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FOREWORD

In Japan the word takuto is used when referring to inplenentation of integrated
schedules for different types of work such as inherent in shipbuilding. Takuto is
derived fromthe German word taktstock which means baton. In the takuto concept
the principle operating manager of a shipyard is envisioned as a conductor who
control's many musicians to insure the same tempo. Gven that schedules for differ-
ent types of shipbuilding work are integrated and based on ranges of variation for
processes in statistical control, anyone being ahead of schedule when building ships
becones as detrimental as an orchestra member who exceeds the prescribed tenpo

Just as a conductor, in realizing a nusical conposition, directs a change in tenpo,
the principle operating manager, e.g., when adopting an inproved work method
directs changes in tempo (updates schedules). For both the music conductor and the
manager, the overriding need is to mmintain integration.

But, unlike an orchestra conductor, who in the extreme mght apply a little
“taktstock” on the head of someone as a remnder to nmintain tenpo, in the takuto
concept, controls for insuring adherence to schedules are decentralized. Schedul es
are organized in tiers so that daily-schedule lapses are apparent to workers, weekly
to imediate supervisors, hi-weekly to the next level of supervision, and so on.
That is, for each lapse the organization of schedules prompts a reaction by a level of
supervision commensurate with the seriousness of the situation.

The control responses are: transfer of man-power fromwork flows that are ahead
of schedule to those that are behind, use of overtime, and obtaining assistance from
subcontractors. O these, the first alternate is the most effective and also the nost
dependent upon some degree of trade flexibility.

The nmethods described herein are those devel oped by |shikawajim-Harim
Heavy Industries Co., Ltd. for controlling shipyard workloads. By adaptation they
are applicable to other shipyards which enploy product-oriented manufacturing
syst ens.
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1.0 | NTRCDUCTI ON

A schedul e which is developed in
phases is far nmore effective than a
schedule which aftenpis a [evel of de-
fail _beyond the progress of desiqn.

Prerequisites for scheduling that
result in high perfornmances by produc-
tion processés and constant inprove-
ments in a scheduling system are:

0 accurate information of material vol-
une (total materials required) cor-
responding with each level of design
devel opment,

0 a system for first assessing all
materials required in large groups
or units and, as each design phase
devel ops, for refining all material
requirenents into snall groups or
units,

0 statistically acquired paraneters,
based on past performances, which
associate man-hours normal [y required
with each material group or unit so
as to accurately predict work vol une
(material volume x paranmeter = work
vol une),

0 tinel)(_ preparation of draw ngs, mate-
rial lists and purchase order speci-
fications,

0 effective material management systens
for material procurenent and marshal -
ing per schedules, and

0 Procedures for workload |eveling and
or regulating the rate of work.

A traditional system work breakdown
is inmpractical for applying the first
three of the above prerequisites.

Syst em by-system approaches involve
difficulties in estimting work vol une.
Production supervisors in” charge of
different systens are, to a large de-
gree, left to coordinate anong them
selves. Each supervisor is relatively
uni nformed beforehand of other super-
visors! work that will take place in
the sanme region at the same tine. As a
consequence, work is characterized by
conpetition for access and rework
without corporate know edge afterwards
of the problens encountered. Mscharges
of labor man-hours for work performe
are prevalent. Mterials and man-hours
are not sufficiently related.

A product approach permits the prin-
cipals of Goup Technol oglzy to be ex-
ploited. Wrk packages classified by
zone/ probl em areal/ stage are envisioned
even as contract design starts. Prob-
lens inherent in the Tnplenmentation of
such work packages, i.e., producing
distinct interim products (parts, Sub-
assenbl i es and assenblies) on produc-
tion lines, are nuch nore apparent

bef orehand. Wrk perforned which was
classified by problens, regardl ess of
interimproduct differences, is readily
anal yzed by statistical nethods. The
anal yses constantly direct nanagers,
supervisors and workers to the most
imediate problens. Also, the anal yses
keep current for future work, the pa-
raneters needed for accurately relating
materials to required man-hours.



While there may be other solutions to
the problem of estimating work vol umes
for different end ﬁroduc s, this publi-
cation describes the methods applied by
I shi kawaj i ma- Harima Heavy |Industries
co., Ltd. f[HI)_Wmch is a world |eader
in the application of a product work
breakdown structure for constructing
ships, particularly one of a kind, and
for sinultaneously constructing end
Eroducts other than ships. Thus, the
| exi bl e- Production Scheduling System
(FPSS) described herern 1s conpatibple
wth earlier publications which de-
scribe other aspects of IH's manufac-
turing approach. [1]

1.1 Logic and Principles

As conpared to other manufacturing
endeavors, shi p%/ard operations are
unique. Contracf design is regarded as
a vital part of the manufacturing pro-
cess and the tine between contract
award and delivery for each end product
is set at an opti'mum duration in order
to achieve the |owest overall cost.
Particularly as conpared to automobile
and home appliance mnufacturing, where
design and naterial definition are
conpleted before sales efforts begin,
most design details of shipyard end
products are not known until a consid-
erable period after contract award.

Rel i ance is. placed on,Productlon
engineers devising a build strategy in
time to guide the start of contract
desi gn. subsequent design phases
produce more know edge, reliance is
Blaced on phased refinement of the

uild strategy until a level is reached
where production engineers provide tac-
tical requirements that are to be in-
cluded in the final design products
literally work instructions per zonel
area/ stage. Mst of the work so classi-
fied is readily performed as orPanlzed
work flows. Thus, reliance is also
placed on production lines (also called
process lanes or work flows) which
anticipate tiers of interim products

classified by problem categories in-
stead of design simls.rities. The pro-
cess lanes are divided into distinct
work stages as shown in Figure 1-1.
Ideally, the facilities for such work
flows are arranged so that minor flows
support major flows with mininal need
for transporting interim products from
sites where they are conpleted to sites
where they are heeded.

_Enphasis on organizing material in
like manner with™ commensurate refine-
ments as design phases unfold, sinpli-
fies scheduling. This approach con-
trasts remarkably with traditionalists
who schedul e without evidence of work
volume scientifically derived from ma-
terial volume. Their only option is to
produce detailed production schedul es
usmP mostly information that was
available from the onset. Such sched-
ules, based on insufficient and inac-
curate inputs, are a significant reason
for é)roductlwty staPnatlon. They are

jnsufficient to requ ate.{)rgfess fl ows.
n-hour Tosses aré& inevitable.

Ef fective schedules are also based on
best known work nethods, work ﬁropesses
in statistical control (i.e., having
predictable and repeatable outputs),
and integration. Thus, schedule accur-
acy rmﬁna It hat worlk is being execlut ed
er schedule, not late or not early.
uch shipyard schedules, ITKe airlrne
schedul es, require exact conpliance. |f
departure is too early, would-be pas-
sengers are left behind. If flight tine
is Tonger than schedul ed, passengers
are late. If any aspect of ship con-
siiruction proceeds too fast or too
slow, integration is lost and costs
rise. Schedules are ineffective unless
they reflect expected ranges of varia-
tion for work processes performing
normal ly, i.e., work processes in sta-
tistical control. In other words,
schedul e accuracy neans that both re-
quired man-hours” and time durations are
known beforehand. Statistical control
is essential. Effective schedules are
made on the basis of certainty. [2]

o et Nl o oo b %108, PRl el &7 0" AT MGERL: Y G5 80! i %ana FACHE N

'

May 1983", “Design for Zone Qutfitting - Septenber 1983", “Pre-Contract Negotiation of Technical
Matters - December 1984”, “Product Oriented Material Management - June 1985", and “Shipyard Organi za-

tion and Managenent Devel opment - Cctober 1985".

LZ] For a discussion on statistical control, see Page 50f the NSRP publication “ProcessA nalysisV ia

ccuracy Control - Revised August 1985".
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Achi eving certai ntY i nvol ves consi d-
eration of accuracy level, flexibility

range afd i.nIJ.IP_L%_ta.LLfan_' qf schedul es”
ﬁa‘g%Te =21 rates the conceal of
accuracy |level which primrily addres-
ses reducing daily man-hour consunption
wi thout shortening production duration.
Flexibility range is illustrated in
Figure 1-3 which shows normally distri-
buted man-hour variations per work
packages of the same classification
that when averaged yield the same man-
hour total scheduled per nonth. Figure
1-4 enphasizes the need for a schedu-
ling system to integrate design and
mat erial procurement activities with
production activities in a shipyard
mast er schedul e. The schedul es for all
such activities must be coordinated.
Subgroups within each activity must
coordinate with each other and with
corresponding subgroups of the other
two activities.

FPSS enpl oys a statistical approach
and integrates activities such as pro-
duction planning, scheduling and engi-
neering, design, material procurenent,
and production and achieves high quali-
t%/ schedul es. Successful inplenentation
of FPSS requires support, see Figure
1-5, as follows:

0 application of Frame Schedul i ng
Method (FS14)

0 coordination by Integrated Hull Con-
struction, QutTiTTing and Painiing
(THOP) Scheduling _and_Tracking,

0 operation by Decentralized Produc-
tion Planning, Scheduling, and Engi -

neering, and

0 assurances for On-Schedule Availabil-
ity of Information _and Resources
work instructions, manpower, nate-
rial, facilities, etc.). [3]

The sugport el ements are described in
Chapter 2.0. Their effectiveness is
directly related to the degrees of
achi eved modul arization and standardi-
zation, not only for raw materials and
finished conponénts but also, for in-
terim products, production process

| anes, design procedures and docunenta-
tlton, material managenment procedures,
etc.

1.2 Consistency in the O ganization of
VOrk, People and FPSS

The organization of any type of
scheduling system of work and of peo-
ple should be on the same basis for
maxi mum ef f ectiveness. Also, work vol-
umes should be hierarchically organized
and should be assigned tines and dura-
tions level by level. This consistent
division is prerequisite for manpower
al locations by groups that are also
hierarchically organized and managed.

~For exanple, when welding replaced
riveting a product work breakdown be-
cane natural and hull blocks evol ved.
Eventual 'y, some shipbuilders recog-
nized blocks and prerequisite subassem
blies and parts as products. They aban-
doned system orientation as they rea-
lized that further productivity gains
were dependent upon adopting a hierar-
chical organization of people special-
ized along product |ines.

1.2.1 PWBS and FPSS

FPSS will not operate well without
arall el devel opment of a Product Wrk
reakdown Structure (PWBS). PVBS pro-
vides for separation of work hierarchi-
cally so that nunerous interim products
are planned as needed to construct an
end product. In the Zone Qutfitting
Method (ZOFM), for exanple, each inter-
improduct is regarded as a work (Eack-

age for which assorted materials (re-
gardl ess of systen) are narshal ed per
a specific material” list of fittings

M.F) in order to conprise a “pallet”.
'?hus)the terns work rTgcka € alTet and
M.F are used synonynously as hey each

represent outfitting workK associated
with a particular zone/area/stage. [4]

[3] As of January 1986, computers are enployed in |H shipyards for calcul ating
to accurately rel'ate materials to man-hours.” Scheduling per”se is performed manu

the paranmeters needed
ally.

M{] An effective PWBS consistent with Figure 1-1 and the FPSS described herein is described in the

i onal Shigpuildi ng Research Program (NSRP) pu

Decenmber 198

blication “Product Wrk Breakdown Structure - Revised
Therein, particular note should be made of Figures 1-6 through 1-13 which describe the

hierarchical manufacturing |evel s accompanied by product classifications for the Hull Block Construc-
tion Method (H%%F,MZone tfitting Method (ZOFM, Zone Painting Method (ZPII1), and Pipe Piece Family

Manuf act uring
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A sequence of stages is a process

lane. A pnr*l--un'n of a lane, i.e a few

L2iiT e =alle, 1:C.,

work stations, contiguous in a process
lane or across process lanes can be
grnnnpd as a process yard. For example,

leupe a ploGess jallls I Cad P?=CS;

for produc1ng a curved panel the work
stations for collecting resources, fit-
tine 1.u='|rH~ng, and f‘-n'nqhwno r\nm’nr'lqp a

Villpy woTilllll Al 1 1ULSI12AEF CGOIPpISP

process yard organized w1th1n a process
lane. Grouping the marking & cutting

stations for built-up 'n;n"‘l' internal

part, and part for flat panel is an
example of a process yard organized

across prnﬁnqq lanes. Theoreticallv.

alliVss 10CesS aSITS s cATLITC L0y

each yard is managed by a foreman and
each station is managed by an assistant
foreman. Based on a foreman's exper-
ience, shipyard size and workload, a
foreman may be assigned more than one
vard. Qf course, a very experienced

yard. Of course experienced
foreman can superv1se more process
yards than a recently appointed fore-
man.

f




1.2.3 Oganization of People

Wil e process lanes are organized to
match the nature of interim products,
the same organization and the process
ard concept serve for budgeting man-
ours.

The left side of Figure I-6 shows the

for making and controlling man-hour
budgets, allocating and |eveling man-
power, monitoring nan-hour consunption
and production progress, and eval uating
productivity.

A conpatible grouping of design in-

formation for predicting material vol-
ume, and of course work volume, is very
necessary. Such grouping of infornmation
is facilitated by a form of product
organi zation of ‘design people which
mat ches production’ product organi za-

organi zation of production acti.vitities
in a typical |H shipyard when shi T

bui I ding activities péaked, circa 1974.
It describes an organization which

mat ches a hierarchical division of work
by problem categories. There is no

single production departnent. Instead, tion; see Figure 1-7. Otherwise, devel-
because they each address an inherently opi ncI; process lane work instructions
different type of work, there are sepa- and The information needed for a FPSS

rate departnents for hull construction, is difficult.

outfitting and painting. Each depart- , o

ment is subdivided into fabrication Another inportant prerequisite for
and .assernbly Sections which are FPSS is a hi Ph degree of coordination
pri marlﬁy specialfzed by problem cate- bet ween peopl'e who are concerned with
gory. For exanple, within the hull interim products of the various manu-
construction department there is a facturing levels. For exanple, in both
separate shop for part fabrication and the Hull™ Structural Design Goup and
separate sections for sub-block assem the Hull Construction Departnent, coor-

bly, block assenbly, and erection. [5] dination is needed between |evels
o o o i.e., parts fabrication, sub-block as-
Slmlarl¥] within the outfitting de- senbly, block assenbly and hull erec-
artment there is a specialized shop tion.

or pipe-piece fabrication and separate
sections tor assenmbly work per various
regions of a ship. e shops and sec-
tions are subdivided into process yards
and relate to process lanes as previ-
ously described. Mst process yards
involve several trades.

1.2.4 Cost Center System and Produc-
fTon_ O ganization

The Cost Center System (CCS) for Man-
power Cost Classification should match
product organized process |anes. As
. . shown in Figure 1-6 which is not de-

Shops and sections are, in effect, tailed below the shop/section |evel,
separate factories each of which pro- nearly all costs are derived from pro-
duces a specific product line. The cess flows, i.e., per problem area.
wor kers and their assistant foremen , ,
collectively, the foremen, and the shop Note should again be made that Figure
managers are He_nerallsts to the degrees I-6 is a representation of an IH ship-
required by their product lines. Pri- ard organi zati on when workl oads in
rrar?; focus”is on man-hours per product, a%anese shi pyards peaked in about
rather than man-hours per trade. Thus, 1974. In the "decade follow ng, comen-
the right side of Figure 1-6 shows nman- surate with the shipbuilding recession
hour costs prinmarily collected by pro- and a 45% work force reduction, paint-
cess flows (problem areas). ing was abolished as a departnent and
. . _ _ organized as a section in the outfit-

The hierarchical product organization ting departnment. Sub-block assenbly and
facilitates a standardi zed schedul i ng bl oCk assenmbly were assigned to a sin-
framework within which each level is ?Ie section manager, and subsequently,
controlled b¥ a level above whjile being he separate hull construction and
responsi bl e Tor producing a unique and outfitting departnents were conbined
nore definitive schedule. Each Ievel into a single production departnent.
al so has responsibilities and authority

[5} As noted in the NSRP publication “Product Wrk Breakdown Structure - Revised December 1982", the
different types of work, due to inherent differences, are hull construction, outflttln?, and painting.
Each is subdivided by “fabrlcatlon" and “assembly”. Painting is rationalized as assenbly work (,0| ni ng
a pigment to a surface is regarded as an assenbl’y process). In IH shipyards this distinction also
aPplles to the organization of %god.uctlon peopl e. hOPS deal with fabrication such as the manufacture
of hull parts and pipe pieces. Sections are responsible for asaembly work onfy. Shop has the connota-
tion of a fixed work place. Section rnplies flexibility and TOVEmERt to wherever work is to he

performed. The distinction iS used throughout this publication.
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FIGURE 17: Product Organization. A product organization for design and a matching product organization for production, as shown, are necessary to
effectively exploit Group Technology in shipyards. In lieu of being specialized along functional lines, people are specialized by product. Each
organizational entity becomes expert in solving fabrication or assembly problems for hull construction, deck, accommodation, machinery, electric, or
painting (H, DAME, P). For warships, the organization shown is supplemented with a Weapons Design Group and a corresponding Weapons

Outfitting Section.

For budgeting and cost monitoring
purposes, the organization of process
lanes remains unchanged except for the
introduction of new technology. Despite
the massive contraction, the shipyard
organization by process lanes still
matches the product work breakdown
structure. Should there ever again be a
shipbuilding boom, the existing organi-
zation of process flows is the base
upon which the production organization
could expand.

The organization shown in Figure 1-6
remains applicable as long as require-
ments exist for large numbers of inter-
im products of varying designs, i.e.,
as long as Group Technology is justi-
fied. But, fewer managers and supervi-
sors are required as work loads dimin-
ish. Those who remain, in a way, occupy
"multi-hat" jobs as they have to think
separately in behalf of each type of
work to achieve production planning,
scheduling, and engineering suitable
for IHOP. For example, the manager for
a single production department would,
to some extent, be acting as if simul-
taneously in charge of separate depart-
ments for hull construction, outfit-
ting, and painting.

10

The fewer fabrication-shop and assem-
bly-section managers would also have
such multiple responsibilities. Each of
the fewer foremen would have jurisdic-
tion over more process yards and, per-
haps, each assistant foreman would be
assigned more than one work stage.
Regardless of the fewer people involved
in management and supervision, the
organization of work at the lowest
level would continue to match the prod-
uct work breakdown and the FPSS would
continue to be most effective.

CCS, being product (zone) oriented,
not system oriented, readily yields
production progress and productivity
indices as given in Figure 1-8. Bach
Cost Center Code identifies manpower
charges for a number of the same class
of work packages (products) completed
per unit time and separately totaled
for each production management level,
i.e., assistant foreman, foreman, fab-
rication shop or assembly section mana-
ger, department manager and shipyard
manager.
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FIGURE I-8: Indices for Monitoring Man-hours Spent, Progress and Productivity. MHR: man-hour. UT: unit time. WT: weight. Wp: a parametric
length for welding which takes into account weld size, type and position. Parametric-component WT: weight of only fittings for which the ratios
WT/UT and MHRS/WT remain almost constant. The indices for Pipe Piece Family Manufacturing (PPFM) are applied separately to each flow lane.
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2.0 FPSS SUPPORTING ELEMENTS
2.1 TFrame Scheduling Method

The Frame Scheduling Method (FSM) is
the key for applying a Flexible Produc-
tion Scheduling System (¥FPSS).

"Frame" as used herein means to en-
close as if in a border. Thus, the
matter which constitutes design in its
earliest phase can be examined in a few
relatively large frames. Ipso facto,
rough quantification of material volume
and, through application of parameters,
rough quantification of work volume are
simultaneously framed.

At the beginning, frames are large
with relatively vague matter enclosed.
As a design develops in phases, frames
are subdivided until the matter con-
tained within each subdivision, being
subjected to more and more attention,
is sufficient in detail to be an accur-
ate reflection of required work. The
few large frames containing relatively
vague information, the more numerous
intermediate frames enclosing more de-
seriptions, and the many final frames
containing accurate details, represent
a hierarchical breakdown.

Usage of the term time frame is com-
mon. But, as described in the foregoing
the terms material frame and work frame
are algo valid.

Figure 2-1 displays the sequential
flow involved in FSM. FSM's progress
phase by phase is from the biggest and
"roughest" frames which address pro-
jects for the coming two or three years
(Shipyard Master Schedule), to the
smallest and "finest™ frames for acti-
vities on specific days (Daily Work
Schedule). When an improvement, such as
the introduction of a new machine,
justifies changing a schedule, the
schedules above and below in the hier-
archy, as well as coincident schedules,
are changed as appropriate. Schedules
always maintain their linkage in the
hierarchy.

Where statistical accuracy control is
commanded, nominal improvements in work
methods occur almost on a daily basis.
While one improvement might not stimu-
late a change in a higher tier sched-
ule, the cumulative affects of more
than one could provoke a change even in
a master schedule. [1]

[1] In IHI, because statistical accuracy control (4/C) clearly identifies how work processes are
performing and most problems as being common to management's system, workers submit an average of one
beneficial suggestion per person per month. This extraordinary suggestion rate results in bit-by-bit
methods improvement virtually on a daily basis. As the cumulative affect is significant, upper tier
schedules are frequently revised and marketing people are notified accordingly.

13
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FIGURE 2-1: Scheduling Sequence. Arrows designate scheduling that must be integrated with the IHOP and Design Schedules.




Figure 2-2 is a tabulation of differ-
ent Tevels of frames for:

0 design,
o material definition”, and
o nman-hour allocation.

“Wth regard to Figure 2-3 which Far-
ticularly displays the hierarchica
nature of FSM

0 Each shop/ section schedule shown is

for a specific ship, T.e., they
are made ship by ship and shop/sec-
tion managers are responsible for
their preparation. Each applies to a
relatively long period, usually 6
months for hulT construction and 12
months for outfitting, and is updated
every 2 months for hull construction
and ‘upon conﬁletlon of material lists
bY syst ens &LLS) and a?aln.upon com
pletion of F for outfitting. For
outfitting, an initial shop/section
schedul e Ts based on the known nate-
rial volume after pallets are defined
on atransition drawing, i.e., after
systens and zones are interrelated.

|

[

It is used for estahlishing materia
procurement and drawi ng isSue sched-
ules and, afterwards, Is updated with
the material volunes of defined pal-

| ets. Each shop/section schedule in-
di cates:

a shop's/section's key nilestones

work periods for each summary unit,

work vol umes by nunber of workers
per craft, and

nunber of workers per craft for
each 10 working days.

0 A monthly schedule applies to work to
be performed for all ships b% a
single process yard during the con1ng
1% nonths for hull construction and
months for outfitting. It is sone-
times called a yard schedule such as
for an on-unit outfitting yard, on-
block outfitting yard, and on-board

outfitting yard. A nonthly schedul e
is the responsibility of a foreman

15

The work volunes for each nonthly
schedul e are calculated from the
paranetric conponent weights which
appear on the MF associated with
each pallet. Mnthly schedules are
updated every 2 weeks for hull con-
struction and nonthly for outfitting
Each indicates:

a process yard's detailed mle-
st ones,

work periods per pallet,
pal l et work vol unes, and

nunber of workers Per craft for
each 5 working da%;. As shown in
Figure 2-2 the scheduling process
starting at a large frame (master
schedul & level ), Continues to week-
|y schedules for which assistant
foreman are responsible. Daily
schedul es are the concern of work-
ers and are usually not formally

pr epar ed.

Al schedules are coordinated with
each other and are the basis for asses-
sing progress during a weekly neeting
of ‘each ‘shop's/section's production
engineers and, sonetimes, forenmen. Act-
ing for the shop/section manager, pro-
duction engineers redjstribute man-
power, authorize specific amounts of
overtime, assign surplus work to sub-
contractors, and update schedules, if
necessary with carry-over notations as
shown in Figure 2-3.

Figure 2-.4 shows an FSM | ogi ¢ nodel
It iTlustrates how to

0 imagine work franes,

0 group work frames in large sunmmary
units, and

0 sequence and schedule work franes

Wrk from lofting to final painting
are each represented as a large work
frame plotted against a tine frane. As
nore concrete work instructions are
devel oped, subdivisions of these franes
to represent subordinate schedules as-
sure their coordination.



MATERIAL DEFINITION

MANHOUR ALLOCATION

ACTIVITIES
DESIGN
LisT GROUPING BY SCHEDULE GROUPING BY
FRAME ZONE AND FRAMES AND
LEVELS SYSTEM FRAME GROUPS
LARGE BASIC MLB — DAME MASTER —EKLD
— 4 DIGITS * —H,0P
MEDIUM FUNCTIONAL MLS -~ DAME/ SHOP OR — FRAMED ZONE
PURCHASE SECTION — PROCESS YARD/
ZONE SHOP OR
— 4 DIGITS SECTION
SMALL TRANSITION PALLET
DEFINITION
WORK INSTRUCTION MLF — DAME/PALLET MONTHLY — PALLET
MLP — 9 DIGITS/PIECE — F-GROUP
MLC NO.
WEEKLY — PIECE/PALLET
— AF-GROUP
H - Hull Construction F - Foremen

F - Start Fabrication
K - Keel Laying

L - Launching

D - Delivery

O - Outfitting
P - Painting

AF - Assistant Foremen

MLB - Material list prepared during basic design which is used for preparing a Budget Control List.

*# At this level, estimates and counts of all required materials are grouped system by system and described by at least the first four of a nine-digit material code.
That is, all materials are accounted for at least by material classes and estimated quantities.

FIGURE 2-2: Frame Levels Relative to Activities for Qutfitting.
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FIGURE 2-3: Logic of the Frame Scheduling Method.




2.2 Integrated Hull Construction,
QUtT1ITTing _and Painting (iHop)
Scheduling _and _Tracking _Qperati on

IHOP requires great cooperation be-
tween all shipyard functionaries. Hull
construction désign and production en-
gineers are required to have under-
standing of outfi tlpg and pai ntlmg
needs. ~Integrated planning 'Is achieved
by discussion, trade-offs and ultinmate-
'y mutual consent. The overriding goal
iS an increase in productivity for "an
entire _shipbuilding system" {2]

Integration of the Zone O.I_tflttlnﬁ
Met hod™ (ZOFM and Zone Pai nting Method
f(ZPT into the production processes
or the Hull Block Construction Method
(HBCM necessitates coordination of
their” scheduling and tracking opera-
tions as shown in Figure 2-5.

Wth simultaneous reference to Fig-
res 2-4 and 2-5, note is nmade that

ull block erection work is schedul ed
irst (Figure 2-4 shows that the Ipyra-
md method will be used and the bl ock
next to the forward engi ne-room bul k-
head will be the first to be erected).
Afterwards, other work, including out-
fitting and painting, Is scheduled
before and after the schedul ed erection
of each block by noving backward and
forward in time respectively and within
the large franmes designated.

—S5C

Tracking operations are conducted at
weekly meetings simlar to that de-
scribed in Part 2.1.

2.3 Decentralized Production Planning,

Schedul 1 ng, and ENngl neering

2.3.1 Decentralization

Decentralized production planning,
scheduling and _engineering Is verP/_
practical for FSNand | schedul i ng
and tracking. At the same time decen-
tralization promotes so-called top-.
down/bottomup and lateral information
interchanges in a tree-structured net-
wor k. Production engineers and ot her
pl anni ng, scheduling, and engineering
staff functionaries having real re-
sponsibilities at every level, are
readily able to:

0 plrepare realistic integrated sched-
ul es,

0 anticipate production realities,
e. P , manpower and facilities avail-
abl'e, progress ahead or behind sched-
ule, etc., and

0 regulate process flows to insure
their coordination and confornmance
with higher tier schedul es.

Production pl anni n% and engi neering
functions, specifically including
scheduling, are decentralized. People
having such responsibilities are dis-
tribufed as shown in Figure 2-6. The
Production Control Department shown in
Figure 2-6, acting for the Shipyard
Manager, is responsible for maintainin
the Shipyard Master Schedule (to -down?
and for “providing information (bottont
up) about resource availability which
permts corporate headquarters to main-
tain a Shipbuilding Division Mster
Schedul e.

Simlar top-down/bottomup, plus |at-
eral, information exchanges take place
at each of the succeeding levels, 'i.e.,
bY departnments’, shops', “and sectionsl
pl anni ng, scheduling, and engineering
staffs, and bK foremen and assi stant
forenen. At the highest levels, strate-
Plc information is exchanged. At the

owest levels, the information ex-
changed is tactical in nature.

2.3.2 Consistency of Oganization and
Schedule Levels

Figure 2-7 illustrates a typical
organi zation breakdown and consistent
schedul es for each of the follow ng
level s:
shi pyard,
depart nent,
shop,
foreman (F-group),

assistant foremen (AF-group), and

O O o o o o

wor ker .

~In accordance with the decentraliza-
tion of responsibility, each level has
certain authority to 'schedule as noted
in the right side of Figure 2-7. \What
appears to be illustrated on the |eft
side of the figure is a hierarchical
organi zation simlar to the organiza-
tion charts of many bureaucracies. But,
at each level theré is scheduling au-
thority in addition to other pro-
duction ﬁl anning and engineering author-
ity. Each level prepares its own sched-
ule within the %I ven framework provided
by the next highest schedule.

[2] “Integrated Hull Construction, Qutfitting and Painting - My 1983", NSRP, p.2.
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SHIPYARD

I

PRODUCTION
CONTROL
DEPARTMENT

HULL CONSTRUCTION

DEPARTMENT

PLANNING, SCHEDULING,
AND ENGINEERING STAFF

i

OUTFITTING AND
PAINTING DEPARTMENT

| PLANNING, SCHEDULING,
AND ENGINEERING STAFF

DECK AND MACHINERY ELECTRIC PIPE PAINTING
ACCOMMODATION FITTING FITTING FABRICATION SECTION
FITTING SECTION SECTION SECTION SHOP
I 1 I !
PLANNING,
SCHEDULING,
— AND
ENGINEERING STAFF
[ I I
UNIT ON-BLOCK ONBOARD
OUTFITTING FITTING OUTFITTING
FOREMAN FOREMAN FOREMAN
! I ’
) —
ASSISTANT ASSISTANT ASSISTANT ASSISTANT
FOREMAN FOREMAN FOREMEN FOREMEN
WORKERS WORKERS WORKERS WORKERS

FIGURE 2-6: Decentralized Production Planning, Scheduling and Engineering. Boxes designated by bold lines indicate where production planning,
scheduling and engineering responsibilities are delegated. Big facility changes are studied at the department level. Staff or field engineers at the

shop/section have charge of many functions, e.g., budgeting man-hours and material, scheduling, production engineering, etc.
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ORGANIZATION STRUCTURE

FIGURE 2-7: Consistent Organization Structure and Scheduling Flow. Both are decentralized in accordance with the same concept.
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2.3.3 Tree-Structured Network
Organi zation

Per framed orders that come down
through the tree-structured organiza-
tion, each worker reports progress
behind or ahead of schedule, To an
aosi sant forenen. Such reports are
used by assistant foremen to update
weekl y” schedul es. |f sonethln% coul d
delay the start of work at a Tollow ng
stage of the work flow, the assistant
foréman reports to a foreman. The |at-
ter coordinates with other forenen
updates a nonthly schedul e and/or, when
necessary, reporfs to the production
engi neer-in-charge. The latter coordi-
nates with other engineers-in-charge
and if the delay affects a shop/section
schedul e, reporfs to the shop/section
manager who woul d coordinate with other
shop/ section nanagers. Coordination
takes place anong people at the same
| evel as_well as UP and down between
levels. The tree-structured network, as
shown in Figure 2-8, operates like
casting fishnets of different meshes
Nets from small to large nesh "catch"
probl ens of "sizes" that are commen-
surate with the resolution authority
that exists at each |evel

2.4 n-Schedule Availability of
Informafion_and Resources

Fron1preParat|on of a build strategy
before contract award, until the star
of work in response to the last work
Eackage, successful inplementation of
PSS i's dependent upon tinely inforna-
tion and resources such as:

0 drawings and other end products pre-
pared by designers,

0 manpower avail abl e,

0 facilities including jigs and tools
and

0 materials including interim products

Ormission or late preparation of any
one, disrupts efforts by producti oh
engineers to achieve effective analyses
decisions, inmplementation, control and
f eedback.

Untinmely availability of information
and resources require ‘schedul e changes
which, for a particular level, could be
beyond its resolution latitude or even
the resolution latitude of the next
hi ghest level. Continued delays or an
accumul ation of such delays cause esca-
[ation to higher schedule levels and
ul'timately postponement of a ship's
delivery.” Coordination of lowtier
schedul es is necessary even for support
activities by design and material nana-
gers.

The various lead times, in addition
to manufacturing lead tines, for a
material procurenent exanple are shown
in Figure 2-9. Such lead tines also
apply 'to required information and other
resources

The need for reliable schedule inputs
al so enphasi zes mh¥ shipyard managers
have to deal with Tewer suppliers with
whom they have relatively great experi-
ence. Adopting a limted nunber of
vendor catalog itenms (about three per
functional requirenent) as shleard
standards with reliabl'e schedu |n%
data, anong other prerequisites, has
been found by |eading shipbuilders to
be nore effective than selection of
material s based on |ow bids only. [4]

Qobviously, the various production

| anning and engineering staffs which

ave scheduling responsibilities have
to standardize and systematize their
activities in concert with design and
material managers. Figure 2-10 Shows
the necessary informafion flows that
are required to produce integrated
schedul es that truly predict how work
will be perforned.

[3] The %gsten1is supported by a human-oriented organization to facilitate participation by al
e

menbers.
Quarterly, publishe

e “Strength and Weaknesses of Japanese Managenent”, by Jiro Tokuyam

by The Association for Overseas Techni csl Schol ar shi ps, Tokyo, Summer 1985, pp. 6

Kenshu, The AOTS

[4] The same philosophy is given from a material mnager's point of viewn “Product Oriented Mate-
rial Managenent - June 1985"," NSRP, p.3, and froman accuracy control engineer’'s point of viewin

“Process Analysis Via Accuracy Control

- Revised August 1985", NSRP, p.8.
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FIGURE 2-8: Tree-structured Network Organization. Each entity on every level is connected upward, downward and horizontally.
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3.0 SH PYARD MASTER SCHEDULE
3.1 Cenera

~ The shipyard manager controls the
integration of production schedul es
with design and material procurenent
schedul es.” This coordination function
ia vital. Further, the shipyard nmanager
controls the delegation of authority
per managenent level, i.e., departnént
shop/ section, foreman, and assistant
foreman. As the most effective Wa% to
mai ntain such controls, usually the
next senior nmanager in the shipyard is
assigned as the head of the production
control departnent who reports directly
to the shipyard manager as shown in
Figure 3-1. "In practice the heads of
the Hull Construction, CQutfitting, and
Pai nting Departments (or the head of
the Production Departnent) report to

t he Shlp{grd Manager through the Pro-
duction Control nager.

