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Traditional shipyard piping design begins with a piping system
diagram  The piping systemdiagramis a drawing, at a level of
detai |l which gives guidance and basic limting parameters.
Consequently the detailed design products which follow my contain
errors, unintended differences frcm and contradictions to the

system | evel design specifications.

This study was authorized to deternine the feasibility and exam ne
the inplications of creating a conputer-controlled environnent in
which the systemlevel design can be prcgrammatically correlated to
the detail design. The approach taken would be to create, up-front,
conputer-resident sets of piping specifications and design rules
These sets would for the basis for ccnputer software processes and
checks, to ensure that detail design practices are not allowed to
deviate fromthe intent of the system design. Perfomng piping

design in such a ccnputer-controlled environment has been titled

speci fication-driven design

This study was intended to address several issues:

L. Is such a systemtechnically feasible?

2. Wat are some of the benefits of such a systen?



3. Wat are the constraints to creating and using such a systenf

4, Can such a system be devel oped that would be generic to the

shipbuilding industry, or nust it be user-specific?

The answer to this first question is yes. Such a systemis
technically feasible. Developnent has progressed in

t hree-di nensional CAD/ CAM technology to the point that assembling a
ccnplete toolkit to build such a systemis possible. Accordingly,

during the course of this study, a prototype system was built that
demonstrates the characteristics of a “specification-driven”

envi ronment

In answer to the second question, some of the benefits such a system

woul d provide include:

Elimnation of out-of-specification materials or material

I nconpatibilities.
Ceometric consistency between design intent and final product.
Reduction or elinination of change paperwork.

smal | er design teans, as a result of conbining of functions.



« Achievenent of “mature” design in a shorter period of tine.

« Maintenance of currency between details, BOMs, and manufacturing

Paper.

« Extraction of manufacturing data fromthe ccnputer-resident

desi gn model .

Al'though the “specification-driven” systemis perceived to be both
feasible and beneficial, there are some constraints which apply to
the creation and use of such a system A so there are technical and

organi zational issues which cannot be overlooked.

From a technical standpoint, few shipyards use exactly the sane set
of Conputer tools. Consequently they do not all have exactly the
sane requirenents for data, data types, entities, or graphic
representations. In a software-driven environnent, responsiveness
to change on the order of magnitude required by a

specification-driven systemturns out to be a major consideration

Fromthe organizational standpoint, it is recognized that the flow
and dispersal of data throughout yard organizations differ from yard
to yard. Traditional workflow sequences will be strongly affected

by the inplenmentation of a specification-driven system



The specifications thenselves present a significant Challenge, ow ng
to their size, nunmber, conplexitty, and interrelationships. The
degree of success met in identifying, formatting, organizing, and
storing the specifications on the conputer, will determne the

magni tude of other requirements, such as manning, tine, and ccnputer

resources.

The ccnputer resources aspect nerits special mention here. The
approach used in creating the prototype (specifically, creating a
3-D versus a 2-D system diagram fleshing it out, and successively
refining it with 3-D details) is a viable concept, and one which can
be applied on any 3-D CAD system But each inplenentation of that
approach on distinct vendor systenms will differ in substance
because the vendor systens do not all define the same elenments and
entities in the sane way. Even identical entities are frequently
stored or used differently on different systems. This neans that
even though the approach is transportable between different vendor
Systens, an inplenentation of it on a given systemw !l stil
contain non-transportable elements. No clear way of avoiding this
situation has been identified, short of elimnating the use of

differing systens.



Can then a generic specification-driven pipe detail design system be
devel oped for shipyard industry use? The present study indicates
that there are unavoi dable user-specific aspects enbedded in any
I npl enentation of a specification-driven system There seens to be

no ccnmon denominator to apply across the industry for a _generic

system

The prototype developed in this study proves that the technology is
available to develop such a capability on a given vendor system

But at the same time, the study also indicates that certain
assunptions nust be made and certain conditions nust be in place for
the systemto work. Though there nmay be many sinilarities between
yanPh no two facilities are known at the present to to have such
conditions in comon. Utimately, this neans that devel opnent and
useful ness of this type of pipe detail design system nust be

deternmined by individual yards, based on:

Z their comitment to making the necessary changes to their

organi zational structure; and

Z their ability to project savings over their workload.



1. PURPGOSE

The purpose of this study was twofold:

1) To investigate the feasibility of producing, on a CAD/ CAM

system a detailed pipe design driven by the specifications

for the system and

2) If such a design system were deemed feasible, to generate a
prototype system which demonstrates the characteristics of

being specification-driven.

As stated in the foregoing Executive Summary, both purposes were
acconpl i shed. However, it is inportant to note that this study does
not constitute development of a production system nor is it an
econom ¢ analysis of the devel opment of such a system Rather it is
a denonstration, by actual construction of a prototype, that
building a specification-driven pipe detail design systemis

technically feasible and achievable.



THE SPECTFICATIONS

It is a considerable task to inplenent a fully specification-driven
system considering the size of the body of data that conprise the
specifications and the varying forns they assure. The ultimte goa
s a systemin which theoretically it is inpossible for a detail
designer to generate details containing discrepancies, inhaccuracies,
msused material, or other out-of-spec conditions. In practicality,
such a systemis still only as ccnplete, accurate, and up-to-date as

its database (s) of specifications and design rules.

Mich of the initial effort in this study was devoted to determning
the exact conposition of what is collectively called “The
Specifications. " One of the problems involved in developing a
specification-driven systemis that all the specifications for

pi ping systems on a given ship type and contract are widely

di spersed anong a nunber of sources and are themselves sub ject to

revision

The various sources we have identified include:

. The Ship Specification document
. Contract Draw ngs
. proj ect-peculiar docunents

. Qui dance draw ngs



. Standard draw ngs
. Type draw ngs
. Design data sheets

. Gover ment Standards (ML-STD and M L- SPEC)

. I ndustry Standards
. Installation control draw ngs
. Sub-tier references

Any requirenents set forth by any other recogonized authority

Mst of these sources are not self-contained, in that they refer to
QO her documents and draw ngs which involve additional requiremts
or specifications. For exanple, steam piping system design
specifications are contained in the Ship Specification docunent in
at least 22 separate sections, with nultiple external references

As anot her exanple, ML-STD 777D breaks out into 69 individua
categories of pipe systems, according to function, service,

material, and so forth. These categories also further break down
into nultiple sub-tier references. In the prototype systemthere is
no hierarchically arranged system of accessing sub-tier references.

This is a topic which deserves further in-depth study on its own.



not her |evel of conplexity is added by specifications that change
from ship type to ship type, from contract to contract, and
sometimes during a given contract. The prototype system addresses
this problem by restricting the datafiles, which are built into the
3-D nodel, to a chosen contract, hull, and Ship Wrk Breakdown
Structure (SWBS) group

It is also necessary to include into the systemthe design rules
governing overall system design, such as maintaining proper slopes
and clearances, avoiding |ow points, inserting vents and drains in
the proper locations, proper sequencing, avoiding penetrations into
el ectronic spaces, and so forth. These design rules are thenselves
prescribed by the ship's specification or other reference, and by
standard design procedures. Not all of these design rules were

inplemented in the demonstration system because of tine.

After identifying the conposition of the specifications, this mass
of information nust be condensed into subsets of manageable size end
(more inportantly) into conputer-usable form for storage and
retrieval. The prototype is a cut-down, restricted-access
purposeful ly small system selected froman actual assembly of an
actual ship design. This nmakes it possible to work with a specific

set of specifications, properties, materials, descriptions and

design rules.

10



By definition, a “totally” specification-driven system does not
exist until the totality of the specifications is entered and stored

in a usable formin a conputer database.

For this reason, the primary effort was directed toward generating
the prototype system of small and manageable proportions, to
denonstrate an approach to bhe taken as a step toward the ultimte
goal. This prototype system seines to show what is presently

feasible and achievable on today's 3-D CAD/ CAM system

11



DEVELOPMENT AND PRESENT STATE OF THE ART

The devel opnent of the 3-dinensional geonetric database for CAD
(where the Dis for design, rather than drafting) has been
acconpanied by the evolution of nore intelligent software and data
This neans that attributes and characteristics such as material,
thickness, weight, CG etc. , can be associated with an entity in
addition to its geometric qualities. As a result of these data
having become available, software can be used to define and

i mpl ement design rules. These rules can check not only items such
as conpatible materials comng together or correctness of fitting
sizes for mating pieces, but can also be invoked to ensure

manuf acturability. Using an intelligent 3-D pipe nodel, a software
interface can extract manufacturing data from the nodel and pass it
on to CAM systems, such as a DNC pi pe bender. Checking the length
of straight pipe between bends to ensure that in-house equipnent can
acconplish bends as specified is an exanple of a manufacturing

design rule check.

Design and manufacturing rule checks are made possible not only by
software devel opnent, but by the presence and use of associable
data. Data elements, like software, are often not in place because
of the econom c trade-offs between creation costs and benefits. At
the present tine no computer correlation between the schematic

diagrans for piping and the detail design is done at a contractor’s

yard.

12



In the usual detail design, the data it takes to make the crosscheck
are not available at the time the crosscheck should be made; or else
it is available, but not stored on a conputer. The cost of
capturing and storing these data -- in terms of manpower and budget
resources, as well as the major organizational restructuring it
woul d require -- has been perceived as prohibitive. The cost of

capture would exceed the benefit derived

However, if the decision is made to pursue full devel opment of a
Specification-driven pipe detail design systemin a true 3-D node
then that decision dictates that the data nust be made available.

Hence steps nust be taken to identify and capture these data
At nost shipyards, absent elements are included among the follow ng:

Z System diagrams are only 2-D functionally representative

drawi ngs.

Z System diagrans are not truly scaled or conpletely dimensioned.
This inposes immediate [imtations on the |evel of conpleteness

whi ch can be achieved for true geonetry.

13



, System diagrams do not contain all components (tees, ells, bends,
sleeves, etc. ). This limts correlation with the detail design,
and is the reason for the absence of some of the dinensional data
which are created in detail design as a function of conponent

sel ection and insertion.

Z Major functional items, such as valves, are located on the
di agram onl'y generally, not specifically in ship coordinates with

orientation of hand wheels.

« Many conpnents are selected that not only neet, but in fact

exceed, specification. This adds to the conplexity of
correlation bhecause the exact substitution is not identified

until late in the devel opmental flow.

