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PREFACE

The National Shipbuilding Research Program has been
sponsored during the past 20 years by the Maritime
Adrninistration United States Department of Transportation,
and by the United States Navy toward improving productivity
in shipbuilding. The Program is operated through several
Panels of the SNAME Ship Production Committee. During
1988 a survey was conducted in behalf of SPC Panel SP-3 on
Surface Preparation and Coatings to determine (1) the benefit
value that had accrued from the research projects sponsored
by that Panel during the previous 15 years, and (2) how the
management and administration of the Panel itself- meetings,
discussions, activities - was seen by the using community.
The report of this survey (NSRP 0303, July 1989) was well
received. It was therefore decided to conduct a similar
survey for each of the other active SPC Panels. In addition
available information on now inactive Panels SP-2 (Outfitting
and Production Aids) and SP- 10 (Flexible Automation)
would be reported if it appeared that such information might
be helpful to the active Panels.

The modified survey of SPC Panel SP-10 on Flexible
Automation is reported herein. The purpose of this survey
was to gather and present user opinions and comments on the
projects sponsored by Panel SP-10 toward better utilization
of this research information.

The Task was conducted by Rodney A Robinson, Vice
President of Robinson-Page-McDonough and Associates,
Inc. Personal interviews were conducted with several
members of the shipyard FIexible Automation community to
gain the necessary information. Conclusions and
recommendations based on analysis of the findings are
included in the report. The work under NASSCO Purchase
Order No. MU171117-D, began in October 1991 and was
completed in December 1993.



EXECUTIVE SUMMARY

This Task has investigated the benefits derived from the projects sponsored by SNAME
Ship Production Committee Panel SP-10 on Flexible Automation during the 4 year period
when this Panel was active under the National Shipbuilding Research Program. It has
found that Panel SP-10 was actively addressing the potential advantages to the shipyard
community of flexible automation equipment and techniques known during that time
frame. Much important research was accomplished, but only minimal shipyard application
of it has since been achieved. Avoiding a major financial investment in equipment may
have caused the low implementation rate. Flexible automation depends on “big ticket”
items, which the shipyard community simply has not accepted as essential to staying in
business. Since the foreign shipyards that currently dominate the international commercial
market seem to have a different opinion, this position may need closer examination in the
immediate future.

This Task also identified a problem common to all SPC Panels, but particularly acute for
those Panels that are no longer active. Attempts to assemble copies of meeting minutes,
attendance rosters, and other material associated with the meetings of SPC Panel SP- 10
from several shipyard contacts were not productive. After only six years of inactivity, the
density of such documents has become so thin that locating this information was nearly
impossible. The only Chairman of Panel SP-10, James B. Acton passed away some three
years after the last Panel meeting. Fortunately, his personal NSRP records were made
available to this survey by his Widow. Much of that information is included herein as
Appendices B through M. This area of concern still exists for the other Panels, however.
Documents of this type are typically thrown out when their immediate purpose has been
satisfied. For the active Panels, the problem of obtaining these documents is less severe
because recent attendees have them handy. However, the recovery difficulty increases for
the earlier meetings, some of which were attended by people no longer on the NSRP
scene. Clearly, deliberate steps are needed to preserve such material for future reference.
A recommendation to correct this situation is contained in this report.

SPC Panel SP-10 was quite active during its 4-year existence. Much important research
was being addressed by this group, but funding uncertainties and the 3 to 4 year project
cycle time eventually combined to erode the interest level of Panel participants. As our
shipyard community now endeavors to gain a competitive posture in the international
commercial market, the research accomplished by Panel SP-10 definitely should be
included in deliberations aimed at improving our peformance. Even though some of the
SP-10 activity took place over a decade ago, the information generated clearly is still
relevant. A modest amount of effort to study this information and merge it with the
progressive attitudes currently emerging in some of our shipyards could pay substantial
dividends.
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BACK GROUND

General  Discussion

This Project was designed to investigate the benefits that may have resulted from SPC
Panel SP-10 Flexible Automation projects carried out during the 4 year period when this Panel
was in active operation. The Project would consist of interviews with members of the Flexible
Automation community to gain information on these matters. The interviews would be on-site
and face-to-face, to yield the most meaningful results. Analysis of findings would be published for
principal consumption by the members of other active SPC Panels toward better utilization of this
research information by the shipyard community.

This project was a direct follow-on to a similar project conducted in 1989 in behalf of SPC
Panel SP-3 to (1) explore the benefits that may have resulted from the projects sponsored by that
Panel during the previous 15 years, and (2) to evaluate how the management of Panel SP-3 itself
was seen by the using community. The report on that project (NSRP 0303, July 1989) was well
received, prompting the development of this current project, which consists of the same kind of
analyses for all other active SPC Panels, as well as an update on the projects of Panel SP-3 since
the original report. It was also decided to add a modified survey of currently inactive Panels SP-2
(Outfitting and Production Aids) and SP-10 (Flexible Automation) toward better utilization of
their research findings. The report presented herein covers the area of projects sponsored by SPC
Panel SP-10 on Flexible Automation.



Overview

Information on project benefits was gained through personal and anonymous interviews
with 3 members of the Flexible Automation community from 3 different shipyard locations. The
interviews were conducted during the months of April and May, 1993. The survey would have
benefited from interviews with a larger number of people, but difficulty was encountered in
finding shipyard representatives who were still knowledgeable of SP-10 matters after the six years
of Panel inactivity. Out of the 200+ people contacted for this survey (which involved all SPC
Panels), only these 3 individuals were able to provide specific information on the projects
sponsored by Panel SP-10.

Records of Panel SP-10 activities also were difficult to locate in the shipyard community.
Fortunately, however, the personal records of the Chairman of Panel SP-10 were obtained, and
they yielded important information. These records are now located in the NSRP Program Office
at NASSCO. Panel SP-10 held a total of twelve meetings over four years. A matrix of the
attendees at each of the twelve meetings, and their company affiliations, appears on pages 3
through 6. The minutes of nine meetings have been located. These minutes are included as
appendices to this report.

Several questions were designed to explore the aspects of this survey. The worksheets for
gathering information on the benefits of individual projects are contained in Appendix A.

A detailed discussion of the findings is presented below. Those associated with the benefit
analysis of panel projects begin on page 7. Conclusions reached from the findings are on page 12.
The recommendations drawn from these conclusions are on page 13.
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BENEFIT ANALYSIS OF PROJECTS SPONSORED BY SPC PANEL SP-10

General   Discussion

This section contains inforrnation on all of the SP-10 projects investigated, including a
description of each project, the pertinent information surrounding that project, and an analysis of
the benefit value gained from that project to date. The NSRP Number is that assigned to each
report in the NSRP Bibliography of Publications 1973-1992, published (now annually) by the
University of Michigan for the National Shipbuilding Research Program. The projects
investigated are those listed in this specific publication (1973-1992). The analysis portion has
been drawn from the comments offered by those interviewed, and is intended to provide a general
indication of how the project has been received by the shipyard industry. Appendix A was the
worksheet used during the interviews.

For each of the active SPC Panels covered by this survey, a section was included at this
location in each Final Report to provide a rapid visual idea of the relative benefit value that has
been gained from the projects of each Panel that were investigated. Each Project was assigned a
number of *‘s (from 1 to 9) to indicate the relative benefit value gained from that project; the
more *‘s, the larger the benefit value gained. While these ratings were recognized as surely
subjective, they were intended to represent the general opinions of those interviewed as a
reflection of the overall industry attitude surrounding these projects.

In view of the small number of interview inputs available for Panel SP-10 projects,
however, there was an insufficient basis for the assignment of *’s to these projects. The
comments offered by those interviewed have been included below, and do provide at least some
indication of project benefits.

Detailed Discussion of Individual Projects

Each of the individual projects investigated are discussed below in the chronological order
in which they were carried out. Included is: NSRP Number, TITLE; AUTHOR; DATE; COST
(where available); ABSTRACT   and   BENEFIT  ANALYSIS.
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NSRP 0081

TITLE: Technology Survey of Major U. S. Shipyards

AUTHOR: Marine Equipment Leasing, Inc.

DATE: 1978 COST: (Not available)

ABSTRACT:  This is a report on a technology survey of 13 major U. S. shipyards and 16 of the
best comparable foreign shipyards. A standard procedure is followed in assigning one of four
technology levels to abroad range of shipbuilding operations and processes in each shipyard. The
results are presented in terms of comparisons among U. S. shipyards and between U. S. and
foreign shipyards. (300 p. approx.)

BENEFIT ANALYSIS: This project established a starting point for consideration of flexible
automation in the shipyard community. It did not intend much else, and so was not “applied” in
the sense of directly affecting the way in which shipyard work is earned out. It was, however, a
good assessment of technology conditions in U. S. shipyards and in several foreign shipyards in
the 1978 time frame, which might be useful as a baseline for present-day studies associated with
the entry of U. S. shipyards into the international commercial market.
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NSRP 0131

TITLE: Robotics in Shipbuilding Workshop Proceedings with Executive Summary.

AUTHOR: Todd Pacific Shipyards, Los Angeles Division (TPLA)

DATE: October 1981 COST: (Not available)

ABSTRACT: This report summarizes a three-day workshop held by MARAD and TPLA to
initiate the shipbuilding industry into the field of Robotics. It assesses industry needs which could
be potentially met by robots. A number of problems were identified, some preliminary projects
specified, and an industry direction for developing a program was established. The attendees
recommended increased promotion of robotics technology and its application; development of a
program led by the industry to apply robotics technology; and establishment of a SNAME/SPC
panel to take action on recommendations and continue the work of the workshop. (133 p.)

BENEFIT ANALYSIS: This workshop launched SPC Panel SP-10 as an industry voice in the
flexible automation area. This gathering was a seed-planting opportunity which produced
considerable interest in flexible automation activities. The first meeting of Panel SP-10 followed
in June, 1983, at Long Beach CA. Eleven additional meetings of Panel SP-1 O were held, the last
one in April, 1987, in Chicago, IL This particular report did not precipitate any direct application
of flexible automation ideas, but one shipyard representative cited the introduction of a robotics
shape processor at his shipyard in this general time frame which he felt could well have been a
follow-on from the initial impetus produced during this workshop.
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NSRP 0267

TITLE: Implementation Plan for Flexible Automation in U.S. Shipyards.

AUTHOR: The Charles Stark Draper Laboratory, for Todd Pacific Shipyards, Los Angeles.

DATE: February 1987 COST: $221,047.

ABSTRACT: This implementation plan surveys current design and building practice in the
shipbuilding industry and recommends a systematic approach to productivity improvement
through flexible automation. Flexible automation in this context, covers any technique that can
deal with a class of similar jobs. It can be applied to associated automation opportunities in
design production planning, outfit planning, measuring, data analysis, process improvement, and
other crucial areas that support fabrication, account for a large part of construction cost, and can
benefit from automation. (268 p.)

BENIFIT ANALYSIS: This project report was referred to by one shipyard representative as “a
scholarly piece with a good message that should be read by many other people”. A second
shipyard representative admitted that his shipyard did not have much in the way of flexible
automation, and so he “suspected that the report was not too persuasive”, at least in the case of
his shipyard. This report addresses the one and only flexible automation research effort that was
sponsored by Panel SP-1 O and was subsequently published under the NSRP. Several other items
of research were addressed by Panel SP-10 (as discussed briefly below), but none of them reached
the point of being published.
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NOTE: Review of the Panel SP-10 meeting minutes, which have been included herein as
Appendices, will reveal several other projects that were in VariOUS stages of completion when the
Panel was disbanded. Notable among these projects are the following:

● Marking Plate Cut by CNC Burning Machines, Phase I. This project suffered a stop
work order in the midst of the research. It had a high technical risk and required a high
capital investment. This research would have been useful to a shipyard having a high volume
of plate being cut with CNC burning machines.

. Design Production Integration for Robotics Ship Manufacture. This project attempted
to design a class of components as a rationalized parts family for group manufacture on
flexible automated production equipment. It also would design a flexible automatic
production system incorporating operational capabilities specifically aligned with the
manufacturing task requirements of the component class. The project also suffered a stop
work order following the collapse of Todd LA who was serving as the research contractor.
It might have been directed to another contractor, but finding problems developed and the
project was abandoned.

● Manufacture, Inspection and Repair of Welding Cable Using Flexible Automation.
This project was pursued for several months, but was stopped in mid-stream. The variety of
cables and connectors and the variety of damages were found to be so great that programming
and tooling was viewed as too complicated and expensive. The shipyards did not agree on
what was the “right” welding cable. Any one company investment in hand tooling for one
variety of connectors could be done so cheaply, and without the involvement of other
shipyards, that it would become a proprietary advantage for them. Broad cooperative
research was therefore of no interest.

● Project Funding. One other commentary on the general nature of Panel SP-10 projects
during this time frarne is included to describe (1) the finding queue facing the Panel, and (2)
the uncertainty of project application due to the length of time needed to gain meaningful
project results. The finding cycle at that time consumed 2 to 3 years. As one shipyard
representative put it, “No self-respecting SP-10 project could ever realistically be
accomplished in less than one year.” The net result was that even with good ideas, it was 3 to
4 years before the research could be accomplished and reported. Ideas were oflen overtaken
by other events, and "The Panel could not keep up the interest level of the participants”. This
situation is surely not confined to Panel SP-10 some 6 years ago; it still exists today with the
active SPC Panels who watch this condition erode many promising items of research. One
possible solution would be to “commit money to a GOAL, rather than to a specific project.
Then the researchers could be turned loose to accomplish the GOAL” on a shorter time frarne
than would be required to complete an entire project.

11



CONCLUSIONS FROM THE FINDINGS

Three principal conclusions have been drawn from this survey, as follows:

1. Panel SP-10 research findings have not been applied effectively in U. S.
shipyards.

Analysis of the responses offered by those interviewed, and informal discussions with
several other people generally aware of SP-10 matters and currently close to the NSRP and the
activities of other active SPC Panels, suggest that the few projects sponsored by SPC Panel SP-10
were directed at areas where improvements in U. S. shipyards are still needed. In analyzing
comments on why so few of the Flexible Automation findings have been applied in U. S.
shipyards, it appears that avoiding a major financial investment in equipment may have caused the
low implementation rate. U. S. shipyards simply have not found it necessary to utilize flexible
automation techniques in order to stay in business. This position may have to be examined in
some depth however, as the foreign shipyards that currently dominate the international
commercial market seem to have a different opinion.

Since there is a large amount of potentially helpful information contained in the material
generated by Panel SP-10, consideration should be given to the study and understanding of this
material as it relates to the transition of U. S. shipyards from Government customers to an active
role in the international commercial market. SPC Panels SP-1 , SP-4, and SP-8 all share interest
in this general area, and should consider a deliberate effort to build on the baseline of information
that was produced by Panel SP-10.

2. Information on the meetings and activities of SPC Panel SP-10 is not widely
available.

During this survey attempts to assemble information on the meetings and associated
activities of Panel SP-10 were modestly successful, but only after the personal records of the
Chairman were made available by his Widow following his unexpected passing. Many contacts
were made with people who attended one or more of the Panel meetings, but rarely were copies
of the minutes or a listing of attendees found. As time goes on, even less information is likely to
survive. It is for this reason that the existing meeting minutes have been included as appendices to
this report.

There appears to be no single location where meeting minutes and reports on related
activities of any SPC Panel can be found. For active Panels, the problem of obtaining such
material is greatly lessened, because recent attendees still have the documents handy, although it is
still a challenge to obtain older material. For inactive Panels, once this information disappears it
cannot be reconstructed.

Consideration should be given to a deliberate arrangement whereby a copy of each and
every set of SPC Panel meeting minutes, roster of attendees, and selected support information
(enclosures, appendices, attachments, etc.) is placed in a permanent file at a published location. It
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is common for major changes in operations, facilities, flexible automation capabilities, vendor
relationships, and other aspects of shipyard life to consume many years of effort before they
become reality. The valuable history of these issues, as contained in the meeting minutes and
associated documents, often can greatly assist the process. Although the usage trafic for such a
file would undoubtedly be quite low, the guaranteed availability of this information would surely
be worth the modest expense of such an arrangement.

3. The Project Funding Queue was Long and Uncertain.

During the period when Panel SP-10 was in fill operation, the project finding cycle
regularly consumed 2 to 3 years and was fraught with uncertainty. When this finding queue was
coupled with a nominal one year project performance period, the time from idea conception to
research results was 3 to 4 years. In addition the equipment needed to support research in the
Flexible Automation area usually included “big ticket” items which were not readily available. In
this atmosphere the Panel could not keep up the interest level of the participants, which
contributed to the eventual demise of Panel activities.

RECOMMENDATIONS FROM THE CONCLUSIONS

The following recommendations have been drawn from the conclusions:

1. Efforts should be directed toward understanding and utilizing the research information
produced by SPC Panel SP-10. In particular, Panels SP-1, SP-4, and SP-8 each should examine
this material and see that it is applied during active projects involving or interfacing with flexible
automation techniques or equipment.

2. Arrangements should be made to have one copy of every set of SPC Panel meeting
minutes, roster of attendees, and selected support information placed on permanent file at a
published location that will be conveniently available to the shipyard community. This location
could be SNAME, the office of the respective NSRP Program Manager, the Chairperson of each
Panel, NSWC - Carderock Division, the NSRP Library at the University of Michigan, or some
other suitable place. This arrangement should be made promptly, as much of the information
currently in existence will soon disappear.

3. Those managing the financial affairs of the NSRP should consider finding the desired
research by GOALS, rather than by projects. This approach could allow the research to proceed
on a shorter time frame than that obligated by a fill project. This would make the research results
available sooner, and should strengthen industry interest in supporting the overall Program.
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APPENDIX A

Project Benefit Analysis Worksheet

SPC Panel SP-10



NSRP

SP-10   PROJECTS   LISTING

KEY

0-081 Technology Survey of Major
U.S. Shipyards
1978

0131 Robotics in Shipbuilding
Workshop Proceedings with
Executive Summary
1981

0267 Implementation Plan for Flexible
Automation in U.S. Shipyards
1987

A-1



KEY RATING  DESCRIPTION

o
1
2
3
4
5
6
7
8
9

No knowledge/no interest
Interested; will  look at information
Have information; considering  it
Have  studied information; no application intended
Information looks useful; application planned
Applied once; no further application seen
Have applied on limited scale; may apply again
Have applied  substantially; information useful
Constant application on-going; information valuable
Need  more information; wider application

RATING SYSTEM FOR NSRP PROJECTS EVALUATION
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SNAME/SPC PANEL SP-10 FLEXIBLE AUTOMATION
Minutes of the Meeting 1

Hyatt Regency Hotel

Tuesday &
Long Beach, California

Wednesday, JUNE,14-15, 1983 - 8:30 a.m.

PRESIDING : Mr. J. B. Acton - Panel Chairman

ATTENDEES : [see enclosure (l)]

GENERAL

1. The first meeting of this panel was convened by the Panel Chairman/
Program Manager, James B. Acton at 8:30 a.m. in the Hyatt Regency Hotel.
Twenty-eight (28) people were in attendance representing seven private and
two Naval shipyards, three consulting firms, four “artificial intelligence”
vendors, one university, plus MARAD and the Navy. A modified agenda is
forwarded as enclosure (2).

2. The panel was honored by the presence of the new Chairman of the Ship
Production Committee, Mr. Edwin J. Petersen of Todd Pacific Shipyards
Corporation, Los Angeles Division, who welcomed the panel into the National
Shipbuilding Research Program and the attendees to the meeting. His remarks
are included as enclosure (3).

PANEL ESTABLISHMENT

1. The attendees then undertook the task of establishing the panel. Panel
Chairman Acton started by stating the definition of Flexible Automation as:

“The combination of reprogrammable single and multi-
functional manipulators and fixed function machines
integrated with conventional fabrication and assembly
techniques for optimizing the performance of the manu-
facturing process”.

He then provided the following proposed charter:

The Flexible Automation Panel has the responsibility
to act for the industry in coordinating a cooperative
technical program with the Maritime Administration and
the Navy to:
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Minutes of the Meeting 
Panel SP-10 Flexible Automation
June 14-15, 1983
Page Two
--------

a .

b.

c.

d.

e.

f.

Develop a “road map” for transferring existing
and developing/applying new flexible automation
technology;

Establish a consensus priority list of high
cost driver areas for target applications of this
technology;

Solicit and review proposed research projects
which address problem areas;

Coordinate the efforts of other SNAME panels
proposing flexible automation applications;

Maintain an up-to-date awareness of flexible
automation technology as it applies to shipbuilding
technology;

Publish and disseminate research results to the
industry; and

Maintain a flexible program with redirection
capability to address new problems/technology as
they arise.

This was discussed at length and agreed upon with the following significant
points emphasized:

o

0

0

2. The subject
designated:

There will be a considerable overlap between SP-10 and
other panels such as SP-7, therefore requiring close coor-
dination between panels rather than duplication of their
efforts. Thus, the substantive requirements of each
flexible automation project must be analyzed in order to
determine the lead panel.

This panel should be prepared more than any other to
provide service to other panels.

Progress of projects should be carefully monitored by
the entire panel with those failing to show accomplish-
ment cancelled and the remaining budget applied elsewhere.

of membership was reviewed and the following categories
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Minutes of the Meeting
Panel SP-10 Flexible Automation
June 14-15, 1983
Page Three
----------

a. Regular (voting members) -

(1) Participating private shipyards (open to all
member yards of SPC);

(2) U.S. Naval Shipyards
(if invitation by SPC Chairman for their
active participation accepted by NAVSEA);

b. Associate (non-voting) members -

(1) MARAD

(2) Navy offices,bureaus and research activities

(3) Membership-approved education and research
institutions

(4) Professional associations

c. Guest Members

(1) Consulting firms (in appropriate field)

(2) Private research firms

d. Voting regulations were then established as follows:

(1) One vote per participating shipyard on technical
matters

(2) One vote per organization on organizational and
policy matters

(3) Vote will be by members present at a regularly
announced meeting

3. A discussion of project control mechanisms resulted in the adoption of
the rules governing the following extrapolated procedure:
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Minutes of the Meeting
Panel SP-10 Flexible Automation
June 14-15, 1983
Page Three
----------

a. Project Preparation

(1) Following the decision to pursue a project, a
member will be tasked with preparing a project
brief, as outlined in enclosure (4), to be for-
warded to the Program Manager at least one month
prior to the next scheduled meeting.

(2) The Program Manager shall send a copy of the
project brief and a review sheet to each member
with the meeting announcement.

(3) Members should prepare comments and bring them
to the meeting or, if not attending, mail them
to the Program Manager in time for them to be
discussed at the meeting.

(4) Members present will review the comments and
determine -

(a) whether or not to pursue the project
(b) the priority of the project, and
(c) its potential procurement sources

(e.g. shipyard, consultant, etc.)

b. Project Assignment

(1)

(2)

(3)

(4)

Following receipt of the approved budget, the
Program Manager will notify all members of the
projects available and request detailed proposals
from those interested shipyards and/or other
approved sources.

Copies of completed proposals will be forwarded
to all members for comment and consideration.

Members should prepare comments and bring them
to the next regular meeting or mail them to the
Program Manager in time for discussion by the
attending members.

Members present will review the comments and
decide to whom the project will be awarded.
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c. Project Reporting

(1) Either the panel member or a project
representative shall present a project progress
report to the panel at each regular meeting.
(This report should be in writing so that it
may be accurately repeated to absent members).

(2) Upon completion, each project will be
reviewed by the panel.

(3) Reports on projects approved by the panel shall
be submitted “camera ready” to the Program
Manager for printing and distribution.

4. Related discussion on the use of the panel as a forum resulted in the
consensus that members should present progress reports on related projects
(MANTEC, IMIP, etc.) at each meeting.

5. John McEachran of RI/SME described the organization and the benefits
that becoming a member accrue to panel members. He solicited the panel’s
cooperation to working on a joint project to develop a seminar for application
of Robotics in the shipbuilding
the consensus was that the idea

INDUSTRY PROJECT REPORTS

industry. The idea was generally approved but
is premature.

1.

2.

3.

Robotic Arc-Welding Evaluation Project (MARAD Panel SP-7)

J. B. Acton - Todd Los Angeles Division
[see enclosure (5) ]

Development of a Prototype Robotic Arc-Welding Station (MANTEC)

M. M. Fodor - Todd Los Angeles Division

[see enclosure (6)1

Evaluation of Unimation “Apprentice” Portable Welding Robot
(MARAD Panel SP-7)

J. Maciel - Todd Los Angeles Division
[see enclosure (7)1
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4.

5.

6.

7.

CNC/Robotic Shapes Processing System - phase I - R&D (MANTEC)

D. Blais -Bath Iron Works
[see enclosure (8)]

Flexible Manufacturing System for Submarine Propellers (MANTEC)

R. Wells - NAVSEA
[see enclosure (9)]

Overview of Navy Programs

R. Jenkins - David Taylor Navy R&D Center
[see enclosure (10)]

Other Plans & Programs

R. Holliday reported that NNS has established a new department called
“Advance Technology.” The department is working on several aspects of
advanced technology problems; his responsibility includes MANTEC and
flexible automation. NNS is examining several potential projects for
commencement later this year.

CURRENT BUSINESS

1. Robotic Welding Cable Manufacture, Inspection and Repair

N. Haynes - Bethlehem Steel, Sparrows Pt.
[see enclosure (11)]

2. Plan for Implementing Flexible Automation in the Shipbuilding Industry

J. B. Acton - Todd Los Angeles Division

This will be a project utilizing a consulting firm to assist the panel
in developing a plan for introducing the concepts of Flexible Automation
to and implementing them in the shipbuilding industry. The Panel
Chairman will develop a bid specification for approval by the panel at
the IREAPS meeting in August.

NEW BUSINESS

New business consisted of developing potential
desirable for development as FY ’84 proposals,

projects, selecting the most
and designating a panel member

to prepare abstracts for review by the panel prior to the IREAPS meeting in
August.
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1. Robotic Thermal Spray Facility - (Spraying aluminum onto steel for
corrosion protection).

a . Discussion

(1)

(2)

(3)

This project will require major involvement of panels
SP-7 and 023-1 with SP-10 leading. Potential support
“spin-off” projects include changed weld procedures to
take advantage of the aluminum as a "weld through”
coating. This would permit coating plates and shapes
prior to fabrication.

