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GLOSSARY 

Factory : The area that is responsible for the 

building of the units. This area can 

be building the units for the 

companies own internal use or for 

sale to some outside customer. 

Host Computer : The computer that is controlling the 

shop floor. 

Workstation : The intelligant device that is 

interfacing with the operator. 

Units : The items that are being assembled 

and inspected in the factory. Unit 

is used through out as a general term 

and could easly refer to print 

circuit boards, integrated circuits, 

televisions, radios, computers, ect. 

Shop Floor The area where the units are being 

assembled and inspected. 
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Operations : The steps that the unit must go 

through to be assembled and 

inspected. 

Operator : The person who is performing the 

operation on the unit at any given 

time. 

Engineers : The people responsible for how a unit 

is to be constructed. 

Work Instructions : A list of instructions that describe 

in detail how a unit is to be 

assembled and inspected. It lists 

the components that are to be 

installed on the unit. It indicates 

what operations the unit is to go 

through and in what order the 

operations are to be performed. It 

indicates what special tools are 

needed and what special training the 

operators must have to perform the 

different operations. 
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Routing Paper : A piece of paper that follows every 

unit to tell the operator what work 

instructions are to be used, what the 

billing number is, and what 

operations are to be preformed. The 

operator is to sign next to the 

operation indicated when they have 

completed it. The operator also 

indicates any failures on the routing 

paper. 

Inspection : The operation where every unit is 

inspected for workmanship, bad 

components, meets customers' 

requirements, etc. 
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ABSTRACT 

One of the aspects of Computer Integrated Manufacturing 

is the ability to provide current work instructions to the 

operator at their workstation on a terminal or graphic 

monitor. The problem is, today, paperless planning is 

displayed to the operator one page at a time, making the 

operator report the completion or not completion of that task 

before showing the next page. This allows the operator no 

freedom of choice in how to do the job, which leads to reduced 

productivity and quality. A possible solution is presented 

by structuring the planning instructions and enhancing the 

workstation. The operator can be allowed to do the work the 

way he or she feels the most comfortable and yet, ensure the 

work is done according to design requirements. 
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CHAPTER ONE 

INTRODUCTION 

Large manufacturers of printed circuit (PC) boards have 

always used some form of written instructions, called work 

instructions. The work instructions inform the operator how 

to assemble and test a particular PC board. The work 

instructions describe each step, known as an operation, the 

PC board is to go through. It shows pictures of the PC board 

in various stages of assembly and also identifies other 

manufacturing information. 

As the electronic age has grown, so has the manufacture 

of PC boards to keep up with the demand. It is not uncommon 

for a manufacturer to be building 200 different types of PC 

boards on the shop floor at once [5]. If there are 100 

operators on the shop floor, there must be several thousand 

sets of work instructions. That way an operator can have a 

copy for any PC board they might be working on at that time. 

Companies are just now turning to automating their work 

instructions [2, 5, 6, 8]. They are doing this by using 

centralized databases, computer networks, computer graphics, 

and computerized workstations [2, 4, 5, 7, 8]. 
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The objective of this thesis is to present a scheme that 

will combine existing database schemes, computer networks, 

and computer graphic images to improve the manufacturing 

environment. It will be shown that a type of tree structure 

format (TSF) can be used instead of the step-by-step sequence 

approach used today. Specific goals of this thesis are: 

1. To propose a TSF scheme for displaying work 

instructions to an operator on the shop floor. This 

scheme will present the work instructions to the 

operator in a manner similar to existing methods, 

by using a centralized database and computer 

network. It will allow the operator the flexibility 

to choose which task to preform, but control the 

work to ensure that the engineering requirements are 

met. 

2. To use existing on-line methods of displaying work 

instructions to the operator. This is done by using 

personal computers or a terminal at the operator's 

workstation. A network scheme will connect the 

workstations to a centralized database. 
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1.2 A Typical Manufacturing Shop Floor 

A PC board must go through several phases of construction 

called operations (See Figure 1.1). The following is an 

example of some typical operations : 

A. The PC board has components installed. This can be 

done by machine and/or by hand. The operator 

prepares the components for installation and 

installs them per the work instructions. When 

completed, the PC board goes to operation B. 

B. Inspection of the PC board and components. The 

operator checks the PC board and the components with 

the work instructions. If correct, the PC board 

goes to operation C. If not, the PC board goes back 

to operation A for correction. 

C. The PC board is wave soldered. This is done by a 

machine. The operator loads the PC boards onto a 

conveyor belt that goes into the machine and picks 

them up off the conveyor belt as they come out. 

When completed the PC board goes to operation D. 
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D. Touch up of the PC board is done by hand. The 

operator solders the places that the wave solder 

machine missed or did not do correctly. When 

completed, the PC board goes to operation E. 

E. Inspection of the PC board is done by hand. The 

operator inspects the PC board to make sure that 

everything is as it should be per the work 

instructions. If it is, then the PC board goes to 

operation F. If a component is missing, then the 

PC board goes to operation A. If a solder joint is 

not correct, then the PC board goes to operation D. 

F. Testing of the PC board is done by a machine. The 

operator connects the PC board to the machine and 

starts the test per the work instructions. If the 

PC board does not pass, it goes to operation T for 

troubleshooting. If it passes, then it goes to 

operation G. 

G. Coating of the PC board is for protection. This is 

done by both hand and machine. The operator coats 

the PC board and then puts it into an oven to bake 
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the coating onto the board. When completed, the PC 

board goes to operation H. 

H. Inspection of the PC board is done for the last time 

by hand. The operator checks to make sure 

everything is as it should be per the work 

instructions. If not, the PC board goes back to 

operation G or operation A, depending on what needs 

to be done. If everything is correct, the PC board 

is ready for delivery to the customer. 

R. Replacement of bad components on the PC board is 

done by hand. The operator replaces the bad 

components that were identified in operation T. 

When completed, the PC board goes to operation E for 

inspection. 

T. Troubleshoot the PC board. This is done by hand 

using test equipment. The operator tries to isolate 

the problem with the PC board. The PC board goes 

back to operation R, if it is a bad component or 

operation D, if it is a bad solder joint. The 

scrapping of the PC board is done with no 

identification of the problem. 
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Figure 1.1 Typical Shop Floor Operations 
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There are many problems associated with the manufacturing 

of electronic items. Inventory control, product control, 

product scheduling, scheduled down time, and production rates 

are but a few examples [2, 5, 6, 8]. This thesis addresses 

the problems associated with the creation, use, and revision 

of automated work instructions in order to improve the 

manufacturing process. 

1.3.1 Complex Technology 

The manufacturing of electronic items has become evermore 

demanding. With the compactness of integrated circuits, PC 

boards have become smaller and more powerful. The personal 

computer is a good example of this. Ten years ago you could 

get an 8080 based computer running at 8Mhz with 16K of memory, 

8 bit data transfers, and write your own programs in assembly 

code with a teletype keyboard. Today for the same price and 

the same size you can get 80386 based computer running at 

40Mhz with up to 16M of memory, 32 bit data transfers, and all 

types of programs to run on it. 
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Manufacturing has also had to change to meet the demand 

of these more powerful electronic units. The assembly of 

these units require clean environments [8 ]. The control of 

static electricity, temperature, and humidity are some of the 

requirements [6]. As the complexity of the unit goes up, so 

does the need for its reliability. In some cases peoples 

lives may depend on the unit working properly (the space 

shuttle is an example). If that was not enough, due to the 

ever changing products, a company has to be able to change to 

meet the changing needs. A company used to test a unit before 

shipping it. If it failed the test, the company scrapped it 

and built a new one. Today the cost of a unit is such that 

it is now cheaper to try to repair it before scrapping it. 

1.3.2 Work Instruction Control 

A manufacturer could be building 200 different types of 

PC boards on their shop floor. In many of the aerospace and 

military orders this involves between 100 to 200 PC boards per 

type. To handle this low volume/high mix environment [10], 

manufacturers do not create an assembly line for each type of 

PC board. Instead, they have one assembly line where 

operators work on all different types of PC boards at once. 

