the conditions, including interviews with 

operators or managers, observation and etc. 

(1) Determine the number of operators in each process 

The number of operators in working pattern or shift arrangement vary 

with characteristics of process and company. For UTK company, I study 

three processes. There are four operators for the extruding department, three 

operators for the printing department and ten operators for the cutting 

department. In extruding department employees are working two shifts. The 

first shift is 8:00-20:00 and the second shift is 20:00-8:00. In cutting and 

printing departments, if there are a lot of work, operators will work 

overtime. Overtime hours are from 18:00 to 22:00. 

(2) Determine the role of each department 

Since each group has a different role to conduct the job, I must 

understand the role of each department clearly. 

First, the extruding department will extrude the plastic to be plastic 

roll. Each plastic roll has approximate weight of 25-30 kg. This company 

has 12 extruding machines. Each machine will have unique capability. 

There are many types and many sizes of plastics. The capability of each 

extruding machine is described in Table 3.1. 
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Table 3.1. Capability of Each Extruding Machine. 

Machine number Type of plastic resin Size range of extruding machine 

1 HD-PE 30 inches - 36 inches 

2 HD-PE 20 inches - 30 inches 

3 HD-PE 4 inches - 20 inches 

4 LD-PE 30 inches - 36 inches 

5 LD-PE 20 inches - 30 inches 

6 LD-PE 10 inches - 20 inches 

7 LD-PE 4 inches - 10 inches 

8 L-LDPE 10 inches - 20 inches 

9 L-LDPE 5 inches - 10 inches 

10 pp 15 inches - 3 0 inches 

11 pp 5 inches - 15 inches 

12 pp 1. 5 inches - 5 inches 

Remark: HD-PE = High Density of Polyethylene, LD-PE = Linear Density of 

Polyethylene, L-LDPE =Low Linear Density of Polyethylene, PP= Polypropylene. 

Secondly, the printing department brings plastic rolls from the extruding 

department. The operator in the printing department brings the plastic roll to print in 

printing machine. There are five printing machines in this department and each machine 

has its own capability. The Maximum width of printing machine is 30 inches and 

minimum width is 1.5 inches. The capability of each printing machine is described in 

Table 3.2. 
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Table 3 .2. Capability of Each Printing Machine. 

Machine number Minimum printing cylinder Maximum printing color 

1 12 inches 2 colors 

2 12 inches 6 colors 

3 15 inches 6 colors 

4 20 inches 6 colors 

5 30 inches 6 colors 

Remarks: cylinder is made of iron and coated with brass. One cylinder can print only 

one color. Each operators will operate one machine. 

Thirdly, when the plastic rolls have been printed already, the operators from the 

cutting department brings the plastic rolls to cut to be plastic bags. There are two types 

of cutting plastic bags. First is bottom seal plastic bags. The heat seal line will seal at 

the bottom of plastic bag. This kind of heat seal is the normal type of sealing. Second is 

side seal plastic bags. The sealing line will seal at the side of plastic bags. This kind of 

plastic bags are normally used in garment industry. There are ten cutting machines in 

this department and each machine has its own capability. The capability of each cutting 

machine is described in Table 3.3. 
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Table 3.3. Capability of Each Cutting Machine. 

Machine number Type of plastic resin Bottom seal or side seal 

1 pp Bottom seal 

2 pp Bottom seal 

3 pp Bottom seal 

4 HD-PE Bottom seal 

5 LD-PE Bottom seal 

6 L-LDPE Bottom seal 

7 LD-PE Side seal 

8 LD-PE Side seal 

9 pp Side seal 

10 pp Side seal 

Remark: HD-PE = High Density of Polyethylene, LD-PE = Linear Density of 

Polyethylene, L-LDPE =Low Linear Density of Polyethylene, PP= Polypropylene. 

For the less width of plastic roll, the operator can insert more rows in the cutting 

machine. The number of row can be clarified as follows: 

Table 3.4. The Number of Rows for Each Width of Plastic Roll. 

Width of plastic roll Number of cutting row 

1.5-3 inches 5 rows 

3.25-6 inches 3 rows 

6.25-14 inches 2 rows 

14 inches above 1 row 

19 



After the plastic rolls have already been cut into bags, the cutting department will 

pack the bags and prepare to ship them to the customers. 

3.2 Monitoring and Analyzing Existing Operations. 

The process is more studied by observing actual working or implementing any 

technique to find out the working concept of valuable works. 

(1) Collect operation data of each operator (work measurement) 

Work measurement by stopwatch is one method to deeply understand 

the processes. In this method, it is necessary to follow the operators doing 

their jobs, interview them for their operations, measure the time for each 

working element and note necessary data to analyze later. 

With the work measurement details, the following are noted. 

(a) Starting Time & Ending Time 

Each element of works must be measured by stopwatch to find 

the time taken by each job. 

(b) Contents of Operations 

All operations of workers must be observed. For example, setup 

extruder head, setup cylinder for printing plastic roll, change the 

plastic roll after finishing printing plastic roll, etc. Additionally, I can 

ask the workers are asked what they are doing in that process. 

(c) Operation Classification 

Classification of works by operation 1s also necessary. 

Operators' jobs is classified for the kinds of operations to find out the 

pattern of work. 
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( d) Process Classification 

The workers support three kinds of main processes those are 

extruding plastic roll, printing plastic roll and cutting plastic to be 

plastic bags. Raw data of work measurement are in Appendix A. 

(2) Arrange the data (graph, table and chart) 

After the details of the operation are collected, the necessary data are 

transferred to be required information. At this strategy, it is necessary to 

apply any technique such as operation time chart, analysis of the number of 

sampling and etc. 

Strategy 1: Classification of Works 

In this step, it is important to calculate and classify the major or the minor work 

for each person as the follows: 

(a) Extruding Department 

The extruding department is responsible for extruding plastic rolls 

according to the job order. When the operators receive job order, at first 

they will set up machine (warm up). The extruder head of each extruding 

machine must be warm up it. Then the operators will prepare the plastic 

resin and put into extruding machine. Next the operators will put cooling 

ring in the extruding machine. Each cooling ring will extrude only one size 

if the operators want to change size of plastic roll. They must change the 

cooling ring. Next they must set extruder head. Then they can extrude the 

plastic rolls. In the process of changing plastic roll, it will not take any time 

because the extruder head is extruded continuously so the process of 

changing plastic rolls will be ignored. After the operators finish extruding 

each job, they must change the cooling ring. 
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(b) Printing Department 

The major works of printing department are to set printing cylinder, if 

the job order need 5 colors, 5 cylinders must be set. After the operators set 

the cylinder, they will set a doctor blade. The doctor blade is a thin steel 

sheet of about 3 inches width but the length depends on the cylinder. After 

the operators finish setting the doctor blade, the rubber cylinder will be set. 

The rubber cylinder is above the printing cylinder. The rubber cylinder will 

compress the plastic sheet with printing cylinder. Next, the operators will 

pour the color. The process of set cylinder, set doctor blade, set rubber 

cylinder and pour color will be done according to the number of colors to be 

printed. With 3 colors printed, the operator will do all these process three 

times. After the operators finish all previous process, they will set the plastic 

roll in the printing machine. Then the operators can print the plastic roll. 

Each roll will contain about 25 kilograms. When they finish printing one 

roll, they will change the plastic roll. They will repeat all these process until 

they finish printing. After printing, they must pour the color back, take off 

the printing cylinder, rubber cylinder and doctor blade. 

( c) Cutting Department 

For the cutting department, the major work is to set up cutting 

machine( warm up). Then operators must put the plastic roll in the cutting 

machine and prepare for cutting. Next, they will cut the plastic rolls. When 

they finish cutting each roll, they must change new rolls. 

The entire production process is summarized in Figure 3 .1: 
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Extruding Department Cutting Department 

Setting up the extruding machine Setting up cutting machine 

r·· ··········································-
: Putting plastic resin in extruding machine 
L ........... ·-······-··-···-·······-····--··········-~ 

Putting cooling ring 

Setting extruder head · g the plastic roll 

i Extruding plastic roll 

Figure 3 .1. The Production Process Chart. 
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IV. CALCULATION OF LABOR STANDARD 

The stopwatch method is used most often for setting time standards for a task. A 

job is divided into a series of smaller work elements representing the accepted work 

method for the job. Using a stopwatch, an analyst performs a pilot study by timing a 

trained worker performing the work elements for a number of work cycles, then 

calculates the average time for each element. Given the information from the pilot 

study, the analyst determines whether the sample size was adequate to provide the 

desired precision in the average time estimate. If not, additional observations must be 

made. Once the sample size is deemed sufficient, the analyst proceeds to develop a time 

standard for the task by using additional information such as judgment-based and 

performance ratings. 

