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Figure 1-9: Coded data for fabrication of a pipe piece. This computer produced, relatively elaborate format would be more effective if it included perti-
nent production-control data, i.c., allocated man-hours, start fabrication and palletizing dates, etc.
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How designers create and classify pipe-piece designs criti-
cally influences both fabrication and assembly processes.
When pipe pieces have to be bent, bends should be specified
which can be formed after fabrication, e.g., bending after
flanges are attached. Such designs are beneficial because, as
shown in Figure 1-10, they can be treated as straight pipe
pieces for most of their fabrication cycle. An appropriate tar-
get for designers is to designate 40% of the total number of
pipe pieces as straight pipe or pipe that is to be bent after
fabrication.

Typical goals for people who perform work-instruction

design are:

® 5.5 meter pipe-piece lengths for on-unit and on-block
outfitting (access for cranes is always provided),

* not more than 3.0 meter pipe-piece lengths for on-board
outfitting or otherwise limited by what an assembly
worker can safely handle,

* common supports for parallel pipe-runs and walkways,

* ganged bulkhead and deck penetrations, and

e standard dimensions such as for bulkhead and deck
penetrations, branch positions and lengths, etc.

1.2.4 Material Definition During Work-instruction Design

Planning functions performed by detail designers during
their preparation of work instructions are crucial for effective
PPFM. Such planning is the basis for all pipe-shop material
and production controls. The planning essentials which detail
designers provide are:

® designation of pallets, i.e., work packages for outfit

assembly work organized by zone/problem area/stage,
and

® classification of pipe pieces within each pallet, i.e.,

assigning each to a pipe-piece family, see Figure 1-11.

This matrix permits:

¢ detail design by zone,

e fabrication by pipe-piece family (problem area and
stage), and

® grouping of pipe pieces from various families by zone
for outfitting (palletizing), see Figure 1-12.

MARKING & FITTING &

ASSEMBLING
CUTTING WELDING BEDG
—
=z
Z K |_\_‘
=
| —
.9
=5 — !—ﬂ
of
Ew
5| — — —_ — }_..\
< O
oCw
(=g}
23]
| I_—
rd
w
m
e \*' L -
P
——
=
z )_\_'
’—
<
woO|— —
=¥ | o
oy
S| — — —_ —
8k
o
=
z —i |—|:J—\_|
o
| __\—_l

Figure I-10: Regardless of whether manual or automated processes are used, pipe pieces which remain straight as long as possible, facilitate fabrica-

tion work and are easily rolled from one work station to the next.
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PEBM PIPE PIECE FAMILY SKETCH
01 | Straight £ 50mm —_— ¥
04 | Straight 65°200mm >—y >
07 | Straight > 250mm —
11 | Bent After Fabrication £ 50mm m I'—l
14 | Bent After Fabrication 65™200mm g_j)
21 Radiographic tested I——ﬁ-
24 | Hydrostatic tested A 40 kglcm2 ch_1
27 | Hydrostatic tested L 40 kglem?2
31 Plastic
34 | Bent by heating ‘_ﬁ_
41 | Bent Before Fabrication £ 50mm — )
44 | Bent Before Fabrication 65™200mm \®
51 Assembled £ 50mm F 1 b
54 | Assembled 65"200mm 1-1
57 | Assembled A 250mm I—.E——J-

Figure I-1]: Typical Pipe Piece Families. Maximizing the relative number of straight pipe pieces ensures higher productivity. For necessary bends,
the fitting man-hours for pipe pieces that are cold-bent after fabrication are one-third that required for pipe pieces with fitted ells. Pipe shop produc-
tivity depends on designers’ knowledge of manufacturing methods and costs. More pipe-piece family classifications are included in Appendix A.
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01 5
=
51 \ PPFM No. 51 /

Figure 1-12: PPFM depends on control of material. Material control depends on material definition by designers. Early identification of required
pipe pieces by family and pallet is essential for organizing fabrication and assembly work respectively.
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CAD / CAM . (CAM)®