Wiat can be done to counter these problens?

Some of the steps taken to offset these disadvantages include the

fol I ow ng:

« A master property file has been created on which resides all
M L- STD- 777D conponents and attributes associated with these
entries. In conjunction with the property file, a corresponding

master material file and a description file have also been

creat ed.

14



* Restricted subsets of each masterfile have been extracted, which
are specific to the contract, hull, and - level for each

nodel

ZAny substitutions of the “meets-or-exceeds specs” nature are
elimnated at the start by having the cognizant system engineer
and material sourcing personnel cooperate in creating the
restricted master files, before the model itself is created.
Thus any substitutions which may be necessary because of
inventory levels, supply problems, cost factors, or
conpany-specified preferences can be put into the restricted
files as original entries, not nodification. A data elenent
stored within the nodel itself identifies the files from which

the nodel was created and disallows any attenpts to access

conponents, materials, fittings, etc. from other files.

Z Routing is done in a ship coordinate systemthat is dimensionally
accurate to the fitting level and all fittings are included
within the nodel as a software function, selected fromthe

restricted files, thereby ensuring accuracy and conpatibility.
Z The bill of material feature is assured of having valid and

correct selections and quantities because it accesses a nodel .

created fromthe restricted files.

15



2-D vs 3-D System Di agram

The piping system diagram traditionally is the comon origin from
which the detail design proceeds. Accordingly, this study began

with the creation and devel opnent of the system di agram

The conventional 2-D system diagram cannot provide conputer-aided
correlation between itself and the associated detail design except
inavery linited sense. Traditionally piping detail design has
been devel oped from a previously prepared 2-D system diagram

Figure 1 depicts a typical 2-D partial piping systemdiagram It is
evident from the diagram that the 2-D representation |acks |ocating
dinension data, as well as some conponent identifications, such as.
el bows, bends, and tees. The general route of the pipe and the

| ocations of the valves are indicated, but only in a general sense,

not oriented to any specific reference point.

Since no capability exists programmatically to utilize the 2-D
diagranmatic in a checking capacity for the detail design, the
designer has to manually extract the system requirenents from the
diagram and all the documentation conprising “the specs. " Cearly
this practice does not programmatically ensure €ither correctness or

consi stency between the system diagram and detail design.

16



Anal ysis indicates that specification-driven pipe detail design is

best accamplished by preparing the system diagramon the conputer in

a 3-D CADVCAM environnent. This is a major_departure from standard

shipyard procedures. The advantage of this approach is that it lays

the foundation for such functions as assured conpatibility between

the system diagram and detail draw ng, including:

. proper sequencing of piping conmponents.
. correct material/conponent selection.
. correct piping arrangement/routing.

design rule checking.

Al'so, when used in conjunction with the models from other ship

disciplines, interference checking is mde possible.

An isometric view of the 3-D Product Definition Mdel gives sone
clear advantages over the conventional system diagram as a workable
tool. Visually it provides a nuch better understanding of the
systemrequirenents and layout including routing. It is invaluable
in early identification of conflicts in congested areas, and as a
troubl eshooting guide. The 3-D nodel contains graphics and
intelligence that far exceed the requirements of a system diagram
The 3-D nodel thus elimnates the need for a 2-D representation, and
may possibly require a redefinition of the present system diagram as

a contract deliverable item The 3-D nodel would be the |ogica

17



entity to take its place. Then, by issuing appropriate comands on

the CAD system the intelligence that is in the mdel drives the

detai |l design.

Arrangenent s

The Piping Product Definition Mdel is dependent upon the
conpartment arrangenent and structural nodels being conpleted prior
to its developnent. This is a shift in the standard design
approach, wherein arrangements and structures are generally prepared
in parallel wth the piping system and detail design phases.
Assunptions can be nade based on the information contained in the
contract package. The logical approach seens to be to schedul e

structure and arrangenents to be done first.

System Seguencing

Wth a full inplementation of a specification-driven design system

each shipboard piping systemwll have its own designated product

Definition Mdel. This necessitates the adoption of contro
nmechanisms on the part of design management. Piping nodel s cannot

all be developed concurrently (like 2-D system diagrans) when
multiple systems access the same conpartnent. Actual pipe routing

Is conpleted at the nodel stage, so ordering criteria nust be

established for building the nodels. Piping systens will have to be

18



prioritized according to sequence to prevent piping inpacts. An
ordering that seems to work fairly well in the contractor’s yard, at
least in [imted applications, is structure first, then nac and
Electrical, then Pipe. System sequencing is not a new approach; it

sinply nust begin at an earlier stage.

At this point it is pertinent to ask for the rationale behind this
approach. Wat led us in this direction? In the sequel this

question is addressed.

19



THE PROTOTYPE SYSTEM DESCRIPTION

The Approach

Originally it was felt that the best approach would be to first
create a 3-D nodel and generate -- with some small effort —a 2-D
system diagram from that nodel. This would be done by rotating into
the plan view, turn off edgeviews, turn on centerline display, snap
a picture and thus obtain a drawing. This is still possible and it

can he done whenever desired.

However the choice was made not to do it, because it results in a
very cluttered and confusingly “busy” product, particularly against
a background of other ship subnodels -- HVAC, Electrical, Hul
Structure, and so on. Even after blanking out all the unwanted
portions of the background nodels, the remmining centerline
representation still is not really satisfactory. Symbols nust be
created and inserted to represent conponents. Annotations must
still be added. Changes in the vertical dinension are not clear in
the 2-D representation. Neither are the synbols for the conponents.

The 3-D nodel loses its clarity when it drives a 2-D diagram

20



Utimtely, if the 3-D nodel is allowed to drive a 2-D schematic
diagram the resultant of feet is that of nerely automating the
production of the system diagram and the pipe detail designer ends
up with exactly what he had in the first place: a 2-D diagramon a
sheet of paper. Fromthis he nust do his routing, insert fittings
and valves, generate material lists, and submt to the conposite
function to determne interferences to be resolved. All his results

must then be recreated in 3-D to get then back into the nodel

So, the reverse approach was taken. Since it was necessary in any
case to establish points in space in an arbitrary coordinate system
and then create a rough pipe route between them it seemed foolish
not to go ahead and performthe task in generally arranged 3-D Ship
space. This way the rough-route of the pipe and all the associated
points are saved and are available to the detailer. The points are
in true ship coordinates in an intelligent nodel on the CAD
workstation, not just on a piece of paper. Having these points
established in the nodel does not mean that sone of them cannot

| ater be changed by the detailer, but it does nean he has a true

ship-coordinate 3-D starting model to work with.

21



In actuality the only really “fixed” points he has are the starting
points and ending points. These nust remain fixed because usually
they are the entry points into and exit points out of the nodel ed
zone. There is not enough storage on alnost any given existing

CAD/ CAM system to hold an entire stemto-stern 3-D nodel on-line
Because of these size limtations, ship models are broken up into
zones. Entry points and exit points are kept fixed because of the
accuracy control required to make each zone match up with its mating
assenblies. These points could be controlled to the |evel of

requiring approval for rmovement.

This is where the denonstration of the prototype nodel begins, wth
a set of points in 3-space in ship coordinates, a set of restricted
associated material and property files, and a centerline diagram
displayed in 3-Din several views. These views include the plan
view, which resenbles the 2-D schematic the detailer is accustomed
to seeing. The pipe model (a firemin, SWBS 521) was selected from
a live assembly in work at the time of this witing, and the
background of live sub-nodels from other ship disciplines -- HVAC
Electrical, Hull -- is included in the nmodel. They are blanked out

for the sake of clarity.

It should be stated that the demp systemis restricted, tailored and
highly structured. Because of the pressures of budget and tine,

sane aspects of the systemare “hard-wired,” but the tools and
machinery are there to do a full inplenmentation, if such should be

directed and funded in the future.

22



The System Structure

There are three primary master files in the system

1) The master property file (ML-STD-777D, Category D-1)
2) The master material file

3) The master description file

Figures 2 andshow how these files fit into the system structure.

(Figures 2 and 3 also correspond roughly to the cognizant piping

system engineer’s job and the detailer’s job, respectively. )

Eand@re sanples of the contents of these files.

From these master files, three restricted rester files have been
extracted. The prototype systemis intentionally limted to these
restricted files. The basic premse is that a nodel built from
restricted files containing only legal conponents and materials wll
yield a correct detail design. Into these restricted master files

have been placed only properties fittings, valves and materials

which neet the specifications for the selected pipe system Doing

this ensures that the detailer cannot use any out-of-spec conponents
or materials. Additionally the current production piping |ayout
package has been tailored by restricting it to a subset of its full
capabilities, and a number of design rule checks and error stops

have been added.

23



For demonstration purposes, the restricted files were created and

| oaded using only available systemutilities -- extracts, sorts, and
edits —but in a fully-inplemented system this process should be
done under programmatic control. A high-level mcro should drive
creation and loading of the restricted files, which are then
specific to a given contract, hull, and SWBS group. This could be
done by making a set of conputer-resident Specification-constraint
matrices, cross-indexed by SWBS number and ML-STD 777D category.
The macro would direct the programto extract from the naster
property files only those conponents and materials it finds that
meet the conditions set forth in the constraint matrices, and |oad
then into the restricted master files for the given piping system
These matrices could be structured to parallel those laid out in the
M L-STD- 777D document [FIgure 7)

Producing this macro program and a full set of constraint matrices
woul d be a large undertaking, since many of the selection criteria
are not in easily translated conputer-sensible form \Werever, for
exanpl e, the nunber of allowable exceptions or substitutions
outweighs a given criterion itself, or when it is nore trouble to
force the criteria into a conputer-cnpatible formthan it is to
make a manual selection, the attenpt may turn out to be
counterproductive. A conbination of conputer-based and manua
efforts could turn out to be the easiest, quickest and nost

efficient way of making some selections, and this approach shoul d

24



not be dismssed for being “tainted” by manual nethods. As a matter
of fact, the mxed method approach is in wde use today. It should
definitely be recognized, however, as a source of admtting or

I ntroducing out-of-spec -tries, the situation our systemattenpts
to avoid. Further study may shed light on ways to avoid the use of
mxed nethcds In the nmeantime, the mxed method approach continues
to be a popular and widely used tactic on nost installed ca
systens, and the practice, while it admts of error, is not likely

to be abandoned unless there is a clearly superior replacenment.