The facility size should accommodate parts up to
12’ x 40’ (plate) and shapes (angles, tees) of equal
length.

METCO (vendor) is interesting in helping develop the
specifications and the project.

b. Todd Los Angeles will prepare the abstract.

2. Marking of Plate Cut by CNC Burning Machines

a. Discussion

(1) Explore various marking devices such as laser, and the
Ishikawajima-Harima Heavy Industries (IHI) Co., Ltd.
“Z-marking” system.

(2) All identification data should be included.

(3) Should be generated along with the cutting information
(CAD-DNC, tape, etc.)

b. Ingalls will prepare the abstract.

3. Electric Cable Preparation from a CAD Data Base

a. Discussion

All panel members agreed that this potential project has
merit. 

b. Ingalls will prepare the abstract.
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4. Procure and Evaluate an Existing 3-D Vision System

a. Discussion

(1) R. Wells of NAVSEA and S. Levine of Robotic Vision
Systems, Inc. presented the capabilities of the
“two-pass” system developed for the “Flexible
Manufacturing System for Submarine Propellers”.

(2) The potential availability of other systems
demonstrated at Robot VII need to be explored.

(3) The panel agreed on the need for reaching the
objective of off-line teaching but wants more
information on other available systems.

(4) The suggestion was made that we consider com-
bining inspection with the welding vision analysis
system.

b. Todd Los Angeles will prepare a report on available systems.

5. RI/SME Seminars

a. Discussion

Reference was made to earlier discussion (see sub-paragraph 5
under PANEL ESTABLISHMENT).

b. Further consideration deferred until FY’ 85 planning.

6. Flange Forming

[see enclosure (12)]

a. Discussion

This item was included as part of the National Shipbuilding
Five-Year Productivity Plan. It is contingent upon a system
now being tested at BIW for Navy acceptance.

b. Deferred pending results of BIW tests.
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7. Robots for Assembling Sub-Blocks

[see enclosure (13)]

a . Discussion

This item was submitted as part of the Five-Year Plan. The
panel concluded that:

(1) The proposed schedule is too ambitious;
(2) The scope is greater than should be attempted as a

first year project for the panel;
(3) Each goal is a major project;
(4) The estimated cost is totally inadequate.

b. Deferred for consideration as part of FY’85 proposal.

8. Walking Robots (ODETICS, Inc.)

a. Discussion

This is a prototype, tele-operated machine that has yet to
be adapted to a specific task. It represents an advancement
in the technology of joint configuration but requires a “brain”
to be assigned to a robotic task.

b. Deferred as being insufficiently removed from basic R&D to be
of practical interest to the industry at this time.

CONCLUSION

1. The next meeting will be a short “spin-off” at the IREAPS symposium in
Boston during the period 23-26 August 1983.

2. The next regular meeting will be held in approximately 4 months; the
tentative location is Crystal City. Firm location and exact dates will be
forwarded by the Program Manager as soon as arrangements are completed
(Program Manager’s note: agenda items will be solicited prior to being
formalized).

3. The meeting was adjourned at noon of June 15, followed by a tour of
Todd Pacific Shipyards, Los Angeles Division.
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SPC PANEL SP-10 FLEXIBLE AUTOMATION
HYATT REGENCY HOTEL - LONG BEACH, CALIFORNIA

JUNE 14-15, 1983

A G E N D A

TUESDAY, JUNE 14

8:30 a.m.

8:45 a.m.

9:00 a.m.

10:00 a.m.

10:30 a.m.

Call to Order
Chairman’s Comments

SPC Chairman Remarks

Establish Panel

Organization
Membership (and categories)
Operating Rules
RI/SME

J.B. Acton (TPLA)

E.J. Petersen (TPLA)

J.B. Acton

BREAK

Industry Project Reports

Robotic Arc-Welding
(Panel SP-7) J.B. Acton

Robotic Vision (Navy MANTEC) M.M. Fodor (TPLA)

Apprentice Robot (Panel SP-7) J.Maciel (TPLA)

Robotic Structural Shape
Processing (Navy MANTEC) D.Blais (BIW)

Flexible Manufacturing
System for Submarine
Propellers R.Wells (NAVSEA)

Oveview of Navy R&D R. Jenkins (David
Programs Taylor Navy R&D Ctr.)

11:30 a.m. LUNCH
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1:00 p.m.

2:30 p.m.

3:00 p.m.

5:00 p.m.

WEDNESDAY, JUNE 15

8:30 a.m.

11:30 a.m.

1:00 p.m.

2:00 p.m.
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Current Business

Robotic Welding Cable Nick Haynes
Mfg. Inspection & Repair (Bethlehem Steel)

Plan for Implementing
Flexible Automation in
the Shipbuilding Industry J. B. Acton

- Establish Bid
Specification

BREAK

New Business

Round Table for Potential
Projects

ADJOURN

New Business

FY 84 Budget

Deferred to FY 84

LUNCH

Tour of Todd

ADJOURN
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E. J. PETERSEN REMARKS
SPC CHAIRMAN
VICE PRESIDENT-TODD L.A.
------ -------— ------ -—

As the new Chairman of the Ship Production Committee of the Society of

Naval Architects and Marine Engineers, it is a special privilege for me to

welcome you to the first meeting of the newest SPC panel, SP-10 Flexible

Automation.

I hope that both our Southern California weather and our Southern California

hospitality can combine to get this panel off to a running start towards

its goal of working with the other eight SPC Panels to initiate and imple-

ment projects that will materially improve productivity in the U.S. ship

construction and repair industry.

To bring you up-to-date, I took over the Ship Production Committee Chairman-

ship from Ellsworth Peterson effective May 9. In Ellsworth’s more than

eight years at the helm, a great deal was accomplished and he left a mark

on our industry that will last for some time to come. This mark is an

imprint called "HOPE” in an otherwise rather depressing sea of gloom, for

shipbuilding, repairing and operating are currently in a severe state of

depression worldwide, as YOU know. The hope stems from the unpretentious

but solid accomplishment of SPC over the past several years in its technical

management of the National Shipbuilding Research Program under Ellsworth’s

leadership. Impressive results have

progress is being made in many areas

name a few:

already

of ship

been achieved and further

construction and repair. To
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Reorganization of work for greater production efficiency

utilizing the principles of group technology;

Welding technology, including introduction of both

o

0

0

0

0

0

0

The National

fixed-base

Long-range

and portable welding

facilities planning;

robots;

Modeling techniques including photogrammetric and com-

puter modeling methods;

Shipbuilding standards;

Application of Industrial Engineering concepts;

Improvements in surface preparation and coating;

Better integration of design and planning with

production;

Education and training of our industry’s most important

and indispensable asset - its human resources

Shipbuilding Research Program (NSRP) is a cooperative

venture among the Ship Production Committee of SNAME, representing

technical

most of

the nation’s major private shipyards; the U.S. Maritime Administration; the

U.S. Navy; educational institutions; and ship design firms. The U.S. Coast

Guard, American Bureau of Shipping and other regulatory agencies, research
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institutions and technical societies have also provided support when needed.

During the twelve years since it was instituted, the National Shipbuilding

Research Program has been recognized to be one of the

ment sponsored research programs in the United States

per dollar invested.

most effective govern-

in terms of achievements

Typically, annual budgets have been in the range of $4 million, which

includes both the government and private industry contribution - a relatively

modest amount for a nationwide program encompassing all shipbuilding and ship

repair firms that choose to participate. The principal strength of the

National Shipbuilding Research Program lies in its emphasis on implementation.

There are

thrust of

available

no interminable

the program has

studies; no “pie-in-the-sky” research. The main

been and should continue to be: investigate what is

now; determine what is

the cost and benefits of its use

develop guidance or instructions

needed to use it in U.S. shipbuilding; analyze

the best that can be determined ahead of time;

needed for its use; and then TRY IT!

I might mention that during the past year, a comprehensive Five-Year

Productivity Improvement Plan was developed through a truly national effort.

More than 40 knowledgeable people representing at least thirty different

organizations contributed to this effort, and the draft plan has received the

endorsement of most major shipyards. After resolution of a few relatively

minor issues and technicalities, I expect the Plan

months and to serve as a more formal framework for

Research Program accomplishments for many years to

to be issued within a few

National Shipbuilding

come.
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At this point, we are ready to take our next step towards putting better tools

in the hands of the shipbuilding industry in order for us to continue our

drive to build better ships at lower cost and in less time. That step is to

activate this new panel on flexible automation. This panel will have as its

ultimate goal the development of automation tools - such as robots - that,

when coupled with the activities of the other panels, will fully implement

group technology in the U.S. shipbuilding industry. What is needed is better

management of all the resources that go into the product - manpower, material,

facilities, and time. That is what group technology is all about, and with

this panel in operation, the nine panels of the Ship Production Committee will

cover all those bases.

I sincerely appreciate the interest and attendance at this opening session

of so many distinguished experts both within and outside of the marine

community.

Once again, on behalf of both the Ship Production Committee and Todd Pacific

making the United States a world leader once again in ship construction and

repair.

Thank you and have a good week!
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Prepared By: (Name)

(Company Name)

Per agreement in SP-10 Panel Meeting

(Date of the Meeting)

SNAME PANEL SP-10

ABSTRACT FOR PROPOSED PROJECT ENTITLED AS SHOWN BELOW

Title:

BACKGROUND:

OBJECTIVES OF THE PROJECT:

TECHNICAL APPROACH TO THE PROJECT:

RESULTS AND DELIVERABLES TO BE EXPECTED FROM THE APPROACH:

BENEFITS WHICH THE INDUSTRY CAN REASONABLY EXPECT TO DERIVE FROM

THESE RESULTS:

SCHEDULE BREAKDOWN:

ESTIMATED COST:
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ROBOTIC ARC-WELDING STATION

UNDER SNAME/SPC PANEL SP-7

- TODD L.A. DIVISION -

The overall task was to evaluate a Cincinnati Milacron T3 (CM-T3) computer-

controlled pedestal-mounted robot performing arc-welding tasks. This was

a participatory project in which MARAD funded the lease of the robot for 18

months and TODD assumed all other costs, including associated equipment: an

Aronson model 60CS 6000 lb. positioning table

power supply with Bernard #3500 water cooler.

and Hobart RC 650 RVS welding

The evaluation commenced

October 16, 1981. Objectives of the CM-T3 evaluation included:

o Design and analyzing an arc-welding robot welding

station;

o Testing the results of the robotic welding performance;

o Identifying acceptable candidate parts for welding on

the robot;

o Establishing minimum

practical to produce

batch size vs. teach time that is

on the robot;

o Determining whether or not sufficient eligible parts

are available to make the robot an economical industry

tool; and

o Recommending technology necessary to make robotic

welding more economical.
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installed in a location where all utilities, material handling

material access were available, yet it could be isolated and

necessary. The first

layouts were evaluated and a second

productivity.

objective was achieved after several

positioning table was added to optimize

As the final report will show, the robot can more consistently and more pro-

ductively produce high quality welds than can be achieved manually. However,

this does require that close tolerance be maintained in fit-up and positioning

which requires more sophisticated and expensive tooling than is commonly

used in the shipbuilding industry.

For evaluation, TODD elected to utilize the CM-T3 to weld fairly complex

aluminum and steel subassemblies produced for the Navy FFG-7 class ship. A

review of welded structures indicated that foundations constituted the largest

potential source of candidate parts for the project. These parts are not

suitable for fixed automation; they constitute a variety of geometries and

are all fillet-welded. By

for accessibility for such

limitations were used as a

Seven hundred

criteria were

thirty (730)

controlled tests, TPLA established the limitations

items as minimum joint angle and clearance. These

final screening for candidate parts.

prints of foundations falling within the size

reviewed; 675 emerged as candidate parts. These were examined

for the number of pieces comprising each part. Eight-seven percent (87%),

(588 parts) were constituted of 2 to 19 pieces, the remainder (20-162 pieces)

were considered too complex for robot production at this time. Four hundred
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forty-one (441) parts require only one each per

11 require three each, seven require four each,

ship; 128 require two each,

and one requires six.

Teaching the robot (teach time) was quickly confirmed as

significant factor limiting the productivity of flexible

in small batch manufacturing operations. The constraint

the most

automation machines

was determined to

be whether or not teach time plus total set-up and run time for each batch

is more economical than current methods such as manual or semi-automatic

welding. Since that can frequently be several times the actual arc-time,

it is apparent that the small batch size for an individual ship requires

other factors, such as quality of work circumstances, be considered for jus-

tifying an on-line

to record a taught

this constraint if

taught robot in the shipbuilding industry. The ability

path for reuse at a future time does partially alleviate

multiple ship contracts are available; however, insuffi-

cient data has been developed to establish the number. Statistical data on

various batch sizes and part configurations from a Todd facility project will

be developed over the next six months. These results should provide some

indication of that number and be available in November 1983.

An extension

vs. run time

collected to

of that project to develop statistical back-up to the teach

has been requested.

this point indicate

However, the conclusions drawn from data

the need for:
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Interim technology enabling the robot to be “taught”

off-line;

Ultimate “artificial intelligence” which will

locate, track and adjust for the variables in

gap and allow a direct CAD/CAM link, and

root

With any robotic welding application, more attention

to tooling and fixturing.
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“DEVELOPMENT OF A PROTOTYPE ROBOTIC ARC-WELDING STATION”,

SUBCONTRACT NO. C10599 TO SRI INTERNATIONAL; U.S. NAVY

MANTEC CONTRACT NO. NOO024-82-C-5320

- MAGDA M. FODOR - TODD L.A. DIVISION -

The project objectives were:

PHASE I

(1) Development and evaluation of the Fast Manual” Programming

System;

(2) Development of the vision system for the robot.

PHASE 11

Implementation of the vision system in the shipyard environment.

PHASE I

Completed on 31 March 1983. SRI demonstrated the feasibility of their

vision system for the robot, and Todd demonstrated

manual programming system with the

duction environment.

pendant-mounted

the use of the fast

joystick in the pro-

BACKGROUND

SRI installed in October 1982 at Todd their control system for the CM-T3

robot and presented their programming techniques with:
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0 pendant-mounted joystick;

o robot-mounted force sensor;

o combination of the robot-mounted force sensor and

teach probe.

Each of these programming techniques was compared to the time and quality of

welding with the standard (push-button) CM-T3 system.

CONCLUSION

The conclusion of this

dule of four months of

feasibility study was based on a very ambitious sche-

testing and evaluation. The results were as follow:

o The pendant-mounted joystick significantly (40%-50%)

reduced the programming and welding time;

o The force sensor did not improve the programming

time. In addition, the “manual walk through the

welding path: is not desired. Also, the force

sensor was viewed as a potential safety hazard.

o The teach probe was not operational during the testing

and evaluation, however, based on the principles of

its use, the same applies as for the force sensor.

In addition, the shipbuilding industry does not have

suitable parts, which would justify the use of the

force sensor or the teach probe.
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A few hardware  and software modifications were recommended in order to

improve the system’s reliability, and subsequently to improve the potential

use of the robotic technology available today for the shipbuilding industry.
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EVALUATION OF UNIMATION APPRENTICE ROBOT

A MARAD PROJECT UNDER SNAME/SPC PANEL SP-7

- J. MACIEL - TODD L.A. DIVISION -

The official start date for the Unimation Apprentice

The initial step was procurement of the power source

Robot was December 1982.

and wirefeeder from

Union Carbide, Linde Division. In the interim period while waiting for

welding equipment delivery, a wheeled carriage/cart was fabricated.

A positioning table was fabricated to facilitate positioning of the test

assemblies which would be welded to accomplish operator training and proce-

dure qualification. During testing, it was determined that the 1" diameter

teach wheel

limitations

supplied with the robot was unsatisfactory due to accessibility

which prevented proper manipulation of the teach probe in tight

corners of fillet welded assemblies. A 1/2” diameter wheel was ordered,

received and tested successfully.

During the initial stages of testing, numerous problems were experienced

with software. The initial problems were experienced on the Linde power

supply at a very early stage in testing. Once corrected, additional problems

continued with both hardware and software on the Unimation products. Factory

representatives from Unimation have corrected several conditions and are still

in the process of debugging.
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Overheating of Unimation equipment software is a probable limitation.

Equipment operating time has not been sufficient to date for conclusive

evidence that overheating has been a major problem. Additional equipment

operating time is required in order to justifiably make this determination.

A maximum of 15 programmable steps is also considered a limitation, in

that, complex parts having numerous welds must be programmed in several

teach and weld stages rather than one. Further testing is required to

determine the limitations/accuracy of the total working envelope.

Puget Sound Naval

indicated similar

any problems with

Shipyard has been testing a similar robot and have

problems with software and hardware. They have not had

the welding power supply or the wirefeeder. It is not

known how extensive their testing program has been.

It has been determined that the robot supplied to Todd

number and continual updating of software/hardware has

continue.

The portability of the robot on the

practical for shop use at present.

wheeled cart mount

has an old model

occurred and will

carriage is not

The cart mount carriage limits the

robot to small tables or edge of table working areas only. An overhead

gantry mount carriage is planned to extend the working area of robot to

cover an entire table top (10’ x 19’). This should allow larger parts to

be welded along with easier and faster access in welding small parts.
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D. BLAIS REPORT - BATH IRON WORKS

CNC\ROBOTIC STRUCTURAL SHAPES

PROCESSING SYSTEM

PHASE I - RESEARCH AND DEVELOPMENT

PROJECT SUMMARY

NAVSEA Contract No. N00024-82-C-5317

BATH IRON WORKS CORPORATION

April 20, 1983
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CNC/ROBOTIC STRUCTURE SHAPES

PROCESSING SYSTEM

EXECUTIVE SUMMARY

The processing of ship structural shape parts is a low
technology, highly labor intensive activity. The CNC Robotic
Structural Shape Processing System (RSPS) has been conceived
as a solution to this high cost driver. The RSPS will marry
Computer Aided Design capability with robotic technology and
sophisticated material handling equipment for a complete CAD\
CAM system. The N/C control data necessary to drive the robots
in 3D plasma arc cutting and various marking activities will be
generated automatically directly from the ship CAD data base.
This is seen as a significant new development in robotic
application.

The project is to be implemented in two distinct phases.
Phase I - Research and Development, has been concluded. It
has shown that robotic 3D plasma arc cutting of structural
shapes is technically feasible. In addition, the technical
requirements of a DNC interface with a Computer Aided Design
system have been defined. The final technical report and
system specification, deliverables under Phase I, will be
used as a foundation for the Phase II effort.

The goal of the Phase II - Implementation effort will
 be the installation of a prototype RSPS at Bath Iron Works
Corporation fabrication facility. A production demonstration
for industry will be held at the successful conclusion of Phase
11. The technology developed under the project will be made
available for dissemination to the industry.

It is estimated that implementation of the RSPS will
reduce labor costs  in shapes processing by 50% and significantly
reduce material  waste and rework.
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The processing of ship structural shapes is a low tech-
nology, highly labor intensive activity. In the current
method, processing starts in the lofting department where
engineering drawings are used to determine the information
required to produce ship parts. This information, which
includes end cut configuration, dimensions, material type,
bend line marks, fit-up marks, as well as the part numbers,
is manually transferred to sketches, called control cards.
The control cards are released to the layout department as
required by the production schedule.

Structural shape parts are processed in separate areas
according to type. Steel parts destined for ship structural
components such as decks and bulkheads, are processed in the
shape shop. Steel foundation parts, which are characterized
by more complex cuts and smaller size, are handled in an area
adjacent to the foundation assembly area. Aluminum parts are
processed in an area which has equipment capable of cutting
aluminum. The layout process is essentially identical for
a l l  a r e a s .

parts are manually laid out according to the control cards,
utilizing a variety of tools and templates. Steel parts
are manually cut using oxy-fuel torches; aluminum parts are
cut using a variety of saws. Material handling between work
stations is accomplished by means of overhead cranes.

Proposed Solution

The CNC Robotic Structural Shapes Processing System (RSPS)
has been conceived as a solution to the high cost of producing
s h i p  s t r u c t u r a l  p a f i s . The system will marry a Computer Aided
Design (CAD) system with robotic technology to perform all
cutt ing and marking of steel  and aluminum structural  shapes.
The  ab i l i ty  to  program the  robot ic  process ing  cen te r  d i rec t ly
from the CAD data base is considered to be a significant develop-
ment in manufacturing technology. The Robotic Processing Center
will consist of one or more Robotic Processing Cells. Each cell
will be comprised of a robot and two conveyorized cutting stations.
The robot will be equipped with a plasma arc cutting torch and
tools for making fit-up marks and parts identification marks.
Material will be transported in and out of the cell by a powered
conveyor which will be engineered to serve as the cutting surface.
The system will also be used to generate production control
documents, such as materials lists and parts lists, to aid
production management in scheduling work through the system;
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Implementation

The RSPC is being developed and implemented under the Navy’s-

Manufacturing Technology/Shipbuilding Technology Program. The
project is being accomplished in two distinct phases as outlined
below:

● .

●

Phase I - Research and Development

This effort has included the validation of the technical
feasibility of the system, the preparation of a detailed
system specification, and the presentation of an end-of-
contract demonstration.

Phase II - Implementation & Production Demonstration

The goal of Phase II is the complete development and
implementation of a prototype Robotic Structural Shapes
Processing  System, at the Bath Iron Works Corporation
fabrication  plant. At the conclusion of Phase II, BIW
will conduct an industry demonstration of the working
system.

Phase I has been successfully completed.
the feasibility study and system specification
in the Phase II implementation of the system.

The results of
will be utilized

Project Responsibility

BIW was responsible for primary project management for
Phase I and will retain this responsibility for the Phase II
effort. Automatix, Inc. was selected to perform the Phase I
effort based on their expertise in CAD/CAM technology and
capability in robotics applications. Automatix elected to
retain Total Transportation Systems, Inc. to define the material
handling aspects of the system.

Shipping Research Services, . the developers of the AUTOKON ’79
CAD/CAM system, worked closely with BIW to define the requirements
for interfacing the Robotic Processing Center with the AUTOKON
data base.
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System Benefits

The Robotic Structural Shapes Processing System will
benefit both the shipbuilding industry and the Navy. Benefits
to industry are in the areas of:

● Efficiency -

● Accuracy

● Errors

● Material

● Capacity

● Planning

The RSPS is estimated to reduce labor
requirements by 50%.

The RSPS will be capable of cutting parts
This

increased accuracy will make subsequent
operations of assembly and installation
easier and faster.

The automatic programming of parts is
expected to significantly reduce the number
of lofting and layout errors.

Material utilization will be improved through
more efficient nesting and through a reduction
of rework.

Shop capacity will be
decreased cycle times
storage.

increased due to
and reduced in-process

Production planning and scheduling will become
more flexibie and responsive due to the
increased throughput and shorter cycle times
made possible by the system.

Benefits to the Navy include the following:

●

●

●

Lower Procurement Cost - Ship production cost will be
reduced owing to the increased efficiency
of the RSPS, improved accuracy of parts,
and reduction of costly rework.

Follow-On Use - The RSPS will be fully documented for
dissemination throughout industry.

Strengthened Industrial Base - The defense industrial base
Will be strengthened due to the increased
capacity of the shipbuilding industry. This
will serve to improve the defense posture of
the Navy.

Conclusion

The Robotic Structural Shape Processing System has been proven
technically feasible by the Phase I effort. The benefits which can
be realized by employing the system indicate that full development
and implementation under Phase II of the project is highly desirable.

B-33
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ENCLOSURES

1 PROPOSED SHAPE PROCESSING FACILITY
2 CONCEPTUAL SKETCH OF ROBOTIC PROCESSING CELL
3 CARTESIAN ROBOT AND WORK ENVELOPE
4 TEE BAR END CUTS
5 ANGLE BAR END CUTS
6 FLAT BAR END CUTS
7 DOT MATRIX PAINTING HEAD
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AUTOMATION IN PROPELLER MANUFACTURE & REPAIR
Roy N. Wells, Jr.
Manager of Manufacturing Technology Program
U.S. Naval Shipyards
NAVAL SEA SYSTEMS COMMAND SEA 070

The need for improving

since the inception of

the manufacturing

powered combatant

methods of propellers has existed

ships and submarines. Except for

relatively recent innovations, such as NC machining, there has been little

improvement in the manufacturing process since the turn of the century. The

basic manufacture and measurement operations had always been performed manually.

The machinist, chipper, grinder and polisher who hand-sculptured what many called

“works of arts”. The dimensional quality of the finished propeller was deter-

mined by the use of manually-applied sheet metal gauges or templates, with the

final decision on the quality of the propeller

the inspector applying those “hand-made” sheet

left to the interpretations of

metal gauges.

Today’s ship propellers have become more sophisticated in design and must be

manufactured to greater accuracy than ever before to meet the stringent per-

formance requirements dictated by the combat environment.

The need to improve the efficiency and quality potential in propeller manufac-

turing has thus become critical. These factors have prompted NAVSEA to under-

take a program to modernize propeller

available technologies, including 3-D

automation and sophisticated computer

manufacturing methods through the use of

measurement systems, robotic and/or machine

processing and control. The technical
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keystone of the various subsystems involved in the overall approach is the use

of adaptive control of the shaping equipment via feedback from the 3-D measure-

ment equipment. This closing of the measurement-shaping loop will reduce

manufacturing time and cost while assuring that the desired final shape con-

figuration is achieved to the accuracies required. The program which is being

pursued will address and improve the methods of measurement, machining, welding,

bending and grinding both for new builds as well as repairs.
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R. JENKINS REMARKS - DAVID TAYLOR NAVY R&D CENTER

I can’t discuss details of projects related to Flexible Automation because

I haven’t had time to have the presentations cleared for release. Basically

I want to talk about two activities - one is robotics and the other data

management.

In the robotics area, Jim has arranged to have you see a presentation of some

of the Navy part of the work - Navy-funded work. So I’m going to take a

different approach; I’m going to tell you a little about Cmdr. Everett in

NAVSEA and what he is assigned to do.