Example : an operator that assembles PC boards may, on an 
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average day, put components on five PC boards of the same 

type, one PC board of a different type, and three still of a 

different type. This operator, to do the job, must have three 

different sets of work instructions that day for the three 

different types of PC boards. If there are 150 operators on 

the shop floor working the same type of PC board, there must 

be 150 work instructions, one for each operator. If there are 

100 types of PC boards on the same shop floor, there must be 

15,000 total work instructions. It can become a nightmare to 

keep track of what work instructions is for which PC board. 

Making sure that the work instructions show a design change 

for a PC board can become a major effort if dealing with paper 

instuctions. In 1983 Daniel S. Appleton did a study for the 

United States Air Force Integrated Computer-Aided 

Manufacturing (ICAM) Team on the state of industrial 

automation. His report cited that manufacturers could not 

control the work instructions that the operators used to build 

components for the Air Force and also, that data quality was 

poor [1]. In a study done in 1988 by Hewlett Packard on 

Manufacturing Solutions for the Aerospace Industry, it was 

reported: 

Work instruction systems provide instructions 
typically in paper form, to the factory floor 
production personnel. These instructions, which 
include the process flow steps for the work order 
and the work instructions are part of a process plan 
created for each work instructions for each step. 
The aerospace manufacturing environment poses unique 
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problems not readily addressed by current 
paper-based work instruction systems. The low 
volume/high mix aerospace environment creates a need 
for numerous process plans, one for each assembly 
and one for each revision. This proliferation of 
process plans causes a heavy workload for process 
planning engineers and an increase of paper on the 
production floor. Paper plans can be lost or 
damaged and are difficult to update. Constant 
engineering changes aggravate the problem. Because 
there are so many process plans on the production 
floor at any one time, finding and updating a 
particular plan before further out of spec work is 
done is almost impossible. The military requires 
contractors to ensure that manufactured products 
correlate with the released engineering data. 
Meeting this requirement using current paper based 
systems is becoming almost impossible.1 

1.3.3 Operator's Dilemma 

As electronic units become more and more complex, the 

problem of building them becomes the people manufacturing the 

units. It is not reasonable to expect the average person on 

the shop floor to have a Ph.D. or even an Engineering Degree 

but a High School Degree. The average person on the shop 

floor will not know how the manufactured unit works or why 

certain things must be done. 

Operation C - wave solder, operation F - test, operation 

G - coat, and operation T - troubleshoot, require special 

lHManufacturing Solutions For The Aerospace Industry", Internal 
Report, Hewlett Packard, 1988, pp 2. 
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equipment and training for the operator and therefore are 

better done at different workstations. An operator can do 

operation A - install components, operation B - check the 

installation, operation D - touch up, operations . E and H -

inspect, and operation R - rework, at the same workstation or 

set of workstations. Example : Two operators setting next to 

each other are installing components onto PC boards, operation 

A. When complete, the operators exchange PC boards and do 

operation B - check the installation. Also, it requires the 

same equipment at operation D - touch up as it does at 

operation R -rework. Operators qualified to inspect PC boards 

can do operations B, E, or H, because they are all inspection 

operations. 

Put yourself in the operator's place at a workstation. 

You have a PC board to work on setting at your workstation. 

What needs to be done? Do you need to install components and 

if so which ones? Do you need to check the installation or 

inspect the PC board? If so, for which operation B, E, or H? 

Do you need to touch up or remove bad components? If so, which 

ones? Do you have the correct work instructions for the work 

you are going to do? Where do you take the PC board after you 

have completed the work? Are you finishing work started last 

shift? Does the PC board even belong at your workstation? 
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1.4 What Manufacturers are Doing to Solve These Problems 

To solve the operator's dilemma and to solve other large 

scale problems such as inventory control, work instructions 

control, process control, etc., companies are turning to 

Computer Integrated Manufacturing (CIM) [1, 2, 5, 6, 8, 9, 

10]. 

General Motors [5, 8], Rockwell International [2], Tandem 

Computers [ 2 ], and other companies [ 6 ] are investing large 

amounts of time and money to solve these problems (See 

Appendix A). IBM [4] and others are providing hardware and 

software to meet the needs of CIM (See Appendix B). 

1.4.1 Paperless Planning 

One of the aspects of CIM is the use of paperless 

planning, also known as electronic work instructions. The 

paperless planning involves the showing of manufacturing 

information, instructions, and graphical images to the 

operator through a color CRT mounted on the work bench [2, 5, 

8 ] .  
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The different companies that have implemented paperless 

planning feel that it reduces the time required to prepare and 

maintain the work instructions [2, 5, 8]. They also feel that 

it improves the quality of the product and productivity of the 

personnel. 

1.4.2 Implementation of Paperless Planning 

As the engineers develop the design of the PC board on 

a computer aided design (CAD) system, the information is 

captured and converted into step-by-step work instructions. 

The work instructions are stored in a database on a 

centralized computer. There is a personal computer or other 

type of computer installed at every work bench. A local area 

network connects the workstations to the centralized computer. 

Work instructions, downloaded to the workstation, are shown 

to the operator through a step-by-step sequence of tasks. The 

workstation checks the operator's actions to the tasks and 

uploads the results to the centralized computer. The 

centralized computer records the history of each PC board. It 

also determines the next operation that the PC board is to go 

to. See Figure 1.2 for an example of a typical hardware 

layout [ 2 ,  5 ,  8 ] .  
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Figure 1.2 A Typical CIM Hardware Layout 
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CHAPTER TWO 

STATEMENT OF THE PROBLEM 

Companies that are creating a paperless planning system 

(see Appendix A) are using a step-by-step method of work 

instructions [2, 5, 8 ]. The system gives the operator a task 

to perform, such as install a resistor (see the example in 

Figure 2.1). The operator tells the system that the task was 

completed or not completed. The system then shows the next 

task, such as install the next resistor. The system steps the 

operator through each task like pages in a book. The operator 

must show the task as completed or not completed before the 

system will display the next task. The operator must do the 

tasks in the order shown. The operator could not put the 

second resistor on first, in the above example, even though 

it may not matter which resistor goes on first. 

Two of the reasons for going to CIM is to increase 

productivity and quality [1, 2, 5, 6, 8, 9]. Showing the work 

instructions electronically, instead of having the operator 

look for the correct page in the paper work instructions, will 

increase productivity and reduce the chance for mistakes. The 

leading cause of low quality is mistakes by the operator. 

Providing the work instructions electronically will reduce the 
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time it takes the operator to find the correct paper work 

instruction. As a consequence, showing the work instruction 

step-by-step will make the operator feel like a machine and 

become bored with what he or she is doing, causing their 

productivity and quality to go down [3, 6, 7]. Thomas G. 

Gunn, in an article titled "Strategies For World-Class 

Manufacturing" for CAE magazine, in October 1987, is quoted 

as saying, "The first management resource in manufacturing is 

a commitment to quality. Educated, motivated people are the 

second resource, which this method [step-by-step] of paperless 

planning ignores."2 

2Gunn, Thomas G. 1987, "Strategies For World-Class 
Manufacturing", CAE, October 1987, pp 59. 
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Figure 2.1 Example of Paperless Planning 
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This is where the computer shows its usefulness. With 

a personal computer at each workstation connected to a host 

computer controlling the shop floor, the system should aid the 

operator in configuring the board. Instead of using the 

workstation computer to display pictures, it should be given 

more information about what is to be done. This way it can 

be used to make decisions about how to help the operator. The 

operator enters the serial number of the PC board into the 

personal computer. The personal computer will upload it to 

the host computer. The host computer will download all the 

pertinent information about the PC board and what needs to be 

done. It will make sure that the work is being done per the 

work instructions. It will also allow the operator the 

freedom to do the work in the way he or she feels most 

comfortable. This way the operator will feel that he or she 

is in control of what is going on and is contributing to the 

company. As a person becomes interested in what he or she is 

doing, their productivity goes up and the number of mistakes 

goes down. The person will also look at the personal computer 

as a tool to help do the job instead of controlling it. 
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To help in the description of our solution, we will use 

a simple PC board as an example, see Figure 2.2. This PC 

board will contain several typical components such as: 

5 Resistors 
2 Capacitors 
3 Transistors 
2 Integrated Circuits (IC) 
2 Power Transistors 
2 Heat Sinks for the Transistors 
2 Screws for one of the Transistors 
2 Washers for the Screws 
2 Nut for the Screws 
2 Insulators for the Power Transistors 
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R4 

H5 
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Figure 2.2 Simple PC Board 

We will set up typical assembly requirements that our 

design must follow. 

