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Executive Summary

The primary objective of this study is to design a cost
effective and semi-automatic method of fabricating pipe
which will reduce the labor, material handling, storage space
and required fabrication area.

Such a facility for the shipbuilding industry must be de-
signed to handle 1¥2 inch through 24 inch diameter pipe and
all ASTM Class and MIL-SPECS, and Schedules and alloys
of pipe used in shipboard systems. The facility must be versa
tile and equipped to handle repair jobs and speciaty items, as
well as new vessel piping systems.

Our technical approach to this project fulfilled the stated
objectives of the National Shipbuilding Research Program as
established under the Merchant Marine Act of 1970. We have
fdeterbrlnined that a functional semi-automated Pipe Shop is
easible.

The following functions represent a pipe fabrication sys-
tem which can be implemented along with certified pro-
cedures where necessary, either in part or as an entire s ystem
at any major shipyard.

1. A systematic rack storage and locator system for all
types of pipe, in sizes from 11Y¥zinch through 24 inch
must be established. The storage racks must provide
for loading, selecting and off-loading onto a transfer
system automatically.

2. A sorting and automatic feed system must be installed
at the pipe storage rack so that an operator can auto-
matically select pipe from the rack, load it onto a con-
veying system and convey it to the work station.

3. The automatic conveying system, for movement of pipe
from one work station to another, must be equipped
with an'automatic unloading device at each station,
and a reserve area to hold pipe for each machine.

4. A measuring system must be installed to automatically
measure pipe for cutting to length, locating holes and
other layout reguirements.

5. A system must be furnished to mark each component
of the assembly with the specific part number as identi-
fied on the production drawings.

6. Cutting and end preparation machines must be pro-
vided. This function is extremely important since, in
order to obtain good welding results, the use of machine
cutting is an absolute necessity. At this point, all scrap
must be conveyed out of the shop area by means of
conveyors or other handling equipment.

7. An automatic flange fitting and welding device must be
installed and have the capability of processing the pipe
alloy mix as well as selecting the flange, orienting it
properly, tacking it and welding both inside and out.

8. Adequate numerically controlled bending equipment
must be provided capable of two diameter bending for
up to Schedule 80 pipe 10 inches in diameter. Adequate
bending facilities for larger pipe will depend on the
number of ship systems for which larger pipe is re-
quired. It can be either hot bending or vibratory bend-
ing. An important function of this bending equipment,
in addition to the two diameter bending for pipe up to
10 inch diameter, is the capability of being automati-
caly fed and bent with flanges installed on both ends.

9. Various types of welding equipment must be selected
which will be required to process the mix of pipe
through the system. Rolling devices must be provided
for the welding of straight pipe, and these should in-
corporate automatic loading and unloading mecha-
nisms as well. The development of semi-automatic
welding devices for sub-assembly areas is desirable,
along with certified welding procedures.



10.

11.

12.

13.

Assembly areas must be equipped with manipulator
fixtures designed so that assembly of pipe sections can
be processed in an effective manner. Manipulators are
to be fitted with semi-automatic loading and unloading
devices, and must be capable of positioning the main
body of pipe into position so that fitting and welding
can be accomplished. The welding devices should be
selected and developed concurrently with the manipu-
lator fixtures for this function.

The configuration and quantity of X-ray booths and
equipment required to support the maximum work
load of this work station and provide handling equip-
ment required for loading, manipulating and unloading
the X-ray booths must be determined.

A semi-automatic internal and external blasting and
coating system for pipe must be provided. A bypass
would be included so that all full length pipe which does
not require further processing would be channeled
directly to the assembly area.

A specialty area for the fabrication of the inevitable
“exception” must be designated. Machines, tools and
handling equipment must be selected for processing
specialty items of a configuration and volume not suit-
able for automatic and semi-automatic processing.
This specialty areawould be situated so that it would
be accessible to the automatic conveying system. In
%enderal, work in this area would be accomplished by

and.

14. A final product storage system must be provided where

15.

16.

the fabricated pipe and specialty items can be pal-
letized and stored in a racking system, in usage order,
until required. A locator system, to be used for ac-
countability and retrieval, should control the storage
function.

Transportation and handling equipment must be pro-
vided for selection, load-out and delivery of fabricated
pipe to the installation site.

The computer software package must be developed
to support this fabrication shop. Our investigation has
revealed that all man-hour savings to be experienced
by an automated system can be completely offset by a
major increase in the engineering staff necessary to
provide the drawing and other datain a timely manner.
Therefore, a computer software package must be de-
veloped to operate this system and have the capability
of preparing pipe detail drawings. As these drawings
are being prepared, the program should select required
information from data banks which would allow the
concurrent preparations of bills of material, shop pro-
duction schedules, material flow schedules, cutting
lists, assembly marking and bending data, machine
loading schedules and final disposition and delivery
schedules.

The use of a mini-computer, supported by a primary
computer, which could utilize a digitizer or some other
method to design, update and revise the various parts
of the system is envisioned.

The software package must be in the form best suited
to the specific facility and working methods of the
particular system, such as the order card of numericaly
controlled equipment, tape for tape controlled equip-
ment and numerica list for other equipment and manual
operation.

The cost to implement. a system as described would
require a capital Investment of two to five million dol-
lars dependent upon the existing shop facilities and the
size, type and volume of the pipe to be processed.

With an investment of this magnitude, management
can expect at least two things. (1) a return on their in-
vestment of approximately 35.4 percent per year de-
pending on the facility; and (2) an extremely efficient
pipe fabrication shop capable of meeting required
production schedules. The system contemplated is
designed to produce 150 pipe spools per day, with
corresponding limited reduction of skilled shop man-
power.

Fabrication cost of ship piping systems is roughly
equal to one fourth of the total hull cost of a ship.
For a 176,000 DWT tanker, this amounts to approxi-
mately 200,000 manhours. The study revealed that
through automation a percentage of the required man-
hours can be reduced in the following functions. Hand-
ling 68 percent; Fitting 55 percent; Welding 35 percent;
Cleaning 79 percent and Coating 86 percent. These
percentages are based on LASH vessel construction
since al basic data is applicable to this series of ships.
An overall percentage reduction in fabrication man-
grc])_urs equates to approximately 39.8 percent per

ipset.
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Foreword

Approximately two years ago, Avondale Shipyards,
Incorporated submitted a proposal to the United States
Maritime Administration covering the development of a
semi-automatic pipe fabricating facility. This proposa was
accepted and, since that time, we have been conducting an
in-depth study of the subject. This study has been conducted
at Avondale Shipyards' main Pipe Shop, and utilizes manual
fitting, welding and burning as a data base, along with the
original shop layout and flow diagram. Originaly, Avondae
Shipyards had a production capacity of 50 to 55 spool pieces
per day with a complement of 76 people in this department
and 8 people for surface preparation and coating. Basic
changes which have been accomplished during this study
such as wirefeed welding in lieu of stick welding, provision of
a cutting station, installation of contour cutting machines and
utilization of a limited amount of turning and manipulation
equipment have increased our production to 60 or 65 spool
pieces per day.

The following paragraphs summarize the state of the art of
automated pipe fabrication systems:

There are severa equipment manufacturers in the world

today who have developed, and are marketing, automated

pipe fabrication equipment for the shipbuilding and pipe

fabrication industries.

Japan has two major manufacturers. The Ishikawajima
Harima Heavy Industries Company, Limited, or IHL
system is very efficient, but is limited as to pipe diameter
and to the processing of steel pipe only. It provides storing,
marking, flange fitting and welding, cutting, bending,
loading and transferring capabilities.

The Mitsui Engineering and Shipbuilding Company
has a system called MAPS, which is similar to the IHI
system in that it is limited in pipe diameters and does not
provide for aloy mix suitable to the shipbuilding industry.
We feel, however, that Mitsui could provide a complete
shop. They have done outstanding planning in the develop-
megt of a complete pipe facility as envisioned by this
study.

IHI and Mitsui, aswell as Hitachi Shipbuilding Com-
pany, Limited, can provide software packages to support
the required degree of automated hardware and material
control. Mitsui’ s software package is very sophisticated
and seems to provide more desirable features than any
of the existing systems. It has the capabilities for the
engineering requirements including preparation of detail
drawings, as well as shop planning.

The Maritime Administration has awarded a feasibility
contract to Newport News Shipbuilding and Drydock
Company for the development of a software package
which would provide engineering, including digitizing, in
support of an automated design system. If completed in

sufficient time, Avondale Shipyards will consider inte-
grating the Newport News system with other available
software packages to form an integrated engineering/
shop control program.

In Germany, Oxytechnik has the capability of providing
complete automated systems with the exception of branch
welding, sub-assembly type work and a software package
necessary for engineering and control of equipment. This
manufacturer has been extremely energetic in adaptations
to meet the requirements of various types of pipe fabrica-
tion process.

Kockums Shipbuilding Company has developed an
excellent program nicknamed “System Q" and “Steer
Bear” for use with the Oxytechnik system for production
scheduling, engineering and material control within their
own pipe fabrication shops.

Mecaval International, in France, has developed a pipe
system, but it is limited to cutting, flange welding and
numerically controlled bending and conveying equipment.

St. Nazzair Shipyards has developed an outstanding fitting

and welding system in support of the Mecaval system.

In Sweden, the ESAB systems have been limited to
flange welding machines and manipulators. However,
ESAB has devel oped exceptional welding equipment in
the past, and is presently studying the feasibility of utiliz-
ing their robot in pipe welding. Preliminary data on this
equipment indicates feasihility.

The Rauma Repola Shipyard in Finland has an Oxy-
technik automated pipe facility which was the most com-
plete and updated facility seen. All of this automated
equipment is push button controlled. Their facility has a
100 spool per day production capability manned with 30
people. The management of Rauma Repola Shipyards
indicated a better than 30 percent saving through auto-
mation.

In the United States, some welding technology has been
developed, along with manipulators and turning devices.

Many companies in the United States have been visited,
and a few in Europe, who are involved in processing pipe
for chemical plants, il refineries and pipe fabricating
companies. In general, al pipe production we have wit-
nessed is as inadequate, or backward, asit isin the ship
building industry. . . with some noteworthy exceptions.

It has been determined that there is not a single totally
automatic, or semi-automatic, pipe fabricating system
available in the world today. However, most of the ma-
chines required for such systems are available in Europe,
Japan and the United States.

It must be noted that the United States Department
of Commerce Maritime Administration, in cooperation
with Bath Iron Works Corporation, recently released a
document entitled “Advanced Pipe Technology.” This
project is essentially a study of the mechanics of utilizing
raw materials, equipment and human resources to produce
finished ship piping systems, and covered state-of-the-art
methods related to Piping Designed/Engineering, Piping
Fabrication and Piping Assembly/Installation. Rather
than duplicate the applicable data, we recommend the
advanced Pipe Technology Study as a source for the de-
tailed state-of-the-art.
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Manual contour burning process.

A. Technical Approach Project

The magnitude of this project made it necessary to subdivide
the project into sixteen sub-projects functionally oriented.
During the feasibility study, any one of the sixteen sub-
projects could be developed independently of the other in
respect to function, equipment, design or selection. Atten-

tion was given to sub-project interface to assure total project

integration.

1. Technical Approach
a. Preliminary facility layout showing work sta-

tions, machine and equipment location, and

conveying system routing was developed.
b. Flow process charts showing flow through the

facility, detailing the process through each work

station, were established.

c. Preliminary machine concept drawings were

developed.

d. Preliminary purchase equipment and machine

listing were established.
e. [Existing equipment utilization listing is avail-
able.

f. Preliminary equipment and machine installa-

tion phasing plan is available.
Interface with the Ship Producibility Program
was maintained.

h. Semi-working scale model of the proposed
facility is available.

i. Cost estimates for implementing the proposal
are available.

12

Semi-automatic contour burning process.

j. This document represents the Phase | com-
pletion report prepared and forwarded to
MARAD and the Ships Production Committee
for review and comments.

k. Layout, flow charts, time studies, flow process
of existing system are included and have been
used to compare the existing system to the pro-
posed system.

B. General Procedure
Each of the sixteen sub-projects was developed through the
following standard operating procedures.
1. Determine the Present State-of-the-Art
We determined the state-of-the-art by site interviews
with knowledgeabl e individuals in other shipyards and
industries both foreign and domestic. Further, we con-
ducted a search of literature and corresponded with
selected technical societies.
2. ldentify Potential Participants
Through inquiry among the various interested ship-
builders, other industries and technical society mem-
bers, we developed a list of potential participants. We
screened these for significant prior experiences in con-
ducting a disciplined R & D effort oriented toward
specific objectives. Further, we screened them for their
potential continued interest in the shipbuilding industry.
3. Establish Priorities
The priorities for this project were based on the eco-
nomic benefits of each area proposed.
4, Solicit Various Vendors, Manufacturing and Con-
sulting Firms for Proposals
A request for proposals was issued to various vendors,
manufacturers and consulting firms. The response to
our inquiries has been tabulated in various groupings,
and a determination was made as to those qualified to
participate.
5. Evaluate Proposals
The evaluation of the proposals received was based on
judging each against our previously established criteria.



Consideration was given to cost and the estimated
benefits.

6. Negotiate Subcontracts

After the proposals were evaluated, we entered into
definite contracts with selected sources as appropriate
with prior concurrence of the contracting officer.

7. Develop and Demonstrate Prototypes

As commercially available prototypes were identified
or developed, they were demonstrated under simulated
and actual production conditions.

8. Evaluate Results of the Project

The data collected during research and development
work was evaluated.

9. Submit Interim Reports

We submitted reports accompanied by informal oral
progress reports. These were supplemented by formal
progress reports.

10. Evaluate Areas for Future Study

During the progress of this project, other areas which
offered potential to the shipbuilding industry are being
evaluated.

11. Present Final Results and Reports

A summary of the data collected has been made and
oral and written reports of the results presented.

C. Objectives and Conclusions

1 Sb(_elmi-automatic Pipe Fabrication System Feasi-
ility

a. Process: Determine the design of a cost effec-
tive method of fabricating pipe assemblies for
shipboard systems which will reduce the labor,
material handling, flow through the system and
space required for storage as well as fabrication
area.

b. Criteria The facility must be designed to handle
1%, inch through 24 inch diameter pipe, all
ASTM Classes and MIL-SPECS and Sched-
ules, as well as copper nickle, stainless sted,
etc. used in shipboard systems. The facility
must be versatile and capable of handling new
ship piping systems as well as repair jobs and
specialty items.

The following items represent the funda-
mental requirements necessary for inclusion in
a semi-automatic pipe fabrication system which
can beinstalled individually or as a complete
system with modification, implemented with
certified procedures, where necessary, and
fully utilized by any major shipyard as a
production facility.

. Provide a systematic rack storage and locator
system for storage of all ASTM Classes and
MIL-SPECS and Schedule and copper
nickel and stainless steel pipe stock.

. Provide an automatic feed pipe rack with
push button select controls.

« Provide an automatic conveyance system to
be used for moving pipe from one work sta-
tion to another.

. Provide an automatic pipe measuring sys-
tem.

« Provide an automatic marking system for
part identification.

« Provide semi-automatic loaded cutting ma-
chine of a variety compatible with the alloy
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mix of pipe going through the facility.

. Provide automatic flange fitting and welding
devices capable of welding the alloy mix of
pipe going through the facility.

. Provide semi-automatic loaded bending ma-
chines capable of producing 1v2 or 2 diameter
bends . . . and provide a hot bending device
and required heat source along with this for
bending extra heavy wall pipe and large
diameter pipe.

. Provide the various types of welding ma-
chines to process the alloy mix of pipe going
through the facility.

. Provide manipulator fixtures integrated with
various types of welding machines for
processing sub-sub-assemblies, sub-assem-
blies and assemblies.

. Provide X-ray facilities equipped with semi-
automatic manipulator for positioning pipe
assemblies during the time they are being
processed.

. Provide semi-automatic internal and external
surface preparation systems for cleaning and
pipe coating assemblies.

. Provide machines, tooling and handling
equipment for processing specialty items.

. Provide racking system with automatic or
semi-automatic locator system for temporary
ts)}lorage of palletized completed pipe assem-

ies.

. Provide transportation and handling equip
ment for transporting palletized pipe assem-
blies from temporary storage to the installa-
tion site.

. Provide a software package to support the
fabrication facility.

2. Research Conclusions

a. Operating under the general procedure, it was
determined that there is not a semi-automatic
pipe fabrication facility that meets the criteria
as outlined. The semi-automatic pipe fabrica-
tion systems which exist today are considered
to be partial systems limited as to pipe diameter
and alloy mix. The existing systems are also
limited as to the processes within the systems.

b. The existing semi-automatic pipe fabrication
systems have one very important common de-
nominator—they are very efficient, and they
effect cost savings despite the limiting factors.

c. It was determined that most of the equipment.
machines and devices required to meet the cri
tens are available in the world market today.

The task of modification of existing equipment, ma-
chines and devices remains, as well as the development
of prototype machines that are necessary to fulfill the
criteria as outlined.

3. Feasibility
a. It was determined that the criteria are sound.
b. It was determined that the equipment, ma-
chines and devices that are available in the
world market place can be purchased indi-
vidually, used individually or modified and
utilized by being integrated into a semi-auto-



matic pipe fabrication system.

Considerable effort was directed toward study-
ing the feasibility of machines required by the
criteria but non-existent in the world today. The
machines in this category have been proven
feasible, however prototypes must be designed
and the processes certified in order to
categorize these items as production equip-
ment.

A semi-automatic pipe fabrication system as
outlined in the criteria is feasible and can be
installed on incremental base considering work
station planning, or as a complete system, by
any major shipyard. It is possible that smaller
shipyards can automate on incremental base to
the point that capital investments justify.

4, Work Station and or Process Feasibility
The following will provide detailed information per-
taining to available equipment, machines and devices
and feasible equipment, machines and devices at the
work station or process level.

a Criteria-storrme of Raw Material

b.

C.

s Develop asystematic rack storage and loca-
tor system for storage of all pipein sizes from
1% inch to 24 inch diameter by wall thick-
gﬁss ASTM or MIL-SPECS category, and

oy.