MATERIAL
DEFINITION

DESIGN
MATERIAL
PROCUREMENT &
MANUFACTURING
s -
PLANNING EXECUTION

Figure 1-13: The acronym CAD/CAM as conventionally used does
not identify the importance of material definition. CAD/CAM-
(CAM)?, as shown, illustrates that the need to apply a computer for
defining and maintaining structured material lists is about twice as
much as for design per se and four times that for material procure-
ment and manufacturing combined. Competitive shipbuilders
regard computer-aided material definition as their most important
computer application,

COMPETITIVE
STRUCTURED MATERIAL LISTS

TRADITIONAL
MATERIAL LISTS BY SYSTEMS

=] L1
SCHEDULING MATERIAL

MATERIAL SCHEDULING

INCREASING
LEVELS

OF
DETAIL

Figure 1-14: Competitive shipbuilders apply computer-aided
material definition to quickly organize and maintain structured
material lists. Scheduling is simplified because control is being
applied to collections of material which represent work increments.
Much responsibility and authority is delegated to people who make
the day-to-day decisions which insure adherence to lower-tier
schedules. Since control is simplified, competitive shipbuilders rely
more on flexible, manual scheduling for conventional-ship construc-
tion projects.

Information developed by designers, having more than one
character, allows rapid, detailed and accurate forecasts of the
impact of outfit-assembly requirements on pipe-shop capa-
city. No less important, the same information is the basis for
their preparation of structured bills of material. These link
the various material lists for pipe pieces (MLP) for a specific
outfit-assembly work package to the material list of fittings
(MLF) needed to support the package. As GT necessarily fea-
tures relatively small work packages in order to regulate work
flows, as shown in Figures 1-13 and 1-14, production control
through control of material is of utmost importance.*

Figure 1-15 illustrates the relationships between diagram-
matics, composites, pipe-piece drawings and their respective
material lists. Figure 1-16 depicts the data flow for a pipe-
piece calculation program. This figure also shows how
standards’ files eliminate repetitive definition of material
specifications and other such chores. Each need is defined
once and placed in a standards’ file by system.

Family identifiers also permit managers concerned with
productivity to very exactly monitor a designer’s contribution
to pipe-shop productivity, Other indicators which are particu-
larly useful for assessing designers’ contributions to pipe-shop
productivity are:

* number of pipe pieces that are to be custom manufac-

tured from sketches or mock-ups made on board, and
® average length per piece.

For increased productivity, the former should be minimized
and the latter should be maximized. Typically for approx-
imately 3,500 engine-room pipe pieces in a 20,000 DWT ship,
less than 11% and more than 1.85 meters respectively.

The numbers of pipe pieces per family, which have been
designated for a 60,000 DWT tanker by a competitive
shipyard, are tabulated in Appendix A. A decision logic table
and formats for family coding used to guide designers, are
also included in Appendix A.

* A senior manager in the world’s foremost shipbuilding industry said: “‘In Japan we have to control material because we cannot control people.”’

Y. Mikami to L.D. Chirillo, June 1980.
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I OTHER DIAGRAMS

COMPOSITE

FUEL DIL PIPING DIAGRAM

BILGE PIPING DIAGRAM

T
Saad

MLS  (System by Material Ordering Zone)

MLF (Zone/Area/Stage)

PIPE PIECE WORK INSTRUCTION

MATERIAL LIST OF BILGE |
PIPING SYSTEM
Req'd O'ty
__ l PUMP 1
1! sTRaINER 1004 1 ‘->
VALVE 5K-100 ¢ ]
NRG
VALVE 5K-100 ¢ ]
GLOBE
BELLMOUTH 100 1
PIPE 1006 1M
| OTHER MLS \\_
AV
PURCHASE ORDER PURCHASE
SPECIFICATION ORDER
BILGE PUMP RAW MATERIALS
TYPE = CENTRIFUGAL
PIPE 1009 12M
CAPACITY = 20M/H x 30M
REQ'DQTY =1

PALLET

PUMP
STRAINER

VALVE
NRG

VALVE

BELLMOUTH
PIPE PIECE
PIPE PIECE
PIPE PIECE
PIPE PIECE
PIPE PIECE
PIPE PIECE
SUPPORT
SUPPORT

100
5K-100 ¢

1008

5K-100 5
GLOBE

Piece No.
MA-1
BS-1P
BSIV

B5-2v

BS-2P
BS-1
BS2
8S3
BS4
FM1
FO-2
SU-1
su-2

Req'd. Oty.

