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LEGAL NOTICE

This report was prepared as an account of government—
sponsored work. Neither the United States , nor the Maritime
Administration, nor any person acting on behalf of the
Maritime Administration (A) Makes any warranty or represen-
tation, expressed or implied , with respect to the accuracy ,
completeness , or usefulness of the information contained in
this report , or that the use of any information , apparatus ,
method , or process disclosed in this report may not infringe
privately owned rights; or (B) Assumes any liabilities with
respect to the use of or for damages resulting from the use
of any information, apparatus , method , or process disclosed
in this report . As used in the above , “persons acting on
behalf of the Maritime Administration ” includes any employee
or contractor of the Maritime Administration to the extent
that such employee or contractor prepares , handles , or
distributes , or provides access to any information pursuant
to his employment or contract with the Maritime Administration.
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FOREWORD

LI
In April 1976, the Maritime Administration initiated the

• first phase of a four—phase program to improve the reli-
ability and maintainability of equipment used In the U.S.
merchant fleet. The first phase Is concluded with the
publication of this document , which const itutes the
Management Plan for the conduct of the remaining phases of’
the program.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND
4.

Recent cost trends in the U.S. merchant fleet indicate that
-

~~~ maintenance and repair costs of vessels and shipboard equip-
ment are rising rapidly and now represent a larger burden on
fleet revenue than ever before. According to data maintained

• by the Maritime Administration (MarAd), maintenance and
repair costs for the U.S. merchant fleet , operat ing under
subsidy , exceed $65,000,000 per year . The increase in main-
tenance and repair costs is of concern to the Maritime
Administration as well as to the management of shipping
companies. These increased costs , particularly with respect
to the electronic systems used aboard U.S. merchant ships ,

• suggest reliability levels that fall short of acceptable
standards for marine systems .

In April 1976, the Maritime Administration , in response to
increasing equipment reliability problems in the U.S. merchant
f leet , started development of a four—phase program to improve
the reliability and maintainability of shipboard equipment .

• A principal goal of the program is to assist the industry in
establishing certification requirements and equipment
acquisition procedures that will result in improved equip-
ment Reliability and Maintainability (R&M) characteristics.

During Phase I of the Program (April 1976 through April 1977),
the Maritime Administration acquired information on the use
of R&M technology in the U.S. merchant fleet . This informa-
tion showed that the reliability of ship systems has been
largely a function of the requirements promulgated by ship
owners . Reliability requirements have been made known to
the suppliers of’ mar ine equ ipmen t through natural market
forces in a slow , painstaking, trial-and—error process. The
-merchant shipping industry has progressed to the point ,
however, where the complexity of’ equipment and systems aboard
modern merchant ships makes the application of formal reli-
ability and maintainability engineering methods essential
for profitable operation . The pressure to reduce labor
costs has led to greater ship automation in the engine room

,1



• ~~--- • •;•• ~~~~~~~~~~~~

LI
on the bridge, and in the cargo-handling areas , which in
turn has created a more urgent need for reliable systems .
Shipping company management is now faced with complex
questions involving financial trade—offs in acquiring ships
and systems based on equipment purchase cost and operation/
support costs.

The reliability of ships and systems not only affects the
operation of the ship itself but can have an enormous impact
on the consequential risks of ship operation. The liability
for a single oil spill or marine mishap can exceed the entire
assets of a company . In today ’s environment , therefore ,
management must consider reliability not only in terms of
potential for increasing profit but also in terms of
probability of avoiding loss.

The trend toward larger, more automated vessels is likely
to continue , with an ever—increasing demand for improved
equipment reliability . The R&M Improvement Program sponsored
by MarAd will provide a valuable service to the maritime
industry , through the formal application of reliabIlity
engineering practices to the U.S. merchant fleet. The
program will provide the means for measuring the actual
reliability and maintainability of equipment aboard U.S.
merchant ships . It will also enable the industry to address
the subject of reliability improvement on an industry—wide
basis , rather than in piecemeal fashion as has been pre—
dominantly the case in the past. In addition , increased
attention by the industry to equipment R&M should elicit
similar attention on the part of the marine equipment supply
industry .

The attention to detail that is characteristic of an R&M
improvement effort will help the Industry to determine and
document the causes of unreliability of shipboard equipment ,
develop recommendations for improvement, and disseminate
findings throughout the merchant marine community . The
lessons learned will make it possible for the industry ,
with the assistance of MarAd , to develop procedures for
preparing equipment specifications that address R&M ade-
quately , ensuring improved reliability and maintainability
characteristics of future generations of equipment introduced
into the U.S. merchant fleet.

1.2 PROGRAM OBJECTIVES

The major objectives of the MarAd—sponsored R&M Improvement
Program are to improve the reliability and maintainability
of equipment now in use in the U.S. merchant fleet and to

2
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4 .

assist the U.S. merchant shipping industry in establishing
certification and acquisition procedures that adequately
address R&M requirements in future equipment acquisitions .
These objectives will be achieved by the accomplishment of—- a logical sequence of tasks :

Determine the present status of R&M technology in
use in the U.S. maritime industry , identify
alternative R&M concepts , and develop a program
management plan to Introduce the necessary R&M
technology

• • Examine the alternative R&M concepts, select a
preferred concept, and develop a Pilot Program Plan
to introduce the preferred R&M concept Into the U.S.
merchant fleet
Conduct a Pilot Program to validate the expected
benefits of the preferred R&M concept and, after
review of the Pilot Program results, prepare a plan
for fleet—wide implementation of the R&M Improvement
Program
Implement the R&M Improvement Program in the U.S.
merchant fleet on a continuing basis

- - The manner in which the tasks described above will be
executed is the subject of this Program Management Plan.

1.3 PLAN CONTENT

• This R&M Program Management Plan consists of four chapters
• and two appendixes. Chapter One has provided an introduc—

tion to the need for an R&M Improvement Program and has
• - 

specified the program objectives. Chapter Two provides an
overview of the entire program , describes the management
and technical approaches to be utilized , describes each
phase of the program in terms of the tasks to be accomplished
in each phase , and identifies the expected benefits of the
program . Chapter Three describes the organization for
conducting the program and defines the functions and respon-
sibilities of each participating organization. Chapter Four
describes the specific activities to be undertaken by each
program participant and the schedule for completion of each
activity.

Appendix A describes , from an R&M point of view , equipment—
acquisition approaches identified during Phase I of the
program . Appendix B summarizes the use of R&M technology
in the U.S. merchant fleet , as well as the R&M practices
and procedures of selected European Certification Societies
related to shipboard electronic equipment .

3
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CHAPTER TWO

PROGRAM DESCRIPTION

2.1 PROGRAM SCOPE

The R&M Improvement Program is a multi—year program consist-
ing of four development phases . The general goals of’ the
program are to improve the reliability and maintainability
of shipboard equipment used in the U.S. merchant fleet , and
to assist the U.S. merchant shipping industry in establishing
certification and acquisition procedures that adequately
address R&M requIrements for future shipboard equipment .
Because shipboard electronic equipment has been defined as
an area of immediate concern by the merchant shipping
community, electronic navigation and engine room control
equipment will receive initial attention in the program .

Phase I of the program , which started in April 1976, had as
its major objective the preparation of a Program Management
Plan . With the publication of this plan , Phase I of the
program has been completed.

The four development phases of the program , with associated •

time periods and major phase objectives , are identified In
Table 2—1. A more detailed description of the activities to
be performed in each phase is provided in Section 2.3.

2.2 PROGRAM MANA GEMENT AND TECHNICAL APPROACH

2.2.1 Management Approach

It is essential to the success of the R&M Improvement Pro-
gram that it be a joint effort between the U.S. merchant
shipping industry and the Maritime Administration . It is
recognized by the Maritime Administration that the U.S.
merchant shipping industry is engaged primarily in ocean
shipping to produce a profit and that any proposed R&M
Improvement Program must contribute to that objective.

A basic goal of the R&M Improvement Program is to make the
U.S. maritime industry more competitive by reducing the
life—cycle costs of shipboard equipment through improved

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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-• Table 2—1. R&M IMPROVEMENT PROGRAM PHASES AND OBJECTIVES
I S  

Phase Time Period Major Phase Objectives Subobjectives

I April 1976 — Develop the R&M Identify R&M
April 1977 Improvement Program technology in

Management Plan use in U.S.
merchant fleet

II May 1977 — Prepare the Pilot Select a pre—
April 1978 Program Plan ferred R&M

concept or
• combination of

concepts for
implementation
in the U.S.
merchant fleet

III May 1978 — Conduct the Pilot Implement the
July 1979 Program and prepare Pilot Program

the Fleet—Wide
Implementation Plan Evaluate

Pilot Program
results

Revise R&M
procedures to
make them
applicable on
a fleet—wide

• basis

IV August 1979 — Imp1emei~t the R&M Modify the R&M
continuing Improvement Program procedures on

in the U.S. merchant a continuing
fleet on a permanent basis to
basis accommodate

changing
requirements

equipment reliability and maintainability. This goal can be
achieved only if the maritime industry becomes intimately
involved in the development phases of the program so that it
can advise MarAd on the commercial soundness of the program .

