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FORWARD

success of the U S
i ndustry depends on
in productivity. The
appl i cation of group t echnol ogy,
process lanes, accuracy control and
Conputer Aided Process Planning (CAPP)
are essential ingredients to such
productivity increases.

The future
shi phui | di ng
quantum | eaps

Many U S. shipbuilders believe that
multiple ship contracts are necessary
to gain learning curve advantages.

This attitude nust be replaced by the
realization t hat | earni ng curve
advant ages can be gained for interim
products through the application of
manuf act uring process | anes t hat
capitalize on the simlar attributes of

such interim products.

G oup technology (GI) is applied to
shi pbui I di ng today using the Product

Wrk Breakdown Structure (PWBS). This
approach recogni zes the i nher ent
simlarities in the products from
various construction areas of a ship-

yard on a macro level (i.e. erection
and assenbl y/ subassenbly units). See
the National Shipbuilding  Research
Prograni s, “Product Wrk  Breakdown
Structure”, Decenber, 1982. The next

step to be taken in applying GI is to
identity the simlar characteristics
inherent in the design of the various
interimproducts, and to group these
interim products into corresponding
famlies. Manuf act uring processes
required to produce each famly can
then be det er m ned. This  ‘wil
facilitate the i npl emrent ati on of
process |ane fabrication and assenbly.
The i dentification of di stinct
processes  will also lead to the
recogni tion of measurable parameters by
whi ch work content can be described.
This relationship of interimproduct-s
to their manufacturing processes and

work content integrates readily with
conputer-processed scheduling, manning
and budgeting, and statistical analysis
for accuracy control. The future

devel opment of a group technol ogy based
manufacturing data base for shipyard
interim products for the CAPP System
wi || make possible the application of
CAPP to the shipyard fabrication shops
as is currently done with machined
parts.
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SECTI ON |
EXECUTI VE . SUMVARY

Concept

One of the key elenments of the
1930’ s concept of Goup Technol ogy (GT)
IS the classification of individual
parts into famlies of parts with
simlar attributes. Prior to the
advent of zone construction in ship-
building simlar products, such as
frames, floors and shell plates, were
presented on separate draw ngs, which
resulted in the grouping of simlar
materials on each  drawng. The
assenbly process followed a similar
logical pattern using each of the
drawi ngs in each stage of construction.
The introduction of zone construction
has applied these GI concepts to the
unit assenbly process.  Conputer Aided
Process  Planning ( CAPP) and its
requirenent to organi ze manufacturing
data in a logical, structured nanner
has brought the shipbuilding industry
back to the GI concept in the
structural fabrication shop . The
subdivision of a ship into manageabl e
subsets of interimproducts allows for

the  further groupi ng of interim
product s into famlies requiring
simlar manufacturing processes.
Material Flow

This  breakdown of parts into
famlies (presented as a nmatrix in
Figure 111-3)]is the tool that
ultimately supports the effective
i npl ementation of a CAPP system  The

Japanese concept that people cannot be
controlled, so the material flow nust
be controlled, is an integral part of a
CAPP  system inplemental ion project.

The involvement of the Industria

Engi neering Department in analyzing the
interim product material flow can
result in significant productivity
i ncreases. Provi di ng the right
material, to the right place, at the
right time reduces shop congestion,

| mproves safety and i ncreases
productivity.
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The devel opment of nmaterial flow
| ayouts and process flow diagrams and
their use are covered in Section |V.

Impact

Shipyard inplementation of the CAPP

systemwill inpact all phases of ship-

building. Al though a few areas, such
as detailed planning, will experience
an increased workload, the total
benefits to be derived from CAPP
i npl emental ion far out wei gh this

i ncrease.

CAPP' s greatest inpact on pre-
production activities is the resultant

highly structured approach to the
devel opnent  of database information.
The general standards that are estab-
lished result in overall i npr oved
communi cat i ons and  reduced costs .
Specific benefits are also realized
in: Estimating, Program Pl anni ng,
Program Schedul i ng, Budgeting, Materi al
Lift, Production Dr awi ngs, Shop
Pl anning and Shop Scheduling.

In production activities, Material

Handling will significantly inprove as -
will Shop Level - Loadi ng and
Productivity. O primary inportance in
these activities will be the increased
accuracy of schedules, raw material

pick lists and kitting lists.
Par anet ers

Accurate neasurement of the anount
of work to be acconplished in
performng a specific task is the key
to accurate budgeting and scheduling.
The neasurenment tool for work content
is a paraneter. A paraneter can also
serve as a productivity measurenent
tool for shop managenent and an
accurate estimating tool for new work.
Dviding the paraneter by the tine
required to acconplish a task results
in an efficiency rate that will nearly



be constant for simlar interimproducts
if the sane nethods are used. The
efficiency rate becomes a quantity that
can be observed over tine and statis-
tical analysis can be applied to
anal yze the results for the effects of
met hods changes, the need for individua
training, the identification of problem
areas, the effectiveness of shop fl oor
supervision and the overall shop floor
nmanagenent . The  conputer software
tools to inplement a CAPP system in

a shipyard are commercial ly avail abl e.
There are systenms available with
varying | evel s of sophistication from
stand alone systems, such as Prine
Conputer’s  LOCAM or  Brigham Young
University's D-CLASS, to systenms
designed to specifically support the
schedul ing accuracy needs of a Mteria
Resource Pl anning system such as the
General  Electric Conpany's  CASA/ CAVA
system These systens are generic in
that they provide the data manipulation
and deci sion processing software but
require the input of an individua
shipyard's decision logic, equipnent
capabilities, construction  nethods
mat eri al handl i ng i nformation and
design data in order to function. The
tools are available and only the
i npl enmentation needs to be acconplished.
The use of other supporting software
tool s and the identification of
shipbuilding  standards during this
proj ect have been a natural extension
of the effort. The manipulation of the
manufacturing data base for even a
limted scope project is essential to
limt transcribing errors and reduce
program costs. However, the application
of a scheduling software package is not
practical during the start-up phase as
a stabilized manufacturing database is
consi dered necessary.

| mpl ement ati on

The inplenentation of a CAPP system
at a shipyard is a back-to-basics
exer ci se. Appl yi ng tine honor ed
concepts, such as GI, Material Flow
Anal ysis and Henry Ford’ s Production
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Li ne Technol ogy, is necessary in order
to establish the foundation on which to
build a CAPP system  New terns, such
as paraneters, efficiency rates and
statis-tical control, are surely
present but the concepts are not new.

A CAPP system inplenentation project
simply requires that the project is
approached in a structured, wel |
pl anned, well nanaged nmanner and t hat
size of the inplementation effort is

limted in scope for each
i npl ementation phase. The task to be
conpl et ed is to capture the

manuf acturing data and decision |ogic
used by the planners and shop fl oor
managenent in their daily activities
and t hen use today’ s conput er
t echnol ogy to standar di ze the
construction approach and provide the
shop floor with the managenent and
control information to effectively
carry out the tasks.

Concl usi ons

The technology is in place, the
tools are available and all that
remains is a pilot inplenental ion
project to prove the practicality and
cost—effectiveness of a CAPP systemin
a shipyard environment.

The inplenentation of a CAPP system
in a shipyard <can result in a
productivity increase of 10 to 40

percent. This is based on an IH
proj ected productivity increase of 20
to 40 percent for  process | ane
i mpl ement ation and productivity

increases of 10 to 60 percent where
simlar CAPP systens have been
inplenented in related industries.
Sone specific areas in which this
increase will be realized are:

0 The recognition of interim
product simlarities results
in a learning curve savings
t hr oughout single ship
prograns.



The establishnent of process
lanes, capitalizing on interim
product simlarities, results
in repeating processes that
can be analyzed for process
inprovenent, and the |ocation
of equi pnent.

The analysis of raw material

and interim  product flow
results in | npr oved
productivity and safety.

The consistent control of data
enhances the application of
several technol ogi es such as
bar coding which results in
I nprovenents in providing and
gat hering dat a.

The tiered devel opment of data
supports the application of
design budgets  during the
design phase, and results in
an auditable trail of the
effects of engineering changes
in design and nethods and
process changes in production.

The process pl anni ng
i nformation f eedback | oops
resulting from the approach
required by a CAPP system
results in the nmanagement
information remaining current.
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SECTI ON |
PRQJECT DESCRI PTI ON

A Project (bjective
CAPP is a nultiple definition
acronymas is MRP II. The software
vendor’'s definition is generally

dependent on the sophistication of
their software. The definitions
range froma sinple system of
editing existing process plans that
only describe how a product is made
to a system that develops the
process plan and, in addition,
identifies and integrates inform-
ation fromother systens such that
the worker on the floor has a
complete set of documentation for
the job he/she has to do including

bi | of mat eci al s, kitting
i nformation, shipping information
with all superfluous data del eted

and a feedback systemto nanagenent
for  statusing and |evel-loaded
schedul - ing for each work station.

The primry
project were to:

objectives of the

- Exam ne previous documentation
on the subject of Product Wrk
Breakdown  Structure  (PWBS) ,
G oup Technology (GI), Process
Planning and related subjects
in order to capitalize on, and
avoid duplication of, other
conpl eted endeavors.

- ldentify the elenents of the
manufacturing data base neces-
sary to support a Conputer
Ai ded Process Pl anning (CAPP)
Systemin a shipyard.

- Focus on the product
characteristics of structural
fabrications that |end
t hensel ves to accuracy contro
and productivity inprovenent
through statistical analysis.

- Standardize the products and
processes of structural
fabrication to the |evel of
pi ece- manuf acturing
process—flow | anes

— ldentify potential off-the-
shel f CAPP systens that coul d
be applied in a shipyard
envi ronnent .

—~ Promote integration of contract
devel opnent processes with
product and process standard-

i zation to ensure future
i mprovement and savings across
al | shipbuilding disciplines.

B. Project Wrk Scope

A conprehensive  study of the
front-end and production operations
whi ch support process production was
undertaken in order to eval uate and
reconmend effective inplementation of
CAPP  systens in the  shipbuilding
i ndustry. The project was subdivided
into functionally oriented tasks that
coul d be devel oped independently, as

fol | ows:
Task | Product and process
definition and evaluation
Task |1 | npact anal ysi s of
product definition on
front-end support and

schedul i ng



Task |11

Task |V

, Task V

Thes tasks were further

as follows:

Task.

Ref i nenent of product s
and budget i ng and
schedul i ng par anet er
i dentification

Eval uati on of
CAPP systens

exi sting
Project enhancenents and
integration

subdi vi ded

| - Product and Process

Definition

o

. Standard interim products

for structural and
di stributive system
fabrications and  snmal
subassenbl i es wer e
i dentified

Associ at ed construction
processes were identified

Product flows were defined
A nodel for product and
process identification

and for product
schedul ing was devel oped

Usi ng I n- process wor k
sanpl e schedul e durations
and budgets for various
products  and  processes
were applied and test

Managed and communi cat ed
det ai | ed perfornmance and
probl ens.
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Task |1

— I npact Anal ysis

0

Task 11

Eval uated the effects of
product and process
definition on preproduct-
ion and production
activities such as

estimting, planning,
schedul i ng, budgeti ng,
steel lift, lofting, and

shop |evel -1 oading

Eval uated results of test
application on in-process
wor k

Modi fi ed nodel
test results.

to refl ect

Refi nement and Ful |

| npl enental ion

0

Refined standard interim
product identification

Ref i ned i dentified
construction processes

Ref i ned
product flow

identified

Defined paranmetric budget
and schedule logic

Devel oped met hod for
establ i shing paraneters
for estimting
schedul ing and budgeting
Applied product related
refinenments and

paranetric budgeting and
scheduling to in-process
work and revised node

accordingly

Managed and conmuni cat ed
det ail ed performance and
probl ens.



Task 1V — Evaluation of

Existing CAPP Systens

0 Thr ough correspondence
with gover nnent and
private or gani zat i ons
BIW ascertai ned the

Task

status of the present use
and devel opnent of CAPP.
Concurrently, a biblio-
graphy of the literature
on CAPP was prepared
Visits to CAPP users in
ot her i ndustries were
conduct ed.

BIW organized all the
gathered information into
an interim report
detailing current status,
shi pbui | di ng interest,
and a CAPP bi bl i ography.

Two particul ar CAPP
system were determned to
be suitable for use in
the shipbuilding industry,
however, a test applic-

ation of that system on
BIWS Process Flow Lane
Project was not conducted
due to insufficient funds.

V - Project Enhancenents

and

| ntegration

0

| nvesti gat ed

mni-conputer  schedul ing
systens for application
to interim product detail
schedul i ng

Applied and tested
conput er-ai ded schedul i ng

Recommended the devel op-

ment of design standards
specifically related to
product and process

i dentification

0 Continued overall system
devel opment by invol ving
affected groups in naking
refinements and solving
probl ens

0 Devel oped final report.

These tasks were expanded by the
contract to include all shi pyard
fabrication shops, denonstrating the
applicability of the approach.

¢c. Project Approach

In reviewing the literature on
exi sting CAPP systens it was apparent
t hat nost operable systens in use were
those in machine shops. These systens
relied heavily on the group technol ogy
concept of product simlarities as they
related to the manufacturing processes
involved in their production. In
addition, the systens pronoted sinilar
material flows for simlar products and
relied heavily on “feeds” and "speeds”
data devel oped for each of the machines.
It was decided that a simlar approach
to

ship conponent  fabrication was
necessary in order to successfully
i npl enent a CAPP system The prinmary

focus of the project, therefore, was to
identify the data base information
necessary to support a CAPP system

The first step in the process was
to identify the types of products that
were subjected to simlar processes.
Then all processes involved for each
product were identified. The results
of this effort are reported in Section
1.

The next step in the process was to
identify and anal yze the flow path of

the material for each interim product
In addition, the docunmentation necessary
to control such flow was identified and

reviewed. The results of this effort
are reported in Section IV.
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The I mpact on t he various
preproduction and production activities
was then reviewed. The results are
reported in Section V.

Wor k measur enent quantities
(referred to as paraneters) that could
be easily measured were then identified
for each interim product to support
schedul i ng and manhour budget i ng
efforts.  The results of that activity
are reported in Section VI

In parallel with the above efforts,

a literature search was conducted
allowng greater famliarity with the
CAPP system  requirements. A'so ,

conput er system vendors were contacted
to determne the availability and
applicability of exi sting CAPP
systens.  The results of these efforts
are reported in section VII.

As the project progressed the
investigators continued to interface
with other organizations to ensure that
the CAPP programremained in step with
other areas of technol ogical advance.
ment.  Mni-conputer scheduling systens
were investigated to deternine the
applicability of such systems to the
CAPP environnent. The results of this
effort are reported in Section VIII.

An inplementation plan that can be
fol | owed by ot her shipyards in
devel oping their own data bases is
presented in Section IX

Finally the conclusions reached in
this study, and recomendations for
future activities, are presented in
Section X

11-4
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SECTION | |
| NTERI M PRODUCT/ CONSTRUCTI ON PROCESS
DEFI NI TI ON

A . Introduction

The inplenentation of  automated
process planning requires that the
following factors be established in the
manuf acturing environnent:

0 A consistent vocabul ary

0 A clear i dentification of
processes

0 A clear i dentification of
product s

0 A sinple wor k cont ent
measur enent t ool

0 A neasurable definition of
shop process |ane capacity.

A lack of understanding of these
factors would allow the majority of
U S. Shi pbuilders to believe that
aut omat ed process planning can only be
applied to multiple ship construction
prograns and perhaps then only to a
limted extent where unit simlarity
and series production can be applied.
This opinion is reinforced through
constraints inposed by the |ayout of

fabrication shops and through the
macro- | evel view  of shi pbui | di ng
processes which  obscures exi sting

product/process simlarities.
Consequently, the inplementation of any
aut omat ed process planning systemin a
shipyard environnent nust be preceded
by the devel opnent of a nodel that
addresses each of these factors and by
a training program which explains the
nodel and the | ogic used to devel op
it. Once the model is devel oped, the
manuf acturing data can be quantified,
training can occur and automated
process planning can be inplenmented in

t he shipbuilding industry. Thi s has
already been done in many nmachi ne
shop-type i ndustri es, such as
cylindrical shaf t and gear
manuf act urers.

111-1

Frank Logan, in his paper “The Five
Stages to Automated Process Planning,”
describes the stages of process
planning using a triangle with a base
of the manufacturing data necessary to
carry out the manufacturing processes
invol ved (see [Figure I11-1). [ n t
initial investigation of this project
it was discovered that the only type of
shop which had such repeatable data was
t he machi ne shop where the mpjority of
time is expended in machine operations.
Machine shops also benefit, from the
significant anount of work which has
been done to develop set-up time
parameters.  Consequently, the nmgjority
of existing Conputer Aided Process
Pl anni ng (CAPP) systens are designed
for machine shop applications. The
US Any Mssile Command System CMPP,
is an exanple of such a system

I n exam ni ng existing machi ne shop
CAPP systens it was further discovered
that manufacturing data is organized in

a logical, structured manner which is
easily related to the design, planning,
budgeting and scheduling processes.
Figure |11-2| illustrates the basic
concept. The classification o f
individual parts into famlies of parts
with simlar attributes is a key
el enent of a phil osophy devel oped in

the 1930s known as G oup Technol ogy
(G . In the "stick building” era of
shi pbui | di ng, GTI concepts were applied

in shipyards as simlar interim
products were grouped on separate
drawi ngs, such as web frames

stiffeners, and shell plates. Simlar

material s were consequently grouped on
each drawi ng and the assenbly process
followed a simlar, logical pattern
using each of the draw ngs in each
stage of construction. Wth the advent
of unit construction the assenblier was
forced to deal with all of the draw ngs
at one tine since each unit was only a
smal | part of each drawing. The

he



evolution process continued and the
unit drawi ng was devel oped to support
the assenbly shop personnel. In order
to facilitate material control, raw
materials were also grouped by unit.
This resulted in small pieces of raw
material having to be handled by
fabrication shops to support the unit
“assenbly  process. Thi s natural ly
reduced efficiencies in the structura
fabrication shop and in nost of the
other fabrication shops as well.  CAPP
and the inherent requirement to organize
manufacturing data in a |ogical
structured manner, has had the effect
of Dbringing the shipbuilding industry
full circle. Fabrication shops wll
once. again see World War |1 type
drawi ngs for groups of simlar interim
products.

The recognition of the interim

product simlarities al | ows t he
fabrication shop to group such interim

products and fabricate them using a
process |anes approach. The resulting
repetitive simlar wrk results in
| earning curve savings. In addition
the processes for each process |ane
remain relatively constant and the
processes can be analyzed for product-
ivity inprovement through the use of
jigs and fixtures and/or new or inproved
technol ogies. Statistical analysis can
al so be used to determine the trends in
quality and productivity and to nonitor
the effect of jigs and fixtures and/ or
new t echnol ogi es t hat may be
I mpl enent ed
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THE 5 STAGES OF PROCESS PLANNING

AUTOMATIC PROCESS PLANNING DRIVEN BY COMPLEX
PART CODING AND MANUFACTURING LOGIC DECODING
CAPABILITIES WITH LINKS TO CAD.

SEMI-AUTOMATIC PROCESS PLANNING DRIVEN BY
SIMPLE CODING SYSTEMS WITH MANUAL ENTRY OF
SOME DATA, E. G., DIMENSIONS.

FEATURE (ATTRIBUTE) DRIVE PROCESS PLANNING FROM
GROUPS KEYWORDS AND SIMPLE AUTOMATIC SELECTION
OF BASE PARAMETERS,

ENTRY LEVEL INTERACTIVE COMPUTER-AIDED TIME
ESTIMATING AND METHODS PLANNING USING
QUESTIONS AND/OR PARAMETER DRIVEN
MANUFACTURING LOGIC WHICH HAS DIRECT ACCESS TO
TIME/COST STANDARD DATABASE.

TRADITIONAL MANUAL PROCESS PLANNING USING
PERSONAL EXPERIENCE TO DERIVE MANUFACTURING
LOGIC AND EXTRACT TIME/COST STANDARD DATA AND
WRITE OUT MANUFACTURING INFORMATION.
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B. Product/Process Mutrix Logic

The National Shipbuil ding Research
Program publication, “Product  Work
Breakdown Structure”, June 1986, has
provided a useful organizational tool
for anal yzi ng the shi pbui | di ng
process. It subdivides a ship into
manageabl e subsets of interim
products.  These interim products can

be grouped into famlies that
simlar manufacturing processes.
fam lies of products can further be

grouped by the shop or trade that has
responsibility for their manufacture.
BIW has elected to present this
product/process  information for the

fabricating trades/s?nps_Ln_Lhﬁ_nnﬁrix
format shown below in|Figure |11-=3:

require
These

FIGURE IlI-3
INTERIMPRODUCT/CONSTRUCTION PROCESS MATRIX

PAANUFACTURING PROCESSES
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The products are subdivided into two
categories: raw materials, including
purchased conponents, and assenblies.
The manufacturing processes were found
to be simlar for all trades and are
also divided into tw categories:
fabrication and assenbly.

Raw material is staged for the
fabrication processes of cutting and
bendi ng. Fabricated conponents and
purchased conponents are inspected and
kitted for the assenbly processes of
assenbly, joining, finishing, quality
assurance, and kitting for a later

stage in the construction process.
These  nmanufacturing  processes are
further defined by the follow ng

function codes:

FC 11 QUEUE - Raw nmateri al

sorting, nmovi ng,
kitting, etc.

FC 12 CUTTING - Burning,
shearing, saw ng,
etc.

FC 13 BENDI NG Bendi ng, formng,
flanging, etc.

FC14 Q& Fabri cat ed
mat eri al
queue, kitting
and quality
control

FC 15 ASSEMBLY - Assenbly of parts

FC 16 JO NING - Wel di ng,brazing,
bolting, etc.

FC 17 FINFSHING - Ginding,
pi ckling,
coating, etc.

FC 18 QA Quality Assurance
FC 19 KITTING - Kitting for
installation

pal | et/ by Product
Wor k Breakdown
Structure

I11-6

The product/process matrix is the
tool for systematically identifying the
Production Engi neering | nformation
required to support effective
i npl enentation of a CAPP System The
fol | owi ng Production Engi neering
Information will conplete the nmatrix
for each trade or fabrication shop:

0 Detailed Process Descriptions -
Conpl ete description of each
of the di fferent net hods
avai | abl e shoul d be provided.
Included in this description
shoul d be the decision logic
followed in determning which
nethod is used.

0 Detailed Mterial Descriptions
Conpl ete descriptions of the

raw material s t hat are
nornal |y processed by the shop
should be  provided. The
i nfornation shoul d i ncl ude

material type and maxi mum and
m ni num si zes.

0 Tooling and Process

Constraints -  The capacity
constraints for each method
described in the Detailed

Process Descriptions as well
as the handling constraints
(size and weight) should be
provi ded.

0 Wrk Content Parameters - Work
content parameters (hereafter
referred to as paraneters) are
a work measurenent tool for
det erm ni ng the amount of
| abor required to conplete a
t ask. Exanples include the
number of pieces to be fitted,
the linear feet of weld joint
to be fitted, the weld pass
| ength (nunber of passes X
linear feet of weld joint) to
be wel ded, nunber of pipe
pieces to be installed, etc.

0 Efficiency Rates — Efficiency
rates are calcul ated by



dividing the Wwork  content
paraneter value by the hours
required to conplete the task.

0 Standard Manning Level s -
Standard nanning levels are
the nunber of persons that can
efficiently be assigned to a
task at a specific work site.

0 Capacity Stated as
Paraneter/Hour - Capacity for
a work station is calcul ated
by multiplying the Efficiency
Rate by the standard manning
| evel for each station.

¢. InterimProduct/Construction
Process Matrices

Product/ Construction Process
matrices have been devel oped for each
of the BIWfabrication shops. Included
in the mtrices is the Production
Engineering Information covering the
detail ed process descriptions and the
materials used by each shop. The basic
data describing BIWS facilities has
been displayed. The balance of the BIW
manuf act uring data is consi dered
proprietary, however typical exanples
are provided to enable the reader to
gain a clear understanding of the
concepts invol ved.

LH-7
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INTERIM PRODUCT FLOW



SECTION IV
| NTERI M PRODUCT FLOW

A Introduction

The material in a fabrication shop
spends nore of its time in queue or
moving fromone work site to another
than does material in a machine shop

The flow of material, as well as the
queue time, nust be known for each
interim product famly in order to
assign schedule durations for each of
these products. In addition, in a shop
where G oup Technol ogy (GI) has not
been applied to the recognition of
interim product simlarities, such
products are generally handled as
uni que items and, hence, any data that
may have been accunulated to record

work site efficiencies or cycle time
will vary widely. Once the flow path
for “value added” work sites, for a

particular interimproduct famly, are
establ i shed, the processes can be
anal yzed, and changes with known
I npacts can be acconplished to inprove
the productivity.

I n devel oping data for a shipyard
Conputer Aided Process Planning (CAPP)
systemat BIWit was apparent in al
shops, from a shop floor perspective,
that the flow path options for materia
between actual work sites were nearly

infinite. However, when viewed froma
Gl perspective, the problem becanme
manageabl e. Once again, it was the
application of an old technology to

formthe base for the CAPP triangle.

B. Interim Product Flow Logic

As in any Industrial Engineering
analysis of a material flow problem
the present flow had to be determ ned.
Using the fabrication plant |ayouts,
the interimproduct flow paths were

added. A natural result of this effort
was the identification of “bottlenecks”
and “nultiple travel paths”. The

rearrangenent of the facility and/or

V-1

I mproved organi zation of material can
frequently result in inproved interim
product flow. ~As a result of identify-
ing the present material flow, a future
material  flow layout was prepared
This was sinply a plant layout with an
i mproved or hopefully "optinuni material
flow indicated on the |ayout. The
process of drawi ng such layouts resulted
in the identification of travel

di stances, "value added work sites”,
travel tines, handling frequencies and
queue tines. All of this information
is essential for the devel opment of an
effective CAPP system

In parallel with the material flow
| ayout  devel opnent, I nterim product
flow diagrams were produced as an
expansion of the interim product/
construction process matrices.
Separate flow diagrans were devel oped
for each interim product famly wth
all potential process paths displayed.
The flow diagrans were used to anal yze
the “value added” activities that occur
for each product. The term “val ue
added” refers to those processes which
add to the worth of the interim product
such as cutting a bar or plate to size,
shaping a bar or plate, and/or joining
two or nore pieces together to forman
assenbl y. This effort also identified
“bottlenecks’* in the process flow
This was determ ned by applying the
most probable manning and efficiency
rates for a specific work site against
the work to be completed at that site
The bottleneck is the work site with
the longest cycle tine.

¢c. Sample Interim Product Flow D agrans

Conpleted material flow diagranms
provided the information necessary to
identify the “value added” points in
the material flow These points or
work sites were identified on the flow
diagram  Exanple diagrams are



presented for the structural fabrication
shop .

D. Sample Interim Product Flow Layouts

The follow ng layouts are represent-
ative of the BIWfabrication process.
It was readily apparent that |earning
curve efficiencies could be achieved
over a short period of tine by
mai ntaining a consistent flow within a
shop . It also became apparent that the
supervi sors of shop floor flow control
had frequently nmade changes in a
sincere effort to inprove productivity
W thout first analyzing the inpact of
such changes.

| V-2
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FIGURE |V-21
PIPE SHOP PROCESS FLOWN DI AGRAM DESCRI PTI ON

Process 1 - 2

Material is received through the West Door and moved to the (2)
St ockroom for storage

Material is moved from the Stockroom out to the Floor (3) in
Assenbly Package kits for fabrication.

Material is picked up by the mechanic and nmoved to the Fab bench
area (15) or (33).

Process 10 - 20: Ferrous Pipe £2.5" & Non Ferrous Pipe 4.5"

(10)

(11)

(12)

(15)

(15)

Pipe enters Shop through West Door and is stored on the Rack
(11) .

Pipe moves fromthe Rack to the Cut Of Saw (12).

Pi pe noves fromthe saw to the Bending Area (13) for bending, or
is left straight and noves to tenporary storage (14).

Pipe is bent and then joins the straight pipe in storage (14) or
is noved outside to the Bent Storage Area (21).

The nmechani ¢ nmoves the pipe for his job to the Fab Bench (15) to
join the material. The bent pipe is first cleaned in the
Pennsol ve Tank and then noved to the Fab Bench (15).

As Fabrication is in process, sections are noved to the Brazing
Bench (16) for brazing

After brazing, sections are noved to the Sulphuric Acid Bath
(17) for cleaning, and then back to the bench (15). This loop
may occur several times for a pipe piece.

Brazed joints are noved to the NDT station (18) for inspection
and then returned to the bench (15).

Fi ni shed pieces are prepared for storage and placed in a stack
(19) for delivery to the Northward Flat (25).

Process 30 - 36: Ferrous Pipe = & Non Ferrous Pipe £4"

(30)

(32)

Pipe is noved through the wall fromthe Pipe Yard to the Plasm
Table (31) for cut and noved to Tenmporary Storage (32).

Straight pipe noves to the Fab Bench (33) while the renainder
nmoves to the bending area (13).

|'V-23



FIGURE [V-21
PI PE SHOP PROCESS FLOW DI AGRAM DESCRI PTI ON

(32) After bending, the pipe is noved back to the Tenporary Storage

area (32) and then on to the Pennsolve Tank (20).

(20) After cleaning, the bent pipe joins the straight pipe and the

(33)

(34)

material at the fab bench (33).

During the fab process, sections are placed in queue for welding
(34) .

Vel ded joints are inspected in the X-ray area (35) for Pl pipe &
returned to the welding area for additional work or back to the
bench (33) for continuation of the fab process. This loop may
occur several tines for each pipe piece

Non Pl pipe (P3, P3A) does not require X-ray inspection and is
returned to the fab bench (33).

Conpl eted pieces are stacked (36) for collection and delivery to
the North Yard Flat (25).

| V-24
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SECTION V
| MPACT ANALYSES OF COVPUTER Al DED
PROCESS PLANNI NG

A |ntroduction

As shown in [Figure I[11-2,]| Conputer
Ai ded Process Planning (CAPP) has an
impact on all phases of the shipbuilding
process. Some work areas, such as
detailed planning, wll experience an
increased workload due to the additional
i nformation devel oped to operate a CAPP
system However, the total benefits
that a shipyard can derive frominple-
menting CAPP far outwei ghs the workl oad
increase in nost areas. This section
briefly describes the inpact on each of
the areas involved in the shipbuilding
process.

B. |lnpact on Preproduction Activities

The greatest inpact CAPP has on
preproduction activities is that the
discipline required to support inform
at ion retrieval during the planning
process results in a nore structured
approach to the devel opnent of that
information. General standards relating
to classification and coding of parts
subassenblies, assenblies and units are
devel oped to provide a common | anguage
for all disciplines. This results in
overal | i mproved  communications  and
reduced costs. Specific benefits for
each area fol |l ow

1. Estimating. Estimating
departnents primarily derive a

benefit because using paraneter
values allows the estimate to
be based on measurabl e work
content. Current  Efficiency
Rate Returns from the various
shops involved reflect current
work practices thus providing
up-to-date information for the
estimating process. The work
content data that is devel oped

during the estimating process
can be used to neasure the
design devel opnent against the

estimated bid, and for the
devel opnent of basel i ne
budgets after contract award

In fact, data throughout the
estimating, design and planning
process becones related. Thus,
each step in the estinating,
program pl anni ng, design, and
detail planning process is a
refinement of the data devel op-
ed during the previous stage.
The tiered devel opnent of data
supports the application of
design  budgets during the
desi gn phase and enhances the
capability of a shipyard to
devel op an auditable trail of
the effect of both engineering
changes in design and nethods

and process changes in
production
Program Pl anni ng. Conput er

Ai ded Program Pl anning can be
applied in nuch the sane
manner as Conput er Al ded
Process Pl anning. Each can
use the same work content and
ef ficiency rate data to
devel op program pl anni ng
information such as facility
| oadi ng, standard program plan
| anguage, unit sequencing, and
preoutfit |evels. BIW con-
siders that manual or variant
Conput er Al ded Program
Pl anning woul d nost econom
ically serve the needs of a
program pl anning office due to
the text type nature of
program pl ans

Program _Schedul i ng. Program
scheduling has potentially the
most to gain fromthe use of a
CAPP system  The accuracy of
the top Ievel schedules can be
significantly enhanced by




using the work content devel op-

ed by estimting and the
efficiency rate returns and
projected manning for the

various yard areas.

Budgeting.  The devel opment of
budgets for the tasks to be
conpleted in the various ship-
yard areas can becone a
conputer exercise when the
work content is Dbroken down
into the various stages of
construction and the applicable
efficiency rates are applied.
of course, as the design
matures and detailed draw ngs
become available the work
content values nust be refined
to reflect the work content on
the detailed drawi ngs. Changes
in wrk content are then audit-
able as far back as the esti-
mating process.

Material Lift. Material |ift
will see little inpact froma
CAPP system unless “Just In
Ti me” mat eri al nesting on
standard plates and shapes is
implemented to suit process
| ane requirements and capabil -
ities. The primary benefit of
such inplenmentation is the
elimnation of uniquely sized
plates and nultiple length
shapes for each unit.

Production Drawi ngs.
Potentially, drawings for the

fabrication floor could be
grouped by interim product
type or process. This could

lead to an increase in the
nunmber of shop draw ngs t hat
would be needed if uni t
relationships are maintained
or to a decrease of fewer
drawings, if the unit relation-
ship was only  maintained
through an interim product
i dentification code or nunber
and interim products for each

V-2

fam |y, are grouped on a single
drawing. The workload of the
designer could increase if the
responsibility for work content
measur enent was placed on the
designer. This could have the
addi ti onal
the designer aware of the
production work content he may
add to the draw ng because of
his approach to the design
devel opnent . The traditional
benefit of providing a design
retrieval tool  through the
classification process is also
present. The benefit of being
able to retrieve simlar past
designs reduces the design
time required because frequent-
|y an existing design or one
with mnor changes will satisfy
the design requirenents. This
results in fewer designs to be
manufactured and a  higher
| evel of productivity in the
production shop as a result of
| earning curve benefits.

Shop Pl anni ng. The great est

benefit will be realized in
shop planning. The planning
process Wwill be automated

t hrough the use of variant or
generative  process planning
systens and the accuracy and
consistency of the plan
produced will be inmproved. In
addition, the conpleteness and
accuracy of the information
provided as raw material pick
lists, interim product kit
lists and interim product work
content will be significantly
| nproved.

Shop Scheduling. The accuracy
of the shop schedules will be
significantly inproved due to
the “real time” information
f eedback on efficiency rates,
problem areas, and identified
bot t | enecks.

benefit of making



c. |lmpact on Production Activities

1.

Material  Handling. Mat eri al
Handling will significantly
i mprove due to several factors:

0 Due to the grouping of
products by famlies, raw
material pick lists wll
be nore accurate and
timely to support the
process |anes.

0 The devel opnment of
material flow |ayouts
will identify inefficien-
ties and bottlenecks, and
wi || enhance the materia
flow.

0 Kitting lists can be
related directly to the
production schedul e thus
hi ghl i ghting mat eri al
problems prior to the
comencenent of work.

Shop Level -1 oadi ng. The
availability of work content
i nformation, and current

returns of efficiency rates,
coupl ed with manning project-
ions w |l enable the planner
to level-load the shop to a
hi gh degree of accuracy. In
addi ti on, shop production
management can be nade aware
of varying manning require-

ment s and, thus , respond
accordingly.
Productivity. The increased

accuracy of the schedules, raw
material pick lists and kitting
lists will inprove productiv-
ity by having the right

material available at the right
time. In addition, the con-
struction of simlar inter im
products in a consistent manner
will lead to increased product-
ivity through learning curve
efficiencies. Aso, each step

v-3

in each process can be anal yzed
for productivity inprovenents
with changes being incorporated
only after the inprovements
have been verified through
sinmulation techniques.
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SECTION VI
BUDGET AND SCHEDULE PARAMETERS
DEFI NI TI ON

A Introduction

One of the key elenments of
manuf act uri ng data is the work
measur ement t ool which BIW calls
“paraneter”. A paraneter is a
measurabl e quantity that will reflect
the work content of the interim
product. Work content is a measure of
the anount of work to be acconplished
at a work station. An interim product
is any of the products defined as a
part of a famly of products in the
interim product/construction process
matrices. The foreward of t he
Departnent of Defense M L-STD 1567A
Work Measurenent states,

“Experience has shown that
excess manpower and |ost tine
can be identified, reduced and
continued method inprovenents
can be made regularly, where
work measurenents prograns have
been inplemented and conscient-
i ously pursued

Active support of the
program by all affected levels
of managenent, based on an
appreci ation of work neasure-
ment and its objectives, is
vitally i nportant. Vor k
Measurenent and the reporting
of |abor performance is not
considered an end in itself
but a neans to nore effective
nmanagenent.  Understanding the
inplication inherent in the
obj ectives of the work neasure-
nent  program wll pronot e
realization of its full value
It is inportant that objectives
be presented and clearly demon-
strated to all personnel who
will be closely associated
with the program

VIi-1

The following are benefits
whi ch can accrue as a result
of the enploynent of a work
measur ement  program

(a) Achieving greater output
froma given anmount of
resources

(b) Obtaining |ower unit cost
at all levels of product-
ion because production is
more efficient

(c) Reducing the anount of
wasted time in performng
operations

(d) Reducing extra operations
and extra equi pment
needed to perform these
operations

(e) Encouraging conti nued
attention to nethods and

process analysis because
of the necessity for
achi evi ng i npr oved

per formance

(f) Inproving the budgeting
process and providing a
basis for price estimat-
ing, including the
devel opment of Gover nnment
cost Estimat es and
shoul d-cost anal yses

() Acting as a basis for the
pl anni ng of | ong-term

manpower,  equi pment, and
capital requirenents

(h)  I'nproving production
control activities and

delivery time estimtion

(i) Focusing continua
attention on cost
reduction and cost contro



(j) Helping in the solution
of layout and materials
handl i ng probl ens by

providing accurate figures
for planning and usage of
such equi pnent

(k) Providing an objective
and rmeasured base from
whi ch management and
| abor can project piece-
work requirenents, earn-
ings and performance

incentives .* (See

[Appendi x A.) |
Wthout work content measurenent
tools , the accuracy of a Conputer Aided

Process Planning (CAPP) system woul d be
considerably reduced and the plan woul d
be soon abandoned due to shop fl oor
congestion or under use as a result of
inaccurate cycle tines.

Many el ements can be used for work
content  measurenent. BIW* S selected
el ements are not presented as they are
presently consi dered proprietary
i nformation. Example paraneters are
presented in Subsection B

B. Budget and Schedul e Parameters Logic

A paraneter is sinply a neasurenent
of the work content in a task that
needs to be conpleted. It may be the
square footage of surface to be blasted
or painted, the nunber of bolts to be
installed, or the footage of weld to be
deposi t ed. Once the work content is
determined the efficiency rate to
acconplish the task can be determ ned
by dividing the work content by the
time required to conplete the task.

Work Content =
tine

Efficiency rate X

The efficiency rate is  highly
dependent on the nethod and stage of
construction involved, however, for
i ndi vidual work stations it has proven
to be very constant. Process changes
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ata work station or the addition of

jigs and fixtures will change the
efficiency rate. However, the change
shoul d be known in advance because a
cost benefit anal ysi s shoul d be

conpleted prior to incorporation of the
change.

There are two types of efficiency
rates as defined by ML-STD 1567A
They are defined as follows:

“Type | Engi neered Labor
Standards. These are standards
establ i shed using a recognized
t echni que such as time study,
standard data, a recognized
predetermned tine system or a
conmbi nation thereof to derive
at least 90% of the norma
tinme associated with the |abor
effort covered by the standard
and nmeeting requirements of
paragraph 5.1.  Wrk sanpling
may be used to supplenment or
as a check on other nore
definitive techniques.

5.1 Type | Engi neered Labor
St andar ds. Al Type |
st andar ds must reflect an

accuracy of +10% with a 90% or

great er confi dence at the
operation |evel. For short
operati ons, the accur acy

requirenent nmay be better net
by accumul ating snall oper-
ations into super operations
whose tinmes are approximately
one- hal f hour . Type |
standards nust include:

a. Docunent ati on of an
operations analysis

b. A record of standard
practice or nmethod
followed when the
standard was
devel oped

C. A record of
or leveling

rating



d. A record of t he
st andar d tine
conput ation
including allowances

e. A record of observed

or predet er m ned
tine system time
val ues used in
det ermini ng t he

final standard tinme.

Type 1l Labor Standard. Al
|l abor standards not neeting the
criteria established in paragraph
5.1."

