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AllSTilACT

This research is nimed at improving the performance of gate valves at nuclear power

plants (1) by developing irrproved predictive models and (2) by identifying design
irnprovements that overcome problems / limitations of the current gate s alve designs.

Phase I research is aimed at developing improsed operating thrust models for the most

common types of gate valves in use at UA nuclear power plants _ The research completed

under Phase I addresu s shortcomings in the current motor operated gate valve perforrn

ance models by ins 2stigating localized contact stresses under disc tilting caused by fluid

flow, by predicting inertial thrust overshoot, and by providing a comprehensive review of
_

friction /p1lling data for gate valves. Instrumented valve test data provided by lluke

Power Company were used to rnake limited comparisons with the analytical predictions.

The areas that require systematic testing to further reOne the predictise models are

iden tified.

.
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EXECLTI'lVE SUS 131AltY

-This report documents the results of Phace I research preposed and conducted by Kahi
Engineering, Inc. to . improve the operabdity of m"or operated gate valves in nuclear j

power plants. Phase I rescarth, funded by ti.e Small Busineo Innovation Research (Sillit)

program, resulted in the following major accomplishments:

Opening and closing thrust equations for the common types of gate valves used in*

U.S. nuclear power plants hate be(n doeloped and documented.

An analytical meihedology to predict inertial thrust m ershoot in an MOV gate valve*

has been developed from first principles Comparisons against data supplied by
Duke Power Company base confirmed that the methodokgy is se,und, and there is -

good qusnfitative agr(ement betweon analytical predictions and actual test resultr,.
,

'

The results of a comprehensis e review of friction and galling data are documented*

'in this report to provide a rational basis for selecting an approprjate coeflicient of
friction for a given application

t

The concept of inder of contact . stress sercruy has been introduced to determine |*

whether or not a gate valve will behave predictably under fluid flow forces.
Preliminary analysis approaches to calculate localized contact stresses at the dise-

'to guide contact -and at the disc to-dowrntrcam seat contact under disc (dting
|

conditions have been devdoped.
|

* - Significant factors that affect ihe openinn thru<t requirements of a gate valve have
been identified, and quantitative methods that can be used to diagnose valve opening

|
problems have been documented.

|
Improvements in gate vahe deugns to make them less sensitive to pressure / thermal; *

transients and external pipe loads bas e been identified, and some quantitative
exarnples are included to show the degree ofimprevement achievable.

'
,

in summary, the Phase I research has been succerful in completing the preliminary
development of improved gate valve operability models. This can serve as on excellent
foundation to continue further analytical and experimental deselopment the is necessary

to provide reliable and proven gate valve operalnlity modeh to the nuclear power industry. '

|
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1. INTRODUCTION *

1.1. Backgmund :
,
'

Operability prob! erns with motor operated vahs 010Vu m the U S. nuclear power plants

have been extensively daeumented in references 11I through 1121 The Nucir ~ Hegulatory

Commission's (NHC) safety cencerns regarding the operabihty of the M0h were further
reinforced by the failure of several gate valvn to close within the manufacturer specined
thrust requirements under simulated high energy pipe break conditions in the recently

conducted NRC tests 14,23L Even though 'ever al er the earlier reports and surveys have i

described the operability problems in detail 17.5,9L it was the issuance of NHC lt: Bulletin

85 03111 Generie Letter 8!b1012L and the recent cate valve it sts !4,231 that Gnally resulted

in the industry-wide recognitwn of the sigmfic.mee of the MOV problems

Kalsi Engineering, Inc , havmg been mtinutelv involved in selving valve problems for
the utilities for over 13 years <ubmitted a prnpmal under the Small Busmeta Irnovation

Research (SBIR) Program to mitiate a cystematic rsearch <inected at improving the motor

operated gate valve designs and operabdity prediction modeh. This proposal was selected,

thus giving the principal investigators an opp >rturnty to document the key technical
approaches that have been developed by Kabi Engineering, Inc in solving problems and

making improvements in the design and performance of MOVs.
,

1.2 Objectives .

The oecrall objectives of Phases I and !! of this SBlR project deGned by the principal
investigatcts are to imprcne the opernhihty of ti e motor operated gate valves in th iuclear

power plant safety system by: (1) deveh> ping more ecmprehensive and reliable models for

predicting operability; (2) identifying improvernents that can overcome the deGeiencies
observed in the current gate valve desgns. .

,

i: The overall objectives stated above are quite hmad and would require extensive analytical
research as well as testing to fully acccmp!:;h thew goah. The mero specific objectives
-under SBIR Phase i funding constraints were limited to: (1) providing closing and
opening thrust equations (based en ideal frmbedy diagrams; fer the types of gute valve |

#

| designs which are in common use in the U S nuclear power plants; (2) developing a
'

( preliminary analitical methodology to quantitatively esse *s the effect of Guid Gow forces

i imposed on the mse on the vah e performance; (3) deselcping an analytical model to
predict thrust overshoot due to inertia; N) documenting friction and galling data,,-

including principal investigators ~ experience, relevant to gate valve operability; (5)
-documenting factors that affect the gate valve opening thrust requirements; and (6)
identifying possible improvements in the gate valve design.

_

*
Numbers in brackets denote Refere: vs liwd in Section 7

3

,
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' 1.3. Technical Appniach and sumnur3
The objectises of Phase 1 n~ eau h m s e :uremph4 d h3 Gr t developmg stem thrust
requirementt 0) - clov e; a'a!(ptony !! e vte ah. - ni -n or d different designs that are
in use m the U S nutlear powt r pl ,t, i l ' ct nv aton d gate usmr whd, tiesible and
split w edge designs, (2) para!hl itp.neh 7 w. &i pate- et through cendmt and double-
dise design, and m parath) Jah pte l h. - re'ub m mmmanzed in Sectwn 2 with
detailed derivationw nu huicd m App < nda A

An important factor that has net ht.en ,elequately 4 cndlered in the gate valve desens by

mat.y manufactur. r+ is the ef fect cf Gwl t% f sro s on the du a4ng the now direction..

tit mg of the disc in mid travel positionIn some s alve designs, the fluid fo c e- ian m -,

resulting in }ocah/ed lUadin/ Ut the etn ( Itb db u& or bet w een the disc and the,

downstream seat A4 es idels(t d u) the NIM' si .ti- .'l a!4d ot t.er t st o |1,2],23L sesere

damage can occur ta the lfiter |al- ti s o i. ) , s .al s e d e M L 'i I:3 Ifir high Oun} Oon fortes tinder

es pteted to he censiderahlyblow dow n conthLuzns. Ih t n ibuch t N pacnt u! Lr d unave s

lower when the<e valves are < m ated mhr le~s we vere. pu m ped O c,w conditions,

quantitatiec approada s t- pre het il or perf rman , have n<t been as adable

uul tu al approach that has h( enSection 2 of this report summarin s a priheon : s 3

developed to estimitte t!ie fnid trav el fli- } i i:l, .if t-l h J < rl t '.1: tac t st r e s u s d ue t o N u hl f DN e%c

at the potential areas of contact. l h( -e prehmmary lo ud u.ntact stn s- calculations are
based on simplify ing assumption s of hni ar. -m :1! dhpha ena nt e hu t icit y equations
The limitations of this appro;nh nd fmther rt Onenu nt< that are needed in tms area are
identined. The coru ent of using th. e re-ults at on u;dn of caract strru m erity is

introduced, which can he uwd a, a de'un gmjr m ; akug; co!nparndons betw een different

vah e ;;eemetries and landmg cond< tion < To an urately account for non-lim ur behavW

at the contact due to locahzed y wldmg m l wear, further refinements using large ,,

di5 placement elastic / plastic fifute c le rn e n t analy sis, as well as sy5tematic testing to

Obtain f'mpirical correlatio'Is O' er a w ido ran; * t;f pararr.etrK conditinn A are neoded

Another defic:ency m piemcting the cm ahihty cftbc MOVs has been the lack cf
analytical techmques to quantify the m t t cf nort n the thrust m ershoot Currently,
inertial Overshoot proble" are detected , ily I;i MOV lesting. 1he Pliaw I rese:treli
overcomes this d e ficie n c y h_ do eu r:,en t mt m anal tical app'each, based on fir st3

principles, that has been devehtedtc:;i.u".% tu pr ' dict the inen ud overshoct. ltesults'

show good comparisans againet actu:d to t d aa p , nled by Duke Pow er Company from.
1

their now luop tecting !15! Sectn;n 4 and \ppen in D pt m nt the e r, dts

Coemeient of friction between the do .n! -cats o > of the dannnant fator that deter-
mines the overall thrust requiremer. - or cate -ahss INen though Stclhte hardfacing

.o
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has been used for years as a standard merlay matoial at the seating faces by mmt vahe
manufacturers, test data for its coeilkient of friction performance span un c- acly wide

range. This is largely due to the fact that tribckgical behaeior at the sliding contacts in the
gate valve is_affected by neveral factors that are m:t explicitly understood and controlled
during valve tests. Section 3 of this repm t prnents a ununary of the codUcient of friction

and galling data based on the principal investigatan laboratory testmg and field experi.
enee, with a focus on those factors that have the ment unpact ca the performance of gate

valves. Condition of the contact surfaces, e g. the und; tected prnence er absence of galling |

or absorbed contandnant layer of lubricant > (even 6f molecular scale) can necount for very

large differences in the " apparent ~ coefUcient of friction. Sptematic testing using real
gate valve internals is needed to determine the enset of galling in local areas of ".nta-t,
and to determine conditions under which centinued cycling results in increases in

I apparent friction and seizure or stabic frictional behavior after local wear.

Lastly, the opening thru3t requir( ments for wedge gate valves are mfluenced by sneral
factors thet are not evily quantifiable in actual MOV applications The unwedging thrust
during opening is influenced by the sedging force from the previous closing cycle,

'external pipe load causing disc pmching, effect of h:gher presure trapped m the body
cavity resulting in energization ef both upttream and downstream discs in some of the
gate valve designs, and thermal bmdmg cauwd by temperatur< transients. The practical

approach to minimite the effect of these s ariabhcs on operabibty performance has been to

bypass the torque switch daring the initial portion of the openmg stroke, thus making
maximum actuator output available The problems are detected only when the magnitude
of these effects exceeds the octuntor output- Settmn 5 and Appendices E and F discuss these

factors and present analytical methods that can be employed by the utility engineers and
valve manufacturers to detctt and ennnnate such problems

In summary, Phase I research has shown that the operability predictions of MOV gate
valves can he signiGeantly improved by prcperly taking into account a number of factors

,

that have been largely ignored in the past. Further analytical rennements nnd extensive

testing are needed to systematically address the areas identified in this report to develop

reliable operability predictinn models that cover- the wide range of variations in the valve

- designs present at the nuclear power p! ante
r

..

f

I

|
.-p |

|
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2. GATE VAiXE TYPE!, GEOMPTRY, AND ITS EFFECT ON

OPENING AND CLOSING TilltUSTS
There are five difTerent types of gate valves that cover most of the apr>lications in nuclear

power plants in the United States The key features cf these desi ms are shown in Figuret

2.1. Variations in the most commonly used gate valves include solid, Dexible, and split

gates (Figure 2 la) The two types of parallel expanding wedge gates shown in Figure 2.lb
are also used, but their population is smaller. Parallel shding gate valves shown in
Figure 2 lc are relatively uncommon in the United States, but are widely used in European

nuclear pow er plants. 'the advantages n,d disadvantages of various design features for

these valves are discussed in detail in Reference M31

1
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Flexible Wedge Sohd Wedge Split Wedge ,

Gate Gate Gate,

,

Figure 2.la

Conventional Solid Wedge, Flexible Wedge, and

Split Wedge Gate Valves

As shown in these figures, the designs vary significantly in gate geometries. Other
important variations that afTect performance are related to gate guide arrangements and
their dimensions, clearances at critical locations between gate, guides, and seats; seat

contact widths; and materials and_ surface Snish in the disc guide sliding interfaces.

Section 2 presents the gate thrust requirements for the above-described variations in gate

geometries. This section also addresses the potential for disc tilting during mid travel
due to Guid forces across the disc. Disc tilting causes localized loading between the disc

and the downstream seat, or between the disc and the guides. A preliminary analysis

approach to determine the localized contact stresses is presented in this section to
determine the loading severity based upon valve design and operating conditions.

-5|
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Preliminary analyses of localized contact t, tresses between disc and seats as well as disc

and guides used in typical wedge gate valve designs are presented in this section. The

preliminary approach presented here needs further analytical refinement and empirical
correlations to develop improved predictive models Detailed derivations of the equations
summarized in this section are included in Appendices A, B, and C.
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2.1. StemThrust for Solid, Flexible, and Split Wedge Gate Valves
Even though there are differeners in the perfurmance of solid, flexible, and split wedge

gate valves as related to their senstivity to external piping bads and thermal binding [131,
the equations for the r stem thrust requirements based upon free body considerations are

..

i

the same. Subsections 2.1,1 through 2.1.2 summarize the stem thrust requirements to

overcome only the differential pressure load across the dise Subsections 2.1.3 and 2.1 A

give the stem wedging and unwedging thrust requirements to close and open the gate,
respectively..The total stem thrust requiremen" to close and open the gate are provided in
Section 2A, which include other components such as stem packing load, stem rejection j

Iforce (also referred to as blowout force or piston effect forceh and stem and gate weight.

2.1.1. Closing Stem Thrust to Overvome Gate Difli rential Prvssurr
As shown in Section A 1.1 of Appendix A. the stem thrust at the gate to-overcome the

ditTerential pressure during closing can be expressed as:

3 i \u ( Eq. 2.11
F, = | cos 0 - p sin 0 j! Fy g

s

T 5o

N where-

05 j 13 = stem load at gate,Ib.

| I
dire pressure load due to upstream' downstream@ F =p
difTerential pressure, Ib ;

; g
aP x (effective seat area)' =

Figure 2,2 p = coef6cient of friction between gate and seat
'

Gate Equilibrium Under 0 = 1/2 cf gate wedge angle, deg
AP Imd During Closing

The dise pressure load, F , is the product of AP and seat area based on etTective disc sealincp

diameter as discussed further in Section 2.5

From Equation 2.1 the relationship between the commonly-uceu term dive factor home-
times called calce factor) and coefficient of friction, u, can be derived:4

p
Dise Factor = tEq. 2 la)

cos 0 - p sin 0

|

For typical wedge gate valves that use a total wedge angle of around 10 degrees (or 0 = 59
and a normal range of coefDeients c,f friction, the dilTerence between the disc factor and the r

I coefficient of friction is practically negligible, as discussen in Sectio. 3.1. The disc facter
calculated in the closing direction can be as much as 5 percent higher than te coeflicient of

friction for typical values o o and p that are encountered in practice.r

,

7
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2.1.2. OpeningStem Thrust to Overcome Disc Di/Terential Pressure

As derived in Section A 1.2 of Appendix A, stem thrust during opening of a wedge dise
against a differential pressure is given by:

h f.s -)
'

F =
o + p sin 0) Fp (Eq 2.2)i

cass

Yo g From this one can derive the equivalence between the dise

Q factor in the opening direction nnd the coefficient ofq
! friction:fff

/ "Dire Factor = (Eq. 2.2a) -

7 -6 cos 0 + u sin 0

Figure 2.3 The disc factor in the opening direction is slightly less
Gate Equilibrium Under than the coefncient of friction for typical ranges of wedge
AP Load During Opening angles and coefficients of friction (within 5 percent of the

corfricient of friction), as discussed in Section 3.1.

As stated earlier, the stem force calculated ir, .auation 21 or 2 2 is the force reqeired to
overcome the differential pressure resistance m .y. '

2.1.3. Stem Wedging Load Closing

The stem wedging load is related to the normal seat

[3 contact force, Fn, as shown in Section A.I.3 of
Appendix A: '

-Y o-

fn g,, F, = 2 (sin 0 + p cos O' P (Eq. t 4, n
x

fp rg it should be noted that this quation applies to the

case when there is no differential pressure across
*'G the gate. When differential pressure is present,

the stem force F in this equation is the net stem3Figure 2A
Gate Equilibrium under f ree after subtracting the differential pressure

Wedging Load During Closing load

In some cases, the limit switch inatead of the torque switch is t- ' to stop the disc travel in
the closing direction. Where acceptable from the shut af"can agint, this approach can be
used to reduce, and ia some cases eliminate, the wedging load, Fn..

8
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2.1.4. Stem Untivdging Exmd Opening

! Section A.l.4 of Appendix A shows that the unwedg-

ing load to overcome the seat contact I';rce, Fn, is

g given by:o

F, = 2 (y ces 0 - sin 0) F, (Eq. 2.4)
.

