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THE NESTING AND MARKING OF SHIP
PARTS CUT FROM STEEL PLATE

HARRY HOOPER
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Project No. A813

ABSTRACT

In this paper, the methods presently used by United States
shipbuilders for preparing, nesting and marking plate parts are
discussed. The use of existing computer technology is explored
as a means for improving these operations by conserving plate
and reducing operating costs.

As a background for the study and the conclusions, cost
comparisons are offered in graphic and tabulated forms.

In the appendices, the advantages and disadvantages of the
various cutting processes and plate handling methods are
presented. Included, also, is a list of the basic features
required in a part nesting system for the shipbuilder.
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TECHNICAL SUMMARY

In this report, the methods presently used by United States
shipbuilders for preparing, nesting and marking plate parts

are discussed. The use of existing computer technology is

explored as a means for improving these operations by con-
serving plate and reducing operating costs.
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PREFACE

Over the past 25 years, the shipbuilding industry has gone

from full scale faired hull design with manual part defini-

tion and preparation to the use of computerized designs

and computer assisted part preparation. During this period

of growth, the equipment and the computer systems adopted

have varied from yard to yard to suit the needs at the time

of purchase. In addition, existing facilities and the his-

torical mode of operation has varied-from yard to yard.

-Therefore, the methods for selecting plate sizes, for nest-

ing parts on the plate and the requirements for marking and

labeling cut parts vary from yard to yard.

In preparing this report, the above has been recognized. The

various factors that play a role in the final and success-

fully marked parts are discussed under the appropriate

headings.

It is hoped that the information contained herein will not
only be found interesting and informative, but that it will

also be helpful in lowering costs and improving production.
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INTRODUCTION

The nesting of parts cut from rolled plate has for many

years been a subject of interest to the shipbuilder.

Initially, during the period of full scale lofting and the

manual development of shapes from the full scale loft,

nesting was done manually, often on the production floor by

laying out the parts on the plate. During this period,

many of the laid out parts were cut by shears or by small

single torch hand guided machines. The next step in the

evolution of flame cutting led to the introduction of the 

l/10 scale loft and the production of l/10 scale templates.

With these templates it became possible to produce nested

l/10 scale templates where the individual parts were grouped

on a scaled shape of the plate to be used. Photographic

negatives of the nests were then prepared at a further re-

duced scale. These negatives were projected on plates fed

through a dark projection tower. Operators marked the pro-

jected outline of the shapes on the plate. Using the manu-

ally marked path, the parts were cut by a manually guided,

power or hand operated torch. This required large burning

areas and multi-man single torch burning operations, the

number depending on the ship production needs. Because of

the accumulation of tolerance errors encountered, many parts

were cut oversize and trimmed to fit at assembly.

With the advent of the shape cutting machine, it became pos-

sible to produce cut plate parts and, in particular, the

smaller parts using a full scale paper template and one or

more cutting torches, depending on the quantities of parts

required.

Introduction of the electronic tracer in the 1940's made it

possible to eliminate the hand guided cutting method and

quite accurately cut parts from full scale templates with an

automatically guided template scanning device.
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In the 1950's, it became possible to operate large coordi-

nate driven flame cutting machines from l/10 or smaller

scaled templates. This was accomplished through the use of

pilot machines equipped with photoelectric tracing heads

that followed the l/lOth scaled templates or scaled projec-

tions of the original photo negatives. Here again, through

the manual arrangement of parts on the scaled plate shape,

it was possible to create a nest that improved plate utili-

zation.

In the mid 1950's, the numerical control of machine tools

became practical, first with positioning devices and then

with contour following devices. Programs for these devices

were originally prepared manually and the necessary punched

tape was prepared by a manuale punching device and later

by special typewriter machines.

As the numerical controls and machine hardware improved,

manual programming became impractical and industry identified

a growing need for the development of computer programming

and the associated hardware. Because of the initial cost of

N/C controls and the associated hardware and the lack of

software, the application of N/C to shipbuilding took hold

slowly. Initially, some users of the equipment, because of the

lack of computer software for defining shapes, operated from

scaled drawings. Tapes were prepared from these drawings

-through the use of point to point digitizers. Even today,

some yards continue to use paper templates and digitizers for

some of their programming needs.

Through the years, there has been steady improvements made

in the machine hardware, in the N/C controls and in the associ-

ated program software.. This has led to the use of powerful

high speed servo drives on the cutting machines. This, in turn,

has led to a speedup in production through the use of the

plasma cutting process and the accurate high speed plate mark-

ing at 200 to 300 IPM.



During the past few years, developments achieved through the

use of mini-computers and main frame computers have further

enhanced the performance of machines and associated equipment

to the point where some advanced systems operate from DNC

(Direct Numerical Control) and the use of punched tape has

been completely eliminated.

