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FOREWORD

This document is Volume Il of a two volume report on Planning &
Production Control resulting from the Shipbuilding Technology Transfer
Program performed by Livingston Shipbuilding Company under a cost-
sharing contract with the U.S. Maritime Administration.

This volume contains Appendices comprising data provided to
Livingston by Ishikawajima-Harima Heavy Industries (IHI of Japan) as
source material for the studies performed on the Planning and Production
Control functions in use in the IHI shipyards.

For information concerning the Technology Transfer Program and
the findings and conclusions on the IHI Planning and Production Control

system as developed by Livingston, refer to Volume 1 of this report.
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GLOSSARY OF TERMS

ACCURACY CONTROL - The IHI concept of maintaining the correctness of
material at each step in the production process.

ADDED MATERIAL PLAN - A plan for leaving extra material on the sides of
fabricated components, sub-assemblies or unit assemblies so that the
fitting of these units can be precisely accomplished at the subsequent
production stage.

ALLOCATION CONTROL - The department within the Hull Construction Work-
shop responsible for the planning, scheduling and operation of all
cranes, transporters, and scaffolding.

ASSEMBLY JIG PLAN - A plan showing the requirements for construction
of a jig for a curved unit panel.

ASSEMBLY JIG SETTING LIST - A computer-generated list for setting the
height of the pins on a pin jig to accept a curved unit panel.

ASSEMBLY SPECIFICATION PLAN - A detailed diagram and instructions for
the build-up of an individual unit assembly showing the methods to be
used, the critical dimensions, and any special considerations in
processing.

BASIC DESIGN - The preliminary ship design created by the IHI Head
Office (Tokyo) for use in the sale of the ship and in fixing the
general arrangements and the technical and performance specifications.
The Basic Design consists generally of: unfaired ships lines, midship
section, construction profile, general arrangement and machinery
arrangement drawings.

BASIC PRODUCTION FLOW LIST - The basic plan of how to use the available
facilities for the production of a given product.

BENDING PLAN - A plan showing the requirements for the bending of
curved plates (i.e. both mechanical and flame bending).

BLOCK ARRANGEMENTS PLAN - A plan showing the arrangement of finished
assembly units or blocks in the building basin prior to joining. This
plan may also show the arrangement of finished blocks on the platen
prior to their being landed in the basin.

BLOCK ASSEMBLY PLAN - The breakdown of each block or major assembly
unit into 1ts sub-assemblies and detail parts.

CUTTING PLAN - A plan showing the requirements for cutting of flat
plates or panels and used by Mold Loft personnel for creation of N/C
tapes for N/C burning machines.




DETAILED DESIGN - Working drawings are developed during this design
stage. All hull structural detail information, block (or unit)
arrangement, unit weights, weld lengths, center of gravity of units,
piece lists and auxiliary foundation drawings are developed at this
time. Other working level drawings include outfitting piece drawings,
detail fabrication drawings, sub-assembly drawings, assembly drawings,
Assembly Specification Plans and Detail Working Instructions Plans.

E.P.M. - Electro Photo Marking. A method of projecting a 1/10th scale
drawing onto the painted surface of a steel plate sufficient to enlarge
the drawing full scale on the plates surface. Marking is accomplished
as the projected image exposes a photo sensitive powder on the plate
causing the powder to adhere to the plate.

FABRICATION LANE PLAN - A plan showing the process lanes for the dif-
ferent types of sub-assemblies for flat panel or curved unit assemblies.

FIELD PLANS - A series of plans specifing work requirements during the
erection stage (e.g. temporary holes in the hull for access to interior
holds, ventilation requirements, etc.).

FUNCTIONAL DESIGN - The preliminary design of the ship systems performed
by the shipyard design department. This design yields system diagram-
matics, calculations of weights and strengths, rudder design, stern
frame design, and outfitting key plans. Hull block planning is accom-
plished during this design stage.

GATE SYSTEM - An adaptation of the Process Lanes system where the term
"Gate™ i1s used to specify a particular sub-stage within a production
stage.

HULL BLOCK - One or more Unit Assemblies comprising the hull component
that will eventually be erected in the building basin.

HULL BLOCKING PLAN - The breakdown of the ship into its major assembly
units.

INTERIM PRODUCT - A term applied to the finished unit assemblies prior
to their incorporation into the ships hull.

LIFTING INSTRUCTIONS PLAN - A plan showing the placement of lifting
pad eyes on a particular assembly unit together with instructions for
making the lift.

MAJOR SHIP ZONES - The overall ship is usually divided into four Major
Zones which are used for the categorization of the work according to
the part of the ship being worked. The major zones are: the house,
mid-ship (or hold), the stern and the bow.

MARKING PLAN - A plan showing the requirements for the marking of flat
or curved plates. Used by Mold Loft personnel for the preparation of

N/C tapes for the EPM machine or for marking tapes for checking base-

lines and center lines of curved plates.
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MASTER KEY EVENT SCHEDULE - A schedule showing only the start of fabri-
cation, keel laying, launch and delivery of each ship in production in
a given yard.

MATERIAL INFORMATION LIST - A listing of the component parts required
to build-up a specific assembly unit.

MATERIAL REQUISITION SCHEDULE - A schedule showing the sequence of
the ordering,of material.

MATERIAL ORDERING ZONE - A totally different organization of material
than that reflected by the Major Ship Zones or Outfitting Zones. This
organization is for the convenience of ordering outfitting material
and usually comprises from four to seven zones depending on ship type.
Generally, the Material Ordering Zones are: House, Main Deck, Holds
and Engine Room.

MLC - Material List Components. A listing of outfitting components to
be fabricated for a given ship.

MLF - Material List Fitting. A listing of the material required for
the outfitting to be accomplished in a particular outfitting work zone.

MLP - Material List Pipe. A listing of the pipe required to be fabri-
cated for a given ship.

MLS - Material List System. A listing of the component parts of a
functional ship system taken from system diagrams and used for procure-
ment of outfitting components.

OUTFITTING ZONE - A geographical area of the ship designated as an
area suitable for composite outfitting. Outfitting zones may be
portions of a deck or several decks, one or more compartments, portions
of the engine room, etc., without regard to the functional systems
combined in that area.

PALLET - A collection of material, information, and manpower required
to perform a specific job (usually an outfitting job) within a par-
ticular work zone. Physical "pallets” (i.e. platforms) are used to
accumulate the material needed for the job. Both design and production
information supplement this material to form the IHI "pallet"”.

PROCESS LANES - The routes-established for the processing of the
different types of unit assemblies (i.e. flat panel assembly or curved
unit assembly). These” routes comprise the fabrication of individual
steel components, the sub-assembly of the components and the assembly
of other components and the sub-assemblies to form unit assemblies.

SCAFFOLDING ARRANGEMENTS PLAN - A plan showing the scaffolding require-
ments during the build-up of the ship in the building basin.
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SHIPWRIGHT DIMENSIONS PLAN - A plan showing the methods of landing and
securing the upright units (bulkhead or hold section side units) when
landed in the building basin.

sTAGE_(PropucTION) - One of the several major construction steps in
the production process. The production stages are: Mold Loft; Fabrica-
tion (which includes sub-assembly); Assembly; and Erection.

SUB-STAGE (PRODUCTION) - Individual steps in the processing of steel
in each stage of production, such as: marking, cutting and bending in
the fabrication stage.

SUPPORT BLOCK ARRANGEMENTS PLAN - A plan showing the dispersion of
support blocks in the building basin prior to the landing of the unit
assemblies.

UNIT ASSEMBLY - A steel component of the ship such as a side double
bottom unit, which is a part of one ship section. Unit assemblies
are the individual building blocks (or interim products) built-up
through the welding of flat or curved panels to structural internal
members. Determination of units is based on size, weight, area re-
quired for assembly and storage, and outfitting requirements.

UNIT INFORMATION LIST - A listing of the component parts required to
build-up a specific assembly unit.

WELDING INSTRUCTIONS PLAN - A plan detailing the procedures for joining
the various assembly units at erection.

WORK INSTRUCTION DESIGN - Drawings which detail the outfitting work to
be accomplished within a specific outfitting work zone.

WORK INSTRUCTION PLANS - Detail plans for fabrication, assembly and
erection of parts, pieces, sub-assemblies and assembly units. These
plans also cover aspects of construction such as unit lifting and
scaffolding arrangement, not covered by working drawings.

WORK ZONE - A term used to identify a particular area and package of
work within an Outfitting Zone. WOrk zones are determined based on

the extent of the work required and the time requirements.
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PRODUCT-QRIENTED WORK BREAKDOWN STRUCTURE

FOR
HULL PRODUCTION IN IHI
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REFERENCE :

PRODUCT-ORIENTED WORK BREAKDOWN STRUCTURE FOR HULL
PRODUCTLON IN IHI:

1. Logic and Principle of Product-Oiented Wirk
Breakdown Structure.

2.  Work Package: Product Aspects
3. Product Resources
1) Material
2) Manpower
3) Facilities and Expences
4. Accounting and Estimating Method of Production in Product-
Oriented Wrk Breakdown Structure.
1) Follow Up of Process in Production.
2) Evaluation of Efficiency in Production.

3) Formulation of Transposition from Zone-Oriented
Data to SYSTEM Oriented Data.
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1

Logi ¢ and Principles of Production-Oiented Wrk
Breakdown Structure for Shipbuding I'n TH

In Japan, during the last 30 years, the Shipbuilding
process has been devel oped to higher and higher
productivity in a production-oriented nmanner) being

by the introduction of the advanced process:
Hul | Bl ock Construction and Zone Pre-Qutfitting.

These advanced processes facilitate to progress
rationalization and mechani zati on of the process

in order to obtain higher efficiency, short production
period, sinmultaneous activity running, and safety

wor ki ng condi tions.

The significant differences between the conventional
(System by-System) and advanced (Zone-by-Zone)

processes are shown in Figure 1 and 2.

Furthernore, an applicable concept of the product-
ori ented work breakdown structure about the IH's

l ogic and principles will be present.
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The large size and huge nunber of products, such as a
ship, must be constructed in accordance with a plan

whi ch envisions fabricated and purchased parts, such
assembly, blocks/units and other services necessary for
compl eting a ship. Each of these entities is terned

as interimproduct. That each is a discrete elenent
identified as an objective in a work package. The first
consideration is a hierarchical breakdown of the envisioned
ship into interim products which would permt systematic
fabrication and assenbly, taking into account certain
Product Aspects:

SYSTEM - a structual function or an operational
function of a product, i.e., longitudinal bulkhead,
transverse bul khead, nooring system fuel oi
service system lighting system etc

ZONE - a geographically divided part of a product,
i.e., cargo hold, superstructure, engine room etc
and their sub-divisions as an objective of producing,
as work group in this shipyard.

STAGE - a step of the production process grouped by
production sequence of work, i.e., fabrication
sub-assenbly, assenbly, erection, outfitting on-
modul e, outfitting on-block, outfitting on-board,
and their sub-steps.

AREA- a division of production process into simlar
types of work (either novable or fixed) depending on
facilities i.e., feature, quantity, quantity or work
process of a interim product.

SYSTEM AND ZONE - are considerations for the break-
down of an envisioned product into interim products.

STAGE AND AREA - address the process for fabrication
and assenbly of interim products.
B-5
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The advanced process wi th confluence and diversion of
uni formed production flow brings the optinmum productivity
owng to the input variety of Product Resources:

Material to be used for production, which is either
direct or indirect: steel plate, machinery, cable
oil, etc

Manpower to be charged for production, direct or
indirect: welder, gas cutter, filter, finisher,
rigger, material arranger transporter, etc.

Facilities to be served for production, direct or
indirect: building, dock, machinery, equipnent,
tool, etc

- Expenses to be charged for production, direct or
indirect: designing, transportation, sea trial,
cerenmony, etc.

Maki ng of a work package, that is, grouping or dividing
of the product into the interimproducts in various
types and nunerous quantity by using the Product

Aspects, nust be performed in accordance with eval uation
for themto be nmost optinum  The neasuring unit for the
evaluation is integration of the Productivity Val ues:

- Tine to be a duration allocated to a work package
divided by the Product Aspects.

- Quantity to be quantity of input of the Product
Resources to the work package for producing an
interim product.

- Quality to be quality of the work package to be
created by the Product Aspects and the Product
Resour ces.
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Each of interim products shall be produced by the unique
I nput of each of the Product Resources. Furthernore, in

order to make understanding for the Production-oriented
Work Breakdown Structure, the relationship of the three
di nensional nature is illustrated in Fig. 3 and 4.

The first of the dinensions, the Type of Work, is

related to the other two dinmensions as tabulated in Figure
4. The second dimension addresses Product Resources AXxis
and the third Product Aspects his which are the renaining
necessary conditions for product-oriented considerations
Each elenment of Figure 3 represents the relationship for
wor k breakdown among the dinensions. For exanple, the darkened
elenent, a top and front corner of the cube, represents
painting work during assembly )Pa) relative to material (X,)
di mensions and the elements by their conbinations. The
darkened first and fourth levels (H and Fa) in Figure 3
are tabulated in Figure 4 as exanples.

In the product-oriented consideration, the work package
can theorically be nade by the four aspects listed. Each
of the resources shall be grouped into the respective work
package, but considering the optinmum bal ance, such as to
symplify a cost calculation or scheduling system sone

of the aspects may be elimnated from grouping aspects

and changed about its concept.
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The Productivity Values, illustrated as a triangle in
Fig. 4, show that each of them nust bal ance in each el ene

Each elenent is qualitatively fornmulated as a function of
the Productivity Val ue:

E=1f (v)
E.......... ... el ement
Voo Productivity Val ues

Figure 5 represents the evaluation flow of work-
packagi ng and theoretical conbination by the Product
Aspects, Evaluation of nmerit and denerit, rectangular
boxes, is perforned by the above formila.
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These aspects and resources are usually in contradiction

to one another, for exanple as between estimting and
producing. The product-oriented work breakdown structure

I's a conventional systemoriented one for estimating and a
revol utional zone-orieneed one for producing in the advanced
shi pbui I ding process. The linkage of its functions;
Estimating, Engineering and Planning, Scheduling, Producing
and Accounting, as shown in Figure 6 nust be nmade to be able
to transpose to one another. Therefore, transformation of th
wor k breakdown structure is inplemented fromthe SYSTEM
oriented design to the ZONE-oriented design during the functi
of Enginering and Pl anning, and transposition of the
ZONE-oriented data for Accounting is nade to the SYSTEM
oriented data for Estimating.

The transformation flow on the design fromthe SYSTEM
oriented to the ZONE-oriented is shown in Figure 7. The
total SYSTEM design of a ship is broken down to hundred
nunbers of the SYSTEM which are planned on the SYSTEM

plans and M.S (Material List for Systen). They are transform
to the ZONE arrangenents on which all of SYSTEM are arranged
for each of the divisions of the ZONE. Further, the fitting
drawi ngs are devel oped together with M.F (Material List

for Qutfitting) on the basis of the arrangenent, and M.P
(Material List for Pipe Piece Manufacturing) and M.C
(Materialist for Qutfitting Conponent Manufacturing) are
produced with those manufacturing drawings. The fitting
drawi ngs and afterward are prepared in consideration wth
ZONE/ AREA/ STAGE. Thus, on the engineering and the planning
the ZONE are broken down to the mninumlevel, a part for
hul | construction and a conponent for outfitting.

Follow ng to the engineering and the planning, the parts and
the conmponents, which are fabricated, manufacture, and
purchased, are step by step assenbled, fitted and erected
be a totalized ZONE product of ship. Figure 8 outlines this
production process flow as well as its work packages of

shi pbuil ding grouped by ZONE/ AREA/ STAGE.
B- 12
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Work Package for Hull Construction:

The logic and principles for nmaking a work package
on the shipbuilding process enployed in IH are con-

fidently proposable and applicable to this shipyard.

As shown in Figure 1, a hull block is a key of ZONE

for securing the nmerits fromthe Hull Bl ock Construction
Method.  The key is not only for structuring of Product-
oriented Wrk Breakdown for the hull construction
hierarchically displayed in Figure 9, but also for
facilitating of the ZONE Pre-Qutfitting Method.

The hull block is a key objective of the Product-
oriented Wrk Breakdown Structure for the ship-

bui | di ng.

Hull Block is a ZONE, an optinum sized division of
the hull which is a rigid assenbly conposed of a panel,

and longitudinal and internal structures.

The division is conditioned as fol | ows:

- It is, for block assenbly purposes,
divided into m nimm groups about the simlarity
of the AREA and the mninum variety of the working

tinme.

It is, for block erection purposes, shaped in a
m ni mum working time and a stable condition wth-

out support and reinforcenent.

- It is, for on-block "outfitting purposes, sized in
B- 16
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a maxi num space.

The first consideration is "How to divide a hull into

the hull blocks" in volunme, weight, shape, etc. The
simlarity in these features nust be also a sole fund-
amental factor for categorization of the hull blocks

to be processed through every level from part fabrication

to block erection.

The logic and principles of the work breakdown of the
| evel s below the block assenbly are to gain the advantages
by:

veering of welding objection fromthe difficult

positions; overhead and vertical to a flat position

to reduce a total working tinme of all the levels.

transferring of a work from the block assenbly
level to the lower levels to balance the respective

working tine of every level.

Since the logic and principles of the work breakdown

of a hull to the hull block is to reduce the working
time of hull construction on a building dock, the inter-
medi ate |evel between the block assenbly and the hul
construction is inserted in the case that a grand-bl ock
Is more satisfactory for the hull block defension than

a hull block is.