“An additional prerequisite for effec-
tive control is assignnent of purchas-
ing, subcontracting and material con-
trol responsibilitres to the production
control department as also shown in
Figure 3-1. Imediately acting for the
shlpyard manager, the “production con-
trol " manager readily balances top-Ievel
allocations of mterials and man-hours
with schedules. [1]

So organi zed, the shipyard manager
assisted by the production contro
department ~produces a shlﬁyard mast er
schedul e which consists of:

° long-term schedul es and assessments
for the future with a manning plan

° specific ship schedul es based on
| . and

0 design and material |ead-time assess-
ments for schedule integration

A5|de.fron1be|n? the top-level frame
from which lower Tevel frames are de-
rived, the shleard master schedule is
used for establishing sales' goals and
keeps the top manager apprised of re-
quirenments for manpower and facilities
relative to contracts in hand and to
contracts contenplated in a sales plan.

Wthin the production control depart-
ment, the production control section is
responsi ble for actually preparing and
mai ntai ning the shipyard master sched-
ule for the shipyard manager. The pur-
chasing and subcontracting section con-
tributes by performng material pro-
curenment research and maintaining files
of up-to-date and reliable materia
lead-times as required for master
schedul i ng.

[1] The linkage of purchasing, material control and scheduling responsibilities also facilitates
open-end | abor subcontracts with delegation of triggering action to shop/section managers. Wen it
becomes apparent that subcontractor assistance is needed to insure schedule adherence,” a shop/section
manager is not encumbered with bureaucratic procedures. Labor subcontracts are entered into and
managed by the shops/sections. They are processed through the Purchasing Section only as a formality

This is consistent with each shop/section beinP

i ndependent factory specialized along product

cost per system

“a clear-cut cost center, i.e., the (
: ct lines. This agaln illustrates the singular benefit of a
product organization, i.e., preoccupation with cost per pro the

the equivalent of an

uct rather than of tenti mes amor phous



8¢

SHIPYARD

MANAGER
LABOR SAFETY PRODUCTION QUALITY
SALES TRAINING AND
RELATION DEPARTMENT CENTER SANITATION CONTROL CONTROL
SECTIUN DEPARKITMENI VUEPARTMENTI"
SECTION
PRODUCTION PURCHASING MATERIAL
AND CONTROL AND
gONTROL SUBCONTRACTING WAREHOUSE
SECTION SECTION
iHOP PLANNING
AND ENGINEERING
SHIP PRODUCTION SHIP REPAIR
DEPARTMENT DEPARTMENT
MNalaantinn AF Drincinag 1 Qrthadnling Ennatianae Dald linac indisnta nranni 3 havineg + H I sohodnling finatiang ncoionad hoy tha Chingaed AMannsae
‘J\tl\«&“\l‘-’ll LA llll\/lyﬂl L‘\rll\f“ullll& AU UILIIED AR LG D AL ALY UPL RCRIBAZARINTLLD 1AV llls Fl lll\rlyﬂl ;\Mll\uulllla AVIINVUIVELD 03“.‘&\.‘\-\-\ vy i \Jllly)'ﬂlu l‘lﬂllﬂ?c‘.ln




ISSUE DATE
SHIPYARD NAME:

SHIPYARD MASTER SCHEDULE

2 | 3
|

i

n
L

12

220 0/

11

le—

10

32|B/C

- -— —

XXXX

H= = —
\D

12

1

180 B/C

10

L - —

o (XXXX

{xxxx)

3

Y conT

800 "

XXXX)

\ DELIVERY CONTRACTED

—e
DELIVERY SCHEDULED

o

B

HIP'S OWNER
{DELETED HERE}

XXXX
CONTRACTED
TO BE CONTRACTED
{INCLUDING EXPECTATION)

D
L
Vi
A

SHIP SIZE UNIT: 1000 DWT

60 B/C (2787}
SHIP NO*
SHIP TYPE

LEGEND: 1)
K \

2)

D
A4
3) 4-——-@———-—

Fan
o

169 B/C

XXXX

29,

1
B%

xxxx}

32 B/C

v

Fany
2

12

1

KJ 32 BIC

S

1600 "%V CONT {xxxx)| .
-
/

10

200 "5V CONT

{xxxx)

Fany

_A
29

{xxxx)

1600 T5Y CONT {xxxx)

Faut
L7

15

2387

A

27
16007V cONT

45 {B/C (xxxx)

A
28

Shipyard Master Schedule.

(xxxx

|7
15

{xxxx

45[B/C (xxxx)

{xxxx

1600 ™ CONT | bocxx
——]

—l
.

pock¥| 4

No. 1

No.2 fixxxx

FIGURE 3-2

N
(]

._.:m:n_.nm_m:_ cmma zwmﬁm*mo:ma.c_m
shown in Figure 3-2, appears very sim
le. But, the sinplicity is decelving
ecause Its preparation requires inte-
gration with Mn-hour Cunulative Sched-
ules (S-curves) and with lead tines for
major material itens, and deliberate
consi derati on.

Figure 3-3 shows the various inter-
ests that are involved in maintaining a
shipyard master schedule. This schedul e
must “ be maintained by a shipyard nmana-
ger so as to constantly advise corpor-
ate managenent and the” shi mﬁﬁa..m vari -
ous managerial staffs of the shipyard's
current and future capacity for normal
performance of work.

~ For master scheduling, great enphasis
is placed on the shipyard managerls
functions during narketing efforts.
Prograns for contracts not yet awarded
are the ones that involve unknown fac-
tors for which the shi UW\QS manager
must plan and make calulated risk deci-
sions. There is great need for con-
sultations with managers of production,
roduction control (purchasing sec-

ion), sales, and design in order to
assess department capacities, the mate-
rial market, and other relevant factors
such as the worldwi de nmarket for ships
of various types.

When a contract is awarded and as
nmore information becomes available,
responsibilities for devel opment of
finer and smaller frame schedules are
assumed by the hierarchical organiza-
tion. The Shipyard Manager, through the
Production Control Department, nonitors
to insure that such subsequent prepara-
tion of schedules conforms with the
shipyard master schedule, schedules are
consistent with each other, and that
schedul es are being inplenented. The
Shipyard Manager, through the Produc-
tion Control partment, insures that
timely measures are taken at reasonable
costs to prevent del ays.

In order to achieve such operations,
emphasis is placed on Man-hour Cumul a-
tive Schedules for coordination and
decision making. At this frame level,
the schedul es should be based on sta-
tistical data of past performances and
shoul d be accurate. O course, special
attention is given to drawing issue and
material delivery dates for Tcritical
i tems.
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DESIGN PURCHASING MANAGER PRODUCTION

DESIGN
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(PERIODIC)
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LEAD TIME
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* MAN-HOUR
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FIGURE 3-3: Shipyard Level Scheduling Sequence. The Major Material Lead Time Schedule is updated daily. Th_e a.sterisks designate two blocks
which are actually the same activity. The bottom block so designated simply represents added effort when a new ship is ordered.
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TIME WORK VOLUME INDICATION
RESPONSIBILITY
SCHEDULE PERIOD UPDATED SUMMARY UNIT SUMMARY PERIOD PARAMETER
SHIPYARD SHIPYARD/ DEPARTMENT MANHOUR
MASTER 6 YEARS | EVERY SHIP NO., MONTH CUMULATION ({DESIGN,
SCHEDULE 3MONTHS (CONTRACTED HULL CONSTRUCTION,
{PERIODIC) AND SCHEDULED) OUTFITTING, PAINTING) SHIPYARD
BETWEEN AND MAJOR MATERIAL MANAGER
MAIN MILE- LEAD TIME
STONES (FABRICA-
TION START, KEEL-
LAYING, SLIDING,
LAUNCHING,
DELIVERY)
SHIPYARD
MASTER 6 YEARS | EVERY NEW —~DITTO — - DITTO - - DITTO —- —DITTO -
SCHEDULE ORDER (IN-
(NEW ORDER) CLUDING
PROBABILITY)
FIGURE 3-4: Details of Scheduling at Large Frame Level.

At the earliest phase for which a
schedule is required, there is rela-
tively little design and material in-
formation. Establishing a fine-frame
schedule is nonsense as it would be
unreliable. Schedule deviations would
become routine. Initial schedules are
practical only when they are large
framed and realistically based on his-
tory. Further, only large-frame sched-
ules are needed during the earliest
phases of ship construction.

The Shipyard Manager updates the
Master Schedule periodically and when-
ever a contract is awarded in order to
be able to quickly and accurately re-
spond to future inquiries. During nego-
tiations for and upon award of a con-
tract, the Production Control Depart-
ment acting for the Shipyard Manager:

o collects and coordinates all depart-
ment cumulative man-hour schedules
and pajor-material lead-time sched-
ules,

o gives a feasible delivery date to the
sales department to be used for nego-
tiating a contract delivery date,

o assigns fabrication start, keel lay-
ing, and launching dates on the
shipyard master schedule for each
contract awarded, and
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o approves all department cumulative
man-hour schedules and major-material
lead-time schedules.

Within the frames so established and
limits needed for coordination with
other departments, each department acts
freely in a solemn agreement to honor
start and finish dates.

Figure 3-4 describes the frames at
the level of a shipyard master sched-
ule, i.e., the frames which are of the
largest sigze. ’

3.2 Shipyard Master Schedule

(Periodic)

Periodic preparation of a Shipyard
Master Schedule (Periodic) is per the
flow shown in PFigure 3-5. The master
schedule is derived periodically from
the production schedule and serves for
planning the shipyard's future pro-
duction strategy. The format used, as
shown in Figure 3-2, facilitates inser-
tions and deletions as new orders and
marketing prospects materialize.




ACTION TAKEN: EVERY THREE
MONTHS

* MIDWAY DESIGNATES THE MIDPOINT

ON A CALENDAR BETWEEN FABRICATION
START AND DELIVERY.

REFERENCE

® STATISTICAL S-CURVES

® STATISTICAL MAN-HOUR CUMULATIVE
SCHEDULE WITH MAN-HOURS AVAILABLE
PER MONTH FROM:
—HULL CONSTRUCTION DEPT.
—OQUTFITTING DEPT,
—PAINTING DEPT.

® STANDARD LEAD TIMES FOR MAJOR
MATERIALS

INPUT

—

@ DATES IN 10 DAY INCREMENTS DEFINING
SIGNING OF CONTRACT, FABRICATION START,

KEEL-LAYING, LAUNCHING, DELIVERY,
AND MIDWAY*

® BUDGETED MAN-HOURS FOR HULL
CONSTRUCTION, OUTFITTING, AND

PAINTING BASED ON PRELIMINARY
ESTIMATES

PROCE DURE

SHIPBUILDING MASTER SCHEDULING
{PERIODIC)

©® CHOOSE THE BEST FITTING S-CURVE

| © MODIFY THE S-CURVE FOR A SPECIFIC SHIP
© ACCUMULATE MAN-HOURS PER MONTH

© COMPARE WITH MAN-HOURS AVAILABLE
© CHECK MAJOR MATERIALS LEAD TIMES

© CHECK FEASIBILITY

COORDINATING

® ADJUST DATES FOR SIGNING CONTRACT,

AND DELIVERY, OR

® INCREASE MAN-HOURS AVAILABLE BY
OVERTIME AND/OR SUBCONTRACTING

FABRICATION START, KEEL LAYING, LAUNCHING

SCHEDULE
POSSIBLE
?

AIMS

@ TO DEFINE DATES IN 10 DAY INCREMENTS FOR
SIGNING

LAYING, LAUNCHING AND DELIVERY FO

SHIP CONTRACTED AND EXPECTED TO BE
CONTRACTED

THEIR MAN-HOUR CUMULATIVE SCHEDULES

NEGOTIATION

FIGURE 3-5: Shipyard Master Scheduling (Periodic).

CONTRACT, FABRICATION START, KEEL-
§ EACH

©® TO COORDINATE AND INTEGRATE PRODUCTION
AND DESIGN SCHEDULES IN ACCORDANCE WITH

OUTPUT

SHIPYARD
MASTER SCHEDULE

-
L

TO: DESIGN
PURCHASING
HULL CONSTRUCTION
OUTFITTING
PAINTING
SALES

® TO PRESENT PRODUCTION STATUS FOR SALES

DISTRIBUTION
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3.2.1 Prerequisites

The prerequisites for a shipyard
mast er schedule are the:

° hull construction,
pai nting man-hour
schedul es,

outfitting and
cunul ati ve

° deaign man- hour cumul ative schedul e,
an

° mpjor-material lead-tine schedule.

3.2.2 Procedure

a. Choose the S-curve nost adaptable to
the specific ship and adjust it as
necessary to achieve a best fit.
Distribute the budgetary man-hours
|m)nt hd by nmonth per ‘the S-curve se-
ect ed.

h. Redraw the S-curve to fit the man-
hours avail abl e.

¢. Add the man-hours of all S-curves
for each month in a given period
as shown in Figure 1-2.

d. Conpare the nonthly accunulated man-
hours with the man-hours available
at the shipyard.

e. Check na{o_r long-lead time nmaterials
to ascertain whether they can be
delivered in time to meet need dates
in production schedules. If sone
are not going to be available in
time, the need dates nust be nodi-
fied accordingly. Oherwise, the
schedul e is not” feasible.

Steps a. through d. determine the
capacity of the shipyard in a large
frame sense. Thef/. could be elimnated
fromthis scheduling level if the nas-
ter schedules of each departnent were
of high quality. Then, they could sub-
stitute for the shipyard S-curve.

3.2.3 Coordinating

If a schedule is found to be infeasi-
ble, the dates for fabrication start,
keel laying, launching, and delivery
are nodified to match realistic produc-
tion and material delivery dates. Adja-
cent schedul es for other ships are
adjusted within ranges that pernit
recovery of any incurred delays. If not
possible, the matter is referred to the
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Shipyard Manager as the only alterna-
tive left is to increase the availabil-
ity of manpower through the use of
overtime work and/or ‘subcontractors.

3.2.4 Issue, Updating and Recovery

Mast er schedul es are issued frequent-
'y enough, every three months and upon
receipt of each new order, so that
revisions are not normally required. No
provision is made for recovering delays
In inplenentation since master sched-
ules are not intended to be used for
control of actual work, |f sonething
unexpected delays a mlestone such as
keel laying, recovery for delivery as
scheduled I's attenpted on |ower activi-
ty schedul es.

3.3 Shipyard Master
(New O der)

Schedul e

Preparation of a Shipyard Master
Schedul e (New Order) is per the flow
shown in Figure 3-6. The purpose of
this schedul’e is to coordinate all
pertinent operations when a new order
Is likely to be awarded. \Wen the oc-
casion coincides with a periodic issue,
the periodic issue is omtted.

Preparation involves inserting the
ke% dates for the new order in the
schedul e and adj ustln% key dates for
projects already in the schedule as
necessary to acconmodate work for the
new order. Adjustnment of an existing
schedul e can be done much faster than
preparing a new master schedul e.

An essential aim of the Shipyard
Master Schedule (New Order) is'to
quickly provide the new workload status
for the sales department.

3.3.1 Prerequisites

The ShiI-FYard Manager requires the
Design, Hull Construction, Oth.IttIn%
and Painting Departnents to verify that
their man-hour cumulative schedules are
realistic. In turn, the departnents
require sinmlar checks by their shops/
sections. Such active participation in
the schedulln? operation by the people
directly involved in inplenenting
schedules contributes to awakening
their interest and sense of responsi-
bility for adhering to schedul es.



3.3.2 Procedure

a. Check the S-curve used in the peri-
odic schedule. If necessary replace
it with a nore suitable cufve.

h. Revise the cumulative nonthly nan-
hour requirenments taking into ac-
count the nan-hours avallable. If
necessary adjust the man-hour accum
ul ations for ships adjacent in
the schedul e.

¢. Conpare the total cumulative nonthly
man- hour requirenents with the man-
hours available. In doing this,
check the man-hour accunulations for
each department against the sum for
its shops.

d. Check the need dates and lead tines,
including lead times for prePar ation
of purchase specifications, for cri-

tical nmajor materials.
e. Verify that the Shipbuilding Master
Schedul e (New Order? thus deter-
m ned:
is realistic,

aut horizes the individual man-hour
cumul ative schedul es Prepa[ed by
the Design, Hull Construction,
Qutfitting and Painting Depart-
ments, and

includes the Purchasing Section’s
major nmaterial lead time schedule.
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Steps a. through c. finalize a ship-
yard master schedule for a new order by
specifying key dates in a large frane
sense. The process does not include
checks of the detail schedules which
w1 control individual shops.

3.3.3 Coordinating

If the checking process discloses
that the lead times for critical mjor
material s are not being accomodated the
following action should be taken:

° adjust the dates of keel laying,
| aunching and delivery, or

° increase the man-hours available by
arranging for overtinme work or for
subcontract ors.

3.3.4 |Issue

A Shipyard Master Schedule (New
Order) iS issued when a new order is
received or is immnent, or when a
special request is received from the
sales department. Updating is routinely
acconpl i shed by the Shipyard Master
Schedul e (Periodic). If Something unex-
ected delays a mlestone such as keel
aying, recovery for delivery as sched-
uled I's attenpted on |ower activity
schedul es.

Updating and Recovery




ACTION TAKEN: ON OCCASION BY

REQUEST

* MIDWAY DESIGNATES THE MIDPOINT

ON A CALENDAR BETWEEN FABRICATION
START AND DELIVERY.

REFERENCE

® STATISTICAL S-CURVES

® SHIPBUILDING MASTER SCHEDULE (PERIODIC)

® MANHOUR CUMULATIVE SCHEDULE WITH
MAN-HOURS AVAILABLE PER MONTH FOR:
~~HULL CONSTRUCTION DEPT.
— OUTFITTING DEPT.
— PAINTING DEPT.

©® STANDARD LEAD TIME FOR MAJOR MATERIALS

reenad

COORDINATING

® ADJUST DATES FOR KEEL LAYING, LAUNCHING,
AND DELIVERY OF SHIPS CONCERNED, OR

® INCREASE MAN-HOURS AVAILABLE BY SUB-
CONTRACTING, OVERTIME, ETC.

AlM

® TO REPLACE DATES FOR: SIGNING OF CONTRACT,
FABRICATION START, KEEL LAYING, LAUNCHING,
AND DELIVERY FOR A NEW ORDER AND ADJACENT

SHIPS IN SCHEDULE

® TO MAKE A REALISTIC SHIPYARD MASTER
SCHEDULE

® TO PRESENT DATA FOR CONTRACT NEGOTIATION

FIGURE 3-6: Shipyard Master Scheduling (New Order).

INPUT

—

©® DATES IN 10 DAY INCREMENTS OF:
SIGNING OF CONTRACT, FABRICATION
START, KEEL LAYING, LAUNCHING AND
DELIVERY, AND MIDWAY*

©® BUDGETED MAN-HOURS FOR HULL
CONSTRUCTION, OUTFITTING AND

ffsl][QTING BY DATA IN BUDGET CONTROL

SHIPYARD
PROCEDURE + ‘\AANAGEMENT)

SHIPBUILDING MASTER SCHEDULING
{ NEW ORDER)

® CHECK THE ALLOCATED S-CURVE FOR

“PERIODIC ') AND IF NECESSARY, REPLACE IT
WITH A MORE SUITABLE ONE

©® RE-ACCUMULATE MAN-HOURS PER MONTH

® COMPARE WITH MAN-HOURS AVAILABLE

® CHECK CRITICAL MATERIAL LEAD TIMES
@ CHECK FEASIBILITY WITH DEPT'S

SCHEDULE
REALISTIC
?

OUTPUT

SHIPYARD MASTER SCHEDULE

L

DISTRIBUTION

TO: DESIGN
PURCHASING
HULL CONSTRUCTION
QUTFITTING
PAINTING
SALES

35




4.0 HULL BLOCK CONSTRUCTI ON METHOD

~Hul'l construction schedul es are key
instrunents because they also influence
the effectiveness of OUthttInP and
painting operations, Necessarily, pro-
duction” engineers who have hull” con-
struction responsibilities have to have
know edge of and assunme a degree of

| eadership for outfitting and painting
during the ﬁre aration of integrated
schedul es. Hull construction schedul es
must be based on sound |ogic because
they conprise the framewofk upon which
design, material procurenent, outfit-
ting, and painting people base their
commtments to a master schedul e

A hul'l construction schedul e which
attenpts to optimze only hull con-
struction processes is sure to entai
sacrifice of efficiency in the other
departments. Such losses nore than
offset the purported hull construction
ﬁaln and eventually jeopardize even the

ull construction schedule. Thus, the
Shi pyard Manager insures that other
d|SC|F[|nes are represented during the
establishment of a hull construction
schedule. An effective tool for ensur-
ing the necessary coordination by the
diverse participants is the Flexible
Production Scheduling System (FPSS)

4.1 rgani zation

Figure 4-1 shows an organization in
which hull construction production
pl anni ng, schedul i ng,

) and en ineerin?
responsibilities aré distributed at the
Fhlﬁyard, department, and shop/section
evel's.

Wthin the Hull Construction Depart-
ment, schedul es are produced |evel by
l'evel for creating long-, medium, anhd
short-term schedul'es for work flows
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thicaIIy organized as in Figure 1-1
They are used for:

defining time franes,
allocating man-hours,

° tracking, i.e., determning when
specific flows are ahead or behind
schedul e

adLustin for recovery of tinme franes
schedul ed, and

° obtaining reliable feedback for both
produ0|n% better schedules and im
proving the scheduling system

In accordance with the principle of
decentralization, people at each |eve
have authority to act and further dele-
Pate. They péeriodically or occasiona-

|y comunicate with and/or report to:

° their peers in other departments, and

° People in levels above and bel ow.

As shown in Figure 4-1 the Hull Con-
struction Departnent is organized to
match the zone/ probl em arealstage clas-
sifications that reflect a product work
breakdown. For all work other than hul
erection, the various trades needed to
produce products of a particular clas-
sifications are grouped under a single
foreman (F-group) per the process yard
concept. In contrast, the erection
section is grouped,by trade because

rocess yards are inpractical. There-
ore, when coordinating erection acti-
vities for several ships, a prime fac-
tor is coordination of the output of
the process yards. This different
grouping of workers entails different
schedul 'ng net hods.
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FIGURE 4-I: Mode! Organization for a Hull Construction Department.




4.2 Franme_ Schedul i ng Mt hod

Hul | Construction Department sched-
ules are pregared in the sequence shown
in Figure 4-2. Wthin frames prescribed
for It e various |evels,
eve

peopl e at each
, pregare schedul es as tabulated in
Figure 4-3. As shown in Figure 4-2, the
Man- hour Cumul ative Schedules (Periodic
and New Order) are needed for preparing
a Shipyard Master Schedule and for
governing lower-tier schedules.

Sone traditional schedule flows are
sequenced as shipyard naster, produc-
tion control and production execution
schedul es and seem at first sight, to
follow the sequence shown in Figure
4-2. But, the concepts of man-hour
accunul ation and backward “scheduling
are Tacking. Backward scheduling means
starting wth the required conpletion
date of an operation and obtaining man-
hour requirenents from statistica
anal ysis of past performances in order
to schedule a start date.

For hull construction, backward
scheduling utilizes the date of erec-
tion of each block as a date to be held
firmand from which to count backward.
Time frames are allowed for painting,
on-block outfitting, block assenbly,
sub- bl ock assenbly and parts fabrica-
tion, Such backward scheduling with
man- hour accunul ations elimnate super-
fluous time periods between activities.
Then, interim products flow so as to
occupy workers and facilities wthout
intermssions. Elimnating interms-
sions is necessary for avoiding waste-
ful loss of time during production.

The sizes of frames for hull sched-
uling are presented in Figure 4-3. The
changes in sizes fromlarge to small as
design and material definrtion pro-
gretss, represents scheduling refine-
nent .

As design and material definition
rogresses, that which is enconpassed
y a frame is_described by its parane-
tric weight. The weights are trans| ated
into required man-hours by conversion
factors or paraneters thaf are specific
per shipyard, per frame level, and per
Interimproduct. Start dates are accur-
ately determined from required dates
with” due regard for man-hour accunul a-
tions. Traditional practice is to spec-
ify onI¥_ start and conpletion dates for
each activity. Starting dates pre-
scribed without minimzing the tine
reserved for each job, results in need-
less large tine intervals between ac-
tual conpletion of interim products and
their required dates for a follow ng
wor k process.
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Anot her shortcoming of traditional
scheduling is the use of the sane size
frames and sanme paraneters throughout
the entire scheduling process. The same
rule-of-thumb data iS relied upon de-
spite the fact that nore definitive
informati on becomes available as design
progresses. The resulting schedules are
Impractical and often have to be signi-
ficantly revised mdway in a project
with serious affect on a master sched-
ule. Such disasters are avoided by
constantly refining work volumes com
mensurate” with design refinenent.

The recommended scheduling procedure
described in the follow ng 1ncorporates
thet previously described Support ele-
ments, i.e.:

° Frame Scheduling Method (FSM,

° Integrated Hull Construction, Qutfit-
ting_and Painting (1HOP) Scheduling
and Tracki ng,

° Decentralized Production_ Planning,
Schedul ing, and Engineering, and

° Onp-Schedule Availability of
tion and Resources.

4.3 Man-Hour Cunul ative Scheduling
{(Periodic)

4.3.1 Ceneral

_The pertinent activity flow is de-
picted in Figure 4-4.

| nf or ma-

0

Pur pose:
to review the Shipbuilding Master

_ Schedul e from the standpoint of
man- hour availability, and

- to coordinate the overall man-hour
distribution between departnents.

° Prerequisites:
Shi pyard Master Schedule, and
ast records of the relationships
etween steel weight and production
man- hour s used.

° Frames

Subj ects treated: shi ﬂs (and end
roducts other than ships) con-
racted and expected to be con-

tracted.

Unit: department.

Period: nonthly, ideally for a
3-year span (rarket cirfcunstances

may preclude sufficient foresight
for 3-years ahead).



OTHERS SHIPYARD HULL CONSTRUCTION

DEPARTMENT
DESIGN SHIPYARD MAN-HOUR SHOP/SECTION
MAN-HOUR MASTER CUMULATIVE | MAN-HOUR
CUMULATIVE SCHEDULING SCHEDULING | CUMULATIVE
SCHEDULING (PERIODIC) (PERIODIC) | SCHEDULING
‘ l — (PERIODIC )
MAJOR SHIPYARD MAN-HOUR
MATERIAL MASTER CUMULATIVE
PROCUREMENT SCHEDULING SCHEDULING | MAN-HOUR
SCHEDULING (NEW ORDER) (NEW ORDER) | CUMULATIVE
SCHEDULING
(NEW ORDER)
CONTRACT AWARD
>— ERECTION SECTION
DESIGN. ERECTION
ACTIVITIES TIMING - SCHEDULING
SCHEDULING : I_EE
|  DEPARTMENT

PRELIMINARY HULL CONSTRUCTION
m":?ERRT,’mTT,M,NG SCHE‘SSEING ACTIVITIES TIMING
SCHEDULING SCHEDULING

| ERECTION SECTION
PRELIMINARY -
ERECTION
SCHEDULE
l SHOP/SECTION
DEFINITIVE SCHEDULING
IHOP
SCHEDULING
F-GROUP
MONTHLY
[ : SCHEDULING
AF-GROUP
IHOP
SCHEDULE WEEKLY
TRACKING SCHEDULING
WORKER
DAILY
SCHEDULING

FIGURE 4-2: Sequence for Hull Construction Scheduling. Numbers 1 through 3 indicate inputs of outfit scheduling of commensurate level.
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1%

TIME WORK VOLUME INDICATION
SCHEDULES
SUMMARY SUMMARY
PERIOD UPDATED UNIT PERIOD PARAMETER RESPONSIBILITY
DEPARTMENT 3 YEARS (DEPT. EVERY 3 MOS. FKLD/SHIP/ MONTH S-CURVE
OR SHOP/SECT. 15 YEARs( ) (DEPT.) DEPARTMENT DEPARTMENT
MAN-HOUR (SHOP/SECT.) EVERY 6 MOS. OR SHOP/ OR SHOP/ SECTION
CUMULATIVE : (SHOP/SECT ) SECTION MANAGER
SCHEDULE
HULL CONST. A SHIPBUILDING NOT GROUP OF NOT STATISTIC DEPARTMENT
ACTIVITIES PERIOD RELEVANT BLOCKS/SHIP RELEVANT DURATION MANAGER
TIMING
SCHEDULE
6 MONTHS EVERY INTERIM 10 WORKING —WELDING OP/SECTION
SHOP SECTION 2 MONTHS PRODUCT/ DAYS LENGTH SH A:{\NAGER
SCHEDULE SHIP/ (2 WEEKS) (ROUGH)
PROCESS YARD
MONTHLY 1.5 MONTHS EVERY INTERIM 5 WORKING —WELDING FOREMAN
PROCESS' YARD/ {1 WEEK) (ACCURATE)
STATION —NUMBERS
PER CRAFT
WEEKLY 2 WEEKS EVERY 1 DAY —~NUMBERS ASSISTANT
SCHEDULE WEEK g’;ﬂf,ﬁ'M PRODUCT/ PER CRAFT FOREMAN
YARD/STATION —WORKER
NAME
DAILY 1 DAY EVERY INTERIM PRODUCT/ HOURS —WORKER WORKER
SCHEDULE DAY SHIP/PROCESS NAME

YARD/ STATION

FIGURE 4-3: Details of Schedule Frames for Hull Construction.




ACTION TAKEN: EVERY THREE
MONTHS

REFERENCE

® STATISTICAL EFFICIENCY
® STATISTICAL S-CURVE

\ \

COORDINATING

® DATES FOR KEEL LAYING, LAUNCHING,
AND DELIVERY

® BUDGETED MAN-HOURS
® MAN-HOURS AVAILABLE

+ { DEPARTMENT

PROCEDURE AND SECTION )
MAN-HOUR CUMULATIVE
SCHEDULING
® BUDGETING

@ MAN-HOUR ACCUMULATING
® LEVELING MAN-HOURS BY MONTH

® BACKWARD LEVELING OF OVERLOAD

SCHEDULING

AIM

® TO CONFIRM THE SHIPYARD MASTER SCHEDULE

FROM THE VIEWPOINT OF MAN-HOUR
AVAILABILITY

® TO COORDINATE THE GENERAL MAN-HOUR
DISTRIBUTION BETWEEN DEPARTMENTS

FIGURE 4-4: Man-hour Cumulative Scheduling (Periodic).

OF DRAWING,
MATERIALS,
OUTFITTING AND
PAINTING
Ok ?

YEST

OUTPUT

MAN-HOUR CUMULATIVE
SCHEDULE (PERIODIC)

TO: SHIPYARD MANAGER
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- Variables specified:

4. 3.2 Procedure
° Budget Conpilation

type of ship
and hull-steel weight.

Estimating work volunes: For each
ship type, the shipyard maintains
inits historical file a plot of
man- hours required versus hull-
steel weight. Thus, the estimated
hul T-steel’ weight for a contem
plated ship is readily converted
Iinto estimted work volunme. As
simlar ships may not have been
built in the recent past, the ship-
yard nmanager nay judgenental ly nod-
| f Ithls work vol ume “in order” to
reflect

Man- hour

- Variables specified: percentages of
total man-hours required that are
estimated to be consumed at con-
It(ralct signing, fabrication start,
ee

current productivity.

Accumul ati on

Estimating work volumes for indivi-
dual frames: Distribute the re-
quired work volunes estimated,
month by nonth, along the S-curve
sel ect ed.

° Leveling

- Conparison between work vol ume and
man- hours avail able: Conpare the
work volumes estimted wth the
man-hours available which is de-
rived from the nunber of workers.
Record the discrepancies between
the two on a nonthly basis. The
manager of the Hull™ Construction
Departnent discusses the discrepan-
cies with the other departnent
managers in order to identify the
best possible renedies.

Measures for Leveling the Wrk Load:

The proposed sol utions which are
presented to the shipyard manager
coul d consist of any ‘conbination

of . advancement of part of the
activities which conprise work |oad
peaks (this requires careful co-
ordination with other departments

| aying, g] aunching and delivery.

as they would have to advance their
interface nilestones such as for
drawing issue and material availa-

bility dates), redistribution of
the work force, overtime work, and
additional work shifts.

4.3.3 Coordinating

° ltens

- Drawing issue situation, i.e, pros-

pect of receiving draw ngs as
schedul ed.

Mpjor material availability situa-
tion, i.e., prospects of receiving
major materials as schedul ed.

Reserving necessary work facilities
is not relevant at this stage.

Assessing the potential of other
production process lanes, e.g., for
?Utflttl ng and painting, opera-

i ons.

Coor di nati on

- Taking into account the foregoin

.3.4 Qutput
Qutput: See Figure A1

Timng: Every three nonths.

factors, advance activities on tﬂe
schedul e accordingly.

Data and Tinm ng
[1]

.3.5 UPdating and Recovery

Updating: Every three nonths.

Recover)(]: Upon issue of the schedul e,
every thre

e months, the man-hours

allocated are checked against actual
man- hours expended. The “bal ance of
allocated man-hours is determined and
an estimate is made of man-hours

r

equired for conpletion. If the re-

mai ning man-hours are insufficient

f

i

t

or the work remaining, in order to
revent delays, a request to revise
he budgeted man-hours is addressed
0 the Shipyard Manager.
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4.4 Man-Hour Cunul ative Scheduling
(New CUrder)

4.4.1 Ceneral

~The pertinent activity flow is de-
picted in Figure 4-5.

° Purpose
- to review and firmy confirm the

Shi pbui I ding Master “Schedule for a
sPecm ¢ ship from the standpoint
of man-hour availability.

° Prerequisites
Shipyard Master
Budget Control

° Franmes

Schedul e (Peri odic)
Li st

Subj ect treated:

Unit: departments and shops for
their respective levels.

a specific ship.

Period: each nonth from fabrication
start to delivery.

4.4.2 Procedure

The procedure is the sane as de-
scribed for Part 4.3.2.

4.4.3 Coordinating
° ltems

Drawing issue situation. In the
most serious sense, checks shoul d
be made concerning whet her drawi ngs
are likely to be Issued in tinme for
producti on.

- Mterial availability situation.
Mbst seriously, check whether steel
materials are likely to be avail-
able in time to start fabrication.

- Reserving necessary work facilities
is not relevant at this stage.

