SHIP PRODUCTION COMMITTEE September 1991
FACILITIES AND ENVIRONMENTAL EFFECTS NSRP 0340
SURFACE PREPARATION AND COATINGS

DESIGN/PRODUCTION INTEGRATION

HUMAN RESOURCE INNOVATION

MARINE INDUSTRY STANDARDS

WELDING

INDUSTRIAL ENGINEERING

EDUCATION AND TRAINING

THE NATIONAL
SHIPBUILDING
RESEARCH
PROGRAM

1991 Ship Production Symposium
Proceedings:

Paper No. |IB-3

Portable Arc Welding Robots - A
Practical Shipbuilding Tool?

U.S. DEPARTMENT OF THE NAVY
CARDEROCK DIVISION,
NAVAL SURFACE WARFARE CENTER



Report Documentation Page

Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,

including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it

does not display a currently valid OMB control number.

1. REPORT DATE
SEP 1991

2. REPORT TYPE
N/A

3. DATES COVERED

4. TITLEAND SUBTITLE

The National Shipbuilding Research Program, 1991 Ship Production
Symposium Proceedings: Paper No. |IB-3: Portable Arc Welding Robots

- A Practical Shipbuilding Tool?

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Naval Surface Warfare Center CD Code 2230-Design I ntegration Tools
Bldg 192, Room 128 9500 M acArthur Blvd, Bethesda, M D 20817-5700

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSOR/MONITOR'S ACRONY M(S)

11. SPONSOR/MONITOR’S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF:

a. REPORT b. ABSTRACT
unclassified unclassified

c. THISPAGE
unclassified

17. LIMITATION OF
ABSTRACT

SAR

18. NUMBER | 19a. NAME OF
OF PAGES RESPONSIBLE PERSON

14

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



DISCLAIMER

These reports were prepared as an account of government-sponsored work. Neither the
United States, nor the United States Navy, nor any person acting on behalf of the United
States Navy (A) makes any warranty or representation, expressed or implied, with respect
to the accuracy, completeness or usefulness of the information contained in this report/
manual, or that the use of any information, apparatus, method, or process disclosed in this
report may not infringe privately owned rights; or (B) assumes any liabilities with respect to
the use of or for damages resulting from the use of any information, apparatus, method, or
process disclosed in the report. As used in the above, “Persons acting on behalf of the
United States Navy” includes any employee, contractor, or subcontractor to the contractor
of the United States Navy to the extent that such employee, contractor, or subcontractor to
the contractor prepares, handles, or distributes, or provides access to any information
pursuant to his employment or contract or subcontract to the contractor with the United
States Navy. ANY POSSIBLE IMPLIED WARRANTIES OF MERCHANTABILITY AND/OR
FITNESS FOR PURPOSE ARE SPECIFICALLY DISCLAIMED.



THE SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS
601 Pavonia Avenue, Jersey City, N.J. 07306

Paper presented at the 1991 Ship Production Symposium,
The Pan Pacific Hotel, San Diego, California. September 3-6.1991.

Portable Arc Welding Robots -

A Practical Shipbuilding Tool?

Peter Williams, Visitor, and Peter Orrick, Visitor A & P Appledore, UK

ABSTRACT

An overview of the application of
portable welding robots in shipbuilding
Is given, wth particular reference to
a pilot project undertaken at a British
shipyard. A general basis for cost
justification is outlined, and
applications and linmitations of the
robot sysem discussed. Particular
attention is drawn to the requirenents
i nposed on other shipyard systems when
using robots.

INTRODUCT1ON

Devel opments in Japan

In the nmid 80's the Japanese
shi pbuilding industry, supported by
funding from their nistry of
Transport (MOTO) invested heavily in a
5 year R&D program to devel op a range
ofdevices to automate arc welding,
pai ntin?, assenbly and ot her
shi pbui ['ding processes.

The objective was to make
shipbuilding both nmore attractive to
the Japanese workforce, since
recruitnent was beconing increasingly
difficult due to poor public imge and
inferior salary structure of the
industry, and to create manpower
savings within what was (and renmins) a
| abor intensive industry. The intent
was to inﬁrove productivity and thereby
address the considerable price
differential existing with respect
the Korean yards on newbuil ding
contracts.

to

A productivity inprovenment
of between 60 and 100% over
period was felt necessary to redress
the situation. The mjor yards
thensel ves believed automation on a
large scale offered the only realistic
means of attaining this target.

target
a ten year

1831
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Assessment Of The Need For Robotics

~ The most commonly quoted reasons
for introduction of robots are:
-improved quality;
-low | abor costs;
-greater volume of output; and
-Improved working conditions.

