A PRIMER ON AN APPROACH TO
PLANNING AND PRODUCTION CONTROL
FOR THE SMALLER SHIPYARD



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display acurrently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
DEC 1983 N/A -
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
A Primer on An Approach to Planning and Production Control for the £b. GRANT NUMBER
Smaller Shipyard
5¢c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER
5e. TASK NUMBER
5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

Naval Surface Warfare Center CD Code 2230 - Design Integration Tools | REPORT NUMBER
Building 192 Room 128 9500 MacArthur Bldg Bethesda, MD 20817-5700

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE SAR 125
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



A PRI MER
ON AN APPROACH TO

PLANNI NG AND PRODUCTI ON CONTROL
FOR THE SMALLER SHI PYARD

FI RST EDI TI ON

DECEMBER 1983

Prepared By
CORPORATE- TECH PLANNI NG, | NC.
40 PLEASANT STREET
PORTSMOUTH, NEW HAMPSHI RE 03801

For The
SH P PRODUCI BI LI TY RESEARCH PROGRAM

Managed By
BATH | RON WORKS CORPORATI ON
700 WASHI NGTON STREET
BATH, MAI NE 04530



LEGAL NOTI CE

This report was prepared as an account of
gover nnent - sponsored wor K. Neither the United
States, nor the Maritinme Adm nistration, nor any
person acting on behalf of the Maritine Adm nis-
tration (A) Makes any warranty or representation,
expressed or inplied, wth respect to the accura-
cy, conpl eteness or useful ness of the information
contained in this report, or that the use of any
information, apparatus, nmethod, or process dis-
closed in this report may not infringe privately
owned rights; or (B) Assunes any liabilities wth
respect to the use of or for damages resulting
from the wuse of any information, appar at us,
method, or process disclosed in this report. As
used in the above, “persons acting on the behalf
of the Maritine Admnistration” includes any
enpl oyee or contractor of the Maritinme Adm nis-
tration to the extent that such enployee or
contractor prepares, handles, or distributes, or
provi des access to any information pursuant to his
enpl oynent or contract with the Maritine Adm nis-
tration.



e e i

NN
o o1 WDN PR O

o » W NP O

TABLE OF CONTENTS

PAGE
EXECUTI VE SUWNVARY ES-1
A Primer On Plannin? and Production
Control for the Smaller Shipyard
PREFACE P-1
CHAPTER 1 1-1
Organi zation of Smaller Shipyards
Organi zation of Snaller Shipyards 1-2
Shi pyard Exanple No. 1 -3
Shi pyard Exanpl e No. 1-6
Shi pyard Exanple No. 3
Shi pyard Exanple No. 4 1-10
Shi pyard Exanple No. 5 1-13

CHAPTER 2 2-1
Basi cs of Pl anning and Production Control

El ements of Planning and Production Control 2-2
Pl anni ng 2-2
Schedul i ng 2-3
Production Control 2-4
Scatter Diagrans 2-6
Wor kl oad Proj ections 2-8
| mprovenent Possibilities 2-10
CHAPTER 3 3-1
Engi neered Labor Standards

Engi neered Labor Standards 3-2
St andards Hi erarchy 3-2

T-1



W W woww
o g wN

e ol il SRR

©O© 00 N O O & W N - O

oo oo

A~ 0PN - O

TABLE OF CONTENTS
(Conti nued)

Pl anni ng Process

St andar ds/ Pl anni ng Pyram d

Devel opnent Process

Maki ng a Schedul i ng Standard
Schedul i ng Standards Pil ot Project

CHAPTER 4

An Approach to Production Oriented Planning

Pr ol ogue

Assi gn Peopl e

Train Peopl e

Select Initial Area

| nvol ve Production People
Devel op/ bt ai n Engi neered Standard Data
Establ i sh Baseline Data

Adj ust Loadi ng

Measure Results

Shi pyard Approach - Five Exanples

CHAPTER 5

Sources of Mre Information
Brief

Academ ¢ Assi stance
Manual s, Reports, Textbooks
Wor kshops, Trai ning
MOST Wor k Managenent Manual s

O her Panels of the SNAME Ship Production
Comm ttee

T-2

PAGE

R

o1 o1 o1 o1 O1
[ T T T |

-12
-13
-16
-19

~N o w N



TABLE OF CONTENTS

(Conti nued)
PAGE
GLOSSARY OF TERMS G1
REFERENCES R1

T-3



EXECUTI VE _SUMVARY

A PRIMER ON AN APPROACH TO

PLANNI NG AND PRCDUCTI ON CONTROL
FOR THE SMALLER SHI PYARD

Many smal | er shipyards are currently struggling to
survive 1in the marketpl ace. Most shi pyard managers
recognize that inproving the productivity of the
production labor force is sorely needed. Direct
attenpts at inprovenent are often frustrated, or
produce only short-1lived advantages. Use of a larger
whip wusually antagonizes the situation and makes
I nprovenent even less likely in the long run

Clearly, a different focus may be the key to
success. Production workers receive considerable
support from other segnments of the shipyard. They are
furnished with plans, work packages, facilities, tools,
work places, material, and simlar itens indispensable
to acconplishing the work. |If these itens of support
are missing, or confusing to the worker, or arrive -
|ate, or are in unusable condition, or otherwi se do not
provide the vital support needed, then there is little
that the production worker can do about it other than
gird hinself for an onslaught of criticism about his
productivity.

A different focus pronptly suggests two basic
possibilities:
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1) Most production workers will work if they
have the opportunity to do so. Much of that
opportunity, however, depends on capable
support from ot her shipyard segnents.

2) QG her shipyard segnents would provide im
proved support to the production worker if
t hey understood what was needed and want ed.
Their know edge of the real productive
process, however, may be seriously obscured
by the limted visibility usually associ at ed
W th production work.

A program of engineered labor standards can
illum nate both sides of the question. St andar ds
capture the true performance capability of the produc-
tion worker under existing resource and support circum
stances. The sane standards are an effective vehicle
for communicating this capability to those who support
t he production worker, so that they may design their
support to be tinely and effective.

Furt hernore, standards allow objective and in-
dependent analyst: to identify where support is |acking
or weak, enabling corrective action to take place.
When changes are made, the standards are nodified to
capture the new situation. Before | ong the standards
provide an auditable trail of productivity inprovenents
which yields information of mmjor value to shipyard
managemnent .
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Several |arger shipyards have been working to
establish viable standards prograns for several years.
Pl anners, schedul ers, industrial engineers, and produc-
tion control people are using standards as tools to
i mprove both the basic production function as well as
the support provided to it in the form of plans,
schedul es, and related itens. Smaller shipyards face a
different problem because they my not have ~
i n-house industrial engineers who can devel op stan-
dards, and may not have the functions of planning,
schedul ing, and production control developed to the
point where the application of standards would be
hel pful . The smaller shipyard nust therefore start
from square one and not only devel op standards but al so
the capability to apply them effectively through good
pl anni ng, scheduling, and production control.

| nformation devel oped under the Ship Producibility
Research Program suggests that standards, particularly
schedul i ng standards, can offer mmjor advantages to the
smal | er shipyard striving to inprove production perfor-
mance, wth only a nodest investment in tine and noney.
A 6-month pilot program conducted at one snaller
shi pyard provoked a throughput increase of 50%in a
pi pe fabrication shop. Thi s throughput increase grew
to 500% in the 18 nonths following the pilot, with the
sane nunber of production workers in the shop. The
success achieved during and after this pilot program
along with several appeals for assistance from the
smal | er shipyard community, pronpted the devel opnent of
this Priner.
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The Prinmer is designed to aid the smaller shipyard
in understanding the basic features of planning,
schedul ing, and production control, along with how a
standards program can provide the tools needed to
achi eve productivity inmprovenents, Chapter 1 describes
five typical smaller shipyards, to which others should
be able to relate, and the problens that all five have
I n common. Chapter 2 defines the functions of plan-
ning, scheduling, and production control in basic
terns, and explains techniques for gaining visibility
of problem areas. Potential inprovenents are viewed
from the standpoint of resources available to a ship-
yard - tine, facilities, mterial, and nmanpower.
Chapter 3 cites the inproved prediction capability
gai ned through use of engineered |abor standards, and
how it can aid the planning process. A famly of
standards is discussed, along with how each of the five
types of standards is devel oped. The pilot project
which explored the use of scheduling standards is
descri bed. Chapter 4 provides guidance for initiating
a program |l eading to inproved production perfornmance
t hrough better planning, scheduling, and production

control. The essential steps are discussed, along with
sources of engineered standard data. The five typical
smal | er shipyards described earlier are used to illus-

trate how each mght get started on a practical pro-
gram  Chapter 5 lists sources of related information.
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The information in this Priner is not a panacea.
It describes only one of the tools which concerned
shi pyard managers can consider using in their thrust
for productivity inprovements. The visibility provided
by a standards program however, can be valuable in
applying other tools which are being created under the
National  Shi pbuil ding Research Program through the
Panel s of the SNAME Ship Production Commtt ee. For
this reason, Chapter 5 includes a listing of all
Panels, their areas of concern, and a contact point on
each.
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PREFACE

The National Shipbuilding Research Program is
sponsored by the Maritime Admnistration United States
Department of Transportation and by the United States
Navy toward inproving productivity in shipbuilding.
Technical direction of this Programis provided by the
Ship Production Committee of the Society of Naval
Architects and Marine Engineers. The Ship Production
Conmttee is conposed of several Panels, one of which
is the Panel on Industrial Engineering, SP-8. The
| ndustrial Engineering Panel and the Panel on Standards
(sP-6) nmake up the Ship Producibility Research Program
managed by the Bath Iron Wrks Corporation, Bath,
Mai ne.

In 1978, Panel SP-8 sponsored production of -~
Manual _on Pl anning and Production Control for Shipyard
Use* for the Ship Producibility Research Program  This
Manual is a treatise on orienting the planning,
scheduling, and production control functions squarely
inline with the basic goal of the shipyard, which is
to produce quality ships on time at a profit. The
Manual -is based on research information gathered from
the nediumto-large shipyard comunity, and presunes
that a shipyard already has on-going prograns for
planning and industrial engineering matters. The
Manual has been widely distributed to and well received
by the targeted m ddle | evel managers and supervisors
in the larger shipyards.

*Reference Ain this Priner
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Many of the smaller United States shipyards do not
have any in-house industrial engineering capability,
and indeed may have no identifiable planning, schedul-
ing, and production control progranms in place. They
have therefore not been able to relate their circum
stances to the points made in the original Manual. The
managenent of several of these snaller shipyards
request ed devel opnent of a Priner to help them
advance, from where they are today, to the point where
they can begin to make use of the techniques described
in the original Mnual. The result is this Priner,
which will be kept current with devel opnents in the
shi pyard planning and production control areas as they
occur and are relevant to the snaller shipyards.

The Priner contains suggestions for organizing,
structuring, manning, and managing a group to initially
introduce a program for inproving planning and produc-
tion control in a small-to-nmedium size shipyard. \Ways
to obtain and utilize engineered | abor standard data
toward inproving the production planning function, work
center | oading, shop and shipyard scheduling and
related functions are discussed. Current problens
facing the smaller shipyards, wWth suggestions for
their resolution, are included as appropriate.

Five exanples of typical small-to-nedium size
shi pyards are discussed in Chapter 1. Per sonnel from
other small “shipyards reading this Prinmer should be
able to relate their current situation to one or two of
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these exanmples. Later, in Chapter 4, inplenentation of
the techni ques suggested in this Priner is discussed in
the context of each shipyard exanple.

Chapter 2 contains basic information on planning
and production control, scheduling and shop work center
| oading in shipyards. Problems encountered in carrying
out these functions are discussed in general terns.
Chapter 3 describes a program of engineered | abor
standards, and how such a program can be useful at
several l|evels of concern in a shipyard. [nitiating,
devel oping, and applying a standards programis treat-
ed.

Chapter 4 presents an approach to establishing a
program | eading to the application of engineered |abor
standards for scheduling and shop work center | oading,
a good starting point for the smaller shipyard that
currently has no equivalent programin place. Chapter
5 identifies several types and sources of assistance
available to help an interested shipyard nmake use of
the principles and techniques espoused in this Prinmer.
As ot her avenues of assistance becone avail able, they
wll be added to this Chapter in future editions.