Type | standards are those sinmlar
to the MOST data conpiled between 1979
and 1985 for the National Shipbuilding
Research Program Figure VI-1 is an
exanpl e of such data. Sone of these
standards could remain applicable for
future work in this area. Anot her
exanpl e of  Type | data is the
numerically controlled cutting data
avai | abl e fromthe AUTOKON data base in
the BBWmold loft. Figure VI-2 is an
exanpl e of such data. For this project
Bl Wchose to use Type Il standards due
to the availability of current data.
It is noted that the parameter for both
types of efficiency rates could be the
sane. The parameters selected for use
at an individual shipyard will nost
likely be unique for that shipyard.
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TYPE |

FIGURE VI-1

PRODUCTI ON

STANDARD EXAMPLE

SSS VI IM=-NMANUAL
— e oG TOC

7.0 STAMDARD TIiME CALCULATION

l AT m f l

fpsts  12/10/83

l?a;q 2 of 1>

. M . -t A
7.1 Pi=ting Operations f{Level Time) Factors ror Hyde

Assembly Shop

C. Shell Sub-Assenblies on 90° Di aphragm Mocks

Fitti ng Operation

Set, Regulate & Secure (flat
assenblies) :
Pl at es on Mock &nil%ofteel pl at e)

Stringers
Vebs

Set, Regulate & Secure (radius

shel | assenblies) :

plates on Mck (mld steel Plate)
( HY- 80)

Stringers
Webs

Make up Fit & Tack (flat assys.)
*Shel | Seams & Butts
(mld steel plate)

(HY-80)’
Stringers to Shell (to mld stee
(to HY-80)
Webs to Shell (to mld steel)
(to HY-80)

Make up Fit & Tack (radius
shﬁll assenblies) :
*Shel | Seans & Butts

(mld steel plate)

( HY- 80)
Stringers to Shell (to mld stee
(to HY-80)
Webs to Shell (to mld steel)
(to Hy-8")
*| akeup of shell. seans al so

i ncludes installation of
strong backs.

cur/Factor "HMOST" No.
1.5741ea. 12,30,40
2. 249/ ea. 12,30,41
. 232/ ea. 23,30
. 214/ ea. 13,30
2. 814/ ea. 11,12,16,30
3. 097/ ea. 11,12,17,30
. 350/ ea. | 30,42
. 214/ ea. ! 13,30
]
i
. 048/ ft. ' 14,18
.099/ ft. | 1519
.023/ft. ] 24
. 045. / ft. : 25
. 063/ft. [ 26
.098/ft. ! 27
!
. 048/ ft. 14,18
.099/ft. 15,19
.028/ft. 43
. 052/ ft. 44
.063/ft. 26
.098/ft. 27
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CUTTI NG | NFORVATI ON

CONTOUR
PART

CUTTI NG

RAPI D TRANVERSE

MARKI NG
REMAI NI NG

65 PREHEATI NGS

TOTAL

USED PLATE

AREA
99. 246

CUTTI NG | NFORMATI ON

CONTOUR
PART

CUTTI NG

RAPI D TRANVERSE

MARKI NG
REMAI NI NG

71  PREHEATI NG

TOTAL

USED PLATE

AREA
217. 323

Figure VI-2

Aut okon Production Data

NESTED FORMAT = 4010 / 29

TI ME
MN: SEC

671

% TOTAL
66. 164

LENGTH
FT-1N-16

414-00-01
102-07-14
2-07-14
0-05-05

519-09- 03

NESTED FORMAT = 4010 / 34

TI ME
MN: SEC

198=10
11= 6
1=9
0=10
7= 6
217=41

VEI GHT
8149. 612

% TOTAL
62. 092

LENGTH
FT-IN-16

455-01-11
182-01-11
2-07-15
0-04-13

640-04-02

SPEED
INMN

27.559
196. 850
27.559
27.559

SPEED
INMN

27.559
196. 850
27.559
27.559



The followng is a list of exanple

paraneters that
shi pyard:

could be used by a

Figure VI-3
Exampl e Paraneters
Ef ficiency
Rat e

Mar ki ng/ Bur ni ng
Nunerical control narking H PL
and burning
Flame Pl anner H PL
Tel er ex H PL
CM 56 Parts Cutter H PL
Manual mar ki ng H PL
Manual burning H PL
Profile cutting H P
Bendi ng

Profile bending H P
Pl ate bending H PL
Smal | piece bending H P

Subassenbl y

Fitting FT

el di ng H FT

Fi ni shing FT

Qthers

Material handling H Ton

Shot Dbl asting H PL
H P

Pai nting H PL
H P

Qthers

Fl at

Plate joining H FT

Fitting H FT

Vel di ng H FT

Fi ni shing H FT

VI-6

Par anet er

PL
PL

PL
PL



Cur ved

Preparation
Plate joining

Fitting
Vel di ng
Fi ni shing
Pi pe
Hose
Hanger material
Wave Guide

Material handling

Fittings, flanges, etc.

Assenbl ed pipe
Ferrous

Non-f errous

Hose assenbly

Wave Cuide assenbly
Hanger assenbly

Sheet Goods

Grating
Honeyconmb panel s
Plate 1/2"

Sheet net al

Shapes

Angl e

Channel (Deck Shoes)
Ext rusi ons

Fl at bar

Pi pe or tubing

Purchased for Assenbly

Conm equi pnent
Cooling coils
Danpers

Filter housings
Gauges

Heaters & reheaters
Term nal ends

Ther most at s

Vent val ves

H Ton
H FT
H FT
H FT
H FT

PI PE FABRI CATI ON

Lin Ft
Lin Ft
Lin Ft
Lin Ft

SHEET METAL FABRI CATI ON
Sq Ft

Sq Ft
Sq Ft
Sq Ft
Sq Ft

Lin Ft

Lin Ft
Lin Ft
Lin Ft
in Ft
Ft

L
-]

QOQOOOOQO Q T
< << < >

<<
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Rectangul ar vent Lin Ft
Round vent Lin Ft

SHEET METAL FABRI CATI ON
Foundat i ons Qy

Sinple foundations
Conpl ex foundations

2D & Sinple 3D

Access covers
Cable protectors
Control panels
Deck coami ng

Draft marks

Fire extinguishing fdns
Fire stations

Fl ange shi el ds

Fl oor plates

Fume tight collars
Gooseneck

Gab rods

Guage boards
Hangers

Joiner curtain franmes
Joiner curtain plates
Ladders

Light traps
Oifice plates
Pans

Penetrations

Pipe battens
Protective covers
Sheat hi ng

Shel ves

St owages

Vent air lifts
Vent danpers

Vent flanges

Vent screens

Vent termnals

mPeYoYolofolololololelolel oL OLONNL S,
<< <<<<<<<<<< ¥

Ft

QQQQQOQO LOOQOQQOQQ
<< <<<< <<<<<<<SOX<

Exhaust Ducting |ntakes/ Uptakes Special Estimate

Corten Lin Ft
Expansion joints Qy
Sheat hi ng Sq Ft
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SHEET METAL FABRI CATI ON

Conpl ex 3-D Assenbly Qy
Benches Qy

Bert hs Qy

Bi ns Qy
Boxes Qy

Bul k st owages Qy

Cabi net s Qy
Conmi ssary equi pment Qy
Counters Qy
Coupling covers Qy
Drawer s Qy
Dressers Qy

H nged shel ves Qy
Hoods Qy
Instal lation fixtures Qy
Ladders Qy
Lockers Qy
Louvers Qy
Primng chanbers Qy
Power & lighting panels Qy
Racks Qy
Service stands Qy

Si nks Qy

St owages Qy
Tanks Qy

Reef er Construction Special Estinmate
Reef er boxes Cubic Ft

ELECTRI CAL FABRI CATI ON

Purchased or GF Equi pment Qy

Electrical Equipnent Foundations Qv

Cabl e trays Qy
Light |egs Ky
Term nal boxes Qy
Distribution boxes Qy
Conpl ex Manuf act ured Equi prent Qy
Power Panel s Qy
Swi t chboar ds Qy
Controllers Qy
Pre-Plug Special Cable Qy
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M SCELLANEQUS FABRI CATI ON

Gating Sq Ft

St eel Sq Ft

Al um num Sq Ft

Di anond plate Sq Ft
Qperating gear material Lin Ft
Shapes Lin Ft

| -Beam Lin Ft

Angl e bar Lin Ft

Fl at bar Lin Ft

Round bar Lin Ft

Wre rope Lin Ft
Purchased for assenbly Qy

Gating assenbly Sq Ft
Qperating gear assenbly Lin Ft

Co, pul | assenbly Lin Ft

Qutfit package Special Estinmate
Label plates Qy

H = Hour P . Piece
PL = Plate FT = Foot
Ton = Long Ton (2,240 Ibs.) Lin = Linear
Sq = Square Qy = Quantity
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c. Structural Fabrication Scheduling

I'n revi ew ng schedul i ng and

mterial flow the nmost significant
factor observed was that “in-process”
materi al remai ned in gueue an

i nordinate amount of tinme in relation
to the “val ue-added” tine.

(Val ue-added time is that period of
time when work is perforned on the
interim product to increase its
value. )  The shop schedule, from the
master schedule point of view, was a
“wi ndow of tine for each unit. To

Figure V-4

control material and nanage the process
both the material and the interim
products were managed by unit. In
i dentifying interimproducts it became
evident that the flow was as shown in
[Figure VI-4] The interim products
remaining 1n queue resulted in shop
floor congestion that hanpered the
productivity of the shop. Ml tiple
flow paths and different construction
approaches for simlar products negated
any |earning curve benefits that could
have been realized based on interim
product simlarities.

Unit Fabrication Schedul e

UNIT WXYZ

TIME

WK1 WK2  WK3

COMPLEX

WK4

WK5 WK6 WK7 WKS8

3-D

SUBASSEMBLIES
SIMPLE

' N

3-D

SUBASSEMBLIES

BULKHEAD

| >

i TO QUEUE/

SUBASSEMBLIES

TO QUEUE/

CURVED PLATES

& SHAPES

FLAT PLATES
& STRAIGHT
SHAPES

WEBS & TO QUEUE/

TO QUEUE/
STORAGE

STORAGE

» KITTING/
My

STORAGE
TO QUEUE/
STORAGE

GIRDERS

STORAGE
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If a problem wth mat eri al
availability arose the entire unit
could be del ayed even though its tota
“val ue added" time in the cycle could
be short. \Wen material problenms arose
during construction, the entire unit
construction would halt for severa
weeks while waiting for a replacenent.

Figure VI-5

Wth the recognition of the interim
product/construction process relation-
ship it was possible to further sub-
divide the unit into simlar products
and schedul e the "value added” time in
the shop. Figure VI-4 was revised as
shown in|figure VI-5. |

InterimProduct Fabricati on Schedul e

UNIT WXYZ

TIME
WK1 WK2

COMPLEX

WK3 WK4 WKS WK6

WK7 WKS8

3-D

SUBASSEMBLIES IS

SIMPLE
3-D
SUBASSEMBLIES

BULKHEAD
SUBASSEMBLIES

CURVED PLATES
& SHAPES

FLATPLATES
&STRAIGHT
SHAPES

WEBS &
GIRDERS

FOUNDATIONS

Integrating interim products across
several units denonstrated that a
process |ane could be |evel-1oaded

TO NEXT
ASSEMBLY
AREA

L

based on relatively constant efficiency
rate returns fromeach of the work
centers.
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The manning | evel at an individual
work site was the major factor respons-
ible for meeting schedule needs. Wth
the refinements in the work content
measurement  approach and efficiency
rate returns it was discovered that not
only were the schedules nore accurate
but the projected manning requirements
accuracy was increased, thus allowng
shop management to nore effectively
manage the effort.

To i npl enent a schedul i ng process
using the data discussed above it was
decided to limt the effort to the
subassenbly process in the structura
fabrication shop . Thi s deci sion was
based on the reasoning that the cutting
and bendi ng operations were relatively
supportive of the subassenbly process
and were generally short term “val ue
added” activities wth fewer control
probl ens.

To neet the dynam cs of shop floor
control it was decided to provide
weekly updated schedul es that covered a
two week period. Exanples of these
schedules are shown in Figure VI-6.
These provided a realistic schedule to
each represented station in the shop.

To nmeet the nmanagenent needs for
shop manning, a three nonth schedul e
was provided. Again, each work station
I's scheduled with a total shop inte-
gration to achieve the best possible
Level - oadi ng of per sonnel . These
schedules continue to be refined as
shop usage dictates.
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SECTI ON VI
CAPP SYSTEMS EVALUATI ON

A Introduction

Further refinement of the product
and process nodel for the structura
fabrication shop resulted in a clear
definition of the factors required in
the manufacturing environment for a
Conputer  Aided Processing  Planning
(CAPP) system These factors are as
fol | ows:

0 A clear identification of
product famlies

0 A clear identification of
related processes

0 A consistent vocabul ary
0 A sinple coding schenme

0 A sinple wor k cont ent
measur enent  t ool

0 A neasurable definition of
shop process |ane capacity

0 An accurate schedul e based on
shop capacity

0 A clear identification of
required material flow contro
docunent ati on

0 An identification of data base
requirements

The work carried out to develop and
refine the interim product/process
nodel described in the preceding
sections led to the identification of
the following required output froma
CAPP system

0 A process plan for the itemto
be  manufactured based on
“product famly” character-

I stics. The  process plan
shoul d group products wth

VI -

simlar manufacturing process
requirenents in support of
process flow |l ane concepts
There may be several process
plans that presently exist in
the individual planner’s menory
or personal data. These pro-
cess plans should be accumul at-
ed and then conbined for
optimum effectiveness or com
bi ned and segregated to give
t he best conbinations for the
various scenarios that could
exist. This task will enhance
the conpl eteness of the plans
by expanding them to include
step by step sequences,

manni ng requirements, t ool
requirements, equi pnent
control  paraneters, standard
time information, t echni ca

data sources and charging
instructions.

Assenbly or construction
draw ngs or sketches for each
stage of the process. Thi s

requires t hat the  design
process be integrated with the
process plan to nmaximze the
ef fectiveness of the
designer’s output.

Raw material sorting and
kitting instructions to direct
the right pieces and parts to
the right place at the right
time. Raw material pick lists
and the daily sequencing of
raw materials into the shop
are exanples of raw naterial
requi rements out put.

Piece, part, subassenmbly and
assenbly kitting instructions
for each stage of the
process. These instructions
shoul d i ncl ude kitting
information for the shop ' s
products in support of the
maj or assenbly shops.



The
currently used to contro
mat eri al

Wrk content for each stage of
the assembly process. The
work content paraneters used
should only be at the |evel
necessary to provide the
i nformation required to
| evel -l oad the process |anes
and to provide feedback to
shop managenent for productiv-
ity rmonitoring. The  work
content  information can be
utilized al ong with t he
current efficiency rates for
determning accurate  budget
val ues and schedul e durations
that reflect current methods
and shop capabilities using a
conputer program that is a
part of the CAPP software.

A level |oaded schedule for
each of the stages in the
process. Thi s shoul d be
prepared on a short term basis
only (e.g. two week schedul e
updat ed weekly) to support the
maj or mlestone schedul e.

Weekly product status and work
station performance reports
providing clear data to shop
management . The data shoul d
enabl e shop managenent to make
short term adjustments to the
process plans to respond to
probl ems and changes occurring
on the shop floor.

manual |y prepared documents
the flow of
at the structural fabrication

shop are as foll ows:

0

Freight Packing Slip - The
packing slip received with the
raw material from the shipping

conpany.

Sorting Instruction Sheet -—
Provides instructions to the
material handlers in the plate
yard as to the sequence of

plates in each plate stack.

VIT-2

Dai 'y Sequence Sheet -
Provides instructions to the
material handlers in the plate

yard for the sequencing of
plates into the shop.

Material |ssue Requisition -
Provides information to the
material control system as to
what material has been issued
against a specific wunit or
char ge.

Material Transfer Document -
Provides information to the
material  control system to
identify material that had

been allocated to one unit or
charge but had been used on
another unit or charge.

Interdepartnent Work Order - A
request by one departnent to
provide fabricated rmateria

for another department that
does not have the capability
to fabricate the required
material within its own shop

I nterdepartment Shipping O der
- Docunent used to ship the
material on an Interdepartnent
VWrk O der

Fabri cation Shop I nterna
Shi pping Order - Docunent used
to ship |oose pieces fromthe
| ayout areas to the next work
station.

Mat erial Storage Location Form
— Docurment used by layout to
ship | oose pieces to a storage
area.

Retraction Docunent - Documnent
used to control material from
a storage area to a work
station.

Assenbl y Ordering Form -
Docunent used to request all
the pieces and subassenblies
to conplete an assenbly.



0 Left Of List List of itens
that were not installed into
an assenbly because of sone
production constraint.

0 Del i very Sheet Docunent used
to contro 1 novenent of raw
material between storage areas.

0 Pl ate/ Shape Loading Sequence
Sheets - Docunment used to |oad
a plate rack and shape rack
for  shipnent of conpl et ed

material to an assenbly site.

0 Short Range Oder Form -
Docunent used to control
shipment of material to an
assenbly site.

0 Long Range Order Form -
Docunent used by the assenbly
shops to notify the

fabrication shop of the future

material requirenents.
0 Bill of Material - A list of
all the material required for

t he
unit.

assenbly of a conplete

The required data bases identified

for a CAPP system to automatically
Supply the above lists in the
structural fabrication shop include:

0 Material Receiving Data Base
0 Shapes Location Data Base

0 Consol i dat ed Shapes List Data

Base
0 Plate Stack Data Base
0 Shop Schedul e Data Base
0 Dai |y Sequence Data Base

0 Loft Summary (Piece and Part)
Data Base

0 Paraneter Data Base

VI -

0 Efficiency Rate Data Base
0 Nest Data Base.

The proposed Consolidated Shapes
List, Data Base and Shop Schedule
Dat abase allow for conputer selection

of the "shape process lane" itens from
the Loft Summary Data Base which are
sorted by shape fabrication and/or
| ayout area. Hard copy printouts of
the data for the weekly or daily

requirenents are provided directly to

the structural fabrication shop .

Coupling this information wth the
structural shape |ocation data base
provides a pick list for the raw
material handlers. This allows the raw
material to be provided to the “shape

process |ane” area on a “just in time”
basi s. This infornmation can al so be
integrated across contracts to allow
simlar materials to be processed
concurrently.

The Plate Stack Data Base, based on
a preplanned plate storage area,
coupled with the Loft Sunmary Data Base
and the Shop Schedul e Data Base wil|
provide a pick list (Daily Sequence
Dat abase) for the raw plate material
handlers.  Again, this information can
be integrated across all contracts to
allow simlar grade and thickness
material to be processed in batches.
The nesting of parts, based on
schedule requirements, just prior to
shop fabrication can increase the
usage of standard sized plates
reduce scrap costs. The Nest Data
Base woul d need to be closely coupled
with the material charging systemto

and

support  cost charging against the
proper contracts.
The Material Receiving Data Base

provides a real tinme information source
to determne the availability for
weekly update of the |evel |oaded work
station schedul es.

t he

The devel opnent and mai nt enance of
these data bases provides consistent



data control which facilitates the
utilization of bar codes for gathering
and entering data. Bar codes for
recording charging data, naterial and
interim product identification, kit
inventorying, raw material control and
material control input information can
all be provided on the process plan and
kitting docunmentation to allow for bar
code data recording. This can increase
data input efficiency by a factor of
ten and decrease input error to nearly
zero.

G oup Technology (GT), as described
in the National Shipbuilding Research
Program report “Product Wrk Cassifi-
cation and Coding”, is an essential
element for product family identifi-
cations and for the devel opnent of a
coding system that rationalizes and
sinplifies the data base information.
Organi zing the information by common
attributes that are required by the
users limts the size of the data
bases. This organization occurs at the
various stages of design and construct-
ion. In addition, structuring the
information in a hierarchical fashion
limts the anount of data that nust be
scanned by the conputer to integrate
the information for each stage of
construction.

B. CAPP Bibliography and Abstracts

As a first step in evaluating
exi sting CAPP systens a “ CAPP
Bi bl i ography and Abstracts” report was
developed. It was used as the
know edge base in the evaluation. The
results are presented in Appendix B.

c. CAPP Evaluation Procedure

Bath Iron Wrks solicited five
potenti al CAPP system vendors (see
Appendix C) to determne their interest

level in providing a denonstration
project. The five vendors were:
0 Prime Conputer (LOCAM
0 General Electric
(CASA/ Cm
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0 West i nghouse
0 Conput ervi si on
0 Bri gham Young University

A1 vendors
expressed interest.

except  Westinghouse

Afollowup letter (see Appendix
D), which provided information on what
Bath  Iron Wrks uses to control
material flow and a systens analysis of
the structural fabrication shop, was
provided to each of the vendors.
Note: Proprietary data provided to the
vendors in this letter has been deleted
from Appendi x D.

Al'l four vendors responded that a
system neeting nost of the Bath Iron
Works output requirenments, could be
provi ded. A commopn prerequisite was
that a group technol ogy coding system
based on products that are grouped into
famlies would be required. These
fam |y groups are based on the group
t echnol ogy concept and interim
product simlarities. Prime Conputer,
General Electric and Brigham Young
University responded with proposals for
a denonstration project. The proposals
are presented in Appendices E, F and G

A procedure for
eval uati on of the
devel oped. The procedure involved
first devel opi ng wei ghted eval uation
factors for the various requirements
and then judging the proposal s agai nst

conducting the
proposal s was

these factors. The procedure and
evaluation criteria are presented in
Appendi x H

In  addition, Bath Iron  Wrks
revi ewed the U S Arny Mssile
Command’s  CAPP  system  (CMPP) for
cylindrical parts. This systemis an

extensively devel oped and inplenented
system for machine shops and is
available, at no cost, fromthe US.
Army M ssile Command. See appendi x |
for a further description of the system



D. CAPP Evaluation Results

As all proposals exceeded the
available funding, it was decided that
funds woul d be conserved to enhance the
possibility of an i npl emental ion
project as an extension of the present
effort. Consequently, the evaluation
was conducted by only the effected BIW
departnments and the cost of soliciting
other shipyards for their input was
avoi ded.

The results of this evaluation are

as follows: (See [Appendi x H | for
definitions of each of the criteria.)

0 Maj or Cat egory Vi ghti ng

Factors

A CQutput Capability 0.24

B. Vendor Support - 0.21

C. System Software 0.15

D. Shipyard Supp’'t Req'd - 0.19

E. OQher Sys Integration - 0.21

1.00

0 Subcat egory \Wighting Factors
A. CQutput Capability

A 1 Product Famly

| dentification - 0.16
A.2 Process Plan - 0.14
A 3 Schedul es - 0.15

A 4 Efficiency Rates - 0.09
A5 Raw Mat'1l Lists - 0.13
A6 Raw Mat’1l Costs - 0.04

A 7 In-Process Mattl

Li sts - 0.15

A8 Interim Product
St at usi ng - 0.14
1.00

B. Vendor Support

B.1 Consul tant Support
- 0.27

B.2 Vendor Software — 0.17

B.3 Training - 0.29
B.4 Docunentation - 0.27
1.00
System Sof t ware
C.1 Shipyard Sys Inpact
- 0.70
C. 2 Supports Bar Code
Data Collection and
Transfer 0.30
1.00

Shi pyard Support
D.1 Manpower Req’d - 0.36

D.2 Ease of Use by
Shi pyard

Per sonnel - 0

1.00

Integration Capability

E. 1 Shi pyard Conputer
Sys Integration - 0.50

E.2 Integration of CAPP
System Mdules - 0.50

1.00

The results of the evaluation of

the three proposals are as follows:

VII- 5
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Ranki ng System Score

L Prime Conputer 1.12

2. Ceneral Electric 0.86

3. Bri gham Young 0. 64
Uni versity

It is noted that the above results
are effected by the fact that LOCAM had
interfaced with BI'W personnel on
previous occasions and the evaluators
were nmore famliar wth the LOCAM
system In addition, the Ceneral
El ectric system assumed an interface
with a Mterial Resource Planning
system which would supply sone of the
required  outputs. | f the  output
available from a MRP system had been
considered in the evaluation, Ceneral
Electric’s  cASA/CAMA would probably
have scored as high as Prine Conputer’s
LOCAM A re-evaluation by other
shipyards is anticipated if additional
work in this area is undertaken.
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SECTION VI 11
PRQJECT ENHANCEMENTS

A Introduction
The use of a personal conputer (PC)

to develop schedules in the shop
pl anning office was believed to be an

appropriate appl i cation at the
begi nning of the project. It was
recogni zed early in the project
devel opnent, however, t hat the

manuf acturing data base would need to
be in place prior to such application
if areliable, accurate schedule was to
be  produced. The first potential
enhancement investigated was Project p2
schedul i ng. See |Append|x J |for a
summary descri pti omof—this—conput er
scheduling tool. It was deternined
t hat Project P2 oper at es nost
efficiently on work content budget
val ues spread over tine. The
manuf acturing data base and neasurenent
paraneters needed to be established
bef ore work content budgets could be
established in place. It was decided
that manual scheduling based on PC
mani pul ated data woul d best suit this
proj ect.

The investigators interfaced with
the other shipyard disciplines to
remain abreast of related technol ogy
advancerments and to identify standards
that would have an inpact on Conputer
Ai ded Process Pl anni ng (CAPP)
i mpl ement ati on.

B. Conputer Aided Scheduling

As discussed in Section VI, tw
types of schedul es were devel oped to
support shop nmanagenent: a two week
schedul e updated weekly, and a three
month schedule, wupdated nmonthly. To
assist in the scheduling effort, an |IBM
PC programwas installed to manipul ate
t he dat a. The program requirenents
were established as follows:
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The IBM PC software is to mmintain data elements in the data base with
a data base describing the work content data base sort requirenments as follows:
for each fabricated unit. There are 12

1. By unit/by kit in “Wld Conp”
date sequence.

Exanpl e
Ki t Mat' 1 Vel d Fi t Vel d
Uni t No. Conp* Conp* Hour s* Hour s*
421- 4330 197 6/ 01 6/ 22 48 33
198 6/01 6/ 22 53 36
199 6/01 6/ 22 67 46
422- 2020 207 5/18 6/ 22 54 35
208 5/18 6/ 22 91 59
209 5/18 6/ 22 61 40

optional colums to be available on request.

2. By type of kit/by steel and then alum nunmiby kit nunber in “Weld
Conp” date sequence.

Exanpl e

Ki t Steel/ Kit Mt 1 Weld Tot al Tot al Vel d
Type Alum No. Conp*  Conp*  Assys* Pieces* Footage* Conments

B-1 S 207 5/18 6/22 3 208 557 Sub assy
208 5/18  6/22 5 87 947 Sub  Assy
209 5/ 18 6/ 22 5 93 646 Sub assy
12 6/08 6/29 4 145 1037 Sub assy
13 6/08 6/29 7 68 666
14 6/08 6/29 3 119 1045

Avg . Assys _5 Pieces 120 Weld ft_721 # of kits_6

*Optional colums to be available on request.
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For each type of kit the total
pi eces and weld foota%f is added by the
PC software and the averages are
determined. This is selective by weld
conplete date; i.e. user enters “6/01"
and “7/28" and the averaging wll be
for this period. A subset of this is
to enter a paraneter by kit type for

pieces and weld footage and two new
colums will appear for fit hours and
wel d hours.

A check of sequential kit nunbers
is made to identify mssing nunbers;
i.e. user enters “1” and “30” and the
system woul d identify which of the kits
were not in the data base between 1 and
30, including 1 and 30. Station days
for a particular product are determ ned
by dividing the total pieces and weld
footage by the average, and nultiplying

by a station days paraneter. The
results are presented in an additional
colum titled station  days. The

programfor the IBMPC is presented in
Appendi x K.

The data devel oped by the program
is then used to manually select units
for the schedule such that the sequence
will fully utilize the manning in each
area

c. Design Standards Reconmendati on

As the fabrication processes are
examined from the production view
point, problem areas will show a need
for production oriented design
st andar ds. It is felt that these will
general ly be shipyard unique regarding
details, however, the basic concepts
are considered to be universal

The first area requiring design
standards is the frame bendi ng
operation. It was found that the

accuracy of curved shell wunits varied
significantly and, often, the curvature
was |ess than required. In tracing the
problemto its source it was found that
when frames were forned the web or the

flange would be rippled if bent beyond

a certain point. After the bending
operation the rippled pieces were
shipped to a press to flatten the web
or face plate. This frequently altered
the franes’ curvature. This suggests
that for each material and frane size
there are limting curvatures that
shoul d not be exceeded. Beyond such
limtations, built-up menbers should be
called for or other design approaches
should be followed. The same concept
applies to other materials.

The adoption of a group technol ogy
classification and coding system as
presented in the National Shipbuilding
Resear ch Program “Product Wor k
Classification and Coding”, June 1986
also dictates the devel opnent of
design rel ated nunmbering standards. It
must be kept in mnd that facilities,
processes and nethods change, and the
identifier that ties the code to a
specific process should be applied
during shop f1 oor pl anni ng and
schedul i ng. However, the identifier
applied during the design phase shoul d
provide a link to the fabrication shop
to sinplify shop planning.
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SECTION I X
COWUTER Al DED PROCESS PLANNING SYSTEM
| MPLEMENTATI ON APPROACH

A |ntroduction

The inplenentation ofaConputer

Ai ded Process Planning (CAPP) system
requires the devel opnent of a manu-
facturing data base which provides
interim product/construction process
rel ationships. The prerequisites of
such an effort are the identification
of simlar interimproduct famlies and
their related processes. Once the
interim product/process relationships
are defined, aconsistent approach in
applying the processes for producing
the interimproduct nmust be achieved.
When such consistency is achieved, the
i dentification of wor k cont ent
paraneters,  process constraints and
capacity standards can be achieved and
the accumulation of data to operate a
CAPP system can proceed. A G oup
Technology (GI) code to facilitate
retrieval of the data is, of course, an
essenti al el ement . As with any
project, the procedural steps mustbe
well planned in order for it tobe

properly  managed. of the utnost
I nportance is ensuring that the project
has a Jinited, manageabl e  scope.

Enconpassi ng too many processes or too
large a production area is asure step
towards failure.

B. Interim  Product/Process Matri x
Devel opnent
The interim Product / Process
matrices presented in Section Il are
generic in nature and can be used asa
first step. It is recommended that the
grouping of interim products into

famlies should be reviewed with both
production and engi neering departnents
to ensure full acceptance of the
matrices. The systematic gathering of
t he Production Engineering |Information
can then proceed as fol | ows:

| X-1

Detail ed Process Descriptions:
The di fferent met hods to
acconplish each of the process-
es should be described includ-
ing any paraneter data that is
pertinent to the operation.
This data is equivalent to the
“feeds and speeds” data in a
machi ne  shop . A shipyard’ s
mai nt enance shop is frequently
a val uabl e source of data, as
is the welding engineer’s
of fice. The operator is an
excel | ent source in obtaining
opi nions on the shop equip-
ments’ true capabilities.

Detailed Mterial Descriptions:

The primary source for this
information i the shop ' s
material clerk and the shop
pl anner.  Engineering personne

are also a reliable source,

however, the list of materials
should be reviewed with the
shop personnel to delete any
unique materials that the shop
is nafamliar wth. Thi
provides an automatic flag
during the planning process t
ensure appropriate procedures
are invoked twcontrol the
fabrication processes

Tooling and Process

Constraints: The predom nate
constraint often & material
handling capacity. Capacity
information is generally

available from a shipyard s
industrial engineering office
or the maintenance of fice.
Work station operators are
also an excellent sour ce,
especial ly for safety
constraints.



Wrk Content Parameters: Yard
budget ers are the primary
source for useful paraneters.
Frequently budgeters-will have
historical data that they use
in formulas for estimating the
work content of a task. These
formulas and the supporting
data can frequently be
introduced into the software
for the selected CAPP system
The identified paraneters
should be reviewed with the
shop floor supervision because
they frequently have easy-to-
use methods for determ ning
wor k cont ent and  manni ng
requirements. Bei ng t he
ultimate user of work content
paraneter data, the shop floor
supervi sor should have a mgjor
input in its selection. See
Section Vi for sanpl e
par anet ers

Efficiency Rates: The initial
col lection of data for
developing  efficiency rates
may be broad based depending
on the nethod of |abor return
collection used in the shop
The start—-up efficiency rates
will generally be Type II
| abor standards. The start-up
paraneter used for the BIW
Structural Fabrication  shop
was |inear foot of weld for
all assenbly processes. The
efficiency rate wused covered
all trades, for all processes,
from start of assenbly to
conpl etion of assenbly. As
the process | ane was
devel oped, the paraneter for
wel ders became  weld  pass
length, and for fitters it
becane fit length or number of
pieces. This decision depends
on the type of interim product.
Once the process |ane becones
est abl i shed, Type | | abor
standards can be determ ned.
Data gathering can then be

acconplished for independent
steps in the total process.
This is probably the first
area in whi ch conput er
assistance is mandatory in
order to manage the resulting
data base

0 Standard Manning Level s: The
est abl i shnent of standard
manning levels can initially
be establ i shed based on

assenbly  size. This effort
shoul d be coordinated with the
shop floor supervisors. The

data should be updated after
process |ane operations have
becone stabilized.

0 Process Lane Capacity: Usi ng
efficiency rates and standard
manning |evels, the throughput
capacity for each process can
be  determ ned. This  will
general |y result in one
process being a bottleneck for
each process |ane. These
bottlenecks can be anal yzed
and nodifications to each |ane
can be inplenented to naximze
capacity, if production output
warrants the changes. If the
bott | eneck cannot be elimn-
ated, the mnning for the
bal ance of the process |ane
must have sone flexibility to
shift personnel because the
bottleneck capacity limts the
process |ane capacity. In
addition, queue storage space
for the input and the output
of the bottleneck process will
generally be required in order
to effectively man the bal ance
of the process |ane.

c. Process Lane Devel opnent

The start-up of a process Ilane
requires that a number of preproduction
activities be establ i shed. The
following is a list of the essentia
el enents

| X-2



The matrices

The interim product/
construction process matrix to
determne which process |anes

The determ nation of the para-

meters to be used to contro
t he manni ng and schedul i ng of
the process Lanes

The determination of the work
content in the interim

products to be produced for a
period of six to 12 weeks and
related Type Il efficiency
rates to determine which |anes
will require some flexibility
to construct nore than one
type of interim product

Interim product flow networks
to determine cycle tines and
sanpl e manni ng

Process lane |ayout to
determne work and storage
area requirenents,  equi pment
| ocations and material flow

and paraneters were

described in detail in Section I X B.

The

r emai nder of

these tasks are

described as foll ows:

0

Wor k Cont ent  Measur enent

Havi ng det erm ned suitable
paraneters for each of the
interim products, t he
nmeasur enent of the wor k

content can be acconplished.
For systens such as AUTOKON
numerical control data burn
| engths and burn tine can be

supplied directly from the
system Figure IX-1 is a
sanple AUTOKON out put. For

the interim products presented
in Section C, manual determn-

ation of the paraneter quantity
is generally required. This
can best be acconplished by a
shop planner who is famliar

[ x-3

with the general processes
that occur in a shop.

Interim Product Flow Network

Section IV, D presents the
structural fabrication interim
product flow networks for Bath
[ron Wrks. As is evident,
the matrices are an expansion
of the interim product/process
matrix for each interim product
famly identified. The interim
product flow networks can be
devel oped once the basic
interim product/construction
processes relationships have
been est abl i shed. Usi ng the
wor k cont ent par anmet er
quantities and prelinnary
efficiency rates, flow

net wor ks canh be used to

sinulate production runs of
typical. interim products.
This process can identify
potenti al bot t | enecks and
indicate the areas in the
pl ant | ayout  where  buffer
storage sites are required

It is helpful to include the

preferred mnning and the
efficiency rates applicable
for each process on the
net wor k

Process Lane Layout

The nmaterial flow, as it
presently exists, wll provide
a valuable tool for determning
the layout of actual process
flow lanes. Current flow
paths that are established due
to handling capabilities and
space constraints can  be
i dentified. The process |ane
| ayout can then be devel oped
based on the current flow and
the interim  product flow
networks. It may be necessary
to first develop an ideal
| ayout and then develop the



best conprom se based on a
cost/benefit analysis of each
suggest ed rearrangenent of
equi pment and nodification of
the flow paths

It rmust be recognized that
there may be sone flexibility
required because of interim
product quantities as well as
changes necessary due to
process refinenents or inprove-
ments.  Once the process |ane
has been put in place, changes
should be controlled and

i npl enented only when anal ysis
substantiates that an inprove-
B i total . productivity
will result.

D. Scheduling |nplenentation

The shop floor is a dynamc
environnent  susceptible to equipnent
failures, material problems and manning

vari ations. The schedule must be
capabl e of adequately responding to
such  conditions. Therefore it is

recomended t hat the shop  floor
schedul e cover only a two week period
and that it be updated on a weekly

basi s. This allows the shop floor
supervi sor to manage the work at hand
and plan for the com ng week. Thi s

al so enabl es the scheduler to respond
to shop floor problens by rescheduling
probl em j obs downstream and/ or
devel opi ng appropriate work-arounds.

As presented in Section VI, Cthe
actual scheduling process is relatively
sinple once the work content is known,
efficiency rates have been established
and station nmanning levels become
stabilized. Section VI provides a
sanpl e schedul e package  for t he
structural fabrication shop.

| X
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AUTOKON QUTPUT
Cutting |nformation
Cont our Ti me Length Speed
Par t Mn: Sec Ft-1n-16 In/Mn
Cutting
Rapi d Tranverse
Mar ki ng
Remai ni ng
65 Pre-Heatings
Tot al :194: 21 519-09- 03
Raw Pl ate
Length Breadth Area Thi ck Density Vi ght
Ft-1n-16 Ft-In-16 Ft =2 | nches Lb/Ft‘3 Lb
20-00-00 7-06-00 150.000 0.394 490.012 28937.738
Used Plate_
Area Vi ght % Tot al
99. 246 1595. 671 66. 164
Start/Enc Pos. (Rel. to Lower Left Corner)
Start-U StarL-V End- U End- V
Ft-1n-16 Ft —I n-16 Ft-1n-16 Ft —I n- 16
0-00-00 0-00-00 18-08- 06 3-03-08
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SECTI ON X
CONCLUSI ONS AND  RECOMMENDATI ONS

A Concl usi ons

The introduction of Conputer Aided
process planning (CAPP) to shipyards
brings with it a structured discipline
that can result in a significant
productivity increase (10-40%. The
following summarizes the areas where
this saving can be realized:

0 The recognition of interim
product simlarities results
in a learning curve savings
t hroughout a single ship
program

0 The establishment of process
| anes to capitalize on interim
product simlarities results
in repeating processes that
can be anal yzed for process
I nprovenment through the use of
jigs and  fixtures and/ or
I nproved technol ogi es.

0 The manufacturing data from
the “value added” work sites
can be nonitored using statis-
tical control met hods to
deternmine trends 1in quality,
productivity, manning require-
ments, and the effect of new
t echnol ogi es.

0 The raw nmaterial and interim
product flow paths, whi ch
become sonewhat fixed because
of process consistency, can be
determned and analyzed to
reduce redundant noves and
I mprove safety.

0 The |l ocation of equi pnent
relative to raw material and
interimproduct flow can be
anal yzed to | mprove
productivity and safety.

The manufacturing processes
and sequencing stored in the
i ndividual planner’s nenories
can be captured and stored on
hard copy or in a data bank
and the best conbination of

the individual approaches can
be utilized in planning work.

In addition the process plans
become consistent for simlar
t asks because the individua

preferences are renoved from
the process plans.

The process plans contain
inmproved and nmore conplete
information.  The process plan
i nformation can becone simlar
to that presently provided in
machi ne shops, providing such
information as step by step
sequence, manning requirenents

tool requirenents, equipment
control parameters, tinme re-
quirenents, kitting inform
ation, technical data sources,
and charging and shipping
I nstructions.

Consi st ent data contro 1
enhances the application of
bar code technology in provid-
ing and gathering data. Bar
codes for recording charging
dat a, mat eri al and interim
product i dentification, kit
I nvent oryi ng, raw nateria
control and naterial contro
system input information can
all be provided on the process
plan and kitting documentation
to allow for bar code data
recording. This can increase
data input efficiency by a
factor of ten and decrease
input error to nearly zero.

The manuf act uring process
planner is freed from routine



clerical duties and is abhle to
concentrate on met hods
i nprovenment and cost reduction

changes to the process plans

The accuracy and consistency
of process plans for new
projects is inmproved, which
results in a higher confidence
level on the part of shop
floor supervision and |aborers.

Budgets and scheduling inform

ation are no |longer based on
“inspired guesstimtes” on the
part of the budgeter and

schedul er, but are based upon
work content neasurenent and
“real time” efficiency rate

returns that reflect current
met hods and capabilities.

Budgets and schedul es can be
conput er based using work
content - i nformation and
efficiency rates. Thus the
budgeter can spend additiona
effort to determne actua

work content and the schedul er
can spend his valuable tine
resol ving scheduling problens.

Data throughout the estimating
design and planning process
becones rel at ed. Thus , each
step in the estimating, program
planning, design and detai
planning process is a refine-
nent of the data devel oped
during the previous stage.
The tiered devel opnent of data
supports the application of
design budgets during the
design phase and enhances the
capability of a shipyard to
devel op an auditable trail of
the effect of both engineering
changes in design and methods

and process changes in
production

Process planning information
remins current due to the

f eedback |oops which result

from the structured approach
required for a CAPP system

I nvestigation of CAPP
revealed a common thread in al

syst ens
syst ens

in that a GI code is necessary to
efficiently nanage the manufacturing
data base. The National Shipbuilding

Research Program report “Product Work
C assification and Coding”, June 1986,
presents a useful approach to devel op-
ing such a code. The investigation
al so revealed that the code may include
many related attributes that may be
required for only specific stages in
t he desi gn/ pl anni ng/ manuf act uri ng
process. For instance, the functiona
attributes necessary for design
devel opnent and custoner approval are
not necessary for fabrication and
installation but nmay be necessary for
system activation and testing. Thus
the identifier carried by a product
need only include el ements to provide
traceability through the manufacturing
process. Portions of the code nmay be
added or deleted at each stage. It
also becane apparent that process
related attributes should be added as
far downstream in tine as data
processi ng/ schedul i ng will al | ow.
Thus , it will be possible to react to
the dynam cs of shop floor problenms and
changing production requirenents.

The code string expands based on
the “first-touch” concept. Thi s means
that the first person in the process to
logically require or identify a data
string adds the related data to the
interim  product identifier. The
conputer software then operates only on
that portion of the data string that is
required for the process or stage for
whi ch the docunment is being provided.

Revi ew of the conmercially
avai |l abl e CAPP systens reveal ed that
the systems advertised had a w de range
of sophistication from sinple word
processing manipulation of  existing
process plans to those that provide all
of the recognized outputs in sone



form  The nore sophisticated systens,

such as General Electric Conpany’s
CASAN CAMA, tended to rely on other
related progranms to provide the
necessary output , such as a Material
Resource  Planning  System Wher eas

others, such as LOCAM had the option of
being a unique, stand alone system It

can definitely be concluded that there
are commercially avail able CAPP systens
that can be applied to the shipbuilding
i ndustry w thout having to develop a
unique set of  specifications and
software. This is due in large part to
the generic approach used in the basic,

comerical CAPP software.  Section 4.7
of the National Shipbuilding Research
Progranmis “product Work Cassification
and Coding”, June 1986, presents the
D-dass approach to a shipyard CAPP
system  Appendix E presents the LOCAM
appr oach. Bot h approaches capture, in
a data base, the nanufacturing logic
presently contained in the mnds and
“little black books” of planners and

manuf acturing engineers. Use of the
conputer and this decision |ogic, can
now devel op consi stent, conpl ete,

process plans.

The CAPP systemis best illustrated

in[Figure X-1|
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Desi gn/ schedul e/ manuf act uri ng data
is integrated through the use of CAPP
system software to devel op a process
plan for each interim product. The
results of the process plan are
gat hered and used to update the data
base and to provide information for

management action controlling t he
processes and providing additiona
feedback to the data base. The

approach for each shop is identica
with only the data base informtion
changi ng, based on the parameters
required by the interim products.

The cost of a CAPP denonstration
project was found to exceed the
$20, 000. 00 projected in the original
proposal . Consequent |y, the funds
originally earmarked  for such a
dermonstration have not been used, these
funds can be carried over into an
i npl enmentation project as presented in
the following recomendations

B. Recommendations

The devel opment of the structured
data base information required for a
CAPP system can be very beneficial to a
shipyard as presented in the previous
section.  Although the actual approach
taken by a shipyard for devel opi ng such
a data base nmay vary, the basic
framework presented in Section IX
shoul d be foll owed.

To further this project it is
recommended that the SF-4 panel of the
Society of Naval Architects and Marine
Engineers fund a limted inplenentation
project to denonstrate the useful ness
of a currently operating CAPP systemin
the shipyard environnent.

The project shoul d include:

0 The autonated devel opnent of
Type | tine standards for a
structural  fabrication  shop .
(See  Section VIl for the
description of a Type I tine
standard.) The “MOST" data

devel oped during the various
National Shipbuilding Research
Program reports on  "Wrk
Managenent” will be used where
applicabl e

The generation of GI Codes for
t he structural fabrication
shop .

