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_Nﬁmerical conirol of
 plate forming

and associcied problems

IN e rast few yeirs, the dcfinition
of the hull shape in a mathematical
form has been successfully achicved. As

a result, it has become possible to
define any part of the ship's hull
mathematically  and  thercfore  very

accurately. In order to make use of
this achievemcnl, numerically conirolled
machine tools, for the production of
the different parts of the ship-hull, have
been the subject of much research
waork.” The first achievement was the
numerically  controlled flame  culiers
wiich are developed to a salisfactory
degree of operation aed are now in
use. The sccond application of (he
numerical control technique was to the
frame bending machine.

The impact of wusing these two

machines on control of shipyard pro-
duction, planning and cconomy will be
much improved when piate forming
operations are aiso controlled numeri-
cally. This will ciiminate completely
the mould loft and the use of tcm-
plates in addition to dispensing awith
the skilled Intour required for these
operations.  However,  the  Jargest
savings arc likely to necruc from in-
creaged accuracy  of individual parts
which will reduce assembly times and
rectification cosls.
Is it neccessary to design and develop
a numerically controlled plate forming
machine? The arpument is based on
different iactors, mainly, the impact of
application of compaters to the sbip-
building industry, the impact of appli-
cation of plate forming machines on
flow line production, the number of
plates required to be bent to two and
three dimensions, the utilisation factor
of the machine, the accuracy required
during the plate forming operation and
its impact on the size of the shipyard.

Forming techniques suitable for
numerical control

Not all plate  forming techniques
currently in use can have feasible and
dircct  practical  application  for the
design  of a npumecrically  conlrotled
plate forming machine. Jlowever, the
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following  lechniques, after  being
developed (o a salisfactory degree of
operation, are believed to be the most
suitable for the development of such a
machine:

I. Hot-line forming

2. Press forming usine an infinitely -
g g y

variable die

3. Squceze forming

In hot-line forming, the heating
source could be made to move on
certuin preseribed conlours caleulated
in advanee in such a way thal a cerlain
system of inlernal stresses is ‘imposed
in the plate material. This internal
stress sysiem will be such that the plate
wiil * distort ™ or form te the required
shape. It is possible that the nunicric-
ally controlled flame cutling machine
could be used for this purpose.

In the ease of press forming, a suit-
able die is required to withstand the
high forming forces. The shape of the
dic should tiuke “spring back ™ cffect
into consideration. 1t should Le realised
that it would be very expensive and
uncconomicil to form a dic 1o suil each

Fig. 1.
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curved platc. This problem, however,
could be solved by designing an
infinitcly variable dic which could be
controlled "to take any required shape.
The design of such a die could be based
on the idca of the telescopic rig shown
in Fig. (1), or on {he method of form-
dng shapes for somec rocket parts. In
Fig. (1), thc height of each ordinate,
i.c. z, is’adjusted such that the equation
to the surface given by z = f{ (x, y) is
satisficd. This could be achieved in the
z-X planc by ‘the equalion z = [ (x)
and in the z-y planc by the equation
_z £ (y). }t is Delieved that it is
feasible to design a matrix of screw
or hydraulic jacks which ace numeric-
ally controlled in the (z-x) and (z-y)
plancs. T .

Squeeze forming

in ihe casc of squecze forming, the
rcquired  curved  shape could be
achicved by applying a very high con-
centraled force on a localised arca, A
syslem  of internal stresses will be
induced in the malerial in such a way
that the plate should attain a certain
amount of curvature. When the applicd
force is controlled and moves cn
certain calculated conlours, ship plates
cou'd be numerically formed-to double
curvalure. Poissens’ ralio. effect will
induce orthogonal curvature which.
should be taken into account in the
subscquent contours. The final shape
of the plate is the resultant of the
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accumulative cffect of each squeezing
run.

‘This methiod of forming requires a
aumerically controlled measuring and
“checking  system.  Discrepancies  with
the rcquired plate shape could be
corrceted by repeated  squeezing  on
cerlain - contours  over  the plale
surface.

lefore designing the mechanical and
control parts of . numerieally can-
trallcd  plate forming, machine, the
above suggested techniques should be
fully “developed  theoretically  and
experimentaliy, so that thcy can be
satisfactorily used in  the pumerical
~control of plate forming.

It should be noted that, apart from
the mechanizal. control and measuring
problems associated with the design
of a numerically controlled plate form-
ing maching, the introduction of such a
machine into the production line of
ship plates may induce some additional
requirements in the design and opera-

tion of the machine. Thercfore, in
order to make the desipgn  of a
numerically controlled  plate  forming

michine an cconomical solutien, the
impact of introducing such a machine,
in the flow linc production, on the
sequence  of ship plales opcrations,
should be investigaled. Furthermore,
the. capacity, speed of production and
versalility ¢f the machine may be
influecnced by other machines in the
production line and should be deter-
mined from ceconomical considerations.