1
1
2

2

1
1
1
1
1
1

1
1

S

—

PIPE PIECE
BS1
| e —
T
iy - U
MLP
(Material List for Pipe Piece)
PPFM No. 40
Req'd Q'ty
PIPE JEM
FLANGE 5K-1002 13
ELBOW 1006 5

L

COMPONENT WORK INSTRUCTION
{usually standards)

SUPPORT U1

[—

mLC {}

(Material List for Component)

SUPPORTS

Figure ]-15: Relationships between diagrammatics, composites, fabrication-work instructions and their respective material lists.
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STANDARD MASTER SHIP'S MASTER
1. Design Data Master 1. Line Master
2. Standard Piece Length 2, Parts Master 2
Master :
ter 3. Hull Data Master
3 I:llf;‘:n:un of Pressure 4. Key Master 3

—

STANDARD MASTER

1. Calculation Master for
Subsidiary Materials

. Insulation Material Master

. Outfitting Code Convert
Master

4. Material Code Master for

Piping

1. Pipe Piece Family

y

STANDARD MASTER

aster
2. Design Data Master

pipe piece is minimized by reliance on standard data incorporated in file by system. Coordinates
for pipe-piece ends and bend intersections can be automatically entered regardless of the
method used to create a composite, e.g., interactive graphics (directly), drawings (two-
dimensional digitizing) and scale models (three-dimensional photogrammetric digitizing).

ESTIMATING QUANTITIES CALCULATING PIPE PIECE
OF SUBSIDIARY MATERI PIPE FABRI- DATA FOR
T EulTTmu INPUT E;;DPLIIEl:ET;“ »|ALS AND DETERMINING |—{ [CATION DATA FABRICATION
DATA PAINT AND MATERIAL
CODES
PIPE PIECE
4 DRAWING
PIPE PIECE DATA J
ACCUMULATED
PRINTING
Lo| mATERIAL [~ MLP
LIST J
. g [ . - MLF
Figure 1-16: Basic flow of a typical Pipe-Piece Calculation Program. The entry of data for each

MLP & MLF

DATA
ACCUMULATED

1.2.5 Material Control

In order to simplify estimating, procurement and inven-
tory, materials required for manufacturing pipe pieces are
classified by unit price, frequency and quantity of use and
certain other determinants. Consistent with integrated control
of manpower budget, schedule and material, production con-
trol specialists devise material classifications and pertinent
guidance for their use. Another planning function performed
by detail designers is to assign the classifications accordingly.
The materials for pipe pieces, just as the materials for other
interim products, as shown in Figure 1-17, are classified as:

* Allocated (A)

* Stock (S), and

e Allocated Stock (AS).

A are of special nature, e.g., relatively expensive copper-
alloy pipe needed in small quantities. Procurement is made
for a particular ship, e.g., A materials are not stocked.

S are common to most ships, e.g., small, slip-on flanges
and inexpensive welding rod. These materials are procured in
economic batches at intervals determined by their rates of
consumption (high-low inventory).

AS are any A or S materials which historically have caused
problems that justify special controls.® The problems can be
of any nature, but usually they relate to shortages and sur-
pluses. AS materials vary for each shipyard. As an example,
in certain shipyards they include steel pipe, preformed fittings
(ells, tees, and reducers) and valve operators.

1.3 Capacity Planning and Scheduling

Figure 1-18 illustrates the hierarchical nature of schedules
which address all fabrication and assembly work. As they in-
tegrate inherently different types of work, i.e., hull construc-
tion, outfitting and painting, the schedules necessarily are:

* control mechanisms which command work increments

for fixed times, and are

* organized at each level to provide constraints for lower-

level, more detailed schedules.

Emphatically, schedules are based upon:

* manpower expenditure, production progress and pro-
ductivity indices that reflect normal shipyard perfor-
mance, and

* normally available subcontractor resources.

