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ABSTRACT

This report highlights the author’s major activities and 

accomplishments during his 15 months internship at the International 

Business Machines (IBM) Corporation in Austin, Texas. The internship 

objectives were set so as to provide him with an experience commensurate 

with the requirements of the Doctor of Engineering Program at Texas A&M 

Universi t y .

During his internship, the author was involved with a variety of 

technical and non-technical projects. His assignments included:

1> The design of an automation strategy for one manufacturing 

center.

S) The overall supervision and coordination of a major 

automation project.

3) The development of a project scheduling/tracking system.

Co-authoring an "Equipment Specifications Guidelines" 

form.

5) Other assignments as needed.

The nature and scope of the above assignments provided the author 

with a broadly based experience in the Manufacturing Engineering field. 

Additionally, the leadership role he played in some of the assignments 

afforded him with first hand exposure to many aspects of management and 

leadership skills.

All in all, the author believes that this internship proved to be 

an enriching experience and a valuable addition to his overall 

education.
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INTRODUCTION

The Doctor of Engineering Program at Texas A&M University 

emphasizes actual engineering practice in an environment of potential 

leadership. The internship period provides the engineer with the 

opportunity to apply theory to practice and to make decisions on 

technical and non-technical matters affecting many facets of an 

organization. The objectives set forth by the College of Engineering 

a r e :

a) To enable the student to demonstrate an ability to apply 

knowledge and technical training in an area of practical 

concern to the organization or industry in which the 

internship is served, and

b) To enable the student to function in a non-academic 

environment in a position where he or she will become 

aware of the organizational approach to problems.

In partial fulfillment of the Doctor of Engineering degree 

requirements, the author spent a 15 month internship at the 

International Business Machines Corporation in Austin, Texas. ' During 

this time, the intern was given every opportunity to learn as much as 

possible about the manufactured product, the manufacturing process, as 

well as the organizational composition and procedures of the company. 

This was accomplished by personal efforts as well as by attending 

orientation programs and seminars designed specifically for new 

employees. In addition to being an objective by itself, orientation and 

familiarity with the overall organization proved to be essential in



achieving the other goals of the internship? namely, development and 

contribution. Development of interpersonal, technical? and managerial 

skills was an ongoing effort throughout the internship period.

Moreover, the leadership activities assigned were the catalyst that 

enhanced the development process. Contribution, on the other hand, was 

accomplished through the various projects and tasks assigned to the 

author throughout the internship period.

This report is intended to establish that the objectives of the 

internship have been met through a description of the author’s 

activities during the period June 1984-August 1985 with the IBM 

Corporation. The following Chapter briefly describes the firm. Then, 

the report gives some insight on the author’s internship position and 

scope. Chapter IV elaborates on each of the author’s assignments and 

related technical and administrative activities. Chapter V summarizes 

the report and concludes with a discussion of the overall internship 

accomplishments in relation to the objectives.



CHAPTER II 

THE FIRM

A) OVERVIEW

The International Business Machines (IBM) Corporation was founded in 

1911 by Thomas J. Watson,Sr. IBM today is a multi-billion dollar 

corporation and is an acknowledged leader in the business of information 

technology. The company employs over 364,000 people worldwide, with a 

large percentage of that population working at 21 plants in the U.S., 23 

plants in foreign countries and 25 laboratories worldwide. IBM’s main 

R&D and manufacturing facilities in the United States and abroad are 

shown in figures 1 & 2, respectively.

Since 1911 IBM has been a pioneer in the development of data 

processing products and a leader in an industry making a far reaching 

impact on our lives and work. IBM’s operations are primarily in the 

field of information handling systems, equipment and services to solve 

the increasingly complex problems of business, government, science, 

space exploration, defense, education, medicine, and many other areas of 

human activity. IBM’s products include information processing systems, 

program products, telecommunication systems, office systems, 

typewriters, copiers, educational and testing materials, and related 

supplies and services. Most products are both leased and sold through 

IBM’s worldwide marketing organizations. Selected products are marketed 

and distributed through authorized dealers and remarketeers.

B) THE INTERNSHIP SITE

The author completed his internship at the Systems Technology 

Division (STD) in Austin, Texas. A brief description of the site, its 

organization, and mission is in order.
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STD i5 one of many IBM divisions, and STD in Austin is one of four 

IBM facilities for the manufacturing of circuit panels. The other three 

facilities are in Endicott, N.Y. , Sindelfingen, West Germany , and 

Yasu, Japan . The Austin site is the largest of the four in terms of 

capacity, headcount, and manufacturing space. The groundbreaking of the 

site took place in 1979 and it has been growing ever since. The primary 

mission of the site is to manufacture circuit panels competitively and 

to develop new products as may be dictated by the new technologies. 

Figures 3 and 4 show the organizational charts for the overall facility 

as well as for the manufacturing engineering function, respectively.

The organizational location of the internship appears in Figure 4 under 

Department 23E (Equipment Engineering).

C) PRGDUCT DESCRIPTION

A basic knowledge of the make-up cf the manufactured product 

enhances understanding of the manufacturing process and leads to a 

better appreciation of the author’s work activities.

STD/Austin is in the business of manufacturing fully circuitized 

panels (cards and boards). A circuit panel consists of circuitized 

conductive (copper) planes separated by non-conductive (glass cloth 

impregnated with epoxy resin) layers. The electrical continuity between 

the conductive layers is achieved by holes first drilled through the 

various layers and then copper plated. Depending on its electrical 

characteristic, each circuitized plane can be designated as a signal 

plane (S) or as a power plane (P). A panel is identified by the number 

of Signal and Power planes it contains. Therefore, 4S2P panels contain

4 signal and 2 power planes. Similarly, 2S2P panels contain 2 signal 

and 2 power planes - see Figure 5.
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The more the number of circuitized planes and the denser the circuit 

pattern is, the more complex the manufacturing process becomes. Circuit 

cards and boards are used in computer systems, keyboards, modems, 

banking systems, laser printers, and many other electronic devices.

D) THE MANUFACTURING PROCESS

The Circuit Package Manufacturing (CPM) process in STD/Austin is a 

complex and complete process that converts such raw materials as glass 

cloth, varnish mix, and copper foil into fully circuitized cards and 

boards. The process requires sophisticated equipment, delicate handling 

and controlled environments. The basic 2S2P process flow shown in 

Figure 6 illustrates a simplified schematic of the various manufacturing 

operations involved. There are many product groupings (families) and 

each has a somewhat different routing. A panel must follow the routing 

designated to its family. Due to the complexity of the process, and for 

sake of brevity and clarity, only major product groupings and 

significant value-add manufacturing operations will be included in this 

process description. The status of a panel may be sufficiently 

described in terms of:

1) The type of the lamination process used (sequential vs. pin 

lamination). Sequential lamination employs the successive lamination 

of additional conductive planes on top of previously circuitized 

planes - see Figure 7. Pin lamination, on the other hand, employs 

the method of merging previously circuitized core panels (refer to 

Glossary for the meaning of "core panels") and then laminating them 

together using registration pins and plates, Figure 8.

2) The degree of completion as measured by the number of lamination 

passes. Depending on the value of the number of actual lamination
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passes (k) versus the number of total passes (n), as required by the 

routing chart, a panel will be classified as a "core", "sub- 

composite", or "composite" as shown; this applies only to sequential 

lamination.

when k = 1 and n > 1 Classification is "core"

when 2 < k < n and n > 2 Classification is "sub-composite"

when k = n and n > 1 Classification is "composite"

A concise block diagram illustrating the CRM process from a 

logistical/operational standpoint is given by Figure 9.
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CHAPTER III 

INTERNSHIP DESCRIPTION

A) OVERVIEW

The motivation here is to shed more light on the work environment so 

as to gain more appreciation and understanding of the author’s job 

responsibilities, thereby, setting the stage for the next chapter. The 

Manufacturing Engineering Organizational Chart (Figure 4) shows the 

following hierarchical levels.

1) The Functional Level (Function 18E).

2) The Project Level, encompassing four projects.

3) The Departmental Level, encompassing twelve departments.

The internship experie?nce took place in Department 23E which falls 

under the domain of project 40E. Brief statements depicting the mission 

of each of Function 18E, project 40E and Department 23E are deemed 

appropriate and necessary.

Function 18E has the? mission of implementing and supporting the 

manufacturing processes, equipment and associated systems for STD 

Aust i n .

The mission of project 40E is to:

1. Coordinate the tool plan between M.E. and planning groups.

2. Provide site toolroom services.

3. Provide packaging engineering to STD products.

4. Develop an automation strategy and coordinate all Austin automation 

projects.

5. Write the equipment specifications, acquire, or design and build, 

install, and debug all capital equipment.



Finally, Department 23E has the mission of:

1. Writing process equipment specifications.

2. Acquisition, installation, and debug of this equipment.

3. Development and coordination of automation strategies such that they 

are consistent with Continuous. Flow Manufacturing (CFM).

4. Providing CPM packaging engineering.

The functional procedure for acquiring Capital Process Equipment is 

given in Appendix A.

B) WORK POSITION AND SCOPE:

The internship commenced in June, 1984, when the author was 

recruited by the company as a Senior Associate Engineer. The author’s 

academic background (B.S.M.E., M.S.M.E., and D.E. candidate) qualified 

him for this position which is normally held by engineers with many 

years of experience.

At that time, STD/Austin was committed to modernizing its CPM 

facilities. The focus was on improving productivity and yields by the 

concurrent implementation of Automation and Continuous Flow 

Manufacturing (CFM) strategies. Many automation projects were underway 

at various stages of completion, and more were to be initiated and 

justified. While automation was the responsibility of M.E., CFM was 

driven by a special task force.

As an equipment engineer, the author became actively involved in the 

automation effort. He developed an automation strategy, coordinated an 

automation project, and participated in other activities as well. The 

nature of the position as an equipment engineer required interaction and 

interfacing with other departments within and outside the M.E. function. 

Hence, it was necessary for the author to have proficient understanding



of the product, the manufacturing process, and the operating procedures 

of the company. Additionally, these responsibilities enhanced the 

author’s learning process, and gave him a broad exposure to the various 

aspects of a manufacturing environment.



CHAPTER IV 

INTERNSHIP PROJECTS

A) INTRODUCTION

This chapter covers all aspects of internship participation during 

the period (June 1984-August 1985) with the IBM Corporation in Austin, 

Texas. During the course of the internship, the author was involved 

with two major projects and other smaller tasks. The assignments are 

presented in the order in which they occurred. At times there were 

several activities going on simultaneously.

Prior to his first assignment, the author was allowed an orientation 

period during which he had to:

1) become familiar with the overall corporate approach, philosophy, and 

culture, and

E) learn about the STD/Austin plant, its products, and the manufacturing 

process used.

The first objective was achieved by attending a one-week 

professional orientation program designed specifically for new 

employees. It provided a historical perspective of IBM, its basic 

beliefs, policies, and practices.

Even though there are two orientation programs designed to help 

employees who are new to STD Austin to become familiar with the business 

as well as the technical sides of the facility, none was being offered 

at the time. Therefore, the author had to achieve the second objective 

through personal effort. His sources were basically two: the local 

library, and fellow employees. The personal effort was augmented by 

temporarily assigning the author to assist Clint Brinkoeter (Sr. Assoc. 

Engineer/Equip. Engineering Dept.) in his efforts to develop a detailed



flow chart (loop analysis) depicting the manufacturing process. This 

analysis provided information regarding the routing for each of the 

product families, classification and mode of each operation, and 

quantitative data as may be necessary. Once completed, the loop 

analysis would form the basis for formulating new automation plans, 

implementing CFM strategies, and simulating current processes as well as 

proposed plans. The author’s participation, though limited to the 

initial stages of this project, has provided him with a unique 

opportunity to learn about the product and better understand the 

manufacturing process.

B) DEVELOPMENT OF "CORE CIRCUITIZE" AUTOMATION PLAN

Prior to commencement of this internship, a strategic objective to 

improve productivity and yields was set for STD/Austin. Moreover, CFM 

and automation were selected as the strategies most instrumental in 

realizing the aforementioned goal.

As mentioned earlier in this report, a special task force had the 

responsibility of implementing CFM while automation was to be driven by 

manufacturing engineering. Even though CFM was free of capital 

expenditures, automation wa= heavily dependent upon it. Hence, unlike 

those for CFM, automation plans were subjected to stricter requirements 

and were required to take current and future business needs into 

consideration.

Due to its magnitude and presence of unknown dependencies, it was 

almost impossible to establish a well-defined overall automation 

strategy. Instead, a modular approach was adopted where automation 

plans for different manufacturing centers were developed separately and 

then integrated together. Uniformity was to be assured by



making the separate plans conform to guidelines set forth by the overall 

strategy.

This project was assigned to the author shortly after his internship 

commenced. As the principal investigator, he had the full 

responsibility of developing an automation plan for the "Core 

Circuitize" Manufacturing Center. Such a plan was to provide for 

improved productivity and yields, enhanced CFM, and compatibility with 

known guidelines of the total system strategy.

B.l) APPROACH

The steps of change, including change induced by automating an 

existing process, are:

1) know where you want to be,

2) determine where you are now, and

3) head toward your goal— building on the positive aspects of the 

current situation.

The first step can be derived from the goal as stated by the overall 

strategic direction, i.e., higher volumes, higher quality, and lower 

costs. Also stated "the above to be achieved through the concurrent 

implementation of CFM and Automation."

The second step is to analyze and fully understand the existing 

process. Only such a detailed study will allow us to differentiate the 

positive aspects from the negative ones. The loop analysis mentioned 

earlier is an excellent tool for this purpose.

Once the first two steps are well defined, the third becomes easier 

to accomplish— a problem well defined is a problem half solved. The 

remaining task is to use innovation and good judgment in defining the 

new process configuration, justifying it, and recommending an action



plan. Development of the automation plan may be broken into the 

following phases:

1) Defining elements of existing process

2) Analyzing existing process

3) Developing new proposal/p1 an

Capital justification of the proposed plan

5) Implementation plan 

B.2) DEFINITIONS

The objective of this phase is to become familiar with the' 

manufacturing center (physical layout, equipment, product mix, etc.).

The center consists of the following sub-divisions (in process order):

1) Pre-clean area: This is the staging area from where panels enter 

the Core Circuitize Manufacturing Center. This area contains  ̂

pre-cleaning machines. Each pre-cleaner consists of an automatic 

loader, 4 rinse chambers, CuCl chamber, HC1 chamber, and a 

mechanical scrubber.

2) Resist-Lamination area: This space is where photo-resist is 

laminated on panels that have been pre-cleaned. It contains 6 

variable resist laminators with an automatic loader for each.

3) Hole pierce/Hole burnout: Punching registration holes in blank 

cores and burning of photo-resist covering the registration holes 

in sub-composites take place in this room. This area occupies 2 

hole pierce presses and 3 hole burnout fixtures.

4) Diazo preparation area: This is where the circuit artwork is 

copied onto diazo films. This area contains 2 expose machines, ^ 

inspection benches, and the Glass Master Library.

5) Expose area: This is where the circuit pattern is generated on



panels coated with photoresist by exposing them to ultraviolet 

light. Twelve expose machines occupy this area.

6) Develop/Etch/Strip area: This is where the unexposed photo

resist is dissolved by the developer, thus allowing for the 

copper underneath it to be etched. Finally the remaining 

(exposed) photo-resist is dissolved in the stripper. D.E.S. is 

the last value-add operation in the "Core Circuitize" Center.

This area contains 4 D.E.S. lines.

7) Entrance area: is where the clean-room coats are stored. Also 

it is the entrance to area numbers 2, 3, 4, 5 and 6. The coats 

are needed because these areas are classified as Class 100 clean 

rooms. Moreover, special yellow lighting is used in these areas.

A dimensioned physical lay-out of Core Circuitize is shown in Figure

10. Figure 11, presents the equipment/operator layout for the existing 

process. While some machines are independent of product mix (expose,

D.E.S.), others exhibit machine/product dependencies. Table 1 provides 

a breakdown of product types, the percentile composition of each, and 

the machine/product dependencies that exist. As seen from Table 1, each 

operation exhibits different degrees of dependencies. The following is 

a brief explanation of each dependency and the reasons for it.

1) Pre-clean: three processing modes exist:

*Power blank cores are double tracked with narrow edges leading. 

*Signal blank cores are single tracked with wide edge leading. 

*Sub-composites are double tracked with wide edges leading 

The main reason behind this dependency is machine limitations (both 

physical and functional). The physical limitation is due to the fact 

that two of the four pre-cleaners have narrow scrubbers and single feed
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OPERATION
Table 1: Product mix and Prodnet/Machine Dependencies

PRODUCT

BLANK CORES (45%) SUB-COMPOS ITES (557.)

POWER
(357.)

SIGNAL
(107.)

3S
(87.)

4S
(477.)

Pre—cleaner 2 , 3, 4 2 , 4 1 < 2 1 , 2

Resist Lam. No Dependencies, once adjust. are made

13
Hole Pierce No Dependencies Not Applicable

o
M
H

Hole Burn. Not Applicable No Dependencies

<1
Pi
W
PM
O

Expose No Dependencies

D.E.S. line No Dependencies

Table 2: Recycles averages over the period OS/02/34
to 09/06/84

DEFFECT TYPE /. POSSIBLE CAUSES *

Wr i n k1ed Resi st 0.58 Resist Laminator adjustments

Resist off location O a Resist Laminator adjustments

Contami nati on 0.93 Precleaner, Wait Time, Handling

Mi seel 1aneous Operator error. Defective Resist

t Also refer to Table 4
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capabilities. The functional limitation is due to the lower first pass 

yield resulting from bent and jammed panels inside the scrubber when 

thin panels (blank cores) are processed in a manner similar to that for 

the thicker sub-composites.

2) Resist lamination: There are two dependencies associated with 

this operation:

*The first is physical and is due to the slight difference in 

sizes between blank cores and sub-composites.