Step 1: Selecting work element 

The first step in a stopwatch time study is to select the work elements. The work 

element can be clarified as follows: 

(1) Extruding department. 

(a) Setting up the extruding machine 

(b) Putting plastic resin in extruding machine 

(c) Putting cooling ring 

(d) Setting extruder head 

(e) Extruding plastic roll (main process) 

(2) Printing department 

(a) Setting up the printing cylinder 

(b) Setting up the doctor blade 

(c) Setting up the rubber cylinder 
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(d) Pouring color 

(e) Setting up plastic roll 

(f) Printing plastic roll (main process) 

(g) Changing plastic roll 

(h) Pouring color back 

(i) Taking off printing cylinder 

(j) Taking off doctor blade 

(k) Taking off rubber cylinder 

(3) Cutting department 

(a) Setting up cutting machine 

(b) Putting plastic roll in cutting machine 

( c) Cutting the plastic roll (main process) 

( d) Changing the plastic roll 

Step 2: Timing the Elements. 

After the work elements have been identified, the operator trained in the work 

method is selected for the study. For each department, two operators will be selected for 

the study. Using the continuous method of timing to record the observation time, it is 

necessary to enter the stopwatch reading for each work element on completion of each 

element . For example, the clock reads 0.49 minutes equals 29.4 seconds. (the numerals 

after the decimal refer to hundredths of a minute, not seconds) 

An alternative timing technique, called the snap-back method, involves resetting 

the watch to zero after each work element has been completed. 

Step 3: Determining Sample Size. 

10 cycles of the operation of each operator are observed in each department. 

These I 0 cycles will be used to determine the number of sample size "n". I will use 90% 
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level of confidence. The degree of error from the true mean of the distribution ( e) is 8% 

or 0.08. 90% level of confidence and 8% of degree of error are noted down because the 

estimate job cycle time in producing plastic bags is not necessary to have quite accurate 

time. It can be flexible to set the production schedule. And the number of sample is 

appropriate to observe the operators. A formula, based on the normal distribution which 

can determine the sample size, n, required: 

2 

n= 

where 

n= required sample size 

e= the degree of error from the true mean of the distribution 

T= the average job cycle time 

s = J L:(ti-T)2 = sample standard deviation ofrepresentative 
n-I 

observed times for a work element. 

According to this formula, the number of samples requires for each work 

element of each department are noted. Refer to Appendix A at the Table A. I, Table A.3, 

Table A.6, Table A.8, Table A.I2, Table A.I4. Detail check sheet for the Result of 

Work Measurement. A stopwatch technique is used in each process in I 0 samples. The 

time is recorded in second. Then the average time for each process is recorded. Next, 

the sample standard deviation is checked. At 90% level of confidence and 8% degree of 

error from the true mean of the distribution, the number of cycles or the sample size of 

the time study is noted down. Therefore, it is summarized that the number of cycles 

required of the time study are as follows: 

In Extruding Department: Mr. Nai Thammasutom (Table A. I) 

(1) Setting up machine process requires 5 samples. 
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(2) Putting plastic resin process requires 18 samples. 

(3) Put cooling ring process requires 5 samples. 

( 4) Set extruder head process requires 19 samples. 

(5) Extruding process requires 32 samples (main process). 

In Extruding Department: Mr. Sombat Chambang (Table A.3) 

(1) Setting up machine process requires 4 samples. 

(2) Putting plastic resin process requires 14 samples. · 

(3) Putting cooling ring process requires 12 samples. 

(4) Setting extruder head process requires 13 samples. 

(5) Extruding process requires 35 samples (main process). 

In Printing Department: Mr. Precha Nampaisan (Table A.6) 

(1) Setting cylinder requires 16 samples. 

(2) Setting doctor blade requires 17 samples. 

(3) Setting rubber cylinder requires 18 samples. 

( 4) Pouring color requires 22 samples. 

(5) Setting plastic roll requires 24 samples. 

(6) Printing requires 36 samples (main process). 

(7) Changing plastic roll requires 24 samples. 

(8) Taking off cylinder requires 23 samples. 

(9) Taking off doctor blade requires 13 samples. 

( 10) Taking off rubber cylinder requires 22 samples. 

(11) Pouring color back requires 20 samples. 

In Printing Department: Mr. Sura Punpan (Table A.8) 

(1) Setting cylinder requires 13 samples. 

(2) Setting doctor blade requires 13 samples. 
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(3) Setting rubber cylinder requires 14 samples. 

( 4) Pouring color requires 14 samples. 

(5) Setting plastic roll requires 15 samples. 

(6) Printing requires 48 samples (main process). 

(7) Changing plastic roll requires 20 samples. 

(8) Taking off cylinder requires 23 samples. 

(9) Taking off doctor blade requires 8 samples. 

( 10) Taking off rubber cylinder requires 22 samples. 

(11) Pouring color back requires 7 samples. 

For Cutting Department: Ms. Suda Thaitip (Table A.12) 

(1) Set up machine requires 8 samples. 

(2) Set plastic roll requires 22 samples. 

(3) Cutting process requires 45 samples (main process). 

( 4) Change roll requires 8 samples. 

For Cutting Department: Ms. Namtip Chitchop (Table A.14) 

(1) Set up machine requires 6 samples. 

(2) Set plastic roll requires 21 samples. 

(3) Cutting process requires 37 samples (main process). 

( 4) Change roll requires 9 samples. 

For each process in the first ten cycles, the process of extruding, printing and 

cutting are estimated in 100 Kg. because it is necessary to use the same quantity to 

measure the time of production. The average quantity which each department normally 

produces is 100 kg. 
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Step 4: Setting the Standard. 

The normal time (NT) is determined for each work element by judging the pace of 

the operators. The operator's pace is assessed to see whether it is above or below 

average but also how much above or below average. The performance rating factor (RF) 

to the operator's performance is checke~ on each work element. For example the 

performance rating factor for the operator is 1.10. A performance rating factor greater 

than 1.0 means that in the subjective evaluation, the performance of the operator is 

faster pace than he or she would in normal conditions (that is, produced more output in 

a given amount of time). The rating factor is solely a judgment made by the factory 

manager, based on his experience. 

For the performance rating factor of each department, it is not important to use the 

performance rating value in the main process of extruding plastic roll and cutting plastic 

roll. Because the process of extruding plastic roll depends on the machine and the speed 

depends on the size and thickness of plastic roll. If the plastic roll has high thickness, 

the speed of extruding plastic roll will be slower than the plastic roll that has low 

thickness. For the printing department, performance rating factor is applied because the 

capability of the operator can effect the speed of the printing process. For cutting 

process, the performance rating percentage is not necessary to calculate in this process 

because the cutting speed depends on the size and thickness of plastic roll. 
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Normal Time of Each Department 

(a) For extrusion department, the work can be summarize as follows: 

Table 4.1. Normal Time of Extrusion Department (Setup Process). 

(Time Record in Minutes) 

Mr. Nai Mr. Sombut Total time of Normal time 

Thammasuntom Cham bang two operators 

Setting up 30.07383333 14.406 44.47983333 22.2399167 

machine 

Putting plastic 4.199791667 1.859888889 6.059680556 3.02984028 

resm 

Putting 10.716125 3.836944444 14.55306944 7.27653472 

cooling ring 

Setting 4.2435 2.180444444 6.423944444 3.21197222 

extruder head 

According to the Table A.2 and Table A.4, normal time of each operator is 

observed and then the average value of normal time is noted so the normal time of 

element is recorded in extrusion department. 

For the part of extrusion plastic roll, the time to produce plastic roll will depend 

on the width of plastic roll. From Table A.5, it can be summarized that the time to 

extrude plastic must measure in kilograms per minute. Because the thickness does not 

affect the time to extrude plastic roll such as plastic roll of the same size but different 

thickness, the thicker one will extruding slower than the thinner one. At the same time 
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St. Gabriel's Litrary, Au 

the output will be the same. Therefore, the normal time for extruding the plastic roll will 

be as follows: 

Table 4.2. Normal Time of Extrusion Department (Extrusion Process). 

Products: Plastic Bags 

Process: Extrusion (Time Record in Minutes) 

Width (inches) Production time inl Kg. 

1.5-5.5 inches 5.679650111 

6-13.5 inches 4.461544164 

14-17.5 inches 2.445385763 

18-36 inches 2.241958095 

(b) Printing Department 

Table 4.3. Normal Time of Printing Department (Setup Process). 