1. The correct component is to go in the correct spot 

on the board. 

2. Certain components require special handling, such 

as polarity concerns. Special instructions will be 
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displayed to the operator when these components are 

to be installed. 

3. Components connected together, such as nuts and 

screws, will be done so and in the proper order. 

4. Some tasks may not need graphics, such as wave 

soldering of a board. The system must be able to 

display instructions only. 
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CHAPTER THREE 

USING A TREE STRUCTURE FORMAT (TSF) AS A SOLUTION 

There are several reasons why the step-by-step work 

instructions approach was taken. First it is the simplest to 

implement. Second, looking at it from the centralized 

database it seems to be the only approach to take. We will 

develop another scheme to the work instructions by looking at 

the workstation and what it can do for the operator. We will 

call this scheme a Tree Structure Format (TSF). Each node on 

the tree will be a structure of tasks for the operator. We 

will start with the first operation and built upon the scheme 

until the entire shop floor requirments can be met. We will 

also show how this scheme can be controlled using the current 

equipment. 

3.1 Building of the PC Board 

Using the simple PC board in the introduction we will 

begin to develop the TSF starting at the first operation, A. 

Looking at the installation of the power transistor (PT1) 

more closely, a possible way of installing it is to first take 

the screw and connect it to the heat sink. Second, connect 
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the heat sink to the transistor. Third, connect the 

insulator. Fourth, connect to the PC board. Fifth, connect 

the washer. Finally, connect the nut. Now the other screw is 

installed with its appropriate washer and nut. If any one of 

the components is missing or the sequence is not followed, the 

installation of the power transistor is not complete. A 

structure can be developed from this example where each 

component listed is given a sequence number corresponding to 

the order in which it is installed. When a component is being 

referenced, a unique reference designator will be used to 

identify it from other components. 

reference component/action sequence 

SCI screw 1 
HS1 heat sink 2 
PT1 power transistor 3 
INI insulator 4 
PCI PC board 5 
WA1 washer 6 
NU1 nut 7 
SC2 screw 8 
WA2 washer 9 
NU2 nut 10 

In this modern day of computers and color graphics, a 

picture is worth a thousand words (see Appendix B, HOW-2). It 

would be marvelous to show the operator a picture of the task 

that is to be done. This would enhance the job. This can 
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easily be done by placing the picture graphics (see example 

in Figure 2.1) in a database keyed to a unique identification. 

The placement of this identification in our structure is 

shown: 

reference component/action sequence picture 

SCI screw 1 11 
HS1 heat sink 2 12 
PT1 power transistor 3 13 
INI insulator 4 14 
PCI PC board 5 15 
WA1 washer 6 16 
NU1 nut 7 17 
SC2 screw 8 11 
WA2 washer 9 16 
NU2 nut 10 17 

Even with pictures, some verbiage will be needed to 

prompt the operator into action. This wording can be as 

simple as "INSTALL COMPONENT AS SHOWN". It can be a warning 

such as "BE CAREFUL NOT TO TIGHTEN THE NUT TOO MUCH OR DAMAGE 

MAY RESULT" or a specific instruction such as "BE SURE OF THE 

PLACEMENT OF THE POWER TRANSISTOR FOR PROPER POLARITY". Due 

to the use of pictures, wording can be reduced to one or two 

lines of general text to cover several different applications. 

This text is stored in a database and keyed with a unique 

identification. This identification will show what to display 

to the operator for that task. 



34 

reference component/action sequence picture wording 

SCI 
HS1 
PT1 
INI 
PCI 
WA1 
NU1 
SC2 
WA2 
NU2 

screw 
heat sink 
power transistor 
insulator 
PC board 
washer 
nut 
screw 
washer 
nut 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
11 
16 
17 

101 
102 
103 
104 
105 
106 
107 
101 
106 
107 

To illustrate how this component structure will work see 

Figure 3.1. 

begin 
sort component structure by sequence number 
for each sequence Si starting with the lowest 
begin 
display picture Pj and wording Wj 
wait for operator to indicate completion 

end; 
end. 

Figure 3.1 Component Structure Algorithm 

This now gives us a structure that can be used to show 

an operator what component to put on, a picture of how to put 

it on, and any special instructions by using the algorithm in 

Figure 3.1. This structure can also assure the proper order 
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of the installed components. To take this idea one step 

further, two power transistors are to be installed. It does 

not matter which one is installed first as long as all the 

components associated with that transistor are installed with 

it. 

The structure for installation of the one power 

transistor (PT1) can be looked upon as a sub-assembly of the 

PC board. The sub-assembly can be viewed as a node to our 

TSF. A special reference designator will be given to the sub

assembly and the sub-assembly, will be treated just like any 

other component. When the system encounters this special 

reference designator, it will know to go to that sub-assembly, 

or node, for the information on how to prompt the operator. 

To show that the installation of the two sub-assemblies can 

be done in any order, they will have the same sequence number. 

MAIN : 

reference component/action sequence picture wording 

SUB sub-assembly 1 1 
SUB sub-assembly 2 1 
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SUB-ASSEMBLY 1 : 

reference component/action sequence picture wording 

SCI screw 1 11 101 
HS1 heat sink 2 12 102 
PT1 power transistor 3 13 103 
INI insulator 4 14 104 
PCI PC board 5 15 105 
WA1 washer 6 16 106 
NU1 nut 7 17 107 
SC2 screw 8 11 101 
WA2 washer 9 16 106 
NU2 nut 10 17 107 

SUB-ASSEMBLY 2 : 

reference component/action sequence picture wording 

HS2 heat sink 
PT2 power transistc 
IN2 insulator 
PCI PC board 

1 21 102 
2 22 103 
3 23 104 
4 15 105 

Now we can complete the assembly of the PC board by 

merging the rest of the components into our scheme. Again, 

to show that any component can be installed in any order, they 

are all given the same sequence number. 



MAIN : 

reference component/action sequence picture wording 

SUB sub-assembly 
SUB sub-assembly 
R1 resistor 
R2 resistor 
R3 resistor 
R4 resistor 
R5 resistor 
CI capacitor 
C2 capacitor 
T1 transistor 
T2 transistor 
T3 transistor 
IC1 16 pin IC 
IC2 16 pin IC 

1 
1 
1 31 121 
1 31 121 
1 32 121 
1 32 121 
1 33 121 
1 34 122 
1 34 122 
1 36 123 
1 36 123 
1 36 123 
1 37 124 
1 37 124 

SUB-ASSEMBLY 1 : 

reference component/action sequence picture wording 

SCI screw 1 11 101 
HS1 heat sink 2 12 102 
PT1 power transistor 3 13 103 
INI insulator 4 14 104 
PCI PC board 5 15 105 
WA1 washer 6 16 106 
NU1 nut 7 17 107 
SC2 screw 8 11 101 
WA2 washer 9 16 106 
NU2 nut 10 17 107 

SUB-ASSEMBLY 2 : 

reference component/action sequence picture wording 

HS2 heat sink 1 21 102 
PT2 power transistor 2 22 103 
IN2 insulator 3 23 104 
PCI PC board 4 15 105 



38 

We now have a scheme that looks like a tree structure 

format, see Figure 3.2. 

SUB- ASSEtlBLV 2 SUB- ASSEflBL V 1 

Figure 3.2 Simple PC Board TSF 

3.2 Characteristics of the TSF 

The following is a list of characteristics that the TSF 

provides or requires. 

1. A task is a separate line in the structure of a node 

in the TSF tree. A task is any action by the 
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operator. A task could be the installation of a 

component or having the operator check a certain 

tightness of a screw. 

