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TECHNI CAL  SUWARY

In this report, conventional and CAD-CAM manufacturing nethods used
in a shipyard sheet metal shop for producing duct fittings and other

| abor intensive products manufactured from sheet and plate are dis-
cussed. Time studies conparing the two nmethods as they apply to these
products are presented.
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| NTRCDUCTI ON

One of the main functions of the sheet metal shop in a shipyard is to
produce the duct work required for ventilating, heating and cooling
the various parts of the ship. Because of the nature of this work and
the craftsmen and the machine tool needs for carrying it out, the sheet
nmetal shop becones a likely candidate for the production of many other
special metal parts needed in ship construction

To inprove the efficiency of the sheet metal shop at the Avondal e Ship-
yard facility in New Oleans, the introduction of a CAD CAM system was
considered in 1982. As the study progressed, it became apparent that the
introduction of the CAD CAM system being considered offered other oppor-
tunities to the operation. Not only would the system automate the
production of duct work fittings, but it would also help reduce the |abor
and time needed for producing many other parts. In addition, it was -
determned that it could also serve as a DNC |ink between the Shipyard' s

| BM data base and the CNC flane cutting machines in the plate shop. See
[Figure 9. |

As a result of that study, Avondale purchased a CYB 150 conputerized sheet
metal system from Cybernation of Canbridge, Mssachusetts and a six rol
coil line machine from Engel Industries of St. Louis, Mssouri. These
systems are described in |Appendices Nos. 1|and[2_dt the back of this report.

This study has been carried out to review the manufacturing nethods used
prior to the introduction of a CAD-CAM systemwith those that could be
realized after the introduction of the new equi pment in a typical shipyard.

Wien the equipnent was initially installed, it was not only used for
devel oping and cutting duct work parts. An effort was made to devel op and
cut other parts that heretofore had been very difficult and costly to pro-
duce. The parts cut were for the follow ng product Iines:

Duct work fittings.

Stainless steel galley cabinets

Watertight structural doors.

A nunber of mscellaneous parts produced from
both ferrous and nonferrous plate.

B~ o o



Because of the nature of these parts, the variation in size and shape
and the high degree of hand operations fornerly required, the production
costs were very high. Heretofore, attenpts to automate the various

operations had limted success.

The above four product |ines have been used as a basis for this study.
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In the sheet nmetal shop studied, there are four general manufacturing
lines that use plate and sheet cut parts that it was deternmned coul d
benefit from the CAD CAM system introduced. These lines include

1. Duct fittings.

2. Stainless steel galley cabinets.
3. \Watertight structural doors.

4. Mscellaneous parts.

Al of these items are built on “Just on Tine" schedules that ful fill

the needs of the ship section or sections being constructed at that

time. By so doing, the many benefits realized far outweigh any benefits
that mght otherwi se be realized from mass production of conmponent parts.
Sone of the advantages realized are:

1. Mterial flow of parts to the ship section erection site can
arrive on time and not cause a delay in the conpletion of the
unit.

2. Finished product material-handling is mnimzed since it does
not have to be stored and kept in a warehouse inventory.

3. Changes in design are caught before or early in the construc-
tion stage and corrected where otherw se there would be nuch
expense in part change or scrapping the parts involved

Because of the nature of many of these products, where there is little
repetition in dinmensions one to the other and the quantities of any one
shape are low, there is a considerable amunt of material handling and

| abor concentration in the manufacturing process. The degree of materia
handl ing between the various work stations and the type of operation
required introduces a lost tine factor that must be considered. Such |ost
time usually includes the follow ng:

1. Job Orientation. The nman assigned to the job nust decide what has
to be done and how it will be done

2. Manpower Availability. Wen one nman carries out all of the opera-
tions, he can stay with the job and follow it from machine to
machine.  When the nunber of nen required varies, there is usually




a waiting time at each operation as the work force is assenbl ed.
Depending on conditions, this waiting tine can vary from sone
smal | anount of time up to a half-hour or nore per operation.

3. Delays in Mterial Mvenent. Such factors as aisle obstructions
by other operations or availability of transportation equi pment
often causes delay and additional cost in man-hours spent.

In this study, an attenpt is made to factor in these hidden costs which
are expressed as variances and shown in man-hours for each operation.

The work involved in producing each of the product lines prior to the
introduction. of the CAD-CAM systemwas as fol | ows:

DUCT _FI TTI NG_PRODUCTI ON- USI NG _CONVENTI ONAL VETHCDS

The various duct fittings used in ship construction are shown on

Figure 1. | These fittings vary in size from approximtely 6“ in diameter
to 48" in diameter. Regardless of size, the operations required to pro-
duce the flat cut parts for each shape are simlar. Since the average
size is 18", this is the size that will be used in this study for deter-
mning the man-hours required for producing the flat cut parts for each
typical fitting produced.

As mentioned earlier, to meet the production needs of the ship in which
these fittings are wused, they are ordered and produced to satisfy the
requirements of the ship unit being outfitted at that time. Therefore,
during the manufacturing process, there is a mxture of the various
fitting shapes and sizes flow ng through the work shop at any one time
Because of the geonetry of the ship, the dimensions and the shape of the
fittings vary considerably. This makes it virtually inpossible to stand-
ardize on fitting groups with fixed dinensions. The majority of the
fittings are therefore produced as individual itens.

Where conventional nethods are used in the production of these fittings
they nust first be devel oped on paper tenplates using descriptive geometry
for the layout of many. The material is usually stocked in 4 by 10’
sheets in stacks of the various gages used. This material is brought to
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10.

the work area by lift truck and stacked vertically in a staging area
close to the initial shear to be used. It is often convenient to cut
these sheets into sheets 4 by 4" in size for ease of handling. Wen
laying out the parts to be cut on the sheet surface, the workman has to
deci de what nethod should be used in producing the various shapes.

In the interest of saving material, creating a dense nest of the parts
coul d be considered. However, in so doing, the amount of |abor required
to cut the part-mght becone” intensified because of the need for excessive
hand powered operations in place of a power driven operation. For exanple,
on a 48" by 48" by 22 gauge gal vanized sheet, going froma 60%yield to

an 80% yield shows a saving of $1.40. |[See Figure 2. | At the rate of
$20.00 an hour, the labor saving would represent 4 minutes of a man’s

time. iIIustrates the approximate amount of tine required to
achieve the inproved yield. Referring to Figure 3, |we find that in going

froma 60%yield to an 80% yield woul d require approxi mately 8.4 mnutes
of a workman's tine.

Qther factors that might be considered:

1. Additional time required to cut the-part from the sheet such as
using a hand shear vs. a power driven shear or nibbler.

2. Accuracy and quaiity of the resulting cut surface which may or
may not require an additional conditioning operation.

When these factors are considered, it beconmes obvious that in an opera-
tion of this type, the cost of material is not always the main deciding
factor. In the interest of reducing |abor costs, a |ower part yield
fromthe sheet becomes tolerable.

Wiile there are no accurate figures available to document the sheet
nmetal yield realized prior to the introduction of the CAD CAM system
the author believes it was 70% or less in the overall operation.

The man-hours required to produce approximtely one year’s supply of

the various fittings shown on @usi ng conventional manufacturing
nethods are listed in the tabulations onf Table 1. [The details from which
these figures were derived are shown in[Appendix No. 3 at the back of this
study .
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Fitting No.