These developments have created an environment requiring im-

proved nesting and marking technology. This report has been

prepared to help identify the problems and to help pave the

way to both time and material savings through the use of

efficient, computer-oriented methods for nesting, marking and

coding of flame cut parts.
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DISCUSSION

CLASSIFICATION OF PARTS CUT FROM STEEL PLATE.

The steel lift for ordering plate is usually prepared by the

engineering department. When preparing this list, preliminary

nests of the parts required are usually made. These parts

fall into three general classifications as follows:

Class 1 - These are the large parts that may be cut in

direct image mode or both direct and mirror image modes.

On these parts some layout marking is usually required

for referencing them to other parts on the ship's hull.

In most shipyards today, these parts are cut and prepared

by large numerically controlled cutting machines.

Class 2 - The low quantity smaller parts such as intercost-

als, web frame sections, equipment mounting brackets. etc.

Class 3 - The high quantity small parts such as brackets,

clips, collars and chocks that are used throughout the

construction of the hull.

These three categories can be divided into area groupings of

the total plate used with the following approximate values:

Class 1 - 72%

Class 2 - 24%

Class 3 - 4%

These three categories of parts will be further discussed in

the following sections on the nesting, cutting and marking of

cut plate items.
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CUTTING WITH THE OXY-FLAME PROCESS.

When using a large N/C flame cutting machine and the oxy-

flame processI
it would take 130 minutes to cut the parts

shown in Fig. 1 giving a yield of 84%. The total process

time would break down as follows:

Plate handling time - 15 mins.

Plate marking - 10 mins.

Cutting time - 130 mins.

Part and scrap removal - 15 mins.

Total time - 170 mins.

When adding Class 3 parts to the nest as shown in Fig. 2, 

the yield increases from 84% to 89%. The cutting time would

increase from 130 minutes to 250 minutes and the total proc-

ess time, including marking and handling, would become 346

minutes or about double the time required in the first case.

(See Fig. 3). Here the scrap saving, valued at approximateiy

$105.00, when weighed against the reduced production of the

machine might be questioned. See Fig. 4 for the dollar value

of the steel. This helps explain why the production of flame

cut parts in many shipyards today is as follows:

Class 1 and most Class 2 parts are produced by the large

numerically controlled machines, which not only produce

accurate parts, but which also do the plate layout marking

automatically. The Class 3 parts are produced in general

by any one of the five following methods which include:

1.

2.

3.

Flame strip and shear.

Flame cut by multi-torch machine with optical
template scanner.

Flame cut by multi-torch machine with numerical
control. 

4.

5.

Plasma cut by single torch machine with numeri-
cal control.

Manual layout and use of single torch manually
guided machines.

With all but 3 and 4 above, these methods require a paper

template, a wooden template or a manual layout.
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PROCESS TIME FOR PRODUCING

PARTS SHOWN ON FIG. 1 AND FIG. 2.

A. Flame Cutting and Paint Stick Coding:

Operation
Fig. 1

time - mins.

Plate handling 15
Plate Marking 10
Cutting time 130
Part and scrap removal 15

Total time 170 mins.

B. Plasma Cutting With paint Stick Coding:

Plate handling  15 15
Plate marking 10 30
Cutting time 22 40
Part and scrap removal 15 37

Total time 62 122

C. Plasma Cutting With Label Coding:

Plate handling' 15
Plate marking 10
Cutting time  22
Part and scrap removal 15

Total time 62

Fig. 2
time - mins.

15
30

250
37

332 mins.

15
16
40
37

108
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On Fig. 5, the results of a time study for producing brack-

ets by each of the above methods is listed. Usually. the

material used to produce these Class 3 parts is the drop-offs
from the large N/C machine or machines. In the study; the

material cost indicated is for new plate.

The advantages and the disadvantages experienced with the use

of the oxy-flame cutting process are listed in Appendix 1.

CUTTING WITH THE PLASMA PROCESS.

During the past several years, the advances made in the devel-
opment of both hardware and software have made it possible to

very
ting

effectively produce steel ship parts with the plasma cut-

When
Fig.

process. See Fig. 6 for cutting speed comparisons.

using the plasma process for cutting the nests shown on

1 and Fig. 2, the time required is reduced considerably as

shown on Fig. 3. Through the use of the plasma cutting process

and a good part nesting , J significant savings can be
realized in producing a mix of Classes 1, 2 and 3 parts as

shown on Fig. 7.

The advantages and disadvantages experienced with the use of
the plasma cutting process are listed in Appendix 2.

NESTING CLASS 3 P-ARTS USING NUMERICAL CONTROL.