° Coordination

Advance schedul ed operations as
necessary.

4.4.4 CQutput

Qutput timing is on command from the
Shi pyard Manager.

Data and its Timng

4.4.5 Updating and Recovery

dating: Issued for every newy con-
° _H)actedgshi p. Not issued )I/f theytim

ing coincides with the issue of a Mn-

hour Cunul ative Schedule (Periodic).

o Recovery is sought on the Man-hour
Cunul ative Schedule (Periodic). See
Part 4.3.5.
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4.5 Tentative FErection Scheduling
4.5.1 Ceneral

Tentative erection scheduling could
be overtaken by prelimnary erection
scheduling if sufficent prerequisite
data is available at this stage. The.

ertinent activity flow is depicted in
igure 4-6.

° Purpose

to develop the activities timng
schedul es for the hull construc-
tion, outfitting and painting de-
part ments.

to informthe hull

. design office of
erection sequences.

to confirmthe time frame allocated
between keel laying and |aunching.

° Prerequisites
General Arrangenent
Machi nery Arrangenent
M dship Section
Prelimnary Block Arrangenent

° Frames
Subj ect Treated: Specific ship.
Frame Size: Several erection blocks
;rrg\rrTrgld as a group, i.e., a block

Time Period: Each day from keel
| aying to |aunching.

4.5.2 Procedure

° Determine the erection sequence on
t he (;Jrellmnary bl ock arrangenent
based on records of erection sequen-
ces employed for previously built
shi ps.

° Level the nunbers of block franmes to
be erected each week between keel
laying and launching with reference
to erection schedules for previously

buil't ships.
° Man-hour Cumulation is not relevant.
® Comparison with man-hours available
is not relevant.

4.5.3 Coordinating

This schedule sinply serves as a work
sheet for the preparation of prelinm-
nary schedul es. Coordination with the
schedul es of other departments is per-
formed on the prelimnary schedul es.



ACTION TAKEN: UPON EACH
NEW ORDER

REFERENCE

® STATISTICAL EFFICIENCY
® STATISTICAL S-CURVE

® MAN-HOUR CUMULATIVE
SCHEDULE {PERIODIC)

COORDINATING

PROCEDURE

® DATES FOR KEEL LAYING, LAUNCHING,
AND DELIVERY

® BUDGETED MAN-HOURS
® MAN-HOURS AVAILABLE

{ DEPARTMENT
AND SECTION )

MAN-HOUR CUMULATIVE
SCHEDULING
{ NEW ORDER)

® BUDGETING
® MAN-HOUR ACCUMULATING
® LEVELING MAN-HOURS BY MONTH

® BACKWARD LEVELING OF OVERLOAD

SCHEDULING

AIM

® TO CONFIRM THE SHIPYARD MASTER SCHEDULE
FROM THE VIEWPOINT OF MAN-HOUR
AVAILABILITY

® TO COORDINATE THE GENERAL MAN-HOUR
DISTRIBUTION BETWEEN DEPARTMENTS

FIGURE 4-5: Man-hour Cumulative Scheduling (New Order).

OF DRAWING,
MATERIALS,

OUTFITTING AND

PAINTING

oK ?

OUTPUT

MAN-HOUR CUMULATIVE
SCHEDULE ( NEW ORDER)

-

DISTRIBUTION
TO: SHIPYARD MANAGER
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ACTION TAKEN: IMMEDIATELY
AFTER CONTRACT
AWARD

REFERENCE

® STATISTICAL ERECTION SCHEDULE

AlM
® TO DEVELOP ACTIVITIES TIMING SCHEDULING
FOR DESIGN, PURCHASING, OUTFITTING, AND
PAINTING

® TO INFORM HULL DESIGN OFFICE OF
ERECTION SEQUENCE

® TO CONFIRM THE PERIOD BETWEEN
KEEL LAYING AND LAUNCHING

FIGURE 4-6: Tentative Erection Scheduling.

@ DATES FOR KEEL LAYING, LAUNCHING,
AND DELIVERY

® TENTATIVE BLOCK ARRANGEMENT

PROCEDURE +(ERECTION SECTION

TENTATIVE ERECTION SCHEDULE

©® DECIDE ERECTION SEQUENCE

® LEVEL NUMBERS OF BLOCKS ERECTED
PER WEEK

OUTPUT '

TENTATIVE ERECTION SCHEDULE

)

DISTRIBUTION

TO: SHIPYARD MANAGER
EACH DEPARTMENT
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4.5.4 Qutput Data and Tining
° Qutput: See Figure A-2.

° Timng: After signing of a contract.

4.5.5 Updating and Recovery

° Updating: Noupdating is performed
unl ess key mlestones, e.g., keel
aying and launching dates, are re-
vised before issue of the prelimnary
erection schedul e.

° Recovery is not relevant.

4.6 Hull Construction Activities
Timing__Scheduling

4.6.1 Ceneral

~The pertinent activity flow is de-
picted in Figure 4-7.

° Purpose

- for the hull construction depart-
ment to coordinate the activities
tlngng schedul e with other depart-
nents.

- to determine the starting and fin-
ishing points of frames and to
estimate their work vol umes.

° Prerequisites
Bl ock Arrangenent
Bl ock Assenbly Plan

Machi nery Arrangenent

0

Frames
Subj ect Treated: Specific ship.

- Frame Size: Individual activities
of the hull construction process
for each frame of bl ocks.

- Time Period: each span of 10 work-
days from keel laying to |aunching.

4.6.2 Procedure

0 Determining the work volumes of block
frames.

- Variables Specified: T?/pe of ship
and kind and size of blocks.

Estimating Wrk Volumes: For each
ship type and kind and size of
bl ocks, the shlpyard maintains in
its historical file a plot of man-
hours required versus. bl ock-steel
wei ght. Thus, the estimted bl ock-
steel weight for a contenplated
block is Teadily converted into
estimated work volume. As simlar
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bl ocks may not have been built in
the recent past, the Hull Depart-
ment manager may judgemental [y nod-
ify this work volume in order’ to
reflect current productivity.

° Deternining the starting and finish-
ing dates for assenbly and fabrica-
tion, and the deadline dates for
%iravw ng and material issues per block
rane.

Obtain erection dates per block
frame from the tentative erection

schedul e.
- Deternine the starting and finish-
ing for assenbly and Tabrication

per block frame, and the drawing
and material issue deadline datés
by backward scheduling from the
erection dates.

° Man- hour
vant .

accumul ation is not rele-

Conparison with man-hours available
is not relevant.

° Leveling is not relevant.
4 . 6 . 3

o

I[tems to be coordinated.

Drawi ng issue deadlines: Verify
that drawi ngs can be jssued by the
dates needed for fabrication.
- Material issue deadlines: Verify
that inportant materials can be
i ssued by the dates needed for
fabrication.

Reserving necessary work facilities
is not relevant at this stage.

- Qther ﬁroduct[on.process | anes:
Have the outfitting and painting
departments coordinate and finalize
the durations and tining they
require for outfitting and painting
on-unit and on-bl ock.

° Coordination

If the timng of any activities,
e.g., drawing and naterial issues,
are revised for any reason, all
ensui ng fabrication, assenbl,y,, out -
fitting, and painting activities
must be shifted accordingly and
sinultaneously in one stroke as
shown in Figure 4-8. Shifting spor-
adically, as is traditional prac-
tice, interrupts the work sequence
as illustrated in Figure 4-9. The
internmittent distribution of such
waiting periods |owers productiv-

ity.



ACTION TAKEN: IMMEDIATELY
AFTER CONTRACT
AWARD

REFERENCE

/ /

® STATISTICAL DURATIONS OF HULL
CONSTRUCTION

® ACTIVITIES PER PROCESS

COORDINATING

\ \ I

® DATES OF KEEL LAYING, LAUNCHING,
AND DELIVERY
® TENTATIVE ERECTION SCHEDI

LA e ~

PROCEDURE + { DEPARTMENT )

HULL CONSTRUCTION ACTIVITIES
TIMING SCHEDULE

® DECIDE CONSTRUCTION PERIOD FOR
EACH FRAME OF BLOCKS

® DECIDE ASSEMBLY AND FABRICATION
START AND FINISH DATES FOR EACH

FRAME OF BLOCKS

® SHIFT ACTIVITIES START AND FINISH
DATES

POSSIBILITY OF

AlM

@ TO PERMIT SHIPYARD MANAGER
COORDINATE ACTIVITIES TIMING SCHEDULES
OF OTHER DEPARTMENTS

-\ T/ NCEIAME TLE CTADT ANID £ 1
W I\ LTING 17IC 91ART ANWY T 1IN

FRAMES, AND TO ESTIMATE

FIGURE 4-7: Hull Construction Activities Timing Scheduling.

ISSUING DWGS. &
IMPORTANT MATERIALS
ON TIME

?

YES
QUTPUT

HULL CONSTRUCTION ACTIVITIES
TIMING SCHEDULE

.
L

DISTRIBUTION

TO: SHIPYARD MANAGER
EACH DEPARTMENT

EACH SECTION
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— [THH

UNASSIGNED TIME

F: FABRICATION
A: ASSEMBLY

O: UNIT AND BLOCK
OUTFITTING
PAINTING
ON? \ PE PRE-ERECTION
(G AND BLOCKASSEMBLY)

FIGURE 4-8: Shifting of Activities in FPSS. Normal performance of process flows is illustrated

FTT

N\
R
= N

FIGURE 4-9: Shifting of Activities in Some Practice. Interruption of process flows with waiting periods lowers productivity.
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4.6.4 Qutput Data and Timng
Qutput: See Figure A-3.

° Timng: A few days after the tenta-
tive erection schedule is issued.

o

4.6.5 Updating and Recovery
Updating: Not relevant.

° Recovery: Not relevant.
.7 Prelimnary Erection Scheduling

. 7.1 Ceneral

~The pertinent activity flow is de-
picted in Figure 4-10

o

IS

I

° Purpose

to develop prelimnary schedul es
for outfitting and painting.

to develop prelimnary [HOP sched-
ul es.

° Prerequisites
General Arrangenent
M dship Section
Hul |
Bl ock Arrangenent

Construction Key Plans

Machi nery  Arrangenent

Each departnent's activities timng
schedul e

lieight of each block (estimated
from hull construction key plans)

° Franes
Subj ect Treated: Specific ship.
Frame Size: Block or grand bl ock.

from

- Time Period: Each work day
laying (K) to launching (L)

keel

4.7.2 Procedure

0

Determne the final erection

sequence.

Determ ne the erection date for each

bl ock from work vol une;

No. of Blocks Erected/ Day =

Total No. of Blocks
of Working Days between K & L

of Blocks Erected/Day =

Total Hull Steel Weiaght
of Working Days between K & L

No.
Wi ght

No.

Level work |oad peaks for:

Nunmbers of blocks erected per day
Total weight of blocks erected per day

Conparison with man-hours available
is not relevant.

4.7.3 Coordinating

o

50

o

[tenms to be coordinated.

Drawi ng issue deadlines are not
rel evant.

Mat eri al
rel evant.

need dates are not

Qperating facilities are not
rel evant.

Timng for landing main machinery
é_maln engine, auxiliary boilers,
iesel geénerators, etc.).

Timing for landing superstructure.
Timing of main accessories (shafts,
propeller, rudder, steering
engl)ne, cranes, anchor chain,
etc.).

Coor di nati on

Reduce as necessary the allocated
durations of the different activi-
%;es which relate to block erec-
ion.

Modi f

- as necessary the sequence
or

bl ock erection.



ACTION TAKEN: II\II:\MEDIATELY
l

n>

SUE

REFERENCE

TER KEY PLAN

©® BLOCK ARRANGEMENT
® TENTATIVE ERECTION SCHEDULE
® STATISTICAL EFFICIENCY (NO. OF

1 ¢ DEClDEng( ERECTION DATE FOR

BLOCKS/ DAY and WEIGHT/DAY)
COORDINATING

© SHORTEN DURATIONS OF
ACTIVITIES

® SHIFT ERECTION DATES

AlM

® TO DEVELOP PRELIMINARY SCHEDULES FOR

OUTFITTING AND PAINTING

® TO DEVELOP PRELIMINARY IHOP SCHEDULE

FIGURE 4-10; Preliminary Erection Scheduling.

INPUT

—

® DATES FOR KEEL LAYING AND LAUNCHING
® WEIGHT OF EACH BLOCK

PROCEDURE + { ERECTION )

PRELIMINARY ERECTION SCHEDULE

® DECIDE DEFINITIVE ERECTION SEQUENCE
BY BLOCK

EACH B

® LEVEL WEIGHT TO BE ERECTED
PER MONTH

COORDINATE
THE TIMING OF MAIN
MACHI NgR%ELOADING

YES
QuTPUT

PRELIMINARY ERECTION SCHEDULE

L)

DISTRIBUTION

TO: SHIPYARD MANAGER
EACH DEPARTMENT
EACH SECTION




4.7.4 Qutput Data and its Timng
0 Qutput: See Figure A-4.

o Tinming: Inmediately after finalizing
hull Key plans.

4.8 Erection Section’ Scheduling,
4.8.1 General

~The pertinent activity flow is de-
picted in Figure 4-11

0 Purpose

- To devel op shop schedules for hull
construction assembly and fabrica-
tion and for deck, acconmodation,
machinery and electrical (DAME)
outfitting and painting operations.

- TIO develop a definitive IHOP Sched-
ule.

- To confirm the definitive erection
schedule and to develop a nonthly
schedul e and the nunbers of workers
required for erection.

0 Prerequisites

Erection joint |engths (meters)
estimated from key pl ans.

- Main mlestone dates supplied by
the Qutfitting Departnment for |and-
ing main machinery, shaft align-
ment, and keel sighting.

o Frames
Subj ect Treated: Specific Ship.
Frame Size: Gand Bl ock/ Trade.

- Time Period: Each Work Day from
Kto L

4.8.2 Procedure
0 Determining the Activities Budget:

- lielding Activity: For each type of
ship and for each block problem
category (flat, curved, special
curved, “etc.), the shipyard main-
tains in its historical "file a plot
of welding efficiency (meters/man-
hour) versus hull-steéel weight.
Thus, after estimating the erec-
tion-welding length for a contem
lated block, estimted work vol une
0 erect the block is determined by
the formla:

Wl di ng Man- hours =

Erection Joint Length
VErding Efficiency

Shipfitting Activity: Based on the
shi pyards ‘experience, man-hours
for shipfitting are usually ex-
pressed as a multiple of welding
man-hours. In the nost effective
shipyards the ratio of erectjon
welding to erection fitting is as
much as 2:1. This favorable ratio
is attributed to statistical accur-
acy control.

0 Determining the Wrk Force Required
Derive the numbers of welders re-
quired by nmeans of the fornmula:
Wl di ng Man-days =

Nl di ng Man- hours
(No. Vork Days AlTocated) x 8 hrs

The nunber of shipfitters required
per day is determned in the sane
manner .

~The work force required is a func-
tion of the number of work days
allocated and vice versa. An ‘optinum
conbination of the two should be
chosen for determining the schedul e.

° Matching the Wrk Force Required to
that Available

Conpare the required nunbers of
wor kers derived for each trade with
formulas simlar to those above with
the man-hours available. For avoiding
shortages in man power, shift activi-
ties in order to elinminate unassigned
time between the work to be done by
workers of different trades; see
Figure 4-72 and 4-13.

4.8.3 Coordinating
0 Items to be coordinated

- Drawi ng i ssue deadlines are not
rel evant.

- Material issue deadlines are not
rel evant.

- Qperating facilities availabilities
are not relevant.

- Wl ding of heav% fittings on main
structure nust be conmpleted before
shaft alignment and keel sighting.
Painting on board.

0 Coordination
Shift activities in such manner

that no unassigned tine remains be-
zwizgn trades, See Figures 4-12 and



REFERENCE

® PRELIMINARY ERECTION SCHEDULE

® STATISTICAL EFFICIENCY
( WELDING METERS/ HOUR)

==

INPUT

® DATES FOR KEEL LAYING AND LAUNCHING
® WELDING LENGTHS

® MAIN MILESTONES FOR OUTFITTING, I.E,
MAIN ENGINE ERECTION,
KEEL SIGHTING, AND
SHAFT ALIGNMENT

PROCEDURE

+ { ERECTION)

ERECTION SECTION SCHEDULING

® BUDGET ACTIVITIES

® ALLOCATE WORKERS TO ACTIVITIES
AND DEFINE DURATIONS

® LEVEL NUMBERS OF WORKERS PER DAY

COORDINATING

® SHIFT ACTIVITIES

AlM

® TO MAKE DEFINITIVE ASSEMBLY, FABRICATION,

OUTPUT

COORDINATION
WITH QUTFITTING
AND PAINTING

OUTFITTING AND PAINTING SCHEDULES
® TO MAKE DEFINITIVE IHOP SCHEDULE

® TO PREDICT THE NUMBERS OF WORKERS
NEEDED FOR ERECTION

FIGURE 4-II: Erection Section Scheduling.

ERECTION SECTION SCHEDULE

L_J

DISTRIBUTION

TO: SHIPYARD MANAGER

EACH DEPARTMENT
EACH SECTION
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FITTING WELDING
GOU31U
GSU31L
GSM31

FIGURE 4-12: Shifting With Unassigned Time Between Trades.

FITTING WELDING

GSM31U
§8M314

IGSM34

FIGURE 4-]3: Shifting Without Unassigned Time Between Trades.
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4.8.4 Output Data and Timing

o Output: See Figure A-5, which is
actually a monthly schedule. I% ap-
plies for shorter periods but is
otherwise identical.

o Timing: One week after issue of key
plans.

4.8.5 Updating and Recovery

o Updating

No updating is required unless revi-
sions are made in key milestones
such as the dates for K and L.

o Recovery

Employ this schedule to monitor
work progress and for any delays
revealed. Arrange for recovery within
the monthly schedule.

4.9 Assembly Section Scheduling

4.9.1 General

The pertinent activity flow is de-
picted in Figure 4-14.

o Purpose

- to develop shop schedules for fab-
rication and section schedules for
deck, accomodation, machinery, and
electrical (DAME) on-block outfit-
ting and painting,

- to develop the definitive IHOP
schedule,

~ to determine the work force re-
quired for assembly, and

- to dévelop the monthly schedule.
o Prerequisites

- Assembly joint lengths (meters) for
each sub-block, block, and grand
block per process station, esti-
mated from key plans.

- Erection section schedule, and

- On-unit and on-block outfitting
durations.

o Frames

- Subject Treated: Ships for which
assembly work is progressing simul-
taneously.

- Frame Size: Assembly/process yard/
block for assembly, and sub-
assembly/process yard/sub-block
for subassembly.

— Time Period: each work day for
6-months.



ACTION TAKEN: IMMEDIATELY AFTER
ISSUE OF ERECTION
SECTION SCHEDULE

REFERENCE

® ACTIVITIES SEQUENCE FROM PAST
ASSEMBLY WORK

@ STATISTICAL EFFICIENCY

COORDINATING

® SHIFT ASSEMBLY ACTIVITIES
©® SHORTEN DURATIONS

Al

® TO MAKE FABRICATION, OUTFITTING, AND
PAINTING SCHEDULES

® JO MAKE DEFINITIVE IHOP SCHEDULE

© JO PREDICT NUMBERS OF WORKERS NEEDED
FOR ASSEMBLY

® TO DEVELOP MONTHLY SCHEDULES

FIGURE 4-14: Assembly Section Scheduling.

INPUT

e

® ERECTION DATE FOR EACH BLOCK
® WELDING LENGTHS

PROCEDURE + ( ASSEMBLY)

ASSEMBLY SECTION SCHEDULING

® BUDGET ACTIVITIES

® ALLOCATE WORKERS TO ACTIVITIES
AND DEFINE DURATIONS

® LEVEL NUMBERS OF WORKERS PER
10-DAY PERIODS

COORDINATION
WITH OTHER PROCESS
LANES CONCERNED

OUTPUT

ASSEMBLY SECTION SCHEDULE

L)

DISTRIBUTION

TO: SHIPYARD MANAGER
EACH DEPARTMENT
EACH SECTION
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4..9.2 Procedure
0 Determining the Activities Budget

4,

0

For each type of block (flat,
curved, special curved, etc.? t hat
constitutes a different problem cate-
r(%lory, the shipyard maintains in its
istorical file a plot of assenbly
efficiency (meters/man-hour) versus
bl ock weight. Thus, after estimating
the asse lY joint length for a con-
tenplated block, estimted work vol -
ume is determned by the fornula:

Assenbl y Man-hours =

Assenbly Joint Length
ASSembly EfT1cClency

Determing the Work Force Required
Derive the number of workers needed
by the formla:
Assenbl y Man-days =
Assenbl y Man- hours

(No. Vork Days Allocated) X 8 hrs

Mat ching Required to Available Mn
Power

~Conpare the number of workers de-
rived for each trade by the fornula
iven above for each 10 work days.
ere the work |oad exceeds available
man power, advance part of the over-
load, i.e,, perform work |oad |evel-
||ng by advancing work in the sched-
ule.

9.3 Coordinating
I[tenms to be Coordinated

Drawi ng issue deadlines are not
rel evant.

Material need dates are not rele-
vant .

Indicate on the schedule the nunber
of assenbl{ work stations available
each day. level any shortage of
work stations by advancing excess
work activities. If leveling is not
possible, some of the work mght be
done outside of the originally
intended work stations.

Indicate on the schedule the nunber
of block storage yards. In case of
a shortage of stowage space, plan
to stack two or three blocks, one
on top of another in each storage
yard as necessary.

Q her process lanes. The infornma-
tion required includes the part
fabrication finishing date for each
bl ock, the tlmn? and durations for
on-unit and on-block outfitting and
painting, and the possibility of
g}aetll(ng the erection date for each
ock.

° Coordination
shift assenbly activities, and/fir

shorten the durations of activities
as necessary.

4.9.4 Qutput Data and Timng
° Qutput: See Figure A-6'for block

assembly and Figure A-7 for grand-
bl ock assenbly.

° Timng: A few days after issue of the
Erection Section’ Schedul e.

4.9.5 Updating and Recovery

0o Updating: Every two nonths eriodic
aLlﬁd V\/ne% erectyon dat es are(rpevi sed.)

0 Recovery: Employ this schedule to
monitor “work progress. Regulate on
the nonthly schedul e b%/. adj ust ment s
in work-force distribution, arranging
for overtine, etc.

4.10 Fabrication Shop Scheduling
4.10.1 Ceneral

~ The pertinent activity flow is shown
in Figure .4-15.

0 Purpose

- To confirm the deadline dates for
gr?y\/{ ng issues and material availa-
ilities.

- TIO develop a definitive |IHOP sched-
ule.

- To determne the work force re-
quirenents for fabrication.

- To nonitor work progress and de-
velop the nonthly schedul e.

0 Prequisites
- Quantities of steel materials to be
rocessed and nunber of parts to be

ent (estimated from key plans for
fabrication shop scheduling).

56



ACTION TAKEN: IMMEDIATELY AFTER

INPUT
ISSUE OF DEFINITIVE  NBUT
e QRPEENINE —
SCHEDULE

® ASSEMBLY START DATE PER BLOCK

® WORKLOAD :
NUMBER OF PIECES
NUMBER OF BENT PIECES

PROCEDURE + ( FABRICATION )
REFERENCE

FABRICATION SECTION SCHEDULING

® TYPICAL FABRICATION SCHEDULE
® BUDGET ACTIVITIES
® STATISTICAL EFFICIENCY

® DECIDE START AND FINISH DATES FOR
SHOT BLASTING, CUTTING AND BENDING

® LEVEL NUMBERS OF WORKERS PER DAY

COORDINATING

POSSIBILITY OF

DRAWING AND MATERIA]

AVAILABILITIES

BEFORE FABRICATION
START

® SHIFT ACTIVITIES

s

OUTPUT

©® TO CONFIRM DRAWING ISSUE AND MATERIAL
DELIVERY DATES

© TO DEVELOP DEFINITIVE IHOP SCHEDULE

® TO PREDICT NUMBERS OF WORKERS NEEDED
FOR FABRICATION

® TO TRACK PROGRESS ON THE MONTHLY
SCHEDULE

FABRICATION SHOP SCHEDULE

-

DISTRIBUTION

TO: SHIPYARD MANAGER
HULL CONSTRUCTION
DEPARTMENT
ASSEMBLY SECTION
MATERIAL PREPARATION
FIGURE 4-15: Fabrication Shop Scheduling.
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Frames

Subj ect Treated: Ships for which
fabrication work is progressing
si nul taneousl y.

tion in order to be sure that nmate-
rials will be available in tinme to
start fabrication.

Need for storaéle space for finished
arts is coordinated with shop/sec-

Frag}abISi zke: Fabri cation/ process Ion engineers.
yar ockK. Coordination with other process
Period: Each workday for the next l'anes concerns issue dates after

6 nonths.
.10.2 Procedure

Determine the Activities Budget

o Coordination:

material preparation and subassem
bly starting dates.

Shift activities fore-
ward or backward as necessary.

Part Fabrication Activity: For each 4,10.4 Qutput Data and its Tining
type of part (parallel edge, non- ] .
paral l el "edge, internal and struc- 0 Qutput: See Figures A-6 and A-7 which
tural) and for each process yard, the show schedules simlar to a fabrica-
shipyard maintains in its historical tion shop schedul e.
file"a plot of fabrication efficiency o .
(man-hours/part) versus nunber of 0 Tlm[r;g: A few days after issue of the
fabricated parts. Thus, after estina- assembly section’ schedul e.
ting the nunber of parts to be fabri- .
cated for a contenP ated block, esti- 4.10.5 Updating and Recovery
mated work volume to estimte parts _
required per block is deternined by 0 Updating: Every two months and when-
the fornula: ever there is a change to the

assembly section schedule, Care nust
S be taken to insure that drawing issue
Fabrication Mn-hours = and material need dates always main-
o tain their coordination.
(Fab. efficiency) X (No. Parts)

0 Recovery: Enplov this schedule to

) o moni tor” progress of work. Regulate
Determne Start and Finish Dates for work speed on the nonthly schedul e by

the Different Work Stations: adjusting work force distribution,
. arranging for overtime work, etc. If

Obtain dates that parts per block drawings or materials are slightly
are required from the prelimnary del aKe , arrange recovery on the
| HOP schedule. Then with a typical mont hly, weekly or daily schedul es.
fabrication schedule from thé If irrecoverable delays wll affect
shi p¥ard's history, establish start assenmbly, bring the natter to the
and finish dates for bl astln% and attention of the Hull Construction
prinming, marking, cutting and bending Departnent Manager for adjusting
stations. hi gher |evel schedules as’ necessary.
Level conspi cuous Desks in daily work 4.11 Monthly Schedul ing
force requirenents”for each process 4.11.1 General

yard.
4.10.3 Coordinating
o Items to be Coordinated

- Drawing issue deadlines are coordi-
nated with the Design Departnent in
order to be sure that drawi ngs wll
be issued in time for fabrication.

- Material need dates are coordinated
with the Material Procurenment Sec-

The pertinent activity flowis shown

in Figure 4-16.

0

Pur pose

To deternmine the work force distri-
bution.

To distribute activity durations by
trade.

To nonitor the progress of work.,

sz] Traditional practice is to group parts to be fabricated by sinmilarities in their configurations.
The principal objectives are to reduce scrap rates and inprove cutting efficiency. This P(aptlce
introduces problems such as earlier need for drawings and need for |ong-term storage of finished
pa(rjts.dGroupl ng parts by block is nore effective when all aspects of a shipbuilding systemare con-
si dered.
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ACTION TAKEN: EVERY MONTH

REFERENCE

® DEFINITIVE IHOP SCHEDULE

Y P

® ACTUAL PROGRESS
® ACTUAL SITUATIONS OF DRAWINGS
AND MATERIALS

COORDINATING

® SHIFT WORKERS
® SHIFT JOBS

AIM

® TO DECIDE DISTRIBUTION OF WORKERS
® TO DIVIDE ACTIVITIES DURATIONS BY TRADES

® TO TRACK PROGRESS

INPUT

® CUTTING LENGTHS
WELDING LENGTHS

® MAN-HOURS AVAILABLE
(NUMBER OF WORKERS)

PROCEDURE + (PROCESS YARD)

MONTHLY SCHEDULING

® BUDGET

31 ® CALCULATE NUMBER OF WORKERS

NEEDED
® SUMMARIZE

—>=~ ® LEVEL WORK LOAD

CONFIRMATION
OF DRAWING &
MATERIALS

MONTHLY SCHEDULE

\w//’_——
1
~—

DISTRIBUTION

TO: SHIPYARD
HULL CONSTRUCTION
DEPARTMENT
SECTIONS
PRECEEDING AND
SUCCEEDING

DRACrECC VADNC
FRULLIY 1ARNVY
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0

4,

0]

0

Prerequisites

~Stage plans, i.e., work instruc-
tions per station (If not available
intime for budgeting man-hours, use
t|he ?an-hours budgeted in shop sched-
ul es.

Frames
Subject Treated: Al ships for
which work is to progress siml-
taneously, except fof erection work
which is"to be on a ship-by-ship
basi s.
Frame Size: process yard/trade.
Time Period: Each workday for the
next two nonths.

.11.2 Procedure

Determ ne man-hour budget.
Estimate the weekly work force re-
quirenments with the formula:
Wor ker s/ week =

Requi red Man- hours

ATocated Veeks X B X (wor kdays/ wK)

Conpare the work force requirenents
derived above with the man-weeks
avail abl e for each process yard and
for each trade.

Level any shortage of work force by
arranging for work force redistribu-
tion, overtinme work, and/or subcon-
tracting.

11.3 Coordinating
Itens Requiring Coordination

Check the actual situations of
drawi ng issues. Gbtain confirnmation
from the Design Departnent on issue
dates for drawi ngs not yet issued.

Check the actual situations of
material availabilities. Cbtain
confirmation from the Material
Procurement Section for delivery
dates of materials not yet issued.

- Reserve process work stations based
on the shop/section schedul es
whi ch govern the weekly schedul es.

Coor di nati on

- Shift the work force as necessary
bet ween work stations, or if fur-
t her necessar?/, bet ween process
yards to level work schedul ed.

60

Wile holding the Erection Schedul e
firm change the sequence of blocks
to be assenbl ed.

Wil e hol ding the Erection Schedul e
firm plan certain interim products
to be partially conpleted and des-
ignate them for conpletion in a
foll ow Brocess yard (advantage
shoul d be taken of a,nly unassi gned
time that may be available).

4.11.4 Qutput Data and its Timing
o Qutput: See Figure A-8.

o Timng: The 25th of every nonth.
4.11.5 Updating and Recovery
0 Updating: Every nonth.

0 Recovery: The actual situations (ad-
vances or delays) at the end of each
month, regarding construction, draw
ing issues and material availabili-
ties, are reflected in the nonthly
scheduling for the ensuing month with
arrangement for work force redistri-
bution, overtine work, etc., as nec-
essary to prevent escalation beyond
anot her nont h.

4,12 \Weekly Scheduling
4.12.1 Ceneral

~ The pertinent activity flow is shown
in Figure 4-17.

0 Purpose

To determine the work force distri-
butions to the various activities.

To confirm prospects of finishing
the activities on schedul e.

To coordinate hull construction
activities with on-block outfitting
and on-block painting within pro-
cess yards.

0 Prerequisites
Mont hl'y  Schedul e

Deternining and identifying draw
ings already issued.

Deternmining and identifying steel
material s avail abl e.

Budget ed nman-hours.



ACTION TAKEN: EVERY FRIDAY

REFERENCE

INPUT

——

® BUDGET
® CAPACITY (NUMBER OF WORKERS)

PROCEDURE v ( AF -GROUP)

® MONTHLY SCHEDULE

ACTUAL PROGRESS

® ACTUAL SITUATIONS OF DWGS
AND A ALS

AATCD!?
MmAIEenNIALY

1

WEEKLY SCHEDULING

® ARRANGE WORKERS PER ACTIVITY

® SUMMARIZATION OF NUMBERS OF
WORKERS NEEDED

® LEVEL MAN-DAYS

COORDINATING

® PRIORITY OF ACTIVITIES

NO S~ SUFFlClENT\
NUMBER OF WORKERS

‘ AVAILABLE

AlM

® TO DEFINE THE WORKER DISTRIBUTION
PER ACTIVITY

® TO CHECK POSSIBILITY OF KEEPING
TO SCHEDULE

® TO COORDINATE INTERNAL ACTIVITIES
WITH OUTFITTING AND PAINTING

FIGURE 4-17: Weekly Scheduling.

OUTPUT +

WEEKLY SCHEDULE

L_J

DISTRIBUTION

TC: SECTIONS

FOREMEN
WORKERS
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0 Frames

- Subject Treated: Al ships for
which work is to progress sinultan-

eously, except for erection work
\kl)ml'Ch Is to be on a ship-by-ship
asi s.

Frame Size: Process Yard/Process
Station/ Trade.

- Time Period: Each workday for the
next two weeks.

4.12.2 Procedure

0 Distribute the daily work force to
the required activities by neans of
the formul a:
Wor kers/day =

Budget ed _Man- hour s
(Al'Tocated Workdays) x 8

0 mn'Pare the daily work force require-
ments derived above with the daily
man- hours avail abl e, E[))rocess station
by station and trade by trade.

0 Level any shortage of work force by
arranging work force redistribution,
overtime work, and/or subcontracting.

4.12.3 Coordinating
Sane as Part 4.11.3.

.12.4 Qut put
Qut put :
Timng: Every Friday.

Data and its Timng

See Figure A-9.

.12.5 Updating and Recovery

Updating: Every Friday.

o O B~ O O »

Recovery: The actual
vances or delays) at the end of the
week regarding construction, draw ng
issues and nmaterial availabilities,
are reflected in the weekly schedul es
for the ensuing week with arrange-
ments for work force redistribution,
overtime work, etc., as necessary,
andk never escal ated beyond another
week.

situations (ad-
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4.13 Daily Schedul ing
4,13.1 Ceneral

~ The pertinent activity flowis shown
in Figure 4-18

0 Purpose

- To determne daily job assignment
per worker.

- To coordinate progress includin
progress of on-block outfitting and
pai nting.
- To coordinate the sequence of dif-
ferent types of work with draw ng
and material availabilities.
0 Prerequisites

Confirmed budgeted man-hours.

List of workers' nanes.
o0 Frames

Subject Treated: Al ships for
which work is to progress siml-

taneously, except for erection work
which is to be on a ship-by-
ship basis.

Frame Size: Process Station/ Trade/
\Wor ker .

Tinme Period: Each hour for the next
two days.

