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>hipyard Pipe Production

Emlyn L. Jones (M), Jesse Engineering Co., U.S.A., and Terry Watne (V), Advanced Control

Technology, U.S.A.

Jesse Engineering Company
of Tacoma, Washington is the
parent company of the Wallace
Coast Machinery Company, which
has designed and built pipe
bending machines for many years.
Working on a pipe bending
machine application led to a
complete pipe production modern-
ization project in Southern
China. Engineers jointly devel-
oped the design specifications
for the machinery and automated
controls.

Piping runs in shipboard
designs are rarely the same.
Each pipe assembly that is pro-
cessed in a shop is different.
The shipyard had developed a
sophisticated computer system
that identified and technically
described every pipe or venti-
lation spool on the ship. The
pipe shop however, was essen-
tially a manual operation.
Pipes were routed manually
through the shop, welding was
done manually, i
bent using

handare
MEIIAGL D

The overall engineering re-

mi1iromant wace +a antama+ricallrr
u“-ﬁ* rdid e b b W A A = - ol Sl S S S LD Sl v*v““l

collect and sort the pipe pro-

. .
cessing redquirements; route and

——————— T A SiTal 4l

track each spool through the

shop; and prgvi de antomated

Y. | -
Qliu plrpeos WL T

standard pipe

bending, cutting, flange
welding, and bending of the
pipes.
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GENERAL DESCRIPTION SHIPYARD
SYSTEM

The new factory layout uses
three production 1lines. The
small line handles pipes from 15
to 50mm (1/2" to 2%"), the medium
line from 65 to 150mm (2 1/2" to
6"), and the large line from 200
to 500mm (8" to 20"). The small
and medium lines are semi auto-
mated production 1lines with
similar equipment. All pipe
transfer operations on the large
line are manual and the equip-
ment is Dbasically manually
operated.

For ease in presentation
this paper only describes the
medium line. Figure 1 shows the
medium line as installed. Figure
2 shows the equipment layout of
the medium 1line with arrows
showing the production flow.

The medium line is designed
to produce 41,000 cut pipe
spools per year or 17 per hour.
BEach pipe has particular end
treatments, and many have holes
or saddles. Pipe assemblies are
completed in the facility ready

A
for installation aboard ship. 14

cut pipes per hour are sent to

the auntomatic
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station and 6 pipe spools per
hour are bent in the CNC Pipe

Bender. S
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All pipe production activ-
ity is scheduled in the office
using a 486-PC computer. The
cutting and bending schedules
are transferred to the 1line
control computer and the CNC
pipe bender control computer on
the factory floor. Production
status data from these computers
are sent back to the office com-
puter. Figures 3 and 4 are
simplified information flow dia-
grams for the medium line.

Accommodating long produc-
tion runs using pipes of the
same diameter, thickness, and
material was a key design con-
sideration. This provides two
major advantages.

1. Equipment can be designed
with manual setups for
different size pipes. The
time involved making these
equipment changes detracts
little from the overall
production rate if the
changes are made infre-
quently. This also reduces
the automatic mechanisns
required. The machinery is
simpler and ‘less expensive
to manufacture and maintain
than fully automated equip-
ment which can make all
size changes automatically.

2. The greater number of cut
pipe pieces that can be
nested onto the uncut pipe
inventory at one time re-
sults in less pipe waste.

OPERATING FEATURES

Bundles of the same size
pipe are placed on the storage
silo loading table. The pipes
are ordered on the loading rack
by the descrambler mechanism.

They are automatically
transported to the appropriate
storage tray in the silo by the
loading elevator.

Pipes to be processed are

automatically scheduled and
efficiently nested onto the
stored pipe inventory. The

correct size pipes are auto-
matically drawn from inventory.
Each pipe piece is then auto-
matically cleaned (sanded) for
welding as required; marked by
an ink jet printer; saw cut to
the correct length; and conveyed
to one of six stations for fur-
ther processing. Pipes are
automatically marked with unique
pipe numbers assigned by the
shipyard. Each pipe is also
marked with a series of numbers
indicating its work flow
sequence. Flanges are auto-
matically engraved with the
associated pipe numbers at the
flange marking station.

The correct flanges are
aligned and mounted to the cut
pipe pieces in the flange tack
welding machine. They are tack
welded and conveyed to the
flange welding machine.

The pipe is positioned in
the flange welding machine and
four automatic welding guns
simultaneously weld the two
flanges to the pipe.

The CNC Pipe Bender stores
all of the scheduled bends in
its computer memory including
the machine setups. The oper-
ator selects a pipe from the
bender collection table, enters
the pipe number marked on it,
loads the pipe, and the bender
performs the bends.

The work station sequence
numbers show the work sequence
in which a pipe piece must flow
on the factory floor. End
beveling, hole cutting, saddle
cutting, and final assembly are
typical work station areas.

