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ANALYSIS OF DESIGN PRACTICES FOR SNUBBERS 
(REPORT 3) 

J. K. Bui^er 

ABSTRACT 

In an effort to understand the expected perfonaance of 
snubbers, a survey of current design methods was performed. 
Questionnaires were sent to the major snubber manufacturers 
requesting information on important phases of snubber analy
sis, testing, shipping, and handling. The elements of 
design considered in the questionnaire were derived from an 
evaluation of snubber failure histories and the performance 
requirements of snubber users. After careful examination of 
replies to the questionnaires, the author believes that the 
snubber manufacturers are making a conscientious effort to 
supply a product that will meet the needs of the power 
industry but, at the same time, are finding it difficult, if 
not impossible, to insure snubber performance in all applica
tions. There are three reasons for chis opinion. First the 
owners' design specifications are often vague and incomplete. 
Second, the stringent requirements for restraint systems in 
nuclear power plants have introduced relatively new design 
problems to the snubber manufacturers. Third, the manufac
turers have had neither the time nor the resources to de
velop the data base required to answer recent questions on 
snubber performance from regulating agencies, utilities, and 
architectural and engineering firms. 

Keywords;: snubbers, spring constant, iterative motion, 
hydraulic fluid, load rating . 

1. INTRODUCTION 

The purpose of this report is to survey the design criteria of snub
ber manufacturers in an effort to understand their interpretation of 
snubber performance and to investigate standard procedures relating to 
installation, maintenance, shipping, and handling in order to reveal 
possible problems. A questionnaire concerning this information was sent 
to snubber manufacturers and the answers were tabulated. A comparison was 
then made regarding the manufacturers' methods of supplying data, perform
ance data they felt was important, and their own interpretation of expected 
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snubber performance. These questions directed to the manufacturers were 
derived from problem areas revealed by the first two reports" 3 in this 
series as well as from consultation with experts in snubber design. Ihe 
areas considered in the questionnaire were 

1. shipping and handling, 
2. installation, 
3. maintenance, 
4. seals. 
5. fluids, 
6. field failures, 
7. snubber loads, 
8. snubber ratchetting, 
9. snubber testing, 

10. snubber analysis, 
11. calculated snubber spring constant, 
12. snubber modeling. 
A great deal c* emphasis in the questionnaire was placed on the 

design criteria because it is apparent that the majority of users do not 
clearly understand these factors. 

Response to the questionnaire consisted of only three replies out 
of seven requests for information. Nevertheless, these three replies 
indicated careful consideration of the questions and clearly revealed the 
manufacturers' interpretation of snubber performance and supplier problems 
as well as the differences in their design philosophies. The responses 
also provided insight Into individual manufacturing design practices. 

2. RESPONSES TO QUESTIONNAIRE 

Thii» section contains questions and answers (italics) derived from 
the supplier questionnaire. The manufacturers responding indue* » two 
hydraulic snubber manufacturers and one mechanical snubber manufacturer, 
indicated by numbers 1, 2, and 3, respectively. At the end of each topic 
the author's commentary is presented to highlight important design prac
tices and emphasize possible problems revealed by the questionnaire 
responses. 
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2.1 Shipping and Handling 

How are your snubbers prepared for shipment? 
1. Snubbers are completely packaged in accordance with the current 

code or customer' spec'ficzcion requirements. 
2. Normal preparations for shipment, include painting to customer 

specification, stamping mark numbers in a conspicuous place3 

attaching an acceptance tag that includes performance specifica
tions, presetting to customer hot and cold position settings, 
and shrouding the piston rod. The unite are then combined ii 
their respective struts and blocked for shipment. However, h.e 
would prefer to ship the units in separate packaging to protect 
them from the handling that is usually associated with struc
tural steel. Most of the time our procurement specifications 
require that the strut assembly be completed as much as is 
possible prior to shipment, thus precluding the ability to 
handle the hydraulic or mechanical snubbers on an individual 
basis. 

3. Packaging and shipping are handled in accordance with the cus
tomer's requirements. Normally, small snubbers ar-e first placed 
in a polyethylene bag and then packaged in a fiberboard con
tainer with suitable padding. Larger snubbers are mounted on 
wooden pallets on padded support blocks, and the sktd is then 
seeled with a heavy fiberboard cover. 

What precautions are included in preparation for shipment to prevent 
the entry of air into the snubber fluid system during shipment, 
subsequent storage and handling, and installation? 
1. Shipping plugs are used. 
2. No precautions are required due to the pressurized interface 

reservoir. 
3. Not applicable (mechanical snubber). 

What precautions are taken in preparation for shipment to allow for 
the effect of temperature variation during shipment and subsequent 
storage? 
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1. No precautions are required since fluid expansion is taken up cy 
piston rod motion. 

2. The pressurized reservoir is equipped with an overfilled pro
tection vent which relieves excessive fluid volumes caused by 
overfilling or temperature variation. 

3. Not applicable. Temperature has no material effect on the 
snubber. 

0. What special parts or devices used on snubbers during shipment are to 
be removed at the time of installation? What method is used to 
assure their proper removal and/or replacement? 

1. Special parts used for shipment vary with the contract; generally, 
a shipping plug (red tagged) is used. 

2. The preset clamp, which is equipped with a warning tag indicat
ive its removal after installation, restrains the piston rod 
to ease installation. The installation and maintenance manual 
also directs removal of the tag and preset clamp after unit 
installation. 

3. There are no special devices attached to the snubber for shipment. 

E. How is the snubber packaged for shipment and storage? 

1. In accordance with shipment and storage procedures. 
2. Snubbers are blocked, strapped, and shipped in tri-wall con

struction containers. 
3. Requirements of Level C of ANSI N4S.2.2 are met. 

2.1.1 Commentary 

Shipping restraints and plugs introduce potential problems in snubber 
operation. Consultation with experts in snubbsr repair and installation 
has indicated that many snubbers are Installed and placed in service 
without removing the clearly marked shipping restraints and plugs. These 
restraints may render the snubber inoperable and aay even cause severe 
damage to the supported member during plant startup. 
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2.2 Installation 

Is a Tormal instruction manual furnished to your customers for the 
installation of snubbers? 
1. Yes. 
2. Generally, formal instruction manuals are furnished as part of 

the contract's specification. If the contract does not specifi
cally call for installation instructions or maintenance manna* ;, 
they are furnished upon request on a complimentary basis. 

3. An instruction manual is famished along with the necessary 
design drawing and parts list. 

Du your personnel sv.pervise installation of snubbers in the plant? 
1. Yes. 
2. Normally installation of snubbers, struts, or other pipe-supvort 

equipment is by piping contractors who are competeni in the 
installation of such equipment. With regard to snubbers, factory 
technical advisors do not usually supervise the installation cf 
these units. Depending on the circumstances, fictory personnel 
are available for assistance should the installer require help. 

3. We do not xct.ma.lhj supervise the installation of snubbers; 
however, we provide ivisory assistance if requested. 

Is it possible for the user to verify lockup and bleed rates for 
snubbers at the time of installation? How is this accomplished? 
1. Yes. Rates can be verified by a testing device which our 

company supplies. 
2. Currently units are 100% factory tested and tagged with all 

pertinent performance information. Prior to actual installa
tion, a unit may be retested on a hydraulic test stand designed 
by the utility, our company, or others. 

