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PREFACE

This report provides a summary of the reports emanating from the Ship-

building Technology Transfer Program performed by Levingston Shipbuilding

under a cost sharing contract with the U.S. Maritime Administration.

The material contained herein was developed from the study of the

Engineering and Design programs and systems presently in operation in

the shipyards of Ishikawajima-Harima Heavy Industries (IHI) of.Japan.

Information for this study was derived from source documentation sup-

plied by IHI, information obtained directly from IHI consulting person-

nel assigned on-site at Levingston, and from personal observations by

two teams of Levingston personnel of actual operations at various IHI

shipyards in Japan.

In order to place this study in context within the overall Techno-

logy Transfer Program, a brief overview of the program and its organi-

zation is provided in the following paragraphs:

THE TECHNOLOGY TRANSFER PROGRAM (TTP)

The U.S. shipbuilding industry is well aware of the significant

shipbuilding cost differences between the Japanese and ourselves. Many

reasons have been offered to explain this differential and whether the

reasons are valid or not, the fact remains that Japanese yards are

consistently able to offer ships at a price of one-half to two-thirds

below U.S. prices.

Seeing this tremendous difference first hand in their own estimate

of a bulk carrier slightly modified from the IHI Future 32 class design,

Levingston management determined to not only find out why this was
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true but to also attempt to determine precise differences between IHI

and Levingston engineering and design practices; production planning

and control methods; facilities, production processes, methods and

techniques; quality assurance methods; and personnel organization,

operations and training. The obvious objective of such studies was to

identify, examine and implement the Japanese systems, methods and pro-

cesses which promised a significant improvement in the Levingston

design/production process.

With this objective in mind, and recognizing the potential appli-

cation of the TTP results to the American shipbuilding industry, Lev-

ingston initiated a cost-sharing contract with MarAd to provide docu-

mentation and industry seminars to reveal program findings and produc-

tion improvement results measured during production of the bulkers.

Subsequently, Levingston subcontracted with IHI Marine Technology Inc.

(an American corporation and a subsidiary of IHI, Japan) specifying

the areas to be explored and the number and type of IHI consulting

personnel required during the period of re-design and initial construc-

tion of the first bulker.

Basically, the program was organized into six major tasks:

1 - Cost Accounting

2 - Engineering and Design

3 - Planning and Production Control

4 - Facilities and Industrial Engineering

5 - Quality Assurance

6 - Industrial Relations
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Beneath each of these major tasks is a series of sub-tasks which further

delineated discrete areas of investigation and study. Each sub-task was

planned and scheduled to: 1) study IHI systems, methods and techniques;

2) compare the Levingston and IHI practices; 3) identify improvements

to the Levingston systems; 4) implement approved changes; 5) document

program findings, changes to the Levingston systems, and the results of

those changes; and 6) disseminate program findings and results to

industry via MarAd.
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INTRODUCTION

PROGRAM HISTORY

The Shipbuilding Technology Transfer Program was initiated in October,

1978, in conjunction with Levingston's signing of a five ship bulker program,

each of which were to be built to a modified design of the Ishikawajima-

Harima Heavy Industries (or IHI) Future 32 class bulk carrier. Levingston

engaged IHI to assist in the redesign of the IHI ship and to provide assis-

tance in the study and refinement of Levingston's production system.

The Technology Transfer Program was established having three objectives:

to study the Japanese technology applied at their shipyards; to apply the

Japanese technology that appeared to be of benefit to Levingston; and as

part of the contract with the Maritime Administration to share its findings,

conclusions and results with the U.S. shipbuilding industry. The program was

structured over a period of thirty months beginning in October, 1978, and

ending in March of 1981.

As mentioned in the Preface the program was broken down into six

discrete areas. The first area, that of cost evaluation, was initiated soon

after contract signing to provide a basis for the investigations to be

initiated in the other task areas. The objective behind this cost evaluation

was to determine those areas where the greatest differences of cost occurred

between Levingston and IHI and using this indicator proceed to examine the

reasons for these differences. As it turned out, most of the areas indicated

significant differences and it was determined at that time that a study of

the entire IHI system and the corresponding Levingston system would have to

be undertaken.





Additionally, bound copies of the slides presented at the two seminars -

(1) The Concept and Application of Accuracy Control and (2) Organization

for Production and the Personnel System were distributed to Seminar attendees.

Two 20-minute narrated slide presentations entitled "The IHI Aioi Ship-

yard" and "Aspects of the Personnel System" were submitted to MarAd.

All of the above documentation together with all source data were

organized into a program Data Bank and submitted to MarAd in micro-fiche

form (5 copies).

REPORT ORGANIZATION

This summary report is organized into six sections paralleling the

organization of program task elements and the final reports. These sections

are:
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SECTION 1

ENGINEERING & DESIGN

DESIGN INITIATION

The design and engineering function at IHI is responsible for ship

design and the dissemination of design and construction information to

Production. This design and engineering activity is accomplished by a

"top-down" refinement procedure which begins with a conceptual ship

design determined through research and design teams at the IHI Head

Office. This conceptual design is refined to become the basic design.

Figure l-1 describes the flow as the conceptual design is transformed

from concept to basic guidelines, to functional diagrammatic design and

finally to detail design.

BASIC DESIGN AT THE IHI TOKYO HEAD OFFICE

The basic design group of the IHI Head Office (Tokyo) is composed

of approximately 100 persons primarily involved in creating the design

of new vessels to be built at one of the IHI shipyards. Working in

conjunction with the Marketing Survey Group, the Initial Development

Group, and the Sales and Estimation groups, the Basic Design Group

develops a conceptual ship design into a basic design package which

consists of specifications, ships lines, general arrangement drawings,

midship section drawings and naval architectural data and calculations.

The basic design office is organized into three groups according

to vessel size and functional responsibilities as illustrated in Figure

l-2. The No. 1 Basic Design Group for small and medium size vessels

and the No. 2 Basic Design Group for large vessels (super tankers) are

referred to as "think tanks". The educational level of these groups

is high with 85% holding college or university engineering degrees.

In support of these two groups is the No. 3 Basic Design Group

which is further broken down into four groups: 1) the Administration
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FIGURE 1-2

BASIC DESIGN OFFICE
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Group which performs the clerical functions of the department; 2) the

Ship's Form Group; 3) the Hull Structure Group both of which are com-

posed of naval architects; and 4) an Electric Group composed of

electrical engineers.

The Basic Design package is the basis for the development of the

Key Plans for the ship being designed. Computer output is utilized in

preparation of the key plans as the drawings are rapidly produced at

l/lOOth scale. These drawings are not finished at the head office but

are transferred to a shipyard to be completed.

A preliminary blocking plan, or unit breakdown, is also prepared

at the head office to be finalized at the shipyard selected to build

the vessel.

SHIPYARD DESIGN & ENGINEERING ORGANIZATION

The Shipyard Design Group is directly responsible to the Shipyard

General Superintendent and is divided according to the following major

functions: basic design, key plan, yard plan, and computerization.

The functions of these groups begin upon receipt of basic design data

from the-head office design division.

The shipyard's basic design group is responsible for maintaining

specifications , customer requirements, and general arrangement drawings.

This group also provides detail naval architectural data.

The key plan group prepares detail scantling data, schematic

diagrams and functional plans, purchase order specifications, lists

of materials for procurement, outfitting materials fabrication drawings,

and material lists for fabrication drawings.

The yard plan group, or working drawing group, prepares detail

fabrication drawings, detail outfitting drawings, material lists for

outfitting, pipe piece manufacturing drawings, and material lists for
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pipe piece manufacturing drawings. Figure 1-3 illustrates the organi-

zation of the shipyard design department and Table T1-1 lists the

specific functions of each group.

TYPICAL DESIGN SYSTEM AND FLOW

Through cooperation of all sections of the Shipyard Design Depart-

ment, the basic drawings are finalized and submitted to the ship owner

for approval. The drawings are then distributed to the various sections

of the yard's design department to become Key Plans and eventually Yard

Plans.

The basic design drawings consist of general arrangement, ship's

lines, preliminary machinery arrangement, miship section, specifications,

and calculations. These data are expanded to make up the Key Plans.

The Key Plans describe the vessel in further detail in areas such as

the fore body and after body. These drawings will then become the

basis for the working drawings or Yard Plans.

The basic flow of drawings is illustrated in Figure l-4. Table

T1-2 shows the major items produced by the shipyard design organization.

Development of Key Plans

The key plans and hull calculations are prepared by the key plan

teams of the Hull Structural Design Group, the Hull Fitting Design

Group and the Accommodation Design Group. The structural design is

analyzed using IHI computer programs "Z Plate" and Z Vibra" (see

Appendices). The outputs from these programs are both printed and

plotter-drawn.

Standardization and computerization significantly enhance the

productivity of the design function. Many drawings are rapidly pro-

duced on a drum plotter, thus utilizing the computer data bank of ship's

information. The Hull Structure Group prepares the loading information
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TABLE T1-1

MAJOR FUNCTIONS OF SHIPYARD DESIGN DEPARTMENT GROUPS

1. Business Administration Group

* General service for each design section
* Drawing schedule
* Working schedule
l Estimations

2. Project Design Group

a. Control Team l Administration of each design group
b. Calculation Team * calculation of ship's properties

* Tonnage measurecent
c. Marine Team * Consultant dark and drawing supply for overseas

shipyards

3. Hul1 Structure Design Group

* Key plans of hull structure
l Yard plans of hull structure
* Block (unit) arrangement
* List of hull structural members including height and fillet

weld length

4. Hull fitting Design Group

l Key plans of hull fittings and piping
* Purchase order specifications for fittings
* fitting arrangement plans
* production drawings of hull piping and outfitting
* MLF , MLS

5. Accommodation Design Group

* Key plans  of accommodations quarters
* Coiner arrangement
* List of upholsteries and fittings
* Purchase order specifications
* Production drawings of accommodations quarters
* Key plans and yard plans of superstructure

0. Engine Fitting Group

* Machinery arrangement
* Piping diagram of engine room
* Purchase order specification

* sea trials plans 
* Production drawings of engine room
* Funnel fittings
l Tanks and auxiliary foundations

7. Electric Fitting Design Group

* Wiring diagram
* Purchase order specifications
* Electric  fitting arrangement
* Equipment for lighting and cable installation

8. Computerization Group

* Systems and programs development
* Maintenance of programs and manuals
* Standardization of fittings

9. Special Fitting Design Group

* Design of cargo gears and hatch Covers
 Design of rampways, stern and bow doors, special racks and

carriers,  etc.
* Purchase order specifications
* Heavy lifts, dredging, etc.
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MAJOR ITEMS PRODUCED BY SHIPYARD DESIGN ORGANIZATION

*OUTFITTING KEY PLANS HULL KEY PLANS

- Machinery Arrangement

- Joiner Arrangement

- Piping Diagram

- Hull Scantling

- Unit Weight (Approx.) Preliminary
Unit Arrangement

- Purchase Order Specifications
(Main Machinery)

- Midship Section & Typical Trans-
verse Bulkhead

- MLS (Long Term Delivery Items)

- MLS (Material List by Systems)

- Stern & Rudder

- Main Eng. & Equip. Foundations

- Plan of Welding

- Stress & Vibration Research

*OUTFITTING YARD PLANS

- Compartment Arrangement

- Pallet List

- Composite Drawings

- Manufacturing Drawings (MLP, MLC)
Manufacture of Pipe and other
Components

- Module Assembly Drawing

- On-Unit Fitting Drawing

- MLF

- Purchase Order Specs
(Short Term Delivery Items)

- On-Board Fitting Drawings

HULL YARD PLANS

- Unit Arrangement

- Unit Weights - Exact

- Unit Center of Gravity

- Welding Length

- Working Drawings & Structural Details

- Piece List

- Auxiliary Equipment Foundation
Drawings

*Outfitting Design is divided into deck, accommodations, machinery and
electric groups.

TABLE Tl-2
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for the data base which in turn produces the shell landing data. This

input is normally entered via CRT but may be prepared manually and

checked on a graphic display. The plotter is suitable for lines and

shell expansion drawings and is also utilized for structural analysis

by producing drawings which show structural diagrams and plotted stress

locations.

The data are also used by the mold loft which is equipped with

remote stations composed of a CRT and three large, automatic flat-bed

drafting tables. Through these machines, design information reaches

Production in the form of l/10 scale, highly accurate, shape templates

used in the fabrication of hull parts.'

Development of Yard Plans

The next step in the shipyard's engineering process is the prepara-

tion of Yard Plans or working drawings. All hull structural detail

information, block (or unit) arrangement, unit weights, weld lengths,

center of gravity of units, piece lists and auxiliary foundation draw-

ings are developed at this time.

The IHI drawing system is structured in such a way that a minimum

of re-drawing is necessary. The drawings and material lists are pre-

pared by various sophisticated photographic methods as well as com-

puterized and manual drawing techniques.

The yard plan drawings are made according to the unit arrangement

and consist of a title sheet and several sheets comprising the structure

and details of an individual unit. Figure l-5 depicts the process

flow for preparation of the Yard Plans.

The issuance of the Yard Plans usually begins at K-3-1/2 (keel

lay minus three and one-half months). Table Tl-3 describes the
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TABLE Tl-3

CONTENTS OF YARD PLANS

Principal Material List - the basic list of all materials
to be used. By studying this list, the volume of fabrication
work can be estimated.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Drawinq List (MLA) - the kinds of drawings to be prepared
by the yard's design department and the dates of completion.

Arrangement Drawings - indicate the arrangement of the ship
as a whole, as well as the arrangement of the main equipment.
These drawings describe the types of fabrication work to be
done and serve as the basis for the fitting drawings. The
block (or unit) arrangement shows all blocks of the vessel
and provides the frame of reference for design and production
of each vessel.

Body Plan (Hull Construction) - provides details of the hull
structure and serves as a basis for the fitting drawings.

Diagrams - Indicate the functional systems of all outfitting
equipment and serve as a basis for fitting drawings. Some
diagrams are used directly in outfitting work as well as for
systems performance checking.

Practices - contain the items of agreement or rules for actually
carrying out the design work as well as fabrication work.
They contain detailed instructions not found in the specifica-
tions.

Manufacturer's Drawings - are drawings of the auxiliary
machinery to be fitted on the ship. The drawings are used
by sub-contractors in the manufacture of items not made in
the yard. They are used as reference material for the in-
stallation and operation of equipment.

Fitting Drawings - indicate the mounting positions of outfit-
ting equipment and are the main drawings used by the Outfit-
ting Department. Virtually all actual fitting work is done
on the basis of these drawings. They are prepared by work
stage and work zones.

Materials List (MLF) - contains all outfitting materials
necessary for advancing the work based on the fitting drawings.

Piece Tables - are used when manufacturing pipes and are the
basic drawings used at the pipe shop. The pipes in the fitting
drawings are picked up one by one and a drawing is prepared
for each. These drawings are grouped by MLF units.
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actual contents of the numerous and varied drawings and the list of

yard plans that are actually distributed to the worksites.

HULL CONSTRUCTION ENGINEERING

Shipyard design activities typically accomplish a great deal of

the production planning associated with the development of the detailed

working drawings. However, the principal activities of the design

division of the yard are to identify and define the material which is

to be procured versus that which is to be manufactured internally

and the design for manufacture. From the top-level drawings and

specifications, the details of the ship are progressively developed

to the lowest level necessary for the fabrication of parts and pieces,

sub-assembly of individual components (both hull parts and outfitting

parts), assembly of hull units and final erection of these units on

the ways. Figure 1-6 shows the development and progression of drawings.

Throughout the design development, detail planning and scheduling

is performed by a consolidated group of design engineers, planners and

production engineers. This planning is part of the design process in

that an iterative cycle of design - planning - design occurs at each.

level of drawing development. On the basis of the top-level design

the hull is subdivided into major hull units suitable for handling,

outfitting and erecting. Subsequently, each unit is further divided

into its detailed parts which are identified on material lists for

either procurement or manufacture. Design engineers progressively

detail each level of the ship breakdown in drawings of units, sub-

assemblies of hull and outfitting components and detail parts and

pieces.
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As part of the planning/detail design development process, a

series of planning documents are developed. Detailed assembly pro-

cedures are documented for each unit in Assembly Specification Plans

and a series of Working Instruction Plans provide data relevant to:

Marking, Cutting and Bending of plates during fabrication; Unit Parts

Lists, Finish Dimension Plans for each unit; Sub-assembly Plans:

Assembly Plans; Assembly Jig Size Lists; and Lifting Instruction for

each unit. Working Instruction Plans are also prepared for specific

elements of the erection process, such as: the Unit Arrangements Plan;

Shipwright Dimensions Plan; Support Block Arrangements Plan; Welding

Instructions; and a Scaffolding Arrangements Plan.

Simultaneously with the design development and production planning,

Accuracy Control Engineers designate the critical dimensions of the

procured and manufactured components and units to assure the highest

accuracy of the product at each stage of production. This Accuracy

Control activity greatly influences the design and the selection of

the production processes to be utilized. Figure l-7 depicts the con-

cept of Accuracy Control in IHI.

Throughout this design process Production Planning and Engineering

personnel attached to each of the Panel, Hull and Outfitting  Workshops,

provide appropriate production information and requirements to the

designers. The working drawings and plans are carefully prepared to

closely match facility and production organization capabilities.

OUTFITTING ENGINEERING

Design and Material Listing

The basic design planning for outfitting occurs during the evolu-

tion of the Basic Design into the detail working drawings. Subsequent
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to receipt of the Basic Design. the shipyard design department, in

collaboration with the Fitting Workshop Production Planning and Engineer-

ing staff, develops system diagrams for each functional system of the

ship. These diagrams do not reflect any sub-division of the ship into

units. The diagrams do however, define all components required in each

functional system. On the basis of these diagrams, a Material List

by System (MLS) is compiled. These lists provide an itemization of the

bulk and raw materials and system components required for a particular

Material Ordering Zone. Figure 1-8 provides an example of an MLS.

IHI establishes a series of "Zones" for each ship: major zones,

Which are primarily used for sub-dividing the ship for the purpose of

hull construction; Material Ordering Zones, which are used to categorize

material for procurement; Outfitting Zones, which designate major areas

of outfitting; and, Outfitting Work Zones, which are further sub-

divisions of Outfitting Zones into discrete small packages of outfitting

work. Figure 1-9 illustrates these different types of zones.

The system diagrams developed by the Engineering Department are

part of the second stage of design development which is called

"Functional Design". This stage takes the Basic Design to the next

logical level of development, i.e. Detail Design.

During the detail design stage the data from the functional design

is converted into working drawings of unit assemblies, sub-assemblies,

detail parts and pieces, etc. Also at the detail design stage an Out-

fitting Zone Plan is developed for the ship. An "Outfitting Zone" is

simply a geographical area (3-dimensional) of the ship having no rela-

tion to a particular system. Instead, all systems within a given
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area are encompassed by the zone boundaries. Figure 1-10 illustrates

the Outfitting Zones identified for one type of ship.

With the identification and designation of Outfitting Zones.

detailed material lists are formulated together with piece drawings for

the manufacture of pipe pieces, piping arrangements, and outfitting

pieces and sub-assemblies. Specific material lists are prepared for

the manufacture of pipe (Material List for Pipe - MLP) and for other

outfitting components (Material List for Components - MLC). These

material lists and the associated piece drawings are eventually sched-

uled for production through the yard pipe or fabrication shops. Figures

l-11 and l-12 present examples of these material lists.

In addition to the above, the detail design effort also produces

composite drawings showing the layout of all outfitting material in

specific "Work Zones" (a further breakdown of the outfitting zones

into small packages of outfitting work). These composite drawings show

the interrelationship of the many different systems integral to the in-

dividual work zones together with details of mounting and joining.

Figure l-13 provides an example of a composite drawing. (The composite

drawing system will be further explained in subsequent paragraphs.)

Upon completion of the composite drawings, the final stage of

design, Work Instruction Design, is initiated. This design stage

produces drawings of outfitting components which are to be installed

at different production stages, e.g. sub-assembly, assembly, erection,

and after launch. Figure 1-14 illustrates this development from top-

level design data to individual Work Instruction Drawings. Accompanying

these drawings is another material list, the Material List for Fitting

(MLF) which corresponds to the work to be accomplished at the production
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FIGURE 1-14

OUTFITTING DESIGN DEVELOPMENT



stage shown on the Work Instruction Drawing. Figures 1-15 and 1-16

provide examples of a Work Instruction Drawing and a Material List for

Fitting, respectively.

The Work Instruction Drawing, the associated MLF, the procured

components and the manufactured components (i.e. by the yard) comprise

a specific work package or "pallet" as it is identified by IHI. The

"pallets" of information and material correspond to the "work zones"

established for a given outfitting zone.

Composite Drawing System

In IHI composite drawings are the primary source of information

for the pre-outfitting of entire zones of a ship. Another name for the

composite drawing system is the compartment outfitting method. All

outfitting systems are shown in an outfitting arrangement drawing

based on a compartment or zone of the vessel. This is in contrast to

the system by system approach, which usually shows one or more entire

piping system for a major portion of the hull, or event for the entire

vessel.

IHI has realized many benefits from the use of composite drawings

for outfitting, especially in the important area of piping. Through

a coordinator between outfitting design sections, all interferences

are dealt with on a day to day basis. The composite drawings are pre-

pared to a drawing supply schedule which is relatively standard for a

basic vessel type. As nearly as possible, all outfitting sections

simultaneously work on drawings for the same area of the ship.

A Design Procedure and Drawing Supply Schedule, considered a

management standard, provides enough lead time before actual start

of fabrication for the necessary design and engineering work that must
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precede the actual fabrication, assembly, erection and outfitting

activities.

Concurrent with the preparation of the composite drawings, the

material lists (MLF and MLP) are prepared. The MLF facilitates material

gathering in advance of fitting. It corresponds to the fitting drawing

which shows all material in a compartment or work zone. All outfitting

pieces are numbered designating the compartment, system, and whether

the parts are to be fitted on-unit or on-board. On-unit or on-board

fitting designation may be made with a separate drawing (see Figure

1-17).

For all information necessary to fabricate pipes, separate pipe

piece drawings are made. Piece drawings are actually breakdowns of a

composite drawing showing each piece and fitting. A material list

(MLP) is included on the piece drawing to show size, type, quantity,

and material specification. This type of drawing is usually a three-

dimensional view. Figure 1-18 provides an example of the kind of pipe

piece drawing used by IHI.

The drawing package that is ultimately given to Production consists

of the composite or compartment drawing, the fitting drawing, work

instruction drawings and the MLF. In the production process, the fore-

men use the composite for reference, whereas, the workmen rely on the

fitting drawings, the work instruction drawings, and the MLF.

ADDITIONAL DESIGN AND ENGINEERING PLANNING

The Hull Construction and Outfit Planning discussed in the fore-

going pages combine the aspects of design and production into a

thoroughly defined set of working drawings and plans necessary for the
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manufacture of the hull assembly units, the outfitting of those unit;

and the erection and outfitting of the entire ship. This discussion

has purposely omitted some types of planning (that occur simultaneously)

in order to simplify the design process. However, it is important to

cover these other planning aspects to complete the overview of this

involved process.

Other plans are prepared by workshop engineering personnel to

detail the methods for facilitating work during the erection stage and

during on-board outfitting. This planning is called "Field Planning"

and consists of the following types of plans:

Plan for temporary holes (in the hull during erection)

Plan for ventilation &-cooling of the hull on the ways

Plan for supply of electrical power and gas lines

Plan for stools arrangement on the ways

Plan for equipment access on-board and on working staging

Plan for standard shipwrighting techniques

Plan for maintaining shaft alignment considering the initial
hogging of the aft and forward ship sections

Plan for tank arrangement and testing

Plan for final dimension check items

Plan for disposal of temporary pieces for construction

DESIGN CHANGE CONTROL

System design changes occur because of regulatory body requirements,

owner requirements, builder changes due to design changes or errors,

builder changes due to production errors or methods changes, or vendor

changes because of errors in drawing, changes in material or equipment,

etc.
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In IHI, the system for design change is initiated in the design

department, regardless of the source of the change. In order to mini-

mize rework and rescheduling, preliminary information regarding the

change is accomplished quickly. To facilitate smooth incorporation

of the design change into the total system, changes that have a big

influence on schedule are dealt with at meetings held for the specific

purpose of discussing design changes. On big items of change having

effect on future vessels, information will be fed back into the design

process.