5
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To ensure that the needs and resources of the industry are
considered during the conduct of the program, an R&M Steering
Committee will be formed under the auspices of the American
Bureau of Shipping (ABS) shortly after Phase II of the pro-
gram begins (April 1977). The Steering Committee will func-
tion in many ways , including advising MarAd on the feasibility
of implementing the R&M concepts and procedures developed

• during the program .

The ABS is the pre—eminent private organization by which the
structural integrity of U.S. vessels is assured and by which
quality control procedures to be exercised over ship machinery
are enforced. The rules of the ABS do not place quantitative
reliability or maintainability requirements on marine systems ,
however , and they are silent as to electronic navigation or
communications equipment . The R&M Improvement Program can
assist the ABS in establishing rules and procedures to ensure
that the equipment to be installed aboard U.S. vessels has
acceptable R&M characteristics.

The committee structure of the ABS can provide an ideal
vehicle for the establishment of the R&M Steering Committee
to guide the direction of the R&M Improvement Program . Like
the present committees of the ABS , the R&M Steering Committee
should be composed of senior personnel from government and

• industry with an interest in marine equipment reliability
and maintainability .

The functions and responsibilities of the R&M Steering
Committee are described in Chapter Three.

The Maritime Administration will provide technical consulting
services to the program through Phases II and III, which
include operation of the Pilot Program , evaluation of test
results , and preparation of the Implementation Plan to
introduce the preferred R&M concept and procedures on a
fleet—wide basis. The functions and responsibilities of
MarAd are described in Chapter Three , and the activities to
be performed by MarAd during each phase of the program are
described in Chapter Four.

The Pilot Program to be conducted during Phase III will
• require the collection by shipboard personnel of R&M data

on electronic equipment actually in use aboard U.S. merchant
• vessels. The participating carriers , who will be members
• of the R&M Steering Committee , will be invited to participate

on the basis of their available resources , the particular
types of electronic equipment aboard their vessels , an d the
trade routes they serve.

6



Each carrier will collect R&M data on his own equipment .
In addition , carriers will have the benefit of analyses
performed over the larger population of equipment in use
by all participating carriers . The number of steamship
companies that will participate in the Pilot Program will
be determined during Phase II.

At the conclusion of the Pilot Program (Phase III), the ABS
will be in a position to perform the actions necessary to
implement the R&M Improvement Program on a U.S. merchant
fleet—wide basis. The ABS and the merchant shipping industry ,
through their involvement in the R&M Steering Committee ,
will be knowledgeable of the R&M concepts that will be used
and of the requirements for the management , administrative ,

• and technical functions necessary to support an ongoing R&M
program within the industry .

2.2.2 TechnIcal Approach

The technical approach to be utilized in the R&M Improvement
Program will address two basic technical issues: (1) how to
improve the reliability and maintainability of equipment
currently in use , and (2) how to ensure that new equipment
to be acquired has the requisite reliability and maintain-
ability characteristics.

2.2.2.1 R&M Improvement of Equipment in Use

The need for R&M improvement of equipment in current use is
established by the demonstration of inadequate reliability
or maintainability during operation . Equipment reliability
can be quantified by recording the incidences of equipment
failure as well as the repair time necessary to return the
equipment to satisfactory operation.

Through careful monitoring of equipment failure and repair
ac tions , the user has the opportunity to take action to
improve equipment reliability and maintainability. These
actions may include at—sea or on—shore modifications to the
equipment , adjustments to spare—parts levels on board ,
changes to maintenance proce dur es , changes to technical
documentation , or a combination of these actions .

Figure 2—1 illustrates the activities relating to reliability
and maintainability that are undertaken during the life of
an equipment. The cycle begins with the definition of the
operational requirements in terms of the functions to be
performed by the equipment , its physical requirements (size
and weight), its reliability and maintainability require-
ments, its environmental requirements , and possibly its cost.

7
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Although these requirements are often specified by the user
or purchaser, In the maritime industry the equipment suppli-
ers usually determine these requirements and offer the equip—
ment to the user on an “off the shelf” basis. The user must
then determine if the equipment being offered satisfies his
requirements. An important point is that it is usually the

• user who suffers the ill effects of inherently poor equipment
performance or reliability.

2.2.2.2 R&M Considerations for Future Generations of
Equipment

The activities outlined for Phase II of the R&M Improvement
• Program in Section 2.3.2 (i.e.- , Select the R&M Improvement

Concept , Develop Procedures , and Prepare the Pilot Program
• Plan) will address all phases of equipment development and
• operation . As a starting point , the R&M Improvement Program

will first consider equipments that are operational in ships
• and thus will examine the life cycle of those equipments

during their operational—use phase. A primary reason for
this approach is that there is a possibility of immediate

• near—term user benefit , assuming that some recommended
reliability improvement s can be implemented. In addition ,
an R&M data collection and analysis system can be brought
into use that is not only necessary to the systematic
improvement of present equipment , but is also essential to
the longer—range program of accurately determining the R&M
requirements for future generations of equipment. Through
careful monitoring of equipment operation , the user has the
opportunity to make necessary adjustments to equipment
specification , testing , and manufacturing or maintenance
procedures. In the case of a user purchasing “off the shelf”
equipment , he has the opportunity to influence his supplier
in the design and manufacture of the equipment already in
use and to affect the supplier ’s design and manufacturing
processes for future generations of equipment .

Candidate equipment acquisition approaches that incorporate
R&M requirements are described in Appendix A to this Program
Plan . They include the Commercial Airlines Acquisition
Methodology , Military Specifications and Standards , and Type
Approval. (The Type Approval approach is currently utilized
in much of the maritime community.) These acquisition
approaches will be analyzed during Phase II to select the
most advantageous elements from each approach to formulate
a preferred R&M concept. The application of a formal R&M
concept , utilized throughout the U.S. merchant shipping
industry on a consistent basis, combined with a fleet—wide
R&M data collection and analysis system , will enable the

_ _ _ _  
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U.S. maritime community to establish the requirements that
must be met to ensure that equipment aboard U.S. merchant
vessels operates satisfactorily .

2.3 PROGRAM PHASE DESCRIPTIONS

• Table 2-1 provided a summary description of the objectives
of each phase of the R&M Improvement Program. The following
sections provide a more detailed description of the work to
be conducted during each phase. Specific activities and the
organizations responsible for each program activity are
detailed in Chapter Four.

2.3.1 Phase I: Development of the Management Plan for the
~&M Improvement Program

Phase I of the R&M Improvement Program , now completed , had
as its major objective the preparation of this Program
Management Plan . As a basis for the preparation of this

• plan , MarAd has completed the following activities:

. Reviewed and assessed the applicability of the R&M
experience and programs of the U.S. Navy and com-
mercial transportation industries to the merchant
shipping industry

• Investigated the R&M specification programs of
foreign certification societies to determine the
applicability of the procedures to the U.S. merchant
shipping industry -•

• Identified the relationships of the several organl—
zations within the merchant shipping industry having
direct or indirect interest in improving the reli-
ability of shipboard equipment

• Described the candidate alternative approaches to
the specification of R&M requirements that may be
applicable to the U.S. merchant shipping industry

The Phase I work conducted by MarAd also included the
identification of R&M data base systems that might be
utilized in support of a preferred R&M concept. The systems
identified are the UK Atomic Energy Authority ’s Systems
Reliability Service (SRS) data base , the MarAd Maintenance
and Repair (M&R) System, and the Government Industry Data
Exchange Program (GIDEP) managed by the U.S. Navy .

10 
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The findings and recommendations of Phase I of the program
• are summarized in Appendix B. The following reports were

published by MarAd during Phase I:

• Summary Report — Status of Reliability and Maintain-
ability Technology in Use in the U.S. Merchant
Marine, September 1976, NMRC—KP— l70.

• Reliability and Maintainability Practices Utilized
by Selected European Certification Societies for
Shipboard Electronic Equipments, October 1976.

•

• 
2.3.2 Phase II: Select the R&M Improvement Concept ,

Develop Procedures, and Prepare the Pilot Program
Plan

— During Phase II, the features of the candidate R&M concepts
identified during Phase I will be evaluated within the frame—
work of existing U.S. merchant fleet methods and procedures.
A single concept or, more likely, a combination of elements
from various R&M concepts will be selected for implementa—
tion. Implementation procedures that describe the technical ,
management , and administrative activities will then be
prepared.

In order to define the data collection and analysis require-
ments that support the preferred R&M concept , the data—base
management systems identified during Phase I will be evaluated .

