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1.0
Document Description

1.1
Purpose

The purpose of this document is to provide a single source to provide basic generic information with regard to snubbers as well as a definitive outline of the snubber program specific to this station.  The intent of this document is to provide basic information for the general reader as well as specific information to the more knowledgeable user.  It is hoped that through the use of this document the former will be able to ascertain and understand the basic requirements of a successful snubber testing and maintenance program.  The more knowledgeable reader will be able to utilize this document to examine, evaluate, and/or administer the specific program defined herein. 

1.2
Definitions

Activation – This term defines the point at which acceleration or velocity reaches the design threshold that initiates the dynamic restraint mechanism in the snubber.

Active Failure – A snubber failure where the snubber imparts undesirable restraint forces into the pipe system due to its inability to allow movement (e.g., locked up)

Bench Testing – Functional testing of snubbers utilizing testing equipment specifically designed for the task.

Bleed rate – The measure of movement allowed under load subsequent to the dynamic activation of a snubber.

Cold Set – The snubber stroke setting with the associated system in its designed cold condition (filled and vented, ambient temperature).

Drag – The internal frictional resistance of a snubber to movement.

Dynamic Loads – Forces caused by seismic motion, water or steam hammer, pressure pulses, relief valve thrust, and some system vibratory motion.

Examination – A visual inspection intended to verify a snubber is installed properly.  This inspection verifies fluid levels, settings, orientation, installation of locking devices, etc.  The inspection does not verify functionality of the snubber.

Failure Mode – The manner in which a snubber fails to perform its intended function.  Generally this is either an active (locked up) failure or a passive (totally unrestricted) failure.

Fasteners – Securing devices such as lock wire, locking tabs, jam nuts, cotter pins, snap rings, etc.

Freedom-of-Motion Test – A manual stroke of the snubber, generally through its full range of motion, to verify unrestricted movement of the snubber and any attached component.  This is commonly used to check snubbers for suspected damage from system transients or as a preventive maintenance activity.

Functional Test – A test which verifies the capability of a snubber to perform in accordance with its accepted design criteria for all applicable design parameters.  See Bench Testing.

Operable – The term used to designate that a snubber is capable of performing its intended design function.

Passive Failure – A snubber failure where the snubber fails to activate and provides no restraint to the pipe system during any operating condition.  Also known as a ”soft” failure. 

Service Life – The period of time over which a snubber may be expected to perform its intended function without significant degradation.

Spacers – A device located on each side of the spherical bearing on a snubber assembly, the purpose of which is to maintain the bearing in the proper position to prevent binding in the end attachment.  This device may also be identified as a bushing or washer.

Spherical Bearing – The bearing at the ends of the snubber assembly through which the attaching pins or studs pass.  This bearing allows the assembly to rotate in the end attachments.

Stroke – The total distance through which the snubber allows movement.

Thermal Movement – The amount of pipe movement that is analytically predicted when the system goes from the Cold (ambient) condition to the Hot condition.

2.0
Generic Snubber Descriptions

2.1
General Description

Snubbers are dynamic restraints that are utilized to allow slow, constant movement of an attached component while providing rigid restraint against rapid motion due to dynamic loads.  This type of device restrains movements due to dynamic loading such as seismic motion, water and steam hammer, and relief valve thrust loads.  Snubbers should not restrict the relatively slow movements that are associated with thermal expansion.  Motions from dynamic forces are controlled when the snubber activates and becomes a load carrying member between the pipe and the building structure.  Snubbers are of two basic designs, mechanical or hydraulic, as explained in the functional description in Section 2.1.1 of this document. Snubbers are generally installed on almost all plant systems, both those that are important to safety as well as those secondary systems that are not.

As the nuclear power industry developed most early plant designs utilized hydraulic snubbers to provide dynamic restraint to the pipe systems.  Operating experience soon revealed fluid leakage was a major concern with these components.  This presented problems with regard to reliability of the component as well as contamination concerns.  For this reason stringent pre-service and in-service testing requirements for hydraulic snubbers were added to the licensing requirements for most generating facilities.  In response to this mechanical snubbers were developed to eliminate the leakage concern and avoid the resource intensive testing requirements for hydraulic snubbers.  It soon became apparent that reliability issues also existed for the mechanical snubber designs.  These manifested themselves in the areas of high resistance to pipe movement, unintentional activation, or loss of activation.  Therefore the licensing requirements were again revised to include stringent and extensive testing requirements for mechanical as well as hydraulic snubbers. 

It is these reliability issues and licensing requirements that form the basis for today’s snubber testing and maintenance programs.  Generally these programs involve three distinct commitments.  One is to conduct visual examinations of the entire snubber population at some defined time interval.  A second commitment is to conduct periodic functional testing of a statistical sample of the population to verify a high degree of confidence in the reliability of the population as a whole.  A third requirement is to establish and maintain a service life monitoring program for all snubbers in the program.  In addition, some licensing documents require some type of post-transient testing on certain systems.

Each of the previously listed tasks are separate and distinct commitments which must be met.  It is especially important to note that the completion of the required examinations and functional tests do not of themselves satisfy the requirements of a service life monitoring program.  Further details of these aspects of the program are provided in Section 2.2 of this document.

2.1.1
Functional Description
The function of both mechanical and hydraulic snubbers is to provide dynamic restraint without impairing thermal motion.  A mechanical snubber, as the name implies, functions through the physical interaction of mechanical components such as springs, gears, cams, or threaded shafts.  A hydraulic snubber generally utilizes fluid flow through either a fixed orifice or a spring adjusted poppet valve.

The primary design characteristics of snubbers are the drag and motion limiting values.  Drag is the internal frictional resistance of the snubber to movement.  Drag forces oppose the thermal expansion of the pipe system and thus have the potential of inducing stresses in the pipe system.  For this reason drag values are considered as valid indicators of a mechanical snubber’s ability to function as designed.  Drag is generally not considered as a significant  parameter for hydraulic snubbers.

The motion limiting characteristics are generally separated into two categories, activation level and release rate.  Activation level refers to the velocity or acceleration threshold  that initiates the restraint mechanism of a snubber.  The release (or bleed) rate is the measure of movement allowed under load subsequent to activation.  Generally the limits for these rates are defined by assumptions made in the pipe stress analysis qualification, as the motion limits define the dynamic response of the piping system.

The failure mode of a snubber is significant in deciding the appropriate actions to take when a failure occurs.  A snubber which does not activate affects the postulated dynamic response of the system but does not necessarily imply actual damage to the piping system.  A locked snubber can significantly increase the thermal loads and stresses in the pipe and indicates that past conditions should be evaluated in order to determine the current operability of the supported system.

2.1.2
Mechanical Snubbers
Mechanical snubbers are generally of two basic design principles.  The most common design operates on the principle of limiting the linear acceleration of the supported component below a defined maximum value.  In this way the pipe system is prevented from exceeding the dynamic response parameters assumed in the qualifying pipe stress analysis calculations.  The second mechanical design type also limits the response of the supported system, but does so by limiting velocity rather than acceleration.