Cmdr. Everett graduated from post graduate school in Monterey last year. His

Master’s thesis was in robotics with a corresponding project in which he

built a home safety robot that is drawing a certain amount of publicity,

including an article in Wall Street Journal. At about the same time,

Adm. Fowler (Commander-NAVSEA), decided that he needed to do something about

robotics in NAVSEA so he brought Cmdr. Everett on-board as special

assistant in robotics because of his background. What he is trying to do is

to establish (in NAVSEA) a coordinated robotics program. He is looking at

three separate categories - flexible automation (or industrial automation)

which can be a typical manufacturing technology type project; fleet support

which is repair maintenance and overhaul; and futuristic applications. To

date, most of his activities involve gathering data from existing and planned
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Navy projects and surveying the industry developments to get a program

going this year in terms of existing state-of-the-art. You can well imagine

the complexity of the task that he is undertaking. I guess what I’m really

saying is that any input that this panel might have to give Cmdr. Everett

will be appreciated. I think that one of the things that we really need to

have is some communication between industry and the Navy and to what area of

the Navy we should be concentrating on.

The other area

management. I

mation viable,

that I think would be of interest to all of you is data

think most everybody would agree that to keep flexible auto-

you have to have a proper data and the proper format to provide

the instructions to

thrusts of the Navy

by Jack McGinnis of

the machine - and that turns out to be one of the key

Manufacturing Technology programs which is being headed

NAVMAT. As part of that, he has just this year started

planning the NASA IPAD projects. This is basically a research program in data

and data management. IPAD operates through a contract with Boeing and under

IPAD Technology Advisory Group called ITAB which is open to industrial repre-

sentation. The Navy is

requirements for design

asking NASA to include tasks to determine data

and manufacture of Navy aircraft weapon systems and

on the ships. I think that since we are beginning

on that area that it would be advantageous that we

representation into

duled August 2nd in

companies and maybe

in that activity.

that IPAD advisory group. The

to provide support to IPAD

can get some shipyard

next IPAD meeting is sche-

Seattle. The board consists of something like 20 voting

a hundred observers and you are all welcome to participate
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Another related area is a project called NAVCIM (Navy Computer Integrated

Manufacturing) which is being developed at the National Bureau of Standards.

That program is basically looking at developing the system of architecture

for control of flexible manufacturing systems that addresses the problem of

transferring the data from one make of machine to another driven by different

kinds of computers.
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ROBOTIC WELDING CABLE MANUFACTURE, INSPECTION
AND REPAIR

- N. HAYNES - BETHLEHEM STEEL-SPARROWS POINT -

SCOPE

This project will be directed to the development and installation of a robotic

controlled system for the manufacture and repair of welding cable. Beth. Ship’s

Sparrows Point Shipyard will enlist the technical assistance of Virginia Tech.

for this project.

OBJECTIVE

The proposed system will perform the following functions:

1. Take

male

2. Take

new cable from a reel, cut it to the desired length, and attach the

and female cam locks to the ends.

used welding lines and inspect them for damage; and from predefine

parameters,

3. Perform the

identify what kinds of repairs are necessary.

following repairs as required:

replace the male and/or female cam locks

cut out damaged areas and splice the remaining pieces together

tape over minor damages to the insulation

perform no repairs on undamaged lines

perform no repairs on lines having too many damaged areas, but

feed them into a discard bin.
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TASK AREA OUTLINES

The

1.

2.

3.

4.

5.

6.

7.

8.

9.

total project is subdivided into the following tasks:

Initial task analysis

Identification of operational requirements

Preparation of functional specifications

Inquiries and discussions with potential vendors

Placement of purchase order

Layout, design, and overall site preparation

Installation

Testing

Evaluation and modification.

Virginia Tech will assume primary responsibility for tasks

Sparrows Point

through 8.

Responsibility

Throughout the

Shipyard will assume primary responsibility

for tasks 4 and 9 will be equally shared.

1 through 3.

for tasks 5

project, Sparrows Point Shipyard will be the prime contractor,

and Virginia Tech will be a subcontractor to the Shipyard.

SCHEDULE

Tasks 1 through 4 will be completed during the first 12 months of the

project. If funding is available, task 5 will also be completed and task 6

will be in progress.
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Assuming a purchase order placement by the end of the 10th month and a 6-month

 delivery period, it is estimated that the project will be completed within an

approximate 24-month period.

POTENTIAL SAVINGS

The savings from this project will result from the Shipyard’s increased capa-

bility to adequately

significantly reduce

are either searching

or repairing lines.

supply its workforce with quality welding lines. This will

the amount of lost time incurred while welders or tackers

for usable lines, or exchanging damaged lines for good lines,

It is expected also that the costs associated with the

repair of copper inclusions in the steel will be greatly reduced, as there will

be fewer such inclusions. Additionally, there will be a savings resulting from

a decrease in the manpower currently utilized to repair welding lines.

Keeping in mind that any savings must

costs, it is consenatively estimated

be reduced by installation and maintenance

that Sparrows Point Shipyard can realize

annual savings of $600,000. It is not difficult to see that larger shipyards

can realize proportionately greater savings.

FUNDING REQUESTED

The “order of magnitude” funding request will be approximately $300,000.
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"FLANGEWFORMING

Objective:

At least three machines have recently become available for hot or cold upsetting of pipe
ends in order to utilize loose flanges (similar to a Van stone flange for copper pipe years
ago). The process is inherently productive because pipe-piece fitting, welding, and
finished stages are eliminated as well as the need to provide accurate bolt-hole
positioning of flanges. Bath Iron Works is testing a system for Navy acceptance.
Because both hot and cold forming methods are available and because of the multiplicity
of pipe materials and sizes employed in both naval and commercial ships, a process
approval program is needed.

Plan of Action:

Subtask 1. Obtain the results of previous pertinent testing programs. Also, obtain the
table of pipe-piece families organized in the order of increasing difficulty
regarding problems imposed by their manufacture, which will be produced
by the FY84 project “Pipe Piece Family Manufacturing for Naval Ship Con-
struction." Combine the latter information with similar such information
in the National Shipbuilding Research Program publication “Pipe Piece 
Family Manufacturing - March 1982” and establish the numbers of pipe
pieces required per ship classified by problem areas (sizes and materials
included) that could be produced more productively by use of loose flanges.

Sub task 2. Based on the foregoing, obtain Navy and ABS prerequisites for approvals.

Sub task 3. Obtain, preferably from organizations who already have machines installed,
representative samples of upset pipe ends and conduct metallurgical and
dimensional examinations.

Sub task 4. Prepare a booklet advising of Navy and ABS approval criteria and how to
submit requests for process approvals. The booklet shall also advise of the
availability of such machines and their relative costs.

End  Product:

A booklet describing Navy and ABS process approval criteria and the mechanics for
seeking approvals. In addition, the availability and cost of required equipment will be
covered.

Schedules

YEARS 1 2 3 4 5 6

Subtasks 14 (18 mo)
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E s t i m a t e d  :

Labor: 2000 hours at $50/hr
Material:
Adrninistrative:

$100,000
20,000
20,000

$140,000
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ROBOT FOR ASSEMBLING SUB-BLOCKS

Objective :

Optimum accuracy of sub-blocks when consistently achieved, significantly contributes to
producing optimumly accurate blocks. Assembly of both account for approximately 50%
of hull construction man-hours. Typically, sub-blocks are required for a ship in many
varieties and in varying quantities. However, in accordance with the principles of Group
Technology, many sub-blocks can be contrived so that they impose the same problems in
their manufacture and have about the same work content. Thus, a robot which can ‘see”
can perform all required work, i.e., Iayout, fittings welding, and distortion removal uni-
formly and productively. In consideration of sub-block sizes and their variations, a
specifically designed robot is required for both handling and manufacturing functions.

Plan of Action:

Task I. Conduct inquiries for pertinent robotic technology and identify problem areas
in which the greatest numbers of sub-blocks for naval and commercial ships
would be assigned. Plan Task II in detail.

 Task I I . Procure, adapt, and/or develop a discriminating robot which can “recognize”
different sub-block panel shapes and perform layout, fitting, welding, and
distortion removal. Develop software routines. Demonstrate the process.

End Product:

A practical robot for manufacturing the majority of sub-blocks required for a ship
regardless of sub-block differences.

Schedule:

YEARS 1 2 3 4 5 6

 Task I (6 mo) —

Task II (36 mo)

Estimated Coats

Labor: 5000 hours at $50/hr $250,000
M a t e r i a l :  300,000
Administrative: 50,000

$600,000
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SNAME/SPC PANEL SP-10 FLEXIBLE AUTOMATION
Minutes of the Meeting 2
Quality Inn-Pentagon City

Arlington, Virginia
Tuesday, Wednesday, Thursday, November 15-17, 1983

PRESIDING : Mr. J. B. Acton

ATTENDEES : LCDR Bart Everett
Thomas R. Galie
Roy Wells, Jr.
Jim Rivas
William Oakes
Bob Jenkins
John Sizemore
William French
Bob Schaffran
Jim Cameron
Marv in Agee
Nick Haynes
Stephen Sappington
Jim Nevins
Eric Byler

Todd Pacific Shipyards-L.A.

NAVSEA 90
NAVSSES
NAVSEA 070
L.B. Naval Shipyard Code 385.4
NASSCO, San Diego
David Taylor Naval Ship R&D Center
Ingalls Shipbuilding
Avondale
Maritime Administration
GD/Electric Boat
Virginia Polytechnic & State U.
Bethlehem Steel, Sparrows Pt.
Bethlehem Steel, Sparrows Pt.
Draper Labs, Cambridge
Adv. Marine Ent.,Crystal City

The meeting was chaired by J. B. Acton, Panel Chairman and Program
Manager.

OPENING REMARKS

Bill Oakes of NASSCO was asked to be Recording
and to prepare the minutes for this meeting.

Secretary of the Panel

This SP-10 meeting inadvertently conflicted with the AUTOFACT 5 Conference
and Exposition in Detroit and several SP-10 panel members went there. The
conference was sponsored by the Computer and Automated Systems Association
of the Society of Manufacturing Engineers (CASA/SME). Other panel members
may want to join CASA/SME.

Todd LA has submitted a proposal to the Navy for a MANTEC project to
investigate lasers as a heat source for heat line fairing. They plan
to work with MIT (Prof Masubuchi) on this project



Minutes of the Meeting
Panel SP-10 Flexible Automation
November 15-17, 1983
Page Two

year, the SPC plans to join with SNAME, New York Metropolitan Section for their
September 27-28, 1984 symposium; call for papers will be sent to all persons
on the IREAPS mailing list. 

The announcement of the SNAME 1984 Star Symposium was circulated.

The call for papers for the SNAME 1985 Star Symposium was distributed.

Appreciation and “Thank You” were expressed to Roy Wells for arranging
facilities.

PANEL PROJECT REPORTS

o Robotic Welding Cable Manufacturing Inspection and Repair.

See Attachment(l).

o Plan for Implementing Flexible Automation in the Shipbuilding Industry
(Hand RFP) .

Jim Acton presented the draft of an RFP to invite consulting firms to
put together a proposal for the SP-10 panel to introduce flexible
automation in the shipbuilding industry. The SPC has approved this
approach.

Considerable discussion ensued with different groups wanting consi-
deration for the design aspect, the construction aspect, and repair
considerations written in to the RFP. There was a wide difference of
opinion as to what Phase I, Proof of Concepts should consider.
Bob Schaffran was concerned that most consultants would take a long
time to learn the shipbuilding industry constraints, leaving little
time to perform the project.

LCDR Bart Everett of NAVSEA offered to assist in rewriting the RFP
with Navy interests in the total design, constructions, and life cycle      
included in the proposal.

The final decision was for TPLA to rewrite the RFP in more general     
language to enable the panel to evaluate competing vendors overall
capability in the areas rather than response to very
statements.

PANEL RELATED PROJECT REPORTS

o Dave Blais of Bath Iron Works was absent and did not

specific work

report on the
CNC Robotic Structural Shape Processing (MANTEC). This-is a system  
to plasma-cut the standard endings for T-Bar, Angle Bar, and Flat Bar, 
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and then automatically mark the shapes with one-inch high characters.
It is in the implementation phase now which will include a production
demonstration to the shipbuilding industry. BATH estimates a 50% labor
savings in this type of work.

o Roy Wells of NAVSEA described a project using a flexible machining
system for precise accurate work on a submarine propeller. This
project is being done by Robotics Vision Systems Inc., using their
3-D vision sensor and data processing technology. This company is
also developing systems for 3-D vision control of MIG seam arc welding
for the General Motors Corporation. Right now, Wells says he is looking
for propeller to demonstrate with next February 1984, Attachment (2).

NAVY PROGRAMS

o LCDR Bart Everett of NAVSEA described some of their programs:

Several yards are working on blasters for cleaning marine growth
and paint from the sides of submarine and other Naval vessels.
Puget Sound has one for Trident subs built by Wheelabrator-Fry.
Jim Cameron said that Quonset Point was going to a closed cycle
system for blasting.

The blaster of current interest is the “SANDROID”, a unit built
by Hockett Systems of Florida, Inc., 5103 South West Shore Blvd.,
Tampa, Florida 33611. They have taken a Simon “cherry picker”,
fitted the end of the boom with a set of six blasting nozzles and
control the unit by a “tele-operator", Potentially, sensors and/or
NC will be added to this control unit to automatically control this
function. Some discussion was generated with comments about using
this system (in smaller form) to blast compartments and bilges of
ships.

A NAVSEA Robotics Council has been established, with LCDR Everett
named coordinator. NAVSEA hopes to get maximum value of their
robotics investment by merging common problems into one project.

Adaptive MIG welding. There a number of manufacturers involved
in 3-D and other vision systems for seam-tracking automatic
welders. There are also a number of Navy installations interested
in this technology including Dr. John Silva at the Navy Ocean
Systems Center in San Diego.
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The Navy's use of robotics will be characterized by low
lot size, small market, special projects like handling unex-
ploded ordnance, underwater surveillance, and high risk
operations. The Navy will sponsor these programs.

Tom Galie of the Navy NAVSSES mentioned that robotics is
rapidly becoming a critical technology. There probably
will be limits placed on overseas information distribution.

Breakdown of Robotic Applications

Manufacturing

This is the first area that they are
and have existing funds by way of MT
have some projects ongoing. 

Maintenance and Repair

Not much is being done in this area.

heavily involved with
programs and already

There are piece studies
underway but mostly in air system command than in the NAVSEA.
This area is of major significance to the Navy because they
are much more involved in maintenance and repair than they are
in manufacturing.

Operational or Tactical

This involves mobile applications and to some extent autono-
mous applications, considered a much more futuristic category.

REPORT ON SPC MEETING, OCTOBER 25-26, 1983

The Panel Chairman discussed the SPC meeting and results, which are contained
in the attached copy of the Executive Control Board minutes, Attachment (3).

WEDNESDAY, NOVEMBER 16, 1983

Mr. Jim Nevins from Draper Laboratories, Cambridge, Massachusetts, described
his organization, the former MIT Instrument Lab. They have 2,000 people and
offer outside design service and consulting. He distributed a 3-sheet outline
describing their approach to systems application development, Attachment (4).
Draper is a possible responder to the SP-10 RFP on a plan to implement
Flexible Automation into the shipbuilding industry.
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SP-10 will be developing a 5-year plan with the number of projects limited
until the systems concepts have been worked out. There are a lot of
fundamental changes (on-block construction, etc.) going on in all shipyards
right now which will influence flexible automation projects.

The consensus of the panel members was that a meeting plan of three (3)
times per year with the possibility of plant visits and demonstrations
would be the best. The next meeting was tentatively set for March 20, 1984
in the Boston area.

Adjournment for the day at 4:30 p.m.

THURSDAY, NOVEMBER 17, 1983

Most of the panel assembled at the National Bureau of Standards facility
in Gaithersburg, Maryland to view the new Automated Manufacturing Facility.
This facility, which concentrates on a system to control standard “off the
shelf” machine tools and transporters, is funded by the Congress, $3M per
year from the Navy, some from the Air Force and contribution from private
industry.

The basic approach to their system is to use readily available components
and operate with small batches--an approach of interest to the shipyard
production engineers.

Adjournment upon completion of tour.

JAMES B. ACTON
Chairman
SNAME PANEL SP-10
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SNAME/SPC PANEL SP-10 FLEXIBLE AUTOMATION
QUALITY INN-PENTAGON CITY - ARLINGTON, VIRGINIA

NOVEMBER 15-16, 1983
AND

NATIONAL BUREAU OF STANDARDS, GAITHBERSBURG ROAD
NOVEMBER 17, 1983

A G E N D A

Tuesday, November 15

8:30 a.m. CALL TO ORDER
CHAIRMAN’S REMARKS

8:45 a.m. PANEL PROJECT REPORTS

o Robotic Welding Cable
Manufacturing Inspection
and Repair

10:00 a.m.

10:30 a.m.

12:00 Noon

1:30 P.M.

3:00 p.m.

3:30 p.m.

5:00 p.m.

PLAN FOR IMPLEMENTING FLEXIBLE
AUTOMATION IN THE SHIPBUILDING
INDUSTRY (HAND RFP)

BREAK

INDUSTRY PROJECT REPORTS

o Robotic Structural Shape
Processing (MANTEC)

o FMS For Submarine Propellers

o Overwiew of Navy Programs

LUNCH

INTRODUCTION AND REMARKS
BY VISITORS

BREAK

REPORT ON SPC MEETING
EXECUTIVE CONTROL BOARD MEETING
FY ’84 BUDGET

ADJOURNMENT

J. B. Acton

J. B. Acton

N. Haynes
Bethlehem Steel

J. B. Acton

D. Blais
Bath Iron Works

R. Wells
NavSea

LCDR B. Everett
NavSea

J. B. Acton

J. B. Acton
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Wednesday, November 16

8:30 a.m. DISCUSSION AND APPROVAL OF FY ’83
PROJECT RFP FOR INDUSTRY
IMPLEMENTATION

and

FY ’84 FOLLOW-ON REQUIREMENTS

10:00 a.m.

10:30 a.m.

11:30 a.m.

1:00 p.m.

1:30 p.m.

2:30 p.m.

Thursday, November 17

10:30 a.m.

11:00 a.m.

12:00 noon

BREAK

DISCUSS REMAINDER OF FY ’84
PROJECTS

LUNCH

FIVE-YEAR PLAN

DISCUSSION OF HANDOUTS

ADJOURNMENT

ASSEMBLE AT NATIONAL BUREAU
OF STANDARDS (NBS)

TOUR NBS AUTOMATED MANUFACTURING
RESEARCH FACILITY

J. B. Acton

J. B. Acton

ADJOURNMENT
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OPENING REMARKS

The meeting was called to order by Panel Chairman, Mr. J. Acton.
Mr. James Cameron introduced some of the people from General
Dynamics --Groton and Quonset Point Shipyards. Mr. Walter Lord,
Assistant General Manager, Quality, from General Dynamics said a
few words of welcome to all the attendees. Mr. Cameron then 
provided details on the tour the following day. Mr. Acton
apologized for the problem of late delivery of meeting notices
by UPS delivery and assured the group that he would make sure
that this won’t happen again (by not using UPS). He then thanked
General Dynamics, particularly Mr. Cameron, for hosting the meeting
and making all the arrangements. Self introductions of all the
attendees followed.

APPROVAL OF THE MINUTES OF PREVIOUS MEETING

The minutes of the December meeting were approved as corrected
in Enclosure 1.

PANEL PROJECT REPORTS

A) Robotic Welding Cable Manufacturing

Mr. Marvin Agee, subcontractor to Bethlehem Steel for this
project, made the presentation (Enclosure 2 ).

A handout, the compilation of the questionnaires sent to
naval and commercial shipyards, was distributed. He com-
mented on the commercial shipyards being very cooperative
and the naval shipyards quick to respond; however, some of
the answers in some cases did not compute well.

Mr. Agee mentioned their developing a software program
to select a preferred robot model. The panel asked him
to send some reading materials or brochures for attachment
to the minutes (Enclosure _3_).

In response to an inquiry of plans after completion of the
questionnaire, he stated that they are not planning addi-
tional input since what they already collected is sufficient.

Mr. Acton commented that at the last meeting, Mr. Agee
indicated he has moved directly from welding cable only into
electrical cable preparation and that this issue would be
taken up in the July meeting and also how to convert this
project at that point in time.
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one of the issues discussed was the problem with filling
out the questionnaire. It was stated that most of the
time, questionnaires sent just get buried and nothing done
about it. In some cases~

the person who received it was
sort of hesitant to fill it out for fear of the damage
it would do the company and the benefit to the competitor.
Mr. Acton said that if the question somewhat pertains to
sensitive area, that it should be specified. The answers
should be documented so the person filling it out should
be assured that it is safe to give out that information.
He also said that Mr. Edwin Petersen, Chairman of the
Ship Production Committee, would probably contact the
chief operating officers of the shipyards to give them
assurance with regards to questionnaires.

Mr. Agee ended his presentation by informing the group
that this phase of project would be complete by July
15, 1985.

NOTE : Status report on the above project is attached
as Enclosure 4.

B. Plan for Implementing Flexible Automation in the
Shipbuilding Industry - J. B. Acton

Mr. Acton reported that not much progress had been made
since the last meeting because of his many commitments
and different turn of events.

He reiterated the importance that the Executive Control
Board of the Ship Production Committee has assigned to
this task. Various consultants have been reviewed but
most of them have limited capability for what is needed.
The resulting problem is that the panel would need to
monitor the various consultants as each would be per-
forming a specific portion of the project. This would
create a problem of complexity that could degrade the
final results.
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He then proposed that the panel develop a request for
various organizations to submit to the panel a presentation
of their capability of performing this project, the
presentation to be based upon a statement from the panel
similar to an RFP, to put the problem in front of the
organization and how to resolve it without responding to
a specific work statement.

Mr. Acton requested the panel to submit ideas to modify or
change entirely the draft RFP that was put out in December
to determine the approach that they should take.

Mr. Acton also mentioned that Phase 1 and Phase 2 could
overlap which would result in the time span being less.
The two phases, hopefully, would give the Ship Production
Committee the deliverables that they are looking for:
namely, to develop a plan to implement flexible automation
in the shipbuilding industry that would improve productivity
and reduce costs.

In the discussion that followed, it was the consensus that
since the members are mostly from shipyards, they don’t
have the expertise within the panel (SP-1O) to draw from
experience outside of the shipyards (like the automobile
industry) for them to put a plan together, hence the need
for a consultant or contractor. To-assist the
developing a plan, the consultant-to-be should
broad overview to give the panel the advantage
with an intelligent plan.

He also informed the group of the desirability
the subcontract before the next meeting and to
presentation from the selected organization at
in July. This would be funded from the FY '84
budgets.

He ended the uudate on the Flexible Automation

panel in
have that
to come up

to issue
get a
that meeting
and FY ’85

by repeating
to the group that he would appreciate receiving comments
on how to put out a plan; he will then prepare the invita-
tion for the potential vendors in the next few weeks,
depending on his schedule in the office.

Other matters were discussed too, such as:
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Manufacturing Technology Projects

Mr. Acton informed the group that Increments 1-3 projects
were considered to be under the Manufacturing Technology
Program, were submitted to Mr. Jack McInnis for possible
funding for FY ’85. He asked them that if they have
projects that fall under that category to send it to him
for inclusion for the next batch of projects under Increment 4.

Five-Year Plan

The original title was changed to National Shipbuilding
Research Program Long-Range Plan. Changes were made and
will be ready for reissuance soon.

PANEL RELATED PROJECT REPORTS

A) CNC Robotic Structural Shape Processing (MANTEC)-Dave Blais

Mr. Blais first described the project; it is two-phased,
with Phase I completed in April 1983 with a demonstration.
The demonstration addressed the feasibility of arc-plasma
type using a robot and some of the problems and potential
solutions to linking a robot to a CAD system. BIW had
already completed a test on the feasibility of plasma
cutting using a robot. They used off-line programming at
that demonstration to build a library of end cuts of steel
and aluminum of what the standard end cuts would be. He
said that it is a feasible program that would have economic
advantages not only at BIW but also in the other shipyards.

Mr. Blais gave the following update on progress after the
demonstration in April 1983:

0 Submitted final report to the Navy--hoped that this
would be their basis for approving Phase II of the
project which is the actual implementation, but to-date
BIW has not received the RFP yet. They anticipate
to receive this before the end of Fiscal Year '84
(September 30, 1984).

o To prepare for Phase II, they wrote to some vendors
for proposals. Out of the 3 vendors they sent letters
to, only one responded and sent proposal based on the
concept they have on Phase I.
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Mr. Blais said BIW is still looking for someone to pro-
vide them with cost and maybe another concept. Westinghouse
sent in a proposal for a very unique manipulator Model
6000, track-mounted unit that rotates that does more things
than the present AUTOMATIX robot they have. Only problem
with Westinghouse is that theirs is very weak in the off-
line programming and control unlike AUTOMATIX which has the
expertise or lead on the software side (which is the most
important factor to make the system successful).

As for Cincinnati Milacron, they don’t want to get into
the system aspect of the project--integrated material
handling linking to the CAD system, etc.--no interest at
all.

As for General Electric, they told BIW how great their
automation was, but until now they have not sent in their
response.

Another company, NUCOR from Michigan, deals primarily with
the automotive industry but with the decline in the auto
industry, they are looking for a new market and shipbuilding
is one of those they are looking at. NUCOR is going to send
them a proposal for both the material handling system. This
is a unique company and rather expensive but they have great
innovative ideas. Mr. Blais said that he was very positive
they can deliver the goods.

Mr. Acton told Mr. Blais of a company which is doing
plasma cutting. He said that this company is interested
in the process of arc welding and is also a well-known
robot manufacturer.

Mr. Blais told the group that even though they are looking
for another subcontractor for better hardware, he thinks
that AUTOMATIX is still the best bet with regards to soft-
ware and he informed them too that AUTOMATIX is looking
for other manipulators, much larger.

Discussion followed after his presentation.
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B) Laser Line Heating Project - J. B. Acton

This project, Mr. Acton reported, is a new project; still
in its infancy stage. This project basically will go
through the same series of experiments and proofs that
Japanese went through to establish oxyacetylene as a heat
source for shaping and heat line fairing.

He continued to say that this project would basically be
confined to shaping rather than fairing due to difficulty
n manipulating a 15K laser around the shipyard. The
present technique which was developed by the Japanese
is either to use a torch with a man holding it or use it
in a gantry format and using sight-line templates to bring
your steel into shape. This requires some degree of
“art form” in accomplishing this task. It is also
restricted to mild steel because of the surface degrada-
tion effect to HY 80 and HY 100.