The generation of  process
pl ans simlar to t hose
presented in Appendix L using
a variant process planning
system

The generation of  process
pl anni ng docunents to support
process lanes in a structura
fabrication shop.

The publishing of a report
docunenting the results of the
i npl enentation project and a
projection of expected savings
for the inplenmentation of a
CAPP  system throughout t
shi pyard.
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FOREWORD

The purpose of this standard is to assist In achieving
increased discipline in contractors’ work neasurenment prograns
with the objective of inproved productivity and efficiency in
contractor industrial operations. Experi ence has shown that
excess manpower and lost tinme can be identified, reduced, and
conti nued nethod inprovenents nade regularly where work neasure-
nment prograns have been inplenmented and conscientiously pursued.

Active support of the program by all affected |evels of
managenent, based on an appreciation of work neasurenment and its
objectives, is vitally inportant. Wrk Measurenent and the
reporting of |abor perfornmance Is not considered an end in itself
but a neans to nore effective managenent. Understanding the
inmplication inherent in the objectives of the work measurenent

program will pronote realization of its full value. It is inpor-
tant that objectives be presented and clearly denonstrated to all
personnel who will be closely associated with the program

The following are benefits which can accrue as a result of
the enploynment of a work measurenent program

(a) Achieving greater output from a given anount of
resour ces.

(b). Qbtaining lower unit cost at all |evels of produc-
tion because production is nore efficient.

(c) Reducing the ampount of waste tine in performng
oper ati ons.

(d) Reducing extra operations and the extra equipnent
needed to perform these operations.

(e) Encouraging continued attention to nethods and Pro-
cess anal ysis because of the necessity for achieving inproved
per f or mance.

(f) Inproving the budgeting process and providing a

basis for price estimating, including the devel opment of
Covernnent Cost Estinmates and should cost analyses.

(g) Acting as a basis for planning for |ong-term nman-
power, equipnent. anti capital requirenents.

(h) Inproving production control activities and deliv-
ery time estimation.
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(i) Focusing continual attention on cost reduction and
cost control.

_ (Jj) Helping In the solution of layout and naterials
handl i ng problens by providing accurate figures for planning and

utilization of such equipnent.

(k) Providing an objective and neasured base from
whi ch managenent and |abor can project pfecework requirenents,
earnings and performance incentives.

Wiile recognizing the benefits that may nornmally be expected
from the requirenment for a work neasurenment system it is DOD
Policy to selectively apply and tailor standardization docunents
to ensure their cost-effective use in the acquisition process.
Each program office should carefully consider, within DOD and
Service guidelines, benefits and costs of inposing M L-STD 1567
on each specific acquisition. Contractors may propose docunent
application and tailoring nodifications with supporting rationale
for such nodifications.

The DOD Is committed to devel opnent and coordination wth
Industry of detailed application guidance to acconpany
M L- STD- 1567. The purpose of this guidance is to provide non-
contractual information on when and how to use the docunent, the
source of and flexibility inherent within specific docunent
requi rements, information on what is required to satisfy docunent
requirements, and the extent of Government review and aPproval.
The guidance is intended to pronote consistency in application
and interpretation of ML-STII-1567 requirenents. Until this
gui dance can be issued in the form of an “Application Quidance”
appendix to ML-STD 1567, or In a separate MIlitary Handbook, the
foll owi ng applies:

(a) Use and correct application of appropriate predeter-
mned tinme systens can be assuned to satisfy CGovernnment require-
nments for system accuracy.

(b) The contractor and the CGovernnment are encouraged to
come to an early agreenent (possibly in the form of a Menorandum

of Understanding) of what constitutes an acceptable system
satisfying the intent of this standard.

(c) Care should be exercised in the use of a work
nmeasurenment system to ensure that the overall intent is not |ost.

Managenent understanding and attention to the manufacturing ciro-
cess is necessary for increased productivity. wor k  rmeasur enrent
provi des one of the tools; however, misuse could result in
reduced workforce notivation and productivity.
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Feedback on the success or difficulties encountered (benefits
and costs) In the application of this standard on specific
contracts is encouraged. Contractor/industry and Governnent
experience should be forwarded to the address indicated on

page ii.
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M LI TARY STANDARD
WORK  MEASUREMENT

1. SCOPE

1.1 Purpose. This standard requires the application of a

di sci plined work neasurenent program as a mnanagenent tool to

i nprove productivity on those contracts to which it is applied.
It establishes criteria which nust be net by the contractor’s
wor k neasurenent prograns and provides guidance for inplenen-
tation of these techniques and their use in assuring cost effec-
tive devel opnment and production of systens and equi pnent.

1.2 Applicability. This standard is applicable to new follow on
contracts, including nodifications, as shown in paragraphs 1.2a,
|.2b, 1.2c and 1.2.1 below. The dollar thresholds indicated are
to be based on the current Five Year Defense Program (FYDP)

budget subm ssi ons.

a. Full-scale acquisition program devel opnents which
exceed $100 million.

b. Production, which may include sone types of depot
| evel maintenance repair or overhaul, that exceeds $20 mllion
annually or $100 mllion cunulatively. It shall not be applied
to contracts or subcontracts for construction, facilities, off-
the-shelf comodities, tinme and materials, research, study, or
devel opnments which are not connected with an acquisition program

c. This standard is not applicable to ship construc-
tion, ship system contracts which have |ow volune non-repetitive
production runs, or service-type contracts.

1.2.1 Subcontracting. When this standard is applied to prinme
devel opnent or production contracts, it shall also be applied to
rel ated subcontracts and/or nodifications which exceed $5 nmillion
annually or $25 mllion cunulatively. If it is determned by the
prime contractor that such application is not cost effective or

i nappropriate for other reasons, the prinme contractor may request
the Governnent to waive the specific application. Requests for
wai vers shall be supported wth the data used to nake the deter-
m nati on.

1.3 Contractual Intent. This standard requires the application
pf a docunented work neasurenent system This standard further
requires that the contractor apply procedures to naintain and
audit the work nmeasurenent system It is not the intent of this
standard to prescribe or inply organization structure, managenent
nmet hodol ogy, or the details of inplenentation procedures.
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1.4 Convective Actions. When surveillance by the contractor or
the Governnent discloses that the work neasurenent program does
not neet the requirenents of this standard, a plan shall be ini-
tiated to expeditiously assure that corrective neasures shall be
i npl enrented, denonstrated and docunented. The contractor’s
system is subject to disapproval by the CGovernnent whenever it
does not neet the requirenents of this standard.

1.5 Docunentation. The work neasurenent program shall include
sufficient docunentation to assure effective operation of the
program and to provide for internal audits as required by

par agraph 5. 14. Docunentatl on shall specifv organizational
responsibilities, state policies, and provide operational proce-
dures and instructions. The results of contractor system audits
and plans for corrective actions shall be nade readily available
to the Governnment for review.

2.  REFERENCED DOCUMENTS.

Not Applicable
3. DEFI NI T1 ONS.

3.1 Actual Hours. An anount determ ned on the basis of tine
incurred as distinguished from forecasted tine. | ncl udes st an-
dard tinme properly adjusted for applicable variance.

3.2 Earned Hours. The time in standard hours credited to a

wor ker or group of workers as the result of successfully
conpleting a given task or group of tasks: usual Iy cal cul ated by
summ ng the products of applicable standard tines multiplie by
the conpleted work units.

3.3 Labor Efficfency. The ratio of earned hours to actual hours
spent on sane increnents of work during a reporting period. When
earned hours equal actual hours, the efficiency equals 100%

3.4 Methods Engi neering. The anal yses and design of work

nmet hods and systens, including technological selection of opera-
tions or processes, specification of equipnent type, and |oca-
tion.

3.5 Operation Analysis. A study which enconpass all those pro-
cedures concerned wth the design or inprovenent of production,
the purpose of the operation or other operations, inspection
requi rements, materials used and the manner of handling material,
setup, tool equipnment, working conditions, and nethods used.

3.6 Predetermned Tine System An organi zed body of infor-
mation, procedures and techniques enployed in the study and

eval uation of manual work elenents. The system is expressed in
terms of the notions used, their general and specific nature, the
conditions under which they occur, and their previously deter-

m ned performance tines.
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3.7 Realization Factor.

(a) A ratio of total actual I|abor hours to the stan-
dard earned hours.

(b) A factor by which labor standards are nultiplied
when devel opi ng actual/projected manhour requirenents.

3.8 Subcontract. A contract between the prine contractor and a
third party to produce parts, conponents, or assenblies in accor-
dance with the prinme contractor’s designs, specifications or
directions and applicable only to the prine contract.

3.9 Touch Labor. Production |abor which can be reasonably and
consistently related directly to a unit of work being manufac-
tured, processed, or tested. It involves work affecting the com

position, condition, or production or a product; it may also be
referred to as “hands-on |abor” or “factory I|abor.”

NOTE: As used in this standard, touch labor includes such func-
tions as machining, welding, fabricating, setup, cleaning,

pai nting, assenbling, functional testing of production articles
and that l|abor required to conplete the nmanually-controlled pro-
cess portion of the work cycle.

3.10 Touch Labor Standard. A standard tine set on a touch | abor
operati on.

3.11 Type | Engineered Labor Standards. These-are standards
est abli shed using a recognized technique such as tine study,
standard data, a recognized predetermned time system or a com
bi nation thereof to derive at |east 90% of the normal tinme asso-
ciated with the |abor effort covered by the standard and neeting
requi renments of paragraph 5.1. Wrk sanpling may be wused to
suppl enent or as a check on other nore definitive techniques.

3.12 Type |1l Labor Standard. Al [labor standards not neeting
the criteria established in paragraph 5.1.

3.13 Standard Tine Data. A conpilation of all elenents that. are
used for performng a given class of work with normal el enental
tine values for each elenent. The data are used as a basis for
determining tine standards on work simlar to that from which the
data were determ ned.

3.14 Touch Labor Normal/Standard Tine. Nornmal time isthe tine
required by a qualified worker, to performa task at a nornal
pace, to conplete an elenent, cycle or operation, using a

prescri bed nethod. The personal, fatique and unavoidable delav
al l onance added to this normal tinme results In the standard tine.

3.15 (peration. (1) A job or task consisting of one or nore
work elenments, normally done essentially in one |Qation; (2) The
| owest |evel grouping of elenental tines at which PF& all owances
are applied.
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3.16 Elenent. A subdivision of the operation conposed of a
sequence of one or several basic notions and/or machine or pro-
cess activities which is distinct, describable and neasurable.

4. GENERAL  REQUI REMENTS.

4.1 Cenera!. M ni mum requi renents which nust be nmet in the
I mpl enentation of an acceptable work neasurenment program are:

a. An explicit definition of standard time that shall
apply throughout the jurisdiction of work neasurenent.

b. A work neasurenent plan and supporting procedures.

c. A clear designation of the organization and per-
sonnel responsible for the execution of the system

d. A plan to establish and maintain engineered |abor
“standards to known accuracy.

A plan to conduct nethods engineering studies to
i nprove operations and to upgrade Type Il |abor standards to Type
Engi neered Labor Standards in accordance wth requirenent of
par agraph 5. 4.

f. A defined plan for the use of |abor standards as
an input to budgeting, estimating, production planning, and
“touch labor" performance eval uation.

g. A plan to ensure that system data is corrected
when | abor standards are revised according to paragraph 5.11
bel ow.

5. SPECI FI € REQUI REMENTS.

5.1 Type | EngineeOred Labor Standards. Al Type | standards
must reflect an accuracy of +10% with a 90% or greater confidence
at the operation |evel. For short operations, the accuracy

requi rement nmay be better net by accunulating small operations
into super operations whose tines are approximately one-half
hour. Type | standards nust include:

a. Docunmentation of an operations analysis.

b. A record of standard practice or nethod followed
when the standard was devel oped.

c. A record of rating or |Ileveling.

d. A record of the standard tinme conputation
i ncluding allowances.

e. A record of observed or predetermned time system
time values used in determining the final standard tine.
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5.1.1 Predetermined Tine Systens. It is not the intent of this
Mlitary Standard to challenge the accuracy of those predeter-
mned time systens whose inherent accuracy neets the requirenents
of paragraph 5. 1. However, when a predetermned tinme system is
used, it shall be incunbent on the contractor to denonstrate to
the Governnent that the accuracy of the original data base has
not been conprom sed in application or standards devel opnent.

5.2. Qperations Analysis. Qperations analysis is considered an
Integral part of the devel opnment of a Type | Engineered Labor
Standard. An operations analysis shall be acconplished and
recorded prior to the determnation of a Type | standard; and in
the inprovenent of established |abor standards.

5.3 Standard Data. The contractor shall take full advantage of
avai l able standard tine data of known accuracy and traceability.

5.4 Labor Standards Coverage. The contractor shall develop and
i npl emrent a Wbrk Measurenent Coverage Plan which provides a tine-
phased schedule for achieving 80% coverage of all categories of

touch l[abor hours with Type | standards. (See 3.9, Touch Labor.)

5.4.1 Cost Trade-off Analysis. The Work Measurenent Coverage
Plan shall be based on cost trade-off analyses which consider the
status and effectiveness of the contractor’s existing work

nmeasur ement program

5.4.2 Initial Coverage. Type Il Standards are acceptable for
initial coverage. Al'l Type |l standards shall be approved by the
or gani zati on(s) responsi ble for establishing and inplenenting

wor k neasurenent standards and estimating when Type | Standards

have not yet been devel oped.

5.4.3 Upgrading. The Wrk Measurenment Touch Labor Coverage Pl an

shal | provide-a schedule for upgrading Type Il to Type |
St andar ds.
5.5 Leveling/Perfornance Rating. Al tine studies shall be

rated using recognized techniques.

5.6 Allowances. Allowances for personal, fatigue, and una-

voi dabl e del ays shall be devel oped and included as part of the

| abor standard. Al owances should not be excessive or incon-
sistent with those normally allowed for |ike work and conditions.

5.7 Estimating. The contractor’s procedures shall describe how
touch |abor standards are utilized to develop price proposals.

5.8 Use of Labor Standards. Labor standards shall he used:

5.8.1 Budgets, Plans, and Schedules. As an input to devel opintg
budgets, plans and schedules, when avail able.
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5.8.2 Touch Labor Hours. As a basis for estinating touch |abor
hours when Issuing changes to contracts and as a basis for esti-
mating the prices of Initial spares, replenishnent spares and
fol | ow-on production buys, when avail able.

5.8.3 Measuring perfornmance. As a basis for measuring touch
| abor perfornmance.

5.9 Realization Factor. When | abor standards have been nodified
by realization factors, major elenents which contribute to the
total factor shall be identified. The analysis supporting each
el ement shall be available to the Governnent for review.

5.10 Labor Efficiency. A forecast of anticipated touch |abor
efficiency shall be used in manpower planning, both on a |ong-
range and current scheduling basis.

°5.11 Revi si ons. Labor-standards shall be reviewed for accuracy
and appropriate system data revision nade when changes occur to:

a. Methods or procedures
b. Tools, jigs, and fixtures
c. Wrk place and work | ayout
d. Specified materials
e. Wrk content of the job
5.12 Production Count. Wrk units shall he clearly and

discretely defined so as to cause accurate neasurenent of the
work conpleted and shall he expressed in ternms of conpleted:

a. BEnd itens
b. Qperations
c. Lots or batches of end itens

5.12.1 Partial Credit. I n those cases where partial production
credit is appropriate, the work measurenent procedures shall
define the nmethod to he used to permt a tinely and current pro-
duction measure.

5.13 Labor Perfornmance Reporting. The contractor’s work

measur enent program shall provide for periodic reporting of |abor

performance. The report shall he preparerd at |east weekly for

each York center and be summarized at each appropriate managenent
levl; it shall indicate |abor efficiency and conpare current
results wth pre-established contractor goals.
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5.13.1 Variance Analysis. Labor perfornmance reports shall be
reviewed by supervisory and staff support functions. Wen a
significant departure from projected performance qoals occurs, a
formal witten analysis which addresses causes and corrective
actions shall be prepared.

5.13.2 Report Retention Performance reports and rel ated
variance trend anal yses shall be retained for a six-nonth period.

5.14 System Audit. The contractor shall use an internal review
process to nonitor the work nmeasurenent system This process
shall be so designed that weaknesses or failures of the system
are identified and brought to the attention of managenent to
enable tinely corrective action. Witten procedures shal
describe the audit techniques to be used in evaluating system
conpl i ance.

5.14.1 Scope of Audit. The audit shall cover conpliance wth
the requirenments of this standard at |east annually. The audit,
based upon a representative sanple of all active |abor standards
and work neasurement activities, shall determ ne:

a. The validtty of the prescribed method and the
accuracy of the l|abor standard tinme values as validated against
the data baseline.

b. percent of coverage by Type | and Type Il |abor
st andar ds.

C. Ef f ecti veness of the use of |abor standards for
Pl anni ng, estimating, budgeting, and scheduling.

d. The tineliness, accuracy and traceability of pro-
duction count reporting.

L The accuracy of |abor performance reports.

f. The reasonabl eness and attainnment of efficiency
goal s established.

g. The effectiveness of corrective actions resulting
from variance; anal yses.

5.14.2 Audit Reports. A copy of the audit finding shall be
retained in conpany files for at least a two-vear period and
shall be nade available to the Governnent designated represen-
tative for review upon request.
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“A Conpl ex Conputer-Ai ded Process Planning and Optim zation
for Machine Production”

R Kyttner, N Shtcheglov and A Kimel
Technical University, Tallin (USSR)

SME Techni cal Papers (1979).

"A generalized technol ogical process optimzation schema for
Conput er- Ai ded Process Planning (CAPP) systens is described.
The part-famly oriented CAPP data base is designed. A
speci al language to specify the user’s requirenments for the
CAPP system and a universal interpretative technol ogical
processor are proposed for an efficient inplenmentation of
the CAPP System”

“A Conputer-Aided Tolerance Control System (CATQ)”

Rashpal S. Ahluwalia, Chio State University
Andres V. Karolin, General Mtors

Journal of Manufacturing Systems (1984), Volume 3, No. 2,
Pages 153-160.

“Conputer wutilization in manufacturing systems is in-
creasing at a rapid rate. Devel opnents thus far have

been diejointed. Mch work needs to be done in the area

of ir:egrating Conputer-Aided Design and Conputer-A ded
Manufacturing (CAD)CAM. Tolerance control is an inportant
conponent in the integration of CAD and CAM  Selection of
design tolerances affects the buildability of a product.
The selection of manufacturing processes and sequence of
processes affects process tolerance stacking. Unexam ned
process tol erance stacking leads to scrap and rework. A
Conput er- Ai ded Tol erance Control (CATC) system is presented
in this paper. This systemis based on the tolerance chart
technique. The CATC systemis interactive and uses conputer
graphics for information display. The system can be used
for Conputer-Aided Process Planning (CAPP) and for CAD/ CAM
integration."



A Lolputer- Lritegrateg fanurdacLuring Sysctem ror thne

T

Metalworking Industry

Jose M Pinte, Research Centre of the Bel gian Metal - Wrking
I ndustry, Heverlee, Belgium

“A rapid and accurate information flow between all com
pany divisions is the main condition for an efficient
manufacturing process. This paper describes an integra-
ted manufacturing system for the nechanical industry. It
is based .on a unique and clearly defined data structure
and information processing mainly occurs automatically.
The main characteristics are: the general integration
aﬁproach, including design, process planning function,

Ich has been highly automated; and the use of a genera
nornal i zed data base system (CODASYL) for the managenent
of all data (geonetrical and non-geornetrical).”

“A CGeneral and Flexible System for Information Handling and
Deci si on Maki ng”

Jorgen Jorgensen, CIM Consulting, APS
Leo Alting, Technical University of Denmark

SME Techni cal Papers (1984).

“Establishment of the information structure and handling
of information, including initiation/flow of technica
information, capture of existing knowhow, and retrieval/
utilization of information to support planning and decision
making in various functions and engineering analysis, are
maj or prerequisites for rationalization of an industria
enterprise and for an effective introduction of CAD/ CAM
and M D CLASS TMis a multipurpose tree processor
with a high level tree definition/application progranmmng
| anguage, which can handle and support general inportant
industrial functions. Exanples of D CLASS TM as a basic
software tool are described, including selection of parts
equi prent and other types of inventory, generative process/
assenbly planning, and truly integrated and automated
CAD/ CAM application systems.”



“A Know edge-Based Approach to Generative Process Planning"

R H Phillips, University of Illinois, Chicago, Illinois
C. B. Mul eeswaran, Sienens Research and Support, Incorporated,
Princeton, New Jersey.

“Thi s paper describes a research effort to solve a real
world problem using Artificial Intelligence (Al) concepts
and know edge based reasoning techniques. A prototype of

a know edge based expert system for manufacturing process
planning is described. The system derives part geometry and
other related information from a Conputer-Ai ded Design (CAD)
data base in the formof a descriptive |anguage, and pro-
duces a detailed process plan to manufacture the part. The
paper discusses the Ar approach used, the concepts utftfzed
to encode manufacturing logic in conputers, the synmbolic
representation of mechanical parts, and the research
contribution to Conputer-Integrated Manufacturing (CIM.”"

“A Managenent Overview of G oup Technol ogy"

Al exander Houtzeel and Carl S. Brown
Organi zation for Industrial Reseach, Incorporated

SME Technical Papers (1982).

Increasingly, batch manufacturers are investing in CAD CAM
technol ogy to inprove productivity. A comon approach is
to purchase stand-alone systens to perform specific tasks.
However, isolated systens cannot reflect the inpact of one
activity or department on another, or take advantage of a
conpany’s total store of experience. Integration is the key
to realizing the full potential of conputerization. Goup
Technol ogy, classification and coding are the tools neces-
sary to integrate CAD and CAM  Because the inplenentation
of an integrated systemis a conplex, inter-departnental
task, it is necessary that top managenent understand and
gui de the process.”



"A Review of Conputer-Aided Process Planning Systens”
J. D. Burgess, Swinburne Institute of Technol ogy
SME Techni cal Papers (1984).

“Current manual process planning methods lead to incon-
sistent process planning with resulting manufacturing
inefficiencies. Conputers are being used to assist the
process planner. Current conputer process planning sys-
tens are based on variant process planning techniques and
use a coding and classification systemto extract standard
process plans. Artificial Intelligence and expert know edge
conputer systenms techniques are being explored to use genera-
tive process planning techniques for even greater efficiency.
Sone expert know edge systems are currently being tested but
are not yet suitable for comercial use."

“A Review of Conputerized Machinability Data Base Systens"

P. Bal akrishnan and M F. DeVries
University of Wsconsin, Madison

Proceedi ngs (1982), Volume 10, Pages 348-356.

“Conputerized machinability data base systens are surveyed
Sone two dozen systens were identified, their basic features
characterized. Cassification of system types, areas of
application, data structure, output capabilities, and pro-
cessing logic are anong the details which were conpared
Techni ques used by the various systens to obtain recomended
or optinum cutting conditions were analyzed. Integrated
machi nabi l ity systens in automated process planning schemes
and numerical control programmng |anguages were identified
and their suitability for use in conputer-integrated manu-
facturing facilities discussed. Limtations of the existing
systens are noted and areas where further work is needed to
enhance the reliability and suitability of these systens for
use in automated manufacturing are suggested.”



“A Software Library for the Design and Optimzation of
Conmputer-Integrated Manufacturing Systens”

Dr. Paul G Ranky, Trent Polytechnic
SME Technical Papers (1984).

“Since the heart of advanced manufacturing systens is

the distributed processing environment enploying conputer
networks and sophisticated software, the author has created
“the FMS software library” with the aim of providing nodul ar
software tools and turnkey conputer programs for designing,
simul ating, controlling, inplementing, testing and main-
taining FMS and CIM systens. The paper gives an overview
of this growng library, witten in PASCAL and capabl e of
running on over 30 different mcro, mni, and mainfrane
computers, as well as discussing the FM5S and robot main-
tenance and the three dinmensional robot test programin
nore detail.”

“A Strategy for Inplementation of H erarchical Control of CIM
Forrest C. Gale, Defense Systems Managenent College
SME Technical Papers (1984).

“Hi erarchical control architecture provides a unifying
framework for the inplenmentation of in-situ automation in
existing functionally diverse process operations. Further
hi erarchical control schema may offer the closest approach
yet devised to an integrated theory of manufacturing because
of the underlying structural enphasis on the manufacturing
system functions of communication and control. This paper
offers a strategy for inplenentation of hierarchical control
of 23 geographically and operationally unique industrial
operations all managed by one organization. System and
attribute nodels of the resultant conplex are devised and

di scussed as is the operation of the industrial engine thus
devi sed.”
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“A System of Conputer-Aided Process Planning for Mchine Parts"

Dr. K H Tenpelhof and Oto V. Cuericke
Techni sche Hochshule (GD.R)

SME Technical Papers (1979).

“In this paper an Autotech-Programme System is discussed for
the conputer-aided planning of manufacturing processes for
typi cal nmachine parts, such as shafts, flanges, housings
etc. The structure of the system i.e., its subdivision
into a basic system and a frame system and its building-up
from process nmodul es are described. The possibilities and
advantages of its application in the machine tool industry
are shown. The exanple used is a large nachine tool manu-
facturing plant.”

“A Today's Look at the Automated, Integrated Factory of
Tonor r ow'

Robert L. Vaughn, Lockheed Mssiles & Space Conpany, I nc.
SME Techni cal Papers (1983).

“This paper will discuss current conpany activities in
areas that influence the "automated integrated factory”

of tonorrow. Conputers have already integrated engineering
and manufacturing functions including design, tool design,
planning, facilities layout, fabrication (NC, DNC, CNC) and
inspection. Satellites have tied together this information
to the mainframe conputers of all corporate conpanies so as
to act as one. Productivity factors of 39:1 are now being
realized. Costs, machine performance and other pertinent
information is tied together with a data base managenent
information system to allow real adjustment in product

flow.  Robots with eyes, and soon with sensitive hands

are integrated into devel opment. Wrkers talk to the
conputer while production is progressing and the auto-
mated nmaterial storage and retrieval system fills orders.
Thousands of parts are being designed and manuf actured
without drawings. Tomorrow s factory is here today.”



"An Aerospace CIM Systent
Editorial Staff, Mnufacturing Engineering

Manuf acturing Engineering (1983), Volume 91, No. 4,
Pages 67-68.

“The Ceneral Electric Aircraft Engine Business Goups’'s
Computer-Integrated Manufacturing (CIM system is described.)
The systemis conprised of a network of several conputerized
manufacturing operations at three General Electric Plants
The system features direct nunerical control, CADCAM and
Conput er - Al ded Process Pl anni ng

“An Approach for Solving the CIM Gap Probl enf

John Harried, LSF Automation, Limted, M. Cenens, Mchigan

Sanuel B. Holcman, Conputer & Engineering Consultants, Limted
Sout hfield, M chigan.

“Large scale factory automation requires the integration
of mcroconputer technology at all levels of the plant
hierarchy. At present, a CIM gap exists between the
managenent _ deci sion support systems at the MS |evel and
the factory floor Ievel where the “intelligent” controller
and snmall mcroconputers reign. This paper describes one
approach for solving the CIM gap problem this approach is
based on conbining color graphics man-nmachine interfaces

f eedback control and MAP technol ogy to achieve production
monitoring and supervisory control at the workstation,

cell and area nanagenent hierarchal |evels. Enphasis is
placed on control system architecture and MAP application
interfaces .*

I1-7



“An Approach to CAPP Cost Justification”
Wl liamD. Cochran, Garrett Turbine Engine Conpany
SME Techni cal Papers (1984).

“There are different methods to analyze and justify costs
and benefits of a Conputer-Aided Process Planning System

Di scussed is one approach to justify cost of a CAPP system
Tool s used for analysis are Goup Technol ogy and production
flow analysis."”

“An Approach to Conputer-Integrated Manufacturing at Brigham
Young University”

Dr. Dell K Alen and Paul R Smth
Bri gham Young University

SMi Technical Papers (1983).

“Comput er-ntegrated Manufacturing is being approached

on both the conceptual |evel and the experinental |evel
Manuf act uring has been defined to include all activities
within the enterprise. Mnufacturing activities have been
classified and analyzed to identify basic functions to be
performed. Data elenments are being defined for supporting
comon and distributed data bases. The systems engineering
integration model includes coordination, planning, scheduling
and control of various activities and processes. An eight-step
integration approach is being followed for creating hardware
and software to be used in a fully integrated mnilab for
research, teaching, and sinulation purposes.”



"An Award - Wnning CIM Systent
Editorial Staff, Mnufacturing Engineering

Manuf act uring Engineering (1983), Volume 90, No. 2, Pages
49-50.

“The CIM system of the Ingersoll MIling Machine Conpany,
the 1982 CASA/SME Lead Award Wnner, is described. The
systemis used to process both business and manufacturing
information using an |BM 3033U conputer that handles 121

al phanuneric and 30 graphics termnals and manufacturing
equi pnment.  CGeorge Hess, Ingersoll Vice President of Systens
and Planning, outlines the key conponets and processes of
the system”

“An Integrated G oup Technol ogy Prograni
W Stephen Bucher, General Electric Conpany
SME Technical Papers (1979).

“The armanent systens department of General Electric Conpany
inihiated a fully integrated Goup Technol ogy Program in

May of 1978. The objectives were to devel op systens in both
engi neering and manufacturing that would exploit the simlar-
ities of parts. ASD S program involves the tailoring of the
M CLASS code and software through a rigorous analysis effort.
Al'though payoff was not predicted until 1981, several opera-
ting systems are already utilizing the GT.. code and retrieval
programto generate documented savings. Future plans call
for the inplenentation of a Conputer-Ai ded Process Planning
Program and interfacing classification and coding to the
interactive graphics system”



e *An Integrated Process Architecture for Aircraft
Remanuf act uring”

Forrest C. Gale, Defense Systems Management Col | ege
SME Techni cal Papers (1983).

"The Navy organic aircraft remanufacturing conplex is
conprised of six large, geographically dispersed high

t echnol ogy production sites enploying nore than 26,000
personnel . This paper characterizes these unique and
diverse operations, their enbedded industrial processes,
process el enents, process flows, and the attendant pro-
cess technologies. A newideal state process flow and
t opol ogi cal structure is postulated for the “aircraft
depot of the future", utilizing a flexible hierarchica
control architecture and an integrated support systems
approach unique to this class of industrial operation
System design characteristics of the resultant produc-
tion engine are described in detail, as in an arch-type
attributes nodel for the resultant process conplex.”

“An Integrated System UiLizing Solid Mdeling Techniques
for the Design and Manufacture of Mechanical Parts”

Harry E. Davine, General Electric Conpany
Proceedi ngs (1982).

“An integrated CAD/CAM system is used for the design and man-
ufacture of conplex nmechanical parts. A significant element of
this integrated systemis the use of solid nodeling software.
The system involves the design, analysis (thermal, structural,
mass properties), docunentation, numerical control programmi ng,
process planning, and assenbly disciplines utilizing a conmon
data base. Software and hardware, the integration of engineer-
ing and manufacturing functions, and the advantages offered
by utilization of solid nodeling techniques are discussed in
detail. Exanples of applications in addition to the engineer-
Ing design and anal ysis disciplines include facility planning
for amlitary training installation, process planning for
conpl ex parts of a shipboard weapons system and operat or
aids for sequential nmachining operations on |arge castings.”
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“An Qpen Loop Adaptive Control Methol ol ogy”

W J. Zdeblick, Metcut Research Associ ates
R E. DeVor, University of Illinois

Proceedi ngs (1979), Volume 7, Pages 300-306.

“An approach to macroeconom ¢ analysis for process planning
of machining operations termed, “QCpen-Loop Adaptive Control
(OLAC)" is detailed. This approach shows that econonic
savings are made by recognizing the systematic effect tool
wear has on process performance measures such as surface
finishes and selecting cutting conditions over the tool
change interval. The basic structure of a Long Run Cost
(LRC) Model is summarized. Optimzation procedures for
cutLtng condition selection and tool change interval se-
lection also are reviewed. The devel opment of the Qpen-
Loop Adaptive Control method is illustrated through the
nodel ing of data from a turning experiment. A conpari-
son of this methodology with several other macroeconom c
optim zation procedures is nade.”

“Application of Automated Process Planning and NC Progranmm ng”

LJ. Eversheim B. Holz, and H Zons
Techni cal University AACHEN

CAPP Conput er- Aided Process Planning, (1985), First Edition,
Pages 173-193.

InmM the recent years a rapidly increasing application of
CAD/ CAM systems 1s characteristic for the departments of
process planning and NC progranm ng. Mst of these SyS-
tens are concentrated on certain planning tasks or they
are restricted by the parts spectrum that can be planned.
There at the Laboratory of Machine Tools and Production
Engi neering (WZK) at AACHEN Technical University, the
systens AUTAP and AUT. AP-NC were developed. The present
report shows the structure and use of these systems which
enable a conplete process planning and NC programrng for
a wide parts spectrum |ike disks, gears, shafts, sheet
netal, etc.

Depending on the requirenments of conpanies the systems
can be applied in an interactive or batch nmode. AUTAP
and AUTAP-NC, which are part of an integrated system for
generation of manufacturing documents are already used
successfully in different German conpanies.”



“Applications of Mcroconputers in Mnufacturing Mnagenent”

Dennis R Stevenson, University of Wsconsin, Parkside,
Kenosha, W sconsin.

“Several areas are explored where mcroconmputers, using ty-
pi cal software, can be profitably applied toward management
problems in smaller manufacturing shops. Target conputers
and software are defined, along with characteristics of the
target shops. Traditional nanagement theories are reviewed
for applicability, and sanple programs are presented for
representative problems. It appears that this “small-end"
use of conmputers represents a new and expanding area of

i mportance for the general conputer-aided manufacturing
field.”

“Applying Goup Technology: A Case Study'*
Sundaram R. Meenakski, Tennessee Technol ogy University
SME Technical Papers (1981).

“*@Goup Technol ogy, classification and coding that |eads

to inprovements in manufacturing productivity, can be
successfully inplenented in both job shop and batch-type
manufacturing industries. The inplenmentation of this
concept inmanufacturing not only increases productivity
but also lends itself to conputerization of manufacturing
|eading to CAM  Further, the planning and scheduling of
manuf acturing operations are made sinmpler. This paper
describes a nethodol ogy developed to determne the feasi-
bility of using the techniques of group technology, clas-
sification, and coding in a machine shop that manufactures
to order. Quantity required, repeat orders, setup cost,
design, and drafting costs are the considerations used in
devel oping this nmethodol ogy as well as ease of production
planning and scheduling of jobs. (Available in mcrofiche
only.)”
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“Aut omat ed Manufacturing Planning and Engineering’*

N. W Hopwood, Jr. and A. C Friedemann
Ford Mtor Conpany

SME Techni cal Papers (1981).

“The system devel opment described in this paper involves
the interactive use of a conputer data base in the planning
and operation of a high-volume, autonotive conmponent manu-
facturing operation. A discussion of the evaluation of
process planning data and systems software devel opnent

are presented."

“Automated Process Planning the Key to Automating
Manuf acturing Support”

R. H Jackson, Rockwell International--Tulsa Division
SME Techni cal Papers (1978).

* Aut omat ed planning is not only a tool for increased
productivity and better quality in the process planning
function, but can be the key element in automating the
entire ‘design translation” process. The goal of this
concept is to provide a conputer-aided, manufacturing
system that applies standards, orders tools, orders
materials, and issues shop orders per schedul e auto-
matically upon conpletion of the planning function.”
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“*Automated Testing: A Systens Approach”
Howard S. Fogel son, |BM Corporation
SME Technical Papers (1983).

*’ Rapi d changes in technol ogy, coupled with the need for
high quality and conpetitive pressure to drive costs down,
are major challenges that nust be faced by manufacturers
of data processing products. Automated product testing
is a methodology to meet and overconme these chall enges.
The nost effective automated test process can be achieved
by integrating product testing with other nmanufacturing
operations via distributed data processing computer sys-
tems. The description of a systens approach to automated
testing illustrates how direct |abor costs can be reduced

by al most 100% while sinmultaneously achieving 100% accuracy
of the test process.”

“Buil ding Blocks for Automation”
Gary L. Renick, APPLICON
SME Technical Papers (1984).

"A fully integrated manufacturing environment is built

with two key disciplines; product design, and manufac-
turing engineering. Wthin these disciplines, many func-
tional tasks are enhanced and automated with CAD/ CAM
technol ogies. Basic requirements of factory automation,
such as part geonetry, Goup Technol ogy, process planning,
facility design, and device progranming are defined. These
ingredients, when integrated via conmon data bases, aid both
product design and manufacturing engi neering when designing
for automation. Integrated applications performng G oup
technol ogy, process planning, facility design, device pro-
gramming along with geonetric nodeling, form the foundation
for Conputer-Integrated Manufacturing.”
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CAD/ Generative Process Planning with TIPPS’

Tien-Chien Chang, Purdue University
Richard A Wsk, Pennsylvania State University

Journal of Manufacturing Systenms (1983), Volune 2, No. 2,
Pages 127-135.

“Two approaches to Conputer-Aided Process Planning are
defined variant and generative. The variant approach
retrieves existing plans for a simlar part while the
generative approach synthesizes plans from built-in know
ledge. The generative approach to process planning is
normal |y considered nore conplex and the nore automnated
of Lhe two approaches. This paper discusses a generative
process planning system called Totally Integrated Process
Planning System (TIPPS). TIPPS uses a Conputer-A ded De-
sign (CAD) nodel as direct input, elimnating part coding
or description fromthe planning process. Currently, TIPPS
is capable of planning prismatic parts with one access di-
rection. Relevant issues encountered in constructing a
generative process planning system as well as the TIPPS
desi gn philosophy are discussed. Process planning using
TIPPSis illustrated. This paper also discusses future
research directions in automated process planning."

“ CADMAC, Next Step on the Path to M
Chris Schroeder, Infodetics.

“Conpani es are expending great effort to link the conponents
of M CAD, CAM Goup Technol ogy, BOWS, MRP, automated
material s handling and assenbly, and technical publications
systens. In addition to establishing Iinks between diverse
conputer systens, CIMis now poised to integrate the paper
based docunentation of manufacturing areas that have not

yet been automat ed. The CADMAC (Conputer Assisted Docunent
Managenent and Control) systemis a logical first step in
linking CAD/CAM files and manually prepared docunents in

a single data base and bringing many of the |ong sought
benefits of CAM today.”
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"CAM and Conputer Speech Recognition”
Edward R Cuididas, Lockheed Electronics Conpany, Inc
SME Technical Papers (1982).

"Lockheed El ectronics Conpany, Inc. has conbined two high
t echnol ogy concepts, Conputer-A ded Manufacturing and com-
puter speech recognition, into a single application for

of fice paperwork automation. The specific task involves
the creation of shop work orders using a person’s voice

as the method of entering data into the conputer. This
paper describes the system s hardware configuration and
the details of how the system operates.”

"CAM Integration of WP., CAD, 4M and MRF
Robert R Cdifford, Singer Company
SME Technical Papers (1984).

“Integration, through comunication, of nodern tools used by
industrial and manufacturing engineers in support of product
fabrication, is discussed. Research into linking of word
processing, Conputer-Aided Design, automated |abor standards
and manufacturing resource planning is undertaken. The pro-
ject was initiated to reduce the non-recurring or preparation
time needed to begin product fabrication, and to nodernize

the process.”
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“CAM | Automated Process Planning”
C. H Link, Conputer-Aided Manufacturing-Internationa
SME Techni cal Papers (1977).

“This presentation provides a description of how the CAPP
system operates. The coding and classification requirements
for data base construction, initialization and use of CAPP
are also explained.”

“CAM | Autonated Process Planning”

C. H Link, Conputer-Ai ded Mnufacturing-Internationa

SME Techni cal Papers (1978).
“This presentation provides a brief description of how
the CAPP system operates. It contains coments about the

systenms that are released, additional studies conpleted,
or nmodul es that are under devel opnent.”
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“CAM-I"s CAPP Systent

Richard N Claytor, Conputer-Aided Manufacturing-Internationa
SME Techni cal Papers (1976).

“CAMI| is a not-for—profit industrial research and

devel oprment organi zation dedicated to the application

of the conputer to the solution of manufacturing problens.
The process planning programis one of CAMI’'s manufacturing
software devel opment projects. Experts have worked for two
years to specify a basic process planning system for machined
parts planning. The specifications have recently been com-
pleted, and, a contract awarded to MDonnel Douglas Automa-
tion for the devel opnent of the “Machined Parts Process
Planning Creator Mdule”. This paper describes the contract
work, the anticipated node of operation of the system and
the benefits expected from use of the system'

“CAM|'s Experinental Planning System XPS-|"
Charles F. Sack, Jr., United Technol ogi es Research Center

SME Techni cal Papers (1983).

“CAM-I" S Process Planning Program is devel oping an advanced
process planning system for general parts. As a first phase
CAM | has selected United Technol ogi es Research Center to
devel op a prototype system called XPS-1. The system will
denonstrate basic generative planning techni ques and provide
a framework for additional advanced capabilities. XPS-1
provides a data dictionary and rel ational data base for
defining and entering required product data, and an english-
li ke Ianguage for defining processing logic. The logic is
applied to the product data to produce a sequence of work

el ements and/or classification code. The plan output may
be passed to a variant planning systemor text editor.”
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“CAPP: Critical to CAD/ CAM Success”
Robert E. Harvey

CAPP.  Conputer-A ded Process Planning (1985), First Edition,
Pages 15-17.

“Comput er - Ai ded Design (CAD) and Conputer-Ai ded Manufacturing
have increased the responsiveness of design and manufacturing
to the needs of the marketplace. However, the link to convert
the conpl ex geonetries produced by CAD into efficient instruc-
tions to be carried out by CAM nust also be conputerized to
prevent a bottleneck in the flow of information. Process plan-
ners in many industries are a dying breed, as nost of the com
pani es experience is walking out the door with the retirees.
Conput er- Ai ded Process Planning (CAPP) is the tool to preserve
a firms design and manufacturing history by capturing the
know edge of the retiring process planner, before he wal ks
out the door, and renoves the bottleneck in the flow of
i nformation.*

“ Communi cating Product Definition and Support Data in a
CAE/ CADY CAM  Envi ronment ™’

A. Kader Elgabry, Ceneral Electric Conpany
Schenect ady, New York

“The overall problens of comunicating product data between
and within engineering and manufacturing environnents is
addressed and the related interface and control issues

are discussed. Product definition data (geonetric and
non-geometric definition of product parts and assenblies)
and product support data (derived from product definition
and used for product analysis, planning, production, and
control) are the data conponents covered. Current exchange
formats and interface standards for product data are out-
lined, and their major features discussed. Future trends
in comunicating product data, and their anticipated inpact
on CAE/ CAD/ CAM users and vendors, is discussed.”
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"Conputer-Aided, Fully GCenerative Process Planning”
Robert M Smith, CAPP of New Jersey

Manuf act uring Engineering (1981), Volune 86, No. 5
Pages 98-99.