. De\yelop an automatic feed system for the
pipe rack whereby an operator can select a
specific pipe section from the rack, load the
pipe onto the conveying system and convey
the pipe section to the pre-selected work
station, by-passing work stations not re-
quired. Selection, loading, conveying and
work station to be push button controlled.

Research Conclusion:
Pipe storage racks meeting the criteria are avail-
able in Japan and Europe. Several foreign ship-
yards are presently using automatic feed racks
to support their pipe fabrication facilities. Some
domestic industry, such as chemical plants, ail
refineries, etc. have recognized the need for
systematic rack storage with automatic retrie-
val and have designed, fabricated and installed
such racks. The storage racks seen in foreign
and domestic plants varied in size, with capaci-
ties of from one week to six months' supply,
with as many as 30 different sizes or alloys of
pipe. The pipe racks currently instaled at
foreign shipyards were designed by the system
supplier and made by the user. It was deter-
mined that no such racks are available for
purchase as a stock item in the United States.

Feasibility

e Conclusions from our research prove that
the storage of raw material as outlined in the
criteria is feasible. Racks as described can be
purchased as a production item or designed
and built by the user to suit the user’s needs.

e For inclusion in the proposed automatic pipe
fabrication system, a prototype racking sys-
tem must be designed. Conceptua drawings
and specifications are included in the ma-
chine concept section of this document.

14

5. Handling System
a. Criteria
It would be necessary to develop an automatic con-
veying system to be used for moving pipe from one
work station to another. Each work station would
have an automatic kick out and loading device, and
would be equipped with controls to select the pieces
of pipe with respect to size, wall thickness, aloy and
length to be processed in sequence. Any pipe not
requiring that process would by-pass the station and
gueue up for the next process according to the
production drawing sequence.
b. Research Conclusions

. A conveyer of adesign to transport straight
pipe sections is available from domestic and
foreign suppliers.

. Transporting bent or flanged pipe requires
aspecial type of conveyer. Part of this type of
conveyer can be purchased. The remainder
must be designed to fit the facility.

« Loading and unloading kick outs and transfer
sections are available both from domestic
sources and from foreign suppliers. Some
specia loading and unloading devices would
have to be designed to feed machines not pre-
viously automated.

. Automatic and/or push button controls are
available for purchase as a stock item. The
engineering requirements for proper se-
guencing and phasing, however, must be
developed to suit the particular system being
installed.

e |t is possible to purchase the conveying
equipment, loading and unloading kick outs
and controls as a package. The user must
determine, however, the type and quantity of
conveyer loading and unloading, kick outs
and controls required. This is a natural
process during facility design and layout.

c. Feasibility

. Conclusions from our research prove that
the handling system as outlined in the criteria
is feasible.

e Part of the handling system can be pur-
chased-the balance must be designed. Pro-
totypes must be tested.

. Concept designs and specifications are in
eluded in the machine concept section of this
document.

6. Measuring System
a. Criteria
A system must be developed which can be used to
automatically measure pipe for cutting to length,
bending and other layout requirements.
b. Research Conclusions
. The capabilities of measuring and cutting to
length are available and installed on all
cutting machines seen at automatic pipe
fabrication facilities.
e Measuring and locating hole cuts is a manual
operation in facilities visited.
e Measuring and layout of bends is automati-
cally accomplished when using N.C. bend-
ing machines. Standard bending machine



measuring is manual.
« Assembly areas utilized manual measuring.

c. Feasibility

. Automatic measuring systems can be pur-
chased for cutting machines (cut to length)
and can be built into cutting machines.

. It is feasible to locate the center of holes to
be cut after the pipe piece isloaded into the
automatic hole cutting machine. A prototype
must be designed and tested.

. Other layout requirements can be accom-
plished automatically. Prototype devices
must be designed and tested.

conclusion, it became necessary to break
down the criteriainto types of cuts and study
processes for each type. This was accom-
plished and the research conclusions follow.
« For sguare cut 1%z inch to 20 inch diameter
pipe, it is essential that square cuts be proc-
essed as a machine cut utilizing a saw or cut-
ting tool. If a bevel is required, this must be
accomplished by a machine tool device. Cut-
ting saws are available through a domestic
supplier. Beveling machines are also avail-
able as a production item. Machine tool cut-
ting and automatic beveling are available as
a production item, but this type of machine
isaslow process and not recommended for

7. Marking (Component and Assembly Part |dentifi-
cation)
a. Criteria

high volume usage. Saws are recommended
for high volume pipe cutting for pipe 1% inch

Develop a system which can be employed to
automatically mark each component sub-sub-
assembly, sub-assembly and assembly with the
specific part number called for on the produc-
tion drawings. Deploy this system as an attach-
ment to the cutting machine.

b. Research Conclusions

Component and assembly part identification
marking is a manual operation in domestic and
foreign shipyards. The method of die stamp-
ing was studied, but proved unsatisfactory.
This method is not acceptable by regulatory
agencies for it is a potential pipe failure point.

c. Feasibility

A prototype marking device must be designed
and tested. Concept design and specifications
are included in the machine concept section
of this document.

8. Cutting and Edge Preparation
a. Criteria

. Select the various cutting processes eco-
nomically required to process the alloy mix
of pipe going through the system. The quanti-
ty of each type of cutting machine must be
controlled by the diameter range and alloy
range of the specific cutting machine. Par-
ticular attention should be given to cutting
speeds and quality.

. Develop an automatic loading and unloading
device for each cutting machine that is push
button controlled. The usable piece of pipe
will be conveyed to the next work station.
The scrap will automatically be dispensed
for removal.

. Design edge preparation into the cutting
machine for end cuts, with the exception of
plasma cutting. The bevel can be done during
cutting; however, provisions must be de-
veloped for final edge preparation.

. Develop an edge preparation system for hole
cuts .

b. Research Conclusions

. It was determined that the cutting process
is the most critical process in the automated
systems. The point at which the pipeis cut
isusually afit and weld joint done later on
during the production process. Based on this
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to 20 inches in diameter. Pipe over 20 inches
in diameter should be plasma/gas cut due to
the sizing of saw (disc) blades and economics.

. Contour End Cuts
Plasmal/gas contour cutting machines are
readily available through domestic or foreign
suppliers. These contour cutting machines
have the capability of cutting the desired
contour and beveling simultaneously. Edge
preparation is necessary and presently is
accomplished manually.
. Hole Cuts

Boring machine cutting of holesis possible
but not cost effective. The most cost effective
production process is plasma/gas cutting,
with hole edge preparation again accom-
plished manually. Some noteworthy develop
ment work is taking place in this area. There
is a system manufactured by T/Drill which
can produce the holes necessary for branch
pipe work. Details on this device are covered
In the Advanced Study section of this docu-
ment.

c. Feasibility

. High speed cutting saws, plasma/gas con-
touring machines and plasm/gas hole cut-
ting machines are available for purchase
through domestic or foreign suppliers.

. Automatic beveling machines are available.
A prototype machine, however, must be
designed and tested to meet the criteria cost
effectively.

« Concept design and specifications for cut-
ting stations are included in the machine con-
cept section of this document for inclusion
in the proposed semi-automatic pipe fabrica-
tion system.

9. Automatic Flange Fitting and Welding
a. Criteria

Develop automatic flange fitting and welding
device. Select and incorporate into the device
the various welding processes required to
process the alloy mix of pipe going through
the system. The quantity of auto flange fitting
and welding devices will depend upon the
diameter range designed into the devices. Each
device will have push button selectivity for



weld procedure, loading and unloading.
Research Conclusions

Automatic flange fitting and welding ma-
chines are available from foreign suppliers
only. The existing machines are limited to
pipe size and aloy.

The general opinion of domestic shipbuilders
is that flanging is a small part of the work
load. It was determined that, through auto-
mation, this segment of the work load would
expand, reducing field fitting and welding.
During the research in this area, it was de-
termined that if aflange finish deviceis de-
sired, such a device is available from foreign
suppliers. Its use would be to clean the inside
weld, dressing the weldment, and that it
should be included with the work station.

Feasibility

Conclusions from our research prove that
automatic flange fitting and welding is feasi-
ble. The basic machine is available. A pro-
totype machine fitted with an interchange-
able welding system must be developed.

A prototype flange fitting device must be
designed to allow for the various types of
flanges used in domestic shipyards.

An automatic loading and unloading device
must be modified to fit the feed conveyer
and automatic flanging machine.

The automatic flange finishing machine must
be modified and fitted with loading and un-
loading mechanisms.

Concept drawings and specifications are
available in the machine concept section of
this document.

10. Bending
a. Criteria

« Select and/or develop bending machines

capable of producing 1% and two diameter
bends with or without flange.

Develop automatic loading and unloading
devic-one for each bending machine.

. Select bending equipment for large diameter

ipe.

pIp
b. Research Conclusions

Flanges on N.C. bending machines for pipe
range from 2 inch to 12 inch diameter are
available from foreign suppliers. The domes-
tic bending machine manufacturers indicated
no interest in developing the capability of
handling flanges on bending machines over 8
inch diameter.

Loading and unloading devices for bending
machines are available from foreign sup-
pliers.

The volume of large pipe requiring bending
may not be sufficient for automation, how-
ever vibrator bending or high frequency
bending machines are available from foreign
suppliers.

c. Feasibility

. Bending machines meeting the criteria for

pipe ranging from 2 inch to 12 inch diameter
are feasible.
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. Loading and unloading devices are available

—however, prototypes must be designed for

automation and conservation of space.

. Large pipe, as outlined in the proposed Pipe

Shop layout, is a low volume work load-
therefore, hot bending will suffice.

. Conceptual drawings are available in the

machine concept section” of this document.

11. Welding

a. Criteria
Select the various types of welding machines
required to process the alloy mix of pipe going
through the system. Develop a rolling device
for welding straight pipe, incorporating an auto-
matic loading and unloading mechanism con-
trolled by push button.

b. Research Conclusions

Various types of welding machines are avail-
able from foreign and domestic suppliers.
Substantial research in welding technology
has taken place in Europe, Japan and the
United States.

It was necessary to detail the criteria during
the progress of this study. The criteria were
revised to automate welding through the use
of manipulating the welding gun and/or
manipulating the work piece.

Butt welds can be accomplished successful-
ly by rolling the work piece. The welding
gun is fixed in this operation.

Branch welding 90 degrees can be accom-
plished by manipulating the welding gun;
the work piece is fixed.

Branch welding 45 degrees, 60 degrees can
be accomplished by manipulating the weld-
ing gun and the work piece.

c. Feasibility

Semi-automatic welding of butt welds and
branches 90 degree, 60 degree. 45 degreeis
feasible through manipulating the welding
gun and/or the work piece.

Additional information on this process is
available in the Advanced Study section of
this document.

Conceptual design and specifications are
available in the machine concept section of
this document.

Prototype machines must be designed and
tested.

12. Assembly Area
a. Criteria _
. Develop manipulators and fixtures whereby

sub-sub-assemblies, sub-assemblies and as-
semblies of pipe sections can be processed
in the most cost effective way. The manipu-

lator is to be fitted with semi-automatic .

loading and unloading devices, and of a
design capable of positioning the main body
pipe section so that fitting and welding of
tee sections can be accomplished.

b. Research Conclusions _
« The manipulators and fixtures outlined in

the criteria were studied concurrently with
the welding machines.



« Work piece manipulator rolling devices and
fixtures are available from domestic and
foreign suppliers. However, these devices
must be fitted with loading and unloading
mechanisms.

* It must be noted that not one facility visited
during the course of this study has made any
effort to automate the assembly area.

c. Feasibility

. In the area of branch welding, research
shows feasibility with respect to manipulat-
ing main pipe for fitting and welding 45 de-

_ gree, 60 degree branches.

Z After prototype welding equipment is de-
signed and tested for 90 degree branch weld-
1i°nlgl” 45 degree and 60 degree prototypes will
ollow.

13. X-ray Equipment
a Criteria
Develop the configuration and quantity of X-ray
booths and equipment required to support the
maximum work load passing through the work
station. Develop semi-automatic handling
equipment required for loading, manipulating
and unloading the X-ray booths.
b. Research Conclusions
« Research disclosed that this basic X-ray
equipment is available but requires modi
fication for automation.
. Protgéype equipment must be designed and
tested.

* Loading and unloading devices are available
and can be purchased on the domestic mar-
ket. This equipment will need modification
to suit the facility.

. In the facilities visited during the course of
this study, X-ray work stations were ex-
cluded from automation.

c. Feasibility

. It was determined that an X-ray work station
can be operated semi-automatically. A con-
ceptual design is available with specifica-
tions in the machine concept section of this
document.

14. Surface Preparation and Coating
a. Criteria

« Cleaning-develop a semi-automatic internal
and external surface preparation system for
pipe before the fabrication process is com-
plete.

. Coating-develop a semi-automatic internal
and external coating system for pipe before
the fabrication process is complete.

b. Research

. External pipe cleaning machines are avail-
able from both domestic and foreign sup-
pliers. The machines studied varied in con-
figuration. Some have the capability of
processing four (4) twenty (20) foot long pipes
at one time.

. ‘!ﬁernal pipe cleaning systems are also avail-

e

« Research pointed out that existing internal

and externa cleaning systems are treated as

two separate work stations. The internal
systems seen were not automated.

. External pipe paint system are available.
They are automated and positioned adjacent
to or in the near proximity of the external
blasting machines.

. Internal coating is applied manually.

c. Feasibilitv

. It was determined that the eguipment neces-
sary for external blasting is available.
Through engineering modification, it is feasi-
ble to blast internal and external pipe sec-
tions automatically. A prototype machine
for internal and external blasting. must be
designed and tested.

. Concept drawings and specifications are
available in the machine concept section of
this document.

« The same situation exists with internal and
external painting. Prototype equipment must
be designed and tested for automating the
cleaning process as well as the painting
process.

15. Specidty Area
a. Criteria

Develop an area by selecting machines, tools

and handling equipment for processing special-

ty items of a configuration and volume not suit-
able for automatic or semi-automatic process-
ing. This specialty area would be part of the

Pipe Shop, and its location should be accessible

to the automatic conveying system. This would

provide a cost effective utilization of auto cut-
ting end preparation-bending, hole cutting,

X-ray equipment, etc.

b. Research Conclusions

. The equipment requirements for a specialty
work area are available as production equip-
ment.

. The handling and manipulation of the work
piece in this work station is presently ac-
complished manually.

c. Feasibility

. Itisfeasible to locate this work station where,
by prefabrication, sub-assemblies can be
transported to this work station by the auto-
matic conveying system.

. The selection of special manipulators can
improve efficiency in this area.

. Prototype manipulators must be designed
and tested.

16. Final Product Temporary Storage
a. Criteria
Develop a system whereby fabrication pipe and
specialty items can be palletized and stored in
aracking system in usage order until required
for shipboard installation. Provide an automatic
locator system to be used for accountability
and retrieval.
b. Research Conclusions
. Temporary storage areas have been seen at
most of the yards visited during the process
of this study. Most of the equipment re-
quired is available and can be purchased.



Extensive modifications, however, would be
required.
c. Feasibility

. The problem with this area is that the storage
system must be designed in the conifiguration
necessary to work with the production cri-
teria of the specific shipyard. For example,
if acertain shipyard installs pipe in sections
prior to hull erection, the temporary storage
requirements are different from installing
pipe systems after hull erection is completed.

. Final product temporary storage as outlined
in the criteria is feasible. Prototype equip-
ment must be designed and tested.

17. Transportation and Handling of Final Product to
Installation Site
a. Criteria

Select and/or develop cost effective transporta-

tion and handling equipment for the selection,

picking up, transporting and delivery of fabri-
cated pipe and specialty items to the installation
sSite.

b. Research Conclusions

* The equipment required to support this func-
tion is available for purchase.

. Selection must be done with consideration
given to the design of the temporary storage
system.

c. Feasibility

Based on research, it was determined that the

transportation system is feasible.

18. Software
a. Criteria

Develop a software package to operate this

system that would have the capability of pre-

paring pipe detail drawings. As these drawings
are being prepared, the program should select
the concurrent preparation of bills of material,
shop production schedules, material flow
schedules, cutting lists, assembly marking and
bending data, machine loading schedules and
final disposition and delivery schedules. Sev-
era “stand aone” but integrated software
packages, to suit the level of automation and
types of equipment eventually selected, will
probably be required. The implementation of
the required software will require complete
application capability which is available at most
major ship yards.

b. Research Conclusions

. Software packages are available and can
be purchased from foreign suppliers.

» The Maritime Administration has funded a
feasibility contract to Newport News Ship-
building and Drydock Company for the
development of a software package which
would provide engineering-including digi-
tizing-in support of the automated design
system.

c. Feasibility

Z A software system meeting the criteria is
feasible.

. A software system developed by Mitsui
Engineering and Shipbuilding Company

Limited is included in Section I11 of this doc-
ument to illustrate the scope and require-
ments.

D. Anticipated Benefits
The major benefits anticipated through the development of
this project fall into the following area.

1. Excessive Handling

2. Fitting

3. Welding

4. Cleaning and Coating

5. Labor Expense

6. Process Flow Time
Using a LASH ship as a base, we estimate the percentage
saving for each of the following items.

REDUCTION PER SHIPSET

1. Handling Man-hours 68 percent
2. Fitting Man-hours 55 percent
3. Welding Man-hours 35 percent
4. Cleaning Man-hours 79 percent
5. Coating Man-hours 86 percent

Using these percentages as a base, it is conceivable that
Avondale could fabricate al ship piping systems for 45,000
man-hours compared to 75,000 man-hour cost. This is an
overal reduction of approximately 39.8 percent per shipset.