In actual fact, these are
incidental benefits as the only real
reason for introducing robotics or any
other item of capital equipment is to

make more noney. That is, to increase
profit, give an acceptable return on
the investnent and to maintain an
adequate cash flow (1).

However, before assum ng t hat
robotics or automation is the key to
meki ng nore noney, a detailed business
review should be undertaken to
deternmine where the priorities lie.

Typically, in shipbuilding, it
is found that the nost profitable
i nvestments can be made by
concentrating on systens rather
hardware, for exanple:

t han

Design - to reduce work content;

Pl anning - to organize the work in the
most cost effective manner and to
ensure that the right naterial and

information are in the right place at
the right time; and
Quality - to elimnate defects at every

st age.

However, it nmay be felt that
such systems ei ther have already been
devel oped to the point at which further
benefits will be difficult or expensive
to nake (as in some Japanese yards);
or will be in the foreseeable future.
In such a case, introduction of
robotics may give a higher return than
other investments in production
hardware or software.



Also during the nid 80's British
Shi pbui | ders were thenselves striving
to significantly inprove the production
Eerformance of their subsidiary yards
y various nethods including |ow cost
automation (2). A high level executive
study tour of Japanese shipyards was
therefore undertaken to view the
Japanese shipbuilding methods and
equi pment. A range of robotic devices,
conponents of the MOTO funded
initiative, were viewed during the
visit and their potential quickly
realized. The Japanese yards were
already substantially nore productive
than their UK counterparts and it was
consi dered that w descale adoption of
automation could well place them
conpletely out of reach. British
Shipbuilders initiated a program to
consider the benefits and inplications
of introducing such automation wthin
the UK industry. Recognizing the
effort the Japanese were devoting
towards the design and inplenentation
of robotic devices, it was considered
prudent to sinilarly consider the
production possibilities of robots.

ROBOT SELECTION

A very large nunber of different
arc_ welding robots were available
during the investigation period.

The majority of these were of the
fixed location revolute type devel oped
for general engineering duties. These
offered only a linited working envel ope.
and demanded that the workpiece be
presented to the robot for welding. An
extensive program of trials with such a
robot type had already been conducted
by British Shipbuilders (3). Wilst of
benefit in creating an understanding of
robotic arc welding, together with the
associ ated supporting disciplines
applied within the shipbuilding

environment,  such machine types are
not well suited to the nminstream of
shipbui lding construction. Robots

within this general
considered further.

Additionally, any robot not
capable of seam tracking, or rapid
recognition of the spatial relationship
between itself, the workpiece and the
weld start point was sinilarly
di scounted as being unlikely to address
the production realities of
shi pbui | di n% Any robot welding
systens wi thout such software
capability were excluded.

category were not

It must be realized that the
total world nmarket for arc welding
robots in ship building is small in
relation to the order-of costs likely
to be incurred in the devel opnent of
systems with the necessary mx of
hardware and software conplexity.
There exists therefore insufficient
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comercial synergy between the

manuf acturers of such robot systens and
the shipyard end user to develop the
systens I1n the first instance without
recourse to "independent" funding.

Two distinctly different robot
types " remained after the initial
filtering exercise was conpleted. It
is not surprising in view of the above
that these machine types had each been
devel oped specifically for welding
operations wthin shipbuilding. These
are:

(a)

Large multi (>6) axis machines
whi ch can automatically access
all points to be welded on the
wor kpi ece.  Movenent from one job
to another on the workpiece is
carried out by at least two nore
axes on a travelling support,
either a gantry or base, which
is not controlled during welding.
These axes are commonly used for
coarse placenment of the robot
Sensors are then used to

detect the actual position of the
j ob.

Exanpl es of this type are the
Htachi Unit Welding Robot as

depl oyed at the Ariaki shipyard
in Japan, and the Rosenlaw,
Wartsila, Kenppi joint

devel opment installed at

Hel si nki .