The preliminary information system is immediately effected so that

the change can be ordered to production before any rework is necessary.

The formal information system is then effected to update all records

and make all necessary notifications (refer to Figure 1-19). Thus,

quick action to minimize cost and formal action to keep all records

accurate are the two main objectives of the design change control

system at IHI.

In the IHI Computer System (IHICS) for hull design, all design

changes are quickly fed back into the system to minimize the negative

effects of the change. The program is designed so that production

corrections caused by design changes are minimized. Actual generation

of physical data of parts can be postponed up to the execution of

parts generation.

ENGINEERING ACTIVITIES--LAUNCHING TO DELIVERY

As is typical of practically all shipyards,-the Shipyard Design

Department is involved as an aid to Production during the time from

launching through delivery of the vessel. Some of the main activities

are:
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Launching

Incline Tests

Deadweight Measurement (Ship's Light Weight)

Plan of Equipment Testing and Sea Trials

Performance Confirmation

Ship's Operation Manuals

Finish Drawings to Reflect All Modification (Ship's Copy)

Provide Gross Tonnage Data According to Worldwide Requirements

COMPUTER AIDED DESIGN

Since IHI entered the field of computer aided ship design and

manufacture, several main systems have been developed and extensively

utilized at the IHI yards. These systems have applications throughout

the design and production processes beginning with the Basic Design

at the Head Office in Tokyo through the development of the Key Plans

and the Yard Plans at the shipyard. These main systems are the result

of breaking down the engineering work to be done into simple processes.

This process definition facilitated the building up of program modules

which perform the necessary data processing according to the type of

work to be done and the required output. In this manner, the IHI com-

puterization group has developed an integrated system of design oriented

programs that share a common data base but perform independently to

provide the data necessary for all phases of ship design and automated

fabrication.

Computerization is relied upon in the Basic Design stage to perform

structural analysis, propulsion performance analysis and maneuverability

analysis. As the design progresses toward development of the Key Plans,

all necessary ship's calculations for naval architectural data are also
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performed. As the Key Plans are finalized and the Yard Plans are

begun, the Hull Design system is fully utilized from the fairing of

ship's lines to hull piece design. Systems for outfitting design are

also employed.

Production Engineering and Material management also rely on com-

puterized systems. Purchasing and issuing material are functions of

the Steel Plate Control System. There is also a Material Control System

for new ship construction. The design oriented functions for Production

Engineering are for Hull Piece Drawing, Nesting of Hull Plates, Hull

Piece/Parts Control System and a Pipe Processing plan.

Scheduling and manufacturing utilize computerization for Hull Con-

struction Scheduling, Outfitting Scheduling, Manhour Calculation, N/C

(Numerical Control) High Speed Marking System, N/C Gas Cutting System,

and N/C Frame Bending and Pipe Bending.

MAIN IHI SYSTEMS FOR COMPUTER AIDED DESIGN

IHICS, or Integrated Hull Information Control System, is a series

of program packages which assists engineers in the fields of design

and production engineering for hull construction, and also provides

information necessary for production.

IHICS resulted from the necessity to standardize as much design

data as possible and to correlate these data with the established

production processes of the IHI shipyards. IHICS provides the following:

Generation of engineering and production data from a small
volume of input data prepared by engineers.

Assistance to engineers in design and production engineering
activities.

Creation of a data base which supplies the manufacturing
division with production engineering data, numerical control
data and piece lists for-each stage of production.
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IHICS is composed of the following three sub-systems: Basic

Data Creation, Section Design and Production Engineering. Figure l-20

describes these sub-systems in terms of their respective component

programs in relation to the data base. Each of the program's functions

are outlined in Table T1-4 which also outlines the program outputs.

COMPUTER AIDED DESIGN SYSTEM FOR PIPING

At IHI, computer aided design is utilized in the outfitting of

vessels. Piping systems are automatically designed by the CADS system

which is capable of designing new piping modules and modification of

The basic flow of information into and from the CADS piping design

system is outlined in Figure 1-21.

describes the process flow of piping design from basic

des ional design through drawing preparation for engineering

Figure 1-22

ign and funct

production.

Figure l-23

and

illustrates the relationship of the CADS system in the

preparation of detail piping design. As the transition from functional

design to detail design is made, utilization of the CADS system begins.

Both manually and automatically prepared data are processed by CADS.

these modules when necessary. In addition to the automatically designed

modules, the CADS system allows for input of manually drafted sketches

of piping systems which will be processed and finalized as a usable

design.

Outputs of the CADS system utilize hull structure drawings to

identify obstacles and interferences for piping. Main hull structures

such as frames, longitudinals and decks are registered and drawn by

the system. Three part drawings of piping plans show plan, side and
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section view. Definition of piping runs is accomplished by indicating

and bend points. Optional section drawings are

to show intersections of pipe with other structures

lculated

start and end points

available as outputs

such as tanks and bu

automatically.

lkheads. Clearance between pipes is ca

Other functions and characteristics of the CADS system are the

setting of pipe fittings on a piping run, checking pipe piece dimensions

based on fabrication standards, design of pipe support pieces, and

providing data for the pipe piece fabrication system and the material

control system.

NUMERICAL CONTROL STEEL FABRICATION

The design work for the hull involves the preparation of a rough

structural drawing and a shell plate expansion drawing based on a

typical midship section plan and a lines plan for a given vessel.

Following this, detailed structural calculations are conducted and a

detailed structural drawing is prepared. During these design processes,

the data base is continually added to and updated. The result of this

building up of the data base is a structural drawing produced by com-

puter directed automatic drafting machines, plotters, and other graphic

displays.

The preparation of structural drawings by computer points out the

fact that the shapes of the various pieces are dealt with numerically.

As part of the data base, these numerical data are directly tied in

with the N/C (numerical control) marking and cutting equipment. The

main result of this is omission of traditional mold loft practices

with more automation of the production system.
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At IHI, automation of many fabrication processes has led to more

accurate and rapid fabrication of steel parts as well as creating more

simplified jobs for the workers.

GAS CUTTING AT IHI

The philosophy and policies which affect numerical control steel

fabrication in Japan's shipyards have evolved as a result of certain

conditions prevalent in the Japanese shipbuilding industry. The

abundance of highly skilled manpower, industry standards and highly

developed facilities, among other conditions, have enabled the IHI

yards to utilize N/C methods of fabrication without relying on them to

perform jobs better suited to other types of equipment and methods.

IHI's alternative to old methods of mold lofting is the l/10

scaled body plan lofting method. Large table automatic drafting

machines provide high precision scaled drawings. These drawings are

used for various fabrication methods including Electro Photo Marking

and final checking before N/C burning. Full scale drawings of small

parts such as collar plates and brackets are used as templates and

to direct optical tracer burning equipment.

IHI PLATE MARKING TECHNIQUES

At IHI shipyards, plate marking is accomplished by several differ-

ent processes all of which rely on N/C generated data. Selection of

the marking method is made according to whether the marking will be

done on a single plate or a panel that is composed of more than one

plate having already been welded together.

In the case of panels, marking is done after welding to allow

for neat cutting (to exact dimensions ) of the panel. Steel tapes are
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prepared in the mold loft from tabular data and stored until required

for manual marking.

For marking single plates, two main methods are applied, N/C plate

marking and Electro Photo Marking (EPM). Selection of the method of

marking is made with regard to leveling the workload of the yard's

marking facilities and with consideration for smooth work flow.

A blend of optics and electronics, EPM is a rapid method of marking

that can work a raw plate in about eight minutes. In a special dark

room, the raw plate is positioned on rollers beneath a light projector

that is equipped with a precision lens designed to enlarge a l/10 scale

image to full scale on the plate below.

The image that is projected is made of various l/10 scale piece

drawings produced on clear film by automatic drafting machines. These

small drawings are nested on a large piece of clear film which is a

l/10 scale representation of the plate that is to be marked. All

necessary material marks are manually added to this nesting drawing

before it is placed in the projector so that when the EPM process is

completed, all pieces will be completely marked.

Phototoner, a light sensitive powder charged with static electri-

city, is spread over the plate. The nested l/10 scale drawing is then

projected at full scale onto the plate. This step in the process

causes the projected image to adhere to the plate. The precision of

the printed pattern is accurate enough for the fabrication of hull

p i eces. 

Numerical control plate marking is accomplished by burning zinc or

plastic powder onto a plate to form a continuous l/16" wide line. A
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special burning torch equipped with a hopper/dispenser applies the

powder to the plate just ahead of the moving torch. This method of

line marking is capable of laying down a continuous line at the rate

of forty feet per minute.

LEVINGSTON SYSTEM AND APPLICATION OF IHI TECHNOLOGY

APPLICATIONS OF IHI TECHNOLOGY

During the course of the Technology Transfer Program, Levingston

has studied the IHI design and engineering systems and practices. The

various studies entailed detailed analysis and comparisons which in

most cases led to decisions for implementation of the IHI technology

or methodology with modification if necessary, or to reject it after

cost trade-off studies were applied.

In some cases, implementation of IHI technology in areas of the

shipyard other than design and engineering has brought about the need

to change certain design and engineering practices accordingly.

Computer-aided-ship Design

In the area of computer-aided ship design, the IHI system and the

SPADES system which is in use at Levingston were compared. Detailed

documentation of both systems facilitated this comparison.

It was determined that both systems were relatively equal and there

would be no need to change from SPADES to the IHI system. At that

point the study concentrated on determining if full benefit from SPADES

was being realized. All available SPADES modules were studied includ-

ing those not in use at Levingston. A detailed comparison table of

SPADES and the IHI system is provided in Appendix J of this report.
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The conclusion to this study determined that both systems are very

good shipbuilding tools, and while the IHI system is fully utilized to

the best advantage of the IHI shipbuilding complex, SPADES at Levingston

is somewhat limited by lack of implementation and facilities. It was

determined, however, that SPADES may be better suited to Levingston's

purposes and methods. For example, those SPADES modules that actually

duplicate the old style lofting were better for Levingston because

the input coding is easier and the data base is referenced by all of

the SPADES modules, whereas in the IHI system some modules are of the

"stand alone" type and require additional inputs.

Thus it was decided that implementation of the IHI system was not

necessary and that as Levingston's requirements for computer-aided

design software increased, SPADES could provide what is necessary.

Numerical Control Steel Fabrication

Some changes in Levingston's steel production methodology changed

as a result of IHI's recommendations. In the area of bending and

shaping steel plates for the shaped zones of the hull the IHI methodology

for cold bending followed by flame bending (or line heating) was imple-

mented. This created new demands upon the mold loft for providing

special sight line templates necessary for this process. Of course,

flame bending is only one step in the overall method of curved unit

assembly used extensively at IHI. When this method of assembling

large curved units on adjustable pin jigs was adopted still more

demands were placed on the loft. In these cases, the SPADES system

already provided enough data for preparing the necessary templates and

for setting the heights of the pins of the adjustable jigs. It was

only a matter of utilizing what was available.
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In other areas of numerical control steel fabrication some defici-

encies at Levingston were identified after comparison to the IHI methods

and facilities. Because of various conditions present at Levingston,

and also common to other U.S. shipyards, almost all lofting work was

performed in the N/C loft and almost all plate was marked and burned

by the N/C burning and marking machine. As an alternative to this

practice of burning everything by N/C methods, another method of auto-

matic burning has been installed in the form of a 1:1 optical-tracer

burner director. This has lessened the load on the N/C burner con-

siderably. A high speed parallel burner has also been installed for

burning flat, straight plates.

Various other recommendations from IHI have also been implemented

such as leveling of the workloads between the various processes for

fabrication and rearrangement of shops and facilities.

Zone Fitting and Composite Drawings

The IHI Methodology for outfitting a vessel involves Zone Outfit-

ting and Palletization. These concepts provide benefits to the total

system in terms of manhour savings, material management and personnel

attitudes. However, more engineering time is required to support

them.

Zone outfitting and the pre-outfitting of hull units prior to

erection may do more than any other single aspect of IHI technology

toward optimizing timely and profitable ship production. Therefore,

whatever design and engineering methods, systems and practices are

required for their implementation must be seriously considered.
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Transformation to zone orientation begins with a hull unit arrange-

ment or breakdown. The next step is preparation of composite drawings

for outfitting according to the established three dimensional outfitting

zones. These composites show zone boundaries and include all systems

within that zone. Interferences between systems are recognized and

eliminated during the preparation of these composite drawings.

Work Instruction Drawings and Material Lists

Further processing of the design is necessary for producing the

working drawings to be used by Production. These drawings identify

the area of the outfitting zone and the stage of the production

sequence at which the work will be performed. For the hull, designa-

tions are made on assembly, sub-assembly and cutting plans. For outfit-

ting, designations are made on work instruction drawings, each of which

is developed with its own material lists for the on-board, on-unit or

sub-assembly stages. This hierarchical sub-division continues by

zone/area/stage with the preparation of the detail design drawings

for pipe pieces and components other than pipe and their respective

material lists.

It is in the manner described above that the engineering and plan-

ning process continues until each zone is broken down to a minimum

level. The material lists also facilitate palletization, the IHI

method of material management. The material lists for a specific

zone/area/stage are used to gather the material and place the material

in a physical pallet for shipment to the site at which that material

will be installed. Such an organized material system facilitates

rapid performance of outfitting tasks, whether they take place at the

sub-assembly, on-unit or on-board stage.
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Automated Scaled Body Plan of Mold Lofting

From the early stages of the Technology Transfer Program IHI has

recommended implementation of scaled body plan lofting. This system

involves the installation of a large table automatic drafting machine

in the mold loft and a drum type plotter/drafter in the hull section

of the engineering department.

IHI uses the large drafting machine for making templates for the

cutting, shaping and verification of parts. The high .accuracy and

speed of the machine makes it possible to use its graphic output for

directing optical tracer type burning equipment and for high efficiency

electro photo marking equipment.

In the engineering department, the drum plotter calls upon the

established data base for a ship and rapidly produces drawings that

can be manually sectioned and detailed and actually used as working

drawings.

The addition of both of these machines could result in significant

manpower savings in the mold loft and the engineering department's

drafting sections.

Additional -Future Implementation

In addition to those specific areas of future implementation

identified in the preceding paragraphs, other methods, systems and

practices may become necessary at Levingston. As the production

methodologies evolve and change, so must the practices of those

functions that support this production. Design and engineering must

provide what the total system requires and at the same time must be

provided with the support and lead-time necessary to successfully

perform those functions. .
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SECTION 2

PLANNING & PRODUCTION CONTROL

THE IHI PRODUCTION SYSTEM

The IHI shipyard production system is a composite of facilities,

personnel and material which achieves, through the careful integration

of these elements, an extremely high rate of productivity. The compos-

ite system relies heavily on the thorough planning and scheduling ac-

complished prior to the start of steel fabrication and which is con-

tinually refined throughout a production run of ships.

The IHI production system has been perfected over a number of

years to a point where an established routine of design-planning-

production-control is now in effect for the manufacture of any type

of ship. This routine varies only slightly from yard to yard and

the basic principles of this methodology are almost never modified.

As in most shipyards the major production activities are divided

into hull construction and outfitting. Each of these activities is

organized and executed by a separate "!Workshop". Hull construction

encompasses all steel fabrication, sub-assembly, assembly and erection

of the final hull units. Outfitting is planned and organized to

correspond with the hull construction work so that appropriate out-

fitting of components and sub-assemblies is accomplished at the best

time during manufacture of the steel unit assemblies.

The manufacture of steel parts and pieces, the assembly of these

components into progressively larger and more complex units, and

ultimately the construction of these units into the ship itself, is

the function of the Hull Construction Workshop. In IHI the process of

hull construction utilizes designated material flow routes called
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"process lanes"lanes"f o r  t h e  p r o c e s s i n g  o f  a l l  m a t e r i a l .  " P r o c e s s  L a n e s "f o r  t h e  p r o c e s s i n g  o f  a l l  m a t e r i a l .  " P r o c e s s  L a n e s "

e x t e n d  t h r o u g h  s e v e r a l  d i f f e r e n t  p h y s i c a l  a r e a s  e i t h e r  w i t h i n  s h o p s  o re x t e n d  t h r o u g h  s e v e r a l  d i f f e r e n t  p h y s i c a l  a r e a s  e i t h e r  w i t h i n  s h o p s  o r

as sembly  a reas  in  a  se r ie s  o f  opera t ions  re fe r red  to  as  " Sub- s tages " .as sembly  a reas  in  a  se r ie s  o f  opera t ions  re fe r red  to  as  " Sub- s tages " .

T h e s e  " S u b - s t a g e s "T h e s e  " S u b - s t a g e s "are par t  of  a larger  process s tep cal led a "s tage".are par t  of  a larger  process s tep cal led a "s tage".

F i g u r e  2 - l  i l l u s t r a t e s  t h i s  o r g a n i z a t i o n  o f  p r o d u c t i o n  i n t o  t h e  v a r i o u sF i g u r e  2 - l  i l l u s t r a t e s  t h i s  o r g a n i z a t i o n  o f  p r o d u c t i o n  i n t o  t h e  v a r i o u s

p rocess  lanes ,p rocess  lanes ,sub-s tages and s tages.sub-s tages and s tages.

FIGURE 2- lF IGURE 2- l

ORGANIZATION FOR PRODUCTIONORGANIZATION FOR PRODUCTION
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This type of production system aligns the physical areas of the

overall facility into several material flow paths which begin with

the fabrication of detail parts and pieces, the subsequent sub-assembly

of these pieces into one or several minor assemblies which will then

be integrated into a unit. For example, in the fabrication shops the

steel plates are sized, marked, cut and bent in different process lanes

according to their eventual usage in flat panel or curved units. These

piece parts are routed to appropriate sub-assembly or assembly areas

for use in the construction of the two different types of units. The

typical flow is thus from the fabrication of panels or cut pieces to

sub-assembly to assembly of either flat-panel or curved units. The

completed units will subsequently be moved to a unit buffer.storage

area or to the platen area adjacent to the building basin. Approximately

30 to 60 percent of all ship units will be completed prior to the start

of ship erection.

The second major activity of the production system is outfitting.

IHI has developed its planning and production system so that as much

outfitting as possible can be achieved during the build-up of the steel

unit assemblies. This "pre-outfitting" has provided the IHI yards with

substantial improvements in productivity over the past decade.

Essentially, outfitting is considered in three distinct stages:

on-unit, on-block and on-board. On-unit outfitting is the sub-assembly

of outfitting components (such as piping) into a composite for eventual

installation as a sub-assembly onto a steel structure. On-block (unit)

outfitting is that performed while the assembly of the steel components

is being accomplished in an assembly area. At the appropriate time
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in the build-up of a steel assembly, outfitting will be accomplished

to The maximum extent possible. on-board outfitting is that required

after erection of the individual units in the builaing basin. Figure

2-2 illustrates the flow of outfitting activities during these proauc

tion.stages.

FIGURE 2-2

FLOW OF OUTFITTING ACTIVITIES
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Throughout the ship construction process "mass production" techni-

ques are utilized to obtain maximum production rates. All work is

divided into discrete stages and precise processes within each stage;

particular facilities are allocated to the performance of a particular

operation; personnel are allocated to a single location and type of

operation; and work is moved to the workers in each location. The ob-

jective throughout the production of one or several ships is to maintain

the maximum flow of material through the production process in the

minimum period of time. This provides a full and constant workload at

each work station throughout ship construction. 

Another basic objective of the system is to minimize the time

consuming, expensive and relatively dangerous work during the erection

stage. Therefore, accuracy of each component, sub-assembly and unit

is stressed at each stage of production, and as much outfitting as

possible is accomplished on the units prior to the start of erection

to minimize on-board outfitting in the erected ship.

This highly effective system relies heavily on the thorough plan-

ning accomplished prior to the start of fabrication. This planning

enables the total utilization of the facilities and personnel in a

comprehensive and controlled manner throughout the ship construction

process.

HULL CONSTRUCTION PLANNING

Hull construction planning follows a prescribed methodology which

progressively breaks down and details successively lower levels of the

hull until the parts and pieces at the lowest level of fabrication are

completely defined. Essentially, the steps followed by shipyard
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engineers performing this breakdown are:

1. Unit division (i.e. dividing the ship into major units
capable of being assembled, transported and erected);

2. Assembly breakdown (i.e. defining the component sub-assemblies
and detail parts which constitute each of the units);

3. Specifying the fabrication, sub-assembly and assembly methods
to be used in the fabrication of the detail parts and the
build-up of these parts into progressively larger and more
complex assemblies.

This methodology is well known to U.S. industries. It is the

system developed long ago for engineering drawing development and for

assembly line production. This system was developed and established

as the traditional production methodology for the U.S. aircraft industry

during World War II. Its application to shipbuilding is also well

known and understood although few shipyards employ it to the degree

that the IHI yards do.

While this breakdown of the overall product and of the successive

lower level "interim" products is being accomplished, a host of other

planning activities are taking place. Facilities arrangements are

confirmed; fabrication, sub-assembly assembly and erection processes

are determined; material requisitions are determined and issued; and

manpower and performance measurement requirements are established.

Figure 2-3 depicts the flow of planning activities prior to the start

of hull construction.

Preliminary Planning

Hull construction planning begins immediately upon completion of

the Basic Design (accomplished by the Design Department in the Head

Office of IHI in Tokyo). The Basic Design consists of: Unfaired
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Ship's Lines, Midship Section, Construction Profile, General Arrange-

ment and Machinery Arrangement drawings. On the basis of these plans,

the shipyard Design Department undertakes the breakdown of the ship

into "Blocks" or units. This activity is called "Hull Block Planning"

and consists of dividing the ship into manageable units suitable for

assembly and erection. (See Figure 2-4)
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Unit Assembly Planning

After division of the ship into manageable units, typical common-

shaped units are analytically disassembled in a progressive breakdown

from the entire unit to the component sub-assemblies and then to the

parts and pieces which constitute the sub-assemblies. All unique

units are broken down in this manner. Figure 2-5 shows a typical

example of such a breakdown.

These breakdowns serve several purposes in addition to showing

the basic assembly sequence of each unit. A preliminary evaluation

of the assembly sequence yields details concerned with the necessary
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facilities and processes required for the assembly, e.g., required

fitting jigs, probable welding processes, required assembly area size

and capacity. Further details are developed including: the classifi-

cation of sub-assemblies and assemblies; reference level and line;

length and types of welding joints; welding edge-preparation require-

ments; and requirements for added material for adjusting seam and butt

lines.

All of this planning is considered "preliminary" information for

the development of "detailed process planning" which is documented and

disseminated as "Assembly Specification Plans" and "Working Instruction

Plans".
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Detailed Planning

During the preliminary planning stage, the Basic Design generated

by the Head Office Design Department is refined and elaborated to the

extent necessary to fix the Hull Blocking Plan. This design is referred

to as the Functional Design and upon approval of the Hull Blocking Plan

the Working Design is started.

At the start of the detailed planning stage, the Assembly Master

Schedule is prepared from the Erection Master Schedule. On the basis

of this schedule, the Material Requisition Schedule and Material

Requisition Orders are prepared. Detailed Hull Construction Working

Plans are also prepared by the Design Department defining the assembly

units identified in the Hull Blocking Plan.

Based on these working plans and on the material requisition

schedule and a Fabrication Lane Plan (which details the processing

of plate steel through the fabrication shops), a Rough Cutting Plan

is generated. This plan is made to assist in the preparation of

Material Requisition Orders for steel plates to minimize the number

of sizes, thickness and the total quantity of plates required. The

purpose of the plan is to improve the usage and control of remnants

and scraps; -to determine the quantity of steel required each month;

and to provide guidance for the preparation of the Cutting Plan for the

workshop. The Material Requisition Orders are prepared on the basis

of the information in this plan.