*The second is functional and due to the variation in the 

lamination speeds required for each of blank cores (thin) and 

sub-composites (thick).

The variable resist laminators, however, can be adjusted to different 

speeds and different conveyor widths. Therefore, the dependencies are 

not critical in this case, and they result only in a time penalty 

(increased set-up time) every time the adjustments are made.

3) Hole pierce: This operation is performed on blank cores only.

+̂) Hole burnout: is performed on sub-composites (and lately, only

on 3S product) and on some blank core recycles.

Finally, panel handling devices and containers are described in this 

phase. Panels arrive at the staging area (pre-clean area) in totes 

which are placed in tote carts. The contents of each tote may not 

exceed 30 for signals and 50 for powers. Once pre-cleaned, panels are 

stacked vertically in wire carts with vertical slots. They remain in 

wire carts throughout the remaining operations and are transferred into 

totes only after passing through the D.E.S. lines.

B .3) ANALYSIS

The first step in the analysis process is data gathering. For this



project, data collecting comprised all aspects of the manufacturing 

process, such as:

1) Equipment (qualifications/product dependencies, adjustments, 

major or frequent problems, availabilities, base capacities, 

actual capacities, etc.)

2) Queues (size, average waiting time, max. allowable waiting time, 

etc. )

3) Process parameters (panel handling methods and requirements, 

curing times, machine speeds and temperatures, process controls, 

tolerances, e t c .)

^) Recycles (percentages, causes, handling, etc.)

5) First pass yields (per operation, defect causes, etc.)

6) Other (cost/operation, panel movements, etc.)

Such an effort required interaction with a multitude of people in 

various departments and functions such as manufacturing, maintenance, 

process engineering, cost accounting, industrial engineering, etc. To 

simplify the data gathering task, a questionnaire was developed and used 

by the author. The data was instrumental in constructing a detailed 

process flowchart; it was also used by a special simulation group from 

IBM/Boca Raton, Florida, in developing a simulation model for the "Core 

Circuitize" center. Due to confidentiality requirements, the basic 

process flow (details omitted) is presented here. Figure 12, reflects 

the mode of operation which existed during the first few months of this 

project’s life. The subsequent implementation of a change resulted in 

the elimination of the hole burn out operation for +̂S sub-composites.

The modified process flow is given by Figure 13; it is also noted in 

Table 1. All the elements in each of Figures 12 and 13 may be
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categorized as follows:

1) Value-add operations: are operations that induce change into a 

panel thus contributing to its completion— represented by 

"rectangles."

E) Non-value-add operations (N.V.A.): defined opposite to value-add. 

Loading, unloading, and moving panels fall into this category— 

represented by "circles" and "ellipses".

3) Queues: groups of panels waiting for the next operation to be 

performed on them— represented by triangles.

Since Figure 13 represents the more recent process flow, it will be 

the one used and referred to in subsequent discussions and analyses. 

According to process specifications, the expose operation must lag the 

resist-lamination operation by at least 15 minutes to allow laminated 

panels sufficient curing time. Similarly, 10-minute wait period is 

required between the expose and D.E.S. operations. Throughout most of 

this project’s life, CFM implementation was going on. The CFM effort 

was aimed at reducing the queue sizes by implementing a "pull system".

In such a system, preceding tools produce only enough panels to keep 

succeeding machines busy, not more. Obviously, such a system results in 

smaller queues. Reduction in queue sizes, in addition to other measures 

taken, resulted in cutting the cycle time in half (from 4 days to E 

days). Still, the remaining queues are responsible for a considerable 

percentage of the E day cycle time. It is estimated that the E-day 

cycle time may be divided as follows:

50% due to queues

35’/. due to N.V.A. operations and inspections 

15% actual processing time



Naturally, to make the process more efficient further reduction in 

queues and N.V.A. operations is required.

Analysis of data pertaining to recycles revealed that they are 

processed differently depending on which value add operation was 

performed last. The following is a summary explanation of the 

processing sequence of various recycles:

1) Pre-cleaned recycles (prior to resist lamination) are processed 

through the HC1 and scrubber chambers of the pre-cleaner

2) Laminated recycles (prior to expose) are processed as follows:

a) through developer and scrubber— for recent laminates

b) through developer, CuC12, H C 1 , and scrubber— for aged laminates

3) Exposed recycles (prior to D.E.S.) are processed through the 

developer, stripper, CuC12, HC1, and scrubber.

Charted and tabulated data pertaining to recycles are made 

available, to whoever requests them, through "yield reports". The data 

in these reports is broken down by defect type only. A similar 

breakdown by operation would have been also helpful for the purposes of 

this analysis. Due to the sensitivity of the manufacturing process and 

its dependence on a multitude of parameters, yield levels are 

continuously changing and sometimes are even unpredictable. A sample 

yield report has been summarized and rearranged for the purpose of 

presenting it here; this is given in Table 2. It is worthwhile noting 

that the levels of recycles given in yield reports were consistently 

lower than the estimates given by the operators, through the 

questionnaire mentioned earlier. The discrepancy may be justified by 

the following:

1) Verbal data provided by operators was at best an estimate, and
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2) Tendency by operators to neglect documenting and reporting every 

recycled panel. On one occasion it was discovered that operators 

failed to stamp some recycles. The stamp is necessary to determine 

whether a panel has been recycled more times than is permitted by the 

process specifications.

The author personally believes that the actual level of recycles is 

slightly higher than what is indicated in the yield reports.

In conclusion, a concise presentation pertaining to equipment 

capabilities and other related parameters is given in Table 3. Two 

remarks, in reference to the capacities of the pre-cleaners and resist 

laminators will follow:

1) The base capacity of the precleaners is dependent on whether the 

product is power core, signal core, or sub-composite (not only cores 

vs. sub-composites as suggested in Table 3). However, due to their 

low percentage compared to other product types, signal cores are 

treated as though they were power cores by tool planners.

2) The base capacity of the resist laminators was increased by 14*/. for 

blank cores and by 20*/. for sub-composites. This change was requested 

by the author when he discovered that there was a discrepancy between 

what was in the plan and what was actually happening on the 

manufacturing floor. The request for change is included in Appendix 

A.

B . 4) DEVELOPMENT OF THE PLAN— PHASE I

The automation strategy to be developed was subject to the following 

ground rules:

1) Compatibility with associated strategies (larger panel, total tote, 

CFM, and product identification).



2) Higher efficiency (higher volumes, improved yields, lower cost).

3) Flexibility (modularity, less machine/product dependencies).

Unfortunately, such strategies as larger panel, total tote, and 

product I.D. remained undefined throughout the life of this project. 

Therefore, assumptions pertaining to each of them (except CFM) had to be 

made. The basic rule followed was to assume the most prevailing trend 

in each strategy, and to assume the current case in the absence of such 

a trend. Hence, current panel size and totes were assumed for the 

"larger panel" and "total tote" strategies, respectively. The "panel

I.D." strategy, on the other hand, was found to have insignificant 

impact on development of the automation plan and, hence, no I.D. 

assumptions were made.

Through identification of some critical factors within the "Core 

Circuitize" process center, it became apparent that three somewhat 

natural and independent entities existed: 1) pre-expose, 2) Diazo make 

and panel expose, and 3) post-expose. At this point, general plans and 

recommendations were to be made for each of the entities. Since the 

best way to come up with a good idea is to start out with lots of ideas, 

the author held frequent brainstorming sessions that included key 

individuals from each of "Equipment Engineering", "Equipment Design and 

Build", "Process Engineering", and "Line Support". Additionally, the 

author held separate meetings or one-to-one sessions with people in 

Manufacturing, Industrial Engineering and others. After considering all 

possible options, the following were concluded:

1) Recommendations concerning "pre-expose" operations included: 

a-Estab1ishment of "double-tracking/wide-edge-leading" panel 

processing capability in all pre-cleaners.



b-Elimination of all N.V.A. operations and external handling between 

the pre-clean and resist lamination operations, also between 

resist lamination and hole-pierce operations. 

c-Automation of H.P. operation.

d-Automation of all loading/unloading operations and providing tote 

handling capacity. 

e-Automation of brush-pressure control in each of the scrubbers.

2) The "Diazo Make and Panel Expose" entity was identified by CFM and 

simulation analyses as being the bottleneck (gate) of the Core 

Circuitize process center. The method used was cumbersome, costly, 

and inefficient. Moreover, simple automation and/or modification of 

the existing process was judged to be ineffective (from a 

cost/benefit standpoint) and was not recommended. Instead, 

replacement of the present expose method with a data-generated 

scanning expose technique was an objective favored by all. 

Unfortunately, such a "Utopia" direct imaging system was still in 

development stages. Hence, the recommendations were summarized as 

fo 11o w s :

a-keep on using the present method and continue implementation of 

the "clam shell" project to reduce cycle time, 

b-replace with the new "Direct Imaging" system when it becomes 

available for on line implementation.

3) For "Post-Expose Operations", on the other hand, the following were 

recommended:

a-Continue implementation of "Automatic Mylar Peel" to demonstrate 

its feasibility and reliability. 

b-Once proven, redesign the loader of the auto Mylar peel machine to



establish commonality with the pre-clean loaders and to provide 

tote handling capability. 

c-Automate D.E.S. process controls. 

d-Automate the unloading of D.E.S. lines.

In addition to the above, automatic end-of-job detection capability 

and implementation of job carts for use as panel transportation medium 

within this process center (excluding interfaces with other centers) 

were also recommended for all three entities. This strategy would 

result in a process flow such as that shown in Figure 1̂ +. The strategy 

was to be implemented in three phases:

Phase I - Details and justification of "pre-expose" plan 

Phase II - Details and justification of "post-expose" plan 

Phase III - Details and justification of "Diazo Make and Panel Expose" 

p 1 an

Since the implementation of each of the phases was to be 

sequentially dependent, the following implementation and justification 

details pertain only to Phase I of the automation plan.

B .5) DESIGN CONCEPT/IMPLEMENTATION DETAILS - PHASE I

Again, brainstorming meetings were held for the purpose of 

identifying and evaluating different design concepts pertaining to the 

implementation of Phase I. The alternative to be selected was the one 

that would meet the stated objectives while exhibiting reliability and 

simplicity. The following discussion pertains to the attributes and 

configuration of the proposed plan, also refer to Figure 15.

The main points of the plan include:

1) Replacement of the existing pre-clean loaders with 

automatic loaders that feature the following:
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-double-compartment with double but independent feeding of 

panels with wide edges leading 

-input buffer capable of holding? approximately, 5 

totes/track 

-automatic indexing and handling of totes 

-end-of-job detection and panel counting capabilities

2) Replacement of all narrow scrubbers with wide (31") scrubbers, and 

automation of brush pressure control.

3) Removal of the laminators’ loaders to facilitate their direct 

linking to the pre-cleaners via powered conveyors, such that every 

pre-cleaner is connected to two laminators. The double tracked 

panels inside the pre-cleaner will separate and the panels in each 

track will feed one laminator. A chute must be provided at the 

entry point to each laminator to allow for purging of panels during 

equipment failures or as needed. The conveyor is to meet class 100 

clean room specifications and to be equipped with easy-to-remove/ 

see-through plastic covers.

4) Replacement of existing hole punch presses with automatic presses 

that will feature automatic panel positioning and hole punching 

within specified tolerances, disabling capability that allows panels 

to pass through unpunched when so is desired, and compliance with 

class 100 clean room specifications. The automatic hole pierce is to 

be directly connected to the output of each laminator processing 

blank cores.

5) Installation of automatic unloader at the exit of each of the hole 

punch presses (for lines processing blank cores), and of the resist 

laminators (for lines processing sub-composites). The unloaders



would be similar in design to the pre-clean loaders; howpver? unlike 

the loaders? each unloader will have a single compartment and a 

single output buffer. Additionally? they must be class 100 clean 

room compatible.

Lines processing blank cores are referred to as "Auto Pre-Clean? 

Laminate? and Hole Pierce" (A.P.L.P.) lines? while those processing sub

composites are called "Auto Pre-Clean and Laminate" (A.P.L.) lines.

Based on unit/hour (U/H) calculations it was determined that ^ A.P.L.P.

(2 auto loader? 2 pre-cleaners? 4 laminators? ^ hole punch presses and 4 

auto unloaders) and 2 A.P.L. (1 auto loader? 1 pre-cleaner? 2 

laminators? and 2 auto unloaders) lines were required to meet projected 

daily volumes? Figure 15. The assumptions used in calculating the U/H 

included: current plan daily volumes? a mix of 27% sub-composites and 

737* blank cores? 2% recycles? 95% operator efficiency? 90% machine 

efficiency? 90% machine availability? 0.25 hours time/set-up? 500 panels 

lot size? and 5 operators per A.P.L.P. and 2 A.P.L. lines.

In formulating this automation plan? the author had to address many 

concerns some of which will be mentioned here. Yield data was analyzed 

and used to justify the elimination of panel inspection at the output of 

each pre-cleaner. Staggering of the laminators was devised to overcome 

space restrictions related to safety? maintenance? and operational 

requirements. To improve line balancing in the proposed plan? uplifting 

the base capacity of each laminator was necessary. The author 

identified several process and product parameters that impact the 

lamination speed. These factors include: cure rolls pressure and 

temperature; panel topography? thickness? and temperature; and 

contamination and oxidation of panel surfaces. Furthermore? the author



suggested that panel temperature is an important factor in the equation 

and that it must be evaluated. Based on some references consulted, he 

recommended that a test be conducted to study the panel- 

temperature/laminator speed relationship. The recommended test 

parameters were to include:

1) Four samples (50 panels each) of sub-composites

2) Two cure roll speeds: a) 4-5 ft/min 200 panels/hr.

b) 8-9 ft/min 360 panels/hr.

3) Two panel temperatures: a) room temperature

b) 130 F

The following design of the experiment was recommended:

Contro1 Contro1 Contro1 Contro1

sample sample sample sample

#1 #2 #3 #4

apply roll speed (ft/min) 4-5 4-5 8-9 8-9

panel temperature ( F) room 130 130 room

The author believes that the experimental results would match the 

qualitative trend shown in Figure 16. Because some objections to the 

implementation of the proposed plan were based on existing 

machine/process problems, the author identified and recommended 

solutions, Table 4.

B .6) JUSTIFICATION OF THE PLAN— PHASE I

The proposed plan was justified by enhanced CFM, increased 

capacity, and a favorable Return on Investment(R O I ). The following is 

brief discussion pertaining to each.

Enhanced CFM was a by-product of combining the various operations. 

This resulted in eliminating all the queues between pre-clean/resist
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lamination and between resist lamination/hole pierces. Additionally, 

the proposed job carts will reduce the remaining queues dramatically.

The increase in capacity (determined by U/H calculations) was due 

to eliminating N.V.A. operations, reducing recycles, and reducing set-up 

times (approximately 15 to 20*/* increase could be achieved).

Being a capital project, ROI analysis constituted the single most 

important justification element. Such an analysis involves three main 

components, U/H calculations, costs, and schedules. The U/H 

calculations were performed for both cases (with and without panel pre

heating). Costs included incurred as well as avoided equipment costs.

An equipment list will include:

a) Automatic pre-clean loaders (3)

b) Powered, clean room, conveyor units (120’ total)

c) I.D. readers (12)

d) Automatic hole punch presses (4)

e) Automatic unloaders (4)

f) Miscellaneous

Associated equipment costs were estimated to total over 1.5 million 

dollars. These costs were broken down as follows:

Design/debug: $379 K

Installation: $160 K

Purchase: $200 K

Inhouse build: $691 K

Other: $120 K

The following implementation and capital releases schedules were 

also assumed:



Date 1/86 4/86 9/86 11/86 6/87 8/87

Event $400 K $450 K $700 K PRS Line #1 PRS Line #2 PRS Line 

release release release L^P^! P^L^P^I #3 ^APL2

The Return On Investment was found to be 42.5*/. (details omitted for 

confidentiality reasons). In addition to the above justifications, 

other (minor) merits including improved quality and more efficient floor 

space utilization were to be derived also.

C) AUTOMATIC LAY-UP AND TEARD0WN— LAMINATION PROCESS CENTER

The manufacture of circuit boards requires the sequential or pin 

lamination of a dielectric between sheets of copper foil. The standard 

products require two to four sequential lamination cycles. In 

STD/Austin, the Lamination Center contains five presses for the 

lamination process. Each press comprises fifteen openings and each 

opening will accept one book of lamination products. The number of 

pages constituting a book is a function of the thickness of the product 

construction and, therefore, varies by product type. Each page contains 

four panels and each panel is ten by fifteen inches in size.

Originally, two manual lay-up stations and one manual teardown 

station existed for each press. The purpose of this project was to 

automate the lay-up and teardown of 2S, 3S, 4S sub-composites and 

composites on press #2. The automation tools must be highly flexible 

and sensitive because of the variety of products that must be assembled 

and the tenuous nature of some of the parts. Additionally, the 

following complimentary or peripheral projects were to run concurrently 

with auto lay-up/teardown:

1) Clean Room Upgrade

2) Lamination Carts & Lift Tables



3) Single-Ply Reusable Press Pad

4) Wessero Upgrade

The last project above (wessero upgrade) comprised the automation 

of brush pressure adjust and the conversion to no-pallet operation. It 

was completed prior to the date when the author was assigned to the auto 

lay-up/teardown project and, hence, it was not included in this report. 

C.l) PROJECT DESCRIPTION

Auto Lay-up/Teardown and its complimentary projects were initiated 

in January, 1934. The projected completion data was set for January, 

1985, with the peripheral projects to be completed at various times 

prior to that date. Considering its scope and budget, the project was a 

major and significant automation effort.

The Auto Lay-up station comprised an integrated system consisting 

of one IBM 7540 Robot, an IBM 7547 Robot, an automatic "OMK" collator, 

and material-handling carts. In addition to interfacing all system 

components, the system had to interface with the lamination press and 

with the operator. Auto Teardown, on the other hand, comprised a single 

IBM 7547 Robot that was to interface with the operator, the press, and 

with material handling carts. An overall lay-out of the system 

components relative to the lamination press is given in Figure 17. 