Thus, the Product-Oriented Wrk Breakdown Structure is to
be found as displayed in Figure 9
B-17
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There are seven |evels of:

- Part Fabrication

- Part Sub-Assenbly

- Sub- Assenbl y

- Component Assenbly
- Block Assenbly

- Gand-Bl ock Joining

- Hull Construction (Erection)

The unique simlarity to make work packages in each
| evel is seeked through the Product Aspects.

The sinplified and grouped work package enabl es:

- Production Process of Interim Product

to be Mdul at ed
- Highly Effective Facility to be Invested
- Manpower to be Saved and Bal anced

Hori zontal conbinations of respective concepts tabul ated

in "Product Aspects in Detail" in Figure 9 make various
types of work package necessary and sufficient to the
process of each level. Vertical conbinations of the work
packages structure on each process |ane of hull construction
process flowis shown in Figure 8. The work packages

shares respectively each input itemof the Product Resources.

A size of the work packages is, therefore, determ ned on
the optimum point of the Productivity Value in considera-
tion of the resources. Mre or |ess groups of AREA depends

on the optinmum points of the values for each |evel.
B-18
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The high productivity is obtainable froma well-bal anced
pl anni ng and scheduling on the basis of the work package

grouped by the Product Aspects.

The approach to grouping the work package by the Product

Aspects for each level is discussed hereinafter, referring

to Figure 9.

B- 19
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1) PARTS FABRI CATI ON (MATERI AL PREPARATI ON)

Parts Fabrication is a primary |evel of hull construc-
tion for fabrication a block part, that is a ZONE to

be no nore broken down.

The AREA of this level is grouped into:
Plate Parts of Skin Panel
Plate Parts of Internal Structure
Angle Parts of Internal Structure

- Oher Parts, e.g., Pipe, Flat Bar, etc.

The grouping principle of this AREA is conbinations
of raw material and finished shape owing to grouping

of fabrication process and facility.

Further grouping of Parts Fabrication of parts

simlarly typed and sized by ZONE and AREA is nade by
STACE, nanely:

Plate Joining or N
Mar ki ng and Cutting
Bending or N

In other words, each group of parts by ZONE and AREA
is fabricated through these stages.
For exanple, supposing a face plate, an interna
structure of plate is marked on and cut froma
pi ece of plate nested together with a same grouped

parts by one pass of a multi-flame planer. It is

B-20
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t oget her bent by a bender, if required so, with
reduci ng of rearrangenent of press jigs. Those
face plates, either bent or not, are grouped into
each Wrk Packages of the followng |evel by each

block and fed to the next process.

B-21
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2) Part Subassenbly (Pre-Subassenbly)

Part subassenbly is a secondary |evel of hull
construction for assenbling built-up parts for a

| ongi tudinal and a stiffener or assenbled parts

for a stiffener or a bracket. The ZONE of this

| evel is considered as a part rather than a sub-
assenbly. Therefore, the m xture of the above two
cases with the subassenbly is not preferable for Ievel-

ing of work package of the subassenbly.

The AREA of this level is grouped into:

- Built-Up Part: Assenbled T-Type or L-Type Bar
such as Longitudinals and Stiffeners to be fitted
on a subassenbly or direct on a bl ock.

- Pre-subassenbly: Various types of assenbled
parts for subassembly, such as brackets fitted

with a face plate or a flat bar.

The grouping by the STAGE is as follows:
- Plate Joining or Nl

- Assenbly

- Bending or Nl

B-22
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3) Subassenbl y:

Subassenbly is the third level of hull construction
for assenbly of internal structure conponent, that is
a ZONE to be generally an assenbly of a main part of
internal structure with plural-nunbered parts or
assenbl ed-parts for producing internal structures to

be fitted on a panel of hull block.

The AREA of this level is grouped into flat two
dementional shapes w thin
simlar size in a large quantity such as
bi g-si zed transverse frame, girder, floor
etc.

- simlar size in a small quantity

The first grouped subassenbly can be mass-produced
by size through each lane of suitable facilities,
for exanple; conveyor |ane. The second grouped
subassenbly cannot be done so because of so many
variety of its sizes as to be assenbl ed one by

one. The working tine per one piece of subassenbly

is not to be |eveled.

The grouping by the STACE is made as follows:
- Assenbly

- Turnover or Ni

B-23
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4) Conponent and Bl ock Assenbl Y, and Grand Block Joining
Assenbly of a block, a key ZONE of hull construction

Is divided into three |evels of:

- Component Assenbly

- Block Assenbly

- Grand Bl ock Joining

The divisions are made in conceptual grouping of work
packages by the AREA and the STAGE.

Conponent assenbly is to be assenbled in a partial
ZONE of the block separated fromits main ZONE of the
panel plate to reducing difficulties on the bl ock

assembly in one. The conponent is assenbled with

its nother block before the block is to be erected.

Gand Block joining is to join a few hull bl ocks

to each other before the block erection in order to:
to reduce a working time of its erection on a
bui | di ng dock.
to be a stabler shape for its erection
to be a nore spacious size for on-block

outfitting and painting

The first case is ranged in the block erection but
on the assenbly yard, namely pre-erection, while the

second and third cases is rather in the bl ock assenbly.

The ZONE of this level is, therefore, ranged to Bl ock

and Ship as shown in Figure 9.
B- 24
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The AREA of the conponent assenbly |evel is grouped
into the same concepts of category as for the sub-
assenbly.  Most of the conponents are rather snmall
from bl ock and two-di nensional so as to be assenbl ed
together through the subassenbly yard. This is a point
of separation of the conponent assenbly fromthe bl ock

assenbly.

The STAGE grouping is, therefore, simlar to that of
t he subassenbly. In case of a small size ship, this
| evel is grouped into the subassenbly and/or sem -

flat panel assenbly.

The AREA of the Dblock assenbly level is grouped into:
- Fl at Panel

- Sem - Fl at Panel

- Curved Panel

- Special Curved Panel

- Superstructure

This grouping is based on the shape of bl ock panel

which is utilized as a basenent of the block assenbly.

It varies on arrangement of its assenbly sl ab.

The blocks of flat and sem -flat panel and super-
structure can be assenbled on each process flow |ine,
but the bl ocks of curved and special curved panel may
not be done so because of their assenbly slab. In case
of small quantity of block production, the above five

groups may be reduced.
B- 25
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The bl ock assenbly grouping by STAGE is as fol |l ows:
- Plate Joining or Ni

- Egg-Box Fram ng or Ni

- Assenbly

Turnover or Nl

The assenbly of STAGE of this level performs to assenble
a panel with its internal structures fromthe |ower
levels and its conponent. The assenbly process of a
panel and its internal structures are grouped in each

type of framng process on panel wth:

Egg- Boxed Internal Structure
- Parallel-Arranged Longitudinals by a Line Wl der
Machi ne
Si nul t aneously arranged Longitudinals and Sub-
assenbl i es

- Qhers

The AREA of grand-bl ock assenbly |evel is grouped
I nto:

- Flat Panel

- Curved Panel

- Superstructure

This grouping is nmade in three types only because its

smal | quantity and huge size.

The STAGE of this level is as foll ows:

- Joining and N |
B- 26
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- Pre-Erection and Ni |

B-27
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5) Block Erection

Bl ock erection is a final level of hull construction

for shipbuilding that is a totalized ZONE

The AREA of this level is separated into:
- Fore Hull

Cargo Hol d
- Engi ne Room

Aft Hul

- Superstructure

The STACGE of this level is sinply divided into:
- Erection

- Test

The test of this level such as the tank test is
i ndependent from the erection of STACE about the
ZONE, and distingui shed about a size of work

package in conparison with inspections and tests
of the other levels. These are individually involved

in the finalized work package of each |level to

i mpl ement on every finish tine of interimproducts.

B-28
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3. Product Resources
The Product Resources in the manner of PWBS (Product-
Oriented Wrk Breakdown Structure) are defined as input
itens to be allocated to some of the W rk Packages by
each ZONE for the purpose of assenbling all sets of
SYSTEM for ship's operation. Al of the Product Re-
sources shall be, therefore, requested to identify
in the dimericity: their belonging ZONE and SYSTEM
The dimeric identification is easily satisfied to
the material but the manpower, facilities and
expenses.  The approach to the solution of the diffi-
culties for the manpower will be also discussed in this
section.

3-1 Material

The materials including interimproducts are one of

the Product Resources, which are directly allocated into
their specified Wrk Package transforned to a interim
product, and finally assenbled as part in one of the
SYSTEMS operating a ship.

Identification of all the materials is configured
for the aforementioned purposes, by:
Material Code identifies what the material

I's about, its detail descriptions of kind,
type, size, grade, etc.

Piece No. identifies serially by each SYSTEM
what part of the SYSTEMS the naterial is

assenbl ed | n.B_39
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- Wrk Package No. (WP No. ) identifies at
whi ch | evel of the PWBS, on which ZONE, by what
AREA, and at which STAGE materials are assenbl ed

per ship. These identifications are nade by
the WP No. which is integrated by the Level No.
ZONE No., AREA No., and STAGE No.

- Material Cost Cassification No. (ML No. )

classifies which SYSTEM materials belong to
per shi ps.

1) Material ldentification

Figure 18 tabulates the material identification which

I's made on each of raw materials of HBCM (Hull Bl ock
Construction Method), and raw naterials and conponents

of ZOFM (Zone Qutfitting Method) for their individua
allocation to their Wrk Package. Material identification
codes "what the naterial is" by the Material Code, and
“what the material is used piece by piece for each

of SYSTEMS" by the Piece No.

The definition extent of the material code is different
anong its hierarchical groups by:
- Work Shop:  Hull Construction, and Qutfitting
and Painting
- Commonness: Steel material of shipbuilding
grade, Common Material comonly used for all the
shops such as pipes, pipe fittings, access |adders¢
m scel | aneous raw materials, etc. , and Non-conmon

Material . B- 40
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- Requisition Classification

Al located Material (A-material) to be

requisitioned by quantity specified
per ship at the tine of design.
Al located Stock Material (AS-material)

to be requisitioned by quantity
specified per ship at the tine of design
plus some surplus reserved for unforseen incidents.

Stock Material (S-material) to be requisitioned

by the nost econom cal quantity estimted by
using past statistical data and forecasts of the
shipyard entire work | oad.

- Standardi zat i on:
For Steel material of shipbuilding grade,
sketch-sized material individually varied
in size (Sketch Size), standard-sized nmateria
comonly used for a certain ship (Standard wthin
a ship), and standard-sized material conmonly

used for any type of ships (Standard)

Z For fitting, individually standardized
material defined in detail one-by-one
(Individual), and non-standard nateria

defined famly by famly (Famly).

The steel materials of shipbuilding grade for Hul
Construction can be defined by naterial/grade/size for
any materials of plate, angle, etc. for material procure-
ment. While, the raw naterials and conponents for the

Qutfitting are defined about the Individual in full
B-41
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description for their one-by-one identification, but

about the Famly in famly description. These two

types of descriptions are very serviceable for materia
procurenent.  The Individual can be defined by the
Material Code one-by-one, but the Fanmily shall be by it
famly-by-famly and detailed one-by-one by the Piece

No. specified in their purchase order specification
fromtine to tine. herwise, its quantity goes up to

t remendous nunbers.

"Systemt in this code for the Non-Common Material is very
convenient as a part of the material codes which are usable

for industry of shipbuilding division

"Systent 1S slightly different fromthe SYSTEM

of the Product Aspects shown in Figure 19.

The nachineries, equipnment, etc. are separate from
conponents of pipe lines in the "Systen! for the
conveni ence of cost estimation, but not in the SYSTEN

for designing and producing.

"Blank: in the code for Common Material shall be filled
by the "Systent, when its "Systent is specified for its
material to be assembled in. This "Systen! is comonly
usable as a tool of standardization to define not only for
the material identification but also for the Mterial

Cost Classification and any others as applicable.

Wiile, Piece No. defines its bel onging SYSTEM and positi

each piece (Part for HBCM and Conponent for ZOFM
B- 42
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corresponding to Ship No. /SYSTEMin its SYSTEM pl an
or piping diagramand in its piping and conponent fitting

drawi ng as shown in Figure 7.

Piece No. for the Part is hierarchically configured as Ship
No. / Grand- bl ock Code/ Bl ock Code/ Semi - bl ock Code/ Sub- bl ock
Code/ Part Code as shown in Figure 9. Sone of those codes
may be blanked as unnecessary. It is nore preferable that
the serially nunmbered Part Code defines the type of raw
material used, and the SYSTEM and shape of part, and that
the Block Code defines the position of a hull body.

Piece No. for the conponents is configured as Ship No. / SYSTEM
Code/ Serial No./ Conponent Code.
Conmponent Code signifies a material famly

whi ch sufficiently indicates a type of
conmponents respective to their SYSTEM
nanely, in a pipe line, pipe piece, valve,

ej ector, tank, punp, etc.

The Material Code is mainly utilized for specification
Material in the material procurenent and the Piece No.
Is utilized for piece identification in the designing

and producing of work-in-process.

2) Material Gouping to Control G oups
Each of the materials belongs to both SYSTEMori ented
and/or ZONE-oriented control groups during its processing

through all the functions as shown in Figure 6.
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3-2

The WP No. identifies a material, its ZONE-
oriented control group for the ZONE-pl anning,
Schedul i ng, Producing and Accounting, and the
MCC No. identifies the same material its SYSTEM
oriented control group for the SYSTEM pl anni ng,
Accounting and Estimating. The data for all the
materials can be transformed fromthe SYSTEM
oriented to the ZONE-oriented and transposed
fromthe ZONE-oriented to the SYSTEMoriented as
shown in Figure 2, using identification of both

the Material Code and the Piece No.

Figure 9, 12, 15 and 17 shows the concepts of
conpositions of WP No. in each PWBS, and
Figure 18 shows, as a sanple, the code system
of MCC No. which is enployed in IH

Manpower
The manpower are also one of the Product Resources,

directly allocated into the respective Wrk Packages
by ZONE, and charged to assenble an interim product of
every level which wll be finally a part in one of the
SYSTEM operating a ship.

Identification of all the manpower is configured for

t he above purposes by:

Organi zation Unit Code identifies which shop

a worker to be grouped into by shipyard,
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wor k shop, shop and trade.

Personal No. identifies each worker.

Work Package No. identifies the allocation

of the manpower by Level No. , ZONE No. |,

AREA No., and STAGE No. This is the sanme one
as for the material

Cost Center Code (Mnpower Cost Cassification)

classifies the manpower charged on each Wrk
Package into the control group sumarized

by the simlarity in the index of Accounting.

1) Personal ldentification

Personal Identification is made on each worker
of every trade per shop for his allocation to
his Wrk Package as tabulated in Figure 21

The personal identification codes "which unit
the worker belongs to" by the Organization Unit

Code, and "who is he" by the Personal No.

This No. is applicable for all enployees other

than the direct workers.

The Organization Unit Code is hierarchically
structured by five levels of Shipyard/ Type

of Work/Fabrication or Assenbly/ Shop/ Trade.
The Personal No. is assigned to every worker
in series per shipyard. The Organization Unit

Code is utilized for the Manpower Cost Cassifi-

cation as a partial conposition of the Cost
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Center. The Personnel No. is not so but for

wor ker’s payroll only.
2) Manpower G ouping to Cost Center

Different fromthe naterials, the manpower has
difficulties to identify itself in the aspect

of SYSTEM because it is charged on the Wrk
Package as PVBS regardl ess of the SYSTEM aspect.
SYSTEM by- SYSTEM i dentification of nmanpower
results in considerably inaccurate data only,
even if being tried hard for its sorting so.

It is a short cut, therefore, to find out a
alternative approach. Cost Center is one of
the alternatives of the grouping approach to

t he SYSTEM by- SYSTEM identification of manpower.

Each of Cost Center includes nmanpower charged
to the Wirk Packages which are grouped within
each of the Organization Unit (Shipyard/ Type of
Wor k/ Fabrication or Assenbly/ Shop) by the follow ng
statistical conditions:
its index for the purpose of the
Accounting to be presentable by the
same di nensional unit as shown in the
Production Progress and Manpower of

Figure 20.

Its value of productive efficiency

for transposing the nmanpower data from
B- 46
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ZONE- BY-ZONE to SYSTEM BY- SYSTEM to be
constant under the same dinmensional unit
as shown in the Efficiency of Productivity

of Figure 20.

The Cost Center grouped-the Work Packages under

t hose conditions ensure constancy in system zation
of Accounting by ZONE on the basis of PVBS.

Sinul taneously, its data can be transposed to

meet thenselves the purpose of the Estimating

by SYSTEM For this grouping, Level and AREA

are usable, but ZONE and STAGE are elimnatable

with some exceptional cases.

Figure 21 shows all elenments usable for the
Manpower O assification. The hierarchical conb-
i nations of some of those elements enable to
severally make the said O ganization Unit Code.
Personnel No. and Cost Center Code as shown

Figure 21.

The nethod of transposition of manpower data
fromby ZONE to by SYSTEM will be discussed in
3.2

4. Accounting and Estimating Method of Production
in PVBS

As shown in Figure 6, the SYSTEMoriented Estinating
is devel oped to the SYSTEM oriented design and transformed

to ZONE-oriented design for progressing the Scheduling
B- 47
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and Produci ng.

This process is illustrated in Figure 7.

Wth the ZONE-oriented Producing in progress, the
Accounting nust correct, sort, and analize the
Producing data in the same manner whi ch enabl es the
managenent to evaluate the shipbuilding process per
ship in production progress and cost. Those data
sufficiently satisfy the managenent but nust be
transposed to the SYSTEMoriented statistical data
for estimating a ship or its SYSTEM of a future

contract.