Tasks that depend upon each other will form separate 

sub-assemblies or nodes. The components around PT1 

is a good example of this. The entire assembly will 

not be completed, if one of the components is not 

installed. 

All tasks will have a unique reference 

identification. This will allow for easy 

identification of what task is in work. 

All tasks will have a sequence number. This will 

allow for priority sequencing of tasks. 

Tasks that must be performed before another will 

have a lower sequence number. 

Graphics (see example in Figure 2.1) are stored in 

a database and keyed with a unique identification. 

This key is stored with the task reference 

identification so the graphic picture is displayed 

when that task is selected. 

Word instructions (see example in Figure 2.1) are 

stored in a database and keyed with a unique 

identification. This key is stored with the task 

reference identification so the instruction is 



displayed when that task is selected. 

8. There can be many sub-assemblies, see Figure 3.3 as 

an example. 

9. There can be sub-assemblies inside of 

sub-assemblies, see Figure 3.3 as an example. 

10. There can be sub-assemblies or components that must 

be installed before other sub-assemblies or 

components. 

11. The sequence number controls a component's or sub

assembly's installation. 

12. Components or sub-assemblies with the same sequence 

number can be installed in any order. 

13. There are levels of control for components and sub

assemblies installation. 

Example : The installation of all components of 

sequence number 1 must occur first before the 

installation of components of sequence number 2. 

14. Sequence numbers are only pertinent within the given 

structure. Example : sequence numbers inside 

sub-assembly 2 have no influence on the tasks of 

sub-assembly 1. 
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SUD-ASSENBLV 6 

SUB-ASSEI1BLU 4 

SUB-ASSEMBLE 1 SUB-ASSEMBLE 2 

SUB-ASSEMBLV 5 

SUB- ASSENBLV 3 

SUB-ASSEdBLV 7 

Figure 3 .3 TSF Example 
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Now we have a TSF scheme to help the operator in building 

a PC board at operation A. Let us see if we can merge the 

rest of the operations into the TSF scheme. This mainly 

involves the creation and storing of the TSF and a way of 

determining to what operation the PC board is to go to next. 

To start with we need to add some additional requirements 

for the TSF: 

1. There will be a separate TSF for each operation that 

a PC board will go through. 

2. There will be a separate TSF for each type of PC 

board at each operation. 

3. A host computer or centralized database will 

generate the TSFs with the help of an engineer. 

4. The host computer or centralized database will store 

and maintain the TSFs. 

5. The workstations will be networked to the host 

computer for sharing the TSFs. 

If you recall, we illustrated a typical shop floor in the 

introduction. Our TSF will work for operation A because we 

designed it around this operation, the building of the PC 
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board. For operations B, E, F, and H, we can use the same TSF 

as in operation A, but now a different problem is encountered. 

How do we route the board from one operation to another based 

upon how the operator does the tasks? To do this we must add 

a field to our TSF scheme. We will use this new field to 

indicate if a task was done, not done, or failed. Done will 

mean that the operator has completed that task at that 

operation. Not done will mean that the operator has not 

completed the task. Failed will mean there is a problem with 

the task and some corrective action is needed to take care of 

it. When the operator has finished the operation, the 

workstation will send the TSF to the host computer. The host 

computer will then examine each of the tasks of the TSF to 

determine what needs to be done to the PC board next. This 

method is enhanced even more by having the host computer 

replace a task that has failed with special tasks to be 

executed by the workstation. A field could be added to the 

TSF as an indicator for the host computer to know what to 

replace a given task with, if any, if it is indicated as 

failed. This substitution could be in the form of making the 

task a sub-assembly. Therefore our method of executing the 

TSF at the workstation would not need to change. 
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As an example, let us assume that the operator indicated 

that there was something wrong with the resistor R1. The 

following TSF would be uploaded to the host computer at time 

of completion of the operation: 

MAIN : 

reference component/action sequence picture wording status 

SUB sub-assembly 1 1 done 
SUB sub-assembly 2 1 done 
R1 resistor 1 31 121 failed 
R2 resistor 1 31 121 done 
R3 resistor 1 32 121 done 
R4 resistor 1 32 121 done 
R5 resistor 1 33 121 done 
CI capacitor 1 34 122 done 
C2 capacitor 1 34 122 done 
T1 transistor 1 36 123 done 
T2 transistor 1 36 123 done 
T3 transistor 1 36 123 done 
IC1 16 pin IC 1 37 124 done 
IC2 16 pin IC 1 37 124 done 

The host computer will check the TSF and determine, 

because of the failure, if the PC board should be routed back 

to operation A where the failure can be taken care of. The 

host computer will then modify the TSF to insert the necessary 

tasks to have the failure repaired. The host computer could 

also remove the tasks indicated as done to help reduce 

transmission and computation time at the workstation. The 

following is the TSF that will be downloaded to the 
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workstation where the repair will take place (see Figure 3.4): 

MAIN : 

reference component/action sequence picture wording status 

FAIL1 fail-assembly 1 1 not done 

FAIL-ASSEMBLY 1 : 

reference component/action sequence picture wording status 

REP1 remove 1 51 151 not done 
REP2 replace 2 52 152 not done 
R1 resistor 3 31 121 not done 

FAIL-ASSEMBLV 1 

Figure 3.4 Fail TSF Example 



46 

The operator can be shown where the failure is located 

and how to correct it. The new TSF fits into our scheme, 

therefore the workstation can handle the information the same 

way as any other operation. 

A description of the routing schemes of PC boards is 

beyond the scope of this thesis. If the reader is interested 

in this topic, there are numerous sources that contain 

information on this area. 

For operations C, D, and G, there are no components to 

be installed or inspected. Our TSF can still be used since 

the tasks are generic. There is no reason why a task or tasks 

could be nothing more than words and pictures showing the 

operator how to do wave solder, touch up, or coat the PC 

board. 

For operation T, the information from operation F must 

be used to help in the troubleshooting of the PC board. At 

operation F, the operator indicates probable areas that the 

test equipment indicated are bad. The host computer will 

insert the proper tasks into the structures to aid the 

operator in troubleshooting. The operator will indicate the 

specific task or tasks that have failed and upload the 
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information to the host computer. The host computer will then 

determine from the information where the PC board is to go to 

next and what tasks to insert for the failure as in the above 

example. The workstation could become more involved with the 

troubleshooting process but that topic is beyond the scope of 

this thesis and will not be described here. If the reader is 

interested in this topic, there are numerous sources that 

contain information on this area. 

All we have done is add fields to the structures of the 

TSF. Because of this, Figure 3.3 does not change with the 

enhanced TSF and still represents the typical TSF. 

3.4 Control of The TSF 

Now that we have a TSF to provide work instructions to 

the operator for building a PC board, we must proceed on to 

how we are going to control all this information. We now have 

work instructions for every PC board for every operation. It 

is unreasonable to expect every workstation to store all this 

data and it would be a lot of work to try and work out a 

scheme to ensure that the data on the workstation is current. 

Problems that arise are: 
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1. How to get the data to the workstation in the first 

place? 

2. How to make sure that the current data is at the 

workstation? 

3. If the workstation has to be replaced due to 

hardware failure, how do we get the data to the new 

workstation? 

4. What operation the PC board is to be worked at? 

3.4.1 Centralized Database 

These questions have been answered before (see Appendix 

A) by the use of networking the workstations to a common 

database controlled by a host computer [2, 5, 8]. The host 

computer will maintain the database and ensure that it stays 

current. It also allows for a central location for the 

storage and retrieval of the data about the shop floor and the 

product that is being worked on. 

The host computer will contain a cross reference list in 

its database of the following information: 

1. Each workstation and what operations it can perform. 
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2. Every PC board and what operation it is currently 

at. 

3. A TSF for every PC board type for every operation. 

4. The current TSF for every PC board. 

5. The picture graphics that will be needed by the 

TSFs. 

6. The wording information that will be needed by the 

TSFs. 