This project is Todd-sponsored with MIT doing most of
the work, data reduction and analysis, and using the
Navy Research Lab laser. This is truly a joint industry-
academia-Navy project.

The objective of the project is to ultimately develop a
machine to pass the laser heat source over the steel plate
and have it bent to exactly the shape wanted as defined
in a CAD data base, utilizing a continuous feedback system
that would make it a self-adaptive machine.

If Phase I is successful (completion by January 1985),
Phase II would be to develop the specifications for the
Facility itself--cost, design8 specifications, etc..
Phase III will be the installation of that facility in
a shipyard.

The first series of experiments on this project will be
later part of March; second series first or second week
of May and will continue through the fourth series.

This project proves to be a fairly exciting concept in
that it fully supports the line heating manual that was
published under the SNAME Panel SP-2.
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UPDATE ON NAVY PROGRAMS - PRESENTED BY R. JENKINS FOR
LCDR. B. EVERETT

LCDR Everett gave Mr. Jenkins a carousel Of slides to present
to the panel for the update on the Navy program.

Following were just a few of the important areas that were
presented:

o Navy labs involved in the robotics projects: NOSC, NSWC,
NRL, DTNRDC.

o NavSea robotic interim or potential Navy applications:
manufacturers applications, maintenance and repair
applications tactical or operations applications.

o Manufacturing Technology - 6 of the programs that are
underway:

CNC Robotic Structural Shape Processing
Integrated Computer-Aided Manufacturing of Propeller
Articulating Robot for Laser Assistance Metalworking
Vision Assisted Robotic Welding
Vision Assisted in Adaptive Mig Welding
Robot Assisted Preparation and Painting

o Sandroid Sandblaster - A slide of the Sandroid was shown.
John Sizemore said that Ingalls is the only shipyard who
has this machine in operation. The major disadvantage of
this is its being in an open air system. Also, the operator
of this machine must really be skilled or he’ll spend a lot
of time spraying in the open air.

Slides with detailed info on the 6 MT programs followed.

After Mr. Jenkins finished his presentation, Mr. Acton informed
the group that the final report on the CM-T3 project has been
sent out. The report was about existing technology and the
SRI technology.

FY ’85 PROJECTS AND LONG-RANGE PLAN

Mr. Acton asked the group to have the FY ’85 project proposals
before the July meeting for submission in September or October.
He told them to include a project abstract for each project, and
also to break those projects into two phases, to bring it down
small enough to submit and get funded. The projects must have
something that would catch the eye of the industry--sort of prove
to them that the panel is doing something exclusively within the
category.
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He mentioned that he offered to write a project abstract
for taking a robot--does not have to be the T3--utilize
the existing system to make one accurate and go into a
project for off-line programming and down loading from a
CAD data base. If it is approached in that context,
Mr. Acton thinks that the panel will have moved into an
area which is rightfully theirs and still will be utilizing
existing technology (not going into Manufacturing Technology
development type projects).

He also reported to the group about the Manufacturing Tech-
nology projects that have been submitted and of the tie-in
the ManTech program it is going to have with the NSRP
including the requirement that only ManTec projects recom-
mended by the Ship Production Committee will be funded.

He suggested to have the meeting at Palo Alto on July 17
and 18 and a tour of the SRI.

Also, Mr. Acton requested that whoever is making a
presentation or report to the panel to send a copy in the
mail before the meeting for inclusion in the minutes.

OTHER MATTERS

A) CONTRAVES Presentation - Bernie Miller

Detailed account of his presentation attached as
Enclosure 5.

Mr. Acton informed the group that as a result of the
conversation with Mark Tanner and Bernie Miller, he is
considering proposing as an FY ’85 SP-10 project? to
develop a system for off-line programming of welding
robot. He told Mr. Tanner that it stands a better chance
on being in an SP-10 project than SP-7 because of their
(SP-7) present backlog of projects.

B) Marine Robot

Mr. Acton informed the group that the Marine Underwater
Robot, developed by a French shipyard, was designed
primarily to clean ship’s hulls, but could possibly be
adopted to other operations if desired. They (NORMED)
have asked Todd to enter into an Independent Research
and Development project with them to evaluate the ability
of this robot to work on Navy ships.
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The marine robot is programmed similar to other robots,
comes in 3 modules--the robot, the controller, and the
director. The plan is for Todd to lease the robot from
them to perform the evaluation then jointly recommend
whether or not it will do what they have advertised. The
project is scheduled for later this year to be completed
within six months.

There will be a paper published on this at ROBOTS VIII.

There being no other matters to discuss, the Chairman reminded
the group about the tour and the time they have to be at the
lobby the following day.

The meeting adjourned at 5:30 p.m.

Recorder

J. B. ACTON
Chairman, SNAME/SP-10
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TUESDAY, MARCH 20, 1984

8:30 - 8:45 a.m.

8:45 - 9:15 a.m.

9:15 - 9:45 a.m.

SPC PANEL SP-10 FLEXIBLE AUTOMATION
General Dynamics-Electric Boat Division

Groton, Connecticut 
March 20-21, 1984

Meeting No. 3

A G E N D A

9:45 - 10:45 a.m.

10:45 - 11:00 a.m.

11:00 - 11:30 a.m.

11:30 - 12:00 noon

12:00 - 12:30 p.m.

12:30 - 1:30 p.m.

1:30 - 3:00 p.m.

3:00 - 3:15 p.m.

3:15 - 4:00 p.m.

4:00 p.m.

CALL TO ORDER/
OPENING REMARKS

APPROVAL OF MINUTES OF
PREVIOUS MEETING
November 15-17, 1983

PANEL PROJECT REPORTS

o Robotic Welding Cable
Manufacturing,
Inspection and Repair

o Plan for Implementing
Flexible Automation
in the Shipbuilding
Industry

COFFEE BREAK

PANEL RELATED
REPORTS

PROJECT

J. B. Acton

N. Haynes

J. B. Acton

o CNC Robotic Structural D. Blais
Shape Processing (MANTEC) 

o Laser Line Heating J. B. Acton
Project

UPDATE ON NAVY

LUNCH BREAK

PROGRAMS LCDR B. Everett

FY ’85 PROJECTS AND LONG
RANGE PLAN

COFFEE BREAK

OPEN SESSION

ADJOURNMENT

D-II
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Agenda
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WEDNESDAY, MARCH 21, 1984

8:00 a.m.

11:00 a.m.

12:00 noon

4:00 p.m.

Assemble at Hotel Lobby
for tour of General
Dynamics-Electric Boat
Division

LUNCH BREAK

Leave for tour of Quonset Point

ADJOURNMENT

***
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Minutes of the Meeting
Panel SP-10 Flexible Automation
November 15-16, 1983
Page Three

and then automatically mark the shapes with one-inch high characters.
It will be in the implementation phase soon which will include a
production demonstration to the shipbuilding industry. BATH estimates
a 50% labor savings in this type of work.

o Roy Wells of NAVSEA described a project using a flexible machining
systems for precise accurate work on a submarine propeller. This
project is being done by Robotics Vision Systems, Inc., using their
3-D) visiion sensor and data processing technology. This company is
also developing systems for 3-D vision control of MIG seam arc welding
for the General Motors Corporation. Right now, Wells says he is
looking for propeller to demonstrate with next February 1984,
Attachment (2).

NAVY PROGRAMS

o LCDR Bart Everett of NAVSEA described some of their programs:

Several yards are working on blasters for cleaning marine growth
and paint from the sides of submarine and other Naval vessels.
Puget Sound has one for Trident subs built by Wheelabrator-Fry.
Jim Cameron said that Quonset Point was going to a closed cycle
system for blasting.

The blaster of current interest is the “SANDROID”, a unit built
by Hockett Systems of Florida, Inc., 5103 South West Shore Blvd.,
Tampa, Florida 33611. They have taken a Simon “cherry picker”,
fitted the end of the boom with a set of six blasting nozzles and
control the unit by a “tele-operator”. potentially, sensors and/or
NC will be added to this control unit to automatically control this
function. Some discussion was generated with comments about using
this system (in smaller form) to blast compartments and bilges of
ships.

A NAVSEA Robotics Council has been established, with LCDR Everett
named coordinator. NAVSEA hopes to get maximum value of their
robotics investment by merging common problems into one project.
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Adaptive MIG welding. There are a number of manufacturers involved
in 3-D and other vision systems for seam-tracking automatic
welders. There are also a number of Navy installations interested
in this technology including Dr. John Silva at the Navy Ocean
Systems Center in San Diego.











Table 3A. Questionnaire Summary on Manufacture/Repair of
Manual Arc Welding Cable - Commercial Shipyards.

Shipyard 1 2 3 4 5 6

CAMLOCK
B-34

CAMLOK
B-36

RSD-12

Roto Mfg.

2/0

285

D

85 Mil
Elexar
20 mil
Estane

Lincoln
516315-1

CAMLOX LC40 HD
A20036-1 Lenco 

Class M Lenco 
cooper LC-40HD
34AWG
Neoprene
Black Anaconda Lenco
Tweco male and LC-40HD
female ends
boot cover with
band-it jr. clamp

Male Connector

Female Connector Lincoln
516314-1

CAMLOX LC40 HD
A20036-19 Lenco

Sleeve JSCF500
A200040-1

J.B. Nottingham

2/0,4/0

300,900

Cable Sizes 2/0 2/0,4/0 1/0,2/0 3/0,4/0

300,300 300,400Amps (max) 225 300,600

Single or Double
Insulation? S

neoprene

S D,S D S

Insulation Type neoprene neoprene neoprene neoprene
or rubber

Polyurethane



Shipyard

Male Connector

Female Connector

Sleeve

Cable Sizes

Amps (max)

Single or Double
Insulation?

Insulation Type

Table 3B. Questionnaire Summary on
Manual Arc Welding Cable

1 2 3

Manufacture/Repair
- Navy Shipyards.

4 5

of

6 7

taperscrew
lock con-
nector with
copper
sleeve

6,1,2/0,4/0

180,300,
800,900

D,S,S,S

neoprene

MCC-4
MCC-12
MCC-201

FCC-12
FCC-201

SMC-201
SFC-201

CAMLOK

3,1,2/0

S,S,S

polychlo-
roprene

E1018-13

E1018-62

CAMLOK

1/0,2/0

150,600

S,S

neoprene

Jackson Lektralink Palm-gren E1027-13
Quik-Trik
disconnect
ONB-2

P/N 31016 E1027-62

Neoprene

1,1/0

200,400

S,S

neoprene

brass 

CAMLOK Roto Mfg. CAMLOK

3 1/0 2/0

300 300 500

S S D

neoprene neoprene, neoprene
rubber



Table 4. Questionnaire Summary on Salvage/Scrap
Procedure - Commercial and Navy Shipyards. 

Navy Yards Commercial Yards

Salvage Connectors?

Make Pigtails?

Sell Cable “as is”?

Strip Insulation?

4 6

6 6

3

1

5

1



1. All shipyards

.

Enclosure (2)
Sheet 8 of 22

General Notes on Questionnaire Responses

purchase cable in either 500’ or 1000’ spools.

2. Except for one commercial and one navy shipyard, all have a central

facility to manufacture and repair welding cable.

3. Only one shipyard (Navy) has individual welders make major repairs to

welding cables. {A small yard - 37 welders).

4. Only four shipyards use heat shrink tubing in making a cable splice.

5. Four shipyards

“strain” test.

test repaired cable for continuity; one shipyard gives a
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Connector Classification Parameters

The following is a listing of parameters that can be used to distinguish
one welding cable connector from another.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35
36
37

Connector Gender
Connector Size
Connector Length
Connector Material
Depth of Cable Opening
Width of Cable Opening
Connector End Type
Connector Fastening
Connector Screw Type
Number of Connector Screws
Connector Symmetry
Connector Shape
Connector Tip Type
Length of Tip
Width of Tip
Connector Opening Type
Depth of Connector Opening
Width of Connector Opening
Degree Radius of Turn 
Cable Covering
Cover Type
Cover Material
Cover Reinforcing
Cover Fastening
Cover Screw Type
Number of Cover Screws
Fastener Depth

Cover Alignment
Insertion of Difficulty
Complexity of Assembly
Salvageability
Tools for Assembly
Manufacturer
Part Number
cost
Yard Name in Use
Notes

(male, female)
(1/0, 2/0, ...)
(inches)
(brass, ...)
 (inches)
(inches)
(flanged, straight)
(crimp, set screw)
(hex, slot)
(1, 2, ...)

(round, ...)
(slotted, notched, ...)

   (inches)
(inches)
(slotted, notched, ...)
(inches)
(inches)
(30, 180, ...)
(bare, copper shim, ...)
(molded, slip over, ...)
(rubber, rigid plastic, ...)
(none, steel, ...)
(friction, pin, screw, ...)
(hex, slot, ...)
(1, 2, ...)
(through cover-into connector, through
cover-through connector, ...)
(yes, no)
(low, medium, high)
(low, medium, high)
(reusable, one time use, ...)
(hex wrench, crimp tool, ...)
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Electrical Cable Classification Parameters

One hundred and fourteen different. parameters have been identified which

are needed to define a particular electrical cable. These have been identi-

fied by researching the Military Specifications, MIL-C-915E, for electrical

cable and cord for shipboard use; Also, a publication by Seacoast Electric

Supply on U.S. Navy-approved cables was reviewed. The parameters may be

classified into two major groups: General and Material Properties. A sample

of parameters in each major group is given below:

General

1. Classification Name

2. Classification Use

3. Conductor Material

4. Conductor Type

5. Number of Strands

6. Strand Diameter

7. Weight

8. Current Capacity
(Conductor)

9. Current Capacity
(Cable)

10. Insulation Material

Material Properties

1. Abrasion Resistance

2. Bending Endurance

3. Crack Resistance

4. Flammability

(watertight, non-flexing, etc. - Sec. 1.2)

(power and lighting, etc. - Sec. 1.2)

(copper, aluminum, etc. - Sec. 3.3.1)

(solid, stranded, etc. - Sec. 3.3.1)

(inches or mm.)

(lbs./1000 ft.)

(amps)

(amps)

(silicone rubber, polyester, etc.) -
Section 3.4.3)
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- (Sec. 4.8.1)

- (Sec. 4.8.4)

- (Sec. 4.8.14)

- (Sec. 4.8.16)
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Material Properties (Cont’d.)

5. Tensile Strength, Jacket

6. Elongation, Insulation

7. Capacitance

8. Conductor Resistance

9. Pulse Response Time

10. Max. Voltage Withstand

The Section numbers refer to MIL-C-915E sections.
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- (Sec. 4.8.22.3)

- (Sec. 4.8.22.3)

- (Sec. 4.9.2)

- (Sec. 4.9.4)

- (Sec. 4.9.7)

- (Sec. 4.9.8)







Table 6. Bill of Materials for Ship A

AWG or
No. of Conductor Navy Std.

Cable Type Conductors Strands Size Voltage

DSGB- 4          2 7 #14 1000
DSGB- 9 2 7 #11 1000
DSGB- 14 2 7 #9 1000
DSGB- 23 2 7 #7 1000

- By Electrical Cable Type (Example).

Max. Amps
Per Cond.
@ 40° C

22
44
60
78

DSGB- 50 2 19 #3 1000 126
DSGB- 75 2 37 #1 1000 168
DSGB-1OO 2 #l/0 1000 199
DSGB-200 2 #4/0 1000 308

Max. Cable
O. D. (in.)

.427

.544

.670

.815

.911
 1.074
1.167
1.583

Weight
lbs./1000 ft.

170
265
350
475
770

1075
1300
2200

Total Length
Used (ft.)

127000
20300
1700
100
200
100
200
300



)

f

Table 7. Electrical Cable for Ship A - Sorted by Diameter.

AWG or Max. Amps
No. of Conductor Navy Std. Per Cond.

Cable Type Conductors Strands Size Voltage   40°c

TTSB-1.5
DSGB- 4
TSGB- 4
TTSB- 3
MSCB- 7
DSS- 3
FSGB- 4
TTSB- 5

MSCB- 10
FSGB- 9
3SWB- 3
2SB- 7

MSCB- 14
DSGB- 14
TTSB- 10
TTRSB- 2
TSGB- 14
MSCB- 19
TTRSB- 4
TTSB- 15
DSGB- 23
3SWB- 7

3
2
3
6
7
2
4

10
2
3
7

10
4
9

14
14
2

20
4
3

19
8

30
2

21

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7          
7
7      
7
7
7
7
7

#22
#14
#14
#22
#18
#16
#14
#22
#11
#11
#14
#18
#11
#18
#22
#18
# 9
#22
#20
#9
#18
#20
#122
17
#18

300
1000
1000
300

1000
600
1000
300

1000
1000
1000
1000
1000

--

1000
1000
300
300
1000
1000
300
300

1000
-- 

--

22
18

12/8
--
18
--
44
39

26/14
12/8

39
--
--

12/8
60
--
--
51

12/8
--
--
78
--

Max. Cable
O. D. (in.)

.330

.427

.449

.450

.484

.500

.513

.540

.544

.575

.595

.622

.630

.650

.660

.668

.670

.675

.680

Weight
lbs./1000 ft.

78
170
200
140
210
160
255
195
265
315
305
300
380
290
205
355
350     
295
200

Total Length
Used (ft.)

10300
127000
49000   
2400
9100
200

17000      
2500
20300
12000

200
5100
150
700
1300
6700
1700
400
1400

.720 465 5800

.738 430 2000
245

.800 375
   .815 475 100
.840 520
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CABLE FAULT LOCATING TECHNIQUES

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(l0)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

CABLE FAULT DETECTION DEVICES USING 60 HZ.

CORONA DETECTORS

DETECTORS USING AUDIO TONES

CABLE INSTRUMENTS USING RF

EDDY CURRENT TESTERS

INDUCED SIGNALS ON CABLES

X-RAY EQUIPMENT

CABLE SHIELD EFFICIENCY DEVICE 

TIME DOMAIN REFLECTOMETRY

PARTIAL BREAK LOCATER

INSULATION RESISTANCE RATIO FOR OPEN CIRCUITS

CAPACITANCE RATIO FOR OPEN CIRCUITS

VOLTAGE DROP RATIOS FOR SHORTS AND GROUNDS

RESISTANCE LOOOP BALANCE FOR SHORTS AND GROUNDS

STANDING WAVE DIFFERENCE METHOD

CAPACITANCE IMPULSE METHOD

INFRARED THERMOMETER

AC/DC BREAK DOWN AND LEAKAGE TESTING

D-35



                  SERIES 4000

R E L A T I O N A L  D A T A B A S E

M A N A G E M E N T  S Y S T E M
R:base Relational Database Manage-

ment System is a powerful, yet easy to
use software tool for managing informa-
tion on your microcomputer.

As a relational database management
system, R:base organizes your data into
two-dimensional tables of rows and col-
umns, These tables or relations can be
compared, combined and manipulated
10 meet the needs of a broad range of
users in business. financial, engineering
and scientific applications.

With R:base, all defining, editing,
querying and report writing steps pro-
gress logically, relating similarly to the
way people think.

Even first-time users will find the
plain-English command structure and
prompted screens make for easy inter-
action with the system.

R:base even lets you “’draw”” on the
screen to create any form you’re used to
using for data entry or reporting. In addi-
tion, on-line HELP texts give you de-
tailed information on every command
and process required to master R:base
operations.

And, as your requirements change
and grow, R:base moves ahead with
you. It is the only relational DBMS that
lets you transport your data and your
applications between micros. minis and
mainframes without modification.

Enclosure (3)

Sheet 1 of 3

E X T E N D E D  R E P O R T

W R I T E R
This output formatting utility is an op-

tional software package designed for
use with Microrim's R:base Series 4000
database management system.

It goes beyond the basic reporting
and computational capabilities provided
in the base product to generate complex
and detailed reports from R:base files.

With the Extended Report Writer, you
can retrieve data from multiple relations,
perform calculations based on ranges of
values, and define line and page breaks
to occur when a specified field changes
in value.

New or non-technical users can take
advantage of prompted screens or on-
line HELP text to create customized re-
port formats. YOU can even conditionally
print reports within a report to meet a
broad range of formatting requirements.

T U T O R I A L
The R:base Series 4000 Tutorial lets

you experience the full relational power
of R:base.

A demo diskette and tutorial guide
take you step-by-step through an actua
business application of R:base.

YOU learn firsthand how to build a
data-base and use plain-English com-
mands to make data inquiries and for-
mat reports.

The approach is thorough, yet easy t
follow. When you have finished, you will
have sampled the system's major fea-
tures and seen how complex data man
agement problems can be simply solve
using R:base.
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1.4 Specifications

Operating System Requirements

MS-DOS TM Release 1.1 (or higher)
PC-DOS TM Release 1.1 (or higher)
CTOSTM Release 8.0 (or higher)
BTOSTM Release 8.0 (or higher)

MAIN MEMORY:

R:base 4000 requires 256K bytes of memory for execution
under MS-DOS.

DISK TYPES:

R:base 4000 is provided on a diskette compatible with each
operating system. Your database files may reside on any disk
supported by your system.

PRINTER. (Optional)

Any 80 or 132 column ASCII printer compatible with your
system.

Database Specifications

Maximum number of files (relations)
per database: 40

Maximum number of fields (attributes) 
per database: 400

Maximum record (row) size. 1530 characters
Maximum records per file (rows per relation): 2.5 billion         
Maximum records per database 100 billion
Maximum command line inpuk: 1600 characters

 or limited by the file size of your operating system
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Data Types

DATE:

TIME:

DOLLAR:

Represented as
you specify.

Enclosure (3)
Sheet 3 of 3

mm/dd/yy or in any order

hh:mm:ss representing hours, minutes,
and seconds.

Range of ±

INTEGER. Range of ±

$99,999,999,999,999.99

999,999,999 

REAL:  Range of O to 10 ±38. 6-7 place accuracy.
Scientific or decimal point notation.

TEXT: 1 to 1500 characters:

1-12
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STATUS REPORT - ROBOTIC WELDING CABLE MANUFACTURING

Dr. Marv Agee of Virginia Polytechnic Inst. Of Technology,
the subcontractor to Bethlehem Steel, gave the following status
report on the above-mentioned project. The report included the
following main points:

1. Responses to Questionnaire on Welding Cable

Questionnaires were mailed to nine commercial and eight
naval shipyards last fall. To date, six commercial and seven
naval yards have responded. The three non-responding commer-
cial yards have been contacted several times by phone over
the past months. With one exception, the naval yards made a
rapid response to the questionnaire. A summary of the
responses is given in Tables 1A-4, Enclosure    

2. Advantages/Disadvantages of Different pes of Welding Cable
Connectors

The various cable connectors used by the shipyards are being
accumulated and analyzed. The Final Report on the project
will include a discussion of the advantages/disadvantages of
each connector type from the perspective of ease of automatic
assembly to the cablel unit cost, ease of damage, etc. Further,
a recommendation on the preferred type of connector will be
made.

panel SP-10 members suggested to Dr. Agee that the recom-
mendation include two connector standards: one standard
based on commercially available connectors, and one standard
based on "ideal characteristics".

A listing of 35 parameters that can be used to distinguish
one welding cable from another is attached, Enclosure 2.

3 . Classification of Electrical Cable Parameters

Up to the processing step of attaching connectors, the pro-
cedure for manufacturing electrical cable (unspooling,
metering, cut-off, respooling) is the same as for manufac-
turing welding cable. Thus, handling and processing equip-
ment should be the same or similar. The project team is
therefore investigating certain electrical cable as well.

For electrical cable defined by the Military Specification
MIL-C-915E, 114 parameters (or attributes)have been identified
which are needed to define a particular electrical cable. (Not
all of these are relevant to determining
handling and processing equipment.) The

specifications for
parameters may be
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grouped into two major categories: General and Material
Properties. A sample of these parameters is attached,
Enclosure 2.

4 . Electrical Cable Bill of Materials Summary

For two types of commercial ships, the Bill of Materials
for electric cable (covered by MIL-C-915E specifications)
have been analyzed. A computer program has been developed
to sort the cable parameters in various ways. Sorting the
cable by total footage used, cable diameters~ and cable
weight can provide information to specify the type of
handling and processing equipment required to manufacture
electrical cable.

This study is not complete and information on shipping
method and shipping weights must be collected. An example
of Bill of Materials analysis fox Ship A is given in Tables
5-10, Enclosure 2.

5 . Welding Cable Test Equipment Study

It was reported that automating the testing and repair of
used welding cable is a much more difficult task than auto-
mating the manufacture of welding cable. It is unlikely
that such automation will be economically feasible and, in
fact, may not be technologically feasible.

An extensive literature review on cable fault (defect)
locating techniques is ongoing. Further, several manufac-
turers of test equipment and electrical cable have been
contacted. Of 18 techniques identified thus far, no single
technique seems capable of detecting both the type and loca-
tion of faults in used welding cable.

A list of the 18 techniques is attached to these minutes.

6 . Computerized Robot Selection Model

A software program to select a preferred robot model from a
data” base of commercial robots is being developed for the IBM
PC (microcomputer). The software will consist of a commer-
cially available data base management package and a developed
BASIC program. The commercial data base software purchased
is called R:BASE SERIES 4000, a relational data base manage-
ment system. It is available from:
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7.

Enclosure
Page 3 of

MICRORIM, INC.
1750 l12th Avenue, N.E.
Bellevue, WA 98004
(1-800-547-4000 Dept. 819)

The manufacturer’s quoted price is $495, but the software
was purchased for $349 from:

COMPUTER RESOURCES COMPANY
1437 Gordon Street
P. O. Box 1770
Allentown, PA 18102
(215-776-2100)

Summary

Data collection on the manufacture of welding cable at
the sponsoring yard is virtually complete,

and that on

the repairs of welding cable is almost complete:

Data

collection on production downtime due to defective cable
is ongoing. These data will permit an analysls of economic
feasibility. It is expected that this analysis w1ll be
completed by the next SP-10
tioned above
then.

will be either
meeting. Also, the tasks men-
completed or near completion by

MARVIN H. AGEE
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CONTRAVES CORP. PRESENTATION - BERNIE MILLER

Mr. Miller briefed the panel about his company, which

specializes in the motion simulation business; they build very

high accuracy test equipment for testing inertia guidance

systems.