The most prevalent acceleration limiting design utilizes a threaded shaft and ball screw to convert the linear motion of a telescoping tube to the rotational motion of a drum assembly.  The drum assembly is coupled to an inertia mass by means of a resilient capstan spring.  The rotational motion causes  the angular acceleration of the inertia mass through the capstan spring.  At accelerations which exceed the design value the inertial resistance of the mass causes the spring to tighten around the drum.  This provides resistance to the rotation of the ball screw, which in turn provides resistance to the linear telescoping motion.  This design is intended to provide a constant braking force rather than completely locking the snubber in a rigid condition.  The inertia mass is mounted to turn freely, so that once the acceleration drops below the activation limit the braking force is released.  The result is to continuously throttle the motion to limit the acceleration.  During gradual movement, such as that caused by pipe thermal expansion, the acceleration is below the design limit.  Therefore the mass rotates slowly and the capstan spring is not engaged, allowing unrestrained motion of the supported component.

In general, velocity limiting mechanical snubbers operate by using an oscillating type escapement mechanism to restrict motion to a constant velocity.  This is accomplished by utilizing an oscillating verge and connected gearing to limit the velocity of a geared rack.  The rack is connected to the supported component and generally is allowed to displace with relatively small resistance.  When an external force is applied the linear rack movement is transferred through gearing to cause a verge wheel to rotate.  The oscillation of the verge limits the movement of the rack to a velocity proportional to the applied force.  The angular surfaces of the verge are designed to force the verge to reverse direction for each half tooth rotation of the wheel.  The frequency of the oscillation is determined by the force applied to the rack, thus controlling the linear velocity of the rack.  Since the gear and verge assembly are positively engaged at all times the snubber is instantly engaged upon the application of any motion. 

The failure modes for mechanical snubbers are similar regardless of the design type.  The snubber may lock up and allow absolutely no motion to occur, it may develop a high resistance to normal motion (drag), or it may fail to activate upon the application of force.  A snubber that is locked up or exhibits high drag is detrimental to the function of the supported system.  These failure modes can often lead to physical damage to the supported system or components caused by thermal movements during normal operating conditions.   A snubber that fails to activate can not fulfill the intended function of dynamically restraining the pipe or equipment, but generally will not cause damage to the system under normal operating conditions.

2.1.3
Hydraulic Snubbers
Hydraulic snubbers utilize fluid flow to provide the restraining mechanism.  The snubbers consist of a piston rod mechanism which displaces a fluid medium when the snubber compresses or extends.  Piston rod motion causes flow of the working fluid to be directed through either a fixed orifice or a valve assembly.  In a fixed orifice design the flow is limited to a maximum design velocity by the size of the orifice itself.  These snubbers do not activate, as the orifice opening is fixed.  The size of the opening is designed to limit the rod velocity for the given fluid.  

For designs utilizing a valve assembly the flow is usually directed through the main flow valve until a preset fluid velocity is reached, at which point the valve will close and flow will be restricted to a separate bleed path at a fixed velocity.  Varying arrangements of valves and bleed paths are utilized to achieve the desired values, but the basic operating principle is the same for all cases.  The valve allows snubber rod velocity to increase up to the designed activation point, whereupon all flow is then forced through the bleed path until the fluid velocity drops below the activation point and the main valve opens.

The fluids utilized in hydraulic snubbers are obviously an important aspect of the component design.  Flow characteristics must be predictable for a wide variety of environmental and operating conditions in order for the snubber to function as designed.  Fluid viscosity and thermal characteristics are factored into the snubber design.

The failure mode for hydraulic snubbers is generally a passive failure, in which the snubber allows movement at all times (i.e. fails to activate).  A prevalent failure mode would be loss of fluid due to leakage.  In that case the snubber would normally allow motion, but would not be able to activate and provide the required dynamic restraint.  However, it is possible that changes in fluid characteristics could also result in viscosity changes which would affect the velocity limiting characteristics of the snubber.  Under extreme conditions radiation exposure can result in hydraulic fluids too viscous to readily flow through the orifice or valve openings.  This obviously affects the force required to move the piston rod and could result in undesired loads on pipe or components during thermal expansion.  On the other hand, a change in the fluid viscosity could allow it to flow too easily through the snubber.

3.0 Station Specific Snubber Information

3.1
Description of Population

This section of the document provides information with regard to the station’s actual snubber population.  The information provided should include a listing of the types, models, and sizes utilized.  Any special restrictions or notations as to the use of certain types or models should be identified  (i.e.- Type A used in Unit 1 only, only model B to be used on systems x,y,z,  etc.) .  

3.2 Functional Description

This section addresses functional descriptions for the actual snubbers installed that may be more specific than the generic descriptions provided in the previous section.  Design or operating characteristics specific to certain models used may be detailed in this section if needed.

3.3 Commitments

This section should detail all station licensing commitments pertaining to snubbers.  This will include items in the Final Safety Analysis Report, Code requirements, Relief Requests, and any other licensing documents pertinent to the snubber program.

3.4 Design Basis

This section should include references to station specific design basis documents.  These may include design specifications, calculations, drawings, procedures, and other similar documents.

4.0
Monitoring and Trending Programs

4.1
Failure Monitoring

This section should outline the program used to monitor failures per the previously identified commitments.  Generally failure monitoring relies on functional tests to identify installed snubbers that fail to meet the specified operability criteria. The parameters tested are those which have a set acceptance criteria.  These generally are specific values for drag force, activation velocity or acceleration, and release (bleed) rate.  Test activities are generally statistical in nature, relying on partial samples of the population to draw conclusions about the population as a whole.  The data from these activities provides a certain confidence that at the time of the tests the population as a whole meets an acceptable level for reliability.  Care must be taken to ensure that the sample populations utilized are in accordance with the assumptions made in the development of the statistical analysis.  The functional test activities do not normally account for degradation trends or provide valid data for service life determinations.   Attachment 1 provides information with regard to the statistical sample plan known as the 37 Plan.  Attachments 3 and 4 contain sample information pertaining to interpreting test data.  Attachments 5, 6, and 7 contain examples of failure analysis checklists for evaluating failed snubbers.

Failures identified by visual examinations are also identified and recorded.  For mechanical snubbers this inspection is of limited use as only the most obvious of failures can be identified by visual inspection only.  The parameters involved in visual examinations involves only those items which obviously impact the function of the snubber.  These include fluid levels, connections, corrosion, and any signs of obvious damage to the snubber.  

This section of the document should identify the following:

· Functional Test Sample Plan used

· Method of testing

· Equipment utilized

· Acceptance criteria

· Corrective actions

· Data trending method

References to station procedures and work control processes would also be appropriate in this section.

4.2
Service Life Monitoring

This section details the purpose and methods of the stations’ Service Life Monitoring program for snubbers.  

The goal of Service Life Monitoring is to establish, with confidence, a predicted service life for each installed snubber.  Once the key parameters and application or environmental factors have been identified, service life groups can then be established to minimize testing and maintenance requirements without sacrificing the quality of the installed population.

Parameters measured for Service Life Monitoring purposes are more extensive and subjective than those utilized for failure monitoring.  These parameters include not only the failure data previously identified, but also all aspects of degraded service.  Degradation criteria can be established for measurable functional parameters such as drag force, activation level, and bleed rate.  Application specific data such as temperature, humidity, radiation, and vibration conditions should be tracked to determine service life groups based upon environment and application. 