“Afully generative process planning conputer would create
the requi red manufacturing specifications wthout human
intervention. Such a systemis not yet available, but
limted applications have been devel oped. Full scale
devel opment may be the next major addition to the
discipline of Goup Technol ogy.”

“Conputer-Aided Material Selection, Design for Production and
Tool /Die Design"

Jorgen Jorgensen and Leo Alting

SME Techni cal Papers (1983).

“Conputerized engineering disciplines and methods for inte-
gration of design and manufacturing are major prerequisites
for the long-range goal of Conputer-Integrated Manufacturing
(M - and generally for design of better products at com-
petitive costs. A nunmber of conputer-aided engineering
application nmodules can provide an integration and support
of inportant mechanical design and manufacturing activities.
The applications include information storage and retrieva
for parts and equipment, material selection, process selec-
tion, design for production, tool and die design, process
planning, time estimating, and equi pment selection. The
modul es can significantly inprove the capabilities of
standard CAD/ CAM systens."
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Conputer-Aided MI1ling Operation Planning Program ( CAMOPP)”

Stephen A Pellegrino, Ceneral Electric Conpany
Inyong Ham The Pennsylvania State University

Proceedi ngs (1983), Volume 11, Pages 484-489.

“MIling operation planning can be defined as the planning
of mlling cutter tool paths. It involves the selection of
the mlling cutters capable of generating the part’s geone-
tric features, the specification of the cutting paraneters
based on a production optimzation objective, and the se-
quencing of these cuts based on the part’s metallurgica
characteristics, mechanical properties, and fixturing con-
straints. The factors that influence operation planning
decisions are described and the Conputer-Aided MIling
Operation Planning Program (CAMOPP) which was devel oped

as an exploratory software package in the area of process
planning for non-rotational parts is reviewed.”

“Conput er-Ai ded Part Design for Econom cal Fabrication by a
Forging Conputer-Based Factory Automation"

C. Poli, University of Massachusetts
W A Knight, University of xford, England

Proceedi ngs (1984), Pages 35-38

“A research programto initiate the devel opment of a
series of software tools to aid a designer in the design
of products for econom c manufacture by such processes

as forging, molding and casting is described. At a later
stage, this work can lead to the integration of product
design with conputer-ai ded work planning and process de-
sign, together with the CAD/ CAM design and production of
the dies required for the process.”
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“Conput er-Ai ded Planning of Robotic Assenbly”
Shimon Y. Nof, Purdue University
SME Techni cal Papers (1983).

“This paper reviews seven related research projects on

pl anni ng robotic assenbly systens under a franework of
conputer-aided facility planning: (1) Further devel opnent
of RTM the robot time and notion method; (2) Performance
eval uation of robotic assembly cells; (3) Sinulation pack-
age for robot systems, SINDECS-R (4) Facility planning
wi th an expert system based on prolog; (5) Optinmal plans
for bin picking and part insertion; (6) Coordination of
assembly cells with cooperating robots, and (7) Economc
eval uation of alternative assenbly technologies in the
woodwor ki ng industry.”

“Conput er-Ai ded Process Planning (CAPP)”
C. H Link, Conputer-Aided Mnufacturing-Internationa
SME Techni cal Papers (1977).

“This presentation provides a brief history and descrip-
tion of how the CAPP system operates. The coding and
classification requirements for data base construction,
initialization, use of CAPP, and its relationship to

numerical control, geonetric nodeling and shop floor
control.”
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"Computer Aided Processing Planning"
Dell K Allen and Paul R Smith, Brigham Young University

The National Shipbuilding Research Program “Product Wrk
Cassification and Coding, June 1986

“The problems and needs of processing planning are presented
along with two basic approaches for computer assisted
process planning. Characteristics of the variant and
generative approaches for process planning are discussed.
The use of decision tables and trees is explored as applied
to generative process planning. Inplementation of |ogica
decision trees by means of a unique tree handling systemis
expl ained and typical generated process plans are shown.

KEYWORDS

Generative, process-planning, decision, tables, trees
conmput er-ai ded, DCLASS, variant, selection, and sequencing.

“Conput er- Aided Process Planning and Productivity”
Kjell B. Zandin, H B. Mynard and Conpany, Inc.
SME Technical Papers (1982).

“One of the biggest causes of declining productivity in US
industry is the lack of integrated process planning in the
factory. The conputer can introduce efficiency and accuracy
to this production refinement by making it possible to plan
entire sequences automatically. Maynard's MAYCAPP system
enabl es less skilled planners to produce reliable informa-
tion more quickly. Skilled industrial or manufacturing
engineers will be able to devote nore time to productivity
i mprovements and spend less time on routine paperwork
Finally, the famly of parts concept will reduce the num
ber of parts, the nunber of tools needed to produce those
parts and the nunber of standards to neasure the work.”
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“Conputer - Aided Process Planning for Aircraft Engine Rotating
Parts"

Vijay A Tipnis, Tipnis Associates, Inc

S. A Vogel, Metcut Research Associates, Inc
C. E Lanb, General Electric Conpany

SME Technical Papers (1979).

“The basic philosophy of the systemis to conpl enent

the process planner’s experience with extensive conputer/
graphics aids and machining technol ogy validation prograns
so as to enable himto interactively arrive at the nost
cost-effective process plans for aircraft engine rotating
parks. The systemis a part of the overall master CAM plan
being inmplemented in the rotating parts operation of CGenera
Electric Aircraft Engine Goup."

“Conputer-Aided Process Planning: Past, Present and Future”

Harold J. Steudel, Department of Industrial Engineering
University of Wsconsin-Madi son, Madi son, Wsconsin

CAPP:  Conput er-Ai ded Process Planning (1985), First Edition,
Pages 3-14.

"The role of process planning in small-batch, discrete
parts nmetal working industries and the inpact of the
conputer in automating this inportant, but tedious job
are discussed. The nature, advantages, and linitations
of the manual, variant, and generative approaches to pro-
cess planning are presented along with a review of the
progress to date for each approach. A mjor thrust of
the paper is to discuss approaches and strategies for
structuring manufacturing methods and data in decision
logic formats applicable to devel oping generative type
automated planning systens. Al though no particular ap-
proach is pronoted, the paper provides an overview and

i nformation useful for approaching the task of designing
a generative type system Sone detailed discussion on
part coding schemes and structuring decision |ogic for
generative type planning systens is also presented. The
paper concludes with a brief discussion of the future of
Comput er —Ai ded Process Planning and the role that the

m crocomputer will play in that future.”
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“Conput er-Ai ded Production Engineering: The Integration of
CAPP, Engineering and Manufacturing”

Gayle L. Berry, Garrett Turbine Engine Conpany
SME Techni cal Papers (1984).

“Conput er - Ai ded Production Engineering (CAPE) is a strategic
direction to integrate information, logic, and engineering
functions of design, process planning, and production. The
system design process used has been a contributor to the suc-
cess in inplementation of initial nodules of CAPE. Phased
approaches to devel opment and inplenentation are key elenents
in the cape program as are technical elenents which specifi-
tally address GIEC S individual environment.”

“Conput er-Ai ded Scheduling: A Heuristic Mdel"
A Conti, M Carbo, and G Manfrinato, Dalmne S.P.A
Proceedi ngs (1981), Volume 9, Pages 475-482.

“A heuristic nodel for production planning of plants
consisting of a main line feeding a series of secondary
lines via intermedi ate storages is presented. The way
in which the results provided by the nodel are eval uated
is explained, and an account is given of a procedure for
its profitable enployment in practice as a duly inserted
component of the information system Lastly, an actua
case in which the nmodel and its method of utilization
were investigated and elaborated is described.”
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“Comput er-Aided Selection of Feeds and Speeds”
Robert N. Stauffer, Mnufacturing Engineering

Manuf acturing Engineering (1979), Volunme 82, No. 5
Pages 53-55.

“A software package devel oped by the GCeneral Mtors
Manuf act uring Devel opment Group gives the process engi-
neer quick access to the best available information on
feeds and speeds. The data base covers pertinent charac-
teristics of the workpiece, machine, cutting tool, and
type of machining operation. General Mdtors Del co Product
Di vision has inproved both productivity and quality with
the program’

"Conput er- Al ded Tol erance Anal ysis"
Andres V. Karolin, General Mtors Corporation
SME Techni cal Papers (1984).

“Tol erances are fundanental to manufacturing. Choice of
design tolerances affects the products suitability for
construction. Selection of manufacturing processes and
sequence of processes affects tolerance stacking. Toler-
ante stacking has an effect on product quality. Unexam ned
tol erance stacking leads to scrap and rework thereby increas—
ing product costs. Conputer-Aided Tolerance Analysis (CATA)
is presented in this paper. It is based on the “tol erance
chart” technique. CATA is interactive and uses conputer
graphics for information display.”
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“Conputer-Assisted Process Planning: A First Step Towards
I ntegration”

Al exander Houtzeel, Organization for Industrial Research
Proceedi ngs (1980), Volume |, Pages 801-806.

“Conput er - Assi sted Process Planning can be a first step
toward the integrated use on conputers in the design and
manuf acturing process to inprove productivity in batch
manufacturing. The key to the process of integration is
a part feature recognition nethod to analyze the retrieved
manuf acturing processes and arrive at |east-cost designs
consistently linked to “best” manufacturing processes.

Maj or problens are inconpatible conputers, software,

and people. (available in microfiche only.)”

“Conput er - Based Manufacturing Shop Floor Control System at
Ki ngsport Foundry and Manufacturing Corporation”

E. A Ring, Kingsport Foundry and Manufacturing Corporation
Dr. Timothy J. Geene, Virginia Polytechnic Institute and
State University

SME Technical Papers (1983).

“ SEQUEXEC, a conputer-based, manufacturing shop floor con-
trol system was devel oped for and successfully inplenented
at Kingsport Foundry and Manufacturing. This facility spe-
cializes in casting and machining nmake-to-order, one-of-a-
kind products. The products nust meet stringent due date
requirements within a limted capacity system because the
products are unique and prototypical. Accurate cost estina-
tion and labor reporting is critical. SEQUEXEC provides a
priority sequencing mechanism for all machine centers based
on due date (slack) criteria. This mechanism is designed
to be used by machine operators and supervisors. SEQUEXEC
provides: capacity and manpower planning information, |abor
reporting and job cost tracking, actual-to-standard time
anal ysis, and aggregate shop efficiency performance neasures,
A shop floor control systems capabilities, strengths and
weaknesses, as well as the difficulties involved with its
devel opnment and inplenmentation are detailed."”
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“Comput er-Integrated Manufacture in the Australian Defense
| ndust ry"

Vincent A Bond, Small Arns Factory
SME Techni cal Papers (1984).

“This paper presents the integrated information contro
approach which has been devised within the Small Arns
Factory. The overall architecture of five interrelated
systems, designed using Structured Analysis and Design
Technique (SADT), is presented. In particular, the use
made of production inventory managenent and G oup Tech-
nology principles is described. The history, devel opnent
and present state of inplenentation is shown. The place
pl ayed by commercially available conmputer hardware and
sof tware packages is described and illustrated for solid
model i ng, process planning and manufacturing control.”

“Conputer-Integrated Mnufacturing: Opportunities and
Barriers"

Thomas L. Adans, Battelle Col unbus Laboratories
SME Techni cal Papers (1983).

“Comput er-Integrated Manufacturing (CIM is a concept in
whi ch manuf act uri ng managenent, engineering, and production
functions would be integrated for handling by a hierarchical
system of conputers. The opportunity is right for manufactur-
ing firms to inplement CIM due to the availability of indivi-
dual building block technol ogies; governnent-sponsored Cl M
devel oprment prograns in the U S., Japan and the downstream
econom ¢ benefits of CIM  However, heavy capital require-
nents and |ong-term phase--in are barriers to CIM  The
barriers are overcome by extensive up-front planning and

engi neering. Human skills required in the CCMfacility
include adaptation, reasoning, acute senses and dexterity.”
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“Conput er - Managed Process Planning: A Bridge Between CAD and
owr

Charles F. Sack, Jr., United Technol ogies Research Center
Proceedi ngs (1982).

“Aut omat ed process planning plays a key role in integrating
design and manufacturing functions. The Conputer-Managed
Process Planning System (CVPP) deals with high technol ogy
machined cylindrical parts. [Its goals are to inprove
productivity through reduced planning lead time, inproved
accuracy, and standardization. CMPP functions include

él) generating a sequence of operations, (2) selecting

i mensioning reference surfaces, (3) determning machining

di mensions and tolerances, and (4) producing process plan
documentation. CMPP is generative, interactive, and manu-
facturer independent. It also provides interfaces to accept
part designs from CAD systems and to pass information to CAM
systems.”

“Conputerized Assenbly Process Planning"
Robert. Waterbury

CAPP.  Conputer-Aided Process Planning (1985), First Edition,
Pages 109-112.

“Lockheed- Georgia is using group technology and fam|y-of-
parts classification and coding techniques to bring some

of the benefits of mass production to batch manufacturing.
Lockheed applies Goup Technol ogy concepts to divide parts
into coded famlies based upon such simlarities as size,
shape, materials and manufacturing processes. Lockheed
Process Planners use a specially-devel oped Conputer-Ai ded
Process Planning System know as Assenbly Genplan to assi st
in the devel opment of process plans enhancing the production
process through the standardization of methods and processes
utilizing such Goup Technology codes. Inproved process plan-
ning document quality and consistency are major benefits.”
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“Computerized Procedure for Optimzation of Machining
Condi tions"

Mkell P. Goover, Lehigh University
Mar| ene Vel nich, |BM Corporation

SME Techni cal Papers (1981).

“A self-adaptive procedure for making evolutionary inprove-
nments in machining conditions is discussed. This procedure,
based on the use of search strategy, uses a termnal |ocated
near the machine tool to transmt operating results to and
obtain instructions from a centrally located conputer

Sone of the experience acquired in using the systemis
docunent ed.”

“Conmputerized Process Planning for Metal Cutting"

J. |. Eigomayel, Purdue University
R H Phillips, University of Illinois

Proceedi ngs (1980), Volunme 8, Pages 266-270.

“Production planning is one of the nost time-consumng
and costly operations of the manufacturing cycle, and
hence it is vital that this activity be automated for
ef ficient Computer-Aided Manufacturing Systens to be

i npl enented.  Procedures were devel oped for devel oping
a conputerized process planning systemfor machining
metal conponents that are produced in a discrete part
batch manufacturing environment.”
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Concept of Integrated CAD/ CAM System for Metal Parts”

Dr. W Eversheim H Fuchs, and D. Prior
Technical University AACHEN

SME Techni cal Papers (1979).

“A lot of investigations and devel opnents have been made

in the field of Conputer-Aided Design and Conputer-Ai ded
Planning during the last years. Each of the realized CAD
and CAP systems fulfills special demands and is charac-
terized by a certain range of application. However, even

I f these solutions cover the requirement of special tasks,
an integration of several existing systems has not yet been
realized. Therefore, the needs of an integrated CAD/ CAP
system had to be found out and according to the results a
conception for the integration of existing systems could be
designed. The present report shows the procedure for in-
vestigating the main problems in designing and planning of
aerospace parts. According to the requirements of aerospace
conpani es, CAD and CAP systems have been analyzed, also the
coupling possibilities of systems have been regarded. As a
result of this study, a recommended solution of an integrated
CAD/ CAP system will be presented.”

“Conceptual Overview of Steam Turbine Generator’s CIM Systenf

Ken W Emery and John F. Snyder
General Electric Conpany, Schenectady, New York.

“Ceneral Electric’s Turbine Generator’s CIM System |inks

all business functions from quotation to shipnent of the
finished product. Key integrated modul es consist of order
entry, MRPIl, automated design, generative automated process
pl anning, and factory managenent.”
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“Design of the Manufacturing Systems for the 80's”
Roy W Snol ens, Honeywel | Information Systens
Proceedi ngs (1980), Volume |, Pages 443-449.

“Manufacturing operational inprovenents have been achieved
by some nanufacturing organizations through the use of
conputerized systens for MPS, MRP, CRP, shop |oading, etc

| nprovenents al so have been achieved by use of factory data
col lection equipnment and on-line inquiry capabilities to
speed information retrieval cycles and provide rapid feed-
back of operational information. These successes tend to

be limted. Many studi es have been performed exam ning the
information needs in manufacturing businesses. They have
identified two specific trends which establish the form and
format for manufacturing control system designs during the
80s . These two trends, how inplementation can be achieved
- bottomup, not top down will be discussed. (Available

in Mcrofiche only.)”

“Devel opment and Use of Machinability Data for Process
Planning Optim zation”

Vijay A Tipnis and Mchael Field, Metcut Research Associates
Moshe Y. Friednman, Technion

SME Technical Papers (1975).

“During process planning for a Conputer-Ai ded Manufact ur-—
ing System the selection of cutter paths, tools, workpiece
material, cutting fluid, and operating conditions, such as
speed, feed and depths of cut, should be nade so as to mni-
mze the total nmanufacturing cost.”
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“Devel opnent of an Integrated Planning and Control Mdel for
Di screte Production Systems”

Dr. M Fazle Rabbi and Dr. Eui H Park
North Carolina A&T_ State University

SME Technical Papers (1984).

“The Material Requirement Planning (MRP) system is designed
to provide detailed planning information for effective shop
floor control. Ignoring part similarity and unrealistic
assunptions, such as fixed lead time and resource availa-
bility, make MRP less effective as a production planning
technique. Presented is a network-based method t hat
considers the mssing key elenments from MRP by adapting
critical path method and G oup Technology to make systens
nore effective and realistic. A heuristic nodel which can
be inplemented on conputers is presented with an exanple.”

“Devel opment of Conputer-Aided Generative-Type Process
Planning System for Prismatic Parts in Machining”

K. Iwata and N. Suginura, Kobe University
Proceedi ngs (1983), Volume 11, Pages 476-481.

“A conputer-aided generative-type process planning system
was devel oped to realize the integrated CAD CAM system

The system deternmines the optinmum sequence of the machine
tool s based on the nodels of the finished part and the blank
part which are constructed by the CAD system

through case studies, that the system devel oped was effec-
tive for wide spectrum of prismatic parts.”
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“Devel opment of Manufacturing Logic and Its Use in Generative
Process Planning”

Edward J. Adlard, Metcut Research Associates, Inc
SME Techni cal Papers (1981).

“The CAM systems group at Metcut Research Associates

has devel oped a method of acquiring manufacturing |ogic
and integrating it into a flexible software modul e for
generative process planning. This has been acconplished
by first devel oping a procedure for obtaining the nmanu-
facturing routing logic resident within a particular com
pany; and second, utilizing a generalized software modul e
based on decision rule logic to devel op process planning
information. Exanples of how data is gathered and put in

a formthat can be stored for use in the generative process
planning software are presented. (Available in mcrofiche
only.)”

“Devel opment of Non-Part Family Type Conputer-Aided Production
Pl anning Systenf

K. Iwata, Kobe University, Japan
Y. Kakino, Kyoto University, Japan
F. Cba, University of Osaka Pref., Japan

SME Techni cal Papers (1979).

"Devel opnent of automatic production planning systens

is one of the nost fundamental and inportant problems to
realize conplete integrated manufacturing software sys-
temin machine shops. A prototype non-part famly type
conput er-ai ded production planning system naned Cl M5/ PRO
has been devel oped and reported here. The input data are
described by the CIMS/DEC to prepare the geonetrical and
technol ogi cal information of the finished part and bl ank
part. The CI MS/PRO system autonatically generates can-

di dates of feasible machining sequences, machine tools

and clanping methods. Cutter |ocation data can also be
produced by C MS/PRO "
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“Dynami ¢ Scheduling for FMS

Khosrow Hadavi, Sienmens Corporate Research & Technol ogy
Laboratories, Princeton, New Jersey.

“A production planning and scheduling environnent is in-
troduced.  The nodel is based on a hierarchial network of
constraints that is changed dynamically either by the users
or the shopfloor or both. \Whenever a new order arrives it
is treated as a goal to be realized in the existing levels
of constraints ranging from organizational goals to machine
availability. Various levels of managenent can interact
with the system dynamcally and change the constraints as
appropriate.  OQher conponents of the proposed environnment
are user interface, know edge acquisition tool, data base
interface, real time interface, and fuzzy/uncertain deci-
sion making. A prototype of the nodel is currently under
devel opnent for a circuit board manufacturing site.”

“Econonmic Mdels for Process Planning”

V. A Tipnis and Steven A \Vogel, Metcut Research Associates
H L. Cegel, Wight-Patterson Air Force Base

Proceedi ngs (1978), Volume 6, Pages 379-387.

“Economi ¢ nodel s are needed to create cost—effective process
plans, especially with the conputer--aided and conputerized
process planning system Based on rigorous generalized
econom ¢ nodels for material renoval process, nmacro- and

m cro-econom ¢ nodel s were devel oped for process planning.
The macro-economc nodel is applicable to the cost estina-
tion and preplanning stage when information about the part
and process are not available, and when a cost-effective
process sequence nust be selected. The m cro-economic
nodel is used for selection and optimzation of operat-
ing conditions at each work station. These nodels were
devel oped for analyzing process operating condition
alternatives encountered in the machining of an airframe
structure froma titaniumforging. The application of

the micro-economic programto the airframe structure
dermonstrated significant time and cost savings. These
nmodel s are applicable to all material renmoval processes.”
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“Electronic Signoff: A Successful Mnufacturing
| npl enent at i on”

Wayne E. Thomas, Garrett Turbine Engine Conpany
SME Technical Papers (1984).

“An electronic data base process planning system can replace
a current paper system Part of this inplementation is an
on-line electronic sign-off and notification system described
from concept through inplenentation. Requirements and user
concerns are discussed. Features are described including
provisions for expediting release, and for visibility. The
system as inplenented, including the revision cycle, sign-
off status, and release control is described.”

“Engi neering Systens at G umman Aerospace Corporation”
Jacob D. Rosenbaum G umman Aerospace Corporation
SME Technical Papers (1977).

“The paper will describe engineering conputerized systenms
associated with air vehicle design and how they are inte-
grated to handle a design project. The systems include GEMS
(Gumman Engineering and Manufacturing Systems), RAVES (Rapid
Aerospace Vehicle Evaluation System). In ternms of applica-
tions, these systens enconpass a diversity of tasks covering
the spectrum of design analysis activities including on-line
interactive graphic applications via IBM 2250 scopes, tine
sharing graphic applications, and conventional batch |BM pro-
cessing. The integration and visibility into this process
requires an unprecedented degree of control and planning.

The systens and organi zation required to performthis
function will be addressed.”
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“Expert System Model of the Design Process

Fatih Kinoglu, Don Riley, Ph. D, and Max Donath, Ph. D
Control Data Corporation St, Paul, Mnnesota

“Sem -generative process planning is based on the identi-
fication and nodification of existing process plans from
previous simlar designs. It is based on identification
and matching of simlar design features, typically referred
to as classification of part famlies. This paper presents
an attenpt to develop an expert system nodel of the design
process which can then automatically generate a classifica-
tion code, providing a basis for the devel opnent of a pro-
cess plan in a sem—generative fashion. Inplenentation of
the nodel is in the LISP |anguage on a personal conputer.”

“Factory Scheduling: Link to Automation"

Shyamal K. Ganguly, Intergral Conputer Systems, |ncorporated,
Put nam Connecti cut.

“The age-ol d problem of manufacturing control is addressed
The lack of a system which reports on what all nmachines are
doing currently, and predicts what they should be doing at
a later tine., plagues the entire industry, small and large
manufacturers alike. This paper forwards ideas of data
collection from various production machines in real-tine,
and anal yzes how the state of the shop floor can be con-
tinually monitored by a group of micros placed in a proper
hi erarchy and connected to a supermicro or a mni. Mthods
of summarizing the data to help in optimzation of shop
scheduling are presented. Shop categories include: build
to stock; assemble to order; build to order; and engineer
to order.”
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“Factory Sinulation: Approach to Integration of Conputer-
Based Factory Sinmulation with Conventional Factory Planning
Techni ques”

J. B. Comy, B. Keramati, and CGeneral Electric Corporate
Research & Devel opnent in Schenectady, New York

Proceedi ngs (1982).

“The R&D status of integrating hierarchical conputer simla-
tions, financial nodels, graphics interfaces is discussed as
are data bases with conventional planning techniques to make
a working environnent for factory simulation. This system
could be used to plan the evolution froman existing plant

to a nodern and flexibly automated one, while mnimzing the
di sturbance and risk to ongoing manufacturing operations dur-
ing the changeover. The characteristics desired for the sim
ulations are given, and are conpared with characteristics of
sone existing conputer-based sinulators. The kind of graphic
input and output desired are discussed, and are conpared wth
the current state-of-the--art. A scenario is to be drawn to
increase the flexibility, speed and nunber of “what if” com
binations to be explored. The R&D status of each conputer
tool is discussed.”

“Financial Justification of State-of-the-Art |nvestnment: A
Study Using CAPP’

Stephen Evans and Peter J. Sackett
School of Engineering, University of Bath, Bath, United Kingdom

CAPP . Conputer-Aided Process Planning (1985), First Edition,
Pages 47-50.

“Accounting practice heavily influences the investnent
decisions made in manufacturing engineering, and highly
profitable state-of-the-art conputer-based technol ogi es
may |ie outside the classical scope of accounting appraisa
nmethods.  This work describes the problens and illustrates
a solution to financial justification of these projects
The identification and agreement of effect and objective
by both engineers and financial controllers is of para-
mount inportance when clear and direct cost savings are

not visible.”
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"Generating A Manufacturing Data Base: An Overview of
Requi rement s"

Dr. Bertil N Colding, Sandvik, Inc.
SME Technical Papers (1981).

"This paper surveys different nodules with solution ex—
anples that are used interactively in an integrated total
system Mdules for order preparation, scheduling, opera-
tion planning, machining data planning, adaptive control,
nonitoring and control, and the dynamc optimzed control
of a Conputer Integrated Manufacturing System (CIMS) are
di scussed. Particular enphasis is placed on cost and per-
formance optimzation in the areas of machining econom cs
and the entire manufacturing system The concepts of the
"machining productivity mountain" and the "manufacturing
productivity mountain" are briefly described. "

"Cenerative Process Planning System Automated CAD/ CAM Link"
Thomas J. Drozda, Manufacturing Engineering
Manuf act uring Engineering (1982), Volume 89, No. 5, Page 609.

"An interactive conputerized process planning system for
cylindrical parts selects operation sequences and perfornms
sophi sticated tolerance stackup analysis. The software
has three major conponents: The data base system part
input system and process planning system The new pro-
cess planning systemis designed to automate the link
between CAD and CAM systens."
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“Goup Layout of a M scellaneous Part Shop for Hi gher
Productivity”

D. T. Koenig, Canadian CGeneral Electric Conpany
Dr. Inyong Ham The Pennsylvania State University
T. Congaware, GCeneral Electric Conpany

SME Techni cal Papers (1982).

“Thi s paper describes the cooperative process undertaken
to relocate a mscellaneous part shop. It also exanines

i mpl enentation of Goup Technology concepts for higher
productivity through the joint efforts of industry and
university. Goup Technology is best justified for design
and production planning and control applications which are
not investnent intensive, but are engineering intensive."

“Goup Technology Characterization Code”

Don N. Norwood, Advanced Manufacturing Technol ogy
Dr. Randyl L. Vaughn, Vought Corporation

SME Techni cal Papers (1981).

This paper describes the US. Ar Force |CAM G oup
Technol ogy Characterization Code (GICC) Program and
di scusses the Goup Technol ogy Support Software (GISS)
system being devel oped as part of this program The GICC
program has provided a scheme for structuring manufacturing
group technology information and the GISS is a mechani sm of
processing this information."”
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"G oup Technology: Key to Manufacturing Process Integration”
CAPT Dan L. Shunk, Wight-Patterson AFB
SME Techni cal Papers (1979).

"In a survey conducted by Conputer-Aided Mnufacturing-
International of most critical manufacturing technol ogy
needs, aerospace conmpanies listed Goup Technol ogy (GI)

as their number one priority. In engineering design and
manuf acturing planning, properly applied GI has the po-
tential to: reduce new parts inventory by at |east 25%
substantially reduce in-process inventory, cut the cost of
part programming by 50% and provide the key to generative
process planning. Wth all of this potential, one mght
expect a concerted rush to apply this sinple, yet powerful
concept; however, even though it has been around for nore
than 50 years, GI has only begun to be applied in american
industry. There have been basically two reasons for this:
(1) the absence of a strong accepted theoretic foundation,
and (2) the absence of a standardized inplenentation
approach. Wthin the Air Force program for Integrated
Conput er - Ai ded Manufacturing (1 CAM, both of these barriers
are being overcone. This paper explores the background and
potential of GI and the Air Force approach to nmaximze its
benefits.”
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"GT and CAPP: Productivity Tools for Hybrids™

S. J. Schwartz and M T. Shreve
West i nghouse Defense and El ectronics Center, Baltinore, M

CAPP :  Conputer-Aided Process Planning (1985), First Edition
Pages 102-108.

“I'nproved productivity in the production of hybrids can be
obtained through the application of Conputer--Aided Process
Pl anning (CAPP) and Group Technol ogy (GT). At Westinghouse
Def ense and El ectronics Center in Baltinore, Maryland, these
concepts have been applied to the design and fabrication of
thick filmsubstrates and multichip hybrid packages.

The concepts of CAPP and GTI have been applied to hybrid
production by optim zing process know edge and capturing it
in algorithmc form using D CLASS (Decision Cassification
Information Systen) devel oped by Brigham Young University
and additional internally devel oped software. This captured
know ege allows the user to obtain a detailed process plan
conplete with time standards, docunentation requirenments

and tooling in approxi mately 50% of the tine required by
conventional methods

Through regul ar neetings with design engineering, product
attributes and cost drivers were identified and converted
to a decision tree structure. By classifying and coding
existing designs the data base can be searched for specific
product attributes with the potential of reducing the nunber
of redundant designs. Feedback to the designer on expected
factory costs can now be easily obtained by using the
process planning software.

By using optimzed routings with inproved tine standards
productivity gains have been achi eved while inproving feed-
back to the design engineer. Additional benefits such as
design and nmanufacturing standardization, reduced process
planning learning tine, and inproved schedules wll be
addressed in this paper.”
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“Gl-Based Cenerative Process Planning”
Joseph Tul koff, Lockheed-Georgia Conpany
SME Technical Papers (1983).

“The Lockheed-. Georgia Conpany produces a variety of mlitary
and commercial cargo airplanes. The production of these air-
craft depends on their manufacturing blueprints or process
plans, detailing each step of fabrication. Wat is done in
pl anning represents chaos or order on the factory floor.
Al types of aircraft parts are process planned, including
machi ned parts, sheet nmetal, extrusions, plastics, tubing

and wiring. Lockheed s Generative Process Planning System
or genplan, is fully inplenented, interactive conputer-—
integrated process planning system used by process planners,
preplanners, producibility engineers, tinme standard engineers,
and quality assurance engineers. It creates and maintains
operation sheets, and provides automated |abor standards and
qual ity assurance planning and verification data. Mre than
50 CRTS and 25 printers are networked from the host conputer
to serve the total needs of all process planning and asso-
ciated functions. Productivity breakthroughs have been
gratifying. Overall efficiency and quality were greatly
enhanced and the part planning release cycle time was

reduced by 75%"
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“Hierarchical Control for Robots in an Automated Factory"

James S. Albus, Anthony J. Barbera, and National Bureau of
Standards in Wshington, D.C

SME Techni cal Papers (1983).

"A hierarchical architecture for real-tinme sensory-
interactive control of robots, nachine tools, inspection
machines, and materials transport and inventory systens is
described in this paper. Conputer-aided design, Conputer-
Ai ded Process Planning, and management information systens
makeup the top level in the hierarchy, where the highest

| evel goals are selected and the |ongest range planning
horizons exist. Commands and goals generated at this high-
est level are deconposed through a series of levels (shop,
cell, workstation, and equipment) until at the |owest |eve
there are generated a series of drive signals to individua
actuators on robots, machine tools, and other equipnents
Feedback from sensors and from the control hierarchy itself
are used at all levels to produce real-tinme goal seeking
behavior."

“H gh-Level Planning and Control: An IDEF Analysis for
Airframe Manufacture”

CGerald T. Mackul ak, Arizona State university

Journal of Manufacturing Systenms (1984), Volume 3, No. 2,
Pages 121-134.

U'Thi s paper presents and overview of a H gh-Level Planning
and Control System (HLPCS) designed to pernmit CAD CAM
integration of the manufacturing processes of a generic
airframe manufacturing facility.”
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“How to be Fully Operational in Half the Tinge”
Robert E. Crow ey, SDRC
SME Technical Papers (1981).

“Thi s paper outlines a method of reducing by one-half

the time required to select a Conputer-Ai ded Design (CAD)

system train the operators, and create a data base. The
techniques are sinple and the time saved in achieving full
production nore than pays for the costs involved."

“TMPAC7 -- An Integration Framework for Planning and NC
Manuf act uring”

Sheila L. Cotler, Conputer Aided Minufacturing International,
I ncorporated, Arlington, Texas.

“The integrated Manufacturing Planning and Control Technol ogy
(IMPAC ) Project is a major software devel opment effort. Its
objective is to develop an integrated systemto generate pro-
cess plans and NC progranms starting with a solid product nodel
Technol ogi es of part feature recognition, expert. system process
pl anni ng, and advanced NC tool control are used. The process
will be fundamentally automatic, with mnimal hunman assist.
The goal is to denonstrate and deliver prototype software,
pronote its ultimate commercialization, and devel op nodul e
and interface specifications which may become a foundation
for future industry standards.”
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“I'nproved Process Design: The Oten Overlooked El enent in the
CIM Investnent Equation”

Steven A Kruger, Arthur Andersen and Conpany
SME Techni cal Papers (1984).

“The cost advantage that many Japanese nmanufacturers have
over the US. conpetitors is large and growing. To re-
verse this trend, U S. mnufacturers nust dramatically
inprove their production processes. Small-scale, incre-
mental inprovernents are no longer sufficient for many U 'S
manufacturers.  Cbjectives of 75%or nore reduction in

i ndividual setup costs, 9070 reduction in work-in-process
inventory and 25%increase in direct and indirect |abor
productivity nmust be aggressively pursued. The paper
reviews the results of two projects in the U S where
these objectives were achieved."”

“I'mproving Productivity Through Cassification and Codi ng”
A. Ray Thonpson, Boeing Commercial Airplane Conpany
SME Technical Papers (1976).

“Piecel/part design classification and coding provides
many opport-unities to achieve productivity inprovenents
Beginning with sinple order grouping to reduce setup and
throughput time, it culmnates in a orderly, integrated
conput er-ai ded engineering and manufacturing system that

i ncl udes design, process planning, manufacturing, and
busi ness control.”
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“Integral Link Between Geometric Mdeling and CAM Applications”*
A. Kader Elgabry, Ceneral Electric Conpany
SME Techni cal Papers (1984).

“The integral link between CAD geonetric nodeling and sone
key CAM applications such as NC, tooling, process planning
and quality control is explored. The major requirenents
for these applications with respect to the geonetric nodel -
ing function are specified, and the resulting demand on
data base management and display capabilities is discussed.
Trends for use of solid modeling in CAM applications are
outlined. Effects of interface between the geometric

nodel er and the applications it supports on the user
interface are addressed.”

“Integrated Control of Factory Qperations”
C. Zodrow, Westinghouse Electric Corporation
SME Techni cal Papers (1977).
“Fully automated manufacturing conplete control from order

entry to delivery has been a dream since the first produc—
tion line was put into operation. W can cone very close,

today. No new technologies are called for. Instead, al
we need to do is integrate already existing elenments, |ink-
ing sub-systens of control into a unified whole. In fact

this has actually been done. This is the ultimate in
Conput er-Ai ded Manufacturing. CAM has been defined as the
use of conputer equipment to, in any way, assist the opera-
tion and managenent of nmanufacturing operations. This

i ncludes product planning and design, material managenent,
fabrication, production and quality control.”
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“Integrated Generation of Drawings, Process Plans and NC Tapes"

Dr. W Eversheimand H Fuchs
Technical University of AACHEN

Germany, SME Technical Papers (1979).

“Hi ghly automated machining processes in the field of manu-
facturing engineering cause increased demands in the planning
areas with regard to organization and planning accuracy, es-
pecially in single part and small batch production. Electronic
data processing offers to the designer and planner a wel come
relief from data intensive and repetitive jobs. The main aim
of rationalization in design and process planning is the exact
and rapid availability of all necessary manufacturing docunents
such as drawi ngs, process plans and NC tapes. Therefore, an
El)P system for integrated design and process planning has been
devel oped at the Laboratory of Machine Tools and Production
Engi neering (WL) at the Technical University of AACHEN. Thi s
system can be applied to different workpieces, for instance
sheet nmetal parls, shafts, gearwheels, disks, etc. The plan-
ning systemis based on a central workpiece data file, storing
all geonetrical and organizational data of every planning task.”

“Integrated Manufacturing Information and Control Systent

R E Nepal, P. D. DeMnt, and E. J. Kl ages, Martin Mirietta
Energy Systens, Incorporated, QOak Ridge, Tennessee.

“The Integrated Manufacturing Information Control System
(IMCS) applies group technology principles to automate the
generation and distribution of manufacturing information. The
Conput er—Ai ded Design resident. product definition is accessed
by a generative process planning systemthat creates a process
plan, text, and graphics for procedures and all information
necessary for numerical control generation. The part prograns
are conplied, post-processed, verified, and distributed on
demand.  The distribution function is perforned by an enhanced
distributed numerical control system Mdul es have been added
to allow automatic time collection, advanced nmonitoring, in-
process dinensional inspection, and step-by--step electronic
procedures. "
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“Integrated Manufacturing Planning and Control Systens”

David L. Judson, US. Ar Force
SME Techni cal Papers (1980).

“Current deficiencies in planning systems for production are
i npacing the inplementation of “leading edge” technol ogy
for planning by preventing optimal material, equipnment and
tool requirenents planning, capacity planning, process and
alternative process plans, schedules, shop floor [|oading
and order release systens. If an Integrated Conputer-Ai ded
Manufacturing System is to be successfully inplenmented in
the actual manufacturing environment an evolutionary tech-
nical baseline for planning standard and an Integrated
Planning Systems (IPS) is inperative in the near future.”

“Intgrated Process Planning at General Electric's Aircraft.
Engi ne G oup’

Steven A Vogel, Metcut Research Associates, Inc.
Diane |)awson, GCeneral Electric Conpany

Proceedi ngs, Volune |, Pages 729-741.

“The CAM systems group at Metcut Research devel oped an inte-
grated process planning system for rotational parts for the
Aircraft. Engine Goup of the General Electric Conpany. The
system utilizes group technology as a primary technique to
organi ze and process the manufacturing data in the process
planning data base. Functions such as cost estimation,
devel opnent of routing sheets, selection of tooling, feeds
and speeds, graphical verification of NC tapes, and graph-
ical conposition of operation instructions can be perfornmed
by the system Hardware to support the system includes a
di.git.izing tablet and plotter. This paper describes the
capabilities of the system and presents actual conputer
outputs.  (Available in nicrofiche only.)”
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"Integrating CAD and CAM  Future Directions”
Dr. Edwin N N lson, Pratt & Witney Aircraft

CAPP : Conput er—Ai ded Process Planning (1985), First Edition,
Pages 197-213.

“while nmost aerospace conpanies have noved into Conputer-Aided
Design via the inplementation of interactive drafting along a
broad front, Pratt & Wiitney Aircraft took a very different
approach.  This was to establish a conplete interactive design/
design analysis system for each of selected projects extending
from prelimnary design through the conplete part description
in an integrated data base. For these, draw ngs, where still
required, are produced automatically. A simlar approach is
now being enployed in extending this concept into manufactur-
ing, carrying selected parts all the way through production
Interactive tool design, NC programming, and, in the future,
process planning, are carried out against the engineering de-
sign data base where detailed part descriptions are available.

This distinctive approach in integrating CAD CAM for sel ected
projects has sone significant advantages over concentrating
upon the general application of interactive drafting, NC
progranming, and now process planning. W were able to show
dramatic |ead-tinme and cost reductions quickly; the approach
is rapidly accepted by management and by rank-and-file; it can
be applied as widely as feasible and does not entail blanket
application; the power of the integrated design/ manufacturing
data base is effectively displayed.”
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“Integrating CAD and CAM Through Autonated Process Pl anning”

Tien-Chien Chang and Richard A Wsk, Department of Industria
Engi neering, The Penn State University, University Pack,
Pennsyl vani a

CAPP : Conputer-Aided Process Planning (1985), First Edition,
Pages 158--172.

“Conput er-Ai ded Process Planning is an inportant function
inthe Integration of CAD and CAM  There are two approaches
in Conputer-Aided Process Planning - - variant and generative
The generative is nore suitable to CADCAM integration because
it can synthesize a process plan. The success of devel oping

a generative process planning systemis dependent on the CAD
interface and process capability analysis. The direct inter-
face with CAD elimnates the tedious data preparation for a
process planning system(i.e., it elimnates coding). The
process capability analysis provides an information base for
process and sequence selection. This paper presents a gen-
erative process planning system— TIPPS (TotaLly Integrated
Process Planning System). TIPPS uses a boundary representa-
tion froma CAD data base for a part. A user applies the
crosshair cursor on a graphics termnal and a nmenu display to
specify surfaces to be machined. The system then utilizes the
information stored in a process know edge base to deternine
manuf acturing processes, sequence, cutting parameters and time
estimation. The geonetric nodeling, process nodeling, decision
mechani sm and a planning exanple are discussed.”
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"Integrating CAD and CAM with Production Control Systems"

Rex Swensen, |BM Australia LTD.
Mel vyn Ll ewel yn, The Tyree Westinghouse G oup of Australia

SME Technical Papers (1984).

"OQver recent years, many CAD/ CAM systens have been offered
on the market. Most are turnkey systems and stand al one from
other formal systems in the organization. Mst of these sys-
tems are predomnantly CAD oriented with little facility to
integrate data flowwth the production of planning and con-
trol systems of the organization. This paper explores the
range of Integration possible, but with enphasis on bills

of material data. Two approaches to the design process are
reviewed: Drafting oriented design and automated design
using decision tree processing. The facilities required in
the CAD systemto support such integration are defined, with
a scenario to illustrate their use. Finally, a short case
study is included to illustrate the decision tree approach."”

“Integrating Design, Process Planning and Nunerical Control
Through the Use of Standard Programs and the Computer (CIM”

Wl lard Burge, Eaton Corporate Mnufactuing Systens
Engi neering

Proceedi ngs (1982).

“In the area of Conputer-Integrated Manufacturing, Eaton

has taken standard software packages and |inked themto form
(for one famly at present) a conplete chain that starts with
the designer and ends with a conplete part. By linking two
conputers, four termnals, and four software packages, a de-
signer, by answering questions fromthe conputer, generates
a dimensional drawing of the part and a process routing tell-
ing how to make the part. If an NC machine is chosen, a NC
conput er-assi sted tape generation programis witten and sent
to another conputer to produce an NC tape and a plot verifi-
cation. Al of this is acconplished by a designer inputting
design information into a conputer program This program
integrates the conputer capabilities and the manufacturing
engLneering know edge to acconplish the design engineers
tasks.”
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"Integration of GCAD and CAM: Fact, Fiction or Dream"
Richard J. Cayton, Digital Equipment Corporation
Proceedings (1981).