Additionally, a more detailed, three-dimensional representation of each 

of the Lay-up and Teardown stations is given by Figures 18 and 19, 

respectively. Because of security classification (IBM confidential), 

the equipment specification document cannot be included here. Instead, 

an edited version of that document is given next (refer to Figure 17 for 

locating positions):

1 - One Automatic "OMK" collator (position 1)
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la) nine bins to be loaded with prepreg and laminates? 

selectively.

lb) Missing and double sheet detection.

lc) Microprocessor controlled? programmable to perform 10 different 

lay-up schemes.

Id) Collating alignment of +/- 1 mm at output station.

le) Operating range of 600 to 1000 cycles/hour.

If) Conformity to NON PRODUCT EQUIPMENT DESIGN STANDARD 

(CB-0502-202).

2 - Alignment table (position 2)

2a) Receive collated assembly from collator.

2b) Present collated assembly to IBM 7540 Robot for pick-up.

2c) Not to damage the collated assembly in any way.

2d) Preserve the alignment integrity of the collated assembly.

3 - IBM 7540 Robot (position 3)

3a) Class 100 clean room compatible.

3b) Mechanical gripper for end effector to pick and place collated 

assembly from alignment table to lay-up table within +/- 1 mm? 

+/- 0.5° from target.

3c) Pedestal base that will not interfere with movement of the 

end effector and the transported assembly.

4 - IBM 7547 Robots (positions 4 and 8)

4a) Class 100 clean room compatible (position 4 only).

4b) Vacuum pick-up (suction cups) with built-in compliance to 

compensate for non-leveled cart/floor surfaces.

4c) Robot (position 4) to interface with lamination carts 

(positions 5? 6? and 7)? lay-up table? and a tack cloth



fixture for wiping planishing plates.

4d) Robot (position 8) to interface with lamination carts

(positions 9 and 10) and with the output conveyor of the press 

4e) Two robot bases, similar to that in item 3c.

5 - IBM Personal Computer (PC), two disk drives, and associated 

hardware/software accessories.

Other equipment used in transporting and presenting products fell 

within the scope of the "Lamination Carts" peripheral project. Such 

equipment included the following:

1 - Fifty Lamination Carts

la) To interface with Auto layup/teardown (positions 5, 6, 7,

9, and 10), with the Lift Tables at "Copper Shear", and with 

manual layup/teardown stations.

lb) Positive locating carts to transport planishing plates, 

press pads, laminates, and copper foil.

lc) Cart location repeatability of +/- 0.5 mm.

Id) Rubber roller tops for rolling payload on and off.

Rubber not to shed or contaminate product.

le) Carts to have wheel and roller brakes.

2 - Thirty Copper Pallets

2a) To stack copper foil at Copper Shear machine.

2b) To interface with Auto layup (position 7) and with manual 

1ayu p .

2c) Pallet to be hand moveable from copper shear to cart and 

from cart to layup lift table.

2d) Pallet to be securely located in cart while moving.

2d) Pallet not to contaminate or damage product.



3 - Eleven Roller Tops to be installed at Copper Shear machine, and

manual layup stations.

4 - Eleven Lift Tables to interface with Lamination Carts and Roller

Tops at Copper Shear and manual layup stations.

Activities associated with the above included purchase, design, 

build, debug, installation, documentation, spare parts, acceptance 

criteria, and engineering support.

C.2) ASSUMPTION OF RESPONSIBILITY

The author was assigned to this project on January, 1985 - one year 

past its initiation date. At the time, the project was characterized as 

being: 1) late, 2) over cost, and 3) inflicted with a multitude of 

technical and communication problems. In short, it had all the signs of 

"a project in trouble".

As the new project leader, the author had management directives to:

1) Assess the status and needs of the project, and

2) Strive? to meet the revised completion date of 4/30/85 (committed 

by the author’s predecessor) - irrespective of resource concerns.

In order to lead effectively, the author had to become familiar 

with the project (goals, equipment, people and process). Meanwhile, he 

also had to learn about project management techniques and leadership 

skills. And since time was of the essence, the author had to achieve 

the above in the shortest possible time.

C.2.1) PLANNING AND SCHEDULING

The second step involved the planning and scheduling phases. This 

included the identification of all milestone activities as well as the 

smaller tasks. This was achieved by developing a checklist of 

outstanding milestone activities, estimating their durations, and



identifying their predecessors (see Table 5). Moreover, Equipment 

Design and Build were seen as the most critical activities that required 

immediate and special attention. Hence, a detailed and complete 

checklist of all outstanding design and build tasks was developed. The 

checklist provided provisions for identifying: a) the person in charge,

b) problem definition and dependencies, c) action taken or suggested, 

and d) completion time estimates. Based on data obtained above, and 

using PERT (Project Evaluation and Review Technique), the author 

constructed a new schedule for the project. The new schedule proved the 

fears of many that the committed completion date (4/30/85) was too 

aggressive. In compliance with management’s desire to strive and save 

the committed date, the author went through various scenarios (such as 

re-allocating resources, introducing overtime, changing sequence of 

events, etc.) that resulted in successive compressions of the schedule. 

The following is a summary of the author’s findings:

1) Given normal progress, 7/9/85 represented the most likely 

completion date for the project.

2) Given smooth sailing, proper managerial leadership, and a blank 

check, a completion date of 5/9/85 was possible.

3) As of 1/31/85, the project was almost 507. complete.

<+) As of 1/30/85, the project’s budget was over 75*/. expended.

5) Immediate resolution of critical technical issues was necessary.

On the human side, the author’s main objective was to restore 

confidence, create a team spirit, and raise morales. These qualities 

were lost or diminished due to past failures, existing conflicts, and 

mismanaged interfaces. The author realized that such a task can be 

achieved only by practicing the following:
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1) Giving individuals a sense of responsibi1ity, achievement, and 

above al 1, ownership, by allowing them to manage their work and 

to participate in decision-making pertaining to their work.

2) Encouraging upward, downward, and lateral communications so 

as to resolve conflicts and strengthen interfaces between 

individuals as well as groups.

3) Facilitating the work of individuals by listening to their 

needs, making timely and responsible decisions pertaining to 

their work, and by resolving exposures and dependencies.

4) Giving praise when deserved and support when needed.

Adopting such a collective decision-making policy proved successful 

from the very beginning. In formulating the project’s schedule, the 

author used the Transactional (Quantitative/Micro) estimating technique 

which:

1) Takes into account the knowledge and experience of workers assigned 

to the project.

2) Uses estimates based on individual work activities.

3) Allows for estimating through negotiation.

4) Promotes motivation and commitment through involvement.

By doing so, the same individuals who initially resented having to 

meet what they perceived to be an impossible (4/30/85) schedule became 

supportive of the not-very-different "new" schedule.

Having completed the planning/scheduling phase, the author held a 

kick-off meeting that was attended by all those associated with the 

project, including management. The purpose of this meeting was to 

reflect on the project’s status and to present the new schedule. In 

addition, the meeting served a motivational purpose by describing the



challenges ahead, defining the expectations, and expressing confidence 

in the abilities and desires of those involved to make this project a 

success.

C.S.E) TRACKING AND CONTROL

Tracking the progress of a project is an essential project 

management task. Actual progress is measured and compared to the 

planned progress as given by the schedule. To ensure that individuals 

were aware of the target dates and of their responsibilities, copies of 

the following were given to each person involved with the project:

1) An overall PERT network (Figure 20) highlighting the following:

a) Activity description and initials of person in charge.

b) Duration and start/finish dates for each activity.

c) Dependencies (predecessors and successors).

d) Critical path (activities along this path have zero slack 

t ime) .

2) An overall GANTT chart sorted in a chronological order.

(Figure 21).

3) Personal GANTT charts that describe the activities each group 

leader is responsible for.

Because of time constraints imposed upon those working on the 

project by the tight schedule, no status reports were required from the 

group leaders. Instead, weekly status meetings were held and used for 

tracking as well as controlling purposes. The meetings focused on the 

following:

1) Measuring progress (checkpoints and milestones) with focus 

on critical activities.

2) Reporting and resolving problems.
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3) Identifying variances and determining their causes and 

effects.

4) Identifying alternatives and developing corrective action plans.

In the process the importance of reporting problems (not hiding 

them), providing early warnings (rather than disaster reports), and 

focusing on situations (not individuals) were emphasized frequently and 

often.

C.3) TECHNICAL DECISIONS/INVOLVEMENT

Soon after becoming the project engineer, the author opted to stay 

as far removed from technical involvement as the situation would allow. 

His decision was based on very solid reasoning that entailed the 

following:

1) Given the time constraints and the scope of project management, 

it would not have been possible to devote enough time to learn 

about and become involved with technical tasks.

2) The technical personnel (designers, technicians and engineers) were 

not only capable but also very familiar with their job assignments 

since they were involved with the project from its inception.

3) Initial analysis on the status of the project revealed that the 

most serious problems (with some exceptions) were of managerial/ 

leadership nature, more so than technical.

^) Technical people expressed desire to be able to manage and 

be responsible for their own work. This is also in line with 

the author's philosophy, as stated earlier.

This, however, did not free the author completely from having to 

address technical problems as they arose or make decisions pertaining to 

technical issues when needed.



The first impasse entailed the definition and qualification of a 1- 

ply reusable Press Pad. This was a peripheral project driven by process 

engineering. Such a pad was required so that it can be handled by the 

robot’s vacuum pickup. Even though a target qualification date was set 

for 7/1/84, such a pad was never defined. Because of its impact on the 

robot’s end effector, and on a wiper mechanism for the wiping of 

planishing plates, it became a critical problem needing immediate 

resolution. The author, the area process engineer, and the lead design 

engineer tackled this issue. Based on a suggestion given by the author, 

the solution entailed the stitching together of individual pad sheets 

used in the existing manual layup operation. The newly defined pad, 

therefore, consisted of eight individual paper pads and one tedlar 

release sheet stitched together in a manner that prevents drooping of 

the pad when lifted with the vacuum pickup. Moreover, the stitching was 

limited to the nonfunctional areas of the pad.

Another occasion that necessitated the author’s involvement on a 

technical issue was the decision pertaining to the cancellation of 

development work on a vision system intended for auto teardown. The 

author justified his decision based on: 1) the functional need for a 

vision system was not demonstrated and established, 8) high cost vs. 

little benefit to be derived, 3) budgetary concerns, 4) available 

al ternatives, and 5) a strong belief in simple designs and concepts.

The initial justification for the vision system was based on low cost 

estimates as well as a desire on part of the equipment design and build 

group to develop the technology, neither of which was applicable at the 

time the cancellation decision was made. In addition, the intended 

function of detecting, and directing the robot to pick up



dropped laminates was neither necessary nor feasible to the extent 

desired. Upon completing the equipment build and design activities} it 

was demonstrated that the vision system would have been a redundant 

addition.

One last illustration of the author’s technical involvement 

entailed the "OMK" automatic collator. Under the original design? the 

package delivery mechanism at the output end of the collator’s conveyor 

consisted of a push bar, bottom finger bars, and top leaf springs. As 

the collated assembly is pushed out with the push bar mechanism the 

finger bars and the leaf springs exert pressure on the top and bottom 

faces of the package so as to keep the various layers of the package 

well aligned. However, due to dynamic factors (inertia load) some 

slippage was taking place resulting in misalignment and misregistration 

that exceeded the tolerances required by the process specifications.

Due to time and budgetary constraints, a quick, reliable, and cost 

effective solution was needed. The author became personally involved 

only after frequent attempts to remedy the situation merely by changing 

conveyor speeds, stiffness of the springs, and other operation and 

design parameters failed. As a last resort, technical personnel 

suggested the implementation of a major design change that required 

replacement of the above mechanism with a cylinder actuated mechanical 

gripper that would have to be interfaced with the collator’s cycle.

They estimated five to six weeks and over $8000.00 in implementation, 

time and cost. These estimates were not acceptable to the author, 

instead he took upon himself the task of finding an alternative 

solution. Relying on his academic preparation in statics, dynamics, and 

machine design he conceptualized, designed and implemented a replacement



mechanism that proved to be accurate and reliable. The technique can 

best be described as a cam-driven mechanism that generates a compound 

angled surface suitable for the alignment and positioning of the 

collated assembly. A complete description of the make-up of the new 

technique is given in the Appendix (also refer to Figure 22).

C.4) INACTIVE STATE (PROJECT ON HOLD)

Effective March 15, 19S5, all work activities on the project were 

halted due to:

1) Unexpected quota volumes that prevented manufacturing from releasing 

the presses for installation/qualification of the equipment

2) Need for additional capital funding to continue installation and 

subsequent activities.

The high quota volumes were to continue beyond the June, 1985 date. 

In fact, it was almost certain that manufacturing would not be able to 

release the presses until late summer of that year. Hence that provided 

the author with the opportunity to evaluate the budgetary status and to 

act on requesting additional funds.

It was known all along that additional funding would be needed. 

However, no such request was initiated then due to management directives 

to put budgetary concerns aside and concentrate on technical progress.

By first demonstrating the technical feasibility of the project, a 

request for additional funding would stand a better chance for being 

approved because:

1) The project could be defended with more conviction, and its 

feasibility could be demonstrated to those in charge of approving the 

request.

2) The dollar amount requested could be estimated more accurately.
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After making the decision to stop all activities? the author 

started to prepare a "Supplemental Request" package in order to present 

it to management for approval. Once approved, management assumed the 

task of seeking further approvals from the plant controller, the plant 

manager, and from corporate committee. The preparation of such a 

package entailed the following:

1) The estimation of additional funds needed. This was based on time 

estimates of outstanding tasks, as given by the schedule of 

activities. It was determined that a E5% increase over the original 

budget was needed. This also entailed the preparation of a "Revised 

Tool Estimate".

E) The explanation as to why original estimated costs were exceeded.

This included:

a) Design and specification changes (payment for two extra robots, 

end effector and wiper assembly design changes, Press Pad and 

collator problems, vision system development cost, etc.)

b) Low initial estimates.

3) The justification as to why the Supplemental Fund Request should 

be approved. This encompassed the following:

a) Return on Investment (ROI) analysis

b) Impact of deferral (headcount, safety, capacity, and similar 

considerat ions).

C.5) RESUMPTION OF ACTIVITIES/RELINQUISHING RESPONSIBILITIES

The supplemental funds requested were released on July E7, 1985. 

Moreover, after repeated negotiations with Manufacturing and Industrial 

Engineering, Manufacturing committed to release the presses on September 

El, 1985 to allow for installation and qualification of the equipment.



At that time, the author had to relinquish his responsibilities in order 

to spend the fall semester in residence at Texas A&h as per the 

requirements of the Doctor of Engineering program. Hence, he updated 

the project's schedule to reflect the new dates and transferred all 

technical responsibilities to the team leaders. Also, the manufacturing 

manager of the lamination process center assumed the responsibility of 

conducting weekly status meetings to ensure timely progress of 

activities as per the schedule.

D) OTHER PROJECTS

In addition to the two main projects described above, the author 

was involved with smaller tasks and other activities. This section will 

touch on the significant ones to provide a glimpse of each.

D.l) LAMINATION CARTS PROJECT

As mentioned earlier, this was a complimentary project to Auto 

Layup/Teardown. The equipment for this project was described and listed 

in section C.l. The equipment was designed, built, and shipped prior to 

the author’s appointment as the project leader for Auto Layup/Teardown. 

Again, it was necessary for the author to study the objectives and 

status of this project. The findings could be summarized as follows:

1. The purpose of this project was to: a) Provide better and more 

accurate means of presenting product to and interfacing with the 

robots at the Automatic Layup and Teardown stations, and b) To 

replace fork lift trucks with lamination carts for transporting 

product between and within Process Centers.

2. Like Auto Layup/Teardown, the Lamination Carts project was 

behind schedule and over cost.

3. The remaining activities included floor leveling and equipment



installation as follows:

a. Conversion of the two copper shear stations to allow the 

use of new copper pallets for the stacking of copper foil.

This required the installation of one cart collar, one 

hydraulic lift table, and one roller top per each station.

b. Conversion of nine manual layup stations to interface with 

the new copper pallet. This involved the installation of 

equipment such as described in part a.

c. Conversion of two Thompson Press stations to interface with 

the lamination carts. This entailed the installation of 

one conveyor and one lift table at each station.

The author constructed the implementation schedule of Figure 23. 

However, due to budgetary concerns, only those activities that were 

critical to Auto Layup/Teardown were implemented. Hence, one copper 

shear station was converted as per the schedule. Moreover, in order to 

provide operators with the opportunity to use the new pallets and get 

accustomed to their tighter tolerances prior to introducing them to Auto 

Layup, two manual Layup stations (on Press #3) were also converted.

D.2) EXPERT "PROJECT MANAGEMENT" SYSTEM

This assignment constituted the development of a computer-aided 

methodology suited for the management of projects of technical nature.

In addition to serving as a teaching tool for the less experienced 

project engineer, such a methodology would also serve the purpose of 

establishing commonality and uniformity in planning, scheduling, 

tracking, and controlling such projects. The suggested methodology was 

given in a report that touched on all aspects and elements of project 

management (except financial). While the report in its entirety is
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included in the Appendix, a brief highlight of its main contents will 

follow next.

The first step in the planning phase is to construct a Work 

Breakdown Structure (WBS) such as that shown in Figure E5. The WBS is 

useful in: a) identifying the various levels of activity, b) 

identifying the various activities in each level, and c) identifying the 

relationships and dependencies between the various activities. The WBS 

is then followed by tabulating the activities, and related data, as 

shown in Tables 6a and 6b (one table for each activity level). The WBS 

and tables of activities could be prepared either manually or by using 

the personal computer (PE software could be used). Once all activities 

and dependencies are identified risk analysis can be performed and 

accounted for in time/resource estimates.