O© O N o g1 B~ w DD

H
o

11

12
13
14

usi ng conventi onal

Duct fitting man-hours required when

Description

Transi tions

90° El bow
Straight Section
Vaned El bow

El bow

Square to Oval
Oval to Oval

Oval to Rectangle

Rectangle with
One O f set

Rectangle with
Two Offsets

Transition - Rectangul ar
to Grcular

Round Duct
Core Pieces

Round to Rectangul ar
Wth Double Ofset

Tot al

manuf act uri ng net hods.

Quantity
Per_year
900
900

2,500

40
900
400
100
200

125
60

400
900
150

250
7,825

Man- hour s
per_year.
2,925
2,772
9, 800

130
2,322
1,100

483

766

428
335

1,467
1,728
825

855
25,936

TABLE NO. 1.

13¢



DUCT FITTI NG PRODUCTI ON_USING THE CAD- CAM METHODS

Wth the introduction of the CAD CAM system and the sheet netal coil line
described in |Appendi ces Nos. 1 and at the back of this report, drastic
changes were realized in the production of the sheet nmetal duct work for-
merly produced using the original conventional nethods. These changes
are explained as follows:

1. Definition of the Parts.
When defining the fittings, it was originally necessary to devel op
full -scale layouts and tenplates for the various shapes. Wth many
of the conplex fittings, the use of descriptive geometry-was required
for devel oping many parts. Not only did this require |ayout space
in the loft and on the production floor, but it also required consid-
erable tine. Wiile a few of the nore sinple fittings could be laid
out on the production floor wthout need for a tenplate, many of the
others, depending on their conplexity, required up to 2"*hrs. each for
tenplate preparation. Wth the new system layout of a fitting is
no |longer necessary. An operator, sitting at a keyboard in an air-
condi tioned office environment identifies-the fitting type by code
synbol . As he observes a CRT nonitor, he is pronpted by the com
puter for entry of the key dimensional information. This is essen-
tionally the same information that the loftsman originally started
with. The conputer, using this information, calculates the various
of fsets and automatically wites the CNC program for the part. This
is then automatically stored on a hard disc ready for use in a
nested program for running a plasma cutting machine.

2. Docunentation of Parts.
Oiginally, as the tenplates were prepared, they were documented
and correlated according to material thickness and production needs.
This was tine consumng

Wth the new method being used a graphic layout is no longer re-
quired. The duct fitting information for a ship unit is all [oaded
into the computer in one sitting. Usually, about 50 fittings, the

14.



mpjority varying in shape, size and material thickness are re-
quired for a ship unit. Reading the design drawings and |ist-
ing the fittings needed for the unit takes about 1 3/4 hours.
Entering the fitting type and the listed information into the
system by keyboard requires an additional 2 hours. By the end
of 3 3/4 hours, all of the fittings required can be conpletely
entered and the systemready to run.

3. Correlation of Parts by Muterial Thickness

Wth the conventional systemformerly used, it was necessary to .

assign the fitting requirements according to material thickness

The CAD- CAM system recogni zes the material thickness requirenments
and autonatically separates the groupings in the conputer. These
groupings are stored on hard disc and are ready for use as needed.

4, Material Handling and the Preparation of the Devel oped Parts.
As explained earlier, the sheet metal needs were originally noved

froma horizontal stacked storage area to a vertical storage area
ready for shearing. From here on to conpletion of the cut parts

consi derabl e handling, layout, notching and shearing was perforned.

To conserve nmaterial, manual hand nesting was al so required.

Wth the new nethod, the plasma cutting machine material work area is de-
fined at the conputer. The various sheet netal shapes are then autonati-
tally nested to fit the selected sheet size. At this tinme, several signif-
icant things happen. The conputer automatically prepares the program and
under an assigned nunber designation, stores it on hard disc ready for use
on the production floor. In addition, a printout of the nest is automati-
cally prepared and gummed |abels are printed. Each label contains the
coding required for each part and a sequence nunber |ocating the part on
the finished cut sheet. In the nmeantime, on the work floor, the operator
at the coil line is furnished with the sheet nmetal needs for the various
nests to be cut. Selecting the material thickness in reverse order, he
dials in the length of the sheet needed. These cut sheets are automati-
tally fed fromthe coil systemonto a transfer table fromwhich they are

15.



noved to the plasma cutting machine’s work table. See PAppendi x No. 1.
This represents a considerable saving in material handling, operating
man- hours and shop space required.

At the machine, the operator places the plasma torch at the forward
right-hand corner of the sheet to be cut. He then dials in the part
nunber of the nested program Wen the ready |ight shows (a matter of

a few seconds), he presses the start button. At this tine, the plasm
torch is noved at rapid traverse to the program starting point. The
torch then automatically cuts the parts at approximtely 180 1PM As
the parts are cut, the operator places the gumred |abels on each item

At conpletion, the cut parts are stacked on a pallet and the scrap skel-
eton is folded up and placed in a scrap tote box. Parts are then noved
to the formng area by lift truck.

The man-hours required to produce the same fittings as covered by
Table No. 1 |but produced by the CAD CAM system are shown inlTable No. 2. |
The cal culations for arriving at these figures are shown in [Appendi x No. 4.

In addition to the reduction in man-hours realized through the introduction
of the coil line and the CAD-CAM system there is a saving in the amount of
material required for the production of duct fittings. As mentioned earlier,
with the conventional production nethods fornmerly used, the scrap |oss
appears to have been over 30% of the sheet netal purchased. Wth the new
system the following is realized:

1. Areduction in the size of the scrap remant. Wth the conven-
tional nethods used, the metal was purchased in sheets about
4 by 10" in size. For convenience in handling, these were sheared
into “smaller sizes. Wth each size used, an unusable remant re-
mained. This resulted in many unusable remants finding their way
to the scrap bin. Wth the new nethod, the size of the work piece
being handl ed can remain large in size, resulting in fewer remant
pieces. In addition, the size of the large work piece can be
selected to suit the job.

16.
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Fitting No.
1

2
3

10

11

12
13
14

Duct fitting man-hours required when
using CAD-CAM and coil Iine systens.

Description
Transitions

90° El bow
Straight Section
Vaned El bow

El bow

Square to Oval
Oval -to Oval

Oval to Rectangle

Rectangle Wth
One Offset

Rectangle Wth
Two Offsets

Transition -
to Grcul ar

Rect angul ar

Round Duct
Core Pieces

Round to Rectangul ar
Wth Double Ofset

Tot al

Quantity

er_year
900
900
2,500
40
900
400
100

200

125

60

400
900
150

250
7,825

Man- hour s

per_year
460

" 460
1,280
20
460
205
51

102
64
31

204
460
77

128
4,002

TABLE NO. 2.
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2. As explained earlier in this report, conpact nesting was not
al ways econonical with the conventional nethods used. W th
the CAD-CAM system the conputer automatically nests the parts
on the work piece so that the advantages of nesting are realized
with all sheets used

Wil e an accurate record of scrap loss is not available, the author be-
lieves that the CADCAM system has resulted in a material saving greater
than 15% which amunts to nore than 23 tons per year. See [fable No. 3. |

APPROXI MATE  ANNUAL SHEET METAL CONSUMPTI ON

Gauge Sq. ft. A lbs . %
26 640 0.4 480 0.15
24 1,382 1.0 1,382 0.44
22 12, 758 9.4 15, 947 5. 12
20 33,671 24.7 50, 506 16. 22
18 1,367 1.0 2,734 0. 88
16 73,616 53.9 184, 040 59. 10
14 5, 728 4.2 17, 900 5. 75
12 2,491 1.8 10, 898 3.50
10 4,896 3.6 27,540 8. 84

136,549 T007% -

Annual savings in sheet netal made possible
by introduction of CAD CAM system =

311,427 x15%
2,000

= 23.36 Tons +.