3. At the present time a snubber of our design can be checked in 
the fie*A to insure that it moves freely within thb specified 
friction levels allowed. On smaller units it car. also br con-
fi~Tied that the unit does apply resistance to db>\ormal accelera
tions above its threshold. The snubber cannot be quantitatively 

http://xct.ma.lhj
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measured •>•>•. the field, out ise currently have under development 
a means for quantitatively determining these values which should 
ve available during 1977. 

D. Does the instal la t ion manual contain limitations f^r the angular 
orientation of snubbers when installed? 

1. Yes. 
2. There are no mounting limitations for our hydraulic shock and 

sway arrestor units. 
3. The snubber itself is not orientation limited and can be in

stalled in any angular position. The only limitation is to 
ensure that the self-aligning ball bushing has proper freedom of 
movement after installation. 

E. Does the ins ta l la t ion manual recommend any post- instal lat ion testing? 
How i s th is accomplished? 

1. Yea. Post-installation testing is accomplished by whichever 
test is defined in the specifications. 

2. No post-installation testing is required. 
3. Omitted. 

F. How do the instructions in the installation manual provide for con
tinuous maintenance of proper fluid level in the snubber and the 
reservoir during snubber installation? 

1. The instructions provide for proper fluid level by sp sifi'j 
orientation methods. 

2. All units furnished to date have been equipped with c fluid-
level indicator as a design standard. This featixre, 'jourlvd with 
the air-oil piston interface reservoir, provides a. means for 
exact determination of the proper fluid level at all tines. 
Only our company offers the calibrated indicator plate, which 
indicates fluid level as a function of piston position, "his 
information is also included in the service and maintenance 
manual. 

3. Not applicable. 
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Hov does the installation manual provide for the removal of shipping 
devices (e.g., the reservoir vent plug) and the installation of 
appropriate operating parts? 

1. This information ie defined in the installation ins trust ions. 
2. There are no vent plugs to be checked; however, the preset elan::-

must be removed. The installation manual has instructions 
indicating that the clamp is to be removed along with the red 
warning tag attached to the clamp itself and to each unit. 

3. There are no shipping devices involved. 

Do you have information indicating a significant cumber of snubber 
failures due to improper installation or handling prior to 
installation? 

1 . No. 

2. Only a small number of failures have been reported and 
documented. 

3. To date we have not had a significant number of failures due to 
improper installation or handling. Some time ago we did find a 
few small snubbers that had been mishandled during installation. 
The installation between the pipe clamp and the wall brackets 
was not well aligned and we found that field personnel had used 
a large 'Jrench in their ^'tempts to twist the self-aligning 
bearing lug into alignment. There is a very simple way to make 
this alignment properly. As a result of these cases, we now 
attiS- a sticker which warns against this procedure across the 
self-aligning bearing of every unit shipped. 

In your experience, what snubber problems are most frequently en
countered as a result of improper installation or handling during 
installation? How can these problems be prevented? 

1. The most frequent problem is failure to remove the reservoir 
shipping plug. 

2. Improper clearanan around trie unit impeding its rotation has 
been a problem resulting from improper installation. 
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3. To date we have not encountered problems in ^.istallation or 
handling. However, we have followed up to find out if there 
were any problems and have not been appi-ised of any. 

J. With reference to hydraulic snubbers, what precautions are recom
mended in your manual to prevent the entry of air in^o the snubber 
during installation? 

1. Two precautions are recommended: (1) remove the shipping plug, 
and (2) do not invert the snubber. 

2. No precautions are necessary because of the air-oil interface 
design. As an additional precaution, the unit is pressurised to 
exclude any additional air entering the system. If the port 
rlugs are not tampered with, no air will be introduced into the 
system. 

3. Not applicable. 

2.2.1 Commentary 

The instruction manuals provided by the manufacturers appear to cover 
installation requirements adequately. Since these manuals provide the 
normal means of communication for snubber installation, it is imperative 
that personnel who are thoroughly familiar with these procedures supervise 
installation. It appears that in many cases the instruction manuals are 
not used during installation. 

2.3 iialntenance 

A. Are customers provided with a formal maintenance manual? 

1. Yes. 
2. Yes. As an added precaution, a periodic geizeval nailing is node 

to ensure that all our customers luxoe maintenance manuals. 
3. An installation and. maintenance manual is furnished to our 

customers. We plan to expand this manual as necessary to in
corporate in-sorvics inspection, tools, and techniques as well 
as field repair. 
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What is the nature and frequency of maintenance inspection recom
mended by your manual? 

1. Yearly inspection is recommended. 
2. We recommend periodic logged-in inspection on a yearly basis or 

as it coincides with long-term scheduled shutdowns. The Nuclear 
Regulatory Commission (NRC) directive 75-05 (see Ref. 1, Appen
dix E) is also to be considered. Inspection plans are left to 
the discretion of the individual owner. As a minimum, inspec
tion should include the general appearance of the unit fluid 
level and the hot or cold position. Additional recommendations 
are included in the maintenance manual and in additional kit 
instruction sheets contained in each ethylene-propylene master 
kit. 

3. To date we have not established in our manual a formal frequency 
for maintenance and inspection. We have maintained contact with 
the utilities using our snubbers and as yet have not found a 
need for maintenance to any units that have been placed in 
service. 

Can any maintenance required during the design life of your snubbers 
be performed by a customer using your maintenance manual? 

1. Yes. 
2. Yes, this has been successfully demonstrated by many owner/opera

tors. However, some owners do prefer factory overhauls, 2nd 
this service is also provided. 

3. At the present time our maintenance manual does not provide for 
complete repair and maintenance throughout the design life of 
the plant. Our plan is to maintain surveillance of our cus
tomers so that we can have first-hand knowledge of the sn:Jbber's 
performance and whatever maintenance may be eventually require : . 
We plan to incorporate this information into our rnainteK:K"e 
manual and to institute an immediate updatinj of the manvi'. :s 
this material becomes available. 
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What i s the na ture and extent of snubber maintenance serv ices that 

you offer , including lead time and scheduled time requirements? 

1. Because they ax>e defined in the customer's specification, lead 
time and scheduled time requirements vary from contract to 
contract. 

2. Factory service available to the owner includes complete over
haul, reconditioning, and performance testing. Field service 
technical advisors are available to assist the owner in all 
aspects of service, including advice on equipment requirements. 
Special factory tools are available for sale to the plant opera
tor, and occasionally factory calibration equipment is brought 
to the site for field use. 

3 . As stated, no maintenance has been required to date jn our 
snubbers. We would prefer, for a period of tir.c, U have any 
snubbers needing maintenance returned to us for repair so that 
we can fully test and examine the unit in our facility and 
obtain an in-depth knowledge of its service performance. We aan 
offer this service to our customers on an expedient turnaround 
basis. As we learn the nature of the maintenance that might be 
required, we will supplement our maintenance manual so that 
maintenance can be performed in the field. We believe the 
snubber can be completely overhauled in the field and spare 
parts can be made available for that purpose. 

Do you maintain a stock of seal k i t s for a l l models of snubbers, 
including models no longer produced? 