(Time Record in Mr. Precha Mr. Sura Total Normal 

Minutes) Nampaisan Pun pan working time time 

of two 

operators 

Setting cylinder 5.116594203 4.083680556 9.200274759 4.6001373 

Setting doctor blade 4.803369565 4.603541667 9.406911232 4.7034556 

Setting rubber cylinder 1.896521739 3.535277778 5.431799517 2.7158997 

Pouring color 1.528768116 3.494722222 5.023490338 2.5117451 

Setting plastic roll 14.14775362 10.195 24.34275362 12.171376 

Changing plastic roll 2.268514493 4.515347222 6.783861715 3.3919308 
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Table 4.3. Normal Time of Printing Department (Setup Process). (Continued) 

(Time Record in Mr. Precha Mr. Sura Total Normal 

Minutes) Nampaisan Pun pan working time time 

of two 

operators 

Taking off cylinder 4.680869565 3.687847222 8.368716787 4.1843583 

Taking off doctor blade 4.371521739 6.355555556 10.7270773 5.3635386 

Taking off rubber 1.842862319 2.632291667 4.475153986 2.2375769 

cylinder 

Pouring color back 2.466231884 4.449861111 6.916092995 3.4580465 

According to the Table A.7 and Table A.9, normal time of each operator can be 

noted and then the average value of normal time is checked so the normal time of 

setting up parts can be recorded in the printing department. 

For the part of printing plastic, the time to print plastic roll depends on the 

circumference of printing cylinder. If the printing cylinder has a larger circumference, 

the output of printed plastic will have more quantity than a cylinder with a small 

circumference. From Table A. I 0 and Table A.11, it is summarized that the time to print 

plastic must measure the output in inches per 1 kilogram per minute. The thickness of 

plastic film does not affect the speed of printing. The thickness affects the amount of 

inches per 1 kilogram. If the plastic roll has the same width but different thickness, the 

thicker one will have less amount of inches in 1 kilogram and the thinner will have more 

amount of inches in 1 kilogram. So the output will be measured by the speed of machine 

which measures in inches per minute in 1 kilogram. Therefore, the normal time for 

printing the plastic roll is described as follows: 
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Table 4.4. Normal Time of Printing Department (Printing Process). 

Products: Plastic Bags Circumference of printing Number of circumferences 

Process: Printing cylinder per minute 

(1) 12-14 inches 126 

(2) 15-19 inches 113 

(3) 20-24 inches 103 

(4) 25-29 inches 91 

(5) 30-34 inches 59 

(6) 35 inches up 48 

( c) Cutting Department 

Table 4.5. Normal Time of Cutting Department (Setup Process). 

(Time record Ms. Suda Ms. Namtip Total working time Normal 

in Minutes) Thai tap Chitchop of two operators time 

Setup machine 26.12777778 25.75 51.87777778 25.938888 

Set plastic roll 5.0275 3.717063492 8.744563492 4.3722817 

Change roll 3.705 3.795833333 7.500833333 3.7504166 

According to the Table A.13 and Table A.15, normal time of each operator is 

recorded and then the average value of normal time is noted so the normal time of 

element in cutting department can be calculated. 

For the process of cutting plastic roll, the time to cutting plastic roll is divided 

according to the width of plastic roll. From Table A.16, it can be summarized that the 

time in cutting plastic must be measured in meter per 1 kilogram per minute per row. 
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Because the thickness does not affect the speed of cutting. The thickness affects the 

amount of meter per 1 kilogram. If the plastic roll of the same width but different 

thickness, the thicker one will have less number of meter in 1 kilogram and the thinner 

will have more number of meters in 1 kilogram. So the output is measured by the speed 

of machine which measures in meter per minute in 1 kilogram. Therefore, the normal 

time for cutting can be clarified as follows: 

Table 4.6. Normal Time of Cutting Department (Cutting Process). 

Products: Plastic Bags (Time Record in Minute) 

Process: Cutting Width( inches) Inches/Minute/Row/I Kg. 

(1) 2.5-8 inches 1,482 

(2) 9-14 inches 1,040 

(3) 15-36 inches 940 

Normal Cycle Time {NT) 

For the normal cycle time is the summation of normal time. The normal cycle 

time will help the planner to set the schedule. For each job order, the planner must see 

the details of the job order such as size, thickness, color printed and the amount of 

order. Then the time for each job order can be calculated by finding out the following 

steps: 

(1) Extrusion part: 

For extrusion part, it starts from Table 4.1. The setup part takes about 

3 6.20 minutes. The normal time of setup process is shown in Figure 3 .1. 

Then I see at Table 4.2. The width of the plastic roll indicates the production 

time for example, 6 inches width takes 4.46 minutes to extrude !kilogram of 
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plastic roll. So the number of kilogram is multiplied by 4.46 minutes so total 

extrusion time can be recorded. The normal time of extrusion process is 

shown in Figure 3.2. 

(2) Printing part: 

For printing part, it starts from Table 4.3. The setup part takes about 

33.13 minutes. The setup takes about 33.13 minutes. The process of setup 

plastic roll will be done only one time and the process of changing the roll is 

controlled (3.39 minutes) by the number of kilograms in the job order (each 

roll will contain about 25 kilograms). If the job order indicates 3 colors 

print, every process is multiplied the number of colors except the process of 

changing the roll and setting the plastic roll to the machine. The process of 

changing the roll is controlled by the number of kilograms in the job order 

(each roll will contain about 25 kilograms). For example, the roll is changed 

4 times for 100 kilograms of plastic roll. The normal time for setup process 

is shown in Figure 3.3. Next, Table 4.4 shows that the time to print plastic 

roll depends on the circumference of printing cylinder. If the printing 

cylinder has a larger circumference, the output of printed plastic will have 

more quantity than a cylinder with a small circumference. The output is 

measured by the circumference of cylinder. The net circumferences is the 

circumference of printing cylinder multiplies by the number of 

circumference per minute. The total inches of order find by (1850/(width * 

thickness * 39.5))* production order*39.5. Then the total inches is divided 

by the net circumferences, the output is the printing time in minutes. The 

performance rating is multiplied with the printing time, the output is the net 

printing time. The normal time of printing process is shown in Figure 3.4. 
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(3) Cutting part. 

For cutting part, it starts from Table 4.5. The setup takes about 30.30 

minutes. The process of setup plastic roll is done only one time and the 

process of change the roll is controlled (3.75 minutes) by the number of 

kilogram in the job order (each roll will contain about 25 kilograms). The 

normal time of setup part in cutting process is shown in Figure 3.5. Next, 

see Table 4.6. The width of plastic roll indicates the production time for 

example 6 inches width takes 1482 inches per 1 kilogram per minute to 

cutting the plastic roll. Then the total length in inches is calculated for the 

job. After the total length in inches are checked, the total length is divided 

by 1482 and the number of row then the number of kilograms is multiplied. 

So the total cutting time is recorded in minutes. The normal time in cutting 

process is shown in Figure 3.6. 

The normal time for the cycle is not applicable, so it is not possible to 

use that time as a standard. It does not account for fatigue, rest periods, or 

unavoidable delays that occur during an average workday. Some allowance 

time is added to the normal time to adjust for these factors. According to the 

observations, it is found that the operators work 110 minutes out of 120 

minutes. So 8.33% of the working time is noted as allowance time. 

A standard time is the time spent by an average operator to complete a 

job under normal environment and conditions. 

Standard time (ST)= (normal cycle time)(l +allownace factor) 
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V. SYSTEM DEVELOPMENT 

The process of planning is involved in many other departments. In order to clarify 

the process of sales and planning picture, the data flow diagram can explain each 

element clearly. The data flow diagram explains the first step that sales person receives 

inquiries from customers. So the context and data flow diagram of planning are 

designed and sales system is also included. The planner will work between production 

and sales departments. The duty of the planner is to cooperate with sales persons and 

operators in the production line. The job order from sales person is used to calculate the 

production time. 

In Figure 5 .1 a context diagram explains the relationship among sales and 

planning systems and external entities. Figure 5 .2 is the data flow diagram of sales and 

planning system. 

Figure 5 .3 is a data flow diagram of level 1 process 1. The first process verifies 

inquiry. The customer will contact sales person and the sales person will receive 

inquiry. The sales person will review whether the product type is available in the 

company, inquiry quantity is above minimum amount and printed details is not more 

than six colors. Then he will evaluate the inquiry whether to accept or reject it. 

