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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 reguirements of the Doctor of Engineering Program at Texas A&M
University.

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.

2) The overall supervision and coordination of a major
automation project.

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

4) Co-authoring an "Equipment Specifications Guidelines"
form.

3) 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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CHAPTER I

INTRODUCTION

The Doctor of Engineering Program at Texas A&M University
emphasizes actual engirneering 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
are:

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 internshipj; namely, development and
contribution. Development of interpersonal, technical, and managerial
skills was an ongoing effort throughout the internship period.
Morecver, 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 1983 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 =ach 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 toc the objectives.



CHAPTER I1I
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 sclve
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 is 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) PRODUCT DESCRIPTIOCN

A basic knowledge of the make-up of 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, 452P panels contain
4 signal and 2 power planes. Similarly, 252P panels contain 2 signal

and 2 power planes - see Figure 3.
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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 252P 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 laminatian
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 laminatiaon

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 shownj; this applies only to sequential

lamination.

when k = 1 and n > 1 Classification is “care"
when 2 < k < nand n > 2 Classification is "sub-composite"
when k = n and n > 1 Classification is "composite"

A concise block diagram illustrating the CPM 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 experience 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
Austin.

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. MWrite the equipment specifications, acquire, or design and build,

install, and debug all capital equipment.
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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, i1t was necessary for the author to have proficient understanding
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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.
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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
2) 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 persconal 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
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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 was 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
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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.1) 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. O0Only 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.
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Development of the automation plan may be broken into the

following phases:

1)

2}

3

4)

3)

Defining elements of existing process
Analyzing existing process

Developing new proposal/plan

Capital justification of the proposed plan

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%)

2

3)

4)

3)

Pre-clean area: This is the staging area from where panels enter
the Core Circuitize Manufacturing Center. This area contains &4
pre—-cleaning machines. Each pre-cleaner consists of an automatic
loader, 4 rinse chambers, CuCl2 chamber, HCl chamber, and a
mechanical scrubber.

Resist-Lamination area: This space is where photo-resist is
laminated on panels that have been pre-cleaned. It contains &
variable resist laminators with an automatic locader for each.
Hole pierce/Hole burnout: Punching registration holes in blank
cores and burning of pheto-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.

Diazo preparation area: This is where the circuit artwork is
copied onto diazo films. This area contains 2 expose machines, 4

inspection benches, and the Glass Master Library.

Expose area: This is where the circuit pattern is generated on
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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 cperation in the "Core Circuitize" Center.
This area contains 4 D.E.S. lines.

7) Entrance area: 1is where the clean-room coats are stored. Also
it is the entrance to area numbers 2, 3y 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 doubleAtracked 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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Table 1:

OFERATION
and Product/Machine Dependencies

Product mix

25.

FRODUCT
BLANE CORES (45%) SUB=COMPOSITES(SS5%)
FOWER SIGNAL 38 45
(Z5%4) (107) {872 (477
Fre-cleaner |2 , 3. 4 Z a4 1 = I o2

Resist Lam.

Mo Dependencies,

once adjust.

are made

Hole Pierce

Mo Dependencies

Not Applicable

=
S Hole Burn. Not Applicable No Dependencies
)
<
g Expose No Dependencies
oy
2 DaESSeE llne No Dependencies
Table 2: Recycles averages over the period 0B/02/84
to 0%/04/84
DEEEEET STYEE 7 FOSSIBLE CAUSES X%

Wrinkled Resist 0.58 Resist Laminator adjustments
Resist off location (0.1 Resist Laminator adjustments
Contamination 0.93 |Precleaner, Wait Time, Handling

Miscellaneous

Operator error,

Defective Resist

¥ 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.

4) Hole burnout: 1is performed on sub-composites (and lately, only

on 35S 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 30 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
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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 reguirements,
curing times, machine speeds and temperatures, process controls,
tolerances, etc.)

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

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

4) 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 45 sub-composites.
The modified process flow is given by Figure 135 it is also noted in

Table 1. All the elements in each of Figures 12 and 13 may be



28

(:) Siasd Blank 3S and 4 S
o2 Cores v Subcomposites
Zﬁx =Queue
@ =Unload o
@ =Move A A
=Value-add i
GptEas i PTERCE BURN-OUT
* == Manual operation HOLES HOLES
A XO- A
|
> o é> to DIAZO HOLD
PRE-CLEAN |
é) to EXPOSE
*(@o 3
A * EXPOSE
M to R.A.

ey

APPLY
RESIST

&

L e

3

A
&
:

()
bt
M
|

to AUDIT

to MYLAR PEEL

L PEEL MYLAR

B e e W e el =



=

PRE-CLEAD to EXPOSE

W
A
G

2
t
el .
<

VA

f'(.:
for 'BIANK CORES' !

- 1= 2
Lao3es! subcomoosite} AT.)PLY e ‘
L widde >SSt

to MYLAR PEEL

for '4 S' subcomp.) APPLY 14..5 in.
wide resist

to

C:%:>IL 5 5 QEEIE
S - % |BURN-0U1T

. HOLES

Subcemp.

i

(M) to DIAZO HOLD
v

- @‘4
@

L

= D awrrent Mode of

29

ation —~— wore Lircuitize



30

categorized as follows:

1) Value-add operations: are operations that induce change into a
panel thus contributing to its completion--represented by
"rectangles.”

2) 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 gqueue 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 2
days). Still, the remaining queues are responsible for a considerable
percentage of the 2 day cycle time. It is estimated that the 2-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
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Naturally, to make the process more efficient further reduction in
gueues 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 HCl1 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, Cull2, HCl, and scrubber--for aged laminates
3) Exposed recycles (prior to D.E.S.) are processed through the
developer, stripper, Cull2, HCl, 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 purpcse of
presenting it herej 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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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 conclusiony, 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

2)

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.

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).
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~ 2) Higher efficiency (higher volumes, improved yields, lower cost).
3) Flexibility (modularity, less machine/product dependencies).

Unfortuﬁately, 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
I1.D." strategy, on the other hand, was found to have insignificant
impact on develcpment 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 agd 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 cocme up with a good idea is to start out with lots of ideas,
the author held freguent 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-Establishment of "double-tracking/wide-edge-leading" panel

processing capability in all pre-cleaners.
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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.

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

follows:

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.