The Functional Breakdown

Analysis of the structure of the restricted systemresulted in the
identification and isolation of certain tasks involved in three
separate functions: that of the material sourcing analyst, that of
the cognizant piping system engineer, and that of the pipe detail
designer. In attenpting to isolate the functions, one observation
has been that some of them could be logically conbined to take full
advantage of a specification-driven system If these functions
remain separate, then much closer coordination and cooperation among
these three is necessary before an inplenmentation of a

speci fication-driven system could be successfully used. Followi ng

are the functions considered in the analysis:

25



1) Material Sourcing Analyst Functions

The Material Sourcing Analyst:

| dentifies specific vendor-supplied mterials and

conponent s

Supplies conmpany stock nunbers and/or national stock

nunbers.

Has access to inventory information, purchasing

information, and lists of equivalent acceptable conponents

and materials.

Has input on specifications from the cognizant piping

System engi neer.

. Based on this information, decides specifically which among

the various acceptable equivalents will actually be used. *

. Loads these specific items to the piping master files.
This nust be done before the cognizant piping system

engi neer can construct the restricted files and the nodel

tied to them

* (Usually at this point the items would be turned over to purchasing to be
bought .~ Under a new specification-driven system it would be possible tO
wait until the nodel is built and the design is fixed to order the
material and conmponents used in the nodel.)
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Cogni zant  System Enqi neer Functions

The Cogni zant System Engi neer

Knows the system specifications and advises the materia

sourcing analyst on specifications.

. Using this know edge, builds the restricted files for a

given nodel on-the CAD system

. Coordinates with material sourcing personnel to insure
restricted files contain only valid entries —identifies

and inputs substitutions and equivalents up front.

. Mdels the systemdiagramin centerline mode using the
restricted files, placing pipe and valves only. This
establishes a rough route of the pipe run. Entry and exit

points nust be fixed for accuracy control purposes
. At some point, places a “lock” on the model and stores it,

including in the model itself a data element which ties it

to the restricted files.
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To perform the task of creating the system diagramin 3-D, the
Cogni zant System Engineer has available a software toolkit.

The toolkit is a collection of prepared and selected prograns
and options on the CAD system Sone come with the
vendor - suppl i ed package, some are vendor-supplied and
customtailored in-house, and others are developed and witten
in-house from scratch. The kit includes many of the sane
tools used by the detail-—the point |ocation/creation
tools, the verification tools, the neasuring and cal cul ating
functions, the analysis and utility functions, the geonetry
and placement functions. The Cognizant System Engineer has no
real need to place anything other then pipe and valves, if his
function is kept separate fromthe detailing function. But he
coul d conceivably be given the entire detailing toolkit as
wel |, and could perform the detailing too, in this new

approach to pipe design.

The Cogni zant System Engineer is permtted severa
capabilities denied to the detailer. He can insert, delete,
and interchange valves; specify tolerances and limts; set
default fitting types; lock the diagram model onto the
restricted files; lock in the sequence and count of the
valves; and set the entry and exit points into and out of the

given zone, for accuracy of module mating.
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But all these functions are followons to the requisite file
building and loading that nust take place beforehand, in order
to make this approach to a spcification-driven system work.
The Cogni zant Engineer nust be responsible for identifying all
the conponents and materials that are legal (“within spec”)

for a given SWBS nunber and ML-STD- 777D category. He nust
interact closely with the material sourcing analyst, to
identify AT THE BEG NNING OF A CONTRACT, what specific
materials and conponents will be used in that contract. The
material sourcing analyst should be responsible for seeing
that these materials and conponents are |oaded to the

M L-STD- 777D master files. Macro procdures should be witten
to control the loading and maintenance of these master files

by category.

The Cogni zant Engineer should be responsible for extracting
from these master files the restricted files specific to
contract, hull, and SWBS nunber. The engineer should have an
extract program available in his toolkit to assist himin

creating these restricted files.
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This extract program has already been alluded to in the
foregoing section entitled “The System Structure. ™ Witing a
general, all-purpose, case-cnprehensive programto do the
extract would not be a trivial task. One of the mgjor
difficulties is to deternmine a workable, conputer-sensfile
fromfor ALL the specification constraints (or at |east, as
many as a given yard mght want). Many of them be stored
and accessed in forms simlar to the category tables in the
M L- STD- 777D docunent. Hcwever, no all-enconpassing schene
has yet been invented whereby EVERYTH NG -- subtier and
external references included —w Il fit neatly into a

conput er-conpatible format.
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3)

Detai| Designer Functions

The Detail Designer

Retrieves the “locked” nodel by specifying proper contract

fdentifier, hull identifier, and SWBS nunber

Runs the startup procedure, which attaches that nodel tO
the files the cognizant engineer used to generate the Model

(and only those! ).

Runs the detailed routing package to “flesh out” the
diagram with fittings, final routing, etc. and stores the

detailed nodel under a separate nane.

Runs post processor functions as desired.

Analysis indicates that the material sourcing analyst is the
| ogi cal choice to load into the master files the itens
approval by the cognizant piping engineer. The cognizant

engi neer should create the restricted files, then begin
bui l ding the 3-D systemdiagram Also, it would be just as
easy for the cognizant system engineer to go ahead and invoke
the same procedures on the CAD workstation that the detail

designer woul d use. Since the cognizant engineer would
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already be at the workstation, logged in, and using the
package, it seens logical to essentially merge the detail
design task into the cognizant system engineer’s realm of
responsibility. Wth a sufficiently friendly user interface
to assist himin this task, he could produce fully detailed
pipe runs as easily and in generally the same tine frame as he
formerly spent on 2-D centerline diagrans, and he would do it

with fewer errors in materials and conponents.

Some of the detail design functions then would nove upstream
to the system engineer, while some of the system engineer’s
mat erial / conponent specification functions nove upstream to
the material. sourcing analyst. Wth intelligent nodels (of
the other disciplines, besides pipe) to nerge the piping
systemwith, and with an efficient trustworthy interference
checking program the traditional conposites draw ng function

coul d conceivably be elim nated.

Here, however, encroachnment begins upon the departnenta
organi zational structures and functional charters at nost
yards. This is where the inpact on organizational. structure
begins to become- disruptive to the “normal” workflow sequence
the organization is accustoned to follow ng. Not many yards
are receptive to the idea of entire departments disappearing

with the inplementation of a specification-driven pipe detai
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design system In the final analysis management nust decide

if inplementation is worth all this change.

The denonstration is a highly structured session, not a flexible
“what if” instrument. It is intended to show how detail design can
be acconplished froma 3-D system diagram with restricted files and
a software tool kit with customtailored error checks and stops. In
the denonstration the enphasis is shifted toward detail _design
rather than drawing. The drawing part is easy. Any reasonably
sophi sticated 3-D CAD/ CAM system has extensive draw ng capability.

At the end of the denonstration, draw ngs made from our |ive nodel

are exhibited, such as those in Figureq I0]through |18.

First an explanation of namng conventions and notation is in order
Notation is one of the unavoidable vendor-specific aspects of the
demo system This vendor’'s file mnagenment system maintains files
in directories and subdirectories and addresses them by a pathname.
The pathnane consists of the root directory and all subdirectory

branches, down to the filename level. The system denotes the root

directory in a pathname by a double slash (//) and delimts other

branches in the pathname by a single slash (/).
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The root and branches can be named arbitrarily. Therefore, for the
restricted system root and branch subdirectory names have been
selected to correspond to contract identifier and hull identifier,

and file names to identify the SWBS nunber and the nodel type

In general, the namng standard is:

Il Contract / Hull / Model SWBS
For the denmo they are called

/] SP4 | SP4/ M A521  (diagram nodel)
and // SP4 | SP4/ NDET521  (detailed nodel)

The “miA” and ‘MDET' are automatically inserted by software so that

the user has to input only the SWBS nunber.

There are two primary functions which take place in producing a
detailed pipe run. These are the functions of the cognizant piping
system engineer and that of the detail designer. (For a further
description of these functions, see the Functional Breakdown section
of thiS docunent. In a specification-driven system these two

functions could very well be done by one individual, the cognizant
engi neer.)
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The denonstration begins with the task of the detailer, but sone
di scussion of what takes place prior to the detailing function is
called for, because that controls what the detailer gets to work

with.

The cogni zant engineer has the prime responsibility for designing
the systemto specifications. In the denonstration system it is
assuned that the cognizant engineer has already, in cooperation wth
the material sourcing departnent, identified at the start all the
materials and conponents to be used in this particular system
according to its SWBS nunber (521) and its ML-STD-777D category
(D1) . These conponents and materials have been |oaded into the
three master files and the cognizant engineer has created from the
master files a set of three restricted files for our nodel. He has
created a 3-D system diagram using pipes and valves from the
restricted files, and roughly routed it in “centerline node in the
given zone space. He has reached the point where he is satisfied
with the diagrammtic model and has filed (stored) it with a “lock”
(a data element which is in the model itself) on the restricted

files and on the sequence of the pipe run elenents.

The nodel is then ready for detailing, and the cognizant engineer
can either do it hinself or pass it on to a detailer. Thisis the
point at which the graphics denonstration begins. The role of the

detailer is played throughout. He will flesh out the diagramwith

35



details, routing around and thru the zone, placing bends, el bows,
fittings, and so on as required, and rerouting the diagranmtic path

if necessary. Intentional errors are injected throughout the

process, to denonstrate the appropriate error handling features.

A major point is that the detailer has the latitude to do whatever
is necessary within the confines of what the cognizant engineer
Specified in his “locked” nodel —the detailer cannot change the
functionality of the system nor can he get out of the restricted
files. H's software tool kit has been further restricted to four
maj or conmends. A sinplified diagram of the detailer’s capabilities

reveals his task to be as follows:

SPARMD Retrieve locked nodel of system diagram

| PI START Initialize for changes (from the restricted
files only)

| PLROUTE Detailed routing with breaks, bends,
fittings, etc

SPAFLE File the detailed nmodel (with validity checks
built-in)
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These four functions nust be invoked in order. This is one of the

checks that have been installed.

If the detailer does not supply the proper contract identifier, hul
identifier and SVBS number to the SPARMD retrieval conmand, the

detailer cannot get at the nodel.

Once | PLSTART is entered, the nmodel is locked into the restricted

files for the changes to be effected by the detailer.