Figure 5.4 is a data flow diagram of level 1 process 2. The second process is the 

process to prepare quotation. First, the customer data and the accepted inquiries are 

brought to verify whether the customer is a new customer or not. If the customer is new 

then the customer data will be kept in the customer file. If the customer is an old 

customer, the inquiry will bring to calculate the unit price. Raw material price is brought 

from raw material file. The new customer data is checked to evaluate credit term. Then 
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the unit price and credit term will bring to generate quotation and then they are sent to 

customer. 

Figure 5.5 is a data flow diagram of level 1 process 3. The third process verifies 

the purchase order. When a customer sends a purchase order to the company, the 

purchase order and customer details are considered to verify ordered item details. If the 

purchase order data is correct, the credit term will be checked. 

Figure 5.6 is a data flow diagram level 1 process 4. The forth process records the 

order entry. When the purchase order is accepted, the sales person will record order 

item. The data will be kept in the order file and the purchase order file. The purchase 

order will be copied and send to accounting department. The purchase order details are 

looked into to check the raw material inventory. The sales person will check the 

inventory status from the inventory department. Then the sales person will inform the 

required inventory quantity to the inventory department to update the inventory status. 

After that the purchase order data is worked out to generate the job order. The job order 

details are checked to verify the job order details. If the job order details are complete, 

the job order is accepted. But if the job order details are not complete, the job order is 

rejected. 

Figure 5.7 is a data flow diagram of level 1 process 8. The accepted job order is 

checked to calculate the production time in each department. The extrusion time, 

printing time and cutting time are considered to arrange the planning schedule. Then the 

planning schedule is printed out and sent to the production department and kept in the 

schedule file. The sales person will use the planning schedule to check the status of the 

production line. If the product is delayed from the delivery date, the sales person will 

inform the customer. 
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VI. IMPLEMENTATION 

Improving the labor standard is my main reason in doing this project. The 

standard time in production process can be used in many ways. First, the standard time 

can implement the planning schedule. For example, when a customer orders plastic 

bags, the planner will calculate the production time in each department. The daily 

production schedule will control the production department. The operators in each 

department know the schedule and what they are going to do next. So the operators can 

prepare the machine. For example in the printing department, if the operators knows the 

production schedule, they can prepare plastic roll, printing cylinder, rubber cylinder for 

printing process. So the operators will not have the problem of waiting for plastic roll or 

printing cylinder. The planner will plan the production program in the extrusion 

department corresponding to the printing department and the cutting department. 

Increasing productivity of work is a benefit of arranging a planning schedule. To 

prepare for future expansion, operators must have some time allowance for more 

working load. The number of operators is assigned in each department according to the 

planning schedule. 

Work reduction plan is made to improve each operation. Unimportant invaluable 

work in each operation process can be left out. Sometimes the operators must open and 

close the machine or it causes job interruption between processes because they do not 

have a proper plan. The operators can use the planning schedule to work continuously. 

In case of marketing and sales department, the sales person will know the estimate 

delivery day in each job. If the job can not be finished on time, the planner will inform 

sales person so the sales person can negotiate with the customer. If the customer cannot 
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accept shipment delay, the planner can work out to increase the capacity by increasing 

operators or working time. 

When the planner can control the job according to the production schedule, the 

shipping and accounting departments can plan to ship finished goods and collect bill in 

the same area. Most customers of UTK company live around Bangkok. If the proper 

shipping schedule is not available, the driver may drive around Bangkok to deliver the 

orders only to a few places. 

The production cost is an essential data to calculate the fixed costs, variable costs 

and overhead expenses. When the planner can work on time to produce the plastic bags, 

the sales person can easily calculate the costs of production. 
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VII. CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusions 

This project studies the process of producing plastic bags. I want to improve labor 

standard by setting the standard time in each process. My objectives are analyzing each 

production process and setting standard time for each job, solving the problem of late 

delivery and improving the productivity for the production department. My scope will 

focus on the production line of each department. 

In the literature review, many objectives can be shown for the benefits of this 

project. Moreover, the project explains the techniques of work measurement, time 

studies, labor standard and etc. In addition, the question of improvement point are 

discussed, and implemented to set up the improvement plans. 

This project explains stopwatch time study technique method to find out the 

standard time of each job element. The result can be concluded as follows: 

( 1) Process is the existing condition. 

At first, understanding the process or the problem will help me know 

the conditions. 

(a) Determining the number of operators in each process. 

(b) Determining the role of each department. 

(2) Monitoring and analyzing the existing operations. 

The process is analysed thoroughly by observing actual working time 

and by implementing any technique to find out the working concept of 

valuable work. 

(a) Collecting operation data of each operator (work measurement) 

(b) Arranging the data (graph, table and chart) 
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(3) Calculating the number of sample size. 

Using a stopwatch, an analyst performs a pilot study is performed by 

timing a trained worker performing the work elements for a number of work 

cycles, then calculates the average time for each element. 

(a) Selecting work element. 

(b) Timing the elements. 

Using the continuous method of timing to record the observation 

time, the stopwatch reading is done for each work element on 

completion of each element. 

( c) Determining Sample Size. 

Only 10 cycles of the operation of each operator are observed in 

each department. These 10 cycles are used to determine the number 

of sample size "n". 90% level of confidence is considered. The degree 

of error from the true mean of the distribution (e) is 8% or 0.08. 90% 

level of confidence and 8% of degree of error are noted. 

( d) Setting the Standard. 

The normal time (NT) is determined for each work element by 

judging the pace of the operators. So the normal time is concluded as 

follows: 

(1) Extrusion Department 

(a) Setting up machine uses 22.23 minutes. 

(b) Putting plastic resin uses 3.02 minutes. 

( c) Putting cooling ring uses 7 .27 minutes. 

( d) Setting extruder head uses 3.2lminutes. 
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( e) Extrusion time depends on the width of plastic roll as 

follows: 

(1) The width 1.5-5.5 inches takes 5.67 minutes to 

produce 1 kilogram. 

(2) The width 6-13.5 inches takes 4.46 minutes to 

produce 1 kilogram. 

(3) The width 14-17.5 inches takes 2.44 minutes to 

produce 1 kilogram. 

(4) The width 18-36 inches takes 2.24 minutes to 

produce 1 kilogram. 

(2) Printing Department 

(a) Setting cylinder uses 4.60 minutes. 

(b) Setting doctor blade uses 4.70 minutes. 

(c) Setting rubber cylinder uses 2.71 minutes. 

( d) Pouring color uses 2.51 minutes. 

( e) Setting plastic roll uses 12.17 minutes. 

(f) Printing time depends on the circumference of printing 

cylinder. 

(g) Changing plastic roll uses3.39 minutes. 

(h) Taking off cylinder uses 4.18 minutes. 

(i) Taking off doctor blade uses 5.36 minutes. 

G) Taking off rubber cylinder uses 2.23minutes. 

(k) Pouring color back uses 3 .45 minutes. 

(3) Cutting Department 

(a) Setting up machine uses 25.93 minutes. 
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(b) Setting plastic roll uses 4.37 minutes. 

(c) Changing roll uses 3.75 minutes. 

( d) Cutting time depends on the width of plastic roll as 

follows: 

(1) The width 2.5-8 inches cut 1,482 inches per minute 

per row. 

(2) The width 9-14 inches cut 1,040 inches per minute 

per row. 

(3) The width 15-36 inches cut 940 inches per minute 

per row. 

7.2 Recommendations 

This project studies the production process of long-term working. It is beneficial 

to apply this scientific method to analyze and make reasonable improvement plans. 

However, the procedure of studying is also important. Like other improvement subjects, 

agreement from top management is necessary. Thus, permitting from the manager to 

support improvement theme is the key to success. 

Operators should be explained about improvement activities. There are many 

reasons that can explain the necessity of improvement as follows: 

(1) To balance the workload of operator. 

(2) To prepare working condition supporting other activities. 

(3) To support future demand in case of expansion. 

( 4) To reduce production costs of the company during the time of economic 

cns1s. 

(5) To improve the operators performance. 
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Knowing the operation is also necessary, it is important to understand the process 

and know the reason of working. Interview is one part of research. It is important to 

make clear of the operator's jobs. 

In the analysis on improvement, I can initiate many improvements. However, 

discussing with process members is required to list the problems and take the corrective 

action. 