Service life monitoring is accomplished by defining those parameters that provide meaningful data, then recording and trending that data.  Due to the limitations of the functional testing required for failure monitoring, it is necessary to perform expanded testing to develop accurate and meaningful data.  Initial testing may encompass an entire population, including all possible environmental conditions.  If this is done then the testing and trending must be performed on those snubbers in the worst case conditions in order to be conservative.  To avoid being over conservative, sub-groups within the population may be established based upon application and environment.

The testing program may consist of complete functional testing, stroke testing, disassembly inspections, or a combination of these.  It is important that a consistent approach be taken to build a useful data base for trending the information gathered.  A long term approach should be taken to obtain data that provides valid data over time for a given environment and application.  The effects of the testing itself on individual snubbers must be taken into consideration.  For mechanical snubbers stroke testing with experienced personnel has been proven to be effective in identifying degraded snubbers, but it is also a very effective preventive maintenance practice.  Data taken from a population of snubbers which are regularly stroked may be not be representative of a population of snubbers which are not stroked.

A specific service life monitoring plan must be clearly established and adhered to in order to be effective.  Due to the inconsistencies between snubbers from application to application, and plant to plant; there is no single plan which will encompass all situations.  Therefore each plant must develop a plan which addresses their concerns and then carefully and completely implement all aspects of the plan.  Attachment 2 to this document provides an example of a Service Life Monitoring Program.

4.3
Monitoring and Trending Results

The data collected from the testing and monitoring programs outlined in the previous section must be collected, recorded, and trended.  From this ongoing effort informed decisions can be made with regard to program improvements or concerns.  This section of the document should detail specifically how this is accomplished.

Failure trending is generally a rather straightforward task, since functional failure data has historically been the most readily available.  Raw data related to the number of failures is usually available on a historical basis for the simplest of comparisons to trend failures over time.  More detailed data with regard to failure modes, failure causes, applications, environments, etc should be recorded where possible.  All failure data should be summarized and evaluated on a regular basis in order to establish significant trend data.  A minimum time frame for this is once per fuel cycle, but a shorter  frequency can be advantageous if non-outage testing and data collecting is performed.

Service life monitoring results are not as easily compiled as failure data, since the data is often more subjective in nature.  The service life monitoring program must include programmatic requirements for summarizing and evaluating the data resulting from the monitoring tests/inspections.  The data should be evaluated on a regular basis in order to identify trends and initiate preventive and corrective actions.  Since much of this data can be collected during non-outage periods, quarterly summary reports may be appropriate.  The reports should include not only a summary of the collected data, but should also address any conclusions drawn and actions required.
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Attachment 1
Snubber Functional Test Sample Plans

THE 37 PLAN

(Generally applicable to the 10% plan)

The 37 Plan is based on Wald’s Sequential Probability Ration Plan.  This was a World War II Manufacturing/Assembly Line Quality Assurance Plan.  Wald’s main assumption is that it is evaluating one production run (i.e., the same stock material, the same tooling, the same shift, etc.). It is easiest to consider that Wald’s evaluations are for homogenous populations. 

Wald’s is one of the few statistical plans that is not population sensitive.  This is the main reason it was chosen for snubber testing.

WALD’S THEORY -  @ 95/90

Walds original theory is simple.  If an acceptable amount of rejects can be defined then a curve can be developed which takes the smallest sample possible to determine it the entire population is acceptable.

For snubbers an accepable number of rejects were defined as 95/90.  95/90 establish a 95% confidence level, that 90% of a snubber population is functional at that point in time.  This was analyzed under Wald’s theory and the 37 Plan was developed.

REQUIRED UTILITY DATA

Identification of your snubber population(s). 

Problem areas.

· Hydraulics verses Mechanical

Unless prohibited by Tech Specs count as one poopulation.

· Accessible verses Inaccessible.

USE OF THE 37 PLAN

Populations with less than 370 snubbers use the 10% plan.

Populations with more than 370 snubbers use the 37 plan.

If you have multiple populations you may use different plans for each population.

PRIOR TO TESTING

Establish your test group.

This group is not intended to be altered.  Exceptions to this would be a condition where a snubber is dropped on the way to the test bench.  However, if a snubber is dropped on the way to the test bench and subsequently fails a test(s); its 37 plan replacement should be the next snubber in the next population expansion list.  Part of the failure evaluation of the dropped snubber should be to determine if there were other factors that contributed to its failure (i.e., would it have failed if not dropped) that required additional testing to eliminate any suspect snubbers.  This could be done outside the 37 plan.

· Establish your expanding test groups.

These are not intended to be altered.

· Establish your acceptance criteria.

This should be the same for all snubber within the same population.

The “SAME”

Criteria is NOT location specific.

· If analytically you have snubbers requiring less than 2% drag and some requiring less than 5% drag, you must:

· test all snubbers at 2% drag and anything over 2% no matter the location is a failure

or

· test two separated populations one at 2% and one at 5%

· If you have a snubber exceed your established drag criteria, you can:

· Increase sample population.

or

· Analytically accept the condition for ALL snubbers within the initial population (i.e., if you accept it for one, you accept it for all).

ENHANCED CRITERIA

5% drag analytically acceptable population for entire population.

Functional test drag criteria:

<3% functionally acceptable, return snubber to service.

3% to 5% functionally acceptable, degraded, replace snubber.

>5% functional failure, remove snubber from service, increase sample population.

Attachment 2
Service Life Monitoring

SERVICE LIFE MONITORING

Pacific Scientific Mechanical Snubbers (BASIC-PSA)

Many plants are currently in the process of establishing environments and categories for SLM of mechanical snubbers.  The following is where the program should be headed in an attempt to gather data and predict the degradation and failure of mechanical snubbers.   It should be noted, prior to the development of this plan, no utility has been able to accurately predict degradation or failure of mechanical snubbers.  The root of the problem is that you have to test a snubber to determine degradation; if you test one it redistributes the grease, making it better than the others it represents that are untested.

The following is the initial DRAFT of an initiative to develop a reasonable and cost effective Service Life Monitoring Program for PSA Snubbers.  As you review and/ or use this document there are three important philosophies to keep in mind;

1.) There were very few solid data points to establish this process, and as additional data points are gathered, additional fine tuning of indicators and actions should be incorporated.

2.) This process needs to be tailored to the individual facility.  An attempt has been made to identify all the major environmental factors, but a given facility may only have a few of these. It may be necessary to combine several in to one, or there may be factors that are not identified in this document. 

3.) Most important, this is a Service Life Monitoring process, not a Failure Analysis process.  While there are many other condition that can effect a snubbers functionality, these were determined to be the only trendable conditions that can be monitored to prevent failure (i.e., a one time system transient that destroys the snubber is not a condition that can be prevented by trending).

Seven potentially detrimental environments that a snubber could be subjected to have been identified.  A snubber could be subjected to all of these environments or none of them.

1. VIBRATION - When considering vibration, consider predominate modes for both low frequency high amplitude and high frequency-low amplitude as detrimental environments.