1. Yes. 
2. Yes, we adopted a master kit philosophy which includes seals to 

overhaul any unit manufactured since 1967. Prior to 1067, or.hi 
200 unite, designated as prototypes, were sold. These units had 
red-packing seals with a chevron configuration which cannot be 
molded into ethylene-propylene E74Q-75 type compounds. This 
fact is the only reason that not all of our snubbers can be 
overhauled. 

3. Not applicable. 
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F. What type of in-plant maintenance testing is recommended by your 
manual? 
1. Leak checks are recommended and checks fcr tampering. 
2. tio maintenance testing is currently recommer*ded in the present 

manual, but a section in the revised manual will direct itself 
to field testing. 

3. At present, it is recommended that inspections be made to deter
mine if the arre8tor remains free to function as intended. 
Frequencies and sampling techniques are not specified. 

G. In the event of a major revision to your maintenance manual, are the 
users of your snubbers advised f this revision? If so, how is this 
accomplished? 
1. Yes. This is accomplished by an official letter. 
2. Once units have been furnished to a plant, the manual in effect 

at the time of manufacture is furnished. If a customer requests 
more current information, the request is generally forwarded to 
the Engineering or Product Engineering Departments. 

3. As updated issues of our maintenance manual are produced, they 
will be furnished to our customers. 

H. Do you offer a training program to your customer's plant personnel 
for the maintenance of your snubbers? 
1. Yes. At present the program is for in-house personnel. 
2. A training program is offered. Most of these seminars are 

conducted at the site when requested by the plant engineer. A 
factory training program is also offered on a request basis. 

3. We have offered no formal training program, but we have no 
objection to doing so. 

I. Does your maintenance manual contain a formal procedure for filling 
and bleeding hydraulic snubbers? 
1. Yes. 
2. Yes, specific details are outlined in the manual. 
3. Not applicable. 
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J. Does your Maintenance manual contain specific instructions for com
pliance with existing NRC inspection and test requirements? 

i. Enough, information ie provided to comply with these re-qw'^.^eni.1:. 
2. Tlie existing manual does not contain thi3 information, but the 

revised manual will. 
3. The maintenance marvtal currently does not specifically moment 

on SRC inspection test requirements. 

2.3.1 Commentary 

Currently yearly snubber inspection is not adequate. All snubber» 
capable of visual Inspection should be inspected monthly for fluid con
tainment, attachment integrity, and piston position. A plant startup 
surveillance of snubber operation end piston position is essential. 

Owner maintenance has revealed problems in seal replacement. TVA has 
indicated problems in snubber overhaul as illustrated in report 1 of this 
ser.'es.1 It is necessary that only qualified individuals with proper 
tools be allowed to overhaul and test snubbers. To perform these tasks, 
the owners need to use factory services or qualified consultants who have 
demonstrated to regulating agencies their proficiency by meeting certain 
minimum requirements such as completion of factory training programs. 

2.4 Seals (Hydraulic Snubbers Only) 

A. Do your snubbers employ an elastomeric seal compound for the primary 
seals? Specify the compound by number and manufacturer. 

1. Yes. Corrr-und number and manufacturer are in-house 'limified 
information. 

2. Yes, ethylene propylene. ^Manufacturers are Parker "e i\ ind 
Parker Packing Company for all seals except the filler-:-iuj 
seals, which are made by Molded Rubber Products •'.'>m m\>, lj-ttler, 
Wisconsin. No other vendors are used. 

3. Not applicable. 
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Have you performed Independent tests on the seal material used in 
your snubbers to determine such characteristics as fluid compati
bility, radiation resistance, shelf life, etc.? Describe any testing 
conducted and state whether or not formal test reports are available. 
1. Yes. This testing was accomplished under a contract for a 

specific customer. Information related to the testing must be 
obtained through that customer. 

2. Yes, testing was conducted by such companies as Vesogrim Indus
tries, Rexnord, Inc., Parker Sec.l Companies, Westinghouse, and 
others. A generic report was issued to Mr. K. R. Goller. 
Assistant Director for Operating Reactors for the Atomic Energy 
Commission (AEC) on October 7, 1974.3 

3. Not applicable. 

According to your design criteria, what degree of seal degradation is 
tolerable before the seal is considered failed? 
1. This information can be obtained through various seal 

manufacturers. 
2. Degradation after 1 * 107 rods is normally considered failed, 

but the ultimate test is leather the seal retains fluid. 
3. Not applicable. 

What maximum compression set is tolerable in your seals? 
1. This information can Ye obtained through seal manufacturers. 
2. Up to a maximum of 91% compression set is considered toleraole. 
3. Not applicable. 

Khar certified data do you furnish to the users of your snubbers to 
establish seal characteristics? 

We furnish testing reports. 
2. We will certify the data provided in the seal technical bulletin. 
3. Not applicable. 
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2.4.1 Commentary 

Seal integrity is essential for proper snubber performance; report 1 
(Ref. 1) has shown 513 snubber abnormalities caused by leak/ =?eals and 
loss of hydraulic fluid. For the most pare, these seal failures were Jue 
to fluid-seal incompatibility and subsequent seal deterioration. The seal 
materials have since been changed to ethylene propylene (EP). Some EF 
seals have been in service for up to three years with no adverse effects 
to date. The author has not dxscovered a single snubber failure due to 
seal degradation in snubbers Incorporating EP seals. Nevertheless these 
points should be considered. First, service data on EP seals are incom
plete. Second, the relationship between EP seal degradation and radiation 
coupled with otht-r environmental conditions has not been clearly estab
lished. A quotation from the Oct. 7, 1974, report to the AEC reaffirms 
this. 

Note that one of the tests reported here shows the 
effects of radiation, while the other show* the 
effects of temperature and fluid. We have not 
tested the combined effect of all A w e , but we 
anticipate that the loss in physical properties 
may be greater than a simple addition of the sepa
rate effects.3 

Third, seal wear and fatigue data are limited and this information is 
required for snubbers that are subject to system vibration. 

2.5 Fluids 

What fluid does your smibber normally contain? 

1. G.E. fluid SF 1164. 

2. Standard fluid is General Electric; silicone fluid :'.-• OF Hi• for 

all applications. 

3. Not applicable. 

How is fluid cleanliness maintained in your plant? 

1. Fluid cleanliness is maintained by a control procedure. 

2. All fluid is filtered through a 10-v filter prior to filling 7 

unit. Material is segregated to prevent combination. 

3. Not applicable. 

A. 

B. 
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C. What procedure is used for eliminating entrained air from the fluid 
contained in a snubbtr? 

1. Vaccuum purge. 
2. Units are equipped with a fluid-bleed screw located at the 

highest point when the unit is in the horizontal position. The 
technique for bleed is similar t~ that for bleeding an automotive 
brake system. 

3. Not applicable. 

D. Do you have a method for determining the amount of entrained air 
contained in a fluid sample? 

1. Yes, but we do not have a production procedure. 
2. Our experience with hydraulics does -riot indicate a requirement 

for determining the amount of entrained air in the fluid. A 
detrimental amount cf trapped air will show itself at performance 
testing by spongy hydraulic response and poor test characteris
tics. Units failing the test criteria are reworked. 

3. Not applicable. 

E. Does your control valve contain filters to prevent contamination from 
entering the control valve orifices? 

No. 