This Prinmer was authored by Rodney A. Robinson,
Executive Staff Menber of Corporate-Tech Planning,
Inc., Portsmouth, New Hanpshire, and Waltham Massa-
chusetts. It is a result of research c&ducted as Task
EC-16 of the Ship Producibility Research Program It
was begun in January and conpl eted in Decenber 1983.
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Speci al acknow edgenment is given the several industry
representatives who contributed information on their
particul ar shipyard organi zation and  functional
arrangenent, to those who reviewed the First Edition
and provi ded hel pful coments and suggesti ons.
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CHAPTER 1
ORGANI ZATI ON_OF SMALLER SHI PYARDS
BRI EF

Smaller shipyards differ in organizational and
functional arrangements, but have several problem
areas in common which inhibit effective managenent
of the productive process. Five exanples of smaller
shipyards are described. Common concerns of col-
lecting |abor expenditure information b}/ time cards,
estimating the labor content of future jobs,
schedul i ng production work, and appraising produc-
tive performance are discussed.
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ORGANI ZATI ON OF SMALLER SHI PYARDS

1.0 O gani zation of Snmller Shipyards

As background information for the starting point
of this Prinmer, several smaller shipyards were inves-
tigated to determine their present disposition -
organi zationally and functionally. Results were
somewhat unexpected, in that there is no comon organ-
i zational structure anong snaller shipyards as is
generally found anong larger shipyards. Al t hough
simlar functions are perfornmed in each of the smaller
shi pyards, these functions are carried out fromdiffer-
ent organi zational |ocations by people of differing
backgrounds and expertise. In short, the organization-
al and functional arrangenent in each small shipyard
sinmply reflects the particul ar assenbl age of people and
tal ent who make up that shipyard.

This situation is illustrated by the foll ow ng
five exanples of snmall shipyards, beginning with the
smal | est. (Later on in Chapter 4 of this Primer, each

shi pyard exanpl e given here is reintroduced and dis-
cussed relative to how that shipyard m ght approach the
devel opnent and “inplenentation of production oriented
pl anni ng) .
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1.1 Shipyard Exanple No. 1

PRESI DENT (/Admi nistration only)
-PURCHASI NG AGENT
| SECRETARY- TREASURER

&q)erations Manager and
stoner Relations)

|
SUPERI NTENDENT SUPERI NTENDENT SUPERI NTENDENT

ENG NEERI NG SALES PRODUCTI ON
MANAGER
(I'ncl udes Accounting, Proj ect
M scel | aneous |tens) Super -
I ntendents
- One
fabrication
area used by
any trade

FIGJURE 1-1: Shipyard Example No. 1

Maj or points of interest:

. | ndependent, owner - oper at ed. Non- Uni on. Repai r
work only. About 100 workers. Four floating
drydocks. No space or desire for synchrolift or
rails. El ectrical work and heavy machi ne work

contracted out.

. Time Cards:
Cl ocked in and out for attendance record.
Foreman enters actual job(s) worked on each
shift.
Cards are collected daily.
Qccasional review by Assistant to SUPERI NTEN
DENT PRODUCTI ON MANAGER.
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Daily printout of |abor expenditures (from

time cards) available to any interested

manager or supervisor.
Estimating based on historical data from simlar
jobs, nodified by actual conditions of steel
plates, fairing, etc. of ship undergoing repair.
No | abor standards; only experienced estimators.
Hours are allocated to individual jobs within a
project for |larger projects only. Return costs
are then reviewed against these allowances.
(Overall costs cone in quite close to expecta-
tions, but the individual jobs within a project
are often mssed by a large nmargin)
Schedul es:

Prepared and wused only for larger jobs

(10, 000 manhours or nore) or for peculiar

jobs unfamliar to the workforce.

Made wup by Project Superintendent wth

assi stance from SUPERI NTENDENT ENG NEERI NG
Manpower assignnents made each norning by the
SUPERI NTENDENT PRODUCTI ON MANAGER and hi s assi s-
tants. Wrkers are drawn froma | abor pool and

are assigned to a specific project/job. (Unas-
signed workers are sent hone)
Meet i ngs:

No regular neetings of shipyard managers/
supervisors.

M ght have production neetings for |arge
conversions (50,000 manhours or nore)
Production-only neetings usually held weekly
(pep-talk type).
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° The relatively snall anount of new material needed
is procured by a purchasing agent directly under
PRESI DENT.
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1.2 Shipyard Exanple No. 2

PRESI DENT AND
GENERAL MANAGER

1
DESI GN PLANNI NG~ PRODUCTI ON MANAGER PERSONNEL
DRECTOR

- Engi neering - Forenen
- Accounting - Pipe Shop
- Fabrication Shop
- Bl ast/Paint Shop
- Electrical Shop (Small)
- Mold Loft (Snall
- Plate Line (Small)

FI GURE 1- 2. Shipyard Exanple No. 2

Mpj or points of interest:

. Subsi di ary of |arger conpany. Non- Uni on. New
construction (about 300 workers) and repair (about

50 workers). Two drydocks. Ships built in
drydocks (no other work location for a whole
ship) .

. Time Cards:
No tine clocks.
Foreman enters accounting information on tine
cards at the end of each shift.
Parent organi zation processes tinme cards, and
provides a daily labor distribution printout
which is available to the Shop Heads and
For enmen.
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Estimating based on historical data from simlar
jobs. No labor standards.

A sequence chart is made for each general area of
the ship, showing the 12 to 15 major events that
wi Il take place wthin each area and their prece-
dence relationships. A few events nmay be broken
down further to acconmodate installation of grab
rails, bits, etc. Mnhours are then added to the
entries on each sequence chart. (Qccasi ona

attenpts to match expenditures against predicted
manhours yield erratic results)

Schedul es:
No schedul es, per se, only sequences of mgjor
events.
General schedul e of events determned inform
ally by discussions between  PRODUCTI ON
MANAGER and GENERAL MANACER with sone i nput
from DESI GN PLANNI NG

Meet i ngs:
No regular neetings of shipyard managers/
supervisors for workload/sales/etc.
PRODUCTI ON MANAGER conducts weekly neeting of
all production people.

Mat eri al procured by purchasing agent under
PRODUCTI ON  MANAGER.



1.3 Shipyard Exanple No. 3
PRES| DENT

~ MANAGER
vaterials Production
Vanager - New Construction
(Viér ehousi ng, Super i nt endent
Pur chasi ng) - Repair Superintendent

- Operations Planning
wth Project Coordinators
- Fabrication Shop
- Carpenter Shop
- Electrical Shop
- Mai ntenance Shop

ADMN-  ENG NEERING OPERATIONS SALES  MARKETING
| STRATTON— WANAGER Nave =R —

FIGURE 1-3: Shipyard Exanple No. 3

Maj or points of interest:

. Subsi diary of |arger conpany. Non- Uni on

new construction and repair (350 workers)

. Time Cards:

Clocked in and out for attendance record.
wor ked on

Supervisor enters actual job(s)
each shift.
Cards are collected daily.

Daily printout of |abor expenditures,

Bot h

br oken

down to the individual worker. Printouts are

available to any interested nanager

supervi sor.
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Qperations Pl anning produces work orders which
include an estimate of the manhours required and
the tine frame (calendar dates ) when the work
should be performed. No |abor standards.

Percent conpletion determ ned weekly by visual
assessment made by one man.

Schedul es:

No schedul es, per se; scheduled dates for
wor k performance are included on each work
or der.

Bar chart of all major work produced at the
beginning of a project to aid in determ ning
the intended work performance dates for each
wor k order.

Meet i ngs:
Regul ar nmeeting of all enployees at 9AM each
day.
Project nmeeting on Mnday nornings anong
Proj ect Coordi nators and Purchasing. Mnutes
are kept and distributed to all attendees.
Problems fromlast neeting are reviewed. New
problenms are presented. Meeting is for
i nformati on exchange, not problem sol ving.
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1.4 Shipyard Exanple No. 4

PRESI DENT
1 | | f |
VI CE PRESIDENT VICE PRESI DENT SHI PYARD Dl REéT R
MANAGER  TNDUSTR AL
RELATTONS
Drafting -~ Personne
Qual ity Control - Security
- Safety
- Janitors
SALES/ MARKETI NG Producti on MANAGERS PRODUCTI ON
[ MANAGER CONTROL
VANAGER
Estimators Machi nery Super - - SnIp
intendent super
Hul | Superi nt endent Vi sors

Dock Superint endent
Mai nt enance Super -
| nt endent

Pl ant Engi neer
(Facilities)

2nd Shift Super-

I nt endent

FI GURE 1-4: Shi pyard Exanple No. 4

Mpj or points of interest:

. Subsi diary of [larger conpany. Non- uni on. Ship
repair (about 200 workers). Synchrolift, and
wheel -and-track transfer system Extensive data
processing system nostly on-line using conputer
equi pnent available at or through the parent
or gani zati on.

1-1o0



Time Cards:
Conput er - supported attendance and j ob expen-
diture collection system
Each worker has a personal plastic card which
is used through a conmputer term nal near his
workplace to enter his attendance and the
specific job being worked.
Extensive worker tinme and job expenditure
information available from data processing
system such as enployees by craft/trade
working on a specific work item Thi s
information is available to any interested
manager or Ssupervisor.
Estimating based on historical data from other
simlar jobs wusing information from the data
processi ng system Manhours are added to each
work order, along with start and conplete dates
for each” work item No | abor standards. Not e:
Normal practice (prior to data processing system
which is relatively new was to produce a paper
plan with major mlestones, a sequence of indi-
vidual work itens with tine intervals added to
reflect the expected actual performance of each
work item and a profile of the nunmber of workers
needed to do the work. Overal | manhour | oadi ng
was known quite accurately, but the individual
work item breakdown was only estinated.
Schedul es:
Schedule information available from data
processing system such as a job summary by
each trade supervisor show ng |ead craft,
budget ed hours, actual hours expended,
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projected hours to conplete, percent of
budget, percent conplete, budgeted materi al
cost , actual material charged, percent of
mat eri al budget, equi pnent charges, and total
price for the work item

Every job in the shipyard is listed daily,
along wth how many people are working on
each job and their physical location in the
shi pyard.

Meet i ngs:

Dai ly production neeting conducted by the
PRODUCTI ON MANAGER and t he PRODUCTI ON CONTROL
WAGER . QUALI TY ASSURANCE, Safety, shop
supervision, etc. attend.
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1.5 Shipyard Exanple No. 5

PRESI DENT

I | \
VI CE VIbE DIREETCR VI CE DI RECTOR NANAGER

PRESTDENT PRESTDENT ENG NEERTNG PRES| DENT PURCHASING PLANNI NG

Fl NANCE SALES PRODUC-
_l TN
1
SHI PYARD MANAGER SHI PYARD MANAGER
(for second shipyard)
T
I

Personnel Safelty Quality Warehmllsing
Manager Manager Assurance Function

Manager

Production Manager (omtted with Iight workload)

|
Production Superintendents
- Pipe Superintendents
- Qutfitting Superintendents
- Lofting Superintendents
(Foremen under Superintendents)
- 2nd Shift Manager

FIGURE 1.5: Shipyard Exanple No. 5

Mpj or points of interest:

. Subsi diary of |arger conpany. Non- uni on. New
construction, about 500 people for each of two
shipyards (varies from 250 to 620) . Ext ensi ve

conputer support avail able through parent organ-
I zation, although normally the shipyard has
adequat e conputer capability of its own.
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Time Cards: - Cocked in and out for attendance

record.
Mechanic enters . actual job(s) worked wth
hel p fromthe Foreman. Three-digit charge

nunbers are used.

Cards are collected daily.

Daily printout of |abor expenditures (from
time cards) is available to interested
managers and supervisors, but tw ce-a-week or
weekly issue of |abor expenditures infornma-
tion is nmore conmon.