TABLE NO. 3.

STAINLESS STEEL GALLEY CABI NETS.

Typical stainless Steel dresser assenblies are shown on |Figure No. 4. |The
operations carried out in producing the various cabinet shapes were quite
simlar but the time required varied depending on the size, the. nunber of
men required to handle the material and the nunber of operations at each
machine. Initially, the material was stored in a warehouse on the west
side of the sheet nmetal shop. Material was transferred from this storage
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area by lift truck and carried to a second storage area at the northeast
corner of the shop. Fromthis point, the material was noved on pall et

by overhead crane to the first operation which was usually a layout and
shearing procedure. Positioning the material in the shears and noving it
to make the various cuts was done manually. Depending on the size of the
sheet, this operation required up to four men for handling the material,
positioning it and holding it while it was sheared. At the end of the
operation, the scrap was disposed of and the cut part placed on a cart for
transfer to the next work station which involved the use of a notching na-
chine. In performing this operation, there was usually a machine setup
required. To orient the material in the machine required two or three men
depending on the size of the sheet and the direction of the required notches.

From this operation, the material was again noved by wagon to the next pro-
duction step. In one ship, there may be up to sixteen such cabinets, each
with different dinmensions and sone shape variations. The various stainless
steel sheet metal parts required by any one galley consists of the follow ng:

The back and sides commonly known as “the Wap”.
The Bottom
, The Partitions.
The Mullion - Top and Bottom
Cabi net Doors.
The Shel ves.
The Cabinet Top

The time required to nove the material to the work area and to perform the
various operations necessary to deliver the flat cut parts to the formng
and assenbly areas are listed in |Appendix No. 5.

Wth the introduction of the CAD-CAM system it was found that the outside
shape and the various cutouts on the flat stainless steel sheets could be
performed on the plasma cutting machine used for the CAD CAM production of
duct fittings. To do this, it is necessary to programthe parts, assign a
part number and store the part program on the hard disc storage system of
“the CFC 150 plasma cutting machine. By so doing, the stainless steel sheet



can, with one material handling operation) be placed on the CFC 150 plasma
machine’s work table and conpletely cut out in one operation. From here,
the finished cut part is moved to the forming area directly for further
processing. The time study using the CAD CAM system for the various parts
invol ved is shown on|Appendix No. 6.| A conparison of the man-hours in-

vol ved using the conventional manufacturing nethods and the CAD-CAM system
are shown in [Table No. 4. |

Sunmmary of man-hours required to produce the flat cut conpo-
nents and deliver themto the formng and assenbly work area.

Man- hours per cabinet Man- hours per cabinet
usi ng conventional using the CAD CAM
Part manuf act uri ng net hods. system
Back and Sides 5.25 1.94
Cabi net Bottom 5.08 1.92
Cabinet Partitions 2.75 1.81
Cabi net Ml |'i ons 2.15 2.22
Cabi net Doors 2.15 1.81
Shel ves 2.04 1.81
Cabi net Top 14. 06 _2.30
33.48 13.81

On the basis of 24 galley cabinets per year, the
difference favoring use of the CAD CAM systemis:

(33.48 - 13.81) x.24 = 472.08 man-hours.
TABLE NO. 4.

In addition to a saving in man-hours, it has been found that the finished
flat cut parts are of better quality than those produced by the conven-
tional nethods because the finished product is flatter with less surface
distortion effects.

21.
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WATERTI| GHT STRUCTURAL DOORS

In ship construction, there are approxinmately 17 different watertigh t

door types and approximately 13 different sizes. The total nunber of
doors used in one year may be 150 units. Typical exanples of the door
panel s used in these assenblies are shown on|Figures Nos. 5a gpnd 5b. |
These panels are cut from 1/4 inch steel plate

Wth the conventional manufacturing nethods used in the past for pro-
ducing the flat door panels, there was a considerable anount of plate
handling involved. This. added many man-hours to the manufacturing
process. A time study covering the preparation of the flat cut panels
used is shown in Appendix No. 7.

As the manufacturing department becane famliar with the programming and
operation of the CYB 150 CAD-CAM plasnma cutting system at Avondal e Ship-
yards, it became quite apparent that this new equi pnent could be applied
to the preparation of the panels used in watertight door construction.

By using this system the outside contour plus all of the cutouts of the
panel could be acconplished in one operation. Such a procedure reduced

the material handling man-hours required and resulted in a panel of better
quality since it elimnated the plate distortion that was formerly caused
by the oxy-flame burning operations. A time study covering the preparation
of the watertight door panels using the CAD-CAM plasma cutting systemis
shown in |Appendi x No. 8.

Through the use of the new systemin the preparation of 150 watertight
door panels, the man-hours were reduced from 585 to 240. In addition to
this saving, there are other hidden benefits such as:

1. Less floor space required.

2. A better fit up at assenbly resulting in less time for
grinding and wel di ng.

3. A flatter panel requiring less time for straightening

4, Less interference with other operations in the shop be-
cause several nmaterial noving operations were elimnated.
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M SCELLANEQUS PARTS.

There are innunerable ferrous and nonferrous parts used in ship con-
struction and outfitting which cannot be conveniently purchased on
the open market and which cannot be economically or conveniently pro-
duced in the machine shop or the plate shop. These parts are usually
assigned to the sheet netal shop for manufacture. Some exanples of
these parts include:

Gauge boards. (Figures 6a |and pb)
Cylinder storage racks.

Access Covers. [Figure 7)
El bows for mai n"engine exhausts.

A tinme study covering the various manufacturing procedures, when using
conventional methods is shown in |Appendix No. 9. | Wth the introduction
of the CAD CAM sheet netal system at Avondal e Shipyards, it soon becanme
apparent that many of these labor intensive parts lent themselves to im
proved manufacturing techniques through the use of NC programmng, and
plasma cutting through the use of the CYB 150 CAD-CAM system Through
the use of geonetric and automatic program systens, the part prograns
are prepared and stored on a hard disc ready for call-up and use at the
pl asma sheet metal cutting machine or depending on the thickness of the
material, the plate shop plasma cutting machine as needed. Now, with
one material handling, the flat devel oped shapes with all of the cutouts
are prepared in a matter of a few nminutes in one plasm cutting operation
and readied for transport to the formng and assenbly area in the sheet
netal shop.

A time-study for producing the same parts shown in 4ppendix No. 9,| but
using the CAD-CAM system and plasma cutting machines is shown in Appendi x
No. 10.| A conparison of the man-hours required to produce the flat cut
parts s shown in|Table No. 5. |
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In addition to a saving in man-hours through the use of the CYB 150
CAD-CAM system there are additional savings realized such as:

1, A saving in material required through an inproved
yield made possible through the use of part nesting

t echni ques.

2. An inprovenent in the accuracy and surface condition
of the parts produced, thus elimnating secondary
condi tioning operations.

3. Less distortion of the parts, thus elimnating

secondary straightening operations.

Summary of man-hours required to produce a year's needs for sone
| abor intensive mscellaneous flat cut ship parts using conven-

tional manufacturing methods
with a plasma cutting machine

Man- hour s usi ng
conventiona

Product Quantity net hods.

Gauge Boards 2,000 4,912

Cylinder Storage

Racks 50 103

Access Covers and

Mounting Rings 200 226

El bows for Min

Engi ne Exhaust 60 308
5,549

Total Man-hours

as conpared to using a CAD CAM system

Man- hour s usi ng
a CAD- CAM system

104

31

TABLE NO. 5.

29.