2. To be effective, fluid filters must be located upstream of the 
control orifice. A hydraulic system, like any other, is subject 
to wear and subsequent particulate contamination. When filcers 
become clogged, the unit ^ w s ineffective. We have furnished 
all hydraulic snubbers with a self-cleaning orifice design which 
is flow cleaned during reverse cycles or reverse thermal growth 
activation. Our design philosophy is to provide a flow-control 
valve which requires no maintenance other than periodic seal 
overhaul. 

3. Not applicable. 

F. Have you conducted independent testing to determine fluid character
istics such as viscosity, viscosity index, bulk modulus, etc.? 
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1 . Yes. 
2 . No. 

3 . Not applicable. 

G. Have you conducted Independent radiation testing on your fluia? 

1. Yes. 
2 . No. 

3 . Not applicable. 

H. Does your snubber system use a pressurized accusulator or an atmos
pheric reservoir? 

1. The system uses an atmospheric reservoir. 
2. The snubber uses a pressurized reservoir system which provides 

the ability to mourn the unit in any spatial orientation, an air-
oil interface to eliminate oxidation degradation of the fluid, 
and a positive interface to prevent entrainment of air during 
thermal growth or seismic response. 

3 . Not applicaole. 

I. If your system uses a reservoir vent, describe it. Is this vent 
filtered? 

1. Yes, it is a filtered vent. 
2. Not applicable. 
3 . Not applicable. 

J . Does your maintenance manual recommend per iodic f luid t es f 'ng? 

Please descr ibe any t e s t s recommended? 

1 . No. 

2. Not required. The fluid itself has betm found to be oornr-letel/ 
stable. 

3 . Not applicable. 

K. How many snubbers a r e usual ly serviced by a s ingle reservoi r of an 
accumulator? 

1. Normally only one, but more than one snubber can ba serviced by 
a single reservoir. 
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?.. For Standard Units, classified as Component Standard Supports, 
one reservoir per snubber; for Steam Generator and Reactor CJOI-

inj Purrs "ctor Support units, generally considered special de
signs, up to eight reservoirs. 

3. .Vet applicable. 

L. I s the f lu id compress ib i l i ty (bulk modulus) affected by temperature 

changes and/or the presence of contaminants? Please descr ibe these 

e f f e c t s . 

1. Yes. We have preliminary information and will have more ex

tensive information after a full testing program has been 

completed. 
2. Bulk modulus is affected by temperature and contaminants. Sol

vents destroy the chemical structure of the silicone molecule and 
change the viscosity and general characteristics of the fluid. 
They also act u.s ihain extenders aid are generally interstitial 
in nature. The result is a density change which directly affects 
bulk modiAlus. Temperature affects bulk modulus by changing the 
density of the fluid (mass per unit volume). At a higher tempera
ture, the density will decrease, which is a direct reducti^ •< in 
bulk modulv.3. 

3. Not applicable. 

2.5.1 Commentary 

Fluid contamination is a problem as illustrated by the contaminated 
snubbers iound at Three Mile Island (see Ref. 1). Fluid should be ex
amined for particular matter at installation and at specified inspection 
intervals. 

The effect of fluid property changes due to temperature changes as 
related to snubber performance has not been thoroughly investigated. Also, 
cleaning solvents can have a detrimental effect on snubber performance it 

they contaminate the hydraulic fluid. This problem can be avoided by 
having qualified personnel supervise snubber overhaul and in»tallation. 



18 

2.6 Field Fa i lu res 

A. Do you eaploy a sys tea for the r e t r i e v a l of f ie ld f a i l u r e data for 
your snubbers? Describe your sy s t ea . 

1. Ve do this on an individual basis by close convict >rith jus-
tamers, but we do not have a fomal system. 

2. The most cannon information concerning field failures is in the 
form of customer complaints which require advice on corrective 
action os on service, prvts, etc. Responses are compiled accorl-
ing to product lines as in \Me case of hydraulic snubbers xnd the 
hydraulic shock and sway arrestor file. Most complaints lead to 
product redesign and are acted upon by engineers who are now pare 
of the product development group (Product Engineering Depari-
me>it). The hydraulic shock and sway arrestor has recently 
entered its third-generation design. The goal of our cor^pxanu is 
to provide a product which i3 as trouble-free as nassibl?. 

3. Sfe periodically contact users of our tsnubbers, but as yet have 
not had field failures. 

B. Have you, as a r e s u l t of the inves t iga t ion of f ie ld f a i l u r e s , defined 
snubber problems which could be described as generic in nature? 
Describe any such problems and the co r rec t ive act ion taken. 

1. Yes. He have a specific shop tolerance associated with factors 
setting the bleed and lockup rates. These tolerances are: 
lockup rates, 8 t 2 in./min; and bleed rate, 4 * 2 in./rrin. 
Thjse are factory-set tolerances and do not refloat v'nat should 
and can exist in fie'A installation. If the bleed and lockups 
fall outside the original shop tolerance level, it does not weir. 
that the snubber is inoperable. We have found by extensive 
testing and analysis that the lockup and bleed rates of hydrauli • 
snubber8 can vary distinctly from the manufacturing shop toler
ance. After it has finished its formal testing, our company will 
publish Lleed-rate ranges and lockup ranges. 
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2. Yes. TSJC examples of si oh starve problems are seal failures and 
nar.ifold leaks and others. Our failures have been well docu
mented by the SftC arjd are available to all interested parties in 
the industry. Corrective action taken includes a major seal 
redesign as a result of changing polyurethane seals to ethylene 
propylene seals no plant environmental and configuration changes. 

3. .Vo failures have b*.en found to iate. 

Do you maintain records of field failure data? 
1. We do not maintain an official system of records; ho'Jever. 

pressurized and nonpressurized leakage are the major criteria. 
2. Field failure data are included in the hydraulic shosk and sway 

arrester file. Field failures are also docunenced by the NRC 
?>:d the vendor inspection status revolt and published OK a peri
odic basis. 

3. No failures have been found to date. 

2.6.1 Commentary 
Field examination has demonstrated that many hydraulic snubbers have 

bleed and lockup rates ;hat vary considerably from manufacturers specifi
cations. In the author's opinion these specifications are out of control 
at the present time. The effect of this variar.ee on snubber performance 
during a seismic event Is unclear and will remain unclear until rhe proper 
specification tolerance can be established. 

Since the manufacturers are relying primarily on customer complaints 
for design improvement, it is essential that a formal procedure, regarding 
snubber abnormality reporting and failure mode evaluation be required by 
the regulating agency. 

2.7 Snubbar Loads 

A. What types of loading are considered in your snubber design? 
1. The sane types as specified in Subsection UF of the ASJ4Z Boiler 

and Pressure Vessel Code, Sect. Ill'' or as defined in rustorier 
sveoifiaationa. 

http://variar.ee
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2. Axial loads with consideration for moments and temperature 
effects. 

3 . Our design and analysis are -'n accordance with ACME Sect. I1" 
Subsection NF." 

B. For the case of engineered hanger contracts how do you determine 
snubber load? 

1. Load is determined as specified in customer specifications. 

2. We use a combination of 'xmputer analysis for various vibratory 
and shock loading conditions in accordance with the architect-
engineer's instructi-om. 