At present, in many shipyards, most Class 3 parts are cut
through the use of templates. To include these parts in an
N/C nesting program would require numerical control program
preparation and the elimination of template use. To effec-
tively use these programs, the smaller flame cutting machines,
now equipped with optical template scanners must be equipped
with CNC controls. The CNC controls used should be capable of
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RESULTS OF MATERIAL AND TIME STUDY FOR

PRODUCTION OF 136 - 14" x 14" x l/2" STEEL BRACKETS.

METHOD YIELD

1. Flame strip* 95%
and shear.

2. Flame cut 65%
using four
torches and
optical scanner.

3. Flame cut 85%
using four -
torches and CNC.

4. Plasma cut 85%
using one torch
and CNC.

5. Manual layout, 90%
flame cut
using track
machine.

LABOR MATERIAL TOTAL
COST COST C O S T  

$ 65.50 $ 551.00 $ 6 1 6 . 5 0  

62.50 806.15 868.65

53.75 616-47 670.22

53.25 616.47 669.72

543.00 582.22 1,125.22

Coding by paint stick method included in above - $ 14.44

Coding by DNC label - $ 3.78

*Limited to straight line cutting only.
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AVERAGE LABOR AND MATERIAL COSTS FOR PRODUCING'

A TON OF FLAME CUT PARTS FROM l/2" STEEL PLATE.

Labor Material - vield

Oxv-flame Plasma 80% 85% 90%

Class 1 parts 72% $ 8.43 $ 3.79 $473.40 9445.55 $420.80

Class 2 parts 24% 4.90 1:82 157.80 148.52 140.2

Class.3 parts 4% 7.60 3.47  26.30 24.75 23.30
Totals: 100% $20.93 $9.08 $657.50 $618.82 $584.4:

NOTE: These figures are to be considered for comparison, only,
and may-vary from yard to yard. They are presented to
indicate the relative value-of a good nesting system for
producing a high yield of parts per ton of steel purchased



accepting the same input programs that are used on the large

machines. This input should be by punched tape or preferably

DNC (Direct Numerical Control) as shown on Fig. 8. By so

doing, any of the parts not included in the major machine

nests, could be included in the nest assigned to a secondary

machine. In addition, the flexibility would allow the major

portion of the nest to be executed on the large machine and

the remainder carried out on the smaller machine. An example

of this is shown on Figs. 8 and 9.

THE USE OF STANDARD  SIZE PLATES VS. SPECIAL SIZED PLATES.

Today, construction. by unit is accepted practice in the build-

ing of ships in the United States. In the interest of controll-

ing inventory and yet providing the parts as they are needed,

the parts are cut only as they are required. This procedure

sometimes places some restraints on the nesting efficiency

possible because of the limited number of some parts needed.

Some yards, when preparing the steel lift requirements, follow

a preliminary nesting procedure, from which the plate sizes

to order are determined. Others orient their steel lift re-

quirements around a limited number of standard sizes. When

doing so, an attempt is made to select those sizes that will

result in a minimum of welded joint footage without introduc-

ing stress or other problems in the hull assembly. Still

others use a mixture of specidl sizes and standard sizes.

One yard visited made a study of plate yield over a one year

period. The results of their study indicated that as the use

of standard sizes increased, the yield decreased. This is a

difficult subject to work with because an increase in plate

yield does not necessarily point to a reduction in production

costs .- If the system is not properly analyzed and time bal-

anced, efforts made to increase the plate yield could outweigh
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the savings in plate costs by an increase in labor costs

and time delays. The advantages and disadvantages realized

with the use of standard and special sized plate are listed

in Appendix 3.

THE HANDLING OF CUT P-ARTS AND SCRAP.

The machine cutting and marking time and the method used for

on-loading plate and off-loading parts and scrap plays an

important role in the overall cutting operation and the nest-

ing method employed. For cutting the Class 1 and Class 2 (Pg. 9)

parts, a double cutting table arrangement that allows for side

by side and end to end plate placement is quite popular. This

arrangement and the use of multi-magnet lifts allows for oper-

ation over one double setup while unloading and reloading on

the second double setup. Thus the cutting machine's duty

cycle is increased since it can be kept busy cutting during

the unloading and loading operations.

When using the oxy-flame cutting process, the nesting of small

Class 3' parts with the larger Class 1 and Class 2 parts is

often considered impractical because of the time imbalance en-

countered. See Fig. 3. Usually, in an operation of this type,

the plate drop-offs are moved to a staging area for use on

smaller machines for fulfilling the Class 3 part requirements.

If the remnant is small in area or very irregular in shape,

it is often scrapped. Where the remnant is used and the Class 3

parts are cut on a template guided flame cutting machine, the

yield is often less than 50%.

To increase the available machine cutting time, some yards use

removable plate supporting trays. Here the cut parts and scrap

are removed at one time and deposited in a staging area 'where

the scrap and parts are dealt with. The trays are then reloaded 

for return to the cutting machine's work table. With this

method, additional floor space is required for accomodating the

trays.