SUMVARY

The man-hours required to produce the flat cut parts used in the manu-

facture of the product lines covered by this study are as follows:

Man- hours per year using Man- hours per year
Product Line conventional nethods. usi ng CAD- CAM net hods.
Duct Fittings 25,936 4,002
Stainless Steel .
Gal | ey Cabinets 804 331
Watertight
Structural Doors 585 240

Ferrous and Non-
ferrous Mscella-
neous Parts . 5, 549 187

Tot a

Man- hour s 32, 87h 4,760

Total annual reduction in man-hours = 28,114 .

Annual reduction in sheet metal required = 23.36 Tons
(See Table No. 3)

In addition to the above, there are intangible benefits which include:

1.

A reduction in product assenbly tine made possible by im
proved fit up

A reduction in the amunt of grinding and straightening
requi red because of the greater accuracy realized and the
reduction in sheet distortion.

Products with inproved overall appearances.

A reduction in the interference with other operations in
the shop because of the space consolidation and the reduc-
tion in the material handling requirements

30.



APPENDI X NO._ 1

SHEET METAL HANDLI NG SYSTEM USING A CO L LI NE.

To reduce the material handling costs and to increase the sheet meta
yield, Avondal e Shipyards installed a sheet nmetal coil handling system
intheir fabrication shop. The equi pment purchased was an Engel Meta

Met hods machine Mbdel 5-15 for handling up to six rolls of sheet neta
each with a maximumwi dth of 5 and a weight of approxi mtely 10,000 | bs.
A diagram of the installation and the material flow is shown on Figure
No. 8.

Depending on the production needs, coils of the various gauges of sheet
netal are delivered to the staging area #1. From here, they are |oaded
by crane onto one of the feed rack positions as shown in #2. As the
“various thicknesses are required, the coil drive mechanism #3 is noved
into position and coupled to the coil hub which it rotates to feed
material fromthe coil. Mterial feed is controlled fromthe operator’s
console #6. As material passes over feed table #4, its length is
nmeasured to the programmed |ength at which point it is sheared. The
sheared pieces either nove onto the storage area on Table #5 or they pass '
onto table #7 in reverse order of need. Transfer table #7 is then noved
to the plasma cutting machine position where it is unloaded as required
by the overhead vacuum crane #8.
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APPENDI X NO._ 2

THE CFC 150 COMPUTERI ZED CUTTI NG SYSTEM
(Ref - Bee Figure No. 9)

The CFC 150 consists of the following integrated itens:
1. Afront-office conputer system including:

a. A conputer with keyboard and 10" CRT nonitor

Two dot matrix printers for al pha-numeric and graphic
printouts

¢c. A 28 negabyte hard disc systemand a floppy disc
handl er.

d A wrk table.

2. Software for producing:

a. The devel oped shapes shown on|Figure No. 1|for both
slip fittings and wel ded fittimgs:

b. A chop program for handling oversized parts.

c. An automatic nesting system for efficiently selecting
and arranging parts on the sheet size selected.

d. A printout systemfor drawing the parts and nunbering
them by sequence for tie-in with the |abeling system

e. A labeling system for producing gunmed |abels wth
identifying information for each part cut.

f. A geonetric program for handling common shapes ot her
than duct fittings

13 Capability of tying into the main shipyard |BM data
system and serving as a DNC link to plasma and flame
cutting machines in the plate shop

3. A plasma. cutting machine capable of handling two 60" x 120"
netal sheets laid end to end. The machine is equipped with:

a. A control console coupled to the front-office system
via tel ephone Iine connection.

b. A cutting table with exhaust system for operation over
two 60" x 120" metal sheets laid end to end.

¢c. A plasma cutting torch station with 50 anpere power
sour ce.

d. Infinitely variable contour speeds up to 300 1PM
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APPENDI X NO. 3

MAN- HOURS REQUI RED TO PRODUCE A ONE- YEAR SUPPLY OF DUCT WORK
FI TTINGS SHOM ON [FI GURE NO. 1 [USI NG CONVENTI ONAL MANUFACTURI NG METHODS.

Fitting No. 1 - Transitions

Quantity produced per year: Approximtely 900
Stock sheet size used: 48" x120".

40% #20 gauge and 60% #16 gauge. .

Approxi mate size blank per fitting: 24" by 48".

Qper ation Man- hour s
Tenpl ate preparation 1 man, 1/2 hr. 1/2
Vari ance 1/6
Material nmovenment from vertical

storage to shears 2 nmen, 10 reins. 1/3
Vari ance 1/3
Shearing operation

Layout 4 pieces, shear and |abel 2 nen, 50 reins. 123
2nd material handling by

wagon to forming area 1 man, 10 reins. 1/6
Vari ance 1/12
Tot al 3 1/4 Man-hours

3 1/4 x 900 = 2,925 nan-hours per year

Fitting No. 2 - 90° El bow

Quantity produced per year: approximtely 900.
Material used: 40% #20 gauge, 50% #16 gauge and 10% #10 gauge
Approxi mate size sheet used per fitting: 48" by 48".

Oper ation Man- hour s

Tenpl ate preparation 1 man, 1/2 hr. 1/2

Material novenent from vertical

storage to shears 2 nmen, 10 reins. 1/3

Variance 1/3

Layout 4 pieces, shear and |abel 2 men, 50 reins. 12/3

2nd material handling by

wagon to formng area 1 man, 10 reins. 1/6

Variance 1/12

Tot al 3.08 Man-hours

900 x 3.08 = 2,772 man-hours per year



APPENDI X NO__ 3

“Fitting No. 3 - Straight Section

Average length: 6
Quantity produced per year: approximtely 2,500.
No tenplate is required for this part.

Material novenent from vertica
storage to shears
Vari ance

2 men, 10 reins.

Shearing operation. Layout
shear and |abel all parts
including 16 vane pieces

2nd Material novenment by wagon
Vari ance

2 men, 1 1/2 hrs.
1 man, 10 reins.

2,500 x3.92 = 9,800 man-hours per year.

Fitting No. 4

Average size is 18" x 18".
Quantity produced per year: approximately 40.

Tenpl ate preparation 1 man, 1/2 hr.

Var i ance

Move naterial from the vertica
storage area to the shears
Variance

2 men, 10 reins.

Shearing operation. Layout

4 pieces, shear and |abel 2'men, 50 reins.

2nd Material handling by wagon 1 man, 10 reins.

Vari ance

3.25 x40 = 130 man-hours per year.

(cont’d)

36.

Man- hour s

Man- hour s

1/2
1'6

1/3
1/3

12/3

1/5
1/12

3.25



APPENDI X NO. 3  (cont’d)

Fitting No. 5 - El bow

Quantity produced per year: 900
Material used: 40% 20 gauge, 50% 16 gauge and 10% 10 gauge.
Approxi mate size of sheet used per fitting: 2'X4'.

Qper ation Man- hour s
Material handling from vertical .

storage to shears 2 men, 10 reins. 113
Vari ance 1/3 .
Shearing Operation. Layout .

4 pieces, shear and | abel 2 men, 50 reins 12/3°
2nd material handling by wagon .

to the forning area 1 man, 10 reins. 1/6
Vari ance 112
Tot al 2.58

900 x2.58 = 2,322 .man-hours per year.

Fitting No. 6

Average size is 20".

Quantity produced per year: approxi mately 400.
Approximate size of sheet used per fitting: 21X4’'.
Material used: 40% 20 gauge, 50% 16 gauge and 10% 10 gauge.