E. On-Site Facility Surveys

1. On-site Surveys of Foreign Facilities

FACILITY

Bayer AG

Chantiers De L’ Atlantique

Chantiers Di Castellammare
Di Sabin

Chantiere Di Monfalcone

Chita Shipyard (IHI)

ESAB-HEBE Company

Howal dtswerke-Deutsche
Werdt (HDW)

Ishikawgjima-Harima
Heavy Industries

Italcantieri-Cantiere De
Geneva-Sestri

Kockums AB

Larikka Company (T-Drill
Company)

M esser-Greishiem

Mitsui Chiba Yard

Mitsui Engineering&
Shipbuilding Co.

Heinrich J. P. Muhlham Co.

Nippon-Kokan

Oxytechnik

Rauma Repola Shipyard

Wartsila Works

LOCATION

Dormagen, West Germany
St. Nazzaire, France
Naples, Itay

Trieste, Italy

Nagoya, Japan
Hallsberg, Sweden
Keil, West Germany

Tokyo, Japan
Geneva, Italy

Mamo, Sweden
Vaasa, Finland

Frankfurt, West Germany
Chiba. Japan
Tokyo, Japan

Bremen, West Germany
Nagoya, Japan

Frankfurt, West Germany
Rauma, Finland
Ylvieska, Finland

2. On-site Surveys of Domestic Facilities

FACILITY
Babcox/Wilcox, Inc.

LOCATION
West Point, Mississippi

Bath Iron Works Corporation Bath, Maine

Conrac Corporation, Tool
Division

Cypress Welding Equipment
co.

E. L Dupont Company

E. I. Dupont Company
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Westminister, Cdifornia
Houston, Texas

Albany, Georgia
Orange, Texas



Fairfield Machine Company

Columbiana, Ohio

Gaido-Lingle Company, Inc. Houston. Texas

General Dynamics
Corporation
Quincy Shipbuilding Div.
Ingalls Shipbuilding

Division of Litton Industries

National Steel &
Shipbuilding Co.

Newport News Shipbuilding
and Dry Dock

Porta Tools, Division of
DND Corp.

Benjamin F. Shaw Co.

Southeast Fabricators Co.

Southwest Fabricating &
Welding Co.

W. K. Stamets Company

Steffan Manufacturing Corp.

Texas Pipe Bending Co.
Todd Shipbuilding Corp.

Quincy, Massachusetts

Pascagoula, Mississippi
San Diego, Cdifomia
Newport News, Virginia
Houston, Texas
Laurens, South Carolina
Baton Rouge, Louisiana
Houston, Texas
Columbiana, Ohio
Salem, Ohio

Houston, Texas
San Pedro, Cdlifornia
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Manual pipe fabrication facility.

Semi-automatic pipe fabrication facility.
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A. Generd

This section is dedicated to the conceptual design of the pro-
posed semi-automatic pipe fabrication facility. Included are
specifications and machine concept drawings which we be-
lieve are essential.

Avondale Shipyards existing Pipe Shop was used as the
base during the development planning required to produce
the facility layout, fabrication sequence, production flow and
production rate.

B. Basic and Principal Features

1. The basic idea in studying and planning this pro-
posed pipe processing system is as follows:

a. This system is to be an integrated processing
line with automation.

b. In the planning of this new semi-automatic
Pipe Shop, great emphasis was placed on the
automation of welding and a handling system
that does not use cranes.

c. Concerning the effects of automation, the
aspects of not only saving man-hours but also
standardizing fabrication methods, improving
fabrication precision and achieving centralized
control of scheduling and material handling
should be considered.

2. The principal features of the equipment to be in-
stalled in the new semi-automatic Pipe Shop are as
follows:

a. A Surface preparation system for raw material.
The internal side of the-pipe would be cleaned
automatically in a closed cabinet by the use of a
shot blasting lance. The externa surface would
be blasted using a blasting device located inside
the closed cabinet.

b. An automatic marking, measuring and cutting
system. Two kinds of cutting machines would
be used depending on the diameter of the pipe.
For pipes 1% to 10 inches in diameter, machine
cutting would be used. For pipes 12 to 24
inches, plasma or gas cutting would be applied
with consideration given to the versatile use of
the material. All of the work, from bringing in
pipes to taking away scrap pipes, would be
automated in accordance with the machine
instruction system.

c. A flangefitting and welding system.

Four kinds of automatic welding machines
would be used depending on the size and types
of flanges. For steel dlip on type flanges of 2 to
10 inches in diameter, a push button flange fit-
ting and welding machine would be used. For
stainless steel and non-ferrous metal flanges of
2 to 10 inches in diameter, TIG welding. Butt
flanges with consumable insert rings would be
used to save the time required for exchanging
filler wires depending on the flange material.
For weld neck flanges on 2 to 10 inch pipe di-
ameters, one side plasma arc welding with back
shielding gas would be used to obtain high quali-
ty weld jointsthat will pass the stringent X-ray
inspection. For steel flanges of 12 to 24 inch
diameter, gas metal arc welding processes
would be utilized. In these welding machines,
positioning of welding torches before welding
would be done manually if necessary—but,
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during welding, it would be done automatically
by arc voltage controls and sensing groove
detectors.

A bending system with suitable loading and
unloading device.

Three types of cold benders coupled with
automatic pipe loader and unloader would be
used-4 inch, 8 inch and 12 inch flange on bend-
ers for pipe up to 4 inch, 8 inch and 12 inch
diameter . . . each equipped with punch card
machine instruction devices. For extra heavy
wall pipe and large diameter pipe, a hot bending
process would be used.

An assembling and welding system. for elbow
and branch pipe.

Fitting and welding of branch pipe to main
pipe over 14 inches in diameter would be
processed manually. A prototype 90 degree
branch welding device has been developed
proving the feasibility of semi-automatic weld-
ing of branch pipe to main body pipe. A pro-
duction model of the 90 degree branch welder
can be manufactured. For fitting of branch pipe
to main pipe, a branch pipe positioner would be
loaded manually. Branch pipe from storage
would be set to main pipe in the suitable posi-
tion. A series of this movement would be con-
trolled by push button operation. Included with
the 90 degree branch welder is a hole cutting
device which is push button controlled and
semi-automatic, with quick select burning sys-
tems. Also designed into this equipment are 40
degree and 60 degree burning and welding of
branches 12 to 24 inches in diameter with semi-
automatic push button control for load manipu-
lating, burning and welding. Concept drawings
are available. For fitting of elbow to straight
pipe, an elbow positioner and welding manipu-
lator have been designed. A series of the
movement from picking up the elbow in elbow
storage to fitting the elbow in a suitable position
would be semi-automatically controlled by
push button operation. Welding of one end butt
joint of the elbow would be semi-automatically
carried out with pipe rotation.

Various types of welding positioners and
manipulators.

The following types of welding positioners
and manipulators are designed to redlize easy
welding and to improve the efficiency and quali-
ty of the welding work.

. One set of GMA flange welding machines
for short pieces less than 36 inches in length.

« Universal welding positioner with GMA
semi-automatic welder.

. Pipe welding elbow fitting devices for pipes

210 30 inchesin diameter.

. Pipe rotation and welding manipulators for
butt welding of pipe.

X-ray facilities.

Two sets of X-ray facilities are proved. One is

for 2 to 10 inch pipe, and the other for 12 to 24

inch pipe. The X-ray generator is movable,



while the inspected pipe would be fixed on the

pipe carrier. The X-ray generator can be easily

set by hand with the assistance of a hand type

mani pulator.

h. Handling system.

In order to save man-hours and secure work

safety, the plan is to use cranes as little as possi-

ble. For this purpose, the machines would be

arranged in the pipe processing order with con-

veyers provided in the shop for handling the

pipe. These conveyers would operate at safe

speeds automatically, stopping at the desig-

nated work stations for removing pipe from the

conveyer by instructions from cards or the

select switch. The following devices would be

provided to limit the use of cranes as much as

possible:

Z Automatic pipe loaders for benders.

. Pipe unloaders for removing bent pipe from
benders.

* Elbow positioners for fitting elbows to pipe.

» Branch pipe positioners for fitting branch
pipe to main pipe.

» Motorized dollies for transporting complete
pipe assemblies.

C. Genera Condition
This system shall perform under the following conditions.

L

3.

Pipe
Diameter:
Length:
Material:

1v% through 24 inches
Maximum single random
Carbon Steel ASTM A53
Carbon Steel ASTM A106
Carbon Steel ASTM A135
Alloy Steel ASTM A335
Stainless Steel  ASTM A312
Copper ASTM B42
Copper Nickel ~ ASTM B466 &
MIL-T-16420
Wall Thickness: Schedule 40 (STD), Schedule 80
XS
I(:Iargges
Diameter:

Type

1v% through 24 inches

Slip on welding steel pipe flanges

ANS| B16.5 150 LB, 300 LB,

600 LB and 900 LB.

Socket welding steel pipe flanges

ANSI B 16.5600 LB, 900 LB and

1,500 LB.

Butt welding steel pipe flanges

ANSI B16.5 600 LB, 900 LB and

1,500 LB.

Slip on brazing copper pipe flanges

ANSI B16.5 150 LB and 300 LB.

Bronze Flanges

MIL-F-20042

Steel Flanges

MIL-F-20670

Daily Production Rate
Material Stedl

Size Pipe

1% to 107 66 pcs.
12 to 24" 15 pes.

TOTAL

Non-ferrous Pcs./Day
Metal Pipe  Totad
54 pcs: 120 pcs.
15 pes. 30 pcs.
150 pcs.

Figures are estimated. For details, refer to "pro-
duction flow and production rate.” Working hours
per day-8 hours.

4. Number of Workers

The number of workers needed to operate a semi-
automatic pipe fabrication. shop isestimated as
follows.

Section Number of
Workers
Fabrication:
Machine Operation 12
Welding 10
Fitting 10
Others (including supervision) 7
Material Preparation 3
Handling and Transporting in the
Shop 3
Sorting and Pelletizing 3
TOTAL 48 men

The above figure is estimated considering the fact
that the shop is operated by trained and qualified
workers.

D. Actual/Proposed Time Comparison
The following matrix compares nine functions. The existing

operation was time studied at Avondale Shipyards Pipe

The proposed operation is an actual cycle time utilizing auto-
mation to perform the same tasks. It must be noted that this
comparison was made at two different places-therefore, it is
not a single facility study. The study points out, however, the
tremendous savings which can be attained by automating
pipe fabrication facilities. The time measured was that
required to load the machine, process the work piece, unload
the machine. All other operations were omitted.
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Proposed Existing

1. Pipe Storage Rack

Cycle Time 15 Min. 10 Min.
Input Data
a. Pipe Diameter

b. Pipe Thickness

2. Auto Punching

Cycle Time 2 Min. 5 Min.
Input Data
Punching Position

Punching Letters

3. Auto Marking

Cycle Time 2 Min. 10 Min.
Input Data
Pipe Diameter

Marking Positions

4. Auto Cutting

Cycle Time 2 Min. 10 Min.
Input Data

Pipe Diameter

Cutting Position

Cutting Shapes

Sorting Destinations

5. Auto Flange Fitting/Weld

Cycle Time (Including
Weld)

Input Data
Position of Flange Holes
Welding space

5 Min. 25 Min.



Tack Welding Conditions
Welding Conditions
Sorting Destinations
6. Butt Welding _ _
Cycle Time 6 Min. 30 Min.
Input Data
Fitting Position
Welding Conditions
7. Bevel Cutting _ _
Cycle Time 4 Min. 10 Min.
Input Data
Cutting Position
Cutting Speed
8. Pipe Bending _ _
Cycle Time 4.5 Min. 10 Min.
(2 Bent Pipe)
Input Data
Angles
Planes
Positions
Flange Hole Pitch
Diameter
9. Branch Pipe Welding ) }
Cycle Time 10 Min. 30 Min.
Input Data
Fitting Position
Welding Conditions
TOTAL 37 Min. 140 Min.

NOTE: Samples taken on 4 inch diameter standard pipe.
.160wal1l.



E. Equipment Requirement

Mark” Name of System and Machine Remarks
1 Sorage System for Raw Materia
1-1 Elevator Selector Carriage (For
Live Storage Racks) Make
1-2 Live Stock Rack (1%2" to 6”) Make
1-3 Live Storage Rack (8" to 10")  Make
14 Live Storage Rack Make
1-5 Feed Table Make
1-6 Field Pipe Storage Make
1-7 Large Pipe Storage (Crane
L oaded and Unloaded) Make
2 Surface Preparation System for
Raw Material
2-1 Automatic Shot Blasting and Purchase
Cleaning Machine (4" x 24") and Modify

2-2 Automatic Painting Equipment

Purchase

and Modify
2-3 Automatic Drying Equipment ~ Purchase
and Modify
3 Automatic Measuring, Cutting and
Edge Preparation System
3-1 Edge Preparation Machine
(2" to 10") Make
3-2 Contouring Machine (2" to 14")
(Plasma/Gas) Available
3-3 Cutting Machine (144" to 14")  Purchase
34 Contour Machine (8" to 24")
(PlasmalGas) Purchase
4 Marking System
4-1 Automatic Marking Machine Make
5 Flange Fitting and Welding Device
5-1 Flange Fitting and Welding Purchase
Device (2" to 10") and Modify
5-2 Flange Welding Machine Purchase
(10" to 24") and Modify
6 Flange Finishing Device
6-1 Flange Finishing Machine Purchase
(2" t0 107)
7 Bending System
7-1 4" Pipe Bender Purchase
7-2 8" Pipe Bender Purchase
and Modify
7-312" Pipe Bender Purchase
and Modify
7-4 Hot Slab Available
7-5 Storage Slab Available
7-6 Heating Equipment Available
7-7 Sand Container and Machine Available
8 Contour Cutting
8-1 Contour Machine (2" to 10") Available

(Plasma/Gas)
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9 Elbow and Branch Pipe Assembly,
Welding System
9-140 and 60 Burning and Welding
Branches (12" to 24")

9-2 High Elevated Elbow Welder
(Sub-sub Assembly) (2" to 12")

9-3 a/ ress Hole Cutting and
Welder Branches (2" to 14”) 90
Degree

9-4 Final Assembly (Area)

Research
and
Develop/

Available

Research
and
Develop/

Research
and
Develop/

10 Various Types of Positioners,
Manipulators and Welding
Equipment

10-1 Double Rotators Parallel with
Common Welder or Tacker (Elbow

Rotation and Joint Welder)

(12" to 24™) Available
10-2 Manipulator Purchase
and Modify
10-3 Elbow Rotator and Joint Welder
(18" to 30") Purchase
10-4 Positioner and Fit-up Rotator
Station Welder (12" to 24”) Purchase
10-5 High Boy Rotator with 2
Variable Support Dollies for
Elbows (2" to 12") Available
10-6 Pipe Rotator and Welder 2
Double Dollies Available
10-7 Automatic Flange Welding
Machine for Short Pieces Purchase
11 X-Ray Facilities
11-1 X-ray Booth (2" to 10") Resctjaarch
an
Develop/
11-2 Conveyer (Pipe Carrier) Available
11-3 Manipulator Available
11-4 X-ray Booth (12" to 24") Make
11-5 Conveyer (Pip Carrier) Available

11-6 Manipulator

Available

11-7 Scissor Jack Purchase

11-8 Re-work Area Available
12 Pipe Handling System

12-1 Roller Conveyer Purchase

12-2 Cross Over Rail Runner Make

12-3 Pipe Kick-off Conveyer (TYP) Purchase

and Modify
12-4 Pipe Kick Out for Transfer Purchase
Table (Typical) and Modify
13 Specialty Area
13-1 Pipe Threading Machine
(/) to 2) Available
13-2 Pipe Threading Machine
(3" to 127) Available
13-3 Stone Saw Available
13-4 Band Saw Available
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J.  Specification of Equipment and Machines with Concept
Drawings

Each specification and concept drawing has been assigned a
number. This number is a locator number which is identical
to the equipment number shown on the plan view and iso-
metric layout of the Pipe Shop, Drawing 031-M76-8-2,
Sheets 11 and 12 respectively. The purpose of the numbering
system is to provide the reader with a quick reference from
the layouts to the detail conceptual drawings, or vice versa.

1-1  Elevator Type Storage

Number of Set: 3

Stored Pipe o
Nominal Size: 1Y% - 6 8”-10
Length: Single Random
Kind of Pipe: 32(4 kinds x 8)

Number of Pipe: 1208 (totally in case
1% - 6" pipes only)

Function & Control

Up-down drive of pick-up device; rack and pinion
drive by electric motor

Push-pull motion drive of pick-up device; pneumatic
cylinder

Positioning of pick-up device; automatically by limit
switch

Loading table; gravity fed-hydraulic-kick outs
Pipes are loaded on the loading table by crane.

A pipeis selected out according to instructions of the
pushbutton on the operation desk for the shot
blasting machine.

Selected pipe on the skid is transported to roller con-
veyer by means of transferring device furnished
in the elevator type storage.

1-2  Skid Type Storage

Number of Set 3

Stored Pipe
Nomina size: 12 /24"
Length: Random

Number of Pipe: 16 (in case of 18")
Function & Control

Area of skid 20 X 26’

Pick up device: Driven by pneumatic
cylinder. Pipes are
arranged on the skid

according to the order to be
processed a day. One pipe
is taken out on the roller
conveyer by pushing
button. It is controlled
from shot blasting machine.

31

q ! .'E L ] Lr

2stoly

12toly'
9

2o'-on
i

CRANE

P Y

ot

‘2o VA

[29" oL
i |

Elevator Type Storage Rack

S

J

_

pneumatic
cylinder

Skid type storage with pick up device



2-1

Surface Preparation System for Raw Material

Automatic Shot Blasting Machine

By this method the internal and external pipe sur-
faces are blasted. When internal blasting is not re-
quired, by-pass the lance

Number of Set One;
Applied Pipe
Diameter 1%" -24”
Length: Max. Random
M ethod Nozzle & Lance
INTERNALS
r—'EXTERNAL BLASTING
CABINET

CONVEYCR
Composition
Grits collector One Set
Bucket elevator One

Blast tank (two steps continuous work type) One
Abrasive hose and nozzle (Nozzledia. °/;)  Four

Grit shield with dliding mechanism One
Dust collector One
Pipe feeding and gjecting device One

Abrasive materia steel grit

Function
Pipe is automatically fed to external blasting

cabinet on conveyer. At the point when the pipe
enters the blasting cabinet the conveyer feed speed
is semi-automatically matched to blasting speed
and blasting begins. Blasting continues as pipe
passes through the blasting cabinet.
Section II - 24

INTERNALS
LANCE RACK EXTERNAL
CABINET
A
PIPE d CONVEYOR

When the pipe is in the position shown above, ex-
ternal blasting is completed. The conveyer and
blasting function automatically stops. The appro-
priate lance is selected, positioned and fed through
the inside of the pipe. Lance speed and blasting
injection rate is matched to obtain specified surface
preparation. After the lance has traveled the plpe
length, internal blasting is complete, the lance is
backed out and positioned in the lance rack auto-
matically. The residual blast media is automati-
cally discharged into the external blasting cabinet
for recovery.

