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A word about the NSRP

The National Shipbuil ding Research Program (NSRP) has been
engaged in research research related to inprovenents in
shipbuilding in the US. since 1973. The programis a
cooperative effort involving shipyards both comrercial and
Naval and related industries and educational institutions.

Since the inception of the programin 1973, R&D projects have
been performed which have contributed significantly to
shipbuilding in the areas of facilities, environnental

issues, outfitting and production aids, design and production
i ntegration, human resource innovations, training, coatings
and flexible automation. A library and bibliography of NSRP
reports is maintained at the University of M chigan
Transportati on Research Institute, Ann Arbor, M chigan

The programis carried out under not-for-profit contracts and
cooperative agreenents funded by the U S Navy and the
Maritime Adm nistration.
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VELDI NG RESEARCH FOR SHI PBUI LDI NG
THE SP-7 PROGRAM FROM 1972 TO 1992

1.0 | NTRODUCTI ON

The primary purpose of this report is to provide
current and future nmenbers of SP-7 with a conprehensive
overview of major SP-7 projects and activities. SP-7 is
the Wl ding R&D panel of the National Shipbuilding Research
Program (NSRP) and is a panel of the Ship Production
Committee of the Society of Naval Architects and Marine
Engineers. It is chartered “to perform research and
devel opnent tasks for the advancenent of shipbuil ding
t echnol ogy and nethodol ogy”. Its goal is to devel op and
i npl ement materials and processes which will result in the
i mprovenment of the conpetitive position of U S shi pbui | di ng
in the world narketplace. A copy of the charter and statenent
of objectives of SP-7 is given in the Appendi x.

Over 40 evaluations of technology and projects relating
to welding and have been perfornmed under SP-7. Prior to
showi ng a conplete. listing of the projects since 1973, a
brief description will be given of the structure and
functions of the National Shipbuilding Research Program

2.0 STRUCTURE AND FUNCTI ONS OF NSRP

The NSRP is a cooperative R& effort of the U S.

Shi pbui l ding Industry, the US. Navy, the US.  Miritine
Adm ni stration and the industries, universities and research
organi zati ons which actively participate in projects and
neetings. The National Shipbuilding Research Programis
conducted by the Ship Production Commttee of the Society of
Naval Architects and Marine Engineers. The Ship Production
Conm ttee consists of the Executive Control Board, the SPC
Panel Chairpersons and the NSRP program nanagers. The N ne
Ship Production Commttee panels, which neet at regular
intervals, and the NSRP table of organization is included
in the appendi x.

The Executive control board is made up of leaders in U S

Shi pbui I di ng, support industries, governnent, and educationa
institutions. Chairpersons of the panels are selected by the
Panel nenbershi p. Program Managers are designated by the
support contracts of the sponsoring agency, the U S. Navy or
the Maritime Adm nistration. Program Managenent costs are
provi ded under cost sharing contracts with the sponsoring

shi pyards. The program has received financial support from
the Maritine Admnistration of the U S. Departnent of Trans-
portation and the U S. Navy. The nandate for the program has
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its origins in the Merchant Marine Act of 1970, Section 212
Paragraph c. which provided for “collaboration with

... shipbuilders in devel oping plans for the econom cal
construction of vessels”

3.0 SOURCES OF SUPPORT FOR THE SP-7 PROGRAM

Selection and prioritization of R& projects to be
performed is a function of the nine panels which nake up the
action arns of the NSRP. Menbers of the Ship Production
Committee and nenbers of the nine panels, including the
Chai rpersons, serve on a voluntary basis. Thus, in addition
to Maritime Adm stration and U. S. Navy funding, the entire
program i s dependent upon the voluntary support of the
organi zati ons which provide for their nmenbership and tine.

Prior to 1990 each panel was provided with separate
funding for program managenent services. The program
managenent functions include neeting arrangenents, project
subcontracting, report publication and distribution

and technology transfer. These funds al so provide for
financial and sone other support services of the sponsoring
shipyards. In the case of SP-7, Program nanagenent from 1980

to 1982 was provided under contract with Sun Ship Inc. |,

Chest er, Pennsyl vani a. From 1983 to 1987 Program Managenent
and the Chairmanship of SP-7 was sponsored by Newport News
Shi pbuilding Inc., Newport News, Virginia. The Chairmanship
and Program Managenent transferred in 1986 and 1987 wth

two existing and one new cost sharing contract to Ingalls

Shi pbuil ding I nc., Pascagoula, M ssissippi.

In 1988 federal direction and support of the NSRP was
changed fromthe Maritinme Admnistration of the U S
Department of Transportation to the U S. Navy Research Center
at Carderock, Maryland. Under the Navy program the nine
panel s of the NSRP are divided into three groups, Design
Engi neering, Industrial Processes, and Resource Managenent.
Three full time program managers provide the support
services, one to each of the three groups.

4.0 SP-7 CONTRACTS

Since 1980 four Maritine Adm nistration contracts have
provi ded support to the NSRP for SP-7, welding related
proj ects:

MA 11989F Program Managenent Support of Ship

Producti on Panel SP-7

MA- 8O- SAC-OLO41 Research to Inprove Wl ding Technol ogy

DTVA- 84- C- 41028 Wl ding | nprovenent Program

MA- 12122 Cooperative Agreenent for SP-7 R&D
Projects Program Managenent for NSRP

*I'n 1987 cooperative agreement MA 11989 between Ingalls 3



(* cont’d)

and the U.S. Maritine Adm nistration was signed. It provided
for Ingalls to maintain continuity of Program Management of
SP-7 as the . ..01041 and . . .41028 contracts were being
transferred from Newport News to Ingalls. MA 11989 did not
fund any technical projects.

Prior to 1980 the SP-7 program was nanaged for the NSRP
by Bethl ehem Steel Shipyard at Sparrows Point, Maryland. In
1980 the 01041 contract was awarded to Sun Shipbuilding in
Chester, Pennsylvania. The contract was noved to Newport
News Shi pbuil di ng, Newport News, Virginia in 1984.