An operational model relating the factors of shipboard sys—
U tem availability to voyage cost will be developed. By the

use of computer aids, the sensitivity of voyage cost to vary—
• - ing system—availability levels will be analyzed for a selected

trade rou te , chosen on the basis of Its importance in U.S.
foreign trade . The likely route will be between U.S. east
coast ports and northern European ports.

A Pilot Program Plan will be prepared to describe the activi-
ties required to implement the selected R&M concept . The
Pilot Program will be executed during Phase III.

2.3.3 Phase III: Conduct of Pilot Program

An R&M Pilot Program will be conducted to validate the ex-
pected benefits of the preferred R&M approach developed
during Phase II. The program will be centered on a selected
equipment or system , such as a radar , for which data and
information exist or can be relatively easily acquired , and
in which the participating organizations have a significant
interest from an operating and cost standpoint . The Pi1~ tPro gram , to be conducted with the cooperation of the owners ,

11
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equipment suppliers , ABS , and others, will include the fol—
• lowing activities:

• Collect from owners , users, and manufacturers avail-
able data and information on the selected equipments
concerning problems , failure , repair costs, and down-
time . Develop data from equipment and systems in use
during normal operations.

• Collect available data , for appropriate comparison ,
on comparable equipment s used in other applications ,
such as the military .

. Determine the existing R&M characteristics of the
selec ted equ ipments and collect data throughout the
Pilot Program to be utilized in the reliability im-
provement process.

. Review specifications and warranties used during ac-
quisition of the selected equipments , particularly
as related to reliability and maintainability.

• On the basis of data collected during the Pilot Pro-
gram , identify areas in specifications and warranty
documents that should be improved , changed or in-
cluded to address R&M requirements more effectively.

Phase III will serve as a transition period, allowing MarAd
to take a less dominan t ro le and industry a more dominant
role. The Pilot Program will have demonstrated the cost
benefits that can be derived as well as the feasibility
and desirability of the R&M Improvement Program .

Dur ing Phase III , an implementation plan will be prepared
to introduce the R&M Improvement Program into the U.S.
maritime industry on a fleet—wide , continuing basis. The
actual fleet implementation of the program will take place
during Phase IV.

2 .3. LI Phase IV: Implementation of the R&M Improvement
Program

During Phase IV, the maritime industry will adopt and im-
plement the R&M concepts and procedures that have been dem-
onstrated to be most applicable. Adoption by the industry
will create a permanent system administered by the ABS for
specifying the reliability and maintainability criteria
for shipboard equipment installed on U.S. merchant ships.
This permanent system will include provisions for continu—
ously assessing program effectiveness, updating specifica-
tions, and adopting additional specifications as dictated

12

- I 

--~~--~~~~~~~- - ~~~~- ~~~~~~-- .~~~~~~~~ -- -~~~~~~-~~



___ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - ---—

by experience and as new equipments are introduced. During
- Phase IV, the process of including all critical equipments

in the program should be under way and a significant im—
- - p~ovement in the U.S. merchant fleet R&M will gradually berealized.

2.Lt PROGRAM BENEFITS

The following benefits are to be derived from the R&M
Improvement Program .

• Equipment reliability will be Increased , resulting
in lower maintenance—repair costs.

- 

• Lost time or downtime due to equipment failure will
- be diminished.

. Operations will be made safer as a result of im—
proved equipment reliability. This benefit may be

• accompanied by lower insurance costs.

• • The relationship between equipment reliability and
voyage cost will be quantified , allowing shipping
company management to make valid trade—off decisions
involving equipment purchase cost versus maintenance

- and repair costs.

• A cooperative industry approach to reliability and
maintainability will reduce the cost impact to each
participating organization because all users will
share the expense of establishing and operating
the program. Conversely, the benefits of the pro-
gram will be shared by all users .

• A consistent industry approach to equipment re-
liability and maintainability will be established ,

• thus improving the bargaining power of the marine
industry with respect to marine equipment suppliers .

13 
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CHAPTER THREE

ORGANIZATION AND MANAGEMENT

3.1 PROGRAM ORGANIZATION

The major participants in the R&M Improvement Program are
the American Bureau of Shipping, the maritime industry
organizations represented on the R&M Steering Committee ,
and the Maritime Administration . Because the R&M Steering
Committee , formed under the auspices of the ABS , will pro-
vide the coordinating Interface between the merchant ship-
ping community and MarAd during the course of the program ,
the Committee Is also Identified as a major program par-
ticipant and Its functions and responsibilities are defined.

The specific activities to be undertaken by each program
participant , as well as major milestones and events , are
described In Chapter Four.

The Maritime Administration will manage the R&M Improvement
Program through Phase III , “Conduct of the Pilot Program
and Preparation of the Fleet—Wide Implementation Plan ” , and
will provide technical support to the program .

The R&M Steering Committee will evaluate the results of the
R&M Improvement Program as work progresses to ensure that
the requirements identified and the intermediate plans
developed serve the needs of the industry and are within
the resources of the industry to Implement .

The steamship companie~. that participate in the Pilot Pro-
gram will provide the means for recording R&M data on ship-
board equipment In actual use in their respective fleets.
The procedures to be utilized in the data recording, com-
pilation , and analysis process will be specified in the
Pilot Program prepared during Phase II.

l~4 
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3.2 FUNCTIONS OF PARTICIPATING ORGANIZATIONS

The following sections describe the functions of organiza—
tions participating in the program . Specific activities to
be performed by each organization are described in detail

• _ In Chapter Four, which also provides a schedule showing the
chronological relationship of program activities.

* - 3.2.1 The Maritime Administration
. 5

The following functions are to be performed by the Maritime
- -- Administration:

• U • Act as the central management authority for the pro—

- - 
gram through Phases II and III.

• Provide technical support to the program in the field
of reliability engineering through Phases II and III
(the technical activities to be performed by MarAd
are described in Chapter Four).

Interface with Government agencies such as the U.S.
Coast Guard and the Federal Communications Commission
to ensure that these agencies are apprised of the
results of the R&M Improvement Program.

• Review internal MarAd policies and procedures to en-
sure that such policies and procedures are consistent
with and supportive of the objectives of the R&M
Improvement Program .

MarAd will also coordinate the findings and recommendations
of the program with the State Department to ensure that the
U.S. position taken before international regulatory agencies
such as the Intergovernmental Marine Consultative Organiza-
tion (IMCO) and the International Electrotechnical Commission
(IEC) are consistent with the findings and recommendations
of the program.

3.2.2 The American Bureau of Shipping CABS )

The following functions are to be performed by the ASS:

• Form the R&M Steering Committee within the ABS Corn—
mit tee  structure  upon commenc ement of Phase II of
the program .

• Perform the necessary secretariat functions to en-
sure efficient communication between the Committee
members. The function includes such administrative
activities as the scheduling of committee meetings ,
preparation of agenda , and preparation and dissem—
m ating of meeting minutes.

15 



• Provide the physical facilities necessary for
committee meetings when held at the New York
headquarters of the ABS .

• Regularly disseminate public information about the
goals, objectives, and results of the program.

• Upon completion of the Pilot Program and a determina-
tion by the ABS of the validity of the R&M procedures
that have been developed during the program, intro-
duce into the “Rules” of the ABS those requirements
which are fo un d to be necessary to assure adequate
reliability and maintainability of equipment aboard
U.S. merchant vessels.

3.2.3 The R&M Steering Committee

The R&M Steering Committee will be composed of senior—level
representatives of all segments of the maritime community
that have an interest in the reliability and maintainability
of marine equipment . These segments will include ship
owners/operators , shipbullders , ship design agents, mar ine
underwriters , the U.S. Coast Guard , and the Maritime
Administration . The ABS will assign one of its staff members
to serve on the Committee.

The following functions are to be performed by the R&M
Steering Committee :

Act as the central coordinating agency of the
program, providing the interface between J~!arAd andthe merchant shipping industry .

• Evaluate the technical reports and recommendations
developed by MarAd during the program . These
reports are identified in Chapter Four .

• Encourage participation by steamship companies in
the Pilot Program to be conducted during Phase III.

• Evaluate reports received during the Pilot Program
(Phase III)and, if applicable , recommend to the
ABS and participating steamship companies those
actions which can be undertaken in the short term
to produce an immediate Improvement in the reli-
ability and maintainability of equipment currently
in use . These actions may include recommended
changes in:

~ Equipment design

•• Component selection

•~ Spec ifications j
16
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•• Testing procedures

Manufacturing procedures

• Upon completion of the Pilot Program and evaluation
of resu lts , recommend to the ABS, the USCG , and
MarAd those changes In the rules and regulations

• of these respective organizations which are necessary
to assure high reliability of equipment in use , as
well as to ensure that future generations of ship—
board equipment will possess required R&M character-
istics.