Assembly Specification Plans

Based on the information developed during the "preliminary process

planning", formal Assembly Specification Plans are developed. These

plans detail the methods to be followed during fabrication, assembly
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and erection. This planning is accomplished by engineering personnel

in the Design Department and by accuracy control engineers in the

various workshops.
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Work Instruction Plans

Working Instruction Plans represent the final planning step, and

are derived from the functional and detailed design,Assembly Specifica-

tion Plans, and the other data which have been progressively developed

from the Basic Design for each unit. Working Instruction Plans pro-

vide detail working-level data for the fabrication, assembly and erec-

tion of each unit. These plans complete the development of data from

the design level information to the working level details necessary

for workshop execution.

Three Working Instruction Plans are prepared for each unit in

the area of fabrication: Marking Plan, Cutting Plan and Bending Plan

(often the Marking and Cutting Plans will be combined into a single

plan).

In the area of assembly, six plans are prepared on each unit

as follows:

Unit Parts' Lists

Finishing Dimensions Plan

Sub-assembly Plans

Assembly Plans

Assembly Jig Size Lists

Lifting Instructions Plan

Working Instruction Plans originated for erection include:

Unit Arrangements Plan

Shipwright Dimensions Plan

Support Block Arrangements Plan

welding Instruction Plan

Scaffolding Arrangements Plan
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These plans provide all necessary information at each production

stage for the proper manufacture and handling of each unit. The basic

objectives intended for these plans are: I) to effect control of the

total workload and the products as the work progresses through the

various process lanes, sub-stages and stages of the production system;

2) to effect control of the great number of parts and pieces of material

as they flow through the production processes; and 3) to provide ex-

plicit instructions to all levels of personnel concerned with the fabri-

cation, assembly and erection of ship components.

OUTFIT PLANNING

In IHI outfit planning begins immediately upon receipt of the Basic

Design and parallels hull construction planning in the development of

the Hull Blocking Plan, Unit Assembly Plans and the functional and

detailed design.

The IHI shipyards accomplish as much "pre-outfitting" of hull

units as possible during the construction of these ship elements. This,

of course, greatly reduces the amount of outfitting work that must be

done during erection and after launch. The manhour and cost savings

attributable to this approach are considerable and this approach is

another factor in the high productivity achieved by these yards.

Pre-outfitting is a logical and highly effective method for re-

ducing ship construction costs especially in light of the "modular"

hull construction method used by IHI. The building of assembly units

and the joining of units to form "grand units" provides an ideal

condition for the installation of outfitting components and sub-

assemblies at the various production stages of hull steel construction.
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Naturally, the outfitting work performed during the build-up of hull

units in the assembly areas is far less costly, less dangerous and is

more accessible and amenable to down-hand welding processes. This type

of outfitting also contributes to the IHI objective of shortening the

work time in the building basin.

During the Detail Design stage, the data from the functional design

is converted into working drawings of unit assemblies, sub-assemblies,

detail parts and pieces, etc. Also, at the detail design stage an Out-

fitting Zone Plan is developed for the ship. This outfitting zone plan-

ning essentially sub-divides the major ship zones into.smaller areas

concerned with outfitting activities in the major ship sections, i.e.

cargo hold, engine room, deck house, main deck, etc. An "Outfitting

Zone" is simply a geographical area (3-dimensional) of the ship having

no relation to a particular system. Instead all systems within a

given area are encompassed by the zone boundaries. An Outfitting Zone

can represent a portion of a deck, a portion of several decks, one or

more compartments, parts of adjacent compartments, etc. Figure 2-7

illustrates the Outfitting Zones identified for one type of ship.

with the identification and designation of Outfitting Zones de-

tailed material lists are formulated together with piece drawings for

the manufacture of pipe pieces, piping arrangements, and outfitting

pieces and sub-assemblies. Specific material lists are prepared for

the manufacture of pipe (Material List for Pipe - MLP) and for other

outfitting components (Material List for Components - MLC). These

material lists and the associated piece drawings are eventually

scheduled for production through the yard pipe or fabrication shops.
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In addition to the above, the Detail Design effort also produces

composite drawings showing the layout of all outfitting material in

specific "Work Zones" (a further breakdown of the outfitting zones into

small packages of outfitting work). These composite drawings show the

interrelationship of the many different systems integral to the indi-

vidual work zones together with details of mounting and joining.

Upon completion of the composite drawings, the final stage of

design, Work Instruction Design, is initiated. This design stage pro-

duces drawings of outfitting components which are to be installed at

different production stages, e.g., sub-assembly, assembly, erection,

after launch. Accompanying these drawings is another material list,

the Material List for Fitting (MLF) which corresponds to the work to be

accomplished at the production stage shown on the Work Instruction

Drawing. This package of information describes the work to be done,

the production stage at which it is to be done, and the list of materials

which must be accumulated and present at the work site.

The Work Instruction Drawing, the associated MLF, the procured

components and the manufactured components (i.e. by the yard) comprise

a.specific work package or "pallet" as it is defined by IHI. All

information and all related material is collected at the proper work

site, at the proper production work stage, and at the proper time

interval to enable the outfitting of specific units or on-board the

erected ship.

The "pallets" of information and material correspond to the "work

zones" established for a given outfitting zone. These outfitting

activities are rigorously scheduled to continuously parallel the hull
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construction sub-assembly, assembly and erection schedules.

ADDITIONAL PLANNING

The Hull Construction and Outfit planning discussed in the fore-

going pages combine the aspects of design and production into a

thoroughly defined set of working drawings and plans necessary for the

manufacture of the hull units, the outfitting of those units and the

erection and outfitting of the entire ship.

Throughout the above planning, a.staff of Accuracy Control Engineers

assists the planners and designers and formulates discrete accuracy

control requirements for each unit, sub-assembly and piece part. These

engineers develop detailed data concerning the vital dimensions and

points of measurement to ensure that all manufactured components of the

ship meet the highest accuracy standards possible. Additionally, these

engineers develop a plan or scheme for providing added material at each

stage of production to ensure that errors can be corrected without re-

work of the part and to provide for neat cutting at the various sub-

assembly, assembly or erection stages. Accuracy Control Engineers also

define the base lines which must be used for unit alignment to keep

maximum accuracy throughout the production, assembly and erection

processes. The selection and application of process standards to the

fabrication processes is also the responsibility of these engineers.

The objective of this accuracy planning is to effect the highest

production efficiency by ensuring that each of the fabricated and

,assembled components meets prescribed standards and thereby requires

no re-work as the material flows through the production process. This

achievement of high accuracy reduces the amount of work required at
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the erection stage and ensures that the completed ship will meet or

exceed all quality standards and will be in true alignment as required

by design specifications.

Other plans are prepared by workshop staff personnel to detail the

methods for facilitating work during the erection stage and during on-

board outfitting. This planning is called "Field Planning" and consists

of the following types of plans.

Plan for temporary holes (in the hull during erection)

Plan for ventilation and cooling of the hull on the ways

Plan for supply of electrical power and gas lines

Plan for stools arrangement on the ways

Plan for equipment access on-board and on working staging

Plan for standard shipwrighting techniques

Plan for maintaining shaft alignment considering the
initial hogging of the aft and forward ship sections

Plan for tank arrangement and testing

Plan for final dimension check items

Plan for disposal of temporary pieces for construction

THE IHI SCHEDULING SYSTEM

The IHI scheduling system is a delineated hierarchy of schedules

descending from the customer delivery requirement to the lowest work-

ing levels. The methods used by IHI in this scheduling system are not

unique; however, some of the techniques are somewhat different in com-

parison to U.S. practice.

Basically, the system begins with the delivery schedule established

by the Head Office. This schedule is reviewed in some detail by the
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Production Control staff of the shipyard selected to build the ship and

can be adjusted if found to be impracticable. If the yard can accommo-

date the ship in the time established by the Head Office, the Production

Control group (in the shipyard's General Superintendent's office) formu-

lates a Ship Construction Master Schedule which places the total build-

ing period into context with all other construction work in the yard.

Placement of a new ship program into the Ship Construction Master

Schedule is based on availability of facilities and personnel to accom-

plish the work in the desired time frame.

The Ship Construction Master Schedule becomes the guiding master

schedule for the development of all lower schedules and is regarded as

the one absolute and inflexible schedule thorughout the building process.

Figure 2-8 presents the hierarchy of schedules which are developed

from this primary master schedule. The next schedule prepared is the

Major Milestone Schedule which defines the time period designated in

the Ship Construction Master Schedule for construction of a particular

ship or ships in terms of key events such as planning, fabrication

start, keel laying, launch and delivery. Other key events that normally

constrain the ship construction process, such as delivery of main

engines or other long lead-time items that are procured from outside

sources, may also be included. This schedule provides information for

the construction of the Erection Master Schedule.

The Erection Master Schedule prescribes the sequence to be followed

in the build-up of the ship in the building basin. The several major

zones of the ship (i.e., mid-body, bow, stern and house) are separately

scheduled and each of the units comprising these zones are scheduled
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individually for the precise time of landing in the bas

tion schedule al lows for the completion of all on-board

subsequent to the landing of the final unit on the erected ship. A

precise set of standards is used to ca culate the landing and joining

of each unit to adjacent units a lready in the basin. These time

in. This erec-

outfitting work

standards dictate the amount of time required between each unit, and

the schedule is developed as a series of "set backs" from the final

unit in each zone.

Based on the mandatory erection time requirements for each unit,

the Assembly Master Schedule is prepared. This Master Schedule estab-

lishes the periods for assembly of each unit sufficiently ahead of the

erection schedule to permit unit outfitting and transportation to buffer

storage or to the building basin platen areas.

From the Assembly Master Schedule detailed subordinate schedules:

for hull fabrication, sub-assembly, assembly and erection are prepared.

These schedules are developed by the Production Planning and Engineering

groups of the Hull Construction Workshop in conjunction with the appli-

cable Section Managers and Foremen in the respective production stages

and areas.

In the fabrication area specific sub-schedules are developed for

the activities of the mold loft and for marking, cutting and bending

of all materials for each of the hull units. In the sub-assembly

areas, schedules are prepared for the common or ordinary sub-assemblies

(such as webs) which are typical to many units and for more complex

sub-assemblies containing ducting or major frame components.

Detailed assembly schedules are prepared for each hull unit.
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Due to the different process lanes through which the flat versus curved

units emerge, these schedules are prepared for each type of unit with

somewhat different information presented thereon. Schedules are pre-

pared for typical flat units (e.g. flat double bottom units), semi-flat

units (e.g. curved shell and curved internal structure mounted on a

flat panel such as the side double bottom units), bent or curved units

(e.g. bow or stern units), and joined units (e.g. two units joined to

allow the landing of a larger unit during erection).

The Erection sub-schedules detail the preparation, transport,

buffer storage, and final erection of each unit in the building basin.

All of the above schedules are primarily concerned with the hull

construction effort. In parallel with this effort, a series of out-

fitting schedules are prepared based on the Ship Construction Master

Schedule and the hull construction schedules as they are developed for

each stage of production.

After development of the Major Milestone Schedule, the Outfitting

Milestone Schedule is prepared by the Production Planning and Engineer-

ing Group in the Fitting Workshop. This schedule expands the key mile-

stones shown in the Major Milestone Schedule to include the periods

where the fitting of the outfitting zones of the ship must begin and

end. Other key events, which coincide with the receipt of major pur-

chased equipment, are defined to indicate the completion of outfitting

on critical sub-assemblies or units of the ship which will constrain

the start of erection or the erection of specific units during the

erection process.

The Outfitting Milestone Schedule provides the basis for develop-

ment of the Outfitting Master Schedule. This schedule must of course

2-22



coincide with the Assembly Master Schedule to allow proper time inter-

vals for the installation Of outfitting sub-assemblies and components

during the build-up of each hull unit. Unit assembly instruction plans

are carefully studied to determine the time requirements for outfitting,

the outfitting area, and whether it would be more efficient to install

individual components or outfitting sub-assemblies (e.g. a piping sub-

assembly) into the unit.

Once the Outfitting Master Schedule has been developed, the detailed

subordinate schedules are prepared. Individual schedules for the build-

up of sub-assemblies of outfitting components (called on-unit outfitting),

for the fitting of both these sub-assemblies and individual outfitting

components in the hull units, and for installation of other sub-assemblies

or components on-board the erected ship are prepared for each outfitting

zone. Still more detailed schedules are then constructed for each group

of fitting personnel based on the fitting tasks to be accomplished in

order to execute the individual sub-schedules. These work schedules

cover each month of the Outfitting Master Schedule and each week of

each monthly schedule. These weekly schedules prescribe the task, the

 personnel and the time allowed for each outfitting activity each day.

In this descending hierarchy of schedules both the hull construc-

tion and the outfitting tasks are developed and sequenced to coincide

with one another and with each higher level schedule. The Ship

Construction Master Schedule usually contains only two weeks slack

time which can be used to accommodate any unanticipated delays. This

obviously requires careful and comprehensive schedule planning at each

level of schedule development and a total commitment by all personnel
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to meet schedule dates once they are developed. The use of overtime is

permitted in order to maintain schedule position but unless overtime

is purposely included in the schedules (by top-management decision)

the use of overtime is restricted to the most dire circumstances.

MANPOWER PLANNING

Manpower planning in IHI is a precise method of applying personnel

resources to each task of the well defined production process. The

planning accomplished for hull construction and outfitting and the

exact scheduling of these activities provides the framework for the

application of manpower in discrete stages, sub-stages and time periods.

The entire production process is organized around the "process

lanes" system. As previously discussed, this system allocates specific

types of work to particular work stations established in a fixed loca-

tion within one of several process lanes. In Hull Construction these

work stations are related to lofting, marking, cutting, bending, sub-

assembly, assembly and erection. The activities of each of these work

stations is defined in great detail in the plans prepared prior to the

start of fabrication, and further delineated in the detailed schedules

discussed in the previous section. The organization of the basic pro-

duction system and this highly refined planning and scheduling allows

the application of personnel to small increments of work at fixed

times throughout the hull production process.

In outfitting the same basic methodology is applied although the

locations and mix of personnel vary according to the type of outfitting

being accomplished. Also, the fabrication of pipe is a discrete plan-

ning and scheduling effort of its own and the application of manpower
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is determined separately from that of hull construction and outfitting.

The computation of manpower in each of these major areas of hull

construction, outfitting and pipe fabrication is based to a large

extent on the historical data accumulated by the various yards from

the prior construction of similar ships. This historical data has

cataloged production rates per manhour in terms of weight of steel,

weld metal deposited, cutting length, outfitting component weight and

manhours required for sub-assembly or installation, painting and pipe

fabrication. The application of these data to the same type of operations

ship after ship is a routine and accurate process.

The budget planning process in IHI is not unlike that utilized

in U.S. yards, although the participation of the workshops planning

staffs is a unique aspect and indicates that workshop managers partici-

pate more fully in the establishment of their budgets than their U.S.

counterparts.

Essentially, the overall budget is established by the IHI Head

Office and refined by the shipyard General manager into working budgets

for each department in each workshop. This refinement of the overall

budget is accomplished both by the Production Control Department which

is staff to the General Manager, and by the Production workshops. The

estimate generated by Production Control is in more general terms and

is based primarily on historical data collected from previous ship

construction programs. Production department estimates are in precise

terms of numbers of welding and fitting manhours required per day/week/

month.

Subsequent to the initial estimation of manhours by Production
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Control and the production shops, a Budget Meeting is held and a deci-

sion as to the operating budget is made by the General Manager. This

operating budget is then issued by Production Control to the various

cost centers in the yard. No adjustment of the budget is made until

one or two months before ship delivery. This adjustment is made on

the basis of accumulated manhour expenditures at another meeting of

Production Control, the affected shop(s), and the General Manager.

Figure 2-9 shows this budgeting process.
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The entire manpower planning cycle extends from the overall plan-

ning accomplished to establish the shipyard and department budgets to

the manhour plans of the individual foremen of each production area.

Manpower planning at the working levels consists of the identification

anti scheduling of the work groups allocated either to the hull construc-

tion work stations or to the fitting tasks in the outfitting schedule.

Manhours are continually weighed against the actual manhours used on

previous ships and by the various factors of manhours/ton, manhours

per length of weld deposited, cut lengths, outfittings weight, cable

lengths, etc. This manpower planning, when combined with the production

planning and scheduling forms a complete framework of data for the per-

formance of all work in each area of production.

PRODUCTION CONTROL

Production Control in the IHI yards happens as a natural consequence

of the production planning and scheduling system. The organization of

the hull construction and outfitting shops and activities, the detailed

planning accomplished for each of these activities and the use of work-

ing level schedules for small groups of personnel allows close moni-

toring and control of each step of the production process.

Basically, three organizations are concerned with production

control: the Production Control Department and the Production Planning

and Engineering groups for the Hull Construction Workshop and the Fit-

ting Workshop respectively. This de-centralized control parallels the

de-centralization which characterizes the planning and scheduling

activities. The Production Control Department is primarily concerned

with the overall yard aspects while the Production Planning and Engineering
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groups are concerned with the detail control of the workshop activities.

The activities of these three groups start from the overall yard

planning and scheduling and descend to the levels of the individual

work stations. However, once production has begun the daily inputs

from the working levels are coalesced into the control information

required to judge the status of the total program. In the planning

phase the production control system works from the top down, in the

production phase the system works from the bottom up.

Production Control Department

The Production Control Department is responsible to the shipyard

General Manager for the planning and scheduling of yard facilities and

manpower for all ships and other types of construction in process and

backlogged. This department prepares the Ship Construction Master

Schedule; accomplishes the planning of production functions in terms

of weight, cutting length, welding length, outfitting weight, cable

length, etc.; prepares the overall yard manpower plans; prepares the

overall yard work load schedule; and prepares the manhour efficiency

control curves used to monitor shipyard performance.

This top-level planning and control is translated to Successively

lower levels of the organization until each organization (i.e., work-

shop, section, group) and each production stage (i.e., fabrication,

assembly, erection and outfitting) is fully detailed by planning,

schedules and performance control data.

Because of the thoroughness of the planning and scheduling, usually

only minor changes to the top-level plans and schedules are required.

If changes are required, they are generally accomplished at the working
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levels such that the top-level plans are not affected. Although the

overall status of each program is closely monitored by the Production

Control Department, the majority of the actual production control

activity is performed by the workshop Production Planning and Engineer-

ing groups.

Production Planning and Engineering Groups

These groups, called the workshop staff groups, attend to a multi-

tude of planning,. scheduling, coordination and control functions. As

previously mentioned, these groups are responsible for working with

design engineers in formulating the various plans and schedules to be

used throughout the production process. They also interface closely

with the foremen, Section Managers and the Production Control Depart-

ment in the preparation and updating of man-loading and performance

control charts and graphs.

Once the top-level shipyard planning is accomplished by the

Production Control Department, the workshop staff groups begin the

development of the detailed plans and schedules for the actual opera-

tions of the various hull and outfitting groups. The wealth of plan-

ning data developed during the detail design process together with

the master schedules form the basis for the preparation of these

detailed shop and group plans and schedules.

Production Control of the various activities occurring in the

Hull Construction Workshop involves the planning and scheduling and

subsequent monitoring and control of the manpower, processes and

methods utilized in these activities. The hull construction process,

for purposes of production control, is divided into the following
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areas: total hull, lofting, fabrication, sub-assembly, assembly and

erection. Within each of these areas several different means are

established to monitor production performance. Table T2-1 shows the

various control graphs prepared for each area.



As mentioned previously, Outfitting activities parallel the hull

construction activities of sub-assembly, assembly and erection. W i t n

the exception of pipe fabrication and painting, these activities in-

volve several or all of the fitting groups in the outfitting organiza-

tion.

Although the outfitting organization is structured essentially

around the outfitting zones of the ship (i.e. Interior or Accommodations

Fitting group, Deck Fitting, No. 1 and No. 2 Machinery Fitting, and

Electric Fitting group) the manloading and scheduling of the outfitting

tasks is oriented toward On-unit (i.e. sub-assembly of outfitting com-

ponents), On-block and On-board activities. Hence, the outfitting

tasks require a blending of the skills of each of the organizational

groups into the type of work groups required for a given task. Also,

since the outfitting tasks are not of a repetitive nature (such as

those in hull construction) and since these tasks are performed in a

number of different locations, a distinctly different type of manhour

and schedule control is required.

In outfitting there is far more reliance on the use of the monthly

and weekly schedules than on performance control charts or graphs

although such control graphs are used to measure the progress of each

group.

As discussed above, Production Control evolves from the top-level

planning, scheduling and control graphs to the successively lower

levels of production. In outfitting this top-level planning and

control is manifested by the Shipbuilding Master Schedule, the Outfit-

ting Milestone Schedule, the Outfitting Master Schedule and the
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corresponding shipyard and Outfitting Section control charts. Beneath

this level production control charts are prepared to reflect progress

of each work group during On-unit, On-block and On-board outfitting.

Figure 2-10 illustrates this descending hierarchy of controls and the

correlation between these control charts and the related schedules.

LEVINGSTON APPLICATION OF IHI TECHNOLOGY

During the course of the Technology Transfer Program, Levingston

has adopted many of the IHI techniques of production planning and con-

trol. This has entailed a detailed study of the IHI system and a care-

ful evaluation of the parts of the system applicable to LSCo.

As a result of the LSCo. studies, the decision was made to convert

the Levingston production system to an approximation of the IHI system

over a period of time and to initiate changes to the Levingston schedul-

ing system which would lead eventually to an IHI-type,system. All of

the planning data originated for the first of the modified Future 32

bulk carriers being built by Levingston was converted piece-by-piece

to the IHI methods.

In early 1980 Levingston began to modify its production system to

one using the concept of the "Process Lanes" system of IHI. To avoid

confusion during this period of re-organization the term "Gate System"

was adopted to describe the production system of LSCo. Essentially,

the system comprises a series of “gates" which are equivalent to the

IHI sub-stages and stages (i.e., plate cleaning, marking, cutting,

bending, sub-assembly, assembly, erection and the several outfitting

stages of sub-assembly of outfitting components, installation on

assembly units, and installation on-board the erected ship). Each of
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FIGURE 2-10

OUTFITTING SCHEDULING SYSTEM (IHI)



these gates has an assistant foreman or foreman permanently assigned

and a number of worker personnel. The gates process steel according

to detail gate schedules to support the assembly, outfitTing and

erection master schedules.
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With the adaptation of the "Gate System" Levingston is fully com-

mitted to the application of the IHI production planning and control

techniques. These techniques have necessarily been modified to fit

the facilities, capabilities and personnel organization of Levingston.

many of the peripheral aspects of the system, such as Accuracy Control,

decentralized planning and production control, the decentralized organi-

zation of work groups and staff groups, and total communication of plan-

ning and scheduling information to the work positions, have not yet

been addressed in their fullest degree for application.

Figure 2-12 presents a diagram of the current Levingston planning,

scheduling and manning control system currently in operation.

APPLICATION TO U.S. SHIPBUILDING

The application of the IHI Planning and Production Control system

to typical U.S. shipyards is entirely practicable and desirable. The

institution of this system, however, requires major modification not

only to the planning and scheduling practices of the typical U.S. yard

but also to the production system itself.

As explained previously, the heart of the Japanese system is the

organization of the production flow through 'Process Lanes". These

lanes are the essential ingredient to the establishment of the planning

and production control methods utilized by IHI. This may entail some

radical changes in yards which have not  been structured around an

"interim product" or "module" type of ship construction.

The institution of the IHI system requires a thoroughly developed

plan which must be executed at the beginning of each new contract.

Since the majority of planning for production needs to be accomplished

prior to the start of fabrication, this planning should be incorporated
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into the design effort and, in fact. be a part of the design development.

Naturally, in order for this planning to be meaningful, the production

system, both hull construction and outfitting, must be thoroughly de-

veloped and in place to support a rapid and optimized production schedule

once fabrication has begun.

