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I

The main steam isolation and check valve, menufactured by Schutte &
Koerting Company for Prairie Island Unit l, vere analyzed to ver

the ability to withstand the dynamic effects of the closure event
following & postulated pipe rupture, Elastic-plastic finite element
techniques were utilized with both static and nonlinear dynemic analyses,
The valve components examinei (the disc, tail link, rock shaft, and
valve body seat area) were shown to meet the design criteria, Additional
analyses were performed for the isclation valve to evaluate the effects
of spurious closures on the ability of the velve to withstand & closure
following pipe rupture. A measurable limit was established for the

-

allowable permanent deformation caused by spurious closures,
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1.0 INTRODUCTION

This report, prepared for Pioneer Service and Engineering Company, presents
the results of the structural analyses performed by Nuclear Services
Corporation on the Prairie Island Unit 1 main steam check and isolation
valves for closure following a postulated pipe rupture. The isolation
valve wvas also investigated to determine the effects of spurious trip

upon closure following a pipe rupture,

The compeonents analyzed were the rotating assembly, which includes the
disc, the tail link, the rock shaft and the valve body seat area, The
effects of closure on the valve body proper, attached piping system an

cther components of the valve were not a part of this analysis.

The primary load conditions imposed on the valve assembly are a result

of the kinetic energy developed during valve closure. This closure

results in a centrifugal force on the tail link and an impact force
between the disc and valve body. The kinetic energy and angular velocities
of the closure assembly were determined by Nuclear Services Corporation,
and are reported in Reference 1. Secondary loading conditions, such as

the pressure acting on the disc, asymmetry at impact, and post impact

effects, were also considered in the analyses.

For the tail link, disc, and valve body seat area finite element models

wvere deve.inpcd ond etuvic elastic-plestic analyses were performed to
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determine load, deflection, and strain relationships. The total energy
absorbed by the disc and valve seat as & function of the impact force was
then determined from the combined static load-deflection characteristics

of the disc and valve seat,

A multi-dimensional, nonlinear dynamic model was developed to determine
the distribution of valve seat loading upon disc impact. It served to
check the assumption of axisymmetric deformation employed in the finite

element calculations,

A one dimensional, nonlinear dynamic model was used to determine response
characteristics, including rebound radial acceleration, A similar model

vas used to determine dymamic response of the tail link during angular

closure.

Structural analyses were also performed on the rock shaft and the shaft
portion of the disc where the tail link is attached, Both of these areas

wvere examined when the rotating assembly was subjected to the peak centri-

fugal force.

Wil
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2.0 DESIGN ANALYSIS CRITERL

The design criterie as defined for the main steam check anc olation valves

following & pipe break is established to insure that the valve disc, body

seat area, tail link and rock shaft survive the closure and perform the

intended function of preventing further steam flow. The valve is considered

to meet the design criterie if, following & pipe break:
1., The maximum material strain level within the components
50 percent of the ultimate strain}
and
The resulting centerline o

less than the specified sc to seat overlar
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3.0 DESCRIPTION OF CHECK VALVE COMPONENTS AND MATERIALS

The mair steam check and isolation valvee for Prairie Islend Unit 1
supplied by Schutte & Koerting Company (S4K). The general configuration
of these valves and their principal components (valve body, disc, tail
ink and rock shaft) are shown in Figure 3-1. Closure of the isolation
valve is initisted by & release mechanism which forces the disc into the
flow, thus allovwing the steam tc sccelerate the disc tovards its seated

position.

Table 3-1 identifies each of the components which were anaelyzed and the
draving number defining the appropriate design. The check and isolation
valves are identicel except for the tail link. The tail link for the
check valve is slightly stronger as & result of the additional thickness
for the limit stop (Figure 3-1). In additionm, Table 3-1 identifies the
material of each component. The materiel properties are defined in Figures
E-1 to E«5 of Appendix E. Except for the seat velds, material properties
from lot tests at room temperetures and properties at the operating tem-
perature for the disc wvere supplied by Pioneer Service & Engineering Company
(References 2 and 3). All other properties vere obtained by Nuclear

As can
be seen from the stress-strain curves,
valve components are ductile and can absord large amounts

plastic deformation.




S&K
COMPONENT DRAWING NO. MATERIAL MATERIAL PROPERTIES
S ATS SRR B N ee 8
Check & Isolation TO0-XA-16 N/A N/A
Valve
Disc Body L10 CB Figure E-l
wlell
T3-5-49 E-306~
Disc Seat CL=15 Figure E-2
Tail Link-Isclaticn | TO-E-1L* .
A21¢ .
Figure E-3
Tail Link-~Check TO-E-B5 % WCR
68-G-118
Rock Shaft L16 Figure E-U
69-E-56
A216 »
Valve Body sketch WEB Figure E-3
( -
Valve Body Seat ;E:eﬂr; . 196 Figure E-°©
® It is assumed that the tail linke will be me ed fit the disc defined

in Drawing Number T73-E-L9.
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k.0 LOADING CONDITIONS

The primary load conditions imposed on the valve assembly are a direct
result of the kinetic energy which is developed during valve closure.

Energy levels and essocisted angular velocities are given in Reference 1.