Newport News Shi pbuil ding supported Ben Howser as Chairnan
and Mark Tanner as program manager. At that tine the 41028
contract was noved from Sun Shipbuilding to Newport News. In
1987 both the 01041 contract and the 41028 contract were
noved to Ingalls Shipbuilding Inc in Pascagoul a, M ssissippi
Lee Kvidahl, Ingalls Chief Wl ding Engi neer succeeded Howser
as chairman of SP-7 and O J. Davis of Ingalls was appointed
as Program Manager. In 1989 cooperative agreenment MA 12122
bet ween. Marad and Ingalls was signed to provide for Program
Managenent and also for two technical SP-7 projects. The
Ingalls contracts continued through Novenber, 1992 and

provi ded for subcontracting and conpletion of all projects
funded by MARAD. In 1989 the funding of the SP-7 program was
continued by the Manufacturing Systens Division of the

U S.Navy's David Tayl or Research Center (now Naval Surface
Warfare Center), Carderock, Maryland. The Program Managenent
function for Navy work was contracted to Petersen Builders
Shi pyard, Sturgeon Bay, Wsconsin. Janmes Rogness of Petersen
Bui | ders serves both SP-7 for welding and SP-3, the Surface
Preparati on and Coati ngs Panel

5.0 SELECTION OF PROJECTS

The technical objectives of the SP-7 program are net by
projects which are proposed and subnitted by panel nenbers,
associ ate nenbers, and in nany cases visitors to the
nmeet i ngs. The only requisite is that proposals be addressed
to the inprovenent of productivity and quality of welding in
shi pbui I di ng. Al'l project proposals submtted for
consideration by SP-7 are studied by the menbership and
prioritized according to criteria of relevance, probability
of technical success and potential inmpact on producibility,
quality and cost effectiveness in shipbuilding. The projects
deened nost needed by the industry are presented by the panel
chairman to an annual neeting of the Ship Production
Conmmi ttee Executive Control Board. Efforts are then made by
t he Executive control board to allocate available funds for
t hose projects judged nost likely to produce the greatest
benefits to shipbuilding productivity.



6.0 I MPACT OF SP-7 ON WELDI NG AND MATERIALS I N SHI PBUI LD NG

Over the past 20 years significant inpacts on the materials
and processes of shipbuilding have been made as a direct
result of SP-7 projects. In sone cases the project and its
report merely provided the start that was needed to stimulate
the follow on work which produced the nost beneficial results
apart from SP-7 support. Such is the nature of R&D. An
abstract of each project report is beyond the scope of this
report, however, a brief overview is given of sone projects
considered highly beneficial to welding in shipbuilding.

Each SP-7 project produces a detailed technical report. Sone
proj ects have produced first generation itens of welding

rel ated hardware such as nore efficient processes, inproved
filler materials, and nore weldable alloys for better
productivity in building ships. Prototype power supplies and
wire feed mechani sns have been further devel oped and have
found w despread use in shipyards. These are exanples of w n-
win situations where not only the private and public

shi pyards have benefitted but also university researchers

and suppliers in the commercial sector. I n sone cases
projects have reduced the limtations which originally
prevented application of a cost effective welding process for
shi pbui |l di ng applications. Some projects have contri buted
simultaneously to quality and producibility, as well as to
the netallurgy of steel, alumnum filler netals and casting
all oys. Exanples of the latter are the High Yield Strength
Wl dabl e Casting and the HSLA filler netal projects.

6.1 DEVELOPMENT OF A FLEXIBLE WRE GUDE FOR MG WELDI NG

An exanple of a hardware contribution is the devel opnent

of a continuous weld wire feed system for MG wel di ng.

An innovative wire drive design was devel oped and, in

conbi nation with a flexible delivery guide tube, the welder
was enabled to performwork nore than 200 feet from the power
supply and wire feeder. (NSRP project report 0041, Devel opnent
of Extended Length, Continuous Wre Feed System

.2 | MPROVEMENTS I N A Tl AND PONER SUPPLI E

Devel opnent and inplementation of automated and robotic
wel ding systens is a |longterm goal of U S. Shipbuilding.
To be functional and practical for shipbuilding in field and
many shop applications, automatic welding equi pment nust be
rugged and portable. In one SP-7 project a |ightweight
tractor was devel oped which was the basis for a series of
i mproved and upgraded wel ding tractors. Another innovation
was the devel opnent of prototype welding control circuitry
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which has led to great inprovenments in pulsed gas netal arc
wel di ng processes which are now w dely and productively
i mpl ement ed throughout the industry.

6.3 THROUGH THE- ARC SEAM TRACKERS FOR ROBOTI C WELDI NG

A significant advancenent in automated wel ding technol ogy
resulted fromthe projects which applied conmputer technol ogy
to the devel opnent of automated, seam tracking welding. In
these projects (Tracking System for Automatic Welding, Ph I
and 1l) electrical information such as arc voltage,

wel ding current and wire feed rate was controlled by a
conmputer to programmed wel ding paraneters. In this way the
conmputer was able to performreal-time corrections to wel ding
parameters as needed to control the wi dth of oscillation,
heat input (electrical paraneters), and correct the path of
the tractor about the centerline of the joint while welding.

This project provided the base for further devel opnent of

t hrough-t he-arc sensing technology which is extensively used
in robotic welding. Sone of the problens encountered in

devel oping this systemlead directly to a follow on project
which resulted in inprovenents in selection of GVAWtorch tip
materials. This in turn resulted in longer tip life and
greater continuous use wi thout down tine to replace torch
tips.

The technol ogy of sensing and conputer processing of real
time welding arc paranmeters was subsequently adapted to
quality control applications in that actual real tine
parameters used in welding can be sensed and stored in
computer files. Such systenms are now commercially avail abl e.