“Hardware-in-the-loop” is a technique that has been used to
improve the whole development cycle in testing either missile

or airplane. It has the capability of simulating either the

air dynamics of an air frame or a missile scenario including

the whole guidance tracking lock on and destroy scenarios.

In the hardware-in-the-loop facility, the first step is to

simulate all of the various components. As you begin to ac-
tually design and develop the individual devices, you then

substitute the real device back in the system for verification

of the test performance. As the system evolves, you’ll soon
have the entire real hardware in the system and you can then

simulate the mission or the aerodynamics or interference.

This whole operation is called hardware-in-the-loop.

The facility is actually for testing missiles. In order to
actually check the tracking of the missile, it is necessary

to have a target simulator. The target simulator can repre-

sent the infrared from the airplane or whatever pattern it

can emit in a particular area in a particular volume. As

the mission scenario is played out, the target is moved to

the range and the simulator attracts the missile and what

they do is test how accurately the missile tracks the target.
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ENCLOSURE         

In order to do this, they needed a large working volume and

a very accurate robot; that was why they selected and modified

the CM-T3 robot.

In order to provide the kind of missile accuracy they needed,

they were not able to live with the normal kind of tolerances

that are specified by standard industrial robot such as the

Cincinnati Milacron. Second major requirement was that they

should be able to program this off-line because the entire

mission scenario is simulated by an overall computer. So the

two requirements are--they have to be able to stimulate the

entire mission of off-liner and they have to be able to move

the robot very accurately within free space.

The procedure selected was to remove the transducers that

give the angular orientation of each joint and also to instru-

ment each of the actuators to provide true differential pres-

sure signals across each of the actuators. They took the

Cincinnati control and literally put it off to the side and

built a brand-new control. They now have the ability to

command the robot to particular point in space in accurate

precision in order of ±5000 in and are able to say that it

is the position in the true absolute sense.  They can also

control the robot through a mission scenario with very little

change due to changes in the external loading on the robot.

In other words, the control is truly not only absolute and

accurate but also has a lot of dynamic capability in this

range. It also uses a control which is based on an “Intel”

system which has a fairly standard language which enabled

them to program this entirely off-line.
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Mr. Miller said that they have just finished testing the

system but not sure what the commercial implications are of

what they have done. His reason for attending the meeting
was to essentially explore to what utility they can put both

the control system and the fact that they can modify a

hydraulic T3 robot to enhance its performance substantially.

He commented that the limitations on off-line programming

and down loading from a CAD data base has always been the

accuracy and the positioning repeatability of the robot.

The CAD system is getting much better; people are putting

more and more of their drawing information in CAD bases and

it is only a matter of time until robot manufacturers are 

going to be forced to increase their performance based on the

 demand of industry. He said that he thinks that the robot

manufacturers, in some respect, have been able to sell their

standard robot over the years to people who have been fairly

forgiving about their shortcoming but he thinks that the users

now are getting more sophisticated and he really believed

that this is going to put more and more pressure on this

whole field of off-line programming and the enhanced accuracy

of robots. He was not sure whether it will be in a year or in

five years, but it will come because it will offer tremendous

cost savings to people who use robot.

Mr. Miller said that there is one other aspect of off-line

programming that appeals to him. In order to program the

CM-T3 robot by the standard means, it is necessary for the

operator to lead it through point-by-point and in many cases
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get his head within inches of the end of the robot. Unfor-

tunately, engineers are the biggest offenders of all the

safety rules and he thinks that they have been fortunate that

very few people have gotten hurt by this. Therefore, one

of the aims, again, is to try to get programming to the point

where it can be entirely from a terminal or from data base

from a large computer and eliminate the need for the operator

to be exposed within the operating envelope of the robot.
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August 8, 1984

FROM : Chairman, SNAME/SPC Panel SP-10

TO : All Members, SNAME/SPC Panel SP-10

SUBJECT : MINUTES OF MEETING NO. 4, JULY 17-18, 1984,
SRI INTERNATIONAL, MENLO PARK, CALIFORNIA

--------------------------  -------------------------  ------------------

Attached are minutes and enclosures of the previous meeting held at
SRI International, July 17-18, 1984. I am also forwarding some reading
materials that might be of interest to you.

please note that Enclosure 1 is not attached as this handout was
distributed to all the members present.

J. B. ACTON
Chairman
SNAME/SPC Panel SP-10

JBA:els

Attachments
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PRESIDING :

ATTENDEES :

ABSENTEES :

SNAME/SPC PANEL SP-10 FLEXIBLE AUTOMATION
Minutes of the Meeting 4

SRI International, Menlo Park, California
July 17-18, 1984

J. B. Acton, Chairman,
Todd Pacific Shipyards

Marvin Agee
James Cameron
Andrew Dallas  -
Jon Fallick
Thomas R. Galie -
Nick Haynes
Fred C. Henson
Robert L. Jenkins -
Marilyn Jones
James F. Justice -
Jan Kremers
Bernard Miller
James L. Nevins -
David Nitzan
William Oakes
Robert W. Schaffran -
John Sizemore
R o y Wells

Dave Blais
Howard Berger
Dale Cheatham
William French
Arthur Gutenberg
Lawrence Holliday
Ronald Kelly
John McEachran
James Rivas
Paul V. Williams

SP-10
Corporation

Virginia Polytechnic
General Dynamics-EB
University of Michigan
NavSea
NAVSSES
Bethlehem Steel Co.
Mare Island Shipyard
DTNSRDC
Virginia Polytechnic
Science Applic., Inc.
SRI International
Contraves-Goerz Corp.
Charles Stark Draper Labs
SRI International
NASSCO
Maritime Administration
Ingalls Shipbuilding
NavSea

Bath Iron Works
Robotix Corp.
Lockheed Shipbldg.
Avondale Shipyards, Inc.
University of California
Newport News Shipbuilding
General Dynamics
RI/ SME
Long Beach Naval Shipyard
Tacoma Boat

The meeting was called to order at 8:45 a.m. by the Panel

Chairman, J. B. Acton. Mr. David Nitzan of SRI International

welcomed the panel to his facilities and gratefully outlined

the tour planned for the second day. Mr. Acton, in turn,

thanked Mr. Nitzan for hosting the meeting.
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The Panel Chairman announced to the panel that Mr. E. J.

Petersen was stepping aside as Chairman of the Ship Production

Committee due to his new assignment at Todd and the new

Chairman will be Mr. Jess Brasher of Ingalls Shipbuilding

Division. He also informed the panel that the Ship Production

Committee Directory has been completely revised, is ready for

printing, and will be distributed in the near future.

The Panel Chairman reported that the Industrial Modernization

Incentive Program has made significant progress into the ship-

building industry with a Memorandum Agreement now being executed

between Newport News Shipbuilding and the Navy.

APPROVAL OF THE MINUTES OF THE PREVIOUS MEETING

The minutes of the meeting of March 20-21 were revised and

approved with the following corrections:

1) Mr. Tom Galie of

PANEL PROJECT REPORTS

NAVSSES was not in attendance.

1) Flexible Automated System for Welding Cable Manufacture/

Repair - by Bethlehem Steel, Sparrows Point and Virginia

Polytechnic Institute

The report was given by Dr. Marvin Agee and is included

as Enclosure 1. A by-product of this project was the

development of a robot selection program using an IBM

Personal Computer. A demonstration of this program was
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given to the panel with several shipyards requesting

the disks for the program. It was determined that the

program write-up and the disks will be distributed to

all panel members upon request and through the SP-9

panel library with a charge covering the cost of repro-

ducing the disk for all others.

2) Plan for Implementation of Flexible Automation In

U. S. Shipyards - J. B. Acton, Todd Pac. Shipyards Corp.

The Panel Chairman read the C. S. Draper Laboratories

proposal to assist the panel in developing the Plan.

The provisions of the proposal and controls to be

exercised by the panel were discussed at length. It was

the consensus of the panel that reports should be made

to the panel at each meeting and that the proposal be

modified to include audit points at which the panel can

make go/no go decisions on continuing the project. The

panel then voted unanimously to accept the CSDL proposal

with the previously stated modifications. It was also

decided to delay execution of a contract until FY 84

funds are received so that the project could be funded

as a single vice two-phased project.

NOTE: A copy of the revised proposal is included with

these minutes as Enclosure 2.
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PANEL RELATED PROJECT REPORTS

1) Laser Line Heating

This is a Manufacturing Technology Project being managed

by Todd and performed by MIT.

The results of the Series II experiments were discussed;

a summary of these results is included as Enclosure 3.

2) Ship Production Journal

Andrew Dallas from the University of Michigan presented

the new SNAME Ship Production Journal to the panel and

requested papers for future publications.

NAVY PROGRAMS

1) Automated Propeller Optical Measurement System (APOMS)

The “End-of-Contract” demonstration was successfully

conducted on April 3, 1984. Attendance was the largest

of any ManTec demonstration to date. The manufacturing

cell is pictured in Enclosure 4. The next demonstra-

tion will be on the project phase for drilling and

grinding operations.

2) New Programs - Roy Wells

There are three new Manufacturing Technology programs

being conducted under SEA 05; they are:
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a) Flexible Welding System

b) Welding Seam Tracker

c) Propeller Shaft/Rudder Handling Equipment

3. Structural Shapes Processing - BIW

In the absence of Dave Blais from BIW, Bob Jenkins

of David Taylor Naval Research Development Center

reported that there are two years more of effort

remaining on this project.

4. Robotic Surface Preparation System

Tom Galie of NAVSSES reported that Ingalls Ship-

building Division is currently working on a feasibility

study; he anticipates a five-year project with a proto-

type to be developed from available commercial com-

ponents.

5. Ship Production Committee Involvement in the Navy

Manufacturing Technology Program

Tom Galie addressed the key issues of the changes

taking place in submission of Manufacturing Technology

project proposals by the shipyards. The key issues

are:

a) The need for a method to transfer technology

into the shipbuilding industry.
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b) The need for an advisory committee, and

c) The implementation of projects.

In addressing these key issues, it has been decided

that the Ship Production Committee will be the

advisory committee and will provide screening of

projects and a consensus on the prioritizing of

those projects. This will include identifying good

project proposals, review of the projects by the

panels and the Ship Production Committee, and the

monitoring, by the panels, of the progress of the

various projects. The mechanisms for implementing

these changes are being worked out and formal directions

will be forthcoming. In the interim, all projects sub-

mitted to date have been reviewed and endorsed by the

Chairman of the Ship Production Committee and are being

evaluated by the Navy. There have been a number of

rough spots and a lot of informal liaison will be re-

quired to produce good results for FY ’85 final pro-

posals. Proposals that are submitted subsequent to

this date should be sent to the Chairman of the Ship

Production Committee where they will be held tempo-

rarily until the next SPC meeting (September 1984) at

which time they will be incorporated into the overall

Ship Production Committee plan. It is unlikely that

formal submission to

guidelines have been

the Navy will be made until

issued.
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FISCAL YEAR ’85 PROJECTS

Only four new projects for FY ’85 were submitted. Two of
these came from Bath Iron Works, one from the University of
Michigan, and one from Contraves Corporation. Bernard Miller
of Contraves Corporation gave a brief summary of his proposal

for off-line programming of welding robots and Andrew Dallas

of University of Michigan summarized his proposal for

“Investigation Into the Technology and Application of Digital

Imaging Processing.” In the absence of Dave Blais of Bath

Iron Works, their two projects were not discussed. The Panel
Chairman proposed that no decision be made at this time and

that he would prepare project abstracts and a ballot which

would include these projects, plus the residual projects sub-

mitted but were not budgeted in FY 84 to be mailed to all

members within the next two weeks for return by mid-August.

NOTE: Subsequent to the meeting, Bethlehem Steel Sparrows

Point submitted a project abstract for an expanded

scope of the Flexible Automated System for Welding

Cable Manufacture and Repair that would develop the

detail specifications for an automated identification

system to track materials in a shipyard from the ware-

house to the point of final use; this abstract will be

included in the potential FY ’85 package.

ADJOURNMENT FOR THE DAY

The meeting adjourned at 5:15 p.m. to be reconvened at 8:30 am

on Wednesday, July 18.
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WEDNESDAY, JULY 18

The meeting was reconvened at 8:30 a.m. by the Panel Chairman.

At this time, he used a video tape, prepared by NORMED

Shipyards, on the Underwater Marine Robot which TPLA is

evaluating. This was followed by a presentation by David

Nitzan of the work in the field of flexible automation being

accomplished by SRI International. This presentation was fol-

lowed by a tour of the pertinent SRI facilities.

ADJOURNMENT

The meeting was adjourned at 12:00 noon.

J. B. ACTON
Chairman
Panel SP-10

JUlY 30, 1984
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the Society of Naval Architects and Marine Engineers
SHIP PRODUCTION COMMITTEE

PANEL SP-10 - FLEXIBLE AUTOMATION

July 17, Tuesday

8:45 - 9:00 a.m.

9:00  - 9:15 a.m.

9:15 - 10:45 a.m.

10:45 - 11:00 a.m.

11:00 - 12:00 noon

12:00 - 1:00 p.m.

1:00 - 1:30 p.m.

1:30 - 3:30 p.m.

J U IY 1 8 , Wednesday

8:30 a.m.

9:00 - 12:00 noon

1:00 p.m.

A G E N D A

Opening Remarks

Approval of Minutes of Previous
Meeting

Panel Project Reports

BREAK

Panel Related Project Reports

LUNCH

Update

FY ’85

on Navy Programs

PROJECTS

Assemble at SRI

Tour of SRI Facilities

ADJOURNMENT
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Revised Proposal - D L . l -

A PLAN FOR IMPLEMENTATION OF FLEXIBLE AUTOMATION

IN UNITED STATES SHIPYARDS

I. BACKGROUND

This proposal was written as an outgrowth of a Draper

Laboratory representative attending a recent meeting of the

Flexible Automation Panel (SP-1O) of the Ship Production

Committee (SPC). The

Architects and Marine

the U.S. shipbuilding

SPC, as part of the Society of Naval

Engineers (SNAME), is acting on behalf of

industry, advising the U.S. Maratime

Administration and the U.S. Navy, who are cooperating on the

development and implementation of a long range plan to modernize

U.S. shipyard equipment and methods. At this meeting it became

clear that SP-10 needs its own plan for

flexible automation in shipyards. This

implementation of

proposal is for a

16-month, approximately 15 man-months study to aid SP-10 in

formulating this plan. Due to the diversity of the participating

shipyards (large, small, civilian ships, military ships), the

plan will necessarily emphasize methodology to aid shipyards in

identifying and prioritizing flexible automation opportunities.

Generic opportunities will also be explicitly identified in the

final report, along with several case studies and data that

illustrate the methodology.
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11. STATUS OF SHIPBUILDING TECHNOLOGY AND ITS RELATION TO

FLEXIBLE AUTOMATION

Shipbuilding is one of the oldest arts, and its methods have

deep traditions. Ships have evolved from being just hulls, to

hulls plus superstructure plus masts plus propulsion plus

weapons~ etc. The materials and technologies in these categories

have changed but the categories themselves have remained the

same, The final ship is an aggregation -- often confused and

crowded -- of these basic entities. Traditional organizational

lines in design, fabrication, assembly, test, certification,

subcontractors, and even customers’ organizations have grown

for each category.

up

This end-item oriented structure does not favor efficiency

in manufacture. In fact, it is only in the last 25 years that

ship construction has been looked at anew as a true manufacturing

problem. Not surprisingly, it is the Japanese who took this

approach, by applying and advancing the mass production

techniques developed by Kaiser and other U.S. shipyards during

World War II. The way they make ships looks very familiar to

anyone who knows about their manufacturing methods in autos,

watches, and semiconductors. The latter items are commodities

with much similarity between product units and large production

volume. Ships are the reverse: little similarity from one unit

to the next and low production volume.
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Yet the Japanese created efficient shipyards capable of

producing a one-of-a-kind tanker ship from keel laying to sea

trials in eight months. The key ingredients of the method seem

to be:

1. breaking the ship conceptually into finer and finer --

subdivisions, with the finer divisions having less and

less identity as members of any particular traditional

category or system.

2. identifying groups of parts or subassemblies that require

similar processing steps, and making them together

using mechanization, bulk processing, single setups, and

other economies of scale.

3. determining the accuracy with which each part must be

made and suitable assembly sequences? jigs, and fixtures

so that assembled units will come out the right size and

shape.

4. great attention to detail when planning the above and

great volumes

execution.

In sum, 

planning

grouping 

of information exchange during its
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measuring

talking

integrating.

From this point of view, design becomes merely a subset of

planning, sequencing, and scheduling. The idea of a ship is

restructured, along with the boundaries between items and

subassemblies, to suit efficient manufacture. Only after

assembly is finished at the module or block level do the original

systems emerge. At this point they can be tested. After modules

and blocks are built, any systems wholly contained within them

can be tested. Only after blocks are connected to make the ship

can systems that span several blocks be tested completely. Much

interlock assembly (predominantly electric wiring) exists, too,

especially in combat ships.

In traditional U.S. shipbuilding, all design and production

is controlled on a system basis. Drawings are made, schedules

issued, work orders and purchase orders sent, work done, parts

installed, shops and work crews organized, all along traditional

system lines, In this way, the status of each system can be

tracked but at the cost of pure job shop manufacturing methods

with all their inefficiencies. Traditional automation has no

foothold here, only the opportunity to automate the flow of

information or decision support systems.
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The Ship Production Committee and the participating

shipyards recognize these problems as well as the opportunities

that automation could bring. But even given that all the

organizational revolutions were in place, one must recognize that

automation will be limited in its effectiveness unless it is

understood and carefully applied.

Automation takes many forms and has several distinguishing

characteristics. True mass production can be accomplished

on millions of identical, usually small parts or items per

By contrast, ships’ parts are few, large, and different in

details that customary fixed automation is inappropriate.

only

year.

enough

The above discussion makes it clear that modern

is data-driven, with the data comprising part shapes,

tolerances, process control parameters, and assembly

instructions.

Modern flexible automation is also data-driven,

well understood processes

managing those processes.

can be automated with the

shipbuilding

size

or test

comprising

and careful control structures for

Only processes having these properties

confidence that the output will be

reproducible enough to meet the accuracy requirements.

Flexible automation means more than a single robot here or

there, however. That is a piecemeal approach that gradually

mechanizes parts of a traditionally organized shop without
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changing the basic way work is done. It is unlikely to be

economically attractive because too much of the old inefficient

methods, part definitions, and small order quantities survive.

Instead, effective flexible automation requires

of related process steps (such as cut, clean, bevel,

integrated systems. In traditional manufacture, the

combination

mark) into

Japanese

have shown that to do this requires fundamental product

redesign. New part shapes, boundaries, fastening methods,

inventory controls, vendor relations and so on are forced into

being as a result. This describes their approach to shipbuilding

as well.

Thus the true ingredients of flexible automation are

reproducible processes integrated into systems to operate on

redesigned products.

The combined necessary elements are:

Organization Automation

planning process specifications

grouping reconfigurable machine system design

measuring instrumentation and control

talking data flow and decision support systems

integrating
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To make flexible automation work in modern ship-building

(see Figure 1) requires carefully planning the ship’s design and

construction so that meaningful quantities of appropriate work

are created for properly configured flexible automation systems.

The plans must include data and process specifications in

numerical form for transfer to the systems. If planning

techniques do not exist to allow a ship to be disaggregated

effectively? then they must be created. If processes are not

well enough understood to allow process specifications to be

written, then R&D is needed to bring those processes under

control. If applicable, controllable, and reproducible process

equipment does not exist, then it must be designed, economically

justified, and tested.

III. PHASED APPROACH STRATEGY

The SPC hopes to spur modernization of U.S. shipyards over a

five year period. It is clear that the best use of flexible

automation will come after completion of new planning systems

that release properly configured group technology work orders.

Until that time, flexible automation can and should be introduced

in stages. Such staged implementations should thoroughly test

either the suitability of the technology or the potential of the

application area.
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If a yard makes no attempt to redo its planning methods and

organization, then little can be done except to automate a few

isolated operations or increase the efficiency of information

flow. The overall yard efficiency can be raised a little with

better scheduling of facility use. At the other extreme might be

a yard that is fortunate enough to make relatively simple or

uniform shape vessels like tankers or bulk cargo carriers. For

these ships the disaggregation requires less intellectual

effort. Technologically they are simpler as well. Here it will

be sufficient to break the job out into generic pieces of

plate or vent duct and to determine the design specifications for

ambitious machines to make or assemble them.

In between are yards with military shipbuilding jobs. These

ships are less uniform from bow to stern, contain special

materials, odd shape compartments, and many complex systems.

Here the intellectual effort to create efficient plans will be

great. Again, it will be relatively easy to find individual

islands to automate but it may be more difficult to create large

integrated flexible systems. The constraints of the product may

be too specific.

An important output of this study must therefore be to

assess the limits of applicability of flexible automation to each

of these different situations and to show how each yard can grow

into fuller use of flexible automation. For example, a single

robot station probably will work on small workplaces. Starting
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out this way means learning gradually how to deal with large

workplaces. Doing so will undoubtedly lead two ways: either

systems of robots or, more likely, totally different types of

flexible machines specifically designed to suit properly planned

large scale work. Thus job design, part design, and automation

system design can all be expected to evolve and influence each

other.

The proper design of flexible automation systems and the

appropriate design of suitable products is a

the Charles Stark Draper Laboratory. In the

method is briefly described.

IV. DRAPER LABORATORY APPROACH TO AUTOMATION

topic familiar to

next section this

OPPORTUNITIES

Draper Laboratory has engaged in automation opportunity

assessments for over a dozen industrial firms in the last several

years. The topic is usually flexible assembly but can extend

into processes like cutting, welding, grinding and measuring.

The approach has these main parts.

● assessment of the customer's objectives

● analysis of the product, both function and assembly issues

● product redesign recommendations to reduce part count,

create useful subassemblies, improve quality, or speed

production flow
E-21
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l automation system configuration synthesis, plus economic

analysis of feasible alternatives

l key experiments to test recommendations or resolve difficult

issues

l detailed system design, implementation and evaluation

(currenlty we are building our third system)

In some cases a customer will ask us to focus on a

particular product. More frequently, we will be asked to focus

on a factory or product line and pick a likely candidate product

for detailed study. Actually, the shipyard automation question

is like the second situation because it involves identifying

automation candidates among a field of manual processes. A step

by step elimination procedure narrows the search to products with

limited access directions, well defined size and style

variations, and opportunity to benefit from careful process

control. The needed improvements in product design, assembly

methods, and process definition are identified, and candidate

solutions are evaluated technically and economically. Concept

designs are created for the most promising ones.

Attached to this proposal, are two Appendices which go into

detail on this procedure. Appendix I is a paper titled “Applying

Robots in Industrial Assembly,” which describes the approach and

lists the computer tools developed for such work. Appendix II is

titled “Phase I: Methods and

given to each new customer in

Initial Questionnaire,” which is

preparation for our first intensive
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plant visit. The questions show that our method extends well

beyond the local details of assembling the product, probing into

the global issues of product marketing plans and factory

institutional constraints.

The next Section shows how this approach will be applied in

shipyards.

v , PROGRAM PLAN AND DELIVERABLES

The objective of this project is to create a plan with the

SPC, SP-10, and the participating shipyards to help identify and

prioritize research and development needs for flexible automation

in shipbuilding. Draper will approach this as it has the

previous projects it has undertaken in this area (see the

Appendices). That is, the work will be job, product, or process

driven. It will not consist of our seeking applications for any

particular technology, such as currently available robots.

There are several constraints on a study of this type. They

are the diversity of work at different yards and the different

degree of modernization, i.e., the degree to which Japanese or

similar methods have been adopted. Also, the study has limited

resources. These constraints mean that a major study output must

be the transfer of the methodology itself to the participating

yards so they can carry it on themselves in more detail, focussed
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on their type of work. No one set of recommendations will serve

all yards.

Second, the study cannot assume that yards will wait until

they have completely modernized their methods before trying

flexible automation, even though the best opportunities for

flexible automation will occur only after modernization. At

intermediate stages, the yards can use limited flexible

automation projects to learn new technology and, more important,

to

to

1.

2.

3.

learn the impact and potential benefits that technology brings

the modern organization itself.

The method Draper proposes to follow is:

Travel to visit several yards, followed later by selection

of two or three for more detailed study.

Tutorial lectures to us by the resident Japanese and yard

personnel at host yards to explain the reorganization going

on, plus its status at each yard.

Case studies of selected areas at two or three yards, such

as measuring or fabrication methods, stock handling,

particular items like masts and antennas, sheet metal

fabrication; pipe or cable joining, or information handling

problems like data base design or group technology selection

methods.
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4. To support each study, Draper will ask each yard to desig-

nate a prime contact person. One of this person’s most

important services will be to provide Draper with economic

and technical data that show statistical distributions of

job types, plate sizes, weld lengths, pipe diameters, and

so on, so that the potential for grouping jobs and the

variation between jobs can be assessed.

5. Consultants may be utilized by Draper to fill in some areas

of expertise. These include welding and ship design faculty

from the MIT Ocean Engineering Department as well as project

management faculty from the MIT Sloan School of Management.

Additional consulting may be sought from engineering firms

such as Stone and Webster who have experience running large

construction projects.

6. project progress will be reported to SP-10 at regular panel

meetings, or about 4-month intervals. At the 8-month point,

there will be a written report and SP-10 will make a go/no go

decision on continuing the project. There will be a final

written report and a presentation of the results. The report

will contain a prioritized list of action areas if data can

be mustered to support firm recommendations. If such data

can not be obtained, projects will be recommended that have

data and insight as prime outputs. Recommendations will also

be made as to what analysis and computer tools should be

developed, a) to help identify further opportunities, and

b) to alter design methods so as to foster opportunities.
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the Society of Naval Architects and
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Marine Engineers
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December 19, 1984

FROM : Chairman, Panel SP-10-Flexible Automation

TO : All Members SP-10-Flexible Automation

SUBJECT: MINUTES OF THE MEETING NO.5, NOVEMBER 27, 1984

Attached are the minutes and pass-outs of the subject meeting
held at the Anaheim Hilton Hotel, Anaheim, California.
Your attention is particularly invited to Section 111.3
and the attached project abstracts. You will note
significant changes in the off-line programming of welding
robots. For those representative: submitting the abstracts
accepted for FY 85, I again remind you of the July meeting
deadline for detail proposals.