In comparing the check and isclation valves, it can be seen from
Reference 1 that the highest energy levels and associated angular
velocities are experienced by the isclation valve with the check valve
iu the full open position. These worse case levels vere utilized in the
analyses for the isolation valve and are identified in Table L-1. The

design pipe break level includes & 12% safety factor per Reference L,

Resolution of the energy geuerated by the closure results in two primary
loading cases: (1) impact force between the disc and the valve body

seat area and, (2) centrifugal force in the tail link. In addition, &
number of secondary load conditions are present, including centrifugal
resction at the rock shaft, centrifugal reasction at the disc shaft attach-
ment, restraint reaction on the link due to restricted arc travel after

impact, pressure on the disc, and rebound forces.
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TABLE k-l

KINETIC ENERGY & ANGULAR VELOCITY

DEVELOPED BY THE ISOLATION

VALVE DURING CLOSURE

Input
Angular
Disc Velocity, Eneggy“E

Angular W (10

_Opersting Condition Travel, ® | (Rad/Sec) |(in.~1bs)
Pipe Break 80 93.9 1.20

1

Design Pipe Break 80 99.6 1.35

2

Spurious Trip, 130%
Normal Full Load
Flov Transient 1

80 2.8 0.15

1. Reference 1,

2. Includes 12% safety factor per Reference L.
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5.0 DESIGN ANALYSIE METHODE

5.1 Analysis Method Summary

The analyses were performed in the following steps.

A. A finite slement aralysis of the disc and valve seat area assuming
static conditions and axisymmetry wvas performed. Impact load,
deflection and strein relationships vere developed frcm the results
of thie analysis. By combining the .oad deflection characteristics
of the valve and disc and equating input kinetic energy to strein

e energy, & relationship between impact load and kinetic energy was

l determined.

B. A nonlinear, single degree of freedom analysis was performed for
the disc to valve impact. The purpose was to determine the potential
for separstion between the disc and valve following initial impact.
A separation would result in an additional energy input which was
not considered in the previons static energy analysis. An additional
objective wvas to determine the st impact rebound velocities so
that the effect of the rebound centrifugal force on the tail link

could be determined.

C. A nonlinear, multi-degree of freedom model of the disc to valve
impact was utilized to confirm the sssumption of axisymmetry of

impact loeds utilized in the finite element analysis.
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The disc pin attechment to the tail link and the rock shaft wvere

analyzed wvhen the disc was subjected to the meximum centrifugal force.

A single degree of freedom, nonlinear dynamic analysis was performed
on the tail link with the disc mass during thé aagular acceleration
prior to impact. The purpose vas to determine vhe influence of
the dynamic time dependent centrifugal force upon the tail link

reaction load in comparison to & static centrifugel force.
F ug

A finite element analysis of the {solation tail link was performed.
Both the effects of the centrifugal force prior to impact end the
effect of the disc restraint upon the free arc travel of the tail

1ink following impact were evamined.

5.2 Static

Elastic-plastic analyses methods were utilized since the available elsstic
strain energy is insufficient to balance the input kinetic energy and the
applied centrifugal forces are above yield. The finite element computer

program MARC-CDC (Reference 5), which has the capebility tc perform

elastic-plastic analysis, was used in the strese analyses. A portion of

the theoretical basis of this computer program ie described in a paper

by Marcal and King, Reference

Yielding is governed by the von Mises eriterion, and plastic flow is
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governed by the Prandtl-Reuss stress-strain relations. Isotropic strain
hardening effects are taken into account, end the analyris follows an
incremental procedure, Initially, the program performs an elastic
anslysis to determine the element with the maximum stralin.
are subsegueptly scaled so that this element 1s at incipient yiel The
loads are then increased in specified increments. With each increment,

results ars obtained which show the change of plastic deformation within

the structure. The method utilizes smell deflection theory.

In describing the structure, the cross gection is broken into quadri-

™

lateral and triangular constant strain elementis. The element type used

ring element which allows only axisympetric applied loads.
The element type used to analyze the tail link was the plane stress

quadrilateral. A plane solution alloved incorporation of both plasticity

and shear. Thus, the elements representing the tail limnk flange and

o~

3

circular attachment area ior the rock shaft had adjusted moduli and yield

strength values to correctly simulate Lhelr structural contributions.

T i

he finite element models for the disc, valve body, and tall link A&re

»
-~
(&)
M
0
"
>

-

shown on Figures A.1-1, A.2-1, and B.l-l, respectively. Al

and B describe this portion of the analysis in greater cdetail.

. . to analyze the disc and valve body was the exisymmetric, quadrilateral
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5.3 Dynamic Nonlinear Analysis

Dynamic nonlinear analyses techniques were utilized to assess the symmetry
of disc impact, rebound characteristics and effect of the time dependent
radial scceleration upon the tail link during closure. All dynamic
analyses were conducted with the aid of the computer program PIPERUP
(Reference 7). The PIPERUP computer program performs nonlinear, elastie-
plastic analysis of three dimensional systems subjected to dynamic time
history forcing functions. The program computes and outputs restraint

spring reaction forces and system deflections as & function of time.

PIPER''P is an adaptation of the finite element method. The three dimen-
sional system is mathemstically modeled as an assembly of weightless
structural members connecting discrete nodal points. Weight of the
system including the distributed weight and concentrated weights is
lumped at selected model mass points. An incremental procedure is

used to account for the nonlinear effects of plastic deformation of

the system and restraints.