The working envelope is dictated
by the length and spacing of the
rails or beam outreach. Due to
the limtations of working
envel ope size and |ocation,
production planning and naterial

control need to be nmore
disciplined. Wilst this in
itself is obviously beneficial,

failure to achieve such .
discipline can present a mgjor
obstacle to the successful use of
robots in a poorly organized
shipyard. The capital investnent
required for this sort of system
is substantial, and return on

this investnent is dependent on a
hi gh throughput of (usually)
major assenblies (i.e. a healthy

and reliable flow of orders) and
application to a bottleneck.
activity.

Such robot systens denmand a high
degree of wunifornity in ship -
internal design to ensure

machi nes can gain effective
access and reduce the probability
of collision between the robot
and ship structure. Also
demanded is a high degree of
accuracy of constituent piece
part location within the large
assenblies due to potential
interference between the robot
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Figure 1.

arm and the structure. This
degree of fit ug was consi dered
beyond the capability of British
Shi pbui | ders' i
By default of their size and
conplexity, such systems can
only operate at fixed
workstations within the
unit/block assenbly areas. The
gantry type is suitable only for
2 1/2 D assenblies, such as
primary and secondary stiffened
panel s, demanding conpletely
unhi ndered top access. The

Hi tachi colum and boom approach
enabl es larger 3D workpieces be
processed but nevertheless still
requires largely unhanpered side
access for successful

Robot wel ding systems such as
these demand that off line
progranm ng techniques be
enployed, since it is patently
unrealistic to attenpt a

t each- program approach.

Very small machines capabl e of
being nmoved easily to a point of
application as required (Figure
1).

Hi tachi M030Z

yards at this tine.

depl oyment .
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The working envel ope of such a
robot is fairly small, but the
robot is repositionable over an
area dictated by the length of
the various cables between it
the controller and wire feed
unit. This working area can be
further extended by nounting all
the associated hardware (power
source, controller, wre feed
unit, etc. on, for exanple, a
travelling gantry which can also
serve as a support for handling
aids. Due to the nuch nore
flexible working envel ope of the
portable robot system it can
cope with a less rigid
organisation of material, and is
therefore better suited to an
initial robot installation where
organi zation of work is less than
ideal. First cost is a fraction
(typically 1/20th to 1130th) of
the cost of the larger system
and as a result of the nuch
areater flexibilitv of this
configuration, return on
investment is not as dependent on
a particular type of assenbly.

and

A possible hybrid internediate
between the types of systenms is
the use of a large "pick and
place" robot to relocate a number
of portable robots within a nore
rigid workstation (4).

The potential to use such
portable robots both within the
unit and block assenbly stage and
during ship construction on the
berth or in the dock was
consi dered significant.
Robot Choice
If block assembly and erection
could be reduced from major events (as
they were at that tine), to routine
oPerations, then a very significant
effect upon the overall build cycle
times and the effectiveness of capital

plant and equi pment depl oyed woul d be
realized (5).

It is inmportant to remenber that
the ultimate productivity of an arc
wel ding robot is process limted. The
robot Is merely a sophisticated tool to
mani pulate a basically standard wire
feed torch. The physics of the weld
pool itself determne the maximm weld
deposition rate, particularly during
ositional work to which the robot is
est suited. Long runs of downhand or
horizontal -vertical welds are alnost
certainly nore cost effectively
addressed by |ess sophisticated weld
mechani zation or autonation.



Nevert hel ess, a robot arc
wel di ng systemis able to handl e higher
currents for |onger periods than would
be possible by a manual wel der using a
simlar process and robots can generate
i mprovenents in welding time as a
consequence.

The deci sion was reached to
further investigate robots of the
portable type. Only three nachines of
this type were known to exist:

~Hitachi Zosen WRL 50;
~Yaskawa Motoman VS5ZA, and
—-Hitachi ¥5030.

At the time only the Hitach
M5030 was available, through agents,
within the UK. This robot type was
therefore to be considered for primry
introduction within British
Shi pbui | ders, together with its
associ ated programmabl e wel di ng power
supply and wire feed units.

Whi | st portable, this machine is
not readily handl ed manually and it was
recognized that bespoke handling aids
woul d need devel oping to effect rapid
and safe transfer between successive
work locations. Such aids may well need
to be structure specific in certain
ci rcunst ances.