Desi gn:
Basic design purchased from an outside
sour ce.
Breakdown of the design made within the
shipyard as may be necessary. Repetitive

projects receive a fine breakdown (to the
| evel of an individual page for each panel,
etc. ) whereas one-time projects receive
little or no breakdown. The degree of
breakdown i s deci ded ahead of tine through
di scussi ons anong Engi neering, Planning, and
Product i on.

No conputer-ai ded design or conputer-aided
manufacturing in place or anticipated.

Engi neering, Planning, and Production coll ab-
orate in detail on what should be produced
for Production to use. Pl anni ng nakes the
first cut, on which Production provides
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comrent s. Then changes and adjustnents are nade
until agreement is reached via this group effort.

® Estimating based on historical data from simlar
jobs and on experience. Labor standards avail able
only in the welding area. This area was sel ected
as the best and easiest place to begin devel oping

| abor  standards. Wl ding labor standards are
based on historical data and experience (not on
MIM or formal work sanpling) . Each standard is

then qualified in actual shipyard worKk. Pr oduc-
tion people agree with each standard before it is
i ssued for use. Wen they are avail able, |abor
standards are used for estinating and budgeting.

. Production and Pl anning collaborate on the overal
work plan for a project (whether to outfit before
| anding on the hull, etc.) usually even before a
sales estimate is made. Wrk is then broken down
via a 3-digit charge system (comopn to severa
simlarly-sized shipyards) . Design drawi ngs are
broken down into the same pieces. Pl anners then
produce the overall plan and add budgets to each
pi ece of work. Wrk orders are then produced,
sized to be opened and closed within two weeks.

Met hods-Ti me Measurenent is conposed of operationa

anal ysis techni ques which have been objectively devel -
oped through the establishnent of clearly defined
actions for perform ng physical work, and acconpanied
by the corresponding time intervals wthin which a
person can reasonably be expected to performthat work.

MIM is discussed further in Chapter 4.
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These work orders formthe basis for subsequent
schedul es. Total work orders for a project nmay
number from 15 to 60, depending on the size and
duration of the project.

Schedul es:
Prepared for each project. The genera
approach is to prepare a sequence of events,
and then add the estimated tinmes to each
event, which forns the schedul e.
A Master Schedul e covers start of fabrication
through to delivery, and consists of about 25
I tens.
Each item on the master schedule is broken
down into its individual work orders. A
si x-week slice of the master schedul e show ng
the constituent work orders is published

every four weeks. Performance against this
six-week slice is tracked and reported
weekl y. Certain events (like tank testing)

may be broken down nore finely than the usual
si x-weeks worth every four weeks.

Bar charts of performance, pl anned and
actual, are kept by Pl anning.

Printouts are available to interested manag-
ers and supervisors show ng all work orders,
their budgets, and the status of work com
pl etion.
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Materi al :
Steel Bill of Mterial prepared by Planning;
all other Bills of WMaterial prepared by
Engi neering and forwarded to Pl anning.
Pl anning enters the need dates on the Bills
of Material.
Purchasing procures material according to the
dates on the Bills of Mterial
Note that Warehousing is under the SH PYARD
MANAGER . (I'n some conparable shipyards, this
function is under the DI RECTOR PURCHASI NG .

Quality Assurance:

Qual ity Assurance people inspect the work
performed within each work order for conpli-
ance with specifications, contractual re-
quirenents, and custoner acceptance denands.
When found satisfactory, the work order is
signed by Quality Assurance and forwarded to
Planning for “closeout.

Not e: This shipyard is working toward
establishnent of a basic quality level for
each type of work. planning will specify the
requisite level of inspection in manuals,
instructions, and standing procedures. Such
a quality basis wll aid in satisfying
custoner and specification requirenents, and
eventual ly avoid multi-levels of inspections,
whi ch can beconme confusing and costly.
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. Meet i ngs:
No regular neetings.
Most neetings are called when considered
necessary by MANAGER PLANNI NG ESTI MATI NG,
although the SH PYARD MANAGER sonetines
decides that a neeting is needed. O her
managers are entitled to call a nmeeting
whenever they w sh, but seldom do so.

1.6 Commpn Concerns

Certain features of each shipyard described above
are quite simlar, although the organizational |ocation
and talent of the people involved in that function may
differ wdely. The simlar itens of prime concern to
t he subject of planning and production control are:
tinme cards; estimating; scheduling; and performance
apprai sal. These are discussed bel ow

a. Time Cards

Each shipyard relies on a tine card system
for | abor expenditure information. Whet her the
systemis sinple and nmanual, or sophisticated and
conmput er-assi sted, inaccuracies in the basic input
I nformation undoubtedly plague each system Wl -
intentioned supervisors or workers nmay enter
charges that differ fromthe true and actual |abor
expenditures. \Wen aggregated these inaccuracies
can anplify and distort the true picture on an
i ndi vidual work order by large and mi sl eading
proportions. Unless there is a parallel systemto
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illuminate at |east sonme of these inaccuracies, the
information captured cannot be qualified, and use of it
must be tenpered accordingly.

b. Estimati ng

A primary use of [abor expenditure infornma-
tion in each shipyard exanple is in estinmating the
| abor content of simlar jobs in the future
| medi ately, problems with the tinme card system
cone to the fore, and obligate the estimators to
use their experience and judgenent to adjust the
| abor assessments for future work. In most snall
shipyards, and unfortunately even in many |arger
shipyards, historical information and experience
are the only tools available to the estimators.
As one shipyarder put it recently, “If we |lost our
experienced estimators, we would be dead! *
Anot her aspect of the estimating problemis that
the total manhours to conplete a project usually
can be estimted quite accurately, although the
i ndi vi dual pieces of work that nake up the total
project defy accurate estimating. This is sinply
a case of individual errors being statistically
bal anced out, so that the whole is relatively
unaffected by them However, if the [abor content
of the pieces is not known, then the next task
whi ch faces the people who schedule the work and
| oad the manpower to acconplish it becones equally
frustrated.
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C. Schedul i ng

As seen fromthe shipyard exanpl es above, the
smal | est shipyards sinply have no schedul es at
all. Personal attention by managenent to every
detail of performance is the substitute. Wth
only a few people involved in a relatively close
area, the word-of-nouth on-scene timng of events
can be tolerated, although it may indeed be an
inefficient and uneven way to operate. As a
shipyard grows in size and workload, schedules
begin to appear of necessity. The usual way to
produce a schedule (even in the |arger shipyard)
Is to develop a sequence of events, fit theminto
the tine interval established as the contract
performance period, and then add estinmates of
| abor content and cal endar tine needed to perform

each event until all events are accomodated

thereby formng the schedule. Poor estimtes make
poor schedul es. Poor schedules, in turn, frus-
trate t he I ntroduction of support

(pl ans/ materi al / equi pnent/ manpower) at the proper
time and pl ace. Wt hout strong and tinely sup-
port, the repeatability and performance efficiency
of the entire production function is [owered - and
this function is the nost expensive function of
themall.
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d. Per f or mance Apprai sal

Efforts to determ ne trouble spots in perfor-
mance so that corrective action can be applied are
al so inpeded by the lack of accurate predictions
of the labor content in each job. Performance
appraisal is wusually nade by conparing actua
output with a performance reference, expressed as

a percentage. To illustrate:
Performance .reference manhours x 100
on a job manhours actually used

Wien the performance reference is based on
estimates produced only through historical [|abor
expenditure information fromtine cards, tenpered
by the experience of the estimators, it becones a
doubtful reference at best. | naccuracies in the
time card entries introduce distortions that defy
the nost sincere efforts by experienced estimators
to produce a reliable reference through the
addition of experience factors. Generation of a
performance reference, then, becones nore of an
art than a science, and as such it cannot be verified
by objective anal yses. Consequent |y, perfornmance
apprai sal becones doubtful if not inpossible because
there is no credible reference against which actual
performance can be assessed.
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In t he smal | er shi pyar ds, performance
apprai sal is nade through on-scene observations by
experienced production supervisors, followed by
direct communications with the workers. Not hi ng
el se IS avai |l abl e. As t he shi pyard
wor kl oad grows, such personal attention becones
increasingly difficult to apply, and it becones
spasnotic and uneven. The conpari son of actual
cost returns against original estimtes, tenpered
by percent conpletion evaluations, forns the next
best nethod for nmanagenent people to use in
appraising performance. Wth so nmuch doubt about
the accuracy of the estimted reference, however,
true performance appraisal by this technique
becones equal ly doubtful. Clearly, a reliable
reference for the |abor content of each job would
be hel pful.
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CHAPTER 2

BASI CS CF PLANNING AND PRCDUCTI ON_ CONTROL
BRI EF

Ef fective shipyard managenment requires good plan-
ning, scheduling, and production control. The
basic elements of these functions are descri bed.
Tools to aid in gaining visibility of problem areas
are presented, including scatter diagrams and
wor kl oad projections. These tools reveal that the
basic difficulty may not be the nost superficial
one of poor production performance, but may stem
from i nadequate pl anni ngi and scheduling, a nuch
nore insidious cause. nprovement possibilities
are explored in light of the basic resources
available in a shipyard - tine, facilities, materi-
al, and manpower - concluding that manpower is the
nost promsing resource area for near-future
| nprovenents.
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BASI CS OF PLANNI NG AND PRODUCTI ON CONTROL

2.0 Elements of Planning and Production Contro

In their sinplest form the elenments of Planning
and Production Control are discussed bel ow.

2.1 Pl anning

The term Pl anning, as used in the shipbuilding and
ship repairing business, is the process of determning
and prescribing the detailed course of action to be
followed in order to achieve certain shipyard objec-
tives. These general objectives are usually established
by senior managenent in light of the forecasted ngjor
opportunities and obstacles facing that shipyard.
Pl anning 1nvolves the intended application of basic
resources (manpower, materials, facilities, and tine)
in order for the shipyard workforce to carry out a
proj ect. Pl anning usual ly considers and treats only a
single project at one tinme, leaving the treatnent of
several projects wthin the same shipyard to the
scheduling function which is carried out at a |ater
dat e. Pl anning, then, is based on a prediction of the
work content in each of many individual tasks (each
called a work order or a work package) which coll ec-
tively make up that project. Based on this prediction,
pl anni ng determ nes how, where, in what sequence and in
what quantity each basic resource should be applied and
expended. Pl anni ng becones the basis for hiring and
appl yi ng manpower, purchasing material and nmaking it
available to the workforce in the proper quantity at
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the right tine and place with the requisite quality,
utilizing old and procuring new facilities and equip-
ment, and for nost effectively utilizing the tine
available to conplete the project.

The planning function nmay be carried out in any
one or conbi nation of several different organizational

| ocati ons. It may be done in a group organizationally
separated from production, such as under design,

estimating, or operations managenent. It may be done
within a separate group entirely under production
managenent . It may be done in each individual shop or
trade center under overall control and coordination of
t he production manager. It may be done by people who

treat only planning matters, or it may be done by
peopl e who al so handl e scheduling and perhaps even sone
aspects of production control. The planni ng process,
however, usually treats only one project at a time, and
becomes the basis for the subsequent scheduling of al
projects through consideration of the total shipyard
resources avail able, as discussed bel ow

2.2 Schedul i ng

Scheduling is the process of assigning cal endar
dates to a sequence of events produced by the planning
function for each individual project. Scheduling nust
consider the collective inpact of all the individual
projects on the total resources of the shipyard, and
then assign calendar dates to the performance of each
i ndi vidual task or increment of work. Li ke pl anni ng,
scheduling is also based upon a prediction of the work
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content of many individual tasks. The resulting
schedul e(s) are the basis upon which the support activ-
ities apply their input to shipyard operations so that
the main production effort can be carried out effi-
ciently and effectively. It is the basis on which
shops are |oaded with work and with manpower to accom
plish that work. Wienever possible, shop loading is
made as | evel as possible to avoid peaks and valleys in
ei ther workl oad or workforce, either of which produces
an unbal ance and inhibits efficient performance.

2.3 Production Control

Control of the productive process requires accu-
rate information on what |S taking place in the ship-
yard, together with an accurate reference of what
SHOULD be taking place. When these two itens do not
mat ch, appropriate corrective neasures are applied to
bring them into closer agreenent.