Stress-strain charscteristics of the members which connect node points
are idealized by three linear segments. The first portion represents
linear and perfectly elastic behavior, the second represents linear
etrain hardening, with the third portion representing perfectly plastic
behavior. In situatione where stress reversal and unloading occur, an

isotropic etrein hardening model is used; that is, unloading is always

along the elastic line. (Figure 5-1).
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The method used in the program to account for the change in system stiff-
ness during plastic deformation is to represent each member connecting
twe nodes by three parallel subelements which have a total stiffness
equal to the elastic stiffness of the system. Upon transition from the
elastic to the linear strain hardening region, one of the three subele-
ments is hinged, such that it can sustain no increese in loed, leaving
two subelements which are defined to have a sum stiffnese equal to the
gtrain hardening stiffness of the system. At the second transition the
process is repeated leaving e single subelement with a very small

stiffness.

Restraint springs are modeled in PIPERUP with an ihitial gap and & tri-
linear stiffness curve. Agein, the first stiffness represents linear
elestic behavior, the second stiffness models linear strain hardening,
vith the third stiffness modeling perfectly plastic behavior. (Figure 5-2)
For this analysis, the yield and plastic criteria used in PIPERUP for

bending is given by:
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anMy = Yield moment for first stage hinge (strain hardening)
MF=MU = Ultimete moment for second stage hinge (plastic hinge).

Tvo 8! gle degree of freedom systems were modeled. For one, the disc and
& portiou of the tail link was the mass, and the tail 1ink "radial" stiff-
nese was the spring. The time dependent radial scceleration due to angulaer

l velocity vas inputed for the meximum energy condition. In the other system
the disc impact was modeled, thus the spring {ncluded the effective stiffness
of the disc and valve combined. From this analysis, rebound velocities and

peak loads were determined.

In addition, e multi-degree of freedom system was modeled. The disc was
simulated with several bar elements connected to & pivot and the system
vas accelerated about the pivot to assess the symmetry of impact upon the

v » seat.

R

B s s
'
-
N
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CAMPBELL, CALIFPORNIA
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6.0 RESULTS

The results of the analyses are given in Appendices A through D. Appendix

A summarizes the analyses performed on the disc and valve body seat area.
Appendix B includes finite element and dynamic analyses of the tail link.
Appendix C and D contain analyces of the pin attachment ares of the

disc and the rock shaft.

The total maximum strains at several representative operating conditions
given in Reference 1 for the disc, tail link, valve body seat area, and
rock shaft are identified in Table 6-1. As can be seen, all trips produce
some plastic deformation. Design pipe break, the worst condition, results
in meximum strains which are all below the allowebles as shown in Table

v

6-2. (See Appendix A.1, A.2 and B.l

The teil link when subjected to the maximum centrifugal force of 1L8.9 kips

’
L 4
LR

which corresponds to an input energy of 1.35 x 10  in.-1bs extends 0.52

as shown in Figure B.l-6. his is les: lan the allowable of

The results in Appendix A.3 and B.2 show that the isolation valve will
meet the design critieria for e design pipe break, assuming the measured
maximum permanent deformation at the center of the dis >llowing any
combination of spurious closures is less than 0.19 i es . » addition,
the valve will meet the criterim if three or less worse case spurious

tripas, as defined in Table 4-1, have occurred previous to a design pipe

break closure.
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Analyses of the disc pin attachment to the tail link as shown in Appendix

C indicates that it was not yielded due to radial accelerati. s prior to

impact.

The anslysis of the rock shaft as shown in Appendix D showed that the

stress did not reach yield during the worst case angular acceleration.

The results of the one dimensional non-linear dynamic enalysis in Figures
A.L.1-3 and A.L.1-6 shov that the disc impacts the valve body, moves back
slightly and stabilizes tut does not separate from the valve after initial
impect. This confirms the static energy analysis assumption that separ-

ation would not occur as & result of the rebound energy.

Other results of the dynanic analysis summarized in Table A.L-1 show the
lov rebound angular velocities of the disc after impact. As can be seen
“rom Figure B.l-L the angular velocity produces a Low centrifugal force

in the tail link. The strain force results in Figure B.1-3 for the tail
link showv that the rebound centrifugal force would not produce any addi-

tional plastic defocrmation.

The results of the multidimensional, non-linear dynamic analysis of the
disc impact indicated that the compliance between the disc and the valve
seal was sufficient to distribute the peak loads reasonebly uniform

around the circumference. This can be seen by exemining the pesk response

of the eight springs representing the valve body in Figures A.L.2-2 to
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. A.L.2 6. This confirmed the validity of the assumption of axisymmetry

loading utilized in the finite element analyses of the disc and valve

body.

Centrifugal forces from static analyeis were utilized to determine plastic

strains in the tail link.