0 Procedure
Assign individual workers to the
different activities based on the
finalized weekly schedule.
4.13.3 Coordinating
Sane as in Part 4.11.3.
4.13.4 Quiput Data and Tinng

Qutput timng is at the start of jobs
every norning.

4.13.5 Updating and Recovery
0 Updating: Every norning.

0 Recovery: Examne the progress of
work made on the previous day and
consi der possi bl e inmprovenments by
redistribution of the work force. If
recovery of a delay is not possible
by this nmeans, the assistant foreman
consults with the foreman about ap-
proachi ng the shop manager with a
recomendation for overtime work.



ACTION TAKEN: EVERY MORNING  nput

® BUDGETED MAN-HOURS
® WORKERS AVAILABLE

PROCEDURE + { AF-GROUP)

REFERENCE

DAILY SCHEDULING

® WEEKLY SCHEDULE
® ASSIGN WORKERS TO ACTIVITIES BASED
® ACTUAL PROGRESS ON BUDGETED MAN-HOURS

® ACTUAL SITUATIONS OF DWGS
AND MATERIALS

YES
AlM OUTPUT Y
® TO ASSIGN WORKERS TO DAILY JOBS [

® TO COORDINATE INTERNAL PROGRESS
WITH OUTFITTING AND PAINTING DAILY SCHEDULE

@ TJO COORDINATE INTERNAL ACTIVITIES
WITH DWG AND MATERIAL AVAILABILITIES

L_J

DISTRIBUTION
TO: WORKERS

FIGURE 4-18: Daily Scheduling.
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5.0 ZONE OUTFI TTI NG METHOD
5.1 Ceneral

Qutfit scheduling is one of the inte-
gratlon schemes which addresses outfit

esign and material procurement as wel
as hull construction and painting. The
Flexi ble Production Scheduling System
(FPSS) as applled to outfitting, also
enpl oys the tour supgortlng el ement s
describe in Chapter 2.0, i.e., Frane
Schedul ing Method, |HOP Scheduling and
Tracking Operation, Decentralized Pro-
duction Planning, Scheduling, and Engi-
neering, and On-Schedule Availability
of Information and Resources

5.1.1 Frame Scheduling Method

The scheduling frames are successive-
Iﬁ_ref;ned fromlarge to small as a
shi pbui | ding process advances from con-
tract award (at which time outfit
scheduling_is already underway) to

delivery. "The outfit schedule in the
earliest phase is limted to accuml a-
ting total man-hours for large frames

thal are estimated to be required for
each duration between mlestones, i.e.
start fabrication (F), keel laying (K),
Iaunch[n%_(L), and de||very (Dé' the
shi pbui | di ng” process further advances
frames are refined to enclose a group
of pallets and later to reach a state
where each frame corresponds to a sin-
gle pallet. At the same tinme, frames of
man- hour summary units are commensur-
ately refined, 1.e., to nonths, weeks
and, ~ days.

Qutfit scheduling objectives are

0 To determine that the timng of key
mlestones (F, K L, and D) are sat-
isfactory for outfitting

0 To determine the need dates for draw
ing issues and important materia
arrivals

0 To coordinate outfit work with pro-
cesses for hull construction and
pai nting
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0 To schedule detailed outfitting oper-
ations

The refinement of frames is organized
to suit these different scheduling
objectives while maintaining accuracies
commensurate with phases of design
devel opnent.

5.1.2 | HOP_Scheduling and Tracking
Lperation

| HOP scheduling is performed to inte-
grate, to an optinmum practical extent
all hull construction, outfitting (on-
unit, on-block, and on-board), and
painting processes. |nprovement of
overal | "outfitting is sought by maxi-
mzing on-block outftting when permt-
ted by timng of block assenbly and bg
lifting capacity. \Wen bl ocks tannot be
produced in tine or when lifting capa-
city is not sufficient, outfitting Is
optimzed through a conbination of on-
unit and on-block outfitting. Conpleted
units are landed both on-block and
;blue sky" on-board during hull erec-
ion.

~The process calls for close coordina-
tion when dovetailing the inherently
different types of work.

5.2 Oggani zation

For properly executln?_the four sup-
porting elenents, traditional shipyard
organi zations are too centralized in
production planning, scheduling, and
engineering. This prevents sufficient
coordination of schedules and schedul e
monitoring. That is, centralization
Brecludes sufficient comunications
etween those who plan and schedul e and
those charged with schedul e execution

Figure 5-1 shows a decentralized
organi zation which features planning
and scheduling responsibilities dele-
gated to each |evel



99

COMPONENT
MANUFACTURING

IHOP PLANNING .
AND ENGINEERING
*
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OQUTFITTING
PAINTING —
SHIPYARD DEPARTMENT

DECK AND
ACCOMMODATION
FITTING

MACHINERY

FITTING

MACHINERY

OPERATION

COMPONENT FITTING AND OPERATION

ELECTRIC
FITTING

SECTION
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UNIT AND
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LOWER EITTING | RIGGING
ENGINE FLAT & SCAFFOLDING
INSTALLATION || ; L
AND OPERATION | ISTALLATION | OPERATION |

* PRODUCTION PLANNING,
SCHEDULING AND ENGINEERING

| F-GROUP

AF-GROUP

FIGURE 5-1: Model Organization for an Outfitting Department.




R e
bei ng grouPed by problem area as fol -
lows: manufacturing, fitting, and oper-
ation. Usually, in the nost effective
outfitting departments, manufacturing
applies only to the production of pipe
%I eces, as I1n a Pipe Piece Fabrication
hop, as all other fittings are pro-
cured from suppliers and subcontrac-
tors. Fitting (assenbly work) is subdi-
vided So as to have sections specia-
lized along product lines for deck,
accommodat ion, machinery, and electrical

(pave) . Qperation applies to a section
containing specralists for installa-
tion, light-off, test, and operation of

certain systens, especially including
main propul sion systens and any other
I arge machi nery systens of simlar
probl em cat egory.

Wth reference to Figure 5-1, the
Machinery Fitting Section is divided
into F-groups for: on-unit (Ist assenmby
level ), on-block (2nd assenbly |evel),
engi ne casing special case of on-
unit), and_on-board (3rd assenbly le-
vel) . The F-group for on-unit and on-
bl ock is subdivided into AF-groups as:
on-unit (ést assnglnbl)ll | evel) %nd on-

nd asse evel ). The F-grou

or ong oaréJI ?Brd )éssenblzl level) igs P
subdrvided geographically, i.e, as
above | ower “engine-roomflat and bel ow
Tower engine-room flat, and further
subdivided into AF-groups, i.e., fit-

ting.insLLéLaEnLﬁaI}%_Ll_n.Lsh.i_ng, and
rigdi ng_and_scaft ol dr ng.

The QOperation Section has only one
F-group which is subdivided into
AF-groups for installation (e.g., |and-
ing and aligning a main engine and
operati on. e separation of this sys-
temoriented section from the Machinery
Fitting Section is to coordinate all
DAME zone-b}/-zone responsibiTrires in a
concerted effort to inplement the final
phase of a ship construction effort in
a systemby-system manner. Having no
i ndépendent operation sections, D, A
and E operational responsibilities are
assumed by the D,/ A, and E Sections.

5.3 Frane Schedul i ng Mt hod

The Qutfitting Departnent prepares
schedul es per the sequence shown in
Figure 5-2. Production engineers, fore-
men, and assistant foremen, as shown in
Figure 5-1, prepare schedules within
their frames as tabulated in Figure
5-3. The Qutfitting Departnment i's bound
by the frames defined by F, K L, and D
as applied to the Hull "Construction
Department. Further, their schedul es
must be coordinated with the schedul es
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produced by the Material Section and

the Design, Hull Construction, and

Pai nting Departnents. Coordination is
i ndi spensable for scheduling on-block
outfitting.

5.3.1 Flow

The flow described in Part 4.2.1 for
hul | construction is the same for out-
fit scheduling.

| orate the backward
scheduling concept for outfitting, on-
unit and on-block outfitting nmusi be
coordinated with the erection date for
each block as shown on the tentative
erection schedule. Aso, on-unit and
on-block outfitting must be coordinated
with the De5|?n Activities Tllmng>
Schedul e and Tnportant Material Pro-
curement Schedule per the Prelininary
| HOP Schedul e.

On-board outfitting activities should
be coordinated anong the outfitting and
Pal nting sections by foreward schedu-
ing from block erection dates. On-
board operation activities, including
sea trials, should be scheduled by |
movi ng backwards from the date of ship
delivery. The activities between the
bl ock erection dates and the ship de-
livery date should be finally coordi-
nated by both backward and foreward
scheduling to prevent the activities of
both groups from overlapping each
other. This concept is nmodeled in
Figure 2-4.

5.3.2 Franes

In order to incor

The work and tine frames for sched-
uling successive phases of a construc-
tion effort are presented in Figure
5-3. This figure illustrates how the
frames are successively refined from
large to small mesh as a construction
effort progresses. At each step of
frame refinement the nmore accurate work
volumes for nore precise scheduling are
derived from the latest draw ngs and
their material |jsts. These, in the
final level of design developnent, are
per the pallets which were tentatively
defined upon contract award and which
were finalized during the pallet neet-
ing. Therein, de5|?n and field engi-
neers for DAME outfitting reached nu-
tual agreenment on the definition of
pal | ets.

A pallet, i.e., a conplete kit for
each specific outfitting opportunity,
is a key summary unit for outfitting
equivalent to a block for hull con-
struction. In a product work breakdown,
both are defined by zone/problem areal
stage.



OTHERS SHIPYARD OUTFITTING
DEPARTMENT
DESIGN SHIPYARD MAN-HOUR
MAN-HOUR [ MASTER CUMULATIVE SECTIONS
CUMULATIVE SCHEDULING SCHEDULING
SCHEDULING (PERIODIC ) (PERIODIC ) MAN-
HOUR
! SCHEDULING
ULING
MoR SHIPYARD (PERIODIC)
MATERIAL MASTER
PROCUREMENT SCHEDULING MAJOR MATERIAL
SCHEDULING (NEW ORDER) NEED DATES
MAN-HOUR
CUMULATIVE
SCHEDULING
(NEW ORDER) MAN-
HOUR
CUMULATIVE
SCHEDULING
(NEW ORDER)
MAJOR MATERIAL
NEED DATES
CONTRACT AWARD
>
DESIGN
?,‘,i,,ﬂ',ﬁ’(';T'ES OUTFITTING DEPARTMENT
SCHEDULING .| PRELIMINARY ACTIVITIES
IHOP TIMING IMPORTANT
—=1 SCHEDULING SCHEDULING MATERIAL
| NEED DATES
IMPORTANT
MATERIAL
PROCUREMENT
SCHEDULING SECTION
DEFINITIVE SECTION
IHOP SCHEDULING HULL BLOCK
SCHEDULING NEED PERIODS
L
r“Il F-GROUP
IHOP
MONTHLY
SCHEDULING
TRACKING SCHEDULING
AF-GROUP
WEEKLY
SCHEDULING
WORKERS
DAILY
SCHEDULING

FIGURE 5-2: Sequence for Outfitting Scheduling. Number 1 indicates input of Tentative Erection Scheduling. Numbers 2 through 4 indicate inputs of
hull construction scheduling of commensurate level.
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FRAMES TIME WORK VOLUME INDICTIONS
. RESPONSIBILITY
SCHEDULES PERIOD UPDATED SUMMARY UNIT PEMAARY PARAMETER
DEPARTMENT, SHOP EVERY 3 MONTHS| FKLD/SHIP/ DEPARTMENT OR
on u:..v VIV 3 YEARS (DEPT) (DEPT) DEFARIMENI OUR SECTION
iR 15 YEARS EVERY 6 MOS. SHOP/SECTION | MONTH | SCURVE MANAGER
SCHEDULE (SHOP/SECT.) (SHOP/SECT.)
OUTFITTING
A SHIPBUILDING NOT GROUP OF PCW
A
TMING PERIOD RELEVANT ZONES/SHIP ReLevant |BUPGETCONTROL et
SCHEDULE LIST)
SECTIO K~-7 PROCESS YARD/ ErECIAL
CTION - SPECIAL SYS.
SCHEDULE ;gREQ,_':‘,P {(PRELIMINARY) FRAMED ZONE/ (ROUGl-ll-) vs SECTION
-3 SHIP/SECTION 10DAYS ~NUMBERS MANAGER
(DEFINITIVE) e o A o
{ uNiiave} FER CRAF I
—PCW AND
MONTHLY SHIPS FOR EVERY PALLET/ SPECIAL SYS.
SCHEDULE 2 MONTHS MONTH PROCESS YARD 5 DAYS (ACCURATE) FOREMAN
—NUMBERS
PER CRAFT
.......... e ~NUMBERS
WEEKLY SHIPS FOR EVERY PALLET/ PER CRAFT ASSISTANT
SCHEDULE 2 WEEKS WEEK PROCESS YARD 1DAY —WORKER'S FOREMAN
NAME
DAILY SHIPS FOR EVERY PALLET/ ~WORKER"
SCHEDULE 1 DAY DAY PROCESS YARD/ HOUR NAVE WORKER
CRAFT

FIGURE 5-3: Details of Schedule Frames for Zone Outfitting. Process yard means on-unit, on-block, and onboard outfitting. PCW means parametric component weight. K~7 indicates the number of months
before the pallet meeting. K—3 indicates the completion of MLE, As IHI shipyards became very proficient in zone outfitting, starting about 1975, monthly schedules were eliminated. As hull-construction
productivity is far more dependent on smooth work flows, monthly scheduling is still performed for hull-construction.




5.4 Man-hour Cunul ative Scheduling
(Periodic)

5.4.1 Ceneral

The pertinent scheduling flow is
shown in Figure 5-4.

0 Purpose

- To review the Shipyard Mster
Schedule for the COﬁ'pathI|It2/ of
budgeted nan-hours allocated to a

ship contracted (or to be contract-

ed) with the man-hours actually

available to the Qutfitting depart-

ment .

- To serve as data on available pro-
duction capabilities that is to be
used by nmarketing people for soli-
citing new orders.

the nman-

- To serve for adjustin
ong-term

hours available on a
basi s.

- To serve the Shipyard Manager for
long-term adjustments of man-hour
accunul ations for the Hull Con-
struction, Qutfitting and Painting
Depart ment s.

0 Prerequisites
Shipyard Master Schedul e
Qutfitting budgeted man-hours.
0 Franes

- Subjects Treated: Al ships con-
tracted or to be contracted.

Ship/Qutfitting.

- Time Period: Mnthly for the next
three years.

5.4.2 Procedure

0 From the shipyard's history of sim-
| ar shi {)s, choose the S-curve which
best fits the circunstances being
consi der ed.

Frame Size;

o From the curve selected, deternine
the man-hours accunul ated at each of
the key nmilestones as follows:

pi = Hei

r

percentage of man-hours
accunul afed at each of
the key nilestones

=K, LorD

where: p
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Ho
Hei

total budgeted man-hours

accunul ated man-hours at
each of the key nilestones

0 Superinpose the ShiByard Manager's
proposed K, L, and D dates fof the
contenplated ship and by enploying
the sane percentages, plot the S
curve for the contenplated ship.

0 Qbtain the nmonthly man-hour distribu-
tion (the derivative in mathematics)
from the contenpl ated ship.

0 Insert the nonthly man-hour distribu-
tion for the contenplated ship in the
monthly man-hour distribution for all
work both contracted and contem
plated. Level excessive peaks by
conparisons with the available nonth-
Iy man-hours and shift dates within

atever limts existing contracted
delivery dates permt, Aternatively,
the peaks may be retained provided
addi tional man-hours are budget ed.
Qobviously, the solution to be adopted
must be the one selected by the Ship-
yard Manager.

5.4.3 Coordinating

Adjustments to elimnate differences
between needed and budgeted man-hours
are nade by:

0 substituting another S-curve, and

0 adjusting available man-hours
t hrough:

arranging for overtine work, and

arrangzi ng for transfer of manpower
fromthe Hull Construction Depart-
ment to the Qutfitting Departnent.

|f available man-hours are still

insufficient, the Shipyard Mnager
must find a solution which could be a
revision of key nilestone dates. This

alternative would require further
?egotl ations with the proposed cus-
oner.

5.4.4 Qutput Data and Tim ng

0 Qutput: See Figure A-1 which is sini-
lar to this schedule.

o Timng: Every nonth.

5.4.5 Updating and Recovery

0 Updating: Perforned regularly at one
month intervals.

0 Recovery: Not relevant.



ACTION TAKEN: EVERY THREE
MONTHS

REFERENCE
—_—

\\

/ ® STATISTICAL S-CURVE

(

\r

\

@ DATES OF FABRICATION START, KEEL
LAYING, LAUNCHING AND DELIVERY

1IN, ARSI R A A0 INL ahiV RN

BUDGETED MAN-HOURS FOR
OUTFITTING

® MAN-HOURS AVAILABLE

{ DEPARTMENT
AND SECTION)

PROCEDURE

4

MAN-HOUR CUMULATIVE SCHEDU
{ PERIODIC)

@

SELECT STATISTICAL S-CURVE

EE‘I‘

IMATE ACCUMULAT N-HOURS

ColIMiA
AT FABRlCATlON START KEEL LAYING,
LAUNCHING AND DELIVERY

DISTRIBUTE MAN-HOURS PER MONTH

COMPARE WITH MAN-HOURS AVAILABLE
LEVEL MAN-HOURS

COORDINATING

©® SELECT ANOTHER STATISTICAL
S-CURVE

SCHEDL m:k
S R

i/ U ke ¥

DRAWINGS, MATERIALS,
HULL CONSTRUCTION AN

FIGURE 5-4: Man-hour Cumulative Scheduling (Periodic).

@ INCREASE MAN-HOURS AVAILABLE PAINTING
BY TRANSFERRING WORKERS, OVER- COMPI;“BLE
TIME, AND/OR SUBCONTRACTING
o YEST
AlM OUTPUT Y
® TO CHECK FEASIBILITY OF PROPOSED |
OUTFITTING WORK
® TO PREDICT ACCUMULATED MAN-HOURS I MAN-HOUR CUMULATIVE SCHEDULE
FOR ALL WORK ( PERIODIC))
® TO CONSIDER ALTERNATIVES FOR ADJUSTING
MAN-HOURS AVAILABLE —

]

enrniiTr ALl

DiSTRIBUTION
TO: SHIPYARD MANAGER
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5.5 Man-hour Cunul ative Scheduling
(New Order)

5.5.1 General

The pertinent scheduling flow is
shown in Figure 5-5

0 Purpose
For a specific ship newy contract-
ed, to finalize dates for F, K, L,
and D on the Shipbuilding Master
Schedul e.

- To serve as man-hour accumul ation
for outfitting scheduling.

0 Prerequisites
Estimated dates for F, K L, and D
from the Shipbuilding Mster
Schedul e (Periodic).

- Wrk volume data from the Material
Budget Control List.

0 Franes
Subj ects Treated: Specific Ship.
Frame Size: Departnent and shop/
|sectllon for their respective
evel s.

Time Period: Mnthly during the
period fromF to D.

5.5.2 Procedure

Same as in Part 5.4.2.
5.5.3 Coordinating

Same as described in Part 5.4.3.
5.5.4 Qutput Data and Tining

0 Qutput: See Figure A-1 which is sin-
lar to this schedule.

0 Timing: Wen directed by the Shipyard
Manager .

5.5.5 Updating and Recovery

0 Updating: Issued for each newy con-
tracted ship, Not issued if the
timng coincides with the issue of a
plerlo ic man-hour cumulative sched-
ule.

0 Recovery: Recovery is sought on the
Eeﬂ'fd' ¢ man- hour schedul e. See Part

72

5.6 Mpjor Muterial Need Dates
Sc’| hedul | ng

5.6.1 General

Mpjor naterials are items whose
availabilities are |ikely to seriously
affect the key nilestones K L, and D.

Thus, mejor naterials include certain,

but not all, main engines, castings,
main sw tchboards, control consol es,
etc. The E-e”' nent scheduling flow is
shown in Figure 5-6.

0 Purpose

- To determine at an early phase the
need dates for purchase orders for
major materials. As these materials
require Ion%-lead times they are
placed on the critical path for the
overal | construction schedul e.

0 Prerequisite
Shi pbui I ding Master Schedul e
o Frames
Subj ects Treated: Major Materials.

Frane Size: Individual najor na-
terials/ship.

Time Period: Every 10 days.
5.6.2 Procedure

The following criteria are applied:
0 Main engine and Associated Components

As timng of main engine |oading
varies with the type of engine,
checks have to be made to assure that
the main engine and superstructure
are loaded on board before Iaunching.
Thus, past records pertaining to
simlar engines have to be checked in
order to establish start of and dura-
tion required for main engine | oading
relative to start of shaff S|ght|ng.
Wth this information the need dates
for the main engine and associated
material s are deternmnned.

0 Estimate fromactual progress made in
the past the dates by which materials
are needed.

5.6.3 Coordinating

Acting for the Shipyard Mnager, the
Production Control department takes the
initiative for coordinating the need
dates of major materials between the
desi gn DeFartnent and the Purchasing
Section. In an extreme case, the main
engine may be scheduled for | oadi n% on
board after launching. But, in suc
cases the Shipyard Master Schedule key
m | estones are not changed.



ACTION TAKEN: BY NEW
ORDER

STATISTICAL S-CURVE

PARAMETERS FOR MAN-HOUR
ESTIMATIN

10T~
ol

TIMATI
STATISTICAL EFFICIENCY

.
//"

COORDINATING

T

® DATES OF FABRICATION START, KEEL

® BUDGETED MAN-HOURS FOR

® MAN-HOURS AVAILABLE

LAYING, LAUNCHING AND DELIVERY

OUTFITTING

PROCEDURE

( DEPARTMENT
AND SECTION)

i

MAN-HOUR CUMULATIVE SCHEDULING
( NEW ORDER)

SELECT STATISTICAL S-CURVE

ESTIMATE ACCUMULATED MAN-HOURS
AT FABRICATION START, KEEL LAYING,
LAUNCHING AND DELIVERY

® SELECT ANOTHER STATISTICAL
-CURVE

® INCREASE MAN-HOURS AVAILABLE
BY TRANSFERRING WORKERS, OVER-
TIME, AND/OR SUBCONTRACTING

CHECK FEASIBILITY OF OUTFITTING

10
PER THE SHIPYARD MASTER SCHEDULE

FIGURE 5-5: Man-hour Cumulative Scheduling (New Order).

® DISTRIBUTE MAN-HOURS PER MONTH
" | ® COMPARE WITH MAN-HOURS AVAILABLE
® LEVEL MAN-HOURS
NO SCHEDULES FOR
DRAWINGS MATERIALS
- HULL CONSTRUCTION AN
PAINTING
COMPA%TIBLE
YES
OUTPUT

MAN-HOUR CUMULATIVE SCHEDULE
( NEW ORDER)

-

DISTRIBUTION
TO: SHIPYARD MANAGER
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ACTION TAKEN:ON REQUEST FROM  pur
SHIPYARD =
MANAGEMENT

® MAJOR MATERIALS

® DATES OF FABRICATION START, KEEL
LAYING, LAUNCHING AND DELIVERY

PROCEDURE + { DEPARTMENT)

REFERENCE

MAJOR MATERIAL NEED DATES SCHEDULING

® ACTUAL PROGRESS IN THE PAST
® DECIDE NEED DATES FOR MAIN ENGINE,

® MAJOR MATERIAL PROCUREMENT BOILER, GENERATOR, AND OTHER MAJOR
SCHEDULE E— MATERIALS
YES

® TO DECIDE NEED DATES FOR MAJOR MATERIALS

® TO INFORM DESIGN DEPARTMENT AND
PURCHASING SECTION OF NEED DATES MAJOR MATERIAL NEED DATES SCHEDULE

Al OUTPUT

-

DISTRIBUTION

TO: SHIPYARD MANAGER
DESIGN DEPARTMENT
PURCHASING SECTION

FIGURE 5-6: Major Material Need Dates Scheduling.
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.6.4 Qutput Data and Tining

Qutput: See Figure A-13 which is
simlar, but [greater in detail,
what is norma

materi al s.

t han
|y enployed for mgjor

Timng: On request from the Shipyard
Manager prior to contract award.

.6.5 Updating and Recovery

Updating: Only in case the Shipyard
Master Schedule is revised.

0 Recovery: Not relevant.

5.7 Qutfitting Activities Timng
SchedulTng

. 7.1 Ceneral

The pertinent scheduling flow is
shown in Figure 5-7

0 Purpose

- To develop the large-frame schedul es
needed to determine zone-by-zone
and |evel -by-level, start and fin-
ish dates of outfitting activities
for a specific contracted ship.

- To determine the need dates for
drawi ng issues by the design de-
partment to neet the timng for
outfitting activities at their re-
spective zones and |evels.

- To determine the need dates of
|nPortant materials required for
outfitting.

0 Prerequisites

Shipyard Master Schedul e
(New Order)

Prelimnary Block Arrangenent

Schedul e of inportant materials

need dates.

0 Franmes

Subj ect Treated: Specific Ship.
Franme Size: Department/zone/level.
- Time Period: Mnthly fromF to D

5.7.2 Procedure

0 Deternmine the start and finish dates

for on-block outfitting by each
Section/ zone.
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Choose an on-block outfitting
schedule from a simlar previously
built ship. If a suitable schedule
is not available, select blocks
that appear to have characteristics
favorable for on-block outfitting
by st UdY' of the General Arrangement
andt Prelimnary Machinery Arrange-
nent .

Choose from the Tentative Erection
Schedul e the first and last blocks
b?/ each section/zone on which on-

block outfitting will take place.

This is done for each section.

Deternine the durations required
for on-block outfitting work on the
two bl ocks Plcked as prescribed
above by reference to sinmilar work
on ships previously built.

Count backward from the date for
erection of the first block the
durations required for on-block
outfitting and painting, to derive
the start date of on-plock outfit-
ting and painting activities.

Count backward from the date for
erection of the last block the
duration required for palntln% to
derive the finish date of on-block
outfitting.

0 Determne the start and finish dates

of unit assenmbly outfitting work b
each section/zone. Wilize data from
simlar ships built in the past;
change the dates to apply to the
specific ship.

Determne the activities start and
finish dates for on-board outfitting
by each section/zone.

Start dates: Find on the Tentative

Erection Schedule the erection data

of the first block in each zone;

the start date is that on which

\kf;lleldll(ng is conpleted on the first
ock.

Finish dates: The common finish
date for on-board outfitting in all
zones is the date of |aunching,
except for work on the superstruc-
ture, for which the finish date for
outfitting is inmmediately prior to
start of testing.

Estimate from statistical data re-
corded on previously built sinilar
shlps, the start and finish dates for
testing.



ACTION TAKEN: ﬁFFEW DAYS

TER ISSUE OF
TENTATIVE

ERECTION SCHEDULE

REFERENCE

® CONTRACT DRAWINGS

® OUTFITTING ACTIVITIES TIMING
SCHEDULES FOR PAST SHIPS

COORDINATING

SHIFT THE START AND FINISH
DATES OF ACTIVITIES

AlM

® TO MAKE A LARGE FRAME SCHEDULE FOR
OUTFITTING

® TO REQUEST ISSUE TIMING FOR OUTFITTING
DRAWINGS

® TO ESTIMATE IMPORTANT MATERIAL NEED
DATES

FIGURE 5-7: Outfitting Activities Timing Scheduling.

INPUT

@ DATES OF FABRICATION START, KEEL
LAYING, LAUNCHING AND DELIVERY

® TENTATIVE ERECTION SCHEDULE

® IMPORTANT MATERIAL PROCUREMENT
SCHEDULE

PROCEDURE + ( DEPARTMENT )

OUTFITTING ACTIVITIES TIMING SCHEDULING

@ DECIDE START AND FINISH DATES FOR
ON-BLOCK OUTFITTING PER SECTION/ZONE

@ DECIDE START AND FINISH DATES FOR
ON-UNIT OUTFITTING PER SECTION/ZONE

® DECIDE START AND FINISH DATES FOR
ON-BOARD OUTFITTING PER SECTION/ZONE

® DECIDE START DATES FOR TESTING ON-
BOARD PER SECTION/SYSTEM

@ DECIDE ISSUE TIMING FOR DRAWINGS

POSSIBILITY OF

ON TIME?

outeuT

OUTFITTING ACTIVITIES TIMING SCHEDULE

~N_
L

DISTRIBUTION

TO: SHIPYARD MANAGER
DESIGN DEPARTMENT
HULL CONSTRUCTION DEPT.
PAINTING DEPARTMENT
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0 Deternine the need dates for Material
Lists (MF, M.C MP) for each sec-
tion/level (manufacturing and assem
bly); by counting backward using the
lead times furnished by the produc-
tion shop/section. Inform the design
department of these need dates.

5.7.3 Coordinating
0 Itens requiring coordination:

Drawi ng issue deadlines; Check
whet her drawi ngs can be issued by
the dates needed for fabrication:

Deadline of inportant naterial
availability: Check whether the
|nPortant materials can be avail-
glb e by the dates needed for assem
y

Reserving necessary work facilities
is not relevant.

Gt her production process |anes:
have the hull construction and

Pal nting departnents coordinate and
inalize the durations and tlmn(r;
prescribed for hull block assenbly
and erection, and on-block and on-
board painting.

5.7.4 Qutput Data and Timng

0 Ojtfut: See Figures A-10, A-11, and
A-12.

o Timng: A few days after issue of the
Tentafive Erection Schedul e.

5.7.5 Updating and Recovery
0 Updating: Not relevant.

0 Recovery: Not relevant.

5.8 Inportant Material Need Date
chedul T ng
5.8.1 CGeneral

“Inportant materials are items of
significance whose availabilities are
not likely to serlousl¥ affect the key
mTestones K L, and D. Thus, inportant
materials include main engines, cast-
ings, main swtchboards, control con-
soles, etc., that are reaso.nabl%/ avail -
able. The pertinent scheduling flow is
shown in Figure 5-8.

0 Purpose

To furnish the need dates for im
portant materials requiring early
ordering and to give the design de-
partment and purchasing section a
schedule for Inportant™ material pro-
curement.
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0 Prerequisites

Shipyard Master Schedul e
(New Order)

Prelimnary Block Arrangenent
Tentative Erection Schedul e
General Arrangenent

Cabin Plan

Prelimnary Machinery Arrangenent

Mat erial List

o Franes

Subject Treated: Inportant mate-
rials required for outfitting a
speci fic ship.

Frame Size: Individual

. . i mport ant
mat eri al s/ ship.

Time Period:
Fto D

5.8.2 Procedure

10 work-days, from

0 Sort inportant materials per zone/

| evel by exanmining the General, Pre-
|imnary Machinery, and Tentative
Bl ock Arrangenents.

0 Deternine the start dates of the

different activities at each zone/
level fromthe Qutfitting Activities
Timng Schedul e.

0 Draft the Inportant Material Need

Dat e Schedul e.

0 Decide and list inportant material

need dates:

from the Tentative Erection Sched-
ule, in conbination with the
m|estones prescribed in the Ship-
yard Master Schedule, for materials
such as main engines, shafts, rud-
der stocks, boilers, genera-

tors, main swtchboards, engine-
room consol es, and wheel - house con-
soles, that are |oaded directly on-
board (blue sky, i.e., wthout
being incorporated in units or

| oaded on-block), and

fromthe need dates, matching the
start dates of relevant activities
in each individual zone/level for
important materials to be fitted

on-unit or on-block (e.g., punps,

heat exchangers, ballast systenms

control valves).



ACTION TAKEN: IMMEDIATELY
FOLLOWING
CONTRACT
AWARD

D PRELIMINARY
MACHINERY ARRANGEMENTS
i

STS
® PRELIMINARY BLOCK ARRANGEMENT
® TENTATIVE ERECTION SCHEDULE
® OUTFITTING ACTIVITIES TIMING SCHEDULE

AlM

o——

TO DECIDE NEED DATES FOR IMPORTANT
MATERIALS

VS SPRSCISIE N |
k: VIdICTIdL INCC

INPUT

@ IMPORTANT MATERIAL ITEMS

® DATES OF FABRICATION START, KEEL
LAYING, LAUNCHING AND DELIVERY

( DEPARTMENT )

PROCEDURE +
T

® ALLOCATE ZONE/LEVEL TO IMPORTANT
MATERIALS

® DECIDE START DATES FOR ACTIVITIES
PER ZONE/LEVEL

@ SCHEDULE IMPORTANT MATERIAL NEED
DATES RELATIVE TO ACTIVITIES

® DECIDE NEED DATES FOR IMPORTANT
MATERIALS

YES
OUTPUT '

IMPORTANT MATERIAL NEED DATES SCHEDULE

DISTRIBUTION

TO: SHIPYARD MANAGER
DESIGN DEPARTMENT
PURCHASING SECTION
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5.8.3 Coordinating

I'n behalf of the Shipyard Manager,
the Production Control Departnent takes
the initiative for coordinating the
Qutfitting Departnment with the Design
Departneni and Purchasing Section for
adjusting the delivery dates of inpor-
tant materials as necessary.

5.8.4 Qutput Data and Timng
0 Qutput: See Figures A-13 and A-14.

0 Timing: Imediately following con-
tract “award.

5.8.5 Updating and Recovery

0o Updating: Not relevant.

0 Recovery: Not relevant.

5.9 Prelimnary On-board Qutfitting
Scheduling

5.9.1 General

The pertinent scheduling flow is
shown in Figure 5-9.

0 Purpose

- To serve DAME sections as a basis
for inplementing on-board outfit-
ting, and for preparing: the Defin-
itive On-Board Qutfitting Schedul e,
Qutfit Conponent (In-houSe) Manu-
facturing Schedules, and On-Unit
Qutfitting Schedul e.

- To serve for checking for delays in
delivery of conmponenis required
for outtitting.

0 Prerequisites

Qutfitting Activities Tining
Schedul e

Prelimnary Erection Schedul e

Prelimnary Block Arrangenent

Conposite Draft

Important material need dates.
0 Franmes

- SH'bj ect 'Treated: Specific contract
ship.

Frame Size: Section/system

- Time Period: 10 work-days, from
FtoD.

5.9.2 Procedure

0 Derive the time intervals required
for the activities in each section/
zone:

Estimate the manhours required from
the weight of parametric conponents
pi cked out from the Conposite Draft
éAls_o transition or right-of-way
rawing which is superinposed on a
Machinery Arrangenent.).

- Derive the durations required for
outfitting.