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 14. The strategy
was to be implemented in three phases:

Phase I - Details and justification of "pre-expose" plan
Phase IlI - Details and justification of "post-expose" plan
Phase III - Details and justification of "Diazo Make and Panel Expose"
plan

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.S) 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:

36
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2)

3)

4)

51

-double-compartment with double but independent feeding of

panels with wide edges leading

—input buffer capable of holding, approximately, S5

totes/track

—automatic indexing and handling of totes

-end-of-job detection and panel counting capabilities
Replacement of all narrow scrubbers with wide (31") scrubbers, and
automation of brush pressure control.
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.
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

39

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

be directly connected to the output of each laminator processing
blank cores.

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
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would be similar in design to the pre-clean loaders; however, unlike
the loaders, each unloader will have a single compartment and a
single ocutput 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 4 A.P.L.P.
(2 autoc loader, 2 pre-cleaners, 4 laminators, 4 hole punch presses and 4
auto unloaders) and 2 A.P.L. (1 auto loader, 1 pre-cleaner, 2
laminaters, and 2 auto unloaders) lines were required to meet projected
daily volumes, Figure 13. The assumptions used in calculating the U/H
included: current plan daily volumess a mix of 27% sub-composites and
73% blank cores, 2% recycles, 93% operator efficiency, 90% machine
efficiency, 90% machine availability, 0.25 hours time/set-up, 300 panels
lot size, and 5 operators per 4 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 laminaters 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;j and

contamination and oxidation of panel surfaces. Furthermore, the author
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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 (30 panels each) of sub-composites
2) Two cure roll speeds: a) 4-3 ft/min 200 panels/hr.

bBYSE=9 it/ min 360 panels/hr.
3) Two panel temperatures: a) room temperature

D )el SOEE

The following design of the experiment was recommended:

Control Control Control Control

sample sample sample sample

#1 #2 #3 #4
apply roll speed (ft/min) 4-5 4-3 H=0) B8
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(ROI). The following is a
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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Table 4: Froblem Identification and Diaanosis

FROELEM SUSREETED IGALSE RESFPONSIBILITY
For Fre-cleaners
1) Fanel jamminag a— Loose/worn pinch % back-up rollers—— Maintenance
inside scrubber|{b- Jerky conveyyor motion Maintenance
c— Need for guide rolls in conveyor Engineering
2) Uneven/improper |a— Same as in (la) Maintenance
scrubbing b— Improper brush adjustment Engr./ Operator
c— Worn brush Maintenance
3) Panel bending a— Improper panel support while in Engineerina¥
inside scrubber scrubber
4) Fanel adhesion |a- Need for a vacuum—breaking Engineeringk
during pick-up mechanism ’
$) Spotting on a— Contaminated rinse nar./0Operator
panels b— diluted and/or depleated Hcl bath (Not a critical
c— Inadequate drying problem)
For Fesist Laminators
6) Wrinkled resist|a— Slack bar tension adjustment Enar./0Operator
b— Cure rolls speed/pressure adjustment— Enar./0Operator
7) Off-set resist |a— Fanel misallignment Engr./Maintenance
b- Timers and sensors adjustments Enar./Maintenance

¥ Action was taken on both of these items.
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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 1.3 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:
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Date 1/86 4/86 /86 11/86 &/87 8/87
Event %400 K $4350 K $700 K PRS Line #1 PRS Line #2 PRS Line

release release release (e REIEIREY (ARRIIETR) #3 (APL)

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 TEARDOWN--LAMINATION PROCESS CENTER

The manufacture of circuit beoards 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 25, 35S, 45 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/teardouwn:

1) Clean Room Upgrade

2) Lamination Carts & Lift Tables
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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.
E.10F BROJECTDESERILTIEON

Auto Lay-up/Teardown and its complimentary projects were initiated
in January, 1984. The projected completion data was set for January,
1983, with the peripheral projects to be completed at variocus 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 7347 Robot, an automatic "OMK" collator,
and material-handling carts. In addition to interfacing all system
components, the system had to interface with the laminaticn 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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1a)

1b)

le)

1d)

le)

a7

nine bins to be loaded with prepreg and laminates,

selectively.

Missing and double sheet detection.

Microprocessor controlled, programmable to perform 10 different
lay-up schemes.

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

Operating range of 600 to 1000 cycles/hour.

Conformity to NON PRODUCT EQUIPMENT DESIGN STANDARD

(EB=0502=-202)5

Alignment table (positiaon 2)

2a)

2b)

2c)

2d)

IBM

3a)

3b)

alo),

=1iBM

4a)

4b)

4¢)

Receive collated assembly from collator.
Present collated assembly to IBM 7540 Robot for pick-up.
Not to damage the collated assembly in any way.

Preserve the alignment integrity of the collated assembly.
7340 Robot (position 3)

Class 100 clean room compatible.

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.

Pedestal base that will not interfere with movement of the
end effector and the transported assembly.

7347 Robots (positions 4 and 8)

Class 100 clean rocom compatible (position 4 only).

Vacuum pick-up (suction cups) with built-in compliance to
compensate for non-leveled cart/floor surfaces.

Robot (position 4) to interface with lamination carts

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

49



fixture for wiping planishing plates.
4d) Robot (position 8) to interface with lamination carts
(positions 92 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, &, 7,

9, and 10), with the Lift Tables at "Copper Shear", and with
manual layup/teardown stations.

1b) Positive locating carts to transport planishing plates,

press pads, laminates,; and copper foil.

1c) Cart location repeatability of +/- 0.5 mm.

1d) Rubber roller tops for rolling paylocad 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.

eb) To interface with Auto layup (position 7) and with manual

layup.

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.
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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 technigques 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
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identifying their predecessors (see Table 5). Moereover, 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 ocutstanding 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 (4/30/835) 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 50% complete.
4) As of 1/30/85, the project’s budget was cver 734 expended.
3) 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 responsibility, achievement, and
above all, 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 resoclving 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 (4/30/83) 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



55

challenges ahead, defining the expectations, and expressing confidence
in the abilities and desires of those involved to make this project a
success.

C.2.2) 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

time).

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 resoclving 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 encugh 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.

4) 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 philosophys 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.
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The first impasse entailed the definition and qualification of a 1l-
ply reusable Press Pad. This was a peripheral project driven by process
engineering. Such a pad was required soc 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 engineery 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, 2) high cost vs.
little benefit to be derived, 3) budgetary concerns, 4) available
alternatives, and S) 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
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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
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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, 1985, 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 gquota 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

1t

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)

2)

3)

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 2354 increase over the original
budget was needed. This also entailed the preparation of a "Revised
Tool Estimate"”.