There are many detailed and often conplicated
functions perfornmed under the heading of production
control, but the basic thrust is as stated above.
Success is directly dependent on having truthful and
accurate information on current performance, along with
a conprehensive reference based on (1) an assessnment of
the real work content of the project, and (2) a predic-
tion of what production people will be able to actually
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produce under the given shipyard circunstances. Al
three of these basic ingredients are difficult to
acquire in a shipyard.

Many ot her industries have a high volune of repeat
tasks, with each task of short duration (perhaps only
m nutes long, or even seconds) . Peopl e who predict
performance and assess the work content of various
tasks in these industries have available to them a
mul titude of historical data. By applying statistica
anal yses and simlar techniques to these data, a highly
accurate basis for production control can be devel oped.

Shipyard work is nore difficult to handle. It
often consists of custom zed work orders that may never
be repeat ed. Furthernore, the size of a typica
shipyard task is much larger in manhours and | onger in
duration than the typical task in nost other indus-
tries. Because of these different characteristics, a
shipyard task may be sensitive to changes in overal
shi pyard resources that take place before the task is
r epeat ed. Changes in workload, workforce, facilities,
materials, and the perfornmance tine w ndow since the
| ast perfornmance period may substantially inpact the
use of historical data for predicting future perfor-
mance under the new resource circunstances. | n addi -
tion, the ever-changing environmental, supervisory, and
managerial influences on the workforce nust be con-
si dered. Unl ess historical data can be tenpered to
accommodate these effects,. it will be of little practi-
cal use in predicting future performance.
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2.4 Scatter D agrans

An effective

production

control system nust

conpare planning allowances (l|abor budgets) with actua

production expenditures.
this conparison is

hug the diagonal target

A scatter diagram depicting an actua
in Figure 2-3.

a shipyard is shown

A usef ul
the scatter
When expenditures closely nmatch allowances,
(Figure 2-2).
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di agram (Figure 2-1).
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(1) Shop performance is inconsistent, with a bias
t oward budget overrun, or

(2) Planning allowances are inconsistent, wth a
bias toward underestimating the real work
content of the job.

| nformati on devel oped through research sponsored
by SNAME Ship Production Commttee Panel sp-8 tends to
support the second interpretation (Figure 2-4) ; nanely,
that shop performance is essentially consistent while
planning is not. This is not to say that shop perfor-
mance is as good as it mght be, but sinply that it is
consi stent.
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2.5 Wrkl oad Projections

A shop schedule is based on the perceived workl oad
as interpreted by planning for the shop (Figure 2-5)
If planning estimates are inconsistent, the real
wor kl oad might truly be as shown in Figure 2-6. This
can create two situations in the shop: periods when
there is too nuch work (e.g., overload, so work slips
to a later date), and periods when there is too little
work (Figure 2-7).

To illustrate the first situation, Wek 1 is
under manned to handl e the real workload, and so an
overload results. This overload work carries over into
Weeks 2 and 3 where there is excess manning to suit the
real workload, and the carried-over work is performed

| ate. To illustrate the second situation, Weks 2, 3,
and 4 have excess manning relative to the real work-
| oad. Some of this excess capacity is utilized in

performng late work carried over from Wek 1, but the
remai nder of this excess capacity (half of that in Wek
3 and all in Wek 4) will sinply result in excess
char ges.

These excess charges occur because all production
| abor nust be charged sonewhere, and usually directly
to a production job. The underl| oad condition often
results in worker tine being charged to jobs that are
not even worked, which generates a double bias toward
| at eness and overbudget (manhours are expended but no
correspondi ng work is produced) . I n addition, [abor
expenditure data is now an inaccurate basis for
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predicting future performance. Note at this point that
t he basic cause of inaccurate time card entries is the
| ack of bal ance between workforce and workload. |If
this cause is | essened or elimnated through a proper
wor kf orce/ workl oad balance, time card entries wll
qui ckly becone nore accurate and reliable because the
noti vation form scharging wll shrink and. eventually
di sappear.

Clearly a set of tools is needed that wll be
hel pful in providing consistent and realistic planning
estimates and al | owances. One such set of tools

consi sts of engineered |abor standards as discussed in
Chapter 3. Earlier work under the Ship Producibility
Research Program (References B and C) illustrates that
substantial i1nprovenent in schedul e adherence can be
realized through use of engineered |abor standards,
because planning is better able to predict the actual
work content of the jobs involved and production can
man the work centers accordingly. (Chapter 3 discusses
the types of engineered | abor standards that constitute
an effective famly of these tool s~ how these standards
can be obtained, and the application possibilities for
each type of standard.)

2.6 I nprovenent Possibilities

The determ nation of what should be done to
I nprove the performance of a shipyard nust be judged in

l'ight of what CAN be done. I n which areas corrective
actions should first be applied nust also be carefully
assessed. | n approachi ng these questions, consider the
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four basic resources available in a shipyard - tineg,
fZtClitieS, material, and manpower - and which O these
resources offer the nost opportunity for managenent
adj ustment to enhance shipyard performance inprovenent.

a. Time. The nunber of weeks or nonths avail -
able to build or repair a ship is normally
specified in the contract as the Contract
Performance Period. The tine avail abl e may
be adequate, or may be too short. Once the
contract is signed, however, there is usually
l[ittle or no latitude available for adjust-
ment . The shipyard sinply has to perform
within the tinme limts established in the
contract. A nore accurate prediction of the
time period truly needed to get the work done
under the existing shipyard resource con-
straints may be helpful to the contracting
people in negotiating the next contract, but
t he shipyard cannot do nuch about the exist-
ing tine boundaries once the contract is
si gned. Time, then, is a resource about
which little can be done by shipyard managers
in the imediate future.

b. Facilities. The facilities already in
existence at the start of a contract are
generally the ones that nust be used. The

process of funding and obtaining new facil-
ities or mjor alterations to existing
facilities takes a relatively long tine
conpared to the performance period of a

2-11



typical shipyard contract. New facilities
may help out next tine, and certainly the
generation of reliable scheduling data can
point out facility bottlenecks and potenti al
detours around them but the basic facilities
in place are essentially fixed for the
duratj-on of a current contract. For this
reason, it is often best to inprove facil-
ities between contracts rather than to
di srupt on-going production work.

Mat eri al . Once a contract is established,
the particular material types and quantities
needed to do the work are usually defined by
the contract. Sonme freedom to select and
apply materials may be built into the con-
tract, but nost often material questions are
answered in the contractual, agreenent. What
remains is for the shipyard to procure and
apply those naterials in the right condition
at the right place, and at the right time in
the production process. |If material is
delivered to the worksite too  soon,
in-process storage and sorting problenms will
result. If material arrives too late, work
will be delayed wth acconpanying dom no
effects downstream Reliable scheduling data
can avoid or at |least mnimze these nmateri al
handling problens. The broader questions of
material selection and procurenent, however
often are beyond the control of shipyard
managers once the contract is fixed.
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Manpower . The resource on which shipyard
managers can exert the nost influence during
an individual project is manpower. The
| argest and npbst expensive conponent of
manpower s the productive |abor force.
Manpower considerations include applying
overal |l shipyard requirenents by craft all
the way down to individual work order or work

package requirenents. Accurate  workl oad
forecasting coupled with accurate predictions
of manpower capabilities wll permt the

proper application of work packages and
manpower so that the work |oad and the work
force are bal anced, and the true capacity of
the shipyard is effectively utilized. Once a
proper balance is obtained, the |oad can be
i ncreased until the true capacity of the
shop/craft is reached. The best performance
W |l be realized at the point of proper |oad
on the workforce with neither underload nor

overload, either of which wll pronpt a
sl owi ng-down effect. At the point of proper
bal ance, 1inaccurate tinme card entries wll
di m ni sh, and the reliability of | abor

expenditure information fromthis source wll
substantially inprove.

manpower  resource, t hen, should receive
attention, because it is the nost controll able

shipyard nmanagers in the near-term future
Controlling the productive nmanpower resource provides a
prom sing starting point for inproving shipyard
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performance. Wth this in mnd, consider the tools and
techniques that are available to help in achieving
these inprovenents. These tools are called engineered
| abor standards, as described in Chapter 3.
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CHAPTER 3
ENG NEERED LABOR STANDARDS
BRI EF

Inability to predict the real work content of
production jobs and how long it wll take to perform
them can seriously inpact the planning, scheduling,
and production performance functions.  Engineered
| abor standards are effective tools for making such
predictions accurately. A famly of standards is
described, with how they fit into the planning
process.  Standards devel opnent is discussed. Use
of standards designed for scheduling. purposes is
explored, including their actual development and use
in a shipyard during a recent pilot project.
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ENG NEERED LABCOR STANDARDS

3.0 Engi neered Labor Standards

An engineered |abor standard describes the tine
and effort determned to be necessary for an average
qualified worker to perform a defined anount of work
under capabl e supervision wusing adequate equipnent,
material, and information under nornmal workday circum
stances. A standards program suitable for shipyard use
I's described bel ow.

3.1 Standards Hierarchy

Previous research efforts under SNAME Ship Produc-
tion Conmttee Panel SP-8 have identified five levels
of standards (Figure 3-1).° The nost detailed and
| onest |evel of standard is the Process Standard. The
| east detailed and highest |evel of standard is the
Cost Estimating Standard. This famly of standards
derives from the sane commobn base of engineered stan-
dard data.3 These basic data can be conmbined in

See A- Manual on Planning and Production Contro
for Shipyard Use, Reference A

A substantial quantity of engineered standard data
has been devel oped by several shipyards partici-
pating in the National  Shipbuildin Resear ch
Progran1u5|6Egtiue Maynard Operational Sequence
Techni que ( T, a system devel oped by the H. B.
Maynard Co.) . These data are contained in Wrk
Managenent Manuals (WWM for each trade/ shop area
i nvol ved as discussed in Chapter 4.
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several ways for ease of application to different
pl anning problens. A carefully devel oped audit trail
is maintained fromone |evel to the next.

. COST ESTI MATI NG STANDARDS
. PLANNI NG STANDARDS

. SCHEDULI NG STANDARDS

. PRODUCTI ON STANDARDS

. PROCESS STANDARDS

FIGURE 3-1: FAMLY OF STANDARDS

The standards in the famly are characterized by
the degree of accuracy expected, with the |owest |eve
havi ng the highest short term accuracy. There are also
simlarities anong the levels in this standards famly.
Process, Production, Schedul ing, Planning, and Cost
Estimating Standards are based on the follow ng common
el ement s:

. Definition of the work nethod
. Statenment of quality tol erances
. Degree of detail as determned by desired

accuracy of results, by end use, and by
information available to the user
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a. Process St andards

Process Standards cover a single work pro-
cess. For exanple, a standard m ght be devel oped

to cover the hand burning process. The work
covered would include: set up torch, change tips,
coil/uncoil hose, adjust pressure, ignite, burn

pl ates, pierce, contour, clean up, etc. The work
covered by a Process Standard m ght be perforned
anywhere in the shipyard. Wien devel oping a
Production Standard for burning plates, the work
invol ved in carrying out the burning process (as
captured in the burning Process Standard) would be
conbined with the content of other Process Stan-
dards which represent the rest of the work done by
the burner (e.g., machine burning, off-loading the
machi ne) . Nornal |y, Process Standards are used
only to provide the data needed for Production

Standards, or for cost conparisons involving that
particular process (Figure 3-2).