Where access to the machine cutting area does not allow for

overhead crane loading and unloading, the use of movable

cutting tables is one solution used. At the end of the cut-

ting and marking operations, the table is moved into a

staging area for further processing. When the parts and
scrap are removed, the table is reloaded and circulated back

to the machine for the cutting and marking operations.

Very often, 'the amount of small parts produced on the auto-

matic N/C machines is very limited so that the machine can

meet the large  part assembly requirement of the yard. This
often is done at a sacrifice in efficient plate utilization.

By implementing the machine arrangement shown on Figs. 8 and

9, this problem can be solved and greater efficiency realized.

NESTING BY COMPUTER AND COMPUTER ASSIST.

Computer oriented nesting systems can, in general, be divided

into two types. The first is known as "Interactive Nesting"

which is a semi-automatic system. It involves the use of a
CRT screen, a cursor and a keyboard. Parts are called up
from the computer data base and are moved and rotated by key-

board or cursor input to form a desirable nesting arrange-

ment in the plate area shown on the screen. A bump feature
allows for the automatic spacing of the parts to 'a predeter-

mined amount. Other automatic features usually include:

1. Automatic blowup enlargement for examining intersect-
ing lines and possible overlap.

2.. Sequential numbering for part identification.

3. Marker and cutter sequence by cursor or keyboard
control.

4. Automatic printout and storage of the completed
nested programs.

5. Inventory countdown so that parts are not unneces-
sarily duplicated:
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The second type of computer nesting is an automatic system

where the plate size and the parts to be nested are keyboard

identified. By keyboard request, the parts are automatically

nested and identified by sequence number. With systems of

this type, the final nest is stored under an assigned number

and a hard copy printout provided.

The most popular algorithm used by systems available today

involves the surrounding of the part to be nested by a rec-

tangle and rotating it so that its longest side is parallel

to the x or Y axis in the program. See Fig. 12. Part nests

prepared with the rectangular fitting method can easily be

recognized because adjoining parts do not overlap into the

arc or other concave areas as shown on Fig. 10.

Interactive nesting lends itself well to parts included in

categories 1 and 2 mentioned earlier in this report, and where

special sized plates are used.

Automatic nesting lends itself well to parts included in cat-

egories 2 and 3. To allow for efficient plate utilization

where rectangular nesting is used, the individual part pro-

grams being nested should be grouped into two or more parts.

closely representing a rectangle in shape and stored in this

form as shown in Fig. 1.

Other more complex nesting algorithms are available that re-

sult in a denser part arrangement. Fig. 13 illustrates the

results of part nesting using such a system. Implementing

nesting systems of this type usually requires that the part

program be generated on a satellite computer or main frame

computer and down loaded to a satellite programming station

for the part nesting and machine program assignment. In

addition to the nesting capabilities, program stations avail-

able today allow for part program and CAD-CAM (computer-aided

design and computer-aided manufacture) development of parts.

Regarding the use of computers, there are different schools

O f thought concerning how they should be applied to the com-

plete operating system. One school believes there should
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be one main frame computer for controlling all systems of

operation. By so doing, the following advantages are claimed:

1. There is one main source of basic data information
and hence a minimum of error introduction.3.

2. Changes in design and information update automati-
cally reflect in the computer data output.

The disadvantages realized, however, include the following: 

1. Computer downtime may render all systems inoperable.

2. As the computer system grows in complexity, software
problems grow and become increasingly more difficult
to cope with. This is particularly true with changes
in personnel. There are many ways of constructing
the mathematical approach and the solution sequence
of the formulas used in software derivation. In
addition, overlaps or ommisions in the software are
often not uncovered until after many hours of use.
Unless the person attempting to solve a problem is
fully aware of the approach taken by the author, a
satisfactory solution to the problem becomes very
difficult to solve.

 3. A computer, regardless of its capacity, sometimes
is called on to solve complex, time consuming prob-
lems. As more and more demands are made on the main
frame computer, and the job priorities change, its
response time can grow slower to the point where it
can result in a production slowdown. This could
cause a cost increase that could exceed the planned
dollar saving in material and process time.

There is a growing trend today to the use of one main frame

computer for the basic data base information and an array of

smaller computers for setting up and carrying out the detailed
assignments as shown in Fig. 8. The advantages of such a sys-

tem are: 

1. Basic data requirements can be called down and stored 
on a disc in off time and held in readiness for rapid
processing as required.

2. Main frame computer downtime does not necessarily
affect the operation and hence operating time is
minimized.

3. Software problems become local problems that can more
readily be handled and solved.
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4. New computer production processing methods avail-
able from various suppliers can be more readily
implemented.

5. The use of one main frame and an array of satellite
computers today could be more cost effective since
it offers greater overall computer capacity for a
lower capital investment in some cases.