Hovever, this is conservative since as shown

by the dynamic analyses results in Figure B.2-3, the peak dynamic reaction

is 21% less than the maximum centrifugal force predicted from static

analysis as shown in Figure B.1-L,

The total strain reported in Table 6.1 for the tail link is based on the

conservative assumption that the tail link is constrained to deflect the

same amount as the center line axial displacement of the disc. With

respect to this assumption, two analyses were performed. The displacement-

strain results in Figure B.1-9 are from the first cese with the tail link

initielly stress free which corresponds to a spurious trip. The

displacement-strain results in Figure B.1-11 are from the second case
gu

with the tail link initially subjected to & strain state corresponding

to the centrifugal force from & dcuign pipe break trip. For both cases,

maximum strein levels were greater than the strain levels from the centri-

fugal force only case.
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TABLE 6.2

SUMMARY OF RESULTS FOR DESIGN PIPE BREAK

Component Max {mum Alionble Percent of
Total Strain Strain Allowable Strain

. |ptec 8.9% 9.0% 99%

Disc Face Weld L.2% 10.0% L2g%

Teil Link 9.5% 12.0% 79%

Valve Body T.3% 12.0% 6€1%

Valve Seat Weld 8.3¢g 20.% L1 %

Rock Shaft . -

® less than yield

2l -
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7.0 CONRCLUSIONS
For the check valve, the analyses demonstrated that the components ex-
amined (the disc, valve seat, tail link and rock shaft) meet the spec-

ified design criterie for s postulated pipe rupture.

For the isolation valve, the analyses demonstrates that the components
examined meet the gpecified design criterie for a postulated pipe rupture,
assuming that the measured maximum permanent deformation at the center

of the valve disc folloving any combination of spurious closurec is less
than 0.19 inch. Furthermore, the components will meet the specified
criteria if three or less vorst case spurious trips have occured previous

to a design pipe btreak closure.
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APPENDIX A

Analysis of Disc and Velve Body Seat Arees
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Static, Axisymmetric Analysis of Dise
Ax{rvemetric Analyeies of Valve Body Seat

Static, Ax{isymmetric Analysis of Disc and Valve
Body Interaction

Dynamic, Axisymmetric Analysie of Disc and Valve
Body Interaction
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A-l Dise - Btatic

The finite element computer code MARC - CDC, which incorporates elastic-
plastic analyeis with strain hardening, was used for the static stress
analysis of the disc. The model (Figure A.l-1) was constructed from 296
axisymmetric quadrilateral and triangular ring elements o simulate the
disc geometry. Analytical accuracy in the area of the impact face veld
was enhanced by the use of a very fine mesh with the appropriate material

properties.

For the purpose of the disc analysis, the boundary between the disc face
veld and the valve seat face weld vas modeled by fixing one degree of
freedom for a single node (Figure A.1-2). This restraint provided an
axisymmetric reaction for the applied loads but allowed the disc to ro-
tate freely without developing shear at the contact surface, thus realis-

tically simulating the zero shear and zero tension interface.

The disc inertia loads were simulated by applying an equivalent axisym-

metric pressure as indicated in Figure A.1-2. The pressure distribution
corresponded to the actual mass distribution of the disc vith an ampli-

fication near the center to account for the effect of the tail link mass.
The elastic-plastic stress analysis preceded by incrementally increasing
the pressure amplitudes in a manner that perserved the shape of the dis-
tribution. The total "impact" load for a given increment equals the in-

tegrated area of the pressure distribution. For eech increment a point
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on a total force - equivalant deflection curve can be determined. The
straineg for each element of the disc model can then be related to the

total force.

The total force applied versus equivalant deflection is shown in Figure
A.1=3. This curve was generated by equating the sumation of external
vork done st the pressure boundary (equivalant to the strain energy) to
the external work done by the total force moving through a distance equal

to ar equivalant deflection. The above relationships are given by

Total Force = 2![ pr.r.d.r

Total External Work
Total Force

Equivalant Deflection =

The total energy absorbed (strein energy) by the disc at a given load is
equal to the area under that portion of the total force-equivalant deflec~
tion curve. The total strain at two locations of interest (face weld con-
tact end extreme tensile elament) as & function of the total force is
shown in Figure A.l-k. The sequence of growth of the plastic zone with
incressing total applied load is described schematically in Figure A.l-5.
The predicted actual deflection at the center of the disc as & Janction

of applied total load is given in Figure A.1-6.
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As a result of the large deflections encowitered and the accompanying
convergence problems, it was necessary to ext rapolate the data beyond
load increment nine (2,616 kips). The dashed extension of the curves

represent this extrapolated data.
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A.2 Valve Body Seat Ares - Static

An axisymmetric, elnstic—plastic. strain hardening stress analvsis utilizing
the finite clement computer code MARC - CDC was performed to obtain the
equivalant static response of the valve seat upon disec impact. The model
(Figure A.2.1) incorporatea 125 axisymmetric quadrilateral and triangular
ring elements to simulate the seat geometry. An increased density megh

vas utilized in the area of the face veld in order to enhance the accuracy

of localized compressive strain predictions.

The disc impact load was applied to the seat as an axisymsetric annular
pressure distributed linearly over a radial distance of 0.156 inches, as
shown in Figure A.2-1. This distribution corresponded to the reaction
distribution on the disc as predicted per Secticn A.l. The distribution
vas determined by examining the stress state of the elements at the
boundary of the disc vhile the disc was loaded anad constrained by the

b undary conditions of Section A.l.

