PRINCETON PLASMA No. ENG-007 Rev O
PPPL PROCEDURE

PHYSICS LABORATORY page 1 of 2
Subj ect: Effective Date: Initiated by:
Reliability, Availability, and June 11, 1999 | Head, Engineering and Technical Infrastructure
Maintainability (RAM) Modeling Super sedes: Approved:
and Apportionment TOP 22.013 .
dated 8/1/88 Director
Applicability

This procedure applies to all activities a8 PPPL where the need for Reliability, Availability, and
Maintainability (RAM) Modeling and Apportionment has been determined. The RAM assessment shall
be performed for the required equipment or levels as defined in project requirement documents, work
planning documents, or by management directive. The RAM shall be documented as part of the
projects' system design processes and may be included as part of a project’s safety documentation
(e.g., Safety Analysis Report, Safety Assessment Document, etc.).

I ntroduction

This procedure establishes the requirements for the preparation, review, and release of the RAM. Brief
guidance on performing a RAM is available in the Attachments. However, the reader should be aware
that thisis acomplex topic that is the basis for an entire field of engineering and cannot be adequately
covered in arelatively brief procedure. More detailed information is available in the documents or
through the organizations listed below.

Refer ence Documents/Or ganizations

JBFA-102A-88 Reliability, Availability, and Maintainability (RAM) Guidelines, JBF Associates,
March 1998, Prepared under contract for Oak Ridge Operations Office, DOE

|EC Standard 863 Presentation of Reliability, Maintainability, and Availability Predictions

Mitchdll O. Locks Rdiability, Maintainability, and Availability Assessment, ASQ Quadity Press,
1995

Rome L aboratory Reliability Engineer’s Toolkit, Air Force Materiel Command, GriffisAFB, NY
1993

Government Industry Data Exchange Program (GIDEP)
American Society for Quality (ASQ) Reliability Divison
|EEE Reliability Society
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Definitions

Avallability Avallability 1Isameasure of whether an item will be reagy (avallable) when it is
needed. Definitions vary based on specific situations, but a common definition
isthe ratio of actual operating time to the scheduled operating time, excluding
preventive maintenance or scheduled servicing. A typical calculation is uptime
divided by (uptime + unscheduled downtime).

Maintainability Maintainability isafunction of time (t) and Is the probability that, after a
failure, the component or systemis restored to full functionality by timet.

Reiability Reliability refersto the concept of being able to depend on something. It Isthe
probability that an item will successfully complete its mission (which includes
timet), given that the item wasin proper condition at the start of the mission.

Procedure

Responsibility

Responsible Line
Manager (RLM)

Analyst

Reviewer

Analyst

Attachments:

Action

1. Assignsindividua to perform RAM (analyst) and another individua to
review it (reviewer). Thereviewer shall be qualified by having like or
greater expertise and technical experience as the anayst.

2. Provides guidance to the analyst and reviewer on the level of detail for
the RAM. RAM analysis may continue down to the component level, if
desired, or stop at a predefined intermediate level.

3. Describes system under analysis and either prepares system diagrams
or uses existing documentation to depict all major components and their
performance criteria. The level of assembly will vary with the level of
the analysis.

4. Performs RAM using the guidance of Attachment 1.

5. Documents results using appropriate format.

6. Signs RAM and providesit to the reviewer.

7. Reviews RAM for technica content and signs if no significant
problems are identified. Otherwise discusses the RAM with the
analyst.

8. FilesRAM in the Operations Center.

1. Guidance on performing RAM Modeling and Apportionment
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Purpose

This attachment describes the standard steps involved in performing Reiability, Availability,
Maintainability Modeling and Apportionment (RAM). The examplesin this attachment are taken from the
Technical Report, CIT Tokamak Mission Analysis and Reiability/Availability Apportionment to Major
Systems, performed by Evaluation Associates, Inc., January 1988

Performing the RAM
The three primary RAM tasks are:

1. Establishing RAM requirements.
2. Using the RAM requirements during the design of the systems or their operations.
3. Validating the design.

Each will be described further.

Establishing RAM requirements

This task may be accomplished via the following steps:
1. Define the top level project RAM requirements.
The three project requirements for CIT were:

a) Operational availability 3 80%. (This was defined as the ratio of shots per hour in DT
operation in which the reactor is operational at the required level to the shots per hour
that could be achieved with no component or software failures.)

b) Full mission reliability 3 90% (This was defined as the probability of achieving 3000
full-power pulses without a failure that directly or indirectly compromises the CIT
mission by precluding operation at full power for more than one calendar year.)

c) Single shot reliability 2 90%. (This was defined as the probability of acquiring the
necessary data to achieve the goal of a shot.)

2. Define the project functions or systems.

The CIT project was broken down into systems including: vacuum vessel, TF coils, PF coils,
ICRF, AC power, etc.

3. ldentify realistic and achievable RAM requirements for each project function or system. The
products of the availability and reliability for each system must equal the project availability and
reliability.

Each CIT system was assigned an operational availability, full mission reliability, and single shot
reliability. For the PF coils, operational availability was established at 97.76%, full mission
reliability at 97.76% and single shot reliability at 99.11%.
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4. For each project function or system, identify the next lower functions or systems and assign
RAM requirements. At each step, the products of the availability and reliability of each lower
level system must equal the system availability and reliability.

The model for the PF System is:
a) External PF Ring Coil (10 in series)
b) Coil case (10 in series)
c) Central Solenoid Coil (6 in series)
d) Internal PF Coil (6 in series)
e) Passive Stabilization Elements (2 in series)
f) Solenoid Support Structure (1)
g) PF Power & Coolant Feed (1)
h) PF Local Control Instrumentation & Control (1)

The associated reliability equation is:
Rer = (RaRb)" (ReRa)® Re® Re Ry Ry

Appropriate reliability values would be chosen for the eight subsystems of the RF system that are
consistent with this equation.

5. Continue breaking the system down into lower level components and assigning reliability to the
level jointly agreed upon with the RLM.

Using the RAM requirements during the design of the systems or their operations.

Various design tools or techniques may be used to achieve the RAM requirements including redundancy,
modularity, reliability vs. maintainability trade-off studies, and parts derating. Other tools such as a
spare parts program or a preventive maintenance program may be used to achieve the RAM operational
requirements.
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Validating the design

Various tools exist for the design stage to validate that RAM apportionment has been achieved. They
include failure modes and effects, fault tree, Markov, event tree, sneak circuit, and maintenance
engineering analyses.

1.

Failure Modes and Effects Analysis — Identify the various ways a system can fail and the effects
of the failure. See ENG-008 for additional information.

Fault Tree Analysis — Identify undesirable effects; then try to identify all possible failure modes
leading to these events.

Markov Analysis — Use state diagrams and differential equations to identify failure probabilities.

Event Tree Analysis — Model the system conditions that can result in a failure or a degradation of
the system.

Sneak Circuit Analysis — Identify latent paths that cause unwanted functions to occur or that
inhibit desired functions.

Maintenance Engineering Analysis — Estimate maintenance requirements (staffing, tools,
equipment) and downtimes.

Published reliability data for commercially available components might also be used to verify the
reasonableness of the assigned availability and reliability. GIDEP and the Rome Laboratory are sources

of such data.
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