TI The seat contact force. Fn. that is to be overec e dur-
I" In } ing the opening cycle is developed by (1) wedging

load from the previou:, closing cycle, including
f Iff inertia overshoot, '.2) external piping loads, or (3)

--6 differential thermal efTects between the valve body

and disc. Section 4 provides an analytical method-

Figmv 2.5 elogy to predict stem thrust due to icortL overshoot,
_

Gate l'Aluilibrium under and Scction 5 discusses external pipe load ar.d thtr.
Unwedgingload During Opening mal efTects that may innuence the normal load, Fn-

2.2. Stem'1hrust for Parallel Expanding Gate Valves
This Subsection 2.2 summarizes the s;em thrust requirements for closing and opening ,

directions for the two types of parallel expanding gate valves shown in Figure 2.lb. The
same stem thrust equations apply to both types of parallel expanding gate valves shown in

this figure. The typical wedge angle used in the through <enduit type is .' degrees, and for
the double disc type is 25 degrees It should be noted that for ;oemeient of friction of 0.47
(= tan 25') or less, the 25 degree angle between the wedge surfaces (also referred to as back

cngles) provides a non locking condition betw een the wedges.

2.2.1. Stem Thrust to Overcome Gate Di/Terential Pressure- closing and Opening

As shown in Section A.21 of Appendix

fs 6 A, the following equation applies to
both closing ano opening stem thrusts"

Y" to overcome gate frictional force due to
fn in

r -*--- ; -*-- -- aP iond:F F! h F9 F, = p F 4m
4 y rf p

whe re
% p: CoefOcient of friction

between seat and dise
Closing Opening

Fp = dise pressure load ciue to
Figure 2.6 upstream / downstream

Gate Equilibrium Under AP Inad During ditTerential pressure, Ib
Closing' Opening AP x (efTeetw.e seat area)=

9

_ - _ - - . _ _ _ _ _ _ _ _ _ - _ _ - _ _ - _ _ _ - - _ __



. . - - . - . _ . - . _ - . - . _.. -. _ _ - ---

2.2.2. . Stem Wedging Load Closing
The stem weoging load Ts. a parallel espanding gate valve is shown in Section A.2.2 of

Appendix A to be given by:

sin 0 + u' cos 0) F" (Eq. 2.0)F' = |!4F cos0 - ' sin o)4

I where
Yo

g, p = coef6cient of friction between seat and
Fo, disch ~

o ac

4, = coefRcient of friction between wedgeg,

/ face s

yS 0 = parallel gate total wedge angle, deg

Pn = normal force between gate and seat due to

Figum 2.7 wedging, lbs

Cate Equilibrium Under
Wedging Load During Closing

This equation makes allowance for the fact that the coeffiche,ts of friction at the seat to,
Typically t t seat f, teeshdisc interface may be different than that at the wedge interface.

have a finer surface finish and are overlaid with Stellite hard facing, whereas the wedge
'

faces have a rougher surface finish and are not hard faced.

If the coefncient of friction at the seat faces and the wedge faces is assumed to be the same,

p' = p, and this equation reduces to

sin 0(1- 2) + 2p cos 0
F, = F (Eq. 2.6a)ncos0- sin 0

s i

Equation 2.6a shows that the stem load is propertional to the seat contact force, Fn

2.2.3. Stem UmvedgingLoad Opening
The stem unwedging load to overcome the seat contact force, Fn, for a parallel expanding

gate valve is given by (reference Section A.2.3, Appendix A):

10-

,=



__

Fs sI

ftu 11 sin 0 + tu + p') ces 0 ) y (Eq 2.7)'

p
ces O + p un 0 )

Yi
Sn For n = n ', this equation reduces to:F,o = --*

,*

2 \

G,' sm 0 {u - 1) + 2p ces 0-
Pn (Eq 2.7a'sF, = -

G cos 0 + p sin 0.

Figure 2.8
Cate Equilibrium Under

Unwedgingload During Opening
_

As discussed in Section 2.1 A, the seat ec,ntact force Fn to be overcome is determined by

adding the wedgi ag force from the previous closing cycle to the resultant force from
external piping loads and difTerential thermal expansion loar13 between the body and disc.

2.3. Stem Loads for Parallel Sliding Gate Valves Closing und Opening . >

Most parallel sliding gate valves are equipped with a preloading sprmg to mair tin praper
contact and provide a low pressure seal between the disc and seats. As shown in Appendix

A, Section A.3.1, the required stem thrust to overcome AP and spring load friction can be
.

expressed as:

F, = 2 p F,p + P (Eq. 2.S)
p

where F,p = disc spring load, Ib
F = AP x (efTective seat area),1bsp .

Fs p1

1
,. n _

Fs gMp v o

Y ,d =6, R, r,,'En

h' I F| fn T *

Fa -.--~. *-- ----.-y, ~ y~ ^
"pjc-'

F,
f;. r f;

_fL .-

dDown >btum yate up ks, y e

Figuir 2.9
Gate Equilibrium Under Al* load During Closing
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1

1

1

The above equation ap;)hes to both closing and opening directions, and the pressure load is
.

applied to the downstream disc only. It should also be noted that, since the seat faces and the

dise faces are parallel, there is no wedging or unwed;;ing load associated with this type of*

design. ,

|

2.4. Total Stem 'lluust Ihquimments
The total stem thrust requirements for a gate valve stem can be determined by a
summation of all the laads applied to the stem For stem thrust requirements in the closing

'

direction, a summation of the forces yieldr

TFo0

['] M, F j = F2 & P.3 + F + F + Fe - Fw i F w 2 (Eq. 2 9)4 5 <

\ |u}; F, where Fi = required stem thrust for closing,1bs j
F2 = stem packing lead, lbs (see Section Si

fre

( 4z F3 = stem piston load, lbs
-

- rJ4 d 2 x AF, w here ds is the stem3

4 diameter

F4 = stem load to esercome gate AF as '

o f summarized in Sections 21 through3

['
~

~ ] 2.3 for different types of gate valves, lbs
3 F3 = stem wedging load as summarized in

F Section 21 and 2 2, !bs4

4 Fe = stem torque reaction load, lbsg
5

= _M-_3p
4 d
|ft
i where M 3 = M - M = stem torque from actuatori 2

p - stem packing torque, m.lbsg

p' = coefficient of friction at the torque reaction
contact surface (usually at the gate guides) ,

Figum 2.10
d = m ment arm f r the torque reaction forces, m..Overall

StemImad Fwi = stem weight, lbs (of ten negligible compared to
Equilibrium other forces >

'

Fwe gate weight, lbs (often negligible compared to
other forces)

Detailed derivations for each load component are given in Appendix A and summarized

in Sections 2.1 through 2.3.

The overall stem force equilibrium for valve opening is basically the same with F , F2, F ,1 4
"

F5, and F6 n reverse direction:i

F = F2 - F3 + F4 + F + F6 + Fwl + Fw2 tEq. 2.10)i 5

12 -
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2.5. Effective Gate Scaling Diameter

The pressure loads calculated in the prevmus set tums are wmputed ha ed on the cate

ditferential pressure multiplied by the c0ccthe prewure area The pre-sure area dep(nds
on the effective seahng diameter, ds !! h an mo * nar:, due , o r that scab the upstr eam

high pressure from leaking into the duw nstrc am seat m'nh than eter Ihe higher
upstream pressure surrounds the upstream sn!e cf the gate md the dcmnstream snJe of the
gate up to the ( ffective seahnp dumett r The area mde the s e; ding dmnu ter, d , on thes

downstream side of the dise k cu iden d me acd tu the lower down-tream pressure.

, J"'
t E d liased cn this <iefinitien of efreethe seahng diameter,

-

ds. the pre-ure L ad < n the can can be cyae. d a--+-

W
- _

!d ~.~.'-s
4 r ,

1. AP 1 - N (Eq 211).~ ;
1~

S.ee.

,"--

, -

@
I _Y %.:thNt .n t'ul t'. stme the seahne diameter c'timate

{
4 can be ha-ed en < ngineering judgement considering'

^P Gek th e diff erences m varmus de'icos and experience
The key facters that in0uence the sealing diaineter

l'igtre 2.11
.N"" d h4^

'

"Effective Gate Scaling Diameter

Dise stiffness. Elastie d( Gett n;n :.f t he gat e nndo a differential pressure load*

creates a higher local c;ntact str - cNer to the -eat mss diameter as shown in
Figure 11. This tends to taas the e0t e tn e seahne d:ameter toward, the seat 1 It

The high local contact strev keeps the hu:her prewme Omd imm b aking to the lower

pressure on the downstream m!e [ht du< O n dality eHect u s u ally is more
pronounced on |arge size gate,

Scut edges. The seat edees at the inside and eutude dianu ters are usually*

ch a m fe red. The intersections between chamfers n d -cat fa c e , a re normally
rounded and pcWhed to remow darp ed;; - The actual operathm of a valve under

differential pressu re al-o causes lo ' dized v. ear or yielding of the seat edges
(especially on the insi le duimett r) umb r high hw al contact strenes. This can result

in some invease of the effectm uahnn Uamoter above the seat m-ide diameter.

Unecen seat contact. Dise and wat dtDections under pressure usually re.sult in*

uneven circumferential 3 eat contact due to their une en stiffness and support, as
shown in Figure 11. ThL uneven seat enntact prewure drtribution ale affects the
equivalent sealing diameter u'-ed in the pres,ure k id calculation.-

13 -
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t

i

The exact contribution of all of these factors on the effective seat diameter in hard to
quantify without testing. In the nbsence of additional data, the following simple
approach has been found to be adequate, and is recommended: i

- Use the mean seat diameter for a narrow seat:
,

d, = 1/2 (Seat 1 D. + Seat 0.D.) (Eq. 2.12a)

- Use a sealing diameter closer to the seat inside diameter for a wide teat. An
approximation sometimes used for wide seat faces is

;

d, = Seat I.D. 1/3 (Seat 0 D. Seat 1.D.) (Eq. 2.12b)

It is not uncommon to see seat I.D. being used as the efTective senling diameter in some

cases, with the objective of determining a conserrafite cocMeient of friction value, as in '

the case of KWU Siemens data presented in Section 3.5. In using any of the coemeient of

friction data to nredict operating forces in other gate valves,it is important to use the same I

assumptions ding the effective sealing diameter that were used in reducing the test
data. Thic n ,ometimes overlooked, thus adding unnecessary conservatism.

2,6. DiseTilting Due to Fluid Flow
f

During valve closing, the disc moves into the now stream and interrupts the steady now. I

The projection of the disc into the Dow stream behaves like a blunt body in the now ;tream

and is subjected to fluid dynamic forces along the Cow direction. As the disc advances, it

increases the now path resistance, thus resulting in an increase in difTerential pressure
load on the disc, Although the aeturi pressure dittribution on the disc in mid travel

position is difficult to accurately quantify without computational Guid dynamic analysis
or instrurrpnted valve testing,it is certain that the resulting Duid dynamic force will push
the disc in the downstream direction. In some gate valve designs, this Guid force tends to

cause tilting of the dise during mid. travel. The magnitude of this force depends upon the -

How rate and hence the differential pressure across the disc. A tilted disc sliding under a

high differential pressure load in mid-travel position (such as encountered during,

-downstream pipe rupture) can develop high local contact stresses in the valve components.

As observed in the NRC. sponsored high energy pipe break tests [4,23,251, severe galling can

occur in disc guide slots, disc guides, and'or seat faces depending uprn guide clearances

and other specific features of the individual valve design. Under pump now conditions,
the magnitude of the pressure drop across the disc is signincantly lower than that
experienced under blowdown conditions related to a downstream pipe rupture.'

14 -
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|

The i frect of now on due chning wa. analy zed for a 4-inch itorg Warner nex wedge gate
valve tested at 11 uke l'ower CompanyN dew loopl Sescral key factors that aff ect disc

tilting are discussed and quanti 6ed in this section usmg availalde vahe and Oow data

This analysis show s how the mternal parts of this 4dnch gate salve interact dur;ng open-
ing or closing under ddlerential prt swure, The d4 *ign details of disc guide length, guide

strength, clearances, and corner radii can signi6cantly afTect the valve performance, as
discussed in the follow mg analy sis The analysis ako points out the need for better
quantification of gate loads in the mid-traul positmn. Appendix 11 includes detailed
calculations and proce dures uwd in the analysis of the 4 inch llorg Warner valve.
Additional description of this valve and the te-tme that was done on it by 1) uke Power are

given in Section 3.4 of this report A description of the analpis and key iconclusmns n
given below.

_

2.6.1. Estimating Flou Induced Inul on Disc in 3fid Trucci1%ition
The fluid Onw forces to w hich the disc is subjected during closme or opening of the valve

have not been addressed adequately in many catr valve designs Tbr section pres < nts a

simplined approach to estimatmg the f5id dynamic force ,mposed on the di'c dorme
closing under typical pump Ociw conditmns

For gate vah es, the as erage Ouw resistance coeincient n a functmn of div opening from
a number of gate valve designs is derned in Appendu 11 hased on References 30 and 31.

The results are shown m Figure 2.12.

.

- o

t .]. K. Wang and .W S. Kh Valve Factor Analyv fur 4 aru! n meh llorg %rner Flen % ige Gate
Valt es, proprietary report for De e Power Company, KEl Dxunwnt &_.1616 Apnl 19%

15 - l
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Figure 2.12

Flow Itcsistknee Coefficient for Gate Valves Based
on an Average from Seveml Designs

The Cow resistance decreases rapidly as the disc opens. At any disc opening, pressure
drop across the disc can be estimated using the Dow resistance coef0cient and the Guid
Row velocity by using the equation below-.

,

SP = K p y2 (Eq 2.13)
2

where aP = differential pressure across the disc, lbs/ft2 -

K = Gow resistance coefficient at a giyen disc opening
"

p2 mass density cf the Guid, slug'R3

V = Dow velocity, fusec

-%.

. - .-- - - - - . . .- . -- -. . ._ .~ . _ _ _ _ _ . - ..-



_. __ _ _ . .__ _ __ ~ _ -_. .. _ _

The Guid Cow velocity in a piping system depends on the pump flow characteristics and the

piping system resistance. As shown in Figure 2.13, the discharge pressure of a typical
centrifugal pump decreases as the pump Dow rate increases.. On the other hand, pressure

drop across the piping system increases as the Dow rate increases. The intersection point ;

iof the two curves satisfies both the pump characteristics and the piping system now
resistance, and is the solution point for a given dise position.

AVAILABLE
PUMP HEAD j

c.
O
E I
O
w
1
3
th

[0
e
c
~

O
<
w
z
c.
:E

2 TOTAL PlPING SYSTEM
PRESSURE DROP

G4 tot

FLOW RATE, O -

Figum 2.13

Ihdance of Available Pump Head and Piping System Prvssure Drop

Using the above described approach, a typical change in the pressure drop across the disc as

a function of disc opening in a pump now system is shown in Figure 2.14. This figure is
based upon test data for the 4 inch Borg-Warner valve tested at the Duke Power dow loop

(see Footnote 1 on page 15). The pressure drop across the disc decreases rapidly as the valve

opens, and after 30 percent of disc opening. the differential pressure drop across the disc is

very low. This shows that the significant dise load in pumped now systems is encountered

during the final 30 percent of disc closing. The actual magnitude o the pressure dropr

across a disc will vary depending upon individual pump characteristics and system now

resistance.

- 17 -
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Figure 2.14

. Typical Pressuiv_ Drup Actuss a Gate Valve as a Function of Gate Position
in High Prussure Pumped Flow Sy stem

:
?

__

- A comparison of AP versus the disc opening curve frem the pump system in Figure 2.14 and

blowdown tests performed by INEL 123,241 shows that the differential pressure across the

. disc, which directly affects the load on the dise, is signiGeantly highcr under blowdown
conditions. Shr example, at 25 percent gate opening, the differential pressures ranged

from 50 g 't to 90 percent of the fully closed AP m various INEL tests as compared to

approxim o percent predicted in the pumped Gow results shown in Figure 2.14.
.Thereta, wealized contact stresses and the propensity of galling damage to the valve
internals is also much higher for valves subjected to blowdown conditions. .

| . Jg.
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l

In order to nmke a preliminary ntirnate of the Cow induced load en the do t in mid,
.

travel, it is assumed that the load on the due is propostn,nal to the difrirential pressure
a(rosh the disc and .he pt tcchtage of diw opetung, as whown below.