7.3 Further Study 

The concepts of work measurement and method study can be used to improve any 

processes, any jobs, or any organizations. With scientific thinking, it is necessary to find 

the reason, know the situation and analyze the problem. Many other techniques can be 

applied to study and to improve the operation or process as follows: 

(1) Cost calculation chart 

(2) Flow process chart 

(3) Layout of working area 

(4) Learning curve 

(5) Gantt chart 

Selecting any techniques depends on the characteristic of that process. However, 

all operations and processes can be improved because there are usually numerous ways 

to perform any task. It is always possible to find a better way to work for the betterment 

of a business. 
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APPENDIX A 

DRAFT DA TA OF WORK MEASUREMENT 
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Date: 28/6/2002 Project: UTK Time: I 0:02:53 
Detailed Listing -- by Process Number 

All Process Entries -- Data Flow Diagrams 

UTK SALES AND PLANNING SYSTEM 
Process#: 0 
Location: 

Context Diagram ( CONTEXT ) 
Input Flows: 
Inquiry 
Purchase Order 
Adjusted Plan schedule 
Output Flows: 
Rejected Inquiry 
Quotation 
Rejected Purchase Order 
Expected Delivery Schedule 
Copied Purchase Order 
Job Order 
Purchase Requisition 
Inventory Status 

Date Last Altered: 61612002 Date Created: 

Verify Inquiry 
Process#: I 
Process Description: 

DO 

Process 

Process 

24/3/2001 

READ CUST_NAME,CUST_ADD,CUST_TEL,CUST_FAX, 
TYPE_ OF _PLASTIC,PRINTED _DETAILS, AND 
AMOUNT OF ORDER 

BEGIN IF 
IF TYPE OF PLASTIC IS NOT PREFER OR 

PRINTED DETAILS HAS COLOUR GREATER THAN 6 
COLOURS OR 
AMOUNT OF ORDER IS LESS THAN I 00 KILOGRAMS 

THEN REJECTED INQUIRY 
ELSE ACCEPTED INQUIRY 

ENDIF 
UNTIL END-OF-FILE 

Location: 
Level-0 plan schedule 

Input Flows: 
Inquiry 
Output Flows: 

( 0 ) 

Rejected Inquiry 

Date: 28/6/2002 
Time: 10:02:53 

Accepted Inquiry 
Project: UTK 

Detailed Listing -- by Process Number 
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St. Gabriel's Library, Au 

All Process Entries -- Data Flow Diagrams 

Date Last Altered: 25/3/2001 Date Created: 24/3/2001 

Clarify Inquiry 
Process#: 

Process 
1.1 

Location: 
Level 1-V erify Inquiry ( 1 ) 

Input Flows: 
Inquiry 
Output Flows: 
Product Type 
Inquired Quantity 
Printed Details 

Date Last Altered: 14/6/2002 

Check Specification of Plastic Bag 
Process#: 1.2 
Location: 

Level 1-Verify Inquiry ( 1 ) 
Input Flows: 
Product Type 
Output Flows: 
Specification of Plastic Bag 

Date Created: 

Date Last Altered: 24/3/2001 Date Created: 

Check Minimum Quantity 
Process#: 1.3 
Location: 

Level 1-Verify Inquiry ( 1 ) 
Input Flows: 
Inquired Quantity 
Output Flows: 
Minimum Quantity Data 

Process 

Date Last Altered: 24/3/2001 Date Created: 

Date: 28/6/2002 
Time: 10:02:53 

Project: UTK 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

Check Printed Color Process 
Process#: 1.4 
Location: 

Level 1-Verify Inquiry ( 1 ) 
Input Flows: 
Printed Details 
Output Flows: 
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24/3/2001 

Process 

24/3/2001 

24/3/2001 



Available Printed Color 
Date Last Altered: 24/3/2001 

Evaluate Inquiry 
Process#: 1.5 
Location: 

Level 1-Verify Inquiry ( 1 ) 
Input Flows: 
Minimum Quantity Data 
Specification of Plastic Bag 
Available Printed Color 
Output Flows: 
Accepted Inquiry 
Rejected Inquiry 

Date Created: 

Process 

Date Last Altered: 24/3/2001 Date Created: 

Prepare Quotation Process 
Process#: 2 
Process Description: 

DO 

24/3/2001 

24/3/2001 

READ CUST_NAME,CUST_ADD,CUST_TEL,CUST_FAX, 
TYPE_OF _PLASTIC,PRINTED_DETAILS,SALESPESON_ID 
,QUOTATION_ ID AND AMOUNT_OF _ORDER 

IF COMPARE CUST_NAME,CUST_ADD,CUST_TEL, AND 
CUST FAX BETWEEN CURRENT CUSTOMER AND 
CUSTOMER FILE 

THEN GENERATE QUOTATION 
ELSE ADD NEW CUSTOMER TO CUSTOMER FILE 

UNTIL END-OF-FILE 
Date: 28/6/2002 Project: UTK 
Time: 10:02:53 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

Location: 
Level-0 plan schedule ( 0 ) 

Input Flows: 
Accepted Inquiry 
Raw Material Price 
Customer Data 
Output Flows: 
Quotation 
Quotation 
New Customer Data 

Date Last Altered: 12/6/2002 Date Created: 

Verify if New Customer Process 
Process#: 2.1 
Location: 
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Level I -Prepare Quotation ( 2 ) 
Input Flows: 
Accepted Inquiry 
Customer Data 
Output Flows: 
New Customer Inquiry 
New Customer Inquiry 
Current Customer Inquiry 

Date Last Altered: 24/3/2001 Date Created: 

Update Customer File 
Process #: 2.2 
Location: 

Level I-Prepare Quotation ( 2 ) 
Input Flows: 
New Customer Inquiry 
Output Flows: 
New Customer Data 

Date Last Altered: 24/3/2001 

Date: 28/6/2002 
Time: I 0:02:53 

Project: UTK 

Process 

Date Created: 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

Calculate Unit Price 
Process #: 2.3 
Location: 

Level I -Prepare Quotation ( 2 ) 
Input Flows: 
Raw Material Price 
New Customer Inquiry 
Current Customer Inquiry 
Output Flows: 
Unit Price 

Date Last Altered: 24/3/2001 

Evaluate Credit Term 
Process#: 2.4 
Location: 

Level I-Prepare Quotation ( 2) 
Input Flows: 
Customer Data 
Output Flows: 
Credit Term 

Date Last Altered: 24/3/200I 

Generate Quotation 
Process#: 2.5 
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Process 

Date Created: 

Process 

Date Created: 

Process 

24/3/200I 

24/3/200I 

24/3/2001 

24/3/2001 



Location: 
Level I-Prepare Quotation ( 2) 

Input Flows: 
Credit Term 
Unit Price 
Output Flows: 
Quotation 
Quotation 

Date Last Altered: 24/3/2001 Date Created: 

Date: 28/6/2002 
Time: 10:02:53 

Project: UTK 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

Verify Purchase Order 
Process#: 3 
Process Description: 

DO 

Process 

24/3/2001 

READ CUST_NAME,CUST_ADD,CUST_TEL,CUST_FAX, 
TYPE_OF_PLASTIC,PRINTED_DETAILS, 
AMOUNT_OF_ORDER,CREDIT_TERM,PRICE,PO_NO, 
ANDDATE 

IF 
TYPE_OF_PLASTIC,PRINTED_DETAILS,THICKNESS_OF_PLASTIC, 

AMOUNT_ OF_ ORDER,CREDIT _ TERM,PRICE,AND DATE 
IS PREFER 

THEN ACCEPTED QUOTATION 
ELSE REJECTED QUOTATION 

UNTIL END-OF-FILE 
Location: 

Level-0 plan schedule ( 0 ) 
Input Flows: 
Purchase Order 
Customer Data 
Output Flows: 
Accepted Purchase Order 
Rejected Purchase Order 

Date Last Altered: 27/3/2001 

Verify Ordered Item Details 
Process#: 3.1 
Location: 

Level 1-Verify Purchase Order ( 3 ) 
Input Flows: 
Purchase Order 
Customer Data 
Output Flows: 

Date Created: 

Confirmed Item Purchase Order 

115 

24/3/2001 

Process 



Incorrect Item Details Purchase Order 
Date Last Altered: 24/3/2001 Date Created: 

Date: 28/6/2002 
Time: 10:02:53 

Project: UTK 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

24/3/2001 

Check Purchase Order Credit Term Process 
Process#: 3.2 
Location: 

Level 1-V erify Purchase Order ( 3 ) 
Input Flows: 
Confirmed Item Purchase Order 
Output Flows: 
Accepted Purchase Order 
Incorrect Credit Term Purchase Order 

Date Last Altered: 24/3/2001 Date Created: 24/3/2001 

Issue Rejected PO letter 
Process#: 3.3 
Location: 

Level 1-V erify Purchase Order ( 3 ) 
Input Flows: 

Process 

Incorrect Item Details Purchase Order 
Incorrect Credit Term Purchase Order 
Output Flows: 
Rejected Purchase Order 