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.

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

considerations).

C.%) RESUMPTION OF ACTIVITIES/RELINQUISHING RESPONSIBILITIES

The supplemental funds requested were released on July 27, 1985.

Moreover, after repeated negotiations with Manufacturing and Industrial

Engineering, Manufacturing committed to release the presses on September

2l, 1985 to allow for installation and qualification of the equipment.
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At that time, the author had to relingquish his responsibilities in order
to spend the fall semester in residence at Texas A&M 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.1) 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.1. The equipment was designed, built, and shipped prior to

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

Again, 1t 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
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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 reqguired the installation of one cart collar, one
hydraulic 1ift 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 cone 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 maﬁual 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 aon 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 25. The WBS is
useful in: a) identifying the variocus 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 éa 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, computer-aided
scheduling should be utilized. The author suggested and illustrated the
use of "PROJECT" by Microsoft. The data extracted from Tables 6a and éb
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 Egquipment Specification" GUIDELINE. The purpose of

this task was to establish guidelines pertaining to the format and
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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" (FMER). 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 reliability/maintainability standpoint and in
recommending preventive maintenance schedules. The author’s

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

4) 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
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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.

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.

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.
The technical contributions which were known for simplicity and
cost effectiveness. These contributions resulted in three

Cost Effectiveness Awards and the submission of one invention
disclosure.

The third and last objective, Development, was accomplished by:
The interfacing necessitated by the two main projects. This
interfacing helped develop the author’s interpersonal skills.

The enriching of the author’s technical abilities. This was due
to participating in and supervising the progress of technical
projects.

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.
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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 alsoc 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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STD MANUFACTURING ENGINEERING FuUNCTIONAL FROCEDURE

OBJECTIVE/SCOPE

The ORJECTIVE of this document is to previde the normal procadure by
which capital process eqguipment is conceived and implemented by
Manufacturing Engineering (M.E.) and toc define ares Fesponsibilities,
suppert and communication within and external to M.E.

The SCOFE of +his procedure covers all capital process 2auipment
(tools) acquired by Manufacturing Engineering faor Manufacturing use.

OBRJECTIVE/3SCOFE 1



5TD MANUFACTURING ENGINEERING FUNCTIONAL FROCEDURE

PREFACE

This procedure divides the activities required to conceive and
implement capital process equipment into five phases, each of which
must be completed prior to the start of the subsequent phase. Thecse
are listed and described briefly on page 4 of this document.

Within each phase2, many- individual tasks must be completed. Listed an
subszguent pages of this procedure are the major activities for each
phase. Each phase is given a separate matrix on its own page. Within
the matrices tasks that are printed in the upper case are listed in
order of performance. Tasks fhat are Printed in the lower case are
in general order of performance but may, in practice, be performed
concurrently ar in any order with respect to each other.

ach of these tasks/activities the involvement of applicable
MSEe departments and support groups is indicated on the matrix. All
groups that may be inveolved are indicated; not all groups will be
involved a&as indicated on avery praoaject dues to differences in
individual project =scope/complexity. That involvement has been
divided inta three gsneral categaries that are listed and describhed
below:

*  FRESFONSIEL

[

{R)

5]

This is the aroup that has ultimate accountability for the

performance of the task. In the process of performing the task,
this group is required to secure the cooperation of the support
groups (indicated on the matrix By "8") that must assist themn in

conpleting their task. The responsible body must  also ksep other
appropriate bodies informed of their activities (indicated on the
matrix by "I"). Finally, this aroup must obtain approval of their
work from all sppropriate groups. both formal and infarmal. These
appraovals are not indicated on  the matrices within this documsnt.
Thev are, however, inherent to the tasks listed on the following
pages. That is, in the course of providing support to the
recsponsible group, each zupport group will have ampls gpportunity
to express approval or dizapproval. Many approvals are alsp
requirements of other formal Op=rating Frocedures and, h2nce, are
not redundantly i1ncluded here.

. SUFFORTIVE (5)

A aroup with +this designation i€ one that must  assist  the
responsiizle group in the perfaormance ot their task.
Input/assistance from these aroups  will be solicited by the

responsible group when needed. In the course of Froviding that
input/assistance to the rasponsible aroup  the zuppart araup (s)
will inherently be giving approval to the actions of the
responsible group. Sometimes  that appraval will be tormalized, as
specified by other Operating Frocedures, See comments above
concerning approvals.

FREFACE

9]

/6
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STD MANUFACTURIMNG ENGINEERING FUNCTIONAL FROCEDURE

INFORMED (I)

Any group on the matrix with this label has a "need to know" the
actions of the responsible group and will be kept informed by the
responsible group of those actions, either informally (2.
telephone) or formally (ex. memo or meeting) as deemed necessary
by a mutual understanding between the aroups.

2y to the department/group abbreviations that appear on
=)

=
EQ ENG Egquipment Enginesring
FED ENG Frocess Engineering
FAC ENG Facilities Enginesring
MFG Manufacturing
REL FReliability
£S5 Equipment Services
ES Chemical Serwvices
FUFR Furchasing
IND ENG Industrial Enginsesring
SAF [afety
IH Industrial Hygiene
auAs ENG Quality Enginesring
INF SER Information Services

FIN Finance

77
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FIVE PHASES OF CAPITAL PROCESS ERUIPMENT ACQUISITION

. FHABE 1 —= TNITIATION

The inception of a project occurs due to one or more of thece
» Guality (Yield improvement), Cost reduction,
Capacity increase, Automatiaon/Caontinucus Flaw Manufacturing
(CFM), Mew product.- Equipment replacement, New process, Strategic

reasons: Safety

directive,

> FHASE 2 —— DEFINITION

The project requiresments are stated in terms of three situations:

L] A specific equipment type and source  f{replacement
replication)

L] A specific equipment function, but no type or source known

® A specific process problem, but no equipment

function/caoncept, type aor source bknown

This phase includes the creation of detailed project
schedul es and capital

specificaticns, budgetary scstimates
planning

. FHASE = —— JUSTIFICATION

Ul

Eudgetary estimatss/schedules are refined into commitments

documented via the Capital Eguipment Commitment document. Capital

funding for the project is justified, requested and released.
final project schedule is determined.