8-4
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Wrk station operators are
rovided  conputer printouts
I sting the pipes which have

been scheduled for their work

station and pertinent infor-
mat i on concerning each piece.
The line control conputer
and the CNC pi pe bender control
conput er send pipe status back
to the office conputer. Auto-
matic st at us i nformation
includes: pipe is cut, flange is
mar ked, flanges are tack wel ded,
and pipe Dbent. This status
information is wused by the
office conputer operators to
either reschedul e the pipe or

?pye the pipe data to an archive

ile.

DESI GN FEATURES

conmputer System

The control program uses a
commercial ly avail able database
pro?ranlas the basic scheduling
tool. Data for each cut pipe is
entered at the office PC or
be entered by neans of fl oppy
discs. The discs are devel oped
by the shipyard' s engineering

can

and production departments. The
engi neering departnment provides
the technical data for the pipe
including its nunmber, its bend
definition, and its end treat-
ment s.

. The ﬁroductipn depart nent
provi des the routing sequence
t hrough the shop for each cut
pipe and its required date

Aut omati c dat a | ook-up
tabl es keyed to pipe size, bend
data, and end requirements sim
plify the entry requirements for
each cut pipe. These |ook-up
tabl es provide data required by
the various machines.

The production schedul e and
all necessary data is passed to
the |ine control conputer and
the CNC pi pe bender control com
put er.

8-7

The schedule data is passed
from the control conputers to
Programmabl e Logic Controllers
(PLCS) which control the auto-
mated, sequential functions of
the various machines.

Speci al Prograns

The pi pe bendi ng program
converts the desired bend re-
qui rements into machine instruc-

tions for bends, carri age
tangent noves, and carriage
chuck rotations. The bend in-

structions produce the desired
finished bent pipe. The bend
instruction calculations con-
sider pipe spring back and
provide for over bending to
insure the finished bends are
the desired angles. The tangent
| engt hs between bends are al so
adjusted to insure the final

total spool length is as speci-
fied. Pipe material spring back
val ues are used as the basis for
these calculations. The sprin

back values are determ ned an

entered by the operators. An
I mportant output of this program
Is the cut-length of each pipe.

It is an adjusted length that
I nsures the flange to flange

length of the finished pipe
spool is correct after it 1Is
bent . _

The cutting optimzation

program is an adaptation of a
proprietary program used to
order and cut steel shapes. The
program uses an iteration pro-
cess to fit cut pieces onto the
inventory in a manner that mni-
m zes pipe waste.

A special flange orien-
tation program was devel oped to
cal cul ate: (1) The required
of fset angle between flanges on
a cut pipe such that holes con-
tinue to be aligned after the
pipe is bent; and (2) the ini-
tial pipe rotation required at



in the bender to cause the
fl ange holes at each end of the
pipe to line up correctly aboard
t he shlg. The flange orien-
tation aboard the ship is set by
rul es provided by the shipyard.
The input bend data for each
pi pe spool includes its XY Z
Bro;ectlon I'engths on a ship-
oard coordinate system The
data also indicates flange
orientation of 2 holes up or 1
hole up.  The shipyard already
characterized all of their pipe
bendi ng coordinates in a ship-
boar d coordi nate system
Know ng the shipboard orien-
tation of the bent pipes is a
necessary requirenent for this
type of program
The data base program
presents a suggested |ist of cut
pipes to the office conputer
operator sorted by pipe size and
prioritized by required date.
The operator approves or changes
the |list. The sel ected pipes
are automatically nested and
scheduled for cutt|n?2 The
operators have the ability to

change this schedule at the
office conputer or at the line
conput ers.

Li ne Conputer Conmunications

The line conputer is an indus-
trialized 386 PC and comuni -
cates with the PLC using a Data
H ghway network. This provides
the nmeans for the |ine conputer
to send. and receive data for
processing the pipe. The PLC
can alert the operator through
the line conputer of any equip-
ment failures or error condi-
tions that may occur while the
pi pe is being processed.

8-8

After a pipe is selected
for processing by the operator
the l'ine conputer sends the rack
| ocation to retrieve the pipe,
l ength of the pipe, where each
operation on the pipe is to be
performed (sand, mark, cut), and
the |ocation where the pipe is
to be kicked off the conveyor.
The PLC sends status to the line
conmputer as the PLC retrieves
the pipe fromthe rack |ocation
and processes the pipe. In turn
the line conputer updates the
data in the | ocal database to
reflect the status of the raw

mat eri al inventory and the
current status of the cut pipes.
The line conputer also

provi des communi cations to the
Ink jet marker. When the PLC
has positioned a pipe to be
marked, it sends a signal to the
| ine conputer to initiate the

mar ki ng of the pipe. The |ine
computer sends the required
commands to the ink jet marker
to performthe mark.  \Wen the
mark 1s conpleted, the line
computer signals the PLC to

continue processing. A simlar
systemis used at the Flange
Mar ki ng and Fl ange Tack Wl di ng

machi nes. These machi nes have a
key pad and small display. The.
operator signals the line com

puter when to start a sel ected
process. The |ine conputer then
sends the proper commands to the
PLC .