In this section addressed are how to process the
fol l ow-up, the evaluation and the transposing of
those data to serve the functions of Accounting
and Estimating:
- for each control group of the simlar
nature of Wrk Packages.
on the basis of the manhours and the
production progress indexes particularized
for each control group, and
- by the efficiency of productivity for

each control group.
4-1 Foll owup of Progress in Production

Fol | ow-up of progress in production can be
i mpl emented with using sone representative
I ndexes proportionally indicating the progress

status and their correspondi ng manhour indicating
B- 48



I H MARI NE TECHNOLOGY. | NC

t he manpower consunpti on.

The progressive data of Producing are summed and
reported on the Progress Curve of Production

The reported data are to be conpared with their
budget for evaluation of production on its half

way and at its conpletion.

The practically applicable indexes are taburated

in Figure 20,

The manpower index is enployed manhour in al

cases. The production progress indexes are weight,

| ength, piece, paranetric conponent weight, DM and BNL.

Paranetric conmponent weight includes only conponent

wei ght correl ative between the manhour of nanpower
consunption and the conponent assenbled at the levels

of unit, on-block and on-board.

DM is abbreviation of Deposit Metal of welding,
nanel y wel ding col une;

Sectional area of welding deposit x welding |ength

BNL is parametric welding length, which is weighed
by difficulty of welding positions such as flat, wvertical,

over-headed, etc., only used for the level of erection.

I nherency of Type of Work/Shop chooses sone of those

I ndexes for each prescribed purpose.

The fol | owup of progéﬁgs in production is inplemented
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to present the data of the production progress and
t he manpower consunption by those indexes in table

and graph per ship.

Figure 4.1 to 4.5 exenplifies those graphs. The
curve each, which is made by the sunmmation of the
data in every Wrk Package, signals a sign of the
manpower consunption on, over or below its budgetal
manhour and of the real production progress on, early

or data schedul e.

By these data, the leveling, expediting, converting, etc.
of work load are flexibly nade. Al so the follow up

and control by the conparison between the manhour

of budget and consunption is perforned by each organizatio

unit managenent through the correspondi ng Cost Center
4-2 Evaluation of Efficiency in Production

Eval uation of efficiency in production is perforned
with substituting the data of production progress and

manpower used for the followup of progress in production.

Figure 20 shows various dimensions which are used for
the evaluation of efficiency in production for each

control group. Figure 4.6 to 4.11 exenplifies those

groups.

The el enents of division of Cost Center, tabulated in
Figure 21, may be elimnated for nmaking the Control

G oup of Efficiency intgoduction for the Evaluation
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(CGEPE) . The constraints on this elimnation are:
the Cost Center to be under the sane
hierarchical tree structure.
the’ dinension of efficiency of the
Cost Center to be sane, and
the equal value of the parameter to be

appl i cabl e.

For instance, as shown in Figure 4.9, the Machinery
Shop elimnates the trades, ZONE, AREA and STAGE from
its Cost Center for making its control group.

Because all values of the efficiency of Wrk Packages
whi ch belong to one of the Level distribute within

al l owabl e range from a nean efficiency. Then it is
practically used as a conmon paraneter for all the

Work packages of the sane CCGEPE.

4-3 Formul ation for Manpower Estimating of SYSTEM by- SYSTEM

Data by ZONE-by-ZONE Data

The procedure of the evaluation of efficiency in
production secondarily provides paraneters which

are enployed for manpower estimtion. These paraneters
transpose the ZONE-by-ZONE data of Accounting to the
SYSTEM by- SYSTEM data of Estinmating for each CGEPE.

Figure 20 shows those parameters per Type of Work/
Shop. They should be further divided by Trade,
Level , ZONE, SYSTEM and STAGE - elenents of the

Cost Center - subject to the distribution curve
B-51
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of efficiency value of each Wrk Package.

However, there are the other assenbling parts and
conponents inpossible to estinmate manpower consunption
by this fornula, because of no correlativity between the
manpower consunption and the production progress index,
such as main engine, boiler, the other auxiliary

machi ne, equi prments hatch covers, etc. In this case,

the estimation is conpelled to be severally made on

the basis of the data inherent to those conponents.

Those data by the past experience nust be, therefore,

preserved for the future estinmation of simlar itens.

Thus, the manpower consunption estimtion are sinply
fornulated as foll ows:

Ho = ejvj

Hc - hj

Wer e:

j . . . A nunber for each CGEPE

Ho ... .. Total sum of manhour cal cul ated by
paranetric estinmation of nmanpower
to be spent for a SYSTEM

e ... .. A efficiency paraneter for each CGEPE

Voo A val uabl e of Production Progress
I ndex, input to each CCEPE; Tot al
of "v" wll be total sumof all
the input to a whole SYSTEM

o A nunber of each conponent

Hc . . . . . Total sum of manhour by severa

B- 52
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manpower estination to be spent for
a SYSTEM
h ... Manhour of several nmanpower
estimation to be spent for each
conmponent
Finally, Total of manpower estimation for whole a SYSTEM
Is formulated as follows:

H =Hp+HCc

B-53
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UNNT DIVISION

The Object of Unit Division

How can we construct the huge, heavy, and conpl exed structure, like a ship,
by limted manpower and limted facilities!?

To solve this problem lots of trial and error have been done. After that, the
shipbui I ding nethod by unit division was established.

The unit division nost appear as the most effective way to construct the ship in
the shipyard.

The unit division should be the base of how to construct the ship.

B. The Basic Itens to Divide the Ship

The basic itens to be considered for dividing the ship should be as follows:

L.
2.
3.
4,
5
6.

Division depended on actual capability of facilities.
Division to reduce the works on the ways.

Division to keep the constant flow of materials on slabs.
Division to make the unit construction method sinple.
Division to make the outfitting jobs on the slabs easy.

Division to keep the inportant dinension of ship.

Descriptions for each item would be shown next.

1.

Division Depended on Actual Capability of Facilities.

1) The nost inportant itemto be prepared before starting unit division is
to ][ralkle the capability list. The itenms included in the list would be
as fol | ows:

a. Mninmmand maxi numsize of plate to be burned by planer.

o

Capabi lity of press and roller.

¢. Lifting capacity of crane for sub assenbly.

d. Lifting capacity of crane for final assenbly or unit to unit.
e. Maxinmum size of slab for unit.

2) Deg)end.i ng on the capability list, decide the suitable size of each type
of unit by zone.

Division to Reduce the Wrks on the \ays.

The items to reduce the works on the ways would be separated as follows:

N1
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Make the cubic unit such as |ower wing tank unit, or top side tank
unit, because if the erection joints would be set in the tank, it
wi |l take nore manhours to do the jobs for the joints on the ways
than on the slabs. The wasted manhours will be estimted at |east
3 times for the worst working conditions.

b. Reduce the erection joints using unit to unit method and wthout dis-

turbing the material flow of assembly and fabrication.

The only way to reduce the erection joints wthout disturbing the
material flow of assenbly and fabrication, is unit to unit nmethod

Set the position of erection joints at the nost suitable place to be

worked easy on the ways.

ex. The position of erection joint near the bul khead.
_-Tr__‘Wf~ . 141 sECK
gi!ﬁ AT LE4sT 17
m“ '
ex. Never make the erection joints in the closed part such as tanks,
cofferdam, and bilge well etc. &
N
\x\\\ .
ex. Turn aside the erection joints fromthe parts which have crowed
internal structures.
ex. The position of erection joints nust be set at suitable place for
shipping the materials, setting scaffolding, and supplying power.
ex. Never make a usel ess j.oint.

N - TN
T B -

!

3. Division to Keep the Constant Flow of Mteri-al’'s on Srabs.

This itemshould be applied for units at Hold part, because the structures
of this part are almost the same from aft to forward. Once the sizes of
units are unified, the effects of repeat of construction would be great.

4, Division to Mike the Unit Construction Sinple.

a.  The unit could be separated into more sinpler parts, even if the unit
were curved.

G2
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b. Divide the unit at knuckle part.

example:

I

S

-5. Division to Make the Outfitting Jobs on Slabs Easy.”

This item should be applied for units at engine room part.

example: )
l-\ —;! . . l g /-l ! . // /
L 1) = F R
N ) Ny ~/

example:

In the above case, it is harder In this above case, it is easier
to keep the precise relation .to keep the precise relation
between rudder shaft center between rudder shaft center and
and shaft center. shaft center.

C-3
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Planning Steps

1.

II.

I11.

Iv.

VI.

Basic steps to make the unit division.

Steps

Make the
Preliminary

Unit Division

l

Set the Preliminary

Decision at Unit
Division Nbeting

\
/
S

!

Make the Key Plans

|
v

Investigation of
Key Plans By

Production Plamming

l

Meke the Final Decision

at Unit Division

Meeting

Make the Unit
Arrangement

Appendix

Capability List
Mid Ship

G/A

M/A

Capability List
Mid Ship

G/A

M/A

M/S

G/A

M/A

Structural Lines

C/L
Key Plan
M/

M/A

C/L
Key Plan

M/A

C/L
Key Plan
M/S
M/A

Charge

Engineering

Production
Plamming

Engineering

Productlcn

Production
Plarming &

Ehg;LIlEEIng

Productlon
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Descriptions for each step are as fol |l ows:

Step 1. - Mke the prelimnary unit division.

Set the rough unit division on the sheet of md ship and general
arrangement as checking capability of shipyard.

Step Il. - Set the prelimnary division at the unit division neeting.
One of the nost inportant items to set the unit division is to set
the agreement between Engineering and Production Planning, because
at the timng to decide the unit division, the basic ideas of con-
structing the unit should be settled concurrently. Therefore, this
unit division neeting is very inportant.

Step Ill.- Mke the Key Plans.
Depending on the prelimnary unit division, the key plans wll|
be prepared by Engineering.

Step IV. - Investigation of Key Plans by Production Planning.
This step is very inportant for Production Planning, because
during investigating key plans, the production nethods for each
unit should also be established

Step V. - Mike Final Decision at Unit Division Meeting.
At this meeting, the key plans, the name of unit, and the
construction nethods for each unit shoul d be decided.

Step VI. - Make the Unit Arrangenent.

After deciding the unit division, the unit arrangement draw ng
must be prepared. (See Appendix 1)

The objects are as fol | ows:

1) It is very clear to confirmthe name of each unit, and the
relation of each unit one to another.

2) Thig drawing is very effective in making production planning
such as:

Erection Master Schedul e
Prelimnary’ Add. Mt. Planning
Baseline for Accuracy
Prelimnary Scaffold Planning
Pl anni ng of Tenporary Holes for Wrking
Unit to Unit Planning
C5
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2. Detail Steps to Make the Prelimnary Unit Division

Step
[

| tern

Decide the Unit Division for md ship part

1) Set the suitable size (without length)

2) Set the basic idea of erection order.
3) Set the basic idea of unit fabrication
Decide the Unit Division for Hold part.

1) Set the suitable length of unit.

2) Set the suitable division for aft
and fwd part of Hold part.

3) Set the basic idea of erection order.

Decide’ the Unit Division for Engine Room
Part.

1) Set the rough size of unit.

2) Set the basic idea of erection order.

3) Set the basic idea of unit fabrication.

V. Decide the Unit Division for Aft Peak Tank

Part.

1) Decide the rough size of stern frane
unit.

2) Set the rough size of unit for other
part.

V. Decide the Unit Division for Fw d Peak

VI

Tank Part.

Decide the Unit Division for Deck House.

Descriptions for each steps are as follows:

Step I.

Descri ption
On the copy sheet of md ship

At aft and fwd end of Hold
Bart, several units woul d

e curved. The basic structure
is as same as another part.
Should be treated as one zone.

At the timng of planning
prelimnary plan, the precise
di mensions of unit cannot be
approved for this part, because
there will be so many changes
in the machinery arrangenent
after that.

At this timng, make it clear
the basic idea of casting and
how to construct the stern
frame part.

Fw d deck part nust be treated
as fwd peak tank part.

As checking the basic items (refer B.), decide the position of erection

joint.

as follows: (see Appendix 2)

C6

For the Bul ker, there are some basic ideas about unit division



| H

MARI NE TECHNCLOGY. |NC. - 1-

ifs.

Vi,

Vii.

Doubl e Bottom Part

Never make the erection joint in the center duct part.
Joint(@)

Bilge Part

The shell plate of _bilge part should be cut at the same |evel of
tank top. Joint(2)

It is easier to construct this part on slab and to keep the precise
tank top height.

Side Shell Part

Upper joint of shell p]ate(§)shou1g Ee set at near the part of
cross point with top si'de boftom plafe.

Stool Part-

Depending on the weight of stool, it is possible to erect this

unit in one piece, but adjust the alignnent between interna
structures of stool and internal strucCtures of double bottom

It is best to separate the unit into 2 pieces, and then Joint(4)
IS necessary.

Corrugat ed Bul khead Part

The width of this unit is huge, To construct this unit on slabs,
it is best to separate the unit into 2 pieces, and then Joint(d)
IS necessary.

After checking the weight, this unit should be made in unit to
unit before erection.

Main Deck Part

To separate the center nmain deck fromtop side tank unit, Joint(®
I's necessary.

Top side tank nust be conpleted on slabs.

Basic |deas of Erection Order
T G>e—s B[ <<
L
RGOS

c-7
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Step Il. (See Appendix 3)

It is best to keep the butt joints one line fromthe bottomto
the top of ship.

V.

Step I11.

It is necessary to make the units same |ength as nuch as possible.

Not e:

The units of conpletely flat part nust be divided in

same Size.

After rough division, these following items must be checked:

aa) Mninum distance from bul khead

bb)

cc)

dd)

This item nust depend on standard of shipyard.

Usual Iy as follows:

B
T
t
‘-A

e —

Minimum distance between radius end of hatch openina corner
and erection joint.

p
S

J

8" t

It is necessary to check the actual unit length of curved part
whether this length would be over the standard size or not.

It is necessary to check the position of outfitting equipnents.

After checki n? these itens, correct the division once again, and

then the fina

division for Hold part woul d be conpleted.

(See Appendi x 3)
Doubl e Bottom Part
aa) It Is best to make the double bottom unit as bigi as possihle.

This part of the structure is conplex and has sfot of equipment
onit. It is very difficult to mke the joints at this part.

bb) As discussing with outfitting side, decide the position of

joints on machinary arrangement. Joint(@)
c-8



I H MARI NE TECHNCLOGY. | NC.

-0-

cc) Never make the joints in narrow parts such as L.O Sunp Tank
echo sounder space, and bilge velJ ect. goint(®)

dd) In case the main engine is diesel, it is best not to make the
poi.nt. under the main engine sheet and reduction gear sheets.
Joint(Q)

Shel | Part

aa) The position of fwd butt joint, which is in contact with hold
Fart, woul d be set just behind the main bul khead keeping out
he slant part of bulkhead. goint()

bb) It is best to make the unit as big as possible. There are
two (2) reasons as follows: Joint(@)

0 The main job for this Part on the ways shoul d be outfitting
works, because the outfitting works whould be critical of

shipbuilding term  Hull constructiop works on the ways
nusP be red%ced for the séﬁe of avoiding the n1xe% wor ks

between outfitting and hull construction in narrow space.
° The bigger the unit is, the better for installing equipment.

cc) It is very convenient for installing outfitting nodul es on
tank top-on slabs to put the shell plate which should be
height enough to cover the height of modules. Joint(3)

dd) The seam  joint nust be set in parallel with engine flat.
Joi nt@)

Engine Flat

aa) This position of butt joints should be decided depending on
the joints of shell plates.

bb) Usual Iy these flats should be joined with shell plates. At

this case, the part of flat would be joined with shell plate
on slabs to keep the shape of curve.

PART oF FL4T

i

c-9
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cc) The control roomor work shop should be conleted indedendently
before jointing with shell part.

iIv. Min Deck

aa) Bfalsi c ideas are the sane as shell plate part and engine
at part.

bb) Considering the installation of min engine and other big
equi pnent, “nake restored units.  Unit@)

cc) Never make the joint in closed part or in tank. Joint(2,
Step IV. (See Appendix 3)

|, The position of butt joints which are contacted with engine room
part must be set at fwd part of aft peak tank bulkhead. Joint(5)

It is better for constructing stern part to separate the rudder
horn part fromstern frame part for the first time. Joint(6

~ (And Dbefore erecting these, joint together. )

iii. The position of joint for stern part nust be decided at best place

to keep the accuracy of rudder center and shaft center on sl abs.
Jm‘nts@and%

iv. The unit at under ﬁart of S.G flat nust be one unit on_slab,
because this part has the conplexed structures. Unit(8)

v. The unit at under part of main deck nust be one unit on s|abs
with transom because on the S.G flat there are some equi pments
and slot of outfitting jobs. Unit(3)

Step V. (See Appendix 4)

|, The position of the butt joint which is contacted with hold part i
must be set aft part of fwd peak tank. Joint{l)

ii. It is best to avoid the bell mouth part. Joint{2}
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Vi,
Step VI.
I,

-11-
To. make it easy for the construction of the bul bous bow, the
joint nust be get erSt behind the non-tight bulkhead. Joint(3)

The unit at the chain lockers part _nust be big enough to install
the chain lockers on slabs. Unit(®@)

from the place of windlass. Joint

The posi.ti.on of the joint on forec%%tl e deck should be kept out

The unit at forecastle deck should be erected in one piece wth
bul wark plates on slabs. Unit(g)

The wal |'s nust be joined with ceiling on slabs by unit.

It is best not to make the joints in CO,room refrigerator room
or fan roometc.

C-11
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GUI DE TO CONSTRUCTI ON OF UNI TS
A (bj ect
_Before starting the detail planning, such as production
pl anning or production scheduling, it is necessary tp nake
an explicit guide of construction nethod for each unit using
the Key Pl ans.

_ Because it is very easy to confirmthe structures of each
unit and study the best-way of unit construction

B. For mat

In this guide it is inportant to show the construction
of each unit in 3 dinension by each construction step.

t Al'so, it is necessary to show the descriptions of each
step.