Qper ation Man- hour s
Prepare tenplate 1 man, 1 hr. 1

Vari ance 1/12
Material handling from vertical

storage to shears 2 men, 10 reins. 1/3
Vari ance 1/3
Layout., cut 2 pieces per

fitting and |abel 1 man, 1 1/2 hrs. 11/2
Vari ance /6

2nd material handling from
shears area by wagon to formng

area 1 man, 10 reins. 1/6
Vari ance 1/6
Tot al 2 3[4

2 3/4 x 400 = 1,100 man-hours per year.

37.



APPENDI X NO_ 3  (cont’d)

Fitting No. 7

Quantity produced per year: approximately 100.
Average size is 20". ,
Approxi mate size of sheet per fitting:. 2° X 4.
Material used: 40% 20 gauge, 50% 16 gauge and 10% 10 gauge.

Qperation Man- hour s
Prepare tenplate 2 1/2
Var i ance 1/6
Material handling from vertical _

storage to shears . 2 men, 10 reins. 1/3
Vari ance 1/3

Layout and cut 2 pieces per
fitting. First shear the

bl ank, then use nibbler,

Pul max, unit shears or bevel
shears to cut the shapes re-

quired and | abel them 1 man, 1 hr. 1

Vari ance . 1/6

Move the pieces by wagon to

formng area 1/6

Vari ance 1/6
4.83

4,83 x100 = 483 man-hours per year.

Fitting No. 8

Quantity per year: approxinately 200.

Average size is 20". ,

Approxi mate size of sheet per fitting: 21X4’.

Material used: 40% 20 gauge, 50% 16 gauge, 10% 10 gauge,

Oper ation Man- hour s
Prepare tenplate 11/2
Var i ance 1/6
Move material from vertical _

storage-to shears 2 men, 10 reins. 1/3
Vari ance 1/3

Layout, shear the blank, then
use the nibbler, Pulnmax, unit
shears or bevel shears to cut
the shapes required - 2 per

fitting. Label the parts. 1 man, 1 hr. 1
Vari ance 1/6
Move pieces by wagon to _

formng area 1 man, 10 reins. 1/6
Vari ance 1/3683

3.83 x200 ~ 766 man-hours per year.



APPENDI X NO._ 3

Fitting No. 9 - Rectangle Wth One Ofset

Quantity produced per year: approximtely 125.

Average size is 18"
Material used:

Approxi mate size of sheet used per fitting:

Oper ation

Prepare tenplate
Vari ance

Material nmovenment from vertical
storage to shears
Vari ance

Layout 4 pieces, shear and | abel
Vari ance

Mve material by wagon to
formng area
Vari ance

3.42 x125 = 427.5 man-hours per year.

2 men, 10 reins.

2 men, 50 reins.

1 man, 10 reins.

Fitting No. 10 - Rectangle Wth Two Offsets

Quantity produced per year: approximtely 60.

Average size is 18"
Material used:

Qperation

Prepare tenplate

Move material fromvertica
storage area to shears
Vari ance

Shear, Layout 4 pieces, |abel
each piece and shear
Vari ance

Move-by ift truck to
assenbly. area
Vari ance

2 1/2 to 3 hrs

2 men, 10 reins.

2 men, 50 reins.

5.58 x60 = 335 man-hours per year.

(cont’d)

39.

40% 20 gauge, 50% 16 gauge and 10% 10 gauge
2'X 4.

Man- hour s

1/2
176

1/3
1/6

123

1/6

= O

1/
1/12

3.42

SN

40% 20 gauge, 50% 16 gauge and 10% 10 gauge.
Approximate size of sheet used per fitting: 2° x 4

Man- hour s

2 34
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APPENDI X NO._3  (cont’ d)

Fitting No. 11

Transition, Rectangular to Circular.

Quantity produced per year: approximtely 400.

Average size is 20".

Approxi mate sheet size per fitting: 2' x 4

Material used: 40% 20 gauge, 50% 16 gauge and 10% 10 gauge.

Operation Man- hour s
Prepare tenplate 1 man, 1 hr. 1
Material movement from vertical

storage |ocation to shears 2 men, 10 reins. 1/3
Vari ance 1/3
Layout, cut and | abel 1 mn, 1 1/2 hrs. 11/2
Vari ance 1/6
2nd material moverent from

shears area to formng operation 1/6
Vari ance 1/ 6

3 2/3 x400 = 1,467 man-hours per year.

Fitting No. 12 - Round Duct

Quantity produced per year: approximtely 900.
Material used: 16 gauge, blank size is 2° x 4 per piece,
No tenplate is required.

Operation Man- hour s

Material novement from vertical

storage to shears 2 men, 10 reins. 1/3

Vari ance 1/3

Shearing QOperation, Layout,

| abel and shear 2 men, 30 reins. 1

‘Move by wagon to the

formng area . 1 man, 10 reins. 1/6

Vari ance 1/ 12
1.92

1.92 X 900 = 1,728 man-hours per year.
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APPENDI X NO. 3  (cent’d)

Fitting No. 13

Core pieces 6 to 26" in diameter. 18" average di aneter.
Quantity produced per year: approximately 150 units.

Oper ation Man- hour s
Prepare tenplate 11/2
Move material from vertical
storage area to shears 2 nmen, 10 reins. 1/3
Variance * 1/3
Shear, blank and then cut
by Pul max and | abel 1/2 hr. for each

of 6 segnents 3
Material novenment from shears
area to roll forming area 1/6
Vari ance 1/6

5 1/2 x150 =.825 man-hours per year.

Fitting No. 14

Round to rectangular with double offset.
Quantity produced per year: approximtely 250.
Average. di aneter: 10",

Qper ation Man- hour s

Prepare tenplate 1 1/2

Mve naterial from vertical

storage area to shears 2 men, 10 reins. 1/3

Vari ance 1/3

Shear 3 pieces and | abel them

2 cuts per piece 1 man, 1 hr. 1

Move material by wagon to

formng area 1 man, 10 reins. 1/6

Vari ance 1/ 2
3.42

3.42 x250 = 855 nan-hours per-year.
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APPENDI X NO._ 4

PRODUCTI ON OF FITTINGS USING COL LINE AND CAD- CAM SYSTEM

Man- hour s
Listing 50 fittings with key dinensions 1.75
Entering listed information in the conputer 2.00
Vari ance .50
4,25
Man- hours per fitting = 0.085
Di spensing material ,from coil line to the machine 0.25
Vari ance 0.17
0.42
Man-hours per fitting = 0.42+ 2.87* = 0.146
Producing parts by the machine:
Program cal | - down 0.03
Cutting the parts 0.18
Labeling parts 0.08
Remove and stack parts 0.17
Renove scrap 0.08
Vari ance 0.17
0.710
Man-hours per fitting = 0.710 = 2.87% = 0.247
Mving fitting parts, 10 at one time to forning area 0.17
Vari ance 0.17
0.34

Man-hours per fitting = 0.34 =+ 10 = 0.034

Total man-hours per fitting = .085 + .146 + .247 + .034 = 0.512

Total sq. ft. of sheet netal per year = 136,549

Total nunber of fittings produced per year = 7,825

Sheet size: 50 sq. ft. (approx.)

Average sq. ft. per fitting =136,549 <+ 7,825 = 17.45
*Average number of fittings per sheet. = 50 ; 17.45 = 2.87



APPENDI X NO._ 5

COW SSARY PARTS USI NG CONVENTI ONAL MANUFACTURI NG METHCDS.