A specification entitled, BASIC FEATURES REQUIRED IN A PART
NESTING SYSTEM FOR THE SHIPBUILDER, is included in this re-
port. See Appendix 4.

THE MARKING AND CODING OF PARTS.

In the production of plate parts for ship construction, each
part produced requires identification marking. Many of the
parts also require location marks for referring them to mating

parts. In this report, identification marking is referred to

as" coding" and dimensional marking is 'referred to as "plate

marking". These are two distinct and different operations

and in this report will be discussed as such.

 Plate Marking by Air Activated Center Punch.

Most large flame cutting machines controlled by CNC in the

U.S. today are equipped with plate marking equipment. The
most popular type used is the air activated center punch.

It consists of an automatic air activated center punch that

is located on the flame cutting 'machine's torch carriage. it
is usually located a fixed distance behind the center of the

cutting torch's nozzle. By locating the marker behind the

cutting torch in the direction of the long axis, the result-

ing marks are correct whether the machine is cutting in the

direct image or mirror image mode. When used, the marker is
automatically brought into the torch plate position for the

marking operation by a fixed offset amount. while the center
punch type plate marker offers many desirable features to the
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user, it does have some disadvantages such as:

1 .

2.

3.

Maintenance costs are relatively high because the

parts wear and require repair or replacement to

maintain accuracy.

The operation is noisy.

The automatic center punch cannot effectively be used

for applying numbers or letters to the plate parts.

Plate Marking by Zinc Oxide Powder.

Another marking method used involves the application of a fine

line of zinc oxide. This marker unit produces a small amount

of fluidized zinc powder that is oxidized in a small stream of

oxygen. At the exit point of the discharged fluidized stream,

oxy-fuel preheat flames surround the powder stream, condition-

ing it and causing it to deposit a fine durable white zinc

oxide line approximately one millemeter in width on the plate.

There are at least two designs of zinc powder markers in use

today. One design uses automatic ignition and requires that

the flame be turned on and off each time the marker is used.

The other design separates the fluidized zinc oxygen stream

from the preheat flames so that the preheat flames can be left

lit during the marking operation. With this arrangement, the

fluidized stream is turned on and off automatically as required

during the operation.  It has also been determined that a powder

marker can operate without automatic height sensing. Experience

with the marker indicates that one hopper charge of zinc oxide

powder lasts several eight-hour shifts. A diagram of the latter

powder marker with pressure settings is shown on Fig. 14.

Some of the advantages offered with this type of marker are:

1. It is a noiseless operation.

2. It can be used for applying sequence numbers to plate
parts.

3. Low maintenance is required since it uses very few
mechanical parts.
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Plate Coding by Paint Stick.

In all of the yards visited during this program, paint stick

coding was the method used for identifying plate parts. In
a few isolated cases, hammer die imprint was used on shipboard

parts. On Class 1 and Class 2 parts*, the paint stick coding

information is manually applied to the plate parts during the

machine marking and cutting operations. With the Class 3

parts, the coding is applied either before or after the cutting

operation, depending on the method used. While paint stick

coding has proven to be a successful method for applying iden-

tification marks to plate parts, it does have the following

disadvantages:

1 .

2.

It is a time-consuming method and depending on when
applied, it can cause delay in the cutting machine's
production of parts. This is one of the reasons to-
day why more small Class 3 parts are not nested With
Class 1 and Class 2 parts in some shipyards.

Paint stick marking is always subject to error possi-
bilities on the part of the operator Who could, by
mistake, apply incorrect information.

3. It is always subject to error by the user because of
hand writing misinterpretation.

Marking and Coding by Matrix Ink Jet Printers.

There are several types of Matrix Ink Jet printers on the

market today. These units are programmable non-contact spray

type markers with one or several heads for printing single-

line or multi-line information in one pass. They are being
used mainly in the packaging industry.

Through the use of a rotating head for supporting the marker,
it is possible that both plate marking and coding operations
could be carried out as part of the M/C program. However,
s o m e  difficulties may be experienced with the small Class 3

parts where a simplification in the coding procedure is

needed the most. Many of these parts would require that the
Matrix letters be small in size. For example, where a part

*See page 9.
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is 3" x 10" in size, the height of the letters could be no

larger than 3/8th of an inch. With the larger Class 1

and Class 2 parts, the height of the letters should be

1 to 1 1/2 inches. To further meet the needs of the yard, the

jet printer system should be adaptable to the smaller flame

cutting machines in the system. This would require bringing

the jet printers to the work pieces. Bringing the work

pieces to the jet printer, in most cases, would not be prac-

tical because of the material handling problems it would

impose.

While the idea of jet printers may have some appeal, a con-

siderable amount of development work is needed in both hard-

ware and software for it to become economically feasible for

coding and marking flame cut parts in the shipbuilding in-

dustry.

Coding by Sticker Label Application.