If the detailer forgets to run |PLSTART before invoking |PLROUTE,
the system responds with an error pronpt and refuses to process

further.

| PLROUTE is the primary driver, providing menus of functions

avail able under its control. [Fgure 8s a sanple of the top leve
menu for |PLROUTE listing the options. The menus have been
hard-coded for this demo, but could be dynanically created by the
driver progra, depending on the type of piping system adding or
elimnating functions or options as required. Consider for exanple
a pneumatic tube system where only long radii, e.g. , 24D, are

al l owed. Then on the nmenu where the bend radius is now hard-wred
to select either 2D, 3D or 5D, the 24D could be displayed as the

only menu sel ection available for bend radius in that system
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Wien the |ocked diagram nodel is retrieved, the graphics screen
cones up with a display of 5 windows. Each window contains a view
of this model. The largest w ndow contains an isonetric view of the
3-D systemdiagram  The lower left window is the plan view which
resenbl es the 2-D diagramthe designer is accustoned to seeing. The
other views, in the colum on the right are, in order fromtop to
bottom a smaller isometric view, a front view, and a smaller plan
view. Qther screen layouts, w ndows and views can be easily
defined. O course whatever is done in any given view happens to
the entire nodel, and the software utility tool kit the detailer has

(option 10 on the top-level nenu) allows zooning, panni ng, and Q her

functions to obtain better views of the work area.
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The Agenda

STEP 1 ENTER SPARMD (To retrieve the diagram

(a) Error check entry

SP4/ SP4/ 531 Y ELDS ERRCR MESSAGE

(b) Enter correct nanes

SP4/ SP4/ 521

MODEL BEING RETRIEVED. PLEASE WAI'T

STEP 2; ENTER MV (Mbdel verify)

To show nodel name is

|| SP4/ SP4/ NDI A521
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STEP 3: « Turn off centerline display

« Turn on edgeview display

STEP 4: PLVER! FY

(a) 4" Pipe

(b) VER prop for that 4" pipe

(c) 1/2" valve

(d) VER prop for 1/2" valve
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STEP 5: Turn edgeviews back off and continue

Turn centerline display back on.

STEP 6: ENTER | PLROUTE

(ERROR —Mbdel not initialized for detailing

Program | PLSTART nust be run prior to detailing)
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STEP 7 ENTER | PLSTART

No pronpts — | PLSTART executes without intervention.

.Points at restricted files

. Sets tolerance environment, e. g. weld gap less than

01

STEP TA DO PLDEFLT

Select centerline display

STEP 8: | mediately create Auxiliary Point (explain rationale)
STEP 9: Now | PLROUTE
MENU
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STEP 10: Z Select menu option

1 - generate pipe

« Digitize an existing 4" pipe to pick up attributes.

* Route 4" pipe

Pick up points indif ferent vieus |

(Note how pipe shows UP in edgeview

STEP 11: » DG 1/2" pipe

« ROUTE 1/2" pipe

STEP 11A Rotate 1/2" pipe -- rotate valve handle
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STEP 12: DELETE schematic now (to avoid clutter)

STEP 13: Select Fitting option 2

Z Place 90 degree LR Elbow (make material error. )

Z Place it in 4" pipe.

Error Message Displays

STEP 14: Now correctly place all of the 1st 3 LR El bows

(watch systemtrimpipe to handle the fitting)
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STEP 15: FIND PENETRATI ON PO NT

Use another (better) view.

SteP 16: BREAK PI PE AT PENETRATI ON PO NT

STEP 17 PLACE PENETRATI ON

45



STEP 18: PLACE 90 DEGREE ELBOW

(make schedule 300 error)

Error Message

STEP 19: Place correct 90 degree LR El bow

(schedul e 200)

STEP 20: Place two 3- Dianeter bends correctly (no intentiona

error)
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STEP 21: Place SOCKOLET (no error)

STEP 22 Uility ZOOM for 1/2" run

STEP 23: Place 2D. BLEND OF 4 PIPE on 1/2" run (international error)

ERROR MESSAGE: ENGRG SPEC VI OLATED, 4* PIPE IN 1/2" RUN

STEP 24: Place CORRECT 2D 1/2" BEND
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STEP 25:

STEP 26:

STEP 27:

STEP 28:

Place two 2D BENDS  (no error)

Place two 3D BENDS  (no error)

Pl ace one 45 DEGREE LR ELBON (no error)

Place one 90 DEGREE SR ELBCW (no error)
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STEP 29: Pl ace SLEEVE

STEP 30: BREAK 4* pipe end place 4“ valve

(This is an intentional error which will be caught

| ater.)

STEP 31: | PLSLOPECHK

(Explain errors)
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STEP 32: DI SPLAY ALL

zooM ON VAR QUS AREAS

(** BE SURE TO RPS!! *¥)

STEP 33: QBOM PI PE (I PI QBOW

(Quick Validity check —real BOMis a draw ng)
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STEP 34: | NTERFERENCE  CHECK

* Run-live (will take 5 or 6 mnutes)
Z Discussions while running
Z 7 Batch vsdynanic

Z» Show all hits we know we have

STEP 35: Z Explanation of Interferences

* Reclassifications (from unacceptable to acceptable)

(Recap -- just before filing)
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STEP 36: SP4FLE
SP4
SP4
521

ERRORI MODEL NOT FILED: BAD VALVE COUNT/ SEQ

ZOOVEHI GHLI GHT THE BAD VALVE

STEP 37 DELETE BOGUS VALVE

STEP 38: (QBOM - show valve gone
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STEP 39: SPAFLE correctly

SP4] SP4[ 521

STEP 40: Mdel Verify

Show nodel filed was MDET521

STEP 41 Di scuss draw ngs

STEP 42: Slide show
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VI

CONCLUSI ONS  AND  OBSERVATI ONS

In summary, attention is again directed to the ccnrments in the
Executive Summary section of this paper, and further observations

are listed bel ow

A specification-driven pipe detail design systemis feasible and

achi evabl e using the approach we have identified.

The full devel opment and inplementation is lengthy, costly, and
conplicated. There are no substantive data on which to base a

cost justification.

. Sone aspects of any inplenenation remain vendor-specific and

possi bly non-transportable.

Reor gani zational inpacts should be expected.

Wrk flow prioritizing and resequencing is mandatory.

The primary benefit of a specification-driven systemis realized

when the systemis invoked at the beginning of a new contract.

The effect of isolatig |legal conponents and materials in
restricted files at the front end of a contract is dimnished if

it is attenpted in md-contract.
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Management nust decide if the benefits are worth the cost and

effort.

. The tools and machinery are available to do the task if the order

to proceed were given and funding were available.

Qur Basic Prem se:

A valid nodel, created fromrestricted files, using tailored
software tools, perforce yields valid details. (This nmeans it is

crucial to get all the entries in the restricted files correct. The

cogni zant engineer is the touchstone. )

Qur Demp system Approach in Summary

. Dispense with the 2-D system di agram

Use a 3-D system diagram (leading to a product definition nodel
in3D .

. Resequence/prioritize work flow.

. Mve sone of the detail design responsibility upstreamto the

cogni zant system engi neer.
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Get the cogni zant engineer and material sourcing analyst together

at the start, to build and load restricted files.

Create a 3-D systemdiagram locked onto the restricted files.

Force the detailer to use only what the cognizant engineer

specified, by giving hima restricted software tool kit.
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VII. GLOSSARY OF TERMS AND ABBREVIATICNS

CAD/ CAM

cogni zant engi neer -

di agram

{p16Y

digitize

directory

edgevi ew (node)

- Abbreviation for Bill of Muteria

- Conput er- Ai ded Desi gn/ Conput er Ai ded Manufacturing

the piping system design engineer, responsible
for designing the systemto specification. The

authoritative interpreter of the specifications.

- Cathode Ray Tube —a conputer’s video display

Screen .

- see schenmtic.

- Abbreviation for digitize.

- to select an itemfromthe CRT display by means of

a digitizing instrument such as a stylus or mouse

see pathnane

- A graphics display node in a 3-D CAD/ CAM system which

shows the outer contours (the edges) of 3-dinensiona

objects in any given spatial orientation.
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| GES

Model

pat hnane

PDM

schematic

screen |ayout

subdirectory

- Initial Gaphics Exchange Specification. A “standard”
means of transmtting graphics information from

one type of CAD/ CAM system to anot her.

- A conputer-generated, conputer-resident
representation of a ship system conplete wth
geonetry, text items, and other intelligence. It

I's the product defintion database, containing al
attribute data, both physical and descriptive, of all

items contained within a predefined physical ship's

space.

- A nethod of identifying conputer disk files organized

inatree structure —root (directory) and branches

(subdirectories) .

- Product Definition _Mdel -- see Mdel

- refers to a 2-dinmensional single-line draw ng

depicting a functional symbolic representation of

a piping system

- the pattern of the windows on the CRT.

- see pathnane.
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SWBS - Ship Wrk Breakdcm Structure. Refers to the
method of categorizing ship systens by a 3-digit

nunber identifying the functional characteristics

of the unit.

system di agram - see schematic

W ndow - a partition of a conmputer’s graphic screen (CRT)
| ayout .
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FIGURE 5

SAMPLE CONTENTS MATERTIAL FILE



DATE: 03/24/87 SP4 RESTRICTLD DESCRIPTION FILE

RECORD DDi1 .
COUNT EESID 2-D DDM SYMBOL NAME SHORT DESCRIPTION
1 1 PIPE
Pipe — Butt Welded _
2 101 PL101 S1 ELBON %0 LR
90 Degree Long Radius Elbuw — Butt Welded
3 102 PL102. §1 . ELBOW 20 SR
20 Degree Shart Radius Elbow —~ Butt Welded
4 10646 PL104. 51 EL.BOW 45 LR
45 Degree Long Radius Elbow — Bubtt Welded
9 111 BEND
. Bend — Dutt welded .
& 197 MPM1&4. §1 STUFFNG TUBE
Stuffing Tube
7 230 PL230. 51 VALVE GATE
Gate Valve - Flanged
8 348 MPMB810. 51 SOCKOLET
Outlet Branch - Socket Welded
9 330 MPMO19. 51 VALVE GATE

Gate Valve — Socket Welded

FIGURE 6

SAMPLE CONTENTS -~ DESCRIPTION FILE



Cstegory and o Design gage | Maximum .
- Services pressure temporature Remarks
grom 1b/in? of
D-1 Sea water, (See note D-1-3) 250 150
Itom Types Malorial Appliveble documents Hemarks
Pipe Seamleas or welded 90-10 copper-nickel MIL-T-16420 K, clase 200
Velves Globe, 2-1 inches an Bronze Dwy 803-1385623 G See enclosure 1V

sbove [ .