USES « BASIC BU LDI NG BLOCK FOR OTHER
STANDARDS AND FOR STANDARD DATA CHARTS

« COST COVPARI SONS
UNITS : « MANHOURS
« MACH NE HOURS (CREW SI ZE)
« CONSUMABLES REQUI RED
« NORMAL SCRAP LGSS

FI GURE 3-2: PROCESS STANDARD
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b. Producti on Standards

Production Standards cover the work content
of a production job. They are created by conbin-
i ng several Process Standards. Production Stan-
dards show either standard manhours for individua
wor kers, or nmachine hours and crew size for work
centers, depending on the nmmnagenent control
system in effect. Production Standards are used
as a benchmark for neasuring | abor productivity
and met hods i nprovenents (Figure 3-3)

USES « PRODUCTIVITY MEASUREMENT
« METHCDS | MPROVEMENTS
« BULDING BLOCK FOR SCHEDULI NG
STANDARDS
UNITS «  MANHOURS

. MACH NE HOURS (CREW Sl ZE)

FI GURE 3-3:  PRODUCTI ON STANDARD

C. Schedul i ng St andar ds

Scheduling  Standards are formulated by
combining several Production Standards, or by
introducing certain allowances into Production
St andar ds. This is the first level of standards
i ntended for use outside of the industrial engine-
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ering area. One of the nost inportant el enents of

the Scheduling Standard is the “non-process
factors” which bring real world inperfections into

the industrial engineer’s best nmethod (Figure

3-4) . Schedulers and shop planners can use
Schedul i ng Standards to determi ne el apsed tine for
certain operations or work stations. Schedul i ng

Standards all ow prescription of constant and | evel

work center |oading. Scheduling Standards provide
data for devel oping the schedules that are used to
measure production performance (Figure 3-5)

SCHEDULING
STANDARD

FIGURE 3-4: ELEMENTS OF A SCHEDULI NG STANDARD

NON-PROCESS
FACTORS

USES « WORK CENTER BUDGETS
® WORK CENTER LOADI NG

UNITS « MANHOURS
« CREW SI ZE
e DAYS DURATION

FIGURE 3-5.  SCHEDULI NG STANDARD
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d. Pl anni ng St andards

Pl anning Standards are |less detailed than
Schedul i ng, Production, or Process Standards.
They are used for determ ning work package bud-
gets. A central planning office can use Pl anning
Standards to load the major shops or erection
sites. The sequencing of work packages through
the shipyard is acconplished wusing Planning
Standards (Figure 3-6)

USES « WORK PACKAGE BUDGETS
« SHOP LOADI NG
« SCHEDULE DEVELOPMENT

INTS:  « MANHOURS
* CREWSIZE
" DAYS DURATI ON

FI GURE 3-6: PLANNI NG STANDARD

e. Cost Estimati ng Standards

The first use of the Cost Estinmating Standards
(Figure 3-7) is for Mlestone and Key Event pl anning
and sequenci ng. They show the preferred sequence of
operations for carrying out a task. The relationship
to other activities mght be reflected in a standard
network for producing a certain type or class of ship.
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USES : « M LESTONE AND KEY EVENT PLANNING AND

SEQUENCING

' OVERALL CONSTRUCTION STRATEGY

UNITS : « JOB SEQUENCE

FIGURE 3-7:  COST ESTI MATI NG STANDARD
FI RST USE

The second use of Cost Estimating Standards is to
determ ne ship construction or repair costs for origi-
nal bids, and for sone change orders (Figure 3-8) .

USES : 0 NEW SH P COST ESTI MATI NG
« CHANGE ORDER ESTI MATI NG
« SYSTEM COSTS ESTI MATI NG
UNITS : « TOTAL COSTS FOR LABOR, MATERI AL,
FACILITIES, AND TIME
« DOLLARS, MANHCOURS, DAYS

FI GURE 3-8:  COST ESTI MATI NG STANDARD
SECOND USE

They are applied when the information about the ship is
I nconpl et e. They are designed to mnimze the tine
required to prepare cost estinmates. Usual Iy, cost
Estimating Standards are catal oged by ship system

simlar to the typical work breakdown structure used by
most shi pyards.
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f. The Fam |y of Standards

From the nature of standards devel opnent,
different nunbers of standards at each level are
required (Figure 3-9) . Even though the |evel of
Process Standards is |ower than that of Production
Standards, their contents (as shown in Figure
3-10) are not as constrained as are those of a
Production Standard. Therefore, there can be
fewer Process Standards than there are Production
St andar ds.

0. Cost \Versus Accuracy

The whole intent of planning and scheduling
based on engi neered standards is to produce nore
accurate budgets and schedul es. Care mnust be
taken, however, to ensure that the cost of plan-
ning and scheduling wusing engineered standards
does not exceed the benefits accrued. Accur acy
must be kept wthin acceptable tolerance limts
while applications costs are mnimzed (Figure
3-11) .

h. Application versus Accuracy

The degree of absolute accuracy needed within
a standard depends on the intended application of
the ‘standard. Process Standards and Production
Standards to be applied for nethods engineering or
for the devel opnent of incentive pay scal es nust
be accurate to perhaps * 5% By conparison,
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Schedul i ng Standards with an indivi dual
of + 20% are quite satisfactory for shop or work
center | oading. H gher |evel standards generally
can be less precise than the | ower |evel standards
from which they are devel oped, and will still be

accuracy

suitable for the higher |evel planning and cost
estimating applications.
a
=
=) 300 A
o
]
4
w0
2
S 200+
Z FI GURE 3-9:
(2
o A FAMLY OF
° STANDARDS
& 100
«m
5
= 504
TYPES OF STANDARDS
1 J ! i !
COST
PROCESS PRODUCTION SCH;DU’LING PLANRING ESTIMATING
ELEMENT CONTAINED
IN THIS TYPE OF
STANDARD
Z |0 =
DIFFERENT TYPES OF STANDARDS SHOW Sl o b
DIFFERENT ELEMENTS OF DETAIL AR A
(WELDING EXAMPLE SHOWN) HEHEIEIS
olo|xj<|w
ELEMENT EXAMPLE E 5 8 3‘-‘ 8
Type of Process fluxcored,SMA,etc. eleje
Electrode 7016,7019,14",28" ole
- . Type of Edge Prep  bevel ole .
Fl GJRE 3 10 Position downhand,vertical R
Work Location shop,ways sle|e
STANDARDS Work Conditions cramped,windy .
CONTENT Fatigue Allowance .
Move Distances walk 3’ e|e
Haterial primed steel, HY80 2K
Part of Ship bow,stern, tank ejeo e
System on Ship steering gear,hyd eleje
Scrap Loss pounds in/out (R
Cost of Material $71b. °
Cost of Electrode  §/1b. )
Labor Rate $/hr. .
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LOWER UPPER
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INCREASING ACCURACY OF STANDARDS ——mom

FIGURE 3-11: ECONOMICS OF STANDARDS APPLICATION




i Application versus Devel opnent

Devel opnent flow contrasts sharply with the
way in which standards will be applied (or used)
by those in the planning cycle. The flow of the
pl anning process is fromthe top down; that is,
i nformati on becones nore detailed as the process
conti nues. The standard at a given level, there-
fore, nmust be conpatible wth the planning infor-
mation at that |evel.

Bef ore discussing the Devel opnment of Standards,
consider the application possibilities wthin the
Pl anni ng Process, and the particular type of standard
best suited to each |evel of planning.

3.2 Planning Process

In the larger shipyards there are generally four
working levels of planning (Figure 3-12). A fifth

LEVEL O OPERATIONS PLAM

LEvEL 1 | 25 mrms | pTE SonsTRICTION

LEVEL 2 [ 250 ITEMS ] SYSTEN PLANS
S INN N

LEVEL 3 [ 2500 WORK PACKACES :‘;é:*c:s

LEVEL & l WORK PACKACE SUPIORT ITEMS l g‘,{fﬁg{s

FIGURE 3-12: SIMPLIFIED PLANNI NG PYRAM D
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| evel which could be called level O is sonetines
I ntroduced to accommopdate the determ nations nmade by
seni or managenent early in the bidding process. only
four levels will be discussed here.

a. Level 1 planning is acconplished by senior
managenent . It deals with |large segnents of the
ship and devel opnent of master construction or
repair plans. The bid is prepared at this Ilevel

b. Level 2 planning is usually acconplished by a
proj ect or planning nmanagenent team It deals
wi th devel opnent of area or system plans including
the bl ock erection sequence and pl an.

C. Level 3 planning is the first |evel of
pl anning that is acconplished by a planning group.
V?ork package budgets an shop | oadi ngs are devel -
oped at this |evel.

d. Level 4 planning is usually done by planners
| ocated in the shops. Wrk center |oadings and
schedul es are devel oped at this | owest |evel of
formal planning.

3.3 Standards/Planning Pyramd

When conbined, the famly of standards and the
levels of planning formtwo sides of a pyramd (Figure
3-13) . The two hidden sides depict the prinmary user
and the primary usage. A three dinensional nodel can
be made by cutting out Figure 3-14.
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As can be seen from

Figure 3-14, Process
Standards form the bases
for all other standards.

production Standards are
used for nethods engineer-
ing and work measurenent.
The first level of stan
dards that corresponds to a
formal planning level is
the Scheduling Standard,
used by the shop planner

for loading work centers. FI GURE 3-13:  STANDARDS
The Pl anning St andar d PLANNI NG PYRAM D
accormpdates Level 3 plan-

ning, where a central planning group develops work
package budgets and shop . |oads. cost Estimating
Standards are tools used by senior managenent for the
generation of bids and the devel opnment of key events.

A planner should be able to readily apply a
pl anni ng Standard to devel op work package budgets and
schedul es based 0n|y on the information available to
hi m through the planning process at that time. But to
assure accuracy, Planning St andar ds nmust necessarily be
based on a nore detailed understanding of the produc-
tion process itself. This leads to the main postulate
of the standards/planning pyram d:
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Devel opi ng standards is operation/trade oriented
whil e
Appl vi ng standards is product/trade oriented

The standards devel opnent process is one that
flows fromthe bottom up; that is, Process Standards
are devel oped from standard (Wrk Managenent Manual)
data; Production Standards are devel oped from Process
Standards. This action continues up through the levels
of the standards pyram d, conbining and utilizing |ower

| evel (nmore detailed) information to develop higher
| evel (less detailed) standards. The devel opnent of
standards is usually carried out by industria

engi neering personnel, or by people trained in the

application of industrial engineering principles and
t echni ques, because the technol ogy involved is a nornal
part of the industrial engineering discipline.

3.4 Devel opnent Process

The base of the standards pyramd is the Process
St andar d. There is, however, a level of information
even |ower (nore detailed) which consists of the
standard (work Managenent Manual) data. Standard data
then, is the first step in the standards devel opnent
process (Figure 3-15). Up to and including the Produc-
tion Standard, the devel opnent process is additive;
that is, there is a direct relationship between the
Production Standard and the Process Standard. This is
shown by solid lines. Due to the non-additive prop-
erties of the higher level standards, their relation-
ship is shown by dotted Iines.
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WORK MANACEMENT
MANUAL
STRIXE ARC
(MUu's)

FI GURE 3-15: STANDARDS DEVELOPMENT PROCESS

Figure 3-16 depicts the separation of the devel op-
ment process fromthe end use. VWile there is a clear

and auditable trail from Production Standards to
Schedul i ng Standards (and beyond), the connection is
not direct. The real building block for all upper

| evel standards is, in fact, the Process Standard.
The major reason for no direct route from a

Production Standard to a Scheduling Standard can be
seen fromthe actual end use of each type of standard.
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Producti on Standards and other |ower |evel standards
are used for nethods engineering and work neasurenent.
As such they are based on sound nethods which do not
all ow for delays outside of those which are actually
part of the work nethod itself. Schedul i ng St andar ds
and Pl anning Standards, on the other hand, are used to
| oad work centers and shops. They nust reflect all the
work done to conplete a job whether that work is part

of an efficient method or not. The extra work, which
must be included to reflect the real world, wll be
referred to as the non-process factors and will include

such items as crane delays, waiting for assist trade,
wel di ng excessive gaps, etc. These non-process factors
wll differ in each work center and each shop, and may,

in fact, differ for each piece of work. Even t hough
the non-process factors differ from area to area, they
certainly ~can be reliably docunented. Schedul i ng

St andards and Pl anni ng Standards include these non-
process factors and, therefore, realistically reflect
what is actually happening in the shipyard.