2. HIGH TEMPERATURE - Consideration should be made as to whether the ambient temperature or the conduction temperature (heat transferred from the pipe through the clamp in to the snubber) is the more severe condition. 
3. MOISTURE - Generally this is not associated with area humidity, unless it is subject to sudden change potentially resulting in condensation.  This is in areas subject to flooding, spray, drip (e.g., an over head cold water pipe sweating on the snubber), unprotected outside snubbers, etc.

4. DYNAMIC LOADING - Some plants have design basis or expected transients during certain plant evaluations or have systems that "pulse" during operation.   

5. DIRTY - Generally this would include snubbers in area likely to be subjected to an accumulation of dust, grit, boron, etc.

6. ABUSIVE - Generally these could be snubbers in high traffic areas, areas where the potential for use of the snubber as a step is high, near equipment that is routinely overhauled, out side, etc.

7. HIGH RADIATION - Areas should be considered which have high radiation exposure.

Ranking of Snubbers

A ranking system of 1 through 5 is recommended for each snubber for each environment (1 = Low or Not Applicable, 3 Medium or Frequent, 5 High or Continuous).   If a specific value is assigned to each ranking within an environment, it may be necessary to further breakdown the environments or identify more than one ranking value.  For example; a snubber in a 200 F. ambient area and a snubber closely attached to a 500 F. line may have similar temperature effects, so both should be ranked similarly.

Initially, ranking could be by system (e.g., all Main Steam snubbers could have a Temperature ranking of 4; as further data is gathered this could be adjusted up or down as necessary, while all FeedWater snubbers could have a Temperature ranking of 3).


Vibration
High Temp.
Moisture
Dynamic Loading
Dirty
Abusive
High Radiation

Snubber #1 (MS)
4
4
1
3
1
1
2

Snubber #2 (FW)
3
3
2
3
2
1
2

Snubber #3 (CC)
1
1
4
1
1
3
1

After the ranking of each snubber is established, snubbers should be grouped in to similar populations.  As population of snubbers from each group will have to be monitored, large groupings have some initial benefits (i.e., the more groups the more snubbers that require Service Life Monitoring).  However, as the population ages and degradation is identified, the ability to subdivide these populations should be considered up front (i.e., need base line data on sub group snubbers for Service Life Monitoring).

Monitoring a Snubber in a VIBRATION Environment

PHASE 1
PHASE 2
PHASE 3

Monitor Snubber for Visual Indication of Wear on Telescoping/ Support Cylinder (if snubber moves in compression from hot to cold, may require unpinning or observation in hot position)
Trend Drag
Tare Down, examine for Brinnelling and/ or Fretting of Thrust Bearing

If wear in identified, proceed to Phase 2
If drag indicates a detrimental trend, proceed to Phase 3
If brinnelling/ fretting are present, establish Service Life (or if drag still acceptable address further trending)

Monitor Attachment for Visual Indications of Wear (load pins, cotter pins/ c-clips spinning in place, clevis brackets, clamps, etc.)
Trend Drag
Tare Down, examine for Brinnelling and/ or Fretting of Thrust Bearing

If wear in identified, proceed to Phase 2
If drag indicates a detrimental trend, proceed to Phase 3
If brinnelling/ fretting are present, establish Service Life (or if drag still acceptable address further trending)

Monitor Snubber for Visual Indication of Discoloration Due to Heat Produced by Friction
Trend Drag
Tare Down, Brinnelling and/ or Fretting of Thrust Bearing, Discoloration/ thickening of lubricant due to metallic particulate

If heat discoloration is identified, proceed to Phase 2
If drag indicates a detrimental trend, proceed to Phase 3
If brinnelling/ fretting are present, or lubrication is damaged, establish Service Life (or if drag still acceptable address further trending)

Monitoring a Snubber in a HIGH TEMPERATURE Environment

PHASE 1
PHASE 2
PHASE 3

For high Temperature environments, Trend Drag
Tare Down, Discoloration/ thickening of lubricant due to high temperature
None

If drag is increasing, proceed to Phase 2
If lubrication is damaged, establish Service Life (or if drag still acceptable address further trending)


Monitor Snubber for Visual Indication of Discoloration Due to Heat
Trend Drag
Tare Down, Discoloration/ thickening of lubricant due to high temperature

If discolored, proceed to Phase 2
If drag is increasing, proceed to Phase 3
If lubrication is damaged, establish Service Life (or if drag still acceptable address further trending)

Monitoring a Snubber in a MOISTURE Environment

PHASE 1
PHASE 2
PHASE 3

Trend Drag
Tare Down, Discoloration/ thickening of lubricant moisture breakdown, internal corrosion in functional areas (generally this is a simple tare down, remove position indicator tube and either dust cover of housing)
None

If drag is increasing, proceed to Phase 2
If lubrication is damaged, or internal corrosion is identified, establish Service Life (or if drag still acceptable address further trending)


Monitor Snubber for Visual Indication of Discoloration Due to Moisture
Trend Drag, if drag is increasing, proceed to Phase 3
Tare Down, Discoloration/ thickening of lubricant moisture breakdown, internal corrosion in functional areas (generally this is a simple tare down, remove position indicator tube and either dust cover of housing)

If discolored, proceed to Phase 2
If drag is increasing, proceed to Phase 3
If lubrication is damaged, or internal corrosion is identified, establish Service Life (or if drag still acceptable address further trending)

Monitoring a Snubber in a DYNAMIC LOADING Environment

PHASE 1
PHASE 2
PHASE 3

Monitor Snubber for Visual Indication of Wear on Telescoping/ Support Cylinder (if snubber moves in compression from hot to cold, may require unpinning or observation in hot position)
Trend Drag
Tare Down, examine for Brinnelling and/ or Fretting and/ or cracking of Thrust Bearing, wear of capstan spring tangs, wear of capstan (mandrel) or capstan spring

If wear in identified, proceed to Phase 2
If drag indicates a detrimental trend, proceed to Phase 3
If brinnelling/ fretting or wear are present, establish Service Life (or if drag still acceptable address further trending)

Monitor Snubber for Visual Indication of displaced spherical bearing
Trend Drag
Tare Down, examine for Brinnelling and/ or Fretting and/ or cracking of Thrust Bearing, wear of capstan spring tangs, wear of capstan (mandrel) or capstan spring

If a displaced spherical bearing is identified, proceed to Phase 2
If drag indicates a detrimental trend, proceed to Phase 3
If brinnelling/ fretting or wear are present, establish Service Life (or if drag still acceptable address further trending)

Monitor Attachments for Visual Indication of Wear or Damage (broken/ cracked/ warn; load pins, cotter pins/ c-clips, spherical bearings, clevis brackets, clamps, etc.)
Trend Drag
Tare Down, examine for Brinnelling and/ or Fretting and/ or cracking of Thrust Bearing, wear of capstan spring tangs, wear of capstan (mandrel) or capstan spring

If wear or damage is identified, proceed to Phase 2
If drag indicates a detrimental trend, proceed to Phase 3
If brinnelling/ fretting or wear are present, establish Service Life (or if drag still acceptable address further trending)