0 Deternine the start and finish dates
for each activity.

The start and finish dates for each
activity are al ready.F.rescrllbed in
the Qutfitting Activities Tining
Schedule. Since this schedule was
Prepared on the basis of data con-
ained in the Tentative Erection
Schedule, if relevant data is differ-
ent in the Prelimnary Erection
Schedul es, the start and finish dates
will require revision.

0 Check any suspected delays in the
delivery of inportant materials.

0 Accumulate the man-hours section by
section and trade by trade in 10-day
increments.

0 Level promnent peaks in estimted
man- hour s:

Level section by section and trade
by trade.

In the leveling operation, do not
hesitate to change the sequence of
work anong the trades within a
section/ zone.

Level the man-hours in 10-day in-
crements.

Conpile a report to the departnent
manager concerning the deviations
encountered between estimated and
avail abl e man-hours. Large devia-
tions reported require schedule
revisions.

The S-curve used for man-hour ac-
cumul ation is not nodified.

[19 For associating material with,outfittin%
mefric or non-paranetric. Parametric nmeans tha

work volunmes, weight is mostly used. Wi ?ht maybe para-
t weight is sufficiently related to work

0 be accom

plished, to be used for defining a paraneter for converting weight into man-hours required. Non-
paranetric weight usually applies to Iar(k;e machi nery such as a fmain engine or diesel generator. Such

Itens are addressed in separate work packages.



ACTION TAKEN: U

REFERENCE

/

/

{ ® PRELIMINARY ERECTION SCHEDULE

e CUTFITTING ACTIVITIES TIMING
\ SCHEDULE
® COMPOSITE DRAFT

® PARAMETERS FOR MAN-HOUR
ESTIMATING

\

\

/

® PRELIMINARY BLOCK ARRANGEMENT /

©® DATES FOR FABRICATION START, KEEL
LAYING, LAUNCHING AND DELIVERY

® MAN-HOURS AVAILABLE
® CONFIRMED lMPORTANT MATERIAL

hl:l I\II:
vCcL VCKI UHIEO

Y

PROCEDURE {SECTION)

PRELIMINARY ONBOARD OUTFITTING
SCHEDULING

CALCULATE DURATION OF EAC
ACTIVITY PER SECT O /ZONE
DECIDE START AND FINISH DATES OF
EACH ACTIVITY

® CHECK IMPORTANT MATERIAL DELAYS

ACCUMULATE MAN-HOURS PER
SECTION/ZONE

LEVEL MAN-HOURS PER SECTION/ ZONE/
PALLET GROUP/TRADE

COORDINATING

FOR DAME SECTION WORK

® ADJUST ONBOARD OUTFITTING

MAN -HOURS
NO AVAILABLE ,
IMPORTANT MATFR!A|
DELIVERIES, OTHER SEC-
TION INTERFERENCE
oK ?

AIM

® TO MAKE THE MONTHLY ON-BOARD
OUTFITTING SCHEDULE

e Dealicalicmac:

OuTPUT

~——
DISTRIBUTION
TO:SHIPYARD MANAGER
HULL CONSTRUCTION
DESIGN DEPARTMENT

PURCHASING SECTION
SECTIONS CONCERNED
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0 At this time there is no need to
change the schedul e for testing on-
board as contained in the Qutfitting
Activities Timng Schedul e.

5.9.3 Coordinating

The Qutfit Department Manager takes
the initiative 1n coordinating mle-
stones marking interfaces between sec-
tions, e.g., main engine and super-
structure landing. A Pallet Meeting is
held with the DAVE design groups to
discuss the Prelimnary On-board Qut-
fitting Schedule to coordinate the neet
dates of pipe piece draw ngs, manufac-
turing draw ngs, and work instruction
drawi ngs needed for each pallet.

5.9.4 Qutput Data and Tining

0 OJtPut:. The Prelinmnary On-board
Qutfitting Schedule is similar, but
less definitive than the schedule
shown in Figure A-15.

0o Timng: Upon issue of the Conposite
Draft "and in time for the Pallet
Meet i ng.

5.9.5 Updating and Recovery

0 Updating: Not relevant except upon
revision of the Shipyard Master
Schedul e. Modifications necessitated
as a result of the Pallet Meeting are
incorporated in the Definitive On-
Board Qutfitting Schedul e.

0 Recovery: Not relevant. (The schedul e
is not ‘intended for governing inple-
mentation of actual work.)

5.10 Prelimnary On-Unit and On-Bl ock
QuitTi1tting Schedul 1 ng

5.10.1 Ceneral

The pertinent scheduling flow is
shown in Figure 5-10.

0 Purpose

- To govern inplenentation of on-unit
and on-block outfitting of each
section, and to prepare the Defini-
tive On-Unit and On-Block Qutfit-
ting Schedules, and in-house shop
manuf acturing schedul es.

- To check any inportant material
del ays that "may be incurred.

- To serve in definitizing the Pre-
[imnary IHOP Schedul e.
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0 Prerequisites
Prelinminary |HOP Schedul e
Conposite Draft
[nformation on delivery dates for

i mportant material.
0 Franes
Sub{' ect treated: Specific ships
contracted, ship by ship.
Frame Size: Section/unit or block.
- Time Period: 10 work-days from F
to D.

5.10.2 Procedure

0 Estimate the duration required for
each unit for on-unit outfitting and
for each block/stage for on-block
outfitting:

Estimate the nman-hours required
fromthe weight of the paranetric
conponents picked out from the
Conposite Draft.

- Estimate the durations required for
outfitting.

0 Determine the activities start and
finish dates for the units and for
on-block outfitting associated with
each bl ock.

- On-block outfitting

Finishing dates: As prescribed in
the Prelimnary |HOP Schedul e.

Starting dates: Derived from count-
ing backwards from the finish dates
using the durations deternined
above.
- Unit Qutfitting
Fini shing dates: The da¥ before
start of on-block outfiiting of
the block on which each unif is to
be landed. In the case of units
installed independently on board,
the day before start of activities
in the zone in which the unit is to
be landed as prescribed in the
Prelimnary On-Board Qutfitting

Schedul e.
Starting Dates: Derived by counting
backward from the finishing date

using the durations determ ned
above.



ACTION TAKEN: UPON ISSUE OF

INPUT
COMPOSITE DRAFT ™I
AND IN TIME FOR —
PALLET MEETING

©® DATES FOR FABRICATION START, KEEL
L

=514

=
VEKT

-

S
LAYING, LAUNCHING AND DE

@ MAN-HOURS AVAILABLE

® CONFIRMED IMPORTANT MATERIAL
DELIVERY DATES

1
PROCEDURE * { SECTION)

REFERENCE

PRELIMINARY UNIT AND ON-BLOCK
OUTFITTING SCHEDULE

PRELIMINARY BLOCK ARRANGEMENT
® PRELIMINARY ERECTION SCHEDULE

® CALCULATE DURATION OF EACH ON-UNIT

® OUTFITTING ACTIVITIES TIMING AND ON-BLOCK OUTFITTING PER BLOCK
S AEUULE ® DECIDE START AND FINISH DATES OF

® COMPOSITE DRAFT EACH ON- UNITRANg ON-BLOCK

® PARAMETERS FOR MAN-HOUR ESTIMATING OUTFITTING PER BLOCK

—==~1 @ CHECK IMPORTANT MATERIAL DELIVERY
® FACILITIES FOR ON-UNIT AND DATES
ON-BLOCK OUTFITTING

@ ACCUMULATE MAN-HOURS
® LEVEL MAN-HOURS

COORDINATING

MAN-HOURS
AVAILABLE
lMPORTANT MATERIAL
DELIVERIES, OTHER
SECTION INTERFERENCE

© COORDINATE IMPORTANT
MATERIAL DELIVERY DATES, OR

® SHIFT ACTIVITY TIMING

OK?
YES
AIM QUTPUT

e TO ll)\l\AKE M%NTHIC.L?SIH_F?\IULES FOR ON-UNIT

AND ON-BLOCK TTING

l PRELIMINARY ON-UNIT AND ON-BLOCK

® TO MAKE MONTHLY SCHEDULES FOR ON-BOARD OUTFITTING SCHEDULE

OUTFITTING
® TO MAKE REQUEST REPORT TO SHIPYARD

AND FITTING DRAWINGS

MANAGER TO DEFINE |HOP SCHEDULE k _
® TO REQUEST DESIGN NEED DATES FOR PIECE
'\/

DISTRIBUTION

TO: SHIPYARD MANAGER
HULL CONSTRUCTION
DEPARTMENT

DESIGN DEPARTMENT

(DS

PURC HASING SECTION
FIGURE 5-10: Preliminary On-unit and On-block Outfitting Scheduling. SECTIONS CONCERNED
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5.10.3 Coordinating

0 Inconpatibilities in delivery dates
of inportant materials reveal ed upon
checking the schedule are adjusted by
tc,oordl nation with the Purchasing Sec-
i on.

0 In cases where certain inportant
material s cannot be delivered in tine
for erection, their outfitting has to
be shifted from on-unit or on-block
to outfitting on-board.

5.10.4 Qutput Data and Tim ng

0 Qutput: The Preljm’nar on-unit and
on-board Qutfitting Schedules are
simlar but less definitive than the
Xc%adule shown in Figure

0 Timing: Upon issue of the Conposite
Draft-and-in time for the Pallet
Meet i ng

5.10.5 Updating and Recovery

0 Updating: Not relevant except upon
revision of the Shipyard Master
Schedul e. Mbdifications necessitated
as a result of the Pallet Meeting are
incorporated in the Definitive On-
Board Qutfitting Schedul e.

0 Recovery: Not relevant. (The schedul e
is not 1ntended for governing inple-
mentation of actual work.)

5.11 Definitive On-Unit and On-Bl ock
Quifitiing_Scheduling

5.11.1 General

~The pertinent schedulin
simlar to that shown in

flow is
igure 5-10.

0 Purpose

- To develop an inplenentation sched-
ule for governing on-unit and on-
bl ock outfitting from which is
R)/Be{)ared the On-unit and On-bl ock

nthly Schedul es.

- To serve in preparing the outfit
shops' manufacturing schedul es.

- To serve in coordinating fitting
drawi ng issue deadlines for on-unit
and on-block outfitting.

0 Prerequisites
Prelimnary |HOP Schedul e.

MF's for on-unit and on-block
outfitting.
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o Franes

Subj ect Treated: A sggcific ship in
the Shipyard Master hedul e.

Frame Size: Section/unit or
Section/block per specific ship.

Time Period: man-hours accunul ated
in l-week intervals for a period of
one year.

5.11.2 Procedure

0 Derive the activit?/ duration re-
quired for each pall

et per unit or
bl ock/ st age.

Estimate the man-hours required for
each activity from the paranetric
conponents picked out of the MF.

Note: If the resulting durations are
found to exceed the corresponding
interval s prescribed in the Defini-
tive IHOP Schedule, reduce themto
within the prescrlbed duration by
increasing the nunber of workers'to
be assi gned.

Determine the activities start and
finish dates for the units and for
on-block outfitting associated with
each bl ock.

On-block outfitting

Finishing Dates: As
the Definitive |HOP

Starting Dates: Derived by counting
backward from the finishing dates
using the durations derived above.

rescribed in
hedul e.

On-unit outfitting: Same as for
Preliminary On-un~t and On-block
Qutfitting Schedule described in
Part 5.10.2.

Check outfitting component delivery
dat es.

Check on the outfit shop manufac-
turing schedules, the conpletion dates
of conponents required for on-unit
and on-block outfitting. If any com
Bonents are found to Have incaompati-
le or tight delivery dates, coordi-
nate with the manufacturing shops.

Check inmportant material delivery
dat es.

Check the delivery dates of inpor-
tant materials. If an%/, materials are
found to have inconpatible or tight
delivery dates, coordinate with the
Purchasing Section.



o Man- hour accunul ation

Accunul ate the man-hours in inter-
val s of 5-work days separately for
on-unit and on-block outfitting.

Leveling

First, independently level for on-
unit and on-block outfitting activi-
ties.

- On-unit Qthittin?: Mai ntain the
finish dates and level the work
| oad peaks by advancing the timng
of sonme on-unit outfitting activi-
ties with due consideration given
to compatibility with preceding
activities for on-unit outfitting
and for unconmitted facilities.

- On-block Qutfitting: Level by
shifting some on-block outfitting
activities within the franes pre-
scribed in the Prelimnary |HOP
Schedul e.

If the above independent |evelin
does not reduce work |oad peaks suf-
ficiently, proceed to conbined |evel-
ing for on-unit and on-block outfit-
ting. In doing this, arrange to have
on-unit work performed during the
slack period for on-block outfitting.

Not e:
increasing the portion of on-unit
on-bl ock and reducing that of on-
board outfitting is the key to en-
hancing productivity. No effort
shoul d be spared in arranging the
man- hours available to permt the
maxi mum amount of work to be done on-
unit and on-bl ock before shifting any
activity to on-board.

.11.3 Coordinating

On-unit and on-block outfitting is
inherently liable to large fluctua-
tions in work load. Attenpts to bear
an excessive work load within a sec-
tion without being able to obtain
wor kers from other sections leads to
redundant staffing within the Qutfit-
ting Departnent. Shifting groups of
wor kers from under| oaded to over-

| oaded sections is essential for
enhancing overall outfitting produc-
tivity.

I't must never be forgotten that
and

Coordinate availability dates for
outfit components manufactured both
i n-house and outside (see Part
5.11.2).

Coordinate the timng of fitting
drawing issues with the design de-
partnent.
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5.11.4 Qut put

(0]

(0]

5.115 Updating

0

0

Data _and Ti nm ng

Qutput: See Figure A-16.

Timng: Upon issue of MF's for on-
unit and on-block outfitting and in

time for pre%aration of Mnthly On-
ulnit and On-block Qutfitting Sched-
ul es.

and Recovery

Updating: Not relevant except upon
revision of the Shipyard Master
Schedul e (schedul e nodifications are
ilnc)orporated in the nonthly sched-
ue) .

Recovery: Not Relevant.

512Defjnitive On-Board Qutfittin
chedul 1 ng

5.12..1 Gener al

The pertinent scheduling flow is

simlar to that shown in Figure 5-9.

0 Purpose

- To develop an inplementation sched-
ule for governing on-board outfit-
ting fromwhich I's prepared the on-
board monthly schedules and the
shop conponent manufacturing sched-
ules. (Testing on-board is not
included in this schedule.)

0 Prerequisites

(0]

- Definitive Block Arrangement and

Erection Schedul e

- Prelimnary On-board Qutfitting
Schedul e

Franes
Subj ect Treated: Specific contract-
ed ship.
Frame Size: Section/on-board zone.

Time Period: 10-day intervals from

Fto D

5.12.2 Procedure

0 Derive the duration required for on-

board outfitting for each pallet.
Estimate the man-hours required for
Ion-board outfitting for each pal-
et.

Derive the durations required for
Ion-board outfitting for each pal-
et.



Deternmine the pallet sequence.
Wthin an on-board zone the se-
quence of pallets is in accordance
with the Erection Schedul e.

Deternmine timng.

Start dates for individual zones

i
are those prescribed in the Prelim
inary On-board Qutfitting Schedul e.

The timng for individual pallets
is determned fromthe fitting
sequence section by section and
trade by trade.

Man- hour accunul ati on.

Accumul ate man-hours section by
section and trade by trade in incre-
ments of 5 days.

.12.3 Coordinating

Ootain confirmation from the design
ge{)artnent on fitting-drawi ng issue
ates.

Coordinate with the manuf.acturing
shops and purchasi n?.sectlon on de-
livery dates of outfit conponents.

.12.4 Qutput Data and Tining
Qutput: See Figure A-15.

Timing: Before Preparation of the
flrst-nnnthldy on-board nutfitting
schedule and prior to start of on-
board outfitting on a specific ship.

.12.5 Updating and Recovery

Updating:| Not relevant (rmodifications
u

to schedule are incorporated in the
Mont hl'y Schedul e) .

Recovery: Not Relevant.
.13 -Board Testing Scheduling
.13.1 Ceneral

The pertinent scheduling flow is
shown in Figure 5-11.
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This schedule governs the fitting,
adjustment and testing conducted on-
board of nmmin engine, shafting, rud-
der, steering gear, boiler, generator
and such other “equi pment.

o Purpose

- To plan the staff organization
required.

- To assenble and grepare the equip-
ment and consumabl es required.

0 Prerequisites

- Definitive On-board Qutfitting
Schedul e.

o Frames

Subjects Treated: Specific con-
tracted ship.

Frame Size: Section/systenstage.

- Time Period: 5 work day increnents
fromF to Il.

5.13.2 Procedure

0 Deternine the sequence to bhe adopted
for testing based on testlng sched-
ules from ships previously built.

0 Determine the start and finish dates
for testing per systenmstage. Wth
the finish dates Set to be in accord-
ance with the Definitive On-board
Qutfitting Schedule, arrange the
tests in the sequence previ ousIY
determned. Count backwards on the
schedule to derive the start and
finish date of each test.

0 Accurul ate the man-hours in frames of
one work-week, section by section and
trade by trade.

0 Level work |oad peaks. If this opera-
tion calls for shifting mlestones,
consult the section nmnagers concern-
ed for their instructions. Upon
shifting the nilestones, the section
managerS report the facts to the
department manager.



ACTION TAKEN: BEFORE LOADING
MAIN ENGINE
ON-BOARD

REFERENCE

® PREVIOUS TESTING SCHEDULES
® ON-BOARD TEST METHODS

® DEFINITIVE ON-BOARD OUTFIT
SCHEDULE

@ INSTRUCTION BOOKS FOR SPECIAL

® MILESTONE DATES FOR TESTING
® DURATION OF EACH TEST STAGE
® MAN-HOURS AVAILABLE

PROCEDURE * ( SECTION)

TESTING ON-BOARD SCHEDULING

©® DECIDE TEST SEQUENCE

® DECIDE START AND FINISH DATES
FOR EACH TEST ACTIVITY

® ACCUMULATE MAN-HOURS

MACHINERY =~ @ LEVEL MAN-HOURS

COORDINATING

® COORDINATE OUTFIT PROGRESS IN ORDER
TO RECOVER DELAYS

® COORDINATE SHIP CONDITION FOR TESTING

® COORDINATE DELIVERY DATES FOR TESTING
MATERIALS AND CHECK AVAILABILITIES OF
FACILITIES AND TOOLS

@ INCREASE MAN-HOURS AVAILABLE BY
OVERTIME WORK

Al

© TO PLAN MAN-HOURS REQUIRED FOR TESTING

® TO PREPARE NECESSARY FACILITIES, MATERIALS
AND TOOLS FOR TESTING

FIGURE 5-I: Testing On-board Scheduling.

OUTFITTING
PROGRESS, SHIP
CONDITION, MATERIAL
FOR TESTING FACILITIES
AND TOOLS, MAN-HOURS
AVAILABLE
OK?

OouTPUT

ON-BOARD TEST SCHEDULE

L]

DISTRIBUTION

TO: SHIPYARD MANAGER
DESIGN DEPARTMENT
PURCHASING SECTION
SECTIONS CONCERNED
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5.13.3 Coordinating

0 Check progress of outfitting work to
see that testing can proceed as
schedul ed. |f necessary, coordinate

and prompt those in charge of outfit-

ting to expedite their work.

0 Coordinate with the dock naster, ship
ot her condi -

trim draft, nooring and of (
tions required for proceeding with
tests.

0 Coordinate with the Purchasing Sec-
tion on availability of consumables
(fuel oil, lubricati n? oil, chem-
cals, etc.) required for testing.

0 Coordinate with the departnent nana-
ger if man-hours required are found
fo exceed the man-hours available.

5.13.4 Qutput Data and Tining

0 Qutput: See Figure A-17.

o Timng: Before loading the main en-
gi ne on-board

5.13.5 Updating and Recovery

Not relevant unless the Definitive
On-board Qutfitting Schedule is re-
vi sed.

5..14 Mnthly~ Scheduling
5.14.1 Ceneral

The pertinent scheduling flow is
shown in Figure 5-12

0 Purpose

- To develo
to generate the Weekly Schedul e
that will govern actual

ings and materials. (Wen the
Design and Qutfitting Departments
and the Purchasing Section have
lots of experience in coordinatin
with each other,
ule is not needed.)

0 Prerequisites
Definitive 1HOP Schedul e

- Definitive On-unit and On-block
Qutfitting Schedul es

Definitive On-board Qutfitting
Schedul e

Qutfit Conponent

- Manuf act uri ng
Schedul e

the schedul e from which

n actual work. Also
to check on availabilities of draw

the Mnthly Sched-
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0

5.

of

Frames

Sub} ect Treated: Ships for which
outfitting is proceeding simltan-
eousl y.

Frame Size:

s Process yard (F-group)/

- Period: 1 workweek over a period of
2 nonths.
1.4.2 Procedure

The Mnthly Schedul es cover periods
two nonths in order to govern the

implenentation of all outfitting activi-

ties.

IUP
al
ul

0

The first nmonth represents an
dated version of the preceding nonth-
~schedule, revised with due consider-
ion given to its effect on the sched-
e for the second nonth.

Determine the start and finish dates
for individual activities per pallet.
Update the schedule for the first
month with the primary view of ren-
edying the deviations from the pre-
vious nonthly schedul e reveal ed

by the latest information on work

rogress. Due consideration is given
0 work priorities. Delays should be
recovered within the first nonth.

Accunul ate the man-hours trade by
trade in franes of one workweek.

Level peaks in work load trade by
trade I1n frames of one workweek.

.14. 3 Coordinating

Man-hours available: The section eng-
ineers take the initiative in coor-
dinating between forenen for arrang-
ing mutual reinforcenents.

Schedul i ng coordinati on between out-
fit sections: The section managers
arrange the coordination at their

di scretion, except when the zone
frames on the Qutfitting Activities
Timing Schedule are shifted. In such
cases the OJ'[fI'['[In%. Departnment Mana-
ger undertakes coordination.

Ascertaining the need dates for com
ponents and draw ngs: The Production
Control Departnent Manager takes the
initiative in coordinating between

the Design, Production Control and
Qutfitting Departments. Once coordi-
nated, every department acts on the

basis of information governing the
second nonth to ensure the availabil-
ity of components and drawi ngs ac-
cordi nP to the schedule. The Naterial
Control Section and the manufacturing
shops act on the basis of information
governing the first month to make

pal l ets available per schedule.



ACTION TAKEN: EVERY MONTH

BETWEEN INPUT
20TH AND 25TH

® BUDGETED MAN-HOURS REQUIRED
FOR EACH ACTIVITY

® FOLLOWING TWO-MONTHS CALENDAR

® MAN-HOURS AVAILABLE

REFERENCE !
C

/

® MONTHLY SCHEDULES FOR ERECTION
@ DECIDE START AND FINISH DATES OF

AND ASSEMBLY
o TRACKING STATUS OF DEFINITIVE EACH ACTIVITY
IHOP SCHEDULE ~ = o Ve ® ACCUMULATE MAN-HOURS
® DEFINITIVE SCHEDULES FOR OUT- l -1 @ LEVEL MAN-HOURS
FITTING AND MANUFACTURING

® LATEST REPORT OF MATERIAL DELIVERIES -
AND DRAWING ISSUES

® LATEST FEEDBACK REPORT OF ACTUAL
PROGRESS

COORDINATING l

@ INCREASE MAN-HOURS AVAILABLE BY /\
OVERTIME OR SUBCONTRACTING P PTUII

NO MAIN ~TTIVURD
® ADJUST PROGRESS BETWEEN SECTIONS AVAILABLE,
CONCERNED PROGRESS OF PROCESS
VADNC MATEDIAICQ

® REMIND DESIGN, MANUFACTURING SHOPS, AND AND DWGS
THE MATERIAL CONTROL SECTION OF NEEDED
DATES FOR DRAWINGS AND MATERIALS

YES
AlM OUTPUT Y
TO MAKE WEEKLY SCHEDULE |
| MONTHLY SCHEDULE
L\—/
DISTRIBUTION

TO:SECTIONS CONCERNED
MANUFACTURING SHOPS
DESIGN DEPARTMENT
MATERIAL CONTROL

FIGURE 5-12: Monthly Scheduling.
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5.14.4 output Data and Timng

0 Qutput: Simlar to but |ess defini-
tive than the weekly schedul es
ih%\n in Figures A-18, A-19, and

0 Timing: Issued every nonth between
the 20th and the 25th.

5.14.5 Updating and Recovery

The substance of the first nonth is
uRdated in the weekly schedule; that of
the second nonth in the nonthly sched-
ule for the follow ng nonth.
5.15 _\ekly Scheduling
5.15.1 Ceneral

The pertinent scheduling flow is
shown in Figure 5-13.

0 Purpose
- To allocate individual activities
to workers.

- To provide information for pallet-
izing and designating pallet desti-
nati ons.

To facilitate planning utilization
of cranes, reservation of working
facilities, and preparation of

jigs.
0 Prerequisites

- The nmonthly schedul e if ﬁrepared;

ot herwi se the section schedul es.

0 Franes
Subi ect Treated: Ships for which
outtitting is proceeding sinultan-
eousl y.
Frane Size: Process station

(AF-group)/pal l et.

- Time Period: 1 work day over a
period of 2 weeks.

5.15.2 Procedure
0 Determine pallet priorities.

0 Determine pallet start and finish
dat es.

0 Allocate specific pallets to workers.

5.15.3 Coordinating

Not relevant (already undertaken at
weekly meetings based on the tracking
$|ta)tus of the Definitive IHOP Sched-
ule).
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5.15.4 CQutput Data and Tining

0 Qutput: See Figure A-18 for on-bl ock,
Fi gure A-19 for on-board and Figure
A-20 for operation and test.

o Timng: Wekly.
5.15.5 Updating and Recovery

The substance of the first week is
quated in the Daily Schedule. That of
the second week is updated in the week-
|y schedule for the followi ng week.
Recovery nust be made in the first

week.
5.16 Daily Scheduling
5.16.1 Ceneral

The pertinent scheduling flow is
shown in Figure 5-14. The weekly sched-
ule on which an A/F tracks the work
progress can be used as a daily sched-
ule for workers.

0 Purpose

To determine activity inplenenta-
tion on a daily basis.

- To recover delays incurred on the
weekly schedul e.

0 Prerequisite
- Weekly Schedul e
0 Franes
Sub%ects Treated: Ships for which

outfitting is proceeding sinultan-
eously.
Frame Size: Wrker.

Period: One (1) work-day.
5.16.2 Procedure

0 Each A/F assigns duties to workers
based on activity priorities.

0o Each A/F conpensates for worker
absences in order to neet activity
priorities.

5.16.3 Coordinating
Not rel evant.

5.16.4 Qutput and tining

Instructions are issued verbally or
marked on the weekly schedule every
nor ni ng.

5.16.5 Updating and Recovery
Not relevant. At the end of each day,

wor K remai ni n% is reported verbally for
recovery on the follow ng day.




ACTION TAKEN: EVERY THURSDAY

REFERENCE

® WEEKLY ERECTION AND ASSEMBLY
SCHEDULES

® GOVERNING MONTHLY SCHEDULES
IF PREPARED

® TRACKING STATUS OF DEFINITIVE
IHOP SCHEDULE

® REPORT OF WEEKLY MEETING

® TO ORDER PALLETIZING AND TRANSPORT
OF PALLETS

® TO PREPARE AND CONFIRM AVAILABILITIES
OF FACILITIES AND TOOLS

FIGURE 5-13: Weekly Scheduling.

NPUT
/

® WORKER NAMES

©® PALLETS
® EOLLOWING TWO WEEKS CALENDAR

( AF- GROUP)

PROCEDURE

WEEKLY SCHEDULING

® DECIDE PRIORITIES OF ACTIVITIES

| @ DECIDE START AND FINISH DATES
FOR EACH PALLET

® ALLOCATE WORKERS TO PALLETS

-<
m
(74}

OUTPUT

WEEKLY SCHEDULE

DISTRIBUTION

TO: FOREMAN

WORKER
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ACTION TAKEN: EVERY MORNING

REFERENCE

® WEEKLY SCHEDULE
@ REPORT OF DAILY WORK PROGRESS

® WORKERS PRESENT

PROCEDURE + ( AF-GROUP)

DAILY SCHEDULING

® ALLOCATE WORKERS PER WORK
PRIORITIES

—1 @ SHIFT WORKERS AS REQUIRED TO

Al

@ TO FINALIZE WEEKLY SCHEDULE ACTIVITY

FIGURE 5-14: Daily Scheduling.

MEET PALLET FINISH DATES

YES
OUTPUT '

DAILY SCHEDULE

]

DISTRIBUTION
TO: WORKERS
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6. 0 ZONE PAINTING METHOD
6. 1 CGeneral

Pai nting scheduling constitutes one
of the shipbuilding activities tining
integration schemes. It consists of
integrating specified painting proces-
ses with preceding and succeeding hull
construction and outfitting processes.
The four FPSS-supporting elenents, de-
scribed in Chapter 2.0, also apply.

6.1.1 Frane Scheduling Mt hod

This method is applied for zone
painting in the same manner as for zone
outfitting. The frames are devel oped
fromlarge to small and are defined
depending on those sized for hull con-
struction and zone outfitting.

6.1.2 | HOP Scheduling and Tracking

Operation
I deally, zone painting is planned to
appIY paint on-block, including the
final coat, as much as possible. This

approach facilitates schedul e adherence
as well as leveling painters’ nman-hours
by distributing painting work earlier
and in accordance with an S-curve dis-
tribution. In contrast, tradjtional
shipyards experience a peak in painting
man- hours just before delivery with

| arge percentages of painting rework.

6.2 Qrgani zation

Painting planning and scheduling is
decentralized and 1nplenented by each
level of the painting organization as
shown in Figure 6-1, From the viewpoint
of work tyPe, painting is inherently
different "from hull construction and
outfitting, is rationalized in the sane
manner, and for shipyards with very
large workloads, justifies departnent
status. \Mere workloads are small,
painting is organized as a section
which reports to one of the other de-
artments. Regardless of its organiza-
ional status, the presence of produc-
tion (painting) engineers and its divi-
sion into F-grou;%s and AF-groups re-
mains the same. That is, work flow by
probl em category and the cost collec-
tion system continue to exactly match.
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~ The Paint Section is phased by |evel
into F-groups for on-block and on-
board. The first is grouped into AF-
groups by process yard for flat blocks
or curved blocks. The second is grouped
into F-groups for on-board allocation
of work which may be inplenented at a
building berth or outfitting quay. Each
is sub-grouped into AF-groups for on-
board work and services such as facili-
ties control including maintenance and
safety control (i.e., working condi-_
tions, gas levels, respirators, venti-
lation, "etc.).

6.3 Frame Scheduling Method

The Painting Section prepares their
schedul es for_each level in a sequence
as shown in Figure 6-2. People at each
| evel pregare schedul es as tabulated in
Figure 6-3. Their work always involves
advance coordination with hull con-
struction and outfitting schedul ers.

6.3.1 Flow

The Pai ntinP Department produces the
man- hour cunulative schedule periodi-
cally and for each new order in the
same way as the hull construction and
outfitting departments.

To integrate backward scheduling for
hul | construction and outfitting with
painting, the activities for on-block
painting are coordinated with the start
and finish dates for block assenbly and
on-block outfitting by the Prelininary
| HOP Schedul e. The activities for on-
board painting are coordinated with the
Erection Section and the DAME outfit-
ting sections by foreward scheduling
fromK to L and separately fromL to D.

6. 3.2 Franes

The work and time frames at every
| evel of scheduling are presented in
Figure 6-3.

~As design of hull structure and out-
fit conponents progress, designers pro-
duce painting areas for each on-block

and on-board work instruction.
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PAINTING

IHOP PLANNING .
AND ENGINEERING
%* HULL CONSTRUCTION fmmmee
(O]
=
a
a =
4
< 2
> a
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@ o
o
T
OUTFITTING [—
PAINTING
l SHIPYARD | DEPARTMENT

] 1 ] 1

ON-BLOCK 'J l ON-BLOCK |0N-BLOCKI ON-BLOCK I ON-BLOCK ‘
ONBOARD TIES _l : FAC[LIITIES
AND FACILITI
AND FACI | ONBOARD |0NBOARD| CONTROL

ONBOARD ] | . L -

ND SAFETY SAFETY

éONTROL | ONBOARD IONBOARD CONTROL

J I T ]
ONBOARD l ONBOARD |0NBOARD| ONBOARD |

sk PRODUCTION

PLANN

ING,
SCHEDULING AND ENGINEERING

| F-GROUP |

AF-GROUP

FIGURE 6-1: Model Organization for a Painting Department.




PAINTING
OTHERS SHIPYARD DEPARTMENT
DESIGN SHIPYARD MAN-HOUR
MAN-HOUR MASTER CUMULATIVE
CUMULATIVE SCHEDULING SCHEDULING
SCHEDULING (PERIODIC) (PERIODIC)
MAJOR L SHIPYARD
MATERIAL | | MASTER
PROCUREMENT SCHEDULING
SCHEDULING {NEW ORDER) MAN-HOUR
CUMULATIVE
SCHEDULING
(NEW ORDER)
[> CONTRACT AWARD
DESIGN
ACTIVITIES OUTFITTING DEPARTMENT
TIMING
SCHEDULING | o] PRELIMINARY ACTIVITIES
IHOP TIMING PAINT
_ .| SCHEDULING SCHEDULING MATERIAL
| NEED DATES
IMPORTANT
MATERIAL
PROCUREMENT
SCHEDULING SECTION
DEFINITIVE SECTION
IHOP SCHEDULING PAINT NEED
SCHEDULING I DATES (PRE.)
F-GROUP
1HOP MONTHLY
SCHEDULING SCHEDULING
TRACKING
AF-GROUP
WEEKLY
SCHEDULING
‘ WORKERS
DAILY
SCHEDULING

FIGURE &2. Sequence for Painting Scheduling. When there are not large enough workloads to justify a separate Painting Department, the
scheduling responsibilities shown for the department level should be performed by the Painting Section.