Today, there are available CAD-CAM sheet metal systems that

provide a printout of the nested parts and gummed labels

with printed coding information required on each part. Such

a system is at present being used at the Avondale Shipyard

in New Orleans. The parts in the nested printout and the

stickers are automatically numbered in sequence so that the

operator can identify each part in the nest and apply the

appropriate sticker to it.

There is software available with most marine programming sys-

tems used today that allows for sequential number printout on

 nested programs produced by drafting machines. With little 

change in the machine program, this could be added to the ma- 

chine's marking operation.' A typical part nest printout and

the accompanying sticker printout is shown on Fig. 15.

Such a system, used in conjunction with the powder marker dis-

cussed previously would enable the flame cutting machine to

write scaled numbers on the individual parts in the program.
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The operator, rather than writing the code information on

the plate, would apply the appropriate label to the part.

Label material that weathers well is available. The advan-

tages of such a system are:

1. It will speed up the coding process and help make
it possible to include Class 3 parts in the nests
of Class 1 and Class 2 parts.

2. It will minimize the error incident possibility
since the coding would appear in a format that is
controlled by the data processing system.
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CONCLUSIONS

Through the use of modern computer oriented techniques in

the preparation of ship parts cut from rolled steel plate,

the following can be realized:

I. A reduction in plate costs by:

1 . Introducing a computer program station with
interactive and automatic program capabilities
for:

la.

lb.

1c.

Transferring Class 1 and Class 2* part
programs from the main frame computer l

to the program station with hard disc
storage for prompt use in preparing
nested programs.

The automatic part programming and com-
bining of Class 3 parts for efficient
plate utilization. This will also elim-
inate the need for preparation of paper
templates and many of the wooden templates
now used. In addition, this will elimin-
ate template storage problems.

The preparation of nested programs of 
Class 1, Class 2 and Class 3 parts. See
Fig. 7 for evaluation of the savings
possible and Appendix 4 for BASIC FEATURES
REQUIRED IN A PART NESTING SYSTEM FOR THE
SHIPBUILDER.

2. Equipping secondary shape cutting machines with
numerical controls in place of optical template
following devices and tying the machines into a
DNC network as shown on Fig. 8. By so doing:

2a. The operations of the secondary machines
can be integrated with that of the primary
machines and an improvement in efficiency
realized. See Figs. 7 and 9.

2b. The number of special sized plates re-
quired can be reduced thus leading to a
reduction in material and handling costs.
See Figs. 2 and 9.

* See section on CLASSIFICATION OF PARTS CUT FROM STEEL PLATE.
(page 9.)
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II. A reduction in the time and labor costs by:

1. Using the plasma cutting process in place of
the oxy-flame cutting process for contour
cutting of rolled plate less than one inch in
thickness. This will result in an increase
in cutting speed and elimination of thermal
distortion effects realized with the oxy-flame
cutting process. See Fig. 6.

2. Equipping the secondary machines with one plasma
torch each. This will result in:

2a. Better utilization of material since the
positioning of one torch over the operat-
ing field can be more selective than can
four oxy-flame cutting torches traveling
at 1/4 the speed.

 2b. A program match between the primary
machines and the secondary machines,
allowing them to operate from the same
program or extension thereof. See Figs.
8 and 9.

2c. A reduction in labor costs. See Fig. 7.

3. Using the powder marking process (see Fig. 14)
in place of the center punch marking process
thus:

3a. Eliminating noise.

3b. Reducing maintenance costs.

3c. Allowing for an increase in marking
speed.

3d. Permitting the use of sequence number
identification of the parts.

4. The use of computer printed labels for part
identification, thus eliminating the need to
paint stick code individual parts. See Figs.
5 and 15.
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SHIPYARDS VISITED DURING THIS STUDY.

Avondale Shipyards, Inc., New Orleans, La.

Bath Iron Works, Bath, Me.

Bay Shipbuilding Corp., Sturgeon Bay, Wi.

Ingalls Shipbuilding Div., Pascagoula, Ms.

Marinette Marine Corp., Marinette, Wi.

National Steel Shipbuilding and Drydock Co., San Diego, Ca.

Newport News Shipbuilding and Drydock Co., Newport News, Va.

Peterson Builders, Inc., Sturgeon Bay, Wi.

Todd Shipyard, Inc., San Pedro, Ca.

SHIPBUILDING ORIENTED SOFTWARE COMPANIES VISITED DURING THIS

S T U D Y .  

Cali Associates, Inc., Metairie, La.

Computervision, Inc., Bedford, Ma.

Cutting Technology, Inc., Lexington, Ma.

Cybermation, Inc., Cambridge, Ma.

Shipping Research Services, Inc., Houston, TX.

COMPANIES VISITED THAT OFFER NESTING SYSTEMS.