The geametry of the finite element model of the valve body was truncated
both upstream and downstream from the valve seat. Fixed boundary conditions
for reacting the inpact load were established along line A~B (Figure A.2-1)
which lies 3.6 inches downstream from the face weld surface. In addition,
the boundary along C-D, upstream, wag fixed. One eriterion for selection of
these boundaries included consideration of the anticipated plastic zone.

Based on the extent of the plastic zone indicated in Figure A.2-L, the

- 3 -
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boundaries wvere sufficiently distent from the load point to prevent

spurious predictions of the plastic strain. An additional boundary selection
criterion was based on the effects of the reactive restraint provided by the
large inertia of the valve both upstiream and downstream of the valve seat
aree, These inertias will tend to proliece & fixed condition during the

high velocity impact of the disc upon the valve seat area,

Since the stress in the valve body in the seat region resulting from an
internal pressure of 1000 Psi was negligible when compared to the impact

stresses, it was not included in the analysis,

The results of the finite element analysis of the valve seat are presented
in Figures A.2-2 through A.2-Lk. The force~equivalent deflection curve

of Figure A.2-2 wvas generated with the same procedure described in Section
A.l. The maximum total strain as a function of total applied load for

vo areas of interest, the face weld and the valve body parent material
adjacent to the weld, is shown in Figure A.2-3, The growth of the plastic
%one as & function of the applied load increment is shown schematically

in Figure A,2-L,
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A.3 Disc and Valve Body Interaction - Static

In order to determine the total energy abeorbed by the combination of the

disc and valve seat as a function of the impact force, it was necessary to

combine the static models of the twvo components. This was accomplished

by idealizing the respective force-equivalent deflection Curves as

bilinear, elastic and strain hardening, and then combining the two
K Kk
a'd .

according to the law of linear springs in - +k}’ to obtain
a b

series (i.,e. k =

& single force-deflection curve for the disc-valve seat system., The

resulting curve, Figure A.3-1, was composed of three linear segments

corresponding to the following conditions: (1) both components elastic,

(2) disc elastic and valve seat Yielded, and (3) both components yielded.

The combined F-8 curve is useful for the purpose of determining strain

energy, however the deflections do not directly relate pPhysically to any

portion of the structure.

The area under the combined total force-equivalent deflection curve for

& particular impact force represents the energy absorbed by the system

at that force., A plot of the impact force versus input energy is given

in Figure A,3.2,

By utilizing this relationship vetween force and energy and recalling

the relationships between force and strain determined in ¢/

el
-
2

iCes A.l

and A.2, the maximum strain as a function of input energy at regions of

interest for each component wvas determined

and is provided in Figure A,3-3,




Nuclear Services Corporation

In order to evaluate the isolation valve system for the effects of
repeated spurious trips, it is necessary to consider the strain energy
lost to strain hardening «s a result of the spurious trip(s). This
energy loss is dependent of the input energy of each individual trip.
Since the input energy for each spurious trip is a random variable,
the determinstion of acceptable conditions at any given time was
accomplished by utilizing a limiting solution., For this analyeis two

bounds were determined.

The first bound was based on the 130% full load spurious trip (kinetic
energy = 0,15 x 106 in,~lbs, Table L.l1) ané represents the minimum
number of allowable spurious trips. The allowable number of spurious
trips vas determined by recognizing that the capability of the valve to
meet the design criterie at a given point in time is dependent on three
energy values; that is, (1) the initial available strein energy, (2) the
kinetic energy generated for the design trip, and (3) the energy loss
during spurious trips. By applying the principle of isotropis

the energy loss as a func*ion of the m

determined and is shown in

U, > (K.E,), + U

A (n)

UA ® the initial evailable strain energy for a given
allowable strain as determined from Figure A,3-3

(K.E.)D ® the kinetic energy for the design pipe break
condition (1.35 x 10° in.-lbs)




Nuclear Services Corporation

U, (n) = the strain energy lost to hardening after n
spurious trips as determined from Figure A,3-4

In particular, using the allowable strain of 9%, the appropriate quantities
for the disc are as follows

‘& - 9%

UA = 1.L0 x 106 in.-1bs

Up(n) < (1.0 - 1.35) x 10° = 0.05 x 10° 1n.-1vs

hence

n = 3 (Figure A,.3-4),

Theref~re, the conclusion is that the isolation valve disc can be
subjected to &t least three spurious trips before the capability to

sustain the design criteris for the desiga pipe break ic jeopardized,

The second bound vas based on the occurrence of a number of spurious
trips with undefined input energies and represents the allowable upper
limit of permanent deformation at the center of the disc. As in the
previous case, isotropic hardening is essumed and the energy loss must

be less than or equal to 0,05 x 106 in.~1bs. The allowable permanent

set in the disc was obtained by first determining, from Figure A.3-1, the
apparent impact force at the point where energy losses equal 0.05 x 106

in.~lbe. Utilizing the above force value in conjunction with the curve

in Figure A.1l<6, the total centerline deflection (0.31 inches) of the

- Ll
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disc was obtained for the alloweble energy loss condition. When the
elastic deflection (0,12 inches) is taken from the total deflection,

0.19 inches is the resulting permanent (plastic) deflection. Therefore,
it is concluded that the isolation valve will sustain the design criteria
for the deeign pipe breek if the permanent centerline deflection of the
disc is less than 0.19 inches after a number of spurious trips at

unspecified energy levelr,

,
o
5
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A.4 Disc and Valve Body Intersction -~ Dymsmic

A.k.1 Single Degree of Freedom Model

A nonlinear single degree of freedom analysis was performed on the disc
to valve impact. The purpose was to determine the post impect rebound
velocities so the effect of the rebound ceatrifugal force upon the
tail link could be analyzed. An sdditional purpose was to determine
the potential for separetion between the disc and valve following
initial impact. A separation would result in an additional energy
input vhich was not considered in the equivalent ststic analyses of

Appendix A.3.