95




96

FRAMES TIME WORK VOLUME INDICTIONS
RESPONSIBILITY
SCHEDULES PERIOD UPDATED SUMMARY UNIT SOMMARY PARAMETER
DEPARTMENT
OR SECTION FKLD/SHIP/ DEPARTMENT OR
MAN-HOUR :1’ gE(/ERA%gR EA‘(’)E\IF}F\"_I DEPARTMENT OR MONTHS S-CURVE SECTION
CUMULATIVE . SECTION MANAGER
SCHEDULE
OUTFITTING AREA
ACTIVITIES A SHIPBUILDING NOT GROUP OF NOT (BUSGET CONTROL DEPARTMENT
TIMING PERIOD RELEVANT ZONES/SHIP RELEVANT  |(BUD MANAGER
SCHEDULE
K7
{PERLIMINARY)
SECTION A SHIPBUILDING — AREA SECTION
K—3 (ON-BLOCK), ZONE/SHIP 10 DAYS oH
SCHEDULE PERIOD K + 1 (ONBOARD) (ROUGH MANAGER
(DEFINITIVE)
—AREA
ON-BLOCK OR E
ONBOARD SWSSN.?OR EVERY BLOCK OR 10 DAYS (ACCURATE]) FOREMAN
PER C
WEEKLY SHIPS FOR EVERY BLOCK OR 1 DAY —NUMBERS ASSISTANT
SCHEDULE 2 WEEKS WEEK COMPARTMENT PER CRAFT FOREMAN
DAILY SHIPS FOR EVERY BLOCK OR —~WORKER'S
SCHEDULE 1 DAY DAY COMPARTMENT HOURS NAME WORKER

FIGURE 6-3: Details of Schedule Frames for Zone Painting. Because scheduling painting activities is relatively simple, weekly painting schedules are prepared ship by ship. In contrast, weekly scheduling for
outfitting applies to all ships.




The same concept adopted for hull
construction and outfi tlng is applied
to painting. The departmeni (or sec-
tion) level prepares man-hour cumul a-
tive schedules and the section and
| ower levels prepare their own sched-
ules. As shown in the various outfit-
ting activities timng schedules,
Figures A-10, A-11, and A-12, painting
activities' periods are allocated based
on coordination provided by the |HOP
Schedul e.

6.4 Nan-Hour Cunul ative Scheduling
(Periodic)

6.4.1 General

~ The pertinent schedule flow is shown
in Figure 6-4.

0 Purpose

- To review the Shipyard Master
Schedul e for compafibility of bud-
geted man-hours allocated to a ship
contracted (or to be contracted)
W|b|th the painting man-hours avail -
abl e.

- To serve as data on available pro-
duction capability which marketing
peopl e need for soliciting new
orders.

- To serve for adjusting man-hours
available on a long-term basis.

- To serve the shipyard managenent in
| ong-term adjustmént of man-hour
accunul ation between design, paint-
ing, outfitting, and hull construc-
tion departments.

0 Prerequisites
Shipyard Master Schedul e

Budget ed painting man-hours
0 Franes

Subj ects Treated: Al ships con-
tracted or to be contracted.

Frame Size: Ship/painting

Period: Mnthly over a period of
3 years.

6.4.2 Procedure

From the shipyard' s history of
similar ships, choose the 'S-curve
which best fits the circunstances
being consi dered.

97

From the curve selected, determ ne
the man-hours accunulated at each
of the key nilestones as follows:

Pi = Hei
Hb

where: P = percentage of
man- hourS accunul at ed
at each of the key
m | est ones

i =K, LorD

Ho = total budgeted
man- hour s

Hei = accunul ated man-hours
at each of the key
m | est ones

Superinpose the Shipyard Mnager's
proposed K, L or D dates for the
contenpl ated ship and bly enpl oyi ng
the same percentages, plot the S
curve for the contenplated ship.

Qbtain the nmonthly man-hour distri-
bution (the derivative in mathena-
tics) fromthe contenplated ship.

Insert the monthly man-hour distri-
bution for the contenplated ship in
the nonthly man-hour distribution
for all work contracted and contem
pl ated. Level excesswelﬁ)eaks by
conparison with the available
monthly man-hours and shift dates
within whatever linits existing
contracted delivery dates permt.
Alternatively, the” peaks may be
retained provided additional man-
hours are budgeted. Obviously, the
solution to be adopted nust the one
sel ected by the Shipyard Mnager.



ACTION TAKEN: EVERY MONTH

REFERENCE

COORDINATING

® SELECT ANOTHER S-CURVE
@ INCREASE MAN-HOURS AVAILABLE

TIME AND/OR SUBCONTRACTING

BY TRANSFERRING WORKERS, OVER-

AIM

® TO CHECK FEASIBILITY OF PROPOSED PAINTING

WORK
® TO PREDICT ACCUMULATED MAN-HOURS FOR
VWUKRK

Ay
ALL

® TO CONSIDER ALTERNATIVES FOR ADJUSTING
MAN-HOURS AVAILABLE

FIGURE 6-4: Man-hour Cumulative Scheduling (Periodic).

INPUT
/
—

® DATES OF FABRICATION START, KEEL
LAYING, LAUNCHING AND DELIVERY

® BUDGETED MAN-HOURS FOR PAINTING
©® MAN-HOURS AVAILABLE

{ DEPARTMENT
AND SECTION)

\

MAN-HOUR CUMULATIVE
SCHEDULING { PERIODIC)

PROCEDURE

SELECT S-CURVE TYPE
ESTIMATE ACCUMULATED MAN-HOURS

AT FABRICATION START, KEEL LAYING,
LAUNCHING AND DELIVERY

DISTRIBUTE MAN-HOUR ACCUMULATIONS
PER MONTH

COMPARE WiTH MAN-HOUR ACCUMULATIONS
FOR OTHER WORK

LEVEL MAN-HOUR ACCUMULATIONS
MONTHLY

@

commh

SCHEDULES FOR

NO
<(___(DRAWINGS, MATERIALS\
HULL CONSTRUCTION

AND
\oUTFlTTlN/
?

OQUTPUT
|
MAN-HOUR CUMULATIVE
SCHEDULE (PERIODIC)
I et

\_/
L

DISTRIBUTION

TO: SHIPYARD MANAGER

N Wi
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u6. 4.3 _Coordinating

Adjustments to elininate differences
bet ween needed and budgeted man-hours
are made by:

0 substituting another S-curve, and

0 adjusting available man-hours
t hrough:

arranging for overtime work, and

arrangl ng for transfer of manpower
fromthe Hull Construction and
Qutfitting Departments to the

Pai nting Departnent.

arranging to have excess work
underfaken by subcontractors.

~If available man-hours are still
insufficient, the Shipyard Manager nmust
find a solution which could be a revi-
sion of key nilestone dates. This al-
ternative would require further nego-
tiations with the proposed custoner.

6.4.4 Qutput Data and Tinng
0

Qutput: See Figure A-1 which is sim-
lar to this schedule.

o

Timng: Every nonth.

[ep]

.4.5 Updating and Recovery

o

Updating: Performed regularly at
[-month intervals.

o

Recovery: Hot relevant.

.5 Man-hour Cunul ative Scheduling
(New Order)

6.5.1 General

The pertinent scheduling flow is
shown in Figure 6-5.

[ep]

0 Purpose

- For a specific ship newy contract-
ed, to finalize dates for F, K,
and D on the Shipbuilding Master
Schedul e.

- To serve as man-hour accumul ation
for painting scheduling.

0 Prerequisites
- Estimated dates for F, K L, and D
from the Shipbuilding Mster Sched-
ule (Periodic).

- Wrk volume data from the Material
Budget Control List.
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o Franes

Subj ects Treated: Specific Ship.

Frame Size: Departnent and shop/
|sectll on for their respective
evel s.

Time Period: Mnthly during the
period from F to D

6.5.2 Procedure

Sane as in part 6.4. 2.
6.5.3 Coordinating

Same as described in Part 6.4.3.
6.5.4 Qutput Data and Tining

0 Qutput: See Figure A-1 which is sin-
lar to this schedul e.

0 Tining: Wen directed by the Shipyard
Manager .

6.5.5 Updating and Recovery

0 Updating: Issued for each newy con-
tracted ship. Not issued if the tim
ing coincides with the issue of a
plerlodlc man- hour cunul ative sched-
ule.

0 Recovery: Recovery is sought on the
periodi ¢ man-hour” schedul e. See
part 6.4.4.

6.6 Painting Activities Timng
Schedul 1 ng

The Painting Activities Timing Sched-
ule is generated in the Oth,lttlnﬁ
Activitiies Timng Schedule with the

concept described in Part 5.7.

6.7 Prelimnary On-Block Painting
Schedul 1 ng

6.7.1 General

The pertinent scheduling flow is
shown in Figure 6-6.

0 Purpose

To prepare the Definitive On-block
Pai nting Schedul e.

To check for delays that may be
incurred in painting material de-
iveries.

To serve in preparing the Defini-
tive fromthe Prelimnary |HOP
Schedul e.



ACTION TAKEN: BY NEW ORDER

® DATES FOR FABRICATION START, KEEL
LAYING, LAUNCHING AND DELIVERY

® BUDGETED MAN-HOURS FOR OUTFITTING
® MAN-HOURS AVAILABLE

{DEPARTMENT
PROCEDURE

AND SECTION )

REFERENCE MAN-HOUR CUMULATIVE

SCHEDULING ( NEW ORDER)

® STATISTICAL S-CURVE

® SELECT STATISTICAL S-CURVE
® PARAMETERS FOR MAN-HOUR

ESTIMATING ® ESTIMATE ACCUMULATED MAN-HOURS AT
o SATITICAL DA FOR aN-HOUE AU A
® STATISTICAL EFFICIENCY ® DISTRIBUTE MAN-HOURS PER MONTH

® COMPARE WITH MAN-HOURS AVAILABLE
® EVEL MAN-HOURS

COORDINATING

@ SELECT ANOTHER STATISTICAL S-CURVE

@ INCREASE MAN-HOURS AVAILABLE BY
TRANSFERRING WORKERS, OVERTIME,
AND/OR SUBCONTRACTING

SCHEDULES
FOR DRAWINGS,
MATERIALS, HULL CON-
STRUCTION AND
PAINTING
MPATIBLE

AlM OUTPUT

® TO CHECK FEASIBILITY OF PAINTING PER
THE SHIPYARD MASTER SCHEDULE

MAN-HOUR CU
SCHEDULE ( NEW ORD

DISTRIBUTION
TO: SHIPYARD MANAGER

FIGURE 6-5: Man-hour Cumulative Scheduling (New Order).
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ACTION TAKEN:
PRELIMINARY

OQUTFITTING
SCHEDULE

REFERENCE

UPON ISSUE OF

ERECTION SCHEDULE
AND ON-BLOCK

INPUT

—

@ DATES FOR FABRICATION START, KEEL
LAYING, LAUNCHING AND DELIVERY

| ¢ MAN-HOURS AVAILABLE

e CONFIRMED PAINT MATERIAL DELIVERY
DATES

PROCEDURE ( SECTION )

PRELIMINARY IHOP SCHEDULE
PRELIMINARY ERECTION SCHEDULE

OUTFITTING ACTIVITIES TIMING
SCHEDULE

PRELIMINARY BLOCK ARRANGEMENT
PARAMETER FOR MAN-HOUR ESTIMATES
FACILITIES FOR ON-BLOCK PAINTING

¢ CALCULATE THE DURATION OF EACH
ON-BLOCK PAINTING JQB

® DECIDE START AND FINISH DATES OF
EACH PAINTING ON-BLOCK

® CHECK PAINT MATERIAL DELIVERY DATES
® ACCUMULATE MAN-HOURS
® LEVEL MAN-HOURS

—————

COORDINATING

DELIVERY DATES
e SHIFT ACTIVITY TIMING

o COORDINATE PAINT MATERIAL

MAN-HOUR
AVAILABLE, PAINT
MATERIAL DELIVERY
DATES, OTHER SEC-
TION INTERFERENCE

NO

AlM
® TO MAKE MONTHLY SCHEDULES FOR
ON-BLOCK OUTFITTING

® TO MAKE MONTHLY SCHEDULES FOR
ON-BOARD PAINTING

® TO PROPOSE THE PAINTING SCHEDULE
EEDED TO DEFINE AN IHOP SCHEDULE
DESIGN NEED DATES

SPECIFICATIONS

M
[ 4

0

FIGURE 6-6: Preliminary On-block Painting Scheduling.

YES¢

PRELIMINARY ON-BLOCK PAINTING
SCHEDULE

S~~—
DISTRIBUTION

TO: SHIPYARD MANAGER
HULL CONSTRUCTION
DEPARTMENT
DESIGN DEPARTMENT
PURCHASING SECTION
SECTIONS CONCERNED
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Prerequisites
Prelimnary |HOP Schedul e
- Prelimnary Block Arrangement

Information on delivery dates for
painting materials.

Frames

Subj ect Treated: Specific ship con-
tracted.

Frame Size: Section/block.

- Time Period: 10 days fromF to D.

. 7.2 Procedure

Estimate the durations required for

painting work on each block/stage for

on-bl ock painting:

- Estimate the man-hours required
from each areal/block as deternined
from the Prelinminary Block Arrange-
nent .

Estimate the durations required.

Determine the start and finish dates
of activities for painting on-block:

Finish Dates: As
Prelimnary |HOP

Start Dates: Derived by counting

backward from the finish dates the
duration determned above.

. 7.3 Coordi nating

rescribed in the
hedul e.

Inconpatibilities in delivery dates
of painting materials, revealed
upon checking the schedule are ad-

Lusted by coordination with the

ur chasing Secti on.

In cases where certain painting mate-
rials cannot be delivered in time,
some painting work has to be shifted
from on-block to on-board.

. 7.4 Qutput

Qutput: The Prelinminary On-block

Pai nting Schedule is similar but |ess
definitive than that shown in

Figure A-21.

Tinming: Upon release of the Prelim
inary Erection and Prelimnary |HOP
Schedul es.

Data and Timng
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6.7.5 Updating and Recovery

0 Updating: Not relevant except upon
revision of the Shipyard Master
Schedul e. Any nodifications necessi-
tated becausé of changes in the Block

Arrangenent are incorporated in the
Dleflnltlve On-bl ock Painting Sched-
ule.

0 Recovery: Not relevant (schedule is
not intended for governing inplenen-
tation of work).

6.8 Prelimnary On-board Painting
Schedul 1 ng

6.8.1 General

The pertinent scheduling flow is
shown in Figure 6-7.

0 Purpose

- To serve the Painting Section as

basis for inplenmenting on-board

Bgl nting and for preparing the

I finitive On-board Painting Sched-
ule.

- To serve in checking for eventual
delays in delivery of materials
required for painting.

0 Prerequisites

- Qutfitting Activities Tining
Schedul e

Prelimnary Erection Schedul e
Prelimnary Block Arrangenent
Conposite Draft
Painting material need dates
o0 Franes

Subj ect Treated: Specific ship con-
tracted.
Frame Size: Section/zone.

- Time Period: 10 workdays from
Kto D

6.8.2 Procedure

0 Derive the time intervals required
for activities per section/zone:

- Estimate the man-hours required by
areas to be painted as deternined
frotm the Prelimnary Block Arrange-
nent .

- Derive the durations required for
pai nti ng.



ACTION TAKEN: UPON ISSUE OF
PRELIMIN

ERECTION SCHEDULE

AND ON-BOARD
OUTEITTING
SCHEDULE

REFERENCE

/

/

/ ©® PRELIMINARY BLOCK ARRANGEMENT /
® PRELIMINARY ERECTION SCHEDULE

& ANITEITTIAS O A/STIVY

nnree
W JULITIHIIING ALVlIVILIES

SCHEDULE
® COMPOSITE DRAFT

\ ® PARAMETERS FOR MAN-HOUR ESTIMATES \
\ \

COORDINATING

.I

INPUT

— e

—

® DATES FOR FABRICATION START, KEEL
LAYING, LAUNCHING AND DELIVERY

® MAN-HOURS AVAILABLE
® CONFIRMED PAINT MATERIAL DELIVERY
DATES

PROCEDURE * { SECTION )

PRELIMINARY ON-BOARD PAINTING SCHEDULING

® CALCULATE DURATION OF EACH ACTIVITY
PER SECTION/ ZONE
DECIDE START AN

T el JIFANE MG

EACH ACTIVITY
e CHECK FOR PAINT MATERIAL DELAYS

ACCUMULATE MAN-HOURS PER
SECTION/ZONE
LEVEL MAN-HOURS
TRADE

@ COORDINATE PAINT MATERIAL

DELIVERY DATES
@ SHIFT ACTIVITY TIMING

NO /MANHOUN

OK?

‘——Q\TERIAL DEI.lv'E'é?'DATES
w

AlM

® TO MAKE THE MONTHLY ON-BOARD
PAINTING SCHEDULE

6-7: Preliminary On-board Painting Scheduling.

YES ‘

OUTPUT '

PRELIMINARY ON-BOARD PAINTING
SCHEDULE

1
‘\/
DISTRIBUTION

TO: SHIPYARD MANAGER
HULL CONSTRUCTION

DEDARTAAENT
VoarAaRNiIncivg

DESIGN DEPARTMENT
PURCHASING SECTION
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0 Determine the start and finish dates
of each activity:

- The start and finish dates of each
activi t¥_ are already P.rescrll bed in
the Qutfitting Activities Timng
Schedul e. But, this schedul e was
prepared on the basis of data con-
tained in the Tentative Erection
Schedule. |f relevant data are
revised between the Tentative and
Preliminary Erection Schedules, the
start and finish dates nmust be
revi sed comensurate with any
change.

0 Check for any delays in the delivery
of materials requifed for painting.

0 Accunulate man-hours trade by trade
in meshes of 10 days.

0 Level promnent peaks in estinated
man- hour s:
Level trade by trade.
Level man-hours in meshes of 10
days.

- Report to the departnent manager
deviations encountered between
estimated and available man-hours.
Large deviations require neasures
to be adopted for schedule revi-
si on.

- The S-curve used for man-hour ac-
cumulation is not nodified.

6.8.3 Coordinating

_Department nanager takes the initia-
tive in coordinating nmlestones marking
interfaces between sections.

6.8.4 CQutput

0 Qutput: The Prelininary On-board
Pai nting Schedule is similar but less

EFBLPU'Ayfz.t han that shown in

Data and Tim ng

o Tining: Upon issue of the Prelininary
Erection and On-board Qutfitting
Schedul es.

6.8.5 Updating and Recovery

0 Updating: Not relevant except upon
revision of the Shipyard Master
Schedul e. Any nodifications necessi -
tated becausé of changes in the _
Pai nting Process Master Plans (tradi-
tional Paint Schedule) are incorpor-
ated in the Definitive On-board
Pai nting Schedul e.

0 Recovery: Not relevant as this sched-
ule is not intended for governing
i npl enentation of work.
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6.9 Definitive On-Block Painting
Schedul 1 ng

6.9.1 Ceneral

~The pertinent schedullin?:flow is
simlar to that shown in Figure 6-6.

0 Purpose
To develop the schedul e governing

on-bl ock painting from which the
On-block Monthly Schedule is pre-
par ed.

0 Prerequisites
| HOP Schedul e
Painting Process Master
- Block Assenbly Qui dance Plan

Pl an

0 Frames

Subj ects Treated: Each specific
ship in the Shipyard Master Sched-

ule.
Frame Size: Section/block.
Time Period: Man-hours accunul ated

{n Ii)ntervals of 10 work days fromF
0

6.9.2 Procedure

0 Derive the durations required for the
activities to be performed on each
bl ock/ st age:

Estimate the man-hours required for
each activity usi ng areas to be
painted as provided by designers.
Select a parameter (man- hours/
square meter) which reflects inher-
ent Erobl ens based on a st ud¥> of
the Bl ock Assenbly Quidance Plan
[f the resulting durations are
found to exceed the corresponding
intervals prescribed in the Defini-

tive |HOP Schedule, reduce them to
within the prescribed durations by
increasing the number of work
groups.

0 Determne the start and finish dates
of activities for each block:

Finish dates: As prescribed in the
Definitive |HOP Schedul e.

- Start dates: Derived by counting
backward from the finish dates the
time intervals deternined above.

0 Check the delivery dates of painting
materials. If any materials are found
to have inconpatible or tight deliv-
ery dates, coordinate with the Pur-
chasing Section.



0 Accurmul ate man-hours for each 10-day

S

interval .

Level by shifting some on-block

palntlng activities within the frames

rﬁs((j:rll ed in the Definitive |HOP
edul e.

. 9.3 Coordinating

.9.4 Cutput

Coordinate the duration of painting
activities with the block assenbly
and DAME outfit assenbly sections.

Data and Tining
Qutput: See Figure A-21.

Ti m ng: on issue of the Painting
Process Master Plan for on-block
painting and in time for preparation
of the Mnthly On-block Qutfitting
Schedul e.

Updating and Recovery

Not relevant except upon revision
of the Shipyard Master Schedule
(modifications are incorporated in
the nonthly schedul e).

.10 Definitive On-Board Painting

Schedulng
.10.1 Ceneral
The pertinent scheduli n% flow is
mlar to that shown in Figure 6-7.

Pur pose
- To develop the schedul e governing
on- board R/gl nting from which the
On-board Monthly Schedule is pre-
par ed.
Prerequisites
Definitive Block Arrangenent
Erection Schedul e
Prelimnary On-board Painting Schedul e
Frames

Subj ect Treated: Specific ship con-
tracted.
Frame Size: Section/zone.

Time Period: 10 workdays fromK to D.
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.10. 2 Procedure

0 Derive the duration required for on-
board painting each zone:

Estimte man-hours required.
Derive the durations required.
Determne timng:

- Start dates for the zones are those
Brescrl bed in the Prelimnary On-
oard Painting Schedul e.

Finish dates are derived by using
the durations and counting foreward
fromthe start dates.

0 Accunul ate man-hours in meshes of 10
wor kdays.

Level by shifting as necessary the
tlmng_ of work per zone, but ‘wthout
exceeding the finish dates prescribed
for individual zones in the Prelim
inary On-board Painting Schedule.

.10. 3 Coordinating

Wth the erection and DAME sections
concerned and the Purchasing Section,
coordinate delivery dates for require
painting materials.

6.10.4 Qutput Data and Tining
0 Qutput: See Figure A-24.
0 Tinming: Before preparation of the

first "Monthly On-board Painting
Schedule and prior to start of on-
board painting on a specific ship.

.10.5 Updating and Recovery

Not relevant (re
ated in the nonthl
i npl enent ation).

6.11 Monthly Scheduling

The I\/bnthI)é Schedul e (all ships) may
be skipped, because painting is rather
sinple. Wrk packaging and ‘estimtin
man- hours can readily be acconplishe
fromthe Definitive On-block and On
board Schedul es fshllp by ship). In case
a monthly schedule is required the
roceduré is simlar to that for out-
itting as described in Part 5.14.

isions are incorpor-

v
y schedule for actual




6.12 Weekly Scheduling
6.12.1 CGeneral

The pertinent scheduling flow is
shown in Figure 6-8

0 Purpose

To allocate individual activities
on a daily basis for each type of

painting work, i.e., surface prep-
aration, nunmber of coats, kind o
paint, and full coat or touch-up.

To provide requisite information on
painting materials and job sites.

To permt
tion of cranes, r
facilities |.ncfud|n
and preparation of

planning for the utiliza-
reservation of

? scaf f ol di ng,
ool s.

0 Prerequisites

Mont hly Schedul e or the Definitive
On-bl ock and On-board Painting
Schedul es.

0 Frames

- Subject Treated: Each specific
ship.

Frame Size: AF-group.
Time Period: Each day over a period
of 2 weeks

6.12.2 Procedure

0 Determine the sequence of painting
work including touch-up.

0 Deternine the start and finish dates
for each paint coat per painting
zone/ bl ock. (For painting purposes, a
bl ock can be divided into painting

Z0nes, e% for the underwater  part,
boot topping, etc.)

6.12.3 Coordinating

NE} rel e%/_ant (SI regdy undertaken at
weekl y neetings based on progress com
e PoP

pared to the initive | Schedul e).
6.12.4 Qutput Data and Tining
0 Qutput: See Figure A-25 for on-block

and Figure A-26 for on-board.

o Timng: Veekly.
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6.12.5 Updating and Recovery
Undertaken on the Daily Schedul e.
6.13 Daily Schedule
6.13.1 Ceneral
The pertinent scheduling flow is
shown in Figure 6-9. The Wekly Sched-

ule on which an A/F tracks work prog-
ress can be used as a daily schedul e

for workers.

0 Purpose

To determine activity inplenenta-
tion on a daily basis.

- To recover delays incurred on the
Vieekly Schedul e.

0 Prerequisite
Vieekly Schedul e
0 Franes
Subjects Treated: A specific ship.
Frame Size: Wrker.
Period: One work-day.
6.13.2 Procedure

0 Each A/F assigns duties to workers
based on activity priorities.

0o Each A/F compensates for worker ab-
sences in order to meet activity
priorities.

6.13.3 Coordi nating
Not rel evant.
6.13.4 Qutput _and Tin ng

Instructions are issued verbally or
marked on the weekly schedule every
nor ni ng.

6.13.5 Updating and Recovery

Not relevant. At the end of each day,
wor k renai ni nﬁ is reported verbally for
recovery on the follow ng day.
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ACTION TAKEN: WEEKLY
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® WEEKLY MEETING REPORT
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AEUS RE DEFINITIVE

AlM
ACTIVITIES
e TO REQUEST PALLETIZI
OF PAINT MATERIALS

® TO PREPARE AND CONFIR
OF FACILITIES AND TOOL

FIGURE 6-8: Weekly Scheduling.
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REFERENCE

ACTION TAKEN: EVERY MORNING

® WEEKLY SCHEDULE
® REPORT OF DAILY WORK PROGRESS

AlM

® TO FINALIZE WEEKLY SCHEDULE ACTIVITY

FIGURE 6-9: Daily Scheduling.

INPUT

® WORKERS PRESENT

PROCEDURE ‘ { AF-GROUP)

DAILY SCHEDULING

® ALLOCATE WORKERS PER WORK
PRIORITIES

® SHIFT WORKERS AS REQUIRED TO
MEET ACTIVITY FINISH DATES

YES
OUTPUT '

DAILY SCHEDULE
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7.0 | NTEGRATED HULL CONSTRUCTI ON
QUTFI TTING, AND PAINTING (1HOP)

7.1 Ceneral

| HOP requires interdepartmental in-
formati on ‘exchanging and coordination
especially for design, material pro-
curenent,” production planning, schedu-
I||_|r(1)g> and engineering. For effective
| HOP operations a product-oriented or-
gani zation is essential. [1]

7.1.1 Frane Schedul i ng_Met hod

The IHOP Schedule is prepared twce,
prelinminary and definitively, for coor-
dinating hull construction,” outfitting,
and painting activities to prepare each
block for erection. Backward scheduling
i s perforned:

o for each block or for each grand
bl ock as erected,

0 in sequence for nold loft, fabrica-
tion, sub-block assembly, block
assenbly, grand block assenbly, on-
bl ock outfrtting and on-block
pai nting,

0 in order to prescribe a duration for
each activity, and

o for each ship to be erected.

The Prelimnary IHOP Schedule is a
yardstick for "shop/section schedul es,
and the Definitive IHOP Schedule is
made after their coordination. As
shop/ section schedul es cover all ships
and an | HOP Schedul e addresses each
ship, their coordination achieves rea-
listic durations and tinming for each
activity.

7.1.2 IHOP Tracking Qperation
An | HOP Schedule is a powerful tool

for monitoring current production pro-
gress, troubl e shooting, and recovering
elays to prevent them from affecting
future progress. During the period from
fabrication start to launching, the
ship manager in charge of a specific
ship chairs a weekly progress neeting
and uses the IHOP Schedul'e for track-
|n?, i.e., to identify deviations of
actual progress. The consequence of
such meetings is to maintain the coor-
dination of process yards by providing
inputs for ui)datlng weekly and nonthly
schedul es. [2]

7.2 Qrganization

Shops in traditional shipyard organi-
zations are too independent "to coordi-
nate their activities enou?h for effec-
tive HOP scheduling. Usually, schedu-
ling and production activities are not
within the same organizations. A tree-
structured network which features de-
centralization and conbines respon-
sibilities for production engineering,
pl anning, scheduling and execution is
necessary for effective coordination.

Anot her unique point is that |HOP
schedul i ng coordinates processes se-
quentially for work or?anl zed both ship
b}/] ship and block by block. Thus, each
shop/ section schedul'e, while maintain-
ing coordination with other shop/
sections schedul es, features workl oad
| eveling even when nore than one ship
is being produced sinultaneously. As
the bl ock-by-block approach facilitates
i deal scheduling for all shop/sections,
the scheduling matrix manifested by an
| HOP Schedul e satisfies the needs of
both ship and shop/section nanagers.

[1] See the NSRP publication “Shipyard Organization and Management Devel opment - Cctober 1985".

[2] Each ship manager's weekly maetingi is usually attended by production engineers and foremen from
concerned fabrication shogs and assenbly sections. The ship manager, a former shop or section manager,

isrelatively senior and h:
reports directly to the Shipyard Mnager.

as keen understanding of the overall shipbuilding system Each ship manager



TIME WORK VOLUME INDICATION
SCHEDULES SUMMARY SUMMARY RESPONSIBILITY
PERIOD UPDATION UNIT PERIOD PARAMETER
A SHIP FINITIVE PROGESS YARD/ _wgl:l:::g FoLocK
PRELIMINARY BY DEFI -
BLOCK/ MONTH IHOP MANAGER
IHOP SCHEDULE BUILDING IHOP SCHEDULE o DAYS E
PERIOD SHiP (PAST DATA)
— WEIGHT OF BLOCK
— WORKING
DEFINITIVE BY WEEKLY
HopscHeDuLe | ~PTTO- TRACKING —DITTO - - DITTO — DAYS ~DITTO -
(SECTION
SCHEDULE)
FIGURE 7-I: Details of Schedule Frames for IHOP.
7.3 Frame Scheduling Method
The IHOP Planning and Engineering o Purpose
Department, having status equivalent to
the Hull Construction, Outfitting and - To develop the definitive schedules
Painting Departments, prepares IHOP for hull construction.
Schedules for each contracted ship.
This department is responsible for IHOF - To confirm drawing issue and mate-
Schedules, both Preliminary and Defini- rial availability deadlines.

tive, within the frames tabulated in
Figure 7-1. The Preliminary IHOP Sched-
ule is a proposal to the shop/sections
concerned. The Definitive IHOP Schedule
is a result of subsequent coordination.

7.3.1 Flow

Figures 4-2, 5-2, and 6-2 model acti-
vity flow for IHOP scheduling and coor-
dination.

, the time and

work frames are the s for the Pre-
liminary and Definitive IHOP Schedules.
The preliminary schedule is based on
historical data. The definitive sched-

ule incorporates changes which reflect
current shop/section circumstances.

7.4 Preliminary ITHOP Scheduling
T.4.1 General

The pertinent scheduling flow is
shown in Figure 7-2.

Q
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- To determine the timing and dura-
tions of on-unit and on-block out-
fitting and painting.

— To determine the important material
lead time schedule.

Prerequisites

Tentative Erection Schedule

- Block Assembly Plan

On-block Outfitting Duration Schedule

Weight of each block.

ubject Treated: Specific ship.

or hull construction, outfitting

— 2 b

S
— Frame Size: Integrated activities
£

and paint

et

ng.

|
h H3

ime Period: Each work day, from
“abrication start to erection.

b4,




ACTION TAKEN: IMMEDIATELY

AFTER ISSUED INPUT
KEY PLAN —

©® ACTIVITIES SEQUENCE (HULL ASSEMBLY
PLAN)

® BLOCK WEIGHTS

PROCEDURE * {IHOP PLANNING)
REFERENCE
——— PRELIMINARY IHOP SCHEDULING
® STATISTICAL DURATION OF EACH
ACTIVITY ® DECIDE ACTIVITIES SEQUENCE
@ STATISTICAL EFFICIENCY 3 ® DECIDE ACTIVITIES DURATIONS
{ MAN-HOUR/ WEIGHT)

® LEVEL WORKLOAD FOR EACH MONTH

COORDINATING

@ SHORTEN THE DURATIONS
OF ACTIVITIES

@ SHIFT THE SEQUENCE OF
ACTIVITIES

COORDINATED
CONCERNED

AlM OUTPUT

® TO DEVELOP THE DEFINITIVE SCHEDULE

® TO CONFIRM DRAWING ISSUE AND MATERIAL
PREPARATION DATES PRELIMINARY IHOP SCHEDULE

@ TO COORDINATE OTHER SECTION SCHEDULES

® TO TRACK THE PROGRESS OF INTEGRATED

HULL CONSTRUCTION, QUTFITTING AND
PAINTING

| — |

-

DISTRIBUTION

TO: SHIPYARD MANAGER
DESIGN DEPARTMENT
HULL CONSTRUCTION

DEPARTMENT
FIGURE 7-2: Preliminary THOP Scheduling. OUTFITTING DEPARTMENT

111



7.4.3

7.4.2 Procedure

o Determine the activities sequence

from the assembly plan.

o Determine activities duration.

For each type of block (flat,
curved, special curved, etc.) that
constitutes a different problem cate-
gory, the shipyard maintains in its
historical file a plot of durations
required for outfitting and painting
on-block versus block weight. Thus,
block weight is used to obtain the
duration necessary to make a rough
analysis. After the durations are
backward scheduled from block erec-
tion dates, significant overlaps or
peaks are eliminated so as to uni-
formly load work stations for the
different processes (fabrication,
sub-assembly, assembly, on-block out-
fitting and on-block painting).

o Comparison with man-hours available

For each type of block (flat, cur-
ved, special curved, etc.) that con-
stitutes a different problem cate-
gory, the shipyard also maintains in
its historical file a plot of outfit-
ting and painting efficiency versus
block weight (man—hours/tony. How-
ever, such curves are not very exact
as the man-hours required for assem-
bling the many different outfit com-
ponents vary widely. Therefore, the
efficiencies obtained from these cur-
ves should only be used as baselines
from which factors should be added or
subtracted based on a production
engineer's judgement.

With the rough assessment of out-
fitting and painting man-hours so
obtained, compare the resulting
monthly man-hour requirements with
the man-hours available. Adjust any
overload that may be found by shift-
ing backwards simultaneously in one
stroke, and not sporadically; see
Figures 4-8 and 4-9.

Coordinating

o Items requiring coordination

— Drawing issue deadlines: To have
necessary drawings issued in time
for fabrication.

- Material need dates: To have neces-
sary materials available in time
for fabrication.

— Operating facilities: Not relevant.
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— Timing and durations for on-unit
and on-block outfitting and paint-
ing.

o Coordination

— Reducing the durations of activi-
tiess If it is found that drawing
issue or material availability
should not be in time for fabri-
cation, and that adequate margins
do not exist betweeen activities,
the durations allocated for the
relevant activities should be
shortened so as to maintain next
level schedule adherence.

~ Modifying the sequence of activi-
ties: If the sequence of activities
requires modification in order to
eliminate overloading or for any
other purpose, shift simultaneously
in one stroke all activities in-
volved; see Figures 4-8 and 4-9.