100 -1 of doc eveninL') full disc area t14 21O,,
P, 100 -)

i

where Fp = pressu,e load on disc in mid travel position

AP = differentml preuure arrow the disc

Disc Area e E Rf fective sealing thaf
4 i

!

The pressure loads across the dia calculated from this equation were used in the j

evaluation of localized contact strenes at the disc guide interface and disc-to-seat {
interface as detailed in Appendix C and discuued in Subsection 2 0 3 !

!

2.0.2. Disc 111 ting and its interaction wills Seats etnd Guides

Figure 2.15 is a scaled drawing cf a disc tilted in the mid travel position due to forces
imposed on it by the Guid now. This figure was developed from actual design dimensions

>

of a 4 inch ANSI Class 900 Borg Warner Ocx wedge gate valve ised in the Duke Power |

tests (15]. The geometrical interac* ion betw"en the dise, seats, and guides was investigated
'

in detail at several disc openings, and with the atreme combinations of tolerances of these

components. In this Ogure, the disc is shown at an opening of approximately 26 percent.
*

The disc guides in this valve design do not limit the disc tilting under Guld forces, thus j

allowing point contact to occur between the disc and the downstream seat face, liigh local
stresses are developed at these points when disc t'lting results in downstream seat contact.

Also, the relative magnitude of these stressss is significantly higher than those
encountered in a line contact that occurs when dise tilting is constrained by the guides. ,

The actual magnitude of the contact stresses calculated for the 4 inch Borg-Warner gate ,

valve are d:sussed in cubsection 2.6.3. ,

i

:
,

,

,

'

!

|
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Figure 2.15'
Point Contact Against the Ikiwnstmun Rut Due to Dir' lilting at a
'IYpleal Mid Travel 1%It-an in 4".150081kirg Warner Gate Valve

. . - . . - . - _ . . . - . . -

*
See 1%tnote 1 on page 15. This figure is nonproprietary and la u*d by perminion from Duke
Power Company.
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in general, the equihbrium poution of the dre n ih hm:1in the n+ultant h>ad mtu s of the

| pressure load, steln thf u(t, seat tur.t.ut furtt , and gaide tett e .is wi11 as the gi 0rnetry of the

ditc guide, and seat area. 'l he fellow ing tht t e ca n <how the min ine s atiation that can
occur 14 twa n the dN guide and u at intt t,utu o

1. Ideal div slide

. .a , .
_,

At dw n ni l'igure 2.16, it the duc gunle de~ich is

. !! such that the n sultant pn -ure h.ad acts within they-

'M two extreno4 ( f the dnc guele slot iPoints A nod
A /

,.

N / ll t f ull contact ,it the gtude surface is athieved
Fp zu /
"M/f| w 1!boilt tilt ifig 'I Il l 4 d l & L' Uf lefitallUll It*ulIS m kbe _<

fy /
/ h.w t 't cont m t to e due to de c loads stupovetl infp N/p k /.

y rnel tr as < l. Shdmg under a full surf ace contact n.44-
A s Gate S!ot

the ideal di guide des gn n ulitiott to with Atalid

#'% atc 0mde ""I '"'CI P"''"'" "d'
G

Figuir 2.10
ideal Gate Slide

2. Tilled dise contactint!isuide <

If the it-ultant en ,ur e load acts heluw thelewer

end of the goule c ontact poitit A, the like w ill tilt, ns^^ ''

FD D show n ni l'igure 2.17 Depending on the guide
, -y -

f ,[j clearance atul other ditnelni0th of the disc, guides. -

'r j and seats, the di-e may resist the resultant load by
/. t/
/, f,' contacting the C:Hdes thus pres enting any (hst-to-
/i j/
/M 2 seat (ontact iti inid trau I. Frutu dise force equi-
/< 'f

b lib l' k u rli cDnki erat ollS a DIIg Ihe f1oW ahih DNU

7 [. .e
t

can see that the wntatt lead at Point A in this case.P Gate Slot
will he at lea t as high as the preuure lead F , filidphf

\ Gate Guide it may bc lugher depi nthng upon the actuallocation

Figuir 2.17 of the resultant load vator l'p, below the guide The
Tilted Gate Contacting Guides locat. ion orF with res pu t to the dsc will vary asp

the dise travelt tow ards the closing position

y).

.
.. .. . . . . . .

,
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i

t i
!

3. 7?lled diw contacting m Iu '

t

Gate Slot in a vahe design with large guide clearances
}

w)
nnbr short gmde h ngth, due tilting ufuler theSeat

g ptrourr load can retult in point contact with-

C
r{ the upstrearn and downstream unts as show na

,

;

in 1%are 2 Ik A+ in the previous case of theg
I
,

~j dnc contacting the guides, if the prtssure load f
1 rmultant acts below Point A. the contact load at4

4-FAI * A A will be greater than the preuure load f Thep
p

-g m tual lead magmtude can be d(termined by
. fort e equihbrium along the Cow aus. Contactw

*ttr c* at Pumt A m this ese can be very highGate Gude
because ef pmnt contat t betwa n two curvedga

s u r fm e s , at dacussed in Section 2 6.3 andI,igust 2.18
'111ted Gate ContactingSeat APP'" b C

The three extrerno cases discussed above show that the pre ssure load magnitude, toention,

and dirnensions of the disc gmde and seats are cuential in determining the actual
configuration-acquired by the dix in mid travel IO ference 47 presents a mathematical

model to facilitate the evalualmn of duc seat interfere nce for a gate vahe during valve |

closure. Better quantification of the prenme indured load is need(d to more accurately
determine the dise equihbrium and quantitativdy aueu the adequacy of a valve to operate

properly and without causing damage to valve mternah in mid traul position,

it should be noted that the dise eqmlibrmm dmcussion m the abme three cases was limited

to pressure load acting along the now axis tsnly. Disc equihbrmm along the stem axis can

also be afTected by the resultant presure load and downstream seat friction load acting in

the stem axis direction, The overall disc equibhrium equations can be further refined by
,

including these load terrn

2.6.3. Contact Stimes

Gate tilting.in mid-travel positiun can create high localized contact stresses in the disc, '

seat, and guide interfacet The nmgnitude of contact stress depends on the geometrical
shapes cf the two contacting surfaces and their material properties. For simple, well-
denned geometries such as spherical, elliptical cyhndrical, and plane surfaces, the

:

contact stresses between the two surfaces can be calculated using the llertrian general
linear elastic solution for doubly rurved +urfaces as shown m Appendix C. For more
complicated cot. tact surfaces and lomhng situations, computer aided numerical methods

|

,)).
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nt aiuh m can al > tem nleu <l lim . .:s uch as fmit e i h na nt .m ah s t a n h ' <
,

IV '4)' l' ill j$ ' I'! 'I I l' j! +tii f f %.4 lJt' it' E. t*!1i'I!!! Ire a( c uIlitl' it' ~ i ? * f ll- i t ' ! t i' ''
<

*$ - '' i.IiI~ Id % 31\ {lI h 'k I!-| A % t\Ili [li i lIlk l'ig( l 1 & ' i { 4i

g
31

''
tf , ' !l I[

# *

Il { | 14. | I ', li k -: .Ll ! !Ia t li lli f' \.I h ( 46'i l' r hil ''' ' ' /
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StTtion 3 l' la ahr d , ot.n t tri . ir, aliutit I h r 19t tase- (lI w ht n the dm

tilting (aum 4 't ant m-1 u: un ' R- tl u r-ti; 'i + i t , a m i s .' the tire in o hn h due tdtmc

causes a hoe umt;u t at the cui b u!a 'I t 4 it Jt < A a that, I me-l en hin at thnlic

a3 + utnpt u n- the tal; uhtt l < nta ' +te, t i at s ol ly t o an tu at t he inat rndtlredu,L},

th ' tiot .b eq , eted, highe i la ahim!of galling 3 t ri u t - an enh r :i m w.hh4 *

stre ses wi r e foural m th. <- e - + ib t 0t m .hn h n ott - m pmt < n ha t ne:un t the
! l' 1/i uhiO tmhi at h th the th u o ut suledaw nxtrearn w at %th .i i- u '; t i <

d nt in e t e t and seat m:ule : ham t < t ot6 to, ofo,- t h. ot + In al st o s'e s he ed on the

html I mc.d ', H l'h ng, hwl* ! L-i it tb p mthid ar ela yt w aHumpion i % I l '

redistnhutwn, and b t.ihted r, tite ! d ir u mb t ti ja ate 1 tyi hng are hb ly to m cut,e

which wdl flatti n or < niarce it , oht .o < i e d r . -lu e the < ant m t tre - llowever,
tlie se high st ri- t , w i t it h ;ir e - ii''1in : tis ;i! > < . t !,4- t li n hi-l <lx t;l r:illit g f , tile sli-lii:n-

materials, w dl imtially re ult mh d dW l h p nd u m u p _.n t h e macmtude of the

lo:ulw present utui tl.e lo al geone t i s , a ' ih'e l clo n al b> kn e,r a lthout fur the r galling
m !! L :d c ont a t a n :i du" to i o I hng a+ w ellcan be attained alt ( r a pr, en s n. m!o-

i sm' ( N tL. uhet kuni, if the h.a l- art it , lochas matt rial remo al in w + ar or c.il '

to be supported by an a rpn a !uu m L , s 4 a 1,1. al uar, ant muel ralhng an:1 increase
-

in frictional f ur tes umbe esio t te l l '. i b n m e te< ting n nieded in quantify this

mechanism fer various kad gicroetric and I . ding c undit u.n

it should he p;intt d out that the theu i tical 4 cal cor.tm t < t rm h.aed on umphrymg
a-samptions canntt he u'ed !) it M to predhi the s ab e per f or mance._ lt can he used mnte

as an Unlet v[ rontut st o - .ninr. a hu h c an he f(lated to m !uo! perfor tnance, and to

make relath e comp n on ta me m l Hen at Im a cemnu t r o s and h a i magnitude

The cciatact sit < - :inal is t im' ly -h that mu dica nt itupi m ements can he enade in
3

the detailed design of s a!* e u n p: mnt,mp' Me t un!m t aren by increa'mg local radii

and resisting dm t dtme by hne mt-u t -n+al t f p mt u ntm t, as >hno n m Appendix C
.

The ultimate goal of an irnpra t il ;mte ais e di 'n n 4muld he to incor pora'e a etiide
- :| s 'il lit I t !) b uli-iTt it !! 2 b 2i WIntch7%fnett'y thul reNult h ill b/nl[ r b ' ' lb /c d! U' t

ellin if'lat e 5 high ll: Cal cont act *lt t'- 't'

1
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3. COEFFICIENT Ol'l'ltlCTION AND Tiliti:SII01.11 Ol' gal.l.ING SI'ItESS;.
Coeflicient of friction betwun the disc and seats is the dominant factor in deterrnining the#

:
operating thrust requiremen% for most gate valve apphcationh. Vah e manufacturers

;

have standardired on Stellite hardfacing allow for the disc and seat shding surfaces:
1 because of their excellent resistann to corro ion, wear, and gaHing in the unlubncated
1

state, even at elevated temperatutes. In inite of the rmt that Stelhte has been in widespread

use in gate valve applitationy for seutul den. des, publi,hed data for Stellite vs Stelhte
coeflitient of friction show a scmfitant huk of uniforenty under seemingly simihar test

i conditions. Iteported data rpan cron un Ier hibaratery conditians, a wide range from 0.12
,

14il to OE 1401, and sometimes can higher.

I It should be pointed out that, esen though several vanabh.s can affect the coeDicient of
friction results 129,12,431, the principal im esticators have fsund that the inost important

j factcrs responuble for the wide scatter m the unutted data are (D the ditTerences between
.

| the size and geometry of the test specimen, Ua the preseme, abseme, or gradual removal of I

an absorbed layer of lubricant at the dithng surfaces arul (J) presence or abseme of
;i

Ii-

guding Of various levels due to high Iceahred contatt 'tf esses in some atens of Mutact. j

These factors should be kept in mind whde reviewmg test data and results reported by f
i various sources. ,

1'

! During the 1970 r, the principal itnestigators were invuhed in a gate valve development
effort under which exttnuve testing and esaluation of wefncient of friction and gallingi

i
;

data war, done. A summary of the important results from these tests is presented in Section

3.2. This is followed by the recent resnits from the principal investigatori involvement in -f
assisting Duke l'ower Company to perfurin a root cause analysis of the 4 inch Berg ;

i Warner Dexible wedge gate valves that faded to clow under high differential prenure f
condiuons in a pumped now sptem (151 Oth(r retent test data for parallel slide gate ,

valves reported by KWU.Siemens 12fil and British National l'ower Dividon of the CEGli [
1

121) are discussed next. Finnily, the important results from the recent NitC+ponsoredt
4

. INEL blowdown tests 14,23J are also presented here for companson, and for drawing1

overall couelusions frotn the presently available data- |i

Before proceeding with a discussion of the results frmo these sources, it is important to show
4

|
the relationship between the commonly used term diuc factor, sometimes called ealee

factor, to the coef 6cient of friction This is presented in the nest settmn,1

!
s
4

j . 3.1, Itclationship iletween Disc l' actor and Coeflicient of Friction

-

The common industry equation for d(termining vahe thrust requirements for actuator |

[ sizing is:

:

,

. -

,
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.%nimutn t. ni t hr et r e1po n n nt J. I n t e r x ih!:c ri nt w.l pi c : uie
! ,1 .!- 'the di-

- t ein p. ; L u y f r it t ir. ti f r t c*

-reni ti o tt- o i f te
w here the peitis e and m ain e mn- o;1 s to t1 i n c .n = 1 1 p, n mg ti r u't r e pur etm ot s

'

resp ( cth ely. A di- f.u t o r , f n i l a l o 't m' -n!, u i d in m tuator situy' in the past >

'I he duc fa.!or u .i i ai tb abn e ca .t i , u t h t inol, the o i nitit nt of fin ton bi twi+n
the gate and u :it f e r .i ;' v a!' ' 1 '4 o t e s .i's

l'o r a co >n c u t n > < ! n c Av . ti rs . c 1 t - al, th s <le . or -; ht disc ih .mn, the thse factor is
not exactly the <one ,n tht u .tiicn nt ffinti n 'l h e r+ 1atu n ship betw. en the tw o, as
dern ed in N t tion 11, i- h m t. h. ! i

,_

"
D u Fa c t e r :-

(; s (6 u s t 's 81'

w he re U (si f fi; ! I!11t i !t le I n <1 n di'' afid s eat'

U one-half ( f t ot--d on hel d wi l," angle

4 + 1;; t 1 In tite 4}r 11 'tiili.it r a g.g' lit t to g alce opi tilfig, arid

- sign in t he d erir rnin a to r a pp!'r s t o s .1, , e ch,in g

The difTerence between disc f.ictor and co ffu ient of f rutmo f or cornentional w edge gate-

valves is usually snudl Typical w edce cate vah es a wedc angh. of m f>= i. fo r w hic hu-(

the ratio betw een disc fattor ami w ffic a nt of f rictn,n us er the ts pical rance of coeflinents-

of friction cornputed for the abus e cluatu n n within * 5 ; erct til as show n in Table 11. l'or
all prnetical purpees, the differs nte hetui en the two n much sinaller than varndons in

the coefficient of friction data, and tan ofteti ht i;,nored 4ithout much itnpact on the overall
ccnclusicns. Some vahe, us higher wedge angles, for which the difference become more
significa n t.

- x-- x

disc factoris'a t s.o= --

Stroke Direction co*I/Icie' sftriction

- _$_? $ - E-- -== =

Opon om n% 0M 0%

L[lo s in g i(2 1ni 1 Of 1 05 s

-J gw -=2___
e

_

.

' "# Table 3.1
Itelationship lietween Dise l' actor and Coefficient of I'riction

,

for a 10 Wedge Gate

.c.,.

. .
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3.2. 1)ata for Coefficient of Friction fmm 1*rincipal inmtigutorV lhirrienn-

I 3.2.1. thseAgmural
Darmg the 1970 s, the principal mm',:aiors worked m the resnitch ami dnelopme nt
department of a major U.S. s ahi nonufacturer. Thn s ah e manuf m t urer Imd be en a
dormnant suppher of valves for od t a id, pip hne, and pet rochema al apphrat mns fo r
several decadet in the early 1970 s, thn manufmturer decubal to put < ue the nach at

in order to mn tpower, grothermal. cual gaufication, and synt}n tic natural c;u markets
hthe techmeal challenges pe*ed h) the development of s ah es for thete aN ratwn*, major

additions tn the test facihties were nuole Sigmficant additmns p< rtment to the nuch ar
power s ah e development e ffort meluded a 1,500 psi mr/wnter high e ongv blow dow n
'ystem, a t>00 F,12,500 lbshr steam generater, an ester nal pipe h.ad unndater < npable of
applying hending mctnents of op to 2 x 1/' f t lbs, and a Fales friction'w ear te't inachme
Additionally, the laboratory was eqmpped with a 1004hannel strain cage data m <pa ition
system, various load atul tortpw celb, prt suure transducer s, and a tenuotecompres6 mn

-

te*t "". rhine. This < nvironment provided an eue llent opportumt3 to the prouipal
mvestigators to be ins olved in a sy*tematic reu arch and dn eh>pment eflort on gate s alve*

for high temperature applications.

