Hazard Analysis Subject Area      Guidance on Failure Modes and Effects Analysis


This guidance is not intended to be all inclusive.  It is intended to give the user some basic information as to the purpose of the analysis, how it is applied, methods for conducting the analysis, necessary resources and limitations.  Where possible, examples pertinent to BNL operations were used to show typical contents and formats.

Failure Modes and Effects Analysis  (FMEA)

Purpose:

The purpose of the Failure Modes and Effects Analysis (FMEA) is to determine the results or effects of all sub-element failures on a system operation and to classify each potential failure according to its severity. 

Application: 

The FMEA is a methodic examination of the components of a system, which is used to identify how a component can fail, how the system will react to the failure and will the failure result in a safety concern or risk.  It can also serve as a tool to determine if the failure is detectable (which can assist in developing trouble-shooting and maintenance guides) and if redundant systems are warranted.  The FMEA is a component-to-system oriented ("bottom-up") technique, which looks at one failure at a time.  Therefore, it may not identify hazards from multiple failure situations.

Typically, FMEAs have been directed at the failure of parts in mechanical systems, but the tool is suitable for analyzing the failure of any component of any type system.  At BNL FMEAs have been used extensively in the RHIC cryogenic systems analysis (see examples).

The technique is universally applicable to systems, subsystems, components, procedures, and interfaces.  The FMEA can be thought of as a more formal and detailed "What-If Analysis."  The FMEA can be used in place of the What-If Analysis when greater detail is needed, or it can be used to examine the impact of hazards developed using the What-If Analysis in much greater detail.

Using a small inter-disciplinary team with system knowledge is usually the most effective approach.

Methodology:

To conduct a FMEA first examine the system, element by element.  Identify modes in which each element can fail.  Determine the effect(s) upon the system of each failure mode, taken both singly and in combination with others.  The following steps should be performed:

1. Identify all major components, functions, and processes.

2. Determine the consequences of failure that would be unacceptable.

3. Determine the location, maintenance, and transportation mechanisms of all hazardous materials.

4. Determine the potential failure modes (that would result in the unacceptable consequences).

5. Specify the effects (impact) of the failures of the system.

6. Identify provisions to control hazards and failures.

7. Identify detection methods for failures.

8. Establish importance of each event, i.e., "insignificant" to "catastrophic."  A quantitative expression, such as [P(probability)]  x [C(consequences)] = R (risk) may be used.

Completeness:

Completeness of the analysis is a function of the degree to which the 

1. failure modes are identified and explored.

2. possible effects are identified for each failure mode.

3. effects of multiple, co-existent failure modes are analyzed.

Resources/Skills Required:

Skills necessary for those seeking to analyze systems of more than trivial complexity, requires from several days to several weeks of formal instruction or study, and practical experience.  Working knowledge of Boolean algebra is helpful.

Limitations:

The technique has been highly useful at BNL in evaluating complex cryogenic systems; It is however, time consuming and requires a significant skill level.  A Fault Tree Analysis is sometimes used in its place.  However, over the FTA, the FMEA technique has the advantage that no undesirable event needs to be predetermined to enable its use.

Advantages of the FMEA  technique are

· It produces a comprehensive hardware review.

· It is good for complex systems.

· It is an easy concept to grasp.

· Computer software is available for assistance.

Disadvantages are

· Human errors may be missed.

· It is time consuming, depending on the complexity of the system.

· It can be expensive, depending on the complexity of the system.

· It may not pick up multiple failures.
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Examples/Format:

Example 1. (excerpt)

System:______________________                                                    Date:____________

Sub-System ________________                                                        Sheet ____ of _____

Reference Dwg: ____________________                                           Compiled by: __________

                                                                                                              Approved by:___________

Item/

ComponentNumber
Function
Failure Mode
Failure Effect
Probability of Occurrence
Criticality or Hazard Category/Risk
Action to Reduce Failure Rate or Effects

Valve xyz
Controls flow of Liquid Hydrogen to target
Valve fails open
Excessive amount of Hydrogen in target >LEL, possible fire/explosion
0.0025
Critical
LEL monitor wired into ventilation system start up

Example 2. FMEA  RHIC Beam Stop System  

Component #:
Nomenclature:
Function:
Failure Position:


Failure Effect:
Redundancy:






Risk:

Comments:

D08-02
Pressure 

Regulator Filter

Comb
Provides clean pneumatic pressure to operate beam stops.
Closed
No reduction of air pressure, solenoid valve jammed in the as is position
NO




Low Risk

High contaminate levels could cause all stops to lock open.

D08-02
Pressure Regulator Filter Comb
Provides clean pneumatic pressure to operate beam stops
Open


Contaminants may cause solenoid valves to jam in the as is position
NO






Low Risk

High contaminate levels could cause all stops to lock open

G12-bsx.2
Yellow Beam Stop
Provides mechanical obstruction of beam tube in counter-clockwise direction.
Gate Jammed


Foreign object causes gate to hang
Yes






Low Risk

Stops should be cycled from MCR after each closure with beam.

G12-bsx.2
Yellow Beam Stop
Provides mechanical obstruction of beam tube in counter-clockwise direction.
Welded Gate


Stray Beam or high beam wake electrical fields causes gate welding.
Yes






Low Risk

Stops should be cycled from MCR after each closure with beam.

G12-bsx.1
Blue Beam Stop
Provides mechanical obstruction of beam tube in clockwise direction.
Gate Jammed


Foreign object causes gate to hang
Yes






Low Risk

Stops should be cycled from MCR after each closure with beam

G12-bsx.1
Blue Beam Stop
Provides mechanical obstruction of beam tube in clockwise direction.
Welded Gate


Stray Beam or high beam wake electrical fields causing gate welding
Yes






Low Risk

Stops should be cycled from MCR after each closure with beam.

Component #:
Nomenclature:
Function:
Failure Position:
Failure Effect:
Redundancy:






Risk:

Comments:

K58
Yellow BS Relay
Energized Yellow Beam Stop relay's solenoid allowing gate to open.
Contact Closed


Beam Stop open.  Power to solenoid not removed with permission signal is lost.
Yes




Low Risk



D08-02
Pressure Regulator Filter Combo
Provides clean pneumatic pressure to operate beam stops.
Closed


Insufficient air flow to open valve.  Spring pressure only must close valve.
NO






Routine Risk

High contaminate levels could cause all stops to lock open.

D08-02
Pressure Regulator Filter Comb
Provides clean pneumatic pressure to operate beam stops.
Clogged


Insufficient air flow to open valve. Spring pressure only must close valve.
NO






Routine Risk

High contaminate levels could cause all stops to lock open

PCB18-U2
Opto 22 Power Module Isolating Transistors
Provides ground to K36 when P13 Div B BS request signal allows beam
Open


Associated control relay losses ground shutting beam stop when control station request is open
Yes




Routine Risk



K58
Opto 22 Power Module Isolating Transistors
Provides ground for K36 when P13 Div B BS request signal allows beam
Short


Associated control relay grounded when permission is removed
Yes




Routine Risk




Yellow BS Relay
Energizes 
Open


Beam Stop shuts. Power to solenoid removed.
Yes




Routine Risk
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