Several major obstacles present themselves in the institution of

this type of planning and control system. The most formidable, of

course, is the realignment of the production system into a "Process

Lanes" type of organization. The second is the development of the plan-

ning and production control system organized around the new production

structure. Additionally, re-training of personnel, material flow/hand-

ling/control, pre-outfitting, and the application of accuracy control

and quality control methods to the new system must all be investigated

to ensure that all aspects are integrated to form a precise composite

that does indeed benefit and not degrade production rates.

Levingston's study of the IHI system has derived one over-riding

axiom for the application-of IHI practices, that is: the IHI ship con-

struction system is a well developed and highly integrated whole, pieces

of which can be adopted for use in U.S. yards and can be effective,

but only through the adoption of the total system can any great increase

in productivity be effected. This applies especially to the planning

and production control system. Only through the adoption of the IHI

production system does the direct application of the IHI planning and

control system have meaning and, similarly, only through the adoption

of the production system does the IHI pre-outfitting methodology have

significant benefit. Each piece of the planning and production system

is dependent upon every other piece. One piece cannot stand alone.
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Currently, Levingston has implemented only a portion of the plan-

ning methodology used by IHI. Table T2-2 shows the planning techniques

presently utilized by LSCo. versus those of IHI. The planning shown in

the table that has not been adopted by

in one form or another, but is generally

identified than that of IHI.

LSCo. is of course,

 less formal and 1

accomplished

ess discretely



The IHI Planning and Production Control System is a comprehensive

and effective system in the IHI shipyards, but because of its total

orientation toward the production system, methods, processes and tech-

niques of the IHI yards, its application to U.S. yards is dependent on

the willingness of U.S. yards to change their production methodology.

There is little doubt that should a U.S. yard successfully replicate

the IHI planning and production system that such a system would have

a significant effect on productivity although, because of the cultural

differences between the two countries, U.S. yards may never achieve

the productivity levels experienced by Japan. Many more aspects of

productivity, besides those of planning and the production system,

will influence the ultimate productivity equation and, although this

area of production is by far the most significant in terms of technology

that can be adopted by the U.S., it is entirely possible that the

areas of non-technological application (such as personnel relations)

can produce an influence of equal proportion. In any case, U.S. yards

cannot help but derive benefit from the study of this technological

area.
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SECTION 3-

FACILITIES CAPABILITIES AND CAPACITY

A study was conducted in early 1979 to document Levingston

facilities, capacities and throughput rates and to establish a base-

line for future comparison.

IHI examined Levingston's facilities and made a number of pro-

posals for improvements. After empirical analysis of these recommen-

dations, the ones compatible with Levingston's growth objectives and

budget constraints were selected for further analysis.

Following the analysis of Levingston's facilities and alternative

facility changes is an IHI facility analysis which documents facilities

at the IHI-Aioi shipyard in detail. A comparison analysis of IHI's and

Levingston's facilities illustrates differences between the shipyards.

LSCo FACILITY STUDY

Levingston's facilities were documented in the Facility Capacity

and Capability Study completed July 31, 1979 which documents LSCo's

facilities as they existed at the beginning of the Technology Transfer

Program. The report measured throughout rates for the various facili-

ties on the basis of production of a dry bulk carrier.

In general, the condition of the Levingston shipyard prior to

implementation of the Technology Transfer Program can be characterized as

follows:

1) The Facility Capability and Capacity Study summarized through-

put rates for each area studied, as given below:
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FACILITY THROUGHPUT RATE

Outfitting:
Pipe Shop

Steel Areas:
Shop 5 (N/C Machine)
Transportation Equipment
Assembly Areas: Fitters (Dept. 4)
Assembly Areas: Welders (Dept. 6)
Assembly Areas: Shop 5 (Dept. 5)
Shop 6 (Current Panel Shop)
Shot Blast and Faint
Sandblast and Faint
Steel Storage

1.28 ships/year

1.4O ships/year
1.80 ships/year
1.79 ships/year
2.03 ships/year
2.11 ships/year
*1.98 ships/year
2.00 ships/year
2.72 ships/year
4.20 ships/year

*Current panel shop capacity was based only on construction of
midship panel sections (Zone 1) due to efficiency, space and
equipment limitations. Therefore, this figure actually repre-
sented midship sections per year. Additional capacity would
permit construction of additional zones, including the deck
house panels.

The above data indicated the constraining areas to be the N/C

machine in Shop 5 for steel construction and the pipe shop in out-

fitting.

2) Units were fabricated and assembled on slab areas where space

was available with no central planning of unit placement. Units

were built where a location could be found. Space was not used

to maximum effectiveness, nor was there an overall plan for an

orderly flow of materials from fabrication to erection sites.

Figure 3- 1 the LSCo layout prior to TTP, shows a general

view of the facility layout and material flow. Figure 3-2

shows how the Gate System has been applied to the existing

facilities arrangement.

3) Insufficient and inadequate slab facilities were in exist-

ence.

4) No covered panel line was in existence.
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5) Shop layouts were not planned in an orderly fashion and

consequently not conducive to efficient material processing

resulting in substantial delays for craftsmen and material

handling equipment and poor utilization of area for material

storage and buffer storage.

6) Outfitting work was performed almost exclusively on-board.

No pre-outfitting or modular outfitting was attempted.

IHI PRODUCTION IMPROVEMENT SUGGESTIONS

IHI proposed the following improvements in the areas listed:

Mold Loft: Purchase N/C drafting machine.

Fabrication and Sub-assembly: Line marking rather than punch
marking on the N/C burning machine; Increased size

Assembly:

Erection:

General:

and plate turning capability on presses in Shop 5;
Clearly defined sub-assembly line in a specific
area.

Panel line installation;
Adjustable curved unit assembly jigs;
Auxiliary lifting equipment on cranes.

Crane capacity limits size of units that can be
built at LSCo;
Use higher ratio of automatic and semi-automatic
welding methods;
Moveable scaffold units are more effective than
conventional scaffolding.

Effective utilization of various jigs at every
stage.

COMPARISON ANALYSIS

It is difficult, and not particularly meaningful, to make a simple

comparison of overall facilities between the IHI and Levingston shipyards.

Therefore, this report relates specific facility areas that IHI felt could

most effectively benefit Levingston and other medium size U. S. shipyards

in allocating available capital resources.
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A major difference is that the IHI facilities are basically built

into an assembly line operation in order to maximize throughput of any

given machine or piece of equipment. Each operation is scheduled to de-

liver a specific quantity of product within a given period and depends

on the preceding operation for prompt and continuous delivery. At

Levingston the method of operation results from the philosophy of fab-

ricating, assembling and erecting pieces as individually needed results

in only short-term (or non-existent) facility planning, uneven work flow,

inefficient use of equipment, and on-the-spot decision making.

To summarize the facilities listed in this report which underwent

comparison and study, Figures 3-3 and 3-4 are provided.

IHI FACILITY ANALYSIS AND COMPARISON

For purposes of analysis and comparison, the IHI shipyard in the

city of Aioi was selected because of its similarity in size to Levingston

and other medium size U. S. shipyards. The Aioi yard is very well equipped

with facilities and technologies found in few U. S. yards of comparable

size.

The productivity of the Aioi shipyard is consistently high. Total

production is currently at 6,000 metric tons per month with a total

employment of about 2,700. During the shipbuilding boom these figures

peaked at 12,000 tons per month and an employee complement of 4,000.

These figures do not include employment and production from the large

group of subcontractors which are also heavily involved with the IHI yards.

Figure 3-5 provides an overall view of the layout and material flow

in the Aioi yard.
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SUMMARY OF FACILITY COMPARISONS

1.

2.

3.

4.

5.

FACILITY IHI -AI0I LEVINGSTON

Mold Loft

Fabrication a)
& Sub-assembly

Assembly a)
b)

c)

Erection & a)
General b)

Outfitting

d)

b)

cl

1/10 Scale Drafting machine
EPM system enlarges image to
full size using precision
optical projector

3 N/C burners (AIOI)=6,000
8,000 tons/mo.
Cuts plates requiring high
precision and repetition
Line marking system
Forms pieces by flame bending
after machine bending
2 Web assembly areas:
1) straight line
2) special webs

2 "flat plate" panel lines
Adjustable curved unit
assembly jigs ("pin" jigs)
Assembly areas assigned for
a unit according to pre-
planned flow

Portable scaffolding
Units constructed in posi-
tions allowing high
utilization of auto and
semi-auto welding including
one-sided welding

Pipe mass-produced in shop
Pipe bending utilized
High pre-outfitting,
modular outfitting
Pallets used extensively to
transport materials

FIGURE 3-3

a)

b)

c)

a)
b)

None
None

1 N/C burner=1,500-
1,800 tons/mo.
Cuts variety of plates
Punch marking system
Forms by mechanical
means only
No specified sub-assembly
area for web frames, etc.

Panels assembled on slabs
Permanent, fixed-type
jigs
Assembly in available
spaces determined by
Production Superintendent

Conventional scaffolding
Welding method prescribed
by construction method.
No one-sided welding

Pipe fabricated at
erection site
No auto bending- use
fittings
No pre-outfitting
No palletization system
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Name IHI

Erection (Launchways) 188,200 (end) 94,000 (side) 94,000

142,000 (end) 17,100 (end) 17,100

Outfitting (areas not included above)
Module assembly 34,000
On-unit outfitting area 111,400
On-board outfitting wharf 64,350
Superstructure outfitting 37,200
Painting area 23,700
Pipe shop 59,500
Fabricated pipe storage 25,500
Misc. assembly - O/F 28,700
Deck outfitting 2,150
Accom. O/F and preparation 1,500
Machine shop 11,000
Propeller & shaft work area 1,600
Painting workshop 2,650
Other outfitting 11,250

Total 414,500

Covered 145,700 24,400

Warehousing & Supplies
Stock Part warehouse 41.000
Small mach/accom supplies 39,000
Elect workshop & supplies 9,700
Oils and paints 27,700
Raw pipe, misc O/F steel 58,100
Scrap materials 14,000
Other 24,550

Total 214,050

Covered 137,850

Total Ground Area (including
Repair, etc.) 6,832,965

Total Utilized Area 1,715,750

Total Covered Area 834,050

6,000

93,000
8,400
3,000

16,000

126,400

36,000
77,000
2,000
1,600

25,600
40,000

182,200 258,700

39,600 50,100

5,235,200 5,235,200

875,250 1,239,950

134,500 154,350

5,000

6,000

124,200
8,400
24,000

16,000

183,600

24,400

36,000
128,500

2,000
1,600

37,600
40,000
13,000

NOTES:

*Some data of individual process areas for LSCo on 2/79 are estimated
where specific sites were not designated.

**LSCo outfitting areas are included as "assembly areas". IHI has some
areas designated specifically for outfitting work, in addition to the
fabrication and assembly areas where outfitting is also done.

3-11



3-12



3-l3



PRODUCTION METHODS

The methods specifically covered in this section include: mark-

ing and cutting, panel line assembly, sand/shot blasting, zone outfitting

including pre-outfitting and palletization, welding, and jigs and fixtures.

HULL CONSTRUCTION

The methods used in hull construction cover the range of processes

from the mold loft to the erection stage. Process flow charts provided

by IHI to describe these processes are shown on the following pages as

Figures 3-6 through 3-12.

at the

These processes are briefly explained as follows:

Mold Loft

The mold loft work is classified into three categories:

1) Panel
2) Longitudinal Frame
3) Internal Member

a) EPM Process
b) NC Process

Fabrication

The fabrication process is classified into four categories:

1) Panel
2) Internal Member
3) Angle
4) Built-up Longitudinal

Sub-Assembly

Approximately one-third of the total assembly weight is produced

sub-assembly stage in advance of the start of assembly work.

Assembly

Assembly work is classified into three categories:

1) Panel Unit
2) Semi-Panel Unit
3) Curved Panel Unit
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FLOW CHART OF MOLD LOFTING

FIGURE 3-6
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FLOW CHART OF FABRICATION (l/2)

FIGURE 3-7
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Erection

Erection work flow is described from the jig arrangement to the

final paint and inspection step.

Marking and Cutting

The relationship of the marking and cutting functions to the mold

loft and to production is shown in Figure 3-13. This chart illustrates

the difference between the IHI and Levingston systems.

The choice of cutting machine for various component parts is shown

in Table T3-1, which compares Levingston and IHI methods. A comparison

of equipment available at Levingston and at the combined IHI facilities

is shown in Table T3-2.

IHI's recommendations regarding cutting methods are given in

Table T3-3. Levingston reviewed its utilization of cutting machines as

a result of the IHT proposals. The N/C burner is now scheduled to cut

complex and repetitive pieces requiring high precision. The 1:1 Optical

Tracing Unit cuts small, repetitive pieces. The flame planer is used to

rip flanges and web frames. The material flow arrangement for the N/C

machine recommended by IHI at Levingston is shown in Figure 3-14. This

layout and fabrication process is based on the assumption that the N/C

machine would produce all cut plate except small pieces such as brackets,

ribs, etc.

Panel Line

IHI has two "flat plate" panel lines located within the No. 2 and

No. 3 Assembly Shops. Lay out and material flow patterns within these

shops is illustrated in Figure 3-15

The decision to build an enclosed panel line facility at

Levingston was made prior to the arrival of IHI consultants.
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However, their assistance in this area influenced the proposed lay

out and material flow within Shop 5 (Fabrication) and Shop 6 (Panel

Line), and utilization of the machines within these shops.

The lay out and material flow proposed to Levingston by IHI

was shown on Figure 3-14. The arrangement decided upon by Levingston,

shown in Figure 3-16 is similar to IHI's proposal.

Sand Blasting/Shot Blasting

The general flow of painting work at IHI is described in the

flow chart of Figure 3-17. Sketches of each enclosed painting facili-

ties are provided on Figures 3-18 through 3-21.

IHI introduced to Levingston the concept of painting units at

the assembly stage prior to erection, which has resulted in considerable

savings, estimated to be about 40 per cent per unit. Savings resulted

from less time moving labor and materials to the work place, fewer

cramped work spaces, better supervision, less scaffolding requirements,

and fewer premium hours caused in attempts to avoid disturbing other

trades.

OUTFITTING

The basic production process is illustrated schematically in 

Figure 3-22. This chart depicts inputs and outputs in terms of tonnage

and labor man hours used. The evidence of a high amount of "pre-

outfitting" can be determined from the data given. The pre-outfitting

composes 73 per cent by weight, and 27 per cent by labor man hours, of

the total for outfitting.

The total outfitting process is shown in Figure 3-23. This

chart illustrates the importance of composite drawings and of palletizing
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NO. 2 BLOCK PAINTING BUILDING

FIGURE 3-20
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BASIC OUTFITTING PROCESS

FIGURE 3-22





to the concept of effective pre-outfitting. The basic objective of

this concept is to minimize on-board work, thereby shifting the work

to more productive and safer conditions in shops and on land.

Pipe Fabrication

IHI practices mass production, assembly line and automated methods

in its pipe fabricating process. The layout and flow of work in the

pipe shop is indicated in Figure 3-24. This sketch shows that pipe fab-

rication work is performed in separate sections of the shop according to

pipe size, with 3" pipe size being the dividing line. A full process

line is available at each separate location in this shop for the size

pipe being fabricated, with the exception of pipe bending of large pipe,

which is performed in a separate building. A schematic diagram of the

pipe fabrication process in the small pipe lane section at IHI-Aioi is

provided as Figure 3-25. Automation is employed at virtually every step

in the pipe fabrication process, including transporting of pipe from sta-

tion to station by conveyor. The type of bending to be applied on steel

pipe is shown on Table T3-4.

The major recommendation made by IHI to Levingston concerning

pipe fabrication was the fundamental change in concept between shop

fabrication and on-board installation of pipe. Prior to TTP, Levingston

performed virtually all pipe work on-board a vessel at the erection site.

Much of the pipe fabrication was also performed on-board, by moving port-

able cutters, threaders, manual pipe benders, and bevel machines to the

erection site. The pipe shop served as a place to perform some repetitive

work and for pipe fabricating jobs done in inclement weather.

Consequently, IHI recommendations were directed at changing the

whole system so that the pipe shop could serve as a true fabrication

shop, including pipe assembly work.
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IHI recommended a new pipe shop for Levingston, with a layout

utilizing the fabrication lanes concept. Further recommendations

included increased automation and greater utilization of the computer

in cutting and bending plans.

Levingston is still in the process of implementing systems and

procedures to take advantage of the methods that can be adopted at low

investment costs. The methods involving greater capital expenditure

will be reviewed as the facilities, such as the proposed pipe shop,

are implemented.

Zone Outfitting

IHI adopted the concept of zone outfitting in order to shorten

construction periods. The advantages of zone outfitting over conventional

outfitting are identified in Figure 3-26. In particular, benefits were

achieved significantly between keel laying and launch dates. Zone out-

fitting is an attempt to shorten the total construction period through

an overlapping of steel and outfitting without interference between them.

This concept is illustrated in Figure 3-27. The overlap of steel and

outfitting resulted in over 50 per cent completion of total outfitting

by launch date.

The zone outfitting approach released outfitting work from depend-

ence on steel construction progress and from the ship's system arrangement.

The zone approach permits and encourages most of the outfitting to be

accomplished earlier and in shops or places other than erection sites.

It is product-oriented in that it ignores systems during the construction

phase and instead focuses on production of interim products. The benefits

of this approach, in addition to a shorter construction period, include
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ZONE OUTFITTING

FIGURE 3-26
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safer work, reduced cost, better quality and adherance to schedules.

Figure 3-28 summarizes the goals and benefits of zone outfitting.

Zone outfitting features three basic stages: on-module, on-unit,

and on-board. On-module and on-unit outfitting are generally referred

to as "pre-outfitting".

Pre-outfitting generally can be classified into either on-module,

or on-unit outfitting. On-module outfitting is the assembly of an interim

product consisting of manufactured and purchased components. On-module

outfitting is given the highest priority at IHT despite the impact it may

have on steel construction progress or even hull design. For example, in

construction of the engine room innerbottom tank top, the side shell and

bulkhead are elevated six to ten feet to avoid interference between mod-

ules and the side shell web during side shell erection.

On-unit outfitting is the installation of outfit components onto

a hull unit during its assembly and/or after its completion. It is the

next best alternative to on-module outfitting. outfitting may

be done on a hull assembly slab, or a unit may be moved to an area (inside

or outside) that is designated for outfitting.

Although on-unit outfitting requires close coordination between

steel, outfitting and painting, it provides much better working condi-

tions, accessibility and utilization of equipment than on-board work.

On-unit outfitting on the engine flat'units is especially beneficial

due to the heavy concentration of material beneath the flats and the

ability to apply downward installations on units that can be placed in

an inverted position. IHI practices extensive application of on-unit

outfitting on engine flat units.
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GOALS AND BENEFITS OF ZONE OUTFITTING

FIGURE 3-28
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As a result of high pre-outfitting, the on-board outfitting can

be limited to the connection of modules and pre-outfitted units, final

painting, tests and trials. Realistically, however, some installation

of outfit components in a hull will remain for installation at erection

sites or outfitting piers which cannot be productively incorporated

into on-module or on-unit outfitting.

Incorporation of the pre-outfitting method results in fewer total

manhours due to the work being performed under high-efficiency conditions.

This is substantiated in Table T3-4 which shows a productivity comparison

between pre-outfitting and on-board outfitting. The data was collected

from the engine room outfitting of a bulk carrier built at the IHI-Aioi

shipyard. In summary, this table portrays on-module outfitting as over

seven times more efficient than on-board outfitting; on-unit outfitting

three times as efficient; and total pre-outfitting four times faster. In

this case, 77 per cent by weight of the outfitting in the engine room was

pre-outfitted.

Palletization

The pallet concept is an indispensable system for effective zone

outfitting. Literally, a pallet is a container in which materials are

contained and transported to the work site for installation. Figure 3-29

shows the design of the type of pallets commonly used at IHI.

The word "pallet" at IHI refers more generally to a unit of work

specified by zone, and a unit of materials identified by zone. It is

a conceptual approach that allows information from the design, material

and production departments to integrate so that each can have a common

understanding of shipbuilding management and control.

Pursuing the merits of pre-outfitting inevitably leads to incorp-

oration of palletizing methods. However, the palletizing concept can be
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adopted independently of pre-outfitting development. In pre-outfitting,

certain units are specified, such as for a compartment or zone of a ship,

a group of fittings surrounding certain machinery, or a group of tubing

arrangements. In palletizing, the regional unit can be further divided

into regions from the viewpoint of job stages or job procedures. Thus,

the palletizing concept may be executed with the primary intention of

optimizing the job itself, whether it is at a pre-outfitting or an

on-board stage.

It is a fundamental prerequisite that composite drawings and

Material Lists for Fitting (MLF's) be prepared for full implementation

of the palletizing concept. In order to load materials completely in

a pallet, it is convenient to use the MLF as a check-list and to utilize

it as a ticket for the materials being issued.

A common use of the pallet system is for the palletizing of pipe

and piping components. Other material can also be palletized in conjunc-

tion with the composite drawing and the MLF systems, such as electrical

supplies, joiner material, ductwork, steel outfittings, etc.

IHI recommended the complete-"pallet" concept to Levingston, as

a means to improve productivity without a great amount of capital expend-

iture. Levingston has made a significant number of changes in its systems

and procedures to incorporate this philosophy.

WELDING METHODS

The welding process receives considerable attention at IHI as they

regard ship construction as primarily a welding process, all other

activities being essentially supporting. This is apparent in the
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construction methods specified at IHI, where units are turned or built

in various positions, even upside-down, in order to accommodate the most

efficient welding processes.

IHI avoids overhead welding, cramped positions for welding, manual

welding methods and rework. The importance of welding at IHI is also

demonstrated in their wide application of welding standards in the deter-

mination of assembly times for planning and scheduling purposes.

The welding methods in use at IHI-Aioi are listed in Table T3-5.

A midship section showing typical application of automatic welding on a

70,000 DWT bulk carrier is shown on Figure 3-3Q. Following this sketch

is a complementary chart describing automatic welding in modernized

shipbuilding, Table T3-6 listing types of welding methods and appli-

cations of each type.

The types of welding methods employed at IHI are not significantly

different from those used at Levingston. However, significant differences

exist between the application of these methods; e.g., the amount of auto-

matic welding, the dictation of construction methods by welding methods,

and the adherence to the predetermined welding sequence. The methods

employed at IHI and transferred to Levingston include vertical downward

welding and gravity welding. Other methods studied jointly by IHI and

Levingston include one-sided welding, pipe welding, welding sequence and

welding applications at each construction stage.

Vertical downward welding is a process which utilizes a specially

designed, low-hydrogen type electrode. This welding method is a proven

high-efficiency vertical welding method. A comparison between vertical

upward and vertical downward welding indicates the downward method is two
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IHI WELDING METHODS
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FIGURE 3-30





to four times faster in arc time than vertical upward. This method is

applicable to welding at the sub-assembly, assembly and erection stages.

One-Sided Welding

IHI utilizes the one-sided welding method in various applications

of the assembly and erection stages. The processes utilized include F.C.B.

(Flux Core Backing), F.A.B. (Flux Asbestos Backing), R.F. (RF-l Flux),

and CO2 one-sided welding.

The one-sided welding method utilizes backing strips that function

similarly in principle but differently in design which allow the welding

bead to join both plates with the application of welding on one side only.

One-sided welding offers the obvious advantages of elimination of welding

on the reverse side of the plates, elimination of plate turnover and hand-

ling and less overhead space required for this turnover. Fewer cranes and

more conveyors can thus be used for more efficient and productive work.

Other Auto/Semi-Auto Welding Methods

The submerged-arc welding method is a highly efficient welding

method with large heat input and is most widely applied to a straight

welding line. This method is most commonly utilized to weld flat butt

joints at the sub-assembly and assembly stages.

Co2 gas semi-automatic arc welding is performed at IHI using

standard CO2 welding equipment. CO2 arc welding methods are utilized

in one-sided and two-sided welding applications.