Given the dynamic nature of project management, computei—aided 

scheduling should be utilized. The author suggested and illustrated the 

use of "PROJECT" by Microsoft. The data extracted from Tables 6a and 6b 

can be directly entered as input to PROJECT. PROJECT will then perform 

calculations, construct GANTT charts, display resources, and highlight 

critical activities. PROJECT also simplifies the tracking and control 

tasks. It provides for different output formats and sorting 

capabilities, see the Appendix for illustration. Moreover, the computer 

generated schedule can be easily updated to indicate any changes, to 

reflect the actual progress, or to answer what if questions.

D .3) OTHER ACTIVITIES

As a team member, the author actively participated in the task of 

developing "Process Equipment Specification" GUIDELINE. The purpose of 

this task was to establish guidelines pertaining to the format and



contents of a "Process Equipment Specification" Document. In addition 

to establishing commonality and uniformity? these guidelines simplify 

and enhance the task of preparing such a document. It assists the new 

or not very experienced equipment engineer in preparing the equipment 

specification document necessary in the acquisition of machines. 

Original input was enhanced and supplemented with excerpts extracted 

from existing equipment specification documents? as applicable. The 

result was a complete and easy to use reference document. This 

GUIDELINE document is included in the Appendix.

Another task in which the author was involved in as a team member 

entailed a study on "Failure Mode and Effect Analysis" (FMEA). The 

study? was being directed by Dr. Joe Foster of the Texas A&M Industrial 

Engineering Department. The purpose of this study was to establish a 

methodology to be used by the manufacturing engineer in evaluating 

equipment design from a reliabi1ity/maintainabi1ity standpoint and in 

recommending preventive maintenance schedules. The author’s 

participation was limited to the last two weeks of his internship.



CHAPTER V 

SUMMARY AND CONCLUSIONS

A. SUMMARY

The motivation here is to relate the intern activities to the 

internship objectives. One objective may be addressed by several 

activities and one activity may relate to more than one objective. A 

sincere effort will be made in sorting the relationships between the 

two.

One objective, Orientation, has been realized through:

1) Professional Development courses as well as attending seminars 

and, attending and participating in weekly Automation/CFM meetings.

2) Assisting in the Loop Analysis depicting Process Flow; providing 

data base for use in computer simulation of the Core Circuitize 

Center and, evaluating the validity of the simulation results.

3) Interfacing with the various departments as per the RASI chart 

(see Appendix) while developing the automation plan for the 

Core Circuitize Process Center. This project encompassed the 

first three phases (Initiation, Definition, and Justification) 

outlined in that chart.

*f) Management of the Auto Layup/Teardown and Lamination Carts Projects. 

The author’s involvement here encompassed the last two phases 

(Acquisition, Qualification).

The second objective, Contribution, was fulfilled by:

1) The development of a sound and complete automation plan. The data 

gathering and systematic analysis proved useful in shaping and



promoting the computer simulation effort. Many elements of the 

plan were indirectly helpful to CFM implementation, process and 

equipment troubleshooting, and tool planning in the Core Circuitize 

Center.

2) Transforming Auto Layup/Teardown from a high risk project to a low 

risk project. This in turn resulted in the approval of additional 

funds, without which the project could have been terminated.

3) The development of the "Process Equipment Specifications Guideline" 

and the "Project Management Guideline" provided reference documents 

that will enhance and simplify the task for equipment engineers.

4) The technical contributions which were known for simplicity and 

cost effectiveness. These contributions resulted in three

Co5 1 Effectiveness Awards and the submission of one invention 

d isclosure.

The third and last objective, Development, was accomplished by:

1) The interfacing necessitated by the two main projects. This 

interfacing helped develop the author’s interpersonal skills.

2) The enriching of the author’s technical abilities. This was due 

to participating in and supervising the progress of technical 

projects.

3) Improving leadership and administrative skills by coordinating 

the activities of professionals representing various disciplines. 

This was apparent in the responsibilities associated with the 

author’s role while assigned to the two main projects.

The author’s participation in meetings and seminars as well as 

taking professional development courses offered by IBM and by 

outside organizations.



As a result of these assignments, the author had every opportunity 

to contribute, develop and learn about the organizational procedures and 

approach to problems.

B. CONCLUSION

The author’s internship with IBM Corporation exposed him to 

unfamiliar fields and new challenges in one of the most respected and 

successful companies in corporate history. The nature and scope of the 

assignments afforded the author with the opportunity to experience 

leadership and technical roles in a high pressure and dynamic production 

environment. In a high technology company, the author observed, it is 

not only how well you perform that counts but also how well you can 

adapt to rapid and continuous change to product, processes, and every 

other aspect of the business.

In conclusion, the material presented in this report demonstrates 

that the internship experience was enriching, challenging and rewarding. 

It allowed the author to contribute to the internship firm and, at the 

same time, improve his personal and professional skills. The author 

strongly believes that the internship fulfilled his own objectives as 

well as those set forth for the Doctor of Engineering program. Most of 

all, the internship was a successful and enjoyable experience due 

largely to the positive attitude of the people with whom the author 

worked.
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OBJECTIVE/SCDPF

T h e  O B J E C T I V E  o f  t h i s  d o c u m e n t  i s  t o  n r o v i d p  t h ^

w h i c h  c a p i t a l  p r o c e s s  e q u i p m e n t  is'ccnceivpd nri''11 P r o c e d u r e  b y  
M a n u f a c t u r i n g  E n g i n e e r i n g  ( M . E . )  a n d  t o  d e f i n e  - 1 m p  1 efr'~n t e d  b Y

s u p p o r t  a n d  c o m m u n i c a t i o n  w i t h i n  a n d  e x t e r n a l  t o ^ L E . ' S S p °nsl 1 1 e s ?

T h e  SCOF'E o f  t h i s  p r o c e d u r e  c o v e r s  all r a n i t a i

(tools) Acquired by Manufacturing E n 91„eeri^ P fof na^ S ri^ ; ™ 9nt

O B J E C T I V E / S C O P E



P R E F A C E

T h i s  p r o c e d u r e  d i v i d e s  t h e  a c t i v i t i e s  r e q u i r e d  t o  c o n c e i v e  a n d  
i m p l e m e n t  c a p i t a l  p r o c e s s  e q u i p m e n t  i n t o  f i v e  p h a s e s ,  e a c h  of w h i c h  
m u s t  b e  c o m p l e t e d  p r i o r  t o  t h e  s t a r t  of t h e  s u b s e q u e n t  p h a s e .  T h e ^ e  
a r e  l i s t e d  a n d  d e s c r i b e d  b r i e f l y  on p a g e  4 of t h i s  d o c u m e n t .

W i t h i n  e a c h  p h a s e ,  many- i n d i v i d u a l  t a s k s  m u s t  b e  c o m p l e t e d .  L i s t e d  on 
s u b s e q u e n t  p a g e s  of t h i s  p r o c e d u r e  a r e  t h e  m a j o r  a c t i v i t i e s  f or e a c h  
p h a s e .  E=>.Lh p h a s e  is g i v e n  a s e p a r a t e  m a t r i x  on  i t s  o wn p a q e .  W i t h i n  
t h e  m a t r i c e s  t a s k s  t h a t  a r e  p r i n t e d  in t h e  u p p e r  c a s e  a r e  l i s t e d  in 
o r d e r  of p e r f o r m a n c e .  T a s k s  t h a t  a r e  p r i n t e d  in t h e  l o w e r  c a s e  a r e  
in g e n e r a l  o r d e r  of p e r f o r m a n c e  b u t  may, in p r a c t i c e ,  be p e r f o r m e d  
c o n c u r r e n t l y  or  in a n y  o r d e r  w i t h  r e s p e c t  to  e a c h  o t h e r .

F o r  ec*ch of therse? t a s k s / a c t i v i t i e s  t h e  i n v o l v e m e n t  of a p p l i c a b l e  
M .E. d e p a r t m e n t s  a n d  s u p p o r t  g r o u p s  is i n d i c a t e d  on t h e  m a t r i x .  All 
g r o u p s  t h a t  m a y  b e  i n v o l v e d  a r e  i n d i c a t e d :  n o t  all g r o u p s  will be 
i n v o l v e d  a s  i n d i c a t e d  on e v e r y  p r o j e c t  d u e  t o  d i f f ~ r e n c » =  in 
i n d i v i d u a l  p r o j e c t  s c o p e / c o m p l e x i t y .  T h a t  i n v o l v e m e n t  h a s  b e e n  
d i v i d e d  i n t o  t h r e e  g e n e r a l  c a t e g o r i e s  t h a t  a r e  l i s t e d  a nd d e s c r i b e d  
b e l o w :

♦ R E S P O N S I B L E  (R)

Thj.= in t h e  g r o u p  t h a t  h a s  u l t i m a t e  a c c o u n t a b i l i t y  f o r  i-h^ 
p e r f o r m a n c e  of t h e  t ask. In t h e  p r o c e s s  of p e r f o r m i n q  t h e  task,' 
t h i s  g r o u p  is r e q u i r e d  t o  s e c u r e  t h e  c o o p e r a t i o n  .of t h e  s u p p o r t  
g r o u p s  (.indicated on t h e  m a t r i x  b y  " S " ) t h a t  m u s t  a s s i s t  t h e m  in 
c o m p l e t i n g  t h e i r  t ask. T h e  r e s p o n s i b l e  b o d y  m u s t  a l s o  k e e p  o t h e r  
a p p r o p r i a t e  b o d i e s  i n f o r m e d  of t h e i r  a c t i v i t i e s  ( i n d i c a t e d  on t h e  
m«tri,: b y  'I ). F i n a l l y ,  t h i s  g r o u p  m u s t  o b t a i n  a p p r o v a l  of t h e i r  
w o r k  f r o m  all a p p r o p r i a t e  g r o u p s ,  b o t h  f o r m a l  and i n f o r m a l .  T h e s e  
a p p r o v a l s  a r e  n o t  i n d i c a t e d  on t h e  m a t r i c e s  w i t h i n  t h i s  d o c u m e n t .  
T h e y  a re, h o w e v e r ,  i n h e r e n t  to  t h e  t a s k s  l i s t e d  on t h e  f o l l o w i n g  
p a g e s .  T h a t  i=>, in t h e  c o u r s e  of p r o v i d i n g  s u p p o r t  t o  t h e  
r e s p o n s i b l e ?  g r o u p ,  e a c h  s u p p o r t  g r o u p  will h a v e  a m p l e  o p p o r t u n i t y  
t o  e x p r e s s  a p p r o v a l  or d i s a p p r o v a l .  M a n y  a p p r o v a l  s a r e  a l s o  
r e q u i r e m e n t s  of o t h e r  f o r m a l  O p e r a t i n g  P r o c e d u r e s  and, h e n c e ,  a r e  
n o t  r e d u n d a n t l y  i n c l u d e d  h ere.

♦ S U P P O R T I V E  (3)

A g r o u p  w i t h  t h i s  d e s i g n a t i o n  is o n e  t h a t  m u s t  a s s i s t  t h e  
r e s p o n s i b l e  g r o u p  in t h e  p e r f o r m a n c e  of t h e i r  t a ^ k  
I n p u t / a S s i s t a n c e  f r o m  t h e s e  g r o u p s  will b e  s o l i c i t e d  b y  f h e  
r e s p o n s i b l e  g r o u p  w h e n  n e e d e d .  In t h e  c o u r s e  of p r o v i d i n g  t h a t 
i n p u t / a s s l s t a n c e  to t h e  r e s p o n s i b l e  g r o u p  t h e  s u p p o r t  q r o u p ( s )  

l n h e r e n t l y  b e  g i v i n g  a p p r o v a l  to t h e  a c t i o n s  ’of t h e  
r e s p o n s i b l e  g r o u p .  S o m e t i m e s  t h a t  a p p r o v a l  will b e  formalized -,s 
s p e c i f i e d  b y  o t h e r  O p e r a t i n g  P r o c e d u r e s .  S e e  comments' a b o v e  
c o n c e r n i n g  a p p r o v a l s .

P R E F A C E



I N F O R M E D  <I )

A n y  g r o u p  on  t h e  m a t r i x  w i t h  t h i s  label h a s  a " n e e d  to k n o w "  t h e  
a c t i o n s  of t h e  r e s p o n s i b l e  g r o u p  and will b e  k e p t  i n f o r m e d  by t h e  
r e s p o n s i b l e  g r o u p  o-f- t h o s e  a c t i o n s ,  e i t h e r  i n f o r m a l l y  (ex. 
t e l e p h o n e )  or f o r m a l l y  (ex. m e m o  or m e e t i n g )  as d e e m e d  n e c e s s a r y  
b y  a m u t u a l  u n d e r s t a n d i n g  b e t w e e n  t h e  g r o u p s .

B e l o w  is a k e y  t o  t h e  d e p a r t m e n t / g r o u p  a b b r e v i a t i o n s  t h a t  a p p e a r  on 
t h e  f o l l o w i n g  p a g e s :

E G  iE N G E q u i p m e n t  E n g i n e e r i n g

P R O E N G P r o c e s s  E n g i n e e r i n g

F A C E N G F a c i l i t i e s  E n g i n e e r i n g

M F G M a n u f a c t u r i n g

R E L R e l i  ab ili t y

E 5 E q u i p m e n t  S e r v i c e s

C S C h e m i c a l  S e r v i c e s

P U R P u r c h a s i  ng

IND E N G I n d u s t r i a l  E n g i n e e r i n g

S A F S a t  e t y

IH I n d u s t r i a l  H y g i e n e

Q U A E N G Q u a l i t y  E n g i n e e r i n g

INF S E R I n f o r m a t i o n  S e r v i c e s

F I N Fi n a n c e



F I V E  P H A S E S  O F  C A P I T A L  P R O C E S S  E Q U I P M E N T  A C Q U I S I T I O N

♦ P H A S E  1 —  I N I T I A T I O N

T h e  i n c e p t i o n  of a p r o j e c t  o c c u r s  d u e  to o n e  or m o r e  of t h e s e  
r e a s o n s :  S a f e t y ,  Q u a l i t y  ( Yield i m p r o v e m e n t ) , C o s t  r e d u c t i o n .  
C a p a c i t y  i n c r e a s e ,  A u t o m a t i o n / C o n t i n u o u s  F l o w  M a n u f a c t u r i n g  
(CFM), N e w  p r o d u c t .  E q u i p m e n t  r e p l a c e m e n t .  N e w  p r o c e s s .  S t r a t e g i c  
d i r e c t i  v e ,

A s p ' :ific e q u i p m e n t  f u n c t i o n ,  b u t  no  t y p e  or s o u r c e  k n o w n

« A s p e c i f i c  p r o c e s s  p r o b l e m ,  b ut no e q u i p m e n t  
f u n c t i o n / c o n c e p t , t y p e  or s o u r c e  k n o w n

T h i s  p h a s e  i n c l u d e s  t h e  c r e a t i o n  of d e t a i l e d  p r o j e c t  
s p e c i f i c a t i o n s ,  b u d g e t a r y  e s t i m a t e s / s c h e d u l e s  and c a p i t a l  
p l a n n i n g

P H A S E  3 —  J U S T I F I C A T I O N

B u d g e t a r y  e s t i m a t e s / s c h e d u l e s  a r e  r e f i n e d  i n t o  c o m m i t m e n t s  a n d  
d o c u m e n t e d  v i a  t h e  C a p i t a l  E q u i p m e n t  C o m m i t m e n t  d o c u m e n t .  C a p i t a l  
f u n d i n g  f o r  t h e  p r o j e c t  is j u s t i f i e d ,  r e q u e s t e d  a n d  r e l e a s e d .  T h e  
f i n a l  p r o j e c t  s c h e d u l e  is  d e t e r m i n e d .

P H A S E  4 —  A C Q U I S I T I O N

T h e  e q u i p m e n t  is s o u r c e d ,  o r d e r e d ,  d e s i g n e d  and bu i l t .  T h e  s i t e  
is p r e p a r e d  a n d  t h e  e q u i p m e n t  is i n s t a l l e d .  S a f e t y  a p p r o v a l  is 
a c q u i r e d .  T h e  e q u i p m e n t  is d e b u g g e d .  I n t e r i m  d o c u m e n t a t i o n  a n d  
t r a i n i n g  a r e  s u p p l i e d  t o  E q u i p m e n t  S e r v i c e s ,  T r a i n i n g  of 
C h e m i c a l  S e r v i c e s  a n d  M a n u f a c t u r i n g  a l s o  is p r o v i d e d .

P H A S E  5 —  Q U A L I F I C A T I O N

T h e  p r o c e s s  s p e c i f i c a t i o n s  a r e  w r i t t e n  ( MPS/QPS) a n d  t h e  p r o c e s s  
is d e b u g g e d .  T h e  p r o c e s s  g o e s  t h r o u g h  a Q u a l i f i c a t i o n  and, u p o n  
p a s s i n g  Q u a l i f i c a t i o n ,  " P r o d u c t i o n  R u n  S t a r t "  (PR'S) o c c u r s .  T h e  
f i n a l  d o c u m e n t a t i o n  for t h e  e q u i p m e n t  is r e l e a s e d .  S e v e n t y - f i v e  
d a y s  a f t e r  PRS, a t o t a l  p r o j e c t  a u d i t  is h e l d  t o  d i s c u s s  
o u t s t a n d i n g  i s s u e s  a n d  t h e i r  s o l u t i o n .  T h e  e q u i p m e n t  s, 
" M a i n t e n a n c e  A c c e p t e d "  b y  E q u i p m e n t  S e r v i c e s .  T h e  p r o j e c t  is 
c 1 o s e d .