The model ies &s shown in Figure A.L.l1-1., The spring stiffness used

is shown in Figure A.4,1-2 and is & bilinear representation of the disc
and valve body combined stiffness of Figure A.3-1. The combined
stiffoess was obtained from the static finite element analyses discussed
in Appendix A. A constant forcing function of 358,538 lbs. was
utilized. This force correspondes to the pressure at impact of 065 psi
per Reference 1 and the 21.75 inch inside dismeter of the valve body.
The initisl gap between the mass and spring was determined in correla-

tion with the impact energy and the forcing functiom.

The disc response for the spurious trip and elosure following a design

pipe break is shown in Figures A.L.1-3 to A.L.,1=6, It should be noted
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that the disc deflections before impact in Figures A.L.1-4 and A.b.1-6
only represent the model 88p necessary for th: impact energy. The
resulting rebound angular velocities are shown in Teble A.4.,1=1, It can
be seen that no separation occurs, thus maximun loads predicted by the
static energy analysis are not altered by rebound., The redbound angular
velocities are so lowv that additional plastic deformation of the tail
link will not occur, thus the effectiveness of the sesl will not be

degraded by misalignment upon final seating.
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TABLE A.L.1-1

DYNAMIC DISC-VALVE IMPACT RESULT

RIBOUNL
INITIAL PEAK REBOUND ANGULAR
OPERATING ENERGY GAP LOAD  VELOCITY VELOCITY
CONDITIONS in.=lbs in. 1b in./sec rad/sec
Design
\ Pipe Breeak 1.35 x 106 4.1769 2.70 x 105 206.4 13.1
Spurious
Trip .15 x 106 4211 2.15 x 100 186.6 11.8

\4 '5?*
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Pigure A.L,1-1
MODEL OF DISC VALVE BODY IMPACT
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Figure A.4,1-2
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. AL, 2 Multi-Degree of Freedom Model
A more complex, nonlinear, dynamic analysis with multi~degrees of
' freedom was performed on the disc and valve body to determine the

symmetry of impact loads.

4

l The model used is shown in Figure A L4,2.1. The model consists of three
basic segments, The disc is represented by four identical crossed dbars

l which are uniformly spaced. The valve body is simulated by eight dis-

l crete springs located vertically beneath the terminal points of the

! bars, A bar element representing the teil link connects the disc to a

pivot,

Appropriate stiffnesses have been associated with the various segments,
The four crossed bars representing the disc have the effective disc
stiffness ae shown in Figure A.1~3, The mass of the disc was concervatively
-oncentrated at the center in order to simplify modeling of the effective
stiffness, The eight discrete eprings in parailel have the effective
valve body stiffness as shown in Figure A,.2.2., The stiffness of the

14 %

l tail link was determined by matching the effective elongation *rith the

finite element analysis of the tail link as shown in Appendix B.1l.

The foreing funetion applied to the center of the model is the same as
that utilized for the single degree of freedonm model, Appendix A.L.1.

l‘ 24

The gap used for the springs located on the Z-axis (11 and 15), two of e

-Se—
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the eight representing the valve body, wees determined in correlation
vith an energy input of 0.55 x 106 in.~1lbs. The other gaps were sub-
sequently calculated based on the resultant angle determined by the

initial gap of Nodes 11 and 15.

The results of the analysis are shown in Figures A,L4.2-2 to A.L.2-6,
It can be peen that the maximum valve body loads are relatively uniform
around the circumference. This confirms the validity of the axisymmetrical

finite element models utilized in the disc and valve seat analyses.

-gy -
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APPENDIX B

Analysis of the Tail Link
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B.l1 Static Finite Element Analyses

A static analysis of the isolation tail 1ink was performed with the aid of

the finite element computer code MARC-CDC. The model shown in Figure B.l-l
vas constructed from 160 quadrilateral and triangular, isoparametric plane
stress elements which incorporated material strain-hardening effects.

Analyses of the model were coniucted for two valve closure loading conditions;

that is, (1) centrifugal forces and (2) rotation restraint produced by the

axial deflection at the center of the 1ise following impaect.
‘3 I §

The analysis of the effects of centrifugal forces was accomplished by
rigidly fixing the model bounda.y at the disc-link interface and applying
force at the rock shaft reaction point as shown in Figure B.1-l1. By incre-
menting the applied load from zero to 148 kips, the force-deflection curve
shown in Figure B.1-2 was obtained for the 1ink. In addition, totel plastic
strains as & function of applied load were obtained and are showu in Figure
1-3. Utilizing the above results yting the appropriate r
between centrifugal force and angular velocity shown
tionships between maximum element reir ¢ impact energy
and impect energy were determined and shown in Figures B.l-f
respectively. Figure B.1-7T represents, schematically,

plastic zone in the link as

The effect of the restraint imposed upon the free arc travel of the tail

link mechanism by the disc after impact wes determined by conservatively




A
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restricting the travel of the link to the axial path of the center of the
disc as shown in Flgure B.1-8. Reaction for the restraint force was
supplied at the rock shaft. A deflection, simulating the axial center
deflection of the disc, wvas applied along the restricted path and was

incremented to establish strain deflection curves.