Cali Associates, Inc., Metairie, La.

Camsco, Richardson, TX.

Computervision, Inc., Bedford, Ma.

Cybermation, Inc., Cambridge, Ma.

Shipping Research Services, Inc., Houston, Tx.

*Union Carbide Corp., Linde Div., Tonawanda, NY

*Visited Linde Division's part nesting exhibit at the Dallas
AWS National Convention.
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APPENDIX 1

THE ADVANTAGES AND DISADVANTAGES

REALIZED WITH THE OXY-FLAME CUTTING PROCESS.

The advantages are:

1 . It is effective over a wide range of material thick-

nesses. Effective range with most standard machine

cutting torches is from approximately 1/4 inch thick

material to over 12 inches thick with good quality

of cut surface. The maximum thickness cut that is

known to the writer is 87 inches.

2. When cutting narrow parts, a multi-torch arrangement

can be used with cutting machines, thus increasing

the productivity of the operation.

3. It can very effectively be used to prepare the var-

ious bevels required in the preparation of plate

edges for welding.

4. There is no other known process that can compete

with the oxy-flame process in effectively cutting

contoured sections from heavy steel plate.

5. The initial cost of an oxy-flame cutting torch sys-

tem is considerably less costly than the cost of a

plasma cutting system.

The disadvantages are:

1. In the 1/4 inch through the 1 inch material thick-

nesses, the cutting speeds are considerably less

than that possible with the plasma cutting process.'

See. Fig. 6.

2. Preheat is required for starting and maintaining the

cutting process. This could take between 20 seconds

and one minute depending on the intensity of the
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APPENDIX 1 (cont'd)

preheat flame. Depending on the number of pierce

starts required, this slows down the cutting process.

3. The process heat input to the work piece can cause

distortion of the finished product. In the interest

of minimizing distortion of the cut parts, certain

precautions must be taken in programming the cutting

sequence and the direction of the cutting torch

travel. In addition, care must be taken by the oper-

ator in setting the speed, the direction of the

cutting torch travel, the cutting sequence, the fuel

gas and oxygen pressures and the preheat high and

low levels.

4. The nesting of small Class 3 parts with Class 1 and

Class 2 ship parts is often impractical because Qf

the time and the heat distortion involved,

5. The oxy-flame process cannot be used to cut non-

ferrous materials. In addition, the process cannot

be used to cut stainless steel unless some energy

producing additive such as iron powder is added to

the cutting oxygen stream.
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APPENDIX 2

THE ADVANTAGES AND DISADVANTAGES

REALIZED WITH THE PLASMA CUTTING PROCESS.

The advantages are:

1.

2.

3.

4.

5.

6.

7.

The cutting process is fast and is several times

that realized with the oxy-flame process. See

Fig. 6.

No preheat is required for starting the cutting 

process. The piercing start is almost instantane-

ous . This not only saves time, but it also min-

imizes the heat input to the work piece. With

plasma cutting, the heat affected zone is minimal.

Distortion of the plate due to heat input is

practically eliminated. With the plasma cutting

process, the plate can be completely immersed in

water during the piercing and cutting operations.

The use of tabs for joining the cut parts to the

main plate is not always necessary for eliminating

part movement on the cutting bed.

Individual discreet parts can be cut one at a time

which simplifies part programming and the nesting

of small parts.

Both ferrous and non-ferrous metals can be success-

fully cut with the process.

Use of the process can be instrumental in causing

a higher plate yield, by making possible the nest-

ing of small Class 3 parts with Class 1 and Class 2

parts without upsetting the manufacturing process

time balance.‘
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The disadvantages are:

APPENDIX 2 (cont'd)

1.

2.

3.

4

The power requirements are high. To effectively

cut ship parts at the speed ranges shown on Fig. 6,

80 to 100 KW per torch is required. 

Noise and arc glare could be a problem if steps are

not taken to minimize or eliminate them. Most

plasma cutting operations in the United States are

carried out over a water table where the bottom of

the plate either touches the water or is slightly

above it. In these operation, a water muffler is

used to reduce the noise level. The water muffler

also helps reduce the arc glare and work piece

temperature. In some installations, the plate being.

cut is completely immersed in water and the cutting

is done approximately one to two inches below the

surface of the water. The arc glare is greatly- re-

duced and the noise is almost eliminated in these

operations. Those using the underwater method claim

that the parts produced are more accurate, particu-

larly where the parts being cut are rather long and

slender in shape.

The effective thickness range of cutting steel plate

is up to one inch. Thicker material can be cut., but

at a sacrifice in speed, cut surface quality and

accuracy.

The plasma cutting process is directional. The stand-

ard swirl ring used in the torch for handling plasma

gas, requires clickwise travel around the work piece.