F I V E  P H A S E S  O F  C A P I T A L  P R O C E S S  E Q U I P M E N T  A C Q U I S I T I O N 4
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P H A S E  3 —  J U S T I F I C A T I O N

J U S T I F I C A T I O N 7
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P H A S E  5  —  Q U A L I F I C A T I O N

K E Y :  R = R E S P O N S I B L E ,  S = S U P P O R T I V E , I = I N F O R M E D

A C T  I V I T Y D E P A R T M E N T (3) OR G R O U P (3)

E Q
E N G

i
P R O
E N G

F A C
E M G

M F G R E L ES
C3

P U R I NO 
E N G

S A F  j
IH I

Q U A  j 
E N G  j

INF
b E R

F I N

D E B U G  P R O C E S S 3 R 3 3 q I s 3

O b t a i n  -final s a f e t y  s i g n - o f f 3 •3 3 R 3 3
'
3 3

T r a i n  M a n u f a c t u r i n g g R 3 3 3

W r i t e  M a n u f a c t u r i n g  P r o c e s s  
S p e c i f i c a t i o n  <M.F' .S.)

R S S 3 3 3

W r i t e  Q u a l i t y  P r o c e s s  
S p e c i f i c a t i o n  ( Q . P . 3 . )

3 S 3 3 R

D e v e l o p  Q u a l i f i c a t i o n  P l a n 1 R 3 I I

Q U A L I F Y  P R O C E S S S R S I I c-

I s s u e  Q u a l i f i c a t i o n  
A c c e p t a n c e  T a g  a n d  n o t i c e

I i I I I I I R

M a i n t e n a n c e  A c c e p t  
e q u i p m e n t  ( C o n d i t i o n a l )

S I I R q I

S T A R T  P R O D U C T  I O N  (P .R .3.) I 3 I R 3 3 I I I I I

C O N D U C T  7 5  D A Y  P Q S T - P . R . S .  
A U D I T

R 3 q 3 3 3 3 3 3 S 3 S

R E L E A S E  F I N A L  D O C U M E N T A T I O N R I I I

M A I N T E N A N C E  A C C E P T  
( F I N A L )

3 I I R 3





TITLE

Cam-Actuated/Spring Loaded? Compound Angle, Mechanism for the 
Accurate Registration & Alignment of Automatically Collated, 
Multi-Layered Stacks of Prepreg and Copperclad Laminates.

PROBLEM SOLVED

This Technique was successfully implemented on an Automatic 
OMK Collator to rectify mi sal 1ignment and misregistration 
problems encountered by the automation of the Layup operation 
in the manufacturing of circuit boards.

DESCRIPTION

The Automatic Layup station consists of Robots, Carts, and a 
Collator. The system Collator presents collated stacks of 
base laminates and prepreg to the system Robot that places 
these stacks onto the Layup table. The accurate alignment and 
registration of these stacks is key to the Layup process.

The new technique provided better and more accurate method of 

presenting the collated stacks to the system Robot. It 
replaced the original mechanism that was provided with the OMK 
collator. The new mechanism employs concepts of gravity, 
friction, and spring forces for the accurate positioning and 
alignment of the collated packages. In addition to 
outperforming the original mechanism, this technique exhibits 
advantages over other methods such as "Tilted Shake Tables" 
and "Cylinder-Actuated Grippers".

The new mechanism is directly linked to the main shaft drive 
of the collator via a strut that is connected to a cam at the 
output end of the shaft. With each Collator cycle, the 
mechanism undergoes one cycle that can be decomposed into the 
following phases:
1 ) Loading Phase:

Main Lift-Table (#14) drops down to same level as the 
Collator’s feed conveyor. Simultaneously, top plate #10 
assumes acompound angle configuration. While in this 
position, a collated stack is fed onto the top plate.

2) Dwell Phase:
Top plate #10 dwells in the compound angle configuration 
for a short period of time. This allows for the downslide, 
and hence, the registration and alignment of the fed 
package.



3) Unload Phase:
The tilt table lift and assumes a horizontal position. 
Simultaneously, the top plate assumes a horizontal 
configuration with the collated stack resting on top of it.

The top plate #10 is hinged to the front end of the tilt table 
#14. The motion of the tilt table is directly linked to that 
of the Collator’s main drive shaft via cam #17, strut #16, and 
lift arm #15. The vertical bar #18 is rigidly mounted to 
fixed bracket #19 which allows for vertical and horizontal 
adjustments. When the tilt table is lowered, the vertical bar 
prevents the back end of the top plate from dropping with it 
and thus causing it to rotate about the front hinges thereby 
generating a compound angle surface. When in the compound 
angle configuration, a collated package is fed onto the top 
plate, overpassing the front stops #11. Almost instantly, the 
package starts to slide down the bi-directional incline of the 
top plate. The sliding process is enhanced and accelerated by 
Teflon-coating the surface, to minimize frictional forces, as 
well as by the spring forces exerted by leaf springs #12. The 
sliding package finally rests against the front and side stops 
#11 and #13 ensuring its accurate registration. Moreover, the 
change in the momentum of the package results in improved 
al ignment.

This new method has been successfully implemented. It 
constituted a reliable and cost effective solution for the 
al ignment/registration of automatically collated stacks. Its 
direct mechanical linking to the collator ensured a 
synchronous operation with negligible impact to the 
availability or cycle time of the total operation
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A B S T R A C T

G o o d  q u a l i t y  p r o d u c t ,  on t ime, a n d  w i t h i n  b u d g e t  a r e  t h e  s t a t e d  
o b j e c t i v e s  in a l m o s t  e v e r y  p r o j e c t .  fhus, t h e  p e r f o r m a n c e  of a p r o j e c t  
l e a d e r  is  m e a s u r e d  b y  h i s  (her) a b i l i t y  to m e e t  or b e a t  t h e s e  
obj e c t i  v e s .

A s  a r e s u l t .  P r o j e c t  M a n a g e m e n t  h a s  e v o l v e d  a s  a d i s c i p l i n e  t h a t  
p r o v i d e s  t h e  p r o j e c t  l e a d e r  w i t h  t h e  n e c e s s a r y  t o o l s  t o  d o  t h e  job.
M a n y  t e c h n i q u e s  b e c a m e  a v a i l a b l e .  S o m e  t e c h n i q u e s  a r e  b e t t e r  s u i t e d  f o r  
c e r t a i n  a p p l i c a t i o n s  t h a n  others., M o r e o v e r ,  d u e  t o  t h e  c o m p l e x i t y  of 
s o m e  p r a j e c t s  as w ell a s  t h e  dyriamic n a t u r e  of p r o j e c t  m a n a g e m e n t ,  
C o m p u t e r - A i d e d  t e c h n i q u e s  w e r e  d e v e l o p e d .  T h i s  g a v e  t h e  p r o j e c t  l e a d e r  - 
t h e  p o w e t' t o  h a n d l e  t h e  t a s k  m o r e  e f f  i ci e n 1 1 y .

T h i s  r e p o r t  f o c u s e s  on s e l e c t i n g  t h e  p r o j e c t  m a n a g e m e n t  t e c h n i q u e  
t h a t  is b e s t  s u i t e d  f o r  p r o j e c t s  of t e c h n i c a l  ( e n g i n e e r i n g  ) n a t u r e .
T o  b e  m o r e  p r e c i s e ,  t h e  p u r p o s e  is t o  d e v e l o p  a " S c h e d u i e / T r a c k i n g  
s y s t e m  w i t h i n  a p r o j e c t "  b y  i n t e g r a t i o n  a n d  i m p 1 i m e n t a t i o n  of s e l e c t e d  
m a n u a l  a n d  c o m p u t e r i z e d  t e c h n i q u e s .

I N T R O D U C T I O N

S u c c e s s f u l  m a n a g e m e n t  of a p r o j e c t  s t a r t s  at t h e  p r o j e c t ’s 
b e g i n n i n g .  T h e  p r o j e c t ’s g o a l s ,  p u r p o s e ,  c o n s t r a i n t s ,  and 
s p e c i f i c a t i o n s  m u s t  b e  c l e a r l y  d e f i n e d .  A well d e f i n e d  p r o j e c t  s h o u l d  
h a v e :

0 A n  e s t a b l i s h e d  s t a r t  d a t e  
0 A w ell d e f i n e d  p u r p o s e

i-in e s t a b  1 i s h e d  busi n e s s  c a s e  (j u s t i f  i c a t i o n )
0 A well d e f i n e d  e n d  p r o d u c t

0 W e l l  d e f i n e d  d e s i g n  p o i n t s  ( p e r f o r m a n c e ,  r e l i a b i l i t y ,  etc)
0 An e s t a b l i s h e d  e n d  p o i n t  a n d  c o m p l e t i o n  c r i t e r e a

P r o j e c t  m a n a g e m e n t  c o n s i s t s  of f o u r  e l e m e n t s .  A r r a n g e d  in t h e  
o r c e r  in w h i c h  t h e y  s h o u l d  b e  a c c o m p l i s h e d ,  t h e s e  e l e m e n t s  are:

1 ) PI a nni ng  (t h e  p r o j e c t  p 1 a n )
2 ) S c h e d u l i n g  (time, r e s o u r c e )

i r a c k i n g  ( m e a s u r e m e n t  of p r o g r e s s )
4) C o n t r o l  ( c o r r e c t i v e  a c t i o n s  a s  n e e d e d )

E v e n  t h o u g h  t h e  p u r p o s e  of t h i s  r e p o r t  is to d e v e l o p  "a j o b  
S c h e d u i e / T r a c k i n g  s y s t e m  w i t h i n  a p r o j e c t " ,  it will b e  i n a d e q u a t e  a n d  
e v e n  i m p o s s i b l e  to d o  so  w i t h o u t  s o m e  c o v e r a g e  of fche c o n s t i t u e n t s  of 
" P l a n n i n g "  a n d  " C o n t r o l " .  b a s e d  on all i n f o r m a t i o n  o b t a i n e d  in t he  
p l a n n i n g  s t a g e ,  a p r o j e c t  s c h e d u l e  c a n  b e  e s t a b l i s h e d .  T h i s  s c h e d u l e  
w ill p r o v i d e  - h e  p r o j e c t  e n g i n e e r  w i t h  t h e  m e a n s  to  t r a c k  t h e  p r o g r e s s  
of t h e  p r o j e c t .  S u b s e q u e n t l y ,  t h e  t r a c k i n g  d a t a  is u s e d  in c o n t r o l l i n g  
t h e  p r o j e c t .

T h e  t a s k s  of S c h e d u l i n g  a n d  t h e n  T r a c k i n g  a p r o j e c t  c a n  b e  h a n d l e d  
e i t h e r  m a n u a l l y  or u s i n g  c o m p u t e r s  (see a p p e n d i x  A). H o w e v e r ,  m a n u a l  
h a n d l i n g  of s u c h  t a s k s  c a n  g e t  e x t r e m e l y  d i f f i c u l t ,  if n o t  i m p o s s i b l e ,  
•for t h e  f o l l o w i n g  r e a s o n s :

0S o m e  p r o j e c t s  a r e  l a r g e  (too m a n y  a c t i v i t i e s )  a n d  c o m p l e x  (too 
m a n y  d e p e n d e n c i e s )

0 I m p o s s i b l e  t o  d o  i n s t a n t  r e v i s i o n s  of t h e  s c h e d u l e .  C h a n g e s  m a y  
b e  n e c e s s a r y  f o r  m a n y  r e a s o n s— m i s t a k e  in d e f i n i n g  t h e  a c t i v i t i e s

— m i s t  a k e s  in es t i i a a 1 1 n g r e s o u r c e s  
d e s i r e  to ask w h a t  i (■ q u e s t i o n s  

u p d a t e  s c h e d u l e  t o  ref 1 e c t  a c t u a l  
progress
to l evel or r e - a l l o c a t e  r e s o u r c e s



0 I m p o s s i b l e  t o  d o  t i m e l y  s o r t i n g  t o  r e f l e c t  t h e  p e r s p e c t i v e s  t h a t  
m i g h t  b e  of i n t e r e s t  t o  t h e  p r o j e c t  e n g i n e e r  at' a p a r t i c u l a r  
p o i n t  in ti m e .  A c t i v i t i e s  m a y  b e  r e a r r a n g e d  (sorted) in t e r m s
o f --------------c r i t i c a l  p a t h

----s t a r t  d a t e s
----f i n i s h  d a t e s
----s l a c k  t i m e
----dt.trat i on

To o v e r c o m e  t h e  a b o v e  d r a w b a c k s ,  a n d  to p r o v i d e  g r e a t e r  
f i e i  bi 1 i t y  a n d  s p e e d ,  ccmpliter--ai d e d  s c h e d u  1 i n g / 1 r a c k i  ng techni q u e s 
w e r e  d e v e l o p e d .  A l i t e r a t u r e  s u r v e y  s h o w s  t h a t  t h e  n u m b e r  of c o m p u t e r  
p r o g r a m s  d e v e l o p e d  for p r o j e c t  m a n a g e m e n t  p u r p o s e s  is b o u n t i f u l .  In 
th i s r e p o r t  , o n e  s u c h  p r o g r a m  " P R O J E C T "  (by Mi c r o s o t  t ) h a s  b e e n  
s e l e c t e d  t o r  use. P R O J E C T  is b a s e d  on t h e  C P M  m e t h o d— t h i s  m e t h o d  is
i 11 u s 11” a t e d  i n a p p e n d i  x •

I N N I N G

i-'lanning i-= t h e  f i r s t  a n d  m o s t  i m p o r t a n t  step, it s e r v e s  t w o  m a i n  
f u n c h i  ons:

It e n a b l e s  t h e  p r o j e c t  e n g i n e e r  t o  b e t t e r  u n d e r s t a n d  t h e  p r o j e c t  
r e q u i r e m e n t s  a n d  h o w  t o  s a t i s f y  them.

I'-, p r o v i d e s  t h e  b a s i s  f o r  s c h e d u l i n g ,  t r a c k i n g ,  and c o n t r o l  .

1 s t a r t s  b y  d e f i n i n g  a s e t  of s p e c i f i c  t a s k s  ( a c t i v i t i e s )  t h a t  
c o n s t i t u t e  ; h e  p r o j e c t .  P r o p e r  d e f i n i t i o n  of t h e s e  a c t i v i t i e s  is 
e s s e n t i a l  f o r ^ 1:he s u c c e s s f u l  c o m p l e t i o n  of t h e  p r o j e c t .  A W o r k  B r e a k d o w n  

a '2' u c t ’-ire s e e  tig. 1 , i s  e x t r e m e l y  h e l p f u l  in p r e p a r i n g  t h e
dL 1 1 v i L i List 'brief e x p l a n a t i o n  ot W E S  is g i v e n  in appendix*: •

-ec>_,nd s t e p  is to i n p u t  s o m e  k e y  i n f o r m a t i o n  f o r  e a c h  a c t i v i t y .  
D e p e n d i n g  on t h e  ne e d ,  t h i s  m a y  i n c l u d e :

-■escr i pt i on  of e a c h  a c t i v i t y .

Jur a 11 on of e a c h  a c t i v i t y  in d a y s  (how l o n g  t ta k e s )  ,
0 P r e d e c e s s o r s  f o r  e a c h  a c t i v i t y  (which o t h e r  a c t i v i t i e s  m u s t  b e  

corrpleted b e f o r e  t h i s  o n e  c a n  s t a r t ) .
0 S t a r t  d a t e  of e a c h  a c t i v i t y .

0 R e s o u r c e  e s t i m a t e  t o r  t h a t  a c t i v i t y  (only n u m b e r  of p e o p l e  a n d
t h e  s k i l l  t y p e  f o r  e a c h ) ---- s e s t i m a t e s  w ill n o t  b e  c o n s i d e r e d
h e r  e .

U s u a l l y  it is e a s i e r  t o  e s t i m a t e  t he n u m b e r  of p e o p l e  r e q u i r e d  to  
c o m p l e t e  an a c t i v i t y  (man h o u r s )  t h a n  t o  e s t i m a t e  d u r a t i o n ;  h e n c e  
d u r a t i o n  is o f t e n  d e r i v e d  f r o m  t h e  e s t i m a t e  of the p e o p l e .  A p p e n d i x  
c o n t a i n s  a b r i e f  d i s c u s s i o n  on t h e  s u b j e c t  of e s t i m a t i o n .

R I S K  A N A L Y S I S

S i n c e  p l a n n i n g / e s t i m a t i n g  d e a l s  w i t h  t h e  f u t u r e ,  t h e r e  w ill a l w a v s  
L e  an e l e m e n t  or r i s k  a s s o c i a t e d  w i t h  a n y  plan. It is n e c e s s a r y  t h a t  
t h e  p r o j e c t  e n g i n e e r  b e  a b l e  to i d e n t i f y  a n d  e v a l u a t e  t h a t  r i s k  so a s  to 
a p p l y  t h e  p r o p e r  c o n t i n g e n c y  f a c t o r s  a n d  b u f f e r s  to t h e  plan.

T o  1 e a r n  h o w  t o  d o  r i s k  a n a l y s i s ,  o t h e r  r e f e r e n c e s  m u s t  b e  
c o n s u l t e d .  : h e  p r o c e s s ,  h o w e v e r ,  i n v o l v e s  t h e  f o l l o w i n g  b-.tsic s t o p  s:

u;:«uiune "pi a n / b s t i  m a t e s "  to i d e n t i f y  a r e a s  of risk:
- N e w  a r c h i t e c t u r e .
- N e w  t e c h n o 1o g l e s .
- I n e p e r l e n c e d p e o pie.

- rri -*vai I abl .1 i ty of a g o o d  d a t a  base.
- D &• p 1 nJenc.i e s .
- E x o o s u r e s .



0 C l a s s i f y  r i s k  a s  "high,, m e d u i m ,  or low" .
0 D e v e l o p  a p l a n  t o  m a n a g e :

- H i g h  a n d  m e d u i m  r i s k  t o  l o w  ( e x t e n d  d a tes, a d d  r e s o u r c e s ,  
d e v e l o p  b a c k u p  p l a n s ) .

-  E x p o s u r e s  t o  d e p e n d e n c i e s  (get w r i t t e n  c o m m i t m e n t s  f r o m  all 
t h e  p e o p l e  on  w h o m  y o u  a r e  d e p e n d e n t ) .