3. We do not engage in engineering hanger contracts. 

C. In the case of engineered hanger contracts what other cr i t er ia are 

used for snubber select ions? 

1. Space availability along with loading criteria. 
2. Other criteria are a combination of computer analysis for various 

vibratory and shock loading conditions in accordance \*ith the 
architect-engineer's instructions. 

3. We do not engage in engineering hanger contracts. 

D. In the case of engineered hanger contracts vhat snubber load rating i s 

used as a se lect ion criterion? 

1. All three ASHE, Sect. Ill loading conliticvR are considered, '?••-*.<: 
primary and secondary. 

2. Units <ire selected for design load and checked for other per
tinent criteria. 

3. We do not engage in engineering hanger contracts. 

2 .7 .1 Co—en tary 

Consideration of normal upset and emergency loads as described in 
ASME, Sect. Ill, Subsection NF should provide an adequate basis for struc
tural evaluation of snubbers. The problem with snubbf- load specifications 
is that the analysts do not have an adequate d-ata base to determine accu
rate snubber load-deflection characteristics. Approximating the snubber as 
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a pure elastic spring does not include the effect of the dead band on 
snubber loading which could result in underestimating peak load due to high 
impulse loading conditions. 

2.8 Snubber Ratchetting 

A. Is your snubber subject to ratchetting phenomenon as a result of a 
cyclic load input? 

1. Yes. 

2. Although our company destines to comment technically on this 
subject at this time, we would add that ratchetting is not 
generic to sniibbers alone. The "walking" phenomenon has been 
observed in jylinders, shock absorbers, and other reciprocation-
type devices. The effect nay be due to differences in momentum 
and load impulses which result in an apparent acceleration and 
subsequent deflection in one direction. Our company is schedul
ing further dynamic testa and will attempt to theorize this 
phenomenon. 

3. The motion of the snubber under cyclic loading is shown in Test 
Report TR 80J.5 llcte that the 'c?hsccior of the snubber does not 
change materially with frequency until the frequency is below .? 
Hz. Below $ Hz, it will allow greater displacement of the 
restriined component. The amount of displacement is a function 
of the "g" se"isitivity and frequency arid will be greater the 
lower the frequency. However, the displacement results in 
energy being absorbed by the snubber rather than a ~.oweri>ig of 
thi'. spring rate. The actual motion can be predicted. Tnis is 
beet described in an article we wrote called "Aerospace Tech
nology Applied to Uuclec.r Power Plant Problems." (This article 
and all the information we have furnished here is available upon 
request to our customers for use in their analysis.) In so^e 
cases we have been requested to furnish snubbers which require 
the "g" setting to be as low as 0.001. This permits the snubber 
to react at one or two cycles in the same manner as it does at 
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higher frequencies. The reason for this is explained in the 
above mentioned article. 

What is thi worst ratchetting event that can be experienced by your 
snubber? What conditions oust prevail to cause this event? 

1. 1o date the mechanics as to why ratjhetting occurs have not been 
fully defined. It is theorized that this phenomenon is the 
result of unequal fluid deflections wi'hin the cylinder bet>jeen 
tension and compression then the cylinder is tested dynamically 
in load controls (equal tension and compression loads). Using 
this theory, the snubber will ratchet to the point of equal 
fluid deflection when such loading is applied. Analytically, 
any snubbev will ratchet to a point where the following con
dition exists when equal tension and compression cyclic loads 
are applied: 

L. L 
t c 

Da - D2 D* p r p 

where 
L = length of tension-fluid column, 
L = length of compression-fluid column, 

D = nominal pisto*. diameter, 
D = nominal rod diameter. r 

2. See A, Sect. 2.8. 
3. See A, Sect. 2.8. 

What is the minimum ratchetting motion event that can be experienced 
by your snubber? What conditions must prevail for this event to 
occur? 

1. Same as B, Sect. 2.8. 
2. See A, Sect. 2.8. 
3. See A, Sect. 2.8. 
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D. What is your understanding of the mechanics of ratchetting action in 
your snubber? 

2. .Fes .-. 5"tJc?t. 5.5. 
3. 5<35 A, "est. 2.3. 

E. What information do you present to your customers regarding the 
phenomenon of ratchetting motion in your snubbers? 

1. Sane as B, Seat. 2.3. 

•J • «-. t G r.j 4_- C- *_, t/ • t*m -J m 

2.8.1 Commentary 

Ratchetting is a phenomenon inherent in hydraulic snubbers that has 
not been evaluated to date. Conceivably the random ground motion en
countered in a seismic event could result in possible unequal loads on the 
snubber in tension and compression and cause it to ratchet to a piston 
position yiat could result in damage to the supported member. 

2.9 Snubber Testing 

A. What prototype testing do you perform for your snubber designs? 

1. Testing to verify lookup and bleed rati. ">: large-:, ••- .-•:•.'::. •».• 
ue ver^om testing to veri~' both lochtv rnd bleed in.i .r :*'•. .• 
rate. 

2. Load rating, functional, performance, elevated ze~..r •:" ;:.-»..-• , .-•: , 
endurance testing. 

3. In the development of a snubber design, nurer^us •.Kg'.-.- • :•'• . 
experimental tests have been perf~ntr-.ed loth yo ?o"r '•"•, d .••:•:-
bers and on parts of snubbers. These t-sts -ons •'.:-;• -f • >:'•• •-
cental testing for rus*- and corrosion is \ceJ.l as ignrrr • :•:': 
static testing to confirm engineering ies',gns. "-:r :•':• : .-••' 
few gears we have performed a number of rrualificat-'- ~>:-\- • •• .••.• 
for specific customers. In addition, in 1.17<5 -je or:'• .». ; ;'•••• 
our own production facilitu one snubber or •:••).iv> r-'.z-:. "'••••• 

file:///ceJ.l
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were ordered to meet full NF certification. The units were 
randomly selected from production lots of snubbers by ths 
state inspector and the complete data package was required. 
Each of these units was then sukjecte>i to qualification testing. 

What t e s t i n g i s performed as a matter of production procedure? 

1. Lockup and bleed rate. 
2. Functional, drag-load (bind) and performance testing. 
3 . Every snubber that is shipped must pass an inspection test 

procedure. 

Do you, as a matter of production procedure, remove occasional f lu id 

samples from snubbers and t e s t for entrained a i r , contaminants, e t c . ? 

1 . No. 

2. Not normally. 
3 . Not applicable. 

What records of production testing are maintained? 

1. Records to verify lockup and bleed rate. 
2. Any test performed becomes a permanent record against the serial 

number. 
3. Copies of the inspection test procedure results of each snubber 

are furnished to the customer, and the originals are kept as a 
permanent record in our quality control file. 

To what extent have you performed dynanic snubber testing under 
cyclic loading conditions? 
1. The full range of cyclic testing -jill be completed by the end of 

the third quarter of 1977. 
2. To comply with General Eleccria specification 21A9251 Rev. 3. 

Additional testing is scheduled to qualify tne ASME Sect. Ill, 
Subsection NFU snubbers with the most current specification. 

3. Test Report TR-809, Rev. 0, s contains a typical examjjle of the 
dynamic testing performed on a snubber. In addition to these 
formal reports, mrierouc tests have been done for experimental 
purposes and for specific Customers. 
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What tests have you performed to verify snubber spring rate under 
static and dynamic loading conditions? 