A totnmon test frequently performed on a s ahe under dmeh ptnent t on* nted of sm etal
hundred cycles (1,000 cycles was the usual goals of opening and chaing under masimurn
dehign differential pressure generated by small poutive du placement pumps uung roarn
temperature city water as the ikw medium Ste m thrust measurements uung strmo care
load cells were perf ormed en several gate valves rangmg m sue from 2 mehes to lti mche'
during this developmental testing effort. Testmg w as ako done on valves f or hmh
temperature service using saturated steam with presuites up to 1,500 pu and t< mperatures
up to 600 F. mst of the to<t data were primardy used to support the in bouw dn eh:pment of
the new valve designs and w ere considered proprietary at that time, therefore, no data w e re

published in the open techmcal literature. With the virtual disappearance of the nuclear
power maiket in the early 1980's, this valve manufacturer stopped its nuclear valve pro ~

duction. Valuable technical data that had been developed were never puhhtht d 't h e

principal investigators have taken this o"pertunity to present highhnht of the most

significant resuits froro these tests rela,1,ng to the c oe fficie n t of fr u tion, whuh are
isurnmarized below:
1

't

3.2.2. Itenulln fr om floom Temp.ernturr Water Tents
Using room temperature, ordinary tap v.ater as the test medium, the 13 pkal range of

coeflicient of friction for Stellite 6 overbtid gate and teat s frotn a large numbi r of ter.t s on

several different sires of valves t- to 16 inclu s w as found to b; het w( en o 16 and n $ m er

heVeral hundred Cy cl' 4 of operation. Thes? tents wef e perfornied on para}lel tf t p.inding,
'

through-conduit gat valves of the type shown m Figure 2 lb As da uwed in kw, Iwo
,

important features of L his dtsign are that the gate cannot phy ncally tdt. md tke sontmt
streues at the sent faces are well hel0w the threshold of calling

- 27
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!

Ar, can be seen in Figure 2 lb, the gate length m this ty pe of through conduit vah e dmen is,

approximately twice as long as the ones used in the comentional sohd wedge or fles wedge e

gate valves. The lower (extended) part of the gate has a bare through it, whkh Unes up with ;

the seat bore when the valve is in the fully open position Under the action of fluid flow i

forces on the gate in the mid travel position, this t3pe of gate assembly is simi y pushedd
,

down against the downstream seat face, thus providmg a surface contact instead of the

point contact that can occur in conventional wtdge gates which have escessive guide ;,

cicarance as discussed in Section 2 6. Thus the through conduit design of Figure 2 th ;

avoids high localised contact stresses at the gate to-seat faces which base the potential to,

:
cause galling. Furthermore, the design of these sahes was based on h,iitme the nverage
r, eat face contact stress to 10,000 psi or less under maximurn difTerential preuure. This is

well below the threshold of galling as discuued in Section 3.31. The absence of calling at,

the sent faces was confirmed by many tests under high differential prewure conditions In
|

theke cycle tests, no extraordinary effort u as sperit to remote any rtndual lubricants used - b
i

during assembly, except what is automatically removed by normal abrasive wear due to !

sliding under high contact pressure The cot flicient of friction was calculated using
mean seat diameter as the effective seating diameter. !

In summary, coefficients of friction values for Stelhia vs. Stelhte were typically found to
range between 0.15 and 0 25 for several hundred cycles of testmg with cate valves using

room temperature ordinary tap w ater, with aserage rat contact stre*s of 10,000 psi or leu,

and a gate design which prevented any galling at the stating surfacet it is important to
note that the valves were not exposed to high temperatures prior to thete tests As discuwed
later, this has been reported to be a factor that can cause an increase in the coeflicient of -

friction (Sections 3 5 and 33).

- 3.2.3. Ilesults from liigh Ternperuture Water ami Sicarn Tests,

An extensive series of testa using saturated steam and hot watt r in temperatures up to 600 F

were performed on the same type of parallel expandmg, through conduit gate valvet
(Figure 2.lb) as used in the cold water test.s discussed in Section 3.2 2. Valves up to 12

' inches in site were tested with a maximum differential pressure of 1,500 psi. As
mentioned in the previous section, this type of gate design prevents mid travel cate tilting
and maintains a surface area contact against the downstream seat. The tntal number of

cycles under various levels of differential pressures during these steam tests ranged from

10 to 30 ; and not hundreds of eples as in the cases of cold water tests, rne behest value for

the coefficient of friction between Stellite and Stellite during any of these tests was found to

be 0.39 using water or steam at 600 F. This coeflicient of friction evaluation was based on

using the mean seat diameter as the effective seating diameter The calculated average

seat contact stress in these test valves was less than 10,000 psi under the maximum
differential pressure conditions, and no evidence of g;albng was found at the seat faces

i

!

,M-'

4

I
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Based on these results performed on actual gate vahes (not friction tei.t specimen A the
principal investigators have found the value of 0.4 for coenicient of friction for pure slid.
ing between Stellite seat and Stellite disc faces for high temperature steam and water
applications to be a reliable result procided it is ensured that the seat faces are free ofi-

galling.

Conversely, the principal investigators have also used this data successfully in root cause
analyses of valves to identify potential galling, component interference, or other problems ;

with the valve internals when the coefficient of friction, based on measured thrust signifi-
cantly exceeds 0=4 in steam or high temperature water appliention The above results for
the coenicient of friction are in agreement with the results reported in Sections 3.5 and a 6
by others using actual gate valves of improved designs that are free of galling damage.

i

3.2,4, lontTerm Surreillance lieels on SIS nsiter Under Flow and AP
in 1981, the principal investigators were involved in the root cause analysis investigation ;

'and modification of two safety injection system (SIS) gate valves at a PWit plant following
their failure to open when challenged [51L The problem was attributed to an increase in i!

the required thrust to open the valves due to galling of the seat faces (see Footnote it After i

the modifications proposed by the prir ripal investigators and tht utility were implemented
'

and demonstrated to be successful, NitC required a periodie surveillance tenting of these
valves under difTerential pressure and flow. The objectives of these NitC imposed long-
term surveillance tests were to ensure that (1) the root cause of the failures is ir.d(ed ;

understood and has been corrected, and (2) there is su0icient margin in the actuator force
to account for degradation of the valve internals and possible increase in friction due to
long term set effect caused by constantly applied differential pressure across the dise.

A total of six dynamic tests were performed under hot standby conditions (plant operating
Mode 3) with temperatures up to 330 F on each of the two valves ktween November 1941 and i

'

August 1985. During these surveillance tests, both the differential pressure across the
valves and the actuator force required to open the valves were measured. The valves were

operated by hydraulic actuators, and the actuator force was calculated from the pressure
measured on both sides of the piston, plus the stem rejection force due to pressure inside the
valve All of the pressure measurements were done using calibrated pressure transducers
in accordance with controlled test procedures. In 1986, the principal investigators ;

2performed a detailed evaluation of these surveillance test results , it was concluded that
both of the SIS valves had continued to perform consistently and successfully with
sufTicient margin below the maximum capabilities of the actuator.

I M. S. Kalsi. Ind pendent Reeww of Operability Failure Problems uith the Safety injectwn System
Valves I!V.SSI A and B at SONGS 1, Kalsi Engineering, Inc. proprietary report to Southern
California Edison, KEl 3 2 0, Septernter 1981.

2 M. S. Kn1si and J. K. Wnny, independent Eeatuation of Safety injn tion System Valve Surveillaner
Test Results and the Proposed Periodie Testing at Sono I, Kalni Vngmvennu propnetn y report to
Southern Cahrornia Edmn Company, KEISl9, by 19M
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One of the irnportant conclusions drawn from these 12 tests performed on the two valves
over a span of approsimately four years is that the coefikient of friction between the Stelhte

dise and seats ranged from 0.17 to 0 34, meludmg the long term set and other degradation
effect s. Stem packing friction was not subtracted fmm the total opening thrust to obtain
conserratier estimates for the coelliciint of frictiors A4 stated earlier, theke tests were
performed under dynamic Ota and dilTerentid pressure with temperatures up to 330'F
during Mode 3 hot standby conditions. It should also be pointed out tha, the accrage seat
contact stress for these modified valves onder the masimum differential pressure was .<

around 7,500 psi, well below the threshold of gnihng for Stellite against Stellite las
discussed in Section 3.34 and thrust measurements did not inditate a trend of enntiiuing
increase in friction.

3,3, Contact Stress and Thn shold of Galling
-

% the contact stress between the slidmg surfaces is merensed, a threshold is reached

beyond which the required sliding force between the mating materials increases rapidly
,

due to significant material transfor through localized welding, tearing, and digging of the

surfaces The contact stress at which this behavior is initiated is called threshold of
"

polling stress. Unlike normal wear, the damage to the materials due to galling goes well
beyond the surface in just a few r.trokes. Under galling conditions, the coefficient of
friction is unpredictable h>cause sliding between the two surfaces involves signi0ch;t
shearing and tearirg of the fd selded junctions formed between the mating materials.

3.3.1. Thrrshold ofGallingforStellite es Stellite and
Other Valve l' rim Alaterials
The threshold of galling stress for Stellite against Stellite in the unlubriented condition is

reported by some investigators to be over 50 ksi [42,45,46), and by others to be et er 70 ksi [48,

49] based on the maximum limits of their respective test apparatuses. This is based on a

single forward rotation of 360 degrees using block and button test specimens in which the -

load is gradually increased until first signs of galling appear. Using slightly larger
specimens (0.5 inch diameter instead of 0.375 inch), and using one forward rotation of 360

degrees, one reverse rotation of 360 degreet and another forward rotation of 360 degrees,

Schumacher, the author of Reference (46), has found the threshold of galling stress far
Stellite to be 47 ksi. This situation more nearly duplicates a valve cycling application
rather than an unidirectional 360 degree test. In the experience of the principal investiga- '

tors, the threshold of galling stress is somewhat subjective, and a reasonable margin

g- should be provided against threshold values to achieve satisfactory performance. Stellite

vs. Stellite was still found to rank in the category of materials having the best resistance to

galling. Comparatively, the galling resistance of stainless steels and entbon steels with-

out any hard surface treatment is much lower, as shown in Tables 3 2 and 3.3 reproduced
from Reference 42.

-30-
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Galling Hesistance of Alloys (1 MPa = 145.14 ps0'

Ilandbook of Tdhology: Bharat Bhushan and B, K. Cupta,1991, McGraw-liill,Inc.
This materialin reproduced with permission
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3.3.2. Aventge und in al Contuel Sirrors

In the design of tah e beating surf.n e, the average c ontat t stress tw.ed upon m:niinum

differer.tial prenure and full fat e t entatt sheuu h" Leet ull I clow the thresin.1d of galling

stress. A inatgin is nectuary in prattue to alkm f or the higher locahn d stresses that are

cause d by (lastic displatement of the dm body, and seats, raulting m a non-uniferrn

dit,t ribution l'igure 3.la qualitain ely <hou s that the lache t h ealised (ontact strenes
occur in the gate valve seat faces around the a o tlak and 9 o clott posjtu ns circurn-

f(rentially, and near the seat mside (hann t() t a diall.) It sneuld be pomt(d out that this

non unifurrn distobation is not the r esult of dit tipping as dscussed in Section " 6. but is

due to the uneven stitTness of a cate sahe body and thure 4A the gate in SectUn 2 6 it is i

shown har disc tdting (an also result in hy;h localize i strenes in the guide areas or at the

downstream peint contact. If the laatind stroses t xceed threshold of calhng, galling in

local areas is initiat:d Ir 0"r te t' cf difh"tt? i " ' " ' i '" " ""' " " I" ' t " "' "' V 'd V "
designs and their performante, we base found that the nserage wat face contatt stress of 20

k l. should not be esceeded, and 15 ksi or leu is preferred in order to achieve repeatable

performance using Stelhte hardlanne
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Whether this local galling, once initiated, pryreues ((;ntinuous!y until seizure or heals

itself by spreadmg the loa'i owr a hirget area durmg successive c)chng th pends upon the

load rnagnitude and the lo< al neumetry cf the two contact solids = Actu il testmg of full-

$cale or near full-scale t( st specimens under n ahstic simulation of actual loading
conditions has been fcund by the principal mvestigators to be the inost reliable way to
determine the limits of operation without galhng

When analy7ing the te't results from .iny s alve to deterrnme the appheable coefficient cf

friction,it is extremely important to blabhsh that the surfaces are free of galling damage.
Otherwise, ' apparent" coefficient of friction values much higher than those obtained in

pure sliding behavior can he erruncously concluded fiorn the test results and applied to
other valves that are cf diffen nt, h< dhy deugns.

3.4. Duke l'ower Data for-1 Inch lloeg Was ner Flexible Wedge Gate Valve

Following the failure of a oinch Borg Warner Oexible wedge gate valve to fully close
under a dilTerential pressure of 1,890 psi at Cataw ha Nuclear l'ower I'lant, Unit 2 in 1988

(111, Duke Power Company undertook a systematic root cause analysis investigation of the

failure. The volve that failed was a & inch, ANSI 1500, Mexible wedge, carbon steel gate
a

with a U-sha: ed guide fitted mto a milk d slot m the body at the bottorn and pinned to the
bonnet at the top. Duke l'ower perfor ned estencive diRerential pressure tests at their
1(iverbend Steam Station 00w loop on anether borg Warner carbon steel valve identical in
design to the one that faded at Catawha Te< t s were al'o performed on a stainless steel
valve of the same size and design, The seat and dise faces were overlaid with Stellite in

all of these valves Stem froce data were ehtamed in the e tests u ing stem strain gages. w
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Kalsi Engineering, Inc. assist:d Duke f. ewer in the root cause evaluntion of ther,e valves

which failed to perform under a manufacturer.specifie d valve factor of 0 3. With Duke
l'ower's permission, the important results frorn this investigation (see Footnote 1 on page
19 are presented here.

The coeffectent of friction estracted from the carbon steel valve tests in presented in Figure

3.2 for 24 consecutise cycles, starting with a newly refurbished valve. During cycle ;

testing, the difTerential pressure was varied between nominal valuen of 500,1,000,1.500 |

and 2,000 psi. These testa spanned a period of four to five days during November 19M

i

a Opening Cycles

* Closin0 Cycles

o
0.48 - -se -o

. __ ___ -- _ _. _ _ _ _ _ ._ _ ._ _ _o_ p cn
# /"

c /- ;N- " ,o/ d0.44 - -- -- - - - - - e -

o - - - - - - - , Lo-o p _,
-- - =u:: '/ o og

..o 0.40 Jcs- x -

,-
1 y$s ._ _ __ ._ __ - g _n_ __ _ ____ _

/ - --- --0.36 - - - -"
_

O /s
n ' " o

n 7 c/-tf - __- ___ _ __ _ _

c 0.32 -- --n -- - - =

u na
-a.g a /.-

::- 0.28 - / -

- --- - - - -

-

g ._ e _._ _ ._,
O 0.24 - --n--- --- -- - - -

- -

.__ ___
_ _ _._ __

0.20 -$,

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Test Cycle Number

Figurr 3.2'

Incrrasing Friction Trend During 4 inch Itorg-Warner
Gate Valve Cycle Testing by Duke l'ower, llefewnm

. . - _ - --

*
See Footnote 1 on page 15. This figure is nonproprietary and is ur.ed by perminion from Duke
Power Company,
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The plotted re6ulb shown are clnious es t rall (entr:d (mnlenty of gradual im: tease in the

coeflicient of frictien, nieng with the t qu tted vardum around the tocan. Coeflhient of

friction magnitude increaud fiom 0 36 to 0 49 m the cloung direction, and 0 21 to 0.47 in

the opening direction dving c3chng. As di'cuned in SNtwn 10, the disc cuide dedgn of

this valve has large clearances, and it allow s the due to make point contact agamst the
,

downstream seat face, inspution c.f the due clearly show s esideme ef contact againi.t the
,

downstream seat at 4 o' dock and 8 o' cloth pusitions, and two locabred areas of relatively
,

rninor wear that have spread to a width ef ahuut 1/1Eimh at the outside edge of the diw. It is
i

believed that the pregressn e w ear of this area, even though mmor, contributed to the

removal of the coMaminant layer and a gradual im rease m friction aggravated by locali
'

galling.