Operation
After the pipe on the conveyer is fed in the machine
via push buttons and select switches from the
operation desk, pipe setting and blasting work is
done automatically.

Manual operation of each sequence via push button
is also possible.

O SRS 1. - SRV

DUST COLIECTER

7=
3

BASKET ELEVATOF

LANCE PIRE\\
o = S ST T =
) _qﬁ-@ > —]-...x i i m=r=u=ree! IE ===
® |
o~ 55

_—— e e

1

Surface Preparation System for Raw Material
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2-2 Painting Equipment
Internal coating is applied, if required, in the first step
of this process.

Number of Set One
Applied Pipe
Diameter: 2" -36"
Length: Max. Random
CONVEYOR

SPRAY BOOTH LANCE

PIPE
The pipe is positioned as shown above automatically

with the leading end of the pipe just inside the spray
booth.The spray lance is selected from the lance stor-

age area and positioned automatically utsing push
button controls. The lance travels through the pipe;
spraying starts automatically using a limit switch;

the lance travel speed is matched to spray system 2-3
with variable preselect push button control for appli-
cation on different types of coatings. When the lance
passes through the work piece, spray starts as the
lance is backed out, then returns to storage auto-
matically.

When the lance is returned to storage, the external

AVRLESDS
SPRAX
V= XELIN . §

coating system starts automatically. The pipe is
carried through the spray booth on slat conveyer.
Spraying starts automatically. If internal coating is
not required, the internal coating process is by-
passed.

Composition:

Spray booth

Airless spray system with two guns for external
painting

Spray flange fitted with appropriate nozzles and
travel mechanism for internal coatings.

Slat chain conveyer with drive system and push
button control.

Function
Conveyer speed: 15 feet per minute
Airless spray system
Electro mechanical device for automatic controls.
Pneumatic device lance storage.

Drying Equipment

By adopting an infrared dry oven this process can
be accomplished quickly and economically.

Number of Set One
Applied Pipe " "
Diameter: 2" -36
Length: Max. Random
KLANCE STORAGE
|- 3 ﬁﬂ

FIXED
SPRAY GUN
UNDEREOVER

1e I 24' P |
™ LANCE storArGs. )
|

¥ i

——
—‘ﬁ —_— SLAT CHAIN DRIVE
——fe UH j———LANCE EQUIFMENT
1S E;l'_‘. — —" ey — — = = — ;
‘fg e ] . = - e 8 s — — 1 = =
PO [ — 20° ... —

Painting Equipment
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Automatic Measuring, Cutting & Edge Preparation
System.

31  Edge Preparation Machine (2''-10")
Number of Set: One
. . . - . Applied Pi

An infrared drying oven positioned the appropriate p,\ﬁ)olmi najl pgi ze 2 10"
distance from the paint booth, fitted with push button Length: 220’
controls and limit switches, bring he oven up to op- Material: Carbon sted!, alloy steel
eration temperature employing speed control. Slat Stainless steel copper- '
conveyer will cure the coating by the time the pipe nickel ’
passes through the oven. Edge preparation method
A device is installed on the exit end of the oven to Mechanical edge preparation by rotation of cutting
automatically stamp the pipe alloy identification on tool with clamping of pipe.
the pipe piece as it passes. Fugtﬁtl OE'& Control _ _
A touch up areais required for coating the pipe where U(r:nérgﬁéniggtomanc centering and . chucking
it Wastr_estlng on the slat conveyer. Thisis a manual Setting of cutting tool to pipe end:
operation. Manually by handle
Composition: Machining By automatic cutting feed of cross head

240 infrared panels and tool post.

Operating Changing of automatic feed speed:

Temperature: 375Deg. F Manually by lever
Slat Conveyer Speed: 15 feet/min. Operation
Automatic controls:  Electro/mechanical Push button and manually
Al"‘
20' X AUTCMATC CHUCK.

e

MAIN SPINDLE
(SPEED CHANGING LEYEF
fl MAN MQ

a4

-]

A-A sEc.

T

Edge Preparation Machine
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Contouring Machine
This machine provides the versatility of contour
cutting the various alloys with simultaneous bevel-

ing.

Number of Set: 3
Applied Pipe
Material: Carbon steel, stainless
_ stedl, etc.
Diameter: 2'-10";2"-14""; 8"-24"
Thickness: 156 -.624
Length: 20 feet
Composition
Power source: Max. 500A (D.C. dropping charac-
teristics)

Secondary load voltage: 200V or 400V
Fume exhaust device
Air compressor for plasma
Torch positioning device: manipulator, sensor,
guider consumable parts:
electrode 2-4 hours.
nozzle 1-3 hours.

Optional select standard gas cutting system.
Operation

The pipe fed from conveyer by push button shall

be set and cut via push button controls.

Cutting Machine
This machine automatically saws pipe to length
leaving a square clean cut of which beveling will be
applied at another work station.

Number of Set; One
Applied Pipe
Normal Size: 1¥%%" - 14°
Length: 2-20 Feet
Materia Carbon steel, stainless

steel, copper, copper-
nickel, etc.

Cutting Method:
Mechanical cutting by means of high speed saw.
Function & Control:

Measuring of cutting length:
Pipe is selected and positioned under saw in
appropriate position by push button control
using end stop preset by means of manual
digital switch stopping pipe at desired length
for cutting.

Scrap Pipe Removal:
By automatic scrap conveyer

Operation:;
A series of automatic operations in accordance
with the instructions of push button operation
by the operator.

4
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Typical saw type cutting machine.
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Automatic Marking Machine
The paint spray method of marking can be done
on pipes of any material and the size of figuresis
changeable.
Number of Set:
Applied Pipe
Diameter:
Method
Paint spray method
Composition
Paint unit
Control box and electric solenoid valves
Moveable spray guns with two motors
Function
Figures from zero to nine can be marked as being
arranged.
Control:
Number and size of figures are preset via select
switches.
Figures are marked individually by keying in of
respective buttons.
Automatic operation is possible in accordance with
instructions from NC card from disk type cutting
machine.

One
11/211 _24‘”



-PAINT UNIT

\ ONTROL BOX
sl

OVER HEAD RrAIL

= k-.‘/‘

~

~ - A
PAINT UNIT CONTROL BOX

Marking Machine

5 Flange Fitting & Welding

51 Hange Fitting & Welding Machine
This machine must be designed for semi-auto-
matically fitting weld neck flanges as well as slip
on flanges. The welding method shall be quick
change automatic gas metal arc/or Tig as comport-
able materials involved.

Number of Set: One
Material: Steel, CR-MO Stedl,
Stainless Stedl, etc.
Diameter 2' 1o
Length 2-20
5-1A TIG
Method (TIG)

WITH TRACK =
: EVEN SPF
“© f A GUNS
. i
3 i I PIPE
o i ' ONVE
o
< L
)
|
L)
1
i
A-ASEC.
Composition

Power source: D. C./A.C. 300A

Fixed type manipulator

Moveable type manipulator

Pipe support rollers with rotation mechanism

Operation

Pipe and welding condition would be preset via
select switches.

Torch positioning and welding are done auto-
matically in the suitable condition by Arc Volt-
age controls and Auto groove detector after
setting manually via push button.

5-1B NC flange fitting & welding machine
This machine is specially designed for automatical-
ly fitting and welding pipe and flanges in accordance
with the instruction of NC control desk.

Applied Pipe and Flange

Normal size 2" - 10"
Length of Pipe: 2'-20
Materia: Steel

Type of Flange: Slip on weld, 150 LB,
300 LB

36



Function & Control
Numerical control axes; 10 axes
Positioning of moveable saddle x 1
Positioning of flange bolt hole detector x 2
Positioning of jaws x 6
Differentia angle of flange bolt holes between
both sidesx 1
Tacking and welding:
Automatic GMA welding machine
Fine adjusting of continuous welding is man-
ually done, if necessary.
Operation
Pipe and flanges, conveyed through pipe cutting
machine and flange storage and selector re-
spectively, is automatically fitted and welded by
this machine in accordance with instructions of
NC card.

>

Close up view of flange Welding machine..

5-1 ¢ Flange Storage & Selector

Number of Set One
Stored Flange
Normal Size: 2" -10"
Materia: Steel, CR-MO, Stainless
Stedl, etc.
Type: Slip onweld, 150 LB,
300LB
Kind of flange: 18(9 kinds x 2)

Function & Control
Loading flanges in storage:
Manually by using loading
jig and crane.
Taking out method:
Pushing by pneumatic
cylinder
Control: Automatic operation/
required flange is
selected out in
accordance with the
instruction of NC card
for NC flange fitting and
welding machine.

Typical flange storage and selector device.

5-2A GMA Flange Welding Machine

By employing 4 torches-concurrent-work method the
welding of inside and outside of flange on both sides
is done simultaneously.

Number of set: One
Applied Pipe and Flange
Material: Carbon Steel
Diameter: 12", 24"
Length: 3'-20'
Thickness: Weight class STD, XS
Method

4 torches-concurrent-work GMA Welding
method /\
) ] /

Composition v/ j
Fixed type manipulator with two welding
torches, sensers and guides
Movable type manipulator with two welding
torches, sensers and guides
Support rollers with rotation mechanism
Operation
Pipe feed and take-out work is done via push
buttons
Electric current, voltage, welding speed and
arc time are preset via select switches
Torch positioning and welding are done auto-
matically in the suitable condition by me-
chanical guide sensers.
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GMA Flange Welding Machine

MOTO

40'

Typical large pipe flange fitting and welding machine (see 5-2 B)
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5-2B Flange Fitting Machine

Number of set: One
Applied Pipe and Flange
Nominal size: 12"-24"
Length of Pipe: 3'-20'
Material of pipe
and flange: steel

Type of Flange:

Slip on weld 150 LB & 300
LB

Composition
Fix and moveable carriage, semi-auto GMA

welding equipment for tack welding flange.

Function & Control
Inserting flange in

chuck By exclusive hoist
Chucking method: By electro-magnet chuck
Adjusting jig: To be prepared for each
kind of flange. By only
setting the flanges by
using adjusting jig; the
relative position of bolt
holes between both
flanges is mechanically
in the same position and
lip length is exactly
decided.

Manually by using semi-
automatic GMA welding
machines

By push-button and
manual

Tack-welding

Operation:;

6 Flange Finishing

6-1  Flange Finishing Machine
Number of Set One
Applied Pipe and Flange,
Nominal size: 2"-10
Length of Pipe: 1-20
M aterial: Steel, CR-MO Sted!,

Stainless Stedl, etc.

Slip on weld, 150 LB, 300
LB

By bore and face milling
cutter with pipe rotation

n

Type of Flange:
Finishing Method:

o
"

Capmy
-

1

3

Control & Operation
Carriage is automatically positioned by detection
of pipe length with limit switch. Setting of cut-
ters is manually controlled.
Machining of inside welded part and cleaning of
spatter Is concurrenty earned out at both ends.

39

Close up view flage finishing machine.

7. Bending System with Loading & Unloading Devices

7-1A  Automatic pipe loader
The machine is designed for automatically trans-
porting and loading the pipe from the pipe skid
to the suitable position of NC 4" pipe bender.

Number of Set: One
Applied Pipe
Nominal size: 2" - 4"
Length: 2-20
Shape: Straight without
flange

Operation & Control
Automatic
operation:

A series of movement is
earned out in accordance
with the preset sequence
combined with NC 4"
bender. Positioning to
catch size pipe by limit
switches.

Control by using the push
button on the operation
desk

Manual operation:;



7-1B NC 4" pipe bender
This machine is designed to bend automatically
the pipe in three dimensions in accordance with
the instructions of numerical control combined
with automatic pipe loader.

Number of Set One
Applied Pipe and FIang%.._ 4"
Nominal-size: o
Length of Pipe: 2'-20
Shape of Pipe: Straight with/without
flange
Thickness of pipe: .11-.34inch
Material of pipe
& flange: Carbon Steel, stainless

steel, copper, copper-
nickel, etc.
Function & Control
Numerical Control

axes. 4 axes-measuring pipe
feed length, rotation
angle of pipe, bending
angle, and positioning of
flange bolt hold detector.
Bending speed: 2 steps changeable
Bending: Approx. 2 x out dia.
(General)
Mandrel: Plug type and ball type
Pressure dia Sliding type
Chucking
Equipment For positioning and rotat-

ing of pipe. Furnished
flange bolt hole detector.
Correction of

spring back Program input (NC card)
or manua input by digital
switch.
Operation
Automatic
Operation A series of three-bending

(max.) is carried out
according to the instruc-
tions of preset seguence
and data input by NC
card or NC tape.

JO -t ~

Typical N.C. 4 inch bendingmachine.

Semi-automatic
Operation:; One-bending is carried
out in accordance with
the data input by digital
switch.

Manual Operation: Control by the push-

button on control

console,

7-2A Automatic Pipe Loader, 6" - 8"
This machine is similar to that of 7-1A

Number of Set: One
Applied Pipe and FIangg. g"
Nominal: )
Length of Pipe: 3'-20°
Shape: Straight with/without
ange
Operétion: Same as 7-1A

Typical flange on bending machine.



7-2B NC 8" Pipe Bender
This machine is similar to that of 7-1B.

Number of Set: One
Applied Pipe and FIangg:. g"
Nominal Size: )
Length of Pipe: 3'-20'
Shape of Pipe: straight with/without
flange
Thickness of Pipe: .12-.4 (General)
Material of Pipe
and Flange: Carbon Steel, Stainless
Steel, Copper, Copper
Nickel, etc.
Function and
Control: Same as 7-IB.
7-3A Automatic pipe loader (8" - 12")

This machine is similar to that of 7-1A .

Number of Set

Applied Pipe and Flangg, "
Nominal Size % -12

Length of Pipe: 3" -20"
Shape: Straight with/without
flange
Operation Control: Same as 7-1A

7-3B NC 12" Pipe bender
This machine is similar to that of 7-IB

Nun?beeé of Set: JF One
Applied Pipe and Flangg, "
Nominal Size: %12
Length of Pipe: 3-20
Shape of Pipe: Straight with/without
flange

Thickness of Pipe:
Material of pipe &
flange:

.138 -.495” (general)

Carbon stedl, stainless
steel, copper, copper-
nickel, etc.

Function, Control & Operation is the same as 7-IB.
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STORAGE
SLAB_/

Hot Bending System

This system is available and used mostly due to the
low volume of pipe size requiring bending.

Number of Set One

Nomina Size: Over 6" Extra Heavy

Length: 2'-20'

Materia: Carbon Stedl, Stainless
Steel, Copper, Copper-
Nickel, Etc.

Furnace or other heat
source slab for securing
pipe and making bend
equipment for handling
sand and pipe forming
jigs and dies torches and
radiant heat boxes and
stress relieving
equipment.

Composition:

Iotoy SAND
e CONTAINER

& MACHINE

11

I’ﬁf E i -]I >

re

Hot Bending System

81

Contouring Machine

This machine provides the versatility of contour
cutting the various alloys with simultaneous

beveling.
Number of Set: One
Applied Pipe
Materia: Carbon Stedl, Stainless
Stedl, etc.
Diameter 2" 107
Thickness: 156" -.624”
Length: 20"
Composition:
Power source: Max. 500A (D.C. dropping

characteristics)
Secondary load voltage:
200Vor 400V
Fume exhaust device
Air compressor for
plasma
Torch positioning
device; Manipulator, senser,
guider
Consumable Parts: Electrode 2-4 hours
Nozzle 1-3 hours

Optional select standard gas cutting system.

42

Operation:
The pipe fed from conveyer by push button shall
be set and cut via push button controls. This
machine is typical of item 3-2.

Elbow and branch pipe assembly, welding system

Semi-Automatic 40 deg. -60 deg. hole burning and
welding machine.

Branch pipe piece is processed on contour cutting
machines (3-2 and 3-4). Branch pipe is conveyed
to branch pipe storage. Main body pipe is select-
ed and positioned in 40 deg. -60 deg. hole burning
machine. The machine automatically cuts the
main pipe hole whale calculating the contour with
analogue control.

9
91

Applied Pipe: " "
Nomina Size: 2, ) Zf' ’
Length: 2'-20
Materia: Carbon Steel, Alloy Sted!,

Stainless Stedl, Etc.
Plasma cutting with pipe
rotation and torch
movement
Chuck equipment with
cutting torch pipe
support roller.

Cutting Method:

Composition:

“Function & Control
Main Pipe Hole Cutting

b
.

)/Lz

{ L

.
Z4
R

0]
(

{
L)

Joint Angle 40 Deg. -60 Deg. -90 Deg. -150 Deg.
Contour Computing Method: Analogue Control
Beveling Control of Torch
(1) Constant Angle Beveling:

Inclination angle of torch is constantly

fixed.

Constant Point Beveling

Torch is aways aimed toward the inter-

secting point of main and branch pipe's

center line.

Setting Valve: By dial main pipe di-

ameter. branch pipe diameter joint

angle.

Hole Cutting Operation
Main pipe is set by push button contral.
After setting the required data and posi-
tioning the cutting torch is automatically
accomplished.

Fitting and Welding Operation:
Branch pipe is positioned on the main
pipe by means of branch pipe positioner
by push button control; tack welding is
manual; welding is manual.