¢ The controls are addressed in Chapter 4.0 of **Outfit Planning - November 1979" by C.S. Jonson and L.D. Chirillo for the National Shipbuilding

Research Program.
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Classification Typical Standardization
Material
100%
weldin es
s| stock i !
AS| allocated steel yes
stock pipe
38
£
copper-alloy
A | allocated pipe, generally no
cast-iron pipe
0 Quantity 100%
Relatively Yes
cheap?
No
N0« standard? . W standara?
Yes Yes
No Used No Consumed
Frequently? | constantly?
Yes Yes
No Margin
Wired?
Yes
Allocated Allocated stock Stock

Figure [-17: Material Control Classifications. A third classification, AS, in addition to the two traditionally employed, A and S, focuses on
materials which historically cause problems of any nature.
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PRINCIPLE

EVENTS
SCHEDULE
INTEGRATED HULL CONSTRUCTION
BLOCK ERECTION . " BLOCK ASSEMBLY
MASTER SCHEDULE ALFITORG S.EAHTING HACTER MASTER SCHEDULE
SCHEDULE
i

ON-BOARD OUTFITTING ON-UNIT OUTFITTING ON-BLOCK OUTFITTING

MASTER SCHEDULE - MASTER SCHEDULE MASTER SCHEDULE

\

MONTHLY MONTHLY MONTHLY
SCHEDULE = SCHEDULE SCHEDULE
WEEKLY WEEKLY WEEKLY
SCHEDULE > SCHEDULE SCHEDULE

Figure 1-18: Organization of Integrated Hull Construction, Outfitting and Painting Schedules. A pipe-shop work load is fixed by the outfitting

master schedules.

S &5 S5

Figure 1-19: MLF, MLP and MLC are Information Links. They are collections of materials which represent work increments. They are widely used
to follow-up on flows of drawings, material and work. They are also used to assess productivity.
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1.3.1 In-house

For convenience, MLF, which designates the material list
of fittings for an outfit work package, is also used to desig-
nate a specific part of an arrangement and the required outfit-
assembly work; see Figure 1-19. Similarly, MLP, which
means the material list for a pipe piece, is used to designate
the required work instruction and the associated fabrication
work. MLC, which applies to a component other than a pipe
piece, is used the same way. Each MLF is supported by incre-
ments of work which must be performed earlier, i.e., MLP
and MLC; Figure 1-20.

Further classification of MLP by pipe-piece family is essen-
tial for planning pipe-shop operations in accordance with
Group Technology (GT). Grouping MLP in order to create
work lots simplifies control.

Typically, a work lot is the volume of work for loading a
shop during one workweek. An ideal lot contains a quantity
and mix of pipe pieces which achieves uniform work flow for
each operation and optimizes tool set-ups, e.g., pipe-bender
die changes. A reasonable number of such changes is neces-
sary because limiting a lot to just one pipe diameter, i.e., key-
ing all work flow to bender operation, creates more in-
process storage with correspondingly higher overall costs.
Further, this requires design and material procurement ef-
forts that are not sequenced to match optimized outfit-
assembly requirements. If this overriding requirement is
ignored, such as by a manager concerned only with pipe-shop
operations, i.e., apparent performance, there is adverse
impact on real performance which must consider productivity
for the entire shipbuilding process.

Obviously, detail-design output must also include a
description of each pipe piece including type, linear measure-
ment of welds, paint system and surface area to be painted.
Since the total number of pipe pieces that can be produced
per week is also dependent on the complexity of pipe pieces,
managers should also monitor man-hours per type and linear
measure of weld, and, man-hours per coating and area
measure of surface, etc.

Rescheduling work to optimize flow can be accomplished
only within certain limits. The process produces schedules
which are leveled and balanced so that weekly work volumes
do not unnecessarily fluctuate or exceed shop capacity. The
leveling and balancing process is possible because of stan-
dardization of lead times by production controllers and inclu-
sion of family identifiers in fabrication-work instructions by
detail designers. Generally, the numbers of pipe pieces that
must be considered require computer processing.
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FOR ON-UNIT
ON-BLOCK OR

ON-BOARD
OUTFITTING
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PURCHASED
COMPONENTS|

O

Figure 1-20: Each MLF is supported by increments of work, MLP
and MLC, which must be performed earlier. MLF and supporting
MLP and MLC are also called structured bills of material. Structur-
ing material lists is crucial for effective coordination of design,
material and production activities.

Pipe pieces for overhaul, conversion and other work
should be included in leveling and balancing routines when-
ever their respective normal lead times can be accomodated.

