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SNAME/ SPC Wl di ng Panel SP-7
Fi scal Year 1984 Overview

The Welding Panel, SP-7 conpleted another year of activity
Sept ember 30, 1984. | believe that it can be safely said that we
have had a good year and in the next few mnutes, | wll go over
our panel activities for the year, let you know what is presently
happeni ng and give you the panel outlook for the future.

At the beginning of Fiscal Year (FY)' 1984, the SP-7 Pane
had six projects in progress and seven projects approved and
funded but not underway. During the course of the year, one of
the projects - Evaluation of the Unimation "Apprentice" Robot -
was termnated prior to conpletion because prelimnary studies
indi cated that any potential benefit this equipnment nmay have had
for shipbuilding welding had been far surpassed by existing robot
wel di ng technol ogy.

Two others of the six projects in progress were conpleted in

FY 1984 and reports were printed and distributed. These were:

1. Qut -of -Position Welding of 5000 Series Al um num-Al l-oys
Usi ng Pul se GVAW Power _Sour ces.

This project successfully denmonstrated that full
penetration butt welds could be made out-of-position and
fromone side of the plate. The welds were nmade wth
basic "off-the-shelf" wel ding power sources (costing

| ess than $5,000), wire feeders, guns and accessories

currently available to all US. shipyards. These
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projects were performed, utilizing the pul se welding
mode of the power sources, on 5000 series alum num alloy
sheets and plates for marine applications. The wel ds
nmet all specification inspection requirenents for type
and thickness of material; i.e. visual, radiographic and
dye penetrant exam nation. el ding procedure
qualification data was devel oped such that these

techni ques m ght be inplenented in other shipyards as an
I mproved cost effective approach to hull,

superstructure, sheet netal and piping fabrication. It
is also anticipated that fabricators of surface effect
ships, hydrofoils and crew boats may find applications

for sonme of the information devel oped.

Study of Fitting and Fairing Aids of U S. Shipyards

This study was undertaken in recognition of the need for
nore accurate fitting in shipbuilding. Attenpts to
autormat e the hi gher deposition welding processes have
met wth limted success because the quality of fitting
practiced in shipbuilding was and is not satisfactory
for automatic wel ding w thout frequent operator

I ntervention.
I nconsi stent root gaps, non-parallel joint edges and uneven

plate surfaces do not lend thenselves to automatic welding, and

many of the benefits that can be obtained as a result of
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automation are lost by virtue of an operator having to be in
constant attendance. This fact becones even nore apparent when
robots are introduced into the welding operation and it becones
i mredi ately obvious that the quality of the weld is al nost
totally dependent on the quality of the fit-up.

There are at least two options to solving the problem of
fitting inaccuracy as it pertains to automatic and robotic
wel ding. The first and nost obvious is to inprove the accuracy
and quality of fitting. This option, while perhaps not readily
achi evabl e due to a nunber of circunstances, is the nost
desirable in the long run. Robot evaluation projects at the Los
Angel es Division of Todd Shipyards indicate that when the fitters
were required to neet tolerances satisfactory for robot welding,
the entire wel ding program benefitted and continued to benefit
even after the robot eval uation was conpl et ed.

Contrary to how it may have sounded up to this point, this
paper is not intended as a blanket indictment of fitting
personnel and practices in US. shipyards. It is recognized
that, at the very best, fitting is a difficult task.

Shi pbuil ding materials are often less than ideal to work with
havi ng been subjected to conditions beyond the fitter's control
but which, nonethel ess, become his responsibility. For exanple,
problems 'start with the way materials are made. Stresses from
rolling mlls and heat treatnents can cause problens during the
fabrication process.

MII tolerances are often excessive and can add up during

fabrication and may result in localized stress and distortion.
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I nproper handling of such materials as plate, pjpe, shapes and
castings can have a detrinental effect on surface condition and
di mensi onal accuracy. Incorrect and poorly performed burning and
cutting operations contribute greatly to the inaccuracy of
assenblies. The heat of cutting nay cause shrinkage and ot her
distortions which nust be nmonitored and offset. Edge conditions
must be held to specification or fitting and welding wll be
increased. Defornation also results when materials are
mechanically formed on rolls and simlar equipnment. This causes
stresses which will in turn cause distortion when the stresses
are relieved by welding, cutting and heat treatments

These probl enms encountered during fabrication of ship
assenblies are well known and shipyards in the U S deal wth
them continually. Because these problens are shared by al
shipyards, this study was initiated to docunent those devices and
nmet hods used by U S. shipbuilders to conbat these problemns-and,
where feasible, to recommend areas for inprovenent. The overal
obj ective was to review the nmethodol ogy for the use of fitting
and fairing aids and assess the potential for inproving the
accuracy of fitting. This would result in reduced costs for
materials, energy and |labor by introducing the nost advanced
avai l abl e techniques suitable to the individual yards. The need
for greater accuracy in fitting and fairing to increase
production cannot be over enphasized. This can only be achieved
t hrough the use of fitting to support welding rather than the use

of welding to conpensate for inaccurate fitting.
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A second option, while not as desirable as inproved fit-up,
has beconme necessary to accomodate autonmatic and robotic
wel ding. Due to the cyclic nature of shipbuilding and the highs
and lows of enploynment, it is alnost guaranteed that shipyards
w || have inexperienced burners and fitters; therefore, poor fit-
up. To conpensate for this, prograns are underway to devel op
systens that will overcone poorly fit-up weld joints. One of
these, a through the arc sensing, mcroprocessor controlled seam
tracker is the subject of an SP-7 project and will be reported on
later in this meeting in a paper entitled "Tracking System for
Autonatic Wl ding".