Impacl on sequence of siiip
plate operalions

The different plates must be brought to
the workshop in the correct secquence.
The various working operations are
usually planned in such o way that
boltlenccks arc climinated, idle time
and handling operations arc reduced to
minimum; since about 60 to $0% of
the working time in the plater’s shop is
spent in the handling and  transport
work. As plates comprisc about 80—
85 ol the material weight of a vesscl
(i.c. about 65% of the handling time),
plates will be responsible for the greater
part of the handling costs whi:hy should
be made as low as possible.

The probable scquence of operations
of ship plites in a shipyard means that
between 7-10 handling operations are
required.  Flowever, this number of
handling operations can be reduced by
using automatic conveyors, Buffer aircas

Are necessary  al o various  stages Lo

allow for the diffcrence in speeds of
the various machines and the necessary
times for the different operalions. Much
time is Jost in handling in and out of
the bulTer arcas and therelore consider-
able cffort should be made to reduce
these arens by matching the speeds of
operpions of all” the inachines so as to
give a continuity of flow. Marking
opertions can be performed by using
cither full-scale templates .or by optical
projection techniques.

Ship plates are usually divided into

three major calcgorics, namcly, plates
having  straight cdges, plates having
curved cdges and miscellaneous plales.
Each category has its own roule in the
production Jine.’ ‘

All the required information for con-
trolling the production line in a pro-
poscd flow-line production comes from
the design office.  The latter performs
all the nceessary calculations and sup-
plies the required data for machine tool
control, marking, etc. It is proposcd
that 2 single machine {or plate straight-
cning, shot-blasting and priming may
be designed (o perform simultancously
these operations. 14 s believed that the
design of such machine is not a formid-
able task.

In the proposed production line,
single curvature plites are shaped on a
bending  roll whils  three-dimensional
plates arz formed by any conventional
mecihod. For both machines, templates
can be obtained from the numerically
controficd frame bender. In this way,
the mould loft could be completely dis-
pensed  with,  This propused  system
may be considered as an intermediale
stage between the traditional shipyard

and the anticipated computer controlled-

shipyard.

fn another proposal a numerically
controlled  plate forming machine s
introduced into the production-line (or
exceuting all plate forming whether to
single curvature or double curvature.
In this casc, no template whalsocver
will be required for the production of
any part of the ship.
ducing sumerically controlled marking,
which iz successfully used in some
Scandinavian shipyards, far both flat
and curved plates. the production fine

will bc more compatible and could
be fully controlled by the design
ofhice.

Impact on

economy ~f shipyard produclion .

If  the main shipyard  operations,

Also by intro-

namely, flame cutlling, frame bending,
marking and ‘plate forming, can be donc
numerically then all Jofting, scrieve
boards and (cmplates can be com-
pletely climinated. This would produce
savings in  naterial, space, labour,
miterial for templates in addition tlo
the savings resulling {rom  increased
accuraéy. -

~ The savings in labour are difficult
to cstimate. Although fewer nien will
be employed for operating the
numerically controlled machines, plan-
ning, programining and data prepara-
tion may' require plore qualified
people with  higher salarics. 'The
savings rcsulting  from  increased -
accuracy arc impossible to forecast
precisely, but a considerable saving in
malterial is expected with a. consequent
reduction in scrap: Since the computer
controlled flame culling machine has
resulted in @ savirgs of 5-10% in the
amount of weld metal deposited, it will
be expected “thal greater savings will
be achicved in the case of plates, as
the pgap between the plates and the
mating frames will be reduced con-
siderably. However, it i3 in the roduc-
tion of. rectification costs.and fairing
on the berth that the biggest savings
should come. ’ '

The introduction of a numerically
controlled plate forming machine will
cerlainly” saye some handling opera-
tions and buiTer areas. In addition, the
elliciency of the machine will be much
improved when a  numerically con-
trolled marking machine is also used.

The utilisation factor of a numeri-
cally contrelled plate forming maching,
if it is used only for forming ship
plates, will be very low. Unless the'
shipyard oulput is relatively high, this
machine will make the forming of
tiree-dimensionai plates a very expen-
sive operation. However it should be
rcalised that our interest is in the final
cosls of the ship and not the individual
costls of every operation. The savings
through intergrating all operations in
the shipyard with the «design office
may be much higher than the increased
costs of forming ship plates. In addi-
tion, this machine could be used for
forming thrce-dimensional plates for
submarines, pressurc vessefs . - . elc.

"Further, it should be noted that'the
size of the shipyard (determined cither
from the tonnage Jaunched per year
or from’/the number of ships launched
annually) has a grent cffect on the
cconomics of curved plate forming

using a numerically controlled plate-
forming machinc.