It can be (enjectured whether or not this tn nd of it.crea5mg friction would have continued '

until seizure occurs or stabihred at a certain value if the t hog had been continued.

Ilased on the magmtude of loads in s c>h, d m t his salve appli(ation under pump now
conditions, minor localized wear and the spreading of the !ond bearing area results in a

substantial decrease in loc'dited tontact str en to below the threshold of galhng stre,ss. !

Once the locahzed areas brne spread to an e<pahbrium tundition below the threshold of

galling stress, stable performance at surne lowe r coefucient of friction value than thrd

encountered at the end of this test can be expected from thi.s vahe under continued cyding
under the same differential pressure and Cow (ondition. i

i

i
3.4.1. Suminary arul C=mpariwn v(Dul:e Poteer Data for

,

Carbon Steel es. Stainten Stect Valt es

The average, minimum, and madmum s alues for the coefikient of friction for the Grst

ten cycles for this carbon steel vah e tnt (rtsult , plotted in Figure 3.2) are summarized in
Table 3.4. It should be noted that two organizations that have performed extensive

blowdown tests on iselation valves bas e typicall) specified Ove test cycles for their
operability quahfication 126,39L

>

>

|
|

36-

i
1 ..

_ _ _ _ _ _ _ _ __ _ . _ - . , , , _ _ _ _ _ . _ _....___,.._.,,___-m.-_,..-,_,, ~ . . _ . - . _ . . . _ , , . , m,, m _m.-m.,,_. ,, . . . _



_ . __. _ _ . - _ . _ _ . _ _ . _ _ _ . . _ _ _ _ _ = - . . _ . _ . _ _ _ . _ . . __

N

-

TestValor Codlicient v(Friction
Dise and Sast Material Oprutim Aertuge Minim urniMaximum

ning 0401 a36Ta42f,
'

Carbon Steel with Stellite
Opening 0.302 0 239'O.338

i

a ng 03 a lWO 3G
Stainless Steel with Stellite

Opening 0.256 0.110348

Tabic 3.4*
Compadson of Cwfficient of Fdetion llesults for Carbon Stml and

Stain!cu Steel Valves for First Ten Cycles

i
'

The results from another 4 inch Ilorg Warner flexible wedge valve of the same design, but

of stainlen steel material, which was tested by Duke l'ower in their itiverbend flow loop,

are also shown in this table for cornparison. Iloth of these valves had Stellite hardfacing

overlay on the dise and sent faces The comparison shows that tFe results for the stainicss
steel valve are significantly lower than the carbon steel. Duke Power suspected that the

differences in material of the overlay, due to the differences in the iron content, may be g

responsible for the differences in their coefficient of friction behavior. This seems
'

plausible, especially since differences in the composition of various Stellite alloys (e.g.,
Stellite 1, -6, and -12) exhibit different coemeients of friction as reflected by Foroulis 1401

and Rockwell Edwards (271

Foroulis 140] has reported that the coemeient of friction under relatively light contact stress

(approximately 50 psi) in clean water for Stellite-1, Stellite 6, and Stellite 12 materials in
self mated tests were 0.28, 0.48, and 0.24 respectively. In non self-mated tests, when
Stellite-6 was tested against Stellite 1 or Stellite 12, the coemeitnt of friction was 0.28,

This is sigr,ificantly lower than for the self mated case of 0.48.

Itockweil Edwards has also reported significant differences in the coefficieret of friction
values for Stellite during their Eqt.iwedge cate valve development program 1271 They
selected Stellite 21 based on its overal' performance, including lower coemeient of
friction, llowever, they did not report actual values from their tests.

Ilased on the above comparisons,it is clear that further testing under controlled conditions,

using an apecopriate range of contact stresses, is needed to evaluate the effect of iron
content and possibly other alloying elements in the cobalt. based Stellite alloys.

_

Se Fmtr.ote 1 on pa 15 rnin table is n<mpropnetary and i ised by permission from Duke l'ower
Company.-

t
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i

3.5. KWU.Siemons Test Data

KWU.Siemens has recently reputted u sults of their high preoure blowdown testing on a 6 *

inch parallel slide cate valve umie; u hi watt r hot water, and steam conditiont Friction [
coemeients were calculated for wou rutive e,scles and tabulated as shown in the following

,

table (26L

Mur CocRicient of Avg Coeficient of
Medlurn %te Friction during Friction during i

()pening (3) Closing (M Opening Closing
,

Water t = 8W F 0 13 1(ises con
l'a = 123 bar (1,7h1 pW 0.15 tinuouth

with the
112 bar (1621 pso 0.17 number of

tests0,16

0 21

Water t w 290 C(55GTJ 0 39 041 0.38 0 41

l'o = 120 bar(1,740 psi) 0.39 0.41 *

112 bar f 1,595 psi) 0.34 041

0 36 0 41

0 36

Steam Sat. Steam 0.38 0.41 0 36 0.39 '
,

FO = 100 bar (1,450 psi) 0 36 0.40

90 bar (1,305 psi) 0 38 0.38 i

0 33 0 33

0.33 0 38 ;

Table 3.5

Friction Coemelent, of a Pauullel Dise Gate Valve Subjected to
liigh Iwssurv and liigh Flow Tests [20]

The above frictions) coefficients were conservatively estimated by KWU.Siemens using
,

the sent inside diameter for the pressure area calculation. The coefficients of friction
ranged from 0,33 to 0.41 after the initial cold water cycles. Initid low friction coefficients
for cold water cycles were attributed to the original good surface finish of the contact

surfaces according to the authors of the papcr 126L ARer testing with hot water and steam,

the coefBcient of friction obtained fr:;m the subsequent cold water test remained high, and

P

b

h
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'
approximately in the same range as measured during hot water or steam tests, The same
phenomenon has been observed in the NitC sponsored bloviown tests on 6. inch and 10-

inch valves by INEL I4,23,241 The differences in the coePicients of friction from KWU-
,

Siemens tests for hot water ut.d steam are insignincant, as redected in Table 3.5. The

highest stem thrust occurred just afler the Sw isolation, es expected.
*

,

!

3.6. UK PWit Valve Testing ;

'
Results of high energy line break tests on parallel slide gate valves ,t 2,275 psi and 620*F

. (19w conditions have also been reported by National Power Division of the CEGil 121L :
i

Canventional parallel slide gate valves of original design, which use a round dise, ,

i

sufTered severe galling damage and required higher thrust to close than predicted by the i

manu acturer 121.411 The problem was caused by tilting of the dise by fluid flow forcesf
,,

which results in point corttret against the downstream seat, much in the same fashion as !
'

Iexperienced in the conventional wedge gates tewd under NitC sponsored INEL tests

Substquently, tests were performed on an ifrproved valve design,in which the lower part of |i

the disc is made rectangular to provide a fine contact at the lower edge of the disc, thus
P

'

'

aliminating disc tiltiiig and the potential cf galling. (Independently, the same approach
i had been recommended by the principal i.westigators to Duke Power (see Footnote 1 on

page 15).) The new valves have been successfully tested under the U.K. PWR valve
,

qualification program with repeatable performance and no galling damage. The
3

coef6cients of friction found during these tests with improved parallel slide gate valves
have been tcported to be around 0.35 at the MOV Usein Group meeting in Jupiter, Florida

in January 1991. These results are in general agreement with the KWU-Siemens results ;

summarized in Section 3.5 as well as the principal investigators' experience summarired

in Section 3.2.

3.7. NRCep(maowd INELTest Data
Results of NRC sponsored testing by INEL on 6 inch and 10-inch valves under high t

energy pipe break conditions are reported in detail in References 4 and 23. Two 6 inch
flexible wedge gate valve des:gns were tested under Phase I. Testieg was extended to
Phase 11, which included three 6 inch valves and three 10 inch flexible wedge gate designs !

4

made by four different U.S. valve manufacturers. The overall conclusions from these
tests were that disc friction factors required to close the disc and achieve flow isolation

were higher than the 0.3 that had been used in the standard industry siring equation used

by mest valve manufacturers. Sigmnennt differences in the performance and in the
amount of damage to the valve internals were found, which were due to differences in the

- specific design features used by the four manufacturers. Two of the valves, niade by thet

same manufacturer, were found to have the most severe galling damage to the disc and

.
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,

seat facas because of excessive disc guide clearance. 't hese two valves were concluded to

have unpredictable behavior, and were not used by INEL in their coemeient of frinion
evaluation.

!

INEL presented results from their detailed review of the data obtained from Phase I and t

Phase 11 testing at the MOV User's Group meeting held in Jupiter, Florida in January 1991
j

The results wera presented in the form of a ratio of Normalised Sliding I,oad/Normalised A

Normal Load, which is the same as the coef&ient of sliding friction. The acerage ('

coeflicient of friction was reported to lw 0 4 for less than 70'F subcooling and 0 5 for water

that is subcooled by more than 70"F. Ilowea r, usable data for the > 70'subcooled testing
;

were available for only two vahes, whereas data for < 70 F subcoohng were from six
different valves. '

This dependency of the coemeient of friction of Stellite vs. Stellite on the degree of
subcooling of the flow media has not been reported by others, and it requires confirrnation

by additional testing. This testing should be done using valves that are clearly free of
probl%s that tend to affect the assessment of coemeient of friction at the disc to-seat
interface, i.e., disc to seat galling, disc to guide galling, insumcient clearancer, between
the guides and dise, the inaccuracy of alignment between the seat wedge plane and the die:

qwedge plane, etc.
,

b

As reported by KWU Siemens (see Sretion 3.5h INEL testing also showed that the
coefficient of friction between seat faces tested with room temperature water shows an
irreversible increase after the valves are exposed to high temperature water or steam tests.

r

A detailed review of the NI(C-sponsored Phase I and Phase 11 blowdown test results was

also performed by EPRI to detena'ne the applicability and limitations of these results to

other operating conditions (241. The disc factor during closing from these test results

under disc sliding conditions to achieve flow isolation was reported by EPitt to range from
0.28 to 0.48 for the different gate valve designs. For the opening direction, the coemeient of

friction was reported to range from 0 25 to 0.52 It is also stated in the EPRI report that the

highest values of 0.48 and 0.52, which were encountered with only one of the valves, may
not be due to simple sliding friction. The overall condit. ion of the seating faces in this
valve was found to be excellent. Even though a possible mechanism for the higher values

Wdb proposed qualitatively in the report (24], no conclusive quantitative explanation was
given. This valve design needs to he reviewed further to derive more definite conclusions

'

regarding the reason for apparently higher than expected coemeient of friction values

based on the overall condition of the valve.
.
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i

l
3.8. Conclusions fmm Presently Available Friction and Galling Data

i The discussion on coefGeient of friction and galhng fcr Stellite vs Stelhte materials for

gate valve applications can be concluded with the following observations and conclusions;
a

1. In our experience, the coef'icient tf fraten of Stelhte for normal shding behavior
i

i without galhng of the surfaces can range from 0.12 to 0,5 based on the presence or
s absence of an absorbed layer of lub:icant at the sliding surfaces Based on our'

1 nuessment cf the test results in Secticn 3, the t)pital range using cold water (without
,

i pnor exposure of specimens to high temperature)is frcm 0.15 to C 25, and with high4

temperature w ater cr steam is from 0 3 to 0 4-;

,

Based on our operience, we have found that it is necessary to perform testing on ,

actual components that dupheate the geometry and size of the shding contact to obtain
;

I applicable fnetion data. Test specimens that aave markedly different geometries

! and size - can produce signifaantly differen t results than valves in actual
4 .
,

; application. ,

I'

!
2. The absorbed contaminant layer of fuhricant is sometimes only a few molecular

i -
layers in thickness; however, it can significantly alter the surface traction. The

I

I
|

absorbed layers can be removed by abrading the two surfaces against each other in
!

! distilled water or by expo 3ing the surfaces to high temperatures. Chemical schents

|
nre typically not etTective in remosing the absorbed layer of lubricant. In gate valve

applications, the absorbed su face layer may be gradually .ernoved during cycling j

under differential prei,sure which causes high enough pressure at the contact. This {
;

tan result in a gredual increase in coefficient of friction approaching values [

obtained with c!can unlubricated surfaces. i
i

,

1 !
'

3. Even though we have stated h, oncluscn I that the normal range of coefficient of

friction for Stellite can be up to 0 5, in our experience values above OA are usually ,

2

associated with some type of surface damage such as galiing, excessive localized |

wear, signiGeant change in surface roughness due to scratches, etc. ;
j ,

t- '

Threshold of galling stress for Stellite vs. Stelhte for cyclic sliding applications is4.

reported to be around 47 ksi. The average contact stress under the contact should bc |
,

kept wall below this to allow for higher . veal peaks in the contact area since the stress !

distribution is rarely uniform. To obtain valid galling data, it is important to
'

faithfully duplicate the actual geometry, loading, and cycling conditions. .
s

!
i

~

;5. The initiation of localized galling at the sliding contact surface can either (1) result
+

iin continued damage and deterieration of the sliding surfact s along with an4

>

increase in friction forces or (2) heal itself by spreading until the average contact
i

!

c

-41-
,

-;

f

- . - . . _ . . ~ . . _ . _ . - - _ _ . . _ _ _ .__ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _
- , . _



.___.___.__.=___.____._.._._.._.__._.__._.--.-m. . . . . . _ _ _ _ _ _ . . _ .

t

t

i

stiesa falls below the threshohl of gallmg. Whether er rot lecabred galling wdl .

continue to spread until seiruse or stabihte to a repeatable sliding behavior depends

uten the leent geometry and the mat:nitudes of the loads iniclud. f

6. Under relatively low contact strev.es there is a significant difference in the f. elf-

mated coefficient of frittion values for different alloys of Stellite, i e , Stellite *1, j

t
Steihte 6. Stellite-12, and Stelho 21 Stellite.6 m self mated tests is reported to have

the highest eeellicient ef frution, and Stelhte 6 against any of the other Stellite alloys ,

har, ;n significantly lower value. llowever, under the higher intact stresses ,

typically encountered m vane scat % there is not much difference in their
coefficients of frictior

7. Duke Power tests showed significantly lower coefficient of friction performance
iwhrn using stainless steel disc and wats with Stellite oserlay,instead of carbon steel

disc and seats with Stellite meilay 'lhe difference in performance may be due to f
iron content in the oveilay caused by chlution fiom the bne metal The effect of iron ;

content or other signiheant alloying constituents should be investigated in f
controlled tests.

.

S. When comparing coefficient of friction data obtained from valve tests performed by ,

'

different organizations, it is important to distinguish whether the seat inside
diameter or mean diameter was used; and whether the valve factor or coefficient of

'

friction is being reported. The combined elTect of these variations can easily amount~

"

to as much as 10 percent difference in the reported results.

t

t

|

.
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4. PitEDICTION OFTilltUST OVI:ltSilOOT DUl:TO INI:ltTIA
This section presents an anal t/(ul methodelegy to nisdat inertial thrust overshoot in3

motor operated gate valve $, The mdustiy has rehed on some rules of thumb, and mostly

experience, to make estimates cf thrust mer shoot Actual testing using MOV diagnostic
devices is the only method used to rehably quaetdy the magnitude of the thrust owrshoot at

the present time. In some cases, thw rouhs in unespntedly higher thrusts that esceed the
inanufacturers' ratings ef the vnhe or attuate, componenu

I

The principal intestigators have developed an analytical methodology from first princi-
ples that can be used to predwt thrust oversheet due to inertia. 'the predictions using this
methodology have been compared against actual test data for the 4. inch Ilorg Warner
Oexible wedge gate valve obtained by Duke Power Company in their Itiverbend Steam
Stat;on now loop. The overall comparison between the predictions and the test results show

very good agreement, thus confirming that the methodulegy is sound Additional compari-
sons against test data shouhl he made to further validate and/or refme the analytical
approach presented here. In the meantime. .in analytical tool has been developed which the

industry can use to improve the MOV rehabdity and performance.

The following sections present the detaih of the methodology. Appendix D documents 'he
de' ail calculations used in comparison agamst Duke Power test data.