ROBOTS WEST which was held the three days following the
meeting, was a success by anyone’s measure. The target
was for 300 attendees--over 350 registered for the conference
sessions. The combined exhibits drew over 16,000 people.
Since this was the first regional robot conference by SME,
those of us in the planning and advisory committee were
extremely pleased with our success. Next year, the regional
conference will be ROBOTS EAST and I wouldn’t be surprised
if some of you were requested by the Society to participate.
If so, I urge you to accept as it is an exciting challenge
and one from which you end up learning and receiving more
than you give.

As you will note from the attendance listing, a significant
number of members were absent from this meeting and several
have missed a number of consecutive meetings. I can’t
emphasize too strongly the need for panel members to attend
the meetings. You are the governing board for panel
activities , representing both the technical expertise and
the areas of interest for the shipbuilding industry.
Therefore, your first-hand knowledge, input, and
participation in the discussions and decision-making at
the meetings are vital in assuring a well-run organization
that can provide significant benefits to the shipbuilding
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and ship repair industry. As a manager in my own
organization, as Well as panel chairman, I fully realize
the heavy demands upon your time in your own organization;

 I also understand the need for austerity at this time.
In fact, those are precisely the reasons that the National
Shipbuilding Research Program has been created and the
panels exist--to improve productivity in the shipyards.
All of you. are members of the panel because your management
has opted to participate in the program and have appointed
you to represent them in the best interest of your company.
You can accomplish this only by full participation in panel
activities. If, after all alternatives --including the
designation of an alternate-have been exhausted and you
still are experiencing difficulties in obtaining travel
budget, etc., please let me know and I will bring it to
the attention of the Chairman of the Ship Production
Committee, your Ship Production Committee representative,
and if necessary appropriate members of your management.
The simple fact is, I need you to help make this panel
a success.

NEXT MEETING: Draper Labs has generously offered to host
our next meeting at their facility in Cambridge,
Massachusetts and to provide us an extensive tour of their
laboratories. The meeting will be held March 20-21, 1985;

further details will be forthcoming prior to 1 February.

Panel SP-10
Flexible Automation

JBA:els
Attachments
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SNAME/SPC PANEL SP-1 O FLEXIBLE AUTOMATION
Minutes of the Meeting 5

Carmel Room, Anaheim Hilton, Anahem California

PRESIDING : J. B. Acton, Chairman, SP-10
Todd Pacific Shipyards Corporation

ATTENDEES : M.
H.
N.
R.
J.
w.
J.
J.

ABSENTEES : D.
J.
D.
A.
J.
w.
T.
A.
F.
L.
R.
J.
R.
J.
R.

Agee
Berger
V. Haynes
Kelly
Nevins
Oakes
Rivas
R. Visage

Blais
Cameron
Cheatham
Dallas
Fallick
French
R. Galie
Gutenberg
Henson
Holliday
Jenkins
McEachran
Schaffran
Sizemore
Wells

P. V. Williams -

Virginia Polytechnic
Robotix Corp.
Bethlehem Steel
Gen.Dynamics/DSD
CSDL
NASSCO
LBNSY
Mare Is.Nav.Shipyard

Bath Iron Works
General Dynamics-EB
Lockheed Shipbuilding
Univ. of Michigan
NavSea
Avondale Shipyards, Inc.
NAVSSES
University of California
Mare Island Shipyard
Newport News Shipbldg.
DTNSRDC
RI/SME
MarAd
Ingalls Shipbuilding
NavSea
Tacoma Boat
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SNAME/SPC PANEL SP-10-FLEXIBLE AUTOMATION
Carmel Room, Anaheim Hilton, Anaheim, California

TUESDAY, NOVEMBER 27, 1984

9:00 a.m. - 9:15 a.m.

9:15 a.m. - 9:30 a.m.

9:30 a.m. - 10:00 a.m.

10:00 a.m. - 10:30 a.m.

10:30 a.m. - 11:00 a.m.

OPENING REMARKS
-J . B. Acton

APPROVAL OF MINUTES OF PREVIOUS MEETING
(lst page - Change Automatix to
Robotix)

PANEL PROJECT REPORTS

a. Robotic Welding Cable Mfg.
Inspection and Repair
- M. H. Agee

b. Plan for Implementing Flex. Auto.
in the Shipbuilding Industry
- J. B. Acton

COFFEE BREAK

PANEL RELATED PROJECT REPORTS

11:00 a.m. - 11:30 a.m. a. Laser Line Heating

11:30 a.m. -

12:00 noon -

1:00 p.m. -

2:00 p.m. -

3:00 p.m. -

3:30 p.m. -

4:00 p.m. -

- J. B. Acton

12:00 noon b. Ship Production Journal
- J. B. Acton

1:00 p.m. LUNCH BREAK

2:00 p.m. FY ’85 PROJECTS

OTHER MATTERS

3:00 p.m. a. Call for Papers

4:00 p.m. b. Long-Range Productivity
Improvement Plan

4:00 p.m. c. SP-10 Panel Charter

ADJOURNMENT
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OPENING REMARKS :

The meeting was called to order at 9:00 a.m. by the Panel Chairman,

J. B. Acton. After welcoming the attending members to the meeting

and to the ROBOTS WEST conference, he made the- following announcements.

1. Due to conflicting schedules of the Manufacturing Technology

Advisory Group meeting

and other Washington

attend;

and this panel meeting, the NavSea

Navy representatives were unable to

2. The purpose of this meeting is

ongoing projects and to inform the

plans;

to review the status of

panel of the FY 85 program

3. The Panel Chairman provided passes to the ROBOTS WEST

EXPOSITION for all panel members who had not registered

as conference attendees;

4. The next meeting of the panel is

to be held at Draper Labs/MIT in

be confirmed by January 1985.

tentatively scheduled

March 1985--this will

APPROVAL OF THE MINUTES OF THE PREVIOUS MEETING

The minutes of the meeting of JulY 17, 1984, with corrected

page 1, were approved.
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PANEL PROJECT REPORTS

1. Flexible Automated System for Welding Cable Manufacture/

Repair–-by Bethelem Steel, Sparrows Point and Virginia

Polytechnic Institute. 

Nick Haynes reported that the project is almost complete

with the final report due to be submitted in December.

The final report will consist of 4 volumes as follows:

Volume I

o Questionnaires

o Cable Connectors

o Economic Analysis

o Management Practices

o Methods Engineering

Volume II

o Robot Selection Model

o Software

Volume III

o Fault Detection Study

Volume IV

o Electrical Cable Study

F-6



SP-10 Meeting No. 5, November 27, 1984 -4-

Marvin Agee then gave an abbreviated report on the project

for the benefit of members who had not heard or seen the

detailed report made for the July meeting.

Copies of all four volumes of the report, including the

floppy disks for the robot selection model, will be

automatically distributed to all panel members. Additional

copies can be obtained from the SP-9 panel at the University

of Michigan for a nominal charge; this service is described

in more detail below.

Following the report, discussion was conducted concerning

competing commercial systems, benefits anticipated from

the report, the reasons for selecting the R-Base 4000 and

type of decision model for the robot selection program.

2. Plan for Implementing Flexible Automation in the Shipbuilding

Industry - C. S. Draper Labs Laboratories

The Panel Chairman reported that the justification for

a awarding this project to C. S. Draper Laboratories has

been submitted to the Maritime Administration with early

approval anticipated. All efforts will be made to have
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a contract to C. S. Draper Laboratories by early January

1985.

Jim Nevins provided a discussion of the approach C. S.

Draper Laboratories plans to take and conducting this project

for the benefit of members unfamiliar with the background.

Details of this approach can be found in the minutes of

the July meeting.

The Panel Chairman emphasized to the panel that the results

of this project will form the basis for the panel’ s

long-range plan, therefore active participation by panel

members during the study phase of the project is highly

encouraged.

PANEL RELATED PROJECT REPORTS

1. Laser Line Heating

The Panel Chairman, as Project Manager for this project,

reported that Series III experiments have been conducted,

but that the subsequent analysis have not been completed.

As a result of the availability schedule of the Naval Research

Laboratory laser, which delayed the conduct of the Series

III experiments, the overall project has been extended with
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the final report of Phase I being due by 1 March 1985.

A detailed report on the project is planned for the panel

at the March meeting.

2. SNAME Journal of Ship Production

Chairman Acton, a member of the editorial board of this

new publication, reported that the first issue will be in

February 1985. Distribution of the first issue will be

automatic to all SNAME members; further issues will be by

subscription at the same rates as the Journal of Ship Research.

The initial articles for the Journal will be drawn from

the papers presented at the last IREAPS conference held

in Boston in August of 1983. Future articles will initially

be drawn from the papers being presented at the Annual

National Shipbuilding Research Program Symposium and papers

submitted by readers--both domestic and foreign. All articles

will be screened by the editorial board and will be limited

to those dealing with ship production and productivity as

opposed to ship design and other more exotic research.

The Panel Chairman urged all members of the panel to become

members of SNAME, as that is the parent organization for

the National Shipbuilding Research Program (and the panels)
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3.

FY

1.

and provides a forum for broadening our experience base.

Microfiche Library

The Panel Chairman reported that Prof. Howard Bunch, Chairman

of Panel SP-9, Education and Training, had announced the

completion of the microfiche library containing all

previously-published NSRP reports. A catalogue of these

available reports has been distributed to all shipyards;

and they are available for a nominal charge. Future project

reports will be microfiched as soon as they are published

and, in fact, initial distribution of all reports will

include copies to Panel sP-9 for this purpose. It is to

be noted that this is the first time that a single repository

of copies of all project reports has existed.

85 PROJECTS

The panel ranking of the six potential projects for FY ’85

are listed below (weiqhting--l=6 pts., 2=5 pts . . ..6=l pt.)~-
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Automated Identification System for

Tracking Materials

Robotic Welding Cell

Digital Image Proc.Cell

The Panel Chairman expressed his

-8-

Points

45

Project Title

Plate Marking/CNC Burning Mach.Ph.II

Off-Line Programming-Welding Robot-Ph.I 37

Families of Parts Robot Welding Cell,Ph.I 31

30

13

8

appreciation for the

responses by the panel--particularly those members who

submitted comments in addition to the ranking of the projects.

2. Because of the known limitations of the FY 85 available

budget, the following projects were submitted for the SP-10

program:
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Title

o Marking of Plates,Ph.II

o Families of Parts Robotic

Welding Cell, Ph. I

o Off-Line Programming of Welding

Robots,Ph.I

o Program Management

TOTAL

-9-

$(000)

$190

85

50

$100

$525

At the Program Managers’ meeting, September 21, an analysis

of various projects from all the panels was made and it

was determined that Marking of Plates, Ph. II, should be

submitted as a Manufacturing Technology Project rather than

a National Shipbuilding Research Program Project. The Panel

Chairman agreed to this change with the stipulation that

the panel be funded for a substitute unnamed project (or

projects) totalling $90,000 and leaving a total submitted

program for FY 85 of $325,000. This was subsequently approved

by the Ship Production Committee on September 25. John

Sizemore was notified of this decision and indicated that

he would be submitting a Manufacturing Technology project

proposal for Ph. II of the Plate Marking Project.
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3. Copies of the abstracts of the 3 projects submitted are

attached to these minutes. Shipyards submitting the project

abstracts are requested to have detailed proposals with

the optional form 60 (Cost Proposal) prepared for submission

not later than the July meeting.

OTHER MATTERS

1. Call for Papers for NSRP Annual Symposium September 9-12,

1985. The attention of the panel was directed to the Call

for Papers which had previously been mailed to all panel

members, with the request that each member consider the

advantages of presenting a paper at this Symposium.

2. The Panel Chairman announced that the NSRP Long-Range

Productivity Improvement Plan has been completed and is

in the process of being sent to all shipyards. As noted

earlier t the Long-Range Plan for this panel will not be

truly reflective of industry need until the completion

of the project for implementing flexible automation is

complete.

3. The Panel Chairman distributed the copies of the charter

as it was established at the first panel meeting. (A COPY
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is attached to these minutes for information of those members

who were absent) . The reason for publishing the charter

is a requirement by SNAME to comply with anti-trust

guidelines which they have established for all technical

committees and panels. A copy Of these guidelines will

be made available to any panel member upon request.

OPEN FORUM

1. Bill Oakes described a panel SP-1 project on Group Technology

for which he is Project Manager at NASSCO. He requested

any inputs/assistance from panel members to enable him

to better reflect an industry position in

final report on this project.

NOTE : Please direct any inquiries you may

this

2. The

project directly to Bill Oakes at NASSCO.

Panel

being made

Committee

preparing his

have regarding

Chairman reported to the panel on the progress

by NAVSEA to incorporate the Ship production

and panels into the Manufacturing Technology

program for shipbuilding. In summary, a draft plan has

been made and presented to the Ship Production Committee--as

well as selected individual within NAVSEA--and some of
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the details are being worked out. Essentially, this would

bring all projects, regardless of funding source I
into

the same group for prioritizing and committing. Among

the adjustments that must be considered will be the change

in ManTech funding to include participative contracts similar

to current NSRP contracts. This would eliminate any

competition for funding source and would extend the financing

capability to a larger number of projects. Target amounts

being considered for Government funding of the combined

programs will exceed $15 million a year in the near-term

as opposed to approximately $4 million today. The panel

will be kept advised as to the progress of these types

of changes in programs.

ADJOURNMENT

There being no further business, the meeting was adjourned at

5:30 p.m.

Respectfully submitted,

Panel Chairman/
Program Manager
SNAME/SPC Panel
SP-10
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SNAME/SPC PANEL SP-10 FLEXIBLE AUTOMATION
Minutes of the Meeting 4

SRI International Menlo park, California
Y 17-18, 1984

PRESIDING :

ATTENDEES :

SP-10
Corporation

Virginia Polytechnic
General Dynamics-EB
University of Michigan
NavSea

ABSENTEES :

J. B. Acton, Chairman,
Todd Pacific Shipyards

Marvin Agee
James Cameron
Andrew Dallas
Jon Fallick
Thomas R. Galie -

Nick Haynes
Fred C. Henson
Robert L. Jenkins -

Marilyn Jones
James F. Justice -

Jan Kremers
Bernard Miller
James L. Nevins -

David Nitzan .
William Oakes
Robert W. Schaffran -

John Sizemore
Roy Wells

Dave Blais
Howard Berger
Dale Cheatham
William French
Arthur Gutenberg -

Lawrence Holliday -

Ronald Kelly
John McEachran
James Rivas
Paul V. Williams -

NAVSSES
Bethlehem Steel Co.
Mare Island Shipyard
DTNSRDC
Virginia Polytechnic
Science Applic. , Inc.
SRI International
Contraves-Goerz Corp.
Charles Stark Draper Labs.
SRI International
NASSCO
Maritime Administration
Ingalls Shipbuilding
NavSea

Bath Iron Works

Avondale Shipyards, Inc.
University of California
Newport News Shipbuilding
General Dynamics
RI/SME
Long Beach Naval Shipyard
Tacoma Boat

OPENING REMARKS

called to order at 8:45 a.m. by the Panel

Acton. Mr. David Nitzan of SRI International

The meeting was

Chairman, J. B.

welcomed the panel to his facilities and gratefully outlined

the tour planned for the second day. Mr. Acton, in turn,
thanked Mr. Nitzan for hosting the meeting.
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Program Title

Contract Number

Lead Yard

Period Covered

Work Accomplished
(by project )

FY 83 PROJECTS

1. Manufacture,

:

:

:

:

:

STATUS REPORT

Flexible Automation

DTMA 91-83-C-30028

Todd Pacific Shipyards Corp., L.A. Division

07/15/84-11/30/84

Inspection & Repair of Welding Cable Usinq
Flexible Automation

Bethlehem Steel Corp., Sparrows Point Yard

Work combined on all four volumes of the final report.
Completion is anticipated by mid December, 1984. Projected
expenditures indicates that a residual of 30-35% of committed
funds will remain at project completion. This is due to
the determination that the original objectives of the project
would not be cost-effective thus resulting in a final report
consisting of four volumes of study data that can be of
help to the shipyards.

2. Plan for Implementing Flexible Automation in the Shipbuilding
Industry
- Charles S. Draper Laboratories (Proposed)

Final proposed work statement was accepted by the panel;
it included the restriction that the project could not
be performed in two phases thus requiring the receipt of
FY 84 funds before proceeding with subcontract award.
Upon receipt of those funds 10/84, the proposal and
contractor justification data was forwarded to MARAD for
approval. Approval and subcontract award is anticipated
in early January 1985.

FY 84 PROJECTS

1. Marking Plate Cut by CNC Burning Machines, Phase I
- Ingalls Shipbuilding Division of Litton Industries, Inc.

(Proposed)

Currently awaiting detailed Work Statement and Cost Proposal
from Ingalls. Anticipated start date is 02/01/85.
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2. Plan for Implementing Flexible Automation, etc.
(See write-up under FY 83 projects)

3. Potential New Projects

Upon formal completion of FY 83
$110,000 will be available
Selection should be made at
1985.

Project Status:

Funding Status:

FY 83 Funds

FY 83 Funds

FY 84 Funds

FY 84 Funds

project no. 1, approximately
for additional projects.

the panel meeting in March

See attached milestone charts (by FY)

Authorized

Committed

Authorized

Committed

$560,000

399,347

340,000

-o
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1. AUTHORIZATION

CHARTER
SNAME/SPC Sp-lo
FLEXIBLE AUTOMATION

Creation of this panel as part of the National Shipbuilding
Research Program (NSRP) was aPProved by the Ship production
Committee of the Society of Naval Architects and Marine
Engineers (SNAME) June 23, 1982. Todd Pacific Shipyards
Corporation, Los Angeles Division, was awarded sponsorships
of the panel by the U. S. Maritime Administration (MARAD)
in August 1983.

II. RESPONSIBILITY

A.

B.

c.

D.

E.

F.

G.

H.

Develop the plan for transferring existing and devel-
oping/applying new Flexible Automation technology;

Establish a consensus priority list of high cost
driver areas for target applications of this tech-
nology;

Solicit and review proposed research projects which
address problem areas;

Coordinate the efforts of other SNAME panels pro-
posing Flexible Automation applications;

Maintain an up-to-date awareness of Flexible Auto-
mation technology as it applies to shipbuilding
technology;

Publish and disseminate research results to the
industry; and

Maintain a flexible program with redirection
capability to address new problems/technology as
they arise;

Monitor progress of projects carefully, cancelling
those failing to show accomplishment and applying
the remaining budget on more promising projects.

-1-
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III. MEMBERSHIP

A. As part of the NSRP, no dues are required of members;
however, all expenses of attending meetings are their
responsibility. Membership in SNAME is encouraged but
is not mandatory. The following classes of membership
have been established:

1. Regular (Voting Members)

a. Participating private shipyards (open
to all member yards of SPC);

b. U. S. Naval shipyards (open to all).

2. Associate (non-voting) Members

a. Maritime Administration (MARAD);

b. Navy offices, bureaus and research
activities;

c. Membership-approved education and
research institutions;

d. Professional associations (societies).

3. Guest Members

a. Consulting firms (in appropriate field);

b. Private research firms.

B. Voting regulations are established as follows:

1. One vote per participating shipyard on tech-
nical matters;

2 . One vote per organization on organizational
and policy matters;

3 . Vote will be by members present at a
regularly announced meeting.

-2-
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Iv. MEETINGS, AGENDA AND MINUTES

The panel will normally meet three times per year at a
time and place designated by the Chairman. A written
agenda will be presented to the members prior to, or at
the beginning of, each meeting and will be attached to
the minutes. Minutes will be distributed to all members
and other interested parties; program progress reports
will be made as part of the minutes.

v. PROJECT CONTROL

A. Project Preparation

1.

2.

3.

4.

Following the decision to pursue a project, a
member will be tasked with preparing a project
brief, as outlined in enclosure (4) , to be for-
warded to the Program Manager at least one
month prior to the next scheduled meeting.

The Program Manager shall send a copy of the
project brief and a review sheet to each member
with the meeting announcement.

Members should prepare comments and bring
them to the meeting or, if not attending, mail
them to the Program Manager in time for them
to be discussed at the meeting.

Members present will review the comments and
determine -

a. whether or not to pursue the project;

b. the priority of the project, and

c. its potential procurement sources (e.g.
shipyard, consultant, etc.)

B. Project Assignment

1. Following receipt of the approved budget,
the Program Manager will notify all members
of the projects available and request detailed
proposals from those interested shipyards and/or
other approved sources.

-3-
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2.

3.

4.

Copies of completed proposals will be forwarded
to all members for comment and consideration;

Members should prepare comments and bring them
to the next regular meeting or mail them to the
Program Manager in time for discussion by the
attending members.

Members present will review the comments and
decide to whom the project will be awarded.

c. Project Funding

project funding will be in accordance with NSRP
guidelines, utilizing shipyards providing shared
funding or non-profit organizations wherever
feasible.

D. Project Reportinq

1. Either the panel member or a project repre-
sentative shall present a project progress report
to the panel at each regular meeting. (This
report should be in writing so that it may be
accurately repeated to absent members) .

2. Upon completion, each project will be reviewed
by the panel.

3. Reports on projects approved by the panel shall
be submitted “camera ready” to the Program
Manager for printing and distribution.

VI. USE OF PANEL AS A FORUM

Because of the advanced and rapidly changing state-of-the-
art associated with Flexible Automation, a portion of each
panel meeting shall be made available for presenting related
pertinent information to the panel members. These shall
include, but not limited to:

-4-
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1.

2.

3.

4.

5.

progress reports by panel members on
related projects (Manufacturing Technology,
Industrial Modernization Improvement Program,
etc) ;

presentation by guest experts in the field;

Tours of advanced research activities (e.g.
National Bureau of Standars, major university
research labs and major research institutions);

Tours of nationally-recognized exhibition; and

End-of-contract demonstration at shipyards.

-5-
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1.

2.

3.

SNAME/SPC PANEL SP-10, FLEXIBLE AUTOMATION

PROPOSED FY ’85 PROGRAM 

Project Title

Marking of Plate Cut by CNC

Burning Machine, Phase II

Families-of-Parts, Robotic

Welding Cell, Phase I

Off-Line Programming of

Welding Robots, Phase I

Sub-Total for Projects

Program Management

TOTAL PROGRAM

Amount (X1OOO)

Funded Requested Future Total

$ 150 $ 290 $ 0 $ 440

0 85 25 110

0 50 TBD TBD

100

$ 425
=====
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NATIONAL SHIPBUILDING RESEARCH PROGRAM

SPC TECHNICAL PANEL SP-10

PROJECT ABSTRACT

PROJECT TITLE:

Marking Plate Cut by Computer Numerically Controlled (CNC) Burning
Machines, Phase II

TECHNICAL OBJECTIVE:

The technical objective of this project shall be a device to automatically
mark part identification data and reference lines on plate cut by CNC burning
machines. The device shall produce marks of high legibility, permanence, and
correct geometric registration to the part edqe. The speed of marking shall be
compatible with the cutting rate of the burning machine.

CURRENT :METHOD:

currently, Part identification data are manually painted onto plate cut by
CNC burning machines. The individual parts are identified by referring to a hard
copy of cutting plan. Where the part identification data must survive a post
fabrication abrasive blast cleaning, the data are manually letter punched onto
sheet metal tags welded to the plate. These are labor intensive tasks and are
subject to such errors as misidentified parts, missing or misplaced characters
and illegibility due to poorly drawn characters.

Reference marks on plate cut by CNC burning machines are currently drawn as
a series of punch marks made by a power driven punch mounted on the burning
machine carriage. Operation of the punch is considerably slower than the maximu
travel speed of the carriage resulting in an operating bottleneck during the
marking sequence. In addition, some shipyards have reported difficulty in making
these marks with an adequately high profile in hard materials such as HY80. Dif-
ficulty in maintaining the punch geometrically indexed to the cutting torch has
also been reported.

PROPOSED METHOD:

It is proposed to utilize high speed marking technologies to automatically
produce part identification data and reference line marks on plates cut by CNC
burning machines. The marking equipment will be mounted on an auxiliary carriage
to accomplish the marking cycle independent from and in approximately the same
the frame as the cutting cycle. The marking operation will be accomplished
parallel with the cutting cycle.
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---------

APPROACH :

Phase I (FY 84)

o Study and evaluate various high speed marking technologies.
Consideration shall be given to the problems of flexible auto-
mation and to present an anticipated shipyard marking requirements
Accomplish the demonstration required to establish the suitable
candidate marking technologies.

o Establish the system operational characterization, and define
a system design concept.

o Develop a preliminary engineering design for the selected
system design concept. This shall include the preparation
specifications for the procurement of major equipment.

o Evaluate the system control software requirements and prepare
a specification for the required development.

o Define the system economic justification.

Phase II (Proposed)

o Procure the selected system equipment.

o Develop the required system control software.

o Fabricate necessary hardware items and assemble the system.

o Initiate system operation and eliminate any difficulties
encountered.

o Evaluate the productivity increment achieved with operation
of the system.

o Conduct system demonstrations.

BENEFITS:

The principal benefit from the automation of plate marking will be an
approximately 20% increase in the amount of plate cut by the burning machine.
This benefit is derived from the parallel operation of the cutting and marking
equipment.

The automated marking system will not be subject to such manual marking
errors as misidentification of parts, missing, misplaced or illegibly drawn
characters.

All of the plate markings can be made with sufficient permanence to sur-
vive a post-fabrication abrasive blast cleaning.
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Page Three

Direct
0.25 layout

COST :

labor to accomplish plate marking will be reduced by approximately
men per burning machine.

The cost for accomplishing the project will be approximately as
follows:

Phase I (Funded for FY 84)

0.7 man-year labor @ $30/hour $ 42,000
Marking Equipment Suitability Demo. 33,000
sys. Cont.Software Eval. Spec.