In the case of large units, it iS better to calcul ate
and check this rough wei ght of each unit=

C. To nmake this guide, the following abilities will pe
required.
1. To imgine the construction of the unit from gey
Pl ans.

ii.  To reproduce the construction of the unit on paper
in 3 dinensions.

il To be faniliar with actual conditions of facilities.
iv. To be famliar with actual methods of production.

D. The basic and inportant ideas to decide the construction
met hod.

I To be the best way of construction for workers
a. Working Position
b. Condition of Wrking Stage
c. Lighting, Ventilation, Accessing

ii. To be the best way of construction for keeping
the accuracy of wunit.

iii. Separate conplex units into as nmany sinple parts
as possi bl e.

D-1
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4. FIELD PLANNI NG

A

] ect

To properly inplenent the earlier plannings, there is
one additional activity called Field Planning. This
planning will be prepared to give shape to production

pl anni ngs as dependi ng on actual conditions on sl abs.
Kinds of Planning

Usual |y these planning activities could be separated
into four (4) groups as follows:

a. Planning to prepare the good working environnent.

1) Plan of tenporary holes for construction
purposes.  (see Appendix - 1)

2) The study of ventilation and cooling on the
ways. {see Appendi x - 2

3)Power source supplying and stools arrangenent
plan on the ways. gsee Appendi x - 3)

4) Plan of equipnents for access and working stage.
(see Appendix - 4)

b. Planning to make the production activities easier.
safer and nore precise.

1) Cribbing plan
2) Supporting pillar and beam pl an.

3) Necessary jigs and tenplets for curved units.
) (Refer ¥ojtﬁ i | |

c. Planning to make working guide Iines.

1) Plan of layouting and construction nethod for
curved units. Refer to the docunent of curved

unit jig system
2) Shipwight nethod plan. (see Appendix - 5)
3) Initial hogging plan. (see Appendix - 6)

E-2
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d. Planning to make the inspection itens clear.

1) Tank arrangement and testing scheme.
(see Appendix - 7)

2) Final dinmension check itens.
(see Appendix - 8)

3) Disposal of tenporary pieces for construction
pur poses. (see Appendix - 9)

E-3
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SUBJECT: Plan of Temporary Hole for Construction Purposes

The attached documents on making the Plan of Tenporary Hol e
I ncl udes the follow ng:

(1) Qbject
(2) Considerations to Mike the. Plan
(3) Concrete Exanples

(4) Appendix -1 -2

E-4
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ONto make the Plan of Tenporary Hole for construction purpose,

1. Object

In the ship under construction on berth, the permanent
hol es are not enough to do any kind of work for construction,
So, to make the workmanship easy, the tenporary holes shal

be prepared by the shipyard with the permssion of class and
owner .

2. Considerations to make the plan
A Facilities of conmmunication

Zone 1.
«. There are 3 ways to get into or out of the shinp:
1) From berth to upper deck _
2) From berth to tank top through side shel
NEAM? Fromberth to tank top through bottom

1) No use.

2) At the last side shell unit (nothing in Zone 1).

3) Make the tenporary holes in double bottom at
every other hold at least. (see the sanple)

¢. There are 2 cases to nove in the hold mainly:
) Fromaft to fore on tank top
Fromtank top to upper deck
2) No use.

zone 2

1; Make the tenporary holes at each steel

3. It is necessary to make the tenporary hole at stale
shel| for the gate from the wharf. “(see the sanple)

4. It is necessary to make the tenporary hole at
bul khead separated from hold. (see the sanple)

5. At the walls of large tanks that have many jobs
init (ex. fresh water tank etc). (see the sanple)

Zone 3

6. It is necessary to make the tenporary hole at
bul khead separated from hold.  (see the sanple].

/. St is necessary to make the tenporary hol e at
the side shell. £
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B) Zone 1, 2, 3
Ceneral |y speaking, the tenmporary holes for facilities
of comunication are useful for Supply of power source.
But it is better to separate the holes for men fromthose for
power sour ce.
C) There are 2 comments:

1. Suitable size to pass through safely.

2. In the cases that make the hole vertical, it's. safer
to shift the position of the hole fromthe joints or/
from under the scaffolds where personnel usually gather
because sonetine the parts or instruments fall down.

(‘; Bulk HezaD
i ,
. (=0 |
one 1, 2, 3 T

Ceneral |y speaking, the tenporary holes for facilities of
communi cation are useful for ventilation and |ighting.

In the large tank that has many jobs in it, it IS necessary
to Pﬁk%'the tenporary holes at both ends of tank for
ventilation.

E) Basically every tenporary hole shall be made at assenbly
stage, éxcept the holes which stay on the erection joint,
as such holes will make the unit ‘weak.

3. Sanple for making the plan

A) Consi derations

1. Location: as clear as possible

2. Size! nore econonica
more functional

3. Restoration: edge preparation
order of wel ding

B) Sanpl e:
Douhl e Bottom_
1. Location; see the sample
( rTEp 6)
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2. Size: At least 4 x 4 _
Use erection joint both as erection and

temporary hol e.

3. Restoration: see the sanple) _
i de of edge preparation depend on
production planning.

NOTI CE:  Take care for concerment between restoration of
hol es and tank test.

Side Shell
(at aft part)

1. Location: Depend on concernment with the wharf.
At | ower engine flat. o
Check the equi pment of outfitting,

2. Size: Keep the normal height fromthe flat.
keeg the girth Iengtgh. Bo not

’ Keep the height A
/ Do not keep the height B

3. Restoration: (see the sanple)

NOTICE: It is_enough to make the hole at one side. pgcjge
the side (P or S) by Production Planning,

(at forward part)
1. Location: The ﬁosition to get into or out fromthe

berth easily. _
Tﬂe position with few obstructions to nmake
this.

2. Size: Keep the normal height fromthe flat.

3. Restoration: (see the sanple)
NOTICE: It is enough to make the hole at port side only,

E-7
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STUDY OF VENTI LATI ON AND COOLI NG

~This nmeno is the study to inprove conditions of
ventilation and cooling on the bul ker on tune ways.

The necessary steps to be studied are z5 fol| ows:
Step 1. Set the parts to be ventilatedted and qo ed.

St ep 2. Dependl ng on [tem 1, cal cul ate the necessary
amount of wind by part.

Step 3. Check the number of fans , capacity
and the types of fans in LSCO of each fan

Step 4:- Check the ventilation holes at present.

Step 5: Study the nore effective nethods to ventilate
and cool by part, considering Itens 2, 3, and 4.

Step 6: Concl usion

Note :  Concerning Step 3, it is very difficult to locate
the information needed. Therefore, we just calculate the
nunber of fans depending on the standard nean
capacity.  See page 6.

E-12
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STEP 1 - - SET THE PARTS TO BE VENTI LATED AND COOLED
The nore suitable separation of parts to study the

ventilation of Zone is as follows:

(1) Separate the tanks into four (4) kinds of parts
at section. ’

- @ =0
, .
\9OTE "P® é

(2) Separate each one with watertight bul kheads at’
long’ 1 direction.

E-13



STEP 2 -- CALCULATE THE NECESSARY AMOUNT OF WIND BRY PART

(1) Calculate the volume of each part.

Part Width Length Height Volume

1 5' 3" g 2 73" 6" 5' 10 5/8"
1.6M 22. oM 1.8¥ 64>

2 28' 10 1/2" 73" 6" 5' 10 5/8"
8. 7M 22.24 1.84 34813

3 12' 5 1/2" 73" 6" 5' 10 5/8"
3.8M4 22.2M 1.84 152M°

12' 5 1/2" 73" 6" 12' 5"

: 3
3.8" 22.2M 3.8 160
Total 312M3

4 22' 11 1/2" 73 6" 14" 9 1/4"
71 22.24 4. 5M 350143

E-14
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(2) Necessary amount of wind for each part.
Necessary amounts of wind: G M3/Min,
Volume of part : S M3

Times of Ventilation : N Times/Hour
Note: Usually 30~40 Times/Hour

S =xN A Gl: Case 30 Times/Hour
G = 60 CIRt G2: Case 15 Times/Hour
Part S N1 Gl N2 G2
1 64 30 32 15 16
2 348 30 174 15 &7
3 312 30 156 15 .78
4 350 30 175 15 87 ,

E-15
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STEP 3 -- NECESSARY NUMBER OF FANS

Part GL F1 G2 'F2
cMM cMM
1 32 0.7 16 0.4
2 174 3.7 87 1.8
3 156 3.3 78 1.6
4 175 3.7 87 1.8
Notice: F1: Necessary Number of Fans
Case 30 Tinmes /Hour Ventilation

F2: Necessary Number of Fans
Case 15 Times/Hour Ventilation

Standard Mean Capacity of Fan
1700 cm= 47.6 CW

E-16
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STEP 4 -- CHECK THE VENTI LATI ON HOLES AT PRESENT

On July 10, 1979, we checked every ventilation hole at
present and put themin the conpartnent and access draw ng.
See the attached draw ng.

O : Permanent Hole

8 : Temporary Hole for Ventilation and
Access

N, L7

/(\i : Passage from Ground to Tank Top

E-17
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STEP 5 -- STUDY THE MORE EFFECTI VE METHOD

(1) Prelimnary I|deas

(a) Make the ventilation plan by closed Part and
separate ventilation holes fromtraffic pges.

(b) Make at least two (2) ventilation holes by
cl osed part.

(c) Set the two #2) kinds of fans by that part.
One type of fan is the blow fan and the ot her

type is the suction fan.

(d) Set the fans to suck cool air and to blow hot
air.

o - 7op \| TYeTIAN Tre

\ E e T sA
| L ATR
Blew 7 P | A\ E'o'a
/N
NOTZICE °

Another nerit of this idea is that it will be able
to reduce the nunber of fans on the tank top.

1
X
)
N
bS
u
”
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(2) Description About the Ventilation for Doubl ebottom.
Pl anni ng steps are shown as follows:

(a) Necessary cafacity or nunber of fans for
parts 2 and

Part d Fl €7, F2
CwW CMM

2 174 3.7 87 1.8

3 156 3.3 8 1.6

Note: Fl: Necessary Nunber of Fans
Case 30 Tinmes/Hours Ventilation

F2: Necessary Number of Fans
Case 15 Times/Hours Ventil ation
Used as Standard Mean Capacity of Fans
1700 CFM = 47.6 CW

(b) Consideration
For Part 2:

It Is necessary to set at least 2 fans and no nore
than 4 fans. Therefore 3 fans (nean) should be
set. 2 fans which should be blow type have to be
set at ground level to get cool air. A suck-type
fan is needed and should be set on the tank top .

For Part 3:

The planning is almst the same as Part 2

3 fans should be set for Part 3, sane type fans
as in Part 2 and located in the-same aréa as In

Part 2

E-19
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At this condition, there are some problems in
i npl enenting this plan which are as follous:

1. There is a different anmount of work between
the inland side and the riverside. Therefore,
it is Possible to reduce the nunber of fans

needed for the riverside.

For Part 2: Blow Type -1 fan
Suck Type -+ fan

For Part 3: No need

2. It is necessary to make new ventilation holes
(the size of a manhole) at the bottom plate of
every other tank on the inland side.

3. In order to increase suction efficiency, it
I's necessary to nake the new holes near the top

of the bottomside tank.

4. It is necessary to nake a new cover to gather
the blown air into one pipe as shown bel ow

s (=

5. To naintain the eff|C|enc of ventilation, it is
necessary to cover the ot er hol es, espeC|aIIy
at L-13 (34" 1/2" off fron1centerllne)

(3) According to these conditions, a sanple ventilation

plan is attached.

E-20
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Power Source Suppl ying and Stools Arrangement plan on the Ways

Before starting erection, the study of the necessary nunber
of welding machines and gas pipelines that must be set at suitable
and effective places should be prepared. This includes checking
the position of manholes and temporary holes. In addition,
| ocation maps for top of double bottom and main deck should be
done.

Especially for the ship which has the narrow main deck, |ike
bul ker or container, this planning will be nore effective to

keep the best working environment on the ways.

NOTICE: To make the location maps, it is easy to put the ;
necessary information on unit arrangement.
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Equi prent for Access and Wrking Stage

Before starting erection, it is necessary to prepare some
equi pnent to keep the good accessing and good working conditions
on the ways. This planning must be prepared with the total
view of what is the best way for accessing and stage conditions
on board.

Samples will be shown next.

E-23
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APPENDI X - 5
REF. NO. HP-108

STANDARDI ZATI ON_OF SH PWRI GHT

ne of the nmost effective items to reduce manhours and al so keep
a high accuracy of the ship on the ways is to standardize the ship-
wright methods throughout the work force.

But the shipwight methods are influenced strongly by the conditions
of the shipyard; therefore, we would like to hold a meeting with the
appropriate personnel in Production and Production Planning to decide
the standard nethods.

Attached are sanple sheets for Zone 1. Wth an in-depth study of
this memo, we woul d appreciate your finding nore suitable shipwright
methods for LSCO
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APPENDI X -6

iNnITIAL HOGA NG FOR AFT PART AND FORWARD PART

ne of the nost inportant itens in constructing ships on the
ways is in howto maintain accuracy of the shaft line at conpletion,

This attached meno shows two items, mainly concerning the aft
part. One itemis the final condition to be maintained on the ways
and the other is the initial condition to be prepared.

Wth an in-depth study of this neno, we hope that you wll dis-
cover a nore suitable way to maintain the accuracy of the shaft Iine.
Your immediate response would be appreciated.
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| H MARINE TECHNOLOGY. | NC. APPENDI X - 8

Final Dinmension Check Itens

Usual |y before launching the ship, the final dinension
of the ship should be checked by Omer and C assification.
The checking itenms are as follows:
1. Conditions
Tine, Tenperature, \Weather

2. Bottom Alignnent

FromA P to F.P, at the center line, the strength of the
bottomline will be checked as using special jigs.

3. O-aft Marks Check

.4. Actual Dinensions

Depth, breadth at md ship section.
Length between perpendicul ar.
Hat ch opening size at random

Sample will be shown next.
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EXAVPLE
| MPLEMVENTATI ON OF GATE SYSTEM IN LSCQ




| H MARNINE TECHNOLOGY. INC

L. | ntroduction

Fig. 1-1  Total Planning Flow for Hull Production
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| H MARI NE TECHNCLOGY. |INC.
L, | ntroduction

A ship, as final product, is consisted of a huge number and many
kinds of pieces, conponents and units of hull steel structure as
interim products. These interim products are fabricated and/or
assenbled from many materials by many manpowers on each facilities.

As you already recognized, the Hull Unit Construction method is a
key of shipbuilding for obtaining an optinum production flow

In order to keep the smooth production flow in Production
the adequate Production Engineering about the hull construction
process, namely planning and scheduling, should be executed before-
hand for the stages of material procurement, fabrication, sub-
assenbly, assembly and erection as follows:

1) Products Planning

- Unit Division
- Unit Parts List
- Accuracy Planning
2) Process Planning
- Quide to Construction of Unit
- Basic Production Flow List
- Unit Information List
- Material Information List
- Working Instruction Planning

3) Facility Allocation Planning

4)  Schedul i ng

5) Manpower Allocation Planning

Total planning flow for hull production is shown in Fig. 1-1
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FIG. 1-1,  TOTAL PLARMING LM FOR 1AL VHODUCTION
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MARI NE TECHNOLOGY.

| NC.

2. Aim and Concept of Gate System

2-1 Am

2-2  Concept

Fig, 2-1 (Gate System

Fig. 2-2 Basic Operating Concept
Fig. 2-3 Aspects of System Elenents

F-6



| H

MARI NE  TECHNOLOGY. [NC.

2. Aim and Concept of Gate System

2-1) Am

In Lsco,a new Management Information and Contro
System which is workable, economcal and appropriate to
the size and scope of conpany operation, was devel oped
by Managenent Task Force in Septenber, 1978. As stated
in this Task Force Report, the systemis designed to
al l ow planned and controlled expenditures for [abor and
material plus organized use of facilities and equipment.

In the inplenentation and the continuing operation
of this system the Production Control Departnent is
playing an inportant role based on the Wrk Oder System
In this Wrk Oder System to perform effective contro
W th resources (labor, time, material and facilities),
the entire vessel is divided into controllable units
of work as foll ows:

L. Maj or Events

2. Zones

3. Work Goups (Units)

These work groups which are to be produced as the
end product are further divided into specific assignnents
of work as work orders. The planning of work orders is
determining how the objective is to be achieve, utilizing
what resources and within what tine frame.

Work orders describing specific tasks to be perforned
are issued to the responsible foreman, according to the
schedul e produced by the network planning. So the work
order package contains draw ngs, specifications, resources
(i.e. labor and time) budgeted, bills or lists of materials,
facility usage requirements (i.e. where the work will be
perforned and, eventually using what heavy equipnment) and
i nformation needed to record actual costs.

As described in the above, the Wrk Oder Systemin
LSCO is a well organized system but still System Oiented
manner instead of Product-Oriented one.
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In other words, although the work group, such as
unit, is a key of this systemand an end product of the
vertical conbination of work breakdown structure, it is
necessary to further divide into work order as interim
product, which is produced with resources.

Therefore, the work order is a key of Product-
Oiented System obtaining an optinum production flow,
which is essential to take into consideration as follows:

The classifying of interim product fromthe
work breakdown of work group (vertica
structure)

The horizontal conbination of the work
breakdown structure.

The allocation of interim product into
facility.

The al | ocation of manpower into facility.