Date Last Altered: 14/6/2002 Date Created: 

Record Order Entry Process 
Process#: 4 
Process Description: 

DO 

24/3/2001 

READ CUST_NAME,CUST_ADD,CUST_TEL,CUST_FAX, 
TYPE_OF_PLASTIC,PRINTED_DETAILS,SALESPESON_ID 
QUOTATION ID, 
AMOUNT_ OF_ ORDER,CREDIT _ TERM,PRICE,PO _NO, 
ANDDATE 

ADD CUST_NAME,CUST_ADD,CUST_TEL,CUST_FAX, 
TYPE_ OF _PLASTIC,PRINTED _DETAILS, 
AMOUNT_ OF_ ORDER,CREDIT _ TERM,PRICE,PO _NO, 
AND DATE TO ORDER FILE 

ADD CUST_NAME,CUST_ADD,CUST_TEL,CUST_FAX, 
TYPE_ OF _PLASTIC,PRINTED _DETAILS, 

Date: 28/6/2002 
Time: 10:02:53 

AMOUNT_ OF_ ORDER,CREDIT _ TERM,PRICE,PO _NO, 
AND DATE TO PURCHASE ORDER FILE 

Project: UTK 
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Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

SEND CUST_NAME,CUST_ADD,CUST_TEL,CUST_FAX, 
TYPE_OF_PLASTIC,PRINTED_DETAILS, 
AMOUNT_ OF_ ORDER,CREDIT _ TERM,PRICE,PO _NO, 
AND DATE TO ACCOUNTING DEPARTMENT 

UNTIL END-OF-FILE 
Location: 

Level-0 plan schedule ( 0 ) 
Input Flows: 
Accepted Purchase Order 
Output Flows: 
Copied Purchase Order 
Order Description 
Filed Purchase Order 
Purchase Order Details 
Purchase Order Details 

Date Last Altered: 12/6/2002 

Record Ordered Items 
Process#: 4.1 
Location: 

Level 1-Record Order Entry ( 4 ) 
Input Flows: 
Accepted Purchase Order 
Output Flows: 
Order Description 
Purchase Order Details 
Purchase Order Details 
Recorded Purchase Order 

Date Last Altered: 24/3/2001 

Generate Purchase Order Copy 
Process #: 4.2 
Location: 

Level 1-Record Order Entry ( 4 ) 
Input Flows: 
Recorded Purchase Order 
Output Flows: 
Copied Purchase Order 
Recorded Purchase Order 

Date: 28/6/2002 Project: UTK 
Time: 10:02:53 

Date Created: 

Process 

Date Created: 

Process 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

Date Last Altered: 24/3/2001 Date Created: 
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File Purchase Order 
Process #: 4.3 
Location: 

Level I-Record Order Entry ( 4) 
Input Flows: 
Recorded Purchase Order 
Output Flows: 
Filed Purchase Order 

Process 

Date Last Altered: 24/3/200I Date Created: 

Check Raw Material Inventory Process 
Process#: 5 
Process Description: 

DO 

24/3/200I 

READ CUST_NAME,CUST_ADD,CUST_TEL,CUST_FAX, 
TYPE_ OF _PLASTIC,PRINTED _DETAILS, 
AMOUNT_ OF_ ORDER,CREDIT _ TERM,PRICE,PO _NO, 
ANDDATE 

EVALUATE AMT_REQ_OF _PLASTIC_RASIN&COLOR 
IF AMT_REQ_OF_PLASTIC_RASIN&COLOR_USED IS LESS 

THAN AMT_REQ_OF_PLASTIC_RASIN&COLOR_IN_STOCK 
THEN DO NOTHING 
ELSE GENERA TE PURCHASE REQUISITION 

UNTIL END-OF-FILE 
Location: 

Level-0 plan schedule ( 0) 
Input Flows: 
Inventory Status 
Purchase Order Details 
Output Flows: 
Purchase Requisition 
Required Inventory Quantity 
Required Inventory Quantity 

Date Last Altered: 25/3/200I Date Created: 

Date: 28/6/2002 
Time: I 0:02:53 

Project: UTK 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

24/3/200I 

Get Required Material Inventory Status Process 
Process#: 5.1 
Location: 

Level I-Check Raw Material Inventory ( 5 ) 
Input Flows: 
Inventory Status 
Purchase Order Details 
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Output Flows: 
Purchase Order Details with Inventory Status 

Date Last Altered: 24/3/2001 Date Created: 24/3/2001 

Verify if Inventory Quantity Enough Process 
Process#: 5.2 
Location: 

Level I -Check Raw Material Inventory ( 5 ) 
Input Flows: 
Purchase Order Details with Inventory Status 
Output Flows: 
Required Inventory Quantity 
Insufficient Inventory Quantity 

Date Last Altered: 24/3/2001 Date Created: 

Generate Purchase Requisition 
Process#: 5.3 
Location: 

Level I -Check Raw Material Inventory ( 5 ) 
Input Flows: 
Insufficient Inventory Quantity 
Output Flows: 
Purchase Requisition 

Process 

Date Last Altered: 24/3/2001 Date Created: 

Date: 28/6/2002 
Time: 10:02:53 

Project: UTK 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

Generate Job Order 
Process#: 6 
Process Description: 

DO 

Process 

READ CUST_NAME,PRODUCT_ID, 
SALESPESON _ID,PRODUCT _NAME, 
PRODUCT_CATEGORY, 

24/3/2001 

24/3/2001 

TYPE_ OF _PLASTIC,PRINTED _DETAILS, 
AMOUNT_ OF_ ORDER,PRICE,PO _ NO,JOB _NO, 
DATE, DELIVERY_DATE,SIZE_OF _PLASTIC, AND 
THICKNESS OF PLASTIC 

IF PRODUCT ID IS SAME AS PRODUCT OF 
INVENTORY_ QUANTITY 

THEN MINUS AMOUNT OF ORDER WITH 
INVER TORY_ QUANTITY 

ELSE READ PO DETAILS 
UNTIL END-OF-FILE 
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Location: 
Level-0 plan schedule ( 0) 

Input Flows: 
Purchase Order Details 
Rejected Job Order Details 
Required Inventory Quantity 
Output Flows: 
Planning Schedule 

Date Last Altered: 13/6/2002 Date Created: 

Notify Expected Delivery Schedule 
Process#: 7 
Process Description: 

DO 

Process 

READ CUST _ NAME,CUST _ID,PRODUCT _IDCUST _ADD 
SALESPESON_ID, PRODUCT_ NAME 
PRODUCT_ CATEGORY, TYPE_ OF _PLASTIC, 
PRINTED _DETAILS,SIZE_ OF _PLASTIC, 

24/3/2001 

THICKNESS_ OF _PLASTIC,AMOUNT _OF_ ORDER, 
PO_NO,JOB_NO,DATE 
DELIVERY_DATE,DATE_TO_FINISH,PRODUCT_STATUS 
AND PRICE 

IF DATE TO FINISH IS MORE THAN DELIVERY DATE - - -
THEN THE JOB IS DELAY 
ELSE THE JOB IS ON TIME 

Date: 28/6/2002 Project: UTK 
Time: 10:02:53 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

UNTIL END-OF-FILE 
Location: 

Level-0 plan schedule ( 0) 
Input Flows: 
Planning Schedule 
Output Flows: 
Expected Delivery Schedule 

Date Last Altered: 13/6/2002 Date Created: 

Calculate Production time Process 
Process#: 8 
Process Description: 

DO 

24/3/2001 

READ CUST NAME,CUST_ID,PRODUCT_ID,SALESPESON_ID, 
PRODUCT_ NAME,PRODUCT _CATEGORY, 
TYPE_ OF _PLASTIC,PRINTED _DETAILS, 
SIZE_ OF _PLASTIC, CIRCUMFERENCE, 
THICKNESS OF PLASTIC 
PO_NO,JOB_NO,DATE,DELIVERY_DATE AND 
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AMOUNT OF ORDER 
CASE 1 READ TYPE_OF_PLASTIC, SIZE_OF_PLASTIC, 