& Initial Development 45,000
Travel & Miscl. Direct Cost 30,000 $ 150,000 YEAR :

Phase II

0.8 man-year labor @ $30/hour $ 48,000
Marking Equipment
Control Equipment
Travel & Miscl. Direct

TOTAL SYSTEM COST, HARDWARE

SCHEDULE:

The period
approximately 8

The period
approximately 7

of performance
months.

of performance
months.

cost

117,000
105,000
20,000 $ 290,000 YEAR :

& DEVELOPMENT --------------- $ 440,000
—------ --—----- -

for Phase I of this project will be

for Phase II of this project will be

DELIVERABLES :

1. Progress in the accomplishment of the project shall be reported
in a series of deliverable documents and demonstration of the
operation system.

2. Technical reports shall be prepared at the completion of each
phase describing the work accomplished.

a. Appendices to the final technical report shall set forth
the system engineering design, equipment specifications~
and an explanation and listing of the system control
software.
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Marking of Plate Cut . . .
Page Four
.--------

b. An audio-visual presentation shall be Prepared to illustrate
the final technical report.

-- The presentation visual aids shall De prepared as 35mm
slides.

-- TWO copies of the presentation shall be submitted.

3. The operating modes and capabilities of the system to increase the
productivity of plate machine cutting operations shall be
demonstrated.
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SNAME Technical Panel SP-10

PROJECT ABSTRACT

PROJECT TITIE:

Families-of-Parts Robotic Welding Cell

TECHNICAL OBJECTIVE:

To install and demonstrate a robotic welding cell equipped with artificial
vision which will have the capabilitY to process families of parts. Families of
parts are defined as parts which are similar in form but differ in size, such as
spools and penetrations. This system would also incorporate software fixturing
and adaptive robotic controls to make extensive hardware fixturing and accurate
positioning unnecessary.

CURRENT METHOD:

Shipyards have been generallY unable to take advantage of robotic welding
of small parts because of the low volume of identical parts and the corresponding
high cost of fixturing and robot Programming for each part. While there is not a
high volume of identical parts, there is a high volume of families of parts.
Traditional methods of robotic programming of weld paths and the need for precise
positioning has kept robotic welding of these parts from being cost-effective.
These parts are currently being welded by manual means.

The family of parts robotic welding cell is conceived as a stand-alone
processing cell capable of welding families of parts. A part would be secured
to a work table within the work envelope of the robot. An artificial vision
system would locate and measure the part. System software would use this
information to modify a pre-existing welding procedure to suit the specific part
being processed. Precise positioning would be unnecessary as long as the part
remained within the work envelope. This ability is termed software-fixturing
and is the major development software needed to enable this project.

APPROACH:

Phase I

Identify components as candidates for family of parts processing and
prepare a preliminary system specification. Develop pilot software and
part holding devices and validate performance of demonstration at the
manufacturer’s site.
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Families of Parts...
Page TWo
---------

Phase II

Install system in shipyard, train operators
and reliability over a three-month period.

and monitor performance

BENEFITS:

Software fixturing eliminates the need for precise fixturing and posi-
tioning through hardware. Software fixturing is prerequisite to family-of-
parts capabilities. Full implementation of the cell would greatly expand the
applicability
to reduce the
significantly

COST :

Year 1
Year 2

SCHEDULE:

Year 1
Year 2

of robotic welding of ship components. This has the potential
labor cost of welding these components by an estimated 40% while
improving quality.

$85,000
$25,000

9 months
3 months

DELIVERABLES :

1. Report documenting the development and testing of the system, summary
of significant findings/benefits,
development.

2- . Presentation materials consisting
briefing materials.

and recommendations for further

of 2 sets of 35mm slides and associated
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SNAME Technical Panel SP-10

PROJECT ABSTRACT

PROJECT TITLE:

Off-Line Programming of Welding Robots

TECHNICAL OBJECTIVE:

Reduce or eliminate lost arc time of a welding robot now being used
for point-to-point teaching.

Modifying a Cincinnati Milacron T-3 Robot to be much more accurate
and building a set of controls able to accommodate off-line programming of
the robot from an external source or an existing data base.

CURRENT METHOD (PROBLEM):

Todd Pacific Shipyards is presently using a Cincinnati Milacron T3
Robot to successfully weld fairly complex aluminum and steel subassemblies.
However, the robot is programmed by teaching each individual point using a hand-
held pendant. This programming method has become the single most significant
factor limiting the productivity of the robotic system. This limitation is
not unique to robotic welding, but is generally a significant factor in limiting
the productivity of flexible automation equipment for small batch manufacturing
operations. Longer range, as manufacturing activities become more automated,
the limitations imposed by hand-held teaching will become intolerable.

PROPOSED METHOD (SOLUTION):

This project proposes to supplement the existing Todd Pacific robotic
welding system with a welding robot which can be programmed “off-line”. In
addition, the new robot will be sufficiently accurate and repeatable so that
the part information in a data base can eventually be used to correctly command
the robot to produce the required motions.

Off-1ine programming will significantly improve the overall productivity
of the welding system by eliminating the “down-time” required for the point-
to-point teaching.
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Of f-Line...
Page Two
.----—---—

APPROACH:

PHASE I

1. Evaluate the state-of-the-art development for:

a.

b.

c.

d.

2. a.

b.

improved versatility robot control software and
hardware;

systems for procedures to calibrate mechanical
variances between robot arms which otherwise would
position different arms using identical programm
in different places;

Graphics systems which can be used for teaching a
robot arm path and which allow graphic manipulation
of a test robot;

Software that will allow CAD data to be downloaded
to the test robot.

Develop detailed specification for installing these
features on an operational welding robot.

Prepare a plan for Phase II which will include revised
cost and cost justification.

PHASE II

1. Procure and install selected equipment on an operational
welding robot, e.g. the CM-T3 at Todd Los Angeles.

2. Evaluate the performance and perform an industry demonstration.

BENEFITS:

1. In the short term, off-line programming will improve the
up-time or arc-time of the welding robot. Longer range, newer
applications should open up as the impact of computer-integrated
manufacturing becomes more widespread. Production economies
will be realized as the number of shop drawing are gradually
reduced and the number of tools and fixtures are reduced or
even eliminated.

2. Overall safety is improved. The programmer will no longer have
to be near the robot to do the teaching.
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COSTS :

Phase I
Phase 11

SCHEDULE:

Phase I
Phase II

DELIVERABLES :

1. Control

.- $50,000
-- $300,000 (Est. )

-- 10 months
-- 12 months

hardware and software as required.

2. Demonstration of off-line/alternate input programming of
robot.

3. Technical manuals for all equipment.

4. Phase I written report including

5. Final written report documenting

6. Presentation materials including
associated briefing materials.
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SPC MINUTES = 9/10/85

MEMBER(S) ABSENT

Mr. Kenneth S. Amer
Mr. Ralph F. Mselmi
Mr. Richard E. Blackinton
Mr. Kristian K. Christensen 
Capt. A. D. Clark, USN
Mr. Louis W. Frank, Sr.
Mr. Robert B. Geary
Mr. James A. Higgins
Mr. Rockwell Holman
Mr. Peter E. Jacquith
Mr. Francis J. Long
Mr. Peter M. Palermo
Dr. Michael G. Parsons
Mr. John W. Peart
Mr. Feite Posthumus
Prof. David T. Pratt
Mr. George J. Trausch
Mr. David Watson
CDR William D.Whiddon, USN
Mr. Joseph E. Wise

I. INTRODUCTION

Mr. Brasher opened the meeting by having everyone introduce
themselves around the table. It was moved, seconded and passed that

the minutes of the previous meeting be approved. 

II. 1986 SHIP PRODUCTION SYMPOSIUM

Mr. Brasher announced that the “Call for,Papers” has gone out,
and that while the method of papers selection is somewhat different

from the previous symposia, the- SPC program managers are member$ of.

the selection committee and can ensure that the selection is appropriate.
The next meeting is scheduled for November 14, 1985 in New York at

the SNAME Annual Meeting.

Mr. Brasher said the Executive Control Board recommended and the

SPC concurred, that 1987 is too early to go back to New York and so
turned down the offer of the New York Metropolitan Section to host
the 1987 SPC Symposium. The plans for 1987 have yet to be firmed up,

however, a West Coast or Gulf Coast location was preferred.

H-2
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SPC MINUTES - 9/10/85

III. PANEL SP-6

Mr. J. R. Phillips’ petition that panel 5p-6 change its name from
Standards and Specification to Marine industry Standards was approved
by the Committee.

Mr. Phillips led a rather lengthy discussion on the standards
program, and proposed an ad hoc committee built especially to interface
with the Navy on standards production, an effort similar to the CAD/CAM
ad hoc group already in place. Mr. Phillips said that this would
supplant the present system, which can never amount to more than a
small pilot project.

Mr. Brasher backed this plan, saying he felt that high level
shipyard and USN support is slowing growing for standards improvements.
The ad hoc group would include Navy members, hopefully giving the
program more Navy support.

Mr. Phillips planned to discuss the matter with members of the
ASTM F-25,Committee. Mr. Phillips also suggested that each yard set
up a standards committee to provide input and to expedite the review/

revision process.

IV. FISCAL 1986 PROJECTS

The plan now is for the Executive Control Board to meet in-..— ~
January and place all the projects into priority for SPC approval. Mr.
Schaffran said there was a hold-up at the Secretary of Transportation
level but this has now been waived by OMB. (Tentatively this ECB-p.m.
meeting will be in Pascagoula.)

The full SPC review and approval of the projects is scheduled
for February 1986. (Tentatively this meeting is set for Washington,
DC at the Maritime Administration.) Thus, the project approval will
be in February and the letter request from the Chairman to MarAd and
the Navy Department around March 1, 1986, and the actual contracting
with the yards by the first month of FY 1987 (October 1).

v . CAD/CAM INTERFACE WITH NAVY

The names on this ad hoc group are:

Malcolm Dick
Jake Lindgren
Edwin Petersen
James Palmer
James Wilkins

H-3
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SPC MINUTES - 9/10/85

A “strawman” has been prepared, and after rework being done by
Mr. Baxter Barham and Mr. Vander Schaff, the ad hoc group will again
meet with cognizant members of NAVSEA. (This meeting is now set for
the 24th or 25th of October, 19850

VI. This-brief meeting concluded with a discussion on the Navy
Manufacturing Technology Program and the Brasher-Acton. testimony

before the House Merchant Marine and Fisheries Committee. There is an
“Effectiveness Report” regarding the Man-Tech Program which Mr. Acton
will provide to those interested.

VII . NEXT MEETING AND ADJOURNMENT

The next meeting will be at MarAd in Washington, February, 1986.
The date.will be announced by Mr. Brasher.

 

The meeting adjourned at 5:15 p.m.

Approved

T L - J / b t
9/26/85
10/16/85
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held at
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OPENING REMARKS

The meeting was called to order by panel chairman, J.B, Acton
at 0910 March 18, 1986. He welcomed the members and guests
attending then thanked and introduced the host, Mr. Robert
Schaffran.

WELCOME ADDRESS

After welcoming the attendees, Mr. Schaffran described the
function of the new group he heads and introduced the members
of his staff who were present. He indicated his desire that
his group continue to work with the NSRP in the future.

APPROVAL OF MINUTES OF PREVIOUS MEETING

Dan Whitney requested that the reason for rejecting project No,
7 (November minutes) be changed to read, “lack of technical
data” vice “lacking of technical merit.” The panel agreed and
the minutes were approved as modified.

ECB/SPC MEETINGS AND PROGRAM STATUS

Virgil Reinhart repeated and updated the report given to the
ECB and SPC meetings regarding the future of the NSRP. He
stated funding problems do exist, but some interest is now
being shown at high levels in the administration, MARAD
funding for FY 87 is extremely doubtful, but some remaining FY
86 funds will be utilized to stretch out the program long
enough to complete currently approved projects. He expects the
Navy portion of FY 85 funds to be forthcoming soon, which will
allow contracting for all aproved projects. His opinion,
regardless of funding, is that the panel structure should be
maintained and a new financial sponsoring agency (or program)
be found.

His proposed solution(s) would be:

o extension of time of contracts;

o tag onto “Build & Charter” legislation;

o develop other legislation; or

o obtain sponsorship through the Navy overhaul branch
(Sea 07).

J-2
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FY 86 & 87 BUDGET

Financial Report

Included as Appendix I

Approved Projects for FY 87

Included as Appendix I I

Status

FY 85 - 60% funds received; remainder awaiting Navy
transfer;

FY 86 - Only token amount available from MARAD
surplus;

FY 87 - Funding doubtful.

Project in lieu of Off–Line Programming

The panel approved the use of these funds for Phase O
of the Stabilized Platform Crane Robot (#2 ranked
project in November minutes)

Sub-Contractor approval - FY 87 projects

lngalls was designated by the panel as the proposed
sub-contractor for both projects approved by the ECB.

Disposition of Abstracts

A vote of thanks was extended to all who submitted
abstracts for considerate ion in FY 87. Proposing
individuals should revise and resubmit them - if
appropriate - for FY 88.

Extension of Contract Period

The FY 86 funds being provided by MARAD are for use in
“program administration” to cover the period through
June, 1988.

J-3
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PANEL ROJECT REPORTS

Plan for Implementing Flexible Automation

- D. Whitney, Draper Labs

Included as Appendix III

Following the presentation, J. Cameron Suggested thatShipyard CE Officers be given a formal presentation.
The panel concurred with the idea, but lack ofavailable funding makes this impractical at this time.

Marking of Plate Cut by CNC Burning Machines

- J,

included as

Families of

- J.

Sizemore, Ingalls

Appendix IV.

Partsi”Robotic Welding Cell

Acton, Program Manager

As of the meeting, Todd Los Angeles had not provided a
work statement for performing this project. J. Cameron
made a motion that an RFP be issued to participating
shipyards. The motion was seconded and approved.

PANEL RELATED PROJECT REPORTS

Navy Programs

- R. Jenkins, DTNSRDC

No significant milestones have been reached in current
Navy programs that would be related to this panel.

Laser Line Heating

- K. Scully, DTNSRDC

Phase II 1S essentially on schedule. Significant
experiment results should be available for the July
meeting.

RECESS

The meeting was recessed at 1640; reconvening time was set at
0830 March 19.

J-4
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NATIONAL SHIPBUILDING RESEARCH PROGRAM
SHIP PRODUCTION COMMITTEE PANEL SP-10

SP-IO-86–01

Design production Integration for Robotic Ship Manufacture

TECHNICAL OBJECTIVE-—-—- —--- ----—— ---

Design a class of components as a rationalized parts family for
qroup manufacture on flexible automated production equipment.
Design a flexible automatic production system incorporating
operational capabilities specifically aligned with the
manufacturing task requirements of the component class.

Current ship structural and fittings components design practice
is tradition based. These components are often designed with
consi derable geometric complexity. The variety of these
components is great ✎ Because of minimal similarity among
individual members, production groupings of ship components must
often encompass very broad parts families. Only small numbers of
like components are required for a given ship. Tool access and
material handlinq are secondary considerationsin current ship
design practice. The geometric complexity also qreatly increases
the complexity of orientation sensitive processes such as
welding. Finally? the scale and the tolerances common to ship
components are beyond the capabilities of commercially available 
robotic equipment.

PROPOSED-------- METHOD------

This describes the first phase of a project to promote robotic
manufacture of ships integrating design for production principles
with the inherent requirements of robot utilization. The project
is proposed for co-joint sponsorship by Ship Production Committee
Panel SP-4 and Panel SP-10.

Traditional ship structure and fittings components are
geometrically complex and highly varied in detail Commercial
robotic machines have limited flexibility and working envelope
capabilities. These are major detracting factors to implementing
flexible automation in ship manufacture. It is not sufficient to
develop new ways to produce traditional ship components. New
designs must be developed to accomplish the function of existing
components without performance degradation. These designs must
be specifically conceived to support group manufacture on
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flexible automatic production equipment, Coincident with these
new component designs flexible automatic production systems
incorporating capabilities particularly group
manufacture of these components must be developed.

ship production Committee Panel SP-10 is presently preparing a
plan for implementing flexible automation in the shipbuilding
industry. The plan will address the technical doctrines and
mathodologies necessary for successful application of robotics
and flexible automation to the manufacture and repair of ships.
Design production integration for robotic ship menufacture builds
upon the plan. It demnnstrates by example the practicality of
the technical doctrines and methodologies of the plan applied to
the manufacture of a specific class of ship component.

The project objective will result in complementary modification
of ship structural and fittings components and to robotic
machines designed for ship manufacture. The first phase will
examine the design and manufacture of a class of ship components.
The ship component class selected will be in accordance with the
recommendation of Panel SP-IO' plan for implementing flexible
automation in the shipbuilding industry, The selected class of
ship component will be studied using the technical doctrines and
methodologies of the plan. Designs and specifications for a
selected class of ship component and robotic production equipment
necessary for a shipyard feasibility demonstration will be
prepared The new component cl ass design will comprise a
rationalized parts family for use throughout a ship and will
Support group manufacture on flexible automatic production
equipment. The organization of the rationalized parts family
will be consistent with the group technology parts classification
and coding system developed by Ship Production Committee Panel
SP-4

This work will include design simplification of the selected
component class, enhanced tool accessg automation of a limited
number of well-defined processes, accommodation of tolerances,
rational division of labor between craftsmen and fixed and
robotic tools, and synthesis of production machines specifically
appropriate for this work. Computer analysis models and visual
mockups will be utilized as appropriate. The modified design for
the selected component class will be examined for qualification
under Navy and classification society rules. The economic
consequences of proceeding will be estimated.

The first phase of the project is partitioned into subphases to
 facilitate tracking progress of accomplishment. These
subphases are identified in the Approach statement below.

It is anticipated that the second phase of the project will
consist of constructing and physically testing. The second phase
of the project will also consist, as necessary, of demonstrating
technical feasibility of flexible automatic production system
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controller and unique mechanism features. Subsequent phases of
the project will accomplish shipyard demonstration of
feasibility

shipyard
and extend the project   .

A class of ship components will be identified for further studv
in accordance With the recommendation of Panel SP-10 Flexible
Automation lmplementation Plan. The factors determining the
design and manufacture of the selected component class and the
potential for improvement will be examined. On the basis of this
examination, alternative design approaches. to achieving the
functions of the selected component c1ass  will be synthesized and
studied. of alternative approaches will emphasize
design simplification and rationalized part family grouping
enhanced tool access? utilization of more hiqhly defined
processes. and reduced numbers of processes, accammodation of
tolerances and ratianal division of labor between craftsmen and
fixed and robotic tools. Computer analysis models and visual
mockups will be utilized as appropriate.

Identify Manufacturing——-—— -—- --——— --——— --

The manufacturinq tasks required by the alternative approaches
will be subdivided into primitive operations. Using these task
primitive. operations, labor will be rationally divided and
appropriate characteristics for the necessary flexible automatic
production system machinery identified.

Phase lC - Component Class Detail Design--

One of the alternative design approaches will be selected for
detail development. The selected design approach will be
analyzed for structural competence and shock and vibration
performance over the parameter range common to the component
class. The selected design approach and the analysis will be
codified as a new design standard for the component class.

Phese ID - Develop Desiqn standard--=-- -- -

A detail design and specifications will be prepared for an
illustrative example component in accordance with the new design
standard. The impact of the new design standard upon a future
ship will be evaluated for a variety of conditions including
joining to adjacent structure penetrations for distributed
systems, and personnel access. Qualification of the design under
Navy and classification society rules will be examined.
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The proposed development will provide shipyard production
engineers integrated computational tools in a convenient and

form for identification and parameter development of

SCHEEULE----— ---

Twelve (12) months.

DELIVERABLES----- -—-—- ——

Progress of the development of the models, constraints, design
recall group technology code, and the preparation of software
will be periodically reported to Panel SP-10. A final report
will be prepared identifying the models and decision theory
implemented and explaining application to ship construction
flexible automation projects. Software installation instructions
will be provided. The software will be delivered on 5-1/4”
floppy disks and hard COpy listingS.
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GENERAL CONCLUSIONS

COMPETITIVE SHIPBUILDING IS INTENSELY COMPLEX

- HEAVY RELIANCE ON PLANNING
- NEED FOR RATIONALIZATION OF DESIGNS, PROCEDURES, TOLERANCES

EXPERIENCE BASE MAY BE STRONG BUT SCIENCE BASE IS WEAK

- EXPERIENCE-BASED IDEAS DIFFICIILT TO CHANGE
- SCIENCE BASE (COST DATA, MEASUREMENT DATA, PROCESS MODELS) OFFFR FIRM BASIS FOR

CHANGE

RATIONALIZATION/AUTOMATION OPPORTUNITIES EXTEND BEYOND FABRICATION

- PLANNING, SCHEDULING, MODULE DEFINITION, OTFIT SEQUENCING
- MEASURING, DATA ANALYSIS, PROCESS IMPROVEMENT

AUTOMATION/RATIONALIZATION EFFORTS WILL HAVE MORE IMPACT WHEN FAB AND NON-FAB STEPS ARE
INTEGRATED -- WILL HAVE LESS IMPACT AS SEPARATE ROBOTS OR MACHINES WEDGED INTO
EXISTING DESIGNS, METHODS  OR SHOPS















,

OBJECTIVE

SYSTEM TO AUTOMATE MARKING OF PLATE OFF LINE FROM
COMPUTER NUMERICALLY CONTROLLED BURNING MACHINES,
INCLUDING FACILITY TO AUTOMATE PROGRAMMING OF THE
BURNING MACHINES AND ALIGNING THE CUTTING PROGRAM
WITH THE POSITION OF A PLATE ON THE PLATEN

PHASE 1: REQUIREMENTS DEFINITION, SPECIFICATION
PREPARATION, ECONOMIC JUSTIFICATION







APPROACH

PHASE I

o CHARACTERIZE PROCESS LANE REQUIREMENTS

o STUDY MARKING TECHNOLOGIES

o SYNTHESIZE SYSTEM DESIGN CONCEPT

o ANALYZE ECONOMIC JUSTIFICATION



ALTERNATIVE MARKING TECHNOLOGIES 

-  PAINT JET

ZINC POWDER

LASER ENGRAVING

ROTARY ENGRAVING

PNEUMATIC PIN PUNCH

MOTOR DRIVEN MULTIPLE
WHEEL LETTER PUNCH









Professional socities/associations with direct
involvement in the industry

o Coordinating the efforts of other of Society of Naval
Architects and Marine Engineers Panels proposing
flexible automation technology as it applies t o
shipbuilding, conversion and repair.

o Maintaining a flexible program with redirection
capability to address new problems and technologies as
they arise.

o Developing an annual plan of projects related to the
improvement of application of flexible automation to
the shipbuilding, conversion and repair industry.

o Coordinating the project plan and results thereof with
other panels to ensure the maximum benefit derivable.

Panel SP-10 shall compose itself of capable individuals
of shipbuilding, design and academic expertise who are versed
in the current and future concepts of shipbuilding, conversion
and repair, to the extent that the members are knowledgeable of
problems extant and the need for their resolution. The members
should be characterized by their ability to penetrate deeply
the existing shipbuilder problems and by innovative resolution
of such problems. They should investigate the methods of
others, where such methods are obviously effective, accepting
those which are transferable and rejecting those that are the
converse. No dues are required of members, however all
expenses of attending meetings are their responsibility. The
following classes of membership are hereby established:

o R e g u l a r  M e m b e r s

Participating private shipyards (open to all member
yards of the Ship Production Committee)

U.S. Naval Shipyards (open to all)

o Associate Members

- Maritime Administration

- Navy offices, bureaus and research

Membership-approved education
institutions 

activities

and research
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o Guest Members

Consulting firms (in the appropriate fields)

Private research firms

Voting regulations are established as follows:

o One vote for each regular member’s organization on
policy matters

o One vote for each regular and associate member (or his
alternate) on technical matters

o Vote will be by members (or alternates) present at a
regularly scheduled meeting.

Panel SP-10 shall conduct plenary meetings, at least
semi-annually, in convenient locations - preferably near the
sites of installations where field visits can be conducted and
where the current processes of design, construction,
conversion, repair or training can be observed.

Projects selected should be undertaken considering the
probability of imminence of implementation.

Results of the panel’s activities will be shared with
the industry in the expectation that, by such altruistic
action, the industry will realize synergistic results.
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RECONVENE

The meeting was reconvened at 0830 March 19 by Chairman Acton.
The business meeting was resumed.

PANEL CHARTER

All panel charters were revised by Mr. R. Slaughter, Chairman
of panel SP–11 to establish consistency and standardization.
between the panels. The panel reviewed the revised charter
and, after directing certain changes. approved the revised
edition – which is included as Appendix V.

The chairman will reissue procedural items contained in the
old charter as Panel Procedures. NOTE: Pending reissue,
procedural items in the old charter will remain in effect.

The chairman reported that a number of panel members had not
attended a meeting in excess of one year and had not responded
to the request in the November meeting-notice to indicate their
desire to remain on the panel. He requested, and was granted
permission by the panel to terminate their membership.

T O U R  O F  D T N S R D C

From 0930 until 1130, the panel was given an in-depth tour of
DTRSRDC

MEETING

o

0

0

facilities.

VRAP-UP AND ANNOUNCEMENTS

The next panel meeting will be hosted by the
Engineering Department of the University of Texas at
Arlington 8-9 July.

Future meeting sites will include ARO corporation 21-22
October and (tentatively) GM Tech Center in March,
1987.

The panel members were encouraged to attend the
following meetings:

- Robots 10, Chicago, April 21-24;

- NSRP Symposium, Williamsburg, VA, 27-29 August;

- ULTRATEC 86, Long Beach, 22-25 Sept;

- 1987 NSRP Symposium, New Orleans, 23-25 Sept, 1987;
and

- Appropriate End of Contract Demonstrations.
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ADJOURNMENT

There being no further business, the meeting was adjourned at
1200.

Prepared and Approved by:
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2 January 1986 (4: 10PM)

o Maintaining a flexible program with redirection
capability to address new problems and
technologies as they arise.

o Develop an annual plan of projects related to the
improvement of application of flexible automation
to the shipbuilding industry.

o Coordinate the project plan and results thereof
with other panels to ensure the maximum benefit
derivable.

Panel SP-10 shall compose itself of senior individuals of
shipbuilding design, and academic expertise who are versed in the
current and future concepts of shipbuilding, to the extent that
the members are knowledgeable of problems extant and the need for
their resolution. The members should be characterized by their
ability to penetrate deeply khe existing shipbuilder problems and
by innovative resolution of such problems. They should find
acceptable the methods of others where such methods are obviously
effective, rejecting those that are the converse.