3.5 Making a Scheduling Standard

Scheduling Standards offer the nost promse for
near-term inprovenents in applying the productive |abor
resource. There are four elenments in the nmake-up of a
Scheduling Standard: manual tine, machine tinme,
al  ownances, and non-process factors (Figure 3-17)

3-19



SCHEDULING
STANDARD
NON-PROCESS
FACTORS

FIGURE 3-17: ELEMENTS OF A SCHEDULI NG STANDARD

a. Use of Standard Data

The manual tinme, machine tine (e.g., welding
arc tine) , and allowances are included in the
standard (Work Managenent Manual ) data. Usual |y,
to make future devel opnent easier, these standard
data will be conbined in various ways to create a
library of Process Standards. It is fromthis
cat al ogue of standard data and Process Standards
that the actual work methods and work environnment
are captured.

b. Schedul i ng Standard Devel opnment

The steps involved in making a Scheduling
Standard are shown by Figure 3-18. As can be seen
fromthis flow diagram both planning and produc-
tion nmust cooperate closely with those providing
the industrial engineering input so that the end
result will be a usable docunment that accurately
reflects the real work content of the jobs involv-
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ed. The first two steps are purely internal
organi zational actions. The selection of a work
area i s based on two factors: (1) standard data
exists in sufficient quantity, and (2) inputs to
that work area (labor, material, and planning
information) nust be controllable, or at |east
predictable. This second factor is extrenely
important, as the best budgets and schedules wll
be thoroughly disrupted if upstream work stations
are not able to support the work area under study.

Once the work area is selected, appropriate
Process Standards shoul d be devel oped and cat a-
loged with the standard data in a workable
format. A representative work mx is then chosen
for the initial study. Actual work nethods and
the actual work environment is then captured on a
job nmethods sheet (Figure 3-19). VWile this is
taking place, the planning docunents and draw ngs
in normal usage are exam ned so that design of the
format for the Scheduling Standard can be nade
conpatible with the information available to the
pl anner/schedul er at that |evel

The Scheduling Standard is then devel oped
through a series of trials and adjustments
conbi ning the variables and characteristics appro-



JOB METHOD SHEET PAGE __5 of _3
REF Joyp _397643-31701 x0 127 RNALYZED BY_.257— payg _9-27
SHOP__5¢__ SECTION/FOREMAN_ Mr. Cinco TIMES ASSIGNED 2" DATE 9-22
JOB/OPN STD h0. WORKSITE __643 JOB STEP
TITLE __Steac Distillation Plant - RO Valves
HO. | MIN/ JITOTAL
REF PL 2117750 JOB ELEMERTS ¢ ¢ 29 4 76 occ | occ N pin
150 | 1} Travzl tq PMG Blde 178 & return | 2 110,104 40.40
2 A e L
T-A3 ] 3| Obtain (P 1" & (3) 3/4" Red Blanks 6 1.5011£.00
4
N-1 5| Seleqt Tqols from Tool Box N 16 .20 3.20
6
E-7 7] Travel to_Shop Stores for Bolts, ¥uts, Blanks, and Tape 2 S5.601111.20
8| and Return i 2 2.40|] 4.g0
9 N .
D-14 110 Travel tq Eng. Rm. 643 N 4 2.451] 9.80
11 L, ,
12] Yobolt (3) Flanmnan - oo "% - ~--~id By-pass Valve 3 /
- . /l/?—-_\‘ /f
28
29
30
31 N A '
[ continued onto next page PAGE TOTAL l310-10

CORPGRATE-TECH PLANNING INC.

FIGURE 3-19: JOB METHODS SHEET (TYPI CAL)

Results should be reviewed with the shop for
accuracy, and with planning for ease of applica-
tion.

After the library of standards is conplete
enough to support an area (perhaps 85% coverage) ,
peopl e doing planning and scheduling should be
trained in how to use the standards.

As the product m x changes and/or unproduc-
tive practices are identified and elimnated, the
affected standards nust be nodified and updated.
This action demands that the standards devel opnent
peopl e have a good working rapport with production
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peopl e. Qtherwi se those in production will be
loath to identify the areas that truly need to be
trimmed and nmay only suggest |ooking at those
itens which they feel are too tight.

C. Use of Paranetric Fornmul ae

Devel opment of a Scheduling Standard using
paranmetric fornmulae follows the sane steps as with
the use of standard data, except that the fornul ae
i nvol ved are based on actual performance data
whi ch has been aggregated and adjusted to suit the
particular parameters involved in that production
function (e.g., pipe dianeter, generic material,
nunber of bends, welds, caps, etc.) . Alimted
attenpt was nade to investigate the use of fornula
standards in connection wth the Scheduling
Standards Pilot Project at PBI described bel ow. 4

A project to further investigate the devel opnent
and use of fornula standards Is being planned for
execution during 1985 under the Industrial Engine-
ering Panel SP-8 of the Ship Production Commttee
of SNAME as part of the tional Shipbuil ding
Research Program

3-24



3.6 Scheduling Standards Pilot Project

Devel opment and application of Scheduling Stan-
dards using this technique was actually carried out
during a pilot project conducted at Peterson Buil ders,
I nc. (pBI), Sturgeon Bay, W from Septenber 1981
t hrough April 1982. The Sunmmary Report of Scheduling
Standards Pilot Project, Reference C, describes the
procedures used and the results obtained. In addition,
a Scheduling Standards Wrkshop containing the details
of the pilot project was conducted at several |ocations
t hr oughout the country during April and May 1983 (see
Chapter 5 of this Priner) . The general approach to the
Schedul i ng Standards Pilot Project included the follow
I ng steps:

® Obtain MOST data for a selected group of work
orders, and determne |evel (standard) times?®
for doing the work.

° Conduct work sanpling to determ ne process
time and non-process tinme fractions. (Vork
sanpling al so provides detailed insight into
both categories). Take five mnute work
observations once each hour for each of three

Two approaches to obtainin?_level standard) tinmes
were ‘a-ctually tried: (1) fise of basic MOST data,
and (2) use of classification data based on MOST
datzfa.I The |atter approach proved to be the nost
useful .
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two-week testing periods. Determne the
percentage of tine nechanics were carrying
out the basic process (called the process

time fraction) , and the percentage of tine
t he nechanics were engaged in non-process
activities (called t he non- process
fraction).

Cal culate a non-process factor. Basically,

non-process tine fraction
process tine fraction

Non- process factor =

® Cal culate scheduling standard hours (I evel
time increased by the non-process factor).

Schedul e Standard Tinme =
Level Tine +(Level time x non-process factor)
or,

Schedul e Standard Time =
Level Tinme (1 + non-process factor)

[Ilustration of the above, using actual and
typical data fromthe pilot project, is as follows:

From MOST data, determ ne
Level Tinme (one work order) = 30.2 hours
From work sanpling, determ ne
Non- Process tine fraction = 31.3%

Process Tinme Fraction = 68. 7%
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Cal cul ate

Non- Process factor = 31.3%=.456
68.7%

Cal cul ate
Schedul ing Standard Time = 30.2 (1+.456) = 44 hours

. Determ ne the actual costs for the work.

. Anal yze data to see whether scheduling
standard predictions match actual costs.

. When prediction capability is established,
| oad the shop using scheduling standard hours
and see if benefits accrue.

Actual benefits accrued from this pilot
project were initially a 50% increase in pipe
production with the sanme nunber of pipe fabrica-
tors. In the eighteen nonths follow ng conpletion
of the pilot project, PBI adjusted the layout and
expanded the anount of work assigned to the pipe
fabrication shop, established additional Schedul-
ing Standards and a conputer-assisted information
systemto aid in scheduling the work and bal anci ng
the several work centers involved, and subsequent-
ly clainmed a throughput increase of about 500%
with essentially the same nunber of pipe fabrica-
tors. Cearly, the use of Scheduling Standards
for shop work center |oading and bal anci ng can be
a valuable assist in inproving ‘the efficiency and
reducing the cost of production operations.
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CHAPTER 4

AN APPROACH TO PRCDUCTI ON ORI ENTED PLANNI NG
BRI EF

Quidance is provided for the smller shipyard
wishing to intiate a program |eading to inproved
planning, scheduling, and production control, and
thereby enable substantial inprovement in production
per f or mance. The essential steps are descri bed,
I ncluding sources of the engineered standard data
needed to create useful standards. The five exam
ples of smaller shipyards described earlier are used
to illustrate how each mght initiate a practical
program G her snaller shipyards should be able to
relate their own particular circunstances to these
i 11ustrations.
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AN APPROACH TO PRODUCTI ON ORI ENTED PLANNI NG

4.0 Prol ogue

The use of engineered |abor standards within a
shipyard offers the prom se of greatly inproved plan-
ning and scheduling, leading to substantial inprove-
ments in production control and ultimately to |arge
reductions in |abor costs for productive work. The use
of Scheduling Standards for these purposes has been
demonstrated, and has produced nmajor savings in cost
and tine. Most snml | er shipyards have no in-house
i ndustrial engineering capability and~ indeed, nmay not
enjoy formal planning, scheduling, and production
control as described in this Primer and in reference A
Wiile a small shipyard cannot conmmt |arge anounts of
overhead noney to extensive prograns which may not
produce a payback for many nonths, much CAN be done to
i nprove productive efficiency with a nodest investnent
of time and talent over a relatively short period.
Fromthis beginning, a snall shipyard should be able to
boot-strap their operations to nore productive heights,
buil ding on the smaller advances and savi ngs produced
initially.

From the research results gained to date, it
appears that the devel opment and use of Scheduling

St andards for planning, scheduling, and work center
| oadi ng/ bal ancing is a good starting point. The

standards needed can be relatively crude conpared to
those necessary for nore sophisticated met hods
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engineering, for instance, while still serving as
excellent tools for inproving productive perfornmance.
Later on, if a shipyard so desires, the nore detail ed
and precise aspects of industrial engineering can be
pursued in any particular area which needs it, based on
the visibility of the productive process gained through
use of Scheduling Standards.

Wth this prologue in mnd, consider the steps
necessary to create a standards program in a small

shi pyard

4.1 Assign People

The initial investnent in people is small, wth
only one or two people needed to set up the program and
begin devel opnent of Scheduling Standards. These

peopl e shoul d have an engi neering background, but not
necessarily industrial engineering (although that would

be nost hel pful). They nust, however, enjoy a good
relationship with the production people anong whom t hey
w |l be working closely and constantly for several

mont hs. This relationship nust be open and construc-
tive, or else the vital input from production may not
be realized. In the other direction, these people
should report to a reasonably high |evel shipyard
manager who will encourage and support the program and
ensure that they are ALLOMED to conduct their business
with a mninum anmount of interference. Support from
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top managenent is as essential to success as is support
from production people. It is inmportant to establish
and maintain a no-threat atnosphere throughout the
program

4.2 Train People

The assi gned people should receive training in the
fundanmental s of industrial engineering techniques (see
Chapter 5). These techniques include the devel opnent
of engi neered standard data, work sanpling and neasure-
ment, work center |oading and bal ancing, fornulation of
schedul ing standards, shop capacity determ nations, and
general  scheduling procedures. A person wth an
engi neeri ng background, and who is already famliar
with shipyard production operations, should encounter
little difficulty in learning these techniques and
applying themto shipyard situations on the small scale
envisaged for initial involvenent. The assigned people
shoul d [ earn about recent related acconplishments (such
as the 1982 Scheduling Standards Pilot Project at PBI)
so that the present state-of-the-art in shipyards is
understood. The overall intentions of the program its
goal s and gui deposts, should be kept in constant focus
along with the ultinmate possibilities of these techni-
ques for inproving shipyard productivity. This w |
help to maintain their enthusiasm and keep the program
properly directed, while guarding against discourage-
ments and distractions. About three to four weeks
total tinme should be sufficient for this initial
training (not necessarily continuous).
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4.3 Select Initial Area

Once the people are assigned and trained, an area
shoul d be selected for initial setup and prosecution of
t he program The initial area should be snall geo-
graphically, functionally, and in workforce. It should
be a manageabl e area as free from outside (upstream
influences as possible to avoid (or at |east mnimze)
frustrating conplications external to the program
itself. Once the programis in place and functioning
these inevitable external influences can be handl ed
with surprising ease, but initially they should sinply
be avoi ded whenever possible. A small pipe shop, sheet
metal shop, nachine shop, or simlar area (or portion
t hereof) would make a good starting point. . An area
wher e engi neered standard data is already available or
c-an be obtained relatively easily would be an ideal
initial |ocation.