3.2.14 Participating Steamship Companies

The participating steamship companies will become active
participants in the program during the conduct of the Pilot
Program (Phase III). Steamship companies will be represented
on the R&M Steering Committee and will participate in the
review of technical reports and recommendations presented
to the Committee during Phase II.

The following functions are to be performed by the partic—
ipating steamship companies:

Participate in the Pilot Program (Phase III) by
collecting R&M data on selected equipment s during
actual shipping operations and transmitting the
data to MarAd for analysis. The participating
carriers will issue instructions to shipboard
personnel through their respective marine super-
intendents to collect and forward the data in
accordance with the Pilot Program Plan agreed
upon during Phase II.

Evaluate reports received from MarAd during the
course of the Pilot Program pertaining to the
results of the R&M analysis of the equipment
being monitored and , if appropriate , take actions
that may be necessary to improve equipment R&M
within their respective fleets.

17 
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CHAPTER FOUR

SCHEDULED ACTIVITIES

This chapter describes the scheduled activities for the
remainder of the R&M Improvement Program — — Phases II, III,
and IV. By these activities , the program objective s
described in Chapter One and the objective s of each phase
described in Chapter Two will be attained.

Figure 14.1 shows the specific activities that must take
place during Phases II, III, and IV of the program as well
as the Phase I activities already completed. As require— -:

ments change as a result of accumulated experience during
program execu tion , Figure 14.1 will be revised. The activity
descriptions presented in the following paragraphs are keyed
to the phase number and letter identifiers shown in Figure
14 ..l.

LLl PHA SE II ACTIVITIE S

During Phase II the preferred R&M concept will be selected ,
implementation procedures will be developed , and the Pilot
Program Plan will be prepared. Various candidate R&M and
marine—equipment acquisition management concepts will be
studied within the framework of existing U.S. marit ime
industry structure and methods. A single R&M concept or a
combination of elements from various concepts will be
developed as the approach for the R&M Improvement Program.
The approach will include management and data requirements.

At the en d of Phase II , the Pilot Program Plan will be
coordinated by MarAd with the R&M Steering Committee . The
R&M Steering Committee will thereby have the opportunity to
recommend modification to the Phase III Pilot Program .

14.1 .1  A c t i v i t y  I l—A:  Formulate the R&M Steering Committee

Responsibility: ABS
Performance Period: April 1977 through June 1977

MarAd will present this Program Management Plan , together
with the results of Phase I background , to the ABS for its
evaluation and comments. The ABS may recommend change s

18
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- . C Ma.ior M ilestones and Events KI5pO~~~ t 
1978 1981

I. Develop RiM Program Mana gement
Plan

A . Sorveys Completed MarAd V j Activ i ty

B . Dr aft Plan Prepared MarAd 
• V Schedoled Event

C . Plan Approve d/Dis trib oted M arAd V V Completed Event

I 0 Sched al ed

I I .  Se lect R &M imp r ovem ent  Concept S [.......! Completed M ileetone

Cent Plan .0

A. Formal ate S’te e r lng ABS
Commi t tee

B. Eva lsate Candidate RiM Data M a rAd
Base. art Analys Is Syste ms

C . loch Ac-cep t A BS Ind ast ry
t ov it at t o r i  to Participate Members
in Progra m

D . ld~~~t Preferre d Bi t  A c q .tol— Mar hd r
-n Concept

E. Develop RA M Cost Model M arA d 7
F. P r - s p a r -  Imp lementat ion M arAd

P roct ,J .re S

1. Prepare 1 1t  Plan M orbd -
H. R&M Steerin g Covm itt oe l r -ii. s t ry

Meetings Pre fe rs

I I .  lonlact Pilot RiO
Progr am

A . C o l l e ct at-i A n a ly ze R&M Data M a rA d
on Sele c ted •: ys t ern o

B . Deve l~~ 11 -ct RiM Acq ai sit lor. Mar IA
Sp oil f t c  att- r.s and Pr ocedures

C. Determine R & - ! impr ov emen t of
Selected Sy ilem s —.....~~~

‘

S . Pr epa r e F l~ - 3 a Le lop l o o c o t o —  AR.;
t ion Pia rr

S. RA M C. r t r 5 t cmn i t tne  M et- logs Indo s try V ~ V
Sett le rs

lv. implement RiM Improveme n t Plan
Indu stry— W ide

A. Progrvm Assessed ABS

B. Program Refined ABS

Figure A—i . REL IABILITY ABS MAI N TAINABILITY IMPR OVEME N T PRO R A M
ACTIVITIES SC}IEDL ’LE

to make the plan accommodate the ABS organizational framework
and procedures more closely.

When the Management Plan has been complet’~d , the ABS will
invite members of the U.S. maritime industry to form the
R&M Steering Committee. Members accepting the invitation
will be asked to attend the initial Committee meeting - •

scheduled for late June 1977. The ABS will itself be rep-
resented on the Committee. The invItation will include
a copy of this Program Management Plan and a request for
an early response . If more Interested industry members
respond than can be accommodated , the size of the Committee
and the organizations to be represented will be resolved
jointly by the ABS and MarAd.
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14.1.2 Activity Il—B: Evaluate Candidate R&M Data Bases
and Analysis Systems

Responsibility: MarAd
Performance Period: April 1977 through June 1977

MarAd will evaluate candidate R&M data bases and analysis
systems identified during Phase I of the Program . One may
be recommended as the preferred R&M data base system for
use in the U.S. maritime Industry . Elements of existing
systems may be formed into a new data base system. MarAd
will present a report on the preferred data—base system to
the R&M Steering Committee for comment at the end of July
1977. This report will describe the recommended data format ,
collection methods , analysis methods , benefits , and costs.

The following three candidate R&M data base systems will be
evaluated for applicability to the U.S. merchant marine :

The Systems Reliability Service (SRS) Data Base
System. The Systems Reliability Service (SRS ) of
the United Kingdom Atomic Energy Authority (UKAEA)
has developed an R&M data base and analysis system
to accept and process equipment failure—event data.
During Phase I, senior personnel at Det Norske
Veritas (DNV), the ship certification society of
Norway, were interviewed. The work of Det Norske
Veritas in using the SRS R&M data base system on
the DNV computer facilities has considerable
applicability to the U.S. merchant marine equip-
ment . During Phase II, senior personnel of the
UKAEA and DNV will be interviewed to determine
the workload , time , and probable costs and benefits
associated with adapting the SRS system for use in
the U.S. environment .

The Government Industry Data Interchange Program
(GIDIF). The GIDIP is a service that is operated
and managed by the U.S. Navy to allow the inter—
change of~ technical data between government and
industry . The potential benefits of participation
in GIDIP , which involve the sending and receiving
of equipment R&M data by participating organizations ,
will be evaluated.

The MarA d Maintenanc e and Repair Data Base System.
MarAd maintains a data base on the repairs to U.S.
flag vessels that are operating under the U.S.
maritime subsidy program. The MarAd system is
oriented primarily to repair cost; however , the
system elements used for equipment and vessel
identification will be examined to determine
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their ability to satisfy the data requirements in
support of the preferred R&M concept . The MarAd
repair—data base may also be effectively used as
a means to determine the most advantageous approach ,

• from a profit standpoint , to choosing the class of
equipment that will receive initial attention In
the R&M Improvement Program .

The report describing the preferred data base and analysis
system will be submitted to the committee members for
comment by early July 1977.

4.1.3 Activity Il—C: Evaluate/Accept ABS Invitation to
Participate In the Program

Responsibility: Industry Members
Performance Period: May and June 1977

In response to the ABS invitation to form an R&M Steering
Committee , each potential industry member must determine
his level of interest in the program and willingness to
participate. Steamship companies , shipbuilders , naval
architects , equipment suppliers , marine underwriters ,
government agencies , and professional societies will be
invited to participate in the program. The ABS will
schedule the time and place for the first meeting of the
R& M Steering Commit tee .

14.1.14 Activity II—D: Adopt Preferred R&M Improvement
Concept

Preparation Responsibility: MarAd
Adop t ing  R e s p o n s i b i l i t y :  R&M Steer ing Commi t t ee
Performance Period:  Apri l  1977 th rough  December 1977

MarAd will analyze candidate R&M concepts and recommend a
preferred concept  or combina t ion  of e l ements  from candidate
concepts  for Implementa t ion  in the Pilot Program. The R&M
concept u l t i m a t e l y  selected may be a new concept that has
not been used prev ious ly  in the merchan t  ship ~ i n g  or o ther
transportation industries . It w i l l  encompass t h e  r e q u i r e m e n t s
associated with equipment specification and acquisition , R&M
data co l l ec t ion , and reliability improvement . The concept
will  thereby be related to the entire life cycle of the
equipment .