In addition to these projects, the SP-7 panel had two other
projects in progress which were initiated prior to FY 1984 and
will be conplete in Calendar Year (CY) 1985. One of these is
entitled "Milti-Consunmabl e CGuide Electroslag Wlding" (ESW and
has as its objective the devel opnent of the ESW process for
joining 4" to 24" thick | ow carbon steel castings. Cast stee
hul | structural conponents have always presented uni que probl ens
for welding, fabrication and repair. Wth conventional mlti-
pass wel ding processes, the requirenments for joint configuration
and preparation; preheating and interpass tenperature contro
met hods; wel d sequencing for distortion control and in-process
di nensi onal checks, not only becone fabrication bottlenecks but

also critical welding process controlling factors.
The multi-consumabl e guide el ectroslag wel ding process
provides an alternative to the above problens. This process can

best be described as a wel ding technique which is based on the

-549-



generation of heat by passing electrical current through nolten
slag. Its advantages include high deposition rate; high quality
wel d deposit; mnimal joint preparation and fit-up and m ni nal
angul ar distortion.

Even though the U S. shipbuilding industry has used this'
process, very little work has been done in the area of welding
thick menbers. The application of the process would be directed
toward the joining of rudder arns, shaft strut arnms and other
thick casting pieces. The electroslag welding process would
significantly reduce the cost of weld fabrication and repair of
t hese itens.

Anot her project in progress in FY 1984 and conplete in CY
1985 is entitled "Exam nation of Candidate Steels for H gh Heat
Input Wl ding". This project has evolved as an of fshoot of a
much larger, earlier effort and cane about in the follow ng
manner .

Moder ni zation of shipbuilding nethods and facilities which
occurred during the 1970's in both foreign and U S. shipyards,
was directed toward inprovenents in welding technology. H gher
deposition rates offered by automati c and sem aut omati c processes
of fer substantial cost savings in many areas of shipyard wel ding.

Processes such as el ectrogas and el ectrosl ag wel di ng of
vertical side shell and bul khead butts produce wel ds which offer
better appearance and uniformty at substantially |ower cost than
manual stick electrode welding. Unfortunately, high heat input
at conmparatively |low travel speeds adversely affects the

t oughness properties in both the weld and the heat affected zone
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(HAZ). Charpy V-notch tests are the basis of evaluation used .
ABS and many other classification organizations to evaluate

t oughness. In view of the relatively large and increasing extent
of these welds, it was felt that a nore definite criteria of

t oughness shoul d be established. Developnment of a project to
establish tests other than Charpy V-notch to eval uate toughness;
i.e. drop weight, dynamc tear and explosion bulge tests,
entail ed wel ding specinmens of different grades and different
chem cal conpositions of steel to be used in the testing
procedure. Based on snall scale inpact test results, sone of
these steels appeared to not be significantly degraded by high

heat input welding, and it was felt they would warrant full scale

exanm nation and testing. These facts becane evident during
previ ous studies nade by the Anerican Bureau of Shipping. It was
recommended that these candidate steels be evaluated and
subjected to a full range of weldability, nondestructive and
destructive tests to determne their suitability for high heat
input welding. The' benefits to be realized by shipbuilders
t hrough the use of steels that would allow the increased use of
t hese high deposition processes were sufficient to convince the
panel that the project should be undertaken. It is now conplete
and a report of the project will appear in the witten
proceedi ngs of this Synposium

In addition to the aforenentioned projects, the Wl ding
Panel has eight projects in progress which were initiated in FY
1984, and are still inconplete. - One of these, "Evaluate the

Benefits and Determne the Feasibility of Tw sted El ectrode GVA
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and FCA Narrow Gap Welding" is sufficiently advanced such that a
paper will be presented during this nmeeting. A second project
which will be printed in the Synposium proceedings is entitled
“"Evaluate the Benefits of New H gh Strength Low Al oy (HSLA)
Steel s".

Three of the other six are initial efforts which are on
schedule, wthin budget, with conpletion expected during CY
1985. They are:

(1) Cored Wre for Subnerged Arc Wl ding;

(2) Benefits of Low Moisture Electrodes and

(3) Bulk Welding of Hgh Strength Quenched and Tenpered

St eel s.

The other three in progress are Phase Il efforts of recently
conpl eted projects and are extensions of the original projects or
are examnations in greater depth of the results of those
projects. They are:

(1) Visual Reference Standards for Wl d Surface Conditions

(2) Acceptance Standards for NDT of Wl ds Not Covered By

G assification

(3) Tracking System for Autonatic Wl ding.