Prior to the robotic “thru-the-arc” seam tracking projects
descri bed above, several study projects on potential use of
robots in U S. Shipbuilding were undertaken. Two wel ding
robots were the subject of project reports in the *80-'s, the
Uni mation “Apprentice” and the G ncinnati MIlacron T-3 Robot.
SP-7 project report, NSRP 0173, July 1983, NSRP 0182,
Decenber 1983 and NSRP 0183, March 1984 denonstrated clearly
the need for sinplicity and repetitiousness in fabricated
conponent and structural details for advantageous use of
robots in the state-of-the-art of that time. These projects
did lead to inplenentation of robots in several shipyards
especially in the manufacture of hatches and doors. O her
applications such as fabrication of pipe and w reway hangers
are in process.
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6.4 ROBOTI C VWELDI NG I N JAPAN

Visits were made to Japan in 1983 and 1991 to observe their
activities in design and inplenentation of robots.

These two visits showed how special purpose portable robots
can be effectively used to nake structural welds of bul kheads
and panel s and other applications. The nost useful
applications were found to be on long, flat position and
vertical fillet welds. Success of these applications were
found to be dependent on great simlarity of work pieces,
tightly integrated flow of work and just-in-tinme staging of
material s. The visits also clearly showed that gantry
nounted robots can be made cost effective for structural
wel di ng where commercial ships can be designed for
repetitiousness of conponents and sinplicity. It was noted
that the principle of thru-the-arc sensing as in the SP-7
conmputer controlled tracking study was adapted for use in
Japanese robotic welding in three shipyards visited.

6.5 LIGHTWEI GHT | NVERTER WELDI NG PONER SUPPLI ES

An SP-7 sponsored project which has continued to influence
the welding industry is the devel opnent of a |ightweight
power supply based on solid-state inverter technol ogy. The
princi pal of using higher frequencies to reduce the weight
requi rements of power supplies which use transforners was
wel | known. The objective of utilizing solid state sw tching
devices to increase the frequency of available 60 Hertz was
achi eved and these advanced technol ogy power supplies were
denonstrated as applicable to Shielded Metal Arc, Gas Metal
Arc and Gas Tungsten Arc welds. These project results were
reported in NSRP 0041, Devel opnent of a Portable AC/ DC

Vel di ng Power Supply Mdule, June 1974. As reported in

a recent article of the Journal of the Anerican Wl ding

Soci ety the technol ogy developed fromthis project is now the
basis for an entire famly of nodern |ightweight welding
power supplies.

6.6 H GH HEAT | NPUT WELDI NG

Hi gh strength steels with high toughness and tol erance to

hi gh heat input welding have been the subject of SP-7 wel ding
and materials devel opnent projects. Retention of high
toughness at |low tenperatures is an essential property of
steels for ships which are expected to sail in all of the
wor | ds oceans. Hi gh heat input welding can be highly
productive in shipbuilding, however, high heat inputs can be
destructive to toughness in sone traditionally used high
strength alloys. The properties of welding filler netals are
of equal inportance. In sone ways inprovenents in filler
netals are nore difficult because, where steel plates can be
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controlled in thermal history and rolling conditions, filler
netal properties are essentially the result of solidification
in the weld joint. SP-7 projects have addressed this problem
area and have produced useful information adding to the body
of metallurgical know edge of High Strength Low Alloy steels
and the netallurgy of filler materials. Developnent” work in
t hese areas is continuing.

6.7 SUBVERGED ARC WEIDING WTH BULK FILLER MATERIALS

In the project report, Automatic Subnerged Arc Welding with
Metal Powder Additions, NSRP 0253 June 1986 the basis for
hi gh heat input welding was devel oped with bulk additions to
the flux and puddl e. [t was found that up to 60% i ncrease
over conventional sub-arc wel ding deposition could be
achieved with heat inputs up to 85 Kilojoules/inch. ,

The report shows positive findings on heat affected zone
grain structures. This work also provided direction for
further needed research.

.8 TUBULAR ELE E B- ARC WEL DI

In the project, Tubular El ectrodes Designed for Subnmerged Arc
Vel di ng, NSRP 0241, July 1984, average inprovenents of 19% in
deposition rates were denonstrated with commensurate increase
in welding efficiency and no sacrifice in quality. The use
OL flux cored electrodes in shipbuilding has nmultiplied since
that tinmne.

6.9 | MPROVEMENTS IN MG VELDI NG USI NG FLUX CORE ELECTRODES

In the project, Twist Wre GVAW and FCAW Narrow Gap Wl di ng,
NSRP 0261 March, 1988 good penetration of the side

wal s of narrow gap joints was shown using twisted wire

el ectrodes. It was found that twisted wire for both the Gas
Metal Arc and Flux Core Arc process produced the effect of an
arc rotation with the arc directed first to one side of the
joint then the other as the twisted wire nelted back. The
process has been used in production with beneficial cost
reductions resulting fromthe decreased volune of weld netal
required for welding thick wall steam pressure vessels.

Anot her filler metal project established useful baseline data
on the longitudinal shear strength of new flux core filler
wires, (see NSRP 0297). The absence of enpirical data on

t hese properties constrained designers to the dinensions of
wel ds based on data of the nuch slower shielded nmetal arc
process. The shear strength of MI-101TC/ TM el ectrode was
found to be equivalent to coated el ectrodes but the MI-71Tl -
HY was found to be 15% hi gher. Bot h wei ght savings and cost
savings are expected to result fromthis work. ]



6.10 ELECTROSLAG WELDI NG OF LARGE CASTI NGS

Large high yield strength castings have inportant uses in
nodern ships for shaft struts, propeller shaft housings,
rudders, rudder stocks and other applications. Joining of
|arge castings with efficient welding processes has al ways
been a difficult problem An SP-7 project reported in NSRP
0252, August 1986, “Consumable Quide Electroslag Vel ding of
4" to 24" Thick carbon Steel Castings” studied the innovation
of using multiple consumabl e guides to increase the
efficiency of the nmetal deposition rate. Details of the test
assenbli es and equi prrent configuration successfully used

are shown in that report.