Cost _Benefit Analysis

The primary application of
aut omation should be at the hul
construction stage, as in alnost all
cases, this will be a bottleneck. It
can be argued that as the main resource
applied is manpower, then use of
robots in fabrication would rel ease
manpower for use el sewhere on the berth
or dock and have a direct effect on
cycle times. There are linitations to
this argument:
-~Too great a manning density will |ead
to reduced productivity;
~-Excessive nmanni ng levels can result in
out - of - sequence work and structura
distortion;

-In the typically restricted spaces of
ship construction, there is a
physical and safety linmit to the
nugber of wel ders who can be deployed;
an

-Increasing productivity locally in
fabrication may unbal ance the
production systemand | ead to an
I ncrease of work in progress.

Al though it was intended
eventuaIIK to introduce robot arc
wel di ng t hroughout unit bl ock assenbly
areas and the ship construction stage
on the berth or in the dock, initial
assessnment of the potential benefits of
arc wel ding robots was concerned only
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with the unit assenbly stage of ship
production. It was considered that the
more controlled environment and better
access possible within the steel shops
woul d be conducive to a nore rapid
production devel opnent pericd.
Subsequent introduction to production
woul d be both sooner and nore readily
managed than el sewhere in the yard.

A 22,600 dwt general cargo vesse
under series construction in one yard
was anal yzed to identify those areas
whi ch might benefit fromthe
apPIicatlon of the Hitachi 5030 arc
wel di ng robot.

~ Selection of the appropriate
application took into account the
factors that follow:

-Repeatability of structure.

-size of each job (usually defined by
all activities carried out by the
robot between relocations). The
repeated el ements of structure shoul d
be small enough to be wel ded without
relocating the robot.

-Rccess t0 components. An acceptable
torch angl e must be naintained al ong
each joint.

-Weld positions. The weld positions
determ ne whet her another form of
automatic or mechanized welding is
used

-Weld | ength per job. The greater the
weld | ength per job the lesser is the
effect of set-up times on the robot
utilization. As the robots are
designed to operate between frames,
there is an optimm frane size/spacing
range within which set-up tines are
| east significant (Figure 2).

-Access t0 the workpiece. Vertica
access i s obviouslg easi er than
maneuvering the robot horizontally
t hr ough manholes.

Wthin the ship type analysed,
the selection criteria were best nmet by
the transverse/ deck/ | ongitudi na
connections, sone 3,300 in total
requi red per ship.

bei ng

An additional benefit of this
application was the know edge that the
robot(s) could be initially deployed
within a dedicated work area |ocated
fpmards the end of the panel production

i ne.
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Robotic Welding Times

Setting up times for the robot
were obtained from the robot
manuf acturer, and arcing tines were
derived from established weld procedure
par anet ers.

Two different deployment nmethods
were considered as described bel ow.

One Man (perating One Robot.
this situation the operator is
effectively reduced to a spectator role
whilst the welding activity is being
performed by the robot and should
therefore always be available to
imredi ately re-set the robot at the
next work location. A high robot
utilization is therefore possible but
at the expense of inefficient use of

In

| abor.

One Man perating Mre Than One
Robot. VWhen one nman operates nore than
one robot, there are two possible
operational patterns, as follows:

-The total weld conpletion time of any
one robot is shorter than its

associ ated relocation and set-up tine.
In this situation there exists idle

time when one For
conpleted its full cyc
upon the operator conpletin

set-up of another robot. e
demands upon the operator are

robot has
e but nust wait
t he

time

m)re?
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continuous if maxinum arc-on tine is
to be attained fromall robots.
System performance is thereby
restricted by the sustainable Iabor
effectiveness of the operator, an
undesirable condition.

-The total weld cycle time of any one
robot is greater than its assoclated
relocation and set-up time. The
relationship between the arc-on tine
and set up time will deternmine the
nunber of robots it is viable to
empl oy under the control of one
operator. The maxi num possible
utilization of each robot can be
expected from this scenario.

A cost benefit analysis perforned
to deternmine the order of savings which
m ght be expected from the depl oynent
of the robots on the transverse
I ongi tudinal connections indicated a
saving in excess of 2600manhours per
ship was possible. At a production
I evel of some 2.7 ships per year of the
series vessel considered, an annual
| abor saving of over 7,000 steel
manhours per year was available. This
is equivalent to an internal rate of
return on the capital investment of
more than 50% over the five year period
consi dered, assumi ng these 7,000hours
can be effectively utilized during hull
construction.