Storage System

_ The Medium Line storage
silo (See Figure 5) stores nore
t han 600 pi pes. 15 different
si zes between 5M (16ft.) and 8M

(28ft) long are stored in 15
sl oped storage trays. It is a
steel silo approximately 8M
(26ft) high, 9.5M (31ft) wi de
and 6M (201t) deep.
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The pipes are deposited in the
trays by the | oadi ng el evator
and roll to a stop at the other
end. Bundl es of the sanme size

pipe are |oaded on the feed
tabl e. The loading elevator
I ndi vidual |y transports the

Ipes to their designated trays.

he unl oading elevator is sent
to the appropriate slot by the
line control conputer where it
automatically strips a single
pipe fromthe tray and deposits
It in the saw line carriage. The
el evators are simlar in design
and are driven by electric
motors. Various pneumatic arns
on the elevators acconplish the
pi pe transfers. There are no
actuators located on the silo.

Saw System

The saw carriage (See
Figure 6) consists of a series
of grippers, sone configured for
rotation and others for |ongitu-
dinal transporting of the pipe.
The grippers are designed to
sel f-center pi pes o any
diameter.  Three transporting
?rlppers pi ck the sel ected pipe

rom the unl oading el evator and
swing the pipe to the carriage
center line axis. A pneunmatic,
rot at abl e chuck noves forward
and gri ps the pipe. The chuck
positions the pipe for all
operations. A position seeking
AC notor drives the carriage and
pipe to precise linear |ocations
wthin a tolerance of +/- |mm
Each pipe piece is first cleaned
by a 6" belt sander in the areas
to be wel ded, and then marked by
an automatic ink jet marker
before it is cut.

The pipe is cut while it is
rotating using a band saw. This
insures a straight cut and also
elimnates any saw burrs on the
out side of the pipe.

_ The pipe breaks a sensin
light beam as it is nove
forward by the chuck. This
sensor sets all pipe neasure-
ments. The conputer cal cul ates
sequential stops as it noves
forward to be sanded, nmarked, or
cut. The longitudinal or radial
grippers are air operated and
grip or relax depending on the
pi pe notion. The grippers sw ng
conpletely out of the way to
allow the chuck to pass. There
is a radial gripper on the out-
feed side of the saw The saw
out f eed conveyor al so automat -
ically adjusts its height to the
bott om edge of the pipe being
sawed. The conveyor is fitted
Wi th an adjustable fence that
holds the pipe in line as it
rotates under the saw. The saw
line conveyor is a chain
conveyor t hat automatically
transports the cut pipe pieces
to one of five kick-off |oca-
tions. Air operated kick-off
arms automatically sweep the
pi pe to holding tables or other
conveyors. The work flow
sequence nunber assigned to the
piPe_piece determ nes the kick-
off it is sent to.

Tack Weld Statien

Pipes that are to be
flanged are sent to kick-off #1.
They roll down a conputer con-
trolled, pneumatically operated,
cascade conveyor. The conveyor
can store up to 10 cut pipes and
delivers themindividually to
the tack wel d machine. The tack
wel d machi ne has two scrolling
type chucks operated by air
motors (See Figure 7 & 8).

8-10
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The chucks are nmounted on air
actuated slides which nove
toward or away fromthe posi-
tioned pipe. There is a fixed
and a novabl e carriage assenbly.
An AC el ectric notor autonat-
ically positions the novable
carriage. The home position of
the novabl e carriage is close to
the fixed carriage. A digital
di spl ay shows the operator the
number of the next pipe as well
as the setup information re-
quired. The operator places a
pi pe spacing ring and an in-
dexing pin on each chuck face.
This setup is the sane for each
size of pipe. The operator
pl aces the flanges in the chucks
with the indexing pins through
one of the flange holes.  The
flanges are held flush against
the chuck by magnets inbedded in
the faces. = The operator uses a
push button to close the chuck
Jjaws. The operator manually sets
the required flange hol e of fset
angle using a digital readout.
The system was designed to set
the flange offset angle with .1
degree. The novabl e ca(rla?e
automatically positions itself
to accept the | pe piece
waiting in the cascade conveyor.
Gippers, simlar to those used
on the saw line carriage, pick
t he pipe fromthe cascade con-
veyor and center it between the
chucks. The chucks are automat -
ically pushed forward by the air
cyllnders positioning the
flanges on the pipe. The oper-
ator manually tack welds the
flanges to the pipe. _ _
Wien the tack welding is
conpl eted the chuck jaws auto-
matically open, the chucks are
retracted, ‘and discharge armns
automatically nove the pipe to

anot her cascade conveyor. The
novabl e carriage positions
itself for loading the next
fl ange.