6.11 A NEWH GH YIELD STRENGTH CASTI NG ALLOY

The devel opnent of a new High Yield Strength Casting Alloy
whi ch can be welded wi thout preheat was established as an

obj ective of the SP-7 panel. Success in this effort will not
only allow significant reductions in cost to weld but wll
also permt greater flexibility in design and use of high
strength steel in large and small castings. Conpl ex castings
of high strength steel which require welding to make up the
fini shed conponents will also be nore economical to

fabricate. The alloy devel opnent phase of this project was
conducted jointly by Esco Corporation and Oregon G aduate

I nstitute.

The project report, NSRP 0326 High Yield Strength Steel
Casting for Inproved Weldability, 1991, has placed this

val uable netallurgical information in the public domain and
has sufficient detail that any interested conpany or

uni versity can duplicate and continue the work. The best
casting alloy which resulted fromthe iterations of chem stry
in phase | has been denmonstrated to be wel dabl e wi t hout
cracki ng under severe conditions of restraint and which
consistently results in cracks to HY 80 steel castings.
Toughness properties are equal to HY80 castings.

The next step in this devel opment requires denonstration of
producibility of this material in production size nelts.

G ven the success of this alloy devel opnent task, SP-7 nay
find justification in revisiting some of the high heat input,
hi gh production rate welding projects which were only
noderately successful with conventional alloys.

6.12 AIDS TO VI SUAL | NSPECTI ON OF WELDS

The investigation and devel opnent of inproved nethods of
i nspection of welds are included in the SP-7 charter. The
9



nost frequently used nethod of inspection of welds in

shi pbuil ding is visual inspection. It is also the nost
common cause of rejection and costly rework of welds. Visua
i nspection is highly subjective and given to individual
interpretation. In order to reduce this subjectivity and
reduce unneeded rework of welds, the nenbership of SP-7
devel oped a set of butt welds and fillet welds with typical
surface inperfections. These welds were carefully sel ected
to show degrees of severity which could be correlated to
acceptabl e and unacceptabl e requirenments of the inspection
standards nost comonly used in U S Shi pbui | di ng.

Sel ected sanples of welds with inperfections, 32 in all, were
nol ded and replicated by casting using durable plastic which
preserved the fine details of the original welds. A total of
400 sets of plastic replicas and User’s Manuals for each set
were nade in the three Phase project, Visual Reference
Standards for Weld Surface Conditions (NSRP 0338, Septenber
1991) . These sets were distributed to all U'S.  Shipyards,
uni versities teaching welding science and technol ogy,
Maritime Schools, Navsea, Navy Research Centers, Coast Cuard
Safety O ficers, Anerican Bureau of Shipping, Anerican
Wl di ng Society, American and Edison Welding Institutes and
techni cal professional organizations.

6.13 DI STORTI ON CONTROL I N WELDI NG AND CUTTI NG

Precision and repeatability are recognized to be essential to
extensive use of robotics in welding of ship structures. As
an aid to that objective, and also to further the benefits of
statistical process controls, an SP-7 Project was perforned.

The project report NSRP 0314, Septenber 1990 entitled
Fabrication Accuracy Through Cutting and Wl ding Distortion
Control and Flanme Straightening, sought to docunent the

i mprovenents which can be nmade in fit-up accuracy using
various straightening technol ogies together with statistica
process control methods. These inprovenents are essential to
i mpl ementati on of nore extensive use of robotics and

aut omati on for wel ding.

6.14 LINE HEATING APPLIED TO Pl PE ALI GNMVENT

In the early '80s the principles of line heating were shown
in NSRP sponsored projects to be cost effective for accuracy
in form ng shaped parts. In the SP-7 Project report, Flane
Bendi ng of Pipe for Alignnment Control, NSRP 0297, March 1990,
the principles of Iine heating were shown to be applicable to
al i gnment control of pipes in shipbuilding. The follow up
project resulted in NSRP 0336, 1991, Practical Cuide for
FIl ame Bendi ng of Pipe. These two reports nmay be now used by
any shipyard to devel op the procedures and training prograns
necessary to inplenent this technol ogy.
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6.15 DESIGN AND PLANNI NG FOR WELDI NG COST | MPROVEMENTS

The NSRP program has brought out in nmany ways the

i nseparabl e rel ati onship between appropriate design and
detailed planning in order to inplenent the nost efficient
cutting, fitting and wel ding prograns in shipbuilding.
Several starts were made in the 80's by SP-7 to deal with
the producibility problens relating to design and pl anning.
Finally a project with Puget Sound Naval Shipyard produced
the report, NSRP 0339 Design and Pl anning Manual for Cost
Effective Welding, Cctober 1991. This docunent is nore than
a report of an investigation. It is rather a working docunent
whi ch provides fundanental guidance to design engineers,
wel di ng engi neers, Production supervisors, welders and
producti on planners.

It is not feasible for a single docunent to deal definitively
with all of the subjects identified in the Design and

Pl anni ng Manual which are essential to cost effective

wel di ng. However, the project and the report succeeded in
integrating in one docunent the basic requirenents of

econony, design principles, netallurgy, fitting, welding and
i nspection applicable to welding in shipbuilding. It provides
a basis for each shipyard to insert and to nodify the Design
and Pl anning Manual to suit the individual shipyards. In
addition the nmanual sets forth the principles of statistical
process control and thermal straightening which are aiding in
the correction and control of distortion caused by wel di ng.

In addition to having use as a technical reference, this

proj ect docunment is also the basis for a training programin
at | east one shipyard.