2
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Semi automatic branch pipe assembling & welding machine

9-2 High Elevated Elbow Welder 2" -12"

This device is used to semi-automatically fit and
weld pipe to pipe and pipe to elbow.

Number of Set One
Applied Pipe, Elbow | 4
Material: grials
Diameter 5‘ nﬂ@t
Length: Max. 20
Composition

Fixed pipe chuck with jack-up
Moveable elbow chuck with jack-up
Moveable support roller
Operation-Rotator
Support rollers are moveable push button control
Pipe chuck and elbow chuck are operated by
push button control
Operation-Welding
Tacking is manual; welding is semi-automatic
submerged ark, manually positioning the weld-
ing gun to the groove. The welding process
and rotating device is push button controlled
and carried out automatically.
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Pipe rotator and elbow fitting device (2''.24")
9-3  Cypress Hole Cutting and Welder Branches (2" -

24™) 90 Deg.

This machine is designed for automatically burning
the hole and semi-automatically fitting and weld-
ing 90 Deg. branch pipe to main body pipe.

Appica ppe O™
ppi 1pe " "
Nominal Size: 2" -24
Length of Main
Pipe: 2'-20
Material: All
Composition:
Branch Storage Area
Chuck equipment with cutting torch
Pipe support

Chuck equipment with welding torch
Function and Control:
Branch pipe is cut on contouring machine (3-2)
Bevel is suitable for saddle on fitting, 40 deg.
top. 20 deg. bottom.

TCP
40°%
BOTTOM Q

\/

20°¢

: F ~———BRANCH PIPE
| || /T TMAIN PIPE

N )

Saddle on branch positioned on main pipe.
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Main body pipe is selected and set in appropriate
position in machine automatically by push button
control. Cutting torch is set in appropriate position
and hole cutting is anticipated and completed via push
button control. Torch angle is maintained at 90 deg. to
to horizontal plane of main body pipe using plasma or
gas cutting system.

3e0°

HORIZONTAL
PLANE

Main body pipe is in fixed position, torch makes 360
deg. turn holding 90 deg. to horizontal plane following
external shape of main body providing the contour
cut. After the holeis cut in main body the branch pipe
is selected from branch storage and set in saddle on
position by means of the branch pipe manipulator via
push button control.

Branch pipe is tacked to main body manually.

The welding head is set in position, torch is positioned
to groove semi-automatically, weld is done automati-
cally via push button contrals..

9-4 Fina Assembly area

The final assembly area is equipped withjigs, fixtures,
positioners and manipulators for fitting the sub-sub
assemblies and sub-assembly pieces.

The sub-sub assemblies and sub-assemblies are fabri-
icated at semi-automatic work station then conveyed
to the final assembly area via push button select
controls.

The main body pipe is set in fixture etc. manually.
The main body, sub-assemblies and sub-sub assem-
blies are all pre fabricated. The fitting and tacking
process is manual. Welding is accomplished semi-
automatically when possible. Some pipe spools are
of a configuration not conducive to automation.
These items are manually welded.

o]

—_———t.

Cypress hole cutting and welder-branches (2" - 14") 90°
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10

Various Types of Positioners, Manipulators and
Welding Equipment

This equipment is placed at specific locations through-
out the production line. Each item is fitted with kick-
out for selecting and bringing the pipe to the machine
via push button controls.

Each machine is designed for handling and manipulat-
ing the work piece to a position enabling the process
to be automatically completed. The handling and
manipulating is carried out by push button” control.

When the work piece is automatically set in the hand-
ling device, the process equipment (burning or weld-
ing) is positioned semi-automatically and the process
is carried out automatically.
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Item 10-1—Double rotator parallel
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Item 10-5—High boy rotator with 2-variable support dollies elbows 2°’-12"
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Item 10-6—Pipe rotator and welder 2 double dollies
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1 X-Ray Facilities

As the X-ray generator is fixed at the top of the
magic-hand manipulator and as the film cover
is magnet type, the setting work is quite easy
on keeping pipe fixed.

Nunlwté%r of Set: 2

Applied Pipe ., B
Diameter 2 - 10 12" - 24"
Length Max. 24" Max. 26"

Method
Double walls double image method 4"
Double walls single image method 4"

Composition
X-ray booth with lead and concrete walls
X-ray controller
X-ray generator and magic-hand manipulator
Overhead motorized chain conveyer

Function
Exposure time A B
2 min. 1 min.
Emission distance 2 feet 2 feet
Film density 2 2
Operation

The most suitable condition with the least time
film and generator setting work is manually done
with the device.

X-ray operation is done at the control room via
push buttons and select switches.

C.ONTROL ROOM

/-*-—- ==
l, \'
|

|

|

|

|

\

h
)

=

H

WALL MOUNTED MANIPULATO

[
;

X-RAY
BOOTH: - -

SCISSOR X-RAN
GCRENTRARSK
JAC K ~——.__ Ay

-7

X-ray facilities
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11-7 Motorized Scissor Jack Dolly
This is the equipment for transporting the finished
pipe.
Number of set:

Four (4)
Applied Pipe Shape:

All shapeg/straight, bent,
flanged, branched

l o'- O\\

-

=
.

Function & Control

© ©

12
12-1

Pipe Handling System

Roller Conveyer i
This is the conveyer which is designed for feeding
the raw material pipe.
Typical:
One is 10 feet in length from storage for raw
material to shot biasting machine.

Applied Pipe Size: 1357 - 24
Function & Control
Drive of the feed
roller: Chain drive through

electric geared motor

Loaded capacity:  2000#
Speed: 3'- 450'/min.
Drive: By motor
Operation _ _
Loading and unloading of pipes are done by means
of crane.
Alom ﬁ
|
| |
l ] |
= 3
S R i ]
J 7
Speed of feed
variable: 50 - 150 feet/min
Control: In general, the conveyer is operated

all the time. In case of detecting a pipe by the
sensor or the pipe stopper, the conveyer is
automatically stopped.
Operation
Push button control by operator

(

— T N e et —— i % — ov—

3 o“

I N

J
N
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12-2 Traverser

This equipment is for traversing the pipe from the feed Stop position

conveyer to the 12" -24” processing line. control: By pipe stop kick-out
Typica . Operation
Applied Pipe Size: 1% - 24 Push button control by operator.

Cross Over Rail runner

Feeding Kick-out

Travel Gravity

FEED CONVEYOR —SLOPE RAIL RUNNER ) 22 4"
[~~ _KICK-OUT I " I—-KICK-OUT EﬁNOECESS
— A—
] \
Pt STOF
DISAPPEARING

STOP

12-3 Pipe Kick Out for Conveyer

Typica
Applied Pipe W
Nominal Size: 172" -24
Length: 2'-20'
Function & Control
Drive: Pneumatic Cylinder
Pipe Stop: Mechanical Detection by
Limit Switch
Control: Automatic Control when

the pipe stop detects a
pipe, the conveyer stops
and the apparatus is
energized to remove a
pipe from the conveyer.
In case shown in photo-
graph, apparatus is
operated by instruction,
push button control at
machine for pipe

. Typical pipe roller conveyer for transporting pipe from
selection. storage to the various work stations.

;—-‘7 SN LY - P i C R -
Three pipes in holding area held by typical conveyer pipe kick out ready for selection. Machine operator can push button;
pipe moves to feed roller conveyer; roller conveyer moves pipe to machine for processing.
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12-4 Pipe Kick-Out for Transfer Tables
This device is for passing pipe from main feed roller
conveyer to machine for processing or vice
versa. Pipe piece will be of varying length and
may have to be retrieved from dlat or plate
type conveyer.

Typical
Applied Pipe
Nominal Size: 172 - 24
Length: 2'-20"
Shape: With or Without Flange
Function and Control
Drive: Pneumatic Cylinder
Control: In case of passing the pipe

to the next work station
. the device is closed.
Operation:; Push button control from
the work station.

12-5 Chain Conveyer for 1v%" -24” Completed Pipe or Function & Control
Pipe Being Processed Drive: Electric geared motor
Typical Speed: Approx. 3'-50'
Applied Pipe . Control: Automatic contral.In
Nominal Size: 17'- 24 general the conveyer is
Length 3-200 operated by push button
Shape with or without flange control. When the pipe

stopper detects pipe, the
97" conveyer is auto-
‘ matically stopped.

Z ‘||:~-— | / Attachment

. Chain
I g [

; oA T

E——

f_

34"

Typical Section
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12-7 Automatic Flange Welding Machine for Short Pieces Number of Set: One
(12" - 24") Applied Pipe and Flange
. . . Material: Carbon Steel
Very short pipe with flange, which would not be Diameter: %2"_24"
worked at the flange welding machine (5-1 or 5-2), Length: '
are welded by this machine. Method
GMA automatic weld.
i\j —
1
i |
i T ==
B P G EC
s | > |
!
| S——emee—— |
—= | .
Flange welding Cutting Butt welding by Manual Welding
by this machine 9-2, 10-4 or 10-5
Composition One side of pipe-elbow butt welding can be done
semi-automatic elbow assembling & welding

Torch positioning manipulator with guide sensor
Pipe clamping and rotating device
GMA Welder
Operation
Electric current, voltage, welding speed and arc
time are preset via select switches.

machine-( 104 or 10-5) and the other side of
it shall be done manually after both flanges
are welded by this machine.

The torch positioning is done manually via push
buttons and welding automatically by me-
chanical guide sensors.

S REET 54

4’))

Typical automatic flange welding machine for short pieces (12" -
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13 Specialty Area _ _ Composition:
This area is comprised of machines, tools and
handling equipment for processing items of con-

figuration and volume not suitable for automa-

tion.
Number of Set: One
Method: The mgjority of this work

is manua

-~
LS

ST N . /

Manual fitting and welding of .condenser head

piece

e C A

Manual fitting semi-automatic welding reducer
to pipe piece

53

Manual fitting and welding reducer 10 main pipe piece

Pi p/q,thrggdi ng machine

Pipe threading machine
3 -

[
12"

Stone Saw

Band Saw

Various Welding Machines
Various Holding Jigs
Various Manipulators

Manual fitting and welding small part to main body pipe
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A. Summary

This section is dedicated to computer software package
information. The system outline, used as a sample, was
developed by Mitsui Engineering and Shipbuilding Co.
LTD..

There are several good software package systems presently
on the market or under development. All of these systems
have a common base utilizing somewhat different methods.
The common base is the engineering part of the software
system. The MAPS system includes three principal features
which we consider essential to the operation of a pipe
fabrication facility as previously outlined in Section II.

. Pipe Detail Drawings

* Pipe Shop Production Control System

. Palletizing System

A list of software suppliersisavailablein Section V of this
document. Included in the list is the Newport News
Shipbuilding and Dry Dock Company system which is
currently under development. Also included is the Kockums
Shipbuilding Company (System "Q” and “Steer Bear”)
system, which is excellent.

Fig. 11-1 Photograph of graphic display MA CSGRAPH General flow chart

M-I1-B ased for GPS in the computer software package
MAPS MITSUI ENGINEERING & SHIPBUILDI
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B. Genera

The computer software package developed by MES, now in
successful operation at Mitsui’s Chiba Works, is the system
aided by computer to obtain information necessary for
fabricating instruction of pipe pieces. material preparation,
pipe shop production control and palletizing work.

The pipe fabrication shop and palletizing work cannot be
operated smoothly and effectively without the support of
this system.

For your new pipe shop project, we propose this computer
software package as software to a semi-automatic pipe
fabrication shop mentioned.

The proposed computer software package is composed of
the following three (3) systems.

GPS (GRAPHIC PIPING SY STEM)

From pipe arrangement drawings, necessary data are
input by man-machine communication through the medi-
um of graphic display coupled with exclusive mini-com-
puter, which, in turn, calculates the shape and dimension
of each pipe piece and furnishes the numerical informat-
ion for fabrication of various kinds of pipe pieces.

The output of this system can be converted to the form best
suited to the facilities and working method of the pipe
shop, i.e., in the form of order card for NC equipments
and in the form of numerical list for other equipments and
manua work.

Furthermore, valve, piece, cock, bolt, nut, packing and
other small attachments to pipe are also input together
with pipe through graphic display.

These data are stored in the master file and are utilized
by palletting system.

Pipe Shop Production Control System

Using the master file created by GPS as source data, host
computer furnishes information required for the produc-
tion control in the pipe shop such as scheduling of cutting
date, cutting plan, material control and load balance.

Palletting System

For smooth progress of outfitting work, it becomes neces-
sary to timely collect and deliver outfitting materials such
as pipes, valves, cocks, pieces, bolts, nuts, packing, etc.
to installation site. For the sake of fulfillment of this neces-
sity, we developed a material flow control system called
“Palletting System.”

In GPS. from detail drawings, necessary information for
palletting is input and filed in the master file. They are

edited by host computer and timely furnished to the pre-

fabrication shop, materials purchasing department, ma-
terials management department and transportation control
center, converting to the order forms met with require-
ment of each department.

| 't—ef—the—proposed computer software
packageis shown in Fig. 11-2.

NG CO, LTD., CHIBA WORKS




Fig. 11-2 General flow chart of the proposed
computer software package

GENERAL ARRANGEMENT DRAW.

PIPE LINE DIAGRAM

PIPING DESIGN SECTION

PIPE ARRANGEMENT DRAW.
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C. GPS (GRAPHIC PIPING SYSTEM)

For this system, mini-computer with graphic display proces-
sor is provided. (Refer to computer configuration in chapter
6.)

As one of the most effective methods to assist the designer
in feeding data into computer, the graphic display coupled
with exclusive mini-computer is used instead of big com-
puter. In this system, the designer can give data to computer
by man-machine communication through the medium of
graphic display, light-pen and keyboard.

Therefore, filling in data sheets, card punching and verifi-
cation can be eliminated.

The designer can get quick response from computer because
of realtime interaction, and can easily modify the data on
the spot.

This system is considered one of the latest practical appli-
cation computer aided design system.

Process flow of this systemis as follows;

At first, piping route is created on the graphic display
screen from pipe arrangement drawing. On the other hand,
piping specifications such as material, diameter, working
pressure, working temperature, type of joints, coating,
treatment, testing, etc. are coded for each pipe line from
pipe splecifications and filed by host computer as Pipe
LineFile.

The shipyards standards of fitting parts such as dimen-
sion, weight, cost code, etc. and working standards are
also filed as Item Data File and Working Standard File,
respectively.

Matching these data in the mini-computer, all informa-

P1(x1,y1,z1)

AP PP,

tion necessary for pipe fabrication are calculated and
stored in the master file, which are used as source data
of the subsequent two systems; Pipe shop production con-
trol system and Palletting system.

Flow chart of procedure to feed data through graphic display
is shown in[Fig. TTI-3"]
Numerical expression of pipe piece
In this software, not only graphic representation but also
numerical expression is used to show the shape of pipe
pieces.
In general, three dimensional shaped pipe shall be ana-
lyzed into straight length, girth length in bending corner,

bending angle in plan and rotating angle in space, for
instance, iniFié. 11-4. ‘

Computer analyzes the piping route on the graphic display
screen into the above components, and they are arranged
according to pipe fabrication procedure. Example of this
arrangement is shown infFig. I1-5.|Since information is
given to workers in numefical expression as shown in the
example, workers can easily perform their job such as
marking, cutting, bending, assembling, etc. without any
judgement, experience or good perception.

The relation between numerical expression and pipe
fabrication procedure is shown i he bending
process for any complicated shaped pipe with bender can
be divided into three simple components of motion, feed-
ing of pipe, rotating pipe, and bending pipe.

Therefore, so far as pipe processing is followed with
numerical indication which consists of the above simple
components, workers can easily perform their job without
any comparison with graphic drawings.

Fig. II-4 Analysis of three dimensional shaped pipe to straight and bend parts.

AP,P;P,
P, (X,,¥,,2,)

Pa (xa 1Y3 :Za)
MAPS MITSUI ENGINEERING & SHIPBUILDING CO., LTD., CHIBA WORKS



1st straight 1st girth 2nd straight 2nd girth 3rd straight
( length ) ( length) ( length ) (length ) ( length )
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1st & 2nd plane)

Fig. 11-5 Numerical expression arranged according to
pipe fabrication procedure

MAPS MITSUI ENGINEERING & SHIPBUILDING CO., LTD.,CHIBA WORKS
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Fig.
through graphic display

Input works arc done for cach
pipe arrangement drawing.
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11- 3 Flow chart procedure to feed data
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\ OPERATION SEQUENCE EXPRESSION ON PART PLAN
R . 193 301 346 100 1220
MARKING ,ﬁ"o'__ﬁo 193 454 840 940 2160
240 2140 90 (90)150
- — 193 301 346 100 1220
CUTTING | | 27¢0 193 494 840 940
90 (90)150
FLANGE | , 1 193 301 346 100 1220
RN oo 1,| 193 494 840 940 2160
WELDING élip le 1gth) *1 90 (90)150
@ 301 346 100 1220
FEED | lemme—— : 193 494 840 940 2160
i270)(492+7) 90 (90)150
T’ 50" 193 303 346 100 1220
OBEND 3 s 193 494 840 940 2160
30/ b 56 (99)150
T 193 301 [336] 160 1220
BEND OFEED \ =7 194 494 840 940 2160
226 | 90 (90)150
: 193 301 346 100 1220
ROTATE n:%[t—'?} o 193 494 240 $49 2160
: ‘ 90 J903150
193 301 346 (100l (1220
BEND 193 494 840 940 2160
90 (90)Z57
(e
FINISHED
FORM
\':7
NOTE s *

“TKD(Slip length)

Fig. 11-6 Relation between numerical expression and pipe fabrication procedure

MAPS MAPS ENGINEERING & SHIPBUILDING CO., LTD., CHIBA WORKS
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D. Pipe Shop Reduction Control System The process flow of the cutting plan output program is as

For the production control of pipe shop, scheduling program
and cutting plan output program are provided.

Fig. I1-7 shows its flow chart.

follows;

The master file, processed and filed by GPS, is used as the
source data for the two programs above. This system isrun
under the host computer.