!

i

,

4.1. Desciiption of the inertial Overs < ot l'henomenon
Figure 4.1 taken from ikference 1251 shows a typical wedge gate valve stem thrust versus
time curves for closing sequences under pump generated Gow and no now conditions. The

stem thrust during the running poition of the closing strobe is low and nearly constant for
-

both full now and no Dow conditions. As the disc approaches the closed position, the disc
,

friction force begms to increase'hecause of di(Terential pressure buildup across the disc.
After now interruption. the disc friction force remains high and relatively constant

.

during the time that the disc is sliding against the downstream seat with differential
pressure across the disc. Stem thrust builds up rapidly aftei the wedge makes solid contact
with both upstream and downstream seats, During the gate w edging action, the torque

switch trips at a preset value to de-energize the mtuator motor.

,

9
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Inertia of the drive train between the moter through the worm gearing, stem nut, stem, and

gate assembly can cause stem thrust overshoot aRor the torque switch trips and cutti off the
current to the electric motor. Overshoot beyond the torque switch tripping point depends

upon the kinetic energy of the system and the additior 51 energy added to the MOV by the
motor during the time delay of the contactor switch to aff the electrical supply to the

i, .
motor, The system energy available aRer the torque switch trips is used to overcome the

dise frictional drag for the remainder of trmel, and the escess is converted into strain
j

; onergy in the system. The magnitude of stem thrust overshoot can be calculated
" considering the energy balance to account for various factors including inertia of the

components, AP aerons the disc, component stitiness, and the distance of disc travel from j

torque switch trip point to Rnal sentmg position, as shown in the following subsections.
y

Appendix D documents the actual calculations for a 1. inch Borg. Warner des wedge gate
;

valve used in the Duke Power now tests (see Footnote 1 on page 15).'

i

4.2. Available Ener%y After Torque Switch Trip OWT) |

After the torque swit<h trips, the motor contmues to run for a short time due to time delay |

normally associated with the contactor dropout. Therefore, the energy available to wedge
the disc further during the final stage of closing is the sum of motor work after the torque

switch trips and the kinetic energy of the actuator and valve components at that instant.
The method of estimating the available energy components are discusted in Sections 4.21

and 4.2 2.
.

4.2.1, Motor Wnrk Aper Torque Switch Trip
The motor work nRer the torque switch trips can be estimated based on the time delay in

contactor dropout and the motor running speed and torque at trip as:

W'z etat (Eq. 4.1)

motor work after TST, in.lbw he re W z

motor shaft rotating speed at TST, rad 4cew =
.

motor running torque at TST, in.ibT =

time delay in contactor dropout, seeo1 =

4

i

The-motor work is calculated at the motor shaft location. Using the same method, the
*

available work at the stem nut location can be estimated by replacing motor speed and

torque with stem nut speed and torque. The available energy calculated at the stem nut
location is expected to be lower than the available energy at the motor shan locati4 due to
additional frictional lens from the motor shaft to the stem nut. The time delay in contactor

o

dropout, dtpending on the specine motor design, can typically vary between 10 and 30 t

milliseconds.
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4.2.2. Kinetic L'nergy of 31vs ing Cornpunents

The kinetic energy stored in both actuator and valve components can be estimated using
the following equations.

Rotating Components

The major rotating components in the valve assembly are the meter shaft, gears, worm,

and worm gear assembly. |he kinetic energy for the rotating components can be
estimated as:

2KE= !u (Eq. 4.2)

where I mass moment of rotating inertia, in lb sec2=

angular speed, rad /see
-

m =

Rectilinear Sloting Cornponentu

Kinetic energy for rectilinear moving components such as stem and gate can be
estimated as:

KE e 2 mV2 (Eq 4.3)
2

where m = 2mass of the disc and stem,Ib sec /in

disc velocity, in/secV =

4.3. Storwl Energy in Valve Components After Torque Switch Trip

Load transmitting components from motor shnft to valve disc and seats experience
different levels of stress and strain. The stored energy in the MOV components can be
estimated using the following equations.

.

Axial Loud,,

After torque switch trip (TST), the stored energy in an axially loaded valve component
such as a stem is estimated as:

SE = SEr- set (Eq. 4.4)

where SE stored energy in component after TST, in lbs=

SEr = stored _ energy in component at Gnal thrust, in lbs

SE stored energy in component at TST, in.lbst =

rr

bb I'r - l' (Eq. 4.5)
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eflectis e wmpent nt length, m
.

where 1. u

!
elastic i Anlalus pi1: :

2= t roo in tian an a, mA

imal awl ha 1, IbF: =

anal lead at TST. IbF =
t

Torsional Lmul
The store l energy for torsional Iv.id is i stmmti d as

SE = S1:< . 81:. (Da 4 m

2GJ(T/ T/)
I.Eq. 4 7)

_

efTt (tive u mpenent h ngth, inwhere 1. =

modulus of neidityG =

E'2(1 + v1. puia

elastic modulus, p*iE =

Poikkun'% latlOY r

ipolar rooment of inoitia inJ =

final torque, in lbTr e

torque at TST, in lbTt =

Valve components such as motor shaft, worm, nnd stem are tubjected to torsional loads

during the final stage of valve closing.

Genens!Springluul
The axial load and torsional load en'es can be considered as special cases of a general ..

spring load case. Any linear elastic h10V component can be nnalynd as a general
spring as long as the component +tiffness is Leown. This approach may he used in
calculating the strain enero storal in the mtuator cpring pack, n disc spring, valve
disc, or any other highly loaded'stramed cornponent of the 510V. The component
stiffness may be derived from the avmlable closed Onm solution, through experimental

testing, or by performing detailed finite element analysis.

Stored energy in a hnear elastic umpunent n gnen 11

SE=1 FrSr~ ;1 PS (Eq 4.Si
t t

or

SE= (1-|2 - F]
(Eq 43)

a
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where St = final component deformation, in.

S component defermation at TST, in.=t

K compcnent stiflness, th'in=

4.4. Energy Dissipated After Tongue Switch Trip

Other than the strain energy < tored in the vahe components, one of tho major sour:es of
energy consumption in the fmal stage of vahe closing is the frictional loss between

,

t'iding components. The k.,y areas where energy is dissipated after TST are summarized
below:

Stem Paching Frictional Lms
'

; Energy consumption due to stem packing frittion is estirnated as:
.

Li = F ad (Eq. 410)1

where L1 stem packing frictianal lou, in lb=

F3 stem packing frictie.na! force, Ib=

Ad distance of stem trasel after IST, in=

The stem travel distance after TST, Ad. can be expressed m terms of stem thrust loads

and gate stiffness and geometry av

Fr - FtAd = - - (Eq. 4.11)
2 K sin O(sin o + p cos 0)

whece Fr tinal . stern thrust, Ib=

F stem thru;t ct TST, lh=
t

K disc aad vat awembly stifTness (one side), Ib'in=

one-hn!f w edge angle deg0 = "

wefficient of fra tmn fcr di e and seat interfacep =

Work Against Stem Rejection rurce

During valve closing, the stem thi u-t i s renared to work against the stem rejection
forc e. The energy less after TST r

La = F Ad = E- d P Ad (Eq. 412)
2

2
4

where d stem diarneter at parkm;< in=

P tressure mside the ,ih - h m h , p --i=

in-

.
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Frictional Loss Due to Dise l'riction uruler s!'
Energy loss due to the due sliding an.dost the d u n-n eam se it under Al' is talculated

a3:

1.3 = l'a A d (El 1.1:0

,

(E4 4 14)Al' x j dfwhere F3

d, = eff ec tis e dne sealing duon( ter, in.
,

Frictional Loss Due to Dise Weduing

The dise frictional low dairm imal .ed.:ine can be istunated av

L; = F .sJ (Icq 4.1ra4
-

where l'a (li li) - (l'i + F; + FR if4 4lO

Frsclional Lou in WortnMorm Gear nrul *

Stem! Stern Nut Connections

Energy loss due to frictan between the werneworm gar or stemitem nut interfaces can
be estimated by using the worm gem threcab d wonecimn emcwncy as show n below 1361:

Outpat I:nergy e x input enem=

cos0 -u'an, I p''4 4 I ,",
where 0

- + u wt /.cos U
-

n

c,ne-half of the thiead angle, denO =n

p = coefficient of friction

A = lead angle, deg ,

4.5. Energy Italance and Final Thrust l'n diction
After all of the energy earnp;i ents ,n c know n, the final thrust. Fr enn be calculated by

considering the over di t nerg3 balance uiter torque -witch trip--

Total available energy = total store i energy + total d:ssipated energy

Total available energy is the combmation of kmetic ( nergy of the moving components und
the motor work due to contactor dropout delay after torque switch trip, as described in

Section 4 2. Stored and dissipated nerries are talculated uxing the equations given in

Sections 4.3 and 4.4. Ap;>endis I,' doc umer t- det tiled calculations using the above

described energy balanet approach to prednt stem th ast overshoot The overall results of

this comparison are presented neu

19
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4.0. Comparison of twdice d Final Thrust Against Test 1(esults

The calculations along with the releunt auumptions dcrurnented in Appendix D show a
predicted Gnal thrust of 20,535 pounds for the 4 inch llorg Warner Orx wedg(- gate valve "

1 tested under a masimum difTerential prc nun of 2,000 psi. with-torque switch tripping at
(

17,615 pounds.. This final thrust of 20,535 pounds n in good ngreement with the actual Onal >

thrust that was measured to be 20.963 pounds using stram gages on the stem The overall

comparison over 31 test cycles and the torresponding analytical predictions was found to
be within 9 percent for this valve,

1

From this comparison, it is ceneluded that tbc overall analytical methodology presented in
,

this report to predict stem thrust overshoot is sour.d Further comparison should be made
against test results far valves of other sires and other manufacturers to validate and refine

the assumptions used in the mortin overshnot nwdel This rnodel presents the analytical
capability to predict Anal thrust due to inertia overshoot in the MOVs, for the first time.

,

This predictive capabihty can be used to improve the sizing and avoid overthrusting of
MOVs.

,
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5. FACTOl(S AFFirl1NG OPENING f!!ItUSTlti:QUliti:MENTS
Opening thrust requirements for gate s ah es to overcome the dise friction load were i

presented in Section 2 for different t> pes of gate vahe designs. Unlike in the case of a

5closing operations, the disc friction load in the opemnr directio6 is not only dependent
!upon the differentiid preuure aut4 the diec but is aho dgnificantly affected by other
'

factors. .These factors are.-'

Wedging force the previous c osmg cycle, including th efTect of inertia overshootl
l.

2. liigh body cavity pressure, resulting in the energitation of both the upstream and

the downstream disen.

3. External piping loads causing dnc pim bmwsticking.

4. Temperature trensients causing thermal hindmg of the dne.

Even though all of these factors can have significant impact on the operability of the valve

during opening, they do not lend thensekes to rehable quantification and are therefore
not used in actual sizing calculations in practice, the affect of these variables on the t

operability performance has been mimmized by bypassing the torque switch during the
nrst portion of the opening stroke, which makes the maximum actuator output available to

initiate opening, The problems cauAed by these factors, huwes er, do surface when the
,

magnitude of the disc friction force increase due to these effects exceeds the actuator output.

This section provides an insight into these problenn and how they afTect the gate valve

operability in the opening direction. It also summarizes some analytical approaches that

have been used by the principal investigators to quantitatively investigate the magnitude of

these problems and assess design modifications or alternative valve designs to solve<

them. The method of analysis can assist the valve manufacturers in making design

improvements, !

.

5.1. Effect of Wedging Force Pium the Pivvious Closing Opemtion

p rom the previous closing cycle, afTects the magnitude of theThe final wedging force P f

opening force required. For the .same switch settings on a AlOV, the nnal wedging force

can vary because the inertia overshoot is affected by the magnitude of the differential
pressure across the dise. Typically, the highest wedging force is introduced when the valve

is closed without any differential pressure. The equations given in Section 2 of this report -

can be used to quantify the unwedging force during opening if the wedging force is known.

The inertia overshoot effect ori the final wedging force can be quantitatively addressed by

analytical techniques presented in Section 4, or by actual testing. Regardless of the -
approach used, the dependence of the opening thrust during unwedging on the wedging
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force from the previous cycle should be awessed to ensure that the actuator output is
suflicient. This is currently not a xtandard pr,utne in MOV sizing.

L 5.2. F.tTect of IligherIkinnet Pivssuir on Some Gate Valve i Asigns

Gate valves of the ty pes know n a , Cedble wedge spilt wedge und double dise (See figures

- 2..I a ', b and c) have the ability to seal against both seats t.t the same time The problem is

related to only these types of valves where the two disc seating surfaces can move
udependently of each other; therefore, solid wedge gates do not experience this problem.

Two types of ecnditions can arise that lead to a highcr pressure in the body cavity or bonnet

area than in either upstream er downstream piping:

1. When the valve is closed, Guid may be entrapped in the body cavity, and if the system is
,

then heated up, an uncemtrollable rue in pre %ure in the body cavity can result. The
reported effects of such pressure increase range from inabdity to open the valve, to the
p ractural failure c.f the internal parts, or f.ulure cf the vah e bonnet 1501

2. When the valve is in its closed position under a certain upstream pressure, and this

upstream presure is subsequently reduced, e.g. due to the tripping of an upstream
pump, the original (higher! u;ntream preuure may remain trapped in the body cavity.
This can result in an increase in th- openi'm thrust requirements due to the
energization of both the upstream and d. astr i disc seating faces. This condition
is referred to as double duc frit two or du iMe duc .%g ||G1.

Regardles3 of which of the e two factors are responsible, the total disc friction force for a-

double drag condition c an be mprewed as

Fdt=Fa14 Faz
.

- -

= u 2 ds,(P - P 1 + n 2 d, (Ps - P )t 1 s 2
4 4
- .

2 ds(2P - P - Pj)= 3 1
4

where Fat = total dise drag force, Ib

Fdi = upstream disc drag forte, Ib

Fd2 = dow nstream dise drag force, Ib

= cociYieient of friction for the dise!, cat interface

ds = disc senhng diameter, in.

P1 = upstream pressure, p,i

P2 = downstrean' precure, psi

P = valve body cavity pressure, psib
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The effect oflowering the upstream pressure before opening the gate on _the stem thrust can

be illustrated in the following example.

1,250 ' psi for the case of steady upstream pressureLet Pi =
P't = 350 psi for the ca+e oflowered upstream pressure before opening

'

Pb : 1.250 psi for valve liody entity pressure

P2 = 0 psi for downstream pressure after closing i

, 2 P ' P'- P=Il Lowered upstream pressure case b 2 |

2 P - P - P.gli'dt No change in upstream pu*ure case 3 i ,

2 x 1.250 - 350- 0 2.150 = 172'a, v= =

2 x t,250 - 1.250 - 0 1,250

,

in this example, the stem force required to isvercome the dise drag is increased by 72 percert '

when the upstream pressure was hurcred from 1,250 psi to 350 psi (161

Provision must he made_ to etnninate the poeihihty of this excessive pressure build up in

the body cavity to avoid excessive diw drag as well as structural damage Simple methods

of mitigating body pressure increase to avoid double disc drug condition can be achieved by

equalizing the body cavity and upstream pressures with a single drilled hole, an external

by pass piping, an internal or external relief valve, etc., as detailed in iteference 16. Each
of these options have their advantages and limitations which must be enrefully reviewed

.before selecting the one which is the most appropriate one for the specific application being

considered.

5.3, EITect of External Piping Loads

Variations in pressure, temperature, and piping load in a nuclear power plant piping
system can exert significant forces at the ends of the valve body, resulting in valve body

and seat plane distortii s. Normally the valve body is much stronger than the connecting

_ pipe; therefore, external pipe loads on the valve are not of concern from the standpoint of the

structural integrity of the valve. The main concern about external piping loads on a gate
valve is the valve operabihty under these loads, especially for certain types of wedge gate

and expanding gate valves. As a wtdge gate valve is closed, the space between the seats is

taken up by the relatively stiff gate with ~ metal-to metal contact on both upstream and

. downstream seats. ,

Any changes in external piping load that tend to reduce the distance between the seat taces

after the valve is clesed can cause gate " pinching" or " binding" Depending upon the

magnitude of those extern:.1 loads and the stiffness of the valve members, the stem thrust

- 3:s -
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required to open the valve may increase. Load components that have the most significant
effect are the axial compressive londs, and berding moments. Torsional and shear loads

have negligible efTect on the seat face distortions and opening thrust requirements in gate
valves.