) The decision to purchase was
given mainly on the basis of this

anal ysis but tenpered with a strong
need to know just what could and coul d
not be reasonably expected of robotics
for arc welding within shipbuilding.

Further investigations were also
made to determine the suitability of
the Mb030 robots to the structure of
40,000t dwt container vessels
commencing production at another
British Shipbuilders' yard. Figure 3
shows the tines required to weld one
watertight bul khead to the bottom shell
structure, using:

-conventional sem-automatic equipnent;

-one robot worked by one operator; and

-two robots worked by one operator.

It can be seen that cycle times are
significantly reduced even when using
one robot per operator. This is due
mainly to the effects of welder
concentration and disconfort which are
exacerbated by the long runs required
on this structure.

Following this, calculations to
determine productivity of the butt
wel ding of longitudinals were
undertaken. There is less simlarity
between different ship types at the
hul | construction stage than there is
at the interim product stages. A



Panamax tanker was selected as
providing the easiest structure to

whi ch portable welding robots could be
applied and therefore the savings

i ndi cated would be the best which could
be hoped for. Analysis of a typical
British Shipbuilders' shipyard with two
berths indicated a saving of over 4.5%
in the total steelwork hours and a keel
lay to launch duration reduction of at
| east 3 weeks, thereby offering the
potential of increasing throughput by
over 11%

774 III/II III

1 !lll!i !ll onnseot

PROCESS TIME (HOURS)

Process Tines

Comparison of
Bul khead

Figure 3.
One Watertight

For

Development Plans

A training, developnent and work
preparation area was set up in a
convenient |ocation adjacent to the
workstations for sub-unit and unit
assenbl The robot power packs,
controllers and other hardware were
located in a snall enclosure upon the
existing services gantry some 3m (10
feet) above the shop floor. This gave
a good view of the production area (it
was found that it was desirable to be
able to see each robot fromits

controller), and maintained the cables
above the floor, thereby preventing
damage. This initial installation

permtted the machines to be used both
In production and in the devel opnent
area for training and progranming.

It was decided that a full scale
nmock-up should be used for programing
(Figures 4 and 5). This allowed each
job to be run with the arc off to
ensure that the job structure was
correct, and that the touch sensing
routines, including the handling of
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the various shift registers wer e
error-free. Programming 'on the job'
was not considered as it is a tine

consuning activity which woul d
interfere with production.

Adj ustabl e Mock-Up For

Figure 4. .
Programm ng

verification O Progranmed
Torch Positions and Wl ding Paraneters

Figure 5.

A delay in delivery of the robots
had lost the original target ship to
the program so trials comenced
instead upon the structure of a series
of 93m Ro-Ro ferries conmencing
producti on.



The vessel nidship section,
general arrangenent and steel work
process analysis was examined with the
previously described criteria in mind
In order to select an appropriate
aﬁpl ication. The initial application
chosen for the robots at British
. Shi pbui | ders was the wel di n% of
transverses and transverse bul kheads to
| ongi tudinal bul kheads in the sub-unit
assenbly of w ng tanks (fFi gure 6-1).
This application had a further
advantage in that only 24m of such
joint length was required per day
according to the production program
Therefore as each machine is capable of
about 10m per hour on such structure,
there was anple time for programming of
subsequent applications. Vhilst the
long term aim of the project remsined
to inmprove productivity by reducing the
ship construction cycle time it was
recogni zed that this application is
demanding in terns of weld procedures,
accuracy of components, quality of
edge preparations and access. A series
of increasingly demanding applications
was deened to present the nost
structured approach to pernit
desi gners, management,  programrers and
robot operators to gain experience
prior to final installation of the
machines in the building dock. The
subsequent applications (Figure 6)
selected were as follows:

- Doubl e bottom sub-unit

assenbl y,
stage 1 (i.e.

wel ding of transverses
to tank top (Figure 6-2)). Access is
vertical, ‘and jobs are of a simlar
nature to the initial application.