As nentioned in the above, the work order is
I ndi cating what product is to be perforned in where,
by whom within what tinme frame (when ), with how many
manhour, how and how wel |, as shown in Fig. 2-1,
nanely Gate System
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2- 2. goncept:
As shown in Fig. 2-2 ., the basic operating concept
of the Gate System consi st of the follow ng major elenents
and aspects.
a) Alocation of facilities and slab areas.
Work breakdown according to pre-determ ned
facility assignnent.
Schedul ing by area.
Man- | oadi ng by area.
Transportation/crane requirenents
pl anned for each area.
Facility inprovement requirements
readily identifiable.
b)  Standard work flow in each area.
Detail schedul es/procedures for each area.
Organi zed work patterns.
Housekeepi ng by resident group.
Flexibility in worker use and nethods.

¢) ldentified skills, equipnment and tools.
Fi xed manpower requirements.
Skills avail abl e when needed.
Fi xed equi pnent/tools requirenment.
Equi prent/tool maintaining by resident
group.

d  Assigned Foreman and Wrkers for each gate.

I ncreased efficiency thru non-novenent.

G oup Devel opnent.
Responsi bi | i ty/ Recognition identification.
Ti ghter supervisor control

Escal ating skills/nethods.

Schedul e conmmuni cati on.

Workers active towards Schedule/quality
achi evenent .

G oup responsibility for arealproduct.
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e) Schedul i ng/ Productivity analysis.
Mast er schedul e by gate.
Detail schedule within gate (by station).
Overtime used to recover schedule.
Qut put of each gate and station can be
measured against plan.
Chronic problens identifiable to specific
gate or area.
Productivity recogni zable by workers.

In other words, the Gate Systemis the integrated
systemwith facility, work flow, equipnent, schedul es
and peopl e.

Each area of yard is designated for specific types
of work and putting people in small groups under assigned
foreman.

Therefore in this system Planning and Scheduling
revol ves around work breakdown, allocated areas, and
al l ocated personnel.

In order to inplenent this system smoothly, the
following will be taken into consideration.

a) Allocation of facilities:

i) Shipyard areas in shops and on sl abs
are designated for particular work.
i) Gates (Areas) as process are selected on
the basis of:
Optinum work/ material flow
Crane requirements
Qt her equi prent requirenents
ii1) Wrk is brought to workers by nost
efficient means.
iv)  (njectives:
- M nim ze people/naterial novenment
- Optimze work area and met hods
- Maintain schedule

b)  Allocation of People:

i) Foremen are designated for each gate.
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i) Small groups of workers are assigned to
each area within a gate.
1) Facility/Equipnment/Tools confined to each
gate.
iv) Journeyman (Skill Wérker)/Apprentice
(non or lowskill worker) ratio is balanced
according to skill requirenments.
v) Absenteeismis balanced by added people
in each group.
vi) Foreman/Journeyman responsible for QJ. T
of Apprentices.
vii) Productivity standards can be established
and measured by G oup.
Through the inplementation of this system the
fol l owing benefits will be expected.
Benefits of System
i) Vastly inproved production control
i) Sinplified scheduling and manpower planning
iii)  Alows inmprovenent of skill/nethods
V) Al'l ows removal of senior personnel (for ship
repair) wthout jeopardizing new construction.
V) Allows realistic appraisal of productivity
(i.e. by Goup-by Area)
Vi) Al'l ows precise scheduling of transport
equi pnent / cranes
vii) Provi des product-oriented system
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Wrk Breakdown of Hull Structure

wo

1) Prelimnary Breakdown Planning
2)  Detail Breakdown Planning
3-1. Products Planning: Unit Parts List
1) Designation of PiecelPart
2)  Kind of Common Piece/ Component
3)  Gouping of Breakdown Structure
3-2. Process Planning: Mterial Information List
3-3. Products Amount List
1) Prelimnary Products Quantity List/Table
2) Detailed Products Quantity List/Table

Fig. 3-1 Total Planning Flow for Hull Production
(Fig. 1-1)

Fig. 3-2 Mdel Breakdown Structure of Hull Unit

Fig. 3-3  Unit 131 Breakdown Structure

Fig. 3-10 Unit 131 Parts List
Fig. 3-11 Unit 132/133 Parts List

Fig. 3-17 Block Parts List in IH

Fig. 3-18 Coding System of Hull Structure Piece jn |H
Fig. 3-19 Piece Namng

Fig. 3-20 Common Parts List (Standard I|ndex)

Fig. 3-21 Typ. Mdbody Framng Assenbly Bookl et
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Fig. 3-23 Unit 131 Material Information List

Fig. 3-30 Erection Block Wight List
Fig. 3-31 Table of Unit and Assenbly Conponent Wei ght

Fig. 3-32 Raw Material Summary and Processed Material
Sumary

Fig. 3-33 s No. 2609 D M List Assenmbly Use
Fig. 3-34 Block List
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3. Wrk Breakdown of Hull Structure
In the hull unit construction nethod, since the breakdown
structure of hull is a key factor of maintaining highest productivity,
it will be taken into consideration of the follow ng major objectives:
How to divide into units, conponents and parts/pieces
Products Pl anning
How to produce fromraw materials to a ship thru parts,
conponents and units :  Process Planning
From the above point of view, the work breakdown of hull
structure with product-oriented manner is a key of planning,
scheduling and controlling for Production, as shown in Fig. 3-1.
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IHI MARINE TECHNOLOGY. INC.

1) Preliminary Breakdown Planning

After contract of ship, in early stage, this preliminary
breakdown planning is necessary to carry out from the key plans with
Engineering and Production Control in order to develope the detailed
construction drawing and the production planning.

The main subjects of this planning are:

How to divide a hull into units to meet the requirements

of erection work well and safely.:_Unit Division

(Refer to our Mr. O. Togo’s final report)
How to assemble each component to unit in high productivity
and quality.: Guide to Construction Unit

(Refer to our Mr. O. Togo’s final report)

The division of hull into unit and assembly component is
necessary to make an adequate size of unit and/or component assembled
at the assembly slab and/or shop before erection, in other words a
size of unit and/or component is taking account of the facilities,
the equipment and etc of the yard.

Therefore the following size of unit or component is a most
economical and workable size in the medimum size of shipyard.

Size : average 40'-0" x 40+0"
maximum 50*-Q" x 50%0"

Weight: average 30 Tons - 40 Tons

The above optimum sized division will lead to avoid the
variety of the working time and the shape.

On the other hand, since the main objectives of unit division is
to reduce the work on the building way, the pre-erection, such as
"Unit-to-Unit" to enable more applicable and more satisfactory than
if unit is biger, for the following reasons:

Avoiding deformation during assembly due to too big size
to move

Accuracy keeping during over-turning and transportation
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2) Detail Breakdown Planning

Following to the preliminary Planning, the Engineering
drawings are developed by more detailed breakdown including the
products information, such as piece number, size of piece, its
material grade, joint condition and etc.

During the breakdown of unit in engineering drawing, a material
list is to be provided for each unit with piece number of each part.

In this step, the huge number of parts, which are composed of
unit, are to be grouped from the structure-wise in order to minimize
the handling of materials through the production flow.

In this purpose, the major consideration are as follows:

To divide a unit into the main structure components and
the internal structure components, and then furthermore
into parts respectively.

To assemble a few parts to a part of component as pre-
subassembly.
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3-1 Products Planning : Unit Parts List

Through the development of hull unit construction plan
in Engineering, the part and/or component of hull strufture are
naming one by one for identification of consisted material, in
a unit.

In the hull unit construction method, the most important
objectives are what materials are consisted of "a unit" as interim
products.

These breakdown structure of unit for interim products
are shown in Fig. 3-2 as model and in Fig. 3-3
as typical units of mid section in Bulker.

There are five levels of interim products and two more levels
up to ship level, such as:

- Piece/Part
Pre-Sub Part
Sub-Assembly (Internal Structure Component)

Panel Component

Main Structure Component
Unit
Unit to Unit (Grand Unit)
Therefore, the distinction of each level is essential
for products planning.

From the above point of view, several samples of Unit Parts
List in Bulker are shown in Fig. 3-10
modification of present piece list, which is described on the
construction drawing, and the IHI’s format is shown in Fig. 3-17.
There consisted from the following items
Unit Number

Component Number
Piece Number

Size (if, necessary description)
Net Weight instead of Gross Weight
Item and Sub-Iltem
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This 1ist is a basic list for cost identification of
material and all composed materials, such as interim products,

of unit.
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FIG. 3-2 MODEL BREAKDOWN STRUCTURE OF HULL UNIT
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1) Designation of Piece/Part

Each hull steel piece/part is fabricated from steel raw
materials, such as steel plate and/or shape.
There are several kinds of piece of hull structure
fabricated from them-and its related symbols such as:
- Standard Shaped Raw Material:
a) Angle Stiffner : A
b) Angle Longitudinal : AL
c) Slab Longitudianl : SL
d) Bulb Plate : BP
- Special Shpaed Raw Material:
a) Pipe - P
b) H Bar and I Bar : H
c) Round Bar : RB
d) Channel : CH
e) Cut T Bar : CT
f) Square Bar : SB
- Plate Raw Material for Internal Structure:
a) Trans Web, Floor, Girder, Stringer: W
b) Face Plate : T
c) Flat Bar : F
d) Bracket : B
e) Flange Bracket : K
) Collar Plate, Closed Plate : C
g) Doubling Plate: D
h) Ring Plate : R
i) Others : E
- Plate Raw Material for Main Structure:
Shell, Bulkhead, Tank Top, Deck etc.
The above designated symbol in piece number is useful for
realization of kind of piece instead of just series number.
In this relation, the coding system of hull structure
piece in IHI is shown in Fig. 3-18 and 3-19.
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2) Kind of Common Piece/Component

After breakdown of Hull Structure into parts, several
types of commonness are existed on parts and components and
classified as follows:

a) Standard Par/Piece in shipyard.

Ribs

Bracket for pillar
Non-tight collar plate
Tight collar plate

There are mostly small but standard size for all ship built
in this shipyard.

Therefore, these pieces/parts are able to be fabricated
separately as stock from scraped materials like working piece
(such as lifting pad, fitting work piece, etc. )

Both of them are assigned to non-zone work group.

But it is important to prepare a standard material list
including the following items:

Standard Piece Number

Unit Number

Quantity
b) Common Part/Piece or Component by ship or series ship.
As already applied in this shipyard, there are realized
several types of common piece and common sub-assembly component
such as non-unit piece as follows: as shown in Fig. 3-20
- Multiple cut piece (Fabrication Stage)
1Y : For Plates (Type Floor, Girder, Web and etc.)
XPB : Floor Plate, and etc."
For Bracket Plates
XPF: For Flat Bar Plates
XPC : For Collar Plates
XA : For Angles
XM - For Shapes (Channels, Wide Flanges, Round
Bars, and etc.)
XT : For Fabricated Tee Shapes
- Common Sub-Assembly Component
SA : Composed of common pieces to assembly an
component
There are also necessary to prepare a list, as shown in
Fig. 3-21. F-31
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3) Grouping of Breakdown Structure: Fig. 3-22

During the breakdown of the hull structure into parts and
components in Engineering through the information of Production
Planning, there are grouping by the following two major factors:

1) Shapes of material : For Products Planning

a) Flat or Curved

b) Main Structure or Internal Structure
c) Plate Fabricated or Shape Fabricated
d) Big Size or Small Size

2) Types of Facilities and Equipment : For Process Planning

a) Cutting Machine
N/C Burning Machine
Flame Planner
Electric - Eye Tracing Machine
Semi-Auto Burning Machine
Manual
b) Bending Machine
Vertical Press
Bending Roller
Horizontal Press
Flame Bending
c) Welding Machine
One-Side Welding
Submerged Both-Side Welding
C02 Semi-Auto Welding
Line Welding
Gravity Welding
Vertical Welding
Other Manual
d) Transportation Measures
Crane (Overhead, Gantry, Movable, Floating)
Conveyor Line
Fork Lift
Trailer
e) Slab Foundation
Conveyor
Steel Grid
Concrete F-34
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3-2. Process Planning : Material Information List

During the development of hull construction drawing in
Engineering, the unit parts list are to be provided with component
number, piece number, its size, if necessary description, quantity,
and net weight, and item and sub-item, as aforementioned, such as
products planning, on the other hand, for material purchasing, the
steel bill of material as rough cutting plan are also to be pro-
vided from the above unit parts list iIn accordance with the
Assembly Master Schedule, if available.

In Production Planning, according to the above unit parts
list, the each piece and component are to be assigned into the process
gate which is predetermined by the optimum process follow, in
accordance with the unit information list or basic production flow
list. From this assignment of process gate into each piece and
component the material flow of all pieces of unit is determined
respectively, as shown in Fig. 3-3 thru Fig. 3-9, from process
gate of Fabrication Stage to Erection Stage. The applicable
material information lists In this shipyard at this moment are
shown in Fig.3—23~ In this planning, the
most important subjects are as follows:

How to cut steel material (plates and shapes) to
fabricate parts and pieces of all unit of hull structure.

- What steel material to be allocated for those parts

and pieces.

In other words, before the commencing of fabrication job,
the material allocating planning is a key of forwarding to
following process in smoothly in accordance with each process
gate assigned by the material information list. This planning are
to be provided by Engineer, Mold Loft and Production Planning with
according to the Assembly Master Schedule as follows:

Rough Cutting Plan and Steel Material Requisition
Order Sheet
Detail Cutting Plan and List

Steel Material Allocating List

Material Storage and Issuing Plan

F-36
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3-3 Products Amount List

Through the Products Planning in Engineering and Planning,
the following lists, which indicate the amount of products, are
essential to perform the detailed process planning adequately and
also production control more effectively.

1) Preliminary Products Quantity List/Table

a) ltem and Sub-Iltem/Weight : Fig.-

At initial stage for sales budget, the above estimation

is initiated by Estimation with reffering to the sister ship
and/or a few key plans.

b) Zone/Stage/Weight : Fig.
For Production throughput planning and manpower planning,
after contract at early stage, the above rough calculation
is initiated by Engineering with refering to the key plan.

2) Detailed Products Quantity List/Table
a) Unit/Weight : Fig. 3-30

After the definition of Unit Division, as soon as possible,
the calculation of rough weight for each unit is initiated
by Engineering for proceeding the production planning,

such as:

- Master Schedule for Erection and Assembly

- Manhour Budgeting for each stage

b) Unit/Component/Part/lItem and Sub-Iltem/Weight : Fig. 3-31
Through the development of detailed engineering, the unit
parts list is provided with piece number and calculated
in its net weight.

This list only enables us to transpose a part, a component and/or

a unit from cost category to products process category and also

vis-a-vis.

c) Unit/Process Gate/Weight, Cutting Length, Welding Length,
Number of Pieces and/or Number of Sheet of Plate : Fig. 3-32, 3-33,3-
Through the products and process planning based on the unit
parts list, the above parameters of products amount or
guantity, which are directly related production performance,
are necessiatated for scheduling and manning of each process
gate.

F-38
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Any all of them, during the progress of Engineering, time
by time, are necessary to correct and issue for improvement
of planning.

F-39
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4.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.
Fig.

Facility Allocation

4-1
4-2

4-7
4-8

4-9
4-10
4-11

Basic Production Flow
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Comparing Table of Operation Flow
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Preliminary Production Flow List for Gate
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Working Day Requirements

Work Station Requirements for Assembly Slab

Table of Production Sequence as Gate Assigned for
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4. Facility Allocation

Now-a-days in shipbuilding, the hull unit construction method is a

benefical way to maintain the optimum production flow.

As described before, the work breakdown structure of hull
unit are consisted of huge number and many kind of interim products
in shape, size, material, hull structure, quantity, weight, process
and etc.

The most optimum production flow are to be taken into the
following considerations:
- Minimum transportation and movement of material
- Continuous and uniform flow of work : ie conveyor line

- Optimum size and portion of job arrangement: ie uniform

work gquantity

- Simultaneous operation: ie tact flow system

Series operation with same group of workers
- Fixed routing
- Minimum time or material in process
- Inter changeability, ie similarity of parts and components

In addition, the following points also are necessary to pay
attention to:

- Quantity

Balance of each flow level

- Continuity

From the above point of view, the products planning Is a key
of the establishment of optimum production flow. Furthermore, the
production ratio or working term and total quantity of products are
necessary to obtain or develope. The material summary is shown in
Fig. 3-32 for Bulkers.
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4-1 Basic Production Flow
From the work breakdown structure of hull unit, the interim
products and product of hull structure are composed of as follows :
Parts/Pieces
- Pre-Sub Parts
- Sub-assenbly Components

- Panel Components

-Main Structure Components

- Unit

- unit to Unit (Grand Unit)

- ship (Erection)

Each of product and interim products are distinguished from
the shape of material and the usage of facilities and equipment in
process.

In accordance with the above considerations, the facilities and
equipment are assigned respectively into the above interim products
in order to get optimum operation of job and minimum transporation
of material flow, namely the basic production flow in this shipyard,
as shown in Fig. 4-1 and 4-2.

From the optimum organization between facilities and interim
products, the production flow are able to lead the more workable and
effective system in production, such as Gate System, with fixed
manpower and schedule of each facilities.

This is able to introduce the following merits and demerits
into Production for comparing from the previous production flow,

as shown in Fig. 4-3.
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Fig. 4-3: COMPARING TABLE OF PRODUCTION FLOW
Previous System Gate System
(Fixed type of (Process type of
Production flow) Production flow)

Work Site Determined by Predetermined by
main structure each interim products
(Unit) (Work Order)

Work Package Unit basis Interim products basis

Working Volume Large size Small Size

Working Term Long term Short term

Skill Requirements Many kind of skill Single or simple
and high level kind of skill

Tool and Machines Movable tool and Pre-fixed tool and machines
machines if requested on work site respectively

Worker Movable and high Fixed and low skill
skill

Heavy Crane Not many Many

Requirements

Number of Many number Small number

Materials

Follow-up Progress Difficult Easy

Productivity Analysis Difficult Easy

Design Change Applicable Not-applicable

Production Method Applicable Pre-determined

Change

F-50



1HI

MARINE TECHNOLOGY. INC.