Panel SP-10 shall conduct plenary meetings, at least semi-
annually, in convenient locations, preferably near the sites of
installations where field visits can be conducted and where the
current processes of design/construction or training can be
observeed.

Projects selected should be undertaken with consideration of
the probability of imminence of implmentation.

Results of the panel’s activities will be shared with the
lndstry in the expectation that, by such altruistic actions the
industry will realize synergistic results.
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APPENDIX K

List of Attendees
at

SPC Panel SP-10 Meeting No. 10

held at
Arlington, TX

on July 8-9, 1986

without
Minutes



PRESIDIHG:

ATTENDEES:

J.B. Acton
J. Cameron
K. Goodwin
J. Justice
M. Lormer
M. Lundy
J. Nevins
J. Richard
K. Scully
J. Sizemore
R. Wells

ABSENTEES:

D. Blais

M E E T I N G  M I N U T E S
SNAME/SPC PANEL SP-10 FLEXIBLE AUTOMATION

Meeting No. 10
UNIVERSITY OF TEXAS AT ARLINGTON

ARLINGTON, TEXAS
JULY 8–9, 1986

J,B. Acton, Chairman & Program Manager

Todd Shipyards
General Dynamics - Electric Boat
National Bureau of Standards
M.K. Ferguson
Optimation
Optimation
C.S. Draper Labs.
MARAD
DTNSRDC
Ingalls Shipbuilding
NAVSEA (07)

W. Christensen
LCDR B. Everett, USN
A. Dallas
J. Fallick
W, French (alternate)
T, Galie
N. Haynes
L. Holliday
R. Jenkins
A. Klick
D. Lick
R. Price
V. Rinehart
J. Rivas
J. Ruecker
R. Schaffran
R. Slaughter
L. Vivian
R. Wallen (alternate)

Bath Iron Works
Nav Ind Res Supp Activity
NAVSEA (90M)
U of Mich - Trans Res Inst
NAVSEA (05M2)
Avondale
NAVSYSENGSTA
Beth Steel - Sparrows Pt
Newport News Shipbuilding
DTNSRDC
General Dynamics - Data Systems
General Electric - CALMA
Avondale
MARAD
Long Beach Naval Shipyard
NASSCO
DTNSRDC
Ingalls
Long Beach Naval Shipyard
Newport News Shipbuilding
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APPENDIX L

Minutes
of

SPC Panel SP-10 Meeting No. 11

held at
New Orleans, LA

on November 20-21, 1986

with
Appendix I

and
Panel Membership Listing



the Society of Naval Architects and Marine Engineers
O N E  W O R L D  T R A D E  C E N T E R -  S U I T E  1 3 6 9 .  N E W  Y O R K  y .  1 0 0 4 8  . - 2 1 2  4 3 2 - C 3 1 O

TODD PACIFIC SHIPYARDS CORPORATION - NAVAL TECHNOLOGY DIVISION

ISO West Seventh Street. Sun Podro. CA 90731 * 213 832-3361

Jan 27, 1987

To: Distribution

Subj : Minutes of meeting #11, November 20-21, 1986

Attached are the minutes of subject meeting held at the New
Orleans Hilton. Please contact me if you have any questions,
comments or corrections.

Your attention is invited to the NOTE on page 3; please respond
with your suggestions as soon as possible.

It is my sincere hope that the 1987 schedule will enable more of
the panel members to attend meetings - a function that is vital
to the successful operation of the Program. Remember, the
program is still very much alive and with the “low bidder wins”
philosophy it is vital that the tennets of Flexible Automation be
implemented.

J. B. Acton
Panel Chairman
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M E E T I N G =  M I N U T E S
SNAME/SPC PANEL SP-10 FLEXIBLE AUTOMATION

MEETING NUMBER 11
NEW ORLEANS HILTON RIVERSIDE

NEW ORLEANS, LA
NOVEMBER 20-21, 1986

PRESIDIHG: J.B. Acton,

ATTEEDEES:

J.B. Acton
W.H. Christensen
O.J. Davis
K. Goodwin.
R. Jenkins
Leo Plonsky (visitor)
J.C. Richard
D. Rome
J. Sizemore

ABSENTEES:

D. Blais
J. Cameron
O.E. Edwards
LCDR Bart Everett, USN
J. Jessup
J. Fallick
W. French
N. Haynes
L. Holliday
J.F. Justice
A.M. Klick
D.E. Lick
J.L. Nevins
V.W. Rinehart
J.R. Ruecker
R. Schaffran
L.D. Vivian
R. Wallen (alternate)
R. Wells
W.E. Woolam

OPENIEG REMARKS:

The meeting was called

Chairman & Program Manager

Todd Shipyards
Nav Ind Res Supp Activity
Chairman, Panel SP-7
National Bureau of Standards
DTNSRDC
Nav Ind Res Supp Activity
MARAD
Ingalls Shipbuilding
Ingalls Shipbuilding

Bath Iron Works
GD–Electric Boat
Lockheed Shipbuilding
NOSC
Univ of Mich-TRI
NAVSEA (05M2)
Avondale
Beth Steel-Sparrows Pt
Newport News Shipbuilding
M.K. Ferguson
GD–Data Systems Div
GE-CALMA
C.S. Draper Labs
MARAD
NASSCO
DTNSRDC
Long Beach Naval Shipyard
Newport News Shipbuilding
NAVSEA (07)
Southwest Research Institute

to order by panel chairman Acton at 1305
November 20, 1986. After passing out the AGENDA, he welcomed the
members, guests and visitors. He then outlined the objective of
the meeting: to affirm resubmission of the FY 87 budget
proposal, or to propose new projects.
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APPROVAL OF MINUTES OF PREVIOUS MEETIHG

The minutes of the meeting of July 8-9, 1986 were approved as
published.

PROGRAM STATUS

Joel Richard reported on the status of the program and made
recommendations to the panel for assisting in keeping the program
alive and well.

Funding

o

0

0

0

FY 85 - Except for Panel SP–6 - which has been fully funded,
the Navy’s $1,5M share, last expected by late July, has not
been transferred to MARAD. Therefore, this panel is still
$88K short, and a substitute project for Off–line Programming
of Welding Robot can not be made.

FY 86 - $60K for “Technology Transfer and Direction” to mid-
1988 has been made to the panel. Unless new funding is
received for proposed projects, this will end government
participation in the program!

FY 87 – UNFUNDED

FY 88 - MARAD has a shipbuilding research line item in the
budget proposal, BUT we in the program need to lobby “The
Hill” to retain it.

ALSO, the Navy has a line item to cover program funding.

Program Summary

Avondale Shipyard has opted to discontinue sponsorship of the
Facilities & Environmental Effects Panel (SP-l); proposals from
other shipyards have been requested.

NOTE: As of the publication of these minutes, a new sponsoring
shipyard has not been selected.

Joel urged all panel members to increase their level of
participation in the program; not only to conduct technical and
administrative business, but also to promote the program.

o to their own organization (especially shipyards);

o to the customer - particularly the U.S. Navy; and

o to other shipyards.

L-3



In addition, he has asked the Program Managers to assist the
panel members in justifying the necessary travel to attend
meetings. Therefore, future MEETIEG NOTICES will contain a
justification paragraph and can be attached to your trip request
to assist you in obtaining approval.

NOTE: I will appreciate your suggestions as to the
contents of this justification that will satisfy the
requirements of your management.

PAHEL PROJECT REPORTS

Families of Parts, Robotic Weld Cell

- J.E. Actan, Todd

Todd-L. A. has been selected to perform this project, and sub-
contractor approval has been requested from MARAD. Funds from
the canceiled project, Off line Programming of Welding Robot,
will be utlized to complete the $84,611 required for this
project; it will be awarded as soon as approval is received.

NOTE: As of the publication of these minutes, sub-contractor
approval has been received and the award will be made for
work to commence not later than 01/31/87.

Plan for Implementing Flexible Automation

- J.B. Acton, Program Manager

The project has been completed and camera ready manuscript
submitted for review. Some revisions have been requested, and
some of the graphics need to be re-drawn prior to publication.
Due to the workload of the Program Manager and Todd’s Graphics
kdepartment, publication is anticipated during January, 1987.

Panel members discussed distribution of the report and the report
summary; the conclusion was to add to the normal list as
follows:

o

0

0

0

0

0

Pete Palermo for distribution to Navy Program Managers;

Ron Kiss for Navy Design Codes(50);

Admiral Horn for Naval Shipyards;

Manufacturing Studies board of the NRC (Bob White,
National Academy of Educ);

Marine Studies Board (Charlie Bookman);

House Subcommittee on Merchant Marine; and
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o Professional Societies, e.g.

AIIE
SME
ASNE
SNAKE
Etc.

Plate Marking  CNC Burning Machines

- J, Sizernore, Ingalls

This report is summarized on the viewgraph copies included as
Appendix I.

PANEL RELATED PROJECT REPORTS

All Havy Projects

- R. Jenkins, DTNSRDC

All Navy projects are winding down due to funding cuts, This has
resulted in the suspension of follow–on phases for a number of
the projects closely related to the NSRP program.

APOMS is now being installed in the Philadelphia Naval Shipyard.
Future installations are pending.

RAWS is on hold due to limited funding. The future of the
project is now problematical.

3-D Weld Seam Tracking System is now proceeding independently and
is to be installed in Puget Sound Naval Shipyard as soon as
completed.

PROSHAPS (Robotic Structural Shapes) - a BIW/Westinghouse project
- is almost complete, with an end-of-contract demonstration
planned for August, 1987.

FY 88 PROJECTS AM) PROPSAL

Since the FY 87 proposal was deleted from the budget, the panel
re-examined the projects that were submitted and concluded that
they continue to be the most desirable for the panel to work.
There was one new project submitted, however, it dropped out when
the screening criteria was applied to it. Therefore, it was the
decision of the panel to re-submit the FY 87 proposal with new
justification in accordance with the screening criteria
promulgated by the Executive Control Board in August; the Draper
Report will be used as the baseline for the new justification.
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MEETING WRAP-UP AND ANNOUNCEMENTS

1. The panel discussed the location of future meetings, and
agreed that, due to limited travel funds, it would be
desirable to schedule them to coincide with major events
that panel members would most likely be attending. The
schedule agreed upon (announced in the Panel Chairman’s
letter of Dec 04, 1986) is as follows:

Next meeting - April 28 in Chicago (during ROBOTS 11)

2nd meeting - Early August at BIW (with end-of-contract demo
on PROSHAPS), or

- August 25 in New Orleans (during the annual
NSRP Symposium)

3rd meeting - November 10 in Detroit (during AUTOFACT 87),

2. Panel members were invited to comment on panel events; the
universal concern was the perception of funding that exists
in the minds of many shipyard managers. The recommended
solution was to publish the Draper study ASAP and then
develop a long range plan for this panel. This will be
explored further in future meetings.

3. Members and guests were encouraged to submit abstracts for
papers for the 1987 NSRP Symposium.

ADJOURNMENT

There being no further business, the meeting was adjourned at
1200, November 21, 1986.
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8-1756

CONCEPT DEVELOPMENT

● ELEMENTS

—

—

—

—

—

—

MARKING TECHNOLOGY CAPABILITIES

REQUIREMENTS DEFINITION

STRUCTURED EVALUATIONS

FEASIBILITY DEMONSTRATIONS

PRELIMINARY DESIGN AND SPECIFICATIONS

ECONOMIC JUSTIFICATION
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B-1759

CHARACTERIZATION OF PROCESS LANE REQUIREMENTS

● BASIS

– NAVY DRAWING STUDY

– SHOP OBSERVATIONS

– INTERVIEWS

● PARAMETERS

— CHARACTERIZATION OF

– CHARACTERIZATION OF

– CHARACTERIZATION OF

– CHARACTERIZATION OF

– CHARACTERIZATION OF

PLATE SPECTRA

SHIPYARD EQUIPMENT

MARKING CYCLE TIME

SYSTEM ENVELOPE CONSTRAINTS

CURRENT AND ANTICIPATED PLATE VOLUME
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CHARACTERIZATION OF A VAILABLE DATA RESOURCES

BASIS

— INTERVIEWS

– EQUIPMENT SPECIFICATIONS 

PARAMETERS

— CHARACTERIZATION OF RESOURCES AVAILABLE FOR GENERATION OF

ALPHANUMERIC CHARACTERS

● * LINES AND ARCS

BAR CODES

FIDUCIALS

– CHARACTERIZATION OF DATA FORMATS AND TYPES

– CHARACTERIZATION OF TRANSMISSION PROTOCOLS

— CHARACTERIZATION OF COMPATIBILITY WITH INDUSTRY STANDARDS
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PROCESSES CONSIDERED

●  CONTACT MARKING DEVICES

– IMPRESSION STAMPING

– ROTARY ENGRAVING

• NONCONTACT MARKING DEVICES

— ZINC-OXIDE POWDER

— INK-JET PRINTING

– WATER-JET ENGRAVING

– LASER ENGRAVING
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PROCESS EVALUATION

● PRIMARY CRITERIA 

—

—

—

—

—

—

—

GEOMETRIC FIDELITY

APPLICATION SPEED

REQUIRED ENVELOPE

LEGIBILITY AND PERMANENCE OF MARKS

SAFETY IMPACT

SURFACE PREPARATION IMPACT

EQUIPMENT ACQUISITION COST

OPERATING COST

MAINTENANCE COST
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MANIPULATION MECHANISMS CONSIDERED

● STATIC PLATE

— ARTICULATED ARMS

— DYNAMIC BRIDGE AND CARRIAGE

● DYNAMIC PLATE

— ARTICULATED ARMS

— DYNAMIC BRIDGE AND CARRIAGE

— DYNAMIC CARRIAGE ON STATIC BRIDGE

— MANIFOLD TOOL ON STATIC BRIDGE
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MANIPULATION MECHANISM EVALUATION

● CRITERIA

— FEASIBILITY

– MECHANICAL COMPLEXITY

– CONTROL COMPLEXITY

– UTILITY
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SYSTEM ARCHITECTURE ALTERNATIVES

● SYNTHESIS OF AN EXHAUSTIVE SET OF ARCHITECTURES

– SYMBOLIC NOTATION

–BOUNDS

* MUST

* MUST

* FIXED

BEGIN AFTER PLATE STOWAGE

COMPLETE BEFORE PART ASSEMBLY

SERIAL RELATIONSHIPS

– CONSTRAINTS

*

*

 ✎

BUFFERS OR QUEUES NECESSARY FOR MISMATCHED MATERIAL FLOW

SINGLE DESTINATION CONVEYORS

MUST MEET SYSTEM ECONOMIC OBJECTIVES
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W m : =  M a x i m u m  m a r k i n g  s p e e d  3 0 0  i n c h e s  p e r
m i n u t e

:Vp: = M a x i m u m  p l a t e  t r a v e l  s p e e d ;  2 4 0  i n c h e s
p e r  m i n u t e

R =  P l a n e  b o u n d a r y  o f  a c c e s s i b l e  a r e a s
w h i c h  a n  b e  m a r k e d  b y  T r a n s v e r s e
R e s o u r c e s

ø =  A n g l e  R  m a k e s  t o  t h e  p l a t e s  l e a d i n g
edge

:R: = ( 3 0 02

+ 2 4 02 ) 0 . 5

= 3 8 4  i n c h e s  p e r
m i n u t e .







Vp

T h e  m a x i m u m  l e n g t h  o f  t r a n s v e r s e
mark that can be  accomplished wit
a  s i n g l e  r e s o u r c e  t r a v e l i n g  i n  t h
d i r e c t i o n  c a n  b e  d e t e r m i n e d .

: ) ( :  = 3 0 0  S i n e ( 1 6 . 3 3 ) / S l n e ( 1 8 0 - 5 3 .  1 3 - 1 6 . 3 3

=  9 0  i n c h e s  <  1 6 0  i n c h e s .
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REMAINING WORK

❵❵�   ASIBILITY DEMONSTRATIONS

 Ž     PRELIMINARY DESIGN

• ECONOMIC JUSTIFICATION
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FEASIBILITY DEMONSTRATIONS

● CENTRAL CONTROL ISSUES

– RESOURCE ALLOCATION

– TRAJECTORY GENERATION

● LASER ENGRAVING PARAMETERS

INSTANEOUS POWER

COVER GAS

MARKING SPEED

DEPTH OF FOCUS

• FIDUCIAL MARK SENSING

— MARK IMAGE ACQUISITION

— LOCATION DETERMINATION
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PRELIMINARY  DESIGN

● EXPAND LAYOUT DETAIL

● BUDGETARY DESIGN OF SELECTED COMPONENTS

● DEVELOPMENT AND PROCUREMENT SPECIFICATIONS
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ECONOMIC JUSTIFICATION

● OBTAIN QUOTATIONS UNDER SPECIFICATION REQUIREMENTS

● REFINE PRODUCTIVITY MODEL





●
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SHIP PRODICTION COMMITTEE
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APPENDIX M

Minutes
of

SPC Panel SP-10 Meeting No. 12

held at
Chicago, IL

on April 28, 1987

with
Appendix I and II

(Appendix III and IV not available)



601 PAVONIA AVENUE. JERSEY CITY. NEW JERSEY 07036 * 201 798-4800

SPC PANNEL SP–10 * FLEXIBLE AUTOAMATION
AC TON ASSOCIATES

l O Box 8938. Chule Visla. California 92012-8930 * 619 426-1150

Jun 19, 1987

To: Distribution

Subj : Minutes of meeting #12, April 28, 1987

Attached are the minutes of subject meeting held at the Chicago
Hilton. Please contact me if you have any questions, comments
or corrections.

It is apparent that most of YOU either do not read the minutes,
are too busy to respond to requests, or simply don’t care. I
have requested input from the last two meetings and have
received exactly O comments. I know how busy you all are, and
am acutely aware of the limited funds for travel to meetings.
But membership on the panel does have the obligation of
participation, and simply dropping me a note or picking up the
telephone should not be an excessive burden. I do not want to
run this panel alone, so please send me your thoughts and
input. This panel has a significant contribution to make to
the industry - and to your organization – and together we can
make it more impacting.

J. B. Acton
Panel Chairman
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M E E T I N G M I N U T E S
SNAME/SPC PANEL SP-10 FLEXIBLE AUTOMATION
SNAME/SPC PANEL SP-10 FLEXIBLE AUTOMATION

MEETING NUMBER 12
CHICAGO HILTON
APRIL 28, 1987

PRESIDING: J.B. Acton,

ATTEHDEES:

J.B. Acton
W.J. Eutler
R. Jenkins
J. Jessup
V. Rinehart
J. Sizemore
M. Lormer
P. Rome
D. Whitney
H. Knowles
V. Mangold(guest)
H. Watson

ABSENTEES:

D. Blais
J. Cameron
w. Christensen
O. Edwards
LCDR B. Everett, USN
J. Fallick
K. Goodwin
N. Haynes
L. Holiday
A. Klick
D. Lick
J. Nevins
J. Richard
L. Vivian
R. Wells
W. Woolam

OPENING REMARKS:

Chairman and Program Manager

Todd Shipyards
NAVSEA
DTNSRDC
Univ of Mich
MARAD
Ingalls
Optimation
Ingalls
C.S. Draper Labs
DTNSRDC
Kohol
Penn State Univ

Bath Iron Works
GD-Electric Boat
Nav Ind Res Supp Activity
Gulfport Marine
NOSC
NAVSEA (05M2)
NBS
Beth Steel–Sparrows Pt
NNS
GD-Data Systems
GE-Calma
C.S. Draper Labs
MARAD
Long Beach NSY
NAVSEA (070A)
Southwest Research Inst

The meeting was called to order by panel chairman Acton at 1010
April 28, 1987. After passing out the minutes, he welcomed the
members, guest and visitors following which each introduced
himself.
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ADIMINISTRATIVE ITEMS

The minutes of the November 20-21 meeting were approved as
published.

The Financial Report was made to the panel; a copy is attached
Appendix I.

as

Chairman Acton announced that he would be leaving Todd, but would
continue to represent them as Panel Chairman and Program Manager
for this panel as a sub-contractor. The formal announcement with
address and telephone number will be made as soon as the dates
are firm.

Note: The announcement was made by memorandum to all panel members
and guests on May 15, 1987.

Other announcements Included the departure from Todd Los Angeles of
General Manager, Mr. Len Thorell and Naval Technology Division
Manager, Kr. Ed Petersen.

A letter from the Chairman of Panel SP–4 (Appendix II) to the
Chairman of the SPC concerning the FY 88 budget submittal was read
to the panel. After discussion, the panel concurred with the
contents of the letter and directed the Chairman to support that
position.

NOTE: At the Ship Production Committee meeting in Philadelphia on
May 27, this was done, and the decision was made in favor of
the position taken in the letter. This will be discussed
further at the next panel meeting.

PROGRAM STATUS

Virgil Rinehart reported on the status of the NSRP:

o Joel Richard is moving to another assignment within the DOT
and will be replaced by Fred Siebold as COTR for MARAD
contracts.

NAVSEA (05) has agreed to transfer $500K in FY 87 funds to
support selected projects from the FY 87/88 proposal. One
significant reason for this is the report documenting savings
to the Navy from implementing NSRP projects that was prepared
by Vern Stortz and presented to the Assistant Secretary of the
Navy.

NOTE: UPdate--the funds have been transferred, and $75K has
been allotted to this panel for a Phase I effort on the
proposed project, Design Production Integration for
Robotic Ship Manufacture. In addition, SEA 07 has
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transferred S504K to support other selected projects.
Funds were included for projects in all panels.

0 It appears that shipyard interest in the program is declining;
for example, Bath Iron works has indicated that they no longer
desire to sponsor panels SP-6 and SP-8 and SP-1 has been
transferred from Avondale to NASSCO since our last meeting,
Therefore, they need continuing motivation to restore their
interest levels and participation. One of the suggested ways
is for the Program Managers to visit shipyards more frequently
and present the results of projects. to the CEO’s and other
yard personnel.

o For future project proposals, the strategy should be on short
term, quick pay-off projects benefiting ship repair in favor
of ship construction.

o One identified need is an education program aimed first at the
Navy (Crystal City complex), then to other “customers” and
yard users. One way to commence this program is for each
panel to schedule one meeting each year in the Crystal City
area.

o Senator Pete Wilson (CA) has proposed new legislation that
would be of benefit to the Industry and (indirectly) to this
program; it would (1) establish a cargo preference, (2)
require the president to obtain agreement with MARAD and the
Navy for a cargo–type ship that would satisfy the Navy in
wartime and could be leased to a commercial operator in peace
time and (3) allow the shipyards to obtain loans to modernize
production facilities,

PANEL PROJECT REPORTS

Families of Parts, Robotic Weld Cell
- J.B. Acton, Todd

Due to internal problems which have resulted in extensive personnel
reductions and reassignments, Todd has been unable to cummence work
on this project. As of this meeting, I am negotiating with Todd
management to recall my (now) former assistant, Ed Southern, from
layoff for the purpose of accomplishing this assignment. The
prospects are good that they will do so. If not, it will be
recalled and assigned to the next higher bidder, Ingalls.

Plan for Implementing Flexible Automation
- J.B. Acton/D. Whitney

The basic project has been completed and copies distributed; each
panel member should have received it by now. Dan Whitney is
working on the presentation for the NSRP Symposium in August.

M-4



Plate Marking - CNC Burning Machines
- J. Sizemore, Ingalls

In order to reduce the complexity of a long title, this project has
been renamed AUTOMARK SYSTEM. Discussion on progress in included
as Appendix III.

PANEL RELATED PROJECT REPORTS

NANTEC/Navy Projects
- R, Jenkins, DTNSRDC
- H. Watson, Penn State

As reported in November, Navy projects have also suffered
of funding. However, it is anticipated that some $14M in
funds is forthcoming, and most of them will be restarted.

PROSHAPS (Robotic
is expected to be
August.

RAWS (Robotic Arc
limitations.

Structural Shapes) - a BIW/Westinghouse
ready for End of Contract demonstration

from lack
MANTEC

project -
in late

Welding Systems) is still on hold due to funding

Laser Line Heating has been completed, the final report submitted
to the COTR and is in review.

LARS (Laser Articulated Welding Systems) and IRIS (Intelligent
Robotic inspection System) are scheduled for End of Contract
Demonstration May 6 and 7 in Minneapolis.

FY 88 PROJECT PROPOSAL AND PRIORITIES
The Program Managers presented their FY 88 budget proposals to the
Executive Control Board of the SPC on 18 March. The results of
their prioritization are included as Appendix IV, While the rating
system is far from perfect, it does demonstrate to the Navy that
the SPC is looking at the total program.

NOTE: some of these projects were selected by the Navy for work on
the funds transferred; therefore panels will have to re-look
at their proposals and a new set of priorities will have to be
established. I will report more on this at the next meeting.

MEETIHG WARP-UP AND) ANNOUNCEMENTS

o The 1967 NSRP Symposium is scheduled for 26-28 August in New
Orleans. Announcements will be in the mail soon.

o The 1988 NSRP Symposium is being planned for August in
Seattle,
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0

The next meeting of this panel will be in New Orleans on the
24th or 25th of August - preceding the NSRP Symposiumum. I
will promulgate the exact date with the MEETING NOTICE as soon
as the symposium planners have us scheduled for a
date/time/room.

Ways to improve attendance/participation were discussed. Some
of the suggestions:

Program Manager promotion by travel to the yards.
[Use of panel meetings as a “Workshop”, with subjects such
as the “Draper report”, having SP-9 assist in setting up
the curricula.
Try to select meeting sites that have more common
interests to members.

I would appreciate your written or telephone suggestions on
this PLEASE.

ADJOURNMENT

There being no further business, the meeting was adjourned at 1715,
April 28, 1987.
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Brasher 2 4/16/87

please give the above comments your careful
consideration and bring them to the attention of the ship
Production Committee. If I can be of any assistance in this
matter, please advise.

FBB : dsc

Copies to:

Panel SP-4
SPC Panel Chairman
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Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center
The University of Michigan
Transportation Research Institute
Marine Systems Division
2901 Baxter Road
Ann Arbor, MI  48109-2150

Phone: 734-763-2465
Fax: 734-936-1081
E-mail: Doc.Center@umich.edu
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