-Thruster room center section sub-unit
assembly (Figure 6- 3%. This involves
the welding of tightly spaced, deep

longitudinal and transverse structure
to each other, and to the bottom
shell. The thruster room units were
long lead units, and this was
partially due to the unpleasant
involved in the welding in the
confined spaces. Access was vertical
but would require operation of the
robot in an inverted position.

wor k

-Doubl e bottom sub-unit
stage 2 (i.e. welding of transverses
to the bottom shell (Figure 6-4)). Job
and program structure would be
relatively sinFIe and sinmlar to the
first two applications, but access
woul d be horizontal, and require the
design and manufacture of a different
handl'i ng aid.

assenbl y,

-Unit butts between |ongitudinal
stiffeners after erection (Figure
6-5). Access problens should be
resolved by previous applications and
designs of handling aids. However,

it was anticipated that the midship
section of the ferries would not
present due to the

an ideal structure,
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Iim'ted#'oint length per job and the
nunber of decks and tanks. There is a
limt on the suitability of portable
robots to weld in confined spaces,
such as double skin structure, due to
the fact that the machines require an
operator, who is exposed to fune just
as a welder would be. This
effectiveldyhlirn'ts the nunber of

robots and hence the productivity of
the application. However, at the
time of the instigation at

me. : grpf' ect
British Shipbuilders, the shipyard
invol ved had been constructing general
cargo ships and large barges for which
access and spatial restrictions were
| ess demandi ng.

A Ay
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Figure 6. Initial Assenbly Types For

Robotic Wl ding

The Hitachi M5030 Portable Robot

The Hitachi M030 range conprises
two nodels, the MO30T (equipped with
a traversing base); and the M030Z
(equipped wth a rotating base). The
Mb03QZ nodel was chosen by British
Shipbuilders as this was felt to be
more useful for welding typical ship
structure (Figure 7).

The body is of the revolute
(jointed arm configuration, having
five sinultaneously controlled axes.

An optional auxiliary twi st axis on the
wrist was selected in order to give
maxi mum flexibility. The general design
of the wist differs from conventional
wel ding robots in that the torch is
mount ed above the joint, therebK
allowing greater access into tight
spaces, and reducing interference
problems with the workpiece.

The controller for the MO030
range is based upon a 16-bit
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Figure 7. Mb030Z System

nm croprocessor, gi ving a maxi num of
256 progranms, and 100 jobs. A program
or job nmay contain 2,000 steps. Path
control is by continuous path using
either articulate, linear or circular
interpolation in any plane. In
addition to the usual controller nodes
ée. g. program teach, playback), a
iagnostic node, and a monitor node
(to display production control
information) are supplied. A tape
streamer is used to backup job and
Brogram data, and to transfer it

etween controllers. The weld
paramet er database can store 100

conbi nations of current, voltage and
speed. Al these parameters and tiners

may be changed on-line via the
teach-box. The teach-box, along wth
all these usual servo controls and
condition buttons, has manual control
of wire feed, and arc-on (for tacki n%}.
An operation box with renote over-ride
of certain controller nodes and
functions (sufficient to operate the
robots without reference to the
controller) is also supplied. The
robot body, operation box and
teach-box are connected to the
controller by thirty meter cables,
enabling the robots to be used over a
substantial area. The renaining
hardware consists of a touch sensing
unit (also used for seam tracking);
the wel ding power supply and robot
interface; and a transformer.

PROJECT FINDINGS

Robot Arm Design

Al though the project
specification for the design of the
portable robots built by Hitachi,

H tachi Zosen and Yaskawa called for
the machines to be light enough to be
carried by two men, and to enable them
to pass through a standard manhole, it
was di scovered that the robot arm with
the torch, nmmgnetic base, and wire
feeder was too cumbersome to be noved
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around safely, except between adjacent
jobs. A handling aid was designed which
would assist in lifting and placing the
robots and also act as a base for the
robot controllers, power packs and
associ ated hardware, thereby extending
the operational area of the machines
froma 30mradius to an entire unit
assenbly bay (Figure 8).
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Figure 8. Robot Handling Aid For

Vertical Access

The size and characteristics of
the robot operating envel ope, together
with the size and shape of the robot
arm dictate how effectively a robot can
be applied. Generally speaking, the
fewer the number of controllable axes,
the greater the limtations. It is the
rel ationship between the size of the
rePeating structural elenments to be
wel ded and the robot operating envel ope
which determnes how effective the
robot will be in a particular
application. (For exanple, frane
spacing conpared to arm outreach at a
particul ar stand-off distance from the
wor kpi ece) . This relationship also
depends on the particular welding
consunmabl es in use, as tolerance to
changes in torch angle vary from one
wire to another.