“Inits sinplest form integrating CAD and CAM nmeans use-

ful information is easily transferrable between design and
manufacturing. As a manufacturing conpany begins to acquire
conputer power in Conputer-Aided Design and in Conputer-Aided
Manuf acturing (process control, or production managenment or
scheduling), it becomes timely and appropriate to nore effec-
tively utilize this resource by focusing on the integration
of these two activities. This integration is a system
designed function which includes planning, architecture,

data bases, and processors. The integration and standardi-
zation of these networks and data bases is a nost inportant
managenent |eadership function toward productivity making
use of CAD and CAM throughout the enterprise.”

“Integration of WP Handling Systems with Process Automation”
Terry L. Qude, SYSTECON, Inc.
Proceedi ngs (1980), Volume |, Pages 809-814.

“Athough there are many applications of automated \Wrk-in-
Process (WP) Handling Systems in industry, relatively few
WP systens have been totally integrated with the material
handl ing systems and process automation that they support.
However, the techniques are now becoming available to allow
such total integration initially, or at least to make stra-
tegic planning for future integration advisable in planning
new installations. This paper describes some exanples to
state of-the-art WP systems that interface with external
handl i ng systems and/or process automation. In addition
guidelines are given for planning and designing such
systems.  (Available in mcrofiche only.)”
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“Least Cost Estimating with Goup Technol ogy"
H G Smart, VSl Corporation

Journal of Manufacturing Systenms (1982), Volume 1, No. 1,
Pages 99-110.

“A 22-digit al phanumeric Goup Technol ogy System was esta-
blished for the aerospace group of VSI Corporation. In
addition, the planning for |east cost processing planning
generation has been conpleted using the G oup Technol ogy
(GT) system The GI systemis also being used for classical
applications such as tooling, reduced setups, process plans,
identifying duplicate parts, etc., in addition to the

pl anned |east cost method. The |east cost nethod uses a
uni que enpirical production standards systemin conjunction
with GI code for its inplenmentation.”

“Machinability Data Base for End M 11 Application”

Dr. WlliamJ. Zdeblick/Jeff Lindberg, Metcut Research Assoc.
L. J. Hawkins, General Dynamics, Fort Wrth

SME Technical Papers (1981).

“The rapid growh of Conputer-Aided Manufacturing (CAM
and Computer-Assisted Process Planning (CAPP) systens have
required the conputerization of machining technology. Once
an art, relying heavily on machinist experience, machining
has become a science, with its theories, nodels and data.
As machining experience declines in today's factories,
particularly in numerical control operations, the conpu-
terized machinability data base beconmes a necessity. This
paper describes an end mlling data base devel oped for
General Dynanmics, Fort Wrth Division. The data base's
functions include recomrending the correct cutting tool,
determning the optimal size and number of cuts and speci -
fying machining parameters (speed and feed) for each cut.”
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“Managing for Automation in the 1980s"

M chael Radnor, J. L. Kellogg and Atul Wad
Nort hwestern University

SME Technical Papers (1983).

“U'S. industry, including the consumer electronics industry,
has suffered from a pieceneal approach to adopting automation,
resulting in poorer productivity than some foreign conpetitors
who have made nore successful use of automated processes.
Rather than viewing it as sinply the acquisition of new equip-
ment, the adoption of automation must be regarded as a system-
wide, interrelated process involving different functional areas
requiring close working relationships throughout the entire
manuf acturing process including product and process design
conEonentry selection, scheduling, R&D, quality control, and
marketing. Automation decision--making must be a strategic,

I ntegrated process which recognizes the system-w de rever-
berations of each increnent change.”

"Manufacturer Cuts Costs with LowCost Conputer, O f-the-Shelf
Sof t war e”

Gennn C. Hartw g, Manufacturing Engineering

Manufacturing Engineering (1981), Volume 86, No. 5, Pages 86-87
“Since investing in its conputer manufacturing software, ACDC
El ectronics, Cceanside, California, has been able to put the
bulk of its manufacturing inventory and planning data on-line

Real -time data managenent increases production efficiency and
elimnates expensive inventory overstocking problens.”
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“Manuf acturing Forum  Wanted; Shopwi se Engi neers”
Thomas J. Drozda, Manufacturing Engineering
Manuf acturing Engineering (1984), Volume 92, No. 4, Page 57.

“Wlliam C. Mssiner (Pratt & Witney) believes that a
maj or weakness of the U S. nmanufacturing conplex is the
acute shortage of shopw se engineers. He states there are
not enough designers who know process planning nor enough
manuf act uring engi neers who can design new processes and
met hods. M ssiner recommends getting designers away from
their CAD screens, drafting boards, and offices for awhile
and putting them on the shop floor. Only by working side
by side with production people can they learn to understand
the limtations and problens confronting shop people.”

“M croconput er- Assi sted Process Planning Basic Programm ng
Solutions for Manufacturing"

J. E Ncks, Ferris State College
Book (1982) First Edition, Pages 227-249.

“This chapter titled, "Mcroconputer-Assisted Process

Pl anning”, defines and explains how a snaller conmpany can
use the mcroconputer to assist in automating the process

pl anning routine. Froma concept standpoint, this chapter

Is the nost inportant in the entire book. A second objective
Is to explore the major differences between group technol ogy
and M croconput er-Assisted Process Planning."
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"M ni conput er- Based System Aids Process Planners"
Editorial Staff, Mnufacturing Engineering
Manuf acturing Engineering (1979), Volune 83, No. 4, Page 73.

“This article describes the operational functions of M PLAN,
a production oriented, Conmputer-Assisted Process Planning
System devel oped by the Organization for Industrial
Research, Incorporated.”

MPLAN:  Inplenentation at Union Switch and Signal”
James F. Lesko, Union Switch & Signal

CAPP:  Conputer-Aided Process Planning (1985), First Edition,
Pages 57-63.

“The “M PLAN Conputer-Aided Process Planning Systent is

an approach to process planning that addresses the problens

of standard work flows and route sheets, nethods standardiza-
tion, machine utilization, and the decreasing experienced work
force. The prerequisite for the MPLAN systemis classifica-
tion and coding of parts. The MPLAN system can be further
enhanced by linking it with a conputerized time standards
modul e.  The coding system used for MPLAN can also be used
for analysis of design standardization, design retrieval,

obsol escence, capacity planning and Goup Technol ogy.”
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“New CAPP System Ofers Extended Features”
Gary @arcia, Mnufacturing Engineering

Manuf acturing Engineering (1980), Volume 85, No. 3,
Pages 74-75.

“The extended features offered by Planning Institute's
Pl - CAPP, an enhanced version of CAPP (CAM IS Automated
Process Planning Systen) is discussed.”

“New Robotic Systens Change the El ectronic Assenbly Factory”

James A. Henderson and Robert N. Hosier
West i nghouse El ectric Corporation

SME Techni cal Papers (1984).

“Hi erarchical system design of total factory control systens
and advanced technol ogi es of conputer—controlled robotics have
established a new look in assembly of electronic systems. Dis-
cussion of the new automated factory, and the robotic systenms
which are providing this factory of the future, centers on the
Electronic Assenbly Plant at College Station, Texas. There,
the robotic and automated systens which will produce printed
wiring assenmblies (both through-hole and surface mounted),
electrical wiring harnesses, and the integrated material han-
dling and kitting needed are going into production. Material
resources planning, fully integrated factory scheduling and
reporting, and systems for material acquisition and inventory
control are addressed.”
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“NULI SP: An Assenbly Line Balancing Systenf
N. A Schofield, Nottingham University
SME Technical Papers (1975).

“The NULISP (Nottingham University Line Sequencing Program
package can help the industrial engineer to produce a break-
down of a conplete assenbly operation into work stations whose
work content is balanced between operators. The flexibility

of the NULI SP package enables it to be used for the day to day
sequencing in tasks on a flow line production system and to aid
the designer in planning the positioning of facilities and set-
ting of team sizes for future production lines. The conplete
assenbly is specified to the conputer as a set of tasks wth
associ ated times, technol ogical precedence relationships and
line restrictions. The desired production rate may be speci-
fied in terms of a cycle tinme or range of team sizes and the
NULI SP system wi ||l then produce a balanced line, splitting the
tasks between work stations so as to mnimze the total idle
time for the job. Thus, savings can be made in the tine taken
to produce realistic balanced lines and resulting decreases in

line idle time can lead to large cost savings during the life-
time of a product.”

“On Designing, Operating and Selling Integrated Mnufacturing
Systens”

Dr. J. Hatvany, Conputer and Automation Institute (Hungary)
A. Tari, Sepel Iron and Steel Works, Hungary

SME Technical Papers (1979).

“Integrated manufacturing systems, conprising groups of
conputer-controlled nmachine tools, automatic workpiece
transport, on-line conputer scheduling, advanced process
planning, a shared data base and possibly a link to CAD,
has passed beyond the experimental stage. What problens
arise when these systems are removed from the donain of
the research and devel opnent teans that first design thenP
How can they be integrated into the work-a--day operationa
routine of an engineering factory? How can tenders be
prepared for delivering further systens, wthout involving
research people of the highest qualifications each time?
How can new systems be designed, delivered and installed
to custoners without incurring exorbitant overheads?”
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“On Scheduling in a Goup Technology (GT) Environnment

Raj Vaithianathan, Assistant Professor, Kansas State University
Keith L. MRoberts, Professor, Ilowa State University

SME Technical Papers (1981).

“Traditional research in scheduling has concentrated on de-
vel oping optimal and optional tending heuristic algorithns
for nxm job shop and flow shop problems. Relatively no work
has been conducted in the area of scheduling within a GI

cel 1. This paper exanmines the GI cell environment froma
scheduling perspective and in relation to a job and flow
shop and presents a nodified approach to scheduling wthin
a GI cell that inplicitly takes advantage of common setups
and part famly coding structures.”

“Process Planning at Sikorsky”
Harry Wl dman, CAD/ CAM Technol ogy
CAD/ CAM Technol ogy (1983), Volune 2, No. 2, Pages 13-17.

“At Sikorsky Aircraft, Stratford, Connecticut, a 3 nillion
dol l'ar software programis used to standardize the machining
of cylindrical parts for helicopters. Sikorsky Aircraft
process planners also used a software program called Com
puter Managed Process Planning (CVPP) while working on a new
hel i copter program called the Seahawk. Pl anners found that
the software is reducing |ead-times, inproving the accuracy
of process plans, and standardizing the machining of gears
for the main nodule (or main transmssion) of this very
conplex flying machine."
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“Process Planning: CAD/CAM Integration and Innovation"

Dr. Khalil Taraman, Editor
Book (1985) First Edition, Pages 185-228.

"This chapter presents a survey of Conputer-Aided Process
Planning. Process planning, as the vital link between
design and production, is also explored

“Process Planning in Transition”
Donald B. Wechsler, CAM-1
CI'M Technol ogy (1984), Volume 3, No. 4, Pages 31-32

“Conput er-ai ded Manufacturing-International is addressing
the 1ssue of how to automate part representation and

recognition tasks in order to facilitate automated process
planning. A prototype process planning software system
called the Experinmental Planning System1 (XPS-1) contains
the structures to acconmodate part data provided in terns
of features. CAM1 also developed XPS-E as a high-Ievel
system architecture for the know edge based version of a
proposed process planning logic system Under the XPS-E
framework, alternate plans are Immediately made available
for evaluation.”
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“Process Planning in the Conputer Age"

Lockheed- - Georgi a Conpany, Marietta, GCeorgia

CAPP:  Conput er—Ai ded Processing Planning (1985), First
Edi tion, Pages 51-54.

“Planning for technological innovation represents perhaps
the best way Anerican manufacturing can conpete in today’s
chal lenging environment. Yet, today too few conpanies plan
for new technol ogy. Even worse, these conpanies are not
prepared to change or stretch their organizations to manage
it.

Too few conpani es have as their goal market domination or
quality and pricing |eadership. This causes short—term
return—on-investnent objectives and very little investnent
in new manufacturing technologies. Inevitably, this |eads
to a loss of market, conpounding the problem even further.

Too many deci sions on plant investnents are made with

enphasi s on cost reduction and capacity. Moreover, they
tend to be made pieceneal, one chunk of hardware at a tine."
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“Process Planning: The Vital Link Between Design and
Production”

Frank A Logan, Logan Associ ates
SME Techni cal Papers (1983).

"The advent of conputer-aided systems for drafting/design
and for manufacturing control (i.e., production scheduling
and MRP) has had a significant inpact on the productivity
and efficiency of many manufacturing organizations. How

ever, in nost organizations, the vital link between design

and manufacturing process plans still is managed by cunber-
some manual methods. |n addition to occupying |arge amounts

of technical and clerical time, these methods are generally

i nadequate in creating and maintaining the up-to-date, viable
manuf acturing engineering information data base needed in to-
day’s organization. This paper examnes the traditional nethods
of process planning, and its inability to address the demands
placed on it in today's modern manufacturing organization. The
conponents of a Conputer--Ai ded Process Planning (CAPP) system
are examned, and their manufacturing system described. The
paper concludes that, wthout effective CAPP, the potential
benefits of conputer-aided design/drafting and manufacturing
control will never be fully realized."
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"Production Control in Hghly Automated Manufacturing Systens"

W Eversheimand W Fronmm
Technical University of AACHEN

SME Technical Papers (1983).

"The high investment costs of automatic manufacturing systenms
demand an optimal utilization of the machinery. This cannot
be achieved by the normal capacity planning systems, as they
do not consider a nunber of conditions, which are specific to
highly automated manufacturing systens. These conditions are
t he maxi mum overl apping of the tool sets needed, the minim-
zation of setup times and the usage of the same jigs for suc-
ceeding orders. For achieving these tasks an EDP systemis
necessary, which considering the above conditions, calcul ates
the best order sequence for the machine tools. The contro
and monitoring of the manufacturing processes are the task of
the operative control system The flow of information from
the rough planning level down to the level of realization of
control tasks is shown. The jobs to be done on each planning
and control level, as well as the hard and software sol utions
wi |l be demonstrated by neans of a practical exanple.”

“Production Planning for Goup Technol ogy Manufacturing"

Gerald R Gaves, Louisiana State University, Baton Rouge
Loui si ana.

"This paper is concerned with production planning in a

G oup Technology manufacturing environment. An aggregate

pl anni ng met hodol ogy for inproving the associated benefits

is presented. The nethodol ogy uses a cost model which is
l'inear programming fornulation and includes |abor, material,
burden, and inventory costs, and demand and capacitiy con-
straints. The uses, benefits, and limtations of the nodel
are illustrated with an exanple. The nethodol ogy is intended
for use in conjunction with a material requirenments planning
system"
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"Production Technol ogy Abroad, June 1978"
Dr. Meshe M Barash, Purdue University
Manuf act uring Engineering (1978), Volume 80, No. 6, Page 31.

"Dr. Barash discusses a Soviet NC steel bender; a book
witten in Russian which deals with the parqueting problem
Conput er- Ai ded Process planning for cold forging; and a new
design for twist drills.”

“Prospects for Process Selection Using Artificial Intelligence"

Dana S. Nau, Conputer Science Department, Maryland University,
Maryl and, and Tien-Chien Chang, School of Industrial
Engi neering, Purdue University, Indiana

CAPP:  Conputer-Aided Process Planning (1985), First Edition,
Pages 214-228

"One problem facing nodern industry is the lack of a skilled
| abor force to produce machined parts as has been done in
the past. In the near future, this problem may becone acute
for a nunber of manufacturing tasks. One such task is pro-
cess planning. Since process planning requires intelligent
reasoning and considerable experiential know edge, al nost

all existing Conputer-Aided Process Planning systems require
g significant anount of supervision by an experienced human
ei ng.

There is some prospect that "expert conputer systenf tech-
niques fromthe field of Artificial Intelligence may be
successfully used to automate (at |east partially) several
of the reasoning activities involved with process planning.
This paper discusses some current prospects for automating
a process planning task known as process selection. These
ideas are currently being considered for use in the Auto-
mated Manufacturing Research Facility project at the US
National Bureau of Standards, and steps are being taken

to inplement themin an expert conmputer system'
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“Quality Control Essential for CI'M Success"

Troy Koon and David Jung
| TT Advanced Technol ogy Center

SME Techni cal Papers (1983).

“The factory information system (FIS) that collects and dis-
tributes raw data is enmphasized. The FIS is the nechanism
that provides an avenue for quality control information to
be integrated throughout the organization. The freedom of
input of quality control information enables the fine-tuning
of the overall factory systemto occur. It is this fine
tuning of quality that enables CIMto flourish. Quality
is addressed in areas relating to: data, design, process
pl anning, gauging availability and production process."

“Quantitative Design Tools for Conputerized Manufacturing
Syst ens”

J. J. Solberg, Purdue University
Proceedi ngs (1978), Volume 6, Pages 409-413

"Comput erized manufacturing systens offer the potential

for achieving mass production levels of productivity in

bat ch-type discrete parts manufacturing. To achieve such
success, however, many critical design decisions must be
properly made. This paper reports on a mathematical node
which is of particular value in determning the consequences
of design decisions in the early phases of planning a system
The nodel is easy to use, requires little data, and provides
a wide range of steady-state performance neasures. Use of

the model in the design process is illustrated.”
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“Real - Time Assenbly Planning and Control”
Asbjorn Rol stadas, NTH SI NTEF
SME Technical Papers (1975).

“One of the problens of assembly of mechanical products

is connected to parts supply. Often shortage of parts

is detected after the assembly has started. An on-line
interactive data system based on a dedicated niniconputer
can reduce the damage of such problems significantly by
controlling any stock novement, relating accepted orders
after product explosion to actual stock, predicting pos-
sible shortage at an early stage and ensuring that no as-
senbly is started unless it can be carried through w thout
shortage. Such an on-line system will consist of three
nodul es:  stock control, order entry, and assenbly planning."

“Real -Time Simulation Elimnates the Risk of Industrial
Aut omat i on”

Max W Hitchens, HEl Corporation
SME Technical Papers (1984).

“Automation presents risks in conception, design, fabrication,
installation, and operation of a warehouse or manufacturing
system Risks are caused by inexperience, m scommunication,
perception limts, and human error. Applying a real-tinme
simulation to all phases of an automated project elimnates
the causes of risk. A real-tine sinulator is a conputer
system capabl e of animation, design simulation, system enu-

| ation, and diagnostic nonitoring. Real-time simulation is

a tool which enables each step of the automation process to
be checked, and errors corrected.”

11-67



“Selection Criteria for Mnufacturing LANS”

Rajendra Melville and George Koshy, Booz, Allen & Hanmilton,
I ncorporated, Lexington, Mssachusetts.

“In an effort to inprove productivity, an increasing nunber
of American manufacturers are automating their facilities.

A key to this effort is a Local Area Network (LAN) that will
transfer data efficiently between the various conponents
This paper identifies issues that affect manufacturing com
muni cations, discusses the available LAN technol ogi es and
their attributes, and develops an approach to selecting the
best comuni cations technology to nmeet a user’s needs.”

“Shop Floor Scheduling and Control”

L. J. Baringer, D. J. Bulger and G R Johnston
| BM Corporation, General Systenms Division

SME Techni cal Papers (1975).

“The role of production control has taken on added i npor-
tance in today s manufacturing, including the NC machining
environnent. Assisted by a conputer, production control has
become a dynamic tool in the production process by providing
better control of work flow, machine use, and parts inven-
tory. Included as part of the output fromthe conputer-
aided systemare daily and weekly reports that provide the
information required by both managenent and peopl e using
the system’
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“Software System for Flexible Manufacturing of Printed Grcuit
Boards in a Small-Lot Production Environment”

Frank Sal anone, GIE:  Communication Systens Division

SME Technical Papers (1985).

“Discussed is a software system which generates required
manuf acturing docunmentation and soft tools for |ow cost
assenbly of printed circuit boards. The brain of the sys-
tem conpares manufacturing alternatives to determne the
nost cost--effective assenbly process. [Its output is sent
to post-processing for generation of machine instructions,
setup instructions and visual aids. Topics discussed are:
CAD/ CAM interaction, manufacturing libraries, cost conpar-
i son program process determnation, automated conponent
preparation instructions, automated operator instructions/
visual aids, and automated generation of pattern prograns.”

"Strategic Planning for Productivity”
Robert W Baeder, General Electric

sMe Techni cal Papers (1981).

“The strategic planning process normally used for busi-
ness planning can be applied effectively for automation
and productivity planning. The strategic planning process
involves situation assessnent, identification of key issues
and devel opnent of the strategy and progranms. This process
views the factory broadly as three arenasrequirenents
pl anni ng, design and production. The broad productivity
obj ectives should not only include cost but should also
include inproved quality, shortened design cycle and
reduced investnent intensity. The application of the

strategic planning process can greatly inprove the
odds of success of automation systens planning.”
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“System Performance in Wrk Center Control Environment”

Thomas L. Wcklund, Honeywel |, Incorporated, Golden Valley,
M nnesot a.

“The Work Center Control (WCC) System when in operation
with many connected pieces of shop floor equipnent, is a
data conmmuni cations intensive system  Communication be
tween the central host conputer and the work stations is
the single nost inportant function of the WCC conputer

enpl oyi ng networking, conplex protocols, data verification,
and other concepts that strain the resources of the host
conputer system  Techni ques of perfornmance neasurenent

and some results that have been found by Honeywel| are
di scussed. "

“The Automated Factory in the '90s”
M David Freednman, Consultant
CAD/ CAM Technol ogy (1983), Pages 11-12.

Wthin the next decade, it may be possible to realize the
automatic factory. The result: CAM that depends |ess on
the kinds of conmputer systens used and nore on the degree
of functional integration. The factory of the future is
di scussed in relation to marketing and sales, production,

tooling, process and nmaterials planning, shop-floor contro
and managenent.”
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“The Automated Factory: \Wat it WII| Take”

Robert N. Stauffer, Manufacturing Engineering

Manuf acturing Engineering (1983), Volume 91, No. 3, Pages
42-43.

“Robert J. Eaton, Vice President of General Mtor’s Advanced
Product and Manufacturing Engineering Staff, describes the
factory of the future and its two major components, the
Conputer Integrated Production Facility (CIP) and the CAD
CAM system It is inportant to understand how their various
elements fit together and what new devel opnents are still
required. A substantial R&D effort is needed in such areas
as peer communication, a graphics exchange standard, an auto-
matic system for tracking engineerin% changes, a data base
of manufacturing design criteria, off-line programm ng of
robots, and an “expert” system for generative process

pl anni ng.”

"The Control Structure in CAM Systens”
Oyvind Bjorke, Norwegian Institute of Technol ogy

Technol ogy of Machine Tools (1980), Volune 4, Page 7.2-1
7.2-19.

“The control structure in CAM systems is the organization
of data processing before and during the execution of the
i ndividual actions. Such actions may be notion of tools
within machine tools, motion of workplaces between machine
tools, etc. Each of these actions is the result of a chain
of planning steps that goes into greater detail as the tine
of execution approaches. Sonme steps are automatic, others
are influenced by human decisions. Together they form an
interwoven structure controlling machine actions

(Avail able by volume and in nmicrofiche only.)”
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“The New Role of Goup Technology in Factory Automation”

Edward J. Adlard,Litton Integrated Systens Technol ogy,
Fl orence, Kentucky.

“Goup Technology (GI) has been practiced for many Years in
operating batch manufacturing plants. It was first applied
manual Iy to code and classify parts and for machining cells
for parts manufacturing. GT coding and classification were
applied in a manual node for design retrieval. Wth the
devel opnent of the conmputer came a renewed interest in GI.
Coding and classification were again used for design retrie-

val, but this time the power of the computer was used to
performthe lengthy design data base searches. At the same
time, GI was being used in manufacturing to hel p autonate
the process planning activity and to assist in formng auto-
mat ed manufacturing cells. Today, a new | evel of application
of GI is being explored in the inplementation of |arge-scale
factory automation projects. This paper presents a brief
history of group technology and discusses its newrole in
factory automation.”

“The Problens of Using CAD Generated Data for CAM
Ann E. Mei st er, Consul t ant
SME Technical Papers (1983).

“Aprimary justification for a CAD)CAM systemis its use

as a common data base by engineering and manufacturing.

Thi s data base should provide all the information required

for both activities.In reality however, it frequently does
not. Contributing factors include the absence of appropriate
standards and procedures in areas such as draw ng control and
tolerancing practices. In nunerical control applications, pro-
blens arise fromgeonetric deficiencies as well as inefficient
tool path generation capabilities. The systems lack automatic
access to the information required for group technol ogy, pro-
cess planning, and quality control. As a result of all this
probl ems arise because there is continuing human intervention
in tasks which should be automated. This paper discusses
these problens and suggests workable solutions.”
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“The Process Planning System of Lang Engineering Wrks”

Peter Hoffmann and Arpad Garzo
Lang Engineering Wrks, Budapest, Hungary

CAPP : Conputer--Aided Process Planning (1985), First Edition,
Pages 113-119.

"The process planning system of Lang Engineering Wrks
Budapest, is based on the variant approach. Process chart
paraneters can be input either by the operator or can be
pi cked by the system from stored charts or fromfiles of
gl obal paraneters of conplex products. Cenerated process
charts can be both manually edited and conputer processed.
A generator kit allows generating process planning prograns
for any particular problem using problem specific informa-
tion only. The paper describes applications of and experi -
ences with the system”

“The Road From Variant to Cenerative Process Planning”
Al exander Houtzeel, Organization for Industrial Research
SME Techni cal Papers (1983).

“There are currently two main roads to generative process
planning through artificial intelligence, in which the
conputer totally recognizes parts and how to manufacture
them or through new multiple coding and classification
systens which are used to create highly refined data bases
of part. and manufacturing capability information. This
paper denonstrates that the latter road is now open to
practical inplenentation. It describes how new nultiple
coding classification systems, fully integrated with
Conput er- Assi sted Process Planning and Goup Technol ogy
systens can now be used for effective generative process
planning. There are currently two main roads to genera-
tive process planning through artificial intelligence.”
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“Three Keys to Electronics Manufacturing in the ‘80s”
R P. Caggett, Western Electric Corporation
SME Techni cal Papers (1979).

“Electronics manufacturing in the 80's is changing for
Western Electric due to the rapid change in sem conductor
technol ogi es. The consequent is faster turnover in product
of ferings. Sem conductor manufacturing requires the nost
rapi d change in processes and requires the highest degree
of flexibility. Increased chip capabilities require new
chip packages. New techniques nust be found to assenble
the packages to a PWB on a production basis. The assenbly
of equipment systens is requiring a higher degree of intel-
l'igent automation.”

“Trends in the Robotics Industry”

Laura Conigliaro, Bathe Halsey Stuart Shields, Inc
SME Techni cal Papers (1982).

“Timng, technology, and end-user awareness and need have
conbined to catapult the robotics industry into its nost
dynam ¢ state ever. This paper exam nes some of the pre-
sent and future trends within this extraordinarily dynamc,
though infant, industry.”
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"understanding the Inpact of Conputer-Integrated Mnufacturing”
Stephen J. Gondert, Conputervision

Manuf act uring Engineering (1984), Volune 93, No. 3,
Pages 67-609.

“The advantages of and possibilities in Conputer-Integrated
Manufacturing (CIM are discussed. The ultimate goal of
CMis to link automated manufacturing functions such as
numerical control, process planning, materials requirement
planning, and CADCAM and then further integrate these with
the traditional MS data processing functions such as finan-
cial accounting, inventory control, and payroll. The cen-
tralization of this information creates an extremely powerful
resource for the entire conpany. Qher advantages include

| onered manufacturing costs, elinmnation of errors, and

i nproved conmunications. This article also addresses the
fundamental s, necessary hierarchy, future directions, data
exchange, and obstacles to inplenentation of CIM”

"Update on CAM Technol ogy”
Editorial Staff, Mnufacturing Engineering
Manuf acturing Engineering (1917), Volume 78, No. 4, Page 58.

“Sone observations on a CAM1 seninar are noted in this
article. Training programs, CAM-| projects, future plans,
and contracts to SOFTECH were discussed.”
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Uilization of Artificial Intelligence in Manufacturing”

David Liu, Hughes Aircraft Conpany
SME Technical Papers (1984).

“Advanced technol ogy is being devel oped in both engineering
and manufacturing. The present marketplace demands greater
product variety and shorter product. life cycles. A software
systemthat incorporates producibility into product design
and autonates support activities in mnufacturing is dis-
cussed. Based on disciplines of artificial intelligence

full color pictorial manufacturing instructions are
generated from the engineering data base.”

"Wst i nghouse Technol ogy Moderni zation for Electronic Assenbly”

Janes A Henderson, Westinghouse Manufacturing Systens &
Technol ogy

SME Technical Papers (1985).

“Anewfacility for assenbly of electronics sub-systens makes
use of the latest technologies in conputer systens, materials
handling, and process automation. The new facility focus is
on devel opnent of automated production for printed wiring
assenblies (PWA) and electrical wring harnesses used through-
out the sensor systems (e.g. radar, electro-optical) produced
for the Air Force, Arnmy, and Navy. Three key projects suppor-
ted are: mterials accountability and robotic kitting (MARK),
standard el ectronic assenbly system (SEAS), and robot—enabl ed
assenbly of cable and harnesses (REACH). Mpjor portions of
these projects are in use in the new El ectronic Assenbly Plant
(EAP) in College Station, Texas. Inprovements in productivity,
qual ity, and product cost are realized through combining pro-
cess automation and integration of both product baselines and
production facility (with material accountability and handling
automation from Materials Requirenments Planning (MRP) through
shop floor control).”
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APPENDIX C

SAMPLE LETTER SENT TO PROSPECTIVE CAPP SYSTEM VENDORS
DATED AUGUST 19, 1985



W Bath Iron Works corporation A congoleum Conpany

\

H
1 700 \IIVASHINGTON STREET, BATH, MAINE 04530. (207) 443-3311

August 29, 1985

Conput ervi sion Corporation
201 Burlington Road

Bedf ord, Massachusetts 01730
Attn: M. Jcn Atwood

Dear Sir:

bath Iron works has been funded and has initiated a Conputer Aided Process
Planning (CAPP) project under tne auspices of the Maritime Administration/US.
Navy/ shi pbui I ding industry sponsored Society of Naval Architects and Marine
Engi neers (SNAME) to develop a system capable of generating manufacturing
process plans and related schedule, manning and |evel-loaded shop information
eased on interim product attributes- The systemw |l include the front end
docunentation required to support the use of process lanes (flexible product
work centers) in the affected shops.

As a part of the project bath Iron Wrks is funded to review existing
Conputer Aided Process Planning systens to determne if any such software is
suitable for use in the shipbuilding industry. Bath lron Wrks is interested
in determning the applicability of your Milti-C ass/Milti-CAPP. Qur initial
interest would be in the structural outfit fabrication shop processes
where parts are cut fromraw stock and then assenbled with other fabricated .
parts or purchased itens to formsmall subassenblies or “pieces”. Later
applications would involve the installation phases of ship construction where
the pieces, suoassenplies and parts are assenbled to form assenbly units "and,
finally, the conpletes ship. In summary, the effort parallels a machine shop
Systemwith Speeds, feed rates, tool type, machine types, etc. replaced with
parameters, efficiency rates, queue tines, etc. One key aspects of the
software should be its utility in terms of operational sinplicity.
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The original proposal and the first quarterly report on this project are
enclosed for your information.

If you are interested in beconming a part of this project, please subnit a

demonstration shoul d include variant and/or generative process plan

devel oprent, |evel -1 oaded schedul es based on Bath Iron Wrks and
Ccnput ervi sion devel oped tine standards, mannning requirenments and exanples of
the associated supporting documentation based on an active Bath Iron Wrks
contract.

“Webs and Grders” and “Bul kheads, Decks & Platforms”, presented on page II-5

of the enclosed quarterly report.

Bath Iron Works is in the process of developing flew diagrams for each of the
process |anes (product centers) along with process descriptions, associated
constraints, material flow diagranms, parameters and efficiency rates for each
of the process lanes. The above information will be provided to the
subcontractor as required. The proposal should include approxi mately 80 hours
to review and coment on the BI'W devel oped information.

The proposal s received by BIWw || be reviewed and presented to the SP-4 Pane
of SNAME with a recomrendation to the panel as to the preferred proposal.
Wrk is expected to conmence about 1 January 1986 with a conpletion date of

1 May 1986. There is, however, no guarantee that any proposals wll be
accepted; if accepted, there is no guarantee the the proposal wll be

i npl enent ed.
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The Bath Iron Wrks contract includes funding of approxi mately $20,000.00 for
the denonstration project and review effort. However, as this is an R&D
effort and the conpany selected will receive considerable exposure in the
shipbuilding industry, it is expected that about one half of the cost of the
denonstration project will be borne by the selected conpany. If you are
interested in submtting a proposal please contact me at 207/443-3311 ext.
3854 for additional information. The proposal will be required at Bath Iron
works no leter that October 11,1985.

Sincerely,

D0 L)
(j{ A ~( . Cf !/1 A e

Richard L. DeVries
Shi pbui I ding CAPP Project Supervisor

RLD: |
PPC- 795/ 6227C

cc: Baxter Barham
Newport News
4101 \Mshington Avenue
Newport News, Virginia 23607
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APPENDIX D

REQUEST FOR PROPOSAL LETTER SENT TO RESPONDING VENDORS
DATED SEPTEMBER 26, 1985






Septenber 26, 1985

PRI VE Conput er

1 Speen Street
Farmngton, MA 01701
Attn: M. Bill Hession

Dear Sir:

As promised in our August 29, 1985 letter regarding the CAPP denonstration
project, additional information has been conpiled to assist you in your

development of a proposal. Ms an additional item, I would encaurage. vou
to provide a price for instatting your system at {he I-Iar%h ngs BI'aREet o

The additional data provided is as follows:
Hardings Material Flow - present. and Future

Form 26

Inter-department Work Order

Hardings Plant Internal Shipper (Form 239-1)

BIW Corporation Material Storage/Locator Form ECS/EQU (Form 239)

Sorting Instructions (Form E513-1)
Material Transfer Docunment (Form 113A)

Material |ssue Requisition (Form 114)

Merchandi se Material Requisition (Form 112B)
Del i very Sheet (Form 308A)

Plate Loading Sequence Sheet

Bar Rack Loading Sequence Sheet

Material Requirenents (Form E-349)

Schedul ed Work for Production
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Bill of Mterial

Shi ppi ng  Docunent

Retraction
Assenbly Ordering Form
Left Of List (Form F-326)

List of Docunents Used at Hardings

Steel Information and Control Project, Study Report and Recommendations

It should be noted that a coding systemfor structural material is
presently being devel oped. This code'is primrily focused at identifying
the parts uniquely. It is presentlr felt that a group technol ogy code, to
further enhance the conputer sort of material flow control data and

devel opnent of standard process plans, is necessary.

In addition to the data bases nmentioned in the Steel Information and
Control Project, a parameters (work content) data base is considered
necessary. Presently the identified parameters are weld length and number
of pieces. Burning machine travel length and burn time are presently
generated by AUTOKON and are available from the Loft.

It is envisioned that the demonstration project would identify when the
various information required to formthe necessary data bases woul d have
to be provided and by whom

be limted to, the following: a) Process Plan for each stage of fabrica-
tion and assenbly at Hardings (Potentially a standard process plan for the
entire famly of parts would be applicable at some stages.); b) Plater and
Shape Location Docunentation;

d) Kit Contents for each stage of construction; e) Short Term (3 months)
Schedul e based on work content with level |oaded process |anes; f) Ship-
ping Instructions; g) Assenmbly conpletion Statusing; h) parameter perfornm
ance Repgrts; 1) Area Work Content Loadingly by day for the next two weeks
each wee

The above woul d include innovative ideas on form format and content and
shoul d stress check-off type docunentation for shop floor statusing versus
manual entries.
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A direct interface with the Hardings Plant planning and operations

personnel, to determne their docunentation needs, will most |ikel
necessary.

that purpose.

be
A desk area at the Hardings Plant can be nade avail abl eyfor

Thank you for your interest. Please contact ne at (202) 692-7660 or
(703) 979-2030 if you have any questions.

Sincerely,

Richard L. DeVries
Shi pbui | di ng CAPP
Project Supervisor

cc: Baxter Barharm
Newport News Shi pbuil ding
& Drydock Conpany
4101 Washington Avenue
Newport News, VA 23607
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HARDINGS MATERIAL FLOW DOCUMENTS

Har di ngs Planning O fice/ D 12

Frei ght Packing Slip

Sorti ng I nstructions Sheet

Dai |y Sequence Sheet

Material |ssue Requisition (Merchandise)
Material Transfer Document

I nter-department Work order

I nt er-department Shipper

ocoo0oococoo0 o

Layout / Burni ng Pl ate/ Shape Area

Har di ngs Pl ant Internal Shipper

Material Storage/Locator Form

Dai |y Sequence Sheet

I nter-departnment Work Order

I nt er- department Shi pper

Material |ssue Requisition (Merchandise)

cocooooo

Bendi ng Fl oor/ Pl ate Shop

Har di ngs Pl ant Internal Shipper

Material Storage/Locator Form

I nter-department Work Order

I nter-departnment Shipper

Dai |y Sequence Sheet

Material |ssue Requisition (Merchandise)

Assenbly Areal/ (CPO

oo oo oo

Har di ngs Pl ant |nternal Shipper
Material Storage/Locator Form

I nter-department Work Order

I nter-department Shipper
Retraction Docunent

Assenbly Ordering Form

Left Off List

cooocoooo

Sh

ppi ng/ Storage Area

Delivery Sheet (Change of Raw Material Storage)

Retraction Documnent
Rat e/ Shape Loadi ng Sequence Sheet

(0}

0

0

o Short Range Order Form
0 Long Range Order Form
o Bill of Materials

0

Frei ght Packing Slip
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APPENDIX E

LOGAN ASSOCIATES CAPP DEMONSTRATION PROJECT
LOCAM PROPOSAL DATED OCTOBER 8, 1985



Logan Associates
Tel ephone:  (617) 478-2898
Telephone: (617) 655-2191

59 Village Brook Lane, #4 Facsimile: (617)879-0698
Natick, Massachusetts 01760 Telex: 948477 (HQ FMHJ)

COct ober 8 1985

M Richard L De Vries

Shi pbui | di ng CAPP Super vi sor
Bath Iron Wrks Corporation
700 Washington Street

Bath, Maine 04530

Dear Dick,

Re: Proposal for a CAPP Denonstration Project

| have pleasure in enclosing our proposal for inplenenting a CAPP Denonstration
Project based on the LOCAM system

Asyou Wil see, I listed the objectives you had set out, and against this |
have described a series of work segments which nmust be conpleted to achieve
t hese.

Qobviously, scaling down the objectives, or accepting a |ower |evel of denmons-
tration feasibility would affect the work content and naturally the project
cost.

| note your comments re the limts on your budget and that you consider this
to be an R and D exercise. However, as | have said in the proposal, we can
denonstrate several running APP systems, especially at GE-STG Schenect ady,
fulfilling exactly your requirements.

It is nmy firmbelief, and GE's also, that ny staff have now had nore experience
world-wide, in this particular field. And so we should - having had a team
working with GE since the beginning of 1983

Taking this into account, and considering that we are supplying you, on I|oan,
software to the value of $200,000 and hardware of some $90,000, it is not
unreasonabl e to expect a fair price for our highly professional services. \hat-
ever happens, after the denmonstration project is conpleted, Bath Iron Wrks
woul d have gained extrenely valuable insights into our advanced CIM strategy.

| trust that you will understand ny position and | ook forward to being able
to work with you on this project.

Yours sincerely,

?Mwﬁ K. '1/09"""“

Frank A Logan
Presi dent

A Division of: Logan (Conputer Aided Manufturing ) Ltd
Registered Office: 46, Bell St., Henly-on-Thames, Oxon.Registered No. 1323239 (London)
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SECTION 1.0 | NTRODUCTI ON

This proposal for a denonstration CAPP system has been, prepared in reply to the
letter from Bath Iron Wrks Corporation, dated August 29 1985, and signed by
Richard L Devries, Shipbuilding CAPP Supervisor; also his subsequent letter of
Sept enber  26.

1.1 In support of these letters the following information was also supplied:

Copy of BIWS Proposal for Project #11
Hardings Material Flow, present and future
For m 26, Partial Shi pnment to Bath
Inter-departmental Work Order

Hardings Plant Internal Shipper (Form 239-1)
BIW Material Storage/Locator (Form 239)
Sorting Instructions (Form E513-1)

Dai |y Sequence Sheet

Material Transfer Document (Form 113A)
-Material Issue Requisition (Form 114)
Merchandi se Material Requisition (Form 112B)
Delivery Sheet (Form 308A)

Plate Loading Sequence Sheet

Material Requirements (Form E349)

Schedul ed work for Production

Bill of Material

Shi ppi ng Docunent

Retraction

Assembly Ordering Form

Left off list (Form F-326)

List of docunents used at Hardings

Steel Information and Control Project Study Report

1.2 Based on the letters and the additional information supplied it is understood that
the CAPP denonstration system should have the fol |l owing objectives:

applicability to structural and outfit fabrication at Hardings
operational sinplicity
variant and/or generative process planning capability



-production of |evel |oad schedule,

-initiate documentation for manufacturing control

- focus on ‘Webs & Grders’ and ‘Bul kheads, Decks and Platfornmi famly groups,
-identification of information requirement - when it should be produced

and by whom

1.3 Bath Iron Wrks is in the process of devel oping flow diagrans for each process
lane, with process descriptions, associated constraints, material flow diagrans,
parameters and efficiency rates for each process |ane.

This information to be reviewed with CAPP contractor during the systeminplem

ent ati on.

1.4 Other points raised in the letters,
are

BIWis currently devel oping a coding systemfor structural material

a group technology code to enhance material flow is considered
necessary,

a paraneters (work content) database is required,

the various output formats as specified in the letter dated
Sept enber 26,

rationalization of format and content of existing output docunents,

that the denonstration system be inplenmented at Hardings plant.

1.5 To conclude this introduction, the mechanics of process planning are:

1.5.1 the methodical translation of engineering requirenents (contained

on draw ngs and specifications) into detailed technical manufac-
turing requirenents of material, |abor and equipnent,

1.5.2 the detailing, at a mninum manufacturing sequences (flow
by work centre, cycle times, resource usage and tooling requirements

can be no effective production scheduling (level |oading), cost or
per formance control

It is the vital link between engineering and actual manufacture,

(see Figure 1).
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SECTION 2.0 TRADI TI ONAL PROCESS PLANNING - BI'W

From a previous visit by Frank A Logan to the Bath plant and discussions with
Richard L DeVries and other nenbers of BIWstaff, it appears that BIW use trad-
itional technical/clerical process planning techniques.