Part: Back and Sides (Wap)
Material required: 18 ga. SS 36" x216"

Man- hour s

1st Material handling 2 nmen, 10 reins. 0.33
Variance . 0.17
Shearing operation 3 nmen, 15 reins. 0.75
Vari ance 0.50
2nd Material handling 2 nmen, 10 reins. 0.33
Vari ance 0.17
Not chi ng operation 4 nmen, 30 reins. 2.00
Vari ance 0.33
3rd Material handling 2 nen, 15 reins. 0.50
Vari ance 0.17
Total man-hours spent in producing and delivering

the Wap to the forming operation area: 5.25

Part: Cabinet Bottom
Material required: 18 ga. SS 36" x 96”.

1st Material handling 2 men, 10 reins. 0.33
Vari ance 0.17
Shearing operation 3 men, 15 reins. 0.75
Vari ance 0.50
2nd Material handling 2 men, 10 reins. 0.33
Vari ance 017
Not chi ng operation 4 men, 30 reins. 2.00
Vari ance 0.33
3rd Material handling 2 men, 10 reins. 0.33
Vari ance 0.17
Total man-hours spent in producing and delivering

the Cabinet Bottomto the forming operation: 5.08



APPENDI X NO. 5  (cont’ d)

Part: Cabinet Partitions - 2 per Cabinet

Man- hour s

1st Material handling 2 nmen, 10 reins. 0.33
Vari ance 0.17
Shearing Operation 2 nen, 10 reins. for each partition 0.67
Vari ance 0.17
2nd Material handling 1 man, 15 reins. 0.25
Vari ance 0.08
Not ching operation . 2 men, 15 reins. 0.50
Vari ance 0.17
3rd Material handling 2 men, 10 reins. 0.33
Vari ance 0.08
Total man-hours spent in delivering cut-to-size pieces

to the forming operation for one cabinet: 2.75
Part: Cabinet Millions - Top and Bottom

Material required: 18 ga. SS 6" x120" (2 per unit)

1st Material handling 2 nmen, 10 reins. 0.33
Vari ance 0.17
Shearing operation 2 nmen, 10 reins. 0.33
Vari ance 0.17
2nd Material handling 2 men, 6 reins. 0.20
Vari ance 0.20
Not chi ng operation 2 nmen, 15 reins. 0.50
Vari ance 0.10
3rd Material operation 1 man, 5 reins. 0.08
Vari ance 0.07

Total man-hours spent in delivering two cut pieces to
the formng and assenbly operation for one cabinet: 2.15
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Part: Cabinet Doors -

APPENDI X NO. 5  (cent’d)

Femal e and Mal e

Material required: 18 ga. SS 48" x 120"

1st Material handling
Vari ance

Shearing operation

2nd Material handling
Vari ance

Not chi ng operation
Vari ance

3rd Material handling
Vari ance

Total man-hours spent in delivering two cut pieces to

2 nmen, 10-mins

2 men, 15 reins.
2 men, 6 nins

2 men, 15 reins.

1 man, 5 reins

the formng and assenbly operation for one cabinet:

Part:  Shel ves. No.

per Cabi net

=3

Material required: 16 ga. SS 36" x 48" cut from
36" x 144" sheet..

1st Material handling
Vari ance

Shearing operation
Vari ance

2nd Material handling
Vari ance

Not chi ng operation
Vari ance

3rd Material handling
Vari ance

2 men, 10"mns
2 nmen, 10 reins.
2 men, 6 reins

2 nmen, 15 reins.

n

1 man", 5 reins

Total man-hours spent in delivering three cut pieces

to the formng and assenbly operation for one cabinet:

Man- hour s

0. 33
.17

.50

.20
.20

.50
.10

.08
07

0
0
0
0
0
0
0
0

2.15

Man- hour s

.33
.06

33
17

20
20

.50
.10

.08
.07

o0 OO0 OO0 oo oo

2.04
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Part: Cabinet Top

Material required: 14 ga.

1st Material handling
Vari ance

Shearing operation

2nd Material handling
Vari ance

Not ching operation
Vari ance

3rd Material handling
Vari ance

APPENDI X NO. 5 (cent’ d)

SS 48" x120"
2 men, 10 reins.

2 men, 15 reins.
2 men, 10 reins.

2 men, 10 reins.

2 men, 10 reins.

Vel ding Tabs back on part and

cleanup with grinder

4th Material handling
Vari ance

Layout and blue for 2 sinks

Vari ance

Use portable drill press to

meke eight hol es

5th Material handling
Variance

Cut out sink openings by
Pul max N bbl er Machi ne

1 mn, 1 hr
2 men, 10 reins.

1 man, 1/2 hr.

2 men, 1 hr.
2 men, 10 reins.

4 men, 1 1/2 hrs.

6th Material handling. Mve

cut parts to assenbly area

Vari ance

2 nen, 10 mns,

Total time

GALLEY CABI NETS SUMVARY

Back and Sides (Wap)
Cabi net Bottom
Cabinet Partitions
Cabinet Ml lions

Cabi net Doors

Shel ves

Cabi net Top
Total man-hours required to prepare flat cut SS parts

for one average galley cabinet using conventiona

manuf act uri ng met hods:

Man- hour s

.33
17

.50

33
17

33
.33

.33
33

oo oo oo ° oo

.33
17

.50
.08

co oo ~

2.00
0.33

5.25
5.08
2.75
2.15
2.15
2.04
14. 06

33.48
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APPENDI X NO. 6

COW SSARY PARTS USI NG CAD- CAM SYSTEM

Part: Back and Sides (Wap)
Material required: 18 ga. SS 36" x 216"

Preparing the program and entering
it at the CFC 150 progranming station
Variance

Moving the SS sheet fromthe storage
area and placing it on the cutting

table of the. CFC 150 mmachi ne 2 nen, 10 reins

Vari ance

Calling up the program and cutting
the part. 1 man, 6 reins

Removing the cut part and deliver-

ing it to the formng area 2 men, 15 reins.
Vari ance
Di sposing of scrap 1 man, 10 reins

Total man-hours spent in producing and delivering
the Wap to the formng area:

Part: Cabinet Bottom
Material required: 18 ga SS 36" x96”

Preparing the program and entering
it at the CFC 150 programming station
Vari ance

Moving the SS sheet fromthe storage
area and placing it on the cutting

table of the CFC 150 machine 2 nmen, 10 reins.
Variance

Calling up the program and cutting

the part 1 man, 5 reins
Removing the cut part and deliver-

ing it to the formng area. 2 nen, 15 reins
Variance

Di sposing of scrap 1 man, 10 reins

Total man-hours spent in producing and delivering
the average Cabinet Bottomto the forming area:

Man- hour s

.33

_OO

.33
.17

[N an]
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APPENDI X NO. 6  (cent 'd)

Part: Cabinet Partitions - 2 per Cabinet

Preparing 'the program for the 2
partitions and entering them at
the CFC 150 programming station
Vari ance

Mving the SS sheet from the storage
area to the cutting table of the

CFCC150 mmchi ne 2 men, 10 reins.

Vari ance

Calling up the program and .
cutting the parts 1 man, 8 reins.

Removing the cut parts and deliver-

ing themto the formng area 1 man, 15 reins.
Vari ance
Di sposing of the scrap 1 man, 10 reins

Total man-hours spent in producing and delivering
the 2 Cabinet Partitions to the
formng area

Part: Cabinet Millions - Top and Bottom

Material required: 18 ga. SS 6 x 120" (2 per unit)

Preparing the program and entering
it at the CFC 150 progranming station
Vari ance

Mving the SS sheet from the storage
area and placing it on the cutting

table of the CFC 150 machi ne 2 men, 10 reins.

Vari ance

Calling up the program and .
cutting the part 1 man, 8 reins.

Renoving the parts and deliver-

ing themto the forming area. 2 men, 10 reins

Vari ance
Removing the scrap and returning

the remant to the storage rack 2 men, 10 reins.