Monitoring a Snubber in a DIRTY Environment

PHASE 1
PHASE 2
PHASE 3

Trend Drag and Acceleration
Tare Down, Drag; Discoloration/ thickening of lubricant moisture breakdown, internal corrosion in functional areas (generally this is a simple tare down, remove position indicator tube and either dust cover of housing), Acceleration; inspect for debris in capstan/ capstan spring area
None

If drag or acceleration are increasing, proceed to Phase 2
If lubrication is damaged, or internal corrosion is identified or debris is found in functional areas of the snubber, establish Service Life (or if drag still acceptable address further trending)


Monitor Snubber for Visual Indication of external of debris
Trend Drag and Acceleration
Tare Down, Drag; Discoloration/ thickening of lubricant moisture breakdown, internal corrosion in functional areas (generally this is a simple tare down, remove position indicator tube and either dust cover of housing), Acceleration; inspect for debris in capstan/ capstan spring area

If debris is identified, proceed to Phase 2
If drag or acceleration are increasing, proceed to Phase 3
If lubrication is damaged, or internal corrosion is identified or debris is found in functional areas of the snubber, establish Service Life (or if drag still acceptable address further trending)

Monitoring a Snubber in a ABUSIVE Environment

PHASE 1
PHASE 2
PHASE 3

Trend Drag
Tare Down, Discoloration/ thickening of lubricant moisture breakdown, internal corrosion in functional areas (generally this is a simple tare down, remove position indicator tube and either dust cover of housing)
None

If drag is increasing, proceed to Phase 2
If lubrication is damaged, or internal corrosion is identified, establish Service Life (or if drag still acceptable address further trending)


Monitor Snubber for Visual Indication of external wear or damage
Trend Drag
Tare Down, Discoloration/ thickening of lubricant moisture breakdown, internal corrosion in functional areas (generally this is a simple tare down, remove position indicator tube and either dust cover of housing)

If wear or damage is identified, proceed to Phase 2
If drag is increasing, proceed to Phase 3
If lubrication is damaged, or internal corrosion is identified, establish Service Life (or if drag still acceptable address further trending)

Monitoring a Snubber in a HIGH RADIATION Environment

PHASE 1
PHASE 2
PHASE 3

Trend Drag
Tare Down, Discoloration/ thickening of lubricant moisture breakdown, internal corrosion in functional areas (generally this is a simple tare down, remove position indicator tube and either dust cover of housing)
None

If drag is increasing, proceed to Phase 2
If lubrication is damaged, or internal corrosion is identified, establish Service Life (or if drag still acceptable address further trending)


Attachment 3
Drag Test Plots

Snubber Bench Test Drag Plot



The solid line on a drag plot indicates the amount of force that it takes to move the snubber at a preset rate. This value is known as the Drag Value, in pounds.  

The general acceptance criteria for snubber drag is nominally:

The dashed line on a drag plot indicates the velocity  at which the snubber was being stroked, in inches per minute.

pre-service snubbers

(1% of rated load, acceptable (note if tested at 5 ipm an exceeds 1%, may be re-tested at 2 ipm before identification as suspect).

>1% of rated load, suspect, do not use, initiate investigation

in-service snubbers

(1.5% of rated load, acceptable, reuse

>1.5% (5% of rated load, acceptable but degraded, replace with new/ stock snubber, initiate investigation

>5% of rated load, unacceptable, replace with new/ stock snubber, initiate investigation

Other consideration for the drag plot

· The as-found and as-left drag plots should be similar.  If not this is an indication of degraded lubricant or foreign material within the snubber.

· Sometimes the snubber drag load may spike to an unacceptable level (in either or both directions), but the remainder of the test is acceptable.  This can be caused by the position of the inertia mass after stroking to the required position, if the snubber was stopped with the inertia masses eccentric weight acting on the capstan spring, the snubber will appear falsely locked if movement is started in the opposite direction.  If this is determined to be the cause, this is neither a test program failure nor an operability issue.  As part of this determination process this snubber should be disassembled to assure there is no degradation at the extremes of the useable stroke area.

· The peaks and valleys should be uniform.  These are caused by eccentricity of the inertia mass as it rotates.  If these are erratic it indicates the inertia mass potentially sticking or the ball bearings at the thrust bearing in the ball nut are passing over brinnell indications.  Note that the peaks and valleys for PSA 1/4s through 10s represent each rotation of the ball screw shaft and related to the threads per inch (if you count the threads on a PSA 1/4 or 1/2, recognize that it is a triple lead screw and therefore only count every third thread., but for PSA 35s and 100s, this rotation is increased seven times over the number of threads per inch by the planetary gear assembly.  Therefore, the PSA 1/4s through 10s have a gently rolling series of peaks and valleys, the PSA 35s and 100s have a series of small frequent spikes.

· If you plot the mean of both drag lines they should be relatively parallel.  If they not parallel (e.g., bowed, inclining, declining, etc.) this indicates a bent torque shaft, guide rods, but can also indicated degrading lubricant.

· Sharp drag spikes are often caused by electrical noise and are not related to the performance of the snubber.  The snubber should be re-tested to see if the spike re-occurs while closely monitoring the surround environment for things that can cause electrical noise (e.g., radios, flickering lights, switches, loading or unloading of related circuits, etc.).  Electrical noise would not be a test program failure nor an operability issue.  However, the snubber should also be disassembled to assure that the spike was not caused by a foreign particle that was temporarily moved out of the stroke area.  Generally the latter would be considered a test program failure, or at least require the evaluation of its potential generic and long term implications, but would not require any location specific evaluation it would be considered a self relieving stress.

Operability considerations
Snubber testing is performed to generic values to address/ access the health of the entire population of snubbers.  While under a statistical/ representative test program (e.g., Tech Spec 10% or 37 plan) failure of the established generic values must be counted as a test program failure, this does not mean that a snubber with those values would have any adverse affects at their specific location.

Drag testing is performed over standard stroke are of the snubber (e.g., nominally the stroke length of the snubber less a 1/2 inch buffer on each end).  Therefore, the drag plot should be compared with the actual working stroke area for that specific snubber location, if over that area the drag is acceptable or degraded, the attached system was not subjected to any adverse loading.

Drag testing is conservatively done at 2 inches per minute for in-service snubbers.  We allow testing at 5 inches per minute for pre-service snubbers.  The faster the snubber is test for drag at, the higher the drag value will be (e.g., a snubber tested at 5 ipm will have a higher drag value that if it was tested at 2 ipm, or the higher the speed, the more likely to fail the drag criteria).  Thermal expansions of most systems occur at very low rates (i.e., inches per hour), therefore, to address operability effects it may be beneficial to re-test the snubber at a lower rate.  Snubber safety relief and blowdown systems have thermal expansions rates at or close to 2 ipm.  It should be noted that drag testing above 5 ipm has been found to frequently result in snubber activation, which is then shown as falsely high drag.