7. The history files of what was done to each part. 

Whenever a new group of PC boards are to be built, the 

engineers go to the host computer and create the work 

instructions, using our TSF scheme, for every operation that 

the PC boards are to go through. These work instructions are 

stored by the PC board part number, revision number, and 

operation number. This way whenever a change is made to the 

work instructions, the engineers can go to one place to make 

the change and be assured that the change will be incorporated 

on the shop floor. When a PC board is started, a copy of the 

work instructions will be created for that PC board to track 

what is being done to it. 
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3.4.2 Ensuring The TSF For The Right PC Board 

We now have the problem of how to assure that the correct 

TSF is downloaded to the correct workstation for the correct 

PC board. An example of this problem is the wave solder 

operation, C. The wave solder is a large machine and every 

PC board must go through it. As a rule, only one workstation 

will be assigned to this operation [8]. Therefore not all 

workstations can do this operation. A method must be used to 

ensure that the PC board is at a workstation that can perform 

the necessary operation. This problem is solved by giving 

every workstation a unique identification name (ID). This 

naming convention can be done any way that is desired as long 

as every workstation is unique. We have already identified 

the operations by the letters of the alphabet, but we could 

use any other method as long as the operations are unique. 

The PC boards can be grouped by part number to identify PC 

boards that are to be built alike. It is very likely in this 

age of high-tech and ever changing technology that a PC board 

will be changed slightly to use the latest technology. Now 

we can force the PC board to have a new part number to reflect 

the change or we can have the work instructions crossed 

referenced with a revision number to reflect minor changes to 

the PC boards or the work instructions. This second method 
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is preferable so that the number of changes a PC board goes 

through can be tracked. A high number of revisions could 

indicate a poor design or that a redesign of the PC board is 

in order. Every PC board is to be given a unique number or 

serial number to identify it from the other PC boards. 

To obtain the TSF for a certain PC board, the 

workstation's identification name, the PC board's part number, 

and the PC board's serial number is uploaded to the host 

computer. The host computer first checks the PC board's part 

number and serial number to what operation it is at. Second, 

it checks the workstation's identification name to see if it 

can perform that operation. Third, it checks the PC board's 

part number and serial number for what revision number it is 

at. Finally, it takes the PC board's part number, revision 

number, and the operation to obtain the correct TSF for that 

PC board. It will then download that TSF with the indicated 

picture graphic data and wording information to the 

workstation. Figure 3.5 shows an algorithm of how the 

workstation would work with this system. 
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begin 
obtain the PC board part number from the operator 
obtain the PC board serial number from the operator 

send the following to the host computer: 
the PC board part number 
the PC board serial number 
the workstation identification name 

wait for TSF from host computer 

if host computer indicates that PC board can be worked 
at this workstation then 
begin 
obtain the TSF, picture graphics and wording 
information from the host computer 

execute TSF algorithm 

upload the updated TSF to the host computer 
end; 

else 
begin 
indicate to operator that PC board cannot be worked 
at this workstation and where it should be at as 
indicated by the host computer. 

end; 
end. 

Figure 3.5 The Workstation System 
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CHAPTER FOUR 

IMPLEMENTATION OF THE SOLUTION 

Now we are ready to implement the TSF scheme on a 

workstation. 

4.1 Rules For Implementing The TSF Scheme 

The following rules are used to execute our TSF scheme: 

1. The TSF scheme is viewed as a tree structure with 

many branches and levels, with the main structure 

at the top. 

2. The system starts with the main structure and starts 

executing. 

3. The tasks are executed from the lowest sequence 

number to the highest. 

4. Any task indicated as being "done" will not be 

displayed. 

5. If more than one task in a structure has the same 

sequence number, some method must be used to 

determine which task to execute first. Letting the 

operator decide which task to do is one method. 

6. If a task to be executed is a sub-assembly, the 

system goes to that structure and starts over as if 



it was the main structure. 

7. All tasks with the same sequence number must be 

completed before going to the next higher sequence 

number. 

8. If an operator indicates that a task could not be 

done, all tasks with higher sequence numbers are 

automatically not done. Tasks with the same 

sequence number can still be done. 

9. When a task is executed, the picture and wording 

specified will be displayed to the operator. 

10. When the task is completed, the system will check 

off that task so it can keep track of what is being 

done to the PC board. If the operator cannot 

complete the PC board at one sitting, the system can 

show only what needs to be done when the operator 

starts working on the PC board again. 

11. When a sub-assembly is completed, the system goes 

back to the structure that contained the 

sub-assembly and picks up where it left off. 

12. When all tasks have been completed, the PC board is 

completed with the operation and is ready to go on 

to the next operation. 
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To execute our scheme, the system goes to the first 

structure (MAIN) and finds the task with the lowest sequence 

number. If there is more than one task with the same sequence 

number, a decision has to be made about which task to start 

with. One way is to display the options and have the operator 

choose. Another way is to have the system choose by some 

method like first-to-last. If that line indicates a 

sub-assembly, the system goes to that structure (SUB-ASSEMBLY) 

and begins again using that structure. This recursion can be 

done several times until the lowest structure is reached. 

When a task with a component to be installed is found, the 

picture and the wording specified is displayed to the 

operator. When the operator is finished with that task, the 

next component, by next lowest sequence number, to be 

installed is displayed. When the structure is completed, the 

system goes back to the previous structure and completes it. 

This procedure is followed until all tasks in the main 

structure have been completed. 

If an operator indicates that a task could not be done, 

then all tasks with higher sequence numbers are automatically 

not done and those tasks are not displayed to the operator. 



To illustrate, in our scheme, if an operator could not install 

the heat sink (HS1), it would be a waste to finish 

SUB-ASSEMBLY 1 because the sub-assembly would have to be taken 

apart to install the heat sink at a later time. If any task 

in a structure is not done, then that structure is not done. 

MAIN : 

reference component/action sequence picture wording status 

SUB sub-assembly 1 1 not done 
SUB sub-assembly 2 1 not done 
R1 resistor 1 31 121 not done 
R2 resistor 1 31 121 not done 
R3 resistor 1 32 121 not done 
R4 resistor 1 32 121 not done 
R5 resistor 1 33 121 not done 
CI capacitor 1 34 122 not done 
C2 capacitor 1 34 122 not done 
T1 transistor 1 36 123 not done 
T2 transistor 1 36 123 not done 
T3 transistor 1 36 123 not done 
IC1 16 pin IC 1 37 124 not done 
IC2 16 pin IC 1 37 124 not done 

SUB-ASSEMBLY 1 : 

reference component/action sequence picture wording status 

SCI screw 1 11 101 not done 
HS1 heat sink 2 12 102 not done 
PT1 power transistor 3 13 103 not done 
INI insulator 4 14 104 not done 
PCI PC board 5 15 105 not done 
WA1 washer 6 16 106 not done 
NU1 nut 7 17 107 not done 
SC2 screw 8 11 101 not done 
WA2 washer 9 16 106 not done 
NU2 nut 10 17 107 not done 
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SUB-ASSEMBLY 2 : 

reference component/action sequence picture wording status 

HS2 heat sink 1 21 102 not done 
PT2 power transistor 2 22 103 not done 
IN2 insulator 3 23 104 not done 
PCI PC board 4 15 105 not done 

As an operator completes each task, it is checked off by 

the system. If the operator does not complete the assembly 

of the PC board at one sitting, the system can show the 

operator what still needs to be done when work resumes on the 

PC board. 

Figure 4.1 shows an algorithm of how the workstation 

could present a TSF to the operator. 
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begin 
start with the top node or main component structure 
sort tasks by sequence number 
for each sequence number S± do 

while there are tasks with this sequence number to 
be completed do 

begin 
if more that one task with this sequence number 
then begin 
display all tasks with this sequence number 
by reference number and component/action 
description 

let operator choose which task to be 
displayed Tj 

end; 

if task Tj is a sub-assembly then 

begin 
move to that node or sub-assembly and do a 
recursion on this algorithm 

end; 

else 
begin 
display the task, Tj, with indicated picture, 
Pj, and wording, Wj. 

wait for operator to indicate status of the 
task (done, not done, failed) 
if task is done then 
set status STVj to "done" 

else if task is not done 
set status STj to "not done" 

else if task is failed 
set status STj to "failed" 

end; 
end; 

end. 