4-2_. Allocation of Facility

As stated in the management Task Force Report, the primary
purpose for the scheduling of facilities is to insure a proper flow
of material through the production process at the optimum usage of
labor and time. In order to met this purpose, a proper flow of
material are established the most adequate combination between the
interim products and the facilities/equipment, namely process gate,
as shown in Fig. 4-3, 4-4 and 4-5, and Fig. 4-6, 4-7.

Once the facilities are assigned into the process gate, through
the work breakdown of hull unit-such as, products planning and
process planning-the interim products to be produced in accordance
with the sequence of work are to be scheduled the details based on
the process network within the time frame.

The availability of facilities requirements within time frame
are necessary to comfirmed for each process gate as follows:

- All interim products are allocated into most optimum

process gate.

- The capacity (such as working station and/or products rate)
of each process gate are checked within given time frame
to all assigned products, and if necessary, to be adjusted.
This means that the assigned process gate, in order to
utilize constantly, are to be allocated to the assigned

products within allowable time frame.
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IHI MARINE TECHNOLOGY. INC.

1) Preliminary Allocation Planning for Fabrication and Sub-Assembly
Process Gate

In the hull construction, the huge number of parts are cut from
the raw materials with usage of several type of machines and equipment
in the Fabrication Stage.

Therefore the type and capacity of equipment and machines, and
its layout are directly affected to the material flow and the throughput
capacity.

From this point, the following considerations are essential to
allocate the facilities into process gate in Fabrication.

To grasp all of parts; in shape, size, quantity and etc.

To grasp the capability of machines and equipment and its
mechanical limitations.

The details are reported as follows:

Proposal of layout for shop 5 and shop 6; dated on March
16, 1979

Study on Bending Slab Layout; Ref. No. HP-68 Arpil 3, 1979.
Study on Cutting System; Ref. No. HP-70 April 10, 1979.
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2) PRELIMINARY ALLOCATION PLANNING FOR ASSEMBLY PROCESS GATE

PURPOSE:
In initial stage of Production Planning, after making the

decision for Unit Division of Hull, in order to grasp the pro-

duction flow, especially assembly flow, and the requirements of

production capacity on assembly, the preliminary production flow

list of all of the hull units are necessary to prepare as shown in Fig. 4-8
This production flow list is provided in the same manner

presented by Mr. 0. Togo’s report but more roughly in order to

adjust the allocation of process gate from their area capacity.

PREPARATION STEPS:

a) Whole units of each zone are listed in accordance with
the grouping of its breakdown structure.

b) These grouped units are assigned into process gate
following its category of main structure components.

c) The process term of each component allocated into the
process gate is expressed in working days and listed in the table.

d) After filling each unit into process gate, the total
number of working days are summarized by zone and by process gate
as shown in Fig. 4-9.

e) From the production master schedule, the production steel
through put amount is expected to be 600 tons per week as the maximum.
In order to meet the above requirements, the working days per bulker

is calculated as 60 working days as follows:
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e) continued

Total hull steel = 7200 tons

Production steel through put requirement = 600 tons/week

7200 ¢+ 600 x 5 = 60 days

) From the above 60 working days per bulker, the number of
working stations and producing number of component and unit are ex-
pected as shown in Fig. 3-11.

g) The requirements of work station on each process gate are
presented through the above preparation steps, and then will con-
firm the availability of each gate work station.

In this time, if necessary, the assigning of a component
of a unit into the process gate will be rearranged by its nature of
component shape.

h) From the above plannings, once the allocation of each unit
into process gate as shown in Fig.4- this production flow list will

be a key of the development of Engineering and Planning as a guidance

of production flow.
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70NE I 5 3 TOTAL
NU. [ TOTAL | AVERAGE NG.  [TOTAL  |AVERAGE 0. | TOTAL | AVERAGE NO. | TOTAL | AVERAGE

PROCESS [OF | WORKING | WORKING OF HORKING [HORKING OF WORKING| WORKING | OF | WORKING | WORKING
GATE  JUNITS | DAYS DAYS/UNITS | UNITS _|DAYS DAYS/UNITS |UNITS | DAYS DAYS/UNITS | UNITS | DAYS DAYS/UN
20 122 350 2.87 4 16 4 4 16 4 130 | 382 2.94
21 - —-- —-- 47 264 5.62 34 180 5,29 81 | 444 5.48
22 56 296 5,29 6 40 6.67 8 52 6.5 70 | 388 5.54
23 14 110 7.86 18 146 g.11 6 a4 7.33 38 | 300 7.89
25 62 350 5.65 16 102 6.38 17 112 6.59 95 | 504 5.94
26 10 80 8 10 80 8 15 124 8.27 35 | 284 8.11
29 32 210 6.56 6 79 1.32 3 40 13.33 a1 | 329 8.02
27 14 102 7.29 2 18 9 5 a4 8.8 21 | 164 7.81
30 66 - - 43 --- ——-- 20 - — 129 | --- ——--

riG. 4-9 WORKING DAYS REQUIREMENTS



UNIT/ WORK STATION
PROGRESS GATE DAY REQUIREMENTS AVATLABLE NUMBER
20 2.17 6.37 6 - 12
21 1.35 7.4 10
22 1.17 6.47 8
23 0.63 5.0 8
28 1.58 9.4 16
26 0.58 4.73 12
29 0.68 5.48 15
'
i
27 0.35 2.73 4 :
(5.46) (8)
30 2.15 T

FIG. 4-10 HORK STATION REQUIREMENTS FOR ASSEMBLY SLAB
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(1.1 ADARINT TECIHINOLOGY, INC.

5. Manpower Allocation

5-1 Manpower Requirements
1) Manhour Budgeting
2) Manpower Requirements Plan
5-2 Manpower Allocation
1) Production Stage Organization
2) Supervisor’s (Foreman) Function
Fig. 5-1 Sales Labor Budget (LSCO) (DELETED)
Fig. 5-2 Stage Manhour Budget (DELETED)
Fig. 5-3 Process Manhour Budget (IHI)
Fig. 5-4 Total MH (DELETED)
Fig. 5-5 Manpower Plan for Recruitments (DELETED)
Fig. 5-6 Production Department Manpower Statistic (DELETED)
Fig. 5-7 Department Manpower Status (DELETED)
Fig. 5-8 Supervisor/Worker Ratio (DELETED)
Fig. 5-9 Department Status by Skill (DELETED)
Fig. 5-10 Hire, Termination and Transfer (DELETED)
Fig. 5-11 Hire and Termination by Skill (DELETED)
Fig. 5-12 Hire and Termination by Skill (DELETED)
Fig. 5-13 Organization Relationship among Department, Production
and Production Control
Fig. 5-14 Worker Attendance Report
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5. Manpower Allocation
Products, which are broken-down from the hull structure during

the development of Engineering and Planning, are to be produced by
optimum manpowers on their most suitable process gate in accordance
with gate schedule such as well balanced requirements of their
products throughput. In other words, the progress of production on
each process gate are affected by allocated manpowers with their per-
formance.

Therefore each area and facilities allocated into production
process is necessary to be assigned by a few specific foreman and his
optimum group of workers, for maintaining the schedule with improvement
of quality and productivity instead of rotation or moving of their

working area.
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5-1. Manpower Requirements

In production planning, the manhour planning such as labor
budget (cost) and the manpower planning, which is affected by the
production throughput plannning vis-a-vis, both are closely linked
into the costing system.

Once the job is commenced by Production, the producing of products,
which are identifiable for cost categroy by the unit parts list, will
be performed by the manpower belonged to process gate (area) under
the allocated manhour budget, which is formulated as follows.

Manhour = e x Products Amount

e = Production Efficiency
The production performance, such as productivity or efficiency
are subject to change by actual total operation performance; such as:
Planning of Products and Process
Production Method
Facilities and Equipment
Control of Producing
Skill
Therefore these performance on each process gate are necessary

to grasp, analyze and feed back for future improvements.
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I MARINE TECHNOLOGY, INC.

1) Manhour Budgeting

As stated before, the production manhour are expected from the

products amount and the production performance coefficient.

The products amount are facilitated from the product to amount

list. The production performance coefficient are expected from the

analyzed historical data.

The
budgeting.
a)

b)

And

The

following three steps are necessiatated for the manhour

Sales Labor Budget

For company profit and loss planning by cost category,
Item and Sub-ltem and Department (Trade)

Production Operation Budget

For manpower planning by Zone, Stage and Trade
Implementation Budget: Fig. 5-3

For production schedule with manning by Process Gate and
Trade

the relation of the three budgets are intended as follows:
Sales Budget> Production Operation Budget> Implementation
Budget.

above three kind of budgets are necessary to follow-up

the actual expended manhour on the control charts by weekly or

monthly.
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2) Manpower Requirements Plan

In order to meet the production throughput requirements, the
manpower requirements plan are requested and to be prepared as follows:

Production Throughput Requirements by Weight/Week or Month.
Manhour Budget for Total Hull, and Each Stage; such as
Fabrication, Sub-Assembly, Assembly and Erection.
Distribution of manhour budget into each week or month
according to requirements weight.
Putting the above manhour on a graph on each week or
month with several ship’s one concurrently.
Calculating the manpower requirements from the following
formula based on the above summation of manhour on each
week or month

A-173 x a x PO
173 x a

or
A- (173 x a + h) x PO

o
1

A: Manhour requirements per month
PO: Number of payroll employees at the present
Attendance ratio . 85 - 90%

Number of recuritment reguirements

o
It 1]

h = Average overtime of each employee
Working hour calculation:
365 days/year
52 week/year
4.34 week/month = 21.73 days/month
= 173 H/month

In this manpower planning relation, the following personnel
statistic reports are preferable to make attentions.
Production Department manpower statistic by week end

Attendance ratio :
Attendance ratio is one of the factors for calculation of
manpower planning. 1t will occur in the cause of the following;
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such as lost manhour for production.

Vacation

Sick leave

Reported off-work

Unreported off-work

Rain and other weather condition

Power shut down or Equipment fail

Accident

Education/Training

Others

From the above cause, the unreported off-work, rain and accident

are necessary to make attention by management.
Department Manpower Status by end of month
Supervisor/Worker ratio

Department Skill Status

Hire, termination and transfer statistic by end of week
or month

Hire and Termination by skill
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5-2 Manpower Allocation

In the implementation of the Gate System, the most important
elements are as follows:
To allocate the facilities into the breakdown interim
products of hull structure in order to obtain the
optimum material flow.
To assign the foreman and the group of workers into
the allocated facilities in order to produce the
allocated interim products on the gate schedule.
Therefore the performance of each process gate, especailly
in time, are closely related to each process gate from Fabrication
stage to Erection stage.
From this point of view, as described before, the following
considerations are essential to maintain the Gate System in the
hull production as well as shipbuilding.
The allocation of well balanced products and its amount to
meet the capacity of facilities and equipment.
The accomplishment of planned products through the allocated
facilities and equipment by the assigned group of workers.
The later is a major objects of the implementation for the Gate
System.
Therefore to grasp the productivity by the products amount on each
process gate is able to take into the following recycle actions:
- Analizing the difference between the scheduled and the actual
one.
If necessary, 1issuing the recovering schedule, as temporary.
- Analizing the skills of workers, job methods and its facilities.
Instructing and leading daily the implementation of improvement.
For this prupose, the foreman is a first level of key personnel
in the Gate System and requested to assign into the designated process
gate with the group of workers.
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1) Production Stage Organization

As shown in Fig. 4-1; Basic Production Flow in Hull Construction,
the Gate System are able to lead the every interim products of hull units
to the optimum production flow related to facilities and equipment and
to be assigned the group of workers and the foremen respectively.

Once the facilities and equipment are assigned into the process
gate and allocated by the group of workers, through the products and
process planning the interim products are scheduled by the predetermined
process gate.

In order to meet the schedule requirements in time and cost, the
foreman and group of workers assigned into the process gate are
requested to perform by their best efforts with the full utilization of
facilities, equipment and tools.

For this purpose, the continuance of job assignment on the same
process gate are able to maintain the good performance.

Therefore once the foreman and workers are designated for each
gate from the Department, the necessary information for proceeding of
the daily job are issued by the gate schedule, the material information
lists and the working instruction plans from Production Planning and
then the progress reports are fed back to Production Control to grasp
the difference between the scheduled and actual one in time and cost.

In other words, the foreman and the workers are belonged to
Department, but for proceeding of job are closely related to Production
Planning and Control, as shown in Fig. 5-13, namely Production-Oriented

Organization.
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Fig. 5-13
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2) Supervisor’s (Foreman) Function

In the implementation of Gate System, each foreman assigned into
the process gate are requested to lead the group of workers in accordance
with the gate schedule.

As aforementioned, since each process gate are allocated by the
respective level of interim products, it is easy to set up the standard
job flow and procedure, and furthermore to identify the requested skills
and its level.

From these circumstances of working area, once the foreman as well
as the workers are assigned into a process gate, it is able to lead the
following benefits:

Increasing efficiency

Group Development

Identifiable responsibility and recognition
Improvement of skills and methods

In this relation, the foreman in their group are necessary and
able to lead the group of workers on their working area in order to
accomplish the task on schedule with them.

Therefore the functions and roles of foreman as the first level of
supervisor is a key of success for the implementation of the gate system.

SUPERVISOR"S (ForEMaN) ROLE

a) To understand the production method of each assigned work package

provided the information from Engineering, Production Planning,
IE and Mold Loft.
For Fabrication:

Cutting Plan and Part Size List

Bending Information Plan and Templates

Material Information List (Parts List)
For Sub-Assembly:

Material Information List (Sub-Assembly List)
Sub Assembly Plan
For Assembly:
Guide to Construction of Units
Assembly Plan
Material Information List
Size List of Assembly Jig
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Finish Marking Tapes

Lifting Pad Arrangement Plan

Scaffolding Arrangement Plan
For Erection:

Hull Unit Arrangement Plan
Shipwright Dimensions Plan
Cribbing Arrangement Plan
b) To Instruct the job method to his members of working group
prior to start the job.
C) To maintain his assigned gate schedule.
d) To maintain the adequate quality of producing product
to next gate.
e) To grasp the availability of parts and/or components to meet
the schedule in advance with coordinating material expeditor.
In this purpose, to make a requisition of usage of transportation
equipments (ie; crane, trailer, etc), at least one day in
advance.
) To report the following items daily:
Job Progress Report;
to color in the material information list and/or the schedule
to Production Control; Daily Production Report, as shown
in Fig. 6-5
Man Hour Report;
With process number
Member’s Attendance to Production, as shown in Fig. 5-14
9) To lead the member’s daily job on the job site at all times if
possible.
The main items are as follows:
-Improvement of each member®s skill
-Feed back of job problem
-Housekeeping of working site
-Maintenance of equipments and tools
-Improvement of job method
-Maintenance of job standard
-Keeping of quality standard
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6. Work Order System on the Implementation of Gate System
6-1 Role of Work Order
1) Definition of Interim Product
2) Indication of Horizontal Relationship
3) Item and Sub-Item
6-2 Role of Schedule
Fig. 6-1 Work Order Number Assignment
Fig. 6-2 Detail of Work Order Number
Fig. 6-3 Process/Gate Codes
Fig. 6-4 Work Order Data Sheet
Fig. 6-5 Daily Production Report
Fig. 6-6 Weekly Hull Steel Progress Report
Fig. 6-7 Preliminary Planning for Key Erection and Assembly

Schedule fo F-32 in LSCO
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6. Work Order System on the Implementation of Gate System

The work order system applied by this shipyard is designed to
allow planned and controlled expenditures for labor and material plus
organized use of facilities and equipment.

In order to implement the system, the computer is organized by
the following input data and output reports.

Labor Sales Estimate Data (Fig. 1V - D-2)
Work Order Data (Fig. IV - D-3)

Proposed Work Order Format (Fig. 11l - B-2)
Actual Labor Data (Fig. IV - D-4)

Labor Charge Information Card (Fig. 1V - C-1)
Daily Labor Card (Fig. IV - C-2)

Report Hierarchy (Fig IV - D-1)

Once the gate system is implemented in this shipyard, the most
necessary elements for production in the work order system are covered
by the gate schedule, material information list, guidance of unit con-
struction and other working instruction planning. On the other hand,
the accounting and the costing in this work order system is necessary for
following considerations:
Unit parts list and/or material information list is
indicated by cost item and sub-item for each interim products.
Each interim products are grouping into the work package and
assigning in the work order No.; as referred to in our PF-44
and PF-49 and shown in Fig. 6-1 and 6-2, and the process
code No.; as shown in Fig 6-3.
Once the work order is assigned, this is recognized the item
and sub-item by weight from the above unit parts list and/or
material information list.
The manhour budget of each craft is requested for each item
and sub-item of work order package.
Therefore, these budgets of manhour are listed for each work
order data sheet, as shown in Fig. 6-4, and then put into the
computer.
In Production, the actual production is able to be performed
by the following information:
ZCommencement of job by the gate schedule with manning.
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Material routing and quantity of interim products by

the material information list.

Construction drawing and guidance of unit construction or

other working instruction plan.
The progress reports are to be provided by assigned foremen
as shown in Fig. 6-5.