Electro-gas welding is a form of CO2 gas arc welding used on the

vertical butt joints of side shells and bulkheads. The welding equipment

is lifted by a chain block hanging on top of the butt joint. The welding
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operator ascends the side of the vessel in an automatically driven gon-

dola, progressing at the speed of his welding. The weld metal is applied

in the joint using water cooled sliding copper shoes.

Gravity welding is a semi-automatic welding method which utilizes

natural gravity in the welding process. It is primarily applicable to

horizontal fillet welds in the assembly or sub-assembly stages.

The gravity welding unit is a simple structure designed to hold

the electrode at the proper drag angle and proper electrode angle-to-

joint posture.

The amount of automatic welding applied to hull steel construction

on the different types of ships built at IHI is specified in Table T3-7.

The ratio of automatic welding to manual welding for the F-32 ships is

given as follows:

Sub-assembly...............66.0%

Assembly...................42.7%

Erection...................ll.9%

 Total Hull

IHI believes in a pre-determined welding sequence that is strictly

adhered to in the construction process.. The welding sequence proposed by

IHI for the bulkers at assembly and erection is illustrated in Figures

3-31 and 3-32.

Pipe welding equipment available at the IHI-Aioi shipyard includes:

Machine Capacity Quantity

NC 4-point welder 2-l/2" 1

NC 2-point welder 2-l/2" 1

CO2 Gas shield arc welder 300A 28

CO2 Gas shield arc welder 500A 5
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WELD SEQUENCE-ASSEMBLY STAGE

MIDSHIP SECTION

FIGURE 3-31



WELD SEQUENCE ERECTION STAGE

MIDSHIP SECTION

FIGURE 3-32
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Machine Capacity Quantity

DC Tungsten inert-gas welder 200A 4

DC Tungsten inert-gas welder 500A 1

AC Shield metal arc welder 200A 7

AC Shield metal arc welder 300A 4

AC Shield metal arc welder 400A 6

AC Shield metal arc welder 500A 10

TIG welding is principally applied to pipe finished in accordance

with Grades A and B and mostly arc welding to pipe finished to Grade C.

The butt welding method for TIG welding is illustrated in Figure 3-33.

with a chart of maximum allowable values (metric) for height of the

inside welding bead "S". Figure 3-34 provides illustration of the

butt welding method of arc welding and a table of metric gap values.

JIGS AND FIXTURES

IHI has developed innumerable jigs and fixtures for use throughout

the shipyard. Levingston has adopted some of the major jigs, such as

the adjustable pin jig system for curved unit assembly, as well as some

of the smaller jigs. The jigs and fixtures used at IHI are too numerous

to list. Naturally, a number of these are designed to complement the

IHI facilities and methods of operation and may not apply elsewhere.

Some of the jigs currently in use have been illustrated by sketches,

including some made by Levingston with minor modification. A composite

of these sketches of jigs and fixtures is provided on the following pages

as being representation of typical jigs used at IHI.
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BUTT WELDING METHOD - ARC WELDING

FIGURE 3-34
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NUMBER

Fig. 3-35

Fig. 3-36

Fig. 3-37

Fig. 3-38

Fig. 3-39

Fig. 3-40

Fig. 3-41

Fig. 3-42

Fig. 3-43

Fig. 3-44

Fig. 3-45

Fig. 3-46

Fig. 3-47

Fig. 3-48

COMPANY DESCRIPTION

IHI

IHI

LSCo

LSCo

IHI

IHI

IHI

IHI

IHI

IHI

IHI

IHI

IHI

IHI

Plate Positioner

Flat Bar Setting Jig

Tee Support

Alignment Jig

Parallel Check Device

Gas Cutter Stopper

Angle Lifting Hook

Tee Lifting Hook

Unit Lifting Hook

Hole Cutter-Shell
Plate

Hole Cutter - Suction
Box

Roller with Guides

Reamer Jig

Bolt Alignment Jig

USE

Positions plate on the con-
veyor leading to the shot
blast facility.

Positions flat bar eliminat-
ing tack welding.

Supports T-bar at the setting
stage on panel line.

Aligns face plate to eliminate
a welded piece.

Checks plates for parallel
to Planer Rail.

Self-stopping mechanism
for gas cutting machine.

Clamp for lifting angles.

Clamp for lifting T-bar.

Hook to lift assembled units by
plating through existing holes.

Cuts circular holes in curved
shell plate using gas cutter.

Cuts circular holes in Sea
Water Suction Box using gas
cutter.

Portable roller bender used
with a bending guide mounted
on the upper roller.

Reamer bolt squeezing jig used
to eliminate awkward work in
narrow spaces.

Tapered alignment jig used for
a reamer bolt on an intermediate
shaft coupling.
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FIGURE 3-36

IHI: Flat Bar Setting Jig
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FACILITY IMPROVEMENT PLAN

The Levingston Shipbuilding Company Facility Capacity and Capability

Study was conducted in July, 1979, under Sub-task 4.1 of the TTP. This

study served as a baseline in the evaluation of Levingston facilities for

future improvements.

FACILITY INFORMATION - LSCo AND IHI

The Levingston facility at Orange began building steel vessels in

1933. Since then over 700 steel vessels of all types have been constructed.

This includes 163 vessels for the offshore industry, 167 vessels for the

U. S. Government, and 372 commercial vessels.

The bulk carriers presently under construction are a modified

design of IHI's Future-32 vessel. The largest ships ever built at

Levingston, they represent Levingston's first major commercial vessels.

Differences in facilities, lifting capabilities, methods and other factors

result in different construction techniques between the LSCo and IHI ship-

yards.

The Aioi shipyard at IHI is considered to be comparable to a medium-

sized American shipyard. A comparison of IHI and Levingston facilities

was undertaken and some of the results are shown below:

Facilities at the IHI-Aioi shipyard include the following:

Building Dock #l:
180,000 DWT Capacity -

Building Berth #3:
164,000 DWT Capacity
Crane Capacity: 2 x 120 ton

2 x 80 ton

Shipbuilding Capacity: 8,000 tons per month or
12 F-32 ships per year
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Ground Area: 635,034 m2 (6,835,673 ft2)

Building Area: 103,332 m2 (1,112,293 ft2)

LSCo MARKET PROJECTIONS

At the time Levingston negotiated its five-ship bulker contract

in 1978, the future market for the company's business was projected as

follows:

45 per cent Bulkers or Tankers

30 per cent Jack-up Rigs

25 per cent Ship Repair

Since that time, demand for jack-up rigs has increased significantly,

and strategy was revised in 1980 to reflect this shift in market conditions,

to the following breakdown:

30 per cent Bulkers or Tankers

45 per cent Jack-up Rigs

25 per cent Ship Repair

Current business at Levingston includes five jack-up rigs (one

launched, one under construction three not yet started), and the bulker

contracts (one launched, two under construction, and the remaining two

optional vessels in the original contract having been cancelled). Nego-

tiations are underway for at least two more jack-up orders and two bulk-

container ships.

The comparison between IHI and Levingston shipyards illustrates

the differences in their markets and facilities. The approach taken in

the Levingston Facility Study was to determine those improvements

suggested by the IHI consultants that would benefit Levingston. With the

explanation of the methodology of this facility study, an analysis of

the Facility Study is now appropriate.
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The IHI facilities were analyzed for comparison with LSCo facilities

considering the throughput rates of each area. From a facility standpoint,

IHI is highly productive due to a large ratio of enclosed areas, auto-

mated equipment, efficient layouts, and high equipment utilization, among

other factors.

As a result of analysis of IHI facilities, a review of IHI recom-

mendations, and projected requirements for LSCo throughput rates, a num-

ber of suggested improvements were made in the Sub-task 4.1 Final Report.

These recommendations, and the actions taken up to the present time, can

be summarized as follows:

1) Install an N/C Drafting Machine (agreed to in principle).

2) Install an N/C Burning Machine with plasma cutting torches
(completed).

3) Purchase a 1:l Optical Tracing Machine (completed).

4) Establish a Flame Bending Area, with work tables (completed).

5) Install a Panel Line operation (completed).

6) Install curved unit assembly jigs, or "pin jigs"
(partially adopted).

7) Increase the amount of Assembly Areas (area increased by
40,000 ft2).

8) Build scaffolding for repeated use in bulker construction
(some specifically designed scaffolding was used, but in
other cases universal-type scaffold was rented).

9) Greater use of automatic welding equipment (LSCo has imple-
mented one-sided welding in the Panel Line and this program
is being expanded to Assembly Areas. Also, the use of ver-
tical downhand welding rods was implemented).

10) Build new pipe shop (agreed to

11) Install automatic pipe bending
3" capacity machine).

12) Build pipe pallets and arrange

in principle).

machine (bought and installed

storage for fabricated pipe in
pallets (30 pallets built and storage area allocated).

3-70



Naturally, these improvements are considered to be of greatest

need and', as described above, many have already been implemented.

There are a number of other desirable improvements which would be

beneficial to shipyard efficiency and productivity. These are reviewed

below for each area with the thought in mind that some improvements will

be as much as five years away. Those improvements affecting the bulker

program, in turn relating more directly to TTP items, are emphasized.

REVIEW OF AREAS FOR IMPROVEMENT

Table T3-8 lists desirable improvements throughout the shipyard

which have not already been implemented. Each improvement has been

categorized as being of high, medium or low priority, as determined by

its relative significance compared to other needed improvements. These

terms are loosely defined as follows:

High Priority - Immediate benefit to be gained, in an area
with relatively significant impact to other shipyard activity.

Medium Priority - Substantial benefit foreseen, in a less
significant area.

Low Priority - No particular urgency, area not presently
ready for improvement to achieve maximum benefits, or the
area has less effect on operations as a whole.

Those improvements designated as high priority show up in the first

or second year of the long range plan. The medium priority improvements

are spread through the second to fourth year, while the low priority items

are planned for the fourth or fifth year.

Figure 3-49is a layout of Levingston's facilities marked with the

codings described on Table T3-

planned for the Levingston facility. Table T3-8 also specifies the main

reason for each improvement in explanation of the benefits it would pro-

vide to the shipyard.
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As a result of examination of each of these areas, and analysis

of the effect of the proposed changes on other areas, the value of long

range planning becomes apparent. In some cases, a change in one area

conflicts with the improvement plans in another area. In other cases,

a proposal in one area can complement that in another, but a modification

of the original proposal may be necessary. This observation can be illus-

trated by examining the reasoning for changes in each area.

Steel Storage

It would be advantageous to Levingston to have the capability of

unloading plates and structurals from barges at the material storage yard.

Steel Preparation

The two main problems needing correction in this area, and the

proposed solution, include:

1) Problem: Sandblasting in open areas, creating dust and
air pollution.

Proposal: Install enclosed blasting facility.

2) Problem: Plates are processed in blast and coat operations
in a vertical position, but are stored horizontally
before and after this operation.

Proposal A: Install vertical plate storage racks.

Proposal B: Replace the vertical shot blast facility with
a horizontal type.

Fabrication Shops

Additional shop space, material handling capability, and plate

forming capacity are desired.

Assembly

Additional shop space is desired to enclose assembly operations. A

new location for assembly of deck houses is directly related to the plans for

a future outfitting dock. Additional fabrication and assembly slabs are

desired near the erection sites.
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Erection Areas

Improvement to the side launchways is desireable for maintenance

of its present condition and for increasing the capacity of its load-

supporting capabilities for heavier ships.

Outfitting Areas

Improvements in outfitting facilities emphasize automated pipe

fabrication and increased dock space. A new pipe shop with an orderly

lay out and automated equipment is planned to increase pipe fabrication

productivity.

Material Handling

Gantry service is planned as a supplement to expansions at the

outfitting docks, repair docks, and unit assembly areas.

The proposals for improvements in Engineering facilities relate

mostly to requests for automated equipment. The N/C drafting machine

Engineering Facilities

is a high priority item. Other proposals relate to computer-aided design

equipment.

Warehousing-

Levingston presently faces a shortage of covered warehouse space

for its current business. Therefore, additional storage space is a

high priority item. Also, plans are being formulated to build storage

pallets for warehouse use similar to the pallets used for fabricated pipe

storage.

LONG RANGE PLAN

This analysis of proposed improvements was summarized in Table T3-8.

Subsequent to analyzing these desired changes, a chart giving advantages

and disadvantages of each proposal was developed and is shown as Table T3-9.

The purpose of this exercise is two-fold:
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1) To determine the merit of each proposal by weighing its
advantages versus its disadvantages.

2) To compare the worth of each proposal relative to the other
proposals being considered. This could lead to re-
assignment of the priorities of each item as listed in
Table Tl-8.

Each advantage and disadvantage listed in Table T3-9 obviously does

not carry equal weight. Furthermore, in some cases a single advantage

for a particular proposal, such as for "pollution control", may over-

shadow all other advantages and disadvantages. The table was accord-

ingly developed to indicate whether those advantages and disadvantages

pertain to a given proposal to a significant degree, to a moderate

degree, or as not applicable.

The list of items included as advantages and disadvantages are

general in nature but are representative of the type of effects resulting

from almost any proposed facility improvement.

The Levingston Long Range Plan, shown in bar chart form on Table

T3-10, was drawn up following analysis of all data in Tables T3-8 and

T3-9 and a' numerical analysis. The "group" category as determined by the

numerical analysis is included in this table. Completion of this chart

included a review of the cost of each proposal within specified ranges

as given in Table T3-8. The budget plans can be developed for succeeding

years based on these cost ranges and the Long Range Plan. This analysis

is summarized in the chart below, which specifies the number of projects

adopted during each of the next five years within each of the given cost

ranges:
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IHI Approach

The method used by IHI to develop a long-range plan is similar in

concept to that used by a U. S. shipyard. Formal proposals for major

investment items originate with the Section Managers, who submit them to

their Department Managers. After making priority selections, the Depart-

ment Manager submits proposals to the General Superintendent of the

shipyard. The proposals are further prioritized for the facility by the

General Superintendent and submitted to the Head Office in Tokyo.

A committee meets semi-annually in Tokyo to discuss these major

facility requests and to establish a three to five year plan. This plan

is subject to review at these meetings. The committee is composed of

members of the Facilities, Finance and Production groups. They tour

each facility to observe the operations which are being proposed for

renewal or improvement; then they review the costs and projected savings

associated with the proposals, taking into consideration the previous

year's budget, furture market potential, and company financial condition.

The committee finally sets priorities for major facility investments and

allocates budgets accordingly.
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Those improvements requiring minor investment, such as new jigs,

-welding machines, etc., are handled separately from major investments.

Each Department Manager is given a budget from which each Section Manager

may suggest expenditures that would benefit his area. Department Managers

issue approval for the expenditures based on need, cost, savings, and

priority.

A major distinction from normal U. S. procedure is present, how-

ever. At IHI, separate budgets are prepared for two types of facility

improvements:

1) Safety or Environmental Facilities

2) Manufacturing Facilities

Those facilities involving safety or environment are given first

priority and are reviewed initially by the committee in Tokyo. This

includes such items as scaffolding, life nets and pollution control

equipment. Other facility improvements are expected to have tangible

savings calculated, so that paybacks and returns on investments can be

compared. These savings and cost figures are given a follow-up review

by the committee to compare the actual with projected figures.

CONCLUSION

The long-range facility plan for Levingston Shipbuilding Company

has been developed in accordance with the usual practice of U.S. industry;

future markets, machine innovations, government regulations, financial

conditions and physical limitations were all considered. Concerning

bulker-type ship production Levingston is emphasizing such fundamental

items as:
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1) Improved material flow
2) Better material handling equipment
3) Enclosed facilities
4) Automated equipment
5) Increased shop space, fabrication areas and buffer storage
6) Additional warehouse space
7) Increased outfitting capabilities
8) Improved pollution control facilities
9) Additional engineering facilities

The Levingston study of Facility Capabilities and Capacity, the

improvements suggested by IHI, and the marketing objectives of the

company have been considered in developing this long-range plan. The

impact of changes as suggested by IHI are evident in the improvements

already implemented to date as well as those being considered by

Levingston for the next five years.

Long-range planning requires making decisions based on present

knowledge to forecast future business directions. Management must be

cognizant of the fact that conditions will not change exactly as pre-

dicted, but that the long-range plans are based on the best information

available at the time the plan is developed. Therefore, it is evident

that the long-range plan will require annual updating to take into

consideration the unforeseen events that impact the organization's

plans for growth. However, the value of long-range planning should be

quite apparent in that it specifies the facility modifications and

improvements that are required to meet the corporate marketing objectives.

Development of a facility plan with corresponding timetables of events

will hopefully prevent conflicts in allocations of resources and build-

ing of unsatisfactory facilities for the jobs to be done.

This is Levingston's most detailed long-range plan developed over

an extended period. The company has an optimistic outlook for future

development of the shipbuilding industry and is planning positive steps
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to meet the forthcoming challenges at Levingston. A great number of

improvements have been made since the inception of the Technology

Transfer Program two years ago. Many ideas of both Levingston and

IHI personnel have been implemented. The successful implementation

of these ideas coupled with the enthusiasm for application of new

techniques and concepts indicate the acceptance and continued develop-

ment of long-range plans at Levingston in the years ahead.
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SECTION 4

STANDARDS

PRINCIPLES OF STANDARDIZATION

Everyone today recognizes the values of standardization. Virtually

every handbook or textbook on manufacturing systems contains a chapter or

section on standardization and the benefits that result therefrom. This

study revealed no new technology, but like other reports in this series,

it does reveal a superior achievement in the application of known stan-

dardization techniques and methods within the marine industry.

IHI's philosophy is that any large scale standardization effort must

begin in the design stage. Because the associated manufacturing facilities

already exist, standardization of design must be accomplished in harmony

with production limitations and capabilities.

From standardization of the product, the effort expands. Material is

coded, vendors selected, material purchased, production plans determined,

and schedules set. For each activity, hundreds of pieces of information

pass through the system. The opportunity to reduce the amount of data

handled at every level in the manufacturing process depends directly on

the extent of standardization. Reduction in data handled also reduces

the occurrence of errors and misunderstandings.

Standardization of the product allows the production facilities to

be specialized. Economy, through the application of mass production

techniques, is well known. The development of conveyors, jigs, fixtures,

the familiarity of the workers with the equipment, work methods, and ship

design are all greatly enhanced as the ship design is standardized.
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Facilities are organized in one of three ways according to the layout

1) Fixed-position layout where the product stays in one
position and material is brought to it;

2) Process layout where material is routed to different
areas where specialized processes (different for each
area) are carried out; and

3) Product flow layout where work-in-progress is moved
by conveyor or similar means from one work station
to the next.

Shipbuilding uses all three. The last several decades has shown an

overall movement from the first and second to the second and third in the

attempt to apply mass production technology, i.e., from ship construction

to ship production. IHI has made a concerted effort to carry the evolution

as far as possible..

Recently American and European manufacturers in other industries have

introduced the concept of "Group Technology". IHI uses the term to include

family manufacturing, process-lanes, worker groups, and product-work-break-

down. A basic component of group technology is the set of requirements

imposed on the parts classification and coding system.

This coding leads directly to computerization. In fact, successful

computerization of a shipbuilding data base is directly correlated with

successes in standardization. Computer-aided design, computer-aided

manufacturing (CAD/CAM) and computer-aided process planning (CAPP) all

require standardized data in computerized files.

IHI'S STANDARDIZATION EFFORTS

Overall, IHI views its standardization efforts as:

1) a long-range planning effort
2) a means of resolving recurring problems
3) Documentation of things learned
4) cost reduction
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Standards are a tool for communication. Design standards developed

with the aid of production personnel formalize design practices best suited

for both design and production. These standards in turn provide "instant

experience" to new personnel. Material standards are the shorthand notes

between Design and Purchasing Departments reducing the volume of descrip-

tive data as well as reducing the variety of materials and supplies

maintained in inventory.

In the same way, tolerance standards provide a clean and definite

set of agreements between the design, production, and quality assurance

groups. Everyone knows what is required as well as having addressed and

settled the questions of how much quality can be achieved for what cost.

Process standards cover not only basic marking, cutting, and welding

processes but also assembly methods up to and including assembly speci-

fication plans which detail the methods to be followed during fabrication,

assembly and erection. The most effective methods (and alternatives) are

documented forming the basis for all future plans.

. Having covered the what and the how, cost standards document the how

much and how long. All of IHI's long-range and detailed schedules depend

upon accurate feedback and documentation of the manhour costs from design

through delivery. Consistency in product design, consistency in planning

methodology, and consistency in production methods lead to greater con-

sistency and lower costs in returned manhours.

The task for continually reviewing, updating old standards, deleting

obsolete ones, and creating new standards is recognized as vital and is a

basic assignment for all members of the organization.
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APPLICATION OF IHI TECHNOLOGY

At the start of the TTP program, a parallel effort was being made by

Levingston to reorganize, codify and streamline all phases of documentation.

as now formed the base. This arrangement was overwhelmingly and repeatedly

confirmed by the practices and methods utilized by IHI.
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FIGURE4-1
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DESIGN STANDARDS

DEVELOPMENT OF NATIONAL AND SHIPYARD STANDARDS

That a significant difference exists between the role of the govern-

ments of Japan and the U. S. in promoting national standards is not new to

U. S. shipbuilders. The Japanese Industrial Standardization Law gives that

government the authority to select a designated commodity or designated

processing technique for a product. This is done when the quality of the

commodity or product must be guaranteed due to its widespread use of manu-

facture.

IHI developed its own set of standards to supplement the JIS: in the

early 1960's, a major effort to establish in-house standards was initiated.

Special task groups were organized in several departments of each yard--

Design, Fabrication, Assembly, Erection and Outfitting, etc.--each with the

requirement to produce several standards per month. This was continued

over a two-year period at which time about 80 percent of IHI's current

standards were identified and draft standards prepared.

The development of yard plans from the key plans depends heavily on

standardization. Numerous plans and schedules must be developed. A

detailed schedule of supplying drawings to the yard is prepared as the

"Design Procedure and Drawing Supply Schedule" for a particular ship type

and is referred to as a "Management Standard".

Standards on coding, design practices, production practices, drafting

room procedures, material specifications and so forth are reduced in size

and bound in book form for ready reference by designers and drafters. These

ready reference manuals put the shipyards accumulated experience directly in
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the hands of those who need them. They also help to ensure uniformity of

application within departments and compatibility among departments.

ORGANIZATION AND USE OF IHI STANDARDS

For the purposes of the TTP, IHI design standards were classified into

three categories based on the type of information given:

1) General definition and material coding standards

2) Detailed design standards

3) Production standards
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MATERIAL STANDARDS

INTRODUCTION

One of the most striking aspects of shipbuilding is the large quantity

and wide range of materials required. A vast amount of information is

required to be passed among the departments and to vendors. IHI has devel-

oped

ized

standards both as a means of communication and as basis for a computer-

data base.

This section describes how material standards fit into the IHI system.

MATERIAL STANDARDS AND THE DESIGN PROCESS

For the designer, the material standards perform two functions. First,

they tell him what is stocked (or available at short notice) and second,

the interfacing requirements for components and equipment, e.g., machinery

and foundations, valves and piping, etc. For raw materials, there are

corresponding design application standards specifying the range and increment

of sizes to be used.

Designers specify material in one of three ways:

1) By code referencing a material standard (Standard Drawing)
Material requisition classification T.

2) By purchase order specification. Normally, off-the-shelf
items in accordance with national standards or vendor-
supplied information.
tion P.

Material requisition classifica-

3) By developing Fabrication Drawings for material to be
manufactured by subcontractors.
classification D.

Material requisition

It is by intent that the number of materials specified by standards (T)

be much larger than the number specified by purchase order (Type P) or by

Fabrication Drawing (Type D).
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As discussed in the next section, reducing the number of different

sizes for either raw materials or components leads to reduced costs for

the material control system. This has an adverse effect on the designer,

however, as he no longer has a wide a range of sizes from which to choose.