In the performance of this task , MarAd will establish
applicability criteria for alternative R&M concepts and will
examine each concept in terms of its benefit to U.S.
merchant shipping. The data requirements and the manage—
ment requirements for implementing the preferred R&M concept
will be described.
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By early November 1977 MarAd will deliver a report describing
the preferred R&M concept to the ABS, which in turn will dis-
tribute the report to the members of the R&M Steering Com—

• mittee as described in activity Il—H .

14.1.5 Activity II—E: Develop a Model of System Availability .
versus Voyage Cost

Preparation Responsibility: MarAd
Adopting Responsibility: R&M Steering Committee
Performance Period: April 1977 through January 1978

MarAd will develop an operational model to relate shipboard
system availability to voyage cost on a selected trade
route. The voyage profiles and the maintenance strategies
employed on the trade routes to be studied will be defined.
The shipboard system that are voyage—critical , Including
those necessary for ship propulsion and navigation and for
cargo—handling, will be determined. Voyage—associated costs
that are time—dependent , such as personnel , pilotage , wharfage ,
and stevedoring, will be identified. Model logic will be
developed tha t  al lows sys tem R&M to be varied and i ts effect
on a v a i l a b i l i t y  and voyage cost to be determined.  Existing
opera t iona l  and R&M data for use in exerc is ing the model
will be collected. The iata base from U.S. Navy ships , as
wel l  as data bases main ta ined  by commercial  organiza t ions ,
including European certification societies will be evaluated
for use In exercising the model. The results of the effort
will be coordinated with the merchant shipping industry
through the Steering Committee to show the value of the
model in measuring the sensitivity of system availability to
voyage cost.

NarAd will present the results of the analysis to the R&M
Steering Committee at the meeting of April 1978 described
in activity Il—H .

14 .1.6 Activity Il—F: Prepare Implementation Procedures

Responsibility: MarAd
Performance Period: July 1977 through January 1978

MarAd will prepare the procedures to be used in full—scale
implementation of the pre ferred R&M concept . These pro-
cedures will describe the participation by MarAd , the ABS ,
and other members of the U.S. maritime industry and specify
the reporting structure and methods . MarAd will develop
the technical , managemen t , and administrative implementation
procedures describing the data collection , analysis , and
dissemination process. The equipment specification and
testing techniques will also be described.
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MarAd will present Its recommendations to the April meeting
of the R&M Steering Committee described in activity Il—H
and will supply Committee members with a report descr ibing
the preferred R&M concept at least one month before the
meeting .

14.1.7 ActIvity II—G: Prepare the Pilot Program Plan

Responsibility: MarAd
Performance Period : January 1978 through April 1978

MarAd will prepare the plan to formulate and control the
Pilot Program to be implemented during Phase III. This
program will validate the expected benefits of the pre—
ferred R&M concept developed during Phase II, and will
encompass several activities . During the Pilot Program,
MarAd will collect from owners , users , and manufac turers

• available data and information on the selected equipments
concerning problems , failures, repair costs , and downtime .
Data will also be obtained from equipment and systems dur-
ing normal use. Available data on comparable equipments
used in other applications , such as the military , will be
collected.

Through the use of the preferred data base and analysis sys-
tem , the existing R&M characteristics of selected equipments
will be determined. MarAd will review the specifications
and warranties used during acquisition of the selected
equipments , particularly as related to R&M requirements.

The areas in specifications and warranty documents that
should be improved , changed , or included to address R&M
requirements more effectively will be identified , and the
R&M characteristics identified for the selected equipments
will be compared with those expected to be achieved by means
of improved specifications and warranty documents. The
benefits of improved specifications or warranty document s and
acquisition processes will be determined. Pilot specifica-
tions and related documents for the selected equipments
will be developed. The specifications will be coordinated
with own€rs , users , manufac turers , and certification socie-
ties to determine impact. MarAd will determine procedures
for developing, report ing, retaining, and analyzing the
data for a continuing merc hant fleet R&M program .

The Pilot Program Plan will ident ify the criteria to be used
in evaluating the Pilot Program results. The data collection
and evaluation system rec ommended for ultimate use throughout
the merchant fleet will be employed in the Pilot Program .
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The Pilot Program Plan will be the final product of Phase II.
MarAd will present the plan to the R&M Steering Committee
for comment and recommendations during the April 1978 meeting
as described In activity Il—H . MarAd will supply Committee
members with a draf t of the Pilot Program Plan at least one
month before the meeting . Upon plan approval , the Steering
Committee will r a t i fy  the continuation of the R&M Improvement
Program into Phase III.

14.1.8 Activity Il—H: Phase II R&M Steering Committee
Meet ings

Responsibility: MarAd
Performance Period: 1 July 1977 (First Meeting)

1 December 1977 (Second Meeting)
1 April 1978 (Third Meeting)

MarAd will request the ABS to call the first R&M Steering
Committee meeting in early July 1977. As the first order
of business , the Committee will elect a permanent chairman .
During the first meeting, MarAd will report on the back—
ground and progress of the R&M Improvement Program . This
Program Management Plan w ill be presented . The rules and
procedures of all future meetings will be formulated and
adopted. To increase meeting efficiency, MarAd will pro-
vide all participants with pertinent documentation at least
one month be fore  each meet ing.

The permanent chairman will call and chair the second meeting
of the R&M Steering Committee early in December 1977. During
the second meeting, the committee will review program pro-
gress. Specifically , it will review the R&M data base and
analysis system recommended under activity Il—B and the R&M
improvement concept recommended under activity II—E . Pertinent

• document ation will be provided to the industry participants
by MarAd at least one month prior to the meeting.

The permanent chairman will call the third meeting of the
R&M Steering Committee early In April 1978, at which time
the Committee will review the R&M model developed by MarAd
in activity Il—F . The model relates system availability
to voyage cost. The Committee will also review the Pilot
Program Plan prepared under activity II—G. Most important ,
the R&M Steering Committee will assess the expected cost
and benefits established for the program and decide whether
the progress of the program jus tif ies the Phase III effort
described in the Pilot Program Plan.
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1’
~l.2 PHASE III ACTIVITIES

The Phase III activities are presented in this Program
Management Flan in outline form . The Phase II Pilot Program
Plan will present detailed Phase III activities based on
the results of Phase II activities and approval of the R&M

-..- Steering Committee. The Phase III activities are likely
to change In both sco pe and function as the program progresses
through Phase II.

In coo perat ion with the ABS and part ic ipating steams hip
companies , MarAd will conduct an R&M Pilot Program to
demonstrate the expected benefits of the preferred R&M
concept developed during Phase II. The Pilot Program will H
concentrate on previously selected equipment . R&M data will
be collected by ship operators and submitted to MarAd for
analysis. A monthly progress report of the Pilot Program
will be sent to the committee members by MarAd .

At the end of the Pilot Program, the plan for implementing
the full—scale R&M Improvement Program will be prepared by H
MarAd and presented to the R&M Steering Committee for
approval. Upon approval, the committee will have ratified
the cont inuat ion  of the program into Phase IV and a decision
wil l  have been made relat ive to management and control  of
the remainder of the  program .

4 . 2 . 1  Ac t iv i ty  I l l—A:  Collect  and Ana lyze  Data

Responsibi l i ty :  MarAd , Steamship Companies
Performance Period : April 1978 through Apri l  1979

In accordance with the organization and procedures defined - -

in the Phase II Pilot Program Plan, MarAd will collect from
owners , users , and manufacturers available data and infor—
mation on the selected equipment s concerning problems ,
failures , repair costs , and downtime . Data will also be
developed from equipment and systems used during normal
operations. MarAd will collect available data , for
appropriate comparison , on comparable equipments used in
other applications such as the military .

Steamship companies participating in the Pilot Program will
collect shipboard data on the selected equipments from June
1978 through January 1979 In accordance with the system and
procedures set forth in the approved Pilot Program Plan and
transmit these data to MarAd for analysis . The results of
the R&M anulys1.~ will be transmitted by MarAd to the ABS ,
R&M Strering Committee members , and participating carriers.
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The progress of the data collection and analysis functions
performe d to date will be present ed by MarAd to the second
R&M Steering Committee meeting in December 1978.

• The results of the Pilot Program will be presented to the
R&M Steering Committee for approval during the meeting
scheduled for July 1979. Activity III—G gives details of
the meeting .

14.2.2 Activity Ill—B: Develop Pilot R&M Acquisition
Specifications and Procedures

Responsibility: MarAd
Performance Period: June 1978 through December 1978 }

On the basis of the preliminary Pilot Program results , MarAd
• will review the R&M—related specifications and warranties

used during acquisition of the selected equipments. From
data collected during the Pilot Program , MarAd will identify
equipment improvements or changes , to spec ificat ions and
warranty documents that will address R&M requirements more
effect ively .