Vari ance

Total man-hours spent in producing and delivering
the 2 Millions to the formng area

Man- hour s

.42

oo

.33
.17

[N e}

25
17

17

o oo

1.81

o

17

0.33
0.17

0.33
0.17
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APPENDI X NO. 6 (cent’ )

Part: Cabinet Doors - Fenmale and Male

Material required: 18 ga. SS 48" x120"

Preparing the programs for the parts
and entering themat the CFC 150 pro-
grammng station

Vari ance

Moving the SS sheet from the storage
area to the cutting table of the

CFC 150 machi ne 2 nen, 10 reins
Vari ance

Calling up the program and

cutting the parts 1 man, 8 reins
Removing the cut parts and deliver-

ing themto the formng area 1 man, 15 reins.
Vari ance

Di sposing of the scrap 1 man, 10 reins

Total man-hours spent in producing and delivering
the 2 Door Blanks to the formng area:

Part: Shelves. No. per Cabinet = 3

Material required: 16 ga. SS 36" x 48" cut from
36" x 144" sheet.

Preparing the programfor the 3
shelves and entering it at the
CFC 150 programming station
Vari ance

Moving the SS sheet fromthe storage
area to the cutting table of the

CFC 150 nachine 2 nen, 10 reins
Variance

Calling up the program and

cutting the parts 1 man, 8 reins
Removing the cut parts and deliver-

ing themto the formng area 1 man, 15 reins.
Variance

Di sposing of the scrap 1 man, 10 reins

Total man-hours spent in producing and delivering
the 3 Shelves to the forming area:

Man- hour s

.42
.17

[e>Nan)

.33

co
[N
\I

.25
17

17

o OO

1.81

Man- hour s
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APPENDI X NO__ 6  (cent’d)

Part: Cabinet Top
“Material required: 14 ga. SS 48" x120"

Preparing the program and entering
it at the CFC 150 programming station
Vari ance

Mwving the SS sheet from the storage
area and placing it on the cutting

table of the CFC 150 cutting machine 2 men, 10 reins.

Vari ance

Calling up the program and .
cutting the part 1 man, 7 reins.

Removing the cut part and deliver-

ing it to the forning area 2 men, 15 reins.

Vari ance

Di sposing of the scrap 1 man, 10 reins.

Total man-hours spent in producing and delivering
the flat Cabinet Top to the forning area:

GALLEY CABI NETS SUMVARY

Back and Sides (Wap)
Cabi net Bottom
Cabinet Partitions
Cabinet Ml lions

Cabi net Doors

Shel ves

Cabi net Top

Total man-hours required to prepare flat cut SS parts

for one average galley cabinet using the CAD CAM
plasma cutting system

Man- hour s

0. 67
0.17

e N N e
)
[N\)

13.81

50.



APPENDI X NO. 7

PRODUCTI ON OF WATERTI GHT DOOR PANELS USI NG CONVENTI ONAL MANUFACTURI NG METHCDS

. Man- hour s

Qper ation yer_door
1. Mve an 8 x40’ xlI/4° steel plate to cutting table and by

hand torch, slit it into four 8 x10 panels. This requires

2 men working 1 hour with a variance 10 reins. Since there

are approximtely 16 doors produced from one 8 x40" plate,

the man-hours required per door for this operation is

2 x 70 _

g0 x 16 0L 0.15
2. Mve the 8 x10 panels to the shears by lift truck and shear

theminto the required panel sizes. 0. 67
3. Layout the corners by hand using a soapstone marker, a

square and a set of dividers. 0.83
4. Burn the contours and cutouts by hand torch using a

circle cutting guide. Gind and dress the cut surfaces. 0.58
5. Layout and punch hol e centers. 0.25
6. Mve to hydraulic punch press and punch out hol es. 1.25
7. Mve the panel to the formng area. 0.17

Total hours per panel 3.90

Man-hours required for 150 panels 585



APPENDI X NO__ 8

PRODUCTI ON_OF WATERTI GHT DOOR PANELS USI NG
THE CAD- CAM SYSTEM AND PLASMA CUTTI NG MACHI NE.

Prepare the NC program using geonetries and store it
on a disc

Mve the 8 x40" plate to the cutting.table and cut it
into four 8 x10 panels.

Mve the panels to the shear by lift truck and shear
into door-size panel blanks.

Mve the door-size panel blanks to the plasma machine.

Call up the program and cut the door blank including
the OD and all cutouts.

Remove panel fromthe cutting bed and dispose of scrap.

Mve panels, four at one tine, to the assenbly area
by lift truck.

Total hours per panel
-Man-hours required for 150 panels

Man- hour s

0.15

0.15

0. 67
0.16

0.16
0.25

0.06

1.60
240



Gauge Boards -
There are two SiZes. g mXe

Materia

10.
11.

APPENDI X NO. 9

TIME_STUDY FOR THE PRODUCTI ON OF SOVE M SCELLANEQUS

PARTS USI NG_CONVENTI ONAL MANUFACTURI NG METHODS

used:

and 6b. . .
quantity produced per year is 2,000 units.
#11 gauge stainless steel sheet 48" x 120".

Move material -from horizontal storage

area to the shears
Vari ance
2x15 1

2 nen, 10 reins.
2 nen, 5 reins

60 “pieces per sheet =

Layout and shear 48" x 120" sheet
into 32 blanks

Mve materials by pallet to
the band saw
Vari ance

Band saw the corners
Punch paraneter and mounting hol es

Separate bl ade on Do-All saw,
thread blade through the hole in
the part and reweld and grind

bl ade

Cut out “T" opening in part

Again separate the blade on the
Do-All saw, thread blade through
the opening and rewel d and grind
the bl ade

Cut out the slot
De-bur the part

Mve parts to the formng area
Vari ance

3
Total man-hours to produce one gauge board

2 men, 1 1/2 hrs
3+ 32 =

1 man, 5 reins
5 reins

10 1
60 © 32

1 man, 20 reins.
1 man, 10 mins

1 man, 15 reins.
1 man, 45 reins.

man, 15 reins.
man, 20 reins.
man, 15 reins.
10 reins.

= OlR P P
=
>

— L:
* 32

o)

0

Total man-hours per year = 2.456 x2,000 =

Man- hour s
per_piece

0.016

0. 094

0.005

0.333
0. 167

0.250
0.750

0. 250
0.333
0.250

0.008

2.456
4,912. 00’



APPENDI X NO. 9  (cent’ d)

Cylinder Storage Racks

Material: 3/8" mld steel plate 7 wide x 10" long.
Quantity per year: approximately 50.
Quantity per work order: 3

Man- hour s
yer_unit
1, Mve an 8 x 10" x 3/8" plate from
storage area to the shears 2 men, 10 reins.
Vari ance 2 men, 5 reins.
2 x1 52 _.
S 3 0. 167
2. Shear three 7° x 120" strips from
the plate 2 men, 20 reins
Vari ance 5 reins, 2 men
2 x 25 _
50x%3 0.278
3. Return the remant to the
storage area 2 nmen, 10 reins.
2 x 10 1 _
=5 X =3 0.111
4. Mve the three7" x 120" strips
to the burning table 2 nmen, 10 reins.
Vari ance 2 men, 5 reins.
2 x 15 1 _
=5 3 0. 167
5. Burn the circular cutouts one
at a tinme by oxy-flame hand torch.
Setup time 1 man, 10 reins.
Starting time for each cutout 1/6 min. x 12 cutouts = 2.00 reins.
Burning time 20 reins.
Vari ance 5 reins.
Total time for burning operation 27 10  _
60 " 60 x 3 0. 506
6. Hand dress the part with a
grinder and chipping hamer 30 reins. 0. 500
7. Mve the racks to a storage area 1 man, 20 reins. 0.333
Total man-hours to produce 1 storage rack el enent 2.062

Approxi mate man-hours per year = 2.062 x 50 = 103.1



APPENDI X NO. 9  (cont’d)

Access Covers and Mounting Rings

Quant i t?/ per year: approximtely 200.
Material: MId steel plate blanks, 27" x 18" x 1/4" thick.
Prepared in lots of 25 (25 covers and 25 rings).