With this process, there is a tendency for the kerf

of the cut to have tapered sides. By using the swirl

ring in the torch, the taper shifts SO that one side
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APPENDIX 2 (cont'd)

is almost vertical, leaving the scrap side of the

kerf tapered. When mirror image cutting is done,

one torch must travel in a counter clockwise direc-

tion. In this case, a left-handed swirler must be

used in the mirror imaged torch.

5. A study conducted by one user indicates that while

there is considerable cost advantage to the user

when using the process for cutting ship plate, there

is a slight increase in the cost of consumables per

foot of cut length over that realized with the oxy-

flame cutting process.
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APPENDIX 3

SOME ADVANTAGES AND DISADVANTAGES REALIZED WHEN

USING SPECIAL SIZED PLATE IN SHIP HULL CONSTRUCTION.

Some advantages are:

1.

2.

In the pre-nest assembly of parts on the plate, the

operating field area can be adjusted to best suit

the collection of both large and small parts being

nested and hence a more efficient nesting arrange-

ment of parts can often be realized.

Segment sizes that best suit the hull construction

can be used and the footage of welded joints re-

quired reduced.

Some disadvantages are:

1.

2.

3.

4.

5.

It causes a delay in order placement in some cases

because more detailed engineering design is required

in determining the plate sizes to order.

It causes an increase in the number of plate sizes

required and, therefore, a larger plate storage facil-

ity is required to permit the efficient use of grid 

location assignment.

The loss of a plate due to spoilage or mislocation

can prove costly because of the additional expense

and delay caused by replacing the plate with a similar

size or other size considered suitable.

The size premium charged. by the steel mill plus the

hidden increase in plate yard handling expenses could

amount to an overall 4% or higher increase in material

costs before the plate reaches the burning tables.

It causes a cost increase in the production department's

scheduling and plate assignment detailing operations.

This cost is usually hard to define.
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APPENDIX 4

1.

2.

3.

4.

 5.

6.

7.

a.

BASIC FEATURES REQUIRED IN A PART

NESTING SYSTEM FOR THE SHIPBUILDER.

The system

including:

to be supplied with a computer work station

a. A keyboard.

b. A 15" or larger CRT screen.

C . Graphic capabilities with a light pen or other
means for identifying and moving parts.

d. A program storage system with a minimum capac-
ity of 10 megabytes.

e. A label printer and a device for producing a
hard copy of a part or nested program.

Local entry and storage of existing part programs
written in the format and code used by the machines
in the yard or entry and program storage through com-
munication with the main frame computer.

Means for:

a. Restoring the system information in case of a
major systems failure.

b. Transmitting parts or nested programs directly
to the cutting machines in the DNC system.

C . Local means for entering enhancements and modi-
fications to the system.

Local generation and storage of part programs from
dimensioned engineering drawings.

Common part program generation through entry of crit-
ical dimensions.

Scaled display of parts to be nested, with a display
of the quantities required of each.

Local capability to nest selected parts on assigned
plate areas by interactive graphic method.

The automatic nesting of parts selected in assigned
areas of the plate work piece.
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 APPENDIX 4 (cont'd]

9.

10.

11.

12.

13.

14.

15. Operator selection of marking/cutting sequence at time
of nest preparation.

16.

17.

18.

19.

20.

21.

22. Ability to mirror image any part and nest it.

23.

24.

25.

Ability to combine part programs as desired into a
defined grouping and the ability to move the grouping
as a unit during a nesting procedure.

Automatic inventory countdown during the nesting pro- 
cedure. 

Movement of any part to any screen location by cursor.
or keyboard control.

Continuous 360° part rotation.

Ability to add or delete parts from the nest and auto-
matically adjust inventory quantities accordingly by
keyboard or cursor control.

Operator selection of part lead-in location at time of
the nest preparation.

Rapid traverse moves to be displayed and identifiable
on-the nest printout.

Ability to join parts at the nesting stage.

Automatic-part tabbing by 'cursor or keyboard control.

Sequence numbers to appear on the nested part program
printout.

Optional sequence numbers with scale selection to be
part of the cutting machine's marking program.

Ability to provide optional check dimensions on the
nested program printout.

Choice of travel direction.

Reaction time to any keyboard or cursor input command
not to exceed 10 seconds.

Automatic control for designated minimum spacing of
adjoining parts.
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APPENDIX 4 (cont'd)

26. Enlarged zoom-in control for examining part intersec-
tion areas.

27. Capability of being tied into cutting machine controls
through a DNC (Direct Numerical Control) system allow-
ing for part or nested program call-up from the cutting
machine's console or operating panel.

28. Automatic printout of part identifications, nest effi-
ciency, the length of the torch's cutting path and the
time required to cut and mark the nested program.

29. Ability to produce printed labels with part matching
sequence numbers and the part coding information re-
quired on each part.
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Additional copies of this report can be obtained from the
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The University of Michigan
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