It was found during trials at
British Shipbuilders that nodification
to the welding torch shape enabled the
robot to access nore intricate
structure wthout interference,
al though the structural configuration
of the ferries under construction was

at the extrene lower limt of the
Mb030Z's capabilities. The auxiliary
"twist' axis was only found to be

necessary in a very small nunber of
cases, but nonetheless was regarded as



essential. A sixth controllable axis,
inthe formof a third wist axis,
woul d have permitted greater
flexibility in choice of consunables,
and woul d have reduced programr ng
tines.

Design For Production

In many cases, a design which
may be manufactured with difficulty by
traditional methods, wll be
i mpossible to produce using robotics.
The use of robotics therefore focuses
attention on detail design for
production. The principles of
standardi zation and sinplification are
particularly inportant tor automated
manuf acture. At British Shipbuilders,
for exanple, analysis of conventional
structure showed that significant
i nprovenents in productivity, both
with and without robots could be nade
by standardization of collars to only 9

designs. Additionally, the
three-quarter collar in use was found
to be inmpossible to weld by robot.
Furt her

I nvesti ?ati on showed that
considerable difficulty was experienced
in welding these manually, leading to
poor productivity and excessive rework.

There are certain design features
whi ch have a mjor bearing on robotic
production but are of limted
Inportance for non-robotic production.
(For exanple, frame spacing).
Extensive trials were undertaken to
determne and quantify these features
with respect to the limtations and
capabilities of the M030Z nachines.

Quality

The initial application
highlighted the need for upstream
process control as the robots were not
as adaptable as a human wel der in
respect to the quality of work
presented to them such as gap size and
edge preparation. This actually hel ped
many enFI oyees to grasp the concepts of
internal customers and Total ality
Management. Steps were then taken to
modi fy upstream processes to reduce the
variation in output. Use of the robots
for butt welding at the hull
construction stage would have inposed
still greater demands on the control of
the various production processes, and
Breparation or this application would
e required in conjunction wth
extensive training in the principles of
quality assurance. It is highly likely
that these neasures would have resulted
in productivity inprovenents in
t hemsel ves.

The quality of welds produced
(given acceptable workpiece quality)
was found to be exceptionally good
(Figure 9).
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Robot - Wl ded Col | ar

Figure 9.

Relations Aspects

At first, shop floor enployees
were cautious of the prospect of a
robot carryi n? out mainstream
production welding. The attitude of
the labor union for a short while prior
to delivery was that the robots
represented a threat to enploynent.
Once the nmachines had been set up and
were operational, this attitude
di sappeared, because of the physical
size of the robot arm The reality of
a (s)ortable arc wel ding robot obviously
did not match the pre-conceived ideas
hel d by nany people, based on nyth and
tel evision programs about autonated
production lines. Throughout the
Froj ect, the devel opnent conpound was
eft open so that no nysti(iue devel oped
amongst shop floor personnel.

Extensive efforts to maintain
communi cations with all enployees
resulted in an acceptance of the robots
within an unexpectedly short period of
tine.

Industrial

One aspect which gave sone cause
for concern was the machine nonitor
function. This neasures usage in terns
of the nunber of arc-ons, the total
arc-on time, etc. This was viewed
with suspicion by sonme union nmenbers as
the exact amount of work carried out by
each robot (and therefore each robot
operator) could be monitored daily. As,
at that time, there was very little
accountability for progress at the shop
floor level, this was viewed as a
maj or change in managenent style.



Adaptive Control

Wth existing ship structures,
it is not considered possible to
universally apply an arc welding robot
with less than six controllable axes
and seam tracking hardware attached to
the welding torch. In nany cases, it
was found that in order to access a

joint with an acceptable torch angle
and stickout, the torch would be

al nost touching the structure.
Therefore, for a welding robot of the
M030 type, the only practical method
of tracking a joint wuld be a suitable

"through-the-arc' technique in
conbination with a synergic pul sed

power sour ce.
] A number of mock-ups were wel ded
wi thout seam tracking and the resulting

weld quality was poor. A lack of seam
tracking could, to a certain extent,
be conpensated for by the apposite use
of touch sensing. However, touch
sensing is time consuming to program
and to effect.