MarAd will present preliminary pilot specifications to the
second Phase III meeting of the R&M Steering Committee
during December 1978 for review and comment . This review
will enable MarAd to include draft specifications as
a t tachments  to the fu l l—sca le  Implementat ion plan to be
presented to the Steering Committee in July 1979. A

Coordination of the preliminary R&M specifications and
procedures within the industry will enable owners , users ,
manu fac turers , and certificat ion agencies to assess impact.
The industry will respond to MarAd with an assessment of
the feasibility of applying the preliminary specifications
and procedures.

4.2.3 Activity Ill—C : Determine the R&M Improvement of }
the Selected Equipment

Responsibility: MarAd
Performance Period: August 1978 through April 1979

MarAd will collect and analyze data throughout the Pilot
Program to determine the R&M characteristics of existing
equipment . During the Pilot Program , correct ive act ions
will be taken to improve reliability and maintainability
on the selected equipment . The effect of these actions
will be ‘-‘easure d throughout the R&M data collection process.
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In addition , R&M benefits that might be realized with improved
specifications of warranty documents will also be estimated.
The results of the R&M improvement effort will be reported
to the Committee via the monthly progress report , as well as

• ••. the final report to be presented at the Committee meeting
in July 1979.

14.2.4 Activity III—D: Prepare Full—Scale Implementation
.5. . Plan

Responsibility: ABS
Performance Period: April 1979 through July 1979

An Implementation Plan will be prepared to apply the
preferred R&M approach to additional ship systems and
equipments. This plan will address priorities for the
equipments to be included in the program and will set forth

• the activities to be conducted as well as technical and
management responsibilities. The schedule for implementa-
tion will also be part of the plan. The plan will be
presented to the R&M Steering Committee at Its meeting in
July 1979.

4.2.5 Activity III—E: Phase III R&M Steering Committee
Meetings

Responsibility: MarAd
Performance Period: August 1978 (First Meeting)

• December 1978 (2nd Meeting)
July 1979 (Third Meeting)

The permanent chairman will call the first meeting in Phase
III during August 1978. MarAd will report on the progress
of the Pilot Program . The R&M Steering Committee will
review progress and will evaluate available data for the

a se lecte d systems .

The permanent chairman will call and chair the second
meeting in Phase III during December 1978. MarAd will
report the results of the Pilot Program to date , including
any R&M improvement that may have resulted from recommended
actions. MarAd will also report on the results of exercising
the model developed during Phase II with Pilot Program data
collected during Phase III.

At the third meeting in Phase II, called for July 1979, the
ABS will play a greater role in the Program and MarAd a
lesser role. A decision on the future responsibilities of
the R&M Steering Committee as it relates to the standing
ABS Committee structure will likely be made at this time .
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The Committee will review the MarAd report of the Pilot
Program and the Full—Scale Implementation Plan. Adoption
of the report of Pilot Program results and the Full—Scale
Implementation Plan will constitute a decision to proceed
to Phase IV.

1 4 . 3  PHASE IV ACTIVITIES

At this time it is possible only GO outline the Phase IV
activities . The Phase III Implementation Plan will present
detailed Phase IV activities based on the experience
ac quired during Phases II and III.

Under the auspices of the ABS, the U.S. maritime Industry
will adopt and implement the full—scale R&M Improvement
Program Industry—wide . The R&M concepts and procedures
adopted will be those which have demonstrated the greatest
benefits to the industry during the Phase III Pilot Program .
The industry will have established a permanent full—scale
system for specifying the reliability and maintainability
of shipboard equipments. During Phase IV, the industry
will include within the program all critical equipments and
can thereby achieve significant R&M improvement in the U.S.
merc hant fleet.

4.3.1 Activity IV—A: Assess Program

Responsibility: Maritime Industry
Performance Period: June 1979 and continuing indefinitely

The U.S. maritime industry will have adopted the R&M concepts
and procedures that have proven beneficial . They will
establish procedures for specifying and improving system
reliability and maintainability in the maritime industry .
The program will be cont inuously assesse d for effect iveness.

14.3.2 Activity IV—B: Update Program on a Continuing Basis

Responsibility:  ABS
Performance Period: June 1979 and continuing indefinitely

As ex perience dictates , the ABS R&M Committee will update
and adopt new specifications as new equipments are introduced .
All critical equipments will be added to the R&M Improvement
Program and the benefits to the U.S. maritime industry
assessed.
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APPENDIX A

CANDIDATE APPROACHES TO EQUIPMENT ACQUISITION

The equipment acquisition approaches described in this
appendix were identified during Phase I of the R&M Improve-
ment Program. In selecting a preferred R&M concept for the
U.S. merchant shipping industry , MarAd will study these
candidate acquisition approaches to determine if a particular
approach or a combination of elements from candidate ap-
proaches can be effectively utilized within the R&M concept
ultimately selected for implementation in the U.S. merchant
fleet .

1. COMMERCIAL AIRLINE ACQUISITION METHODOLOGY (CAAM )

The commerc ial airline ac quisition methodology ( CAAM ) ,
developed primarily for the procurement of avionic equipment ,
has provided the U.S. airline industry with high-quality
equipment at reasonable prices . For example , a compar ison
of Air Force and commercial airline instrument landing sys-
tems of similar per formance , characteristics , and age indi-
cates that airline quipment costs about half as much as
military equipment while its reliability is about twice
that of military equipment . The process depends on the
existence of competition throughout the useful life of the
equipment . The CAAM involved three major participants:
the customer (airline companies); the supplier (hardware
manufacturers) ; and the technical specialist , Aeronautical
Radio , Inc . The process has evolved over the past 35 years
and operates in a highly competitive open forum . The major
features of the CAAM are described in the following para-
graphs .

1.1 Specification of Eq~iipment on a “Form—Fit—Function”Bas is

“Form—fit—function ” implies the combination of interface
and funct ional spec ifications that prec isely and comp letely
address required mechanical , electr ical , and environment al
interfaces , together w ith the required equipment funct ions
and performance . Details of internal design are not
specified . The form—fit—function approach to equipment

. . specification has the advantage that while the interface is
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standardized , the internal configuration of the unit can
evolve as technology changes , taking advantage of new
materials. Moreover , interchangeability between old and
new generations of elec tronics becomes a pract ical reality,
and the need for modification of an installation to accom-
modate the new equipment is eliminated . With interface
standardization , production costs can be held down by
competItion among interchangeab le des igns , and new systems
can be synthesized from proven standard units.

1.2 Use of Warranty Provisions

The following general types of warranty or guarantee are
used :

• Standard Warranty. The material is guaranteed to be
free from defects in material, workmanship , and
design , and is suitable for its intended use.

• Ultimate Life Warranty. Applies to major structural
component s (e.g., hull), guaranteeing freedom from
failure for a specified number of operating hours.

• Reliability Guarantee . An agreement between supplier
and buyer that the mean time between failures ( MTBF )
of the equipment will not be less than a specified
value . The required MTBF must be reac hed w ithin an
agreed-upon time and must be sustained for an
agreed—upon operating period.

Maximum Parts Cost Guarantee. Agreement between
buyer and seller stipulating the maximum parts per
operating hour for maintaining, modifying , repair-
ing , and overhauling selected equipment .

1.3 Coordination and Publication of Equipment Specifications
on an Industry—Wide Standardization Basis

To blend operations , maintenance , and engineering ex pert ise
for the benefit of the industry as a whole , as well as for
individual members , the airlines established the Airlines
Electronics Engineering Committee (AEEC). The committee is
the consequence of the foresight of airline pioneers in
recognizing the potential within the industry for industry—
wide specification writing as the only alternative to con-
tinuing proliferation of airline specification writing by
the U.S. Government . Thus , in 19149, the AEEC was established.

The primary task of the AEEC is to coordinate the preparation
of ARINC “Characteristics ” (or specificat ions), which
promulgate to prospective manufacturers of airline electronic
equipment the opinions of the airline technical people on the
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requirements for new equipment . These charecteristics ,
prepared in an open forum , also help to channel new
equipment des igns in a direct ion that can produce maximum
possible standardization of physical and electrical character-
istics without seriously hampering engineering initiative .
With its broad spectrum of technical participation , the
AEEC has remained a dynamic body during the more than 25
years of its ex istence.

The full committee consists of 22 voting members . Many L
interested parties , representing wide public interest , attend
the meetings . Recent typical attendance has exceeded 300
contributing observers from airlines , governmental regulatory
groups , military agencies , avionics and airframe manufacturers ,
and members of the press.

1.14 Resolution of Common Maintenance Problems Through an
Indus t ry  Forum Approach

A forum is provided by the airline industry for discussing
and resolving maintenance problems of common concern to
pa r t i c ipa t ing  organizat ions . The committee , called the Air—
lines Elec t ronic  Maintenance  Committee ( A E M C ) ,  operates
through an elected steering group and appointed task groups
that provide a continuous medium for the exchange of Informa-
t ion among avionics users , installers , manufacturers , and
maintenance specialists. Its objectives are to promote
improved electrical systems and equipment and increase the
reliability and performance of equipment in use.