Figure 4.1 Enhanced TSF Algorithm 
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CHAPTER FIVE 

MODELING THE TSF SYSTEM 

A model of the TSF system was created to run on a 

personal computer. This model was created using the DOS 

operating system and C programming language. The model 

includes the working together of the centralized database or 

host, the network, and the workstation. The model allows for 

experimenting with the TSF in various situations. The model 

is a very simple implementation of the system and I recommend 

enhancing it in various areas before using it in a true shop 

floor environment [2, 5, 8]. 

The model turns the personal computer into a kind of 

workstation and allows the person using the model as if they 

were an operator on the shop floor. The person using the 

model will be required to interface with the model as an 

operator would interface with the workstation. The model will 

prompt and receive inputs from the user just like a 

workstation. It will also simulate the sending and receiving 

of data and the centralized database just like the operator 

would see it. Before the model should be run, the 

WS_OPER.LST, PARTOPER.LST, and the TSF file should be created, 

as explained in section 5.4.1. The following information is 
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intended to be a user's guide to explain how the model works 

and how to use it. Section 5.1 is a system overview of what 

the model is going to do. The sections following section 5.1 

describes the model in more detail. See Figure 5.1 for a 

block diagram of model. 
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DEFAULT DRIVE 

DEFAULT DRIVE 

USER 

UORNSTATION 

HOST UORKINFO.DAT 

PARTOPER.LST TSF FILES US OPER.LST 

Figure 5.1 Model Block Diagram 
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The model starts by asking for the workstation ID. Any 

workstation ID can be used that is in the WS_OPER.LST file. 

The part type and serial number are then asked for by the 

model. Any part type and serial number can be entered as long 

as the part exists in the PARTOPER.LST file. The workstation 

ID, part type, and part serial number are put into a temporary 

file to simulate the transmission of data over the network. 

This file name is passed to the host function where the data 

is read back in. The part type and serial number are compared 

to the PARTOPER.LST file to determine what operation it is at 

currently. This operation and the workstation ID are compared 

to the WS_OPER.DAT file to determine if the workstation can 

perform the required operation. The host function then passes 

the name of the TSF file back to the workstation simulating 

the data flow over the network. The workstation reads in the 

TSF out of the file and processes it so the information can 

be displayed to the operator. The workstation performs the 

TSF algorithm, displaying information to the operator and 

getting the operator's response. When the operator has 

completed all the tasks, the workstation function puts the 

completed data into a file to simulate the data transmission 

over the network. The host function reads in the completed 
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TSF and saves it in a history file. The host function 

determines what should be done with the part by how the TSF 

was completed. The workstation displays, to the operator, the 

results of the host function. The model then repeats the 

above sequence of events. Figure 5.2 shows the flow of the 

model. 
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repeat forever 
begin 
obtain the workstation ID, part type, and serial 
number from the operator 

put information into file WORKINFO.DAT 

send file to host function 

read data in from file WORKINFO.DAT 

compare information with data in PARTOPER.LIS and 
WS_OPER.LST. 

determines what TSF file to pass to the workstation 
function. 

pass file to workstation function. 

read data in from the TSF file. 

perform the TSF algorithm. 

put completed TSF into a file to be passed to the 
host function. 

pass file to host function. 

read data in from the completed TSF file. 

put completed TSF data into history file. 

modify completed TSF data as necessary for failed and 
not done tasks. 

update PARTOPER.LST file to indicate the new 
operation that the part is at. 

pass the status of the part back to the workstation. 

display the status of the part to the operator. 
end; 

end. 

Figure 5.2 The Flow of The TSF Model 
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The model simulates the functions of a simple 

workstation. See Figure 3.5 for the workstation algorithm. 

Graphics and wording information are displayed by reference 

number instead of showing the actual data. Instead, the basic 

concepts of how the workstation is to utilize the TSF are 

shown in the use of the model. 

5.2.1 Obtaining the TSF from the Centralized Database 

The workstation function requests from the operator the 

workstation ID. On a true workstation, this data could be 

obtained from the workstation itself, thereby eliminating 

operator error. The model also requests the part type and 

serial number that is going to be worked on. This information 

is put into an text file called WORKINFO.DAT. See Figure 5.3 

for how this file is laid out. This file name is passed to 

the host function where it is checked and compared to the 

database files to determine the correct TSF file to pass back 

to the workstation function. If there is a problem with the 

data, the host function will pass a message to the workstation 

function displaying it to the operator. 
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SIMULATED NETWORK : WORKSTATION DATA TO HOST COMPUTER 

WORKSTATION ID : Demo 
PART NUMBER : PA 
SERIAL NUMBER : 0001 

Figure 5.3 WORKINFO.DAT File Layout 

5.2.2 Helping the Operator 

The workstation function reads in the TSF structure from 

the file name passed to it from the host function. The 

workstation then begins executing the TSF algorithm. See 

Figure 4.1 for a description of the TSF algorithm. As the 

operator indicates what is to be done, the workstation 

function records the data in the proper areas of the TSF 

structure. The operator can complete the TSF algorithm or can 

quit working at any time. Since this thesis is presenting a 

method of assisting the operator in doing their job, the 

reference numbers for the graphics and word information are 

displayed on the screen instead of the data itself. 

5.2.3 Uploading the Completed TSF to the Centralized Database 

When the operator has completed the TSF structure, the 

workstation function puts the structure into a file that is 
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based upon the file name that it received from the host 

function. The file name is the same except the extension 

which is changed to CUR. For example, if the host function 

passed the file, name PAOOOIAA.ORG, the workstation will put 

the completed TSF structure into file name PA0001AA.CUR. This 

file name is passed to the host function. 

5.3 Network 

The network is simulated by the passing of data through 

files or strings. If the data is a message from the host 

function, it is passed through a string to the workstation 

function. If the data is something else than a message, it 

is put into a file and the file name is passed. 

5.4 Centralized Database 

The model simulates a very simple centralized database 

or host system. The centralize database takes the workstation 

ID, part type, and part serial number passed to it from the 

workstation function and determines what TSF file to pass 

back. It takes the completed TSF structure and puts the data 

into a history file for that part. It changes the completed 

TSF structure to instruct the workstation function on what to 
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display to the operator the next time the part is worked on. 

It also determines what operation the part is to go to next 

and updates the database files to reflect this. 

5.4.1 Creating the TSF and Other Files 

All files used by the host function are text files that 

can be created by any text editor. The files must fit the 

layout that is presented or the host function may have trouble 

reading the files. 

To determine what workstation can perform what operation 

a file named WS_OPER.LST must be created. This file is a list 

of all workstations and all operations that they can perform. 

See Figure 5.4 for an example of how this file is laid out. 

WORKSTATION 

Demo 
Demo 
Demo 
Demo 
Demo 

Figure 5.4 WS_OPER.LST File Layout 

OPERATION 

A 
B 
E 
F 
H 

To determine the revision and what operation each part 

is at, a file named PARTOPER.LST must be created. This file 
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is a list of every part type and serial number that is in the 

system. It also shows at what revision and what operation the 

part is at. See Figure 5.5 for an example of how this file 

is laid out. 

Part Type Serial Number Revision Operation 

PA 0001 A A 

Figure 5.5 PARTOPER.LST File Layout 

For every part and operation combination a TSF file must 

exist. This file must contain the TSF structure and every 

possible FAIL-ASSEMBLY that the TSF structure may need. The 

name of the file is made from the part type, serial number, 

revision, and operation. The first two characters in the file 

are the part type. The next four characters are the serial 

number. The next character is the revision. The last 

character is the operation with the extension being ORG. For 

example, the part in Figure 5.5 would have a TSF file name of 

PA0001AA.0RG. In creating the TSF file the following rules 

must be followed: 

1. The first line indicates the part type and must have 

the following format : PART : PA. The title 

must begin in column 1 and the part type must begin 

in column 12. 
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The second line indicates the part serial number and 

must have the following format : SERIAL : 0001. 

The title must begin in column 1 and the serial 

number must begin in column 12. 