When the word ““pallet”’ is substituted for MLF, pallets are
outfit work packages classified by zone, problem area and
stage. Sequenced, they comprise a pallet list which is sched-
uled before work-instruction (detail) design commences. In
other words, a pallet list serves as a game plan for executing
outfit-assembly work.

Each pallet for on-unit, on-block or on-board outfitting,
because it contains pipe pieces from various families, imposes
a mix of fabrication work and contributes to total pipe-shop
work. Because all pipe pieces have been categorized into
families and each family has a normal lead time, a list of
pipe pieces that should be fabricated in a given week can be
readily determined. In other words, the completion date for
fabrication-work instructions for a particular pipe piece is
its pallet issue date minus the normal lead time for its
family; see Figure 1-21.



This methodology permits early capacity planning. First,
man-hours required for each operation for each family is
computed weekly. This results in a total man-hour require-
ment by work station within each production line, e.g., cut-
ting, bending, welding, assembling and coating. The work
load is leveled and balanced for each line by examining the
workload on a particular work station and scheduling earlier
any work exceeding normal capacity. For example, if the
work load on a welding station presents a bottleneck, some
pipe pieces which require welding are scheduled for the previ-
ous week. The lead times shown in Figure 1-21 anticipate such
rescheduling based on a particular shipyard’s experience.

1.3.2  Subcontracting

A schedule for outfitting on unit, on block and on board
exists in the form of a pallet list which sequences the develop-
ment of composite drawings. Pipe-piece family identifiers are
assigned by detail designers as they develop a composite for a
particular pallet. Thus, critical planning is performed even
before time is taken to prepare fabrication-work instructions.
Just this association of numbers of pipe pieces per family
with pallets, permits guick assessment of capacity require-
ments and determinations of how many pipe pieces, by
family, must be assigned to subcontractors. Reasonable time
is available to negotiate pertinent subcontract terms.

PALLET
ISSUE

PPFM No. 61
82181
DAYS =28
PPFM No. 41
83181
DAYS =22
PPFM No. 51
9181
DAYS =21
PPFM No. 01
9281

DAYS = 20

9-30-81

Figure 1-21; Normal lead times are usually different for each pipe-
piece family. They are based on a particular shipyard’s normal ex-
perience. Lead times consider the normally encountered need to
schedule particular work earlier to avoid bottlenecks and to allow
time for subcontractors to perform special tasks, e.g., bending by in-
duction heating and plastic lining pipe pieces that are otherwise
finished.
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Because of scheduling restraints, leveling and balancing
routines minimize but do not eliminate work load fluctua-
tions. Generally, a shipyard’s pipe-shop capacity should be
less than even the normally encountered, minimal work load.
This avoids:

* unused shipyard capacity during low work loads, and

* maintains a constant working relationship with several

subcontractors who are relied upon to absorb work load
peaks.

Large fluctuations in subcontracted work might jeopardize
the stability of a few regularly used subcontractors in terms of
work load and income. This problem is significantly reduced
by distributing the work among more subcontractors so as to
minimize the effect of large fluctuations on any one of them.

Ability to foresee pipe-piece fabrication work loads by
families, permits a shipyard to reserve portions of subcon-
tractors’ capacities in the same manner that mill reservations
are made for steel plate.

Preassigned purchase orders which are complete except for
the designation of specific pipe pieces during specific periods,
permit remaining make-or-buy decisions to be delegated to
the pipe-shop manager. These decisions are made at a weekly
meeting at least three workdays before the pertinent work-
week. The three-day period is for delivering work instructions
and necessary materials to the subcontractors. Furnishing the
required materials provides a practical means for control of
material quality, timeliness and costs. A shipyard’s ability to
purchase materials in larger quantities results in lower unit
costs.

Subcontracting is especially productive when special facili-
ties are required such as for plastic-lining steel pipe or high-
frequency induction heating for small-radius bends in large
diameter pipe.

In order to develop subcontractors who literally serve as an
extension of a shipyard, special management attention is re-
quired. A small staff, representing both the pipe shop and the
quality control section should be regularly assigned and
charged exclusively with providing technical support to pipe-
piece fabricators. The assistance should include instructions
in the shipyard’s information formats, terminology, methods
etc. With such aid even the smallest of firms, having no
design or material procurement departments, can provide
significant pipe-piece fabrication services.