7-4.4 Output Data and Timing

[o}

Output: See Figure A-23.

o Timing: Immediately after contract

award.

7.4.5 Updating and Recovery

o

[o]

7.
7.

o

Updating: Not relevant.

relevant. It will be
the Definitive IHOP

Recovery: Not
replaced with

Schedule.

5 Definitive ITHOP Scheduling

5.1 General

The pertinent scheduling flow is

shown in Figure 7-3.

Purpose

— To finalize the need dates for
drawing and material issues.

- To coordinate all department sched-
ules block-by-block.

~ To monitor the actual progress of
work.

Prerequisites

- Erection Section Schedule

Assembly Section Schedule
— Fabrication Shop Schedule
- DAME outfitting section schedules.

- Painting Section Schedule



IMMEDIATELY
AFTER ISSUE OF
SECTION
SCHEDULES

ACTION TAKEN:

REFERENCE

/
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\

COORDINATING

INPUT
/
—

//
(\_,

® ACTIVITIES DURATION AND TIMING

— FABRICATION SCHEDULE
— ASSEMBLY SCHEDULE

— UNIT AND ON-BLOCK OUTFITTING

SECTION SCHEDULE
— PAINTING SECTION SCHEDULE

@ ERECTION DATES
— ERECTION SCHEDULE

PROCEDURE + { 1HOP PLANNING)

DEFINITIVE IHOP SCHEDULING

® TO COORDINATE THE ACTIVITIES
TIMING AND DURATION BETWEEN
DEPARTMENTS

Y

= POSSIBLE
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FIGURE 7-3: Definitive IHOP Scheduling.
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0 Franes
Subj ect Treated: Specific ship.
Frane Size: Individual activities
by IHOP processes.

Time Period: I\/b_nthl¥ fromnold |oft
start to launching for a specific

ship.
7.5.2 Procedure

The only coordination needed for this
scheduling operation is to arrange
tlmngz of activities for each block to
suit the process yards of concerned
sections. The timng and durations of
all activities have al ready been fina-
lized on the fabrication shop schedul e,

the assenbly section schedule, on-block

outfitting Section schedule and the
pai nting section schedule as a conse-
guen_ce. of shop/section reviews of the
relimnary | schedul e.

7.5.3 Coordinating
0 ltenms requiring coordination:

Drawi ng i ssue deadline dates with
the DeSign Departnent.
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- Materials availability deadline
dates with the Material Section.

- Durations and tining of activities
with the Hull Construction Depart-
nent .

- Durations and tinming of on-unit and
on-bl ock outfitting operations with
the Qutfitting Departnent.

- Durations and tining of Pai nting
operations with the Painting De-
part ment.

o Coordination
- Shifting the sequence: Same as in

Part 4.6.3; see Figure 4-8. Shift
activities in one Stroke, not
sporadically bit by bit, as in
Figure 4-9.

7.5.4 Qutput Data and Timng

0 Qutput: See Figure A 24.

o Tining: Imediately after shop/
section schedules are issued.

7.5.5 Updating and Recovery
Not

rel evant.



8.0 PIPE PI ECE FAM LY MANUFACTURI NG

8.1 Genera

Pkpe Piece Famly Nhnufacturin%
(PPFM schedul es are derived by back-
ward scheduling from pallet need dates
PPFM activities relate to outfitting in
the same way that part fabrication
activities relate to assenbly work for
hul | construction. But, parts for each
bl ock are scheduled to be fabricated
sinmul taneously. In contrast, pipe ,
pieces for many DANE pallets are fabri-
cated sinultaneously as neans for idea-
lizing pipe shop operations. The four
supporting FPSS el ements described in
Chapter 2.0 are also applicable to
PPFM  The fanllg manuf act uring concept
is also applicable for other outfit
conponents, such as, vent ducts, |ad-
ders, pipe supports, cable hangers,
machi nery foundations, etc., enever
they are required in large quantities
characterized by varying designs. [1]

8.1.1 Frame Scheduling Method
Frames are devel oped fromlarge to

smal | as a design devel ops from basic
through functional and transition de-
sign, and finally, to work instruction
desi gn
8.1.2 I HOP Scheduling and Tracking
Operation

PPFM is planned on the basis of pal-

et need dates for pipe pieces. PPFM

planners are only nomnally involved in
contributing information for an |HOP
Schedul e. wever, theK coordinate
their manufacturing schedule with th
outfit Blanners for on-unit, c
and on-board outfitting.

e
on- bl ock

8.2 Qrgani zation

PPFM pl anning and scheduling is im
pl emented by each |evel of the pipe
pi ece manufacturing shop. None are
Involved in producing pipe piece
sketches and on-unit, on-block and on-
boar d f|tt|n?. Such work belongs to the
Design Deparfment and the DAME fittin
sections respectively. Figure 8-1 nodels
a Pjpe pi ece manufacturing shop organi-
zation which is structured under the
Qutfitting De?artnent and serves onIY
to supply palletized pipe pieces to the
DAME outfit assembly sections

The shop is phased by level into two
F-Goups. One 1s for manufacturing and
the other is for other activities. The
first is grouped into AF-grou?s by
famlies of pipe dianeters, etc., and
the second is grouped into AF-groups by
rocess stations such as for surface
reatment (pickling and painting),
testing and palletizing and off-1ine
manufacturing. Material preparation
belongs to the first F-group because it
is a process which necessarily precedes
manuf acturing processes.

8.3 Franme Schedul i ng Met hod

The shop prepares schedules for each
| evel in sequence as shown in Figure
8-2. The planners of each |evel pregare
schedules within their frames as tabu-
lated in Figure 8-3. They never prepare
schedul es wthout advance coordination
with DAME outfitting planners both for
obtaining proposed pallet need dates
and for advising what is feasible based
on man-hour avarlability in the pipe
shop. Then, normal lead tines per pipe
pi ece fan1f¥ are applied by backward
scheduling trom pallet need dates in
8r9er to deternine piece-by-piece start

ates.

[1] See the NSRP publication "Pipe piece Fanily Manufacturing - March 1982".
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PIPE PIECE
MANUFACTURING

IHOPPLANNING |
AND ENGINEERING
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FITTING

——
PREPARATION
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SCHEDULING AND ENGINEERING
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FIGURE §-1: Model Organization for Pipe Piece Manufacturing.




OUTFITTING

OTHERS SHIPYARD DEPARTMENT
DESIGN SHIPYARD MAN-HOUR
MAN-HOUR MASTER CUMULATIVE
CUMULATIVE SCHEDULING SCHEDULING | SHOP/SECTIONS
SCHEDULING (PERIODIC) (PERIODIC)  [N-HOUR
ULATIVE
T SCHEDULING
(PERIODIC)
ml;’{gr%gw_ SHIPYARD
MASTER
PROCUREMENT SCHEDULING MAJOR MATERIAL
SCHEDULING {NEW ORDER) NEED DATES
MAN-HOUR
CUMULATIVE
SCHEDULING
(NEW ORDER) |12 0
CUMULATIVE
SCHEDULING
(NEW ORDER)
MAJOR MATERIAL
NEED DATES
> CONTRACT AWARD
DESIGN
#'i”T'I't’/éTIES PRELIMINARY OUTEITTING DEPARTMENT
Lt ACTIVITIES
SCHEDULING IHOP ACTIV IMPORTANT
I NEED DATES
IMPORTANT
MATERIAL
PROCUREMENT FITTING
SCHEDULING FITTING SECTIONS
DEFINITIVE SECTION
IHOP SCHEDULING | HULL BLOCK
SCHEDULING : NEED PERIODS
F-GROUP
OP TWO WEEK
ADVANCE
SCHEDULING ggHNETDHuLleG -~ SCHEDULING
TRACKING ONE WEEK
ADVANCE
SCHEDULING
AF-GROUP |
WEEKLY [ | weekLy
SCHEDULING SCHEDULING
WORKERS
DAILY DAILY
SCHEDULING SCHEDULING

FIGURE 8-2: Sequence of Pipe Piece Manufacturing Scheduling is shown by bold boxes.
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811

TIME

WORK VOLUME INDICTIONS

FRAMES RESPONSIBILITY
SCHEDULES PERIOD UPDATED SUMMARY UNIT | pEnOBRY | PARAMETER
SHOP SHOP
gﬁub'ﬁ%vs 15 YEARS EVERY 6 MONTHS | FKLD/SHIP/SHOP MONTHS S-CURVE MANAGER
SCHEDULE
OUTFITTING WEIGHT
ACTIVITIES A SHIPBUILDING NOT FRAMED NOT (BUDGET CONTROL SHOP
TIMING PERIOD RELEVANT ZONE/SHIP/ RELEVANT || sT) MANAGER
SCHEDULE
SHOP .
SPHEDULE SUBSTITUTE USER'S (FITTING) SECTION SCHEDULES.
TWO WEEK SHIPS FOR FRIDAY MORNING —PARAMETERIC
ADVANCE WEEK AFTER BEFORE FAMILY/PALLET 1 WEEK MANUFACTURING FOREMAN
SCHEDULE 2 WEEKS 2 WEEKS HOURS
ONE WEEK SHIPS FOR FRIDAY MORNING —PARAMETRIC
ADVANCE WEEK AFTER BEFORE LINE/FAMILY 1 WEEK MANUFACTURING FOREMAN
SCHEDULE 1 WEEK 1 WEEK HOURS
FRIDAY AFTERNOON | EAMILY/LINE/ —PARAMETRIC
WEEKLY SHIPS FOR OF THE PROCESS STATION/ 1 WEEK PIECE NUMBERS/ ASSISTANT
SCHEDULE NEXT WEEK mEEtl:(EDING DIAMETER ETATION FOREMAN
FAMILY/LINE/ —PIPE PIECE
DAILY SHIPS FOR EVERY PROCESS STATION/ 1 DAY DRAWING WORKER
SCHEDULE 1 DAY DAY DIAMETER/ NUMBER/WORKER

PIPE PIECE DWG.

FIGURE §8-3: Details of Schedule Frames for Pipe Picce Family Manufacturing. Paramctric manufacturing hours arc derived from past data.




The groupi ng of such dates thin
a fixed duration, usually one week,
determines a work lot. As the efficien-
cy (man-hours/pipe piece) is different
for each fanily and the contents for
each pallet vary widely, man-hours/work
lot vary widely. Reliance is placed on
a select group” of sub-contractors to
absgr? tthe fluctuating part of each

work |ot.

8.3.1 Flow

Wrking with the DAME sections, the
shop produces a man-hour cumulative
schedul e, periodically and for each new
order as evidence of the shop's man-
hour availability.

I'n order to integrate backward sched-
uling for outfllttlng on-unit, on-block
and on-board with PPEM the start date
of work is determined fromthe |ead
times for manufacturing. The work |oad
should be leveled in an attenpt to
mat ch man-hours available both in-house
and in subcontractors plants by advanc-
ing pipe piece start dates or ‘obtaining
agreenent from the DAME sections to
post pone pal l et deliveries.

8.3.2 Franes

The time and work frames at each
scheduling level are presented in
Figure 8-3.

The shop prepares a cunul ative sched-
ule for a duration of eighteen nonths
which is updated every six nonths and
on the occasion of a new ship contract.
The Qutfitting Department prepares the
activities timng schedule for the DAME
sections and the Pipe Shop. The DAME
sections deternmine pallet need dates
which include the need dates for pipe
pieces. The latter dates determne
required finish dates for manufacturing
pi pe pi eces.

Each |ower level schedule is coordi-
nated with others on the same |evel.

8.4 Man-Hour Cumul ative Scheduling
{Periodic)

Cener al

8.4.1

The pertinent scheduling flow is
shown in Figure 8-4.

0 Purpose

- To review the Shipyard Master
Schedul e and Qutfiting Man-Hour
Cumul ative Schedule for the conpa-
tibility of budgeted man-hours
allocated to a ship contracted (or
to be contracted) with the man-
gﬁurs actual ly available to the

op.
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To serve as data on available pro-
duction capabilities that is to be

used by marketing people for soli-
citing new orders.

To serve for adjusting the man-
hours available on a long-term

basi s.
To serve the departnent manager for
I ong-term adjustnments of man-hour
accunul ations between the shop/
sections.

0 Prerequisites

Shipyard Master Schedul e

Qutfitting Man-hour Cumulative Schedul e

Budget ed man-hours for manufacturing.
0 Frames

Subj ects Treated: Al ships con-
tracted or to be contracted.
Frame Size: Ship/Manufacturing.

- Time Period: Monthly over a period
of 1 .5 years.

8.4.2 Procedure

0 From the shipyard' s history of sini-
| ar ships, choose the S-curve which
best fits the circunstances being
consi der ed.

0 From the curve selected, determ ne
the man-hours accunul ated at each of
the key nilestones as foll ows:

Pi = Hei
Hb
where: P = percentage of man-hours
accumul afed at each of
the key nilestones
I . K, LorD
Hb = total budgeted man-hours
Hei = accunul ated man-hours at

each of the key mle-
stones

0 Superinpose the shipyard manager's
proposed K, L or D dates for fhe
contenpl ated ship and bP/ enPI oyi ng
the same percentages, plfot the
S-curve for the contenplated ship.

O btain the monthly man-hour distribu-
tion (the derivative in mathematics)
from the contenplated ship.



ACTION TAKEN: EVERY SIX MONTHS  ,ypur

_—

@ DATES OF FABRICATION START, KEEL
LAYING, LAUNCHING AND DELIVERY

® BUDGETED MAN HOURS FOR

MANWUEACTIID!

LT ath RV A r\\—lvuu‘v

® MAN-HOURS AVAILABLE

PROCEDURE * { SECTION)
— L |

REFERENCE
/

MAN-HOUR CUMULATIVE
SCHEDULING (PERIODIC)

AR Eeg PV S A

/
/ @ STATISTICAL S- CURVE /
® SELECT S-CURVE
® ESTIMATE ACCUMULATED MAN-HOURS
AT FABRICATION START, KEEL LAYING,
LAUNCHING AND DELIVERY

\ \ - ® DISTRIBUTE MAN-HOURS PER MONTH
\ \ ® ACCUMULATE MAN-HOURS FOR ALL SHIPS
\

® LEVEL MAN-HOURS
\

COORDINATING 5
NO SCHEDULES
® SELECT ANOTHER S-CURVE FOR DRAWINGS,
MATFRIAIQ HULL ('ON-
© INCREASE MAN-HOURS AVAILABLE STRUCTION AND
BY TRANSFERRING WORKERS, OVER- OMPATIBLE
1TV, AND/ UR QUDUUNIRALITIND ?
ES
AIM OUTPUT Y *
® TO CHECK FEASIBILITY OF PROPOSED k
MANUFACTURING WORK MAN-HOUR CUMULATIVE SCHEDULE
® TO PREDICT ACCUMULATED MAN-HOURS ( PERIODIC )
FOR ALL WORK
® TO CONSIDER ALTERNATIVES FOR ADJUSTING
MAN-HOURS AVAILABLE e

TO: DEPARTMENT MANAGERS

FIGURE 8-4: Man-hour Cumulative Scheduling (Periodic).
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0 Insert the nonthly man-hour distribu-
tion for the contenplated .ShIP. in
the nonthly man-hour distribution for
all work contracted and contenpl ated.
Level excessive Peaks b% conparison
with the available nmonthly nan-hours
and_ shi ft[n?_ dates within whatever
limts exis |ng_\I contracted deljvery
dates permt. Alternatively, the °
[E)eaks may be retained provided addi-
ional man-hours are budgeted. Cbvi-
ously, the solution to be adopted
must " the one selected by the Shipyard
Manager .

8.4.3 Coordinating

Adjustments to elinminate differences
bet ween needed and budgeted man-hours
are made by:

0 substituting another S-curve, and

0 adjusting available man-hours through
arranging for transfer of manpower
fromthe Hull Construction Departnent
to the Qutfitting Department and
through arranging for overtinme work.

~If available man-hours are still
insufficient, the Shipyard Manager nust
find a solution which ctould be a revi-
sion of key nmilestone dates. This al-
ternative would require further nego-
tiations with the proposed custoner.

8.4.4 Qutput Data and Timng

0 Qutput: See Figure A-1 which is sim-
lar to this schedl ue.

0 Timing: Every 6 nonths.

8.4.5 Updating and Recovery

0 Updating: Performed regularly at in-
terval s of 6 nonths.

0 Recovery: Not relevant.

8.5 Man-Hour Cumul ative Scheduling

8.5.1 General

The pertinent scheduling flow is
shown in Figure 8-5.

0 Purpose

- For a specific ship newy contract-
ed, to finalize dates for F, K, L,
and D on the Shipbuilding Master
Schedul e.

- To serve as man-hour accunul ation
for outfitting scheduling.
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0 Prerequisites
- Estimated dates for F, K L, and D
from the Shipbuilding Master Sched-
ule (Periodic).

- Work volume data from the Material
Budget Control List.

o Franes
Subj ects Treated: Specific Ship.
Frame Size: Departnent and shop/
|sectll on for their respective
evel s.

Time Period: Mnthly during the
period fromF to D.

8.5. 2 Procedure

Same as described in Part 5.5.2.
8.5.3 Coordinating

Same as described in Part 5.5.3.
8.5.4 Qutput Data and Tining

0 Qutput: See Figure A-1 which is sim-
lar to this schedul e.

0 Timing: Wen directed by the Depart-
ment Manager .

8.5.5 Updating and Recovery

0 Updating: Same as described in
Part 5.5.5.

0 Recovery. Recovery is sought on the
periodi ¢ man-hour- cunul at1ve sched-
ule. See Part 8.4.4.

8.6 PPFM Activities Timng Scheduling

_ The PPFM Activities Timng Schedul e
is generated in the Qutfitting Activi-
ties Timng Schedule by the same con-
cept described in Part 5.7.

8.7 Shop Schedul ing

A shop level schedule for PPFMis not
required because the DAME section
schedul es give the need dates for pal-
lets for on-unit, on-block and on-board
outfitting. This information is all
that is needed for preparing the Two-
VWeek Advance Schedule.




ACTION TAKEN:

REFERENCE

/

® STATISTICAL S-CURVE

® PARAMETERS FOR MAN-HOUR
ESTIMATING

® STATISTICAL DAT
ESTIMATING

® STATISTICAL EFFICIENCY

Aar ta/IIN

A s Al ”~
A FTUK MAN-INTUUR

'+I\\

COORDINATING

® SELECT ANOTHER STATISTICAL S-CURVE
@ INCREASE MAN-HOURS AVAILABLE BY

o4 Y,

TRANSFERRING WORKERS, OVERTIME,
AND/OR SUBCONTRACTING

AlM

® TO CHECK FEASIBILITY OF MANUFACTURING

PER THE SHIPYARD MASTER SCHEDULE

FIGURE 8-5: Man-hour Cumulative Scheduling (New Order).

® DATES FOR FABRICATION START,
KEEL LAYING, LAUNCHING AND DELIVERY
® BUDGETED MAN-HOURS

® MAN-HOURS AVAILABLE

PROCEDURE * ( SECTION)

MAN-HOUR CUMULATIVE SCHEDULING
{ NEW ORDER)

® SELECT STATISTICAL S-CURVE

® ESTIMATE ACCUMULATED MAN-HOURS
AT FABRICATION START, KEEL LAYING,
LAUNCHING AND DELIVERY

® DISTRIBUTE MAN-HOURS PER MONTH
® COMPARE WITH MAN-HOURS AVAILABLE
® LEVEL MAN-HOURS

%

P

SCHEDULES
FOR DRAWINGS,
MATERIALS, HULL CON-
STRUCTION AND

OUTPUT

| MAN-HOUR CUMULATIVE SCHEDULE
| ( NEW ORDER)

w

L]

DISTRIBUTION

TO: DEPARTMENT MANAGERS
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8.8 Two-Week Advance Scheduling
8.8.1 Ceneral

~ The pertinent schedule flow is shown
in Figure 8-6

0 Purpose

- To develop information from which
to prepare a One-Wek Advance
Schedule that will govern actual
|npll(emant ation of manufacturing
wor k.

- To develop a week-by-week work |oad
plan including overfinme and subcon-
tracting work.

0 Prerequisites
- Pallet need dates.

Pi pe piece manufacturing draw ngs.
8.8.2 Procedure

The Two-\Week Advance Schedul e covers
the manufacturln% activities for the
wor kweek after the next two weeks from
its issue e:g., if the schedule is
issued on Friday, 13 Septenber, it

applies to the work week starting_Mn-
day, 30 Septenber; see Figure A-27).

0 The manufacturing starting dates per
PI pe piece is conputed by the fornu-
a

PPsd = PPnd - PPIt
Where: PPsd = Manufacturing start
date for each pipe

pi ece
PPnd

Pal | et need date for
each pipe piece

PPIt = Lead time for a pipe
piece by fanily

0 Goup into the PPFM work lot per week
all pipe pieces having start dates
which are in the same week.

0 Calculate and accunulate the man-
hours required for the work |ot.

0 Advance (A) the work |oad b%/ pal | et/
ipe piece famly to |evel the man-
ours required. with permssion
of the concerned |)AME section Post-
pone (P) the work | oad by palle I pi pe
piece famly to the succeedi ng week.
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8.8.3 Coordinating
0 Man-hours avail abl e

~The shop engineer takes the initia-
tive, with the shop manager's per-
mssion, to provide for overtine and
subcontracting.

0 Shifting the work |oad

The shop engineer coordinates the
shifts in:

- Pallet jssue dates to succeeding
weeks with concerned DAME section
engi neers.

- Drawing issue dates to J)recedi ng
weeks with the concerned DAME work-
instruction designers.

8. 8.4 Qutput

0 Qutput: See Fi gure A-27 for weekly
I

Data and Timng

work |oad and A-28 for leveling by
pi pe piece fanily.
o Timing: Every Friday norning.

8.8.5 Updating and Recovery

0 Updating: Automatically updated and
recovered by the One-Vieek Advance
Schedul e.

0 Recovery: Not relevant.

oo

.9 One Week Advance Scheduling
.9.1 Ceneral

The pertinent scheduling flow is
shown in Figure 8-7.

00}

0 Purpose

- To develop the One-Week Advance
Schedul e that will govern the \eek-
|'y Schedul e.

- To develop the schedule which dis-
tributes the work |oad consistent
with in house and subcontractor
avai | abl e man- hours.

0 Prerequisites
- Pallet need dates.

- Pipe piece manufacturing draw ngs.



ACTION TAKEN: EVERY FRIDAY

MORNING

® RATES FOR CONVERTING PIPE PIECES

T MAAN_HLNNIDS DENIHIDEN
IV INAINTTIVURI RLWUVIRLY

® LEAD TIME/ PIPE PIECE FAMILY

|
\
\

® PIPE PIECE DRAWINGS /PALLET
® WEIGHT/ PALLET

® WEEKLY WORKLOAD FOR NEXT 5 WEEKS
® MAN-HOURS AVAILABLE

® PALLET NEED DATES

PROCEDURE

|

{ F-GROUP)

TWO WEEK ADVANCE SCHEDULING

-
\

Y

LIZZIA TaXli)]

o

GROUP WORK PER WEEK
CALCULATE MAN-HOURS REQUIRED
LEVEL WORK LOAD

® INCREASE MAN-HOURS AVAILABLE BY
OVERTIME WORK AND/OR SUBCONTRACTING

® ADJUST PROGRESS BETWEEN SECTIONS
CONCERNED

® REMIND DESIGN AND MATERIAL CONTROL
OF DRAWING AND MATERIAL NEED DATES

§-6: Two Week Advance Scheduling.

MAN-HOURS
AVAILABLE OK?

DRAWING ISSUES OK ?

ouTPUT

TWO WEEK ADVANCE SCHEDULE

1
——

DISTRIBUTION

TO: PIPE SHOP MANAGER
ASSISTANT FOREMEN
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MORNING

REFERENCE

ACTION TAKEN: EVERY FRIDAY

® RATES FOR CONVERTING PIPE PIECES
TO MAN-HOURS REQUIRED

@ LEAD TIMES/PIPE PIECE FAMILY

AlM

e TO LEVEL THE WORK LOAD AMONG
PRODUCTION LINES

© TO MAKE THE WEEKLY SCHEDULE

FIGURE 8-7: One Week Advance Scheduling.

©® PIPE PIECE DRAWINGS / PALLET
® WEIGHT /PALLET

® WEEK AFTER NEXT WEEK

® MAN-HOURS AVAILABLE/LINE
® PALLET NEED DATES

PROCEDURE + { F-GROUP)

ONE WEEK ADVANCE SCHEDULING

® CALCULATE START DATES
® GROUP WORK PER WEEK
@ CALCULATE MAN-HOURS REQUIRED

® SHIFT THE OVERLOAD TO OTHER LINES
AND/OR SUBCONTRACTORS

YES
OUTPUT '

ONE WEEK ADVANCE SCHEDULE

\_’/—\
L)

DISTRIBUTION

TO: PIPE SHOP MANAGER
ASSISTANT FOREMEN
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0 Franes

- Subjects Treated: Al ships.
Frame Size: Process yard (Line)/
pi pe piece fanily (PPF).

- Time Period: 1 week for 1 week
ahead.

8.9.2 Procedure

The One-Week Advance Schedul e covers
the manufacturing activities for the
work week after the next week fromits
issue (e.g., if the schedule is issued
on Friday, 13 Septenber, it applies to
the work™ week startlng Monday, 23 Sep-
tenber; see Figure A-29).

0 Calculate and accunulate the man-
hours required for the work lot as in

Part 8.8.2.

0 Shift some work |oad by production
|ine/PPF to other production |ines or
to subcontractors consistent wth
avai | abl e man-hours.

8.9.3 Coordinating

Not relevant.

8.9.4 Qutput Data and Tining

0 Qutput: See Figure A-29 for work |oad
by production line and A-30 for work
| oad by PPF.

o Tining: Every Friday norning.

8.9.5 Updating and Recovery
Undertaken on the \Weekly Schedul e.

8.10 Weekly Scheduling

8.10.1 Ceneral

~ The pertinent schedule flowis shown
in Figure 8-8

0 Purpose
- To schedule the daily work |oad
station by station and yard by
yard.
0 Prerequisites
One Week Advance Schedul e
Pi pe piece manufacturing draw ngs.

Nunber of pipe pieces which are
carried over to the next week.

0 Franes
Subj ects Treated: All

Frame Size:

shi ps.
Process station/yard.
- Time Period: 1 week.
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8.10.2 Procedure

The Weekly Schedul e covers a seven

wor kday period which includes a Friday,
ihe enflpe work week follow n%, 3and t¥le

very next IVbndaY; see Figure A-31. Thus,
successi ve week E schedul'es intention-
ally overlap by 2 work days. The data

is updated from that of the previous
week.

0 Confirming the work |oad

Check the unfinished pipe pieces
per process station.

- Check the piFe pi eces to be manu-

factured in the next week.
- Confirmthe total work load for the
next week.

o Distributing the work |oad

Distribute the pi Be pi eces to be
manuf actured day by day and station
by station.

0 Leveling man-power

Shift workers from one station to
another within or outside yards,
as necessary. Wrkers are ‘usually
assigned to specific stations from
where they are only tenPorarlly

0

moved for” the purpose | eveling
wor k | oads.
8.10.3 Coordinating
Not relevant.
8.10.4 Qutput Data and Tining
0 Qutput: See Figure A-31 for snall

di ameter pipe, A-32 for nedium
dltamater, and A-33 for large dia-
nmet er.

o Tining: Every Friday norning.
8.10.5 Updating and Recovery
Undertaken on the Daily Schedule.
8.11 Daily Schedul e
8.11.1 Ceneral
The pertinent scheduling flow is
shown In Figure 8-9. The Wekly Sched-
ule on which an A/F tracks the work

progress can be used as a daily sched-
ule for workers.

0 Purpose

To determine activity inplenenta-
tion on a daily basis.

- To recover delays incurred on the
Veekly Schedul e.



ACTION TAKEN: EVERY FRIDAY
AFTERNOON

REFERENCE

® WORKER’S NAME
@ PIPE PIECE DRAWINGS

©® FOLLOWING ONE WEEK

PROCEDURE + { AF-GROUP)

® ONE WEEK ADVANCED SCHEDULE
® PRODUCTIVITY/ STATION

WEEKLY SCHEDULING

® DETERMINE THE PIPE PIECES TO BE
MANUFACTURED

® ALLOCATE PIPE PIECES DAY BY DAY
® LEVEL THE WORK LOAD

AlM

—n

YES
OUTPUT Y

® TO ALLOCATE PIPE PIECES TO EACH WORKER

FIGURE 8-8: Weekly Scheduling.

WEEKLY SCHEDULE

=

DISTRIBUTION

TO: FOREMAN
WORKER
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ACTION TAKEN: EVERY MORNING

z
2]
)

-

\5

® WORKERS PRESENT

REFERENCE

DAILY SCHEDULING

® ALLOCATE WORKERS PER PRIORITIES
RK PROGRESS

R \,__). @ SHIFT WORKERS TO STATIONS THAT

ARE BEHIND SCHEDULE

vee
Tew

AlM OUTPUT Y
@ TO FINALIZE WEEKLY ACTIVITY SCHEDULE

DAILY SCHEDULE

\___/—

~—

DISTRIBUTION
TO: WORKERS

FIGURE 8-9: Daily Scheduling.
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Prerequisite

- \eekly Schedul e

Frames

- Subjects Treated: Al ships.
- Frame Size: \Wrker.

- Period: One workday.

.11.2 Procedure

Each A/F assigns duties to workers
based on activity priorities.

Each A/F conpensates for worker ab-

sences in order to neet activity
priorities.
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8.11. 3 Coordi nating
Not rel evant.

8.11.4 CQutput and Timing

Instructions are issued verbally or
marked on the weekly schedule every
nor ni ng.