The third line indicates the operation and must have 

the following format : OPERATION : A. The title 

must begin in column 1 and the operation must begin 

in column 12. 

All structures must have a title beginning with 

MAIN, SUB, or FAIL. The title must begin in column 

1. 

There must be a structure with a title of "MAIN". 

There must be only one structure with a title of 

"MAIN". 

There must be three lines and only three lines 

between the title and the first task in the 

structure. There can be anything contained in those 

three lines such as column titles to make the 

structure easier to read. 

ii ii are Used as place holders in columns where 

there are no data such as for the picture and 

wording information. 

A blank line is to be used to indicate the end of 

a structure. 

The "component/action" column is to contain the 
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title of the sub-assembly structure that the TSF 

algorithm is to go to. 

10. The "status" column is to contain the words "not 

done". The model will change this column to show 

the operator's actions. 

11. The "if failed" column is to contain the words "not 

done" if the part is to stay at the current 

operation if that task failed. 

12. The "if failed" column is to contain the title of 

the fail-assembly structure that is to be put in 

place of this task if it is reported as failed. 

13. Each task must be on a separate line and the entire 

task must be contained on that line. Tasks are 

separated by carriage return - line feed pairs. 

14. The following task information must begin in the 

indicated column numbers and be listed in the same 

order as presented here : 

reference 1 
component/action 15 
sequence 34 
picture 45 
wording 55 
status 65 
if failed 76 

Figure 5.6 is an example of the a TSF file. 
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PAST : PA 
SERIAL : OOOl 
OPERATION : A 

MAIN : 

reference component/action sequence picture wording status if failed 

SUB sub-assembly 1 1 not done not done 
SUB sub-assembly 2 1 ——- not done not done 
R1 resistor 1 31 121 not done not done 
R2 resistor 1 31 121 not done not done 
R3 resistor 1 32 121 not done not done 
R4 resistor 1 32 121 not done not done 
R5 resistor 33 121 not done not done 
CI capacitor 1 34 122 not done not done 
C2 capacitor 1 35 122 not done not done 
T1 transistor 1 36 123 not done not done 
T2 transistor 1 36 123 not done not done 
T3 transistor 1 36 123 not done not done 
IC1 16 pin IC 1 37 124 not done not done 
IC2 16 pin IC 1 37 124 not done not done 

SUB-ASSEMBLY 1 s 

reference component/action sequence picture wording status if failed 

SCI screw 1 11 101 not done not done 
HS1 heat sink 2 12 102 not done not done 
PT1 power transistor 3 13 103 not done not done 
INI insulator 4 14 104 not done not done 
PCI PC board 5 15 105 not done not done 
WA1 washer 6 16 106 not done not done 
NU1 nut 7 17 107 not done not done 
SC2 screw 8 11 lOl not done not done 
WA2 washer 9 16 106 not done not done 
NU2 nut 10 17 107 not done not done 

SUB-ASSEMBLY 2 : 

reference component/action sequence picture wording status if failed 

HS2 heat sink 1 21 102 not done not done 
PT2 power transistor 2 22 103 not done not done 
IN2 insulator 3 23 104 not done not done 
PCI PC board 4 15 105 not done not done 

Figure 5.6 TSF File Layout 

5.4.2 Downloading the TSF to the Workstation 

The host function reads in the data from the WORKINFO.DAT 

file sent to it by the workstation function. It compares the 

part type and serial number to the ones listed in the 

PARTOPER.LST file to find what operation and revision the part 
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is at. It then compares the workstation ID and the operation 

to the ones listed in the WS_OPER.LST file to see if the 

workstation can perform the required operation. If either 

condition fails, the host function sends a message to the 

workstation to be displayed to the operator indicating the 

problem. Otherwise, part type, serial number, revision, and 

operation are used to create a file name. The first two 

characters in the file are the part type. The next four 

characters are the serial number. The next character is the 

revision. The last character is the operation. The host 

function checks the file name with an extension of CUR to see 

if it exists. If it does, it will send that file name to the 

workstation function. If it does not, it will check the file 

name with an extension of ORG to see if it exists. If is does 

it will send that file name to the workstation function. If 

it does not, it will send a message to be displayed to the 

operator indicating the problem. Using the part in Figure 5.5 

as an example, the host function would check first for file 

name PA0001AA.CUR then for file name PAOOOIAA.ORG. 
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When the host function receives the completed TSF file 

from the workstation, it appends the TSF file on to the 

history file for that part. The history file name is the name 

of the TSF file minus the operation with the extension HIS. 

As an example, the part in Figure 5.5 would have a history 

file by the name of PA0001A.HIS. 

5.4.4 Routing 

The host function reads in the TSF data passed to it by 

the workstation. It then checks the TSF data to determine 

where the part should go to next. The method used by the 

model is very simple and straight forward. Automatic routing 

schemes and algorithms are beyond the scope of this thesis and 

therefore were not implemented into the model. If the status 

of any task is listed as "not done", the part will remain at 

the present operation. If a task is listed as "fail" and the 

"if failed" column indicates "not done" for that task, the 

"fail" is changed to "not done" and the part will remain at 

the present operation. If a task is listed as "fail" and the 

"if failed" column indicates a fail-assembly, the "fail" is 

changed to "not done", the reference for that task is changed 
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to "FAIL", and the component/action is changed to the fail-

assembly indicated in the "if failed" column. The part is 

routed to the operation indicated by Figure 5.7. If the 

status of all tasks is listed as "done", the part is routed 

to the operation indicated by Figure 5.7. The PARTOPER.LST 

file is updated to indicate the part is at a new operation. 

A message is sent back to the workstation to be displayed to 

the operator to indicated the status of the part. 
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SUMMARY 

When an operator starts to work on a PC board, he or she 

will indicate the part number and serial number of the PC 

board to the work station. The workstation will upload the 

part number, serial number, and the workstation's 

identification to the host computer. The host computer will 

check the workstation's identification to determine what 

operations can be performed at the workstation. It will 

compare the operation the PC board is at to the workstation's 

list. If this is correct, the host computer will download the 

work instructions to the workstation. If not, the host 

computer will download an error indicator so the workstation 

can 'indicate the problem to the operator. When the 

workstation gets the work instructions, it will assist the 

operator in performing the work to be done. When the operator 

is through working on the PC board, for what ever the reason, 

the workstation will upload the work instruction to the host 

computer. The host computer will decide the following: if the 

PC board is to remain at the current operation (work has not 

finished), to go on to the next operation (work was 

completed), or what work instructions are to be added and what 

operation the PC board is to go to (there is a problem with 
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the PC board). The host computer will download this 

information to the workstation so it can indicate the results 

to the operator. This will aid them in moving the PC board 

to the next operation. 
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CHAPTER SEVEN 

CONCLUSION 

As I have shown, with a little work and the use of 

personal computers and networks, the operators on the 

manufacturing floor can be assisted greatly in performing 

their tasks. The system follows the requirements of computer 

integrated manufacturing [2, 5, 8] not only by allowing the 

tracking and controlling of the parts being assembled, but 

also by allowing the operator some freedom on how the part is 

to be assembled. I used the manufacturing of printed circuit 

boards as an example of what could be done, but any 

manufacturing process that would benefit from computer 

integrated manufacturing could use this method of displaying 

work instructions to the operator. The method that I have 

shown may not be the only or best way of doing the job, but 

it does show what can be done with a little thought and 

consideration for the people who are to use the system. 

The following is a list of advantages to the scheme that 

I have presented over the current methods of presenting work 

instructions to the operator: 

1. The system is more flexible than current systems. 
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Current systems allow for only the displaying of 

step-by-step instructions. These instructions are 

displayed to the operator as if looking at a book, 

one page at a time [ 2, 8 ]. No indication is used 

to determine if a page was done or not, just the 

entire operation. When the operator starts working 

on the part again, the entire work instructions are 

displayed again and each step must be reported as 

being done. For example, every page of the work 

instructions must be reported as being done even 

though half the work was done at a previous time. 