. FHASE 4 —-- ACQUISITION

The eguipment is socurced. ordered, decsigned and built. The site

is prepared and the equipment is installed. Satety approval

acquired. The equipmant is debuqaosd. Interim documentation and

training are supplied to Fquipment Services. Training
Chemical Services and Manufacturing also is provided.

. FHASE 5 —— OUALIFICATION

The process specifications are written (MPS/0FS) and the process

is debu d. The preocess goes through & Qualification and, upcn
passing Gualification, "Froduction Fun  Start” (FRS) occurs.
final documentation for the equipment is released. Seventy—-five
days aiter PR3, a  total | praject  audit  is held  to discuss
ovtsetanding issues  and their solution. The equipment
"Maintenance Accepted" by Eguipment Services. The project
closed.

FIVE FHASES OF CAFITAL FROCESS EQUIFMENT ACOUISITION

78
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STD MANUFACTURING ENGINEERING FUNCTIONAL FROCEDURE

PHASE 1 —— INITIATION

KEY: R = RESFONSIBLE, S = SUFPFORTIVE, I = IMFORMED

ACTIVITY DEFARTHMEMT (3) R GROUF (S)
EC |FRO|FAC|MFG|REL |ES PUR!INDiSAF AUA|INF|FIN
ZME | ENG | EMNG BS) {ENB|IH |ENG|SER
i ' i ’
ESTAELIZH MEED 5 R I I I i ! I s 1
|
i ll
| i
Develaop Froposs 5 R T I I T SRR I I
Froject Schesdule I
1
EHASE M =S INET T AT L AN S
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PHASE 2 —— DEFINITION

80

HEYEER = S RESEANSTRIEEGEE S =85S HEEGRITN I = INFORMED
ACTIVITY DEFARTHENT (2) 0OR GROUF (S)
EQ |FRD|FAC|IMFG|REL|ES |FUR|IND|SAF |TUA| INF|FIN
ENG | EME | ENG BR ENG|TH |ENG|SER
WRITE FPROCESS REGUIREMENTS S R S B & 2 5
SFECIFICATION
DEVELOF INITIAL EGUIFMENT R 8 I It S I I I S
EEhEE
DEVELOF EBUDGETARY ECGUIFMENT R B =) it = B (53 &
ESTIMATE AND SCHEDULE
DEVELQF EBUDGETARY FROJECT = R I 5 =) 5 1t I i It
ESTIMATE ANMD SCHEDULE
INFUT TO CAFITAL FLAN B R I I & 5 S
Write Envircnmental Impact I R 5 I 5
Assecssment or Negative
Impact Statement
Writs Frocess Egquipmsnt fx S I I 5 5 I I it o
Design and Ferformance
Specification

FHASE 2 -— DEFINMITION
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PHASE 3 —— JUSTIFICATION
KEY: R = RESFONSIELE, S = SUFFORTIVE, I = INFORMED
ACTIVITY DEFARTMENT (S) OR GROUF (S)
EQ FRO|FACIMFEG | REL |ES FUR|INDISAF |OUA| INF|FIN
EMG | ENG | EHNG CS ENG|IH |ENG|SER
1
FREFARE CAFITAL EQUIFMENMT s ERlIslls |l sls s e lsll s
COMMITHENT DOCUMERNT
DEVELOF COMDITIONAL EIR SR SEINGE (B 3
EQUIFMENT SCHEDULE
DEVELOF CONDITIONAL TR |  T| ST | R T T Tl Tl Tl AT
FROJECT SCHEDLLE
FREFARE AND FRESENT S R 1 S = &
CAFITAL JUSTIFICATION
RELEASE FUNDS il gl I R
o=y la = e aerEnEe el m lstsbs lie s lis i s |l & e
FROJECT SCHEDULE
FHASE = -- JUSTIFICATION 7
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PHASE 4 —— ACQUISITION
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KEY: R = RESEONSIELE, 5 = SUREREORTIVE T

= INFORMED

ACTIVITY DEFARTMENT (3) OR GROUF (S)
EQ |FRO|FAC|MFG|REL |ES |FUR|IND|SAF DUAIINF FIN
ENG |EMNG|ENG BS EMG|I[H |ENG|SER

SOURCE DECISION F S I I (= i
Request and review I 5 I I 2] 2 B I
vendor quotations
WRITE FACILITIES EMNGINEERING| R =) 5 I ‘S
SERMIEE REBUESIH(S)IINSEESEI(S)
Flac2 wvendor order S I I i R S
Hold =quipment design and [ 5 1 5 I S 5 I I
build review(s)
EREEARE. ST TE = = F S 3 8 S & I
ACCEFT EQUIFMENT RUILD R = it £ S S I I
INSTALLL AND ORTAIN FIRST R S = 5 S =)
SAFET Y. 61 BN=EFE S CHTES S0
DERUG EQUIFMENT R 8 I =) () I 8
Frovide interim R I =) 5
documentation package
Train Equipment Services i =) S 5 15} S
Train Chemical Services 5 R = 5 = (= i

FHASE 4 —— ACQUISITION 8
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PHASE S —— QUALIFICATION

FUNCTIONAL FROCEDURE
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FKEY: R = RESFONSIELE, S = SUFFORTIVE, I = INFORMED
ACTIVITY DEFARTMENT (S) 0OR GROUF (S)
T Y
EQ |FRO|FAC|MFG|REL|ES |FURIIMND!ISAF |QUA|INF|FIN
ENG | ENG | ENG [ EMNG|IH |ENG|SER
DEEUG FROCESS 5 R 3 5 5 I S S
Obtain final safety sign-off| 5 S 3 R 5 (=] =) 8
Train Manutacturing 5 [ 5 5 8
Write Manufacturing Frocess F 5 =) =] 5 S
Specitication (IR S50
birite Guality Frocess B 8 & i R
Speciftication (EFS)
Develop Qualification Flan i F = I I 5
QUALIFY FROCESS 5 R 5 L it S
Issue Qualification I I i T 3 I I R
Acceptance Tag and notice
Maintenance Accept S I 1i R 5 I
equipment {(Conditicnal)
START FPRODUETIBON (PJR.5:) I 5 T R 5 S I I I 1 I
CONDUET 78 DAY FOAST-F.RJS. R = 5 = 5 8 8 (=3 S 5 5 S
~AUDIT
FELEASE FINAL DOCUMEMTATION R I 1 I
MATMTENANCE ACCEFRT (] I I R S
(FIMAL)
FHASE S —-- RQUALIFICATION 57
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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 misallignment 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 undergees 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. Simultanecusly, 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.
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3) Unload Phase:
The tilt table 1ift 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 i1s 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

ad justments. 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
alignment.