ZDaily Production Report
From the above daily reports, the Production Control is to be
calculated the expended manhour into the corresponding work
group, work order, and item and sub-item in accordance with
the weight proportion of completed products, and then put
into the computer.
Furthermore, from the daily production report, the weekly
hull steel progress report, as shown in Fig. 6-6, is
calculated in order to grasp the production status. From
this report, the control charts are plotted the difference
between the plan and the actual, and if necessary, the

Production Control is taking into a necessary action on time.
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FIG. 6-1
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DETAIL OF WORK ORDER NUMBER

FIG. 6-2

ASSIGNMENT FOR ENTIRE SHIPYARD, ENTIRE SHIP, NON-ZONE/UNIT

DESCRIPTION Non-Zene/Unit WORK GROUP WORK ORDER
Contractual Cost 000 000 ~129
| Commen Piece Febricarion Bottcm Pltg.  Non-Zome 000 130~ 149
And/Or Assembly Bulkhead " " 150~169
(Stiffeners, Gircers, Sicepltg. " " 170~189
Brackets, Etc.) Hull Deck " " 210~229
Double Bottem " " 230 ~-249
Foundations " " 250~269
| S §
Pipi}lg n " 830 ~869
Classification Fees 001 000 ~999
Building Ways, Launching 003 000 ~999
Mold Loft 005 000 ~999
Receiving/Storing Materials 006 000 ~999
Construction Services 007 000 ~999
Clean-Up 008 000 ~999
Testing & Inspection 009 000 ~999
Administrative Expense 010 000 ~99¢9
Insurance, Photo Christening 011 000 ~999
Ceomen Piece Fzbricaticn Botzcm Plrz.  Nen-Unit 100 | 130 ~149 |
And/Cr Sub-Assezbly Bulkhezd " igg 150 ~159
(Stiffemers, Gizders, Sicenltz " 400 | 170 ~1389
Brackers, Etc.) Hull Deck " 500 210 ~22¢
Dovble Bottcm " 230 ~2&9
Fowndaticns " 250 ~259
| S
Piping " 830g~869
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FIG. 6-3 PROCESS/GATE CODES

PAINTING:

01
02
03

Automatic Blasting and Prepriming
Manual Blasting and Priming
On-Unit Painting

04 On-Board Painting

HULL STEEL:
Material Preparation/Fabrication:

10
11

12
13
14

N/C cutting/marking (Area #4)

Flame planer cutting (marking) (Area #6)
Angle and FB marking and cutting (Area #1)
Shaping of plate (Area #5)

Shaping of angle and of plate (Area #2)

Sub-Assembly (Internal Structures):

15
16
17

On shop 5 (Area #3)
On shop 6 (Area #7)
On slab

Component Assembly:

20
21

22
23
24

Final
25
26
27
28

Flat panel on shop 6 (plates with stiffeners)
Flat panel on slab (plates with stiffeners)
Flat component on slab
Curved component on pin-jig slab
Deckhouse

Assembly:

On slab

On pin-jig slab
On flat-jig slab
Deckhouse

Unit-to-Unit:

43

29 Unit-to-Unit

Erection:
30 Erection

OUTFITTING:

Material Preparation/Fabrication/Sub-Assembly:
40 Pipe Shop
41  Electrical Shop
42 Carpenter Shop

Machine Shop

Unit Assembly:

50
51

52
53

Piping

Electrical

Carpenter
Machinery related
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Module Assembly:
55 Piping
56 Electrical
57 Carpenter
58 Machinery related

On-Board Installation:
60  Piping
61 Electrical
62 Carpenter
63 Machinery related

SERVICE SUPPORT:
70 Warehousing
71 Maintenance
72 Mold Loft/NC
73 Testing Related

Note: Summary Level Reports can be generated by keying on first digit
of code number.
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_ Fig. 6-5 Daily Production Report
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6-1 Role of Work Order
Regardless of the well organized system, Work Order System

does not fulfill functions as its original purpose. There are many

reasons for the difficulty, such as:
Indistinct segment for work order of work group : Definition

of Interim Products.
Indication of vertical relationship by work order under

its work group.
Indication of horizontal relationship for work orders

assigned at the same facility or working area, such as

process gate.
- Plural cost centers : Singular cost center.
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1) Definition of Interim Product

According to the Work Order System in this shipyard, "Unit"
which is an end product of hull structure for "Zone" and "Ship", is
appointed as "Work Group', which is a key of control in this system.

Since a unit is an end product, it is to be produced through
the several production processes, in other workds, to be divided into
several interim products, which is assigned as "Work Order"™ in this
system.

As described before, during the development of Engineering
drawing for each unit, these interim products is classified by piece
number and component number.

Each part and/or component named by piece number and/or component
number is to be grouped by its natures; such as shape, material,
guantity, size etc, and then assigned into a work order.

For this purpose, the unit parts list and the material information
list are able to perform most effectively.
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2) Indication of Horizontal Relationship

Once a unit such as a work group is broken down into several
interim products,these interim products are to be reorganized by
optimum size of work package as work order.

Each work order of work group is to be assigned into an
adequate production process in order to obtain the highest production
performance.

Once a work order is assigned into a production process; such
as process gate, these work orders are to be leveled under the
facility’s capacity; such as production ratio of machine, number of
work station, etc; and manpower availability on the date basis.

The leveling of work order on each process gate with production
resources is really indicating the applicability of production to
Production Department.

Only in this realistic manner, the Work Order System will be
functioning properly.

From the above point of view, the scheduling system presented
by our Mr. 0. Togo’s final report is essential to obtain the proper
operation of the Work Order System in this shipyard.

In this relation, at the present the tremendous number of sheet
of each work order are issued separately to related Departments from
Production Control.

It is a most dangerous cause of human error, and very costly.

From the above consideration, the gate schedule, especially
the implement gate schedule by two (or 4) week basis, are workable

as a part of work order sheet.
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3) Item and Sub-item
During the products planning and the process planning, each interim

products are assigned into a work order and process, such as process gate.

In this process, the all interim products of unit (such as work
group) are to be indicated by item and sub-item for the identification of
cost category - such as unit parts list. Once the interim products are
assigned into process gate, the process gate is a cost center for materials
and labors.

In this connection, the production report is only requested the
expended manhour by craft and the completed interim product’s piece No.
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6-2. Role of Schedules

As aforementioned, the gate schedules with manning are enabled to
act as a main part of work order system in this shipyard in order to obtain
the production operation more practically, in other words, the product-
oriented manner. The details of scheduling are presented by our Mr. O.
Togo’s final report and also the implementation of the gate schedules are
starting on the assembly stage at the present.

For maintaining the above assembly gate schedule, it is necessary
to take into consideration the following items:

To make sure the each level of interim products in weight.
Products Amount List

To make sure the process flow for each unit.
Unit Production Flow List

To make the standard assembly sequence.
Unit Information List

To plot the process weight curve with assembly and erection

on graph corresponding to the building material schedule.
Throughput Capacity Plan

To arrange the key erection schedule and the latest (without

leveling) assembly key plan.

) Master Preliminary Schedule in Initial Stage

From the above basic planning, the basic strategy of hull produc-
tion is to be provided and discussed within top management including
painting and outfitting before the commencement of the details planning.

Attached Fig. 6-7 are shown in examples.
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T MARINE TECIHNOLOGY. INC.

7-2

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Follow-up of Production

Production Progress Planning and Follow-Up
1) Production Throughput Planning

2) Production Progress Control Charts
3) Reporting of Progress

Evaluation of Productivity

7-1 Hull Steel Throughput Progress Chart

7-2 Weekly Steel Throughput Summary

7-3 Hull Steel Throughput Plan (Level 0)

7-4 Hull Steel Throughput Plan (Preliminary)

7-5 Hull Steel Throughput

7-6 Production Control Charts in IHI"s Hull Steel
(Fig. 14-1 thru 14-21)

7-7 Welding Progress Check Plan

7-8 Model of Production Control Chart
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7. Follow-up of Production

The follow-up of production is to grasp the differences of the
hull construction work between the schedule and tpe completion with
the various type of control charts or graphs on yhich are numerically

or visually illustrated.

On the production, the scheduled products gre produced by

scheduled manpower.

Therefore, its actual results, such as the amount of products
completed and expended manhours, are necessitated to report and grasp
for the follow-up of production.

Completed Product Amount = V x Expended Manhours

v = Productivity
manhours = e x Products Amownt
( e = Production Efficiency

From the above fo;:tmla, the work performance, such as

productivity, is able to grasp and amalyze with two reports, such

as the completed products amount and the expended manhours.
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7-1 Production Progress Planning and Follow-Up

1) Production Throughput Planning

In initial stage of production planning, in order to grasp the
requirements and capability for production, the throughput requirements
are planned for total production and if requested, for each stage and/or
each process gate through the following major considerations.

Estimating or Calculating the products amount by weight or
welding length: Products Amount List/Table.

Setting the starting date and the completion date on the
building master events.

Distributing the products amount into the period of production
by weekly or monthly basis.

Leveling the distributed products amount of all concurrent
projects.

Displaying the product amount progress curve and the
leveling amount by week or ninth, into a sheet of graph for
forecasting the production with throughput requirements, by

weekly or by monthly.

Attached are some examples:
Fig. 7-1, 7-2, 7-3, 7-4, 7-5
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Fig. 7-1:
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Fig. 7-2:
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1111 MARINE TECHNOLOGY. Inc.

2) Production Progress Control Charts

From the above planning, several basic control charts will be
provided in order to show the forecasted and the actual progressed
which are overlapped under quite the same conditions as good
guidances. Any deviation should be checked to rearrange it as
requested.

Regarding the control of work progress and productivity,
every charts are provided by Production Control about the work
forecast at the time of each planning and about the actual work
progress by weekly or monthly.

Attached herein after are the typical examples of IHI:

Fig. 7-6 (Fig. 14-1 thru 14-21)
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7-6

PRODUCTION CONTROL CHARTS IN IHI'S HULL STECL

FIG.
STAGE. HULL MOLD TFABRICATION |SUB-ASSEMBLY ASSEMBLY ERECTION NOTE
R PRODUCTION LOFT STAGE * STAGE STAGE STAGE
CONTROL
CHAKT
Day Base | Day Base Day Base Day Base Day Base | Day Base |-Leveling by
Process T I B o S
Fab.Wt. |- Design Dug. | pap . - Sub.We. |- Ass. We. |- Ere. W, | throughput
Progress ?ss. t«;t Mold Dwg. Sub Ass. TH Fit. Bnl | capacity
Control (Ad\;gﬁée €. - b 58 Weld Bnl *Follow-up
Chart curve) process
Fig. 1l4-1 | Fig. l4-4 | Fig. 14-6 fig. 14-10 | Fig. 14-17| pProgress
Fig. l4-11 | TFig. 14-16
Ere. W Fab. Wt Sub. Wt Ass. Wt Erec. We. |  LStimating
r(-- ca a . L3 . 3 . . . . productim
Productivity{ - MH - MH - MH - MH 2 MH amount
Control Ere. DM Sub. IM Ass. DM Erec. Bnl | - Estimt:‘ing
) productivi.ty]
Chart - MH - MH - MH - MH
- Fitter My ~Fitter My} ° Budgeting
- Welder Ml -Welder M recgured
Fig. 14-2, ig. 14- Fig. 1l4- Fig. 14-12 | Flg. WL=Ig| ™owrs
& Flg. 147 | Flg. 148 | fig 1713 I RE LS|
Fig. 14-3 Fig. 14-9 Fig. 14-14 | Fig, 14-20| ° Checlking
Fig. 14-15 | Fig. 14-21| productivity
Day Base Day Base Day Base Day Base Day Base Day Base | "Budgetin
MAN-POWER : ¢ 7 reqﬁix‘edg
CONTROL | - Total - MH - MH - MH - M - MH manhours
required
manhours
*Comparing
available
manhours
E tion Ass 1d ft 0 i -
SCHEDULE prection, Ass, Hold Lokt Fabrication | sub-Assembly | Assembly | Erection
Schedule Schedule Schedule Schedule Schedule Schedule
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3) Reporting of Progress

In order to grasp the progress of actual production work,
the most important and difficult matter is how to grasp its progress.

As afore mentioned, in the products planning, the unit parts
list are provided for the process planning, and lead to prepare the
material information list.

From the above list, the planned work package of each gate
schedule, such as work order, are clearly distinguished by piece
number Or component number. Therefore, the progress of work on
process gate are easily grasped by the completion of products.

In other words, the process planning and its size of products
such as work order assigment is a key of the follow-up of production,
namely control as well as schedule.

In this connection, the following special consideration for
Assembly and Erection are necessary to take into.

Assigning the optimume size of work quantity to work order,
such as work package; especially for Assembly.

Providing the eyesometric sketch with welding length of
each joint; especially for Erection, as shown in Fig. 7-7

Once the material information lists and the welding length
sketch and list are established, the progress of actual production
work are easily grasped by the number or name of completed products
refering to the above lists.

These completed products are easily reported by foreman assigned
process gate daily and confirmed by Production Control weekly. The
summary report by weight and/or welding length are to be provided by
Production Control weekly to plot the control charts.

These daily and weekly production progress reports are to be
referred to Fig. 6-5 and Fig. 6-6.
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7-2 Evaluation of Productivity

The production performance is indicated by the completed products
amount and expended manhours. Therefore, for the above purpose, the
control chart, which is displayed by products amount (weight, welding
length or others directly related to production) in horizontal axes and
manhour in vertical axis, is provided as shown in Fig. 7-8.

In this model the functions of control chart is described as
follows:

TC : Estimated total products amount

HCO : Budgeted manhours

Productivity (Estimated) : HCO/,.

Then production is progressed at TA, if expended manhour is
HAO : forecasting manhour HCO
HA1 : forecasting manhour HC1
HA2 : forecasting manhour HC2
HC2  HCO HC1
Therefore case 1 is higher productivity and case 2 is lower
productivity.
On the other hand, during the development of detailed planning,
the total amount is able to change from TC to TB or TD therefore
the forecasting manhour is respectively
HBO or HDO : on the same estimated productivity
HB1 or HD1 : on the case 1
HB2 or HD2 : on the case 2
From the above relations, the following major considerations
are to be taken:
To estimate and grasp precisely for total products amount
To keep the expended manhour below the estimated line

on each process gate respectively.
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8. Process Stage Control of Hull Production
8-1 Steel Material Control : Receiving, Storing, and |ssuing
8-2 Mld Loft Stage
8-3 Fabrication Stage

1) G oupi ng of Fabrication

2) Schedul i ng

3) Material Handling and Control

4) Fol l ow-up of Progress and Productivity

5) Accuracy Contr ol
8-4  Sub- Assenbly Stage

1) G oupi ng of Sub-Assenbly

2) Schedul i ng

3) Material Control

4) Fol l ow-up of Progress and Productivity
8-5 Assenbly Stage

1) G oupi ng of Assenbly
) Schedul i ng
) Material Control and Handling
) Storage of Assembl ecl Unit
)
)
)

o1 B ow

On-Unit Qutfitting and Painting
Fol | ow-up Process Progress and Productivity
Accuracy Control
8-6 Erection Stage
1) sequence of Erection
2) Schedul e
3) Fol | ow-up of process progress and Productivity
4) Accuracy Control
Fig. 8-1 IH's Standard Size of Steel Mterial
Fig. 8-2 Fabrication Mterial Priority Schedule
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8. Process Stage Control of Hull Production
Hul | Unit construction nethod, as you already
recogni zed, are leading to a Product-Oiented System
As already before nmentioned, after break-
down planning, a huge nunber of parts, conponents
and units, as interim products, are fabricated from
raw materials and assenbled through the several process
gates, as shown in Fig. 4-1
These process gates are grouped as foll ows;
nanely Stage.

Fabri cation
Sub- Assenbl y
Assenbl y
Erection
During hull steel construction through each
stage fromraw material to a ship, the major objectives
to be taken into consideration are as follows:
Material Handling : in volune, in weight
Welding : in volunme, in position
From t he above point of view, every efforts;
Engi neering, Planning, Control, Facilities and
Organi zation should be concentrating on the above two
maj or obj ectives.
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8-1. Steel Material Control: Receiving, Storing and Issuing

Steel

material control in steel storage yard is the most closely

related function to hull production.

The folloiwng steps are to be considered:

a)

b)

d)

The rough cutting plans such asthe steel bill of material
are to be provided for the material requisition a the
earlier stage in accordance with the assembly master schedule
if available.
In this step, the following consideration is requested:
Reduction of scrap margins.
Interchangeability for cutting material within the
same size.
Easiness and minimization of storage piles for accu-
mulation of material.
In this relation, the establishment of the standard size of
material is essential. Attached is a sample of IHI’s standard
size of steel material: Fig. 8-1
This plan is to be provided to meet the production flow as
much as possible, such as:
Skin plates and panel plate: For process gate 11.
Curved shell plate and internal structure made of
plate: For process gate 10.
Internal structure made of shape: For process gate 12.
Detail Cutting Plan and List.
This plan is to be provided by Mold Loft from the computer
output with reference to the steel bill of material and the
purchasing order sheet in accordance with the Fabrication
Gate Schedule and the material information list.
Steel Material Allocating List.
This list is to be provided from the material purchase order
with the detail cutting plan and then issued to the steel
storage yard as the steel material issue order.
Material Storage and Issuing Plan.
After the material received into the steel storage yard, the
following considerations are to be requested:
Accumulation at each stock piles to be done by size-

by-size.
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Issuing and transferring the material by unit-by-unit
for each gate in accordance with the issue orders of
cutting plans.
Therefore, according to the delivery date of the purchasing
order, the storage plan is to be provided by size-by-size.
On the other hand, the issuing plan is to be provided by
process gate, issue date and unit.
Through the above steps, the most important factor is the
identification of material: such as when arrived and-issued,
and what products assigned into.
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8-2 Mold Loft Stage
In this shipyard, the SPADE System covers mold loft.

From the mold loft, the most important working instruction
information to Fabrication and also Assembly and Erection are
requested to produce before the commencement of the job in each process
gate in advance.