' The preceding summary is an accurate account of the
technical effort of our panel and one which we believe is
effectively addressing some of the nore pressing welding problens

facing the U S. shipbuilding industry.
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The objectives and purpose of all of the panels that make up
t he National Shipbuilding Research Program are to engage in
projects whose results will reduce the tine and the cost of
building ships. There are no witten guidelines on how to do
this; it is sinply left up to the particular panel of industry
respresentatives to determne how this can best be acconplished.

In the case of the SP-7 Panel, the collective know edge,
experi ence and wi sdom of the panel menbers has been and is being
utilized to develop projects that will provide the greatest
neasures of productivity increases and schedul e reductions for
the present and for the imediate future. These include
application and inplenentation of currently avail able technol ogy
whi ch provides imediate, quantifiable benefits and tend to
excl ude research and devel opnent of technology with only unknown
or estimated benefits.

Successful conpletion and inplenentation of the projects
previously described would provide immediate worthwhile
benefits. For exanple, because of the strength and toughness
required of the steel used in today's ship construction and
repair, preheating is required prior to welding. This nust be
done to reduce the susceptibility of the weld and base materi al
fromcracking as a result of hydrogen entrapnent during
wel ding. The Wl ding Panel has two projects, each with a very
di fferent approach and scope of work, but whose ultimate
objective is the sane; the elimnation of preheating prior to

wel di ng.
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One of these is an evaluation of welding performed with
extrenely |ow noisture electrodes which reduces the |ikelihood of
hydrogen pickup during the welding operation. The second
I nvol ves evaluation of high strength Iow alloy (HSLA) steels
whi ch are not susceptible to hydrogen induced cracking and,
therefore, generally do not require preheating. It is hoped that
successful results fromthis project would allow substitution of
these steels for some of those presently being used which require
preheat, thereby elimnating the need for this very costly
requi renent. (I't has been estimated that the elimnation of the
preheating requirement would result in a savings of one mllion
dollars per ship on certain type Navy ships.)

Anot her exanpl e of evaluating and inplenenting existing
technol ogy with high potential for cost/schedule reduction is the
previously nmentioned project to further devel op, refine and
qualify a procedure for welding thick section carbon steel
castings with the consunmabl e gui de tube el ectroslag wel di ng
process. A relatively recent technol ogy breakthrough in stee
manuf acture shows early prom se of overcom ng the drawbacks of
the electroslag process. It has been discovered that careful
application and control of the therno-nechanical processes
i nvol ved in steel making produces steel that is not easily
damaged by heat input and can be produced in the strength and
t oughness levels that-nake it attractive for construction and
repair of naval ships. The ability to use the el ectroslag
automatic plate crawl er and the consumabl e gui de tube el ectroslag

wel di ng processes without |limtations would nake it very
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attractive fromthe shipbuilder's point of view The SP-7 Panel
has a project to begin evaluation of sone of these steels;
subjecting themto the full range of destructive and
nondestructive tests.

These are just sonme of the exanples of devel opi ng and

i npl enenting existing technology rather than concentrating on the

exotic processes such as electron beam and | aser welding. This

is not to say that our intent is to deliberately ignore these
processes because we believe that they are fine for sone types of
industrial welding. On the other hand, shipbuilding nethods do
not offer sufficient opportunities for utilizing these processes
to provide a reasonabl e payback for the trenendous capital outlay
for equipnment, dedicated facilities, training, etc. that would be

necessary to make them function.
In the case of robots, the Welding Panel is engaged in

projects designed to overcome the largest single drawback to
robotized shipbuilding welding; poor fit-up. Until this
shortcomng is overcone or a successful nmeans devel oped to
conpensate for it, fully automatic robotic welding will not
becone a reality in shipbuilding.

For the future, it is our plan to keep abreast of the
ever changi ng technol ogy of shipbuilding and the effect of that
technol ogy on the art and science of welding. V& cannot sinply
concentrate on the wel ding processes thenselves, however, but
nust design and plan for welding nore effectively. V& nust
encourage and insist on the application of fitting and

fabrication nethods that provide the quality of fit-up necessary
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for utilization of the highest deposition processes in the
automatic and robotic nodes. Wik nust continue in the

devel opnent of materials; i.e. base materials, filler materials,
fluxes, etc. that are conpatible with the high deposition
processes. These nust be eval uated and subjected to the full
range of weldability, nondestructive and destructive tests to
prove their suitability for intended service. Continued enphasis
IS necessary on the devel opnment of the nobst effective and | east

di sruptive inspection nethods that will satisfy the requirenents
and conformto the standards of the various code-making bodies.
W nust continue to provide the technical requirements for a well
trained work force as well as naking sure that all |evels of
managenent are made and kept aware of the conplexities of welding
and the potential that it has to reduce costs when applied
correctly and effectively.

Last but not |east, continued enphasis on the application of
the wel ding processes, nethods and techni ques that are known and
have proven satisfactory. At the sanme tine to keep infornmed as
to the latest inprovenents in new nethods and techni ques for

their possible application to shipbuilding welding.

Thank You.
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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, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-936-1081
E-mail: Doc.Center@umich.edu