The process flow of the scheduling program is as follows;

Gathering of all pipe pieces
which should bhe cut on a

certain cutting date

Calculation of how many days

!

required for pipe piece fab-

Sorting to sizc & material

rication for all pipe pieces
in the master file.

v

|

Decision of the Cutting Date

for cach pipe piece.

{Remarks)

Cutting Datc;

NESTING
For a group of pipe pieces
having same size and material,
decision of how to be cut out

from raw material to minimize

the scrap

The date when a pipe
picce is started fabrica-

y

tion in the pipe shop.

Summing up total number of

Decision ol cutting sequence

[of

pipe picces § required man-

L

hours for every cutting date.

l

~+
[}
~
.
3

N ittt inao O Y
LA VRO R G Ny 9 § 3 1 i

»
jPda

-

1

g to the above cutting

o
~
o
=
c.
=

sequence

v Output of man-hour loading

list, I

\L Fig. 11-10

Fig. 11-8 & 9

Output Of shop details drawing,
NC card , material list & iden-
tification numbcr label accord-
ing to the above pipe cutting

plan.

Fig. 11-11, 12, 13& 14

MAPS MITSUI ENGINEERING & SHIPBUILDING CO., LTD., CHIBA WORKS
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MASTER FILE (0)
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CONTROL CARD
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!
[ (]

PIPE CUTTING NC CARD PIPE IDENTIFI-

PLAN z CATION NO. LABEL

NUMERICAL PIPE
PIECE LIST

MATERIAL
DELIVERY CARD

Fig. 11-7 Flow chart of pipe shop production control system

MAPS MITSSUI ENGINEERING & SHIPBUILDING CO., LTD., CHIBA WORKS
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E. Palletizing System

For smooth and effective progress of outfitting work, com-
plete and timely supply of outfitting materials to installation
site is required.

For this purpose, the new concept “Pallet Outfitting Sys-
tem” was introduced to the field of outfitting work. That is;
The whole outfitting work of one (1) ship is divided into
many working units by working place and time, and then
these small working units are completed in an appropriate
order under necessary information for every unit. One (1)
working unit has its own pallet name and delivery date. All
materials belonging to one (1) pallet name must be collected
by its delivery date, independent of kinds of materials.

This material preparation work is carried out with the sup-
port of Palletting System which supplies necessary informa-
tion for material collection with the aid of computer.

Using the master file created by GPS as source data, host
computer outputs pallet tables for each kind of materials,
such as pipes, valves, pieces, cocks, bolts, nuts, packing,
etc.

The pallet table affords items necessary for palleting as
shown below.

. Job order (ship number)

. Pallet name

. Delivery date, Fitting date

« List number, Order number, Drawing number

. Kind of type

. Article code

e Quantity, Weight

Owing to the development of Palletting System, all outfit-
ting materials are completely palletized without any missing
parts and are supplied to installation site just in time, so that
outlifting work can be done smoothly.

MAPS MITSUI ENGINEERING & SHIPBUILDING CO., LTD., CHIBA WORKS
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F. Conputer Software Qutputs

SYSTEM

QUTPUTS

EXPLATI ON

SAVPLE;

IIL P
PRCDUCTI ON  CONTRCL
SYSTEM

MAN- HOUR LOADI NG
LI ST & GRAPH

For ovory cutting date, total number of pipe
pi eces and required nman-hours are shown.

This. indicates future working load in the pipe
shop . in order to keep good | oad bal ance,
this man-hour loading Can be nodified by

giving “Cutting Plan Control card" to conputer.

Fig. 11-8
Fig. 11-9)

PI PE CUTTI NG

This list is output every working day.

Al | pi pes tO be cutt on the day are
printed out in this list according to cutting
sequence decided by conputer to mininmze the
scr?p pipe and the tinme for exchangi ng machi ne
t ool s.

Fig.ll -10

MATERI AL LI ST

According to "Pipe Cutting Plan', all material:
usced for fabrication of pipe piecces, such as
pipes, langes, elbows, reducers, sleeves,
sockets, cte. arce summed up classilying to
cost  accounting code, size, material, type,
cte.

Fig.il-11
&
Fig.il-12

NC CARDS

Two khinds of numerical control cards(NC cards)
arce uscd as instructions to numerical control
machines,

These cards are the outputs from computer

in the same order as cutting scquence shown

in "lipe Cutting Plan",

Fig. 11-13

MAPS MTSU

ENG NEERING & SH PBUI LDING CO,

LTD., CH BA WORKS




SHHOM VEIHO “aL1 “09 DNIGTINGdIHS %3 ONIHIIANIONT INSLIN m&<§

L1-11°871y

*laqunu I9pIo pue

91ep AJOATIOP 03 P JISSBID o4v SOTDTIIR [TV
*saodnjdejnueu

OPTSINO WOLJ SITIT134e siapao juswiavdop Jut
-seydand Teriolew 3eY3 osed utr ‘ojup L1odoaryop
ojetadoadde 8uiatd 103 posn st 3s1] STYJ,

LS1T TOULNOD
ALVA RGIALEA

91-11°8714

S[-11°d1,

930 ‘3ydrom ‘A3rjuenb ‘jminojew ‘od4; ‘az1s
‘roqunu Jopao ‘axoqunu 3sti ‘o1ep Aaoartop

Se yons uotrjewrojur duijzzoyted suivjuod

31 coweu jored yowo Aq soayoizav [u Jurao
-A1[Op put HUTIDOT[OD 10J posn S1 o[qul STUi

TV LTIV

NLLSAS DN LLI11Vd

*onard odid Lioad aoj popraoad si sty
uoryentrjiuopt pur Jurisoy ‘Juijured ‘Huiprom
‘Auipuaq ‘Jurrrry ‘Surzang doj uotlnIoOjuy
draouwnu-vydie Liessodou ay3 rye duruiejuod
s1tezop doys ‘-9°1 ‘sa0oydOM 0] SUOIIINASUL
edraomnu o) pasn st C(uytg-oangy anding

d1oinduwo)) won Aq ndino st yorym ‘381 sy,
: l  RRRY Yy

. .

NOITLVILN:IS: U
IHIAVHED HLIM LS11
dOHTd dId TVOTHURAN

"210 ‘judowiwvoual jo puty ‘yied pue
oul | uorjedraqe) ‘aoqunu peraos ‘owvu joyrud
Joqunu diys se yons UorIedIJ13uopl JI0j 3t uo

d <1 “aoindwmod woxj ‘andino oYy osje sy

Uatys “roqer si1yy ‘and st oonord odid v oaoggy

LY

FIdINVS

TV
YHUNAN NOLLVO LA FLNHU ]

N:HLLSAS
TOULNOD NOELINAOUd

dONS ddId

NOLLVNVILANG

- —— cmmmare oy o ————

SLAdLNO

NALSAS

67



h T T RAGE T

-n.gg---.:n-. :rt::-:x:x:::--::--—u---ﬂn- "n--n-nn-ax':1un---=~==t"l'1—----*---..::-t-------------..------.----------.-.

TCUT. DATET PALLET NAME] pl X i P2 | P3N TAPALLET TOTAL | T OT AL | o
_|--lnn.---|I.tp...!u7=-‘---Slnnnu---- l_-----:-—nu -l--c'uuuaanna.l---:-n----:--‘-.-::--------I--.-----------nn' -
I 6429 | 970 AMNUSCA | . 2°C 1.T) l 26 € 35.6) | 9 C 14.0) 1 31 € 51.2) | ( 11
1934 __NUS26. 1 15_(_lesl)_d__ 9 ( 32.2) )} _12 (166.5) | __36 €23649) | __ _ 1_ 11
] | Vol o Loemy b33 ¢ 67 Y 1 17 (200.6) | I 67 € 2884:1)1 |
| Shtadedviminder Joorommee- phiad Lottt kbetadole) el LIl bbbl pled Rohddelecghodhoviiggoed Rondinsbpsesioebgbtundpiprhel Sanlesbalosietholbtsindasilesies Bl ledan bkl LN S
I 7+ 2 1 546 NUS23 L 0 ¢ oo | 0 ( 0.0) | 9 ¢ i144B) | 5 € 1446) | | N
Ki _1_934__NU525_1__11_€_1648)_1_12 € 3642) 1 __ 8_(104.4) | __31 _C155.4) 1___ _ | 11
] T 934 816 1 11 ¢ .10 1 C 2.5 | 27C 3.4)717 14 € 11,007 i i3
I I I__ 22 ¢ 21,9 1 .13 C 36 7)1 15 C122.7) | 1 50 ¢ 181.3)) I I
| = PR s e | o —————-—————— e e D k) R tmaintad Rl ~w——| ceeau |
{ 1.3 1 919 55A ] 0 ¢ 0.0 0_C_0.6)_1 1 (_35:6) | 1 C15:6) 1 [ 11
[ | [ U ¢ 0.0) | 0 ¢ 0.0) | 1 ¢ 35.6) | | 1 C 15674 1
N icigpodpinbed fechptedebeiulidp ol Rl kLt o febeinigiigieiibatateted forivinlpoipte PO Putotiviluie ._."l_* b
I 7¢ & 1 980 UULIC 1 30 (2351 5 C 1944) | T Ch649) 1 42 €12949)71 16
A n__ _ L1030 _€_2349) 405 C 4944 1T C 864 1 Y 2K 129-9” I
|- = '"----l--- --------- - rbmem—— ————— | wmemmmannn——— [ - - |wm—- !
.!__J-_L'_‘??o_aowo__] ) (_0.0)_1_ 0 C_0e0d_] 1 5.9 ___l%l_A_(_A_sﬁ(n 1 [ 13_
! | 970 BOYSO | o ¢ 0.0) | 0 C 0.0) | 1C %9 1 1 C 59 | | 13
A | LA 0 C_0:0) 1 0 C 0.0) 1 ___2C12e8) | _ o_2 ¢ _Ase®0
[Ty B et | mwmenceec - T e S L L e T R -] [
J__Te 9 ) _9RO___ UULR 1__T0_€_99+8) 1__31_€101.6)_ 1 __ 3 €__149)_1_102_€203.3)_| | 16_
i 1" 446 N:‘oOb A 6 ¢ 1e1)7 0 ¢ 0.0 | 0 ¢ 0,007 6 C 1107 1 11
| ECTY . buf_l 4 (0T} 0_¢ 0,001 0_¢_Cat_| 4_C__0.7)_| { 1
{ [T l‘-uu07 | 4 ¢ 0T | 0 ( 0+s0) I 0 ¢ 0.0) | 4 ( 0.7) ) | i
R 1 970 _NBTGS b 6 7C_ied) 1 0 € _040) I___0_¢_0.0) | 6_C_ 1a4) | ] (B
[ I 970 " NDTO6 | 6 ¢ 1.6)71 0 C GeGY 1 07 ¢ 0Gs0) I 67 ¢ 1.6)7) 1 i1~
A d_ 966 _MUSRT 1 0_(_040) 1 0 C_000)_i__ 4 € 2648) 1 4 € 26408) | ! (B
! U979 30A4PT 1 42 Cate5) 71 9 (' 23.9 1 0 ¢ 040071 51 ¢ 71007y ] 12°
i 136 €152+8) | 40 (125420 | 5 € 28.7) | 183« 306 5)1 -
l-----n--'---—-- ----- -‘-------------‘---------—-——‘---—---—-----'---—----—-—--'- l- - ‘
17410 1_979_UM3PO_ | 5 ¢ 1.9 I 0_¢_ 0.0 0_C_0s0)_1__ 5 C_ 1.9 | | 13
f 1919 20471 11 C 849 1T 4 O Tey) 10 C 0.0 157(¢T16:8)7 ) ! -
A l_970__L0sP0_| 5 € 144y _1___0_€_0.0)_d__0_€C_0.00 | 5 ¢ 1.3 | | 13
i 1 970 L0oSo | 5 ( 1.4) | 0 ¢ 0.0) | 0 ¢ ue0) T} 57C Len)T i 13
! 1 970 _A05CO | 6 ( 443) | 0_¢C_0+0) 1| 0. ¢ 0.0 ) 6 € 443) | | 13
I T 970 NoT0& T & € O0+70 1T 0 C 0.0 1 0 ¢ Ue 1 4 € 01| ] 1y
! I_970__NoTGY | 6 ¢ 1+23 d_ 0 (_0.0)_1 0 {_0s03 1 _ 6 € _ 113 j ] i1
'I—_—'t“wo““umoa'n_‘a"(‘o.7)‘!"‘0'("o.o> T 0 ¢ 00717 4" ¢ 0e7 [ 11~
] I_666__NUS24 | 0_(__0s0) | 0 _€_0s0)_1I 5. 1648) 1 5 ¢ 14.8)_| ! 1L
§ I 934 bid | 12 ¢ 4 1) G ¢ 0.0 1 0 ¢ 0.,0) 1 127 ¢ 4410 | ()
! 1 914 SIME | 3¢ 2.1) 0 ( _0.0) 1| 0 ¢ 6. | 3 ¢ 241) | [ 11
] i T 64 ( 0ol 1 4 C Te9) i 5 ¢ Thedd | i 100 49.4)] |
I Sntnpiolubpiuied Ruduinppbuiuiginiodaduind il Suodupppiy nintiatpbptedt futuiplpinigiigtpaiubuind ninigiuigieininisbued Ruindpiotuisietuiiinte il Rrituiuioiepebial Retvbvtvphsisinaiateteiwied SO
7 Teid | 979 TPOKSU 1T 397C¢ 33e8) 1T 16 ¢ 3751) ) 0 ¢ 04001 49 C 70.6) | ] 5
o . L9T9 _NT58L 1 2¢ C_5,0) 1 0 €. 0+0) 1__0 € _0.0) 1 _28 ¢ 5.0) | . o L a1
u---l-----------.-----.n----.n-l--------------.----.--.-

--..-...-..---...--.-------\--..-- .-..n--'----...---..

\ Y- Man=deur (HR) LSSUED DATE _48+ 6422
j w— Number of pipe picee Py, P,y product jon line

Fig. 11-8 An actual copy of man-hour loading list



.-uun----n--:-n-:---nnunun--nu-n--:--n-n-:uun:-u-nu---u--m---n-------n--nn--nn-----u-n-----l----n--.:n.----u-.----..-------.-

G (

T O T AL 1 —— R

| 30 150 2007}

“_c-n_-.-.-ootlouooccnoo"o-ncu‘ooo'oooo.u.-o'oo0coococ’ouo10031o"‘oooccnoo.'-aol.oono’on-.oocca‘lc..o..........,.."..l

T < B2l ) | A R AR AR Rt AR AR RA R R RN R R R R A UR RN R AR ARRNRARRRRERRR R A RO RN RRERANBURENBRRRRRI AR RN BRNERNNE RN NG |

A ceod ]

9 < Do)l t

__"o_f_j};}3ljo«n-0--ﬁ::unnnnnunn&nnnunnnnnnnnwﬂnnnnnnnonnnnnuuui»ﬁnu-uaun {

L0 l5eu)inmean I

) 1 ?_(_}gﬁ’y)|OiQQQQQ‘nhiﬁ*i.ﬂﬂﬁb'iiﬁﬂQQQQ#QDQQ”hﬁﬁh..nh. !

VT 50 o <« VPRV N §

1 7 =1 2 € 11.2)jeew )

«l 7. 11 o ¢ O.O0) I |

ol Tl _0_C_ 0l . )

1 7, 9% 133 ( jah.g);-n.-u.unnnnn'un««nn.n««nwn*un*nnﬁ»«nnaﬁuo-.uﬂnnnuunnncnnnaﬁﬂuﬁu-Qﬁn»duuuunl’ﬂunhﬁﬁnunntnnunnnunuq... '|'

T lGi T3 {_ 4G 8 jeussnsssasannank . L i

| Toidl 26C ¢ 275,2)|onnnuannuga.v»nnvnnuno&»anununnu«nnc-u..q.n-uuthwunnnnunwnnnannn.ouuan&niuhaﬁnnlunuqnnﬁuﬂcd——— ]

[ 7&" ( b P B) AN OB RN RN AU AN RUROIR BRI E IO LB UR R U R IDCAGOANDRBRRIAUORRA AR B AR R RUR R RN R RB O AR BN B SBARRRBBIRNRRERTHUNROB BN RN LL

P Te3 1o (€ luT,u)|.n¢~nnn~n»nuﬂnwuﬁ«uﬂnuao&uauﬂ#nnﬁunnannuﬁnucnnpu} l

_J_JA]hl_lﬁa_(_;}L.&7I::::«n-u.n;nnnnanacnunnbn»nhnn.qn*u&»a \

I Tibl1 (VIR 0«0 i

I 7.580 82 € 42,C)|awncnsanunnnn |

T T LT 130 € dabiet) [ wumnn nna n b p e n R G UNTRERTT I N NN NN DR \

] T.1410 263 (C 542, ‘)|-o'«-uo-.cunu.nnnau»uaonuuunnuwuonnuounnuuau-unn«an«»uon»n&ﬁuunnﬁnuuunuahuhbuonnunu.uncnnnQau.p..qon &\

T Teo9l 15 ( GE.1)isasmaneausunnanhinvnnns a

1 7.201 169 ( 1e¢.2)|.uunuonnau«un&unuunuuna'guunhhununn»uaqnnnnunaunnunnu»nuuQu&ﬁ& |

a*l T2l T caoyt T - i

el 74221 S_(_ 0001 |

! Te231 202 ( 17; 1)|.Qo'fﬂ!ﬂﬂdiﬂhh&ﬂﬂ%lhhﬂﬂﬁn'ﬁh“hhhiﬁﬂbhdoﬁﬁhnﬁhﬁ&hhlhihhﬂlﬂ ‘

| T.24 58 L5%,G)Y|eovepnuvsnuspnnbny ]

_] T.251 266 C 73713lc0..~nuunu.w0enw«un«uanuuu |

‘ T.261 23“ ¢ 391,3)[o..uuoonnnn;n.untwﬁanuqnnnun'nnnﬂnnhn'nnannu'ﬂﬂinuninQﬂﬂﬂnlQDQQ'QQQQ.QQQ'QQQ!Q'”.OQQQ!Q.QQGQQQDQQIQQ ‘]

T THV 2T 234 € 100, T) | a e w e i e m n m AR m NI |

_I__‘I..?.b‘l 76-__(__?0. )|~.~'uuno«owwgqucn \

Y1l (oI S 1Y N T " |

.o..osoooo)Acnotoo\o."oonboooo.’.oooouocc*-occooovo"‘-oooo-ouo"o.oocoo-o’-ocooooo.*o-oo.-..o’oo.oooooo*clao.oooo’o........#o.l

I 1 \ ] 30 150 300 |
_ | ' | o .