Fig. 1, W o r k  B r a a k d o w n  3 1 r u c t u r e  (W B S )

j P R O J E C T  T I T L E  S< S T A R T  D A T E

]]

1_____ I

I'Jhert

L L
.n d i c a t e s  l e v e l ( I ) ,  ma j o r ,  a c t i v i t i e s

i n d i c a t e s  l e v e l ( I I ) ,  m i n o r ,  s u b - a c t i v i t i e s

F o r  t h e  p u r p o s  
n a t u r e ,  t w o  l e v e l s

e of s c h e d u l i n g / t r a c k i n g  projeci 

ot a c t  i vi ti e s  su. f t i c e  <=•.
if t e c h n i c a l / e n g r



F D R  E A C H  A C T I V I T Y  E N T E R  T H E  F O L L O W I M G

# D E S C R I P T I O N D U R A T I O N P R E D E C E S S O R S S T A R T
D A T E

P E O P L E  RESC 

S K I L L  T Y P E

DU R C E

A M O U N T

1

1

T A B L E  2. L E V E L  (II) A C T I V I T I E S

P R O J E C T  N A M E : S T A R T  DATE:

F O R  E A C H  A C T  I'/1TY E N T E R T H E  F O L L O W I N G

4+ D E S C R I P T I O N D U R A T I O N P R E D E C E S S O R S S T A R T
D A T E

P E O P L E  RESC 

S K I L L  T Y P E

DURCE

A M O U N T

1

2

3
i .... " _ ........

.. 1 ’ 1 !

E T C | 1 1

N o t e :  it t h e  s t a r t  d a t e  for an a c t i v i t y  is t h e  -same as t h e  l a t e s t  of t h e  
f i n i s h  d a t e s  of t h e  p r e d e c e s s o r s  tie- A S A P ) ,  then it n e e d  not b e  e n t e r e d .



Mi c r o s o f t  " P R O J E C T "

C a p a b i 1 i t y

P R O J E C T  is an i n t e r a c t i v e  p r o g r a m  t h a t  c a n  b e  u s e d  at t h r e e  
d i f f e r e n t  l e v e l s :

1° To d r a w  a s c h e d u l e  and c a l c u l a t e  t h e  c r i t i c a l  path.
2° T o  a l l o c a t e  r e s o u r c e s ( p e o p l e ) .
3° T o  a n a l y s e  a n d  c o n t r o l  co s t s .

T h e  l a s t  i t e m  w i l l  n o t  be of c o n c e r n  to us  and, t h e r e f o r e ,  will 
n o t  b e  c o v e r e d .  T h e  g r e a t e s t  b e n e f i t ,  h o w e v e r ,  is in p r o v i d i n g  t h e  
a b i l i t y  t o  q u i c k l y  " R e a r r a n g e  A c t i v i t i e s  f o r  E f f e c t i v e  S c h e d u l i n g " .

Contents

P R O J E C T  c o n s i s t s  of t h r e e  m a j o r  c o m p o n e n t s  ( s c r e e n s ) :
1° A c t i v i t y  s c r e e n :  is w h e r e  y o u  e n t e r  i n f o r m a t i o n  a b o u t  t h e

i ndi v i d u a 1 a c t i v i t i e s  t h a t  m a k e  up a 
p r o j e c t  a nd w h e r e  t h e  s c h e d u l e  i t s e l f  is 
d i sp 1 ay e d .

2° C a l e n d a r  s c r e e n ;  is w h e r e  s u c h  t h i n g s  a s  h o l i d a y s ,
v a c a t i o n s ,  T h e  n o r m a l  w o r k  week, t h e  
s t a r t i n g  y ear and l e n g t h  of t h e  p r o j e c t ,  
a r e  s p e c i f i e d .

3° R e s o u r c e  s c r e e n :  is w h e r e  y o u  e n t e r  r s s o u c e  c a p a c i t y  and
c o s t s ,  a n d  w h e r e  g r a p h i c a l  r e p r e s e n t a t i o n  
of t h e  a l l o c a t e d  r e s o u r c e s  c an b e  v i e w e d .

M o r e  d t a i 1 ed  i n f o r m  a t i o  n a b o u t t h e c o n  t en t s , c a p a b i 1 i ty, a n d t h e  
u s e  of " P R O J E C T "  c a n  b e  f o u n d  in t h e  d o c u m e n t a t i o n ,  p r o v i d e d  by  
M i c r o s o f t .

S C H E D U L I N G  —  u s i n g  " P R O J E C T "

S c h e d u l i n g  is t h e  t a s k  of c a l c u l a t i n g  t h e  s t a r t  a n d  f i n i s h  d a t e s  
f o r  e a c h  of t h e  a c t i v i t i e s ,  i d e n t i f y i n g  t h e  c r i t i c a l  a c t i v i t i e s  (i e -  
t h o s e  t h a t  m u s t  b e  c o m p l e t e d  on t i m e  in o r d e r  to m e e t  a d e a d l i n e ) ,  
c a l c u l a t i n g  t he s l a c k  t i m e  f o r  e a c h  of t h e  n o n - c r i t i c a l  a c t i v i t i e s ,  
a l l o c a t e i n g  r e s o u r c e s ,  etc.

s e t t i n g  up  a s c h e d u l e  u s i n g  M i c r o s o f t  P R O J E C T  is e i t h e r  a t w o - s t e p  
or t h r e e - s t e p  p r o c e s s ,  d e p e n d i n g  on y o u r  n e eds:

1° S e t  t h e  c a l e n d a r  f o r  y o u r  p r o j e c t  u s i n g  t h e  C a l e n d a r  
s c r e e n

2° S e t  y o u r  p r o j e c t ’s s t a r t  d a t e  and e n t e r  a c t i v i t i e s  on t h e  
s c h e d u l e  ( s e e  t a b l e  1). T h i s  y o u  do f r o m  t h e  A c t i v i t y  
s c r e e n  *

3° F i n a l l y ,  if y o u  w i s h ,  y o u  c a n  a s s i g n  r e s o u r c e s  t o
a c t i v i t i e s  ( f r o m  t h e  A c t i v i t y  s c r e e n )  a n d  t h e n  s p e c i f y  
r e s o u c o  c a p a c i t y  ( from t h e  R e s o u r c e  s c r e e n ) .



T R A C K I N G  —  u s i n g  " P R O J E C T "

In p r o j e c t  m a n a g e m e n  t , " t r a c k i n g "  is t h e  c o n d i t i o n  of b e i n g  a w a r e  
of t h e  p r o g r e s s i o n  at a p r o j e c t .  It c o n s t i t u t e s  t h e  f o l l o w i n g :

0 M e a s u r i n g  t h e  a c t u a l  p r o g r e s s -  T h i s  m a y  e n t a i l :

■ !< S t a t u s  Reports-i

j — (wr i t t e n )
% C h a r t s  J

% S t a t u s  m e e t i n g s ----(verbal)
" C o m p a r i n g  t h a t  m e a s u r e m e n t  w i t h  t h e  b a s e  P l a n  ( w i t h o u t  b u f f e r s  

o r  c o n t i n g e n c i e s ) , w h i c h  is r e p r e s e n t e d  b y  t h e  s c h e d u l e .

rn a d d i t i o n ,  g o o d  t r a c k i n g  p r o v i d e s  t h e  p r o j e c t  e n g i n e e r  w i t h  an 
" e a r l y  w a r n i n g  s y s t e m "  b e c a u s e  it a l l o w s  h i m ( h e r )  t o  p r e d i c t  p o t e n t i a l  
p r o b l e m s  b e f o r e  t h e y  o c c u r .  In a d d i t i o n  bo b e i n g  t h e  b a s i s  u p o n  w h i c h  
p r o j e c t  " C o n t r o l "  is e x c e r c i s e d ,  T r a c k i n g  d a t a  s h o u l d  b e  k e p t  for 
p r o j e c t  h i s t o r y  a n d  f o r  f u t u r e  e s t i m a t e s .

A g o o d  t r a c  ki ng  s y s t e m  i s o n e  w h i e h  w ill p rovi d e  the n e e d e d  
i n f o r m a t i o n  a b o u t  a p r o j e c t ,  f o r  t h e  r i g h t  p e r s o n ,  at t h e  r i g h t  time.

P R O J E C T ’s a b i l i t y  t o  i n s t a n t l y  u p d a t e  a s c h e d u l e ,  r e c a l c u l a t e  
d a t e s ,  r e —s o r t  a c t i v i t i e s ,  i d e n t i f y  t h e  c r i t i c a l  path, etc. r e n d e r s  t h e  
t r a c k i n g  t a s k  a c h i e v a b l e  e v e n  f o r  c o m p l e x  p r o j e c t s .  In a d d i t i o n  to 
k s e p i n y  s c h e d u l e  i n f o r m a t i o n  up to  d ate, it p r o v i d e s  f o r  p e r s o n a l i s e d  
s e l e c t i o n  of r e p o r t s  t o  s u i t  i n d i v i d u a l  n e eds:

0 T a b l e  f o r m

" G a n t t  (bar) C h a r t  in s o r t e d  s e q u e n c e  (many s e l e c t i o n s )
- D e t a i l e d  f o r m  (for e a c h  a c t i v i t y  and i t s  d e p e n d e n c i e s )

C O N T R O L

T h e  p u r p o s e  of c o n t r o l  is t o  e n s u r e  t h e  a c h i e v e m e n t  of t h e  
p r o j e c t ’s o b j e c t i v e s  ( q u a l i t y  p r o d u c t ,  on time, a n d  w i t h i n  b u d g e t ) .
T h e  p r o c e s s  i n v o l v e s  a n a l y s i s  of t r a c k i n g  d a t a  a n d  t a k i n g  a c t i o n  on all 
v a r i a t i o n s .  C o n t r o l  c a n  b e  c l a s s i f i e d  as p r e v e n t a t i v e ,  c o n c u r r e n t ,  a nd 
p o s t  c o n t r o l .  It is  d e s i r a b l e  t o  e x c e r c i s e  p r e v e n t a t i v e  c o n t r o l , a n d  
o n l y  a g o o d  t r a c k i n g  s y s t e m  m a k e s  t h i s  p o s s i b l e .

O n c e  p r o g r e s s  is m e a s u r e d  a n d  c o m p a r e d  w i t h  t h e  s c h e d u l e  
( T r a c k i n g ) ,  t h e  f o l l o w i n g  c o n t r o l  a c t i v i t i e s  s h o u l d  t a k e  p l a c e :

- I d e n t i f y  v a r i a n c  e 
0 D e t e r m i n e  e f f e c t
0 I d e n t i f y  a l t e r n a t i v e s
0 D e v e 1 o p a c t i o n p 1 a n

0 C o m m u ni c a t e  a n d  g e t  a p p r o  v a Is f o r  t h e p .1 a n
0 E n s u r e  t h a t  a c t i o n  is  t a k e n  t o  r e c o v e r

It is n e c e s s a r y  to h a v e  a " w r i t t e n  c h a n g e  c o n t r o l  p r o c e d u r e  ". 
S u c h  a p r o c e d u r e  w x 11 e n s u r e  t h a t  a c h a n g e  r e q u e s t  is in w r i t i n g .
Cfiange r e q u e s t s  m a y  c o n t a i n  i n f o r m a t i o n  aa t o :

0 W h y  a c h a n g e  is necessary,.
0 W h a t  a c t i v i t i e s  a r e  a f f e c t e d .
0 I m p a c t  of t h e  c h a n g e  on r e s o u r c e s  a n d  c o m m i t m e n t s .
0 R e c c m m  e n d e d a c t i o n

If n e e d e d ,  c h a n g e  r e q u e s t s  a r e  s u b m i t t e d  t o  m a n a g e m e n t .
M a n a g e m e n t  m a y  a p p r o v e  or d i s a p p r o v e  t h e  r e q u e s t ,  or e v e n  r e t u r n  it to  
t h e  p r o j e c t  e n g i n e e r  f o r  f u r t h e r  a n a l y s i s  and study. R e g a r d ’e s s  of t h e  
p r o c e d u r e  f o l l o w e d ,  c r i t i c a l  p r o b l e m s  s h o u l d  be  r e p o r t e d  i m m e d i a t e l y .



T A S K  R E V I E W  A M D  O U T L I N E

A s c h e m a t i c  s u m m a r y  of t h e  m a j o r  s t e p s  i n v o l v e d  in a p r o j e u t  
m a n a g e m e n t  t ask, a n d  t h e  s e q u e n c e  of t h e i r  flow, is g i v e n  in ( f i g .2 ).
* n e  'i'Ol l o w i n g  is an o u t l i n e  o+ t h e s e  m a j o r  s t e p s  and t h e i r’ c o n t e n t s :

I) P L A N N I N G

* a -  E s t a b l i s h  " S t a r t  D a t e "  f or t h e  p r o j e c t .
% b -  C o n s t r u c t  the (WBS) for t h e  p r o j e c t ,  s e e  fig I.
% c -  P r e p a r e  t h e  " A c t i v i t i e s  L i s t "  ( c o m p l e t e  T a b l e  1 a n d / o r  2) 

u s i n g t h e W 8 9 a s a g u i d e „
? d — A n a l y z e  pi in; — 1 d e n t i f y  a n d  C l a s s i f y  r i s k

- D e v e l o p  r i sk m a n a g e m n t  p l a n
M a n a g e  r i s k  to l o w

0 M a n a g e  e x p o s u r e s  t o  d e p e n d e n c i e s

The W B 3  a n d  t h e  A c t i v i t i e s  l i s t  ( b & c ) c a n  b e  p r e p a r e d  e i t h e r  
n a n u a l  i y or u s i n g  t h e  computer,, I r e c o m m e n d  u s i n g  t h e  " P e r s o n a l  
E d i t o r "  •' a " PC" s o f t w a r e  ) „

II) S C H E D U L I N G —  u s i n g  M i c r o s o f t  '1P R 0 J E C T

a — i-rom the C a  1 e n d a r  sc:reen, s e t  t h e  p r e j e c t ’s c a  1 e n d a r . 
b -  F r o m  t h e  A c t i v i t y  s c r e e n ,  s e t  t h e  p r o j e c t ’s s t a r t  d a t e  a nd 

e n t e r  a c t i v i t i e s  on t h e  s c h e d u l e—  u s i n g  " T a b l e  1 or 2". 
c -  If r e q u i r e d ,  e n t e r  r e s o u r c e  i n f o r m a t i o n  f r o m  t h e  A c t i v i t y  

n c r e e n  ( u s i n g  t a b l e  1 or 2 ),, a n d  r e s o u r c e  c a p a c i t y  f r o m  t h e  
R e s o u r c e  s c r e e n .

Ill) T R A C K I N G

W h i l e  p l a c i n g  e m p h a s i s  on t h e  c r i t i c a l  a c t i v i t i e s ,  t h e  f o l l o w i n g  
a r e  p o i n t s  to c o n s i d e r :
# a -  M e a s u r e  t h e  a c t u a l  p r o g r e s s .

b— C o m p a r e  t h e  a c t u a l  vs. the b a s e  plan.
"f c — R e p o r t  a n d  c o m m u n i c a t e  t h e  v a r i a n c e s ,  if any.

d — r v  t o  s p o t  p o t e n t i a l  p r o b l e m s  / g i v e  e a r l y  w a r n i n g s .

I'•••*> C O N T R O L

b—
A n a l - z e  t h e  
D e c i d e  on a 
re—ai1ocate

v a r i a n c e (c a u s e s a n d e  f f o c t s ) .

r e m e d i a l  a c t i o n  p l a n  ( c h a n g e  o r i g i n a l  plan,
r e s o u r c e s ,  e t c . ).

c -  W r i t e  a c h a n g e  r e q u e s t :  —  w h y  c h a n g e .
i m p a c t  of c h a n g e .

—  r e c c m m e n d s d  acri o n . 
d -  C o m m u n i c a t e  \ o u r  a c t i o n  p l a n  a nd g et a p p r o v a l s ,  
e - E :•: e c u t  e •/o u r  a c t i o n  plan.

£- U p d a t e  t h e  p l a n  a n d  s c h e d u l e  to r e f l e c t  a n v  chi a nges,

* m e a n s  r e q u i r e d  a c t i o n  i t e m 71 m e a n s  r e c o m m e n d e d  a c t i o n  i t e m



S T A R T

PI AN

S C H E D U L E  I

S A M E ? ! IS P R O J E C T  
C O M P L E T E ?

y e s v

A C T  I C M !<
I

A N Y ALl 10 N N E E D E D ? j  
........  1

IS P R O J E C T  C O M P L E T E '

E X A M P L E  
( AUTO L A Y U P  & T E A R D O W N )

I n t r o d u c t o r y  S t a t e m e n t :

T h e  p u r p o s e  at t h i s  p r o j e c t  is t o  a u t o m a t e  t h e  l a y u p  t e a r d o w n  
o p e r a t i o n  at p r e s s  2, in t h e  l a m i n a t i o n  c e n t e r  cf b u i l d i n g  060. F o r  t h e  
s a k e  of s i m p l i c i t y ,  p a s t  d u e  d a t e s ,  i n t e r r u p t i o n s ,  a n d  c o m p l e t e d  
a c t i v i t i e s  w i l l  n o t  b e  c o n s i d e r e d  he r e .  F u r t h e r m o r e ,, s o m e  of t h e  
e s t i m a t e s  g i v e n  Ln t h i s  i l l u s t r a t i o n  a r e  p u r e l y  h y p o t h e t i c a l . T he 
o b j e c t i v e  of t h i s  i l l u s t r a t i o n  is to  d e m o n s t r a t e  t h e  u s e  of t his 
S c h e d u l  i n g / T r a c k i n g  s y s t e m  in p r o j e c t s  s i m i l a r  to  t h i s  one. T h i s  c a n  b e  

accoxip i i s h e d  a s  c 11 o w s :
a) C o n s t r u c t  a m a c r o  s c h e d u l 3 c o n s i s t i n g  of l e v e l 1'!) a c t i v i t i e s .