The majority of welding robots
avail able incorporate adaptive controls
devel oped with the main users in mnd.
The specific needs of shipbuilders are
not generally a concern for robot
manuf acturers, and hence software which
is designed for use downhand on clean,
unprined steel may not operate
correctly in a mlti-positional
shi pbui | ding environnent.

Certain software functions
available on the Htachi MO030 range
were found to be of limted use for
shipbuilding. The 'Co-ordinates
Transl ation' feature allows spatial
distortion in a variety of fornms (e.g.
mrror image, uniform size change,
non-uni form size change, angul ar
distortion), but was only of interest
for mrror imaging of offset bulbs.

The various tasks involved in
co-ordinates translation took alnost as
long as re-programmng from scratch due
to the difficulty in establishing
accurate, fixed reference points.

A simlar problem was experienced
with regard to the 'D splacenent
Correction Function' (DCF). This
function is designed to enable the
robot to re-orientate itself after
bei ng noved from one job to another.
Reference points are re-taught so that
a rotational shift of the program
geonetry can be carried out. This
requires that the robot be manually
driven to both reference points which
is very time consuming, and inaccurate
unless lighting conditions are very
good.

] Setting bars which jig the robot
into position against two reference
surfaces were therefore designed.
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These ﬁerm'tted reduced set-up tinmnes
from those required when using the DCF.

Choice Of Consumables

The following points are of

particular inportance when considering
the use of a robot:
-deposition rates;

-weld quality;

-current density and current ranges;

-effect of changing consumables on
calibration of the seam tracking
system

-slag properties (can a weld be carried
over slag and can an arc be struck on
sl ag?);

-tolerance to change in torch angle;
and

-effort involved in establishing
paraneters.
CONCLUSIONS
Design for production is of

primary inportance to any successful
shi pbui | der. If robot-arc welding is
to be successfully inplenmented "design
for robots" will also be essential.
Robot systens cannot be effectively
installed as "after the event" bolt on
productivity inprovenent hardware but
must be considered at the earliest
stage of the ship steelwork design
activity.

Standardi zation of the internal
detail topology throughout a ship, and
where possible between ship types,
together with the reduction in
variability of material types and
si zes are probably paramount. The
robot systemis operational envel ope

shoul d be recognized as a ship design
criteria (6).

If "teach to learn"
is to be enployed this nust
undertaken off line since it is very
time consuming. Direct off-line
Nunerical Control programmng via
conputer-ai ded design input would
appear to be the direction in which
future devel opment should concentrate.
However, positional arc welding is a
conpl ex process to automate since the
constant conpensating adjustnents
undertaken by a manual welder ideally
must be replicated by real-tinme dynamc
feed back within the system Visual
weld line fit up assessnent is one area
receiving nuch research attention which
will alnost certainly result in Iarger
and more conplex robots of increase
first cost and reduced operational
dexterity, certainly within the

pr ogr ammi ng
be



foreseeable future. The alternative
now is to exercise tight dinmensional
statistical control to the production
of all conponent parts, minor sub and
mej or assenblies to be robot welded to
present a workpiece which is
sufficiently consistent to allow
existing blind welding be perforned.

Consumabl es should be selected to
give the best conpronise between speed
and ease of welding and acceptable
qual ity standards. Consumables should
al so include or take cognizance of the
shop priner used within the yard.
British Shipbuilders experience points
towards the inorganic zinc silicate
priners as probably being the nost weld
process friendly although it is
recorqni zed such prinmers can cause
problenms in their own right.

The Portable Arc Welding Project
did not produce the hoped for result.
The Mb030Z robots proved not to be
suitable for production as intended.
The barriers to be overcone relating to
use of the seamtracking with
consunebl es and priners required to
produce acceptable welding quality
eventual |y proved insurmountable. They
did serve to indicate, however, the
true latent productivity potential
resident within arc welding robots and
that, given the economc need, all
encountered problems would be
successfully overcone.

However the next generation of
devices will need to be lighter and
even nmore conpact if the maxinum
benefits of the portability are to be
expl oi t ed.

In summary, portable arc welding
robots definitely have the potential to
becone shipbuilding tools and an
effective means to increase throughput
and profit. However, it is crucial to
get the fundamental shipbuilding
processes under control before robots
are considered as a neans of inproving
per f or mance.
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