If a snubber is found to be locked during bench testing, it should be checked to see if simple agitation will allow it to move.  This can be done several ways, stroking by hand, using the jog function of the bench to moving back and forth (watch the force indication to assure you do not damage the snubber), or during a drag test, mechanically agitating the snubber (i.e., shake/ rock the snubber).  Care should be take not to exert a mechanical agitation on the snubber in the bench that could directly effect the load cell (e.g., do not hit the snubber axially or hard perpendicularly).

Attachment 4
 Acceleration Test Plots







Acceleration failures of PSA snubbers are rare.  Unless the snubber has evidence of recent exposure to moisture, oil, fine dust (i.e., something that potentially got into the snubber and is lubricating the capstan area) the first area of investigation should be to assure the bench is functioning properly and that the computer properly interpreted the data.

Acceleration testing is done to a load value known as "Partial Load" testing.  The industry has done extensive testing to demonstrate that the test result of partial load testing bounds full load testing.  However, it is recognized that loading does have some affects on activation.  Therefore, for an acceleration failure of the 0.02g criteria, it is advisable that the test be re-run at the location specific load for the operability determination.

Acceleration testing is performed at generally very low ramp rates, boost pressures, test duration, etc. as to not challenge the test hardware and provide conservative and repeatable values. On a limited basis for operability evaluation, these values may be altered to make the snubber activate as it would during a design basis event.  If this action is determined necessary, the performance of the bench should be addressed first to assure it is not degrading (i.e., a seal bleeding by, loose connection, etc.).  the simplest way to check bench performance is to re-test a snubber previously satisfactorily tested.

The cost and time involved with addressing acceleration values exceeding 0.02g's is generally prohibitive of any action to accept anything exceeding this value.

Acceleration is the slope of the line representing velocity over time, once load is picked up.  Or mathematically:

STB-200 Acceleration Mathematical Process

Maximum Force = The maximum force recorded over the entire test period

1/2 Force = 1/2 of the Maximum force (this is the point to start looking for Min Velocity)

V Min = The Minimum Velocity from 1/2 Force to 3/4 of the test period

V Max = The Maximum Velocity from the point of Min Velocity to end of test period

(V = V Max - V Min

(T = (V Max Record Number - V Min Record Number) X 0.002

g’s = (((V / 60) / (T) / 386.4

To check the function of the bench a snubber that is known to have successfully passed functional test should be re-tested.  If this snubber also fails, or subsequent failures occur, the bench should be re-calibrated, any indicated maintenance performed (e.g., oil and filters changed, seals replaced, etc.) and the test parameters addressed and changed as necessary to compensate for aging of the test equipment.

The computer program determines the acceleration of a snubber by finding a point where load has picked-up (i.e., the snubber activation) and then determines the slope of the velocity line and the period of time at witch the slope it is relatively constant.  However, by the design of a PSA snubber, once activated it is constantly activation and releasing which generally prevents a smooth velocity line.  Occasionally (less than 1 in 100 tests) the computer will select a portion of the line that is not representative of the snubber performance (it always defaults to the more conservative slope, i.e., will pick a acceleration rate that is a failure over one that is acceptable).  The slope should be then be recalculated by hand to verify failure or acceptability.

The minimum acceleration force criteria is an arbitrary value identified to help identify "run-away" snubbers (i.e., a snubber that does not truly activate).  Generally, the lower the activation force the better the snubber, unless it is a run-away.  If a value is record lower than this criteria, the snubber should only be considered suspect and the evaluator shall utilize the acceleration plot to determine if load increased and that velocity increased and decreased, at least once, before going to constant slope.  If these conditions are confirmed the snubber should be classified as functional and returned to service.

Attachment 5
PSA “Small” Failure Analysis Check List

General Information
Support MK-
 
Building:

Room:

Elev.:


 FORMCHECKBOX 
 PIP/CER  FORMCHECKBOX 
 NCN Number 

Disposition Number: 

STTS Number: 

MWR Number: 


Snubber Information
 FORMCHECKBOX 
 PSA-1/4   FORMCHECKBOX 
 PSA-1/2

Snubber Serial Number: 

Year Manufactured: 

Functional Test Results

Tension

Drag:
#
Acceleration:
g's
Force 
#

Compression 

Drag:
#
Acceleration: 
g's 
Force 
#

Test Anomaly Description

 FORMCHECKBOX 
 Running Drag High  FORMCHECKBOX 
 Drag Spike  FORMCHECKBOX 
 High Activation  FORMCHECKBOX 
 No Activation

 FORMCHECKBOX 
 High Activation Force  FORMCHECKBOX 
 Low Activation Force  FORMCHECKBOX 
 Frozen  FORMCHECKBOX 
 Won't Stroke Vertical

 FORMCHECKBOX 
 Tension Only  FORMCHECKBOX 
 Compression Only  FORMCHECKBOX 
 Both Directions

 FORMCHECKBOX 
 Condition Repeats  FORMCHECKBOX 
 Condition Travels  FORMCHECKBOX 
 Condition Self Cleared

 FORMCHECKBOX 
 Other 


Configuration/ Environment

 FORMCHECKBOX 
 Vertical  FORMCHECKBOX 
 Horizontal  FORMCHECKBOX 
 Angle 
  FORMCHECKBOX 
  End Cap Up  FORMCHECKBOX 
 End Cap Down
 FORMCHECKBOX 
 Short Transition Tube  FORMCHECKBOX 
 Long Transition Tube

 FORMCHECKBOX 
 Snubber at Structure  FORMCHECKBOX 
 Snubber at Pipe

System Temperature: 
(F.

Ambient Temperature:
(F.

Air Currents:  FORMCHECKBOX 
 None Noticeable  FORMCHECKBOX 
 Moderate Movement  FORMCHECKBOX 
 High Flow

System Vibration or Movement:

 FORMCHECKBOX 
 None  FORMCHECKBOX 
 Low Amplitude  FORMCHECKBOX 
 High Frequency  FORMCHECKBOX 
 Flow Pulse  FORMCHECKBOX 
 Osculation

Frequencies:

Snubber Visual Indication

General Unit Condition
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Physical Damage
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Spherical Bearing Staked
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Spherical Bearing Free
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 


Spherical Bearing Wear
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Will the snubber stroke horizontally by hand:  FORMCHECKBOX 
 Yes   FORMCHECKBOX 
 No  FORMCHECKBOX 
 Partial 

Will the snubber stroke vertically by hand:  FORMCHECKBOX 
 Yes   FORMCHECKBOX 
 No  FORMCHECKBOX 
 Partial 

Housing Snap Ring - Remove Housing Snap Ring
Beveled Side of Snap Ring Up
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Grasp housing and support cylinder, turn housing end up, hold snubber by support cylinder/ position indicator tube, housing should spin smoothly.

 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 


Housing - Remove Housing
Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication Powder
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Housing Ball Condition
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft Washers
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Washers Hard to Remove
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft End Concave
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Inertia Mass - Remove Inertia Mass
Inertia Mass Hard to Remove
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Clutch Spring
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft Washer
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Torque Carrier Assembly

Whit the end cap up can the snubber be stroked by rotating the toque carrier.