2.1The above observation is re-inforced by a study of the docunents supplied (see
Section 1.1.) with their wealth of hand-witten detail, translating engineering
requirements into manufacturing control data.

2.2 Traditional process planning is characterized by the follow ng:

2.2.1 Process planners study drawi ngs, the text, views, notes, dinensions,
etc. searching for key information.

222They select this key information, based on previous experience, and
use it to drive their personally held manufacturing |ogic.

223Fromtheir experience they lay out a routing by work stations.

2.2.4 This application of personally held |ogic enables themto reference
base data for calculation purposes (or take an inspired guesstinmate).

2.2.5 Steps 2.3.1to 2.3.4 are processed interactively until the planner is
either satisfied, or, nore likely, runs out of process planning tine.

2.2.6 During these interactive steps he is likely to involve other planners

or foremen in the decision making process.

2.2.7 He handwrites var i abl e process pl anning information on various process
pl anni ng documents.

2.3 To summarize: traditiona process planning is carried out by time-served tech-
nicians with intinmate know edge of manufacturing techniques, machines, equipment
and level of plant skills. They visualize and analyze alternative methods and
operation sequences using differing levels of tooling aids to achieve the |owest
unit cost consistent with engineering requirenents (see Figure 2).

2.4 Disadvantages of Traditional Process Planning: Al the disadvantages of this
traditional approach stem from the very high dependence upon technical/clerica
activities, both in the preparation of process plans and the planning engineer’s
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need to interact with related activities.
Mre specifically the disadvantages are:
- manufacturing logic is individual - it resides in the planer’s mnd

- this individual logic has to be recalled and re-processed for every
process plan, a |aborious process which is often short-circuited by
guess-work,

results are often inconplete or inconsistent,
extended pre-production lead tines,
estimates for new products or processes are suspect until proven right,

scarce manufacturing skills are locked into clerical planning routines
rather than concentrated on nethods inprovenent and cost reduction
progr ans,

supervi sion and shop floor operatives have little respect for the targets
set by process plans due to inconsistency and inaccuracy,

- process planning information is often out of date. The whol e planning
cycle is subject to frequent information updates

* Engi neering changes to product design
* Alternative material and processes
* Changes to manufacturing quantities

Process Planning is at a crisis; its present structure can only operate with high
level skills and where progress chasers provide the push and pull on work-in-
progress to nmeet manufacturing schedules. These conditions are dying. Modern

[ manuf acturing systens based on conputers, such as Flexible Mnufacturing and
Production Scheduling, demand nore tinely and accurate process plans if they are
to be effective.

.5 Yet, even within the cunbersone technical/clerical routines of the traditiona
approach, mnufacturing logic does exist; planners plan every day using input data,
whi ch they observe on a drawing or specification, to drive their personal |ogic.

Tomove towards a CAPP environnent, Planners require an ‘expert system which
allows themto define their rules and data without having to depend on conputer
anal ysts or progranmers.



SECTION 3.0 LOCAM — AN EXPERT SYSTEM

LOCAN is an expert system It has evolved to its present format over a consider-

able period of time. (See enclosed ‘Hstorical Developnment of the LOCAM Systeni).
3.1 Its evolution has been guided by the follow ng concepts:
* Free the planner fromroutine clerical activities,

* Use existing conpany manufacturing data, for exanple, synthetic
time standards and process data for machining, welding, assenbly, etc.,

*

Perform all cal cul ati ons,

*

Generate descriptive user defined docunentation and data files,

*

Be applicable to all types of manufacture,

*

Be capable of extension or up-date by manufacturing. engineers,
to reflect changing manufacturing processes and equipnent.

3.2 These concepts demanded that LOCAM be rule driven, that is, an expert system The
user is provided with tools to introduce and change his own rules (manufacturing
logic) and the manufacturing database which interacts with these rules

The users are able to introduce and nodify rules and data w thout the need to be,
or call upon, conputer specialists.

3.3 Above all, LOCAM as an expert system is able to operate at a nunber of levels

(see Figure 3). | It is capable of evolution through these levels as nore conplex
rules and expertize are added to the the system

3.4 Stage 1, Traditional: A pre-requisite to any ‘expert systemi is to have access
to ‘expertize’ . BlWalready has a wealth of experience residing in the mnds of
amongst others, its manufacturing engineers and forenen.

3.5 Stage 2, Entry Level LOCAM  This interactive entry level has powerful utilities
to create and maintain manufacturing data and logic. Typically this logic and
data will support QOperational Detail Planning. That is, once the planner has
selected an operation and a work center, his program will display appropriate
Questions and/or request Keywords with parameter val ues.



5

Autonmatic Process Planning driven by complex part coding

and manufacturing logic decoding capabilities with,ldnks
to CAD.

TScmi Automatic Process Planning driven by simple coding

Lsyetems with manual entry of some data eg. dimensions.

[Fenture (Attribute) driven Process Planning from grouped
chywordn and asinmple automatic selection of base parameters,

Stage

KANUFACTURING DATA

methods planning using questions and/or parameter driven

manufacturing logic which has direct access to time/cost

[Entry level interactive computer alded time estimating and
l‘Mandard database,

Traditional manual process planning using personal
experience to dorive manufacturing logic and extract time/
cost standard data and write out manufacturing information.

THE 5 BTAGES OF PROCESS PLANNING Fig 3
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He is relieved of all data |ook-up and calculations and the detailed instructions,
with times. Also the process plan is generated autonatically. [See Figure 4. ]

At this level, routing information, can be passed directly into MRP systens.

3.6 Stage 3, Features: The use of Features enables the user to group questions and/
or Keywords with variable parameters to be stored for future recall and expansion.
They reduce the input requirements very considerably, but their nost inportant
role is establishing the link to a Part Description Code that will ultimately
be used to generate Automatic Process Planning. |See Figure 5.

3.7 Stage 4, Sem Automatic: The two previous stages have been concerned with input-
ting information to generate text and times for each operation in the routing
sequence. The linking logic, that is, selecting the next operation, being carr-
ied out by the process planner. Stage 4 is concerned with further devel oping
this logic (increasing the expertise) to automatically select operations and
their associated Features.

The first step, based on broad fanm |y groups, is to define, using LOCAM Decision/
Action program the selection process; this builds Decision/Action Tables, (see

Figure 6).

These tables can be driven interactively by answering the appropriate questions,
or the input requirements can be established as a Manufacturing Code. |n the
latter case, if this code is generated by a Drafting Section or CAD system
Sem Automatic planning is possible.

At this stage, no dimensional or functional data is—included in the Code; these
questions are answered interactively the user, (jsee Figure 7).

3.8 Stage 5, Automatic Planning: To progress to this stage requires the definition
of a Part Description Code. Typically, this contains all mnufacturing infor-
mation, organised by elements as under:

#1  Drawing/Part Reference Nunbers and Revision
#2  Shape Code
#3  Manufacturing Code (see 3.7 above)

"4 Labeled dinensional infornation
Standard notes nunmbers (wth paranmeters)
Reference draw ng nunbers.
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The Part Description Code is de-coded through Locam APP Library Routines and
driven automatically-through Stage 3 {Feature expansion) and Stage 2 (Detailed
Qperation Planning), [see Figure 7.

3.9 It is the intention of this proposal to provide these well tested and proven
techniques for the demonstration project at BIW
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SECTION 4.0 PROPCSAL. for A LOCAM DEMONSTRATI ON SYSTEM

This proposed inplenentation of a LOCAM denonstration system into the Hardings
Plant is based on the installation of:

A Prime 2250 Super Mni Conputer with four termnals, line printer
magnetic tape drive, and adequate nenmory and disk storage capacity;
plus Prines operating system Fortran77, EMACS Editor and M dasplus
file managenent. This will be supplied by Prine Conputer Inc, as
agreed with Tom Buffington and Bill Hessian.

LOCAM Sof tware conpri sing:

Standard Driver Library

Aut omatic Process Planning Library
" Database Utilities
Deci sion/ Action Logic Definition Program
Standard Database Uility Programs

" Cbding and Classification
Manufacturing I nformation Managenent

Wrk Analysis

In addition, subject to BlWhaving a copy of GKS Kernel.
Drafting routines, a copy of the LOCAM Automatic Fl ow
charting program would be provided. |If this, and a plotter
are not available, Logan Associates w |l produce Logic Flow
charts off-site.

4.1 The above conputer system and LOCAN software will be provided on a |oan basis for
four nonths fromJanuary 1 to April 30 1986. In the case of LOCAM software, BIWs
and any other organization participating in the demonstration system would be re-
quired to sign a non-disclosure agreement with Logan Associ ates.

4.2 It is proposed that the denonstration project should be organized into the fol |l ow
ing segments:

4,2.1 Segment # 1. Five days intensive formal training in LOCAM Entry Level

(Stage 2) concepts and use of database utilities, Layout formatter for
documents and data files. It would include devel opment of a sinple
LOCAM Driver program for a valid BIM operation type, such as welding.



4.2.2

4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

4.2.8

Segnent #2: A series of half day workshops for non-manufacturing
engineering staff on LOCAM concepts including the evolution to
fully automated process planning. This segment is intended for
those staff who would interact in the devel opment of the total
denonstration system

Segnent #3:  Guided application in the devel opment of a LOCAM

Entry Level (Stage 2) Driver for manufacturing operations used
by the famly group ‘Webs and Grders’. This will produce

docunentation in conjunction wth Segnent #4.

Segnent #4: Definition of documents and/or data files required.
This will include rationalization of the existing paperwork and,
in conjunction with Segment #3,using the Manufacturing Infor-
mati on Managenent to create a suitable database to create and
mai ntain the necessary information. This segment would also
explore the interface with other database facilities, such as
Materials, etc.

Segnment #5:  Creation of Level |oad schedules woul d be proved in
conjunction with Segments #3 and #14.

Segnent #6:  Use of LOCAM Decision/Action programto capture
manufacturing logic as the initial step in creating a Part Des-
cription Code for fully Automated Process Planning would be
tested. This would be carried out in conjunction with BIWS
projects for flow definition, group technology and coding.

The automatic flowcharting facility would al so be denonstrated
on-site, if possible.

Segnent #7: I nplenent the use of LOCAM Features based on work-
piece attributes to the Driver devel oped at Segment #3. These
Features will also relate to the operations defined within flow
diagrans that are defined at Segnment #6.

Segnment  #8:

#3 and #7.



4.2.9 Segnent #9: Define in conjunction with Ship Design/Detailing, a
format of Part Description Code. This wll include the manufac-
turing code from Segnent #6, together with dimensional and note
dat a.

4,2.10 Segnment #10: Explore, define and denmonstrate the Iinks from Ship
Desi gn through Process Pl anning and Fabrication to delivery to
Bath shipyard facilities based on automated process planning,
(LOCAM St age 5).

4.3 Such a progam carried out in conjunction with Bath Iron Wrks, would realise all
the objectives set out in Section 1.0. In addition, Bath Iron Wrks staff would
have the necessary experience to continue the inplenmentation across their total
facility with little or no further involvement from Logan Associates staff.

4.4 The project would also establish clear guide lines for simlar inplenentations of
CAPP into the shipbuilding industry.

4.5 The Decision/Action and Flowcharting capability to be used in Segment #6iscurr-
ently being expanded. This work, at our expense, is being carried out in con-
junction with CGeneral Electric Steam Turbine Generators, Schenectady, New York.

The intent is to be able to capture any logic, from turbine design, downwards.
The existing Decision and Action Tables created by the program will reference
Command Bl ocks.

At the highest level, logic will be displayed through |DEF flowcharting concepts,
using a hierarchical structure.

Lower levels, involving definitive decision making flowcharts will follow their
current style, based on existing program flowcharting conventions.

An inportant addition will be the use of Conmand Bl ocks. These Blocks will hold
groups (with variability) of LOCAM Keywords, Commands, etc., operating system
conmands, or program |anguage macros.

Both we, and General Electric, see this latter itemas a nove towards automatic
computer progranmng of logic definable situations.



46 1tis expected that the above facility will be available for demonstration at
BIW during the proposed project

4.7 In the event that this proposal is accepted, Logan Associates would, in con-
junction with BIW develop a Segnent Inplementation Table. This would be used
for project control by a joint steering group consisting of both BlWand Logan
Associ ates staff.



SECTION 5.0 DEMONSTRATI ON PROJECT COSTS

The costs for this project have been arrived at on the follow ng basis:

5.1Logan Associates standard daily billing rate is, for:

Consul tant s $ 700
Seni or Consul tants $ 800
Vice Presidents and above $ 950

All work a minimum 8 hour day. Travel time is not charged direct to the client.

5.2 The above daily rates include an allowance for hotel and subsistence. Travel,
airfare and/or autonobile costs are not included and are normally charged at
cost to the client.

5.3 Based on Logan Associ ates experience from past inplenmentations of simlar projects,

we woul d expect to bill, based on the work segments previously defined, as under:

segment #1 5 days @ $800 per day = $ 4,000
Segment #2 2 " @ $950 “ v = 1,900
segnent #3 5", “ @ $800 “ = 4,000
Segnent #4 6 ¢ @ sS8oo ¢ v = 4,800
segnent 3 @ $800 “ v = 2,400
segnent  #6 5 @ $800 = 4,000
segnent #7 3 - @ $800 “ ¢ = 2,400
segnent #8 ‘4" @ ss8oo " v = 3,200
segnent /9 5« @ $950 “ v = 4,750
segnent #10 5 @ $950 * - = 4,750
Project Mnagenent 5 *° @ $950 “ " : 4,750

Tot al 48 days $40,950
15 trips Boston/Bath/Boston say - s 600

Total Project Costs $41, 550

541t is not Logan Associates normal practice to discount Consulting services. W
appreciate that you have a limted budget and that you consider this to be an
R and D exerci se.



5.5 However from Logan Associates perspective, it is not Rand D, there are alread

5.6

5.7

LOCAM systens in place in mjor engineering conpanies, |inking CAD and Factory
Management systenms, and running Automated Process Pl anning.

In addition, Logan Associates are able to offer consulting staff who have unri v
experience in this field.

Notwi t hstandi ng the comments in 5.4 to 5.6, we would be prepared to undertake th
project at a fee of $33,000 on the follow ng conditions:

a BIWCAPP team of 3 qualified staff are available to work with
Logan Associates on the project.

that the nunber of days in any segment is not exceeded. This
will require that any co-operative effort with BIWstaff (excl-
uding the CAPP team is extremely concentrated as to both effort
and specific timng



Logan Associates July 1985

H STORI CAL DEVELOPMENT OF LOCAM

Logan (conputer Aided Manufacturing) Ltd, trading as Logan Associates, was
founded some el even years ago in the United Kingdom by Frank Logan. It is an
international consulting conmpany dedicated to inplementing CIM solutions in close
co-operation with client conpanies.

LOCAM the computer aided process planning system devel oped by the conpany, is a
mature product. Frank Logan started initial work in this area in the md 60's

when he managed the tooling and manufacturing engineering facilities in an auto-
notive conponent manufacturing conpany.

A conference paper and technical article (copies attached) describing this early
work were published in 1969. They were:

CAD as a Tooling Aid
Part Programming, |s it Really Necessary ?

The early work was the forerunner of prototype LOCAM projects inplenented from
1972 in Italy, France and the UK, with LOCAM culmnating in 1978 as an enbrionic
expert system inplemented at CGEC Large Electrical Mchines, Rugby, England.

The attached article describing this and other early LOCAM inplenentations was
published in the Production Engineer, June 1981.

At the beginning of 1982 the conpany began to market LOCAM in the USA and during
that year were able to take GE Medium Steam Turbine Generators, Lynn, MA and
Pitney Bowes, Stanford, CT, to visit a nunber of WK installations. GE Large
Steam Turbines visited the UK in 1983. These three conpanies subsequently

i npl enented LOCAM

The current client list shows LOCAM installations from 1978 to the present day.
These range across a variety of industries and, indeed, size of company; the
smal lest with sone 50 direct shop floor enployees, to thousands in the largest.

F-2%



H STORI CAL DEVELOPMENT OF LOCAM Page 2

Natural ly, there have been many system enhancements during this period, and toda
we are justly proud to have LOCAM as a key conponent in the Conputer Integrated
Manuf acturing systemat General Electric Steam Turbine Generators, Schenectady,
New York. This CIMinplenentation won the SME LEADS Award for 1984.

The experience gained over these years of effort has enabled Logan Associates t
devel op powerful software systens, and perhaps even nore inportantly, to build
a team of experienced consultants who are able to investigate, report, and join
inplement, with client staff, the conplex integration of Conputer Aided Draftin
Process Pl anning and Factory Managenent Systens.

The structure of the LOCAM system and the phil osophy behind its design and app
ation are described in the enclosed:

Process Planning via Mnufacturing Codes

The Automated Link Between Design and Manufacture

Product Bulletin

Schematic Fl owchart
As already nentioned, Logan Associates have been closely involved, over the |as

two years, with GE Steam Turbine CGenerators at Schenectady, New york, in their
CIM project, which is described in the enclosed articles:

Conceptual View of Steam Turbine Generators.ClM System

General Electric - CIMin Action

General Electric’'s CIM System Autonmates Entire Business Cycle

In Europe, we are also inplenmenting a simlar systemat Sandvik (UK) Ltd. This

Agency, as-part of its CAD/ CAM awareness program  Under this agreenent, Sandv
and Logan Associates are making presentations to industry, at six nonthly inter
vals. The object of these presentations is to illustrate the project devel opne
and steps involved in inplenmenting M
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The articles listed bel ow describe the first two of these presentations:

The Challange of CIM - A User’s Viewpoint

Sem nar Agenda, Nov/DEc. 1984
Information Flow; the Key to CIM

Fl exi bl e Manufacturing Systens

Sem nar Agenda, April/Muy 1985
CIM; Its Tangible Benefits and Future Environment
Support f or  Conput er A ded Manufacturing

That is our story to date, but already the future beckons as we devel op and
i mpl ement new prototype tools for the LOCAM system For exanple:

Part Description Code Generators, programs which will enable
paranetric drawing Features to be recalled at the drafting stage
to automatically produce recognition codes.

Decision and Action progranms, to give nore powerful aids by which
the expert (or often a group of experts) can define the rules.

This is being coupled with an automatic flowchart generator to give
graphic representation of the Decision/Actions involved.

- Automatic N C Part Programming using Fam |y Part Program CGenerators
driven by CAPP.

- Vertical Integration techniques to link “islands of automation’,
often running ,on differing conputer systems. This is more than
‘networking’ but solving real problenms of connecting systenms into
a cohesive whole. These techniques have already been inplenented
at GE STG and Sandvik (see penultimte paragraph in the article,
“A glinpse of the CIM Future’).

Above all, wll be the need for education of conpany staff in these new technol -
ogies and the dramatic inpact that they are having on conpany structures. As an

exanple, | enclose a copy of a paper given by John Snyder of GE-STG at an SME
conference in January this year, entitled:

GM: EVOLUTION OR REVOLUTI ON
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BRIGHAM YOUNG UNIVERISTY CAPP DEMONSTRATION PROJECT,
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A -W-5\ | Bri gham Young University
—— -

- CAM Sottware Laboratory

Octobcr 8, 1985

M. Richard DeVries
Bath Iron Wrks
Dept. 84

700 Washington
Bath, NE 04530

Dear Richard:
Enclosed is a proposal for the DCLASS System as you requested. As |
discussed with you earlier, our approach would be a consultant to you rather

than have us create a demonstration system for you.

¢ hope this is suitable for your needs. If you have further questions,
please do not hesitate to call.

Sincerely,
Werad 20 25
Howard MI1lett

Sof tware Manager
HM:ph

Encl osure



- PROPOSAL -
BATH IRON WORKS CORPORATION

ON TIIE DCLASS SYSTEM

Introduction

The DCLASS System was developed at Brigham Young University and stands
for Decision Classification Information System. The software is a general
purpose tree handler which can handle any type of a classification system or
any type of product line that may need deci si on naki ng capabilities.” The

hierarchal tree structure can be used for:

classification and coding schemes
variant process planning
generative process planning
cost estimting

time standards

troubl e shooting

el ectronic conponent selection
el ectronic assenblies

design retrieva

medi cal blood gas analysis

etc.

Because the user can define the tree, the DCLASS System may be used for any
decision making environnent.

The DCLASS System prototype was developed in 1977 by Ron Millett. In
197S a DCLASS production system was developed and was first tested by
Boeing Aircraft and Cincinnati Milicron. In 1980, the first DCLASS Users
Conference was held. The DCLASS Users Group submits to the CAM Software
Research Laboratory proposed enhancements and corrections to the DCLASS
System. Since 19S0, approximately 200 enhancements submitted by DCLASS
Users have been implemented.

The Product

Asstated in the introduction, the DCLASS System isageneral purpose
tree handler which can create any hierarchal tree structure. This can
include high level decision making capabilities. The DCLASS Users Goup
held the Sixth Annual DCLASS Users Conference in March of 1985. The nost
recent version of DCLASS to be released is 4.0 and contains approximtely
33,000 lines of FORTRAN source code.

DCLASS is capable of being interfaced to other systems. This can be
done in three ways: (1) a program or data base may input data to DCLASS
which will allow DCLASS to make automatic decisions; (2) at any point in the
tree DCLASS can call a FORTRAN subroutine for calculations or data base
interaction, and then return to that branch of the tree; during this time
data can be passed back and forth by way of variables or keys; (3) when



DCLASS infinished with a traversal, data can be passed to other prograns
for system analysis, calculations, report generators, data base interaction,
or other user defined tasks.

A utility called TREEDRAW can draw the tree structure which can be
printed on a standard conputer printer. This tree structure can be very
easily understood by sem-skilled personnel. Sone of the features that
DCLASS is capable of handling are: variable entry, arithnmetic expression
conputation, and if-then decision making.

There are currently 80 conpani es using DCLASS at over 230 system
installations. DCLASS is supported on the follow ng conputer systens:

HP3000 MW E

| B34 CMS or TSO
| BM PC-XT  DOS

| BM PC-AT  DOS

VAX VIVS
APQOLLO Donai n/ Aegi s

Some of the most important attributes of DCLASS are the flexibility to
customize to any given product line, the powerful decision making
capabilities of an expert system, the interface of DCLASS to other systems
or report generators, the ease of running DCLASS, and the creation of
application trees by non-computing technical personnel.

By building the tree logic, valuable information can be captured from
your best technical personnel. Not only will informtion be saved before
personnel retire but it can be done nuch faster, nore accurately, and with
less duplication.

Pr oposal

Since BYU is an educational institution with very limited knowledge in
ship building, we would like Bath Iron Works to be heavily involved in the
project. We would prefer to act as a consultant rather than be the primary
group that builds the system.

There are two (2) main reasons going this direction: 1) our over all
phi | osophy has been to teach people to fish rather than do the fishing for
them and 2) experienced DCLASS users suggest that about 75% of the work is
gathering the data form personnel. W feel that with our consultation, your
personnel can create a demonstration that will be customzed to their
special i zed situation.



W woul d suggest the follow ng arrangenents:

a.

BYU woul d | oan to Bath Iron Wrks for one (1) year a DCLASS System
on the IBMPC-XT. If Bath Iron Wrks is not a |icensed DCLASS

User at the end of one (1) year, all DCLASS software and materials
woul d be returned to BYU.

BYU consul ting services would be $500 per day.

W woul d suggest two (2) people fromBath Iron Wrks be assigned
to the project full time. W would suggest that one should be a
programmer that knows FORTRAN.

W% woul d suggest that they come to BYU for training and consulting
on the follow ng schedule:

January 2 weeks
February 1 week
Mar ch 1 week
Apri | 1 week
May 1 week

By coming to BYU, we can take advantage of the expertise of five
of our full tinme staff during the consulting period. Wen the
personnel are at Bath Iron Wrks, further testing, modifying,

and data collecting shoul d take place.

The first three days of consulting would be primarily dedicated to
DCLASS training. The remaining consulting would help in building
tree logic for projects such as generative process planning, tine
standards, feeds and speeds, etc.
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INDUSTRIAL SALES CIVISION
GENERAL ELECTRIC CCMPANY - ONE UNIVERSITY OFFICE PARK, 20 SAWYER RGAD
WALTHAM, MASSACHUSETTS C9854 - (617) 647-72C0

December 5, 1985

M. R L. DeVries
Bath Iron Wrks Corp.
700 Washington Street
Bath, ME 04530

Subject: CAPP Denonstration Project
GE CASA/ CAVA

Dear Dick:

W are pleased to provide the follow ng CAPP denonstration project proposal in
response to your letters dated August 29 and September 26, 1985.

General Electric Co. Corporate Engineering & Manufacturing has devel oped a

met hods, time standards and planning nmodul ar system -- Conputer Aided Station
Anal ysi s/ Comput er Ai ded Manufacturing Analysis (CASA/CAMA) -- as part of its
overal | approach to conputer integrated manufacturing (CIM. The CASA/ CAVA
nmodul ar approach was designed to conply with ML STD 1567A which requires all
direct labor to be planned via engineered time standards with greater than 90%
accuracy. The approach of linking methods and time standards to process
planning assures that the intent of the ML STD 1567A is conplied wth.

General Electric has been using CASA/CAMA in its aerospace businesses as well
as in comrercial businesses in its various formats for over three years with
outstanding results. This systemis playing a significant role in allowing
General Electric to achieve its productivity inprovenent goals.

CASA/ CAMA is a dynam ¢ approach to providing methods, time standards, and
planning to manufacturing operations. CASA/ CAMA devel ops event sequences and
process times for all manners of manufacturing activities as well as sequencing
for materials introduction. Specifically, CASA/CAMA builds up process times
and instructions from mcro-elements of work, based on principles of motion
econony, through operations sequencing and devel opment of mcro-tines to
acconplish planned tasks. In addition, it has the capability of evaluating
different options for conpleting manufacturing tasks; e.g., evaluating for the
optimum “best nmethod” of performing the task. CASA/ CAMA also |inks database
el ements together in a Goup Technology Cassification Coding System for east
of retrieval, inproved planner/methods engineer productivity, and scheduling
requirements inputs. CASA/ CAMA provides the necessary sequencing and cycle
tinme data for MRP-11 systens and, as such, is an inportant elenent in
establishing a CIM system
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CASA/ CAMA can perform the following functions (as listed in your Septenber 26,
1985 letter):

Process plan for each stage of fabrication and assenbly
at Hardings.

Plate and Shape Location Docunentation

Kit Contents for each stage of construction

Shipping instructions.

The output available from CASA/ CAMA can be electronically transferred to an
MRP-11 system which can performthe renmainder of the functions listed in your
letter. However, integration of the CASA/ CAMA output to our MRP-I1 systemis
not part of this proposal. Specifically, the followng functions (or an
equivalent) would be performed by the MRP-11:

Plate and Shape Daily Sequence Sheets

Short Term Schedul e

Assenbly Conpletion Status

Par amet er Performance Reports

Area Work Content Loading (by day for next two weeks)

CGeneral Electric Conpany Corporate Engineering and Manufacturing would provide
sufficient training and conpl ementation support to allow BIWto conduct the
CAPP denonstration project. The followi ng hands-on, training would be conducted
at BIW

Basi ¢ CAPP education/ CE standard data training
(scientific time standards) -- 2 weeks.

CASA training -- 4 weeks.

Process plan/group technology training (CAMA) -- 3 weeks

W woul d al so provide approxi mately 15 days of inplementation support during
the course of the demonstration project in addition to the training described
above.

CASA/ CAMA has been designed to run on the DEC/ VAX system and the price quoted
for purchase of this systemby BIWis based on a DEC/VAX installation. If BIW
wi shes to install CASA/ CAVA on another conputer hardware system GCenera

Electric will be happy to amend this proposal to accommodate that request
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Shoul d you be interested in learning nore about CASA/CAMA's capabilities, we
can arrange for a denonstration at Corporate Engineering/ Manufacturing in
Bridgeport, or at one of our plants outside Philadel phia.

The price for installing CASA/ CAMA in the Hardings location is S225,000.
However, we recognize your budget for performing this denmonstration project is
limted. As such, we are prepared to provide the support described above for a
fee of $20,000 to be paid upon the initial installation of CASA/ CAMA at the
Harding site, with the remainder to be paid after the successful conclusion of
the pilot denonstration.

The conpletion of the following activities constitutes the successful
conclusion of this contract. General Electric Conpany will expect the full
paynent of $225,000 from BIWat that tine.

Instal lation of ORACLE rel ational data base managenent
system in one of BIWS DEC/ VAX conputers.

Installation of CASA/ CAMA system in one of the BIWS
DEC/ VAX conputer.

Conpl etion and acceptance of bench mark activities.
Assist BIWin dermonstration of CASA/ CAMA systemto
clients for maxinum of 15 man days.

Provide GE Tinme Standard training for 10 days for a

maxi mum of 8 peopl e.

Provi de CASA/ CAMA user training for 5 days for a maximum
of 8 people.

Provide up to 20 man days of conputer programer time for
a site specific program nodifications. Estimate of man
days required for nodifications to be made by General
Electric.

It will be BIWS responsibility to install the necessary conputer hardware
within three nonths of contract acceptance. CQherwise, BIWwill agree to pay
General Electric prorated costs at $45,000 per nonth commencing month four

after signing of this contract and continuing until all fees have been paid in
full.

It is also BIWS responsibility to make their personnel available within the
first three nonths after signing this contract for training and specific

requi rements docunentation purposes. In the event that BIWcannot conmply with
this requirement, the sanme provision for paynents nentioned above will apply.
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It is BIWS responsibility to arrange for all their customer denonstrations
within 120, ,days after the systemis deened operational per acceptance (by GE
& BIW of bench marks noted in this contract. General Electric will expect
paynent in full at the end of the above 120 days if all bench marks are

conplied with. General Electric will still fulfill its obligation to supply 15
man days assistance in denonstrating the systemto BIWclients even after
paynment has been received.

BENCH MARKS
CASA :

Automatically generate time standard and associated text via input of GE
tinme standard code.
Retrieve existing standard with full or partial draw ng nunber.
Password security control
Automatic on-line help during standard devel opnent.
Input detail material for the standard.
Free format text input in footnote section.
Automated tine standard revision tracing.
Cenerate management reports.
Departnment |evel standards |isting.
H story report.
Cover sheet report.
Ful'l , department |evel standard report.
Distance matrix report.

CAMA

CGenerate process plan fromoperations built up in CASA |evel.
Variant planning - Generate new process plan by retrieving and editing
predefine process plans.
CGeneration of Goup Technol ogy C assification and Coding
Store/retrieve process plans by GT. code or draw ng nunber
Password security control
CGeneration of process planning documents.

Travel er sheet.

Process planning cover sheet.

Al teration/notice control sheet.
Planning instructions.
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For your planning purposes, the follow ng DEC/VAX equipment is necessary for
installation of CASA/ CAMA and nust be solely dedicated to this use. The cost
of this equipment will be borne by BIWand is not included in this proposal.

RECOMMENDED COVPUTER HARDWARE CONFI GURATI ON: (Al conputer hardware
to be supplied by BIW

CPU MAI N MEMORY DI SK STORAGE CONCURRENT _USERS

VAX 11/730 2\B 200MB 4

VAX 11/ 750 4NB 300MB b

VAX 11/780 8MB 900MB 15

VAX 11/ 785 12MB+ 900MB & UP OVER 15

The exact system selected is dependent on the number of concurrent users and
nunber of plannings to be stored on the system  General Electric will provide
guidance to BIWin selection of the conputer hardware system

Terminals should be DEC VT-240/241's operating at communication speeds of 9600
baud or hi gher.

SOFTWARE  REQUI RED:

VAX VNS VERSI ON 4. X
ORACLE DATA BASE MANAGEMENT SYSTEM suppl i ed by
FRI L LI CENSE General Electric Co.

It is the General Electric Conpany’s intention to provide Bath Iron Wrks with
a leading edge, advanced state of art, Conputer Aided Process Planning system
tailored for shipyard use.

Regar ds,

- Dl hom

J. M. Fredrickson

‘Sales Engineer

Marine & Defense Facilities
Sales Operation

JVF/ nad
JFMAQOL
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CAPP EVALUATION PROCEDURE

PURPOSE
The purpose of this paper is to prepare CAPP evaluators. Evaluators will be
asked to establish the relative importance of BIW criteria developed for
evaluating CAPP system vendor proposals. The CAPP project supervisor
established a project team evaluation criteria (see Section 3), and utilized
the procedures, developed by the business systems managers for MRP evaluation
process, as the basis for CAPP proposal evaluation process.

Evaluators from each area will assist by completing evaluations.
The evaluation input will be used to produce the comparative weight of each
criteria. Further documentation will be written using these weights as
guidance. Proposals from vendors will be judged using the weighted criteria.
SCOPE
This paper will cover four topics:

I. What is CAPP?
. Explanation of the factors BIW will use for evaluation.

I11. Explanation of the procedures BIW will use for the evaluation phase.

lv. Explanation of the method for weighing factors.

I. WHAT 1S CAPP?

CAPP is a multiple definition acronym as is MRP Il. The software
vendor’s definition is generally dependent on the sophistication of
their software. The definitions range from a simple system editing
existing process plans that only describe how a product is made to a
system that develops the process plan and, in addition, identifies and
integrates information from other systems such that the worker on the
floor has a complete set of documentation for the job he/she has to do
including bill of materials, Kkitting information, shipping information
with all superfluous data deleted and a feedback system to management
for statusing and level-loaded scheduling for each work station.

The CAPP demonstration project is focused on the “web and girder” and
“bul khead” process lanes at Hardings using the broader definition of
CAPP. The expected integrated output from the system is as follows:

o0 Product family identification of the products for the structural
fabrication shop.

o A process plan for each stage of fabrication and assembly in the
shop.
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o Short term (three months) schedules based on work content
level-loading each work station.*

0 Work station work content loading by day for a two week period,
updated weekly.*

o Work station performance reports.*

o Raw material availability and location information.*
o Daily sequencing requirements for raw material.*

o. Kitting contents for each stage of construction.*

0 Product family Kkitting instructions for the products leaving
each stage of construction.

o Family product completion statusing.*

0 Kit contents and shipping instruction for products to the major
assembly points.*

* These outputs could be from some source such as MRP I,
COPICS, etc.

Consequently, the system must integrate information from existing
systems such as MIS, the LOFT, AUTOKON, SIMPL, 04, the master schedule,

etc.

One of the primary goals is to eliminate the extensive manual
transcribing of data that presently is necessary at Hardings.

As the project is scheduled to be a short term (6 months), near term (to
start in February 1986) effort, the system must deal with the present

‘“technology available at BIW.

The CAPP project will demonstrate many of the facets of MRP 11 such as
scheduling, tiered bills of material, shop floor control, work
in-process control, statusing, etc. However, the CAPP project will not
deal with the purchasing end of the process. CAPP will only operate on
the material availability information that is in the present MIS system.

DEFINITIONS OF MAJOR FACTORS - CAPP EVALUATION

The methods to be employed in selecting the CAPP demonstration project
vendor will be similiar to those utilzed in selecting the MRP 11
system. However, the proposals are in-house and hence the development
of a specification around the selection criteria cannot occur.
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A.  Output Capability - The outputs the system can provide and the
ability to utilize information from other sources. These outputs
are of primary concern to the structural fabrication shop detail
planning and shop floor management. The actual output format and
content will be determined during the development of the system at
the structural fabrication shop.

B. Shipyard Support - The level of shipyard support to be provided.

. BIW Support - The level of BIW support required during the
development and demonstration effort.

D. System Software - Technical Features - The technical features of the
software are those of particular interest to the systems
department. These features relate to the performance of the system
on the computer. The efficiency of data storage, batch processing
time and volume of data limitations are examples of technical
features.

E. Integration Capability - Ability to integrate the subsets of
information and programs within the system and the ability to
integrate with other computer systems.

Refer to the following brief descriptions of the factor details to
assist in the evaluation process.

A. Output Capability

1. Product Family lIdentification - Ability to identify the shop’s
interim products and final products and related shop processes.

2. Process Plan - Ability to provide process plan for each product
type.

3. Schedules - Ability to process labor data at the work product
level and provide level-loaded long term (3 months) and short
term (2 weeks) process lane schedules.

4. Efficiency Rates - Ability to provide work station efficiency
rates.

5. Raw Material — Ability to provide identification of raw material
location and sequencing requirements.

6. Raw Material Cost - Ability to provide raw material usage data
feedback to MIS.

7.  In-process Material - Ability to provide kitting information at
each stage of construction.

8. Product Statusing - Ability to provide status of in-process
products.
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B. Vendor Support

1. Consultant Support - What level of vendor support will be
provided for development of the data bases and system output?

2. Computer Programs - What vendor computer programs will be
provided by the vendor for the project?

3. Training - What training will the vendor provide to shipyard
personnel?

4. Documentation -What user information documenting the steps to
be followed will the vendor supply?

C. Shipyard Support

1. Manpower - What level of manning must be provided to support the
project?

2. Useability by Shipyard Personnel - Ease of data input and
retrieval.

D. System Software - Technical Features

1. Shipyard System Impact - The impact the CAPP project will have
on existing shipyard systems.

2. Supports Bar Code Data Collection and Transfer -The ability of
the system to use bar codes for data collecting and transfer.

E. Integration Capability

1. Shipyard Computer Systems Integration - The ability of the
system to integrate with other shipyard computer systems.

2. Change Processing - The system’s built-in ability to process
change information so that change is reflected in all
appropriate files or tables in the system.

3. Integration of System Modules - How well the system can pass
information from one part of the system to another. Is it a
complete system, or is it a result of patching together
independent modules?

[1l. Procedure
Four functional areas of BIW are defined as being impacted by the

project. The personnel assigned to the review team reflect the voting
weights:
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Hardings Shop Floor Control -2

Hardings Detail Planning -2
CAPP Project -1
Systems -1

Each functional area may have as many evaluators as appropriate,
however, a composite score for the area will be produced and weighted
according to the chart above.

The team discussed the project at a meeting in the Hardings” Conference
Room on Friday, December 2, at 8:00 AM. It was concluded that the
procedure would be modified per comments received and then routed to the
participants for weighing the evaluation factors. The weighing of the
evaluation factors is to be completed and returned to R. L. DeVries hy
December 18, 1985. The proposals will then be distributed for review
with the scoring to be provided to D. H. Thompson by 1:00 PM on
Thursday, January 2, 1986. A joint review of the scoring will be held
at 2:00 PM in the Hardings”’ Conference Room on Friday, January 3, 1986.

IV. METHOD FOR WEI GHI NG EVALUATI ON FACTORS

Matrices will be used to compare evaluation factors to determine
relative importance. In each matrix, each component will appear down
the side and across the top. Each component is compared to each other
and rated as more important (1), less important (0), or equally
important (both 1). Do not use 2 zeros. Individual weights are
totalled across a line and a percentage rank is computed. An example is
presented below:

" Vend " Soft " BIW " Cost " OQutput " Total %

A Vendor
Support

R
1

T
0

X
1

S
0

B System
Software

c BIw ‘ . 1 U 1] ] . 3 1 )
Support ' t J 1 1 1

D Output ! L ' 1 1 . .
Capability' ! ! ! ! S
t
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On line A,

if Vendor Support is more important than System Software, put 1 in
box R and O in box S.

if Vendor Support is less important than BIW Support, put O in box T
and I in box U.

if Vendor Support and Cost are equally important, put I in both box
X and Y.

Continue in a similar manner for each line, and fill in the total
for each line.

The question of relative importance is judged by which component the
evaluator feels is more important for the CAPP system to have to meet

Hardings” needs.
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Item

A. 1 Product Family
| dentification

A. 2 Process Plan

A. 3 Schedul es

6523C

Score

Sheet 1 of 5

Statement

The system incorporates the applicable product
fam|ies that the shop normally segregates the work
into utilizing group technology concepts.

The system has a predetermned work breakdown that
can be nodified to accommodate the type of work
problens the shop encounters.

The system recognizes the need to segregate work
into simlar work problens.

The system does not address product families.

The system captures the planning logic the
sthyard uses in devel oping process plans and
utilizes that logic to automatically generate
process plans through questions that are answered
through a multiple selection process by the
operator.

All existing process plans are stored in the system
and through a coding process similar plans are
retrived and edited.

Common text are entered into the system and
individual process pl ans are developed using the
standard text.

The process plan for each product famly nust be
I nput each tine.

Schedul es are devel oped using work content
ParanEters, efficiency rates and queue tines to
evel -1 oad each work station.

Schedul es are devel oped using work content to
| evel -1 0ad each process |ane.

Schedul es are devel oped using standard durations.

Mpjor mlestones are utilized to establish
schedul es.
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A 4 Efficiency Rates

A 5 Raw Materi al

A 6 Raw Materia

6523C

Cost

Score

Sheet 2 of 5

St at ement

The system develops efficiency rates for each
station based on work content and returns from each
station

The system develop efficiency rates for each
process |ane based on work content and returns from
the process |ane.

The system reports the labor expenditure on a
weekly basis tor each process |ane.

The system does not have the capability to report
| abor returns.

The system reports raw material availability for
any given schedule w ndow and provides a Pick |ist
on a daily basis integrating product famlies
across all units and all contracts.

The system reports raw material availability for
any given schedul e wi ndow and provides a pick list
on a daily basis integrating product families
across all units of a contract.

The system provides a pick list on a daily basis
integrating product famlies across all units of a
contract.

The system provides the raw material availability
for a two week advance period.

The system provides direct feedback to the MCS of
all material drawn for use

The system provides a report of all material used
on a daily basis.

The system provides a report of all material used
on a weekly basis.

The system does not have the capability to report
material used.
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A7 In-Process

[tem

Materi a

Score

A 8 Product Statusing

B.1 Consultant

Support

B.2 Vendor Conputer

6523C

Program ng

D

Sheet 3 of 5

St at ement

The system utilizes bar codes to input in-process
material status and provides on-line access to
product |ocation information

The system utilizes bar codes to input in-process
material status and location and provides daily
reports of product | ocation.

The systemhas a direct entry capability to input
in-process material status.

The system does not address in-process material

The system provides “real-tinme” on-line status by
product .

The system provides a daily statusing by product
famlies.

The system provides weekly statusing by product
famlies.

The system does not provide statusing information

The vendor supplies experienced system analyists
for the entire project. (40 man days or nore).

The vendor supplies experienced system analysts for
a limted period during the project (20 man days or
| ess).

The vendor supplies unspecified |evel of experience
anal ysts for the entire project (40 man days or
nore).

The vendor supplies unspecified [evel of experience
anal yists for a linited period during the project
(20 man days or |ess).

The vendor will provide nodul es that have been
utilized previously to support a simlar project.

The vendor will provide nodul es that have been

devel oped for a simlar project but that have not
been proven in service.

The vendor will develop software to support the
proj ect.
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B.3

Item

Training

B.4 Documentsation

C.l

C.2

D.1

Shipyards System
Impact

Supports
Utilization of
Bar Codes

6523C

Score

Sheet 4 of 5

St at ement

The vendor supplies hands-on training at BIW for
operators for 40 manhours or nore.