This new method has been successfully implemented. It
constituted a reliable and cost effective solution for the
alignment/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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LOAD, POSITION
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(REAR VIEW)
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ime, and within budget are the stated
ct. Thus, the performance of a project
ability to meet or beat these

Good guality product, on

objectives in alimost every pro;

zader is measuwed by his (her
obliectives.

AS A ult, PFroject Man avolved as a discipline that
provides the preoject le=ader with e necessary tools to do the job.

Mzny nniLaues became available om2 technigues are better suited 4or
cert ilications than others. Morocover, due to the complexity of
some a5 well as ths dVﬂAHlL nature of project management,

tezchni ques wer loped. This gave thne project leadsr -
1andle the task afficiently.

This renort focuses on
that is best suited for proj
To be the
svstem h:n a project" by inf
manual computerized

tuf inlcal o )

to davelop a dule/Tra
aind implimentation of

IMTRODUCTICGHN

starts at the project’s
aints, and

detined proji=ct should

start date
purpoce
buszine case (justitication)
end product
nhd design points ¢

ished end point and completi

paerformance, reliability, etc)
critersa

Froject management consists of four =lements. Arranged in the
order in which they sihould be accomplished, these elements are:
) Flanning {(the project plan)
) Scheduling (time, wrce)
} Tracking (measurame of progress)
) Centrol (corrective actions az nesded)

= -
—ven

ough the purpose of this report i "a Jjob

ting system within a projsct”, it inadeguats and
1LOpos 51u1m Lo do 30 without some coverage nstitusnts of
"Elanning® and Y Eantralit. d on all information obtained in the
planning stage, a proj hedule can be ablishzd. This scheduls
will provide = gingEer with the track the progress
of the proje Subssguently, the tracking in contrelling
the project.

i ||
+
(o]
a
5
=~
o
=
s
B

The tasks of Scheduling and then Tr 1 b2 handlad
zither manually cr using computers (see apperndix A). However, manual
handling of such tasks can get extremely difficult, if not impossible,

) llowing reascns:

arojects are large (too many activitiss) and cempliex (too
dependencies)

ﬁImrquIJI’ to do instant rovisions

£ (i)

the schedulae. Changes may
Wy for many reasons-—inis in defining the activities
=) in estimating resouwrces
——desire Lo ask what if c stiuns
——update schedule s reflasct actual
Progr
——to lavel or re-allocate resourcss
e T i
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°Impossible to do timely
might be of interest to

point in time. Activi 5 may e
(i o e critical path

tart dates
———finish dates
time
—"—dmration

——ala

and to provide gr
cheduling/tracking t
& number

To overcome the above drawbac
lity and speed, ccmpu
vi2loped. A literatu hows that t

developed for proje a nt purposes is bountiful. In
art, one \Wch program \BFEETRERhYVENI citosatt)N h Casn
for use. FROJECT is b d on the CFM method—- this method is

~ated in appendix .

it serves two main

Flanning is the first and most important
functicn

the project

the project engincsr +o bettzr unde
FﬁDHlFGF’Ht" and how to satic=fy them. ;
tha basis for =c heduling, t

and control.

Froper- definition of
sful completion of the project. & dor* Breakdown
1, is extremsly helpful in pr 2paring the
explanation of WES is given in appendin’ .

2
=

The or each activity.

step is to input some key information
the need, this may inclu
scription of each activity.

2 of mach activity in days (how long :t takes).

& sors for =2ach activity (which other activities st b=
ed bafore this one can start).

o te of each activity.

i estimate for that asctivity (only number of neople and

13
type for each)-—— % sstimates will not be considared

Usually it zasier to estimate the number of people reguirad to
complete an activity (man hours) than to estimate duration; hence ,
duration is often derived from the & timate of the p=opla. Appoendi s

contains & brief discussion on the subject of estimaticon.

Since planning/estimating deals with tha future, there wi
Le an ent o+ risk associated with any plan. It is necessa
the project =2ngineer be sble to igentify and evaluat2 that rizlk
aply the proper contingency facto and buffers to the plan.

To 1 n how to do r « Dther reterencas mu
consul ted. The proc +clves the following basic cteorps:

Lo identi+y areas of ris

? Examine "plan/E
= New archi t:
= Ne .@chnologies.
= Inexperion
- Tnavail

guod data basa.

==
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o sify risk as ‘khigh, maduimn, or low® .
2 lop a plan to manage:

- High and meduim risk tc low {(ext=nd dates, add
develop backup plans).

~ Eanpsur to dependencies (get written commit
the pecople on whom you are dependent).

Structure (WES)

1, Work Bra

ERBIECET TITLE % START DATE

<

Wherae:

y—
1}

vel (I, majeisy activities

ey

]

and

indicates level (II), minmor, sub-activities

Fair the plk of echeduling
rature, two les activities

technical/engr.
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MAEEES WSS EVEL CTONGETIVITIES

FOR

EACH ACTIVITY ENTER THE FOLLOWING

DESER TN G

DURATION | FREDECESSORS | START = = = = = ~ = — -
DATE [SKILL TYFE|AMOUNT

ETE

TABLE Z. LEEYELC(IT) AETIMITIES

START DATE

"

EACH ACTIVITY ENTER THE FOLLDWING

FEOFLE RESCURCE
# DESCRIFTION DURATIOMIPREDECESSORSISTART == == = = '= = —
SKEILL TYFE|AMOUNT
1
_l i |
|
EfiE !
Hpte: if the ;t:rt date for an activity is the same as the latest of the
firnish dates of the predecessors (ie- A5AF), then it nzed not be entered.
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Tity

CEREBIER TR
diffarent

program that c

be usad at three

nd calculate the critical path.
people).
(54E) JLJ.

last item will not be of corcern to us and, therefore, will
ered. The greate 2 however, is in praviding the
e

guic Rearrange wrhxvltlus +tor Effective Scheduling”

thres major coﬁpc.rnf:
een: is wh2re
individual =
pFwJPCt and where the schedud
ed.
such things :

i wihere holidays,

vaca tlun:. The normal work wesk, the
y=zar and length of the project,
ified.
e you enter r uce capacity and

and where gr
allocated re

phical representation
ources can be viewed.

zd intformation about the contents, capability, and the
can be found in the documentaticon gprovidad by

SERUISINGE == E1Tng  F PRIOJEETE!