2. MILITARY STANDARDS AND SPECIFICATIONS

The reliability, maintainability, and testing of military
elec t ronic  equipment  is specif ied by mi l i t a ry  standards
(MIL—STD ) and specifications ( M i l — S p e c s ) ,  which give detai led
coverage of component design , construction , and testing .

The military approach emphasizes equipment capability to
perform a mission rather than cost of acquiring an equipment .
In addition , its procurement practices must comply with
numerous regulat ions . The advanced technology of the
equipment makes It necessary for the buyer to accept some
of the commercial risk of development . Another major
element of the military approach to reliability and main—
tainability is that if the equipment will be used in combat ,
the equipment supplier is not likely to be a participant
in field improvement .
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The MIL— Spec/MIL—STD approach to electronic equipment
procurement can be illustrated by the U.S. Navy ’s spec ifica-
tion process , which Is based on the General Spec if icat ion.
This is generally applicable to all Navy ships and is supple-
mented for each ship design by a Detail Specification , which
expands on the General Specification , emphasizing applicable
sections and deleting those which are not pertinent .

The General Specifications have 157 sections , including
general administrative , design , and construction requirements ,
and detailed requirements on machinery , electrical , and
electronic design . General Specifications also cover weapon
systems and aviation items , which are , respectively , under
the cognizance of the Naval Ships Systems ~~mmand and NAVAIR.

Electronic systems are described in 12 sections . Section
1400, “General Requirements of Electronic Systems ” , sets
forth standards for design and installation. It cites the
Institute of Electrical and Electronic Engineers (IEEE )
Standard No.  145,  “Recommended Prac t ice  for E lec t r i c  Instal-
lations on Shipboard” , for guidance on installation practices .
This standard is f requent ly  used for nonmilitary shipboard
elec t r ica l  ins ta l la t ions. The Navy ’s General Spec i f ica t ions
are more detailed than the corresponding nonmilitary docu-
ments , and even they represent only a small percentage of
the procurement requirements. The great bulk of the procure-
ment requirement s for military electronic hardware are found
in the military specifications . MIL_S_2L1259, the genera l
specification for all Naval electronic equipment , establishes
the basic design requirement s for Naval shipboard in ter ior
communications equipment . MIL—S—24250 is a general specifi-
cation for shipboard e:-.ectronic , interior commun icat ions , and
navigat ion equipment .

3. THE “TYPE APPROVAL” PROCESS UTILIZED BY SEVERAL FOREIGN
CERTIF IC A T I O N  SOCIET IES , THE ABS , TH E USCG , AND TH E USN
FOR SELECTED EQUIPMENTS

A type—approva l  process is a procedure by which a prototype
uni t  is tes ted to ensure that equipment performance under
condi t ions  of stress is as claimed by the manufacturer.
The type—approva l  approach d i f f e r s  from the MIL—STD/Mil—Spec
and CAAM approaches in that  the manufac tu re r  is not respond-
ing to a pa r t i cu la r  requirement  of a user .  The user as the
freedom to set his own requirements and uses a list of off—
the—shelf type—approved equipment to evaluate the ability of
the equipment to meet his requirement . The contract for
the supply of this equipment results from individual negotia-
tions between the buyer and the seller.
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To receive type approval , production equipment s must perform
in accordance with the manufacturer ’s claims during tests
that accurately reflect severe shipboard operational condi-
tions . Several foreign ship certification societies , as well
as the ABS , the U.S. Coast Guard , and the U.S. Navy , give
some type of approval on a variety of equipment types. Each
approval agency specif ies  test  condi t ions , supervises t es t ing ,
and enforces compliance with current rules and practices.
Each approving agency quan t i f i e s  what is meant by severe
condit ions . Once approved , the equipment can be installed
aboard any ship classed by the ce r t i f i ca t i on  soc ie ty .

The type—approval process can take a variety of forms . Tests
may be conducted at the manufacturer ’s plant , at the buyer ’s
premises , at an independent testing facility, or aboard
ship following installation. Inspection of installation
quality may also be required. Test requirements can vary ,
however. An approving agency may not actually control tests
at all , but only approve the manufacturer ’s test facilities
and conditions . Approval of automatic engine—room equipment
and communications and navigation equipment s by means of
electronic and instrumentation testing procedures has been
speci f ied  by only a few societ ies .  Type approval has been
more universally required of hull equipments , safety equip-
ments , and piping systems , among others .

Equipment submittal is voluntary , but many foreign societies
state that the use of only approved equipments is a condition
of ship certification . In prac’tice , only ships certified by
the ABS or foreign societies can obtain insurance from marine
underwriters .

The approving agency may require the submittal of drawings ,
technical manuals , parts lists with environmental limitations ,
circuit diagrams , and detailed operational descriptions .
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A P PEND I X B

SU MMARY OF WORK PERFORMED AND CONCLUSIONS AND
RE COMMENDA TI ONS OFFE RE D D U R I N G  PH ASE I OF TH E

R&M IMPROVEMENT PROGRAM ( A P R I L  1976 - APRIL 1977)

Dur ing  Phase I, MarAd surveyed the status of R&M technology
in use in the U.S. merchant fleet and examined the R&M
practices and procedures utilized by selected European
c e r t i f i c a t i o n  societ ies  for shipboard e l ec t ron ic  equipment .
The fo l lowing paragraphs describe the resul t s  of the MarAd
inves t iga t ion.

1. STATUS OF RELIABILITY AND MA INTA INABILITY TECHNOLOGY
IN US E IN THE U . S .  MERCHANT FLEET

The objective of the work undertaken by MarAd was essentially
to determine the status of reliability/maintainabI lity
technology in use in the U.S. merchant marine community in
general and , more particularly , as it is applied to shipboard
equipment . In addition , the acquisition process for shipboard
equipment  was s tud ied  and the i n t e r r e l a t i onsh ip  of marine
organiza t ions  re la ted to the  r e l i a b i l i t y/m a i n t a i n a b i l i t y  of
marine equipment was id e n t i f i e d .  During the course of the
work performed , pr ior  research work was reviewed to de te rmine
i ts  app l i cab i l i ty  to the Mar Ad R& M Improvement Program .

In the marine i ndus t ry ,  “ r e l i a b i l i t y” means d i f f e r e n t  things
to d i f f e r e n t  people . To the ship operator , for  example ,
r e l i ab i l i t y  is rela ted to whether  the equipment  is avai lable
when he needs i t .  To the U . S .  Coast Guard , r e l i a b i l i t y  Is
re la ted to “ sa fe ty ” . During the Phase I inves t iga t ions, it
became evident that  r e l i ab i l i ty  of shipboard equipment  was
determined on the basis  of a general  opinion about  a par t icu-
lar class of equipment rather than from accurate data on
equipment  f a i l u re  h i s to ry . However , it was noted tha t
knowledgeable individuals within the industry considered
e l ec t ron ic  equipment  f a i lu re  more prevalent  than  it “ should
be ” . They also bel ieved that  the r e l i ab i l i t y  of e lec t ronic
equipment  aboard ship was going to become more important  to
ship ope rab i l i t y  than it had been in the pas t .

Our research ind ica ted  that  dur ing the process of ship design ,
• l i t t l e  if any formal  r e l i a b i l i t y  engineering was appl ied .

Dur ing the ship c o n s t r u c t i o n  process , however , the ship-
builder does attempt to introduce reliability considerations
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into the specifications for shipboard equipment . The
specifications used by the shipbuilder in acquiring ship-
board electronic equipment are often written by the electronic
equipment vendors themselves , in contrast to the procedure
followed for ship machinery . The shipbuilder finds himself
constrained to a small number of vendors when he Is required
by contract to purchase U.S.—made equipment . An example of

• this situation is provided by the commercial radar equipment
market . There are currently only two U.S. manufacturers of
commercial radar (10 cm and 3 cm) equipment . This situation
creates a seller ’s market In which the shipbuilder finds it
difficult , if not impossible , to insist on stringent per—
formance or reliability requirements.

During the construction process , the shipbuilder will adhere
to the construction rules of the American Bureau of Shipping
(ABS) in order to receive the ABS certification for the
vessel. However , our research indicated that these rules are
directed primarily to the structural integrity of the vessel
rather than to shipboard electronic systems —— although the
ABS Guide for Centralized Control and Automation does
address electronic equipment aboard ship when such equipment
is used to control the ship ’s engine room. The ABS rules
do not specify any requirements for electronic navigation
or communications equipment aboard ship . In contrast , the
rules of such foreign certification societies as Det Norske
Veritas do specify requirements for electronic navigation
equipment , including reliability requirements.

The shipbuilder is liable to the owners for the performance
of shipboard equipment until the expiration of the “guarantee

• period” , which is usually six months commencing upon delivery
of the vessel. During this period the shipbuilder is required
to repair any equipment that fails as a result of faulty
workmanship or material.