This adds confusion to the operator as to what work 

is to be done now. Our scheme allows for the 

removal of tasks that have been reported as being 

done at a previous time. This will reduce the 

confusion and the operator will know that what is 

seen is what needs to be done. 

The system allows the operator to control, to some 

extent, how the job is done. Current systems 

display the work instructions like a book starting 

with page one. The operator must report if the page 

was done or not before the next page is shown [8], 

The operator must do the work on page one before 
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page two is displayed. The operator does not have 

any freedom in what order to do the work. This 

leads to boredom resulting in mistakes and a 

reduction in quality and production rates [3, 6, 7]. 

The scheme presented allows the operator to choose 

which task to do first, if it is not important to 

the engineers, therefore increasing the operator's 

quality and production rate. 

3. The system allows the engineer to control the way 

the product is built when it is needed. Current 

systems, by displaying work instruction step-by-

step, require engineers to put the tasks in the 

order of importance [2, 8]. Even if it is not 

important which task is to be done first, the 

engineer must order the tasks first to last. This 

requires the engineer to use valuable time on 

unimportant tasks. The scheme presented allows the 

engineer to mandate the tasks that are required to 

be ordered. It allows the operator to arrange all 

other tasks to their preference. This uses the 

engineer's time more efficiently. 

4. The system can be used across the entire shop floor. 
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Current systems require separate workstation with 

separate software to control assembly operations and 

inspection operations [2, 8]. Assembly operations 

cannot fail a task. Inspection operations cannot 

assemble a PC board. The reason for this is the 

assembly operations can only show step by step 

instructions. The inspection operations have the 

operator select problem areas that they find. It 

is assumed that the operator is trained to know what 

to look for. The scheme presented allows for common 

software across the entire shop floor. This allows 

for work instructions at an inspection operation so 

the operator can see what work was supposed to be 

done. It also allows an operator at an assembly 

operation to fail a task because of some unforseen 

problem. 

There are many things that a system like this could lead 

to and maybe someone will take a look into the following 

areas: 

1. Monitor the time it takes an operator to accomplish 

a task and record the information. This data can 

be used as an indicator of an operator's 
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performance. If it takes an operator longer than 

normal, it may indicate that the operator needs 

training or the task is one that he or she does not 

like to do. If it takes an operator less time than 

normal, it may indicate that the operator has a 

special way of doing the task or is one that he or 

she likes to do. This feature would aid in time 

studies, job performance, training, and manpower 

loading. 

Correlate failures with the operator that did the 

work. This could be used as an indicator that an 

operator needs training in doing a task. It could 

provide personal instructions to the operator when 

he or she is performing a task. For example : if 

an operator is having trouble remembering to bend 

the leads on the components that he or she 

installed, a special instruction could be displayed 

when that task is performed, "PLEASE, REMEMBER TO 

BEND THE LEADS." This feature could be used to 

enhance the workstation and make it even more of a 

tool to the operator. 
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What companies are doing to automate the manufacturing 

process. 

General Motors [8]: 

As a major defense contractor Hughes Aircraft Company, 

a subsidiary of GM Hughes Electronics, is responsible for 

development and production of advanced tactical guided missile 

systems. To carry out production of sophisticated components 

more efficiently, Missile Systems Group's (MSG) Manufacturing 

Division in Tucson, Arizona has automated its advanced hybrid 

microelectronics assembly facility. The fully automated 

system has eliminated previously required paperwork, slashed 

labor costs, increased yields, and helped speed up Hughes' 

ability to make changes in production line specifications. 

The hybrid manufacturing line uses an automated paperless 

system that provides instructions visually via monitors to the 

machine operators on the shop floor as they assemble the 

military electronics; normally, the operator would need paper 

instructions to show how to build the component and for 

routing. In addition, the system can provide full electronic 

or written historic documentation for each part, including 

each operation completed, who completed it, the date and time, 
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plus any failure data or rework documentation. It also 

maintains a log of all component parts used, traceable to the 

manufacturer and manufacturing lot number. As a result, the 

labor costs have been reduced by 40 percent, 6 hours to build 

a hybrid to 3.5 hours, using the on-line computer, and have 

also significantly cut the number of parts that need to be 

reworked due to defects. It is felt that the people are now 

more productive and are able to do a higher quality job. The 

system can gather and store data that was too cumbersome to 

collect manually, which gives more accurate control of the 

processes. From the planning side, multiple paper copies of 

planning were put out on the floor, then changes were made 

using red ink. After many red lines, the copies were 

difficult to read and were loaded with changes for errors. 

Today, paperless production eliminates the chance of a hybrid 

being built incorrectly or making the wrong revisions in 

planning. Having the system sequence the operators 

step-by-step through the process visually is much more 

accurate and cost-effective than handing them drawings and 

hoping they interpret changes correctly. Under MSG's system 

architecture, 132 factory floor work stations are 

interconnected to the host Nonstop computer which stores and 

processes all required production data. The host computer 

system communicates with several other computer systems, which 
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transfer Manufacturing Planning data interactively and CAD/CAM 

information via batch transfer to produce a master engineering 

file. These inputs provide a complete definition of the 

product and its assembly processes. Other important data, 

including Material Receiving, Inventory files, and Purchase 

Order information, help collectively form the data base 

necessary to operate each workstation. Communication between 

the host computer and the shop floor is initiated by the work 

station, which informs the system that a certain operator 

wants to perform a specific function on a particular part 

number. The host first makes sure the operator is certified 

to run the machine and that the part is following the correct 

planning router, then downloads a dynamic data file that 

contains a complete description of all information the work 

station needs to do the job. This file also includes 

graphical information that is visually displayed and material 

control data that lets the operator know exactly what 

materials need to be used. The Master Files maintain a 

history of all job steps that have been done in the past, as 

well as routing, configuration control, and bill of materials 

information, that ensures a qualified operator, is doing the 

right job function on a part as it moves through production. 

In addition to tracking each part as it follows its specified 

routing process, the system can also bring required parts to 
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each work station as they are needed. When using the paper 

system, parts had to be stored on the shop floor to keep 

enough inventory on-hand. On-line automation eliminated that 

problem. Next, the workstation uses the data file to lead 

the operator throught a step-by-step sequence of functions. 

When all steps are completed, the workstation sends a "Stop 

Work" message to the host, and asks to start work on another 

part. The hybrid facility uses the most extensive 

implementation of CIM technology within the entire industry. 

The system not only communicates commands, it also stores the 

complete history of each part. By recording everything that 

happens on the shop floor, 100 percent traceability of each 

machine and operator is achrived, which has enhanced the 

quality of the product and the productivity of the personnel. 

Rockwell International [2]: 

Rockwell International's Collins Defense Communications 

Division is using PC/AT-compatible color workstations 

connected via a local area network. The software 

electronically distributes work instructions for manual 

assembly, inspection, and repair of printed circuit boards. 

The system electronically passes manufacturing and quality 

information to and from factory workers. 

Printed-circuit-board design information is captured from a 
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CAD system and automatically converted into step-by-step color 

graphic instructions for assembling boards. The instructions 

are stored on a Tandem computer, which acts as a file server 

for the network. A color CRT mounted on each worker's bench 

is used to call up and display the instructions and other 

manufacturing information. It is expected to significantly 

decrease the time required to prepare and maintain assembly 

instructions and other types of manufacturing information, and 

simplify collecting process and quality data. Touchscreens 

are used to record defects on each board. The inspection 

results can be called up at a repair station, where defect 

locations are indicated by color-coded problem symbols 

superimposed on an image of the board. These symbols are the 

electronic analogue of adhesive markers used in the past. 
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APPENDIX B : CIM SOFTWARE PRODUCTS 

Products that are currently available to help in CIM: 

HOW—2 : Software package creates step-by-step 

instructions. The instructions are displayed 

both in words and graphically. 

MADEMA : Intelligent shop floor decision controller for 

scheduling product flow. 

CLASS : Finite capacity scheduling system designed to 

improve the just-in-time performance of 

discrete batch manufacturing. 

EES : Schedules product flow for both Factory of the 

present and the Factory of the future. 

GGS Displays schedule results in graphical form. 
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