- = e e o 1 e e e 4 e e e o

G e e e e e o e e o]

Gete, 2-4 inches and
above ’

Swing check, 2-} inches
end sabove

- e B e s e e O B 0 O e e o o]

Ball, 3 inches ~ €
inches

Dwg 803-1385%41 F

S et e T

A L TPy S pROUPEPRpEpEpI R g

HMi1l-v-118% C, AMD 3,
Clese 2

i v - n - o e o 0 e e e e s e ey e o ]

e e s e o e e e e e o e e o

MIL-V-}7547 -, AMD & ,
type A, class 2,
250 1bs/in’

“Dwg 803-1385712 F 77

Dwy 803-5001004 A

See note D-1-1

b e . e . - ————

Flenged ends 12 incheu
and smeller

Flanged ends laryger
then 12 inches

Flunged ends 12 inches
and swaller

Flesnged ends larger
than 1Z inches

Relief . ] HI(-V:Z&))Z :._BMD 2 Flangcé_g[_gginn_gggg___
Pressure-reducing | _MIL-v-2042 D, AMD 3
Hose Dwy B03-1385711 E

See puro. 3.40

FIGURE 7

SAMPLE MIL~-STD-777D SPECIFICATION




Desi1gn gage Harimum
Category and Services pressure lemperalure Remarks
growp 1b an? 4
D-1, cont‘d Sea water 250 150 See note D-1-3
les Iipes Malerial Appilivable dovuments Remurks
Fittings Silver-brazing, Bronze MIL-F-1183 G
(including unions and
union end fittings)
¢ | Welding 90-10 copper-nickel Dwy B10-1385880 ©
¢ | Welded base by silver- | 90-10 or 70-30 copper-nickel] Dwy 8)0-1385912 B Welded to pipe tun
brszing and eoutlet boss
f lanyes Silver-brazing Bronze KIL-F-~20042 C, AMD 7,
vlasy plein
Owg 820-138598Z B
Butt weld, socket weld | Copper-nickel Dwy 810-1385992 8
Dwy B10-4715319 -
Gaskels Sheet Synthetic rubber MIL-G-1149 B See note D-1-2 and
MIL-R-21252 A pars. 3.37
Clioth, inserted rubber HH-P-151
Flenge bolting Bolts or bolt-stud Carbon steel HIL-5-001222 G, AD 3
Nk o Costingy shall be ss grade 2
R required by pars. 3.12 (q).

One hundred pound globe and angle valves muy be used in systems not exceeding 150 Ib/an? ( pump shut-off)
providing valves pass the sest tightness tests to 150 1b/in’ snd stregth end porasity tests to 200 lbZin’,

for use in piping systems subject to acid flush path.

Main drainage, serondary drajnage end 0ily bullast systems thatl are subject to firemain pressure; o1l water
Seperalors, and o1ly waste transfer discharge.

13




Faletatalern B

CHOOSE OPTION:

1 - GENERATE PIPE ) 6 -~ DELETE SCHEMATIC RUN
2 - INSERT FITTINGS 7 - UNDO PIPE/FITTINGS

3 - VERIFY PIPE 8 ~ MODIFY ANGLE

4 - BREAK PIPE 9 -~ ANALYSIS

5 - DELETE PIPE ) 10 - UTILITIES

C/C - CANCEL OPERATION

ENTER SELECTION == ..—>

FIGURE 8

SAMPLE TOP LEVEL MENU - IPLROUTE




3-D ISOMETRIC

WINDOW

3-D ISOMETRIC WINDOW

(WITH BACKGROUND)

SECTION WINDOW

(LOOKING FWD)

PLAN VIEW WINDOW PLAN VIEW WINDOW

(DTAGRAM ONLY) (BACKGROUND STRUCTURE)

FIGURE 9
SAMPLE USER-DEFINED WINDOW ARRANGEMENT




KEY PLAN

FIGURE 10 - PIPE INSTALIATION SKEICH
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FIGURE 11 - PIPE INSTALLATION SKETCH




KEY PLAN

FIGURE 10 - PIPE INSTALIATION SKEICH
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FIGURE 13 - PIPE FABRICATION SKETCH




STORE RH

NUMBER|  QTY DESCRIPTION soURCE numBer| MATERIAL [MAT KEQISTSRE Bl s7ATUS
Pa 330" TLBING, 25500" 00 X .109° 4710-0A0-133020 | CHA 90-10
PaA o-4 1/qn | DBING, 4.800" 00 X .103° 4710-DR0~-139020

PaB 16-3 172+ |TLBING, 2,200" 0D X . 108" 4710-DA0-133020

Pac 2-g 115 |JBING, 4,300 CD X 109" 4710-DA0-133020

PAG =7 17360 | JEBING, 2.300" 0D X 103" 4710-DA0-133020

PaE 3-3 1716 | IYBING, 2.200" 0D X 109" 4710-DA0-139020

T g-g 7,8+ [IUBING, 2.5007 0D X 108" 4710-DA0-133020

P30 2-0" JUBING, 840" 0D X 065" £07-297432

P3OF 1-2 13/16" L%'EL?ERA%?"C?_D a0 05" C07-297432

F4 4 ER ELBOH, a0 * LR, BTALD, 200 = 4730-0A0-139033

Fa1 | EA ELBOH, aagag >+ Re BTHLD, 200 & 473G-0R0D-216117

FE3 L EA ELOOH, g " BTILD, 200 = 4730-0R5-225245

F123 | EA 6-2 12" X 1/2°, SOCKOLET, RDCR, WELD BASE X S8 |A35-88i772 CNA 90-10
FriS70 |1 ER H o 26on, vt MG DRRIN £820-08T-CCY 336 | KGke TR

FIGURE 14 - PIPE

BILL OF MATERIAL
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L |
S| L | - — I
e 21" | ] ]
X=52
N \
w H52104 '
[FE2Ta5H]
I e S VO e P |
[ 1'0.._| L I oFF cL | |
RS21 el %
x=12"] [N
Aﬁ -1 L2
H52107 \1\.’(_ e
| | | |
AN Ty _l | o 1
5 1 T UFSHIP | (Fh
T | e s6l4
BHD (54*) ~——t——— 52108
OFF CL X=6"
FR FR FR FR FR
180 170 152 154 146
w
E X=8'-§"
[V
[+3]
il
@11
<
| | | |
I | | |
H
(N
- =—(12")
BHD 138
BHD 174

INVERTED FLAN
01 LEVEL

FIGURE 15 - HANGER INSTALLATION SKETCH




NUMBER|  QTY DESCRIPTION SOURCE NuMEtR| MATERIAL |MAT FEQISTGRE BM  orp7ys
H52101 |1 H-08 1104-195-2 | ALUM
H52102 |1 H-E8 1164-195-2 | ALUM
H52103 |1 h-58 1104-195-2 | ALUM
H52104 |1 H-58 1104-195-2 |ALUM
HE2108 |1 H-58 1104-195-2 | ALUM
H521 06 |1 H-58 1104-195-2 | ALUM
HE2107 |1 -5 1104-195-2 | ALUM
H52108 |1 H-c8 1104-195-2 | ALUM

FIGURE 16 -~ HANGER INSTALLATION BILL OF MATERIAL



_~—SHIP STRUCTURE

L~

HANGER | HANGER | SIZE & | LEG PRE- | LEG CUT
NO TYPE | DIE CODE | CUT LENGTH | LENGTH

HS2102 | H-58 48 12" 6-13/186"

HE2103 | H-c8 4B 12" 6-13/16"

HE2104 | H-58 4B 1zv 8-11/16" )

H52105 | H-58 4B 12" g-11/18" A -
HS2106 | H-58 48 24" 8-11/18"

H52107 | H-5s 4B 12" 8-11/16"

HS2108 | H-58 4B 18" 14-11/18"

LEG
LEN

CuT
GTH

FIGURE 17

HANGER FABRICATION SKETCH




HAMNGER | HANGER SIZE & LEG FRE- LEG CUT
ND TYPE DIE CODE | CUT LENGTH LEMNGTH
HE2101 H-03 £8 12" 11-7/16"
,— SHIP STRUCTURE
Fd — —— —_— Y
\ . —= o — 7
/ \
LEG CUT
LENGTH
.N