1. Both static and dynamic tests. 
2. Spring rate da+-a are generated during cyclic loading. The defi

nition of spring rate, however, is still a matter of discussion 
between the snubber manufacturers and suppliers. 

3. fest Report TR-809. Rev. 0, shows oscillograph traces of the 
snubber under dynamic loading conditions. 

How closely do t'.ie results of deflection testing correlate with your 
deflection analysis? 

1. As of this date we cannot officially verify deflection testing. 

Our present program will accomplish this. 

2. Our experience is that they correlate quite well. 
3. An analytical deflection analysis has not been made. 

What tests have you performed on snubbers that have been in service 
for one year or longer? What conclusions can you draw from the 
results of these tests? 

1. Lockup and bleed rate testing has been done. Conclusions that 
can be drawn are lockup and bleed c<m deviate from manufacturing 
tolerance and this deviation will not cause inoperability of 
the snubber. We are finding that both the lockup and bleed cm 
vary throughout a large range and still not affect the perform
ance of the snubber. 

2. 'Jo tests. Unite are normally not returned for testing. 
3. We have only had a few cases of snubbers that have been in 

service for a year. No conclusive comments can be made; how
ever, in no case has a snubber failed to meet the original 
inspection tast requirements after havi'^g been in service. 

What lockup and bleed rate calibration tests are performed for your 
snubber? 

1. As defined in our calibration testing procedure. 
2. Activation level (lockup) is recorded in tension and compression 

per serial number as specific temperature. Release rate (bleed) 
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is rescinded at unit design load or 50, 000 lb (whichever is 
lower) and at the current ambient temperatures for component 
8tandard~8uppcrt-type products. Large bore units, however, are 
tested at design load plus 10H or as indicated by the put-chase 
specification. Loads as high as 2,000,000 lb have been anplied 
to these units. 

3. The mechanical equivalent of this type of test is conducted in 
our our inspection test procedure. 

Have you performed fatigue testing of your snubbers0 

1. We are in the process of conducting these tests. 
2. No actual tests. Design is predicted on a ZOQO-psi industrial 

cylinder which has been fatigue tested to meet 1 * 107 yucles 
at design load. The safety margin for hydraulic units is in the 
vicinity of 4:1 to meet ultimate tensile failure, '"his type of 
engineering results in ultimate life designs. See Sect. 2.10. 

3. We will comment on fatigue testing in Sect. 2.10. 

What sampling method do you use for production testing to assure that 
the test results are typical of prototype units? 
1. Each snubber shipped from our company is completely tested for 

lockup and bleed. 
2. Production units are pulled at random for additior.j.1 testing. 

Since the basis of manufacture is by tight tolerance control, 
the components of one unit are interchangeable with others. 
These units are not custom fit, thereby resulting in performance 
repeatability. 

i. We have commented earlier that the qualification testing was 
done with the State Inspector randomly choosing a snubber for 
testing from production lots. 

What testing have you performed that establishes the extent of 
ratchetting under vatlous loading and installation conditions for 
your snubbers? 
1. Characteristic test ur.its are randomly selected from production. 

The exterit of ratchetting will be verified with future testing. 
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2. So corrnent at this time. 
3. Test Her art TF-309 (Ref. 5! shews the performance. 

2.9.1 Commentary 

Some snuhbtr designs are not evaluated under simulated seismic con
ditions. All design prototypes should be subjected to simulated seismic 
loading in order to determine performance characteristics, and fluid 
should be checked on production units for contamination. Dynamic load-
deflection data are required for snubber modeling methodology development. 
Recommendations have been made to NRC to determine the correct method of 
snubber modeling. Presently it is questionable whether or not any method 
of spring-constant approximation of snubber load-defiection characteris
tics offers conservative system response results. 

As stated previously, bleed rate and lockup velocity specifications 
appear out of control. Snubber manufacturers cannot rely solely on cus
tomer complaints fcr snubber service evaluation, and for this reason, 
sample snubbers should be retrieved fror. service periodically for a com
plete overhaul and a performance evaluation at the factory. Also, fatigue, 
piston-ring, and seal wear tests should be performed on prototype snubbers. 

2.10 Analysis 

A. Specifically what stress analyses dc you perform for your snubber? 
Please furnish a sample analysis. 

1. Detail stress reports in accordance with ASME, Sect. Ill, Sub
section 11 f."" 

2. All convonents except the flow control body rr-e stress anilyzed. 
The flow control body is load tested. 

3. A typical copy of our stress analysis is enclosea. 

B. Specifically what deflection analyses do you perform for your snub
ber? Please furnish a sample analysis. 

1. Only when required. 
2. Deflection analysis is provided only upon request. One reason 

for this is the variance in deflection interpretation by the 
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architect-engineers or stress analysts. The deflection equation 
is given by 

where P « fluid, L = column length, and K - bulk modulus. 
3. Deflection is measured by static tests and dynamic tests. 

For purposes of your analysis, i s your snubbe; considered Class I 
equipaent? 

1. lee. 

2. Our company does not usually perform the analysis of the sys
tems, but the current units (snubbers only) are manufactured to 
SF Class I critesia only. 

3. Our snub'oers are considered Class 1 supports. 

? Rave you performed a fatigue analysis for your snubber 
1. No. 
2. We have not performed fatigue testing for the snubber specif

ically, hut such testing has been performed on the components of 
the main cylinder. Thie effort was based on nonpioneered de
signs and more than SO years of high-pressure technology. 

3. We have not performed an analytical fatigue analysis; however, 
we 'nave done considerable fatigue testing, and these tests arc 
continuing. 

Describe the fatigua and stress criteria used as a basis for your 
analysis. 
1. Ac required in most specifications, 10,000 cycles. 
2. Omitted. 
3. In our fatigue testing, we have isolated the point of fatigue 

failure. This consistentlu has been the tangs of the capstan 
springs. The Qualification Test Report, TR-809, Rev. 0,* shows 
proof that the snubber at full rated load is capable of carrying 
the loads reauired without failure that might occur in operating-
basis earthquake (OBE) or safe-shutdown earthquake (SSE) inci
dents. We recommend to our customers that if a particular 
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snubber installation is frequently required to restrain signifi
cant loadings such as water or steam homers, blowdown, etc., 
the next larger size snubber be used. This, in effect, lowers 
the rating of the snubber to about 30% of its normal design 
upset rating, the point at which the fatigue loading approaches 
infinite life. This recommendation is made by virtue of having 
fatigue tested the spring tangs at various loadings and obtain
ing results which show that they follow a classical load vs 
cycle life-fatigue curve. 

Have you perforaed de ta i l ed s t r e s s r.nd de f l ec t ion analyses for clamps 

and brackets? If so, please include sample ana lyses . 

1 . Yes. In-house classified information can be obtained through 

major architect-engineers. 
2 . See Load Capacity Data Sheets for such equipment. 
3 . A sample analysis of a bracket is enclosed. We do not manu

facture pipe clamps. 

Does your snubber def lec t ion ana lys i s take in to account the d e f l e c 
t ion of anchor bol ts? 

1. If required by the customer. 
2. No. 

3. To date, our designs of wall brackets have not used anchor 
bolts. 

Do you perform any stress or deflection analysis for other than axial 
snubber loading? Describe. 