The following information are the major requirements
Gutting information for marking and allocating of
materials.

: N/C Tape; Cutting Plans and Size Lists,
Steel Material Allocating List
Marking Templates.
Bending informations (Refer to our Mr. K. Honda’s
final report)
: Bending Template, Curved Jig Height Lists
Marking Template for Curved Shell.
Accuracy information.
(Refer to our Mr. K. Honda’s final report).
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8-3. Fabrication Stage

In this stage, the all kind of parts/pieces of hull structure are
produced from the steel raw material by marking, cutting and shaping.

Therefore, the most important consideration for this stage is the
establishment of optimum flow between the various type and huge numbers
of materials and many kinds of tools, machines and facilities.

1) Grouping of Fabrication

The major fabrication job is cutting process from the steel
raw materials into several shape of parts/pieces.
Contour cut plates - mainly internal structure
N/C burning machine or eye-tracing burning
machine
Process gate 10

Square cut plates - mainly main panel plate
Flame planer - Process gate 11

Shaping plates after contour cut plates
Mainly side shell
Process gate 10 to process gate 13

Cutting and shaping, if necessary, shapes
Mainly angles
Process gate 12 and process gate 14

These grouping of parts/pieces are indicated by the material
information lists.
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2) Scheduling

The Fabrication Master Schedule for each process gate is
provided in accordance with the Assembly Master Schedule. In
this case, the commencement dates are firstly to be considered
for each above process flow, especially the raw materials for
shaping are to be cut earlier than those for the internal struc-
ture and the shapes in order to meet the assembly schedule.

Therefore, the shaping material for fore and aft parts
of hull are necessitated to study about the fabrication period to
lengthen its advance of time.

In addition to the commencement date, the N/C burning machine
and the flame Planer are requested to operate constantly. From
the above point, the following considerations are important:

Long lead time of shaping material.

Balancing or separation of small pieces and beveled

pieces.

Standard parts mass production in eye-tracing machine.

The Fabrication Gate Schedule is effected from feeding of
the material into fabrication through the shot blasting.

Therefore, the implementation schedule is provided for
each process gate with referring to the sub-assembly schedule
and the assembly gate schedule respectively by the leveling
of machine production capacity, as shown in Fig. 8-2.
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Fig. 8-2 FABRICATION MATERIAL PRIORITY SCHEDULE
faterial Piling T W T F M T W T F M
(Storage Yard) -4 |10/30 |10/31(11/1 11/2  |11/5 11/6 |11/7 [11/8 |11/9 11/12
shotblast T r M T W T r M T W
e Painting -2 1 1l/L j1i/2 11/5 ii/6 1iL/7 11/8 |i1/9 [ii/i2 §ii/13 | 11/14
[‘fabrication M T W T ¥ M T W T F

commencement 0 |11/5 |11/6 (11/7 11/8 |11/9 11/12 |11/13 |11/14 Q11715 | 11/16
Commencement +3 T F M T W T F M T W
Sub-~Assembly or 11-8 {11/9 |11/12 [11/13 [11/14 11/15 (11/16 [11/19 |11/20 | 11/20

T Assembly

—

&

Shop 6
‘lame D'laner (Refer to the Gate 20 and 2L Schedule)
'rocess Gate 11 Leveling by Flame Planer Capacity Sheets/Shift
shop 5
1/C Burner (Refer to the Gate 16 and 22 or 23 Schedule)
’rocess Gate 10 Leveling by N/C Burner Capacity : Sheets/Shift
Ehaping Place
Lor Process Gate (Refer to the Gate 13 and 23 or 26 Schedule)
13 Leveling by Flaming & Roller Capacity : Sheet/Shift
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3) Material Handling and Control

In this stage, the huge number of parts are producing daily,
therefore the completion of each part are necessary to be marked by
coloring on the material information list.

The completed parts are to be collected by following process
gate/unit in accordance with the material information list and fed
by the respective gate schedule.

In order to collect and feed on time, although the adequate
space of marshalling area, especially between the internal parts
cutting (Process Gate 10) and the sub-assembly (Process Gate 16), are
requested, but the space of Shop 5 and Shop 6 are limited. Therefore
the completed parts for sub-assembly; especially process gate 16 and
17, are once to be shifted to the station 323, 423 and 523 (outside
of shop 6) or Station 219, 220, 221 (between Gate 17 and Shop 5)
for the marshaling of parts by forklift.

These area also enable to be utilized for marshaling of the
assembled sub-assembly components, such as marshaling center for
hull steel materials.
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4) Follow-up of Progress and Productivity

In order to grasp the huge number of parts produced daily in this
stage, the coloring of the material information lists is essential to
recognize the completed parts by its piece number and quantity, and
enable to do by a assigned foreman. These information is able to
check again by the material expediter, and fill into the daily production
progress report with expended manhours every day.

From the above report. the following control charts are able
to plot by weekly.

Curve graph per ship of completed parts in weight
Curve graph per ship of expended manhours/completed
parts in weight.

The above graphing is provided for Fabrication Stage and each

process gates to follow-up the process and the productivity.
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5) Accuracy Control

Fabrication process is the first stage of hull construction, and
the accuracy of its products results greatly in easiness of work and
economy of manpower and material at the following process gates. In
other words, it makes fitting work supporting to welding at assembling
reduce not only its manhours but also correcting of welding performance.
The assembled components and units will be consequently in good
performance. The systematic approaches to the said performance
should be established by:

Regulating of accuracy standard and allowable tolerance
of products at the processes of marking and cutting.
Organizing of leader of working group for accuracy under
the Superintendent, who produce the statistic data for
accuracy control of each process gate.

By these data, repeating its education for the workers
to routinize the accuracy check as a part of their own
daily task.

The above cycle of PLAN-DO-SEE should be necessitated.

The important attention should be paid to not only the accuracy
of cutting size but also the smoothness of gas cut surface. The latter
can be obtained by good selection of the nozzle tip size of gas burning
torch and by the good balance between the cutting speed and the
pressure of fuel gas applicable and oxygen gas corresponding to the
tip size
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8-4 Sub- Assenbly Stage

Necessity of diversion of Sub-Assenbly from
Assenbly is to enable small parts and pieces to assenble
themto the adequate sized conponents in volume and
wei ght .

In other words, the huge nunber and many
kind of parts fabricated in shop are assenbled in
this stage as a first step.

Therefore it will gain the various nerits of

| ess transportation requirenents

good performance and high productivity
of welding for increasing of gravity
wel di ng usage by flat position

stable flow of Assenbly with leveling of
the assenbly work for each unit and
facilitating the collection of the parts

Therefore the Sub-Assenbly is to be facilitated
near by the Fabrication Shop prior to the Assenbiy
Sl abs.

F-133



M MAGINE TCCIINOLOGY, INC

1) G ouping of Sub-Assenbly

Mbst of the parts and the pieces is to
be sorted into some groups in the same or simlar
patterns

Considering the hull structure, the internal
structure especially transverse frane are easily
recogni zed the follow ng two type of grouping:

a) Mddle part of hull in simlar or sane

size and in many nunber : Process Gate 16

b) Fore and Aft part of hull in different

size and in small nunber : Process Gate 17

From the above two nmajor patterns, the process
flow are to be separated respectively for leveling
of manpower.

Furthernore, for making smooth flow of the
above mmjor groups, the sone type of parts are requested
to assenmble prior to Sub-Assenbly as the part of Sub-
Assenbly, namely pre-sub(: Process Gate 15). It is
necessary to separate fromthe above two group.

2) Schedul i ng

The sub-assenbly schedule are provided on
date base for each process gate under the conditions
of Assenbly Master Schedul e.

3) Material Control

I mportance of material control at this stage
Is the collection of nunerous pieces of cut parts before
comenci ng Sub- Assenbl vy,

Therefore, fundamentally, their storage area
shoul d be located between the both stages enough to
| ot them for each sub-assenbly conponent in sequence
of the sub-assenbly schedul es for each process gate.

For this collection, the material expediters
shoul d be assigned on full time, and proceeding with the
foll ow ng steps:
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Coloring the receipt of parts on the
material information |ists.
Feeding parts into each sub-assenbly

process gate according to sub-assenbly
schedul e, and then coloring on the

above |ists.
Coloring the conpletion of sub-assenbly
conponents on the above lists, and then
shifting to the storage area as routed
by the above lists.
From the above activity of the material
expediters, the confirmation of each part and conponent

in progress is easily grasped by the colored material
information |ists.
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4) Fol l owup of Process Progress and Productivity

As described before, the daily sub-assenbly
stages progress are checked with:

Coloring the receiving of the parts

on the material information lists for

each sub-assenbly conponent for conmmencing
sub-assenbly snoothly.

Coloring the conpletion of sub-assenbly
conponents on the above lists and on

each sub-assenbly schedul es for grasping
the progress of sub-assenbly conponents.

Main job of this stage is to assenble the
parts by welding, that is, one of the welding shop
for small parts.

Therefore, the productivity in this shop
depends on the welder’s productivity, and the workers
here other than the welders are assisting to wel der
wor ki n-g snoot h.

From the above points of view, jn this stage,
the major consideration is “Howto fully and con-
stantly use the gravity feed wel ding machine on flat
position.”

In this stage, the followi ng control charts
are requested.

Manhour (total, welder and others)/

Sub- Assenbl y conponents in weight on
each process gate and total sub-assenbly
Manhour / wel di ng | engt h.
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8-5 Assenbly Stage
Assenbly Stage is a major stage in hull construction.
The throughput capacity of this stage will dom nate

the total production in the ship yard. Ther ef ore,
the total performance of the Assenbly Stage is a

key of shipbuilding.
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1) G oupi ng of Assenbly

Maj or grouping of assenbly is considered from
the shape of main structure panel and supporting
facilities of the assenbly area, as follows:

a) Fl at Conponent/ Uni t
b) Curved Conponent/ Unit

According to the above basis, in this shipyard,

assenbly is divided into the follow ng process area:
Fl at Panel Line : _Process Gate 20
Fl at Conponent Assenbly :_process (ate22
Flat Final Assenbly : Process Gate 25
Sem - Fl at Conponent Assembly_: process Gat e21
Curved Conponent Assenbly : Process Gate 23
Curved Final Assenbly : Process (ate 26
Deckhouse Conponent Assenbly :_process Gate

Deckhouse Final Assenbly :_Process Gate 28
G and Assenmbly : Process Gate 29

Unit to Unit (Pre-Erection) : Process Gate 27

Furthermore Assenbly Stage is divided into the follow ng
sequence:

Wl d Joining of Panel Plates

Assenbl e of Frames and Longitudi nal

Wel d of Panel Plates with Frames and

Longi t udi nal

Over Turning, if necessary

On-Unit CQutfitting, Lifting Pad and Scaffol di ng

Pai nting
The details of the above sequence for each unit is pro-
vided as the Unit Information List.
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2) Schedul i ng
Details of inplenentation schedule for Assenbly
are presented by M. Q Togo’s Final Report

3) Material Control and Handling

Mbst of the naterials at this stage are bul ky.
Therefore the well planned transportation routing of
each material is a key of material handling at this
st age. In this purpose, the Basic Production Flow List
are essential to indicate the material route.

In order to transfer the routed material to and
from each assenbly area, the cranes and trailers are
the nost inportant neasures.

From t he above nentioned point of view, the daily
scheduling and controlling of crane and trailer |eads
for the assenbly production to maintain the schedul e.
Therefore this function is a key of shipbuilding.

In this connection, the cranes which cover the
assenbly area and al so erection, are assigned into
the major responsible area respectively for effective
control
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4) Storage of Assenbled Unit
Fundamental |y, ho advance between the conpletion
of assenbled units and the comencenment of erection
Is the nost preferable production planning fromthe
follow ng reasons:
Avoiding the large size storage area
requirenents.
Avoi ding the crane handling requirenents.
On the other hand, the optimum storage is
necessitated fromthe foll ow ng reasons:
Constant flow requirements for each
production flow especially assembly stage
Pronmpt progress requirements for the foll-

owi ng ship on erection stage in order to
mnimze the ideling of manpower after

ship launching.
For the above purpose, the storage area allocations

are planned beforehand during the planning of Assenbly
Mast er Schedul e.
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5) On-Unit CQutfitting and Painting
After conpletion of conponents or units, on-unit
outfitting and painting are requested before erection.
During the planning of the Basic Production Flow
List, it is necessary to discuss wth Qutfitting
Pl anni ng Group and Painting Planning G oup beforehand.
These inplenmentations of on-unit outfitting and
painting are easilly affected from not only planning
but also control of hull production process.
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6) Fol  ow-up Process Progress and Productivity

Assenbly stage is also a welding yard as well
as Sub- Assenbly Stage

Therefore once the welding length of each unit
i's obtained by each process, the welders fo, each
process can be allocated nore precisely according to
the schedul e.

Anyway, in assembly stage, the nost inportant
event of progress is the conpletion of welding for
a conponent or a unit on each work station and then
ready to shift it for the next stage or process.

Therefore, the nain object of followup for
each assenbly process is "how to maintain the welding
job constantly”.

In order to obtain the above objective, the
fitters and truck/crane group should provide assist-
ance to the wel ders constantly according to the schedul e.

For this purpose, the allocation of similar
type of unit or conponent, which is conposed of
simlar welding length, on each process area is a nost
important factor of maintaining the sane pattern of
rotation with the same nunber of work gangs within a
work station of process area, nanely tact job flow

At this moment, the process progress in Assembl:
Stage will be grasped by the weight. As shown in Figf

each unit is consisted of several conponents and
each conponent is progressed in each assigned process
gate respectively. Therefore, each process gate is
grasped by conponent or by unit respectively. But the
total Assenmbly performance will be grasped by unit
conpl eti on.

The follow ng control charts per ship describe
the performance by every week.
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Conpl eted conponents or units for each
process gate in weight/week. (Fina

assenbly units for total assenbly perfornance).
Expended manhours (total, welders and fitters)
for each process gate and total assenbly
manhours (total, welders and fitters)/week.
Assenbly manhours/conmponent or unit in

wei ght for total assembly and each process
gate.

Assenbly wel der manhours/weight for total
assenbly and each process gate.

Assenbly fitter manhour/weight for total
assenbly and each process gate.
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7) Accuracy Control

The unit accuracy at this stage will be controlled
fromthe follow ng two aspects:
Control for Erection Stage.
The poor accuracy of the assembly unit have
to effect directly and badly to the schedul e
and the productivity of erection stage.
Therefore , the defects discovered at this
stage should be corrected without fail.
Control for Fabrication and Sub-Assenbly
St ages.
Each fabricated and/or assenbled parts
and sub-assenbly conponents are accunul at ed
Its accuracy error to this stage.
Therefore, the defects caused by the prior
stage shoul d be fed back for maintaining t-heir

accuracy standard |evel.

For nore details refer to M K. Honda's Final

Report.
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8-6 Erection Stage
Erection Stage is the last step of Hull Construction
and also its scheduling is a key of all other scheduling.
The defaults at this stage may affect the ship’'s
delivery and the special attention to safety should be
pai d because of this critical circunstances.
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1) Sequence of Erection
The work sequence of Erection Stage is divided
into the follow ng sequences:
a) Unit | oading on building way.
b) Ship weighting and setting of unit.
c) Scaf f ol di ng.
) Main structure fitting.
) Main structure wel ding.
) Internal structure fitting.
0) Internal structure welding.
h) Cleaning (outfitting on-board).
)
)
)
)

i nternal visual inspection.
Scaffol d renoving.
Vatertight or airtight test.
Conpl etion

From the nature of above sequences, the Erection

Stage is divided into two maj or steps:
Unit by Unit process step
Sequence a) thru e)
Tank or zone and sub-zone process step
Sequence f) thru 1)

The first process step is closely linked to the
erection unit network and on the other hand, the second
process step is proceeding the conpletion of each tank
or each zone required by the tank inspection schedul e.

In order to increase the building speed on the
building way, it is necessary to separate clearly into
two different process flows for maintaining the manpower
level in this shipyard size
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2) Schedule

As a master schedule of shipbuilding, the Erection Master
Schedule should be provided and published before commencement of
any job.

According to this schedule, the dates of unit erection are
determined and the erection pitch of each unit especially for
Zone-1, are carefully paid attention to the fitters flow by
gangs for keeping the ship forms. Then following the fitters
gangs as soon as possible, the welders gang for main structure
will be proceeding. Therefore, the synchronization of these
pitches; loading, fitting and welding, is the most important
factor of scheduling for erection.

Regarding to the internal structure, the tank test
schedule is the basis of fitter and welder scheduling by zone
by zone. In this process schedule, it is necessary to pay
attention of the avoiding of vertical job arrangement at
same time not only fitter and welder but also hull and

outfitting.
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3) Fol | ow-up of process progress and Productivity

In order to grasp the work conp

| etion for each

zone, especially on the erection,an eyesonetric sketch

showmn in Fig. 7-7 is able to chec
and pracisely the actual condition by
each joint daily. In this connection
the joint is calculated by length and
sketch will be useful to followup th
visually and the productivity.

From the above information, the
especially for welders, of this stage

k nore easily
coloring for

once each of
tabul ated, this
e progress

inanning,

will become more

easy and precise instead of by weight.

The control charts in this grzos
- Erected weicht, fitted w2

i

weight /week.

- Commenced welding lengoh,
length and welded welding
main structure and interns

- Expended manhours (total,
by main structure and inte

- Weight/manhours by to:tal,

and by main and intermnzl s
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4) Accuracy Control
The accuracy control at this stage is; specially
classified into the follow ng two cases:
The finished condition of assenbly unit
The deformed condition clue to erection work
The forner is a major objective of accuracy
control through all hull production processes for
avoiding the cutting adjustnent of erection joints.
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