Man- hour s
Der Cover
Mve 8 x 24" x 3/8 mld steel plate , and Rng
fromstorage area to shears 2 men, 15 reins.
Vari ance. S reins.
The blank for 1 ring and 1 cover requires: 20 x 2 026
60 x25
Shear plate into fifty 18" x 27" ,
bl anks. 2 men, 60 reins.
2
o5 , 040
Mve material to the hand torch ,
burning table 10 reins.
Vari ance Sreins
= reins. 1 nan
15
= = . 600
Using a tenplate guide, burn paraneter
of covers and ID and CD of rings .
One set requires: 20 reins.
Vari ance S reins.
25
= = 417
De-slag parts and stack on a flat S0 reins. _ 33 man-hours 033
60 x25 ' '
Move covers to the punch and nove.
rings to the stud welding area
\60 ' 60/ 25 .013
Vari ance 5 <+ (60 x 25) .003

Total man-hours per set to nove material fromthe storage
area, process and deliver cut parts to the punch and the
stud wel ding area 1.132

Total man-hours for 200 sets per year 226

55,
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APPENDI X NO_ 9  (cont’d)

El bows For Main Engi ne Exhaust

Size range: 36" and 55" diameter

Material used: 8 x 15 x 1/4" mld steel plate.
Build in lots of 4.

Annual requirenment: 60

Man- hour s
Prepare tenplate .1 man, 5 /2" hrs.
Man- hours per set 51/2+4 = 1.375
Mve plate from storage area to
the shears. One plate per set 2 men, 15 reins. 1/2
Vari ance 1/6
Shear the plate into rectangul ar
bl anks 3 men, 15 reins. 34
Vari ance 1/4
Move the blanks by wagon to the
burning table area 2 men, 10 reins. 1/3
Variance” 1/6
Layout and center punch on |ines 1 man, 60 reins. 1
Variance . 5 reins. 1/12
Mve to rolls for further process-
ing using lift truck 2 nen, 10 reins. 1/3
Variance 5 reins. 1/6

Total man-hours to nove material fromthe storage area and
deliver cut sections for one set to the rolls for further
processi ng. 5.125

Total man-hours per year = 60 «5.125 = 307. 50



APPENDI X NO. 10

TI ME_STUDY FOR THE PRODUCTI ON OF SOVE
M SCELLANEQUS PARTS USI NG THE CAD- CAM SYSTEM

Gauge Boards - See Figures Nos. 6a gnd [6D.]

There are two sizes. The mixed quantity produced per year is 2,000 units.

Material used: #11 gauge stainless steel sheet 48" x 120".

1. Program both parts and store

on disc 1 man, 30 reins.
Vari ance 10 reins.

40 1

60 ~ 2,000

2. Mve material from horizontal storage
area to the CYB 150 plasma cutting
machi ne 2x15 1
60 32 per plate

3. Call up the program and cut

32 parts 1 man, 30 reins.
Vari ance 5 reins.
35 1
60 * 32
4, Renpbve parts and scrap 1 man, 15 reins.
R
32 * 60
Vari ance 5 mins. 5 1 _
50 * 32 °
5 Mve cut parts to formng area 1 man, 15 reins.
Vari ance 5 reins.
20 1
60 * 32

Total man-hours to produce one gauge board
Total man-hours-per year = .054x 2,000 =

Man- hour s

per plece

. 00033 .

. 016

. 018

. 008
. 002

. 010
. 054
108. 00
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APPENDI X NO. 10 .

Cylinder Storage Racks

Material: 3/8" mld steel plate 7* wide x 120" |ong.

Quantity per year: approxi mtely 50,

Quantity per work order: 3

1. Programthe part and store it on
disc at the program station
“Variance

2. Mve a plate fromthe storage
area and place it on an NC
cutting machine bed in the -plate
shop
Vari ance

3. Call up the program and cut
the parts by plasma torch
Vari ance

Remove cut parts and scrap
fromthe burning table
Vari ance

5. Mve finished cut parts by
truck to the storage area
Vari ance

1 man, 20 reins.

10 reins.

30 1

%0 * 73

1 man, 20 reins
5 reins
25 1l

— L ——

60 3

1 man, 10 mins

5 reins

R S
3

60

1 man, 15 reins.

5 reins

1 man, 15 reins.

5 reins

2 1 _
60 = 73

Total man-hours required to produce one cylinder

storage rack el enent
Approxi mate man-hours per year

(cont’ d)

. Man-hours
per_unit

. 167

0.139

. 083

0.111

0.111

0.611
30.55
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APPENDI X NO. 10  (cont 'd)

Access Covers and Munting Rings

Usi ng CAD- CAM system plasma cutting machine and NC drill press.
Quantity per year: approximtely 200.
Material: 1/4" mld steel plate.

Man- hour s
per set.
1. Prepare program at CAD- CAM wor k
station and store it on hard disc 1 man, 20 reins.
Vari ance 10 reins.
20+10_
% X5 0.020
2. Mve plate from storage area
and place it on a plasma cutting .
machine bed in the plate shop 1 man, 20 reins.
Vari ance 10 reins.
30 1
60 ~ 25 = 0.020
3. Call down programand cut 25
covers and 25 rings 27 mins.
Vari ance 5 reins.
32 1
-—0- X Es— - 0.021
4. Renove parts, stack them and
di spose of scrap 25m ns.
Vari ance 5 reins.
30 1
5 X 35 0.020
5 Move parts by truck to the
NC drill press 20 1
‘60 ~ 25 0.013
Total man-hours per set to nove material fromthe storage
area, process and deliver the cut parts 0.094

Total man-hours to produce 200 sets (rings and covers) = 18.8
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APPENDIX NO. 10  (cont’ d)

Time Study For the Production of Elbows For the Main Engine Exhaust

Size ranges: 36" and 55" dianeter.

Material used: 8 x 15 x 1/4" mld steel.

Build in lots of 4.

Annual requirenent: 60 units. Man- hour s

yer fitting

1. Call up shape at the CAD CAM program
station, enter the key dimensional
data and store the program on hard

di scs 1 man, 10 reins.
Vari ance 10 mns.
20 1
s 0.083

2. Load a 1/4" plate on the cutting
table of the NC plasma cutting

machi ne . 1 man, 20 reins.
Vari ance 10 mns.
30 1
X T 0.125
3. Call down the program and cut _
shapes for four fittings 1 man, 15 reins.
Variance’ 5 mns.
20 1
X - 0.083

4. Renove parts from the cutting
bed. Return remnant to storage
area. Renove scrap and dispose

of it. 1 man, 15 reins.
Vari ance 5 mns.
20 1
DX c 0.083
5. Transport the flat cut parts to
the assenbly area in the sheet _
netal shop 1 man, 20 reins.
Vari ance 10 mins.
30 1
X " 0.125

Man-hours required to produce the flat cut parts for
one engi ne exhaust elbow = 0.499

Total man-hours required for 60 el bows = 29.94
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