7.0 AVAILABILITY OF SP-7 REPORTS

An effort has been nmade in this review of the SP-7 programto
characterize what are considered to be sone of the nmain
project contributions of the SP-7 Panel of the NSRP. An
overview of sone but not all of the projects is included,
however, all projects are |isted bel ow It was not possible
to provide separate abstracts of each of the projects
perfornmed under the auspices of the SP-7 panel and the
Nati onal Shi pbuil ding Research Program For a conplete set
of abstracts, use may be nade of the Bibliography of the NSRP
mai ntained at the the University of Mchigan, Transportation
Research Institute, 2901 Baxter Road, Ann Arbor, M chigan,
48109. The bibliography provides listings and abstracts of
all SP-7 and other NSRP panel projects all of which are
avail able as reprints or mcrofiche.
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8.0 COVMUNI CATI ON. A MAJOR BENEFIT OF THE NSRP PROGRAM

One of the greatest benefits of the NSRP programis the
conmuni cation between |eaders in shipbuilding welding and

ot her disciplines provided by panel neetings, project reports
and synposia. The consensus opinions reached by SP-7 nenbers
on the nost productive areas in which to focus the avail able
resources could hardly be achieved in any other way. The
neetings keep |ines of comunication between shipyards open

t hroughout each year. The result of this comunication is
technol ogy transfer and incal cul able cost savings and cost
avoi dances by essential technical exchanges.

9.0 LISTING OF SP-7 PROJECTS - 1973 to 1992

One of the objectives of this report is to briefly
recount the SP-7 program and projects which have been
supported by Marad contracts.

Some projects were discontinued because of shutdown of the
sponsoring shipyard, in some cases the cause was |oss of key
personnel and in sone it was recognized that the priority
interests of the NSRP were not being served. Such projects
were termnated and avail abl e funds were reassigned. In sone
cases termnated projects were restarted after rescoping and
identification of suitable subcontractors. An exanple is the
Desi gn and Pl anning Manual for Cost Effective Wl ding project
whi ch was successfully conpleted by Puget Sound Nava

Shipyard in 1991.

Listed below are all SP-7 projects which resulted in

t echni cal reports. In parentheses, follow ng the Project
report are the project identification nunber, the Project
title if different fromthe report title, the date of the
report, and the performer or subcontractor.

9.1 CONTRACT MA 11989 (program nmanagenent contract - no
techni cal projects )

9.2 PRAJECTS OF MA 12122

Desi gn and Pl anni ng Manual for Cost Effective Wl ding,
NSRP #0339, Cctober 1991 (Project 7-87-1, Puget Sound
Naval Shi pyard)

Fabrication Accuracy Through Cutting and Wl ding
Distortion Control and Flane Straightening, NSRP #0314
Septenber, 1990 (Project 7-87-2, Ingalls shipbuilding,

9.3 PROJECTS OF DINA-84-C- 41028

Laser Cutting of Structural Menbers with H gh Powered

Nd: YAG Laser System NSRP #0363, Novenber, 1992
(project 7-84-13, Pennsylvania State University) 12



H gh Yield Strength Steel Casting for Inproved
Vel dability, NSRP #0326, May 1991, (project 7-84-12,
Esco Corporation, Portland Oregon and Oregon G aduate
Institute)

Vi sual Reference Standards for Wl d Surface Conditions,
and User CGuide for Weld Replicas, Ph Ill, NSRP
#0338, Septenber, 1991, (Project 7-84-11, Anerican
Bureau of Shipping and subcontractor<Hellier Technica
Trai ni ng and consul ti ng>)

Eval uation of the Benefits of HSLA Steels Ph IV, NSRP 0292,
March 1989, conbined reports for Phases I,I11,111 and
V), (Project 7-84-9 provided for Phase |V and report,
Beaunont Shi pyard of Bethl ehem Steel Corporation)

Fl ame Bending of Pipe for Alignment Control, NSRP #0297,
March, 1990, (Puget Sound Naval Shipyard)

Eval uation of the Benefits of HSLA Steel Ph Il, conbined
report in #NSRP 0292, March 1989, (Project 7-84-5,
Beaunont Shi pyard of Bethl ehem Steel Corporation)

9.4 Projects deleted or discontinued from DITMA 84-C-41028:

Desi gn and Pl anning Manual, (was 7-84-01, Project was
conpl eted under contract MA 12122)

Robotic Arc Wl ding Technol ogy, (was 7-84-02)
Aut omat ed Recordable Utrasonic Inspection (7-84-03)

Substitute Eddy Current I|nspection for Magnetic Particle
I nspection (was 7-84-04)

Determ nati on of Hydrogen in Wl dnents (was 7-84-06)

Devel opnent of Fitting and Fairing Aids for Curved and Non-
Paral | el Subassenbly, (was 7-84-07)

Evaluate H gh Strength Steels by Advanced Metall urgica
Processes (was 7-84-10)

9.5 PRAJECTS of MA-80-SAC 01041

Practical @uide for Flane Bending of Pipe, NSRP 0336, 1991
(Substituted for Project 7-SP-7, Puget Sound Naval
Shi pyar d)

I nvestigation of Tubular Electrodes Designed for Subnerged
Arc Welding Applications, NSRP 241, July 1986 (Project
#7-83-1, also referred to as Cored Wre for Sub-Arc
Vel ding project, Bay Shipbuilding, Wsconsin) 13



Eval uation of the Benefits of HSLA Steel Ph IIl, conbined
report NSRP 0292, March 1989, (project 7-SP-9, Bethlehem
St eel Beaunont Shi pyard)

Evaluation of the Fillet Wld Shear Strength of Flux Core
Vel di ng El ectrodes, NSRP 0297, Septenber 1989, (Project
7-SP-8, titled Longitudinal Fillet Wl d Shear Strength
of Flux Core Electrodes, Ingalls Shipbuilding)

Evaluation of H gh Strength Steels Produced by Advanced
Met al | urgi cal Processes, NSRP 0262, Sept 1987 (Project
7-SP-6, titled Therno-Mechanically Processed H gh
Strength Steel, American Bureau of Shipping)

H gher Strength Steel Specially Processed for H gh Heat I|nput
Wl di ng, NSRP 0209, February 1985 (project 7-SP-5
titled Candidate Steels for H gh Heat |nput Wl ding
Ameri can Bureau of Shipping)