Scihveduling 1s the taslk of calculating the start and finish dates

for =ach of the activities, identifying the critical activitiss (ie—

those that must be pleted on time in order to m=e )

! Eilimester eachuatithelnon=clza £
=tc.

du1= using Microsoft PROJECT
depending on your n=zeds:

ing up a
step procs

1? Set the calendar for vour project using Caleandar
scr
29 our project?s stalkt date and enter activitiss on the

schedule (zee table 1). This you do trom the Activity
Scroen.

9 Finalilys it avols wi sy vorecan
activities (from the Actiwvity

resouce capa ~om the

n
b
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TRACKING -- using "FROJECT"

In project management, "tracking" is the condition of being aware
of the progression of a project. Lefean ) i
2 Measuring the actual progress.

X
ring that measursment with the
ar contingencies), which is represe

sa Flan
by the schedule.

'n addition, good tracking provid the project ‘ﬁ@lnﬁEF with an
—syztem“ because it allows himiher) to t potential

they occur. In addition to being the upon which
l“ is excercisad, Tracking data should be kept +for
_turv and for future timates.

NLNg

tracking system is one which will provide the needsd

aout a for the right person, the right time.
x] ! : ]

a schedul=, recalculate
’ ity the critical ;scr atc. renders the
vable =ven for complex projects. In addition to
ule information uwp to date, it provides for personalised
reports to suit individual needs:
P Tapls form
? Bantt (bar’) Chart in sortad cequence (many zslections)
* Detailed form (for each activity and its dependencies)

E}

CONTROL

The purpose of control is to 2nsure the achievement of the
project’s objectives (gquality product, on time, and within budget).
The process involves analysis of tracking data and taking action on all
variations. Control can be classifi s preventativa, concurrent, and
post control. It is desirable toc prhveﬁtat1ve control, and
only a good tracking system makes 1

hadule

Once prograss
et i@ place:

(Treaclking ), the €6l
Identify varic
? Determine an“ct

dentify alternalives

evelop action plan

? Communicate and get epprovals
2 Ensurz that action is taken to

o

o
UNEE S

It is n=cessary to have a " written . traol prociodure .
Such a procedure will ensuwe that Ch*ﬂgv V“QUEﬂL is in writing.
Change2 requests may contain informaticn as tos

2 Why a change is /

¢ bhat activi i

of the chang s and cemmltiments

end2d action

dy =hi: Ange regLE B tTO mana ageirent .
approv2 or disapprove the request, or even retuwrn it to
2er for further analysis and study. Ragar:

i

Management
the project engin
procedure followed, critical problems should be reported inmsdiately

dlees of the
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R8sy FROJECT MANAGEMENT ACTIVITIES DIAGRAM

START
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v

F1AN

#mn ure progre

¥actual vs. ol

i
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i}
1
Ul

13 FROJECT |
COMFLETET |

In
i
o

- ADTICJ!{—_————— ANY ACTIGN NEEDEDT

no

END

to automate tin: J toardown
\‘tion center or ng. UsHs For the
due dates, interrupticns, 2nd conplated

ed here. Furtheraores, some of the
stration are purely hvpoathetical. The

ation i1is to demonstrate th e of this

in proja similar to one. This zan be

Thz purp
operaticn at preszs i,

of simplicity, pa

(e B 1
t
=g
bt
=
ooy

sal

activities will mot be

(1]

Schedul in

accompiished
&) Constru
Suech A

of the owverall project.

h) Construct a detailed f‘miciro) schedule of the outstanding
activities of level (II). These are the "CAFITALIZED" activities
inside the Loxes zee Lhe WBS diagram below). Such a detzailed
schedul2 provides the basis for detailed tracking and is usetull
whien reporting the projs=ct status to other fLean members.

e

a macro schadul2 consisting of elREIY N RcEI VIt T es .
A useful summary concerning the
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TAELE 1.

EEVELGT)

ACTIVITIES

FROJECT MNAME:

AUTO LAYUF 2

TEARDOWN

START DRATE:

01/07/193

-

FOR EACH ACTIVITY EWTER THE FOLLOWING
B ot ol i 0 e PECFLE RESOURCE
# | PURATION e e Tty
l SEILL TYFE|AMOUNT
1 (Eq. Spec.% RFQ package 0
2 [Yendor Eval.Selection 10 1
3 |Flace Order 3 2
4 |Desian 30} 3
5 2 Sortwars 110 04/25/83
5 |Clean Room Upgrades il O 23/85
Site preparation
7 Installation % Debug 28 5
3 |Gualitfication 20 7/
8 |Document./Spare Farts & )
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MABIEE RSN EVEL SCTTSAETRIANTT] =5

FROJECT MAME: AUTO LAYURP & TEARDOWN START LDATE:

FOR EACH ACTIVITY ENTER  THE FOLLOWING

START e Dl ot
DATE TYRE | AMOUNT

# DESCRIFTIOM DURATION

{days)

1 ipregual. test /7 BBOS 3 0F/0%/85 | proc. engr 1
2 |acceptance test/ 4 1 Proc. Engr i

—_
i-J

i ldostma maint. L

4 jdocum. 1O 29 designer 1

S |spare parts release 10 o designear i

&= chean-toon Uoo-ade il ! 0R/23/85 | fac. engr. 1
i i H

7 site prenaration =) & Q2. E@rgr | 1

30

installation in BOs6O i Pz ©20. ENgr 1

4

MES signof+ & 3 maint. 1

equipment debug 7 =2 eleck.engr

technician 1

185 2 pac. engr 1

10 Ak @l proc. engr a2

127 |safety signotf 1 12 satety eng 1

H
IS
a
T
i
1
i
rt
o
3
it
Bl
m
-
s |
Pt
=

O

10 Lz aroc. engr s i

)