 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 


If not can a loose ball be heard if shook.  FORMCHECKBOX 
 Yes  FORMCHECKBOX 
 No

Remove Torque Carrier Assembly (un-screw)

Screw Shaft End Concave
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft Straight
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Retrieve Ball From Inside Snubber

Ball Condition
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Capstan Spring - Remove capstan spring from torque carrier
Spring Tang Wear
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Silver Platting
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Support Cylinder

Does support cylinder and position indicator tube stroke freely.

 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 


Breaking marks on Capstan
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rod & Bearing Assembly - Remove outer housing rod and bearing assembly from support cylinder.

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Anti Rotation Key In Place
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Pivot Bearing Torqued
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Guide Rods Straight
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Internal of Support Cylinder
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Internal Position Indicator Tube
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Notes 


CONCLUSION

Postulated Snubber Specific Cause of the Snubber Degradation or Failure

 FORMCHECKBOX 
 Overload  

 FORMCHECKBOX 
 Wear 


 FORMCHECKBOX 
 Fretting

 FORMCHECKBOX 
 Lubrication Failure 

 FORMCHECKBOX 
 Installation 


 FORMCHECKBOX 
 Other 


Postulated External Cause of the Snubber Degradation or Failure

 FORMCHECKBOX 
 High Temperature 

 FORMCHECKBOX 
 High Moisture 

 FORMCHECKBOX 
 High Frequency Vibration 

 FORMCHECKBOX 
 Low Amplitude Vibration 

 FORMCHECKBOX 
 System Oscillation 

 FORMCHECKBOX 
 Abuse 

 FORMCHECKBOX 
 Dirt 

 FORMCHECKBOX 
 High Radiation  

 FORMCHECKBOX 
 Dynamic Loading 


 FORMCHECKBOX 
 Other 


Postulated Root Cause of the Snubber Degradation or Failure

Recommended Corrective Action

Comments: 


Responsible Engineer

Date


Attachment 6
PSA “Medium” Failure Analysis Check List

General Information
Support MK-
 
Building:

Room:

Elev.:


 FORMCHECKBOX 
 PIP/CER  FORMCHECKBOX 
 NCN Number 

Disposition Number: 

STTS Number: 

MWR Number: 


Snubber Information
 FORMCHECKBOX 
 PSA-1   FORMCHECKBOX 
 PSA-3   FORMCHECKBOX 
 PSA-10

Snubber Serial Number: 

Year Manufactured: 

Functional Test Results

Tension

Drag:
#
Acceleration:
g's
Force 
#

Compression 

Drag:
#
Acceleration: 
g's 
Force 
#

Test Anomaly Description

 FORMCHECKBOX 
 Running Drag High  FORMCHECKBOX 
 Drag Spike  FORMCHECKBOX 
 High Activation  FORMCHECKBOX 
 No Activation

 FORMCHECKBOX 
 High Activation Force  FORMCHECKBOX 
 Low Activation Force  FORMCHECKBOX 
 Frozen  FORMCHECKBOX 
 Won't Stroke Vertical

 FORMCHECKBOX 
 Tension Only  FORMCHECKBOX 
 Compression Only  FORMCHECKBOX 
 Both Directions

 FORMCHECKBOX 
 Condition Repeats  FORMCHECKBOX 
 Condition Travels  FORMCHECKBOX 
 Condition Self Cleared

 FORMCHECKBOX 
 Other 


Configuration/ Environment

 FORMCHECKBOX 
 Vertical  FORMCHECKBOX 
 Horizontal  FORMCHECKBOX 
 Angle 
  FORMCHECKBOX 
  End Cap Up  FORMCHECKBOX 
 End Cap Down
 FORMCHECKBOX 
 Short Transition Tube  FORMCHECKBOX 
 Long Transition Tube

 FORMCHECKBOX 
 Snubber at Structure  FORMCHECKBOX 
 Snubber at Pipe

System Temperature: 
(F.

Ambient Temperature:
(F.

Air Currents:  FORMCHECKBOX 
 None Noticeable  FORMCHECKBOX 
 Moderate Movement  FORMCHECKBOX 
 High Flow

System Vibration or Movement:

 FORMCHECKBOX 
 None  FORMCHECKBOX 
 Low Amplitude  FORMCHECKBOX 
 High Frequency  FORMCHECKBOX 
 Flow Pulse  FORMCHECKBOX 
 Osculation

Frequencies:

Snubber Visual Indication

General Unit Condition
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Physical Damage
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Spherical Bearing Staked
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Spherical Bearing Free
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 


Spherical Bearing Wear
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Dust Cover Not Dented
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Will the snubber stroke horizontally by hand:  FORMCHECKBOX 
 Yes   FORMCHECKBOX 
 No  FORMCHECKBOX 
 Partial 

Will the snubber stroke vertically by hand:  FORMCHECKBOX 
 Yes   FORMCHECKBOX 
 No  FORMCHECKBOX 
 Partial 

Housing Snap Ring - Remove Housing Snap Ring
Beveled Side of Snap Ring Up
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Housing - Remove Housing
Can the snubber be stroked by rotating the inertia mass (note inertia mass can also be accessed by removing dust cover).

 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 


Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication Powder
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft End
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft Snap Ring/ Washer
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Inertia Mass - Remove Inertia Mass
Inertia Mass Hard to Remove
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Clutch Spring
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear, Fretting or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft Washer
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Torque Carrier Assembly - Remove Torque Carrier Assembly

Torque Carrier Hard to Remove
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft Washer
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft Key In Place
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Capstan Spring - Remove capstan spring from torque carrier
Spring Tang Wear
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Silver Platting
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Support Cylinder

Does support cylinder and position indicator tube stroke freely (use care not to run the screw shaft out one end).

 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 


Breaking marks on Capstan
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Thrust Bearing - Remove Screw Shaft, Ball Nut Assembly, and Thrust Bearing.

Thrust Bearing Nut Staked
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Inner Thrust Bearing
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Outer Thrust Bearing
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Ball Bearings
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Fretting marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Brinnelling marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

No Cracks/ Breaks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft and Ball Nut Assembly - Remove Ball Nut Assembly with Screw Shaft from Support Cylinder by unscrewing from telescoping cylinder/ position indicator tube.

Inner Tube Staked to Ball Nut
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft Threads
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Ball Bearings within Ball Nut
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Ball Nut Traverse Screw Shaft
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Fretting marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Brinnelling marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Support Cylinder (again)

Support Cylinder Guide Plate
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Internal Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Telescoping Cylinder - May require the removal of position indicator tube.
Telescoping Cylinder Stake Area
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Notes 


CONCLUSION

Postulated Snubber Specific Cause of the Snubber Degradation or Failure

 FORMCHECKBOX 
 Overload  

 FORMCHECKBOX 
 Wear 


 FORMCHECKBOX 
 Fretting

 FORMCHECKBOX 
 Lubrication Failure 

 FORMCHECKBOX 
 Installation 


 FORMCHECKBOX 
 Other 


Postulated External Cause of the Snubber Degradation or Failure

 FORMCHECKBOX 
 High Temperature 

 FORMCHECKBOX 
 High Moisture 

 FORMCHECKBOX 
 High Frequency Vibration 

 FORMCHECKBOX 
 Low Amplitude Vibration 

 FORMCHECKBOX 
 System Oscillation 

 FORMCHECKBOX 
 Abuse 

 FORMCHECKBOX 
 Dirt 

 FORMCHECKBOX 
 High Radiation  

 FORMCHECKBOX 
 Dynamic Loading 


 FORMCHECKBOX 
 Other 


Postulated Root Cause of the Snubber Degradation or Failure

Recommended Corrective Action

Comments: 