4.4 | nvolve Production People

Clearly, the program cannot succeed w thout the
i nvol vement  and support of the production people
t hensel ves. They are a vital part of the program and
nust be treated as such. They should be kept informed
of program intentions and progress on a regular basis,
so that everyone contributing to the program can
mai ntain a current know edge of events that may affect
them - whether directly or indirectly. It is common
nature to assune that others share a detail ed know edge
about what is going on, but unfortunately this is not
al ways the case. | sl ands of doubt and confusion will
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grow rapidly unless they are prevented through regular
and del i berate comuni cations. Wen everyone involved
is consistently oriented and informed, then the team
effort sought will grow and produce. The cooperation
and support of ALL contributors to the program espe-
cially the production people, is absolutely essential

to success.

4.5 Devel op/ Obtain Enqgi neered Standard Data

This step in the setup process is perhaps the
bi ggest unknown. Both process and non-process data is
needed, with the latter being relatively easy to obtain
through work sanpling techniques (see Reference Q).
The process data can be devel oped in several ways, and
is sonetinmes wusable fromthe published literature.
Sources of engineered standard data are discussed
bel ow.

a. Maynard Operational Seqguence Techni que (MOST)

The need for uniformty in standard data
devel opnent was recognized at the outset of
research efforts by SP-8. For this reason, the
Maynard Operational Sequence Techni que (MOST) was
sel ected by the six shipyards initially involved
in the Ship Producibility Research Program under
SP-8 . Personnel in several shipyards have been
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trained® to use this predetermned notion tine
system by H B. Maynard and Conpany. By captur-
ing the work nmethod through direct observations,
and integrating the observed nethod with the work
pl ace geonetry (nove distances), the standard tine
for any manual operation is determ ned. When
conbined wth machine tinmes (e.g. , arc tinmes) and
appropriate standard all owances, the standard tine
to acconplish a particular job can be cal cul at ed.
MOST readily lends itself to nmethods engi neering.
Alternative nethods can be synthesized by a
shi pyard technician wthout having to disrupt the
actual work flow. Once a nethods change has been
devel oped, it can be systematically and efficient-
l'y inplenmented. MOST data has been devel oped by
several participating shipyards in the general
areas shown in Figure 4-1. The data for each
devel opnent area is contained in a Wrk Mnagenent
Manual’ produced by the devel oping shipyard. The
Wor k Managenent Manual arrangenent provides a
standard format for relevant data, as shown by
Figure 4-2. The” MOST systemis briefly described
in Reference D, Standard Data Application CGuide,

MOST training * is available from the Mynard
Managenent Institute, Charlotte Plaza, Suite 1590,
201 s. College Street, Charlotte, SC 28244,
Tel ephone (704)376-3584 (Carl E. Robertson, Vice
Presi dent)

The Work Managenent Manuals produced by the
shi pyards participati ng in the Ship Producibility
Research Program can be obtained from the MarAd
Program O fice of the Bath Iron Wrks Corporati on,
700 Washington Street, Bath, Mine 04530, or from M.
Quy Gattis, Research Information and Publications
Service, 2901 Baxter Road, Ann Arbor, M chigan 48109.
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AREA

ASSEMBLY

BLAST/ COAT X C W X
ELECTRI CAL X

ERECTI ON
FI T/ VELD

FAB/ ASSY compONENTS
PANEL LINE
PI PE SHOP
SHEET METAL

STAG NG

whi ch al so contains the | ogic and principles of
the development and use of engineered |abor
standard dat a.

SH PYARD
BAY | BIW; BSP; NNS (NSS P | HM

X X

>

E?XX

JANI TORI AL SERVI CES X
MAX| - MOST X

X DEVELOPED
W WORKING
(1983)

FI QGURE 4-1: MOST DATA DEVELOPMENT AREAS

b. Conmput er MOST

MOST Conputer Systems* is an interactive
on-line software program designed to assist
managers in making the best use of resources at

Mre information on MOST Conputer Systens and
avai l abl e training can be obtained from Maynard
Managenent Institute, Charlotte Plaza, Suite 1590,
201 's. College Street, Charlotte, SC 28244,
Tel ephone (704)376-3584. (Carl E. Robertson, Vice
Presi dent)
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their disposal. Several shipyards participating
in the generation and use of MOST standard data
under the Ship Producibility Research Program have
entered their devel oped data into Conputer MOST
for their own ready retrieval and use as well as
for sharing anong other participating shipyards at
the sub-operation data |evel. Conput er MOST makes
use of the Maynard Conputer Center at Pittsburgh
via telephone-connected terminals on a |ease
arrangement. Conputer MOST offers to a participa-
ting shipyard conputer-assisted standards devel op-
ment using MOST sub-operation data~ and to ensure
security of proprietary information the standards
t hus produced can be altered or retrieved only by
the shipyard that devel oped them Al of the
sub-operation data in the data bank, however,
including those data entered by other shipyards,
Is intended for sharing anong the participating
shi pyards.

C. Cl assification MOST

During the Scheduling Standards Pil ot Project
(Reference C) the developnment of  Scheduling
Standards directly from detailed MOST data was
found to be somewhat tedious and tinme consum ng.
In order to facilitate use of detailed MOST data,
t he concept of Cassification MOST, Reference E
was devel oped to permt easier and nore rapid use
of wvalid standard data toward generation of
Schedul i ng St andar ds. Cl assification MOST pro-
duced charts, such as Figures 4-3 and 4-4, from
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which standard ,tinmes are readily retrievable.
Schedul i ng Standards devel oped from d assification
MOST were conpared with those devel oped directly
from detailed MOST for the sane identical work
orders, and were found to yield essentially the
same time predictions for acconplishing that work.
Thereafter during the pilot project, dassifica-
tion MOST only was used for the devel opnent of
Schedul i ng Standards.

A | abor standard classification system such
as Classification MOST, offers a practical solu-
tion to the problem of capturing, sorting, aggre-
gating, and retrieving standard data, at |east for
use in devel opi ng Scheduling Standards, Planning
Standards, and Cost Estimating Standards which do
not require precisely accurate standard data’.
For detail ed nethods engi neering or support for
incentive pay scales, for exanple, the nore
accurate basic standard data (such as MOST) nmay be
required.

Transfer of engineered standard data from a
devel opi ng shipyard to a different user shipyard
will be explored during a project under the Ship
Produci bility Research Program during 1985. Since
( assification MOST has been quite satisfactory
for devel opi ng Scheduling Standards, this nethod
of data transfer wll be anong those exam ned for
use as the transfer vehicle anong shipyard users
interested in applying existing standard data at
t he Scheduling Standard |evel for scheduling and
shop work center | oading.
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d. Formul as Devel oped from Performance Data

Fornul as can be devel oped which use the basic
parameters of the production work under considera-
tion (e.g., Pipe material, dianeter, schedule,
nunber of bends, welds, nmechanical joints, caps,
etc.) together with statistically derived process
times for the fabrication events involved, which
add in the non-process tine increment necessary to
fit the standard to the real world conditions at
the workplace, and which will then yield a reli-
able prediction of the tinme that it will take to
do the work. During the Scheduling” Standards
Pilot Project (Reference C) a concurrent project
was conducted to test the devel opnent of “Schedul -
ing Standards using production perfornmance data.
This limted investigation into parametric formnu-
| ae for devel oping Scheduling Standards produced
promsing results. Parametric fornul ae, l'ike
| abor standard classification systens, can provide
practical support to the devel opment of Scheduling
(and higher) Standards'™.

The devel opnent and use of parametric formulae in
SUFFort of scheduling and shop work center | oading
Wi be investigated during a project under the
Ship Producibility Research Program during 1985.
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e. Wr k- Factor System (Wf ac)

A standard data devel opnent system somewhat
simlar to MOST is the Wrk-Factor System (Wfac)
devel oped by Science Managenent Corporation
Wf ac uses Work-Factor Tinme to represent worker
performance pace, rather than the “normal” or
“average” time usually associated wth other
systens  ( like MOST) . Using the Wbrk-Factor
System time standards are established through
exam nation and analysis of each Manual Modtion and
Mental Process required to perform useful work.
Since Wrk-Factor Time represents the output
attainment capability of average experienced
operators, working with good skill and good effort
and without interruptions or delays, it is the
common denom nator and index of output capability
(expected attainnent) for the world popul ation of
average experienced operators. As such it is
pronoted by SMC as a universal standard, to which
al | owances for operator personal tine and unavoi d-
able delays are applied separately to conpute
al l owed or standard tine.

More information on the Wrk-Factor System can be
obtained from SMC \Wfac, . Science Managenent
Corporation, P. O Box 6800, Bridgewater, N. J.
08807. Tel ephone (201)685-9000. (Janes MCQurk).

4-14



f. MM

MI'M (Met hods- Ti me Measurenent) 12 44 conposed
of operational analysis techniques which have been
obj ectively devel oped through the establishment of
clearly defined actions for perform ng physical
work, and acconpani ed by the corresponding tinme
intervals within which a person can reasonably be
expected to performthat work. The MIM Associ a-
tion for Standards and Research is an internation-
al organi zation which has as its major purpose the
inpl ementation and expansion of these concepts.
The Association is collectively owned by its
menbership as a non-profit entity serving the
business community at large. It offers MM
packages and programs, conputer-aided applica-
tions, special purpose data systens, training,
applicator and instructor certification, publica-
tions, semnars and conferences.

The famly of data systems offered by the
Associ ation consists of the follow ng:

1/?

13

M'M was the forerunner of MOST. Dr. H B. Maynard
was one of the founders of the MIM Associ ati on.

More infornmation can be obtained from MIM Associ a-
tion for Standards and Research, 9-10 Saddle River
Road, ~Fair Lawn, New Jersey 07410.  Tel ephone
(201) 791-7720 (Janes P. O Brien, Executive Direc-

tor)
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MIM 1. This is the original detailed system
upon which all MIM Systens were devel oped.

This intricate, thorough system neets high
standards on net hods description and preci-

sion in time determnation~ and contains tine
values as low as .07 second if required by a
specific application.

MM 2. This system was constructed ‘ by
bui I di ng notion conbi nations using the basic
notions of the MIM1 System It has a nore

limted nunber of distance ranges and cases
of control than MIM1, resulting in faster
deci si on naki ng. |t achieves a higher speed
of analysis - approxinately tw ce that of
MIM 1. Conversely, there is a |ower degree
of method description and |ess precise tine
determ nation for conparable work cycles.
Nevert hel ess, at work cycles of one mnute or
more, the precision of MIM2 is still wthin
+ 5% of MIM1 in 95 out of 100 cases.

MIM 3. This system was derived from MM 1
through a further sinplification and conbina-
tion of the basic notions and their vari-
abl es. It has a higher speed of analysis
(approximately seven times that of MIM1) for
t hose situations where |ess detail ed nethod
description and reduced precision in tine
prediction can be allowed. However, when
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anal yzi ng conparable work cycles of 4 mnutes
or nore, MIM3 precision will still be within
+ 5% of MIM1 in 95 out of 100 cases.

g MK/ st

MEK and UAS are two systens devel oped by the
German MIM Association to augment MM 1 for
measuring one-of-a-kind and small batch production
which may prove to. be attractive for shipyard
applications. The systens have as their indepen-
dent variables not the notion sequence of the
wor k, but the physical conditions in which the

noti on sequence takes place. The anal ysi s does
not determ ne the tinme-span sequence of “gets” and
“places”, etc. as would be done with MM L.

| nstead, the anal yst determnes that “gets” and
“places” do occur, the accuracy of the “places”,
t he distance the objects nust be noved, and the
wei ght and bul k of the object. MK is the basic
system UAS is a sonmewhat nore conplex system
than MEK because it is designed for higher |eve

oper at i ons. For exanple, MEK has four divisions
in the “get and put” category, whereas UAS has
thirteen divisions. However, UAS has the sane

basi ¢ conposition and features as does MK

14

MEK = MIM FUR EI NZEL UND KLEINSERIENFERTIGUNG
UAS UNI VERSELLES ANALYSI ER SYSTEMS
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h. Publ i shed Literature

There are extensive quantities of engineered
standard data available in published form The
principal difficulty in using themis in adapting
these data to a particular work situation in a

shipyard. .Wile machine tines may be transferable
froma simlar machine in another shipyard with
mnimal nodifications, |abor tines are strongly

dependent on workplace geonetry and worKking
conditions, and therefore may be nore difficult to
qualify as usable for a particular job. Use of
standard data from published sources depends on a
careful understanding of the precise conditions
under which these data were devel oped and can be
applied, along with an equally precise understand-
ing of the conditions existing in the using
shi pyard. Both pieces of information can be
el usive, which may support independent generation
of detailed data at the using workplace as the
nore practical solution. | f published data DOES
fit, however, its use clearly will be economcally
preferable.

| ndependent Devel opnent

There are a variety of industrial engineering
consulting organizations available to a shipyard
t hat can provide engineered |abor standards which
define production performance. A small shipyard
wi shing to acquire engineered | abor standards on a
small scale in a well defined, |imted production
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area may find this alternative attractive. These
engi neered | abor standards, however, w |l probably
require the addition of “non-process factors” in
order to accommpdate the real-world conditions
(see Reference C) found in a shipyard before they
are practically usable for scheduling and shop
wor k center |oading.