(]
&
8

15 |contamination test/B&O cont. engr 1

15 lgualificatiaon I 15 ; proc. engr i

i 77 PRE (8] 1's
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3) EREATE  THE SEHEDULE —="using Microsofit: "PRBIECTY
{see instructions under "Task Review and Outline")

To illustrate the capability of "PROJECT", the following
sample ocutputs (print-outs) are included:

A) SCHEDULES
o "GANTT" output
° "TABLE" output
° "DETAIL" output

B) RESOURCES
° "HISTOGRAM" outputs
o “DETAIL" outputs
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) "TAELE" output
level (I1) activities
Auto Layup % Teardown

Project: AUTOLAY2.ACT Date: 09/03/198%

# Activity Duration Early Early Sliack S Critical
{Days) Late Late Avail
Start Finish
1 prequal. test / EB0S 3 0970571985 09/05/1985 25
10/04/1985 10/08/1985
2 acceptance test / E8B0S 4RO/ 016/ 985N A9 A1 1/1985 P25
10/09/1985 10/14/1985
3 docum. acceptance 10 - OR/12/198B5° 0%9/25/198% 48
1171971985 12/04/1985
4 docum. release 1OENORY/2 457198588110 7.09 /1985 48
12/0571985 1 2/1871985
S spare parts release 10 09/26/1985  10/09/198% 48
120671 985 271 8 /71585
6 clean room upgrade 10 09/2%/1985 10/04/198S Q X
09/23/1985 10/04/198%5
7 site preparation SN 10/07 /7198581 0714/198% Q X
1070771985 10/14/1985
8 installation IO/ 1S /158581 072971985 0 X
1071571985 10729 /1985
? MES signoff S 107301985 1170571985 Q X
10/30/71985 11/05/1985
10 equip. debug / BO&O 78 U 1/06741 985811714 /1 985 Q X
11/06/71985 11/14/198S
11 manuf. proc. specs. 15 09/12/1985 10/02/71985 31
10726719858 1/ 14/1985
12 process debug 108 11 1/15 /19850 1 2/02/1985 Q X
P1S 71 985S 2/ 02/41985
127 safety signoff 1 20871985 1 27205/1985 0 X
12705/1985 0 1 27085 /1985
14 operator training 10 12/703/1985 12/16/198%5S 2
12/05/1985 12/18/71985
1S contamination test S 12/04/198S 12/10/1985 O 3
12/04/71985 12/10/1985
16 qualification S I2 7111985 2 /17 /1985 &) X
1273171585 S 21771985
17 PRS 1151871 9REEE I 2/ 1 8/71985 Q X

12/18/1985

1271871985



Activity: #1

prequal .

Early Starts
LLate Start @

Resowrces #Allcoccated:
Mame Duraticn
{(Da
Rroc. engr &
fotal
Frodeceszore:
# Activitys
NONE
uc sors:
F Activity:
2 scceptance test /

Activity:

Stakrts 12/¢

Early 88
Late Start : l“’ﬁ*'lc85
FResources Allocatods
Nami2
catr=ty 2ngr i
Total

rS

t#

i2 process debug
Cuccessors:
# Activity:

15 contamination t

"DETAIL" output
level {II) activities
Auto Layup % Teardown
test / BSOS
Amount Cost Cost
used Lasis
1148 (8) 30,00 Day

B80S

EARLY
IN1SH

EARLLY
START

09/06/1785

0

LATE

F

INTSH

LaTE
START

10/07

S DETSTIESEihE G
level (II) activities
Auto Layup % Teardcown

KAXCRITICALZ k%

Amount Cost
unsed
1 o) 5("'\_ i3t
v
i

FINEEH

1_,L2/l”d5

4

EATE

2/1535

Earlv
Late

Date

Fimi
Fini

LACH
1L

(WFa
SNVE

START

12704

71585

SLACK
AVATL

SLACH
AVAIL
0

(o L=] O3

2 Q70T

104

3/1985

/0321985

54019
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"HISTOGRAM" output
leviel (II1) oL CES
Auto Layup % Teardown

Cate:7/03/198%

e

223F No
B0

kKoK
FANKK
EEEEE
ESTE L
EETES S
KEKE kK
K AKEKK %
KREKK  RREKK KKKRR X
R —— RO K —— K O —— %

"HISTOGRAM" putput
level (11} resources
Auto Layup % Teardown

“roject: N AlUTeRaYRIRES Date:09/03/1985

Mov™ 35 MR R sLalalsl e, 25 Jan
45678 2345 B9012 547 DOLRT I4 (@5l skt
200
1.5

4 ;
» -
¥ %
] 3 %
0.5 % K
. . g
1 ™ o

i 8 % RS TE

! ¥ e wwkkk ok

e e r——*#Krk——r'k_»——kkwxx——<#**x——x* ———————————————————
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s

2ct: AUTOLAYZ.RES

[w]
f
+
1]

0?2/G3/198S5
"DETAIL" output
lavel (I1) o

Afuto Layup 2

SO CEs

cargown

/ BROS

juhes LI b}

1.0 25
LTO/Z087 1986

2 / BE0S -+ O/ 1171985 1.0 2T
1071471985

1 manuf. proc. speces.

10 /25

(TSR,

i

5
= Dug S G S s 0.9 0
Ll =8
= sy ] - -
15 training LS 20T/ 98 5 R 1 6/ 0.1 =
127051985 2718/ 985

l& gquaiification

1271171985

P28 286




107

AFPFENDIX

¥ tools available for the oroje
himiher) pertfo task of coordinating projects
dpecripticn of tool will follow:

YEANTT CHART- Also known as bar

There ara

e
TEERT -

own 0N arrows

:hown on Arrows)

an apt
growth of FERT
vibty crientzd

EAKDOWN STRUCTURE

This will b
e ) or e prol
leveal
detir
EhFEas

wort: bhreatdown

wcking, and

wiveEn
uma that a

:ages, that beth CFM and

: ! subdividazd and must be

Ti“pl“t“d witho interruption. It is also assumed that all resources
ssigned to a work 12 are required for the entire duwation of the
ctivaEy. If one of the activities does not satisfy either ot the above
ssumptions, that activity should be subdivided further until botn
ssumptions are m=2t.

e degreoe of completion of worlk package is often not tr
as a project progresses. Frequently, enly the besginnilig
activity are monitored. Hznc=,
hiraticrs i3 desirable and wise.