THICKNESS_ OF_ PLASTIC,AMOUNT _OF_ ORDER 
IF SIZE_OF_PLASTIC IS MORE THANl.5 AND 

LESS THAN 5.5 
THEN PRODUCTION TIME IS 5.67 MIN PER lKG. 
IF SIZE_OF_PLASTIC IS MORE THAN6 AND 

LESS THAN OR EQUALTO 13.5 
THEN PRODUCTION TIME IS 4.46 MIN PER lKG. 
IF SIZE OF PLASTIC IS MORE THAN14 AND 

LESS THAN OR EQUAL TO 17.5 
THEN PRODUCTION TIME IS 2.44 MIN PER lKG. 
IF SIZE OF PLASTIC IS MORE THANl 8 AND 

LESS THAN OR EQUAL TO 36 
THEN PRODUCTION TIME IS 5.67 MIN PER lKG. 
ELSE THE DATA IS IN CORRECT 

BRING PRODUCTION_TIME PLUS 35.75 WILL EQUAL TO 
TOTAL EXTRUSION TIME - -

CASE2 READ TYPE_OF_PLASTIC, SIZE_OF_PLASTIC, 

Date: 28/6/2002 
Time: 10:02:53 

THICKNESS_OF_PLASTIC,CIRCUMFERENCE, 
AMOUNT OF ORDERAND 
PRINTED DETAILS 

DO CALCULATE THE AMOUNT OF ORDER DIVIDE 
BY25 EQUAL TO TIMES OF CHANGING ROLL 
MULTIPLY 
BY 3.39 EQUAL TO 
TOTAL TIME OF CHANGING ROLL - -

Project: UTK 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

DO CALCULATE 18500 DIVIDE BY SIZE OF PLASTIC 
MULTIPLY BY THICKNESS OF PLASTIC 
MULTIPLY BY 39.5 EQUAL TO TOTOL_INCHES 

IF CIRCUMFERENCE LESS THAN TO 15 
AND MORE THAN OR EQUAL TO 12 

THEN CIRCUMFERENCE MULTIPLY BY 126.48 
IF CIRCUMFERENCE LESS THAN 20 

AND MORE THAN OR EQUAL TO 15 
THEN CIRCUMFERENCE MULTIPLY BY 113.35 

IF CIRCUMFERENCE LESS THAN 24 
AND MORE THAN OR EQUAL TO 20 

THEN CIRCUMFERENCE MULTIPLY BY 102.61 
IF CIRCUMFERENCE LESS THAN 29 

AND MORE THAN OR EQUAL TO 25 
THEN CIRCUMFERENCE MULTIPLY BY 91.05 

IF CIRCUMFERENCE LESS THAN30 
AND MORE THAN OR EQUAL TO 30 
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St Gabriefs Library. Au 

THEN CIRCUMFERENCE MULTIPLY BY 58.87 
IF CIRCUMFERENCE IS MORE THAN 35 

THEN CIRCUMFERENCE MULTIPLY BY 48.19 
THE OUTPUT IS INCH PER MINUTE - -

ELSE THE INPUT IS WRONG 
DO CALCULATE TOTAL INCHES DIVIDE BY 

INCHES PER MINUTE - -
OUTPUT IS PRINTING TIME PER KG - - -
BRING AMOUT OF ORDER MULTIPLY BY 
PRINTING TIME PER KG IS PRINTING TIME - - -

DO PRINTING TIME PLUS 
TOTAL TIME OF CHANGING ROLL PLUS 

- - - -
41.94 EZUAL TO TOTAL PRINTING TIME - -

CASE 3 DO 
READ TYPE_OF_PLASTIC, SIZE_OF_PLASTIC, 

THICKNESS_ OF _PLASTIC,AMOUNT_ OF_ ORDER 
DO CALCULATE THE AMOUNT OF ORDER DIVIDE 

BY25 EQUAL TO 
TIMES OF CHANGING ROLL MULTIPLY 
BY 3.75 EQUAL TO 
TOTAL TIME OF CHANGING ROLL - - - -

DO CALCULATE 18500 DIVIDE BY SIZE OF PLASTIC 
MULTIPLY BY THICKNESS OF PLASTIC 
EQUAL TO TOTAL_METERS_PER_KG 
MULTIPLY BY AMOUNT OF ORDER 
EQUAL TO TOTAL_METERS 

IF SIZE_ OF _PLASTIC IS MORE THAN OR EQUAL TO 
2.5 AND LESS THAN 8.5 

THEN TOTAL METERS DIVIDE BY 38.01 
IF SIZE_ OF _PLASTIC IS MORE THAN OR EQUAL TO 

8.5 AND LESS THAN 14 
THEN TOTAL METERS DIVIDE BY 30.09 

IF SIZE_ OF _PLASTIC IS MORE THAN OR EQUAL TO 
15 AND LESS THAN 36 

THEN TOTAL METERS DIVIDE BY 24.11 
THE OUTPUT IS METER PER MINUTE PER KG 

- - - -
IF SIZE_ OF _PLASTIC IS MORE THAN OR EQUAL TO 

Date: 28/6/2002 Project: UTK Time: 10:02:53 
Detailed Listing -- by Process Number 

All Process Entries -- Data Flow Diagrams 

1.5 AND LESS THAN OR EQUAL TO 3 
THEN ROW IS 5 

IF SIZE_OF_PLASTIC IS MORE THAN OR EQUAL TO 
3.25 AND LESS THAN OR EQUAL TO 6 

THENROWIS3 
IF SIZE_ OF _PLASTIC IS MORE THAN OR EQUAL TO 

6.25 AND LESS THAN OR EQUAL TO 14 
THENROWIS2 
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IF SIZE_ OF _PLASTIC IS MORE THAN OR EQUAL TO 
14 

THEN ROW IS 1 
OUTPUT IS ROW 

BRING METER PER MINUTE PER KG MULTIPLY BY 
- - - -

ROW PLUS TOTAL TIME OF CHANGING ROLL - - - -

PLUS 30.31 
OUTPUT IS TOTAL CUTTING TIME - -

UNTIL-END-OF-FILE 

Location: 
Level-0 plan schedule ( 0) 

Input Flows: 
Adjusted Planned Schedule 
Accepted Job Order 
Output Flows: 
Planning Schedule 
Planning Schedule 
Planning Schedule 

Date Last Altered: 17 /6/2002 Date Created: 

Calculate Extrusion Time 
Process#: 8.1 
Location: 

Calculate Production Schedule ( 8 ) 
Input Flows: 
Planning Schedule 
Output Flows: 
Extrusion Time 

Date Last Altered: 10/6/2002 

Date: 28/6/2002 
Time: 10:02:53 

Project: UTK 

Process 

Date Created: 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

Calculate Printing Time 
Process #: 8.2 
Location: 

Calculate Production Schedule ( 8 ) 
Input Flows: 
Planning Schedule 
Output Flows: 
Printing Time 

Date Last Altered: 10/6/2002 

Clarify Job Order 
Process#: 8.3 
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Process 

Date Created: 

Process 

61612002 

10/6/2002 

10/6/2002 



Location: 
Calculate Production Schedule ( 8 ) 

Input Flows: 
Adjusted Planned Schedule 
Accepted Job Order 
Output Flows: 
Planning Schedule 
Planning Schedule 
Planning Schedule 

Date Last Altered: 14/6/2002 Date Created: 

Printed Out Planning Schedule 

Date: 
Time: 

Process#: 8.4 
Location: 

Calculate Production Schedule ( 8 ) 
Input Flows: 
Planning Schedule 
Output Flows: 
Planning Schedule 
Planning Schedule 
Planning Schedule 

Date Last Altered: 10/6/2002 

28/6/2002 Project: UTK 
10:02:53 

Process 

Date Created: 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

Calculate Cutting Time Process 
Process#: 8.5 
Location: 

Calculate Production Schedule ( 8 ) 
Input Flows: 
Planning Schedule 
Output Flows: 
Cutting Time 

Date Last Altered: 10/6/2002 Date Created: 

Summarize Total Time Process 
Process#: 8.6 
Location: 

Calculate Production Schedule ( 8 ) 
Input Flows: 
Extrusion Time 
Printing Time 
Cutting Time 
Output Flows: 
Production Time 

Date Last Altered: 10/6/2002 Date Created: 
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Arrange Planned Schedule 
Process#: 8.7 
Location: 

Calculate Production Schedule ( 8 ) 
Input Flows: 
Production Time 
Output Flows: 
Planning Schedule 

Process 

Date Last Altered: 10/6/2002 Date Created: 

Date: 28/6/2002 
Time: 10:02:53 

Project: UTK 

Detailed Listing -- by Process Number 
All Process Entries -- Data Flow Diagrams 

Verify Job Order Details 
Process#: 9 
Process Description: 

DO 

Process 

READ CUST_NAME,CUST_ID,PRODUCT_ID, 
SALESPESON_ID,CUST_ADD,PRODUCT_NAME, 
PRODUCT_ CATEGORY,TYPE _OF _PLASTIC, 
PRINTED_ DET AILS,SIZE _OF _PLASTIC, 