Study Mssion to Japan Trip Report, NSRP 0173, July 1983
(project 7-SP-4, conbined report Newport News, Anerican
Bureau of Shipping, NAVSEA, and NASSCO

Eval uation of the Cncinnati MIlacron T3 Robot for
Shi pbui I di ng Wl ding, NSRP 0183 March 1984 (Project
7-SP-3, Todd Shi pyard)

Accept ance Standards for NonDestructive Test Not Required by
Classification Ph 11, NSRP 0215, Sept 1985 (Project
7-SP-2, Anerican Bureau of Shipping)

Accept ance Standards for NonDestructive Test Not Required by
Classification, Ph | NSRP 0168, March 1983, (Project 7-
80-3, Anerican Bureau of Shipping)

Vi sual Reference Standards for Wl d Surface Conditions, Ph Il
NSRP 0220, March 1986 (Project 7-SP-1, includes Photos
of netal sanples used for plastic replica sets, Anerican
Bur eau of Shi ppi ng)

Aut omatic Subnerged Arc Welding with Metal Powder Additions
to Increase Productivity and Maintain Quality, NSRP
0253, June 1986 (project 7-83-2 titled Bul k Wl ding of
H gh Strength Steels, Newport News Shipbuilding, 1nc)

Qut-of -Position Wlding of 5000 Series Al um num Alloys Using
Pul se GVAW Power Sources, NSRP 0184, January 1984
(Project 7-82-5 titled, Al umnum Wl ding or Pulsed Gas
Metal Arc Welding of Aluminum  Todd Pacific Shipyard,
Seattl e)
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Eval uation of the Usability and Benefits of Twist Wre
GVAW and FCAW Narrow Gap Wl di ng, NSRP 0261, March 1988
(this project replaced 7-83-4 and was performed by Puget

Sound Naval Shi pyard)

Tracking System for Automatic Welding, Ph II, |nprovenent of
Contact Tip Life for Through-the-Arc Wl ding System
NSRP 0291, February 1989, (Project 7-SP-3, Electric Boat
Di vi si on)

Tracking System for Automatic Welding, Ph I, NSRP 0211,
(Project 7-83-3, Electric Boat Div.; used CRC MLOOO
t hrough-t he-arc sensing and conputer control of
arc path)

Consunabl e CGuide Electroslag Wl ding of 4 to 24" Thick
Carbon Steel Castings, NSRP 0252, August 1986, (project
7-82-2 titled Milti-Consunmabl e CGuide Electroslag Wl ding
Newport News)

Eval uation of the Benefits of HSLA Steels Ph I, NSRP 0292
March 1989, conbined report, (project 7-82-1, replaced
project titled Utrasonic Equi prent Devel op project,
perfornmed by Beaunont Shipyard of Bethl ehem Steel Corp. )

SMAW Ceram ¢ Wl d Backi ng Eval uation, NSRP 0125 March 1982
(project 7-80-5, Perforned by O fShore Power Systens,
Jacksonville, Florida)

Study of Fitting and Fairing Aids of U S. Shipyards,
NSRP 0195, Septenber 1984, (project 7-80-4, Todd pacific
Shi pyard and National Steel and Shipbuilding, San D ego,
Cal i fornia)

Vi sual Reference Standards for Wl d Surface Conditions, Ph I
NSRP 0168, April 1983 (project 7-80-3 Anmerican Bureau
of Shi ppi ng)

Special Studies (project 7-80-2, reports resulting from
special studies are listed as SP reports)

Uni mati on “Apprentice” Wl ding Robot for Shipyard Application
NSRP 0182, Decenber 1983, (project 7-80-1, titled Robot
Vel di ng, Todd Pacific Shipyard)

9.6 Deleted Projects From MA-80O SAC 0141

U trasoni ¢ Equi prrent Devel oprnent (was 7-82-1)
Tubul ar El ectrodes for Sub Arc Welding Ph Il (was 7-SP-7)
Aut omat ed Portabl e Tack Wl ders for Shapes (was 7-83-4)
Low Hydrogen Wl ding Processes (also referred to as Low
Moi sture El ectrode project, was 7-82-4)
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Most of the SP-7 Projects started after 1990 under
subcontract to Petersen Builders with Navy funding are
underway at the tinme of preparation of this report.
They include the follow ng:

Devel opnent of a Portable Tackwel der -(Project 7-91-1)
A carriage to perform automati c wel ding of tacks has
been designed and is being built at Mre I|sland Nava
Shi pyard.

Advanced Cutting Technology - (7-89-2) Various state-
of -the-art processes of cutting ship conponents are
bei ng evaluated at Ingalls Shipbuilding in this project.
Processes include |aser, waterjet and other nethods.
Phot ogrammetry is being used to neasure distortion
produced by the various nethods.

Pul se Purge for Consumable Insert Wlding - (7-90-2) Pressure
pul ses applied to purge gas in pipe welds allow a wel der
to see the precise point at which a consumable insert is
properly fused. This project is devel oping those
techniques in preparation for technology transfer to
ot her shi pyards.

Aut ogenous Pipe Wlding - (7-90-3) Welding processes | eading
to elimnation of need for filler netals in making pipe
wel ds are being researched at Mare |sland Naval Shipyard

Tee Beam Manufacturing Analysis - (7-91-4) Various approaches
to production of Tee Beans in sizes which are not
avai |l abl e from conmercial sources are under study at
Bath Iron Wrks.

Portabl e Laser Pipe Cutting/Wlding System - (7-92-4) A
Nd: YAG | aser coupled to an optical fiber is being used
to develop cutting and wel di ng processes aboard ship.
The expectation is that |aser energy can be delivered
over 100 neters through a flexible optical fiber to
performwel ding. Mare Island Naval Shipyard is task
| eader in the project.

Application of Hitachi-Zosen Portable Robots to Shipbuil ding-
This project involved visits to three shipyards and a
robot manufacturer by a team from four U S Shi pyar ds.
Newport News organi zed the project and conpleted the
report.