Selecting the next size larger for an item to meet a requirement means

over-design or over-specification in many cases. IHI design engineers

quite readily accept this negative impact on design as part of their

responsibility to reduce total shipbuilding costs.

MATERIAL STANDARDS AND THE MATERIAL CONTROL SYSTEM

The typical IHI material control system is composed of several

subsystems:

-Data entry subsystem

-Remainder appropriation subsystem (use up leftover
materials prior to new purchases)

-Leveling and balancing subsystem

-Purchasing subsystem

-Delivery control subsystem

-Material receipt and inventory subsystem

-Material issue subsystem (including palletizing)

Along with the material codes and material requisition codes, IHI also

classifies material for inventory control purposes. The classifications

are:

1) Stocked Materials (S-Material)
General materials used on various kinds of vessels such
as bolts, nuts, joints, packings, small chain, etc. This
material is always on hand in a warehouse with set stock-
ing levels periodically adjusted item by item as historical
demand indicates.
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2) Allocated Material (A-Material)
Materials used for a specific vessel such as special valves,
special pipes, or equipment. The type and quantity is
specified item by item design and purchased in the quantity
specified.

3) Allocated Stock Material (AS-Material)
Materials used for a specific vessel but needed in large
quantities such as pipe, flanges, elbows, etc. The 
material is ordered in leveled lots with total quantity
determined as the design is finalized.

There is a definite relationship between the material requisition

codes (T, P, and D) and the material control classes (S, AS, and A).

Materials specified by standards (T) fall into all three of the control

classes while those specified by the other two methods (P and D) are

designated as Allocated Stock (AS) materials.

IHI has made consistent and concerted efforts to reduce the amount

of material in inventory whether it be in the warehouse, steel stock yard

or in-process..

Many major U. S. yards have realized reductions in inventory carrying

costs (as well as the acreage) by standardizing the numbers of different

sizes and thicknesses of steel plates. IHI has carried this process to

other materials which in itself was a major driving force in the establish-

ment of material standards.

LEVINGSTON APPLICATION

As a result of the study, Levingston developed its own version of a

standard for sizes of steel plates and has started to revise its material

stock catalog.
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TOLERANCE STANDARDS

INTRODUCTION

In order to understand the importance and the development of tolerance

standards at IHI, the Accuracy Control concept must first be explained.

The objectives of Accuracy Control are:

1) To maintain the highest accuracy possible at each stage
of production of every fabricated piece, part, sub-
assembly, assembly and erected unit.

2) To minimize the work at the erection stage.

3) To consistently improve the production stage to yield
the highest accuracy in all products.

The main goal of Accuracy Control is to perfect each production

method, technique and process to such a degree that each worker activity

has definitive standards to be achieved, a prescribed method of measure-

ment for finished material, and a continuous flow of information between

activities resulting in the constant improvement of product quality and

production efficiency.

TYPES OF TOLERANCE STANDARDS AT IHI

Tolerance standards at IHI have evolved from actual production

practices over many years and many a series-run of ships. For many ship

types, standard tolerances are firmly established and require little, if

any, modification. In these cases, Accuracy Control Engineers simply

review ship specifications for any requirements that would cause a change

to those already in practice. In the case of a new ship type, standard

tolerances are reviewed and changes effected where necessary to comply

with specification requirements or with differing technical requirements

for that ship. Generally, no major revision of tolerance standards is

required even on new ship types.
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DEVELOPMENT OF TOLERANCE STANDARDS

IHI uses Accuracy Control check sheets to develop a history of recorded

data on checks of fabricated, assembled and erected pieces. With a log

containing over fifteen years' collection of data, IHI was able to develop

standard and tolerance tables for each of these processes on all units.

The values of these tolerances are generally stricter than those established

by the ship's owners and the Japanese classification societies. The JSQS

(Japanese Shipbuilding Quality Standards) is the main source for Japanese

shipbuilding standards.

EXAMPLES OF TOLERANCE STANDARDS

Examples of tolerance standards for the two types of control, regular

and special control, are provided as Figures 4-2 and 4-3.

FEEDBACK SYSTEM - STATISTICAL ANALYSIS

From analysis of the measurement data, appropriate action is taken by

the Accuracy Control Engineer through feedback of information to the

applicable department or group. This feedback is a vital loop in the

overall Accuracy Control scheme and not only prevents errors from recur-

ring, but provides the action necessary to the continuing improvement of

product and production system. Examples of this feedback are: a change

to the dimension of added material requires a modification to the working

drawing, therefore, Engineering is so notified; an addition of Baselines

in the output of the mold loft requires feedback to the loft; a change in

the fabrication method. or the platform at assembly or welding procedure

requires feedback to Production and to the Planning and Design Staff

responsible for a given workshop.
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LEVINGSTON APPLICATIONS

The adoption of unitized construction of vessels increases the impor-

tance of tolerance standards to insure proper erectability of assembled

units. IHI engineers contributed to the development of tolerance standards

for Levingston compatible with the unit system being implemented. Leving-

ston engineers reviewed IHI's tolerance standards for ideas on types of

standards, format of information, and specific tolerance allowances.

Levingston published standards for welding and for joint details,

including tolerance limit values, prior to TTP. These standards specify

edge preparation, fitting and welding techniques as allowed in the welding

procedure qualification process. Since inception of TTP, Levingston has

issued tolerance standards for hull construction in the areas of hull

details (e.g., fitting accuracy), ship design (overall hull dimensional

deviations), in piping (e.g., butt weld fitting material requirements),

and in flat panel assembly (e.g., structural alignment). Examples of

Levingston's tolerance standards are given as Figures 4-4 and 4-5.

Tolerances are an indication

and not to be interpreted as

CONCLUSION

of the lowest acceptable level of performance

an allowable standard for everyday work.

Tolerance standards for a given shipyard must reflect the conditions,

equipment and methods of operation at that particular facility. The

standards are invaluable to maintain a satisfactory program of accurate

workmanship. The data collection system used to develop these standards,

the flow of information to appropriate departments, and the standards

devised by classification groups or used at other locations are trans-

ferable as guidelines for a facility to use in initiating its own program.
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The IHI system was discovered to be very comprehensive, containing rigid

standards by comparison to Levingston's past guidelines for tolerances.

The feedback system is an essential ingredient for developing,

maintaining and revising tolerance standards. The system relies on a

substantial amount of data collection, but amply compensates for itself

by providing information vital to sustaining a reliable accuracy control

program. This becomes especially visible at the assembly and erection

stages, where ease of fit-up is directly related to the accuracy of work

in the preceding stages. Improvements in this area easily justify a

comprehensive program of well-established tolerance standards for any

shipyard.
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PROCESS STANDARDS

A process standard is an established method prescribing a uniform

sequence for performing an operation or set of operations.

This definition is presented in order to distinguish a process

standard from a cost standard as they are described in this report. The

main distinction can be expressed by stating that a measurement of per-

formance of a "process standard" results in a "cost standard".

A process is an operation or sequence of operations performed on a

component which changes the characteristics of the component.

In this context, then, a process may be broad (e.g., cutting, assembly)

or specific (N/C cutting, flat panel assembly).

IHI maintains a wealth of process standards in the forms of manuals,

operating guidelines, written procedures, instructions, etc., which are

used throughout the shipbuilding process. They also maintain numerous

 records, lists and logbooks which are used to develop these standards.

SIGNIFICANT DIFFERENCES (IHI vs. LEVINGSTON) & SUGGESTED IMPROVEMENTS

Within the processes, the greatest points of differences were found

to be in the sub-assembly and assembly areas. Specific differences and

recommended improvements for standardization of the processes included the

following:

1) Maximize assembly of small pieces at the sub-assembly stage,
thereby decreasing the amount of this minute work required
at assembly stages.

2) Classification of assembly work into the categories previously
listed with the following objectives:
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-Maximum utilization of facilities to obtain the highest
productivity.

-Achievement of the most performance by means of having
workers permanently stationed at fixed work sites.

3) Utilization of welding in the flat position, in order to
obtain good performance and high productivity.

In the area of outfitting, specific recommendations made by IHI to

improve on the standardization concept concerned greater utilization of:

1) Pre-Outfitting: Module Stage

2) Pre-Outfitting: On-Unit Stage

3) Pipe Fabrication: In the Shop

This section on Process Standards is specifically aimed at the aspect

regarding standard work flow in each area, particularly the detail proce-

dures for each area. This procedure requires analysis of the facilities

and the work breakdown assignments, examinations of methods for their

description, and improvement and identification of the skills and equipment

needed. The process standards will then be used to develop time standards,

cost standards and manpower requirements to analyze productivity and to

provide data for planning and scheduling purposes. The objective of

standardizing processes is to organize procedures in a uniform and repeti-

tious manner for use in formulating accurate schedules in the easiest

fashionable manner.

PRELIMINARY PLANNING

Process standards will deal with the procedures specifying the methods

to be employed. These consist of rough procedures drawn up in the early

stages as planning efforts in the assignment of work within gates, and the

detail procedures designating the method of constructing each assembly unit.
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These process standards are used to develop cost standards, which are vital

elements toward establishment of accurate schedules.

DETAIL PROCEDURES

The purpose of specifying detail procedures is to establish efficient,

uniform, sequential patterns of work plans for field personnel to follow.

These procedures aid in job preparation by stipulating in advance the

necessary materials, equipment, jigs and components that will be needed.

These guidelines assist foremen and improve the working environment in the

following ways:

1) Establishes a pre-determined standard method of operation.

2) Prescribes the most effective sequence of activities.

3) Specifies arrangement and uses of necessary jigs and
fixtures.

4) Issues warning notes to exercise care in the work
being done in order to avoid a future problem.

5) Provides consistency between foremen, between
shifts, between departments, etc.

6) Designates details of work within a specific area and its
relationship to other supporting work.

7) Gives a broad overview of the total scope of work for
better understanding of each individual segment.

ASSEMBLY PROCEDURES AND GUIDELINES

Formal procedures of specified assembly plans have been written by

industrial Engineering and issued to the Production Departments. These

procedures have been issued for each hull under construction since the

first bulker (including duplication for like hulls). The procedures

specify the assembly methods for each typical unit in the hull, complete

with sketches, detailed instructions, sequence of steps, crucial dimensions,
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arrangements of the unit with jigs , and other necessary information. An

example of a typical Assembly Procedure and Guideline issued for the

construction of the bulker is given as Figure 4-6.

This procedure has been welcomed by the Production Department as an

effective aid to promote uniform methods and procedures, to visualize the

assembly process, to help avoid problems in assembly and accuracy control,

and to plan their work.

WORK MANUALS

It is Levingston's plan to issue work manuals for each gate or set of

related gates. These work manuals are visualized to contain such informa-

tion as working procedures, gate layout, material flow, data collection,

forms, statistical reports and charts generated, quality standards, safety

precautions, manpower assignments, and the like.

CRAFT HANDBOOKS

Another desirable form of standards document is a handbook for each

craft. IHI issues handbooks to each worker specifying guidelines to

follow in the performance of his work. These handbooks contain both

general and specific guidelines concerning such subjects as work tools,

job procedures, safety precautions, quality standards, etc.

The writing and issuing of these types of handbooks are not foreseen

in the near future for Levingston but are prospective goals. Information

for welders' use is currently being generated that would be included in

this type of handbook.
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FIGURE 4-6
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COST STANDARDS

INTRODUCTION

One of the most impressive aspects of the IHI production system is the

remarkable adherence to schedule. The development of precise scheduling

techniques is the result of carefully planned, thoroughly documented infor-

mation systems which are devised to develop standard data. The process

standards discussed in the foregoing section specify the proper methods

to be followed which result in procedural standardization. The subsequent

step is the measurement of performance resulting from application of these

process standards, amounting to standardized units of time per product, or

numbers of product per time element, which are the basis for cost standards.

In conjunction with establishment of standardized work procedures, or

process standards, a measurement system of the rate of production results

in performance standards. These standards form the basis of cost standards,

which are defined in this report as:

A cost standard is a measured rate of production for a given process

to be used in planning, scheduling and estimating activities and to calcu-

lating the cost of the process.

Examples of cost standards in the shipbuilding process include: man-

hours per ton, inches per minute (cutting), feet per hour (welding), etc.

DOCUMENTS

There are a number of status reports recommended by IHI for use in

the development and application of cost standards:

1) Manhour Collection Sheets

a) Daily record of manhours spent on each unit, by
worker name. (See Figure 4-7)
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DAILY MANPOWER RECORD (SAMPLE)

FIGURE 4-7
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b) Monthly record, composed of summation of data on
daily records. (See Figure 4-8)

2) Efficiency Records on productivity, e.g., meters/hour
ratio on welding. (See Figure 4-9)

3) Blackboards--Displays posted in designated areas
specifying schedules,

)
productivity, quality or work,

etc. (See Figure 4-10

DEVELOPMENT OF COST STANDARDS

The purpose for developing process standards and cost standards from

the IHI viewpoint is for use in the following applications: 

1) Base data for estimating manhour requirements

2) Base data for estimating periods of completion for jobs

3) Base data used toward determining needed improvements
in equipment and facilities

4) Base data used in status reporting and applied toward
improving productivity.

5) Educational material and training aids for field personnel

The data used to calculate cost standards are derived from the previously

developed process standards. The approach recommended by IHI for the deter-

mination of process standards first involves classification of the elements

to study. The basic elements regarding hull construction are listed in

Table T4-1.

By studying and analyzing these basic elements of the shipbuilding cycle,

a shipyard can determine the control parameters it may best utilize for each

element. This can be determined by the data collected at the facility, the

measurement technique it can best employ with the resources it has available,

and the accuracy and applicability of the data measured. Table T4-2 specifies

the measurement parameters used at IHI for each working stage. Also included
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TABLE T4-1

PROCESS STANDARD ELEMENTS
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TABLE T4-2

CONTROL PARAMETERS
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in this table are the efficiency factors achieved at IHI and the parameters

recommended for application at Levingston. These parameters are used to

measure the performance factors that become the established cost standards.

CONTROL PARAMETERS

Table T4-2 reveals that IHI uses the following units of measurement as

control parameters in their establishment standards:

Number of plates

Number of pieces

Tonnage

Welding Length (W.L.)

Automatic Welding Length (A.W.L.)

IHI seeks to use a parameter that relates to the time involved for

processing of material as the primary consideration. Their objective is

to use the simplest method of measurement without sacrificing accuracy or

reliability of the data that is generated.

MEASUREMENT OF WELDING LENGTH

As mentioned earlier, there are two distinct methods utilized at IHI

for the measurement of welding length. This length is determined by using

either:

1) Conversion from unit weight

2) Measurement on drawings

The former method is a rough estimate based on weight and location of

the piece. It is not sufficiently accurate to use in detail planning and

scheduling of work within gates as performed by the Planning Department.

The calculations in this method are made by the Engineering Department.
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The latter method is more exact and useful in detail planning and

control. It requires measurements from key plan drawings and requires a

considerably greater investment in time. IHI estimates Levingston would

expend approximately 100 to 120 hours to take the measurements on a

vessel the size of the F-32, a 36,000 D.W.T. bulk carrier.

ESTIMATING MANHOURS

Hull Estimate

IHI uses combinations of techniques to estimate manhour requirements

for an activity. The most common technique is use of historical data to-

gether with staff personnel experience to estimate manhours. On occasion,

time study is used where historical data is not available, such as for a

new process.

1. Coefficients - Rough Estimates

For planning purposes, IHI uses records of actual manhours

to calculate difficulty factors, or "coefficients", that are

used to estimate future manhour requirements. These coefficients

are used to convert unit weights to welding lengths, which is

extended by formula to determine manhours. The correlation

between actual manhours, coefficient factors, unit weights,

welding lengths and planning manhours is illustrated schematically

in Figure 4-11.

IHI staff personnel recognize the variability of manhour

requirements, depending on the existence or absence of various

conditions. These are categorized into two groups:

a) Those dependent on the structure itself, such as:

- Classification of steel: mild steel vs. high
strength steel
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ESTIMATION OF MAN-HOURS AT ASSEMBLY STAGE

ESTIMATION OF MANHOURS AT ASSEMBLY STAGE
FIGURE 4-11



- Type of floor: watertight vs. non-watertight bulkhead
- Shape of structure, e.g., flat, curved, cubic (three-

dimensional odd-shaped units), width, length, etc.
- Number of small pieces involved
- Difficulty to achieve accuracy

b) Factors independent of the structure itself, such as:

- Weather
- Conditions for material preparation
- Accuracy achieved in fabrication, fitting, assembly, etc.
- Manpower leveling
- Equipment availability
- Condition of slab
- Production procedures
- Distribution of manpower

2. Coefficients - Detail Estimates

The estimating of manhours must also be performed in more detailed

fashion. Where this is required, IHI engineers applied the same

principles involved in the creation of coefficients on the charts of

Figure 4-12 to develop a Table .of Manhours and Efficiency for each

assembly unit on the bulker. This data is presented in Table T4-3, a

sample showing representative units within the double bottom area.

OUTFITTING

The on-module pre-outfitting assembly method practiced by IHI, with

its standardized work procedures, lends itself readily to formulation of

reliable cost standards. The manhours expended on a module assembly are

captured and applied as standards and efficiency targets for installation

of similar modules on subsequent ships. The data is continually updated

and refined over periods of years, which results in increasingly accurate

data for application as budgets and goals. The system of manhour goal

calculations in the planning process is illustrated in Figure 4-13.
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FIGURE 4-12 COEFFICIENT FOR EACH UNIT
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RECOMMENDED OUTFIT PLANNING BY PARAMETRIC WEIGHT

FIGURE 4-13
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DEVELOPING STANDARD TIMES

It is apparent that the key to development of reliable process

standards and cost standards for outfitting functions are dependent upon

standardized, uniform working procedures and accurate manhour reporting,

as was mentioned in the case of steel construction. This is accomplished

by maintaining charts and graphs of actual productivity, by providing

feedback on the accuracy of the projected standards, and by taking correc-

tive action when discrepancies appear.

Examples of some cost standards recommended by IHI for Levingston on

outfitting items are given in Table T4-4. This table exemplifies the cost

standards that can be developed by using the experience of knowledgeable

people combined with historical data. Figure 4-14 illustrates the use of

cost standards in the determination of budgets for building a module.

USES OF COST STANDARDS

The information obtained from process standards and cost standards

may be used to construct charts on each unit, similar to the information

as illustrated below:

Fitting MWL = Welding Length by Manual Process

Welding AWL = Welding Length by Automatic Process

Panel Joining T = Top Panel

WL = Welding Length B = Bottom Panel

H = Hours (Manhours) W = Workers (Fitters, Welders)
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TABLE T4-4

EXAMPLES - COST STANDARDS



BUDGET CALCULATION BY MODULE

FIGURE 4-14



At this point, final decisions are made concerning the assignment of

units to designated gates. Consideration of such items as area of slab

required (due to size of the unit) and amount of work required (for conver-

sion from manhours to manpower) is involved. Workloads can then be leveled

to accomplish jobs by priority and within gate capabilities.

These data are converted to long-term schedules (See Example-Figure 4-15)

and short-term schedules (See Example - Figure 4-16. The long-term schedule,

covering a four-month period, accounts for production of each hull under

construction. The short-term, thirty-day schedule, emphasizes the opera-

tions being performed on each unit at each gate.

A detail schedule can be issued for each assembly unit from this standard

data. An example of such a schedule is shown as Figure 4-17. This schedule

specifies the work performed to accomplish the fitting, welding, panel join-

ing, and final assembly of the unit.

SCHEDULING APPLICATIONS

Figure 4-18 presents the hierarchy of schedules developed from the

primary master schedule. The Ship Construction Master Schedule is the

top-level construction schedule for all work in a given yard. This schedule

is prepared by the Production Control Group of the shipyard through an esti-

mation of the required manhours per month based on the throughput rates

established for the yard facilities and work force.

Master Schedules are next developed for Erection, Assembly and Out-

fitting stages for use as guidelines in developing the more detailed sub-

schedules at each process stage.
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LONG TERM SCHEDULE (SAMPLE)

FIGURE 4-15





DETAIL SCHEDULE (SAMPLE)

FIGURE 4-17





The Erection Master Schedule is the first working schedule prepared.

This schedule establishes the erection times for each unit in each zone of

the ship.

The assembly Master Schedule is prepared to show the time requirements

for each unit during the assembly process. Each type of unit is sorted by

the type of fabrication process required for its production.

The number of required assembly days for the different types of units

is a standard in the yards. This standard is shown in Figure 4-19. Also

the calculation of manloading is standardized through the computation of

weld deposit required on the various units.

LEVINGSTON APPLICATIONS

The application of the IHI cost standards program first requires

initiation of a corresponding system of process standards. A good process

standards program provides a systematic approach for establishing document-

ing, and issuing standard work methods to the proper people. This is a

necessary pre-requisite to implementation of an effective cost standards

program through which the performance of standardized processes are

measured and reported in terms of throughput rates and efficiency. 

Particular emphasis is placed on the employment of process standardiza- 

tion techniques in the assembly functions, where written procedures and

guidelines are issued for each typical unit of the hulls under construction.

IHI recommended the use of welding length as the control parameter

for measuring performance standards, and subsequent calculation of cost

standards.

At Levingston the flat panel line is a likely candidate for institution

of standards based on measured welding lengths. This assembly shop performs
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REQUIRED ASSEMBLY DAYS STANDARD PER HULL STRUCTURAL TYPE

FIGURE 4-19
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work of a routine, repetitive nature for which a direct relationship exists

between manhours (of fitters and welders) and welding length.

Conversion from unit weight: This method proposed by IHI has merit

as due to its simplistic formula calculation made from available data.

However, the data requires verification through analysis of a shipyard's

actual performance over a series of like vessels. Since Levingston has

completed only the first F-32 type bulker at this time, the data has not

been collected nor verified for application of this method. It is believed,

however, that this method can have considerable value as a tool for calcu-

lating performance standards and cost standards.

The location of work influences its efficiency and productivity. At

IHI, assembly is performed in covered shops under controlled conditions.

At Levingston, this work is performed both in the shop (Flat Panel Line)

and on slabs outside. The measured welding length method, therefore, is

applicable to the Panel Line while conversion coefficients, less accurate

but easier to obtain, are more appropriate to assembly work on slab.

In the Fabrication area, IHI recommended piece counts and tonnage as

parameters for Levingston to use. Work orders issued at Levingston are

written to correspond to the process gates through which a unit passes.

Since manhours are charged against these work orders, Levingston plans to

collect this data and use it as a basis for projecting efficiency on

future work of a similar type. This is the method that has been employed

successfully by the Japanese and is applicable to U. S. shipbuilding acti-

vities.

CONCLUSION

The main objective of the calculation of performance standards is for

use in projecting accurate plans and schedules. The data collection methods
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proposed by IHI are planned for implementation at Levingston when a suffi-

cient data base has been compiled. Probably the single most important

factor in providing a system of useful performance standards is assuring

that accurate data is reported. The standards are only as reliable as the

data upon which they are based. This depends on accurate reporting by super-

vision and validated calculations by people knowledgeable of the processes

and methodology of technical analysis.
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SECTION 5

QUALITY ASSURANCE

The IHI concept of Quality Assurance cannot be identified as a separate

function or organization. Rather, it is a management, design and production

philosophy found in continuous application at all levels of the organization.

The Quality Assurance function can best be described as an interactive

system comprising the elements of regulatory body and customer specification

 requirements, IHI standards, and Accuracy Control requirements. These data

form the basis for all design and production processes. Using this base,

discrete organizational elements and methods and techniques were developed

to apply and ensure adherence to these requirements in all design/production

activities. In this system, Quality Assurance is an inherent aspect of the

production process rather than a specifically defined organization whose

charter is to "police" the end result of various production processes.



This system incorporates two discrete organizational functions:

Accuracy Control and Quality Control. The first function, Accuracy-Control,

is in reality a production planning and control process which establishes

the basic scheme for ship production and, directly or indirectly, controls

production methodology throughout ship design and construction.