FIGURE 18 - HANGER FABRICATION SKETCH
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FROJECT

INTERFERENCE CHECKING

CONFLICT REPORT

HeakE : SF4/SP4IFC

REPORT DATE 1 87704702 14:14: 16
CONFLICTS REFORTED : 14

FRAHERREFFAFRR R it E R E R R H R UERHRRTES

TIME PERIOD

GEOMETRIC VOLUME

MODEL.S

ITEM TYPES

ENMVELOPE INTRUSION TYPES
ENVELOFE TYPES
ACCEFTABLILITY

USERS

CONFLICT ATTRIBUTEES
B R R R L e Y

ALl DATES/TIMES

Al PROJECT SPACE
SP4/MDETS21

ALL ITEM TYPES

Al.l. ENVELOPE INTRUSION TYPES
ALL ENVELOPE TYPES

BOTH

Al.L USERS

FIGURE 19A



#xuw COMFLICT NO. 1 wa¥w
TIME COMFLICT WAS IDENTIFIEDR . ¢4/01/87 14: 02
CONFLICT &CCEPTABILITY o UNACCERTABLE
MODEL. NAME SP4/MDETS2 MODEL. NAME : 51524027174
DES CRIPTION SLEEVE DESCRIPTION : PLANE SURFACE
CRE YOH18Y9 CREATOR : YOH18%
HIN. EXTENTS X = 192, 1540 MIN. EXTENTS : X = -248. 0058
Y = 4182, 15&0 Y = QU/. oUUU
Z = 208&. 0002 Z = 2088. 0002
MaxX., EXTEMTS X = 197. 8440 MAX. EXTENTS : X = 248. 0058
Y = &17. 8440 Y = &24. 0000
Z = 2090, Q00Z 7 = 2088 0002
EMVELOPE TYPE : HARD ITEHM ENVELOPE TYPE : HARD ITEM
##3#%# CONFLICT NO. 2D
TIimME CONFLICT WAS IDENTIFIED : 04/701/87 1i4: 02
COMFLICT ACCERPTABILITY T UNMACCERTABLE
MODEL NAME o SP4/MDETHRL MODEL NAME : SP4/MDETS21
DESCRIPTION o ROUND TURE (PIPE) DEQCRIPTION : ROUND TUBE (PIPE)
CREATOR : YGHL89 CREATOR : YOH189
MIM. EXTENTS : X = 43. 0000 MIN, EXTENTS : X = 42, 5800
Y = &609. 7500 Y = 60%. 0000
, 7 Z = 2108. 7500 S Z = 2110, 5801
MAX. EXTENTS X = 99 8477 MAX., EXTENIS X o= 43, 4200
) Y = &19. 2500 Yy = 610, 0000
Z = 2113, 2500 Z = 2111, 4199
ENVELDOPE TYPE HA&RD ITEM ENVELOPE TYPE : HARD ITEM
#4#4% COMFLICT NO. 13 EEER
TIME COMFLICT WAS IDEMTIFIED : 04/01/87 14:.02
CONFLICT ACCEPTABILITY : UNACCEPTABLE
MODEL MAME . 8P4/HMDETHZ1 MODEL NAME : SP4/MDETS21
DESCRIPTION ;o ROUND TUBE (FIFE) DESCRIFPTION ROUND TUBE (PIPE’
CREATOR : YOH189 CREATOR YOH189
MIN. EXTENTS : K = 38. 4400 MIN., EXTENTS X = 42, 5800
Y = &09. 7500 Y = &405. 0000
7 = 2108 7500 7 = 2110. 5801
MaX., EXTENTS X = 43, 0000 MAX. EXTENTS X = 43. 4200
Y o= m14 2500 . Y = 410. 0000
Z == 13 AJDO Z = 2111, 4199
ENVELOPE TYPE HARD ITEM ENVELOPE TYPE : HARD ITEM

FIGURE 19B



swrw QOHFLICT RO g g
TIFE CONFLICT WAS IDENTIFIED . 0470187 14:02

COMFLICT ACCEPTABILITY . UlalCEPTABLE
MODEL NAME v SP4/MDETS21 MODEL NAME . §152402D02
LESCRIPTION : ROUND TUBE (PIPE: DESCRIPTIDN . TEE SHAPE
CREATOR c VYOM189 CREATOR . YOH189
NIN EXTENTS v X o= =20, 0048 MIN. EXTENTS : X = -5.0000
Y = ala. 7800 Y = &06. 0000
Z = 2108 7500 Z = 1456. 0000
MAX., EXTERTS X = 11. 5400 MaX., EXTENTS X = 5. 0000
¥ = &17. 2500 Y = &424. 0000
Z = 2113. 2500 Z = 21464, 0000
ERVELDOPE TYPE HaRD ITEM ERVEL OPE TYPE : HARD ITEM
sststi CONFLICT NO. e R R
TIME CONFLICT WAS IDENTIFIED : 04/01/87 14:02
COMFLICT ACCEPTABILITY o UNACCEPTABLE
ﬂDDEL.NAME : SP4/PFDETSZ1 MODEL NAME 8152402002
DESCRIPTION : ROUND TUBE (PIPE)D DESCRIPTION . TEE SHAPE
CREATOR  YOH189 CREATOR : YOH18%9
MIN. EXTENTS X = =41, 25800 MIN, EXTENTS : X = -54. 0000
Y = 415, 7500 . Y = &412. 0000
Z = 2117, 92590 7 = 2157, 2849
MAX., EXTENTS A = —=3&. 7500 MAX., EXTENTS X = 0.0000
Yo o= &H20. 2500 Y = &424. 0000
. Z = 2183, 4224 R Z = R162. 2849
ENVELOPE TYRE HARD ITEM ENVELOPE TYPE : HARD ITEM
ki COMFLICT NGO & FdEi
TIME CONFLICT WAS IDENTIFIED 04/01/87  14:02
GONFLICT ACCEPTABILITY o UN&CCERTABLE
MODEL. NaME T BP4/MDETS21 MODEL NAME . SP4AEL.SP402
DESCRIPTION o ELBOE 20 LR DESCRIPTION : USER-DEFINED EQUIPMENT
CREATOR : YOH189 CREATOR : YOH189
MIMN, EXTENTS : X = 192, &925 MIN. EXTENTS : X = 151.0847
Y = 579 3299 Y = 504, 0000
Z = 2048, £580 o EXTENTS Z = 2016, 0001
MaX., EXTENTS A o= 2032, 2798 MaxX., EXTENT X = 226, Q000
Y = 588. 2491 Y = 424, 0000
N Z = 2087. 8713 Z = 2174. 0000
ENVELOPE TYPE HaRD ITEM ENVELOPE TYPE : HARD ITEM
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MODEL NAME
DESCRIPTION
CREATOR

MIN. EXTENTS

MaX. EXTENTS

ENMVELOPE TYPE

#i% CONFLICT NO.

TIME CONFLICT WAS IDENTIFIEL
COMFLICT ACCEPTABILITY

SPA/MDETS21
ROUND TUBE

192, 7500
198, 2670
2049H7500

MODEL NAME
nrqrnrprrnm
CREATO

MIN. EXFENT%

MAX., EXTENTS

ENVELOPE TYPE

TIME CONFLI
CONFLICT AC

MODEL _NANE
DESCRIPTION

CREATOR
MIN. EXTENTS

m-—

MaX., EXTENTS

Wes IDENTIFIED -
TABILITY

SF4/MDETS21

T
EP

TN

>

el T I O A

>

Annpneny

2054, 2500

4

WAS IDENTIFIED :
PTABILITY

SP4/MDETS21
ROUND TUBE (PIPE)

NN
yich
oo
ol

jays
g
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G

nIng:
c
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~ DN NI
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my: -
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04701787 14:02
UNACCEPTABLE

MODEL._NAME
DESCRIFTION
CREATOR

MIN., EXTENTS

MAX. EXTENTS

ENVELOPE TYPE

04/01/87 _14:0Z
UNACCEPTABLE
MODEL _NAME
(PIPE) DESCRIPTION
CREATOR

MIN, EXTENTS

MAX. EXTENTS

ENVELOPE TYPE

04/01/87 14:02
UNACCEPTABLE

MODEL NAME
DESCRIPTION

M oA rnn
VRERM

MIN. EXTENTS

MAX. EXTENTS

FIGURE 19D

SP4ELSP402
UBER-DEFINED EQUIPMENT
YOH189

X = 1951. 0847

Y = 504. 0000

Z = ”016.0001

X = 224&. 0000

Y = 624 0000

Z = 2i7&. 0000

HARD ITEM

SP4ELSPA402
USER-DEFINED EQUIPMENT
YOH189

X = 151. 0847

Y = 204. QQUU

Z = 2016. 0001

X = agé&. 0000

Y = &24. 0000

Z = 2176, 0000

HARD ITEM

SP4ELSP402
USER-DEFINED EQUIPMENT
YOH189

X = 151. 0847

Y = 504. 0000

Z = 2016. 0001

X = 22&6. 0000

Y = 624, 0000

Z = ”O7é 0000

HARD ITEM



#3443 CONFLICT NO. 10 w#sux

TIME CONFLICT WAS IDENTIFIED : 04/01/87 14:02

CONFLICT ACCEPTABILITY UNACCEPTABLE
MODEL _NAME SP4/MDETS21 MODEL NAME
DESCRIPTION ROUND TUBE (PIPE) DESCRIPTION
CREATOR YOH189 CREATOR
MIN. EXTENTS X = 192. 7500 MIN. EXTENTS
Y = &612. 7500
Z = 2084, 7502
MAX. EXTENTS X = 197.2500 MAX. EXTENTS
Y = 417, 2500
Z = 2093, 0310
ENVELOPE TYPE : HARD ITEM ENVELOPE TYFE :

##3% CONFLICT NO.
TIME CONFLLICT WAS IDENTIFIED :

11 seaess

CONFLICT ACCEPTADILITY

MODEL. NAME
DESCRIPTION
CREATOR

MIM. EXTEMTE

MaX., EXTENTS

EMVELOPE TYPE

wia CONFLICT NO.
TIME CONFLICT Wa

SPA/MDETS21
SLEEVE

YOH189

X = 192 13540
Y = 612, 1560
Z = 20864, 0002
X = 197. 8440
Y = &17. 8440
Z = 20%0. 000
HaRD ITEM

158 wsax

5 IDENTIFIED :

CONFLICYT ACCEPTABILITY

MODEL. MNAME
DESCRIPTION
CREATOR

MIN., EXTENTS

MaX., EXTENTS

ENVELOPE TYRE

SPA/MDETSR 1
ELBOW 90 LR
YOH189

1‘-)") 0310
&1, 7500
”09” 0310
197, 33294
Y &17. '“’ 300
Z =100, 4”93
HﬁRD ITEM

KX

PHHR!Hh

04/01/87 14:02
UNACCEPTABLE

MODEL NAME
DESCRIPTIDN
CREATO

MIN. PXTENTS

MAX. EXTENTS

ENVEL.OPE TYPE :