Si nul t aneous Three Edge Pre-weld Ceaning - (7-92-2) This
project, at Bath Iron Wrks, has the objective of
i mproving productivity in fit up and wel ding of panels
and structural conponents.
16



Thick Section Wlding Wth Fiber Optic/Nd: YAG Laser
(7-93-5) This project at Mare Island Naval Shipyard is
expected to denonstrate feasibility of the |aser/fiber
optic welding to Narrow Gap Vel di ng.

Producibility of Hgh Yield Strength Casting Wth | nproved
Wel dability - (7-91-2) This is a high priority project
to follow up the successful devel opnment of a crack
resistant casting alloy. At the tinme of this report it
is in need of funding.

Devel opnent of Shielded Metal Arc El ectrodes for HSLA-100 -
(7-90-1) This project is nearing conpletion at the tine
of this report. A new netallurgical approach was taken
to develop a shielded netal arc electrode specific for
t he new HSLA steels. The use of titanium and ot her
m croall oy additives are used to produce desirable fine
grain ferritic structure to nodify the basic
martensitic/bainitic nmetallurgy. This approach is
expected to neet yield strength and toughness
requi renments, preserve base netal properties adjacent
to the welds and have better resistance to hydrogen
assi sted cracking than the conventional weld netals.
&his project is being performed at Col orado School of

nes.

Square Butt Pipe Wlding - (7-92-5) The objective is to
devel op pi pe wel ding processes without bevel preps.

Manual for Thermal Spray of Machinery Conmponents - (7-92-3)
The objective is to apply thermal spray to preventive
and corrective maintenance to costly machi ne conponents.

Optimzation of Small Size Fillet Welds - (7-93-4) The
objective is to develop automatic and sem autonatic
processes for 1/8" fillet welds.

Utrasonic Testing Criteria on Thin Wl dnents - (7-89-1)
The objective is to extend applicability of urto thin
section structural welds.

9.8 Projects of SP-7 Prior To Contracts Reported Above

Technical reports resulting from SP-7 projects between 1974
and the first project report of contract DTMA-80 SAC- 0141
are listed below starting with the earliest. Al of those
listed bel ow were perforned under subcontract with the
Sparrows Point Shipyard of Bethlehem Steel Corporation
except for the Fitness-For-Service reports by Dr.Leslie
Sandor .

One Side Wl ding - Flux Devel opnrent and Study of Miultiple Arc
Behavi or, NSRP 0039, 1974 (Linde Division of Union
Car bi de) 17



Devel opnent of Extended Length Continuous Wre Feed System
NSRP 0040, May 1974 (Perfornmed by Hobart Brothers Corp)

Devel opnent of a Portable AC/ DC Wl di ng Power Supply Mdul e
NSRP 0041, June 1974 (perforned by Celesco Industries)

Applicability of Laser Welding to Ship Production, Volune |
NSRP 0044 (United Aircraft Research Laboratories)

Toughness Eval uation of Electrogas and Electroslag Vel dments
NSRP 0048, March 1975 (American Bureau of Shipping)

Applicability of Firecracker Welding to Ship production,
NSRP 0051, July 1975 (Battell e-Col unbus)

Pl asma Processes of Cutting and Wl di ng, NSRP 0054,
February 1976 (Linde Division of Union Carbide)

Devel opnent of an Al Position Wl ding Machi ne, NSRP 0062
Decenber 1976 (MT. G Illiland Conpany)

H gh Metal Deposition per Anpere, NSRP 0063 (Linde D vision

of Union Carbide Corporation) , and

H gh Metal Deposition Wlding, Vol | and 1, NSRP 0072,
Decenber, 1978 (Expansion of NSRP 0063, TAPCO, .Intl)

Dynam c Tear Test Correlation with Explosion Bul ge Test at
t he Sanme Tenper at ure, NSRP 0080 January 1989 (Anerican
Bur eau of Shi ppi ng)

I nvestigation of Wl ding Processes for Low Tenperature
Applications, NSRP 0083, January 1979 (American Bureau
of Shi ppi ng)

Applications of Plasma Arc to Bevel Cutting, NSRP 0085, 1979
Hypertherm I nc)

Mechani zed Gas Metal Arc Welding of Light Plate, NSRP 0086,
February 1979 (MT. Glliland Co.)

Applicability of Laser Welding to Ship Production, Vol I1,
NSRP 0095, Decenber 1979 (United Aircraft Research
Labor at ori ess)

Property and Productivity Inprovenents in El ectroslag and
El ectrogas Wl ding, NSRP 0099 (Material Sciences
Nort hwest, Inc.)

Ceram c Wel d Backing Eval uation, NSRP 0110 June 1980
(O fshore Power Systens)

Devel opnent of a Conposite Consumable Insert for Subnerged
Arc Wl ding, NSRP 0112, August 1980 (IIT Research) 18



Extension of E7024 El ectrode Application in Shipbuilding in
Shi pbui I ding, NSRP 0113, August 1980 (Anerican Bureau of
Shi ppi ng)

Sel f - Shi el ded Flux-Cored Wre Evaluation, NSRP 0118, Decenber
1980 (O fshore Power Systens)

Proceedi ngs of First Conference on Fitness-For-Service
in Shipbuilding, NSRP 0121 (Leslie W Sander/ Bath
Shi pyar d)

H gh Metal Deposition per Anpere, NSRP 0063 (Linde D vision
of Uni on Carbide Corporation) and

H gh Metal Deposition Welding, Vol | and Il, NSRP 0072,
Decenber, 1978 (Expansion of NSRP 0063, TAPCO Intl)

Dynam c Tear Test Correlation with Explosion Bul ge Test at
t he Sanme Tenper at ure, NSRP 0080 January 1989 (Anerican
Bur eau of Shi ppi ng)

I nvestigation of Wl ding Processes for Low Tenperature
Applications, NSRP 0083, January 1979 (Anmerican Bureau
of Shi ppi ng)

Applications of Plasma Arc to Bevel Cutting, NSRP 0085, 1979
Hypertherm I nc)

Mechani zed Gas Metal Arc Welding of Light Plate, NSRP 0086,
February 1979 (MT. Glliland Co.)