Responsible Engineer

Date


Attachment 7
PSA "Large" Failure Analysis Check List

General Information
Support MK-
 
Building:

Room:

Elev.:


 FORMCHECKBOX 
 PIP/CER  FORMCHECKBOX 
 NCN Number 

Disposition Number: 

STTS Number: 

MWR Number: 


Snubber Information
 FORMCHECKBOX 
 PSA-35   FORMCHECKBOX 
 PSA-100

Snubber Serial Number: 

Year Manufactured: 

Functional Test Results

Tension

Drag:
#
Acceleration:
g's
Force 
#

Compression 

Drag:
#
Acceleration: 
g's 
Force 
#

Test Anomaly Description

 FORMCHECKBOX 
 Running Drag High  FORMCHECKBOX 
 Drag Spike  FORMCHECKBOX 
 High Activation  FORMCHECKBOX 
 No Activation

 FORMCHECKBOX 
 High Activation Force  FORMCHECKBOX 
 Low Activation Force  FORMCHECKBOX 
 Frozen  FORMCHECKBOX 
 Won't Stroke Vertical

 FORMCHECKBOX 
 Tension Only  FORMCHECKBOX 
 Compression Only  FORMCHECKBOX 
 Both Directions

 FORMCHECKBOX 
 Condition Repeats  FORMCHECKBOX 
 Condition Travels  FORMCHECKBOX 
 Condition Self Cleared

 FORMCHECKBOX 
 Other 


Configuration/ Environment

 FORMCHECKBOX 
 Vertical  FORMCHECKBOX 
 Horizontal  FORMCHECKBOX 
 Angle 
  FORMCHECKBOX 
 End Cap Up  FORMCHECKBOX 
 End Cap Down
 FORMCHECKBOX 
 Short Transition Tube  FORMCHECKBOX 
 Long Transition Tube

 FORMCHECKBOX 
 Snubber at Structure  FORMCHECKBOX 
 Snubber at Pipe

System Temperature: 
(F.

Ambient Temperature:
(F.

Air Currents:  FORMCHECKBOX 
 None Noticeable  FORMCHECKBOX 
 Moderate Movement  FORMCHECKBOX 
 High Flow

System Vibration or Movement:

 FORMCHECKBOX 
 None  FORMCHECKBOX 
 Low Amplitude  FORMCHECKBOX 
 High Frequency  FORMCHECKBOX 
 Flow Pulse  FORMCHECKBOX 
 Osculation

Frequencies:

Snubber Visual Indication

General Unit Condition
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Physical Damage
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Spherical Bearing Staked
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Spherical Bearing Free
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 


Spherical Bearing Wear
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Dust Cover Not Dented
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Will the snubber stroke horizontally by hand:  FORMCHECKBOX 
 Yes   FORMCHECKBOX 
 No  FORMCHECKBOX 
 Partial 

Will the snubber stroke vertically by hand:  FORMCHECKBOX 
 Yes   FORMCHECKBOX 
 No  FORMCHECKBOX 
 Partial 

Inertia Mass - Remove Adapter Nut, Dust Cover and Inertia Mass
Can the snubber be stroked by rotating the inertia mass.

 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 


Inertia Mass Free Play
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Torque Carrier Nut/ Cotter Pin
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Torque Carrier Washer
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Inertia Mass Easy to Remove
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Clutch Spring
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear, Fretting or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Torque Carrier Assembly - Remove Torque Carrier Assembly

Torque Carrier Hard to Remove
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Pinion Gear
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Capstan Spring - Remove capstan spring from torque carrier
Spring Tang Wear
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Silver Platting
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Housing - Remove Housing
Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication Powder
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Capstan - Remove from housing.
Breaking marks on Capstan
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Ring Gear - Remove from housing.
Gear Teeth
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Silver Platting
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Fretting marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Brinnelling marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Planetary Gears - Remove from transition tube.
Gear Teeth
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Silver Platting
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Fretting marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Brinnelling marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Washer/ Wear Plate
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Thrust Bearing - Remove first Outer Thrust Bearing, Ball Bearings, Key, Inner Thrust Bearing, and second Outer Thrust Bearing.

Outer Thrust Bearing
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Inner Thrust Bearing
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Planetary Gear Pinions
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Ball Bearings
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Inner Race/ Screw Shaft Key
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Fretting marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Brinnelling marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

No Cracks/ Breaks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft and Ball Nut Assembly - Remove Ball Nut Assembly with Screw Shaft from Support Cylinder by unscrewing from Telescoping Cylinder/ Position Indicator Tube.

Telescoping Cylinder Staking
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Screw Shaft Threads
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Ball Bearings within Ball Nut
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Ball Nut Traverse Screw Shaft
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Fretting marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Brinnelling marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Support Cylinder (again)

Support Cylinder Guide Plate
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Internal Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Telescoping Cylinder - May require the removal of position indicator tube.
Inner Tube Staking Area
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Heat
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Discoloration - Moisture
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Cleanliness
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Rust
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Lubrication
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Wear or rub marks
 FORMCHECKBOX 
 Sat  FORMCHECKBOX 
 

Notes 


CONCLUSION

Postulated Snubber Specific Cause of the Snubber Degradation or Failure

 FORMCHECKBOX 
 Overload  

 FORMCHECKBOX 
 Wear 


 FORMCHECKBOX 
 Fretting

 FORMCHECKBOX 
 Lubrication Failure 

 FORMCHECKBOX 
 Installation 


 FORMCHECKBOX 
 Other 


Postulated External Cause of the Snubber Degradation or Failure

 FORMCHECKBOX 
 High Temperature 

 FORMCHECKBOX 
 High Moisture 

 FORMCHECKBOX 
 Dynamic Loading 


 FORMCHECKBOX 
 System Oscillation 

 FORMCHECKBOX 
 High Frequency Vibration 

 FORMCHECKBOX 
 Low Amplitude Vibration 

 FORMCHECKBOX 
 Abuse 

 FORMCHECKBOX 
 Dirt 

 FORMCHECKBOX 
 High Radiation  

 FORMCHECKBOX 
 Other 


Postulated Root Cause of the Snubber Degradation or Failure

Recommended Corrective Action

Comments: 


Responsible Engineer

Date


Position





Velocity





Force





Velocity should be constant 





Breakaway drag spike





Each series of peaks and valleys represents one full rotation of the Inertia Mass 





Inertia Mass hole at Top Dead Center 





Inertia Mass hole at Bottom





Generally due to Dead Band/ Lost Motion





Load Pick Up, Acceleration Drops





Under Load Acceleration is Constant





Load Drops of due to limitation of Test Bench, Acceleration may become erratic in this area (hunting)





Time





Velocity





Force





Acceleration with no/ low Load