1. Yes. belemic side loading and .jet-impingemen loading. 
2. No, the snubber only sees axial loads. The moments introduced 

by unit dead weight and hinge friction are normally not 
significant. 

3. We hav^ performed analysis to limit the overall length of the 
snubber support and extension. lr. some limited cases, we have 
done analysis considering dynamic side loading on the snubber 
simultaneously with axial loading. 
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I. Have you defined snnbber load ratings as a result of your analyses? 
Define your load ratings in terms of ASME, Sect. Ill loading 
definitions. 

1. Yes, as defined in ASME, Seat. Ill, Subsection NF normal and 
upset, emergency and faulted. 

2. Design, raJ*ed, normal, and upset loads arc the sane as design 
load. Emergency is the same as design load. Faulted i3 1.5 x 

dpzlgn load. 
3. The snubber load ratings in accordance with ASME, Sent. IIV are 

defined in the stress analysis. For catalog publication pur
poses, in most cases we have rounded these numbers to a slightly 
lower value. 

J. Do you analyze clasps and wall brackets to take into consideration 
snubber angular orientation with respect to the pipe axis or wall 
surface? 

1. If requested by customer. 
2. Yes; the loading condition for the worst case is used in the 

analysis. 
3. Our wall brackets have been analyzed for angular orientation of 

the axial load. 

2.10.1 Commentary 

Stress analysis as prescribed in ASME, Sect. Ill, Subsection NF 
should reveal any problems due to component overstress. Stress analysis 
of the entire snubber system should be performed, including control valve 
assemblies (if applicable) and the means of attachment. 

2.11 Calculated Snubber Spring Constant 

A. To what tolerance (calculated vs demonstrated) are you able to cal
culate snubber spring constants? 

1. We aTi, not presently in the position to state what tolerance 
level we can produce on spring n.te constants for snubbers. We 
do feel, however, that iKth our present testing program under 
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way, we will have accurate information by the end of the third 
quarter 1377. 

2 . He do not normally apply a tolerance level to spring rates of 
the snubber. 

3 . See Sect. 2.12. 

B. At what pis ton pos i t ion do you c a l c u l a t e snubber spr ing constants? 

1 . At either the midstroke setting or the position indicated in the 

customer's specification. 

2 . Spring rat's are normally calculated at midpovition of stroke, 
but analytical data can be provided in any fluid-column length. 
A comparison of calculated vs actual soring rates is shown 
below: 

Calculated0' Actual 
Model Ext Camp Ext Cor^p 

HSSA-10 183,600 275,000 166,700 250,000 
-20 366,700 158,300 307,700 540,600 
-30 550,000 687,500 300,000 483,900 

Calculated spring rate is based on ur. adiabatic bulk modulus 
at atmospheric pressure of 165,000 psi at 70°r for SF 96-200 
silicone fluid. Pressures used in the calculations are those 
produced by the various differential areas necessary to obtain 
design load. (Units — l b / i n . ) . 

Actual test data with mean-response values analyzed. Test 
data generated during double load qualificat^-on tests at rr ;n 
temperature and unit-design loads uning 02 SF 36-200 silicone 
fluid. 

See Seat. 2.12. 

you calculate spring constants for the clamp, snubber, and bracket 
an assembly? 

Yes. 
Sprir^g constants are normally calculated for the snubber alone 
and not particularly aalculated for the clamp and the bracket as 
an assembly. These components are considered as structural 
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steel, and their deflection analysis and associated ?.r>rin? ralec 
are based on typical deflection analysis equations. 

3. See Sect. 2.12. 

D. Is the calculated spring constant for the clamp, snubber, and bracket 
assembly significantly affected by the angular orientation of the 
snubber as it is Installed? If so, how do you describe this effect 
in your information to the user? 

1. Yes. We describe this by a detailed deflection analysis. 

2. Special orientation of the snubber has no effect on the snub
ber'8 spring rate. This definition of spring rate is the axial 
load/unit deflection applied to a strut in a vipinr. system. The 
vector component of the load must be considered and accounted 
for in the system analysis. 

3. See Sect. 2.12. 

2.11.1 Commentary 

The correct tethod of spring-constant approximation of snubber non
linear load-deflection characteristics exhibited during seismic-type 
loading has not been established. The difference in load-deflection 
characteristics between compressive and extension forces is i .lustrated in 
the preceding table. It is apparent from the answers to the questions in 
this section that the problems associated with spring-constant approxima
tions have not been resolved. 

2.12 Snubber Modeling 

A. How do you suggest that your snubber be modeled in a structural 
dynamics analytical program? 

1. This should be separated into three categories. For equipment 
snubbers we recownend that the snubber should be hatviled as a 
linear spring. For class 1 nuclear piping, the\> should be 
represented as a linear spring. For class 2, i, and MC pipino, 
they should be represented as rigid. 
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2. Our company normally does not perform dynamic analysis of 
piping systems and tie are therefore unable to provide informa
tion on snubber modeling. However, we would suggest that 
architect-engineers or piping-systems design analysts be con
tacted concerning their usage of modeling systems in snubber 
piping calculations. 

3 . This writer was assigned by the ASHE Snubber Task Force the job 
of suggesting the wordi. g for the spring rate of snubbers. In 
the most recent meeting of the task force, January 10, there was 
no objection raised to this wording except for comments that 
perhaps the task force should recommend a preferred means of 
choosing a spring rate. This meeting was brief because it 
preceded the NF Comrittee Meeting. The subject will be dis
cussed in much greater detail in a tentative meeting of the task 
force in Chicago on February 1-?., 1977. 

Ve feel quite strongly that the corrments in this exhibit shouhi 
not be oversimplified by restricting the systems analyst to a 
specific means of arriving at the spring constant or for model
ing of the snubber in his program, We feel this is an area of 
expertise which belongs in the hand* of the systems analyst and 
that he should have the knowledge and freedom to model the 
Sixubber in as sophisticated a manr^er as necessary to provide an 
acceptable analysis to the NRC. Conversely, in a great many 
snubber applications, it may not be necessary to use an ex
tremely sophisticated model with the attendant complexities and 
cost related to development of a completely eafe and conserva
tive analysis. For example, snubbers that restrain primary 
safety components where dynamic behavior and deflections nct-j be 
extremely critical could require very serious study by the sys
tems analyst to be sure that his model will provide conservative 
answers. In some cases a conservative answer may be arrived at 
by considering the lowest possible faring rate, including lost 
motion as part of the spring rate. In others, the conservative 
answers may be derived by considering the highest possible 
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spring rate that could occur. Only the overall systems analyst 
has access to the detailed knowledge of the system, structural 
behavior of the attach points that go beyond NF, etc. 

It also should be considered that a great many snul.-bers, par
ticularly the smaller sizes, are used on the systems where the 
spring rate or deflection are not particularly critical and will 
permit riiuch simr1er nalysis and modeling of the. snubber. 
I believe to cover this very important subject in your report, 
recognition should be given to the fact that modeling of the 
snubber for major components such as steam generators, pumps, 

main steam lines, etc., may require different degrees of analysis 
than those for other applications. Note that the snubbe* spring 
constant is different in tension and compression and is also a 
function of the amount of extension. Although this is a genercl 
answer to Sects. 11 and 12, we believe it provides the basic 
background arid that the actual measurements and test dati are 
shown, the spring constar.t of a mechanical snubber does not 
change significantly. Dynamic testing at various temperatures 
has not shown a significant difference in performance. 