The second function, Quality Control, is a management activity which

supervises the overall inspection system, performs sample inspection and

all nondestructive test (NDT) inspections, monitors production processes

and techniques, evaluates quality control documentation, provides liaison

with customers and regulatory agencies, and collaborates with Accuracy

Control groups in perfecting production activities to obtain the highest

possible accuracy and overall quality.
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ACCURACY CONTROL.

Accuracy Control is the underpinning of the IHI production system.

This concept and its application has not only vastly improved the quality

of IHI products but is a major factor in the outstanding productivity of

IHI shipyards. The Accuracy Control system is not a single organization

or function. Rather, it consists of four separate groups (one in design

and one in each of three workshops) which are charged with a series of

responsibilities.

Accuracy Control begins in the shipyard immediately subsequent to

completion of "Basic" design and prior to the start of detail design

development. The initial activity is basic planning involving: ship

work breakdown; determination of fabrication sequence and methods; establish-

ment of critical dimensions, baselines and added material; determination of

the erection sequence; and development of the plan for shipwrighting.

Subsequently, detailed "Check Sheets" are prepared specifying the

measurements, dimension requirements, measuring equipment and frequency,

for each item or assembly as it moves through the production process.

After this planning is completed, the Accuracy Control "Field Activity"

is initiated where Accuracy Control personnel become active in the monitoring

and measuring of plates, shapes, sub-assemblies and assemblies. The express

objective of this planning and field activity is to maintain the highest

accuracy possible in the major hull "blocks" or modules. The intent is to

minimize to the greatest degree possible the work during the erection sequence.

High accuracy in each hull module naturally means better fit, less re-work

and greater efficiency during later production stages, particularly during

erection.



Accuracy Control personnel are also concerned with the collection,

analysis and feed-back of information to affected groups on quality, pro-

duction processes and methods, work flow and sequencing. This activity not

only assists in the correction of errors but also in the constant improve-

ment of the IHI production system.

The Accuracy Control concept was the offspring of a management philoso-

phy introduced by the President of IHI approximately 15 years ago. The

application of the concept to the actual production process required many

years of trial and error; but since its inception, Accuracy Control and its

counterpart, Quality Control, have developed into the "standard" method

governing ship construction.

D i r e c t i o n

,
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The concept of Accuracy Control pervades all work and all levels of

personnel with a concern for good workmanship and exactness. All work

is expertly performed to exacting standards and, therefore, all successive

work becomes easier and demands only the time required for the work planned

for each work station. Poor workmanship, errors or material requiring

clean-up is never passed from one work station to the next and only precise

and error-free material flows through the building process, resulting in a

sustained high level of productivity.

The development of the Accuracy Control concept within IHI has super-

seded and obviated any necessity for a “Quality Assurance" function. In

fact, the combined Accuracy Control and Quality Control system is-Quality

Assurance at IHI. The surprising aspect to this fact is that Accuracy

Control is in reality a production planning and control process. Through-

out the Accuracy Control activity, the intent is to thoroughly and properly

plan each production process on each component, subassembly and assembly

to obtain the highest possible accuracy. This activity occurs simultaneously

with all other planning and is not separately identifiable from any other

aspect of production planning.

It is interesting to note that in the IHI system, Accuracy Control is

the method or means utilized not only to achieve high product quality but

also the greatest productivity. These two objectives are achieved simul-

taneously and automatically. The "before-the-fact" planning accomplished

by Accuracy Control establishes the basis for all subsequent planning and

the "after-the-fact" measurement, data analysis and correction of methods,

sequences and processes serve to perfect not only the planning but the

production process itself. This continual improvement of planning data and

5-5





production processes results in a perpetual refinement of production tech-

niques and a concomitant increase in productivity. Product quality in this

scheme is almost a by-product of this continual improvement cycle.

The Accuracy Control concept is equally important as a tool for ship-

yard management, particularly middle or first-line managers. Both detail

design and production planning are influenced by the Accuracy Control plan-

ning activity. Fabrication sequences and the techniques and methods to be

used to achieve the highest accuracy and throughput are also directly

influenced by Accuracy Control planning. Accuracy Control standards and

Check Sheets prescribe the necessary workmanship requirements for each piece

part and each successive unit. Prescribed measurements and measurement

methods and instruments are the result of Accuracy Control study and planning.

The erection sequence and the plan for shipwrighting, both resulting from

Accuracy Control activity, detail the flow and work requirements for final

ship construction and finishing.

Over the years these planning tasks have been perfected, along with a

highly developed set of standards, to the point where all IHI managers,

foremen, assistant foremen and workers are intimately familiar with them

and rely exclusively on the information thus developed. Each manager, fore-

man and assistant foreman has precise and highly detailed guidance data for

each work task assigned to him. All detailed planning and schedule data

are based on the studies and the overall planning for fabrication and ship

construction accomplished by Accuracy Control groups. As the work becomes

further refined and scheduled, Accuracy Control concepts are translated to

these lower levels of detail until finally, the entire ship construction

process becomes a totally defined system of fabrication sequence and methods,

of unit construction and outfitting, and of module erection and finishing.
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This deductive planning method proceeds from the highest to the lowest

levels of work all based on the objective of keeping the highest degree

of accuracy possible at each stage of production.

With all of this planning and scheduling data precisely developed,

managers, foremen and assistant foremen have little to do except to execute

the work according to the plan. Their attention can be properly placed on

the optimum positioning of material (within a work station), effective

application of personnel, and on schedules and work quality. Unlike their

American counterparts, they are able to place their emphasis on getting the

work accomplished well and on schedule rather than on an exorbitant paper-

work load, committee action, and "brush fires" usually related to errors in

design, fabrication or assembly, or to "up-stream" or "down-stream" schedule

slippages.

Managers at all levels know exactly what has to be done, when, and with

what facilities and procedures. Only major exceptions cause any redirection

of the established routine and these exceptions are generally not allowed to

happen. Under this system, managers are free to accomplish their assigned

work and to resolve problems among themselves at the lowest level practicable.

Interference with their assigned work is a rarity mainly because interference

is unnecessary and because all management and workers are aware and in support

of the stringent schedules planned for each ship. These schedules are also

a part of each person's concern with Accuracy and Quality Control. Obviously,

only superb workmanship can be tolerated in a system geared to hour-by-hour

schedules.

The effect of this system on people at all levels of the organization

is far reaching. Although very little mention of Accuracy Control is made

during visits to the IHI shipyards, it is apparent that the concept and its
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application have become indigenous to the work habits and the routine of

the workforce. More obvious during these visits was the emphasis placed

on Quality Control but only because discrete functions and organizations

are easier to explain than underlying concepts.

Accuracy Control within IHI is the guiding principle that provides

all planning, design and production functions with the basis and the goal

for their various activities. It is the guiding policy that gives form to

the system and makes it comprehensible to the people who operate it.
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QUALITY CONTROL

The Quality Control function at IHI is a highly sophisticated inspection

and data recording/reporting system. Although this function is organized

in a single department, the Quality Control system extends throughout the

yard and is integral to every workshop and trade. Most of the inspections

are performed within the production department work groups by each worker,

assistant foreman, and a member of the work group specifically designated

to do nothing but check completed work. Each of these inspections are

recorded on a Quality Control Check Sheet. Quality Control Department

personnel sample inspect approximately five percent of all such work and

customer/regulatory agency inspectors perform similar inspections at the

assembly and ship erection stages. The IHI Quality Control system follows

the "standard" Quality Control approach used by all Japanese shipyards.

Quality Control's role begins in the design process where quality

requirements are input to the design engineers on an overall and a drawing-

by-drawing basis. All drawings used for outside procurement are checked

by Quality Control prior to release. Another aspect of Quality Control in

the design process is in the development of quality specification require-

ments for purchased material and assistance in the development of Accuracy

Control Check Sheets for the components and units built by the shipyard.

The responsibilities of Quality Control in the production process range

throughout the typical functions of on-site vendor inspections, receiving

inspection, in-process inspections, component and system testing, NDT inspec-

tions, and dock-site, builder and final acceptance trials. Throughout the

process, Quality Control establishes the requirements, receives and records
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data (whether or not performed by a Quality Control inspector) and actively

monitors the quality of workmanship and product at each stage of production.

The majority of inspection is performed by the workers at all stages

of production. For example, warehousemen perform all material and compo-

nent receiving inspection except for special components which are not

routinely purchased. Welders perform a self-check of all of their work and

when satisfied identify their work by affixing their signature. Another

worker in each group (usually six to eight people) is assigned permanent

responsibility for checking the quality of the work accomplished by all

members of his group. This "checker" has no other duties. Each group's

work is also inspected by the responsible assistant foreman prior to accep-

tance and movement of the piece or assembly under construction.

Because of the reliance placed on the individual worker, the group

checkers and the assistant foremen, the Japanese Quality Control activity

is more one of quality management. The Quality Control group establishes

quality requirements for each product, educates and trains foremen, assistant

foremen and workers in the accomplishment of the required quality, collects

applicable data for analysis and for verification of work to quality standards

and customer specifications , and generally monitors the production process to

assure that established requirements are being met. In the performance of

these duties,Quality Control representatives play an important part in virtually

all aspects of design, production planning and the production methods utilized

for ship fabrication and construction.

The most important procedure used in the IHI Quality Control system is

the 3-point inspection system employed to assure the accuracy of the fabricated

components and assemblies and the high quality of all weldments throughout

the production process. In this regard, a single check sheet is used for each
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unit at each production stage which is signed by the assistant foreman,

the group checker and finally by the Quality Control inspector on a number

of various conditions which may exist on the work at each work station.

This Check Sheet is used throughout the inspection process to document

deficiencies and corrective action. All deficiencies are corrected by the

worker making the error. The sheet is also used by assistant foremen to

remedy continuing problems in cutting, fitting or welding by identifying

persistent problems and either obtaining a correction in design or educating

workers in proper techniques to prevent a recurrence.

During the processing of steel and outfitting, all work is identified

either by worker's signature on welds or by means of work station personnel

rosters. By this means, the group leader and checker/inspectors can identify

specific individuals responsible for the work. A weighted factor (based on

the importance of the work performed) is applied by the inspector to each

error to achieve a summary "grade" or "bad mark" for each item inspected.

The purpose of this system is related only to each individual's pride in

his workmanship. No disciplinary action is taken as a result of "bad marks",

it is simply a means of publicizing superior or poor work both to the

individual worker and to his work group. These records are used to contin-

ualy assess the performance of each group. Quality performance reports are

posted in each work area.

One of the principal functions of the Quality Control activity is to

assure the safety and well being of the individual workers. The Japanese

recognize the importance of these personnel-oriented aspects of production.

Their concern is based on the established fact that poor quality results

from unsafe working conditions and/or unhappy workers. Therefore, Quality

Control involves itself in all decisions concerning this type of personnel

relations.
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CONCLUSION

Together, the Accuracy Control and Quality Control functions form a

complete system for the detail planning and control of virtually every

aspect of the production process. Because quality is the expressed ob-

jective of all shipyard practice, this system pervades all activities

and levels of yard organization and has become an inherent part of the

attitudes and work habits of the IHI workforce. Its many benefits are

apparent in the constantly improving productivity rates of IHI yards,

the established and smoothly working production system, management/

worker relations, and in remarkably short building schedules and low

costs 

Levingston Shipbuilding has instituted a portion of the Accuracy

Control concept in its yard in Orange, Texas. There are several pos-

sible alternatives to the institution of the entire Accuracy Control

system: as a planning and production control function; as an extension

of the Quality Assurance activity; and as a product improvement function.

Levingston chose to experiment with the use of Accuracy Control in con-

junction with its traditional Quality Assurance activity and has al-

ready obtained some significant benefit through the development and ap-

plication of Accuracy Control Check Sheets in the measurement of compo-

nents and assemblies during production of the modified Future 32 bulkers.

This experiment has shown the potential benefits of even one portion

of the Accuracy Control concept, however, it has made evident the diffi-

culty of implementing a new and radically different methodology into a

traditional American shipyard.

The concept 'of Accuracy Control is subtle but far-reaching in its

effects. Although the emphasis is on quality, Accuracy Control is in
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reality the basis for all shipyard activity. Through this single mech-

anism, the basic planning is accomplished for all production activity.

The execution of the-planning is then monitored (by all personnel) and

constantly corrected and improved wherever possible. The attempt by

all work groups to attain high accuracy in their completed work results

in a finite reduction of re-work; movement of only good, high quality

and clean work from one area to another; and the consequent ability to

accurately plan and schedule each work station due to the absence of

defects.

In spite of all of these desirable charateristics, the Accuracy

Control concept is not easy to implement. The concept requires a some-

what different management philosophy and a radically different approach

to typical American organization and practice. IHI has spent 15 years

in its full development and is still improving and modifying its appli-

cation. This difficulty initially arose from the fact that there was

no defined system within which to implement the concept. Rather, the

system had to be developed over many years.

Having an already developed system as guidance should allow the

adoption of any or all of this concept into U.S. yards in a relatively

easy manner. However, the Accuracy Control concept corresponds better

with the Japanese culture, philosophy and life style and is in many

ways contradictory to American concepts of organization and socio-

economic structure. American relationships in management and labor,

and of government in private enterprise, do not closely correspond

to those of Japan. And, perhaps most importantly, the high mobility

of the U.S. workforce militates against the perfection of any such
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system to the same degree enjoyed by the Japanese.

Certainly, a great deal of "tailoring" would be required to success-

fully adopt the Accuracy Control concept. But, even a "tailored" model of

this sophisticated system could greatly benefit U.S. yards. The experi-

ment currently being held at Levingston has proven that even a portion of

the system can yield positive and beneficial results. Undoubtedly, a

more thorough understanding and application of other parts or all of the

system can improve both product quality and, ultimately, productivity.
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EXECUTIVE SUMMARY

GENERAL

In Levingston's study of the Industrial Relations functions cur-

rently in use in IHI it became clear that, although not identified as

such, these functions comprise an integrated "Personnel System" which

is a vital part of the production system of the IHI shipyards.

This "Personnel System" consists of many facets, each contributing

to the overall personnel-orientation of. IHI and the Japanese shipbuild-

ing industry. The Final Report of which this report is a summary ex-

amines each of these facets in detail and attempts to place all of the

aspects of this "personnel system" into a logical context.

The elements of the "Personnel System" are as follows:

Basic Organization Structure

Operating Practices

Pay Rates

Benefits

Personnel Welfare Systems

Management/Labor Relations 

Training

BASIC ORGANIZATION STRUCTURE

Ishikawajima-Harima Heavy Industries Co., Ltd., (IHI), is a large

multi-company corporation involved in the manufacture of heavy indus-

trial equipment, processing plants, and ships. The corporation main-

tains operations throughout the world although its headquarters and

the majority of its manufacturing capability resides in Japan.
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IHI operates six shipyards in addition to its numerous other

companies. The shipyards of IHI are: Tokyo Shipbuilding and Crane

Works; Yokohama No. 1 Works; Nagoya Works; Chita Works; Aioi Shipbuild-

ing and Boiler Works; and Kure Shipbuilding and Fabricated Structure

Works. The IHI shipyards are all organized and operated identically

except for minor variations necessitated by geographical peculiarities

and facility constraints.

Within IHI, the corporate office (Head Office) is responsible for

all ship sales and for the establishment of the "Basic Design". De-

livery schedules are also established by the Head Office after con-

sultation with the yard selected for the construction program. Essen-

tially, the Head Office controls the distribution of work to all of

its six yards and is responsible for all marketing activities for

these yards.

Many of the corporate groups contribute to the internal and ex-

ternal support of the shipyards and almost all of these groups main-

tain a direct interface with shipyard counterparts in their respective

areas of responsibility.

Because of the similarities of the organization and operating

practices of the IHI yards, it is possible to use the Aioi yard as a

typical example for this discussion.

Aioi Organization

The IHI Aioi District is organized into two major divisions:

No. 1 Works - Boiler. Works and Shipbuilding; No. 2 Works - Foundry

Works and Diesel Works.
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IHI is licensed to build both Sulzer and Pielstick diesel engines

and the No. 2 Works at Aioi is primarily concerned with these products.

The Boiler Works which builds boilers for steam power plants both for

land installations and for main engines for ships, is managed as part

of the #l Works which is primarily devoted to ship construction and re-

pair. The organizational structure of shipbuilding at Aioi is shown in

Figure 6-l. Supplementing the IHI organization are approximately 35 sub-

contractors located immediately adjacent to the yard.

The Aioi District was recently reorganized (in 1978) to better re-

flect the several product areas and to clearly separate the functions

and personnel of each area. The division into No. 1 and No. 2 works

illustrates this product alignment. This division is specifically

oriented around production functions with Sales and Engineering support

provided by the IHI Head Office in Tokyo.

Also in this division of product lines was the distinction of

primary "welding" activities as opposed to "machining" operations. The

No. 1 Works (i.e. Shipbuilding and Boiler Works) is considered primarily

as a welding operation, while the No. 2 Works (i.e. Foundry and Diesel

Works) is considered a machining operation. This alignment of product

line operations provides for a high degree of concentration of person-

nel, equipment, and facility resources in each product area.

Of the total IHI employment of 27,340 personnel in July 1979, the

six IHI shipyards accounted for 11,272 or 41 percent of this total.

Within Aioi Shipyard 3243 employees are dedicated to shipbuilding and

ship repair activities, 2749 of them exclusively to new construction.

In the Aioi yard the average age of employees was 37 (in July

1979) and the average length of service with the shipyard was between
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15 and 18 years. This maturity and tenure of the workforce accounts

for much of the stability of the IHI production system. The skill

level of individual workers is extremely high as is their familiarity

with the planning and production system.

Organization Analysis

The basic organization of an IHI shipyard (or the shipbuilding ele-

ment of a district) is strictly oriented toward production (as opposed

to marketing, administration, etc.) Because of the relationship of

the yards to the IHI Head Office, the yards are relatively free from

much of the general business activities concerned with the analysis

and acquisition of new business, labor union activity, and administra-

tive functions related to customer and government contacts and'con-

tracts. Although the yards do maintain some elements of each of the

above functions, these are much reduced in scope and practice compared

to a self-contained U.S. shipyard.

The heart of the production system within the IHI yards is formed

by the several "Workshops". Two of these workshops are dedicated to

new ship construction: the Hull Construction Workshop and the Fitting

Workshop. TWO other workshops, the Ship Repair Workshop and the Boiler

Workshop, accomplish production work for products other than new ship

construction. A fifth, the Panel Workshop, serves Hull Construction

and Ship Repair.

Supporting these workshops are the Ships Design Department, the

Material Department, the Production Control Department, the Quality

Control Department and various administrative and Industrial Relations

departments or groups.
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The workshops are organized into "sections" which logically

follow the ship construction process, beginning with Production Plan-

ning and Engineering, and followed by Fabrication, Assembly and Erec-

tion. Outfitting activities generally follow the same process break-

down with fitting effort occurring at the various stages of sub-assem-

bly, assembly and erection.

indicate different functions and numbers of people, the "work group"

is generally used to describe the units of production workers con-

cerned with the fabrication, assembly or erection process. These

groups range in size from 5 to 10 workers. Each group is headed by

an Assistant Foreman; is concerned with one particular part of the

production process; remains in one location; and performs the same

type of work on each'component on which it works. One member of each

group is assigned as a checker for all work processed by that group,

Several groups report to a single Foreman who is in charge of a par-

ticular "work area" within a shop or assembly area.

Insofar as possible, work groups are structured with permanent

personnel, locations, equipment and procedures. The group's function

is held as stable as possible throughout a production run of ships.

Also, every effort is made to provide a continuous flow of work to

each group in order to realize maximum productivity.

The Japanese are particularly "group"-oriented. Individual

achievement is not considered an acceptable goal in Japanese society.

Rather, cooperativeness and successful group participation are the

virtues most admired. Strong identification with the "work group"

6-6



and with the company for which one works is common to most Japanese

workers, and the feeling of "family" is likely to be as pronounced in

these relationships as with a person's immediate family.

One of the most interesting aspects of the IHI shipyard organiza-

tion is the placement of Staff Groups (Production Planning and Engi-

neering Groups) in each of the production workshops and sections.

These groups comprise a number of engineers who accomplish detailed

planning, scheduling, trouble-shooting and coordination of the myriad

activities in each workshop and section.

All Accuracy Control planning, workshop planning and sub-schedule

development, lofting planning and scheduling, and data collection,

analysis and feed-back are accomplished by these staff groups.

These groups work laterally across the organization and interface

with each other throughout the development of planning and scheduling

data and in all aspects of material flow, processing and integration.

Figure 6-2 shows the distribution of staff personnel in the various

departments of the IHI Aioi Shipyard. As shown in the figure, staff

personnel are also used in Quality Control, Production Control, Mate-

rial Control, and the Labor Relations Department. These personnel

(with the exception of the Labor Relations Department) accomplish the

planning and scheduling required to support the workshops in their

respective areas. These people work closely with the workshop Staff

Groups to coordinate all necessary aspects of production.

OPERATING PRACTICES

The IHI organization structure differs greatly from that of typi-

cal American firms primarily because it is more a description of
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functions than one of reporting responsibility. The American concept

of delimiting authority and responsibility via the organization chart

is not understood in IHI nor generally throughout Japan.

Because of the group'orientation of all Japanese organizations,

the individual tends to. participate fully in every activity where his

knowledge and expertise have application. The best example of this

lateral activity is that of the workshop staff groups which control

the detailed fabrication, sub-assembly, assembly and erection or

fitting work related to their workshop down to the smallest level of

detail. These staff engineers are required to work with every aspect

of design and production and virtually nothing is beyond the purview

of their responsibility.

The entire organization is extremely informal and flexible. With

the exception of detailed working plans and schedules, almost all com-

munication is oral and written memoranda; and procedures are almost

totally absent.

Not only is the concept of organization different from typical

American firms but so is the management philosophy inherent in the

organization. The basic management objective is to implement the

policies set forth by the Chief Executive of IHI concerning the pro-

duction of quality products and the provision of a personnel and

labor management system which benefits all employees of the company.

The emphasis on personnel welfare is the chief factor in the or-

ganization and operation of Japanese shipyards. The Japanese have

instituted a system of "welfare capitalism" which works reciprocally

for the employee and the company. This relationship is not simply
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an economic arrangement between labor and management. Rather, it is

based wholly on the concept that human dignity and welfare is the end

objective of any system and that the corporation and the work perform-

ed therein is simply the means to achieve that objective.

The Lifetime Contract

When a person is hired into IHI shipyards it is with the under-

standing that the employment is for the working life of the employee.

A "lifetime" contract is established (although not in written form)

between the company and the employee which assures employment for the

employee's working career with IHI, beginning with the initial hiring

and lasting until the age of retirement.

Under this arrangement the employee cannot be laid off or fired

but may be relocated inside the corporation if work declines to a

point where an individual company within the corporation cannot sup-

port its workforce.

This "lifetime" contract is an important aspect of the IHI person-

nel program and contributes substantially to the stability, tenure

and productivity of the IHI workforce.

Communications

Communications in IHI yards are largely informal and by U.S.

standards totally lacking in formal documentation. Typically the

Japanese conduct the majority of their business "face-to-face" in

either individual conversations or in meetings of the interested

parties. The Japanese pride themselves on their ability to communi-

cate informally and this is coupled with a distinct desire for consensus
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decisions. The formal, written, factual and straight-forward memoranda

and reports characteristic of American business are considered to be

too harsh, too time-consuming, and too costly by the Japanese.

A significant aspect of this type of communication is that it

encourages problem-solving in a direct manner without waiting for re-

plies to memoranda or approvals of lengthy reports and plans. It also

ensures that all personnel needing information and/or needing to par-

ticipate in decisions are contacted, brought into the decision-making

process and provided with ideas and recommendations from all partici-

pants. This process forces a decision and avoids the prolongation

of problems which affect the production process. Additionally, this

type of communication augments

yielding an even greater sense

the affairs of the company.

the "group" atmosphere of the shipyard,

of identity with, and participation in,

Productivity Improvement Programs

Several company-sponsored programs involve workers in continuing

attempts to improve productivity in the IHI yards. In this regard

conservation of both time and materials is considered a productivity .

improvement. Therefore, there is as much emphasis placed on the re-

duction of cost through conservation as for innovative production im-

provement ideas.