" The effect of these external piping loads is most pronounced on solid wedge type gate
valves; Some of the parallel expending gate valve designs also have high gate stiffness

'

and therefore exhibit high sensitivity to piping loads. The use of Oexible wedge disc
'

reduces the sensitivity of the valve to piping loads. Ilowever, it should be noted that the

actual axial stiffness of the dise needs to be signincantly less than that of the valve body to !

ensure that its sensitivity to piping loads is negligible. Appendix E compares the predic-
tions in opening thrust increase for a relatively stiff gate design used in an 18 inch
parallel expanding gate valve against a Oexible wedge design. Based on the assumptions

stated in that appendix,it is shown that the stiff gate design could experience approximately

a 32 to 36 percent increase in opening stem thrust, whereas a nexible wedge gate opening
thrust is predicted to increase by only 12 percent under the applied axial load.

In summary, it is important to know that even a Mexible wedge disc will experience some,

no matter how small, increase in opening thrust under compressive pipe load. Therefore,
simply specifying a Oexible wedge gate design does not ensure immunity from the efTect of

external piping loads. The valve manufacturers should quantitatively design the disc
stiffness and body stiffness that ensures that resultant increase in opening stem thrust

under anticipated pipe loads is less than a specified percentage of the normal operating
. load due to differential pressure. At least one of the U.S. valve manufacturers has
published quantitative test results that show that increase in opening stem thrust is 5
percent or less in their valve design (27].

Another approach that eliminates the efTect of external piping loads on opening stem thrust

requirements is to close the valve with no wedging,if the seat leakage requirements permit
it.

5.4. Efrect of Tempemture Changes on Opening Thrust

Some wedge gate valves exhibit " thermal binding" problems when they are closed hot, and

then allowed to cool down with the disc in the wedged position. Thermal binding is caused

by the body cooling down at the higher rate than the disc, thus causing an increase in the

seat contact force. The magnitude ofincrease in the seat contact force depends upon the

change in temperature, the difference in coefEcient of thermal expansion between the body
and gate, the stifTness of the valve body and gate, and the distance between the seat faces.,

. Quantitatively, this increase in seat contact force, AF, can be evaluated from the following
equation (see Appendix F for details):

- 54 -
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th,s+Kg

b - where Lo distance betwt en w 11 faces-

e

ob = coef0cient of the r mal expansion for vahc body material

|-
og = coef0cient of thrt mal expansion for gate material j

| --= Kb = valve body stitTnv6 aleng the now axis .

Kg = gate stiffness along the now axis

The contact force increase can be nei:ligible or high dependmg upon the actual materials, ;

-valve and gate stiffness, and temperature variation ( The opening thrust increase is the j

product of AP and the coerncient of friction.
i,

Another phenomenon related to the temperature effects that can also cause thermal binding ]
(s the net growth of stem length when the vahe is dosed This is caused by a net merease l

:

in the overall length of the stem due to the previously exposed area of the stem being }
t

inserted into the higher temperature environment inside the body. j
|

Appendix F shows a quantitative example of a 3. inch solid wedge gate valve subjected to

temperature changes as describted above. For the assumption stated in the appendix, an
increase of 3,913 lbs, which is equivalent to 60 percent of the stem thrust needed to overcome

the differential pressure load is predicted. The example also shows that gate stifTness, gate
and sent materials, and temperature variations of the valve components have a signi0 cant

j m0uence on the calculated seat contact force. To reduce the thermal binding efTects, one

j may consider the use of a Oexible dise; favorable material combinations of disc, seat, and |
| stem; and minimizing temperature changes m valve components. Actual testing ef the

valve designs to qualify their relative immunity to thermal binding effects is the most |
; reliable approach to address these problems. Some of the valve manufacturers have ;

- performed such tests. In order to ensure freedom from thermal binding problems, the f--

|- valve n.anufacturer shouki be requested to provide quantitatae date to support their valve i
. ;

design. j
l

, t

| - It should be pointed out that parallel slide discs are relatively immune to the thermal !
I

binding problems, as well as gate pinching problem due to external loads. !

| !
1 ,

e

|,

i
!

!
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|
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6. CONCLUSIONS

All of the objectives stated for the Sillit l'hase i effort have been fulfdled. Several
,

! improvements in the analytical modeh have been made, as discussed in Sections 2
through 5. A significant contribution has been made by the principal investigators by

,

! providing an analytical methodolegy to predict inettial thrust osershoot in an MOV gate
I vah e. A compr(hensive review ef friction and galling data apphcable to gate vahes is

provided. A preliminary analytical appromh to quantify laalized contact stresses due to
disc tilting has been dewicped The tencept cf an va!ct of euntact .stren see cray has bo n
introduced which can be used to deteitnme the potential for unpredictable behasior in gate

valve s. llow ever, an estensis e tuat t is of it sts a needed to empirically correlate the mdex

of contact strew everit) to the actual petfuitnan(e of gate valves oser a w ule range cf

conditions.
_

lt is concluded that the l'hase i effort was successful in completmg the prelmunary
development of improved analy tical modeh to preditt operabihty of the motor operated gate
valves. This can serve as a good foundation for continued analytic:d and ernpirical
development that is neceuary to preside rc!whlt and prm en cate valve operabdity modeb

to the nuclear power industry.

.

m
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Appendix A

Opening and Closing Stem Thrusts for Variations in Disc Designs

This appendix provides a detailed analysis of stem thrust required to close or open the disc

in the gate valve designs shown in Section 2 of this report. The analysis is based on free

body equilibriurn considerations of the disc.
.

A.I. DISC FOllCE EQUILilllllUM:
STEM LOAD FOlt SOLID, FLEX 1111.E, AND SPl.lT WEDGE GATE VAIXES

A.1.1. Stern load to ovem>me AP Closing
[ F = 0,x

F cos 0 - fg cos 0 + Pr in e = 0, andsp

F= Psf

Es
Icos0-! f,N = Fp ._

- cos 0 - p s.in O j

T' rp

h M"
E F> = 0,

Yf
/ P = Fr cos 0 ' Fs sin 0 - F sin 0, and :

s p

7+6

P
Fr = 4 P = p (- 0 - p sm. 0;N p

cos
Figure A.1

Gate Equilibrium r Tp
under.iPlead During Closing f* kcos 0 - sin 0)P

*~

where Fp = dise pressure load, Ib = dilTerential pressure x area

F = stem load, Ib3

FN = seat normal load, Ib

Pr = seat frictional load, Ib

p = coefncient of friction between disc and seat

0 = one-half of wedge angle, deg

'
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A.1.2. Stem hxul to overvome Al' . 01wning

V._, F, 0

F., ces 0 Ps cos 0 - Fr sm 0 = 0, and

a Es
Fr = H FM

p ; f- Co* UY o
g y

(ces e + p sin 0,

F;

j E l'y = 0,
9r6 -

F, = F sin 0 - I's sin 0 4 P cos 0, andp p

Figust A.2
,,

g ces g )Gate Equilibrium under F,r'Hl'N'4i cos O + p sin 0) E>p1Al'Ioad During Opening,

F,
f. 'n
| P e
i ces 0 + sin 0 p
s

A.1.3. Stem wedgingload - Closing

The stem wedging load i' the required stem

thrust to overcome the seat frictional resist- .

g ance of a wedge gate.
s

9

[ f = 0,y yo

Fn Fn F, = 2(Ps sin 0 + F e s 0), andr

ff F; y7 = 9 yg

*G
Ps = 2 (sin 0 + cos 0) F

e' *

Figure A.3 F=2(sin 04 p cos 0) Fsor s
Gate Equilibrium under Wedging load

During Closing
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A.1.4. Stem unwedging h>ad . Oiening

1 F . = 0,3

o F,
F, = 2 ( Fr cos 0 - Fu sin 0), and

F = p Fuy; f

fn Fn.
- - ~- 1

f,n = 2(p cos 0 - sin 0) b,,
.*. *-

f i&g
F, = 2 (p cos 0 - sin 0) F3or

~&

Figure A.4
Gate Equilibrium under Unwedging load

During Opening

|

|
|

!
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A.2. STEM LOAD FOlt PAllALLEL EXPANDING GATE VAINES
-TilllOUGil CONDUIT AND DOUllLE DISC

A.2.1. Stemload to overwme AP Closing and Opening

'

Fs y,
[ F, = 0,,

Y"
g g P = Psp

f .= -

a F
. .= n

P ^f [F = 0y

F/ "O
y,;yr-4F "4EN p

F, = P e-p

d" #" 9 O 8''#" 9/ This equation applies to both gate

p; ,g3 closing and opening conditions.

Gate Equilibrium under AP Inad During
Closing / Opening

A.2.2. Stem wedging load . Closir.g

1 F, = 0,

Fs cos 0- Fj sin 0 = Fs, and
Fs Fj = p' FN

v
$

F.= - Fr'T" '' cos0 - ' sin 0
Fn

Fn' t" x

F(*
fp 5 y, = 0,

"N* 6 F, 2 Ph sin 0 + Fi cos o + Pr and

f = p Ps, Fi = p' PhFigum stG f

Gate Equilibrium under
Wedging Load During Closing F="~"" ",'" + ", ' **"

FN <-s
cose - sin 0

For p =. p', this equation becomes:

I
sin O(1- p } + 2p cos 02 I

F, = e,
cos 0 - p sin 0

- A.4 -
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A.2.3. Stem unwedging foire Opening

E F, = 0

Fk cos 0 + Fj sin 0 = Fu, andg

Fl = p' FN

Ya
1E'' Fk = N *gg coso + p' sin 0

.

1

'f
f,

/ ( E F = 0,y

F,, = Fj cos 0 - Fk sin 0 4 Fr and

F , Fj = p' Pkf*4 NfFigure A.7
Gate E<guilibrium under Unwedging ,) cos 0 ,

Imd Dunng Opening F=g . _ g) g g g .

FN +-'

cos 0 + p, sin 0

For = p', this equation becomes:

, I(u - 1) sin 0 +2p coso) ,2

""( cos 0 + p sin o )*

.

-A.5-'
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A.3. STEM LOAD FOlt l'AllAll.EL St.lDING GATI' VAINES

A.3.1. Stemload to ownume Al'.Clowhg and Opening
,

*
Ps

'
v

- -

p
Fw q

S "F'' ~

neiI fn* Cn f G Q A''

fa,"rM -i. gl ~ ~ ~ "
, ,m og

& Fj
m

* - ..;
Don > hem yate Up s+ n , y d e

Figure A.8

Gate Equilibrium under.il'lx>ad During Closing

Assume that the coefncient of friction on both sides cf the seats are the sarne then for the,

downstrearn disc, we obtain

E F = 0,x

F g = P + F,pp

where

F,p = spring load between parallel gates, Ib

TF=0-y

F, = Fr + F;

where F|= upstream gate resisting force, Ib

A.6-
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f

And for the upstream disc, we obtain
,

E Fx = 0,

,

Ph = F,p

E Pg= 0
i

M=F/

P, = Fr + F,' = Fr + Fl = p (Px + Pk)-

i

P, = 0 9 ,p + p FF .-p

*

This equation applies to both opening and ek, sing directions.

,.

t

4

7

4-
a

| '

4

4

1
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Appendix 11

Dise load Calculations for a Gate Valve
In a Pump Flow System

_
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Appendix H

Disc inad Cakvlations for a Gate Velve

in a Pump Flow System

Based on available test data for a 4-inch Borg-Warno* flexible wedge gate va'.ve tested

under typical pump Dow conditions at Duke Power Company's Dow loop (see Footnote 1 on

page 15 of main text), a simple analysis is presented in l' Appendix to approximately

auantify the forces acting on the disc in mid travel. Settion 2.6 and 3.4 describe test

results and their analysis for this valve.

The pressure drop across the disc is estimated by using the gate valve now resistance data

from References (301 and (311. The now velocity used in the pressure drop calculations

depends on pump characteristics and the overall piping system design. Finally, the

pressure load is computed based on the calculated pressure drop and the gate opening

positior..

B.1, GATE VAIXE FLOW ILESISTANCE COEFFICIEN"I'

The Dow resistance coefTicient as denned in Section 2 is given by:

h, = 2 aP -

2pV ,,

where K = Dow resistance coefBeient
2AP = difTere .ial pressurt across the valve, lb/ft

3p = mas 3 density of the Guid, slug /ft

V = Gow selocity, ft/sec

Flow resistance coefficient data available from References (301 and (311 for gate valves are

5summarized in Table B.I. Overall average values from these data are plotted in Figure

b.1 for reference.

-B.1-



.- . _ . .- - - _ . . . . - . . - . - -. .- __. -- . . .

Gate l'orition, hiDo*
Gate Valn Description g, y g,y5 g_g g,3 g, ,, y, ' 3,g g,7 y,g g,g y,y

_

Gate valve in straight
pipe without a recess for 150 62 35 10 4.6 2.06 0.98 0.41 0.17 0.06 0
the dise

Gate valve in straight
.

pipe with a recess for the 200 77 31 11 4.7 2.35 1.23 0.67 0.31 0.11 0.05
'

dise

Gate valve at the exit au 61 ai 14.2 71 335 2.3 1.4 0.75 0.21 0J1
Gate valve with reduced I200 77 31 12 5 6.5 3.65 2 15 1.35 0.71 0.21 0.07port

Gate valve tesked at U. of
. 2 12 155 10 23 15 4.5 4 3.5 25 15 0.38L. .sconsin.,

Conventionil gate valve 100 72 43 13 7,5 35 2 1.5 06 0.4 0.25

Disc type gate valve" 190 72.9 35.7 12.7 5.7 2.7 1.34 0.6 0 21 0.07 0

Total Average 179 822 43.8 14.1 7.3 3.23 2.0 1.35 0.75 0.37 0.12

Gate position is represented by h (gate openmg) and Do (pipe inside rLameter at gate)*

' Average flow resistance coeDicient for the vn!ve type. Data may be interpolated' extrapolated
to other gate positions without specific test data.

Table II.1

A Comparison of Gate Valve Flow itesistance Coefficients

(Data from Ileferrnees 30 and 31)

I

!
i

-B.2-
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Average Ilow Itesistance CoefTicient Variation as a

Function of Dise Travel for Gate Valves
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11.2. I'llESSUllE DitOl' ACitOSS GATE VAINE IN l'UMI' Fl.OW SYSTEM

l'ressure drop across a gate valve in a pump driven now system was computed using an

example case for 4 inch Cexible gate valve tested at Duke Pcwer Company s dow loop (see

Footnote 1 on page 15 of main textL

in a pump driven 00w system, the overall piping system pressure drop should equal the

I available pump head in a steady now condition. Therefore, the system pressure drop can

be expressed as:

g,2
APpump = AP,y, tem = Ktot.i p -

where AP ump = available pump head at a speciOc Cow rate, psip

APsystem = total system pressure drop at a speciOc Gow rate, psi

K atal = total system now resistance coef0cientt

Kvahe + Nthers=

Kvahe = valve now resistance coedicient

Nther = other components' dow resistance coenicient

s 518 (estimated f:om Duke Power now loop data)

Based on a given pump Dow characteristics curve, as shown in Figure B.2, the pressure

drop across a gate can be estimated as-

2

APpip, = APsystem = (Kvalve + 518) p g.
'

,

where Kvalve and p are known for a given gate position and Guid. Using a numerical

iterative solution approach, the system dow rate and ,.ressure drop across the gate valve

can he calculated. Iterative solutions may be started with a low estimated value of Cow rate

for the piping system to calculate the system pressure drop. If the system pressure drop is

lower than the u 'able pump head given in Figure B 2 for the same system now rate, then

the estimated now rate should be increased to match the available pump pressure head.

This process is repeated until the pump head and system pressure drop are equal. Table B.2

summarizes the results for the 4-inch Borg Warner valve tested in Duke Power now loop,

using the above described procedure.

-B.5-
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Gate Position, System Flow Rate, Gate Valve Prvusurr
LIDO A7>m Drugq>ei

0 0 2,0(O

0.1 778 487

0.15 SL1 27s

0.2 870 145

0.3 RV 49

0.4 86 25.6

05 RO 11.5

0.6 R10 7.1

0.7 9J0 4.8

0.8 900 2.7

0.9 901 1.3

1.0 901 0.4

Table H.2
Estimated Flow Induwd Ibsure Dmp Across a 4-Inch Gate Valve at

DitTerent Valve Openings

U.S. PRESSURE LOAD ON DISC

A simpic and maybe conservative way of citimating tne pressure load on a gate disc is by

assuming that the pressure load on the gate is proportional to the pressure drop across the

valve and the percentage of gate closing as:

'100 - % of gate opening
F = AP x Aa,cp ,004s

where Fp = pressure load on gate in mid-travel position, lbs

AP = pressure drop across the valve, psi

Adisc = disc area

= E x (disc sealing dia)2
4

Using a nominal dise dealing diameter of four inches, the pressure loads at difTerent valve

opening positions are summarized in Table B.3. These loads can be used to calculate

localized contact stresses between the disc and guide or dise and seat to determine the

potential for galling damage (as shown in Appendix C).