The vendor supplies hands-on training at BIW for
operators between 20 and 40 manhours.

The vendor supplies training at the vendor's site.
The vendor does not supply training.
The vendor supplies conplete user documentation and

system description documentation.

The vendor supplies conplete user docunentation and
summary system document ation.

The vendor supplies conplete user docunentation.

The vendor supplies limted user docunentation.
No additional hardware is required.

The vendor supplies all additional conputer
har dwar e.

BIWnust acquire a small computer system (under
$50, 000) for the project duration.

Bl W nust acquire major equipnent upgrades (over
$50 ,000) to support the project.
The system utilizes bar codes for data entry.

The systemwill be extended in the future to
utilize bar code termnals.

The system does not utilize bar codes.

One f)erson full, time for the duration of the
devel opnent phase.

Two persons full time for the duration of the
devel opnent phase.

Three more persons full time for the duration of
the devel opnent phase.
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[tem

D.2 Useability of the
System by Shipyard
Per sonnel

|
E. 1 Shipyard Conputer
System | npact

E.2 Integration of
System Mdul es

6523C

Score

4

Sheet 5 of 5

Statement

The system can be operated by all shipyard
personnel when properly trained.

The system can be operated bﬁ nost personnel when
properly trained with less then 6 months of
experience.

The system can be operated by nost personnel when
properly trained, following 6 months of closely
supervised experience.

The system can be operated only by highly trained
conputer system personnel .

The system can be integrated with all the shipyard
related systems with mninal interfacing effort.

The system can be integrated with the mgjor .
shipyard conputer systems with mniml interfacing
efforts, however, it is not conparable with some of
the mnor related systens.

The system can be integrated with the mgjority of
the shipyard systems but with difficulty.

The systemis not conparable with nost of the
shipyard systens.

The system nodul es have been integrated for a
simlar project that is in operation.

The system nmodul es have been integrated for a
simlar project but operating experience has not
been obt ai ned.

The system nodul es need to be integrated for the
project and the proposal contains as plan for their
I ntegration.

The system nodul es have never been integrted and
there is no plan in the proposal that address such
integration.
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Conput eri zed Producti on Process Pl anning
for Machined Cylindrical Parts*

SUMVARY

Production process planning is a nmajor nmanufacturing cost driver. The
activity occupies a crucial position in the design/mnufacturing data flow
network. For these reasons, there is great industry interest in conputerized
process planning systens.

Conputer Managed Process Planning (CMPP) is an advanced system for process
planning of machined cylindrical parts. CMPP is generative, automatically
maki ng process decisions. An interaction capability offers optional review and
modi fication of these decisions. CMPP is manufacturer-independent. Logic
and data specific to particular workshops is incorporated into the system data
base. CWMPP executes data base logic and uses data base paraneters in the
execution of standard process planning procedures. An English-like, CMPP-
executabl e process planning |anguage is used to input manufacturing logic to the
data base.

The CWMPP software system has three naj or conponents: data base mai ntenance,
part data input, and process planning. Data base modules include a conpiler for
the English-l1ike process planning language. Part input software uses inter-
active techniques to collect detailed part data and construct part nodels. In
the process planning nodule, the data base and standard planning procedures are
applied to individual parts. Process decisions are nade, perhaps with user
intervention. Four mmjor functions are perforned: generation of a sumary. of
operations, selection of dinensioning reference surfaces, determnation of
machi ning di mensions and tol erances, and output of process docunentation

CWPP attains maxi mum useful ness when integrated into a |arger CAD/ CAM environ-
nment. There are three primary links between CMPP and other systems: 1) use of
part data from an engineering data base, 2) output of process documents to a
graphics system and 3) output of workpiece geonetries for use in tool design
nurerical control programmng, and other manufacturing service activities

*The work described herein was partially sponsored by the U S Arny Mssile
Command under Contracts DAAKAO 76-C 1104 and DAAHOL- 80- C- 0945.
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CWPP of fers benefits in process planning, other manufacturing services,
and the shop. Case studies and estimtes indicate process planning |abor
savings of 25%- 45%  Savings in other manufacturing services depend on their
use of CMPP-output geonetry. Shop savings result fromuse of inproved, standard-

i zed processes.

| NTRODUCTI ON

Process planning is the activity which specifies how a product will be
made. It is therefore a major determ nant of manufacturing costs. In sone
industries, the cost of process planning itself is substantial. The manufacture
of high technol ogy machined parts is one such industry.

Process planning occupies a crucial position in the overall design/fabrication
network (Fig. 1). It is “driven” by design engineering and “drives” the other
manuf acturing services as well as the production activity.

The econonic inportance of process planning provides a notive for conputer
ai ded process planning technology. This technology has the potential to standardize
and optimze process plans as well as reduce planning costs. The rapidly
i ncreasing use of conputer aided design (CAD) and conputer aided manufacturing
(CAM systens provides a second notive. As|F|g. 1 Buggests, the synergistic
benefits of integrating CAD and CAM systens heavily on the use of conputer
ai ded process planning

For several years United Technol ogi es Research Center has been devel oping
an advanced process planning systemfor machined cylindrical parts. This
system Conputer Managed Process Planning (CWPP), is inplenented at three
divisions of United Technologies Corporation. The characteristics and capabil -
ities of CMPP are described bel ow. The systenis place in an integrated CAD CAM
environment is discussed. Finally, CWMPP benefits and econonic considerations in
its use are considered

CHARACTERI STI CS

CWPP deals with machined cylindrical parts. Four types of cylindrical surfaces
are supported-: dianeters, faces, tapers, and circular arcs |(Fig. 2)| Parts may
have noncylindrical features such as slots, gear teeth, and holes. The systemis
handling of these features, however, is less conplete than for the basic cylindrica
geonetry.
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CMPP is a generative process planning system That is, process Qecisions
are generated from progranmed |ogic and the systen1data base. Therg IS no
dependence on previously stored process plans, nor is the user required to input
deci si ons.

Manuf act urer independence is a key CMPP characteristic. Logic and paraneters
specific to a manufacturer are incorporated into the systemis |ocal data base
To a large extent, the systemthus acts a s executor of | local data base. The
degree to which this is true varies anong system functions. A functional nodule
may performstrictly as a data base executor, use data base paraneters in a
standard procedure, or be independent of the data base

Local logic is provided to CMPP using a technique called “process decision
modeling”.| Figure 3 |illustrates-the process decision nodeling methodol ogy. An
English-l1ike, problemoriented Conputer Process Planning Language (COPPL) is
used to state manufacturing practice for families of parts[(Fig. 4)] COPPL
process decision nodels are conpiled into CWMPP-executable form stored in the
data base, and executed for individual parts during process planning

The COPPL |anguage uses an open-ended vocabul ary of nmanufacturing terns.
(Vocabul ary terms are underlined in|Fig. 4)] This vocabulary can be extended to
include terns required by a particular manufacturer. Each vocabulary term has a
“definition” which is conprehensible to the process planning system Use of the
termin a process decision nmodel causes the definition to be invoked during
process planning. At present nost vocabulary definitions are small Fortran
routines, but sinpler definition nethods are known and partially inplenented

CWPP, though generative, offers extensive user interaction. The user may
choose to review some or all systemdecisions. |f he does so, interactive
di splays such as [Fig. 5 |show decisions and allow the user to nodify them CMPP
also has a flexible Suspend/resume capability. A user can suspend a planning
session, saving system status, and then resune from the point of suspension or
an earlier point.

CWPP utilizes detailed part data. A conplete finished part description is
input to the system The requireddata includes functional dimensions, tolerances,
surface finishes, material, hardnesses, plating requirements, etc. A description
of the raw material is also required. Using the finished part as a target and
the raw material as a starting point, CVPP determnes intermediate workpiece
status on an operation by operation basis.
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CAPABI LI TI ES

CWPP software has three major conponents: data base system part input
system and process planning system The data base system builds l|ocal files of
manufacturing logic and parameters. The part input system constructs nodels of
finished parts and the raw materials fromwhich they are made. The process
pl anning system applies data base contents and its own logic to produce process
plans for parts.

The data base consists of four files|(Fig. 6).| The Vocabulary File lists
and classifies vocabulary that may be used in process decision nodels. The
Process Decision Mdel File holds the CMPP-executable formof COPPL nodel s.

This file is built and nmintained by the COPPL conpiler. It contains two types
of process decision nmodels. One type is used to generate summaries of operations
for parts. The other deternines dimensioning reference surfaces, |ocating
surfaces, and clanping surfaces.

The two remaining data base files describe machines and their capabilities
The Machine Tool File lists machines and groups them by type and | ocation. The
Cut Parameter File contains information on the stock renoval and tolerance
capabilities of the machines. This data includes “normal” and mninmum stock
removal values, “nornal” tolerances, and control parameters for tightening
nornmal tolerances as necessary to meet blueprint requirenments

The part input system receives part data and constructs conputer nodels for
yse in process planning. The system consists of two files and two processors
Fig. 7 An interactive nodule collects part data using displays such as that
in[Fig. 8] Partial or tentative data is stored in the Part Input File. Upon
request, input data is converted into a part mdel and stored for process
pl anni ng use.

The interactive part input nodule and file are designed to facilitate the
use of local engineering data bases. An interface nodule [[Fig. 7)] woul d convert
part data into the card image format used by the Part Input File. This interface
modul e woul d generally be interactive, since npst engineering data bases contain
graphic and text data requiring human interpretation. The part input nodule
woul d be used to provide any data not obtained via the interface

The CMPP process planning system perforns four technical functions |(Fig. 9)

1. Cenerates a sunmary of operations

2. Selects dinensioning reference surfaces, clanmping surfaces, and locating
surfaces.
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3. Calculates nmachining dinensions and tol erances.
4. Qutputs process documentation.

A summary of operations is usually generated by executing a process
decision nodel. [Fig. 4 [shows an excerpt froma summary of operations nodel
\Wen executed for a particular part, the nodel determnes operations in sequence
An operation description, nachine type, setup orientation, and list of cut
surfaces are generated for each operation. |Fig. 5 phows the interactive screen
which displays this data and allows user nodification

A summary of operations can also be produced without a process decision
model. In this nmode, a display simlar to|Fig. 5|is used to interactively
speci fy each operation.

“Once a sunmary of operations has been determned, CVPP identifies dinen-
sioning reference surfaces, clanmping surfaces, and locating surfaces for each
machi ning operation. This function is generally perforned by executing a
process decision model. Interaction may, however, be used instead of a process

decision model. [Frg. I0]illustrates the COPPL dial ect used for reference

surface selecti oxerrpl ifies results of the logic in|Fig. 10.
The third CMPP planning nodul e deternines machining dinensions and

tolerances. This is done by executing a standard tolerance charting procedure

(Ref. 7) which has been enhanced in several ways. lnput to the procedure

i ncludes finished part dinmensions and tol erances, raw material dinensions and

tol erances, machining cuts, and reference surfaces. The Cut Paraneter File
provi des the necessary data on |ocal machine tools and machining practice

The tolerance charting procedure first determnes machining tolerances
If “normal” machine tolerances are not sufficient to assure that blueprint
tolerances are satisfied, tolerances on selected cuts are tightened within
machine linmitations. Inpossible situations are reported for interactive solution.

After machining tolerances are established, nominal stock renovals, stock
removal tol erances, and nomnal machining dinensions are determned. |nadequate
stock renoval situations are diagnosed for interactive correction

The process planning systenis final nodul e produces process docunmentation
A summary of operations or routing sheet is printed. One or nore dinensioned
wor kpi ece sketches| (Fig. 12) [are produced for each nmachining operation.
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| NTEGRATI ON

CWPP' S useful ness is enhanced by integration into a larger CAD/ CAM environ-
ment. Two or three interfaces are needed to acconplish this integration

An interface to an engineering data base will reduce the cost and increase
the reliability of part input to CWPP. Depending on the nature of the engineering
data base, this interface may be automatic or interactive and nay provide
conplete or partial part information. The data provided would be read into
CWP'S Part Input File.

CWPP does not deternmine all information that is normally put on operation
sheets. It does not, of course, produce documents in |ocal format. Moreover,
automatic posting of dimensions on operation sketches does not always yield
aesthetically pleasing results. Therefore it is desirable to direct CVPP output
docunents to a graphics editing system for production of shop docunents

\Wr kpi ece geonetries determined by CMPP are potential input to a nunber of
CAM systens -- NC programming, time standards, automated inspection, etc
deally, this data would be output by CMPP to a manufacturing data base that is
shared by various CAM functions. Depending on a variety of factors, the interface
required may or may not be the same as the interactive graphics interface
di scussed above.

BENEFI TS

CWPP benefits can be divided into three areas -- process planning, other
manuf acturing services, and the shop

Benefits within process planning are in labor saving, lead time reduction,
and surge capability. Labor savings are substantial -- United Technol ogi es
experience indicates 25% 45% reduction in labor to produce a new process plan
This experience is in general agreement with surveys and studies of expected
savings reported ir: Ref. 3.

In many conpani es the process planning workload is subject to surges as
maj or new products approach production. This is characteristic of the production
cycle for major defense items. CMPP, with its orientation toward generation of
new process plans, is especially useful in reducing planning |abor and |ead
tines during these surge periods.
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Benefits in manufacturing services “downstreant from process planning
depend upon the systens integration discussed above. No experience data is
avail able, nor have quantitative studies been conducted. Potential [|abor
savings and reliability inmprovements are felt to be substantial

Benefits in the shop result from use of inproved, standardized processes
As a generative system CMPP applies standard conmpany practice to produce a
standard process plan. The system does not explicitly optinize processes
through use of time and cost functions. There are, though, inherent tendencies
toward optimzation in the use of process decision nodels, which should incor-
porate best local practice. Furthernore, the procedure for calculating machining
tolerances has strong optinizing effects

Savings due to inprovement and standardization of process plans are very
difficult to quantify. This has not been done on an experience basis. An
industry survey (Ref. 3) suggests that shop savings mght be on the order of
5%

It should be noted that CMPP econonics depend heavily on the nature of a
company’s operations. The frequency and work content of cylindrical parts
process planning requirements are the best indicators of potential benefits. The
conpany’s comritment to integrated CAD/CAM systems is a second major factor.
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MANUFACTURI NG
SERVICES
DESIGN PROCESS
ENGINEERING PLANNING
SHOP

FIGURE1. THE CENTRAL ROLE OF PROCESS PLANNING IN Manufacturing DATA FLOW.

CIRCULAR ARC

DIAMETER

FIGURE 2 CYLINDRICAL SURFACES SUPPORTED BY CMPP.
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GOALS, KNOWLEDGE

LANGUAGE
SPECIFICATION
‘ .
WRITE x%gggumm
PDM -
DATA
§ FORMATS .
MODEL / / DEFINITIONS
|| DEFINE — 4
VOCABULARY /
VOCABULARY 1 “MACHINE
LIST ' CODE"
COMPILE y
PDM DATA
7 EXECUTE
PDM \
PART DECISIONS
MODEL

FIGURE 3. CMPP PROCESS DECISION MODELING (PDM) MECHANISM.
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DRAU RATERIAL AT
THE NEXT STATEMENT UILL ORIENT (SETUP) TME PART $O THAT THE LONGEST
0D OF THE PART 1§ OPEN TO THE RIGHT S$IDE == THIS WILL BE TME NORAAL
ORIENTATION.

682¢ ORIENT PART FOR LONGEST OD SETUP 8

THE NEXT OPERATION 1S PROGRAMRED TO SHAPE THE PART IN MORNAL
ORIENTATION. OPEN AND SEMIOPEM (STEPPED) DIAMETERS, THE FREE END
AND THE CUT-OFF END UILL BE CUT. DIARETERS UILL BE CUT ONLY IF

- THE RESULTING STEP SIZE (SHOULDER) IS AT LEARST .840. ALSO, THE
OPERATION RUST RESULT IN AT LEAST ONE DIARETER BEING AS LONC AS

+258 OF THE PART LEMCTH.
€030  TURNM OUTSIDE SURFACE DN NCO400 (AUTORATIC BAR BACHIMNE) IN WORBAL IF

SUBREALE 1€ AM OBEN RYANEYCR

Swn’ Nwa aw

SURFACE 1§ EXPOSTD (OR)
FEATURE IS A SEMIOPEN DIMETER.
EXPOIET (B

MCet188 (BENCH), MTE188 (BENCH S81001) €

L)
»
-
-»

X 2TXXAXXTZIXLX XIXTXTX

FEATURE IS
SURFACE IS AN EMD (AND)
PROVIDING THE FOLLOUING CONDITIONS ARE SATISFIED:

BRINIMUN AMETER PARATION (9.040) ,
(e.25) 8

0048  HEAT TREAT XN RCO260 (FURNACE), MTO201 (FURNACE 27608) TO SPECIFIED

amause s Aune.a -
TWARVNLII r‘ﬂ rorsie L 4

THE MEXT THREE STATERENTS ARE PROGRARAED TO QRIND THE LOCATING OD
FOR A DEEP HWOLE OPERATION AND TO DRILL THE DEEP HOLE (THRU BORE)
USING EITHER AN EJECTOR DRILL OR QUN DRILL.

0850  ORIMD THE LOMCEST OD ON NCOS00 (CENTERLESS QRINDER) $

9660  DRILL THE THRU BORE UITH MCOESS (SUN BRILL) IF

x

FaTEIL LN wermitieawrs few wesiwd -

0070  DRILL THE THRU BORE UITH AC2266 (EJECTOR BRILL) IF
BIARETER DIBENSION IS .GT 0.787 8

2 X T X XXXXXX N2

FIGURE 4. A PORTION OF A COPPL PROCESS DECISION MODEL. THIS TY E OF MODEL
D

ACUMENATES A CIIMIUIIANV A ADEDATINAAMC EAD DT il ADYV
QGELINENAILCO A OUNMIIVIANT VI VI LINALIIWVITY T WD Fife v ﬂuvl—ﬂlll

TERMS ARE UNDERLINED.

A A
AR
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UTC V3.9 CMPP SYSTEM. ACCEPT/MODIFY GENERATED OPERATION

(3201)
PARTNO! 300000-XX USER: _GCM DATE! @5-11-81
PROCESS MODEL: @1 RULE NO.t 32

OP. 20 DESCRIPTION: TURN . :
MACH., CLASS 11 480 BAR MACHINE MACH. CLASS 2: (NONE)
MACH. TOOL SPECIFIED: (NONE)

LCDGRDGRTRDFD

EHORAGRHAE 000

0000001111111

1234890356987

TYPE C/R TO ACCEPT QPERATION; OR TYPE AN OPTION, AND REQUIRED DATA:
{,NEU OP.DESCRIPTION  2,MACHINE CLASS NUMBER (i OR 2),CODE
3.MACHINE TOOL CODE  4,LIST OF ADDED CUTS S,LIST OF DELETED CUTS
&' (CHANGES SETUF) _ 7 (DELETES OP.) 8 (INSERT OP, 3EFORE THIS)

? (SHOU MACHINE DATR) 10 (TERMINATE PLANNING) 11 (CHECKPOINT)

FIGURE 5. A CMPP INTERACTIVE DISPLAY. PROCESS DECISIONS ARE REVIEWED AND

MODIFIED USING SUCH DISPLAYS AS THIS ONE. THE OPERATION SHOWN

WAS GENERATED BY RULE 30 OF THE PROCESS DECISION MODEL IN
FIGURE 4.
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BUILD COMPILE PROCESS
VOCABULARY | VOCABULARY | PROCESS DECISION
EILE FILE DECISION MODEL
MODELS FILE
PROCESS
PLANNING
SYSTEM
BUILD MACHINE BUILD CUT cuT
MACHINE TOOL PARAMETER PARAMETER
TOOL FILE FILE FILE FILE
— —
FIGURE 6. CMPP DATA BASE SYSTEM.
- .
re—— 0 fel
PART | i I eng, |
USER =s———1  INPUT ———{ INTERFACE le———4 DATA :
MODULE | | I BASE |

s

PART
MODEL
BUILDER

PART
MODEL
FILE

FIGURE 7. - THE CMPP PART INPUT SYSTEM. DASHED LINES INDICATE OPTIONAL
LOCAL ELEMENTS.
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PART NO. 744385-21 INTERACTIVE PART INPUT 042881
FINISHED DIMENSIONING SESSION

ABER DESCRIPTION UALUE FLD SIZE
SURFACE NAME
- SURFACE TYPE DIARMETER
MS= MATERIAL SIDE (L.R,A,O0R B) BELOW
RD= DIR FROM REF SURACE( +=ABOUE, -=BELOW) +
DU= DIMENSION UALLE S5.25
DT= DIMENSION TOL .978
RS= REFERENCE SURFACE DIA
BC= BLEND CONF 1K B=BREAK, F=FILLET) 8
Bu= BLEND UALLE 899
B8T= BLEND TOL 820
SF= SURFACE FINISH 98
SNi= SURFACE NOTE!L NITRIDE A3
SN2w SURFACE NOTE2

R REVIEW—REPRINT SCREEN WITH UPDATED INFO
Q@ EXIT TO SELECT ANOTHER SURFACE
SELECT THE DATA RBEREU. TO BE UPDRTED FOLLCHED BY THE NEM DATR

>

LT B A VI VTV E N YO T VT oY S A N

FIGURE 8. AN INTERACTIVE DISPLAY FOR INPUT OF PART DATA.

iPROCESS DECISION MODEL

PROBLEM

PART DETERMINE
—- SUMMARY OF

OPERATIONS

iPROGESS DECISION MODEL

DETERMINE
REFERENCE
SURFALCES

@ "UNIVERSAL™ LOGIC

ANALYZE
DIMENSIONS
AND
TOLERANCES

} “UNIVERSAL" LOGIC

PROCESS
DOCUMENT DOCUMENTATION
PROCESS . S—

FIGURE 9. MAJOR TECHNICAL MODULES OF THE CMPP PROCESS PLANNING
SYSTEM.
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@010 DO 20 IF OPERATION IS TURNING, ELSE 130 $
N
0020 CLAMP ON THE LONGEST UNEXPQSED QD $

N
0030 LOCATE ON A VERTICAL SURFACE IF
SURFACE IS AN END,
SURFACE 1§ NOT CUT (OR)
SURFACE IS A FLANGE SJDE,

SURFACE 1S NOT EXPOSED §

N
0040 DIMENSION THE EXPOSED END!
REFERENCE THE MOST DISTANT VERTICAL CUT 1IF
HEIGHT 1§ .GT .1e0; —
OTHERWISE, REFERENCE THE QTHER END $

0058 DIMENSION A FLANGE SIDE

[ o §
FLANGE THICKNESS IS LT .300s

REFERENCE THE OTHER FLANGE SIDE IF
SURFACE IS KNOWN $

FIGURE 10. PROCESS DECISION RULES FOR SELECTING DIMENSIONING REFERENCE
SURFACES, LOCATING SURFACES, AND CLAMPING SURFACES.

LOCATE et

/ LOCAT / CLAMP
4,

FIGURE 11. EXAMPLE OF PROCESS DECISIONS RESULTING FROM THE LOGIC OF

FIGURE 10. ARROWS POINT FROM REFERENCE SURFACE TC CUT
SURFACE.
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F

2.215-9.?ZE

l .030-.044 R
. ‘KJ—-

A ———

4. 109-4. 119

T T T T T s e e e TS e 2.383 3.6v2¢
l . 2.333 326238
2.405-2, 41 5o 5323 3,88

FIGURE 12. DIMENSIONED OPFRATION SKETCH OUTPUT BY CMPP.
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PROJECT Il SCHEDULING PROGRAM DESCRIPTION



Overview of PRQIECT/ 2

PRQJECT/2 is a tool for the project planner who uses a conputer in conjunc-
tion with project planning and control. A command |anguage consisting of
English language words elimnates the need for a know edge of conputers or
programming. The only essential prerequisite to the successful use of
PRQIECT/2 is an understanding of the subject matter (network based project
scheduling) and the conventions and specific termnology of the PRQIECT/2
command | anguage. A brief exposure, neasured in hours, to the command

| anguage provides sufficient background for successful, independent use of
PRQIECT/ 2

Project planning and control is a dynam c process which nmust match the rea
world conditions where unpredictable calamties occur, and where planning
proceeds with the project and is not nerely a startup function. To assure
Its success, PRQIECT/2 provides many special features which econonically
allow network logic to be refined to adapt to managenent’s |atest thinking
PRQIECT/ 2 has been programmed with careful attention so that each feature
mnimzes price per run costs to permt frequent interaction with PROQJECT/2
for replanning, reporting, and scheduling. Either activity-on-arrow or
activity-on-node networks can be used.

PRQIECT/ 2 provides scheduling and control procedures and algorithms that go
wel | beyond the basic early start, late start calculations. [Incorporated
within the PRQIECT/2 processors are sone of the nost sophisticated new
techni ques available at this tine.

The Network & CPM Schedul e Processor stores basic network data and checks
the network logic. The current schedule is automatically updated as actual
progress is reported. The Milticalendar feature permts different activi-
ties within the same project network to operate on calendars with different
wor kweeks and holidays. It also allows the user to vary the cal endar
during the life of the project. Up to 100 different work calendars can be
defined for any project. The Mcroscheduling feature allows the user to
schedul e durations in hours and mnutes, or optionally as several specific
shifts per day. Milticalendar M croscheduling has proved especially useful
in planning large plant shutdowns such as nuclear power station outages.

The Target Processor provides benchmark or target schedules for comparison
to the current schedule or any other schedule. The target schedules are
"frozen," rather than being updated like the current schedule. up to 50
target schedules may be saved.

The Resource & Cost Allocation Processor assigns resources and costs to
activities and distributes them over the schedules. Cashflow and resource
usage graphs may be produced for any tine interval and over any period of
time. There is no practical limt to the nunber of resources assigned to
each activity. CQutput may be in tabular, histogram and S-curve format.
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The Project Cost Processor (PCP) views an entire project as a hierarchica
(tree-like) structure. PCP can operate on four different nultilevel work

breakdown structures per project. It provides the user with maxinun flexi-
bility in assigning and manipul ating costs, resources, quantities, and
accounting periods. Information may be entered into PCP from several dif-

ferent sources: the PROJECT/2 network data base, direct input, or existing
in-house files. The powerful and easy to use PCP Report Witer enables the
user to custom design all printed output.

The Resource Constraining Processor conputes schedul es based upon resource
limtations, time constraints, and activity resource assignments. PRQIECT/2
is the first scheduling systemto offer four nethods of resource con-
strained scheduling: parallel, serial, wde wndow, and strictly serial.

The Network Graphics Processor produces high quality plotter-drawn network
di agrams, bar charts, histograms, S-curves, and project calendars. Plots
may be zoned by codes or total float. Only three sinple commands are
necessary to produce plotter output.

The Ml tiproject Processor conbines two or more individual projects into
one large project. Miltiproject allows for conpany-w de cashflow projec-
tions, resource usage, and resource |eveled schedul es.

PRQJECT/ 2 also has a unique Interactive Processor. The BROASE feature
enabl es TSO users to view any ?art of any stored report with or wthout
hard copy output. QWIKNET "~ allows the planner to create and update the
network logic on a graphic display screen. As the network appears on the
screen, PRQIECT/2 conmands are automatically generated and stored ready to
update the PRQIECT/2 data base

PRQJIECT/2 is easy to "grow into." Users can start by using sinple comand
forms and limted types of data. As they beconme famliar with the capabil -
ities of PROJECT/2, they can use nmore conplex forms of the commands and add
new data wthout repeating any previous work

One of the features that nakes PRQIECT/ 2 uni que anong network scheduling
systems is the heavy conmitnent Project Software & Devel opnent, Inc. (PSD)
has made in the area of customer support services. To assist PROQJECT/ 2
users, PSDI provides a conplete package of services including technical
assistance by telephone, in-house consultation, PRQIECT/2 schools, plotting
services, and a newsletter published three times a year. In addition, PSD
mai ntains a constant dialogue with all users both to comunicate inforna-
tion on the latest PRQIECT/2 devel opnents and applications, and to obtain
feedback for further enhancements of the system
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Introduction to Scheduling

Sunmary

Two commonly used systems for network-based project scheduling and contro
are activity-on-arrow and activity-on-node (precedence) networks. In both
systems a network is a graphical representation of the project plan. It
shows the interrelationships anong the various activities. Each activity
represents a task or work itemthat has to be performed in order to com
plete the project. The difference between the two nethods is the way in
which activities are represented in the networks. In activity-on-arrow
networks each activity is represented by an arrow. In activity-on-node
networks each activity is represented by a node or box.

In activity-on-arrow networks all preceding activities nust be conplete
before an activity can be started. Dumy activities are often required to
show sequential relationships.

In activity-on-node networks precedences are used to indicate the sequen-
tial relationships between activities. Precedences consist of a precedence
relationship and a lag value. There are four types of relationships:
Start-to-Start, Start-to-Finish, Finish-to-Finish, and Finish-to-Start.

Lag values indicate the nunber of workperiods an activity is to be del ayed.
They can be positive, negative, or zero.

Once an appropriate level of detail is decided upon, activities and their
interrelationships can be identified and the network diagram constructed.
When constructing a network one should consider grouping together activi-
ties that are simlar, i.e., show all activities that occur on one floor or
are the responsibility of one department, to nmake the diagram easier to
read.

Once a network has been defined, time and resources required by the activi-
ties may be added. PROJECT/2 can deternmine the total time required to
reach project completion, as well as the individual time characteristics of
each activity. The individual time characteristics of each activity are:
early start, early finish, late start, and late finish. The early start
and early finish are calculated in the Forward Pass. The late start and
late finish are calculated in the Backward Pass

Three types of float are associated with each activity. They are: Total
Float, Free Float, and Direct Float. The chain of activities with the

| east amount of Total Float is known as the critical path. The critica
path is inportant because it is the chain of activities that controls the
overal | project conpletion tine.
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Constraints are used to restrain the start or finish of an activity to nore
closely sinulate what will actually happen. There are three types of con-
straints: Not Earlier Than, Not Later Than, and On. Not Earlier Than con-
straints affect only the Forward Pass. Not Later Than constraints affect
only the Backward Pass. On affects both the Forward and Backward Passes.
In the Forward Pass, On is replaced by Not Earlier Than, and in the Back-
ward Pass, On is replaced by Not Later Than. Constraints may or may not

i mpact the project schedule, depending upon network |ogic.

Al though a great deal of benefit is gained fromthe additional effort spent
in planning a project when network-based scheduling systems are used

del ays can also be avoided by properly nonitoring a project under way. A
proper reporting cycle must be established so that problems will be dis-
covered before it is too late to take corrective action.
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Conmmand Language and Qperating Environment

Summary

The user communicates instructions and data to PROJECT/2 via English-like
commands, which may be punched on cards or keyed at a data terminal. The
Conmand Language is free format, i.e., the required synbols can begin any-
where on an input line as long as each itemis separated from others by one
or nore blank spaces or commas. However, the ordering fromleft to right
must follow the command General Forns as presented in the manual

Commands are processed in the sequence in which they are input. The Command
Language permts the user to shorten nmost words to their first three
letters, and sone abbreviations are used. Dates are input as shown bel ow

and nost Ceneral Forms permt the entry of the project workday that corres-
ponds to a cal endar date.

nonth day year (number nunber nunber)
nmonth day year (word nunmber nunber)
day nmonth year (nunmber word nunber)

Each conmand General Form shows the required words with the necessary
letters underlined. If "ignorablell words are used, at |east the overlined

letters nust be included. Optional features of commands are shown encl osed
in parentheses or braces.

Each General Formrequires one of three formats: Sinple, Tabular, or Data
Li st

PRI NT SCHEDULE a Sinple Command
ADD PRECEDENCES
30 60
55 24 a Tabul ar Command
62 70
LAST

REMOVE ACTIVITIES 20, 30 LAST a Data List Command
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Basi ¢ Network Input and Qutput

Sunmary

Network Input,

Before a schedul e can be created by PRQIECT/ 2, the basic network data must
be stored using the STORE NETWORK command.  For each activity, the user
must supply an activity nunber, description, and duration. Codes and cost
may also be supplied. PRQIECT/2 processes this information, checks for
errors, and then stores the information.

Schedul es cannot be created until a calendar has been defined. To define a
cal endar, the project start date nust be supplied using the ASSIGN START
command. The length of the workweek and holidays may be supplied using the

a 5 day worxweek, beginning on Monday, is assumed. No holidays are assumed.
The holidays and project calendar can be displayed by using the PRINT
HOLIDAY and PRINT CALENDAR commands.

Constraints may be assigned to the project completion time and/or to indi-
vidual activities. Constraints are assigned to the project completion by
using the ASSIGN FINISH command. Activity constraints are assigned by
using the ASSIGN CONSTRAINTS command. Constraints may be displayed by
using the PRINT CONSTRAINTS command.

Activity descriptions can be expanded by using the ASSIGN LISTS command
Lists can be displayed by using the PRINT LISTS conmmand.

Network Output

Once a network has been created and stored, various reports and schedules
can be output. Four reports have been designed to aid in the verification
of network data. They are produced by the commands,

PRINT NETWORK

ANALYZE OPEN ENDS
ANALYZE NETWORK NOFLOW
PRINT RELATIONSHIPS

Normally, one or more of these reports is required to debug the basic logic
that has been input via the STORE NETWORK command.

After the basic logic has been debugged and a calendar specified, reports
can be generated that display all or part of the different project sched-
ules. Commands that display the schedules are:

PRINT  PLANNING SCHEDULE
PLOT PLANNING SCHEDULE
PRINT WORKI NG SCHEDULE
PLOT WORKI NG SCHEDULE
ANALYZE NETWORK

PRINT PREDI CED STATUS
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Qher reports allow the user to determine the overall status of all pro-
jects on a particular DD2 or the status of any individual project on the
DD2.  These reports are produced by the follow ng comands:

LI ST PRQIECT STATUS
PRI NT STATUS
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Basic Network Mdifications

Summary

PRQIECT/ 2 provides the user with the ability to easily update or nodify a
network without having to store the entire network again.

The ASSI GN NAME command shoul d be the first PROQIECT/2 conmand in every
PRQJIECT/ 2 run except runs that begin with a STORE NETWORK conmmand. The
ASSI GN NAME conmand identifies the project to which subsequent commands in
the run apply. The project nust have been previously established with a
STORE NETWORK conmand.

Activities may be added to and removed fromthe network using the ADD
ACTIMITIES and REMOVE ACTIVITIES commands.

Precedences may be added and renoved using the ADD PRECEDENCES and REMOVE
PRECEDENCES conmands. Lags may be changed using the CHANGE LAGS command.

Activity information, e.g., durations, descriptions, and codes, nmay be
changed using the CHANGE ACTIVITY BLOCK and EDIT ACTIVITIES commands.
Activity constraints may be reassigned using the ASSI GN CONSTRAINTS conmand
or renoved using the REMOVE CONSTRAINTS command. Individual List items may
be replaced by adding another List itemwth the same List reference nunber
using the ASSIGN LISTS command. List itenms may be renoved using the REMOVE
LI STS conmand.

Cal endar specifications can also be easily nodified. The project start
date and length of the workweek can be changed by reassigning the inforna-
tion using the ASSIGN START and ASSI GN WORKWEEK commands, respectively.

Hol i days can be added using the ASSI GN HOLI DAYS comand and can be renoved
using the REMOVE HOLI DAYS command.

The project finish constraint may be nodified by reassigning it using the

ASSI GN FI NI SH command, or it may be renmoved using the REMOVE FI NI SH
conmand.
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Codes

Sunmary

Codes are used to control the output on PRQJECT/2 reports. Three 9-digit
nuneric codefields are provided. They are called the Code, the Bcode, and
the Ccode. Wthin each codefield, the code values are referenced by digit
position. Digit position is determned by counting fromthe |eftnmost non-
zero digit of the largest code number. If an activity with a larger nunber
of digits than previously existed is entered, the digit positions of al

other activity codes are changed.

Code values are assigned to activities in the STORE NETWORK command and the
ADD ACTIVITIES command. They are changed by the CHANGE ACTIVITY BLOCK and
EDIT ACTIVITIES conmmands.

Codesets are comnbinations of the various codefield digits. A codeset can
be up to nine digits long. Oder is inportant in a codeset.

Codesets may have descriptions associated with them The descriptions are
used as headings on subreports, as zone descriptions on plots, and as

| abel s on summarized reports. Codeset descriptions are assigned using the
ASSI GN DESCRI PTI ONS conmand

Once code descriptions have been stored they can be printed and/or renoved
from the network using the PRINT DESCRI PTIONS and REMOVE DESCRI PTI ONS
conmands.



Activity Cost Accounting

Summary

Basi ¢ PROJECT/ 2 includes three cost types: estimted costs (budget), target
costs - and actual and revised costs.

Estimated Costs (Budget) are the user’s best estimate in advance. They may
be input directly and/or conputed based on resource assignnents. Estimated
Costs can be input on a per activity basis through the STORE NETWORK and
ADD ACTIVITY conmands. They nay al so be input individually using the ASSIGN
COSTS command.  Estinmated Costs can be conputed based on the resources
required for each activity by using the ASSIGN COSTS BY RESOURCE PRI CES
conmand.  Costs may be renoved by using the REMOVE COSTS command.

Target Costs, |ike Target Schedules, are used for conparison wth other
costs for a project. Unlike Target Schedules, however, there is only one
Target Cost per activity per network. Target Costs may be based on either
the Budget or Latest Revised Estimate (LRE) and are input using the ASSIGN
TARGET COSTS command. Target Costs are output by the PLOT CURVES, PRINT
ACTUAL COST, and PRINT ACTUAL MANHOUR commands.

When work actually begins on the project, it is possible to start account-
ing for actual costs incurred and revising the estimates for costs in the
future. The Latest Revised Estimate (LRE) is used for this task. Each
activity has a three-conponent LRE conposed of Actual Cost to Date, bliga-
tions, and Estimate to Conplete (ETC). LRE data may be input directly with
the REPORT PROGRESS command. Estinmates to Conplete nmay be automatically
conputed using the ASSIGN ETC command.

The Actual Cost and Progress Report presents the net effect of data that is
reported using the REPORT PROGRESS and ASSIGN ETC conmands. This report
shows the Budget, Latest Revised Estimate, Percent Conplete Costw se and
Timewi se, and the deviations from the Budget. It is output using the PRINT
ACTUAL COST command. PRQJECT/ 2 can al so output information concerning man-

power usage. This report is simlar to the Actual Cost and Progress Report;
It is generated by issuing the PRINT ACTUAL MANHOUR REPORT command.

Cash flow projections may be made by using either the PRINT COSTS or PLOT
CURVES command. The PRINT COSTS command has an option (ES/LS) that allows
the user to generate Early Start and Late Start S-curves. The PLOT CURVES
command prints up to eight cost curves on one sheet of paper.
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Resource Pl anni ng

Summary

The following steps nust be followed in resource planning and scheduling
using PRQIECT/ 2:

Define a Resource Library.
Assign resources to activities.
Generate resource usage reports.

Deternmine the problem resources and/or activities.
| npose resource limts (availabilities).

Generate Resource Constrained (leveled) Schedules.
Examine the results.

A Resource Library is established by using the DEFINE RESOURCE LIBRARY
conmand, a “global” command that is independent of the projects on the
dataset. Once a Resource Library has been defined, all resources in the
Library may be used by any project on the dataset. The Resource Library
contains the following information for each resource:

Description

Ref erence nunber

Resource type (optional)

Unit of nmeasure (optional)

Cost escalation points (optional)

Resources are assigned to activities by using the ASSIGN RESOURCES command.
The DAILY option of this command is useful when many activities have the
same per-day quantity of one or nore resources, but are of varied duration.
Resources may be renoved from activities by issuing the REMOVE RESOURCES
conmmand.

Once resources have been defined in the Library and assigned to activities,
two classes of output reports may be generated. Resource allocation
reports provide the user with reports on how resources have been assigned.
Resource usage reports distribute projected resource usage over a given
time period. Resource allocation reports are output by the PRI NT RESOURCE
ALLOCATI ON command and the PRINT BILEVEL command. Resource usage reports
are generated by either the PRINT RESOURCE USAGE or PRINT RESOURCE MULTIPLE
conmmand.



Qut put  Control

Sunmmary

PRQIECT/ 2 has been designed to give the user great flexibility in tailoring
output reports to meet specific requirements. The user can indicate the
conditions that should be nmet by the activities to be included in the
report, the order in which the activities should be printed, how the report
shoul d be page broken, the tine frame, and an interval tine.

The General Form for an output command with all of the output options is:

% (s
ommand {mterval} (select) (sort)
range

wher e:
command - a PRQJECT/2 output conmand, e.g., PLOT SCHEDULE

interval - indication of the span of time to be used in reports that
distribute cost or resources over time such as tabular list-
ings, histograms, etc., e.g., EVERY WEEK instead of the
default of every day.

range - specification of a tine frane for those reports that dis-
tribute cost or resources over tine such as tabular Iist-
ings, bar charts, histograms, etc., e.g., BETWEEN JAN 15
1981 AND MARCH 30 1981

select - description of the conditions that must be net by the activ-
ities to be included in the report, e.g., SELECT ACTIVITIES
WTH NCDES GT 1000

sort - order in which the activities should appear in a report
e.g., SORT BY ES.

Al of the output options are not available in every command. The user
shoul d check the General Form of each specific command to find out which
options are available for that command. When several output options are
used in the same command, the sequence in which they can appear (fromleft
to right) is:

1. Interval and/or range in any order
2. Select
3. Sort

Any or all options nay be omtted but the above order nust always be main-
t ai ned.

Many PRQIECT/2 reports may be summarized by codesets chosen by the user
Qut putting data by such summary groups of activities can decrease the
printed volume considerably. The SUWARI ZE BY codeset option is shown in

the General Form of each command that can produce sunmmarized output.
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If the sane set of activities is used several tinmes, the subset can be
assigned as a Goup by using the ASSIGN GROUP command. The use of G oups
is nore efficient because the selection process is performed only once

In addition to the options |listed above, a report can be controlled by the
EJECT command. The EJECT command segnents activity oriented reports into
subreports according to the code nunbers assigned to the activity. Three
steps must be followed when ejecting a report: (1) issue the EJECT ON...
command, (2) make the primary sort on the output conmand the sane as the
eject code, and (3) issue the EJECT OFF conmand.

Three titles can be input using the ASSIGN TITLE commands if the user
wishes to have titles printed on report headings

Various SET conmands allow the user additional flexibility in specifying

the data that is to be printed on output reports, e.g., the printing of
Lists, constraints, and workdays may be inhibited.
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Reporting Progress

Sunmary

The user conveys activity status information to PROJECT/2 by issuing a
REPORT PROGRESS conmmand. Any of the followng activity progress data can
be reported:

START, FINISH OCCURRENCE (for events), Percent Conplete (PC),
Remai ning Duration (RD), Days Complete (DC), Actual Cost (AC),
oligation (OBL), and Estimate to Conplete (ETC).