Fl ange Wel ding Station

The flange wel di ng machi ne
(See Figure 9) uses 4 conmmer-
cially available, automatic
wel di ng machi nes. There is one
fixed and one novable carriage
with two guns nounted on each
carriage. The guns are on air
operated arns which swi ng the
guns into or away fromthe work
area. The guns are manual
adjusted for a particular pipe
fl ange configuration and w |
hol d that adjustment as they are
swung in and out of the work
area. Cuide rollers ride the
wor k pieces and keep the guns in
position while the pipe turns.

The operator aligns the
noyable_carrlaﬂe wth the in-
comng pipe. The pipe automat-
ically rolls onto the carriages
and rests on 4 turning rolls.
The pipe is automatically posi-
tioned and the four weld heads
swi ng down. The operator in-
sures the heads are positioned
correctly then starts the
wel ding process. The pi pe
rotates under the weld heads.
When the weld is conpleted the
operator turns off the weldin
machi nes. The operator nakes al
wel d settings and can manual |y
operate any or all the heads as
required. The roller arnms auto-
matically |ower the wel ded p|ﬁe
to the secondary conveyor at the
conpl etion of welding for trans-
port to one of two Kick-offs.

Fl ange Marki ng Machi ne

Pipe nunbers are perna-
nently engraved on the f!anges
using a commercially avail abl e
autonmati c marking machine (See
Figure 10).

8-14
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The machi ne consists of a
conputer control nodule, an
automatic positioning arm an
automatic rotating chuck, and an

air operated pin stylus that
makes a mark in the netal. The
flanges are nounted on the

rotating chuck. The arm aut o-
natically sw ngs over the center
of the flange edge, the stylus
is turned on, and the proper
characters are engraved into the
flange.

The starting position of
the arm and the character size
are preprogrammed into the
machi ne. The |ine conputer
sends the marking machine the
character string to be stanped
and the pattern nane to be used.

A digital display pronpts
the operator wth the next
schedul ed flange nunber, its
speci fication data, and its des-
tination. The operator nounts an
appropriate flange on the chuck
and pushes a button. The flange
Is automatically marked

CNC Bendi ng Machi ne

The nedium |ine uses a 1006
CNC Pi pe Bendi ng Machi ne (See
Figure 11%. The basic machi ne
comes with the ability to | oad-
and store bend requirenments by
nunber for later recall.  The
machi ne has automatic spring
back conpensation and automatic
radi al gromﬁh conpensation as a
standard feature. This appli -
cation required bending pipes
already cut to Ieng{h and
fl anges wel ded on both ends.
The follow ng changes were made
to the standard machine

1. Provided a scrolling hy-
draulic chuck which could
grip flanges as well as
pipes. The chuck has an
i ndexing slot in the face
that accepts an indexing
pin inserted through a
flange hol e.

This provides for manual
i ndexing of the flange.
The flange hole is indexed

within .1 degree.

2. Provided a laser hole
finding device. This device
drops in front of the

flange after the pipe is
| oaded. The pipe is auto-
matically rotated and the
| aser device signals the

bender conputer when it
detects the edges of a
hole. This provides for
automati c indexing of the
fl ange.

3. Provi ded a conputer inter-

face that accepts the pre-
cal cul ated and presched-
ul ed bending information
from the office conputer.

The operator selects a pipe
fromthe collection station and

reads its pipe nunber. The
nunber is |located on the bender
conmputer screen. The ~ screen
automatically  displays the
bender information required for
that pipe. The operator insures

the bender is setup properly and
| oads the pipe. The bender
automatical 'y nakes the proper 3
di mensi onal bends.

ADDI TI ONAL FEATURE

A system has been devel oped
that incorporates an automatic
pi pe measurement device as part
O the storage silo |oading
el evator. The length of each
pipe is measured as It is |oaded
on to the elevator and the val ue
automatically recorded by the
l'ine control conputer. The
cutting program considers the
| ength and |ocation of each plﬁe
in the rack as it calculates the
optinum nesting arrangenent.
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CONCLUSION

~ The equi pment described in
this paper was designed, nmanu-
factured, and delivered to the
shipyard within 9 nonths of the
contract date. Conmbining state
of the art automation with
manual operations produced an
efficient system using sinple
and reliable machines. The pro-
ductivity rate of the working
line is high. Overall shipyard
efficiency 1s increased by auto-
matically |inking the pipe shop
scheduling data, the shipyard
production dat a, and  the
engi neering requirenents data.
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