S u c h  a s c h e d u l e  p r o v i d e s  a u s e f u l  s u m m a r y  c o n c e r n i n g  t h e  p r o g r e s s  

a f t h e o v e r a l l  p r o j  e c t .
b ) C o n s t r u c t  a d e t a i l e d  (micro) s c h e d u l e  of t h e  o u t s t a n d i n g

a c t !  vi t i e s  of l e v e l  (II). These,, a r e  t h e  " C A P I T A L I Z E D "  a c t i v i t i e s  
i n s i d e  t h e  b o x e s  (see t h e  W B S  d i a g r a m  b e l o w ) .  S u c h  a d e t a i l e d  
s c h e d u l e  p r o v i d e s  t he b a s i s  f o r  d e t a i l e d  t r a c k i n g  a nd is u s e f u l 1 
w h e n  r e p o r t i n g  t h e  p r o j e c t  s t a t u s  to o t h e r  t e a m  m e m b e r s .



i ) W O R K  B R E A K D O W N  S T R U C T U R E ( W B S )

W R I T E  EO. S P E C S . 
S E N D  R F O  P A C K A G E

V E N D O R  E V A L U A T I O N  

V E N D O R  S E L E C T I O N

S E N D  O R D E R

rr
LL

D E S I G N | I N S T A L L A T I O N  
I S.; D E B U G

B U I L D / D E B U G
n  nr w

lL
D EV. I

J J

II

Q U A L I F I C A T I O N

D O C U M E N T A T I O N  
S, S P A R E  P A R T S

i n p u t  g a t  h t - j 
ing

p u r c h a s e  of 
p a r t s  ?/. mat.

C L E A N - R O O M
U P G R A D E

c o n c e p t  l a y 
o u t  2' e n g r .  
a n a l y s i s

e q u i n .  b u i l d  
(mech?;el e c t )

S I T E  P R E F A -  
R A T  10

e q u i p ,  d e b u g  
(mecnS<el e c t )

E Q U I P M E N T
I N S T A L L A T I O Np r e l l m i  n a r y  

des. r e v i e w
s o f t w a r e  
d e v e i o p m e n t

M E S  S I G N O F F

i n t e r m i d i  a t e  
des. r e v i e w E Q U I P .  D E B U G  

(NEC! K ; E L E C T )s o f t w a r e  
d e b u g & d o c .f i n a l  d e s i g n

S O F T W A R E  it 
S Y S T E M  D E B U G

r e v i e w

D O C U M E N T A T I O N
A C C E P T A N C E

D O C U M E N T A T I O N
R E L E A S E

S F A R E  P A R T S  
R E L E A S E

mai n t e n a n c e  
t r a i n i n g

N o t e s :  a) all l e v e l ( I )  a c t i v i t i e s  will b e  i n c l u d e d  
in the m a e r o  s c n e d u 1e

b ) " C A P I T A L I Z E D "  l e v e l  (II) a c t i v i t i e s  .ire t h o s e  
t h a t  arra y e t  t o  b e  c o m  pi o t e d . F o r  s a k e  of 
b r e v i t y ,  o n l y  t h e s e  a c t i v i t i e s  a r e  i n c l u d e d
i n t h e  d e t a  1 1 ed  s c h e d u l s .

ilif. p l a n

P R E - Q U A L I F . 
T E S T / 3  8 0 5

c o n t a m i n a t i o n  
t e s t / B  8 0 5

A C C E P 1 A N C E  
f L S I /3 3 u 5

O P E R A T O R  
T P A I N I N  G / B 0 6 0

M A N U F A C T U R I N G  
P R O C E S S  S P E C .

P R O C E S S  D E B U G

C O N  TAN I >1 AT ION

S A F E T Y  
S I G N O F F

□Um L I F I  C A T  I O N  
• : PR'S



T A B L E  1- L E V E L ' I )  A C T I V I T I E S

P R O J E C T  N A M E :  A U T O  L A Y U P  & T E A R D O W N  S T A R T  DATE: 0 1 / 0 7 / 1 9 3 5

St

F O R  E A C H  AC 

D E S C R I P T I O N

■;TIVITY El

DIJRAT I ON  
'days/

ITER T H E  Ff

P R E D E 
C E S S O R S

L L 0 W I N  G

S T A R T  
LAI E

P E O P L E  RESC 

S K I L L  T Y P E

3URCE

A M O U N T

1 Eq. S p e c .  8-: R F Q  p a c k a g e 3 0
........

• ' e n d o  r E v a 1 . 2-. S e 1 e c t i a p. 10 1

PI a c e  O r d e r 5 2

4 D e s i g n 6 0 3

5 B ui I d / D e b u g  Z< S o f t w a r e  
D e v e l o p m e n t

1 10 0 4 / 2 9 / 8 5

----

C l e a n  R o o m  U p g r a d e  2< 
S i t e p r ep  ar  at i on

15 0 9 / 2 3 / 3 5

I n s t  il 1 at i on D e b u g
... ■ — .....

•b

3

3

Q u a l i  i c a t i o n 2 0 7

D o c u m e n t . / S p a r e  P a r t s 6 '~1



P R O J E C T  N A M E s  A U T O  L A Y U P  Z< T E A R D O W N  S T A R T  D ATE: 0 9 / 0 3 / 1 9 9 5

F O R  E A C H  A C T I V I T Y  E N T E R  T H E  F O L L O W I N G

# D E S C R I P T I O N D U R A T I O N
(days)

P R E D E 
C E S S O R S

S T A R T
D A T E

P E O P L E  RESC 

S K I L L  T Y P E

U R G E

A M O U N T

1 p r e q u a l . t e s t  / B S 0 5 ~T 0 9 / 0 3 / 3 5 p r o c .  e n g r 1

2 a c c e p t a n c e  t e s t /  B S 0 5 4 1 p r o c .  e n g r 1

3 td d  c u rn. a c c e p t a n c s 10 2 m a i n t . 1

4 d ac u m . r e l e a s e 10 3 d e s i g n e r 1

5 s p a r e  p a r t s  r e l e a s e J. 0 3: d e s i g n e r 1

a c 1 e an r o o m  u p  g r ad e 11 0 9 / 2 3 / 3 5 fac. engr. 1

V s i t e  p r e p a r a t i o n 6 O eq. e n g r

3 i n s t a 1 1 a t i o n i n B 0 6 O J. 1 ..i. eq. e n g r 1

9 I1ES signo-f-f 5 3 m a i n t . 1

10 equiprn en t d e b u g  / B 0 6 0 7 9 el e e l . e n g r  
t e c h n i c i  an 1

1 1 manu.-f. p r o c e s s  s p e c s . 15 2 pr o c .  e n g r 1

12 p r o c e s s  d e b u g  / B 0 6 0 10 10, 11 pr o c .  e n g r 0 . 9

13 s a f e t y  signof-f 1 12 s a f e t y  e ng 1

14 o p e r a t o r  t r a i n i n g 10 12 p r o c .  e n g r 0. 1

1 5 c o n t a m  i n at i on t e s t / B 60 5 13 co n t .  e n g r 1

1 o q u a ! i f  ic a t i  on •J 15 p r o c .  e n g r 1

17 P R S 0 1 6



3) CREATE THE SCHEDULE — using Microsoft "PROJECT" 
(see instructions under "Task Review and Outline")

To illustrate the capability of "PROJECT", the following 
sample outputs (print-outs) are included:

A) SCHEDULES
0 "GANTT" output 
0 "TABLE" output 
0 "DETAIL" output

B) RESOURCES
0 "HISTOGRAM" outputs 
0 "DETAIL" outputs
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P r o j e c t :  A U T 0 L A Y 2 . A C T

" T A B L E "  o u t p u t  
l e v e l ( I I )  a c t i v i t i e s  
A u t o  L a y u p  8< T e a r d o w n

D a t e :  0 9 / 0 3 ;/198E

# A c t i  vi ty D u r a t i o n  E a r l y  
(Days) L a t e  

S t a r t

E a r l y  S l a c k  C r i t i c a ]  
L a t e  A v a i l  
Fi ni sh

1 p r e q u a l . t e s t  / B 8 0 5 3 0 9 / 0 3 / 1 9 8 5
1 0 / 0 4 / 1 9 8 5

0 9 / 0 5 / 1 9 8 5
1 0 / 0 8 / 1 9 8 5

2 3

o a c c e p t a n c e  t e s t  / B 8 0 5 4 0 9 / 0 6 / 1 9 8 5
1 0 / 0 9 / 1 9 8 5

0 9 / 1 1 / 1 9 8 5  
1 0 / 1 4 / 1 9 8 5

3 d o c u m .  a c c e p t a n c e 10 0 9 / 1 2 / 1 9 8 5  
1 1 / 1 9 / 1 9 8 5

0 9 / 2 5 / 1 9 8 5
1 2 / 0 4 / 1 9 8 5

48

4 d o c u m .  r e l e a s e 10 0 9 / 2 6 / 1 9 8 5  
1 2 / 0 5 / 1 9 8 5

1 0 / 0 9 / 1 9 8 5
1 2 / 1 8 / 1 9 8 5

48

5 s p a r e  p a r t s  r e l e a s e 10 0 9 / 2 6 / 1 9 8 5
1 2 / 0 5 / 1 9 8 5

1 0 / 0 9 / 1 9 8 5
1 2 / 1 8 / 1 9 8 5

48

6 c l e a n  r o o m  u p g r a d e 10 0 9 / 2 5 / 1 9 8 5  
0 9 / 2 3 / 1 9 8 5

1 0 / 0 4 / 1 9 8 5
1 0 / 0 4 / 1 9 8 5

0 *

7 s i t e  p r e p a r a t i o n 6 1 0 / 0 7 / 1 9 8 5
1 0 / 0 7 / 1 9 8 5

1 0 / 1 4 / 1 9 8 5
1 0 / 1 4 / 1 9 8 5

0 *

8 i n s t a l 1 at i on 11 1 0 / 1 5 / 1 9 8 5
1 0 / 1 5 / 1 9 8 5

1 0 / 2 9 / 1 9 8 5
1 0 / 2 9 / 1 9 8 5

0 *

9 M E S  signof-f 1 0 / 3 0 / 1 9 8 5
1 0 / 3 0 / 1 9 8 5

1 1 / 0 5 / 1 9 8 5  
1 1 / 0 5 / 1 9 8 5

0 *

10 e q u i p ,  d e b u g  / B 0 6 0 7 1 1 / 0 6 / 1 9 8 5  
1 1 / 0 6 / 1 9 8 5

1 1 / 1 4 / 1 9 8 5
1 1 / 1 4 / 1 9 8 5

0 *

11 m a n u f .  p r o c .  s p e c s . 15 0 9 / 1 2 / 1 9 8 5
1 0 / 2 5 / 1 9 8 5

1 0 / 0 2 / 1 9 8 5  
1 1 / 1 4 / 1 9 8 5

31

12 p r o c e s s  d e b u g 10 1 1 / 1 5 / 1 9 8 5  
1 1 / 1 5 / 1 9 8 5

1 2 / 0 2 / 1 9 8 5
1 2 / 0 2 / 1 9 8 5

0 *

13 s a f e t y  s i g n o f f 1 1 2 / 0 3 / 1 9 8 5
1 2 / 0 3 / 1 9 8 5

1 2 / 0 3 / 1 9 8 5
1 2 / 0 3 / 1 9 8 5

0 *

14 o p e r a t o r  t r a i n i n g 10 1 2 / 0 3 / 1 9 8 5
1 2 / 0 5 / 1 9 8 5

1 2 / 1 6 / 1 9 8 5
1 2 / 1 8 / 1 9 8 5

2

15 c o n t a m i n a t i o n  t e s t 5 1 2 / 0 4 / 1 9 3 5
1 2 / 0 4 / 1 9 8 5

1 2 / 1 0 / 1 9 8 5
1 2 / 1 0 / 1 9 8 5

0 *

16 q u a l i  f i c a t  i on 5 1 2 / 1 1 / 1 9 8 5  
1 2 / 1 1 / 1 9 8 5

1 2 / 1 7 / 1 9 8 5
1 2 / 1 7 / 1 9 8 5

0 *

17 P R S 1 1 2 / 1 8 / 1 9 8 5
1 2 / 1 8 / 1 9 8 5

1 2 / 1 8 / 1 9 8 5  
1 2 / 1 8 / 1 9 8 5

0 *



"D E T A I L " o u t p u t  
l e v e l ( I I )  a c t i v i t i e s  
A u t o  L a y u p  & T e a r d o w n

A c t i v i t y :  #1 p r e q u a l . t e s t  / B 8 0 5  D ate: 0 9 / 0 3 / 1 9 3 '

Ear 1 y  S t a r t :  0 9 / uo/ 1 9 8 5  E a r l y  F i n i s h :  09/05/198!:
L a t e  S t a r t  s 1 0 / 0 4 / 1 9 3 5  L a t e  F i n i s h  : 1 0 / 0 8 / 1 9 8 !

R e s o u r c e s  A I 1 o c a t e d :

N a m e  D u r a t i o n  A m o u n t  C o s t  C o s t  C o s t  t o
(Days; u s e d  B a s i s  C o m o l e t a

p r o c .  e n  qr 3 .1.. 0

T o tal

I - r e d e c e s s o r  s :

50. 00 

$0. 00

# A c t i v i t y :  E A R L Y  L A T E  S L A C K

F I N I S H  F I N I S H  A V A I L
N O N E

It A c t i v i t y :

it / B 3 0 5

i- A R L Y 
S T A R T  

0 9 / 0 6 / 1 9 8 5

L A T E
S T A R T

1 0 / 0 9 / 1 9 3 5

3 L A CK 
iVA IL

A c t i v i t y :  # 1 3

" D E T A I L "  o u t p u t
1 e v e l  (II) a c t  i v i t  ies 
A u t o  L a y u p  S< T s a r d c w n

‘•mCRITICAL*:*#
f e t y  s i o n o t f

E a r l y  S t a r t :  1 2 / 0 3 / 1 9 8 5  

L a t e  S t a r t  : 1 2 / 0 3 / 1 9 8 5

R e s o u r c e s  A l l o c a t e d :

N a i T K D u r  -a t i on Amou.n t 
(Days) u s e d

s a f e t y  e n g r  1

T o t a l

P r e d e c e s s o r s :

It A c t i v i t y :

12 p r o c e s s  d e b u g  

S u c c e s s o r s : 

ft A c t i v i t y :

15 c o n t a m i n a t i o n  test

E A R L Y  
FINI EH 

1 2 / 0 2 / 1 9 3 5

E A R L Y  
ST  A R T  

1 2 / 0 4 / I?3 5

C o s t

0,o/

Earl'
L a t e

Da-I

I- i n i
’i n i si

C o s t  
C o m p .

0 9 / 0 3 / 1 9 8 5

;h: 1 2 /0: 
i : 12/0:

5/1935
5/1985

F I N I S H  
1 2 / 0 2 / 1 9 3 5

L A T E  
S T A R T  

1 2 / 0 4 / 1 9 3 !

0 . 00

S L A C K  
AVAIL

S L A C K
A V A I L

o



"H I S T Q G R A M " o u t p  u t
1 0 v e 1 ( I I ) r e s a Li r c: e s 

A u t o  L a y u p  8< T e a r  d o w n

P r o j e c t :  A U T 0 L A Y 2 .R E S

R e s o u r c e :  p r o c .  e n g r

S e p  •’ S 5  111 1 
2 3 4 5 6  9 0 1 2 3

11112 
6 7 8 9 0 3 4 5 6 7

3 U c t 8 5  11 
0 1 2 3 4  7 3 9 0 1

!
•

1

•
:

o : * * X X % * t * * * % * * * X % X X X X
t X X X * * X * %■ t X X * XXX X x t x
% X % % x % x % x X X X X %*% X X X X
% X * X * x * « % % % t XXX X % X X

0 5; >: X * X x % x x x X * X X XXX X XXX
! K * X X * 11X * X % % % XXX X :< x x
! * %  X X X # X XXX X X X X

* * * * t * * * * * * * * *** X It * *
0 0—**##- -XXXXX— XX XX- X- -XXX

111.11 
45 6 73

D a t e : 0 9 / 0 3 / 1 9 3 5

.2345 3 9 0 1 1

" H I S T O G R A M 11 o u t p u t  
l e v e l ( I I )  r e s o u r c e s  

A u t o  L a y u p  §< T e a r  d o w n

P r o j e c  t : A U T 0 L A Y 2 .R E S D a t e : 0 9 / 0 3 / 198J

R e s o u r c e :  p r o c .  e n g r

N o v ’ 3 5  
4 5 6 7 3

2. 0

1.

11111
1 2 3 4 5 3 9 0 1 2

D e c '35 1111 1 1112 
2 3 4 5 6  9 0 1 2 3  6 7 3 9 0

22 3 3  J a n ’
34 0 1 1 2 3

! XXX
1 „ 0 ! XXX *

X X X X X X X X X t XXX x
X *1X X X X '< ;;{ X XXX X

! X X X X X X x x X XXX X
0.5! X XX XXX X # * X X X t X

! X X X X X X X X * X XXX X
X X X X * X X X X X X X X X

: X XXX XX * # * X t X x * X X X x * X
o . o------ ------ It —- f XXXX- -X XX--— xxxxx- -xxxxx— X-



P r o j  s e t : A U T 0 L A Y 2 .R E S

" D E T A I L "  o u t p u t  
l e v e l ( I I )  r e s o u r c e s  

A  u  t o L a V' u  p !:•/. T e a r  d o  w n

D a t e :  0 9 / 0 3 / 1 9 3 !