wcled
=nd ot 2ach
pes with short

detining worlk pa



Even though no universal formula or model f:
exists, it i [ bl; to dD gecod job of estima
not an art, o= & el i
above.

alt]tJLl“p_—li
(bizttom up)

LY MUmEF i o

timate for the wnole
ts

“rrived at for whole without 2ramining the

-
ul

semoled from

21}

imating technigus
FANTE (Cuentit

= U=

ve/Macro)

g planning to provide
ez estimates and future

k) SETRANS Miycro)

urnk the I»-:ru'_ml 2dge and
“perience o ; : gned to thes proj
= Uceu fo sastimate 1|d1V1du~ work activities
o—Macrg)

analvsis of comple
historical cata)

O ERBIEE T YE

ﬁFuJEi.
2 DELFHI {(Quantitative

3
!.ll

tic polling of the

- where no historical data is
vallablie
on group oplnilon

It will be impossible to discuzs t
here, the project engine=r will have to

necsded bhasio.

datail

1gues

=) own

parch on as

ing technigue is the m
Fandled by thes Denar

SR
d1pment
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CPM PROCESS EQUIPMENT SPECIFICATION GUIDELINES

BY
EMILE TAYAR

DAVID WALKRER
HOWARD GEISE

04/25/1985
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CPM PROCESS EQUIPMENT DESIGN AND PERFORMANCE SPECIFICATION
FOR
"Project’s Name"

"Date"

"Engineer’s Name" / Equipment Engineer
STD Equipment Engineering
Department 23E/building 043
IBM Corporation
11400 Burnet Road
Austin, Texas 78738

"Tel. Number"

THIS DOCUMENT IS THE PROPERTY OF
IBM. ITS USE IS AUTHORIZED ONLY
FOR RESPONDING TO A RERQUEST FOR
QUOTATION OR FOR THE PERFORMANCE
OF WORK FOR IBM. ALL QUESTIONS
PERTAINING TO OTHER USES MUST BE
REFFERED TO AND APPROVED BY THE

IBM PURCHASING DEPARTMENT.
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CPM PROCESS EQUIPMENT DESIGN AND PERFORMANCE SPECIFICATION
FOR
"Project’s Name"

TABLE OF CONTENTS
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CPM PROCESS EQUIPMENT DESIGN AND PERFORMANCE SPECIFICATION
FOR
"Project’s Name"

IBM CONTACTS

1. IBM Purchasing Representative

IBM Corporation
"Name"

Dept. 33G/814

BRI Baxiat 0258

Austin, TX 78746

"Tel. Number"

2. Equipment Engineer

IBM Corporation
"Name"

Dept. 23E/045

11400 Burnet Road

Austin, TX 78738

"Tel. Number"

3. Process Engineer

IBM Corporation
"Name"

Dept. 23E/045

11400 Burnet Road

Austin, TX 78738

"Tel. Number"

All communications with IBM must be through the above listesd persons.
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CPM PROCESS ERUIPMENT DESIGN AND PERFORMANCE SPECIFICATION 113
FOR
"Project’s Name"

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.

II1. REFERENCE MATERIAL

Provide any documents, Prints, or Specifications which may affect the
buid or design of this equipment, such as:

IBM NON-PRODUCT DESIGN STANDARD C-B-3-0502-202 BOOKLET

. MANUFACTURING PROCESS SPECIFICATIONS (MPS), if available.

. QUALITY PROCESS SPECIFICATIONS (@PS), if available

. ENVIROMENTAL IMPACT ASSESSMENT statement, if needed

. Other

g wn -

III. GENERAL REBUIREMENTS

EACTIELTTES

Identify all factors pertaining to this equipment, such as: water
temperature, pressure, flow rates, power input reguirements, weight
limits on the floor in question, space limitations, etc.

CONTAMINATION:
Specify the maximum allowable levels of contamination (usually dictated
by the clean rocom class). Alsc 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 EIR).

OTHER:
Specific any unique requirements not covered in the above statements,
such as:

° Quantities of each tool

° Spare Parts supply (six months supply)

° Confidentiality requirements

° Contractor approval by IBM Purchasing Dept.



CPM PROCESS EQUIPMENT DESIGN AND PERFORMANCE SPECIFICATION
FOR 114
"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
autcmation and be compatible with CFM, such as:

° Auto Process Controls

° Dedicated, Flexible, and Modular tools

° Maintainable, compatible, and user friendly software

° Product I1.D. recognition

PRODUCT :
Specify the following:
° Dimensions and relevant characteristics of the product
° Product orientation, spacing, and registration requirements
° Product handling devices and containers that will interface with
the equipment
OTHER:
Any and all required hardware (mechanical/electrical) features not
covered 1n reference item 1.

V. DOCUMENTATION:

Specify the type and format of the required documentationj consult
Operating Procedure 106 for details. Documentation will include:
° Electical, Mechanical, Hydraulic, and Pnuematic drawings as
applicable to the specific machine.
° Operator and Maintenance manuals.
° Spare Parts List.



Artwork:

Book:

Clean Room:

Composite:

Core Panels:

ERM:
Developer:

Epoxy:

Epoxy Glass:

Etching:

Expose:

Glass Master:

Lamination:

Layup:

116

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 ultraviclet light to produce the
desired circuilt 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
material.

Process of putting together prepreg, copper foil,
core panels, face sheets, planishing plates, etc.
in the proper order for insertion into the
lamination press.



Multilayer:

Page:

Photoresist:

Planishing plates:

Plated-through Holes:

Pre-Clean:

Prepreg:

Press:

Press load:

Process:

Process Center:

Registration:

Strip:

Subcomposite:
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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
thickness.

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 S
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.

11



Name:
Born:
Parents:
Wife:
Children:

Education:

Experience:

LY

VITA

Emile Joseph Tayar

Nove 5, 1954

Mr. Joseph Tayar and Mrs. Elaine Tayar

Adrianne Courtney

Joseph and Jacqueline

B.S., Mechanical Engineering, Univ. of Tulsa, May 1978.

M.S., Mechanical Engineering, Michigan Technalogical
University, May 1981.

June 1984 - August 1985
Engineer ( Doctor of Engineering Internship )
International Business Machines, Austin, Texas

September 1982 - May 1984
Lecturer
Texas A&M University (Mechanical Engineering Department).

September 1978 - May 1982
Graduate Teaching Assistant
Michigan Technological Univ. (Mech. Engineering Dept.).