The three major improvement programs are the Suggestion/Award

Program, the Zero Defects Program, and the Cost Reduction Program.

Each of these programs receives a great deal of attention from both

workers and management in the IHI yards. A friendly competition exists

both within the yards between departments or work groups and also be-

tween shipyards in different locations.
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Employee Attitudes

Given the "Lifetime Contract", 'together with the personnel benefits

and welfare programs, the Japanese workman enjoys security, identity,

participation , and meaningful and satisfying employment in a working

career of his choice.

Such circumstances would lead an American industrial manager to

question the individual productivity of workers who have all of these

benefits. However, the Japanese are some of the most industrious

workers in the world.

Japanese workmen work across trades in almost every shop and area

of the shipyard. In both hull and fitting areas, many IHI workers are

trained to do both welding and fitting work and every employee is

trained in cutting, welding and crane signaling.

IHI welders in shop sub-assembly areas normally operate five

gravity-feed we ding machines simultaneously. Depending on a man's

ability he may operate as many as ten on some sub-assembly work. Per-

sonnel assigned to N/C cutting or flame planing machines will manually

trim or cut small pieces from plate as the plate moves through the

machine. Personnel operating bending machines may also be alternately

accomplishing flame bending of the material, individually or in a

group where each of the personnel are capable of doing both jobs.

Personnel in the fitting shops regularly perform tasks that in a U.S.

shipyard would require several different crafts.

This diligent effort is characteristic of the Japanese workman

and has its roots in Japanese culture and ethics. The attitudes of

the Japanese regarding proper behavior, personal responsibility and
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integrity are manifest in their work habits, and in their respect for

others in their work group and for the company for which they work.

These attitudes are equally apparent throughout the management levels

of the company and the IHI corporation. It is these attitudes which,

perhaps more than any other single element, contribute to the stability

and performance of the IHI shipyards.

EMPLOYEE PAY RATES

As of May 1979, Japan's Confederation of Shipbuilding and Engi-

neering Unions Research Bureau published the following statistics

on average pay rates for 204,800 shipyard employees:

1.) Average Age 35.8 Average Length of Service 13.7

2.) Average Basic Wage* (as of June 1978) - Monthly - $857.18
Hourly - $ 5.20

3.) Extra Pay for Overtime
(a) From 5:30 p.m. - 8:00 p.m.
(b) Before 9:OO a.m. and after

: 130% of hourly wage

8:OO p.m., and weekends : 155 to 160% of hourly.
wage

(Based on 15 O/T hours per month
average for large shipyards in 1977) 4101.30 per month

4.) Bonus

(Based on average paid by the 7 largest
shipyards in 1978) - $281.73 per month

5.) Welfare Benefits - $200.00 per month

6.) Monthly Summary

Basic Wage O/T Pay Bonus Welfare Benefits Total

8857.18 101.30 281.73 200 $1,440.21

7.) Hourly Summary

Basic Wage O/T Pay Bonus Welfare Benefits Total

$ 5.20 0.61 1.71 1.21 $8.73

*Based on an 8 hour day and an exchange rate of 200 yen per U.S. $.
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In all Japanese shipyards, cost-of-living increases are negotiated

twice a year in addition to regular annual increases:

In the area of management and supervision, which are not repre-

sented by the union, several classifications exist ranking the salaries

from Class 1 (highest) to Class 6 (lowest). These salaries are deter-

mined by the District General Manager and reviewed at least once a

year for correspondence, with cost of living increases and new union

settlements. Generally, management gets a rate of increase in salary

and bonus commensurate with that obtained by the union.

A "Special Allowance" over and above the employee's basic pay

is added on special occasions, for example, when an employee is

married or upon the birth of a child. The rationale for this is

that the employee has added responsibility and, therefore, deserves

added consideration from the company. Special allowances are also

provided upon the death of the employee, a member of his family and

in the event of major injuries to him or his family.

BENEFITS

Vacations and Holidays

service is 14 days per year. From four to five years of service this

time is raised to 17 days and from the sixth year until retirement 20

days vacation is standard. Vacation time can be carried over from

year to year to a maximum of 40 days. No carry-over is allowed in

excess of 40 days.
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In addition to vacation time, each employee is given 18 paid holi-

days. Many of these are religious hol-idays occurring in the Spring

and again in the Fall of each year. During these holidays the entire

shipyard closes for a period of from one to two weeks.

Bonus Programs

in mid-Summer each year the union negotiates with the shipbuild-

ing industry to determine the annual bonus to be paid each employee.

The union considers that the annual bonus is part of the basic remun-

eration paid to shipyard personnel and therefore strives to maintain

and improve this compensation during these negotiations.

According to a union report* the bonus for each employee amounted

to $3,380.77** for the year 1978. Bonus figures for 1979 were not

available.

This annual bonus does not, however, reflect all of the bonuses

paid by the company to individual employees. Many of the bonuses

paid are congratulatory or condolatory and involve paid absences as

well as direct cash contributions.

Congratulatory bonuses are paid to employees upon getting married

and upon the birth of children. Approximately $175 is the bonus upon

getting married,accompanied by five days off with pay,and $25 is paid

upon the birth of each child,with five days off with pay. These

bonuses are in addition to the pay adjustments which also accompany

these events.

*Japan Confederation of Shipbuilding and Engineering Unions Research
Bureau report dated May 1979.
**Based on a conversion rate of 200 yen per $.
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Condolatory bonuses (or solatiums) are paid to employees upon the

death of a wife ($150 with seven days paid leave) or child ($75 with

seven days paid leave).

Upon the death of an employee, the wife is given $1,000 by the

company and, in a job-related death, the Japanese equivalent of

Worker's Compensation will contribute $80,000 in a lump sum plus 50

percent of her spouse's average monthly earnings for the last three

months is paid monthly for the remainder of her life.

Also, inthe case of the death of an employee (on or off the job)

a scholarship fund is established for each child of the deceased. For

-each child attending school who is over the age of 18, the amount paid

is $75 per month. For those under 18 years of age the amount is $50

per month.

A retirement allowance (bonus) is paid to all employees who have

achieved 30 years of service with the company and have attained the

age of 55. Although 58 is the normal retirement age, workers who

meet the above conditions are treated as retirees and paid the retire-

ment allowance. Upon reaching the retirement age of 58, workers nor-

mally have the option of remaining with the company for an additional

two years or retiring, depending on the state of their health. How-

ever, because of the cut-back in production in recent years most re-

tirees have voluntarily retired upon reaching 58 or even earlier at

age 55.

The retirement bonus is based on the education and position of

the employee in the company at retirement. The lowest bonus paid

would be to a technical worker who had graduated from a junior high
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school and had spent 30 years as a worker. In this case (in 1978) the

retirement bonus was approximately $42,000. In the case of an engineer

with a university degree this bonus would be approximately $lOO,OOO.

Upper management would get proportionately more.

Insurance

Health insurance programs are in operation in all IHI companies.

This insurance typically covers hospitalization, out-patient expense

and the expense of drugs and medications. These programs are not un-

like those provided by American firms except that generally the bene-

fits are more all-encompassing and the company pays the total premium.

Housing and Dormitories

When an employee is first hired and has to relocate his family to

the shipyard site, temporary housing may be provided until he can lo-

cate a residence. Generally this temporary housing is provided by the

company free-of-charge for a period of 30 days. However, in some

cases, permanent housing may be provided within the confines of the

shipyard for foremen, section managers and managers. In this case, a

nominal rent is charged.

Many new employees are bachelors when they first go to work for

the shipyards. Because of the low beginning pay offered these new

employees,the company also offers dormitory quarters at a very low

rate (approximately $4.00 per day).

When an employee marries and can no longer use dormitory facili-

ties, the company offers low-interest loans to assist the employee in

the purchase of a home.



Cafeterias and Commissaries

At all IHI shipyards a company cafeteria is operated for employees.

Employees living on-site (in company housing or dormitories) can obtain

all meals at these cafeterias. Personnel living off-site generally

eat lunch at these facilities.

The cost of these cafeterias is shared by the company and the

employees, in that the cost of the facility, of food preparation and

of handling service is borne by the company, whereas the cost of the

food itself is borne by the employees. This sharing of costs provides

for low cost meals (approximately 5O.6O for lunch) for all employees.

A similar arrangement is provided for the management staff in separate

facilities ad,iacent to their work areas.

At some yards small commissaries or co-ops are provided for em-.

ployees. Usually these commissaries carry a modicum of foodstuffs

and typical drug store items but may also carry small appliances and

tools. Items sold in these commissaries or co-ops are usually priced

well below those of retail merchants in the city.

Travel Allowances

The cost of commutation tickets (usually by train) is totally.

paid by the company for employees requiring such travel. Also, for

employees who have to drive personal cars to work, travel allowances

are paid according to the distance of travel required.

Work Clothing

All employees in the shipyard are issued uniforms, safety boots,

gloves and safety helmets by the company. This clothing is replaced
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by the company when it is sufficiently worn. Proper clothing is con-

sidered essential to the safety program and, therefore, has been stan-

dardized throughout the shipyards.

Commendation for Long Service

Prizes (usually monetary) are awarded to employees who have served

years thereafter.

Upon reaching retirement age, employees and their wives are given

a four-day trip by the company with all expenses paid.

PERSONNEL WELFARE PROGRAMS

In addition to the many employee benefit programs in IHI, several

other on-going activities pertain to the safety and quality of life of

the IHI workers. These established programs are augmented by manage-

ment/union negotiations on personnel welfare occurring in the fall of

each year.

Personnel welfare embraces all aspects of safety, environment,

recreational facilities, medical/dental care, and employee relocation.

These elements of employment are considered equal in importance to pay

rates and benefits by the individual employees and their union.

Safety and Sanitation

Safety is of paramount importance in the shipyards of IHI. Inten-

sive programs are continuously conducted to improve the safety aspects

of ship construction.

Each yard maintains a full-time Safety Group which is in charge

of the safety program and its implementation in the yard. The Safety
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Group is divided into various sections: the Staff, which is responsi-

ble for formulation of safety policy and instructions; a control com-

mittee for subcontractor safety requirements; and a safety inspection

group which performs daily inspections of shipyard activities, corrects

unsafe conditions and operating practices and reports back to the

staff groups on inadequate safety measures.

This emphasis on safety has resulted in a very low incidence of

job-related injury. For example, in Aioi a total of 9 lost-time

injuries were reported in 1978, 5 in 1977, 11 in 1976, and 9 in 1975.

The number of deaths in the yard since 1974 totals three, two of which

were of subcontractor personnel.

Sanitation is also a major element of the Safety Program in the

shipyards. This activity is concerned with all shipyard environmental

conditions such as air and water pollution, noise, the working envi-

ronment in shops, assembly and erection areas, and the environmental

effects of the shipyard on the community. In these activities, strin-

gent control of pollution (air, water, and noise) is accomplished and

shipyard working conditions are constantly improved. Under the safety

and sanitation programs,  shop conditions have been improved by various

types of ventilation systems, the enforced use of proper respiratory

protection equipment, improved lighting, the removal of high noise

equipment (e.g. chipping hammers) and through strict enforcement of

open aisleways and transport lanes.

Abrasive blasting, acid cleaning, and primary painting operations

are confined to enclosed buildings and the processes automated to the

highest degree possible. In assembly and erection areas, sophisticated
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scaffolding with safety rails and netting are used to provide easy and

safe access to all parts of the large assemblies and of the ship. AS

part of each employee's uniform, a safety rope is worn attached to a

web belt for use whenever working in high places. These and many other

devices and procedures are an inherent part of the production process

and the continuous safety and sanitation improvement programs are con-

stantly seeking new means for improving the working environment of the

shipyard and for preserving the living environment of the community.

Separate from the safety and sanitation aspects of personnel wel-

fare is the attempt to make each yard a pleasant working environment.

This activity concerns the appearance and habitability of the shipyard

and its desirability as a place to work.

The primary element of concern is cleanness of the facility.and

the orderly arrangement of all of the various shops, platen areas,

storage areas, etc. This orderliness is supplemented by green areas

(i.e. small areas of lawn, trees, various plants), fish ponds and

smoking areas, wherever possible.

Another significant feature contributing to shipyard appearance

is the use of pallets for the collection, storage and movement of

materials. All small fabricated parts and outfitting materials are

segregated on pallets of various types and sizes, as well as many

loose working tools and equipment such as crane cables and alignment

or attachment jigs. These pallets are usually stored in warehouses

or immediately adjacent to the appropriate working area in designated

locations. This use of pallets contributes greatly to facility
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appearance and is an essential part of the material control process.

Control of scrap is another important aspect of facility cleanness.

Scrap containers are situated in proximity to every operation and em-

ployees are charged with the responsibility for maintaining their work

areas in a clean and safe condition at all times. Scrap is promptly

removed after each cutting operation and slag from burning and welding

operations is either collected in pre-positioned containers beneath

work tables or automatically dumped by a slag-collecting plate con-

veyor in some locations.

Several practices are used by the IHI yards for periodic yard

clean-up by employees. The IHI Kure shipyard stops work for 30 min-

utes at the end of each day to allow employees to thoroughly clean

their work areas. In Aioi workers clean-up throughout the day at

intervals where there is a break in the work flow or immediately after

each operation which yields scrap or other residual material requiring

clean-up.

Employee Facilities

Throughout the IHI shipyards, numerous facilities are provided

for the employees ranging from housing to recreational areas. There

is a determined effort to provide for the health and morale of the

IHI workforce which embraces aspects of diet, exercise and convenience.

In addition to housing and cafeterias, recreational areas and

facilities are provided by the company such as swimming pools, base-

ball diamonds, club houses, and the like. Also, many areas are des-

ignated in the yard (on streets) for employee activities during lunch

time and after work. These areas are for use by the employees for
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games such as tennis (without the net), volleyball, or any other team

activity that can be accommodated in the prescribed area.

Medical/Dental Care

Each IHI shipyard has at least one full-time doctor and one full-

time dentist on duty at all times. Medical care is provided for all

workers as required, whether for job-related injuries or not. Provi-

sion of medical and dental service in the yard naturally tends to

decrease lost time due to employees having to .seek outside medical/

dental attention. It is also a significant benefit for employees as

the service is cost-free for the employees.

MANAGEMENT/LABOR RELATIONS

Japan has achieved what appears to be an almost ideal marriage

of labor and management objectives which are mutually beneficial to

both workers and the company.

Both management and workers point with pride to the fact that

they are "partners" , in business to sustain and improve the shipbuild-

ing industry, the particular enterprise, and the welfare of all em-

ployees.

The underlying philosophy for this approach lies in the Japanese

respect for human dignity and for the right of every individual to an

acceptable livelihood and security. Seen from this viewpoint, the

welfare of employees in all industries is the ultimate objective of

business. This, of course, is regarded by most Americans as purest

"socialism" and, in fact, Japan is far more socialistic in this prac-

tice than the U.S. However, because of the respect for private
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enterprise and for competition among the large industries, it is per-

haps more "welfare capitalism" than "socialism".

All employees (except managers, staff and engineering personnel)

belong to the union , not because of any "closed shop" rules or atti-

tudes, but because it is generally considered unfair (and consequently

a "disgrace") to be covered by the union contract and not belong to

and support the union. Because almost all employees belong to the one

Shipbuilding Union which covers almost the whole shipbuilding industry,

there is no fragmentation between yard workers. Unlike U.S. yards,

where each craft is represented by a different union, Japanese workers

identify with a single entity representing all crafts. This tends to

consolidate the union memebers and alleviates much of the competition

and disagreement between local unions. This situation also encourages

unity rather than separatism within the crafts themselves. Japanese

workers identify with and show allegiance to the shipbuilding industry,

the shipbuilding union and to the company for which they work. This

is in contrast to U.S. workers who identify first with their particular

craft, the local craft union, the larger national union and then to

the company.

The Japan Confederation of Shipbuilding and Engineering Workers

Union (Japan ZOSEN JUKI ROREN) is the major shipbuilding industry

union in Japan. This union represents the workers of all major ship-

building companies and negotiates at the national level with the col-

lective body of companies owning shipyards throughout the country.

The Shipbuilding Union is tied into the Japanese Confederation

of Labor, which oversees all union movements in the country and attempts

to uniformly develop each sector of union involvement in the society.
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Each year three major negotiations are held by the union and the

companies involved in shipbuilding. These negotiations are referred

to as the yearly '*struggles" and are programmed to accomplish definite

objectives at each meeting. The Spring Struggle concerns wages and

some fringe benefits; the Sumner Struggle is primarily concerned with

the establishment of the yearly bonus (which is considered by the Union

to be a part of the basic wage of each worker); and the Fall Struggle

is concerned with yearly labor agreements, improvement of working con-

ditions, and personnel welfare programs. Cost of living increases

are negotiated twice a year,in. the Spring and again in the Summer.

Many of these negotiations are conducted through a unified "struggle"

of all union-organized industries. Many of the benefits discussed

out by the company's Labor

elsewhere in.this,report 'are therefore universal throughout Japan.

On the local company.level, union activities are largely carried

Relations Department. This department is

ility to administer the union contracts

,that all requirements of the contract are

charged with the responsib

within the yard and to see

satisfied by the company. 

T R A I N I N G  

As in all other.aspects of the shipyard, training. in IHI is

-highly systematized with thoroughly developed curricula and courses

for new employees and for .further education and refresher courses

for those with longer tenure with the company.

Since the curtailment of hiring brought about by the shipbuild-

ing recession in Japan, almost all'apprentice programs have been sus-

pended. However, continuing education of the workforce is considered
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a vital part of the shipyard process and is inherent in every new ship-

building program.

All new employees are thoroughly trained or indoctrinated into

their jobs by means of several structured curricula. New employees

are ranked according to the level of education completed and are re-

quired to take whichever training program parallels their formal ed-

ucation and the job for which they were hired.

All Middle School Graduates are initially trained in three basic

. functions upon entering IHI - welding, gas cutting and crane signaling.

This training is accomplished within the first two to three weeks

after hire. A thorough indoctrination in safety is also given all

new employees.

Subsequent to the training in welding, burning and crane signal-

ing the employee is assigned to a work group where "on-the-job" train-

ing begins. Because of the work group organization and the fact that

work groups are relatively permanent and have a fixed location and

routine, the integration of new employees is extremely smooth and

does not adversely affect the productivity of any single group.

Additional training is provided on a formal basis for new em-

ployees depending on job skill requirements. The formal training

program for these personnel is divided into either a two- or a four-

year course.

As with the Middle School Graduates, High School Graduates are

given two or three weeks of basic training in welding, burning and

crane signaling. However, this training is a part of a four-month

training course that.is not nearly as extensive as that given Middle

School Graduates.
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All University Graduates are hired by the Head Office in Tokyo

where they spend the initial two weeks of their employment. Upon

assignment to a shipyard these employees spend two weeks in the yard

training school followed by two months in one of the yard's production

departments. Subsequent to this training the employee is assigned to

the shipyard section mutually agreed upon by the employee and the

company.

Personnel who do not fit the above categories are given a one-

month course in the shipyard training school after which they are

assigned to a yard section requiring unskilled or semi-skilled workers.

IHI considers that the entire workforce is constantly engaged in

a program of continuing education and training which provides increas-

ing opportunity for learning and promotion within the company. The

majority of training occurs "on-the-job" through the gradual improve-

ment in knowledge and skills provided by the interaction with one's

work group and with the older and more experienced employees. The

requirement for training subordinates exists at every level of the

organization and this training is carried out assiduously by super-

vision and management personnel.

APPLICATION TO U.S. YARDS

The Japanese personnel-oriented system is one method for serving

the best interests of both workers and management. Japanese concepts

of private enterprise differ significantly from those of most U.S.

firms in other respects also. In order to apply the "personnel-

oriented" system of the Japanese, an American firm would have to re-

align not only its way of doing.business but also its philosophy with
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regard to the objectives of the enterprise. Profit would have to be

relegated to a position subordinate to the welfare of the people of

the firm and to the quality of the product. This basic change in

philosophy may preclude the successful adoption of the Japanese ap-

proach in the minds of many American businessmen. It should be real-

ized, however, that Japanese corporations are nonetheless profitable

and that their management practices, while radically different from

those of U.S. corporations , may in fact be conductive to increased

rather than reduced profits.

Aside from this basic philosophical difference, the principal

obstacles to the application of the Japanese personnel system to U.S.

shipyards are the attitudes extant between management and labor

(unions), and the employee attitudes prevalent in U.S. industry, both

of managers and workers. These attitudes can be vastly ameliorated

by the introduction of many of the elements characteristic of the

Japanese personnel system: full implementation of the Japanese system

is however, impossible under the prevailing labor movement precepts

in the U.S. In this regard, an attitude of mutual objectives and co-

operation, similar to that of the Japanese, would have to develop

between American labor and management both of individual firms and

eventually of the whole industry.

Irrespective of labor/management attitudes, several aspects of

the Japanese personnel system can be instituted in U.S. yards. For

example: the IHI production organization or pieces of that organiza-

tion is amenable to adaptation to a U.S. yard. Those organizational

elements having to do with the production workshops, especially the
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use of "Staff" groups and the organization into production stages of

fabrication, sub-assembly, assembly and erection, are readily adapt-

able to any shipyard. This would, of course, require a reorganization

and reorientation of the traditional U.S. concepts of Production Plan-

ning and Control activities and, if not carefully controlled, could

cause some disruption of work in process. If this reorganization was

attempted, the Japanese system of planning, scheduling and productione

control would necessarily have to be at least partially instituted.

In the area of Benefits, U.S. firms can initiate some activity

aimed at increasing the concern of the company for the employees and,

hopefully, improving the image of the company in the eyes of its em-

ployees. The reciprocality of this activity would be improved labor/

management relations , more identity with and allegiance to the company,

and possibly a more stable workforce because of this allegiance. Im-

proved productivity would be a natural and a necessary by-product of

these positive attitudes.

Some of the benefits most amenable to adaptation are:. Bonus

Programs (i.e. congratulatory/condolatory/retirement or possibly in-

centive-type); longevity pay scales; improved eating facilities; and

provision of work clothing.

Extending these benefits into the area identified by the Japanese

as Personnel Welfare Programs, U.S. yards can adopt some of the more

intensive safety and sanitation methods; an extensive environment

program to improve -general yard working conditions; provision of em-

ployee recreational facilities ; improved in-yard medical and dental

care; housing programs; and other similar programs obviously oriented
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toward the welfare of the employees.

Finally, the institution of a system whereby workers can be al-

located to a fixed work station and work group is an important and

achievable aspect of the Japanese personnel system that can be adapted

to U.S. yards. This is a difficult and far-reaching undertaking for

a yard not already organized by work station (for performance of cer-

tain types of work, albeit by different personnel). The many benefits

deriving from the assignment of permanent work groups to a single

location concern employee identity, skills improvement, use of routine

or "mass production" techniques, accurate individual and group per-

formance measurement, and the eventual development of firm estimating,

cost control, and scheduling parameters. The institution of this

"work group" system would require considerable change to the traditional

centralized planning and control system, to the production/facility

systems or practices should enhance U.S. shipyard performance The

institution of any single aspect of the Japanese personnel system

should yield positive results in terms of personnel satisfaction with

the company and identity with the company, and should therefore en-

hance the productivity of the workforce as a whole.

Every feature of the Japanese shipbuilding industry's approach to

industrial relations has its return in improved productivity. Many

of these features have.direct applicability in U.S. shipyards. Given

utilization system, and to the manpower allocation system utilized by

most yards.

Overall, the adaptation of any of the above personnel-oriented

a positive and cooperative attitude on the part of both shipyard
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managements and shipbuilding unions, there is every reason why many

of these features should be adopted in U.S. shipyards, to the mutual

benefit of stockholders and employees.
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