4/01/787  14: 02
UNSCCEPTABLE

MODEL NAME
DESCRIFTION
CREATOR

MIN., EXTENTS

MAK. EXTENTS

ENVELOPE TYPE

FIGURE I9E

SP4ELSP402
USER-DEFINED EQUIPMENT
YOH189

X = 151.0847

Y = 504. 0000

Z = 2016, 0001

X = 226. 0000

Y = &24. 0000

Z = 2174, 0000

HARD ITEM

SP4EL.SP402
USER-DEFINED EQUIPMENT

YoH189

X = 151. 0847
Y = 504. 0000
Z = 2016, 0001
X = 226. 0000
Y = &24. 0000
Z = 2176, 0000
HARD ITEM

SP4EL.SP402
USERégEFINED EQUIPMENT

X = 151. 0847

Y = 3504. 0000
Z = 201&. 0001
X = 224&. Q000
Y = &24. 0000
Z = 217&. 0000
HARD ITEM



was CONFLICT NG 13 <xws

TIHE COMNFLLIGCT WAS IDERTIFIED @ 04701/87 14:02
CUONMFLICT ACCEPTABILITY . UNACCEPTABLE
PMIODEL. NAME D BRAMOETE MODEL NAME SP4ELSP402
DESCRIPTION o ROUND TUBE (PIPE) DESCRIPTION USER~DEFINED EQUIPMENT
CREATOR o YOH18% CREATOR YOH189
MIN., EXTEMTS - X = 199 72834 MIN. EXTENTS = 151. 0847
Y = 579 7500 Y = 504. 0000
o = 2052 7712 Z = 2014, 0001
MaX., EXTENTS . X = 235, 2714 MAX. EXTENTS X = 22&. 0000
Y = 984, 2300 Y = &24. 0000
I = 2078, 2288 Z = 2174, 0000
ERNVELOPE TYFE : HaRD ITEM ENVEL.OPE TYPE HARD ITEM
#iedtd COMFLICT NG. 14 st%Rd
TIFME CONFLICT Wag IDEMTIFTED @ 04/01/87 14:02
CONFLICT ACCEPTABILITY © UNACCEPTABLE
MODEL. MAME  SP4/MDETH21 MODEL. NAME SP4ELSP402
DEGCRIPTION o ROUND TUBE (PIFED DESCRIPTION USER-DEFINED EQUIPMENT
CREATOR : YOH13%9 CREATOR YOH189
MIN. EXTENTS X = 127.1533 MIN. EXTENTS X = 151. 08447
Y = &1" 7500 Y = 904. 0000
) Z = 2095, 7500 Z = 2014, 0001
MAX., EXTERNTS X = 190.0&10 MAX. EXTENTS X = 226, 0000
Y = &17. 2500 Y = &24, 0000
} Z = 22100, 2500 Z = 2176. 0000
EMVELOPE TYPE @ HARD ITEM ENVELDOPE TYPE HARD ITEM

FI GURE 19F
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APPENDI CES

A

CREATING THE PIPING MASTER PRCPERTY FILE (PMPF)

B

- CREATING THE PIPING MASTER MATERI AL FIIE (PMVF)

c

CREATING THE PI PING MASTER DESCRI PTI ON FILE ( PNVDF)




APPENDIX A

CREATION CF
THE PI PING MASTER PROPERTY FILE (PNPF)

The MPF is created by a proprietary vendor-supplied utility program named
PLSORT. Any yard attenpting to inplenment master files organized as they
are in this deno systemw !l need to have its own functional equivalent of
PLSORT.  In the sequel, references to “PLSORT" should be interpreted to

mean “the generic functional equivalent of PLSORT".

Input to PLSORT consists of 80-byte records, which themselves may be either
created by direct editing, or generated via an in-house user-interface
program  The contracting yard has devel oped such a proprietary
user-interface program It is nenu-driven and directs the building of the

input file in response to pronpts.

The MPF for ML-STD-777D is quite large (several thousands of records) and
Is the result of several years of accunulated data entry. It is by no
means conprehensive, despite its size, for it contains only the properties
needed by the contracting yard, not all possible properties specified in
the ML-STD- 777D docunent.



The MPF is output by the PLSORT module, from the 80-byte records in the
input file. The 80 bytes consist of 79 data bytes, plus a carriage return
byte. It takes several 80-byte records to meke up one |arge MPF record
As a specific exanple, the length of the records in the MPF in our deno
systemis 240 bytes. There are three 80-byte input records per each
240-byte master file record. Two are prescribed by the vendor-supplied

pi ping layout package, the third is an optional user-defined line. The

nunber of user-defined lines is a user-specified variable.

The first 80-byte input record is a header record, defining the formats for

the property definition records to follow The header record is laid out

as follows:

PVMPF Header Record Layout

Eleven (11) required entries
. 12th entry is supplied by the PLSORT program
Free format, but psitiona

Delimted by blanks



SAMPLE

ENTRY NO: VALUE
1 1
2 1
3 3
4 8
5 8
6 6.3
7 6.3
8 6.3
9 6.3

10 4
11 16
12 6

(col 74-79; fixed)

MEANING

Flag indicating model dimensional units (complete
list follows)

Number of user lines per record.

Total number of 80-byte lines per master file
recoxrd. '

Field width (in characters) for Spec/MCC field.
Field width for schedule field.

Field descriptor for NPS (inlet).

Field descriptor for inlet wall thickness.
Field descriptor for NPS (outlet).

Field descriptor for outlet wall thickness.
Field width for ESID number - fixed at 4.
Material key field width.

System generated sort sequence key.

DIMENSIONAL UNITS FLAG -- VALUES

1 - Inches/lbs

2 — Feet/lbs

3 - Mils/lbs

4 - Millimeters/gms

5 - Centimeters/kgs
6 ~ Meters/kgs

7 - User Defined



The records following the header repeat in groups of n, where nis the
number of 80-byte records per master file record. The value of nis
specified in the header as entry nunber 3. For the demp system the value
of nis 3. That is to say, the master file records are 240 bytes |ong

There are three 80-byte input records per rester file record,

The first of the three 80-byte records in a group is fixed in the format
prescribed by the header.

The second is free format, delimted by blanks, with a total of 20 entries.

Unused entries should be set to zero.

The third record is a user-defined line, containing two entries of
al phanuneric description. One is 30 characters long and the other is 40

characters.
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The three-record group is then laid out as follcws:

FIELD  COs

1 1-8

2 9-16

3 17-22

4 23-28

5 29- 34

6 35-40

7 41-44

8 45-60

9 61-79
Abbrevi ati ons:
b = bl ank
MCC ~ Materia
NPSi =
NPSo =
ESID =

RECORD 1 OF 3

QONTENT
spec/ Mcc
Schedul e
NPS
Inlet Vil
NPSO

Thi ckness

Qutlet \all
ESID

Mat' [ Type (key)
stock Code No.

Thi ckness

Classification Cede

Nomi nal Pipe Size, inlet
Nomi nal Pipe Size, outlet

El enent Sub-type ldentifier

SAWVPLE VALUE
Abbbbbbb
.109/2D
4.000
. 109
4.000
.109
111

MT1 6420- 2001 1- 91
9999- DAOG- 999999

o« Text Must be left-justified and bl ank-padded.

« Nunbers nmust be right-justified.
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RECORD 2 OF 3

FIELD caLs CONTENT SAWVPLE VALUE
1 N A Fitting Length 1
2 Fitting Length 2
3 Fitting Length 3
4 Fitting Length 4
5 Fitting Length 5
6 Connection Length
7 Flange Quter Diam
8 Fitting \Weight
9 FREE Goss-sect Area VAR ABLE VALUES,
10 FORMAT Surface Area EEIPENR{J%E%PO\I
11 Stress Intensifi-
cation factor
12 X-Section Mdul us
13 Y-Section Mdul us
14 Z-Section MODULUS
15 Fl ex Factor
16 Torsional Constant
17 Shear Factor
18 X-Mnent of Inertia
19 Y-Monent of Inertia
20 Z-Moment of Inertia

Not all of these fields are used on every ESID nunber.
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Unused entries should be set to zero.

If the free-format entries take up more than 80 colums, another record

is required, and entry nunber 3 on the header card nust be increased

accordingly.
RECORD 3 of 3
FIELD COLS CONTENTS
1 1-32 Description, part 1
2 34-75 Description, part 2

Both entries are actually free-format, enclosed in quotes, delimted by

a blank, left-justified, and blank-padded to end-of-field.

These groups of 3 records (or in generally, N records) conprise the remainder
of the input file.

The property file layouts are as follows:
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80-BYTE INPUT FILE

Record 1 - Header Record

Record 2- o

Record 3 - Three-record group defining a 240-byte master record.
Record 4,

Record 5

Record 6 - Three-record group defining a 240-byte master record.
Record 7

(and.so on to end of file)

Remenber this is the layout of the file which is input to the PLSORT
program  Each 3-record group may occur in arbitrary order in the input
file. The PLSORT function will reorder them per the sort methcd
selected within PLSORT. The deno systemis ordered by schedule, NPSi,
ESID, and material type.

240-BYTE PI PING MASTER PROPERTY FILE

Record # 1 - Record count & header
Record # 2 - 240 bytes
Record # 3 - 240 bytes
Record # n - 240 bytes

n 2 -1

Record count includes the first record.

Figure A-1|shows graphically in summary the process of creating the MPR
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CREATION OF PMPF

HEADER & . SEQUENTIAL
PROPERTY . 80-BYTE RECORDS
RECORDS . EDITABLE

. MAY BE CREATED BY MENU-DRIVEN USER-

INTERFACE PROGRAM
. 3-RECORD GROUPS

A 4
PLSORT . VENDOR-SUPPLIED
PROGRAM . PROPRIETARY
(FUNCTION) . CREATES ONE MASTER RECORD PER 3-RECORD

GROUP
. SORTS BY USER SPECIFIED SEQUENCE

v
PIPING . DIRECT-ACCESS
MASTER . NOT EDITABLE
PROPERTY . RECORD LENGTH = 80X3 = 240 BYTES
FIIE . 16-CHARACTER MATERIAL KEY POINTING TO

MASTER MATERTAL FILE
. 4-DIGIT ESID POINTING TO MASTER
DESCRTPTION FILE

FIGURE A~1



APPENDI X B

CREATI ON OF
THE PI PI NG MASTER MATERIAL FILE (PMVF)

Creation of the Master Material File is very simlar to creation of the
property file. However, the MW is nuch smaller than the property file
being only several hundred records long. Myjor differences are listed here

in Sumary:

- There are 5 input 80-byte records per MW record. All 5 are

prescribed by the system The nunber 5 is fixed, not variable.

- MMF record length is 400 bytes.

- The proprietary vendor-supplied program which creates the M is
AECMATSRT. Again a functional equivalent of this programis

needed by any yard wishing to create such a material file.

Figure B-1|graphically depicts the creation of the PMW

The header record for the MVF is laid out as foll ows:
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PWF Header Record Layout

FIELD COLS CONTENTS VALUE

1 1 Flag specifying nodel units. Sane 1

val ues as those for PMPF.