- e ek e

an=Hour (liR)

Fig. 11-9 All actual copy of a man-hour loading graph for pipe shop

- Number of pipe pieces



0L

PAGEC 1) ___

PROJLING l’l(:l'i'l':-l:,', e . e _LCIATING DATE 5,49, 50 1
N P . 1 . I | I ! 1 » 1 [ FFLANGE —_
i NO+ | MATERIAL | 1OMel OUT 1 THICK! SZUeIN/CI ShO¢ | DRAWING NOeiCUTs TCRAR L ES | START | END l::n: ol
dem oL I DiAt . DIAT . . 1 a0} _1 . - lLu.(THl' 2L lp l PRCSoll).,\ 1 pncs.n)l,\ TETIS IR :_______
t -1 I i | } lomei I ——-] 1 -1 i=--
A1 STPGAES~E 1250 _25.0. :._2.n 1 b 966D J..NU03i- 32 1_5253._1_.247_1 _250 |._-..._ l___-_l_ R :_-__..l_‘ o.}

i | | ! i o] i i l -i 1 jonemee |tenen |cnenen
2 PLSTPQAB=L 1 o153 L i20eT 1208 0. 2.0 _§ 9335 | ._UU=3A= 2 1.226% 01— .0_. 2506 1 2CK _b_ 15 | 20K..} 15 1...90 Vo
( i | i | Vo3 1 96¢E 1§ T3C~ 6 1 4163 1 76 1 250 1 10K b 15 1 16K ) 1% 53 |
NELLALY e | | ! Rt B L T 1 l ] jmmm———| |memen|mencan | cevnn | men—a— ]

1 3 1 STPGa8=E | 43 1 217 | 231 & | ) 9935 | UU=3A= 3 | 1693 1} I 28 1 10K I 13 1 10x 1 151 =30 |}

: : 5 ’ e 1 966D _NUOS - 3L 1 DT85l 258 ) | I JOUSD R | 0.l

1 ; ] 1 ! I joem] l ! | i | | ( i ! -=1
Sl AL ISTPGOS=E..1 33 12007 248 0 b b} 96068 8 T3C=. Tl 696 b b 2FA b b 130K b 35 b 90
| ! ] ! i [ A I 966E | T3¢~ 16 | 840 b 255 4 10K 1 13 ) 10k 4 15 4 99 |
I R 2 t l bo 8 0.1 966E 1 .. T3C~ 24 1 840 | 3564 0..255 1 30K .1 .13 ¢ 20K 1. 151 90 o .
l | == 1 | l I |omm=y -1 ) ' ' | l t [ommne|mennn~]
A AL SGP-E )2 200 T 208 9 ) 966 _73C-14.0.0240 0 .. _§___25F.1 1 t { b O
{ i | l 10 1 966E i 73C~ A | 3732 | A6 | 2FA Y i TR 90 |
.l I ] | === 1 i -] -4 ) ' l i= | l 1 |
1 6 | 56P=g P15 4 2071 2481 1110 | 966E | 73C= 13 1 3% | ZAN® 1 2FA | ) b 3% 1 15§ 90 | .
.1 ! l | | [ | -] i i | t - l | -l
1 T 1 S6P=E I 2001 2T¢2 1 2431 12 I 9668 1 nc- 21 4 a715 ) L1 2BAL | | ( t o1 {
S P SR e b b DA b 966E ) L T3Ce AT 1_1C27 L ZANTL_2S5A . 1 | § | Y | I W |
| |meee -} | Joom} ! | ! ) o jomaee] i i | :
431 osee-g I 251 23640 1 321 14 | 1 9660 1 NUOSL= 25 | 5490 1. 10 | 25F Voo | 1 ol {
i wm—— |- l | |mom | ommmm ] onn t [ t ol ! ! ! |me————]
s 3L SGP-E J1 251 340000 342 ) 39 I 906D | KJOS1=~ 26 | 3440 | G | 2SF 1 .. .. . ... t 1. ot !
] - ( ! ! e e AT LT [ i l [ ! \ [ | | ]

—2C S0P 25 1 34000 2302 .26 L 1. 966D L hUGSL= 27 .1 5490 ). 1G4 25F.4 § 1 i | 0.1 H
; oo { - ] o | ——————] ! ! i i ! | ! ] i ;
A1l L SGP=E . 1. 231 13400 1342 0 1T ) o1 966D 1 NUOS1= 40 1 3990 1o 25F b b e e e b0 J
] l | l | 18 | I 966D | NUGO1= 93 | 2402 | 1103 | 2BA ! ! t 1 ot {
= jomm—- l H l i jme=i et R i I | i ! ! H | -1

P32 1 STPID3=E | 25 1 23440 | 344 | 19 4 I Y950 | dULsl= T 4 %490 1 10 | 2SF i t ' l ol
T R L L L T =ies R TR E L S DL e L L Y| jommema immmmme |wmmnr | tenmen | nrene jeemene]
b1 L STPG38-E 1 25 1 34401 3.4 ) 20 b G950 | KUial= & | 1697 1 { 20A 1 1 | i ! ol
N P A R I A o280 Lo b 999D 1 KuSaZ= .6 1 3790 1 . 313 ) . 25F b oo Ve b e Voo o1 .0

: je—— } i i e I | i [ jomm———] i i ] t |
So L6 1 STPONS-L 125 1 3440 1 3ua b .22 0., ) 949D 1 NULAZ~ 5 L 119 § 2ANY ] 2SF | o 1 1 1 ol

i i e e e e LT L e P ol [ l i { i [ i ! 1
A3 L ATRA36=E 0250 3440 b_3uh ) 2 L _999D _J__SESNO~.26_8_SYle_d_ _ ___|.__259_] 1 } ] | o_t

! ! ! I to24 | 1 966D | MUDZi= 43 | 2694 | 690 | 25A 1 i ! } o i
e L= 2 | = i . I e : --1 l t 2 |mmmm—n | cenne | manm—.] j== P
16 ) s-Pun-c I 230 3401 3ea ) 2914 | 995D | SEBNO~ 2T | 495 | | 25F 4 | } i ) o
e 2 o) b bl 226 b L 966E L., 4hA= 30 1 1691 Lon b W 2BA bl oo b e b s a0

| 1 | i l 2717 | 995D 1 NUlai= 3 | 2843 | 3% 4 258 | | | | | 0ot
wimme—ale |wmmen|on | | me e | e | e | Jomrsme | = | |ommse | oo ren |wanes | coanas]

L7 1 STPGIA=E | 25 1 3440 ! dea | 23 4 I 966E | 735C~ 8 | 1%%0 1 I 25F | i ) ! ! o1
[ SO S | . b 29 1 0 4 995D 1 SEANG~ 26 1 3643 | 2307 | . 2uA [ AU U SUUIY SR DI < ‘
i 1 i ! : i foem] i i i i ] ] ) | ! I ]
A X8I STPIIE=E.1.._25 1. . 34+0. 1204 1 250 (1 __l 966E } . 22MC=__9 .1 . t43 | o ) S2BA bbb b L O b
1 { l | l 1 31 | 966E | 22ME= T I 703 | ZAN™ | 2BA | { | ¢ ' o1 !
Az (e sneem i e | e e e m e | o [ e | e | ;e = | o | | m————— =rizesmal: |mmmme | == ! !

-~

Fig. I11-10  An actual copy of pipe cutting plan

i

shows uti l.i/..xL ion of

ULD nl\lu .SL‘B.I_JAJL_____(

remaini ny p i puei



I oo e vl I T I B TR
L% PRO, LINE PL A% !_""ll_ .- e . . .. B I DRSS U SO N0 IO B o
' T Akkas  MATERIAL  LIST & #aaas 1 ! !' ' ! Pt PAGE 1
___*% CUT DATB 22-9-1976 ** (PIPE) . : . o TR —
' H [ R B P : ,
o sTERL PUPE (0-130) a6 D ! R I I Y
.;-I---IlIJ...I.--.-.lﬂ-.----.-------..---I-.P.’-ﬂIESB----.-.-.---..I- ’ o - L1} )‘ vlv'RY L I 1 ]
1 SYSTEM y o Sp No. g ACGUINT p MATERIAL: § NoM. DIA. [sCHEDULE} QUry f ARTICEE y pewern o werewr  0PPRATES ) oee.no. r o okoer o
_L‘_'AD T i:51o9s:_-:::;‘1:1605_:_319533-?' AP i PP 1140554 1T 58 i 122,880 T Ty
v | T o, P { I I IR
i.; sc ! c510950..EPE 1606-E 5TPGIBEl E i Ao!.i:: 40 E .2, i 140354 E | 110 1 st . E! . i I l ! ' ! !E
! . Tt : o : : o P i ,
’ : - l b I i i . ' ! ' ! Va L R |
: : 1F . : €S1095E .:P: oua.: STPG38: E!: i"'wi—: {""i 40 ,: WL : iuowo : ! i 549, : 22a83 : : . : {.! : : .:
12 1—CS1044E__IP1_0805_|_STPG3B=E i\ A0l ‘1 A0 1 ) 140554_| 1 8.8 1 22,5801 | i
E” ap i CS1094E 'Ep= 0804 : STPG3g=E: : Loi Isl .40 } E izi E 140334 E! 1140 i [ as,070 ! | : E I[ n i ' L !E
a1 cstomag. - 1l osto. | srpcaa-e': - 4ol 80t 3 1 i 1a0358 1. : 16,3, | .. 670600 i1 ¥ L L | ¢ ¥
i ; ! . . oo ! o 1o |
: sp : runun__lpf_iaoz_lL_stﬁan-s-: 40! : -0 :: :.: :_:..uosss.l' .zzl,o'_.g_z_no.an g ; :! ' . :! g - :
| . AV . 1..CS109%E.. 1PI.1607.1 sTPG3A-E! 1'_| Boi_i s tao.!p daii. | 1005858 1L {58 1.l 200980 i L1 INRRRE
| | sy e} 1602, | s1P6 “!:H:-! HERRE 'ill': ozi"l!f'i‘“'l
| ... BL.. .|..C510950 - IPl 1602. | STPG38~E: §! _...50=_11_1 40! 1} 1.3, 1.1.040558. 1 ..~.2648. . | ., 89.8 A T B R Gtk
i | Il P MR I b ] Poa gy iy |
‘1 ..CA._.._..I_CSJ.D‘MD.__:P=_1609 I_STRG38=ELL" . 50! :n' {401 gl :._140558..l...__4h0__.l_._23r 1.53: iy ! . : | :
I | IR . - I | i
I . .sc | €S510950 . IP| .1606 | STPG3B=E! l,_!_ 50._..lt_}{bo.-: b 20 .1...140558. "II‘ 11.0..0.0_, 59,8841 .| .. .l.l - l -1
: 1F : CS1095E :p: 0813 : STPG38~E: :: ! 50é : Fa0 i: 1 : ..140558 : i 5.8 : l 29,941 e : ; : :
. bt NN [ — lees eo Quamoode .. JN N 'y - . e - [ O QUG- UD [ S
| | | ! [ I l [ i | | [ [ |
A 4F rslo%s.—_lpl.oaol.l_STPG:!a-F" so 't laog ) 140558} 5,31 29.941 ¢ : i !
] i | i | N | | i i TR i
I . 5L... | CS1094E lPl 0805. 1 STPG38=E! . . 50:. . I ./ 40 PIOL3 1 140858 | L1608 L . 69.021 . bl b .Il
| | (B { [ - I N I I, | (- < i |
: . AD : CS1094E :p: 1605.1 STPG3B=E: |...... 50!, :-..100 : 1: ..140560 : (er 505, : ..41.03: . : : I I :
i [N ' 1 I . . i |
[ |—CS1044E—IP| 0805 |_STPG38=Et' 50 | 80§ 1 | 100360- |- S5s3Il 43031 ' 1 1 | : !
I, ! ' ] c ) P, I i, b, L |
1., BL . €510950 1Pl 1602. 1| STPG38=E! I.—._ 65 .l,-ho.. I. .02:-1.:.140562.1., .11.0. | ...100.30} N ORI A -
E ) E €s10695D Ep: 1607 : STPG38~E: :'. - 65— 'i '40.f£ A E..uosez.i... 528, E —. 50,151 ; i.},.! E o ik '_l...;.!
] i | v, ) ' ! ! { ; ' i H
Jl wo__:_cslouo_lP:_mox_l_srpsas-.r'l 65 : '-o.-_: 1 :_..140569 : L18.8 : 50.15: e b L : : : :
| | § : i ’ I B A ! i
: . AS : CS1044E :PI 0802. | S5TPG38-Ei ) -.. 65. : . A0 : 1. : --140562. :..-Zs.s. :.:_- 50.15: ._i-.g b : - i — :
- ! | | ' ' v - \ i g i i
™ . 1094E. . “Eif—i 650 .0..140 .0 l2, ) .. — N YR TS B I )
i " ; cslowz EPE 0806 : STPG38~E : 65! :E .‘o E -2 i—:aouz i 11.0 : : 10:31: I i e ! E i l I;
CS1044E _I1P1._1901 | _STRG3=EL] 80 _LAQ 1. 80566 |8l 62,3 - . .
I I i I BERERE R i ] O I B R
| EP. | .cs104aD 1P| 0602. | STPG3A-E:|. @ 80i_. 1 140 .1 "a: | 180366 || 3.8 4 o_.g2.ami il lop . iUy
ln » l mmw - n' ' ' l - . ..' : ' . l l : ' ‘ ; ' -l -' I i ! I :|I
LLLEEE DL LI LYY T2 EY Ty T e P T Y TV 1 L = , ame - )
: o C o T Teaucmaten vaTe 14-9-1976

Fig. 11-11 Copy of matcrial list (Pipes)



||..| !
- —
= -
- .of1l--
=
- u"
= o
- -
- e
- e e
.
-8

«

-«
-
— =

0
-1

poc
— Fornd X3

Y
— cl
23
— =2
- &=
lm L -
«
—
-«
_— ]
L 3

1

.3

<

-]
- .
ot
< -
< LY
>,
-4 [
[
2—'
ﬂ at
=
- < oW
.Dm
N
g Bl=
& O =
- -« «
« < <

72

. 1 - r - t 1 0
e e e e L e L e e e
- — ) e
=3 TN AL D —- ———— e} - :
=f *
] - e o ) - - e — e —————— - - —-= - -
M 1
Zl]—- - —— il Bt R I - - - - -
Y R e MPUDENSTON MNP S S S SR S
s
z "y e ettt -t b - - =Tt T "t -
o — . . —- - —_—ie ) e . o - .
2 : "
.- - - ————n Z - N
——— . ——— = > L . - - —————— — — " " " - - v o= > - - - -
z - - PR SO N T - - ! . -
i ! '
] . _— - RN R : :
=
-3 . ]
@ - j— H - . -t == : : .
e mm e ———— - - = — o= - - . ——n = P = o e e s . b e A o e
O O &« & O N N1 O O N N DV "N & O A N O & adr N
ANl €@ € O N N € 0V € N T O AN N O et e O @ e el O
- - ®r e - - *t o * -af e - - - - - Y} - - - . P ° pY
Eldi v € & O N O " N 1 O & «ln O « € « o~ o wl o
£ . © N et N N e --
m R M lllﬂ' = = ot T - v 1]
N R SR . . :
———— - - - — —— ——— ———————— - - - t > = - A - — - —————
i€l ® N Ml Y H @ N N e O e~ ol n
= - -t - - ~ € - NP N -
8- L.} . .- ——— e} e e} — .- . . . .
-4 i
. Al
- - - - - —— - — - o - -~ - —— - - — o — - —— —— -
| ) ] '
3_ n e 2 e e ala e a'a © o 0o © © © ©o o o o o o
¥l @ © O O O © 0, 0 © © © © 0, © © ©0' 8 © O, © 0 © o
L I T o T T B o B o T I T T T L e Ll o T
S SN NN NN AN N NN NN N N N NN N NN NN NN NN
V=) © - L < L - o o O L - © < < @ @ o L] [ o @' o -] 0 o
1z .Dm w on 5_ N N BN N 5_ a o 5~ 0 n 5._ a N .J an n ._um n
_uwmw|:nsuruaoannauonur-nnn nnnnn ——te o ——h
wn @ NP~ 0 A B A N e NN O N oen ~ oo
= l_ - m - LT e _ - “ - Jw - 2_ “ - m -
- — > —— ——— v — - = - - - — — ———————— — " - = s 1> - > o - -
s
SO U S e it - |- -
-z - e e R .
e e e e e o e T D o e o o o e e ot - = = — — — - - ——
M. [ —_— - . q - - - IR . _
1Ml n O 0: 0 0 Mla mnTain O Ol O &6 © 0 O o o o o o
Ll M N NN N NN N NN ¢ ¢ e @ € @ €« Nl an o alon
S o . i . :
F . :
e e e s > - —— - - ———— — — ———— . - = —— . — — - —— - ——— ——
| - - .- A - - -
<. . - .- —-
d
o 1 - B
R S HE G e T I T S - SO Sy P L S S R L
tsi12 £ ¢4 4 ¢ @ 2 & & T <« F I @ T a <« <+ <+ + @
[l R EEE B B B B B I B B B S . T B, B B, SR B T JEE” B, Y
R DR, Y, SR, Y, SN, SR Y Y, SRR, B B, B, B, LAY, S, S Y, IR, B, BT, DAY, SERY Sy TR 1
] ] [ | 1 L ] | !
B o e i e e e = - — —— — - W ——— -l s - E-——— v - — =t == - — - —
N
i ; b : |
: !
1 . . . _
2 . - .
B e = — e - ——— — . > - S — — ——————— — T o —— e o —— —— - s
&8 1a*'0 Q@ Q@ & a a-9 o a & 0 a'lsa a4 6 o a4 a'a oo oo a
- A D G D G i = S — D G A D D S A — —— — A — ——  — w— D — — — —— S - —— b w——
N i “ _ | - | ;
121w 86 0 W W W o w w wo o w o w Wwo woww o w
T Q, T ~ 3 o N~ M~ 22 O @ O~ P2 o2 o T N ~ QO a. n
RglO® & M T ®© & @O @O F ©® & M M & < ®© S > @O T @ N &
§I-10 O © O O O © © O © 0 © © © ©o © O © O O O © o
1= -l -t -t - -t -t Ll -t -y -t -4 Lo -t 4 -t - -y -t (o] -t - -l -t
[ I I B T - B B TR, BER Y B N R N YR N N N’ B, BT TR, R N S
[l U VU VvV U U VUV Y G U U U VU LU U U vy U YU v
\ .
u _ H | 1 _ | !
B = emem cm cn o e o s A - e = . —— — > — —— > - - - - - - — > man - - wi
2 a a o A a4 o a6 o a4 a a a'a a a4 o a a,a o a6 o
I —-— -— -— — — — -— -— - - - -— — -— - -, - -~ — — g — —
L A o A T T S e L T L T L L e s T L L
HE I I e B I A R B A I A B B JR |
B = - - : H . ! "
L% % ¥ X, M X W X % % WX M M X ¥ M W M W K W W
IR a4 N a6 a4 O 68 N & a0 n an oA L2 2 T s S > W W " S S
170 ! | | ]
[ ! i i
B o s o o o e - —— — - — i —— — — = — - - - - —— - T —— - —— " — -
1 I ~ I t I I I

CAIJCUILATED DATE 14-9-1976

Fig. 11-12 Copy of material list (flange)
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Advanced Research and Development
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A General

During our research effort, some advanced processing
equi pment has been | dentified. ,
1. Van-Stone_ Couplings versus Veld Joints
|prevs,ési dEng| neering Company Orbiting Pipe Sad-
e Vel din
3. ESAB Oonpgany “Robot” Vel di ng
4, TIDrill 90 Degree Branch Collaring

These four items relate to the sub-assembly area of the
automated pi Pe facility. This is the area whére application
of individual automatic equipment is the nost challenging.