B. At wh&t piston position do you calculate snubber spring constants? 

1. Our calculated spring constant does not account for loss of motion 
or nonlinear piston displacement. This type of analysis would be 
^xtremely cumbersome, time consuming, and expensive. 

2. See Sect. 2.12. 
3. See Sect. 2.12. 

C. Is your suggested snubber model dependent upon a specific piston 
position? 

1. Yes. 
2. See Sect. 2.12. 
3. See Sect. 2.12. 
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D. How does your suggested snubber model account for changes in snubber 
spr ing constant r e s u l t i n g from changing load d i r ec t i ons? 

1. It does not. Again thic would be very time consuming, expen
sive, and would have to be done with a time-dependent computer 
program. Tr our knowledge, this type cf analysis is not being 
done on a production basis. 

2. See Seat. 2.12. 
3 . See Sect. 2.12. 

E. Does your snubber spr ing constant change s i gn i f i c an t l y as a r e s u l t of 
temper, t u re va r i a t i on? 

1 . The snubber spring constant changes as a result of two major 

factors. It changes a? a function of temperature and bulk 

modulus changes. We are presently engaged in extensive testing 

on both large-bore and small-bore snubbers to develop a tech

nique by which we can accurately predict spring-rate character

istics. 
2. See Sect. 2.12. 
3. See Sect. 2.12. 

F. Do you have test data to support your modeling suggestion? If so, 
what is the nature and extent of this data? 

1. Yes. We have extensive analysis that backs up spring-rate 
characteristics of both large-bore and small-bore snubbevs. 
Furthermore, we are presently engaged in large-bore and small
bore testing to verify analysis techniques. 

2. See Sect. 2.12. 
3. See Sect. 2.12. 

2.12.1 Commentary 

Load-deflection characteristics of snubbers change with piston posi
tion, load, temperature, frequency, and snubber size. A linear approxi
mation of snubber nonlinear load-deflection characteristics (see Ref. 2) 
provides a simpler model and method of analysis for the systems analyst. 
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The question is whether or not this type of approximation provides con
servative system response results because the methods used to model srub-
ber nonlinear response with a linear approximation for a given t>nubber 
yield results that vary as much as 300Z. Snubber modeling is presently in 
the hands of the systems analyst as recommended by the ASME Task Group on 
Snubbers. The problem is that the analysts do not have the data required 
to determine an accurate model for the snubber in their analysis because 
load-deflection data is incomplete or not available. The analysts ha«re 
not determined the effect of snubber nonlinear characteristics on system 
response. As a result, most analysts are using spring constants supplied 
by the manufacturers in. their analysis. It is interesting to note that 
due to the complexity of systems analysis, the manufacturers are recom
mending that the analysts establish their own snubber uodel while the 
analysts are actually using the snubber model recommended by the 
manufacturers. 

3. RECOMMENDATIONS AND CONCLUSION 

The preceding questionnaire was directed to the manufacturers in an 
effort to determine the basis for snubber design as well as manufacturing 
and installation problems. The problems revealed by the responses to 
the questionnaire, along with recommendations for corrective action, are 
summarized below. 

Corrective actions 

Only qualified personnel should 
supervise snubber installation. 
A plant startup snubber surveil
lance to indicate piston posi
tion, fluid containment, and 
attachment integrity at each 
thermal plateau should be 
mandatory. 
Training program.* for snubber 
installation and maintenance 
should be provided. 

Problem 

A. Shipping restraints and plugs 1. 
are not always removed from 
snubbers before plant startup. _ 
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Bleed rate and lockup rates 
for sone snubber designs may 
vary greatly from published 
specifications. 

1. The maximum allowable tolerance 
for bleed rate and lockup veloc
ity should be determined and 
specified by the owners. 

2. Bleed rate and lockup tests 
?!iculd be performed on all 
snubbers by the manufacturers 
before shipment and by quali
fied personnel at the instal
lation site before installation. 

3. Snubber lockup velocities and 
bleed rates should be deter
mined for all snubbers during 
plant shutdown. 

4. Snubber lockup velocities and 
bleed rates should be determined 
for selected snubbers at se
lected intervals between outages. 

5. A complete design analysis of 
control vai-ie configurations 
should be performed by the 
manufacturers. 

Yearly snubber inspection is 
inadequate. 

1. All snubbers capable of visual 
examination should be inspected 
monthly for fluid containment, 
attachment integrity, piston 
position, and general appear
ance. 

2. Snubber lockup velocities and 
bleed rates should be deter
mined for selected snubbers at 
selected intervals between 
outages. 

3. Selected snubbers should be 
examined for fluiH contami
nants at selected intervals. 

Snubber mai» renance is many 
times inadequate. 

Performance data on ethylene 
propylene seals are incomplete. 

Only qualified personnel with 
appropriate tools and equip
ment should supervise snubber 
maintenance overhaul and 
testing. 

Research should include fluid 
compatibility, environmental 
effects, fatigue, and wear. 
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F. Fluid contamination does occur. 

A formal procedure for evalua
tion of field failures does 
not exist. 

H. An adequate data base to develop 
snubber modeling methodology is 
not available. 

I. The ratchetting phenomenon is 
not understood. 

J. Some snubber designs are not 
evaluated under simulated 
seismic conditions. 

2. Selected snubbers should be 
withdrawn from service and 
evaluated as to seal perform
ance. 

1. Selected snubbers should be ex
amined for fluid contaminants 
at selected intervals. 

2. All snubbers should be inspected 
for fluid contamination before 
shipment and at installation. 

3. Only qualified personnel should 
supervise overhaul, bleeding, 
and testing of snubbers to 
eliminate the possibility of 
fluid contamination from clean
ing solvents. 

1. Regulating agencies .should re
quire formal failure evalua
tions to complement abnormal 
occurrence reports. 

1. Research. 

Research. 

Design prototype performance 
should be evaluated under all 
types of probable service load
ing including seismic and sys
tem vibration. 

It i3 apparent firm the answers to the questionnaire that the manu
facturers have tifferenu interpretations of many aspects of snubber per
formance and design, including spring constant determination and snubber 
modeling. The ASME Working Group on Component Supports issued a document 
on Feb. 1, 1977, entitled Snubber Design Criteria. This document defines 
pertinent areas of snubber performance and, in the author's opinion, 
offers for the first time the basic information required by the buyers to 
communicate effectively with the suppliers regarding performance. The 
problem that will arise as a result of this document is that the data 
required to answer adequately many questions regarding the specifics of 
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performance (e.g., ratchetting, spring constants, environmental effects, 
fatigue) are presently not available as responses to the questionnaire 
indicate. 

In summary, snubber designs have not been fully characterized with 
regard to expected performance. The manufacturers are making a conscien
tious effort to supply this information but, due to previously mentioned 
barriers, they are finding the task difficult, if not impossible. The 
preceding analysis has revealed problems in snubber design, shipf{ng, 
handling, maintenance, and installation and has made recommendations for 
corrective action. 
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