2 2-79 Avai | abl e Bl anks

3 80 Carriage return Bl anks

The 5-record group that conprises each MW record is free-format except for
the material name. The first five fields are character strings, the rest

are nuneric. Al the nuneric fields in the denmp system are set to zero
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The five 80-byte records are laid out as follows:

RECORD 1 of 5
ENTRY CONTENTS SAMPLE VALUE
1 Material name, (Maxinum 24 characters) *MI16420- 2001 1- 91
2 Stock Cede Number (Maxinmum 12 characters)  NONE
3 2-D Synbol | = (Maxi mum 24 characters) " NOE
RECORD 2 of 5
1 Material, short description (max 12 characters) ‘CNA 90-10°
2 Material, long description (max 64 characters) * 803- 4384356,

Cass A Type 1

The remaining three records are included merely because they are prescribed
by the system The fields are not used at present at the contracting yard

neither for production nor for the demp system
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RECORD 3 of 5

CONTENTS

Mdul us of Elasticity

Shear Mbdul us

Poi sson's Ratio

Mass Density

Coeff. of Thermal Expansion

Ref. Tenp. for Thermal Expansion

SAWVPLE VALUE

NOT USED,
ALL ZERGCS




RECORD 4 0f 5

CONTENTS SAVPLE VALUE
Pi peline Element Danping Coefficient NOT USED —
ALL ZERGCS

Stress Limt - Tension

Stress Limt - Conpression

Stress Limt - Shear

Utimate Strength - Tension

Utimate Strength - Conpression k]
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RECCRD 5 0Of 5

CONTENTS

Utimate Strength - Shear

Yield Strength - Tension

Yield Strength - Conpression

Yield Strength - Shear

Avai | abl e

Avai |l abl e

Avai | abl e

Avai |l abl e

Avai | abl e

Avai | abl e
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NOT  USED,
ALL ZERO




CREATION OF PMMF

[ HEADER [ . SEQUENTTAL
( AND ( . 80-BYTE RECORDS
MATERTAL . EDITABLE
\ RECORDS \ . MAY BE CREATED BY MENU-DRIVEN

USER-INTERFACE

v
AECMATSRT . VENDOR-SUPPLIED
PROGRAM . PROPRIETARY
(FUNCTION) . CREATES SINGLE MASTER RECORDS
. SORTS BY USER-SPECIFIED SEQUENCE
A 4
PIPING . DIRECT ACCESS
MASTER . NOT DIRECTLY EDITABLE
MATERTAL . RECORD LENGTH = 5x80=400 BYTES
FILE . 16-CHARACTER KEY CONNECTS WITH

PROPERTY FILE

FIGURE B-1
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* 400-BYTE PME LAYQUT

RECORDHI - Header and Record Count
RECORD#2 - 400-bytes
RECORD # 3 - 400-bytes
RECORD # n - 400-bytes

Each 400-byte record consists of the 5 conponent 80-byte records

concatenated together, fromleft to right, in the same order as they

occur in the 5-record group.
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APPENDI X C

CREATION CF
THE PI PING MASTER DESCRI PTION FILE ( PMDF)

Creation of the Piping Master Description File follcws the sane general

pattern as the other two master files. Again PLSORT is used to generate

the master file records from80-byte input records. [Figure C1is the

graphic depiction of the process.

There are two 80-byte input records per each 160-byte MDF record. They are

| aid out as foll ows:

RECORD 1 of 2
ENTRY CONTENTS
1 ESID - Fixed in cols 1-4, right justified.
2 2-D synbol name, free formt, maxinum 24 characters.

cl
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RECORD 2 of 2

ENTRY CONTENTS

Short description, free format, maxinum 24 characters

long description, free format, maxinum 79 characters.

160- byte PMDF | ayout

RECORD#| - total record count, right justified to col 64.

RECORD #2 - 160-bytes

RECORD #n - 160-bytes



CREATION OF PMDF

DESCRTPTION
RECORDS

PLSORT
PROGREM
(FUNCTION)

PIPING
MASTER
DESCRIPTION
FILE

FIGURE C-1

SEQUENTIAL

80-BYTE RECORDS

EDITABLE

MAY BE CREATED BY MENU-DRIVEN
USER-INTERFACE

VENDOR-SUPPLIED

PROPRIETARY

CREATES SINGLE MASTER RECORDS
SORTS BY ESID

DIRECT ACCESS

NOT DIRECTLY EDITABLE

RECORD LENGTH = 2x80=160 BYTES

4-DIGIT ESID CONNECTS WITH
PROPERTY FILE



	DISCLAIMER
	ACKNOWLEDGEMENTS
	FINAL REPORT
	I.  EXECUTIVE SUMMARY
	II. PURPOSE
	III. THE SPECIFICATIONS
	IV. DEVELOPMENT AND PRESENT STATE OF THE ART
	2-D vs 3-D System Diagram
	Arrangements
	System Sequencing

	V. THE PROTOTYPE SYSTEM DESCRIPTION
	The System Structure
	 The Approach
	The Functional Breakdown
	1) Material Sourcing Analyst Functions
	2) Cognizant System Engineer Functions
	3) Detail Designer Functions

	The Demonstration - Description and Agenda
	The Agenda

	VI. CONCLUSIONS AND OBSERVATIONS
	Our Basic Premise:
	Our Demo system Approach in Summary

	VII. GLOSSARY OF TERMS AND ABBREVIATIONS
	VIII. FIGURES
	FIGURE 1: Typical 2-D PartialPiping System Diagram
	FIGURE 2: System Structure - Cog Engineer
	FIGURE 3: System Structure - Detailer
	FIGURE 4: Sample Property File Contents
	FIGURE 5: Sample Material File Contents
	FIGURE 6: Sample Description File Contents
	FIGURE 7: Sample MIL-STD-777D Specification
	FIGURE 8: Sample Top-Level MEnu - IPLROUTE
	FIGURE 9: Sample User-Defined Window Arrangement
	FIGURE 10: Pipe Installation Sketch
	FIGURE 11: Pipe Installation Sketch
	FIGURE 12: Pipe Fabrication Sketch
	FIGURE 13: Pipe Fabrication Sketch
	FIGURE 14: Pipe Bill of Material  
	FIGURE 15: Hanger Installation Sketch
	FIGURE 16: Hanger Installation Bill of Material 
	FIGURE 17: Hanger Fabrication Sketch
	FIGURE 18: Hanger Fabrication Sketch
	FIGURE 19A: Sample Output - Interference Checker
	FIGURE 19B: Sample Output - Interference Checker
	FIGURE 19C: Sample Output - Interference Checker
	FIGURE 19D: Sample Output - Interference Checker
	FIGURE 19E: Sample Output - Interference
	FIGURE 19F: Sample Output  - Interference

	IX. APPENDICES
	APPENDIX A
	CREATION OF THE PIPING MASTER PROPERTY FILE (PMPF)
	PMPF Header Record Layout
	RECORD 1 OF 3
	RECORD 2 OF 3
	RECORD 3 of 3
	80-BYTE INPUT FILE
	240-BYTE PIPING MASTER PROPERTY FILE
	FIGURE A-1 CREATION OF PMPF



	APPENDIX B
	CREATION OF  THE PIPING MASTER MATERIAL FILE (PMMF)—
	PMMF Header Record Layout
	RECORD 1 of 5
	RECORD 2 of 5
	RECORD 3 of 5
	RECORD 4 0f 5
	RECORD 5 0f 5
	FIGURE B-1 CREATION OF PMMF
	  400-BYTE PMMF LAYOUT



	APPENDIX C
	CREATION OF THE PIPING MASTER DESCRIPTION FILE (PMDF)
	RECORD 1 of 2
	RECORD 2 of 2
	. 160-byte PMDF layout
	FIGURE C-1 CREATION OF PMDF



	DISCLAIMER
	ACKNOWLEDGEMENTS
	FINAL REPORT
	I.  EXECUTIVE SUMMARY
	II. PURPOSE
	III. THE SPECIFICATIONS
	IV. DEVELOPMENT AND PRESENT STATE OF THE ART
	2-D vs 3-D System Diagram
	Arrangements
	System Sequencing

	V. THE PROTOTYPE SYSTEM DESCRIPTION
	The System Structure
	 The Approach
	The Functional Breakdown
	1) Material Sourcing Analyst Functions
	2) Cognizant System Engineer Functions
	3) Detail Designer Functions

	The Demonstration - Description and Agenda
	The Agenda

	VI. CONCLUSIONS AND OBSERVATIONS
	Our Basic Premise:
	Our Demo system Approach in Summary

	VII. GLOSSARY OF TERMS AND ABBREVIATIONS
	VIII. FIGURES
	FIGURE 1: Typical 2-D PartialPiping System Diagram
	FIGURE 2: System Structure - Cog Engineer
	FIGURE 3: System Structure - Detailer
	FIGURE 4: Sample Property File Contents
	FIGURE 5: Sample Material File Contents
	FIGURE 6: Sample Description File Contents
	FIGURE 7: Sample MIL-STD-777D Specification
	FIGURE 8: Sample Top-Level MEnu - IPLROUTE
	FIGURE 9: Sample User-Defined Window Arrangement
	FIGURE 10: Pipe Installation Sketch
	FIGURE 11: Pipe Installation Sketch
	FIGURE 12: Pipe Fabrication Sketch
	FIGURE 13: Pipe Fabrication Sketch
	FIGURE 14: Pipe Bill of Material  
	FIGURE 15: Hanger Installation Sketch
	FIGURE 16: Hanger Installation Bill of Material 
	FIGURE 17: Hanger Fabrication Sketch
	FIGURE 18: Hanger Fabrication Sketch
	FIGURE 19A: Sample Output - Interference Checker
	FIGURE 19B: Sample Output - Interference Checker
	FIGURE 19C: Sample Output - Interference Checker
	FIGURE 19D: Sample Output - Interference Checker
	FIGURE 19E: Sample Output - Interference
	FIGURE 19F: Sample Output  - Interference

	IX. APPENDICES
	APPENDIX A
	CREATION OF THE PIPING MASTER PROPERTY FILE (PMPF)
	PMPF Header Record Layout
	RECORD 1 OF 3
	RECORD 2 OF 3
	RECORD 3 of 3
	80-BYTE INPUT FILE
	240-BYTE PIPING MASTER PROPERTY FILE
	FIGURE A-1 CREATION OF PMPF



	APPENDIX B
	CREATION OF  THE PIPING MASTER MATERIAL FILE (PMMF)—
	PMMF Header Record Layout
	RECORD 1 of 5
	RECORD 2 of 5
	RECORD 3 of 5
	RECORD 4 0f 5
	RECORD 5 0f 5
	FIGURE B-1 CREATION OF PMMF
	  400-BYTE PMMF LAYOUT



	APPENDIX C
	CREATION OF THE PIPING MASTER DESCRIPTION FILE (PMDF)
	RECORD 1 of 2
	RECORD 2 of 2
	. 160-byte PMDF layout
	FIGURE C-1 CREATION OF PMDF