10/6/2002 

THICKNESS_ OF _PLASTIC,AMOUNT _OF_ ORDER,PRICE, 
PO_NO,JOB_NO,DATE,DELIVERY_DATE AND PACKING 

IF JOB ORDER DETAILS IS NOT CORRESPOND WITH - -
PO DETAILS 

THEN REJECTED JOB ORDER 
ELSE ACCEPTED JOB ORDER 

UNTIL END-OF-FILE 

Location: 
Level-0 plan schedule ( 0) 

Input Flows: 
Planning Schedule 
Output Flows: 
Accepted Job Order 
Rejected Job Order Details 

Date Last Altered: 13/6/2002 Date Created: 
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Date: 281612002 
Time: 10:59:42 

Project: UTK 

Summary Listing -- Alphabetically 
All Entries -- Whole Repository 

ACCEPT_ INQUIRY_ INFOR 
Accepted Inquiry 
Accepted Job Order 
Accepted Purchase Order 
Accounting Department 
Adjusted Plan schedule 
Adjusted Planned Schedule 

Flow 
AMOUNT OF ORDER 
AMOUNT OF ORDER AFFORDABLE - - -

AMOUNT OF PRODUCE 
Element 

AMOUNT OF RM LEFT IN INV - - -
Element 

AMT LEF OF PLASTIC RASIN&COLOR - - - -

Element 
AMT LEFT OF PLASTIC RASIN&COLOR 

- - - -
Element 

AMT OF RM LEFT IN INV 
- - - - -

AMT_ REQ_ OF _PLASTIC_ RASIN&COLOR 
Element 

Arrange Planned Schedule 
Available Printed Color 
Belong_ to 
Calculate Cutting Time 
Calculate Extrusion Time 
Calculate Printing Time 
Calculate Production time 
Calculate Unit Price 
Check Minimum Quantity 
Check Printed Color 
Check Purchase Order Credit Term 
Check Raw Material Inventory 

Date: 281612002 Project: UTK 
Time: 10:59:42 

Summary Listing -- Alphabetically 
All Entries -- Whole Repository 

Check Specification of Plastic Bag 
Clarify Inquiry 
Clarify Job Order 
Confirmed Item 
Confirmed Item Purchase Order 
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Data Element 
Data Flow 
Data Flow 
Data Flow 
External Entity 
Data Flow 

Data 

Data Element 
Data Element 

Data 

Data 

Data 

Data 

Data Element 
Data 

Process 
Data Flow 
Relationship 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
Process 
Process 

Process 
Process 
Process 
Data Flow 
Data Flow 



Copied Purchase Order 
Credit Term 
CREDIT TERM 
Current Customer Inquiry 
CUST ADD 
CUST E-MAIL 
CUST FAX 
CUST ID 
CUST NAME 
CUST TEL 
Customer 
Customer Data 
Customer File 
Customers 
Cutting Time 
CUTTING TIME 
DATE 
DATE TO DELIVERY 
DATE TO FINISH 
DELIVERY DATE 
ERROR DETAILS 
Evaluate Credit Term 

Date: 281612002 
Time: 10:59:42 

Project: UTK 

Summary Listing -- Alphabetically 
All Entries -- Whole Repository 

Evaluate Inquiry 
Expected Delivery Schedule 

Flow 
Extrusion Time 
EXTRUSION TIME 
File Purchase Order 
Filed Purchase Order 
Generate Job Order 
Generate Purchase Order Copy 
Generate Purchase Requisition 
Generate Quotation 
Generated on 
Get Required Material Inventory Status 
Handle 
Has 
Incorrect Credit Term Purchase Order 

Flow 
Incorrect Item Details Purchase Order 

Flow 
INCORRECT DETAIL INFOR 

- -
Inquired Quantity 
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Data Flow 
Data Flow 
Data Element 
Data Flow 
Data Element 
Data Element 
Data Element 
Data Element 

Data Element 
Data Element 
External Entity 
Data Flow 
Data Store 
Entity 
Data Flow 
Data Element 

Data Element 
Data Element 
Data Element 
Data Element 
Data Element 
Process 

Process 
Data 

Data Flow 
Data Element 
Process 
Data Flow 
Process 
Process 
Process 
Process 
Relationship 

Relationship 
Relationship 

Process 

Data 

Data 

Data Element 
Data Flow 



Inquiry 
Insufficient Inventory Quantity 
Inventory Department 
Inventory Status 
is_ calculated_ by 
Is for 
Is for 
Is_ Handled_ by 
Is_ Issued_ by 

Date: 281612002 Project: UTK 
Time: 10:59:42 

Summary Listing -- Alphabetically 
All Entries -- Whole Repository 

Is_Quoted 
Is shown 
Issue 
Issue Rejected PO letter 
Item 
Item Quote 
Job Order 
Job Order 
Job Order Details 
JOB NO 
Minimum Quantity Data 
MINIMUM ORDER 
New Customer Data 
New Customer Inquiry 
Notify Expected Delivery Schedule 
Order Description 
Order File 
PACKING 
Planned Schedule 
Planning Schedule 
Planning Schedule 
PO NO 
PR NO 
Prepare Quotation 
PRICE 
PRICE OF RM 
Printed Details 

Date: 281612002 Project: UTK 
Time: 10:59:42 

Summary Listing -- Alphabetically 
All Entries -- Whole Repository 

Printed Out Planning Schedule 
PRINTED AVAILABLE 
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Data Flow 
Data Flow 
External Entity 
Data Flow 
Relationship 
Relationship 
Relationship 

Relationship 
Relationship 

Relationship 
Relationship 

Relationship 

Entity 
Process 

Associative Entity 
Data Flow 
Entity 
Data Flow 
Data Element 
Data Flow 
Data Element 
Data Flow 
Data Flow 
Process 
Data Flow 
Data Store 
Data Element 
Data Flow 
Data Flow 
Entity 
Data Element 
Data Element 
Process 

Data Element 
Data Element 
Data Flow 

Process 
Data Element 



PRINTED DETAILS 
Printing Time 
PRINTING TIME 
Product Type 
PRODUCT CATEGORY 
PRODUCT ID 
PRODUCT NAME 
PRODUCT STATUS 
Production Department 
Production Time 
PRODUCTION DETAILS 

Element 
Purchase Order 
Purchase Order 
Purchase Order Details 
Purchase Order Details with Inventory Status 

Flow 
Purchase Order File 
Purchase Order 1 
Purchase Requisition 
Purchasing Department 
Quotation 
Quotation 
Quotation 
Quote 
Raw Material File 
Raw Material Price 

Date: 28/6/2002 Project: UTK 
Summary Listing -- Alphabetically 
All Entries -- Whole Repository 

Receive 
Record Order Entry 
Record Ordered Items 
Recorded Purchase Order 
REJECT_ INQUIRY_ INFOR 
Rejected Inquiry 
Rejected Job Order 
Rejected Job Order Details 
Rejected Purchase Order 
REJECTED PO INFOR 
Required Inventory Quantity 
Salesperson 
SALESPESON ID 
Schedule File 
SIZE OF PLASTIC 
Specification of Plastic Bag 

Flow 
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Data Element 
Data Flow 
Data Element 
Data Flow 
Data Element 
Data Element 
Data Element 
Data Element 
External Entity 
Data Plow 

Data 

Data Flow 
Entity 
Data Flow 

Data 

Data Store 
Data Flow 
Data Flow 
External Entity 
Data Store 
Data Flow 
Entity 
Relationship 
Data Store 
Data Flow 

Time: 10:59:42 

Relationship 
Process 
Process 
Data Flow 
Data Element 
Data Flow 
Data Flow 
Data Flow 
Data Flow 
Data Element 
Data Flow 
Entity 
Data Element 
Data Store 
Data Element 

Data 



Summarize Total Time 
THICKNESS OF PLASTIC 
TYPE OF PLASTIC 
TYPE OF PLASTIC AVAILABLE - - -

Element 
Unit Price 
Update Customer File 
UTK SALES AND PLANNING SYSTEM 
Verify if Inventory Quantity Enough 
Verify ifNew Customer 
Verify Inquiry 
Verify Job Order Details 

Date: 28/6/2002 Project: UTK 
Time: 10:59:42 

Summary Listing -- Alphabetically 
All Entries -- Whole Repository 

Verify Ordered Item Details 
Verify Purchase Order 
WRONG CREDIT TERM INFOR - - -
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Process 
Data Element 
Data Element 

Data 

Data Flow 
Process 
Process 
Process 
Process 
Process 
Process 

Process 
Process 
Data Element 
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