Analyses were performed for two operating conditions. One was for the link

initially unstressed which approximates the spurious trip. The resulting

!

strain exial deflection relationship is shown in Figure B.1-9. Figure
B.1-10 represents, schematically, the growth of the plastic zone in the

1ink as & function of the axial center disc displacement for this condition.
The second condition was for the link initially stressed to correspond to
the design pipe break. The resulting strain axial deflection relationship
is shown in Figure B.1-11. 1In both cawves the state of strain due to the
restriction of the link was related to the overall closure energy by

utilis ng the disc center deflection from Figure A.1-6.
g

As can be seen from the results, the assumed conservative restraint imposed :
by the axial displacement of the disc after impact adds to the maximum

a

strains resulting from the centrifugal forces.

As discussed in Section A.3, after a number of trips, the isolation valve
will meet the criteria for a design pipe break if the total permanent cen-

terline deflection of the disc is less than 0.19 inches. During impact



Nuclear Services Corporation

this corresponds to a total disc centerline deflection of

The effect of & number of trips upon the tail link can be conservatively
anslyzed by edding together maximum developed strains for the various events.
From Figure B.1-9, it can be neen a 0.31 inch center deflection of the disc
will produce 2.5% plastic strain in the tail link. Utiliting the results

in Figure B.1-10 for a design pipe break and conservatively adding these
results to the previous strain, the totel strain of 12% is obtainped. This

is within the design criteria.
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B.2 Dynamic Non-Linear Anelvses

A single degree of freedom, non-linear analysis was performed on the tail

link with the disc mass during the

angular acceleration prior to impact.

The purpose was to determine the influence of the dynamic time dependent

centrifugel force upon the tail link reacti

on load in comparison to a static

centrifugal force.

The model is as ghown in Figure B.2-1. The bilinear spring stiffness wasg

obtained from the finite element analyses of the tail link as shown in

Figure B.1-2,

The centrifugal forcing function which corresponds to an impact energy of

1.07 x 106 in.-1bs. is shown on Figure B.2-2. The variation of angular

velocity with time was obtained from Reference )

- .

.2 results of the enalysis shown in Figure B.2-3 indicate the maximum cen~

trifugal force at impact is 93500 1bs. "™his is 21% less than the maximum

force of 117800 1bs as determined from the static enalysis as showu in

Figure B.1-L., Since the centrifugal force from static analysis has been

shown to be conservative, it has been utilized for all tail link analyses,
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C. .Anslyaia of the Disc and Teil Link Interaction

The reaction of the centrifugal force upon the disc through the disc pin is

examined in the following analysis., The model is shown in Figures C-l and C-2.

It is assumed that the pressure on the lower half ring contact area between

the disc and tail link is & cosine distribution. Thus to determine effective
reaction location of P

%/ a

v = Ipda = Epr fcosede
A o

= 1,238 in.

The location is obtained

= 1,52k
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By examining the free body diagram in Figure C-3 the major forces

identified,

The maximm centrifugal force wvhich corresponds to the maximum

w = 99,6k rad,/sec. is:

. %%%‘% x 15.75 x 99.64°

The total contact force between the tail link und disc is:
-y 122236. x 1.913
P = -
1.52

The maximum contact pressure which is the maximum normal stress of

n-m becomes:

153813.
i - 32.6 ksi

Hence, the maximum stress produced due to the contact is less than the
yield stress of TO ksi per Appendix E.
To determine the stress in the disc pin the forces from equilibrium

are:
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. ' The maximum stress which exists at point a in Figure C-3 is:
‘ T 153813, & -
| l o, i . -%15-2%- 31.87 kei
l v w 8 ,Lx220536 | .5 ac )04
xy A x 4,827 i

The calculated principal stress at C are:

2
o » Bll o /(BB), sy05u15.0 s g

1 2 - 2
2
53.35 kei tension
o
259
2 «21.47 kei compression
tooe 37.1

By applying the Mises yield criteria

i

o

I 8 W e oy T

with

the effective stress is

Ods ® 66.73 ksi

vhich js below the yield strength of 70 kei per Appendix E,
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APPENDIX D

Analysis of the Rock Shaft
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D. Analysis of the Rock Shaft

The effect of the centrifugal force due to the effective weight of the tail

1ink and disc is examined in the following analysis. The model is shown

in Figures D-l and D-2.

By referring to Figure D-l, it can be seen that the torque Tl is produced by

veight and pressure and T, is the restraint torque produced by air pressure

<

in the cylinder acting on the piston, After rupture of the piston in the

cylinder, T, = C, there would be no torsional stress in the rock shaft.
(=

The maximum torsional stress produced in rock shaft occurs when T, is maximum,
“

¥hen the piston ruptures, the pressure in the cylinder = 150 psi, per Reference
8. Also 5550 lbs. on the piston stem preduces 233. psi in the air cylinder,

Thus the force in the piston stem is:

m -

T -
2 max

w
W
<3
L
=
r

.