Once the owner has accepted the vessel and has made final
payment to the shipbuilder , he is required to maintain the
ship and its equipment in good working order. Shipboard
equipment maintenance can be subcontracted by the owner/
operator to the original equipment supplier, or the owner/
operator can operate his own maintenance and repair system.
Our research indicated that in the case of shipboard elec-
tronic equipment , a better data base on equipment failure
history existed when maintenance was performed by the equip-
ment supplier than when it was performed by the ship owner/
operator. In each case , the dat a on equipment failure were
closely held and treated in a quasi—proprietary manner.
Fur ther , because electronic equipment maintenance is generally
performed in port , the time and circumstances of failure are
not usually known as accurately as the details concerning
the part(s) that failed.
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• The Maritime Administration reviewed the applicability of
prior research to the R&M improvement program being spon—
sored by MarAd . There is , in the opinion of MarAd , a con-
siderable amount of prior research that Is applicable to
the current program . The research that was found to be
applicable was conducted during the period 1971 to 1975 and
was sponsored by the Mari t ime Admin i s t r a t i on , the U . S .  Navy ,
and the Socie ty  of Naval A r c h i t e c t s  and Marine Engineers .
The essent ia l  conc lus ions  reached in prior research work

• indicate  that  a comprehensive program is needed wi th in  the
U . S .  merchant  sh ipping indus t ry  to improve the  re l iab i l i ty
of U . S .  ships and equipment , that  a data base on equipment
R& M should be es tab l i shed , that  the environmental  require—
ments  for  shipboard equipment  operat ion must be more
prec ise ly  def ined , and that  s tandard  indus t ry  spec i f i ca t ions
for e lec t ron ic  equipment  should be developed.

In conclusion , MarAd found that a comprehensive R&M program
for shipboard equipment in the U . S .  merchant f leet  should be

• e s t ab l i shed .  An essent ia l  element of the R&M program should
be the operat ion , on an i ndus t ry—wide  basis , of an in format ion
system related to mar ine—equipment  f a i l u r e . Procedure s shoulJ
also be developed wi th in  the indus t ry  to es tabl ish  an ongoing
spec i f i ca t ion  development and product  improvement program .
In th i s  respect , the  research in to  the current  s ta te  of R& M
technology in use in the  U . S .  merchant sh ipping indus t ry
indica tes  tha t  MarAd ’s present  work in developing a re l iab i l i ty
improvement plan for  the  U . S .  merchant  f lee t  is consis tent
wi th  the  needs of the  indus t ry .

2. RELIABILITY AND MAINTAINABILITY PRACTICES AND PROCEDURES
• UTIL IZED BY SELE CTED EUROPEAN CERTIFICATION SOCIETIES

FOR SHIPBOARD ELECTRONIC E QUIPMENT

• During Phase I , MarAd conducted  a survey of the prac t ices
and procedures of selected European ship c e r t i f i c a t i o n  soci-
eties in the spec i f i ca t ion, c e r t i f i c a t i o n, and approval of
marine e lec t ron ic  equipment . Of p a r t i cu l a r  in teres t  was
the manner in which the societ ies  imposed r e l i ab i l i ty  and

• ma in t a inab i l i t y  requirements  on the acquis i t ion  proc ess for
• - the subjec t  equipment . The c e r t i f i c a t i o n  bodies pa r t i c ipa t ing

in the  survey were :

• Germanischer  Lloyd — Germany

Det Norske Veri tas  — Norway
• Regis t ro  I t a l i ano  Navale  — I t a ly

Bureau Veri tas  — France
Lloyds  Regis ter  of Shipping  — Uni ted  Kingdom
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In addition, since the United Kingdom Department of Trade
publishes specifications for certain shipboard equipment ,
the practices and experiences of that organization were
also included .

This survey revealed that, with the exce ption of Det Norske
• Veritas , little formal reliability engineering is applied

by the certificat ion societies relative to the acquisition of
shipboard electronic equipment . All societies interviewed
address equipment reliability indirectly , but Det Norske
Veritas is the only one having an in—house reliability
engineering capability. In addition , although all societies
certify engine room automation systems , only Det Norske
Veritas certifies bridge and navigation systems .

Data collection systems are operated by Lloyds Register of
Shipping, Det Norske Veritas , and Germanischer Lloyd. The
Lloyds Register system ac quires data when a Lloyds surveyor
is called to inspect a vessel after structural or equipment
failure. Also , in cer tain cas es where the ship owner finds
it beneficial , detailed failure data are collected on a
par t icular  sys tem for a f ixed period and the data are
analyzed j o i n t l y  b y Lloyds and the owner.  Typical purposes
are to determine the re l iabi l i ty  and main ta inab i l i ty  of the
systems , as well as the changes that might be necessar y
to improve the reliability of the same or similar systems
planned for ins ta l la t ion  in the fu ture .

Germanischer Lloyd operates a manual data collection and
analysis sys tem wherein the engineer aboard an automated
vessel records fa i lure  events  as they occur . Circumstances
of the fa i lure  are described , and the fai led i tem is
iden t i f i ed .  The fai lure reports are then forwarded to
Germanischer Lloyd , where a review of fa i lures  by system is
performed.  Those systems with  a high fa i lure  rate are in-
vestigated to determine if there is a system or component
defect ; if there is , the sys tem/component manufac turer is
requested by Germanischer Lloyd to rectify the difficulty.
Even though the data collection system requires the voluntary
cooperation of the ship engineers responsible for recording
fa ilure events , the system has proved effective because of
the excellent response of shipboard personnel.

Det Norske Veri tas  (DNV) operates a reliability data collec-
tion system in which failure event data are encoded and
entered into a computer for subsequent analysis. The system
has been adapted from a reliability data base and analysis
procedure developed by the Atomic Engergy Authority of the
United Kingdom , which offers that technical base as a
service to industry .
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DNV has modified the programs to operate on its computer
facilities. The software has an extensive analysis capability
and can produce relevant reliability statistics by component ,
system , or vesse l. The system is now successfu lly operat ing
on a t r ia l  basis.  DNV intends to investigate the feasibility
of using the data collection sys tem within a flexible survey
procedure . If a ship operator provides DNV with  fai lure

• dat a during the ship ’s operating cycle , DNV wil l  in turn
survey the vessel for ce r t i f i ca t ion  purposes on a f lex ib le
schedule rather  than at f ixed  intervals as at present . The
point at which a survey may be required wi l l  be determined
by an analysis of the failure data. In the opinion of MarAd ,

• it is l ikely that  the fa i lure  data col lect ion system wi l l  be
integrated with a condi t ion—moni tor ing  sys tem.  Surveys and
maintenance actions wil l  then be establ ished on the basis of
equipment condi t ion and change of condi t ion , as well  as

• failure data.

It became evident during the survey that the equipment
specification process used by each certification society is
unique to that  society . It also became apparent that  the

• various societies are in compet i t ion  wi th  each other.  As
a rule , the procedures used in equipment certification were
inf luenced by na t ional  mari t ime laws and customs . In the

• United Kingdom , for instance , the Department of Trade has
the au thor i ty  to publish detai led performance spec i f ica t ions
for certain shipboard e lec t ronic  equipments .  The governments

• in the other  ju r i sd ic t ions, however (as in the United S t a t e s) ,
rely upon the ship ce r t i f i ca t ion  soc ie ty .  For example , Det
Norske Veritas was the only society visited which certifies
bridge and navigation equipment. The Hydrographic Institute
of the Federal Republ ic  of Germany issues type approvals for
radar equipment , gyr’ocompasses , echo sounders , and naviga-
t ion l ights .  The German Post and Telegraph Department issues
licenses for radio transmission equipment. Before a license
is issued , a type—approval certificate must be produced.

The purpose of the foregoing observat ions  is to i l lus t ra te
that  the procedure by which shipboard equipment f ina l ly
arrives aboard a s h lp  var ies from country to country, and
there is no i n t e r n a t i o n a l  s tandard spec i f i ca t ion  or type—
approval procedure for shipboard equipment . In the opinion
of MarAd , th i s  s i t ua t i on  tends  to divide the market for
marine equi pment in to  na t iona l  markets .  This complicates
the m a n u f a c t u r i n g  and marke t ing  process of the equipment
suppl ie r s , reduces the market  s ize , and con t r ibu tes  to
higher  equipment  cos t s .

Prac t ices  and procedures  of’ European c e r t i f i c a t i o n  societies
considered po t en t i a l l y  app l i cab le  to the U . S .  merchant
sh ipp ing  In d u s t r y  are :
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• A flexible survey system for certified ships, with

the time of survey based on an analysis of equipment
condition and equipment failure/repair data rather
than being a fixed interval

• A manual system of failure/repair data collection 
-

and analysis, as operated by Germanischer Lloyd

• A computer—assisted failure/repair data collection I

and analysis system, as now being tested at Det Norske
Veritas

:1
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