8.11.5 Updating and Recovery
Not relevant. At the end of each day,

wor Kk remai ni n% is reported verbally for
recovery on the follow ng day.
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APPENDIX A

Examples of Various Schedules

Hull Construction Man-hour Cumulative Schedule

SNo. XXXX Tentative Erection Schedule

SNo. XXXX Hull Comnstruction Activities Timing Schedule

SNo. XXXX Preliminary Erection Schedule

SNo. XXXX Monthly Erection Schedule for Fitters and Welders
Assembly Section Schedule for Curved-block Assembly Yard
Assembly Section Schedule for Curved Grand-block Assembly Yard
Curved Grand-block Assembly Yard Monthly Schedule

Cesanes Ad Do A_ LTl Aocmamh YVemand LT 1-T.. Q.
viurvea uvrand—-oiroCK nbbcmu.l._y iai wccn.l.y OLIICUU.LC

SNo. XXXX Outfitting Activities Timing Schedule
SN YYYY On—hnaard On+firtino Ar“l--|v +ioa 1 mT

~hea
WitV e  diiadidi WAITUUGL U V0LddbLdllg QWG VECAUD siialgy olud

SNo. XXXX On-board Operations and Test Activities Timing Schedule
SNo. XXXX Important Material Need Date Schedule

SNo. XXXX Important Material Need Date Table

SNo. XXXX Machinery Section On-board Outfitting Schedule

SNo. XXXX Machinery Section On-unit and On-block Outfitting Schedule
SNo. XXXX Operation and Test Schedule

Group 00 Weekly Schedule (On-block)

SNo. XXXX Weekly Schedule (On-board)

SNo. XXXX Weekly Schedule (Operation and Test)

SNo. XXXX On-block Painting Schedule

SNo. XXXX On-board Painting Schedule

SNo. XXXX Preliminary IHOP Schedule

SNo. XXXX Definitive IHOP Schedule

SNo. XXXX On—block Palntlng Weekly Schedule

D 2t LT 1_1__

Weekly Workload for Pipe Piece Family Manufacturing
T avaline hey Dina Piarsa Fams e

-I-ICVC-I--LLIB IJJ i -LPC + LTLUC 4 aLl.LL.I.J

Workload by Line

Workload by Pipe Piece Family

Small-bore Pipe Piece Manufacturing Schedule
Medium-Bore Pipe Piece Manufacturing Schedule

Large-bore P1pe Piece Manufacturing Schedule



HULL CONSTRUCTION MAN-HOUR CUMULATIVE SCHEDULE
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T®031UNIT,_ {{® D31 G.UNIT | N O A I O A I O O e ] T 1.1
L - _ l AHU | ] .
i 1.1 [t©p32e.unT N T R P e . -
. ] _ GSM31 | 1.1 ;
" 1li@8-STAGE UNITHY @ GSM31 B-STAGE UNIT | o AHA AH-L
. ] | i } } 1 | . .
1} ® GSL32 8-STAGE UNIT . R ]
i ¥ © GSsL32 B-STAGE UNIT I T '
i ‘ R P !
"1 fi® LEFBLUESKY UNIT ! _ T | I
- fD_UEF BLUE SKY UNIT | ! '
- '@ AH PRE. ERE. T & UNDER AH BLUE SKY UNIT

(0998756502) A3 k45 49,1, 100x30 K (M)
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GT-V

S. No.

IMPORTANT MATERIAL NEED DATE TABLE

.D D.
D.W.G. NO. DESCRIPTIONS Q'TY. |N.DATE QLTAgg,fg N N.PACKAGE | XXX
) ) ORIG. |ALT 1]ALT 2
+
XXXXXXXX MAIN DIESEL ENGINE SLIDE £0 s | sl 1
XXXXXXXX | MAIN DIESEL GENERATOR A ?ggﬁ E_21 1223 | 12710] 178
XXXXXXXX | ELECT.BALLANCER SU41 E-2 5?/12 2
XXXXXXXX | SHAFT GENERATOR M/E E-2 3:1;/24 24
XXXXXXXX | AUX.BOILER NG N B
J+10
XXXXXXXX | EXH.GAS ECONOMIZER 12118 1121 125
XXXXXXXX INTERMEDIATE SHAFT M/E E-5 v | sl e
KXXXXXXX PROPELLER SHAFT M/E E~5
XXXXXXXX | PROPELLER L-15
2/8 | 2/10] 2/8
XXXXXXXX STERN TUBE BEARING §5£10
112 | 1/20| 1/23
XXXXXXXX | STERN TUBE SEAL ASS'Y S.S%10

8.8, SHAFT CENTER SIGHTING

Figure A-14



91—V

PL. No, S NO. XXXX MACHINARY SECTION ONBOARD OUTFITTING SCHEDULE
MONTH/DAY " 12 2
ONBOARD 27 3l4 1011 1718 2425 30~4]7 B 1418 2122 2829 4/8 112 1819 2528
ZONE 2425|126 28l2030] 1 215 8|7 8lal12|13 1a]15 18|18 20021 22|23 38127 28120] 5|6 8 l0|11]1213}17 18]19.20|23 24]26 26|27 30{31{ 1 |2 3|6 | 7|8 9 [10]13}14 1616 17[20 21| 22 23] 24 2728 29} 1
DC1 SLIp/s GT31C_|[. GSU3IL(S) _ GGUSIP/s | GGSL4IC o GGSU4IC UC31 . *
B g O el Dl L= Ps Sl uban) g 1 vy =
. J' “csmateis 1] sbdtp | Gsudas us3atp SHIFT SHAFT | M/E RUDDER _PROPELLER L
| KEY SCHEDULE GD31C | GDb32C GSU31(P} GSU31US) | uci 2D32C SHIGHT UNNEL PO DELIVERY
GSL32ZC, GSU3ZLIP), . _
| o) o Lo 4o | o] GSU3UKP) I JAUX.BOILER| 1 _ j __.} _ |} -
| |pcixep3te L bla STEERING GEAR
K UPPER EDGE WELDLING o
o ] | MJ/E DEL 1
1 FO TRANSFER PP UNIT
PALLET NUMBER 7108
- GSUSZU__ C SU3/1 B)\ TI7T1PA i2p 21p04 220.01), MOLDPIFE | 15P0 2P0 26641 MOLD s/l‘JPFonTs || CLEANING ON COOLER FLAT  71P0:1:2:34 SUPPORT MOLD
A N kT ussip 3) (1) (14) (19) 14 1P 211222 (86), {16} 18)! (26)  16-26P (37) (151
A \ \ CLEANING OF 1 N j 1
IS\ T Y PURIFIER ROOM 3P0 | |-1.2, MOLD (D/G ROOM) ™ 35P-0 —35P-]-2, MOLD™SUPPORT || 32P-1:2, MOLD
NI A zoatk) | ) oty OF PiPE PIECES 20 | (5 (19) (68) (15, | (s6) 7)_(16)
K GSUaZL \ \ i ] E/G ROOM
P \ 4zp-1.Z_| M 41P, M SUPPORTS | 4BP-023 Ml s| 510 6, M| S
B \R ~ 119) | (22) (6)i(19) 146) 133) 13)]__ @l 27)
1 | | : -
AP E/F PP ROOM ~~ CLEANING ASRPA-1:2 M S,
B MY FAPA S/G ROOM ~ ASRFA-GA-PA-TA {46)
- GSUTUS) 1 |
suazs ’/‘A\ INSTRUMENT. PREP. ARR. PIPING BELOW LEF PIPING ABOVE LEF
- AN (\ :“\1: > I !
A\ N, PIPING FOR M/E
_ [ v/ o4 i
LN P d P A
IN 8N~ Y 2 el et e bms
IS WELDING BELOW LEF WELDING ABOVE LEF
- { GSU31L(S) ' ,
I. ] P |
n ] > :
1V P R\
. o0/ XpZyi —_
1L/ >
A~ 1 y 1 FOUNDATION | _ ACCESSES
} i ACCESSES BELOW LEF | ACCESSES ABOVE LEF FOR SPARE PARTS ~ ARGUND M7
R 14 ] ] _22Fa,22kA,28KA | | 31KA, 32KA, 36FA; 35KA, 41KA 2.FX, 3-FX, 4-FX i
42KA 45KA
e - s R 0 TR s Aot S R
= S P - FINISHING AND BORING
I O B OF MEBED, |
e i
I
- MAN-DAY
e ‘
X X |1 X !
" > FITTER TOTAL MAN-HOUR/10 DAYS
— 9 \_| ACCUMULATION |
- g XXIXX XXX/XXX XXXIXXX | XXXIXXX
8 . X
- I rinNionen ~
< TOTAl X X XX

49. 1. 100x3 K (4@H)

Figure A-15
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PL. No, SNO. XXXX MACHINARY SECTION UNIT AND ON-BLOCK OUTFITTING SCHEDULE
9 10 12
BLOCK NO,
2627128290/ 303 |4 5|6 7 1112131411718 (19202124 |2526{2728{31 1|2 4 |7 8|9 1011 14|16 16|17 1821 22|24 25|2828(2030]1 2|56 6/7 8{9 12)1314]1516/19 20§21 22{23 2627 28j29 &
- KEY SCHEDULE - - S (S P O _ # AGD1 AGSM31p/s AGSUIPIS BGUCT AUS3IP
AGD3I1C__ |AGT31 lagsL32c” | aasuazs
R 23 AGD32C ASU31P | AGSU31U | AGSU32U
= AGSU21L  AGSU32L. AGSL41
B S TR I U R S S D N A2031P
GD1 gTrR GDIAAID Gbi B (D) P T e T
i ~ MAN-HOUR =
R T [ ,GDl AEI(D)
1T f?ﬁ [E I N XX B O I A
GD31 g 8 _GD31 AA(D) _ UNIT @ G031 A RIER[G)
_ fra] - ~—f= X ——ix) F—x) (X} —
{_MAN-DAY _GD31AB (D} [XX|
w k3 I _[xx] o (X} (X} 2 XXX
GD32 NI<]‘1 GD32AA(D UNIT W) GD32 A Pl ®
| Fo25 e e {X) te (X}l () S —— s
XX |GDB2 B [xx
XX —— (X}~
GT31C A UNIT ® GT3AC A P/ (D] D
s UEF BS UNIT,
- - (1) | (4) =t %W;} =
—GSM31P A UNIT GSM31P A par—— (X} ——Jo
| o (X) o [ ST T3 [ — }
XX
ES CRANE OPERATION . |:xxx I O
GSM31S A_UNIT ] i
L ]
SU31P - B INSTRUMENTATION R
—fee . (X} X)
- MAN-DAY" MANHOUR/10 DAYS MEAN MAN-DAY FOR WEEK
P /T ACCUMULATION ]
- ALLOCATION ojoofoolo /T / olo ojoo|ooloolo0[00|00|/00|00[00[00|00D]00[00[00|00/00|00|00|00|00|00|0O0
XX/XX XX/XX XX/XX XXX/XXX XXX/XXX XXX/XXX XXX/XXX XXXIXXX
- CUMULATION <= _(0) —¥e (Ci) - -— (0)' (i)) (c'n {0) ((I» »<—| (0) [© (0) (ol) {0) ——

(099875602) A3 .45 49, 1. 100%30 K C4\)

Figure A-16
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SNO. XXXX, XXXX GROUP 00

WEEKLY SCHEDULE (ON-BLOCK)

MONTH/DAY

Pty

" u8)

{21)

/ (22)

/ (24)

" (25)

e | s

_"129)

_~(30)

e

v | 2

KEY SCHEDULE

NEED DATE

OF PALLETS

AND
PREPARATION
OF TOOLS

B
NO

LOCK | WORKERS
0. NAMES

S NO, XXXX

\

XZD31S-0
XZD31841

X098-1
X117-0
X171
X117:2

X098-0
X115-0
X117:3,4,5

Y0960
X171:0
X173-0
YM3501-0, 1
X031-0

X136-0
X186-0
XUS318:0, 1

YM3501-8

X176-0
X099-0
X099-1

B4XZAZP-

BZXGSU41P-0
4180

o]

FLOOR P

LATES, REACH RODS, HANDRAILS

-~
\ TO ONBOARD

XXXX
28D
Q

B4YM13GH

14GH

13K0~2

14K-0~2

XXXX |

D33

w

N
Q000|000 |0000
000|000 |0000

B4YM15P-0~9

YH15K-0~3

YM16GH-0

uniT

B84Y096-0

f—

| GT3ICA I

B4X098-1

61—V

D31

B4Y 053-0

B4Y 037-0

B4Y 054-0

B4Y 081-0

B4YH11P.0~4

B4YM12P-C~4

=3
=Y

D32

O 0 0 |00000

W
i
-
[
<h
-
©

(¢]e]
XXXX UNIT

O|0|] 000 |00000

[e]Ke)

B4XZD31S-0

—

84X 1860

B4XZAZP-0

B4XZD318-1

F B4X 171-0

M(B

|
P B4X 173.0

feu]
[l

o]
O

(o]
O

84X 1170

117-1

1172 117.3

117.4 117

SL32(B}
c

o]0
(o] Ke]

B4YM 3501-0

3501-1

3501-8

SU41C(A)

I
B84X031-0

B4X136-0

BZXGSU41PO

SO

B4XUS31 S0

5U325]

S

B4X176.0

man-pay | B

MAN-HOUR | 87

GROUP'S EVENTS

BAT
PATROL

AFTER WORK

CRANE SCHEDULE

Figure A-18
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8. No. XXXX WEEKLY SCHEDULE (ON-BOARD OUTFITTING) SECTION XXX GROUP XXX

MONTH/DAY 2/6 2/7 2/8 2/9 2/10 2/13
PALLET NEED DATE BM71P --0--4
& EVENTS -1--5 ZM42pP 3Z MEETING
--2 2M45pP CH ERECTION
NAME ..3
ZM12P-9 )} 18PCS. (MOLDED) VALVE 2 PCS.
XX ZM11P-9 ) T4ZM71P - -0 2 pcs T4ZM71--2 20 pcs.
B4X186 1 pe. T4ZM71P -- 1 3Pes & |"\ALVE 1 PCS.
B4X171 4 pes. B/FLANGE 1 PCS.
ASSY T4BZD3ZC-D| PIPE 18 PCS.
ZM41P ASSY T4BZD32C-1 ZM4ZP - -0, ZM45P - -0
XX ~
MOLDED) VALVES 7 PCS. PIPE 12 pos,
VALVE 7 pcs.
ZM7KA--1 ASSY T4BZD32C
XX ZM25KA --0 2 pcs « |[FLOOR PLATE 2 pcs. | INC. LADDAR ZM4BKA - -0
ZM22FA --0 TELBX
TROLLEY BEAM c.C.
XX ZM31P--9 45 PCS. ASSY COMPRESSOR

IN WAY OF COMPRESSOR

35P - -0 94 PCS.
X ™
X T2ZASRPA - 1 PIPE 40 PCS. VALVES 18 pcs. SIGHTGLASS 1pcs.
8‘ XXXX X X X X X X
-
z XXXX X X X X X X

Figure A-19
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S.No. XXXX WEEKLY SCHEDULE (OPERATION AND TEST)

SECTION XXX GROUP XXX

MONTH/DAY 5/28 29 30 31 1 2
KEY SCHEDULE D/G OFFICIAL TRIAL
NAME
TAKING OUT OF PREPARATION
M/E AND LANDING OF FLUSHING CLEANING | FiLL. OF L/O
XX OF OIL No. 2 FROM L/O SETT.
TK TO SUMP TK.
FLUSHING
XX PREPARATION OF F/O
FLUSHING
CC.
AUX COMPRESSOR I (se, NS
. B -
v S D uICE TIELSC_E'_E SUCTION DUMPER OPER. EMERG. SHUT-DOWN VALVE
BOILER E INCINERATOR
BOILER
XX SAFETY DEVICE | ADJUSTMENT EN
ANING oF EMER. D/G START | g/4
D/O 5 DRUMS
EMER. D/G F/O L//O b OFF. SEA TRIAL
TK
§> XX X X X X X
~
Z XX X X X X

Figure A-20




PL.NO. SNO. XXXX ON-BLOCK PAINTING SCHEDULE (1/2) DATE: XX/XX/XX

DAY 10 n 12 1
ZONE 34| 56 [7]11]12 13]1a 1718 19)20| 21| 20 2526 27|28 311 2|4 7]a 9 |10] 11|14 15|16 17|18]| 2|22 24 250t |2 816 7| a 8 |12 191a 15]1 19]21|22|22 23|28 27|28 22| 5 8[0 10|11 12
- . GB52 , PS9
XX{XX XXIXX
pc1|,| 'bc2 , B8S3| ], BS4 | DGiC | ,.GBS3 GBS 1 , D10
- BOTTOM ' XXIXX XXIXX IR T XXIXK | XXIXX (XXIXX XXIXX
[ A\ Antioun 85 .. 'Bse .. Bs7. ., | , GBSa' ,, Gess , Gess , |aBs7 | Gess |, Gaco GBSO
\ L‘,"_,_'r__R_ NOPAINT  NOPAINT  XX/XX XRIXX XXIXR]™ — XXIXX XRIXK XRIXK XRIXX XX[XX
\ AREA GD2C Bs8, |, BCH
B XXIXX XXIXX
H2. H4 ., GT2 |, HE G12_XE) G18_|, H8 (T) GT6 |(B) , GT8
- T.BULKHEAD XXIXX XXIXX — XXIXX RXIXX XXIXX XXIXX XXIXK  XXIXX XXIXK
GT4 Yera (6
B XRIXX XXIXX
751 ,
- . XXIXX
| oipE SHELL LT | T2 LT8 i LT4  LTE | LT GSL1 GsL3 |, GsLs , GsL? GSL8 , GSLo| ,
XXIXK | XRIXK XXIXX | XXIXX  XXIXK | XX/IXX RKXIXX RRJRK XX/XX XXIXX XXIXX RXIXX
LTS |, LT7 , LT9  GsL2! , |, Gsta |, @es6 G
B XRIXK | KXIXX XKIKK RXIXX RXIXX | XXIXX XKIXXK |
LT10 _SL51 |
B XXIXX KXIXX
, Su32 GSU32U
B XXIXX X)X(IXX
'T , SL31 ,032:58 , GD31 GD 32 | GSM31 GSU325_GSM3)(E} GSU32$
S [— ENGINE ROOM RXIXK XXIXX XKIXX | KRIXX XXIXX | KXIRX XRIRK | XAIXX
N SM31, SL32 ,, SUSILS , SUJIUS , 731 GSU3IS,, T31 | SU31P 2032 GSu3iLg GSU3IY, GSUS2Y 20325
KRIXK XKXIRX  KXIRX | XRIRX | XXX | XKIXK  XXIXX | XKIRX AXIKX RRIXK | RXIXX  RXIRX | XXIRX
3031 TK31A , TK31 SM32D SU32U | | GSU31US GSL32 , | TK32P, | GSU32L
B XRIXX XRIXX  RXIXX | XXIXX  XXIXX XAIKK XXIXX XKIXX
GSL 32C, 2D31P |, TGsuaaL,] us3ip,, 2D31 LUs31p | DHE
XXX [~ RRIXX | RXIXX RAMAX | XNIXX  XNIXX XXI%X RRIXX
USt.T .| su3ss DH2 uc UCZ uc1 (€) cuca \E)
fl 1 i L 11 1 1 ]
- UPPER DECK XXIXK KXIRX XXIXX KRIKR  XXIXX XXIXX RKIKX
i Bw2 | ,Bw3 | DHa , | ucd | Gucz (E] , ucat
RAIXX KXIXK ~ XXIXX RXIXX XXIXX XXIXX
oUst ] ewWi| | , GUsA ,, Guss "t Gousl KE) , 66Uss ()| 6us7_J]_ Gusi”
B XXRX XXIXK XXIXX XIXX XXIXX 1] xxixX XX/XX
B T GUsz .|, GUS3_,, BW4 | BWS ,, BWB L GGUS3 J(E) , 8w7 |, Bws |
XXIXX XXIXX XXIXX | XXI¥X XKIXX - XKIRR XXIXX XXIXX
GUSB GUS10 ) GUs8
wxx |- SUPERSTRUCTURE —= o XXX
(1a1 241)_{, 3AD ,, 4A1) 5A1 ©an" 1 1A2 13A2)
- HATCH COVER 1L L il it . /Il L , (ZA";) xxler
-1
B ACCUMMULATION —t
XX XX XX XX XX XX ] XX XX XX
- 2 A L
AREA (M%) xx) (XX} XX} (xX) [ - lixx 1XX) (XX} (XX %)
X X X X X X X X X
MAN-HOUR {X) 1X) 1X) (X} LT {x) [t} 1x) ) X}
o 0 L e o 0 o o ) o )
m [~ MAN-DAY L4 =—=-T ,

WHMILLINREIML AS kS IHI D

Figure A-21 (1 of 2)



PL.NO, SNO. XXXX ON-BLOCK PAINTING SCHEDULE (2/2} DATE: XX/XX/XX
DAY 3
ZONE 13 17|18 19 [20]23}24 2526 27|30 31}y 2|3 & 8| g 1043 14|15 18]47 202y 22|53 24[5y 28|5g] 1 g 7 12 1314 1545 12
_ ®
GB10 O]
~ BOTTOM o ;
B gsic | (8 852C g
XXIXX XXIXXX 2
3
T) GT!
- T.BULKHEAD —g—L
GSL10 GSUS1 (&) D
Ly 1 L
- SIDE SHEEL RKIXX, XXIXK
| GSLBIC, & si5ic(®) G5UB2C (&
XXIXX XXIXX XXIXX
,GFs51C, GFS51C (E)
B XXIXX XRIXX
T P T
N I XX/XX
w
[~ ENGINE ROOM
Gsua1 (&) , Uc3 GGUS9
B XX[XX XXIXX B XX/XX
, uce |, ucs , ucio GUCcs (g
XXX XRIXX | RXIXX  XRIXX XXIXX | COMPLETED
| , BW9 I, GSU10 J, GGUS7 Jg) CLi R
UPPER DECK XXIXX | XXIXX XXIXX XXIXX_ | = [
BW10 -t
B _ _XXIXX T
-
XXX |
HC4 HC HC2 HC1
_ L 1 1L
HATCH COVER TR R XXIXXX | XXIX XXIXX
XX XX XX XX N
- 2
AREA (M%) (XX} (XX} {XX) (XX)
v kY] X
A A X
HOUR (X (x) (X} 1X
arant ans o ° o o
~  WMAR-D | (3]

(OHTLCRIRINE AY E4S THI @



PL. NO. S NO. XXXX ONBOARD PAINTING SCHEDULE DATE: XX/XX/XX
< ) ) 3 4 | 8
ZON DAY 20 24|26 kil 718 16 21 28~1 g 616
E 21 22 23 26 27 28 298 30 2 3 4 6 ] 9 10 1" 12 13 16 17 18 19 20 23 24 25 26 27 2 4 7 8
|
L. MAIN EVENT DEBALLASTING OF NO. 1 HOL PAINTING IN ENGINE ROOM REMOVAL OF
SCAFFOLDS
l— TOUCH-UP
A
C P/R|TE | IP INs |, R C TV INS
- NO1WBTP/S P R T R S
| NO2FOTP/S 0
RT ¢ T/U | INS
-  NO3WBTP/S S SUREACE REMOVAL OF SCAFF.
1 PREPARATION CLEANING
INS |
- No4FOTP/S AMAN-DAY T oneemse 7
c [PIR TEIP C T
L NO1TSTP/S L, sy R G s
c |[PR|TE| IP INS (o] TV ns
- NO 2 TST P/S 5 S S 3 > >
c | /R TE]IP wsl R C TV} ns
— NO 3TSTP/S > S T o S >
c LP/R TE|IP s | R C T/U | s
wxx | NOA4TSTPS T o115 5
p/R| TE| W ws L Rl ¢C T s
- NOGBTSTP/S ~ToT o5 Ts S
F,WWASHING. C, DRYING | P/R BTE|IP
> - PIPEDUCT c{o]ololololo
Ep c |, PIR TE NS R c BOTTOM ~ [T/u | ins
. — T c|o|o]o]o ) °olo]e
L APT P/R TE NS R [ BOTTOM {7/l | Ins
N o [o | o o | o
STAGE LIFT P/R BTE [P
XXX — NO 1t HOLD ) o o | o [}
STAGE LIFT P/R BTE IP
- NO2HOLD —tto o3
STAGE LIFT P/R'TE IP
— NO 3HOLD P 5 S S
STAGE LIFT P/R BTE IP
- NO 4 HOLD 5 S 5 5 ]
HOP & BOTTOM P/R BTEIP
- NOSHOLD Htoo 1
NO 1,2 DRWT NO.2 FRWT P/S P/R S/B EP1P~3P ——— BOTTOM T/U
L ! T
NO 1,2 FRWT Lo fo—fo | oo o BIE
UNDER LINING LZ P | OTHERSLZ T/U [ ——] ON SCAF. LOW, 2ND UPP P/R LZ WRPCP S/G/R_F/P/R P/R LZ WRPCP
- E/R, S.G/R, F.P/R r > =
colo|loflo]o [ ——— | o oo ]| o o o =)
BOSUN STORE L1 ONSCAFF, P/R LZWPCP | R
[~  DECKSTORE = o |]o|o|o]| o ]
__ BARE P/R LZ WRP.CP OUTSIDE P/R CPP[X2p
- SUPER STRUCTURE ==~ 5 EREEEEE P R
{ i [} P/R_OPP 1P T/U cPPIP THY
-  UPPER DECK MAN-HOUR/WEEK c|lo|o|e]o °1°
3 XXX XXX XXX AXX XXX KXX HXK
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PL.NO. SNO.XXXX ON-BLOCK PAINTING WEEKLY SCHEDULE DATE: XX/XX/XX
- DAY. 30 6
‘PROCESS J L
BLOCK  yARD 10/27 28 29 31 111 2 4 5
| KINDS OF PAINTING AND PAINTING
N i — i ]
FIF TEAC FIR DTE P/ROR FIR T8 vmc"—w~z? TE T/U BTE /U SPAF 1P~ 2 SPAF 3P
- GDIC A S (%) xx xxx 2XXX, [ ) _2xx XX
N T P/R TEACP/R BTE /R TE PFRRPG | VTAC 1P~ 2F BTE TE T/U SPAP 1P ~ 2P SPAP 3P
- GD2C 1A N MAN-HOUR RO 2XX_(%) ®)_2xx X% | (%)
—AREA x 2
|- GBS3 P/S 1A =
T
- GBS4 P/S 2w WL
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P/R TE PR BTE PIR L2 TE, ETE T/U WRP 1P
— LT1P/S 2w XX | xx | (X) ® XX
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~ LT3 P/S 2w IIGEES )
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\ DATE: PREPARED BY:

3 -
ZONEW 5 6 7 8 9 (0 12 13 14 15 16 17
SAT SUN MON TUE WED THU FRI SAT SUN MON TUE WED THU FRI SAT
KEY SCHEDULE
B GRADE
INS. iNS. _ REMOVAL
P/R = ISC-B DE-RUST PAINT T/U ON STAFF, OF SCAFF.CLEAN. |, T/U INS.
NO. 4 WBT (P) P=TEISO o 0 o) o o o) [
AREA X R =HOURS (P/R) B GRADE
AREA X R=HOURS (P INS. REMOVAL
CLEANING DE-RUST PAINT T/U INS. | OF SCAFF, CLEAN T/U
NO. 4 WBT(S) 5 5 5 5
AREA X R = HOURS {P/R)
AREA X R =HOURS (P
B GRADE
INS.
c/o W R TAN | P/R = ISC-B WBT | WBT DE-RUST PAINT T/U INS.
e/ IV ¥VW LI v P=‘TE|SOM O 0 o 0 o
AREA X R = HOURS (P/R) _ 8 GRADE
AREA X R = HOURS (P) iy
AREA X R = HOURS(P/R)_P/R = 1SC—B DE-RUST DE-RUST | PAINT T/U iNs.
AREA X R =HOURS(P) ~P=TEISOu ) 5 5 S
B GRADE —
INS.
AREA X R = HOURS(P/R) _P/R = ISC~B [LOTT L DE-RUST] PAINT | T |, INS. |
AREA X R = HOURS(P} P =0IL COAT 0 o
2ND OK ~ NAV DK
......... R PR DE.RIIST DAINT DE-RUST PAINT DE-RUST INS.
INSIDE U | PiR=iCC~B DE-RUST PAINT DE-RUST
SUPERSTRUCTURE| P=Lz2IP o o o 0 0 0 )

AREA X R = HOURS(P/R)
AREA X R =HOURS(P

MAN-DAY 2] S 00 00 00
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FXANXXXE  WEEKLY WORK LOAD s

85/09/13

WEEK PC. W/T RATE FROM TO

> 85 094 703 49.9 790.9 85,09,24 - 85,09,29

> 85 095 1,263 50.0 1,139.0 85,09,30 - 85,10,06

> 85 101 560 26.9 358.6 85,10,07 - 85,10,13
85 102 1,026 34,1 754.3 85,10,14 - 85,10,20
85 103 1,177 39.4 869.0 85,10,21 - 85,10,27
85 104 1,343 39.9 1,102.0 85,10,28 - 85,11,04
85 111 760 24,1 553,2 85,11,05 - 85,11,10
85 112 889 27.1 692.1 85,11,11 - 85,11,17
85 113 469 13.2 296.7 85,11,18 - 85,11,24

Figure A-27: Two Week Advance Scheduling. Weekly Work Load. Regarding the
top three rows, note that the fourth week in September (85 094) and the
first week in October (85 101) are underloaded while the week in between
(85 095) is overloaded. Thus, some pallet start dates in the week 095 are
advanced to week 094 and some are postponed to week 101 by leveling by PPF;
See Figure A-Z8.

HEXXX¥X LEVELING BY PPF  s3sdssts
WEEK: 85 095 85/09/13
SNO PALLET NO. PC RATE WEIGHT START(0)  START(R) REVISED

XXXX T4A2D32P-2 2 0.6 46.4 851003 851003
XXXX T4A2D32P-3 9 8.9 163.1 851003 851003
XXXX T4A2D32P-4 5 3.4 80.2 851003 851003
XXX T4A2D328-1 10 6.3 164.8 851003 851003
YYYY B4X096-—-1 10 10.4 165.3 851004 851010 P
YYYY B4X328-~-1 6 5.4 54.3 851004 851010 P
XXXX T3A1A1C--0 17 10.6 316.9 851004 851004
XXX T3A1A1P--0 25 23.1 768.8 851004 851004
YYYY T2AH2P---0 1 0.4 5.8 851004 850927 A
YYYY T2AH2S---0 2 1.3 39.9 851004 850927 A
XXXX T4A2C32—-1 2 1.8 82.9 851004 851004
XXX T4A2C32--3 7 5.1 154.3 851004 851004
XXXX T4A2C32--2 4 1.5 163.8 851004 851004
XXX T3A1A1S--0 23 20.7 432.4 851004 851004
XXXX T4AGSU33P1 1 1.0 55.8 851004 851004
(0) ~ original P - postponed
(R) - revised A - advanced

Figure A-28: Leveling by Pipe Piece Family (PPF).



FHIHNN WORK I1.OAD BY LINE FIREHINR

WEEK: 85 095 85/09/13
———————  RATE -
LINE PC. WEIGHT H1 WH TOTAL
> PA 154 4459.6 48.2 70.2 118.5
91 15 563.1 7.7 19.1 26.9
41 164 7813.9 82.7 88.2 171.0
12 171 1333.8 49,6 38.0 87.7
11 97 747.2 28.7 28.4 57.2
21 88 5426.6 22.5 25.6 48,2
33 17 29.7 4.2 4,2
01 111 1415.8 22,6 23.5 46.2
> 43 53 26038.9 91.6 277.5 369.2
02 44 478.3 14.2 21.7 35.9
42 73 4541.,5 27.1 46.8 73.9
22 24 1819.7 9.4 19.6 29.1
23 28 12494.7 19.7 63.8 83.6
32 33 134.0 4.7 0.1 4.9

¥x¥uxFR% WYORK LOAD BY LINE — ¥#&#&xE¥

WEEK: 85 095 85/09/13
—————— RATE ———————
LINE PC. WEIGHT H1 WH TOTAL
> PA 196 19138.8 113.1 253.6 366.9
91 15 563.1 7.7 19.1 26.9
41 164 7813.9 82.7 88.2 171.0
12 171 1333.8 49.6 38.0 87.7
11 97 747.2 28.7 28.4 57.2
21 88 5426.6 22.5 25.6 48,2
33 17 29.7 4.2 4.2
01 111 1415.8 22.6 23.5 46,2
> 43 11 11359.7 26.7 9.1 120.8
02 44 478.3 14.2 21.7 35.9
42 73 4541.5 27.1 46.8 73.9
22 24 1819.7 9.4 19.6 29.1
23 28 12494.7 19.7 63.8 83.6
32 33 134.0 4.7 0.1 4.9

Figure A-29: One Week Advance Scheduling. Weekly Work Load. The upper print-
out indicates that in-house Line 43 is overloaded. The lower printout shows
that some pallets from Line 43 were shifted family by family to subcontrac-
tors (Line PA). The status after leveling is shown in the lower printout of
both this Figure and Figure A-30.

A-30



¥¥x#x%  WORK LOAD BY PPF ¥k

WEEK: 85 094

PPFM LINE PC. RATE WEIGHT

078 > 43 7 49.5 1508.1
06B
06A
3G0
QOF
Vi
08A
O8E
09B
03B 41 6 12,1 150.5
04A 41 1 1.5 20.5
0P5 43 1 0.8 192.6
QG
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Figure A-30: Work Load by Pipe Piece Family (PPF).
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A-31

85/09/13

PC. RATE WEIGHT
24 99.0 5234.9
26 75.6 9140.8
g8 17.1 661.2
33 4.8 134.0
4 89.0 7514.4
6 54.9 3122.0
2 7.8 3553.8
4 77.2 5661.0
14 21.0 290.4
10 16.1 625.4
4 8.6 921.6
1 0.4 10.0
XXX XXX.X XXXXX.X

— Electrical)

85/09/13

PC. RATE
24 99.0
26 75.6
8 17.1
33 4.8
4 89.0
6 54.9
2 7.8
L 77.2
14 21.0
10 16.1
4 8.6
1 0.4

XXX XXX.X

WEIGHT
5234.9
9140.8
661.2
134.0
7514.4
3122.0
3553.8
5661.0
290.4
625.4
921.6
0.0

XXXXX.X



ce-v

MONTH/WEEK:

SMALL BORE PIPE PIECE MANUFACTURING SCHEDULE

(F) M) (T w) (TH) (F) M)
9/3 b_ 4
MARKING 50%-157 40%-135 40%-134 3%«’-3(7) o
AND 20°-36
CUTTING 15%-27
157 135 134 130
9o/3 3294 9/4
Jo 131 II:NG £0?_90 40%-135 40°-26 253-29
STRAIGHT 20,-28
PIPE PIECE 15°-18
i 20 135 26 79
9/3 32¢-4 9/4
WELDING 507-90 40%-135 40°-26 25%-20 f
20%-28
g;l;;ﬁ;;lgiég 15%-18 MONTH/WEEK
80 135 26 79
14 p5
o/3 50729 N 3299 9/4 DIAMETER
BENDING 50°-90 40°-65 407-92 25$-36
BY 2;(5) ¢-;t11 NUMBERS OF
BENDER o o 02 - " PIPE PIECES
/
7 V.
TOTAL/DAY OF
J 9/2 40%-50 156%-20 | 9/3 40°-70 40°-38 25%-11
Olgl'l:NG 40%-90 3203 50%-67 32923 20%-8 NO. OF PIPE
BENT 253-22 ;*/5:-9 p PIECES
PIPE PIECE 20°-2
20 106 67 70 61 28
9/2 9/3 6. .
JOIgIII:NG 2556 50°-3 40%-23 32%-1 ?g ¢_;
BRANCH 1671
PIPE PIECE 9 3 23 1 3
9/2 40%-70 25¢.22 9/350°-10| 50%-57 40%-60 40%-48 32%-13
WELDING a0®-114 320-3 20%-2 32%-10 25%-11
OF 25%-6 15%-29 20%-8
HIGH GRADE 1591 5°-9
PIPE PIECE 1o
509-18
MACHINING 40°-14
OF 32%.2
PIPE PIECE 25%.3

Figure A-31
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MIDDLE BORE PIPE PIECE MANUFACTURING SCHEDULE

MONTH WEEK:
(F) (M) ) (W) {TH) {F) M)
9/2 Piller-10 659-75 80%-36 125%- 150¢-
MARKING 9/2 65%-57 o 100%-40 1504’-?3 2og¢jg
AND 9/3 65%-20 9/3 65%-70 Py
CUTTING
9/2 65%-33 65%-68 80%-29 100%-8 1507~
JOINING eogq 9/3 100°-35 125%-39 2034'-‘-%
OF 65%-40 65%-25 150%-10 9/4
STRAIGHT PIPE
PIECE
WELDING 9/2 80%-27 65%-48 9/3 657-50 65%-43 80%-19 '100%-8 150%-9
oF 65%-25 80%-10 100°-35 125%.39 200%-6
STRAIGHT PIPE 150%-10 9/4
PIECE
9/2 80%-7 9/3 65%-41 65%-39 80%-32 100%-3 ¢
-35 125%-19
BENDING 18082, 65%-28 100°-10 1259-10 150%-11
BY - 200°-3
BENDER 80°-5 °
® ® ®
9/2 200%-12 100%-19 9/3 65¢- 80%-21 200%-11
JOINING 9/1 54%-18 2075 150%-10 65%-3 150%-12 80%-14 150°-3  esdois)| & o7 100%-46  200%-5
Corees | B [end aer | (g, (E
BENTP ] - - - - 100°-19 150¥-28 125%-5
IPE PIECE 20061 80°7 o/ ® 200°-4 80°-9 1007-18
200°-10 65%-8 80%-9
65%-7

WELDING
OF
BENT PIPE PIECE

Figure A-32



ye-v

MONTH/WEEK:

LARGE BORE PIPE PIECE MANUFACTURING SCHEDULE

Y (F) (M) oy w) (TH) (F) ()
250¢-3 9/3 850¢-1 4009 - 11 300%-5
MARKING 750¢- 1 3509 -~ 2 250-14
AND 4509 -1
CUTTING 400%- 4
o )
2599 9/3 750°-1 400%-4 250°-7
JOIglfI:NG 9%-3 350%-2
STRAIGHT PIPE
PIECE
WELDING 250°-3 9/3 750%-1 4007-4 250-7
OF 3509-2
STRAIGHT PIPE
PIECE
JOINING o1 5507-1 350°-2 250%-1
AND 9/2 300%-1
WELDING 2505
OF BRANCH
PIPE PIECE
@
JOINING 9/2 600%-2 9/3 8501 400%-6 400°-2 300%-5 o 20,7
300%-1 4509 - 1 o
BENT PIPE PIECE 250°-2 400° -3 250°-9
WELDING
OF
BENT PIPE PIECE
9 _ 55072 2507-2 650%-2 300%-7 250°-4
LONG LENGTH AN 300%-3 200%-2 550%-1 250%-2 200%-6 150-3  550%-2
PIPE PIECE 257%-2 9/2 650°-4 350%-2 125¢_.3  3009-8
{>5.5M) 750%-1  250%-2
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