Applicability of Laser Wlding to Ship Production, Vol |1,
NSRP 0095, Decenber 1979 (United Aircraft Research
Labor at ori ess)

Property and Productivity Inprovenents in El ectroslag and
El ectrogas Wl ding, NSRP 0099 (Material Sciences
Nort hwest, Inc.)

Ceram ¢ Weld Backing Evaluation, NSRP 0110 June 1980
(O fshore Power Systens)

Devel opnent of a Conposite Consunable Insert for Subnerged
Arc Welding, NSRP 0112, August 1980 (IIT Research
Institute)

Extension of E7024 El ectrode Application in Shipbuilding in
Shi pbui | di ng, NSRP 0113, August 1980 (Anmerican Bureau of
Shi ppi ng)

Sel f-Shi el ded Flux-Cored Wre Evaluation, NSRP 0118, Decenber
1980 (O fshore Power Systens)
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10. 0 CONCLUSI ON

The devel opnent of materials and processes related to
fabrication and wel ding of ships which have conme out of the
SP-7 contribution to the National Shipbuilding Research
Program have produced great technol ogical inprovenents and
cost savings for U S. Shipbuilding. I n many cases the
scientific and engineering project results have noved the
state-of -the-art very quickly. In sone cases trends have been
started which required many years to reach full devel opnent
and inplenentation. Wthout question the investnents in the
NSRP programin R& are returned in cost savings nmany tines
over. In many cases the projects are semnal in that a needed
start is provided which only later results in significant
advancenents in cost effectiveness.

Al'l SP-7 projects authorized and funded by Marad contracts
have been conpleted and all projects and the resulting
project reports since 1973 are described above.



DI SCLAI MER

This report was prepared as an account of governnent
sponsored work. Neirther the United States, nor the Maritine
Adm ni stration, nor any person acting on behalf of the
Maritinme Administration (A) makes any warranty or
representation, expressed or inplied, with respect to the
accuracy, conpleteness or usefulness of the infornation
contained in this report/mnual, or that the use of anyh

i nformati on, apparatus, nethnod, or process disclosed in
this report may not infringe privately owned rights; or (B)
assunmes any liabilities with respect to the use of or for
damages resulting from the use of any information, apparatus,
met hods, or process disclosed in this report . As used in
the above , “persons acting on behalf of the Maritine

Admi ni stration” includes any enployee, contractor, or
subcontractor to the contractor of the Maritinme

Adm nistration to the extent that such enpl oyee, contractor,
or subcontractor to the contractor prepares, handles, or

di stributes or provides access to any information pursuant to
his enpl oyment or contract or subcontract to the contractor
with the Maritinme Adm nistration. Any possible inplied
warrantees or nerchantability and/or fitness for purpose is
speci fically disclained.



CHARTER
PANEL SP-7
WELDING

Paael SP-7 of the Ship Production Committee of the Society of Naval Architects and Marine Engineers is
chartered to plan, oversee the performance of, and facilitate the implementation of the result of research and
development projects to advance shipbuilding processes and methologics. Its goal is to develop and initiate
implcmentation of equipment, procedures, and processes which will rcsult in reducing the at and improving
the compctitiveness of American shipbuilding ship repair, and overhaul.

Panel SP-7 will take its general gulidancc from the Exccutive control Board of the Ship Production
Committee, and will augment its efforts through information obtained from the Panel members, based on
individual expericnces and knowledge.

Panel SP-7 when appropriate, join efforts with other panels to produce a common project product.

Panel SP-7 is, by its charter, challenged to perform tasks including but not limitcd to, the following areas.

“invcstigate methods and processes to improve the technology of welding, cutting, forming, and burning
asit pertains to and is applied to shipyardsin the United States, The scope of involvement of Panel
SP-7 includes, but is not limited to

welding procedures and thcir qualification.
application of automated dcvicces to welding.

effects of the various welding processes on materials distortion shrinkage and metallurgy.and the
prediction of these effects.

effectiveness of the various welding processes, both as related to the welding process itself
and to the effect of thc process on the overall ship production effort.

development, in concert with the supplier industry, of filler materials and base metals properly
suitable to ship manufacture and its environment,

development of, or improvement of, non destructive test methods capable of definitely
accelerating in process quality contral.

design of welded structure to improve adaptability to new welding processes.
in correlation with Panel SP.9, develop training syllabi for welders designers and managers to
provide them with the requircd background to improve weld related functions.
Panel SP-7 shall perform its duties and responsibilities by
conducting a program to improve welding technology by promoting production-effecxive short
term and intermediate term projects for the greatest benefit to the industry,

constantly monitoring the active projects of the program and continually and critically assessing
their development as to meeting their stated objectives and their continuing Potential to benefit
the shipbuilding welding industty. If, for any rcason a project loosesits potential for benefit, to
recommend that the project be terminated,

provide accurate, descriptive and timely reports of al active projects and distribute final reports to
the greatest number of people who will derive benefit from the project.

encourage and promote implementation of the rcsults of completed projects.

collaborate and co-operate as necessary and as requested with other panels in the development
and implementation of their programs,
requcst collaboration and cooperation from other panels as necessary to accomplish the objectives
and programs of the SP-7 Welding Panel
develop an annual plan of projects related to the improvement of applicaion of welding to the
shipbuilding industry.
co-ordinate the project plan and results thereof with other panels.

Panel SP-7 shall compose itself of individuals with ship production shipyard management, shipyard labor
and crafts, ship design and acadamie cxpertise who arc versed in current and future concepts of shipbuilding,
Members should bc selected that are knowledgeable of problems of shipbuilding and have a role in the
implcmentation of the solutios to tcsc problems,

Selection of projects shall be by consensus of active shipbuilding and government members of the panel.
) A PPN 1%
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