PRQIECT/ 2 classifies progress data into one of three categories, depending
on the information reported at the Data Date and the status of the activity
prior to the REPORT PROGRESS conmand. The three categories are:

Initial Reporting - the first tinme progress information is reported
on an activity, or when a start is re-reported.

Subsequent Reporting - progress information already exists for the

gctivity and is being updated with new progress
at a.

Active Activities - inconplete activities, with reported starts from
a prior Data Date, for which subsequent progress
data is not reported on the current Data Date.

Once progress has been reported, PRQIECT/2 automatically conputes additional
information about the activities. This additional information depends upon
what information was reported, if any, and the REPORT PROGRESS command
header card options. No header card options affect Initial Reporting.

The options that affect Subsequent Reporting are: RECALCULATE PC and
RECALCULATE RD.  When only a Percent Conplete is reported PRQIECT/ 2 does
not normally recalculate a Remaining Duration, and vice versa. If the
RECALCULATE option is used, then a new Percent Conplete or Remaining Dura-
tion is calculated.

The options that affect Active Activities are FIX and SLIDE. If progress
is not reported on an Active Activity then FIX assumes that the activity
continued on schedule (its Early Finish does not change); therefore the
activity may be automatically “conpleted.” SLIDE assunes that no work was
performed on the activity (its Remaining Duration does not change).

Once progress information is reported, PRQIECT/2 calculates a Current
Schedul e based on the |atest network |ogic and progress information. Each
tinme progress information is reported the existing Current Schedule is
destroyed and a new Current Schedule is calculated. Wen progress informa-
tion is reported it remains on file until it is renoved using the REMOVE
PROGRESS command or updated, even though the Current Schedule nay be

dest royed.
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The Current Schedule may be used in place of the Oiginal Schedule on all
Pl anning and Wrking Schedule reports. The user controls the schedule to

be output by issuing the USE ORIG NAL or USE CURRENT command.

After progress has been reported, the user can direct PRQIECT/2 to consider
the Full set of project activities or a Brief set, defined as all of the
activities that have not been conpleted as of the nmost recent Data Date.
Any conmand whose Ceneral Form includes the select option will operate on
the Full or Brief set of activities. The user chooses the Full or Brief
set by issuing the conmmand,

ORIGINAL FULL
USE @RENT} ({ggm?})
As progress information is reported, data may be reported that conflicts
with basic network logic. PRQIECT/2 accepts information that conflicts
with network logic. However, the network logic is nodified through the
introduction of negative lags to account for these inconsistencies. The

Current Schedule Exception Report is output follow ng reported progress
data to show the violations of network Iogic.
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Target Schedul es

Sunmary

PRQJECT\2 allows the user to save schedules, known as Target Schedul es, and
to conpare themwith the Current Schedule on a per activity or summary
basis. Once created, a Target Schedule is “frozen.” Logic changes and new
progress dates do not alter the Target Schedule dates. Up to 50 Target
Schedul es can be saved.

Target Schedul es are created using the CREATE TARGET SCHEDULE command. The
user nust have reported progress and established a Current Schedule and a
Data Date before using the CREATE TARGET SCHEDULE command. A Target Sched-
ule may be based upon the Original Schedule, Current Schedule, or a
Resource Schedule. Once a Target Schedule has been created, a description
may be associated with it by using the ASSI GN DESCRI PTI ON FOR TARGET
SCHEDULE command.

A Target Schedule may be nodified by using the ASSIGN TARGET DATES command.
The ASSI GN TARGET DATES comand al | ows the user to nodify the dates associ-
ated with individual activities within a Target Schedule. Target Schedul es
may be del eted by using the REMOVE TARGET SCHEDULE command.

Target Schedul es may be output in either tabular or bar chart format. The
PRI NT TARGET SCHEDULE command is used to generate tabular output, and the
PLOT TARGET SCHEDULE command is used to generate bar chart output. If a
conparison on a summary level is desired, the PRINT TARGET SUMVARI ZE and/ or
PLOT TARGET SUWARI ZE conmmands are used. The Target Schedule Start and
Finish dates printed on output reports are controlled by the user through
the Wrking Schedul e Mde.

The PRINT CURRENT STATUS conmand provi des information about the actual
status of the project over a future period of time as conpared to the
Target Schedule for that period. This command automatical |y generates
three subreports, showing activities that nust be conpleted, nmust be in
progress, and may be in progress.
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Resource Constrained Scheduling

Summary

Resource constrained schedules are conputed based upon resource |imta-
tions, time constraints, and activity resource assignnents.

By examining resource usage reports, a user can determne problem resources
and/or activities. Resource limts are inposed via the ASSI GN RESOURCE
AVAI LABI LI TY command.

Resource |eveled schedules are produced by the CREATE RESOURCE SCHEDULE
command.  Schedules produced in the Original node include all activities;
schedul es produced in the Current node constrain only the Brief set of
activities. Resource leveled schedules may be resource-limted or tine-
limted. If the FORCE option is not used a resource-limted schedule is
obtai ned; however, the job duration will probably increase. If the FORCE
option is invoked a tinme-linmted schedule will be produced. Forcing at
criticality zero maintains the project conpletion date; however, resource
linmts may be exceeded. A CUTOFF DURATION may be specified, after which
the scheduling process ignores all resource constraints. Before resource
scheduling begins, feasibility tests are performed to avoid wasted conputer
runs, OVERRIDE may be specified to override the PROIECT/2 feasibility
tests. Secondary resource availability is not considered unless the
SECONDARY CRI TI CALITY option is used. The DEBUG and BOTTLENECK options
provi de useful output concerning the resource constraining process; if
omtted, PRQIECT/2 prints only informatory notes showi ng the progress of
the scheduling algorithm A description can be associated with each
Resource Schedul e by using the ASSI GN DESCRI PTIONS FOR RESOURCE SCHEDULE
conmmand.

Resource Constrained Schedules may be output using the PLOT RESOURCE SCHED-
ULE conmand. They can also be output on any report that prints dates based
on the Wrking Schedule (PRINT WORKING SCHEDULE, PLOT WORKI NG SCHEDULE,

PRINT RESOURCE USAGE, PRINT COSTS, etc.). A Resource Schedule can be used

as a Wrking Schedule through the USE RESOURCE SCHEDULE command. A Resource
Schedul e, active as the Wrking Schedule, is "deactivated" using the ASSIGN

ES, LS, FR MXDE command, Data Base changes (Add or Renove activities), or
at the end of the run.

A Target Schedule can be created based upon a Resource Schedule by using

t he CREATE TARGET BASED ON RESOURCE SCHEDULE conmand. \Wen a Resource
Schedule is active as the Wrking Schedule it replaces the Current Schedul e
in all Target Reports.
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Net work G aphi cs

Summary

Only three PRQIECT/2 commands (DRAW. .; ENDIPF; and POST.. .) are required ko
produce plotter-drawn network diagranms and bar charts

The DRAW NETWORK command produces a network drawing for all selected activi-
ties in the network. Four tine scales are available for pIottin? net wor k
di agrams; they are: LOG CAL, COWPRESSED, DI SCRETE, and LINEAR fatim
scale is not included in the DRAW NETWORK command PROJECT/2 chooses LOG CAL.
Activity related information shown on each network diagramis as follows:
the activity nunber, description, duration, percent conplete, total float,
and working schedule start and finish dates

The DRAW SCHEDULE command produces plotter-drawn bar charts for all selected
activities. Time scales on bar charts are specified by using the standard
PRQJECT/ 2 interval option. The PRINT option allows the user to specify the
information to be printed on a bar chart.

A number of other draw options are available to modify the output produced
by DRAW commands. If draw options are not included in a DRAW command then
it is a sinmple (one line) conmand. |f draw options are included then it is
a tabular command (consisting of a header card, data cards, and a LAST
cutoff card).

The ENDI PF command closes the internediate plot file (IPF). The command is
requi red and nust be included between the DRAW command(s) and the POST

comand(s) .

Actual plot output is generated by using the POST command. The POST conmand
reads the coded information placed on the IPF by the DRAM command and pro-
duces output for the plotter specified by the user. The size of the plot
generated by the DRAW conmand may be nodified by using the SCALE option in
the POST command.

The vertical placement of activities on the plot is controlled by the

ASSI GN ZONE conmand. If zones were assigned BASED ON codeset, any previ -
ously assigned descriptions for the codesets are used as zone descriptions.
Zones assigned by total float are labeled to indicate float groupings. Zone
assignments carry over fromrun to run and may be inhibited by using the
SET ZONES OFF command or may be del eted by using the REMOVE ZONES conmand
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CAPP PRQJIECT, |BM P/C, SCHEDULE DATA SOFTWARE PROGRAM

The CAPP Project schedule data software program utilizes Revelation, a
data base managenent and business-oriented applications soft ware too
from COSMXS Inc. The program consists of two sets of files called Location
Table and Kit Tracking Table. The main menu is presented on page J-2 and
the report menu is presented on page J-3.

The data entered for the location table is the numerical [ocation informtion
shown on sheet 1 of Figure VI-6 and the l|ocation name and the types of kits
that the location can process. The process lanes kit information file contains
all the data about each individual kit
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SPACECRAFT OPERATIONS
CASAICAMA  SYSTEMS
DEMONSTRATION

TSD INDUSTRIAL ENGINEERING
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CASA III/CAMA
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CASA

Computer Aided Station Analysis

Advanced

— Methods and Measurements —
for the Future

Industrial Engineering
Applications Consulting
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CASA

Computer Aided Station Analysis

e “CASA” Obijective - Productivity Improvement

—LE. Analyst
e Computerize the Methods and Measurement Aclivity

e Emphasize Methods Development/Work Simplification
¢ Utilize Accepled Engineered Standards Techniques

—Direct Labor Work Force
¢ More and Better Methods with Accurate Measurements



CASA

Computer Aided Station Analysis

e Will Result In:

— Greater and More Effective Industrial Engineering Effort
— Lower Direct Labor Cost

— Improved Shop Floor Control

— Increased Capacity

— Better Labor Load Planning

— More Accurate Inputs for Master Scheduling

— Improved Accuracy of Forecast

L-7



CASA

Computer Aided Station Analysis

. Basic Features - All CASA Systems

— Computerized Logic - Provides:
Z Disciplines in Meth. & Meas. Development
Z Accurate Measurements

— M.T.S./G.E. Standard Data Base - Company-wide Acceptance
— Simplified Coding - Easy to Learn

— Application - Broad Plant Spectrum

— Flexibility for Method Optimization

— Hard Copy Documentation/Permanent Disk Storage

— High Level Acceptance - Operators - Managers

— Multilevel Application
. Universal Data (Plant Data)
Z Operational Standards

—Supports “CAPP”/"M.R.P.”/Shop Floor Control Systems

L-8



CASA

Computer Aided Station Analysis

. Benefits with CASA
— Engineered Methods and Standards

— Full Documentation - Current and Historical

— Improvement in |.E. Effectiveness
Z New Methods Development

Z Maintenance of Methods and Standards
Z Introduction of New Models

— 10-30% Productivity Improvement
Z Emphasis on Good Methods and Adequate Training

- INCREASE CAPABILITY FOR STANDARDS AUDITING

L-9



CAMA

COMPUTER AIDED MANUFACTURING ANALYSIS
ADVANCED

— PLANNING AND STANDARDS -
FOR THE FUTURE

INDUSTRIAL ENQINEERING

APPLICATIONS CONSULTING

L-10



CAMA
COMPUTER AIDED MANUFACTURING ANALYSIS

0 “CAMA” OBJECTIVE ~ FULLY INTEGRATED COMPUTERIZED PLANNING AND STANDARD
TIME SYSTEM

0 SUPPORT LABOR (PLANNER)

0 CAPABILITY OF GENERATING OPERATOR INSTRUCTIONS BASED ON
ENGINEERING METHODS

UTILIZE EXISTING PLANNING/STANDARDS
EMPHASIZE USE OR STANDARD STATEMENTS/PROCESS FLOWS

o O O

GENERATE STANDARD REPAIR (REWORK) INSTRUCTIONS
0 SUPPLY COMPUTER DRIVEN MANUFACTURING SYSTEMS SOURCE DATA.

0 DIRECT LABOR FORCE

0 INCREASED PRODUCTIVITY WHEN PLANNED TIME AND INSTRUCTIONS ARE
CONSISTENT.,

O MORE ACCURATE MEASUREMENT BASE
(IMPROVED OPERATOR MOTIVATION)

2288A
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0 WILL RESULT IN:

0 GREATER AND MORE EFFECTIVE PLANNING EFFORT

NALIEN NIner
uncik viiKeey

<
-

0 [IMPROVED PRODUCT QUALITY
0 REDUCED DEFECTS
0 IMPROVED MANUFACTURING SYSTEMS DATA SOURCE

0 BASIC FEATURES:
CoMPUTERIZED LOGIC - PROVIDES:

STANDARDIZED PROCESS SEQUENCE AND OPERATIONS INSTRUCTIONS.
CONSISTENT INSTRUCTIONS BASED ON ENGINEERING METHODS,

ACCURATE PLANNED TIME BASED ON ENGINEERED APPROACH.

©c © o o

MASS UPDATE CAPABILITY

STANDARD REPAIR (REWORK)
ELECTRO/MECHANICAL/ASSEMBLY GROUP TECHNOLOGY

(=] © ©

ACCEPTANCE OF EXISTING PROCESS PLANS

2288A
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CAMA

COMPUTER AIDED MANUFACTURING ANALYSIS

° BeneriTs WITH CAMA
OPERATOR INSTRUCTIONS DRIVEN BY ENGINEERED METHODS AND STANDARDS

- COMPLETE STANDARDIZATION OF PROCESS SEQUENCE AND OPERATION TEST

- 40 - 50% IMPROVEMENT IN PLANNING EFFECTIVENESS

° NEW PLANNING DEVELOPMENT
° M AINTENANCE OF EXISTING PLANNING
° V ARIANT PLANNING DRIVEN FROM SAME BASE

° PROTOTYPE
° DEVELOPMENT
° PRobucTioN

- 10 - 30% PropbucTlviTY IMPROVEMENT

EMPHASIS ON STANDARD OPERATOR INSTRUCTIONS WITH OPERATORS

o
FOLLOWING CONSISTENT METHODS.

2288A
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ACCUN. HTL.

ROUGH

TypPIicaL COAX

CABLE FLOV

AND INSP. cuT FORH INSPECT PACKAGE TEST
Y;? ) W A4 W FTW
./ U/ VvV \/ LN
CUT AND
PACKAGE INSPECT CRINP INSPECT TRIN INSPECT
T2 A4 TER\Y Y Z 'aY A\ A
U/ V \J/ V \J V
HASK AND
TEST INSPECTY CLEAN INSPECT PACKAGE PRIHE
fﬁﬂ X7 N A\ M V"
1) \"4 A Vv \ S
AY
ROUTE TO
BONDED STOCK INSPECT PACKAGE INSPECY PAINT INSPECT
Z M\ ) \Z
AV . \'2 \J Vv
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AE=TSD s

MANUFACTURING PROCESS PLANNING

OPER.
NO. METHOD DESCRIPTION

CODE

TOOL I REF. DOC.

OPER.
STAMP

HOURS

SETUP | RUN

EA.

WORK
STAT.

10 ACCUMULATE MATERIAL AND ROUGH CUT TO LENGTH

VERIFY REVISION STATUS OF PAPERWORK
ACCUMULATE COAX CABLE MATERIAL
ROUGH CUT COAX TO LENGTH

note: rough cut length = 25 inches
STAMP AND DATE PLANNING

FILL OUT PRE-PUNCHED LABOR VOUCHER

.04

0.02

731

20 FORM COAX CABLE

FORM SEMI-RIGID COAX CABLE

note: form coax per sample 47J191345P1-EXAMPLE
STAMP AND DATE PLANNING

FILL OUT PRE-PUNCHED LABOR VOUCHER

0.06

0.18

731

23 INSPECT COAX FOR CLEANLINESS, SHAPE AND ID.

1. Shape and size of cable is like sample group number.
2. Physical damage and cleanliness.

3. Identification sleeving installed properly, is
legible and correct.

.03

.09

Q7

OWG. NO. NAME
COAX-PLAN-1 COAX ASSEMBLY EXAMPLE

PLANNER ;
M__ROURKE

SHEET ' OF 2




MANUFACTURING PROCESS PLANNING

L-16

H .
SPACE
HE-TSD S
OPER. a.c. I OPER. HOURS WORK
HO. METHOD DESCRIPTION CODE TOOL REF. DOC.| STAMP SETUP |RUN EA. | STAT.
TOTALS BY WORK STATION (Hours, Each)
Work Station Setup Time Run Time Cycle Time Total Time
731 0.10 0.20 0.00 0.30
Q7 0.03 0.09 0.00 0.12
TOTALS » 0.13 0.29 0.00 0.42
DWG. HO, NAME PLANNER
COAX-PLAN-1 COAX ASSEMBLY EXAMPLE M_ROURKE SHEET 2 OfF 2




IN-PROCESS TRAUELLER

DWG NO. 47D259930G1-P_ SER/JOB NOS | NAME pwg Assy
[ NHA. 47E259900G1 12345/123456e| AN g | PLNG REV 1
IN-PROCESS ALTERATION CONTROL oo ;Y Sk
AN PLNG REMARKS MFG QC
REV
“THIS SHEET MUST BE USED IN CONJUNCTION WITH THE D.P.S. PACKAGE
& ALL REFERENCED MSI'S, METHOD SHEETS AND ENGINEERING SPECS.”
SiU HRS EA CYCLE
ATERTQ | N[ MFG 2.74 12.12 11.35
THITl el Y e elw\J _\‘-h_
. -'.'“ oy QC 0.88 202 0.00
DWG NO. NAME LOT/SER!A “NO. DWG NO. NAME LOT/SERIAL NO.
@ | AN
< _,:T,\’; .‘l{'l,._‘. l*-
STAMP PLND.TIME |CYCLE/
OPER WORK OPERATION REFERENCE NR |DATE| MFEQ C S/ HRS | CURE
NO. STA. INSTRUCTION DOCUMENTS HRS EA. HRS.
01 Q7 INSPECT ACCUM. MS1245770 0.08 2.17 2.00
10 771 VACUUM_BAKE MS1238658 8.15 1.5 2.00
PWE, TIN &
FORM_COMPONENT
LEADS
20 771 INSTALL P1___ MS1238658 9.14 .67 o.e0
CLEAN' SEGURE'
WITH Hows ,TORQ
39 Q7 INSPECT IN MS1249770 e.08 0.17 2.20
PROCESS MS P6
30 771 gﬂgggﬂ;gwmc Mmgzggsus 0.12 0.05 2.99
BOTTOM OF
iC’s.
40 771 BOND MS12363945 9.56 2.69 2.80
INSULATORS AND MS P6
IC*S 70 PwB. MS1238658
50 771 TRIM, SOLDER. MSI1238658 2.49 6.34 2.00
MFG PLNG/ QCE FINAL ACCEPT SHEET 1
i DATE DATE STAMP/DATE OF

L-17




DWG NO.

HB3S

SER/JOB NOS NAME
47D259930G1-P 12345 / 123456E PWB ASSY
STAMP PLND.TIME [CYCLE/
OPER WORK OPERATION REFERENCE NR |DATE| MFG/Q C SV HRS | CURE
NO. STA. INSTRUCTION DOCUMENTS HRS EA. HRS.
80 771 INSTL: Q’S, MS1238658 2.43 2.35 ?.00
CAPS, R'S
T»Em LEADS
70 771 MARK & ID S32534CL7A 8.15 8.14 2.50
SY., MARK MS1249770
KEYéNé ON PWB
73 Q7 INSPECT S30146 8.8 2.17 2.29
MS PE
MS1238658
MS1249770
75 TC TEST 2.50 1.00 e.e0
83 Q7 INSPECT MS1249770 2.08 0.17 8.00
a9 Q7 INSPECT IN 171A4425 e.e8 e.17 9.00
PROCESS MS P17
80 741 BOND DAMPERS .| 171A4425 2.17 0.13 2.69
MS P17
100 741 BOND SHIELDING MSI23694S 2.21 8.11 2.90
PLATES, STAKE MS P8
OMPONENTS,
SEAL Pf CONN.
110 741 MASK, CONF. MS1236935 0.32 8.14 2.85
com umsx WS P7
CLEAN, ESD MS1249770
PACKAGE PWB.
117 Q7 INSPECT FINAL 171“62?‘}“5%2 e.e8 .17 ‘o.ee
36935.530146,
MS1248770
NOTE - APPLY FINAL ACCEPT STAMP ON 1ST SHEET SHEET 2 OF
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— PRIME PLANNING COUER SHEET
E-TSD 25 |

) DIVISION
I JOB NO I DRAWING DESCRIPTION i TRAVEL TAG T WIRING DIAGRAM NO. | REV AN
; ” “‘
o UUORAWING NUMBER 1 AN ] MATRIX NO| VERICLE | 008 GIV |PLCJ SERIAL fo.
I | 47D259930G1-P 7 | 8 |12345 1234 | 1 IAD | 12345
PROGRAM: DATE REQD Ipc col MFG SHOP ORDER NUMBER INSP SHOP ORDER NUMBER TEST SHOP ORDER NUMBER S/S NUMBER
DSCS-H 123456789012 123456789012 123456789012 I 12345
PLANNER EXT. |ORG. RELEASEQ _ _MFG WS PLN _HRS ‘!_NSP WS PLN HRS  TEST WS PLN HRS CYCLE/CURE HRS
771 13.78 Q7 1.50 TG 1.6
M. ROURKE 1234 [21-NOV-85 11.35
QUALITY CONTROL EXT. |ORG. RELEASE 08 ~ JETOTAL HRS/JOB
D. SPERRING 4321  [21-NOV-85 " 28.21
PRODUCTION CONTROL EXT. SHOP RELEASE l
S. DRUID 6543 19-DEC—85I l
HANDLING REQUIREMENTS I , I
STANDARD I l
! \ ]
ESD* , I
oY L4
WHITE GLOVES REQUIRED i . it I
VERIFY PLANNING RELEASE | |
DATE LESS THAN 3 WEEKS A R Sl
NON - CONFORMANCE REPORT INFORMATION
IN-PROCESS INSPECTION TEST FINAL MECH. FINAL ACCEPTANCE
STAMP DATE
REASON FOR REWORK (NOTE: ENTER "RWK CODE" ABOVE ~ LEFT OF DWG NO.) NR NO./OTHER
1¥ APPLICABLLE
SHEET 1 OF 1

*NOTE: IF ELECTRO STATIC DISCHARGE SENSITIVE DEVICE, HANDLE THIS ASSEMBLY PER MSI 249770/251160

L-19



g SPACE SYSTEMS
D DIVISION

ALTERATION CONTROLS

ALTERATION CONTROL SHEET

AN PLN. |. AFFECTED IE MFG ac

no. | REv. [T VEH OR S/N | PT.OR GR.] OPERATION REMARKS INIT] DAIE  [INIT| _DATE  Jini7

6 B8 & SUBS 61 ALL P/L & DWG CHGE., REWRITE: Ol, ESD ADDED. MGR | 10-SEP-85 | MGR | 1e-sEP-85 | sEC

7 B9 & SUBS G2 30, BOM  |AN-7 ADDS F/N 7 TO BOM. MGR | 10-SEP-85 | MGR | 10-SEP-85 | SEC

8 1 | 89 & suss G2 20, 30 INCORP. AN-8 & MCR 85-92 TO UPDATE TORQUE CALLOUT NOTE 11 | MGR |06-SEP-85 | HEJ {@3-SEP-85 | SEC
NAME PLANNER

PHANTOM ASSY.

owe. no. 47D2569930G1-P

NO. PW&\ASSvEHO_RS/N PT.OR GR. Of

eraM oROURKE

L-20
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SE ngD % MANUFACTURING PROCESS PLANNING

OPER a.c. | oper. HOURS WORK

NO. METHOD DESCRIPTION CODE toot | ReF. poc.| stAawe SETUP |RUN EA. | sTAT.
o1 INSPECT ACCUM. | 0.08 0.17]Q7
10 VACUUM BAKE PWB, TIN & FORM-COMPONENT LEADS Ol 0.15 1.50}771
20 INSTALL P1 CONN, SOLDER, CLEAN, SECURE WITH HDWE,TORQ. | Ol 0.1l e.671771
339 INSPECT IN PROCESS iP 0.08 8.17]Q7
30 BOND SHIELDING PLATES TO BOTTOM OF IC'S. iP 0.12 0.05|771
40 | BOND INSULATORS AND IC'S TO PWB. ol 0.55| 0.69]771
50 TRIM, SOLDER, CLEAN IC LEADS 0.49 6.341771
80 INSTL: Q'S, CAPS, RS, TRIM LEADS, CLEAN 8.43 2.350771
70 MARK & ID ASSY., MARK KEYING ON PWB EDGE 0.15 e.14|771
73 INSPECT { 0.08 0.17|Q7
75 TEST T e.50 1.00{TC
83 INSPECT | e.e8 0.171Q7
99 INSPECT N PROCESS P 0.08 0.17)G7
90 BOND DAMPERS P 0.17 0.13]741
100 | BOND SHIELDING PLATES, STAKE COMPONENTS, SEAL P1 CONN. | OI 0.21] e.11]741
110 MASK, CONF. COAT, UNMASK, CLEAN, ESD PACKAGE PWB. 9.32 0.14]741
117 INSPECT FINAL ' ! 0.08 e.17|Q7
DWG. NO — |NAME PLANNER
47D259930G1-P PWB ASSY M_ROURKE shieer 1 OF 2




GE-

SPACE
DIVISION

MANUFACTURING PROCESS PLANNING

L-22

OPER. a.c. I OPER. HOURS WORK
NO. METHOD DESCRIPTION CODE TOoOL REF. pOC.l STAMP SETUP JRUN EA. | STAT.
TOTALS BY WORK STATION (Hours, Each)
Work Station Setup Time Run Time Cycle Time Total Time
Q7 0.50 1.00 0.00 1.50
771 2.04 11.74 6.50 20.28
741 0.70 0.38 4.85 593
TC 0.50 1.00 '0.00 1.50
TOTALS » 3.74 14.12 11.35 29.21
DWG. NO. NAME PLANNER '
47D259930G1-P PWB ASSY M_ROURKE SHEET 2 OF 2




DIVISION

BE_TS SPACE PRIME PLANNING COUER SHEET

—oB o DRAWING DESCRIPTION TRAVEL TAG | WIRING DIAGRAM NO. REV AN
123456E D 8
§ REWORK CD PR SERIAL NO.
§ 12345
"[PROGRAM: MFG SHOP ORDER NUMBER INSP SHOP ORDER NUMBER TEST SHOP ORDER NUMBER JNS/S NUMBER
DSCS-il e, | 234656789012 123456789012 123456789012 | 12345
PLANNER EXT. |ORG. RELEASEN. MFG WS PLN_HRS INSP WS PLN HRS | TEST Ws PLN_HRS B CYCLE/CURE HRS
MG ROURKE 2231 |09-SEP-85 771 1378 Q7 1.50 TC 150 , 1135
QUALITY CONTROL EXT. |ORG. RELEASE} f TOTAL HRS/J0B
D SPERRING 5210 |10-SEP-85 29.21
PRODUCTION CONTROL EXT. |SHOP RELEASE
ALAN TONESEN 9032 [11-SEP-85
HANDLING REQUIREMENTS
STANDARD
ESD*
WHITE GLOVES REQUIRED
VERIFY PLANNING RELEASE
DATE LESS THAN 3 WEEKS
NON —~ CONFORMANCE REPORT INFORMATION
IN-PROCESS INSPECTION TEST FINAL MECH. FINAL ACCEPTANCE

STAMP DATE

~

REASON FOR REWORK (NOTE: ENTER "RWK CODE" ABOVE — LEFT OF DWG NO.) NR NO./OTHER
IF APPLICABLE

SHEET 1 OF 1

*NOTE: IF ELECTRO STATIC DISCHARGE SENSITIVE DEVICE, HANDLE THIS ASSEMBLY PER MSI 249770/251160

L-23



g . SPACE SYSTEMS
] ) DIVISION

ALTERATION CONTROLS

ALTERATION CONTROL SHEET

AN PLN. AFFECTED IE MFG o’
NO. REV. | VEH CR S/N | PT.OR GR.] OPERATION REMARKS INIT{ DATE INIT DATE INIT
i
6 BB & SUBS G1 ALL P/t & DWG CHGE., REWRITE: Ol, ESD ADDED. MGR | 10-SEP-85 | MGR | 10-SEP-85 | SEC
7 B9 & SUBS G2 30, BOM AN-7 ADDS F/N 7 TO BOM. MGR | 18-SEP-85 | MGR | 10-SEP-85 | SEC
8 1 | B9 & suss G2 20, 30 INCORP, AN-B & MCR B5-92 TO UPDATE TORQUE CALLOUT NOTE 11 ] MGR |@6-SEP-85 | HEJ }83-SEP-BS | SEC
owe. no. 47D0259930G1 NAME PLANNER 1 o 1
PHANTOM ASSY. NO. PW&J}S?V__EH OR S/N PT.OR GR. oeraRIANRKE SHEET

L-24




SE-TSD

SPACE MANUFACTURING BIL

DIVISION
TITLE OWG, REV. | DWG. A.N G REV STATUS B,
PWB ASSEMBLY D 8 47D259930G1
REF .DES. /LOT | SERIAL INSP,
oP. No| /ITEM MO |SEQ IDENTIFICATION NUMBER NOMENCLATURE QUANTITY |REV.]A.N. UMBER NUMBER |WEIGHT | STAMP
10 1t |oe | 47026498861 PWB D&T HARD COUNTER 1.000
te| r2 00 | 47£263882P1 RESISTOR 1.000
18| r3 00 | 478263678P1 RESISTOR 1.000
10| R4 60 | 478262746P2 RESISTOR 1.000
18| RS o0 | 478263676P1 RESISTOR 1,000
10| Ré 00 | 478263676P2 RESISTOR 2.000
te] ci 00 | 478262745P1 CAPACITOR 1.000
10] c2 80 | 478262739P1 CAPACITOR 1.000
10} a1 00 | 47B242328P2 TRANSISTOR 1.000
26} Pt 86 | 47B263677P% CONNECTOR,PWB 110PIN 1.000
20 11 |eo | 478263681P1 SCR 2-56 X 5/16 1.000
20 12 oo | 478242303pP1 NUT HEX SELF LOCKING 1.002
30 7 |eo | 470259930P22 SHIELD 4.000
30 22 |ee | 171A4629Tv4 COMPOUND .000
MODEL MD FROM 020009 | VITLE B.OM. ¥
EFFECTIVITY THRU @015 | PWB ASSEMBLY 47D259930G) SHEET 1 OF 1




MANUFACTURING PROCESS PLANNING

L-26

vﬁ o
SPACE
QE"‘TSD DIVISION
OPER. a.c. I | OPER. HOURS WORK
NO. METHOD DESCRIPTION CODE YOOL REF. DOC.| STAMP SETUP [RUN EA. | STAT.
0t INSPECT ACCUM. { 0.08 2.17|Q7
INSPECT:
1. VERIFY PREVIOUS Q.C. ACCEPTANCE & PARTS PER BILL OF
MATERIAL.
2. RECORD JOB/LOT NO. & AN AS REQD. ON BILL OF
MATERIAL.
3. ESD PACKAGING/DAMAGE. MSI1249770
#4030 (3M)
*» NOTE : SUPERVISOR TO NOTIFY COGNIZANT PLANNER IF
M/S "A" IS INCOMPLETE,
10 VACUUM BAKE PWB, TIN & FORM COMPONENT LEADS ol 0.15 t.501771
INSTALL STANDOFFS TO (4) PWB CORNERS & CLEAN PWB. TDL 1258
VACUUM BAKE PWB FOR 2 HRS. @ 145 +/- 5§ DEG F. AND
285 IN. Hg. MIN MSI238658
TIN COMPONENT LEADS. TDL1804
SOLDER POT
FORM COMPONENT LEADS PER PLNG FORMING TOOL MATRIX. .M/S "A"
20 INSTALL P1 CONN, SOLDER, CLEAN, SECURE WITH HDWE.TORQ. 0)] 0.14 0.671771
INSTALL P1 CONNECTOR TO PWB WITH ALIGNMENT PINS. TDL1447
SOLDER PER DWG NOTE 10 & VIEW "A" MS1238658
CLEAN CONNECTIONS.
REMOVE ALIGNMENT PINS & SECURE P1 WITH (ITEMS 9 & 10 )
HDWE, & TORQUE 2-3 IN-LBS. PER DWG NOTE 11. CALIBRATED TORQUE DRIVER
39 INSPECT IN PROCESS P 0.08 8.17]Q7
1} SHIELDING PLATES BONDED TO BOTTOMS OF U5 & U9 ‘ DWG NOTE 16
DWG. NO. NAME PLANHER
47D259930G1 PWB ASSY M_ROURKE sieer 1 oF G



Rdha BNRNES " W W "\ AAALNH IFT A froyel (P @i I/ Sneufmimmessn Sl A ton ~
N T '1 )} SPACE MAENUFHU TURIND PRULEDS FLANNIND
- DIVISION
o T
OPER. a.c. I I HOURS WORK
NO. METHOD DESCRIPTION CODE Toor {ReF, poc, ! sTawp SETUP [RUN EA. | STAT
{ continued )
2)VERIFY CURE TIMES, TEMP. & MIX SHEET NO. RECORDED. MS P6
‘1 3) ESD HANDLING/ DAMAGE/ CLEANLINESS MSI 249770
30 BOND SHIELDING PLATES TO BOTTOM OF IC'S. P 0.12 0.05|771
CLEAN PWB & PARTS TO BF BONDED & BOND (IT.22) MSI 236945
SHIELDING PLATES TO BOTTOMS OF IC'S U5 & U9 MS P6
USING (IT.7) CMPD, PER DWG. NOTE 16.
NOTE: USE WEIGHT TO MAINTAIN POSITION & THIN BOND LINE TDL 1631
RECORD MiX SHEET NO.
40 BONDING: INSULATORS TO PWB, ICS TO INSUL., IC'S TO PWB. ol 0.56] 0.69]771
1) CLEAN & BOND (IT'S 6 & 8) INSULATORS TO PWB* (41)PLCS. MSI 236945
USING (IT.7) COMPOUND PER DWG NOTES 9 & 16. MS P6
2) CLEAN AND BOND IC'S TO INSULATORS OR PWB* {41) PLCS. & DWG NOTES 9,156, & 18
CLEAN AND BOND IC'S TO PWB (8) PLCS USING (IT 7) CMPD. DWG NOTE 17
INSERT LEADS OF AXIAL MOUNTED IC'S INTO PWB (15) PLCS. MSI 238658
& TRIM LEADS OF PLANAR MOUNTED IC'S & POSITION ON ;
BOARD (31) PLCS.
NOTES: 1)* USE INSULATORS IF IC'S HAVE METAL BASE DWG. NOTE 18
2) CENTER EACH INSULATOR AT RESPECTIVE IC.
POSITION
3) OBSERVE PIN #1 ORIENTATION
4) TACK SOLDER LEADS OF PLANAR MOUNTED
IC'S (4) CORNERS TO MAINTAIN POSITION
50 TRIM, SOLDER, CLEAN IC LEADS 0.49 6.34)77 1
ADJUST {C LEADS & TRIM PROTRUSIONS .060 MAX DZM 0584 OR EQUIVALENT
SOLDER IC LEADS & CLEAN CONNECTIONS MSI 238658
DWG. NO. TAME PLANNER
47D259930G1 PWB ASSY M_ROURKE sieer 2 of 6




HE-

SPACE
DIVISION

MANUFACTURING PROCESS PLANNING

L-28

OPER. . a.c. l I OPER. HOURS WORK
NO. METHOD DESCRIPTION CODE TOOL REF. DOC.| STAMP SETUP |RUN EA. | STAT.
60 INSTL: TRANSISTORS, CAPS, RESISTORS, TFilM LEADS, CLEAN 0.43 2.35}771
NOTE: TACK SOLDER INSTALL REMAINING COMPONENTS TO MS! 238658
PWB PER THE FOLLOWING SUGGESTED SEQUENCE:
1) Q1, Q2 & C1 THRU C9 SPACING DIMENSION PER DWG NOTE 13 M/S 'B"
2) RESISTORS (34) PLCS .
TRIM COMPONENT LEAD PROTRUSIONS .060 MAX DZM 0584 OR EQUIVALENT
SOLDER COMPONENT LEADS (COMPLETE) TO PWB
SOLDER FILL. ALL UNUSED PWB PLATED THRU HOLES
THOROUGHLY CLEAN SOLDER CONNS & PWB ASSY.
70 MARK & ID ASSY., MARK KEYING ON PWB EDGE 0.15 0.14}771
MARK KEYING ON PWB EDGE PER DWG DIMENSIONS & S32534CL7A
DWG NOTE 12 REF. F/D ZONE 1-G-5
MARK ID ASSY PER DWG NOTE 2 & F/D ZONE 2-F-5
INCLUDING JOB NO., & LATEST APPLICABLE AN
ESD PACKAGE & ROUTE TO INSP. MSI 249770
#4030(3M)
73 INSPECT I 0.08 2.17]1Q7
1)ORIENTATION OF PARTS / P1 CONN. HDWRE. SECURE
2) SPACING DIMENSION PER DWG. NOTE 13
3).244 MAX. HEIGHT DIMENSION PER F/D ZONE 1-G-11
4).060 MAX. COMPONENT LEAD PROTRUSION S30146
BKEYING MARKING PER DWG. DIM'S. & DWG. NOTE 12 $32534CL7A
6)BONDING OF IC'S & INSULATORS TO PWB PER 17 1A46277Y2
DWG NOTES 9,16,17,18
7)VERIFY CURE TIMES & TEMP & MIX SHT NO. RECORDED @ OP 4( MS PG
8)ID PER DWG NOTE 2 INCLD'G JOB NO & LATEST APPLICABLE AN S32534CL7A
9)SOLDER PER DWG. NOTE 5 MSI| 238658
S30146
10)ESD PACKAGING/ DAMAGE/ CLEANLINESS MS1249770
: #4030 (3M)
OWG. NO. NAME PLANNER
47D259930G1 PWB ASSY M__ROURKE SHEET 3 OF Q
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MANUFACTURING PROCESS PLANNING

‘ SPACE
BE"'TSD DIVISION
OPER. a.c. I OPER. HOURS WORK |
NO. METHOD DFSCRIPTION ‘JcobE Toot * | REF. DOC.| STAMP SETUP |RUN EA. | STAT. |
( continued ) !
11)AIR FORCE MANDATORY {SOLDER)
75 TEST T 0.50 1.e0|TC
83 INSPECT | °.08 8.17|Q7
1)VERIFY TEST ACCEPTANCE
2)ESD PACKAGING/ DAMAGE/ CLEANLINESS MSI 249770
99 INSPECT IN PROCESS P 8.08 0.17{Q7
1)FAYING SURFACES OF P1 & (IT.19) DAMPERS ABRADED 171A4425
2)BONDING OF (IT'S 18&19) DAMPERS PER DWG DIM'S & NOTE 14
& DAMPERS NOT EXTENDED BEYOND STEP IN CONN
(F/ID ZONE 1-B-10)
3)VERIFY CURE TIMES, TEMP. & MIX SHT NO. RECORDED MS P17
g0 BOND DAMPERS P 9.17 0.131741
LIGHTLY ABRADE FAYING SURFACES ONLY OF P1 & #180 GRIT AL/OX PAPER
(iT.19)DAMPERS 171A4425
CLEAN PWB & (IT'S 18 & 19) DAMPERS & BOND DAMPERS MS P17
TO PWB & P1 CONN USING (IT.20) ADH PER DWG DIM'S. & TDL 1631
NOTE 14,
100 BOND SHIELDING PLATES, STAKE COMPONENTS, SEAL P1 CONN. Ol 2.21 0.11}741
CLEAN & BOND (IT.22) SHIELDING PLATES TO TOP OF U5 & U9 MS! 236945
USING {IT.13) CMPD. PER DWG. NOTE 16. MS P8
STAKE RADIAL LEAD COMPONENTS Q1,Q2, & C1 THRU C9 i M/S "B"
USING (IT.13) CMPD PER DWG. NOTE 15.
SEAL P1 CONNECTOR (BOTH SIDES) TO PWB (TO ASSURE THAT
CONFORMAL COATING DOES NOT RUN THRU CONN. SHELL
TO MATING AREA) USING (IT.13) CMPD.
DWG. NO. NAME PLANNER
47D259930G1 PWB ASSY M_ROURKE SHEET 4 OF G




BE-TSD &

MANUFACTURING PROCESS PLANNING

L-30

OPER. Q.C. l ' OPER. HOURS WORK
HO. METHOD DESCRIPTION CODE TOOL REF. DOC.| STAMP SETUP |RUN EA. | STAT.
110 MASK, CONF. COAT, UNMASK, CLEAN, ESD PACKAGE PWB. 0.32 0.14]741

MASK P1 CONNECTOR MATING AREA & BD. EDGES TO BE MSI 236935

FREE OF GCOATING PER DWG DIMS. & DWG. NOTE 7

CONFORMAL COAT PWB ASSY & DAMPERS (BOTH SIDES PWB) MS P7

USING (IT.12) COMPOUND PER DWG NOTE 6

REMOVE STANDOFFS & MASKING, CLEAN ASSY & ESD PACKAGE MSt 249770
#4030 (3M)

117 INSPECT | 0.08 0.17|1Q7
1) SHIELDS BONDED TO U5 & U9 PER DWG NOTE 16 171A4627
2) RADIAL LEAD COMPONENTS STAKED PER DWG NOTE 15 MSI 236935
. S$30146
3) CONFORMAL COATING PER DWG NOTE 6
4) P1 CONN. MATING AREA & AREAS FREE OF COATING PER
DWG & NOTE 7.

5) VERIFY CURE TIMES, TEMP. & MIX SHT. NO.'S RECORDED MS P7 & MS P8

6) ASSY BUILT & IDENT. TO LATEST APPLICAABLE AN

7) ESD PACKAGING/ DAMAGE/ CLEANLINESS MSI 249770

8) AIR FORCE MANDATORY (FINAL)

ROUTE TO STOCK
DWG. NO. . NAME PLANNER
47D259930G1 PWB ASSY M_ROURKE SHEET 5 OF é




GE-

T S D SPACE
DIVISION

'MANUFACTURING PROCESS PLANNING

L-31

OPER. Q.c. I OPER. HOURS WORK :
NO. METHOD DESCRIPTION cope} = TOOL REF. DOC.1 STAMP SETUP |RUN EA. | STAT.;
TOTALS BY WORK STATION (Hours, Each)
Work Station Setup Time Run Time Cycle Time Total Time
Q7 0.50 1,00 0.00 1.50
771 2.04 11.74 6.50 20.28
741 0.70 0.38 4.85 593
TC 050 1.00 0.00 150
TOTALS » 3.74 14.12 11.36 29.21
DWG. NO. NAME PLANNER
47D259930G1 PWB ASSY M_ROURKE _ _ SHEET 6 OF:' 6
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