R e s o u r c e :  p r o c .  e n g r  

# A c t i v i t y D u r a t i o n  E a r I y  E a r I y  A m c  u p t
v D a  y 3) L a t e  L a t a  u  s e d

S t a r t  F i n i s h

SI a c k  
A v a i  1

1 p r e q u a l . t e s t  / B S 0 5

a c c e p t a n c e  t e s t  / B30S

11 manu-f . p r o c .  s p e c s ,

p r o c e s s  dstjug

14 o p e r a t o r t r a i n i n g

L o q u a i  i -f i c a t  i o n

3  0 9 / 0 3 / 1 9 8 5  
1 0 / 0 4 / i 9 8 5

4  0 9 / 0 6 / 1 9 8 5  
1 0 / 0 9 / 1 9 8 5

15 0 9 / 1 2 / 1 9 3 5  
1 0 / 2 5 / 1 9 8 5

10 1 1 / 1 5 / 1 9 3 5  
1 1 / 1 5 / 1 9 8 5

1 0 1 2 / 0 3 / 1 9 8 5
1 2 / 0 5 / 1 9 8 5

1 2 / 1 1 / 1 9 8 5  
1 2 / 1 1 / 1 9 3 5

0 9 / 0 5 / 1 9 3 5  
1 0 / 0 8 / 1 9 8 5

0 9 / 1 1 / 1 9 8 5  
1 0 / 1 4 / 1 9 8 5

1 0 / 0 2 / 1 9 3 5
1 1 / 1 4 / 1 9 3 5

1 2 / 0 2 / 1 9 3 5  
1 2 / 0 2 / 1 9 8 5

1 2 / 1 6 / 1 9 8 5  
1 2 / 1 3 / 1 9 8 5

1 2 / 1 7 / 1 9 3 5  
1 2 / 1 7 / 1 9 8 5

1 . 0

1 . 0

1 . 0

0.9

0. 1

1. o
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A P P E N D  I X

P R O J E C T  M A N A G E M E N T  T E C H N I Q U E S

T h e r e  a r e  m a n y  t o o l s  a v a i l a b l e  -for t h e  project: e n g i n e e r  t o  h e l p  
h i m ( h e r )  p e r f o r m  t h e  t a s k  of c o o r d i n a t i n g  p r o j e c t s  e f f i c i e n t l y .  A b r i e f  

d e s c r i p t i o n  of e a c h  t o o  1 w i l l  f a 11 owi
0 G A N T T  C H A R T -  A l s o  k n o w n  as  b a r  or  m i l e s t o n e  c h a r t

- D o e s  n o t  s h o w  t h e d e p e n  den ci es b e t w e e n  ac t i viti s s  
0 P E R T - E v e n t o r i e n t e d < e v s n t s o n n o d e s >

- A c t i v i t i e s  a s s u m e d  t o  b e  on a r r o w s
A 11 o w s  f or t h r e e  d u.r at i on e s t i m a  c es (op t i mi st i c:,

i ii o s t 1 i k e 1 v , p e s s i m i s t i c )
- D u r a t i o n  e st i m a t  e s  s h o w n  an ar r o w s  

'-CPM An e x t e n s i o n  of p e r t
- A c t i v i t y  o r i e n t e d  ( A c t i v i t i e s  s h o w n  on a r r o w s )  

F o c u s e s  on o p t i m i z i n g  s c h e d u l e
* P R E C E D E N C E  - O u t g r o w t h  of P E R T / C P M  
N E T W O R K  - A c t i  v i tv o r i e n t e d  ( a c t i v i t y  on -:hs? node)

W O R K  B R E A K D O W N  S T R U C T U R E

It is  a " f a m i l y  t r e e "  of all the a c t i v i t i e s  t h a t  c o n s t i t u t e  t h e  
p r o j e c t .  P r o p e r  d e f i n i t i o n  of h s s e  a c t i v i t i e s  is  t h e  m o s t  i m p o r t a n t  
s i n g l e  s t e p  in c o m p l e t i n g  a p r o j e c t  s u c c e s s f u l  1y. N o t h i n g  ran e v e r  
c o m p e n s a t e  f o r  i n a d e q u a t e l y  or i n a c c u r a t e l y  d e f i n e d  a c t i v i t i e s .  A w o r k  
b r e a k d o w n  s t r u c t u r e  s e r v e s  to:

0 I d e n t i f y  a n d  d e f i n e  the a c t i v i t i e s .
0 I d e n t i f y  t he i n t e r r e l a t i o n s h i p s  b e t w e e n  a c t i v i t i e s
0 I d e n t i f y  t h e  l e v e l s  of t h e  a c t i v i t i e s

A w o r k  b r e a k d o w n  s t r u c t u r e  c a n  h a v e  a s  m a n y  l e v e l s  of d e t a i l  as  
d i c t a t e d  b y  t he c o m p l e x i t y  of the p r o j e c t .  It b e g i n s  w i t h  t h e  m a j o r  
h e a d i n g  t h a t  d e f i n e s  t h e  p r o j e c t .  T h i s  w i l l  be  f o l l o w e d  b y  d e f i n i n g  t h e  
rnaj or a c t  i vi t i e s  t h a t  c o n s t i t u t  e t h e  pr oj ect. T h e  t h i r d  an d s u b s e q u e n  t 
L e v e l s  of d e t a i l  r e f l e c t  f u r t h e r  s u b d i v i s i o n  of the m a j o r  a c t i v i t i e s  
d e f i n e d  at t h e  s e c o n d  l e v e l .  M o s t  p r o j e c t s  can b e  c l e a r l y  d e f i n e d  by 
t h r e e  1 e v e 1 s of d e t a 1 1 .

The a c t i v i t i e s  d e f i n e d  at t h e  l o w e s t  level of a w o r k  b r e a k d o w n  
s t r u c t u r e  a r e  u s u a 1 1 y c a l l e d  " w o r k  p a c k a g e s "  . T h e y  c c r r e s p o n d  to thie 
a c t i v i t i e s  t y p i c a l  ly u s e d  b y  b o t h  C P M  (Crit i c a l  P a t h  M e t h o d ,1 a n d  P E R T  
( P r o g r a m  E v a l u a t i o n  a n d  R e v i e w  I'echni que> . T h e s e  w o r k  paci-:ages ■: a r m  t h e  
b a s i s  f o r  -scheduling, t r a c k i n g ,  a n d  c o n t r o l l i n g  the p r o j e c t .

K e e p  in m i n d ,  w h e n  d e f i n i n g  w o r k  p a c k a g e s ,  t h a t  b o t h  L P M  and P E R T  
a n a l y s i s  a s s u m e  t h a t  a w o r k  p a c k a g e  c a n n o t  be s u b d i v i d e d  : n ! m u s t  b e  
c o m p l e t e d  w i t h o u t  i n t e r r u p t  Lon. It is a l s o  a s s u m e d  t h a t  all r e s o u r c e s  
a s s i g n e d  t o  a w o r k  p a c k a g e  a r e  r e q u i r e d  f o r  t h e  e n t i r e  d u r a t i o n  of t h e  
a c t i v i t y .  If o n e  of t h e  a c t i v i t i e s  d o e s  n o t  s a t i s f y  e i t h e r  of the a b o v e  
a s s u m p t i o n s ,  t h a t  a c t i v i t y  s h o u l d  b e  s u b d i v i d e d  f u r t h e r  u n t i l  b o t h  

a s s u m p t i o n s  a r e  met.

T h e  d e g r e e  of c o m p l e t i o n  of e a c h  w o r k  p a c k a g e  is o f t e n  n o t  t r a c k e d  
a s  a p r o j e c t  p r o g r e s s e s .  F r e q u e n t l y ,  o n l y  the b e g i n n i n g  a nd e n d  of e a c h  
a c t i v i t y  a r e  m o n i t o r e d .  H e n c e ,  d e f i n i n g  w o r k  p a c k a g e s  w i t h  s h o r t  
l u r a t i o n s  is d e s i r a b l e  a n d  wise.



E S T I M A T I N G

E v e n  t h o u g h  n o  u n i v e r s a l  -formula or m o d e l  for e s t i m a t i n g  p u r p o s e s  
e x i s t s ,  it is  p o s s i b l e  t o  d o  a g o o d  j o b  of e s t i m a t i n g .  E s t i m a t i n g  is 
n o t  an a r t ,  k n o w l e g e ,  or s c i e n c e ,  y e t  it c o n t a i n s  e l e m e n t s  of all of t h e  
a b o v e .

E s t i m a t i n g  c a n  b e  c h a r a c t e r i s e d  as:
0 Q u a 1 i t a t  i v e ----1 ar g e 1 y v e r  b a 1
0 0 u a n t i. t a t i v e — 1 a r g e 1 y n u m e r i c

0 M i c r o  ( b o t t o m  u p )— e s t i m a t e  for t h e  w n o l e  is a s s e m b l e d  f r o m  
e s t i m a t e s  of t h e  p a r t s  

0 M a c r a (t o p  d o w n )  —  a r r i v e d  at: f o r  w h c  1 e w i t h o u t  e ;:a m i n i n g  t h e  
p a r t s

T h e  m o s t  k n o w n  e s t i m a t i n g  t e c h n i q u e s  are:
0 SfcAl UF l H E  I-'AN TS (Q u a n t  i tat i v e  / M a c r o

—  U s e d  in t i m e  p r e s s u r e  s i t u a t i o n s
—  3 a s e d  on p e r s o n a l  e x p e r  i e n c e
—  O f t e n  o v e r l o o k s  d e t a i l s
—  U s e f u l  f o r  : % S h o r t  r a n g e  p r o j e c t s

'?■ S i z i n g  of l a r g e  p r o j e c t s
0 S C E N A R I O S  ( Q u a l i t a t i v e /  Ma c r o )

— G e n e r a 1 1 y u s e d  f or 1 o n g ~ r a n g e  pi a nni ng t o  p r ovi d e  
b a s i s  f o r  p r e  ii mi n ar y s a l e s  e s t i m a t e s  a nd f ut u r e  
p r o d u c t f o r e c a s t s

# * 0 f H A N S A  (J f IG I’-! A L (Q u. a n t i t a t i v e / M i c r o )
— T a k e s  i n t o  a c c o u n t  t h e  k n o w l e d g e  a n d

e x p e r i e n c e  of w o r k e r s  a s s i g n e d  to t h e  p r o j e c t
—  U s e d  t o  e s t i m a t e  i n d i v i d u a l  w o r k  a c t i v i t i e s  

0 P R O J E C T I V E  (Q u a n t i t a t i v e / M i c r o - M a c r o )
— B a s e d  on s t a t i s t i c a l  a n a l y s i s  of c o m p l e t e d  

p r o j e c t s  ( r e q u i r e s  h i s t o r i c a l  da t a )
0 D E L P H I  ( Q u a n t i t a t i v e / M a c r o )

—  An i n t e r a c t i v e  a n d  s y s t e m a t i c  p o l 1 ing af t h e  
o p i n i o n s  of " e x p e r t s "

—  U s e d  m o s t  o f t e n  w h e r e  no  hi 3 tori, cal d a t a  is 
a v a i 1 abi e

—  B a s e d  on g r o u p  o p i n i o n  a nd i n t e r  a c n.:ian

It w i l l  b e  iinpossible t o  d i s c u s s  t h e s e  t e c h n i q u e s  in m o r s  d e t a i l  
h e r e ,  t h e  p r o j e c t  e n g i n e e r  w ill h a v e  t o  d o  h i s ( h e r )  o w n  r e s e a r c h  on a s  
n e e  d e d b a s i s .

T h i s  e s t i m a t i n g  t e c h n i q u e  is t h e  m o s t  s u i t a b l e  o n e  f o r  r h e  m a j o r i t y  
of p r o j e c t s  h a n d l e d  b y  t h e  D e p a r t m e n t  of " E q u i p m e n t  E n g i n e e r i n g " .
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I. SCOPE AND OBJECTIVE

Provide a concise but complete narrative description of the intended 
useof the equipment. Short paragraphs describing the function of the 
proposed equipment and the goals to be attained.

II. REFERENCE MATERIAL

Provide any documents? Prints, or Specifications which may affect the 
buid or design of this equipment, such as:

1. IBM NON-PRODUCT DESIGN STANDARD C-B-3-0502-202 BOOKLET
2. MANUFACTURING PROCESS SPECIFICATIONS (MPS), if available.
3. QUALITY PROCESS SPECIFICATIONS (QPS), if available
4. ENVIROMENTAL IMPACT ASSESSMENT statement, if needed
5. Other

III. GENERAL REQUIREMENTS

FACILITIES:
Identify all factors pertaining to this equipment, such as: water 
temperature, pressure, flow rates, power input requirements, weight 
limits on the floor in question, space limitations, etc.

CONTAMINATION:
Specify the maximum allowable levels of contamination (usually dictated 
by the clean room class). Also identify the areas, on the surface of 
the product, that allow handling without damaging or contaminating the 
product.

SAFETY:
Identify all safety features that are not covered in item 1 of the 
reference list, such as: safety covers, interlocks, and EPO locations. 
ENVIRONMENTAL:
Identify all environmental elements the equipment will be exposed to, 
such as: humidity, chemicals, dust, temperature, etc. Also, list all 
restrictions that may apply to the equipment; this includes: exhaust 
temperature, discharge of chemicals, harmful waste, noise levels, and 
others (in addition to the items given by the EIA).

OTHER:
Specific any unique requirements not covered in the above statements, 
such as:

0 Quantities of each tool 
0 Spare Parts supply (six months supply)
0 Confidentiality requirements
0 Contractor approval by IBM Purchasing Dept.



CPM PROCESS EQUIPMENT DESIGN AND PERFORMANCE SPECIFICATION
FOR

"Project’s Name"

IV. SPECIFIC REQUIREMENTS

CAPACITY REQUIREMENTS:
Specify required throughput and list all factors that influence it, 
such as: Machine Base Capacity, Machine Availability, Machine 
Efficiency, Handling, Set-up time, and Operator Efficiency using the 
IBM Unit/Hour formula:

1 Set-up Time
---------------  + ----------------  x (# of operators)
Base Capacity Lot Size

Unit Hour = -------------------------------------------------------------
(Operator Efficiency)(Machine Efficiency)

CONTROLS:
Specify all required controls and set their limits (Operating and 
Process limits). This may include: temperature/pressure/and speed 
settings, mechanical and electrical adjustments, chemical levels and 
concentrations, etc.

AUTOMATION:
List any desired features for the equipment that will enhance 
automation and be compatible with CFM, such as:

0 Auto Process Controls
0 Dedicated, Flexible, and Modular tools 
0 Maintainable, compatible, and user friendly software 
0 Product I.D. recognition

PRODUCT:

Specify the following:
0 Dimensions and relevant characteristics of the product 
0 Product orientation, spacing, and registration requirements 
0 Product handling devices and containers that will interface wi 

the equipment
OTHER:
Any and all required hardware (mechanical/electrical) features not 
covered in reference item 1.

V. DOCUMENTATION:

Specify the type and format of the required documentation; consult 
Operating Procedure 106 for details. Documentation will include:

0 Electical, Mechanical, Hydraulic, and Pnuematic drawings as 
applicable to the specific machine.

0 Operator and Maintenance manuals.

0 Spare Parts List.



Artwork:

Boo k :

Clean Room: 

Composi t e : 

Core Panels:

CPM:

Developer: 

E p o x y :

Epoxy Glass: 

Etch i n g :

Expose:

Glass Master:

Lamination: 

L a yup:

GLOSSARY

Layout of printed circuitry which is 
photographically reproduced for manufacture of 
panels.

Laminate material contained between two carrier 
plates for pressing in the laminating press.

An enclosed area with a controlled environment, 
particularly a dust-free atmosphere.

A name for any panel that has completed its 

laminating press sequence.

Core is the term used to describe the internal 
layers of a multi-layer circuit panel. The core 
construction is generally two sheets of copper 
foil bonded together by prepreg plys.

Circuit Package Manufacturing.

Machine used to develop photoresist after expose.

A non conductive plastic type material generally 
used in the impregnation process and protective 
coat process.

Glass impregnated with epoxy resin, whether 

partially cured (prepreg) or fully cured.

Removal of unwanted copper by dissolving it 
chemically; leaving behind the desired circuit 

pattern.

Process in which panels coated with photoresist 

are exposed to ultraviolet light to produce the 
desired circuit pattern.

Sheet of glass coated with a photograghic 

emulsion that is exposed to artwork and developed 
to produce an image of desired circuitry to which 
panels coated with photoresist are exposed.

Process using heat and pressure to bond together 
multiple layers of similar or dissimilar 
mater ial.

Process of putting together prepreg, copper foil, 

core panels, face sheets, planishing plates, etc. 
in the proper order for insertion into the 
lamination press.



Mul t ilayer:

Pag e :

Photoresi s t :

Planishing plates: 

Plated-through Holes:

Pre-Clean:

Prepreg:

P r e s s :

Press load:

Process:

Process Center: 

Registration:

Str ip:

Subcomposi t e :

A printed circuit board with alternate layers of 
conductors and dielectric bonded together and 
interconnected with plated-through holes.

One single layer of constituent laminate material 
between two planishing plates.

Material used to produce circuit images by the 
glass master or method; it is highly light 
sensitive and can be used openly only in yellow 
or red light. When exposed to white light it 
becomes chemically resistant and is therefore 
used as an etching or plating mask.

Approximately 1/8 inch thick stainless steel 
plates used to separate the individual pages of a 
laminate "book".

Connections between insulated layers of circuit 
foil formed by holes. Hole walls are chemically 
metalized and then electroplated to the desired 

th ickness.

Series of chemical baths used to clean panels 
prior to a plating or circuitizing.

Glass cloth impregnated with partially cured 
epoxy resin, produced by the impregnation process

Machine used to laminate material under heat and 
pressure.

Work to be laminated in a press; usually consists 
of from 1 to 15 books, each of which has from 5 
to 9 pages.

Sequence of operations required to manufacture a 
finished product.

Number assigned to identify a group of 
manufacturing operations within a department.

The position of circuit phototools with respect 
to their desired location on a board or panel.

Removal of the resist film from the etched 
printed circuit panel.

A core panel with additional layers of prepreg 
and copper laminated to it. A subcomposite has 

more laminating and circuitizing steps to go 

through before it becomes a finished composite 
board.



Teardown: Process of dissassembling laminate books after 
they are removed from the presses.
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