(8 o)
-3
N

]
.
o
b
.
-
o
<

i
v
=
(%
»

Torsional stress in the rock shaft is

Tmax = 17418 x 1,0 = 11.1 ksi
loST




Vs, vhe rock shaft dus to the centrifugal force

max eff mex %gf-r x 15.75 x 99.64° 149083 1b

Maximum shear stress

[
n

A = cross secti

om

By conservatively assuming

P

o

occur, the total maximum shearing stress = 31,¢ .l

N < % . ‘ )
wvhich is also the principal shearin below the yield
, I , elow the yiel

“
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Material Properties
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E. MATERIAL PROPERTIES

Since high strain rate test data at the operating tempcrature was not
aveilable, it was conservative not to utilize enhanced yield strengths.
Temperature dependent material properties wvere extrapolated from room
temperature lot test data and high temperature properties of identical
or similar materials. Conservative bilinear approximations for the

¢

stress-.train curves as shown in Figures E-1 to E-5

all analyses,

The deteils of how material properties at the operating temperature

were determined are shown in “he following sections.




410 CB Martemsitic Stainless Steel

Per Reference 2 the following room temperature lot test data was obtained:

. kei
Oy = T9 8

o = 103, ksi
u

Fer Reference 3 the following lot test data at 600°F was obtained:

cy = 65.9 - 67. ksi

o = 81,2 - 82.2 ksi
u

Utilizing the information from Reference 3 and Figure F3,0°12
which reflects the e’fect of temperatur

at SLE®F are obtained:
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17 at SLE°F

The elastic modulus obtained from Reference 9, Figure

is:

E=2L 5 x 106

Actual pro,srties utilized in the analysis were:

o = T0. kei
¥y

o = B80. ks!
u

¢ *.38.
u

E =~ 24,5 x lO€ psi

For constructing the stress strain curve the wltimate stress was assumed to

occur at e 15 € which is typicel for stainless steels.

“

The stress strain curve reflecting these properties is in Figure E-l,
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E.2 Disc Seat

Weld E—}Qg-Cb-l§ Austentic Stainless Steel

Per Reference 12 the weld material can be treated as annealed., Annealed
properties ac room temperature per FReferencz 1l are:

o = L5, - 55, ksi
= 85, 95. ksi
45.

From Figure 17, Reference 9 the elastic modulus &t temperature ic obtained:
Ew= 24,5 x 20° psi

As 309 is a mudification of 30k with similar propertieg, the properties

at elevated temperatures for 304 in Reference 10 are applicable. From

Figure 3.03132 in Reference 10 the following were ottained:

= 40, ksi

T2.

The actusal properties utilized in the analysis were:

o 40, ksi
Yy
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The ultimate stress was assumed to occur at A, * 15 € which is typicel
-

for stainless steels. The stresc strain curve reflecting these properties

is in Figure E-2.




' Nuclear Services Corporation

E.3 Valve Body & Tail Link

\ A216 WCB Cast Carbon Steel

Per Reference 2 the following room temperature lot test data was obtained:

L6. ksi

oy = 41.5
o. * 73.5 =« 75. ksi
€ =26,5 - 31.%
From Reference 9 the elastic modulus obtained at SLE°F from Figure
16 is:
o 6
E=27.5 x 10" psi
Properties at the operating temperature from Reference 13 are:

o, = 37.-{2&6.801400.} {37. . 25.}

o = 32,6 ksi

0 )'
o = 70.~ {21‘6.80{.‘00} {70. . 65.}
. ® 66. ksi
€, = 30.+ { z.e;aol'.oo—} {3&. - 30.}
ety A (‘u = 33.%

Actual vroperties utilized in the analysis were:
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3 = 2L.%
u

E = 27.5%x 106 psi

M™e ultimate stress vas asgumed to occur at .Sau vhich is & ressonsble

assumption for a medium carbon steel. The stiress strain curve reflecting

these properties is in Figure E-3.

- 103 -




A am

e S

Nuclear Services Corporation

E.4 Rock Shaft

416 Martensitic Stainless Steel

Room temperature properties per Ref :rence 2 from lot test data wvere:

Oy, = 108.5 - 12L. ksl
Ou b 127-’ 11‘8- kni

€. = 15.0 - 16.7%

u

Figure 3.03122 in Reference 10 presents data for 410 which is similar to

416. From this figure at 546° F:

o. = 85 ksi

vhich was utilized in the analysis. T™is information is reflected in

Fi/ »e E-L.



Nuclear Service» Corporation

E.5 Valve Body Seat

Weld 316 Austenitic Stainless Steel

Per Reference 12 the welded material can be trested as annealed. Typical

room tempersture properties for 316 vere obtained from Reference 9 and noted

below:

35. ksi

80. ksi

Also from Reference 9 typical tensile properties at operating temperature

are obtained for 316.

2L.5 x 106 per Figure 17
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The actual properties utilized in the analyses were:

oy = 19. ksi
o, = 61. ksi
8, * Lo, %

E = 2L.5x 106 psi

The ultimate stress was assumed to occur at . .15 ¢ which is typical

u

for stainless steels. The stress strein curve reflecting these properties

is in Figure E-5.

S oNE S N R G B B B R e e e e e e e e
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