This word of caution is added here to enpha-
size, once again, that performance to the pure
“standard” in the industrial engineering sense is
likely only in high volume, highly repetitive
operations, and that these operations are RARELY
found in a shipyard. I ndustrial engineering
principles were originally devel oped for conparat-
ively controlled environnents, and their adapta-
tion to shipyard work is not an exact science.
Sound managenent judgenent nust tenper the natural
desire for nore and nore accuracy, which is both
expensi ve and -unnecessary especially in the early
stages when large benefits can be realized through
application of md-Ievel Scheduling Standards of
nodest accuracy. Once a shipyard has gained a
foothold in applying engineered |abor standards,
the nost beneficial application and its associ ated
accuracy requirement can be pursued for best
econony within the existing, successful framework.
This additional standards devel opnent and fine
tuning wll probably be best performed in-house,
regardl ess of the source of the initial standards.
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h. Conbi nati ons of the Above

What ever the needs of a shipyard for engine-
ered |abor standards, use of any or all of the
above alternatives for gaining standard data
shoul d be consi dered. Initially, exam nation of
t he existing bank of standard data devel oped under
the Ship Producibility Research Program should be
made to see whether the transfer of applicable
data might be worthwhile”. These data were
developed with the premeditated intention of
shared usage, and hopefully this objective will be
real i zed. Cassification schemes and/or para-
metric fornulae may facilitate the transferability
of standard data to the benefit of the smaller
shi pyards wi shing to avoid the expense of separate
devel opnent .

What ever the initial source of standard data,
ot her avenues can be explored as a shipyard grows
in understanding and ability to apply engineered
| abor standards to neet |ocal needs. It is NOT
necessary to stay wth the initial source of
standard data to the exclusion of all others,
since standard data from whatever source shoul d,
by definition, be equally valid.

15

This Programis adm nistered by the Ship Produc-
ibility Research Program Managerl Bath Iron Works
Corporation, 700 Washi ngton reet, Bath, Mine
04530. Tel ephone (207)433-3311.
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4.6 Establish Baseline Data

The real need is for true and undistorted initial
performance data for use as a baseline against which to
measure inprovenents. Mst shipyards have sone type of
managenent information system that reports production
expenditures by work increnent (work order, work
package, ship system etc.). Larger shipyards often
have extensive conputer-based managenent information
systens that can provide nearly any desired sort and
array of data in the system As noted earlier, how
ever, when | abor expenditures are based on tine card
entries, inaccuracies can distort and anplify the true
picture on an individual work increment by nmgjor
proportions. This problemis encountered even with the
sophi sticated | abor collection systens used in |arger
shipyards, and is no less of a problemin the smaller
shipyards with little or no conputer assistance for
data processing.

Wor k sanpling and neasurenent techni ques can be
used to develop data for conparison with tine card
entries, revealing the size of the problem Al though
this conparison my not generate a truly accurate
baseline, at |east the inaccuracy of the baseline data
will be assessed. The available data can then serve as
a legitimate starting reference for neasuring inprove-
ments. Once a standards program is in place and
serving as an independent reference, a better baseline
will quickly result.
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4.7 Adjust Loading

Shop work center |oading should be adjusted using
Scheduling Standards to determne the appropriate
wor kl oad and the workforce needed to acconplish it.
Initially, a work center should be | oaded to between
100% and 110% of capacity according to the Scheduling
St andar ds. Wor kl oad and wor kforce shoul d be BALANCED
so that workers are neither overloaded nor underl oaded.
Wien under| oaded, workers will slow down so that they
do not run out of work, resulting in |ower performance.
Wen overloaded, workers will see an unrealistic
demand, and will slow down to a confortable pace. Wen
wor kl oad and workforce are properly bal anced, workers
wll see a realistic and credible load and will work at
their best pace, resulting in their best perfornmance.

Experience will later determne the best total
loading for each work center as well as the true
capacity of the production area covered by the stan-
dards program As productive performance inproves, the
non-process factor in the Scheduling Standards can be
decreased due to less tine |oss on non-process activi-
ties. When this factor eventually stabilizes (after
per haps several nonths of gradual decrease) , the true
capacity of the area will be known. Thereafter, work
can be loaded to suit overall needs, while assigning
workers so as to maintain a good balance between
wor kl oad and wor kf or ce.
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4.8 Measure Results

Productive performance should be neasured using
the sane yardstick as was used to determ ne baseline
per f or mance. Areas of inprovenent will becone appar-
ent, as will areas where problens exist and require
resol ution. The visibility of the productive process
gai ned through use of the standards program wll reveal
situations that may have been totally unantici pated.
These conditions can be brought into careful focus and
treated nethodically until productivity reaches a
practical maxi mum

A word of caution concerning the natural thrust
for continued inprovenent may be in order at this
poi nt . Once REASONABLE i nprovenents are realized in
the initial area, it will probably not pay to continue
striving for every possible inprovenent in that area.
On the contrary, it wll undoubtedly be nore benefi -
cial, fromthe total shipyard point of view, to nove to
ANOTHER shop or area and produce simlar basic inprove-
nments there. Initial gains from the application of
Schedul i ng Standards will be surprisingly large, and it
wi || be nore advantageous overall to enjoy these gains
across the whole productive process than to squeeze
every bit of inprovement out of any single area. After
the entire shipyard has been treated once, experience
clearly wll direct which areas should be refined
further.
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4.9 Shipyard Approach - Five Exanpl es

Five exanples of small shipyards were given in
Chapter 1. A suggested approach to initial introduc-
tion of Scheduling Standards is discussed bel ow for
each of these five exanpl es. These suggestions are
based on the organi zational and functional arrangenents
existing in each shipyard, a general understanding of
the productive work comonly encountered, and the
shop/facility arrangements presently in use.

a. Shipyard Exanple No. 1 (Figure I-1)

. Manager in Char ge: SUPERI NTENDENT
ENG NEERI NG

. Proj ect Leader: One  person, under
SUPERI NTENDENT ENG NEERI NG

. Initial Area: “Anytrade” Fabrication

shop area used by any trade, or a
portion of it

. Scheduling Standards Application: By
SUPERI NTENDENT PRODUCTI ON MANAGER  (or
assi stant)

b. Shipyard Exanmple No. 2 (Figure 1-2)
. Manager in Charge: DESI GN PLANNI NG

. Proj ect Leader: One person, under
DESI G\ PLANNI NG
. Initial Area: Fabrication Shop

. Scheduling Standards Application: By
PRODUCTI ON MANAGER (or assistant) , or by
the Shop Head wth assistance fromthe
Proj ect Leader.
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Shi pyard Exanple No. 3 (Figure 1-3)

. Manager in Charge: Operations/Planning
. Project Leader: One  person, under
v Operati ons/ Pl anning, with one assistant

Initial Area: Fabrication Shop
Scheduling Standards Application: By
Operations/Planning Project Coordina-
tors, or by the Shop Head with assis-
tance fromthe Project Leader.

Shipyard Exanple No. 4 (Figure 1-4)

. Manager i n Charge: PRODUCTI ON CONTRCL
MANAGER

. Project Leader: One  person, under
PRODUCTI ON CONTROL MANAGER

oO Initial Area: Machine Shop

. Schedul ing Standards Application: By
PRCDUCTI ON CONTRCL MANAGER (or assi s-
tant) , or by the Shop Head with assis-
tance from the Project Leader.

Shipyard Example No. 5 (Figure 1-5)

® Manager in  Charge: MANAGER  PLAN-
NI NG ESTI MATI NG

. Project Leader: One person, under
MANAGER PLANNI NG ESTI MATING with one
assi st ant

Initial Area: Welding
Scheduling Standards Application: By
Pl anners.
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f. Program Expansi on

The initial approaches suggested above would
serve to introduce Scheduling Standards into each
shipyard for scheduling and shop work center
| oadi ng purposes. As experience with the program
I's gained, expansion into other areas and to ot her
| evel s of standards can proceed at whatever pace
the shipyard may desire

As the volume of program activities increas-
es, it may be necessary to add people to the
Project and even to establish a separate organiza-
tional group to handle the program If this is
done, however, care nust be taken to preserve the
present working relationships among shipyard
managers and groups. As noted in Chapter 1,” the
organi zational and functional arrangenent in each
smal | shipyard reflects the particular assenbl age
of people and talent who make up that shipyard.
It follows that these working arrangenents ARE the
shipyard, and that success depends on them A
st andards program should be infused into a small
shipyard so as to assist and support present
capabilities, not upset or replace them Expan-
sion should be viewed in this light, and should
proceed at a pace that can be accommpbdated both
financially and nanagerially. Wth so mny
advantages in the offing froma standards program
that pace may prove to be faster than first
anti ci pat ed.

4-26



There is a message here for planning and produc-
tion control specialists that may energe as the program
grows, and who are eager to extend and reinforce their
newl y acquired control. It is to keep a careful focus
on the user. Oherwise, the refinement and extension
of control that they inpose may suffocate the produc-
tion workforce and greatly inpair shipyard perfornmance.
There is a heavy and continuing responsibility encum
bent on every menber of the teamto keep the interests
of the whole shipyard in view, and to see that an
efficient, effective operation is nmaintained. Thi s
responsibility is heaviest for those who can affect the
actions of others and shape the posture of the shipyard
In the process.
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CHAPTER 5
SOQURCES OF MORE | NFORVATI ON
BRI EF

Several sources of information related to the
subject matter of this Primer are |isted and discus-
sed.  Although inproved planning and production
control through a program of engineered |abor
standards is the principal thrust of this Primer,

this effort is recognized as only one of many bein

pursued under MarAd and Navy research. A goo

standards program however, will illumnate the rea

facets of production performance that otherw se may
remain obscured.  Such inproved visibility can be
hel pful in inplementing other techniques for inprov-
ing shipyard performance such as those being pursued
by ot her Panels of the SNAME Ship Production Commit-
tee. I ncluded, therefore, is a listing of all
Panel s, their areas of concern, and a contact point
on each
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SOURCES OF MORE | NFORVATI ON

5.0 Acadeni c Assi stance

There are growi ng nunbers of activities ained at
providing assistance to the shipbuilding industry
toward productivity inprovenents. Mich has already
becone available under the National  Shipbuilding
Research Program and nore is under devel opnent.

This Primer is concerned with the area of planning
and production control in the smaller shipyards, and
what follows is a conpilation of relevant itens already
available16 or expected to develop in the near future.
As additional itens becone available or are identified
as active projects, they will be added to this Chapter
in future editions of this Priner.

maddition, this Chapter contains a listing of
the other Panels of the SNAME Ship Production Commt-
tee, a brief description of the area and functions
handl ed by each Panel, and contact points for obtaining
more information on each Panel

16 Iltens available from sp,-8 may be obtained by

contacting: o
Shlﬁ Produci bility Researc