B. Van-Stone Couplings Versus Veld Joints

Cost effectiveness of subject couplings has been demon-
strated. It is a regulatory body approved alternate to weld
joints, Research is proceeding for production application
of subject couplings.

C. Cypress Engineering Company Qbiting Saddle Vilding

This machine is in the devel opmental sta?e. It has been
established that the subject tooling can follow the complex
contours set forth by pipe saddle joints. The Qrpress Engi -
neering Oonpan;f equi pment  has heéen extensively nodified
as_evaluation of equipnent has progressed. Presently, this
unit has a mechanical linkage capable of optimm varying
torch angles for any place in rts 360 degree orbit. Additional-
ly, it can simltaneously osci|late to produce a weld weave
Fattern. The oscillation is a fixed equal dwell. Since nost of
he saddle joint is essentially a horizontal position weld, a
variable dvel| oscillation pattern should be pursued. Test
wel ds made to date indicate feasibility.

Thi's wel ding process is approved for nuclear construction
wth saddle’in H]Ol nts. Further development is required for
application with P-1 ship systems. This process has proved
very economcal for processing piping with dianeters of
30 inches and above.

D. ESAB Conpany “Robot” Vel ding
1. Welding Fair—Essen, Germany-1977
It was observed by our technical "people that use of
industrial-" ‘“robots” for welding is accelerating at
a rapid pace in Europe, Basically, “robots” are
divided into two categories.
a. Mnually Programed-e.g. Hobart-Tralfa
h. X-Y-Z Axis ro?ramred-e. g. ESAB- ASEA
Contact with technical people in Europe Indicates cate-
golry(/j_ b. better conforms to accuracy requirements for
el di ng.

2. “Robot” Velding of Pipe Saddles

Since Septenber, 1977, research has progressed
with the “robot” equipment. The “robot’ is a more
expensive alternate to the Cypress equipment wth
a Wder field of application. It should be noted that
this equipnent can be utilized for hi %h product | on
rate and repetitive assenbly work such as (a) Pipe
Hanger s: (bg Smal | Foundations; and (c) Brackets,
as well as Pi Pe Branch Vil dnents. There are
nunerous repetitive assemblies in ships. Hstori-
cally, this work is acconplished in fabrication
or sheet netal shops. This work could be redirected
to the automated pipe assembly area.
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E T/Drill 90 Degree Branch Collaring

Thi's equi FnEnt makes “pul | outs” on pipe and elim nates
the need Tor purchased T-fittings. Avondale Shipyards has
purchased two of these units.

Cost anal yses indicate the use of “pull outs” can save as
mich as 98 percent of the material cost (conventional joints)
per ship set on a series of Navy vessels currently under
construction at Avondal e.

Further research with this e(im prent will involve studyi nﬁ
wel ding systems for the development of procedures on suc
materials as carbon steel, co Per-mckel and 300 Series
ts,ta|n|ess steel, utilizing the TIDATTT collar for joint prepara-
ion.

Research will continue to determne the feasibility of auto-
mting the welding of T-Drill weld joints.

F. Machine Cutting Branches

During the research efforts on 90 degree,fitting and weldin?
of branches, the hole in the main body pipe and the shape o
the branch has been acconplished by burning. In order to
inprove this weld joint, it is recomended that additiona
research efforts be directed toward the feasibility of m-
chine cutting the hole as well as the contoured end of the
branch pipe






Mechanized welding -
from a technical point of view

When mechanizing or automating a
welding process it is often necessary,
asin practically al mechanization, to
adapt the workpiece to the automatic
process in question. In the case of arc
welding, thisis a requirement of
particular importance since in itself,
arc welding is arelatively complicated
process which normally requires an
intimate interaction between man,
machine and workpiece. Long series
were previoudly caled for if profitability
was to be reached. This meant that
short series, varying series, and
components in which the joints lacked
sufficient accuracy, continuity or
regularity were seldom suitable for
profitable mechanization with the
techniques available.

Under ideal conditions, where the
above requirements are fulfilled a

s - gl b < Qo gt

Figs. 1 and 2. Robot welding of car details fine - gauge.

product-adapted machine is often the
best and most profitable solution. For
example, a number of arcs can be
operated simultaneously or in se-
guence which in most cases, under-
standably, makes for high production
rates. In general, this type of facility or
mechanical welding equipment is used
for peripheral or continuous straight
welds; this applies to large as well as
small production facilities.

Robot arc welding

Thanks to the development of semi-
automatic welders in the late 1950's,
gas metal-arc welding made its
break-through in industry and today,
semi-automatic gas metal-arc welding
is widespread in the industrialized
world. For many years, there has been
a definite need of a more advanced,
mechanized arc welding machine for
the type of workpiece which does not
satisfy the requirements on series
length, joint position and regularity.

,‘, -
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This is probably most evident in the
case of small and medium-size
components.

Almost in every welding shop, much
can be gained from improvements in
the work environment. To achieve
such improvements and simulta-
neously to eliminate tiresome and
monotonous jobs within the welding
industry has been one of the principal
aims of ESAB’S development group
for a considerable time. Through
significant advancements in the field of
robot technology, it is now possible to
carry out gas metal-arc welding as well
as resistance welding/spot welding
with industrial robots to a sufficiently
high level of accuracy for a substantial
part of the industry’s welded products.
In this field, the ESAB A30 A Welding
Robot is a leading contender.



ESAB here presents the ASEA wel ding
robot, especially designed for arc

vel ding. The nost significant advan-
tages of this systemcan be sumariz-
ed as follows:

® [nprovenent in work environnent

due to elimnation of tiresome and

monot onous jobs and the extraction

of welding fumes.

Significantly increased production.

H gh, consistent welding quality.

Versatile equipment, suitable for a

great variety of workpieces.

® Short operation time, which reduces
processing tine.

® |ow capital expenditure require-
ment conpared with type restricted
vel ding equi prent.

® Fasily operated and programed.

® Ceneral |y adaptable to existing
desi gns.

Vhen to use robot welding

As previously nentioned, type-restrict-
ed, mechanized or automated welding
equi prent shoul d be used for products
which are to be manufactured in long
series and where the geometry of the
joints is unconplicated. In sone
cases, type-restricted equipment can
be nodified to be used for a nunber of
different workplaces or for different
versions of the same workpiece.
Furthermore, the welding of unconpli-
cated circular and linear joints can
often be automated by using standard
circunferential welding positioners or
automatic colum and hooms. In order
to attain good results, the follow ng
applies to both type-restricted equip-
ment as wel |l as welding robots.

Production-welding of generator poles.
An indexing table specially developed for robot welding is used.

® \aterial possessing good weldabili-
ty. must be used.

® The material nmust be free from
paint, inpurities, grease, oil, scale
etc.

® The joints mst be well prepared
and offer good fit.

® The workpieces nust be uniform or
the positioning of the joints be rela-
tive to each other or correspond to a
reference point (datumplane, hole
or edge). Pernissible deviations
vary fromcase to case, but gener-
ally speaking, the lighter the
materials to be welded, the tighter
the tolerance required. The type of
joint is also of inportance, as are
the requirements made on penetra-
tion, weld appearance, strength etc.




ADVANCE PIPE AND
SHEET BRANCHING METHOD

to 20" in 20 minutes

Formed collars from 5“
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Hole saw and conical cutter Machine grinding of
S I E form elliptical piiot hole S | E P 2/ edge to finish collar

Machine forms collar Machine mills edge
ST E P 3/ utilizing formation pins E ; I E P 4 10 fimish collar

TYPE 50C: SPECIFICATIONS

Eliminates— T-joints and flanges Capacity: Collar diameters-5" to 20”
Eliminates— Extra welds and x-rays Max. main pipe O. D.-40"
Eliminates—  Labor and materials for Max. wall thickness—1/4" stainless steel
miter joints -5/16“ soft steel
Eliminates—  Stocking of joint pieces Height: 106~
Eliminates— Weaknesses at branching points Width: 51"
Depth: 63"
Weight: 5000 Ibs.
Connections:  220/440 V 30 ph 60 Hz
12 hp.
Air-100 P.S.I.

DR I LL 727 W. ELLSWORTH, BLDG.8/ ANN ARBOR, MICH.48104
| ‘ y TELEPHONE 313-995-2187
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Larikka T
T-dJoint Drill_ -
Type 150

Supercedes
Prevailing
Pipe

Branching
Methods

PR el L S
{

Putting a branch on a pipe is
a problem.

A pipe branch is expensive to
make if you use a separate
T-part. You have to pay for
the part itself and for linking
it up to the main pipe and
checking the connections.
And if you cannot utilize

a branch part the traditional
nethods are uneconomical
on account of their slowness
and because of machine
axpences.




Copper,

Type 150 provides a short-cut

A T-Joint Drill Type 150 can work the
hole and the collar straight onto a pipe
in 5-15 minutes.

Owing to the collar the pipe branch will
not impede the flow.

And there is no separate branch part.
Costs are saved on pipe parts and on
work and x-ray checks of the two
connections joining the T-part to the
main pipe.

Pipe materials

Copper
Aluminum, brass
nickel
Stainless steel
Steel

Operating range of collaring heads

branch pipe diameter

168

120

90

76

46

Collaring Head No. 5
Main pipe wall thickness S=3 (4) *
S= 4 mm
Collaring Head No. 4 wall thick-
Main pipe wall thickness S=3 (4) I NESSIS
1 | workable
Collaring Head No. 3 when
Main pipe wall thickness s=3 | collar dia-
| meteris
Collaring Head No. 2 not larger
Main pipe wall thickness S=2 than 0,85
of the
main pipe
Main pipe wall thickness S=2 diameter
42 48 76 90 120 168-400

main pipe diameter

Approvals

The Technical Research Centre of Fin-
land has tested and the Technical In-
spectorate has given a resolution (1865/
210/76) of the use of Larikka T-Joint
Drill Method in the manufacture of coll-
ared branches.

On the basis of the above Det Norske
Veritas has given a restrictive approval
(October 14, 1976) for the use of the
method.

Manufacturer:

LARIKKAOY

01630 Vantaa 63
Finland

Telephone: 90-847 077
Cables: Latool

LARIKKA OY

Machine draws on collar with aid of the formation pins of the collaring head.
The adjustment of the head is continuous. The effect of the pipe wall
thickness is compensated by a fine adjustment system.

i .

Machine then works the collar edge for abutment joint. 89
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Section V

Equipment Suppliers
INDEX

A. General

B. Pipe Shop Equipment Suppliers
C. Hardware Systems Suppliers
D. Software Package Suppliers
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A.General

This section is designed to provide the reader with alist of
companies that supply automatic or semi-automatic equip-
ment. It must be noted that there are numerous companies
in the world that manufacture this type of equipment. How-
ever, only afew major suppliers are mentioned in this sec-
tion.

The equipment listed under the heading of Pipe Shop Equip-
ment Suppliers can be acquisitioned individually. The ma-
chines are automatic or semi-automatic, and can be inte-
grated into a production system with modifications.

There are five companies that can provide a semi-automatic
or automatic pipe fabrication facility. These systems, how-
ever, are limited as to pipe size and alloy mix. These com-
panies are listed under the heading of Semi-Automatic or
Automatic Pipe Fabrication Systems Suppliers.

A software package is essential to the efficient operation
of a semi-automatic or automatic pipe fabrication facility.
Five suppliers are listed. It must be noted that in the near
future a software package of United States' origin will be
available, which will provide the pipe detailing function.

This system is being developed by Newport News Shiﬁ-
building and Dry Dock Company, under contract with the

Maritime Administration.

B. ripe Shop Equipment Suppliers
. Racking Systems, Semi-Automatic
I shikawajima-Harima Heavy Industries Company,
Ltd. (IHI)
Mitsui Engineering& Shipbuilding Company, Ltd.
Oxytechni
Steffan Manufacturing Company
Systems Equipment Company
Surface Preparation and Coating, Semi-Automatic
Binks Manufacturing Company
Isrzi ka\)/vajima-Harima Heavy Industries Co., Ltd.
[HI
Mitsui Engineering& Shipbuilding Company, Ltd.
Oxytechnik
Vacu-Blast Corporation
Wheelabrator-Frye, Inc.
Cutting and Measuring, Semi-Automatic
Cypress Welding Manufacturing Company
Do-All Company
Fairileld Machine Company, Ltd.
Imikc?Najima-Harima Heavy Industries Co.,
Ltd.
Mitsui Engineering& Shipbuilding Co., Ltd.
Oxytechnik
W. K. Stamets Company
Steffan Manufacturing Corporation
Vernon Tool Company
Wallace Supplies Manufacturing Company
Marking Devices, Semi-Automatic
Imingajima-Harima Heavy Industries Co.,
Ltd.
Mitsui Engineering& Shipbuilding Co., Ltd.
Oxytechnik
W. K. Stamets Company
Wallace Supplies Manufacturing Company
Conveyer Systems and Kickouts
Do-AU Company
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I shikawajima-Harima Heavy Industries Co.,
Ltd.

Mitsui Engineering& Shipbuilding Co., Ltd.

Oxytechnik

Pandjiris Weldment Company

W. K. Stamets Company

Vernon Tool Company

Wallace Supplies Manufacturing Company

Contour Cutting

Cypress Welding Manufacturing Company

I shikawajima-Harima Heavy |ndustries Co.,
Ltd.

Mitsui Engineering& Shipbuilding Co., Ltd.

W. K. Stamets Company

Steffan Manufacturing Company

Vernon Tool Company

End Preparation

Conrac Corporation

Fairfield Machine Company, Inc.

Ishi kc?wajima-Harima Heavy Industries Co.,
Ltd.

Mitsui Engineering& Shipbuilding Co., Ltd.

W. K. Stamets Company

Steffan Manufacturing Corporation

Vernon Tool Company

Hole Burning Devices

Cypress Welding Manufacturing Company

I shikawajima-Harima Heavy |ndustries Co.,
Ltd.

Koikie Sanso Kogyo Co., Ltd.

Steffan Manufacturing Corporation

Branch Welding

Research and Development

Flange Welding and Finishing, Automatic

ESAB-HEBE Company

I shikawajima-Harima Heavy |ndustries Co.,
Ltd.

Mitsui Engineering& Shipbuilding Co., Ltd.

Oxytechnik

Bending with/without Flanges, Automatic

Comae Corporation

I shikawajima-Harima Heavy Industries Co.,
Ltd.

Mitsui Engineering& Shipbuilding Co., Ltd.

X-ray, Semi-Automatic

Research and Development

SEMI-AUTOMATIC OR AUTOMATIC PIPE FABRI-
CATION SYSTEMS SUPPLIERS

C. Hardware Systems Suppliers
Imik(?Najim&Hanma Heavy Industries Co.,
Ltd.
MECAVAL International/USA
Mitsui Er)(k;i neering& Shipbuilding Co., Ltd.
Oxytechni
D. Software Package Suppliers
Hitachi Shipbuilding Co., Ltd.
Imﬂngajim&Harima Heavy Industries Co..
ta.
Kockums
Mitsui Engineering & Shipbuilding Co..,Ltd.
Newport News Shipbuilding & Dry Dock
Company (Under Development)

10.

11.

12.



Hardware can be provided, and in some cases the software,
to perform as an integrated system to produce the following
functions:

Automatic Pipe Storage

Automatic Pipe Cutting

Automatic Measuring

Automatic Contour Cutting

Automatic Fitting/Welding Straight Pipe Pieces

Automatic Flange Fitting & Welding

Automatic Flange Cleaning

Automatic Bending with/without Flanges

Automatic Transfer Device Kickouts

Automatic External Surface Preparation and External

Coating
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