- B.6-
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..

Perrent ofGate Prwesurt Dmp Pressure faul
Opening,9e Acrus Gate, pel Ib

0 2.000 25,133

10 437 5,508

15 258 2,756

3) .145 1,458

30 49 431

40 25.6 193

50 11.5 72

f0 7.I 36

% 4.8 13

EO 2.7 7

90 1,3 2

100 0.4 0

Table IL'l

Estimated i low Inducedland on a 4-inch Gate at Diffemnt Valve Openings

J

- 13. 7 -
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Aptwndis C

Analysis of lawal Contnet Stivsws

!

Contact stresses between two surfact s can he estiinated using closed form hnear elastic f
!solution for single, sell defined geometries such as spherical, elhptical, tylindrical, and

plane surfaces. In this bettion, tw :ontu" stress cases are investigated using liertr
contact streste equatiott for point and line contacts. The tontact loads 'ased in the analysis
are the enimated pressure loada ecused by disc idtmg as shown in Appendis 11, and Section
2.6. The resultr of contact stress nnalysis are rotopared with rnettrial threshold of galling

- stresses for the study of dise tdtir.g ttfect io nud.ttavel pm aion m Sntion 3.1. It theuld be
pointed out'that this contact stress analysis if based on hnear elastic, small displacement
nuamption4 using original (unwornt geornetry 9f contact

;

Contact stresses based on these >imphfying assumptions shouhl he und nr an inder of
contact stress 3recrity and used as design guides for compari3nn against attual test data or

i

to make design improvementa.

. Herit c<ltustions for contact stress distribution 1

The intens,'.y of contact stress, p, over the
surface of wntact hetscen two general-

,

currrd sur[ates enn be calculated from the
following equation derived by liertz 138):

f

p = py y l - d
2

v ( C.1)- .'
--%g A-sj,

's /. / \ ; *. i a* b'
.- -7

/ ,'.M \
_

where pe contact stress at a select,
'

v p,

location (x, y)

.( ( /,-p j,' a.,,
', y ,

peak contact stress, psi,o' |\ r pu e
s'l

,

,|F* .' . X axis coordinate, inx :

y = Y axis coordinate, in

Figure C,1: Contact stivss distribution a = major semiaxis, in ,

b = ninor n>miaxis, inletween twu genend eurved surfa(vs |381

p_.2nabpn (g"n )_

-

3

where l' = total load, Ib
2n a b = contact area (ellipse), in

C.1
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i

:
L

i

n w m t[--3l'A

4A (C.31 ;
-

.

'

b'"j[3PA- (C 4)43

^ " 1 v{ * 1 - v3
Eg E[ (C.5)where

A- 1[ l- + ,1 + - * r))
1 :

2 (Il 10e R, (C.0)l R
3

1/ ''2
7 32r 3 f 3 r 3

11 c 1
1 1

- - ,11 1 - ,1 1
- - ,1 con 2P+2- - - , 4

2 Hg g3 j Hj g,, 11
, 3 }< 3 j 11:, Jt (C.7)2,( (

m - f(cos~3(ll/ A)) (see Table C.4 below) (C.8)

n a f'(cos~1(ll/ A)} tsee Tat;1e C.4 below)
(C.9)

Also, v, E, H, and R' denote Poisson's ratio, Young's modulus, and minirnum and
maxirnum radil of curvature of the unloaded contact surfaces. Subscripts 1 and 2 denote
contacting l>odies 1 and 2. y is the nngle between the planes containing curvatures 1/111
and 1/R -2

cos.) (ll!A) 30' 35" 40' 45' 50' 55* m*

m 2.731 2 397 2.136 1.926- 1.754 1.011 1.486

n 0,493 0 530 0.567 0.604 0 611 0.078 0.717

cos.1(DIA) M* 70* 75 * 80* M* !x)*

m 1 378 1.281 L202 1.128 1.061 1.000

n 0.759 0.802 0.816 0593 0 914 1.000

Table CA
Values ofm and n for lierte Equations (38)

C.2-
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lhurnj>le it l'olist Contact lictunn 1%c urulIlosenstrnsrn Scot
This example simulates a tilted gate contacting the edge of the seat inside diameter with
two point contact, as sh0wn in l'igure C.2.

Disc Slot

k ?p'

2

i.g '4 # / 4

_

'''

n2 4i
\ cata" ^'anaw ,s..Eni.,,a D tan--+

. a y

' ~

--FAp~
P A R,g

. .. .

R3 |
'

Seat
v

Disc Guide

Entergod Detall

Figurv C.2
Tilted Disc Contacting Seat

The following data case was ut.ed for contact stress calculations:

,

it -It3 - o 125 in.

I([ e 2 in,, fl " = - 2 in. (mncus e)g

P. 21f, f.lb(frorn Appendix 11 G 30% opening)

ei. E - ao ,io$ poi2

v = v2 = o 3

.

The actual angle, y, between the curved surfaces present at the radiused edge of the disc
outside diameter and the radiused edge of the seat inside diameter with the gate in the tilted

position is somewhat diGicult to calculate. llowever, it can be seen from l'quation C.7 that,
for values of y between- 0* nnd 15' (or 2y = 03 to 309. the magnitude of B does not
significantly change. Therefore, y = 15* is used in the following calculations.

.~

* 4% *

- _- _ - _ _ _ - _ _ - _ _ - - _ - _



Applying the liertz -quatian, we has e

A ,2 x._] _-. O trj
.

' -. : (,067 10 ".

30 1O''

A s. ._1 |
2 2 i .- 33

,

: 4

2(0.125 ')
14

13 = 1(8 - 0 5)" + (N - 0 5)' * 2 (* . 0 5)' 4
4 > >

ces 31 , 7 728;

cos'I(ll/ A): 153

m = 4 2 (extragbted frw f abh. U.4!

n < 0 39 (extrapolattd f;om T,dh C.11
~

n 4 2..!3 x 215 5 6 067 10 "_

n 01195, nthe
g 4 . ,s

g _._ _ __.

b = 0.39 ' 3. 213 5 x 6 067 in *- - - -- - 0 0J1171 mch
'

4X

3 .+ 215 5 .

4= -- - - 51 ,-111 psip g'
2 n , O O1195,0 01174

Pau " 1.5 ' 300AOb Psi
'"

The estimated local contact streu at the downstream disc.to. seat point contact is almost

one order of magnitude higher than the Stellite matermi threshold of galhng stress of 47
"ksi as discussed in Section 3 4, based on linear elastic, small displacement, and original

unworn geometry assumptions elastic stress analy sis. The calculated results a and b,
which are 015 inch and .0012 inch re<pectively, are the dimensions of the elliptical contact

at the seat to disc interface under load at 30 percent mid travel dise position. 1,ocal

yielding, load redi. tribution, and material w( at are likely to occur before the contacts

stress actually reaches this level

Exampic 2: Line Contact Heturen Dise urul Guide e

In some gate valve designs, lme contact betweer the disc guide and disc guide slot resists
the flow-induced load imposed on the dise durmn mid-travel This exarnple presents an
estimate of contact stresses based on the follawing design and material data auumptions:

C.1

s ,
-
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it - 0 1 WIS m .N Disc C ulde i

e 'Q N Disc Guide Snot
, ,

b,s \ N it , = it , , it , __

\ %\ , ' "\ \ 1, 0 375(contact w alth)in.\ g
1 ]\ | y=0

s

y ;
% + -R3

*4- l' = 215 5 lbs
!
I

\ |' i - l',7 30 10" psi
~g

s.L
\ v; - v3 03

Figurr CJi
Math Mmlet for ,

l.ine Contxt between Disc at'd Guide

Applying the !!ertz equations for parallel cylinders (|381, p. 371):

A = 6.067 x 10 *

.

r 15 5 6.067,10~,..

PA 2
b r 1.13 = 1.13 . O O_ n.2M9 in.

!I
0.375f0.1875)\1'it -+ -2J11 x

s i

2l' 2 > 215.5 -

126,633 psi <-pn
nLb n < 0.375 x 0.0028h9

P
pg,= : 99,458 psi 4-

2bb

This estimated contact stress with line contact between '.he dise guide slot and the guide

surface is an order of magnitude lowes than in the case of disc making a point contact

against the downstream seat. Also, it is in the same order of magnitude as the material
threshold of galling stress for Stellite. As mentioned at the beginning of this appendix, the
contact strerses based on simplifying assumptions used in th? analysis can be used as an

index of contact stress scecrity. Comparisons against actual tests under controlled
conditions should be used to obtain an etnpirical correlation between these theoretical

values and actual performance.

-C.5-
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Appendis 11

Analysis of Stem'lhrmt (h ershoot for

4 Inch Ikirg Warner Valve Tested at 1) uke l'on er flow Imp

Thir, app (ndix docurnents the anal,s su, perferined for stem thr ust os ershoot i stunation
using the energy balance rnethod destibed in Fe<.tmn 4 of the tunin report. 'l he m tuator
and vah e data selected for the calculations are f(eturk 16N AXI,57 rpm actuator and llorg-
Warner 4 imb fles wedge gate valve used m 1)oke l'ower Companis flu.. loop testt The
analysis results compare well with the m tu:d test dat.', es shown in th= , appr<dit

&

D.1. AVAllAllt.E ENi:ltGY AT ToltQUl: SWITCil TitlP

D.1.1. Motor Work After Tongue Switch Trip

Motor wc rk for Itotork 16NAX1 actuator is estimated as

W " wT Ati

rnotor spot d = 3,000 rinn x 0 9 : 3,210 tptnu =

T = rnotor torque = 8 fbib = 96 in 1b

contmtor dropout delay : 10 ros a 0 01 seeAT =

.w
W = 3,210 * O 96 001: 326 in lb4i

60

.

D.1.2. Kinetic Energy of Moving Components

1 , Rotor

llased on the estimated rotor dimensions shown in Figure D.1, the rotor kinetic

energy is:

2( ,600 ~ Y2 13 l !' 8"'l < 1 55, + ~ 16 - 0.5'132 'l
*/ o "

"KE ri 60 1 (396 4 356.4 1

1,911 in - Ib

-1).1-
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i

T y ) 9. g - 1.066" Q- - -

~ m :2 8 3 lb o
3

rpm 3000---

g

k m3 = 2.96 lbi

3 875" m't = m 1+ m .e 11.26 lb, m ,

_

15.5"
i

Figu re 1).1

Worm bh.tft Weight umi Dime:witms

2. Worm gear!sicm nul anemM.\
liased on the eetimated dimei:s;orn shown in Figare I)/2, the kmetic energy for the
assembly is.

J 3< 311;E , = ( ,' , 2 ! .!r r-

- i 1. - r,2 , l' 1. . )~o r,/ 1~

i.00 -l a a c e, a :n a - J

: 0 29 in . Ib amall*~

Estimated Weight & Dimensions:

4 3=3.5 e
2

4 2 = 2.5 &
,

mg
m 3 = 1.21b

m2
2 = 5.71bt i a m

0 1r 1

| nm = 57

Figure D.2

Worm Gear Stem Nut Assernbly Weight and Dimensions

.D 2
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3. Vahr stern and gate a nernbly

The estimated valve sti to ami gate dim in mns ami a right are-

1 37'JoStem lHmensmns | 1.' x

32 x 1.37fd x 0 7h51 x 0 2N.1 : 13 45lbsStem Wt icht :

Gate ihmensions 2 T thk x 4 5" c
0. 7 m'; 1 x 4 ';2 x 2 7 x 0 2M3 = 12 2 lbsGate W(ight :

The estimated valve clusmg < peed n o 5 in% e 'I herefore, the kun tic energy for the

stem and pate nuembly iv

1(la 45 4 17.2 ' . o 5-
,

Kl.., vi Mt'

-

s e r;, n um uO no 3 in lbs o

D.2, S TOltED ENEltGY IN VAINE C0511*ONENTS
AITElt TOltQUE SWITCll Titil'
Theoretically, all of the lead tratrmitting wmponents store some strmn energy. For this
example case, only the three membs. rs (sti m, drc, and sptmg pack ) that have signif' tant
strain energy stored during salse (luing are consilered here.

D.2.1. Stern

The stored stem energy under axial load is:

{g (F[- F[)SE =i
-

fo r F = 17,615 lbs thnrt at TSTt

1, = 32 ui.

fE = 30 x lu ' psi

d = 1.375 in.

SE = 3.5917 10' ' { F[ -- 310 2H 10'')
.,o

3

The stored energy in toision is:

1' 2 2

2 GJ (T -T)SE>- l 5'

-D.3
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t
,

7for G = 1.15 x 10 psi

J = 1(1375)* u 0.3509 in
'

d

32
' Tt = 200 f t lbs = 2,400 in-lb-

!
i

SE = 3 965 x 10* (T/ - 2,400 )2
2

4 3= 3.905 x 10 F/ - 2,400
,s17.615) -

j:

-

D.2.2. Disc
The stiffness of the Berg Warner Ogx wedge disc may be estimated using the fellowing
simplined mathematical mode).

Assume the gate tone side)is a circular disc with the outer diameter uniformly loaded and
,

the central circular area Oxed or free as the two extremos. ;

CAT LbA D, W SEATtoAD,W

UNifCtMl Y LO A 001) UNITCCA18,Y ttA060

W ~~- .

JIL

e

N'

nrr" r n .
* o ,

m CGunAt c!RculM ARGA7; n-.
-e 4 UNIFDRF1 LY L,0ACCOs .-n--

e -

4 .

mu *-

Wn- --

.+- C. 75''+

Model l Model 2

. Figure D.3

. Simplified Math Models for Gate Dise Flexibility Calculations
|
|

[.

,

l
Based on the above disc dimensions, disc stiffness is estimated using closed form
equations as given in Reference !371, pages 339 and 366:

K1= 2.0525 x 106 lblin (Model 0 -
6K2 = 1431 x 10 th!in (Model 2)

- D.4 -
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The lower stiffness of 1.43 x 10 lb'in is selected for the stern thrust on r$he,ut calculations6
i

More precit.e gate stifTness rnay be obtroned through the finite element analpis or testingI

The stored energy in the gate is:

SE , = 2 s {l'jd - l'[2}
2K-

2

ya_y2i t

K f

F, - ( F . F, + !;) final gate lateralIvad due to v.edgmg3 -

Fl - 2 (n r. o . p m t:
2-where -

0

~

Q- 3,935
0.92146

F[ F - ( F + F 4 F.i)i 3 2 ' = gate latt ralload at TST
2(sin 0 + g cos 0)

17,615 - (891 + 2,970 + 9,819)
E

2(sin 5$ + 0 375 cos 5*)

- 14,84 G ibs

I

1.434 < 10,,
(1 OM2 Fr - 4,270)2 2- 11,816SE,=

D.2.3. Springl'aek
The stored energy in the spring pack after torque switch trip is:

2K,{S -S|}
- 2SE e4

where K = spring pack stiff neu, lblin

Sr = final spring pack load, Ib

S = spring pack load at TST, Ibt

The estirnated spring oack stifTness and load at torque switch trip are:

K. = 6,000 lb/ ni

St = 600 lbs
., 1

Fr[)
I

-- 60()2SE =*
4 12,000 17,615 j

,1 ) . 5
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.

D.3. ENEltGY DISSil'NI'ED IN VAINE COMl'ONENTS !

!

The energy dissipated in valve components after torque switch trip is estimated as follows:
;

!D.3.1. Stem l'aeking Prictional loss !

<Lt=FM1

where l,t = p K p(nJD,

6 ,

, Op 1.512.000 h x 1375 x 1.375)
2

= 891lbs

Ad = yf _ yt
-

|
2K sin 0 Sin 0 + p cos h)

'., Fr - 17.615
i

,

2x 1431 x 10 ' sin 5"(sin 5" + 0.375 con 5') !
!

. Lj = 7.737 x 104(Fr - 17.615)

D.3.2. Work Against Stem llejection Forre

L * P Ad !2 2

where FI2d p,3 x 1375 x 2,000 = 2,970 lbs2
g

4 4
,

/. La = 2,970 x 8.683 x 104 (Fr - 17,615)

* 0.01875 (Fr - 17,615)
e

D.3.3. Frictionalloss Due to Dise Fridion Under Al'
L w Fa hd3

E D < 3
2

where F : 'l- p "
'3 cos0 cos 0- p sin u,s

! ~*4 ' 'O.375| x 2,000 4=

cos 5' cos 5' - 0.375 sin 5%s

!.
= 8,919 lbs

L = 8,919 x 8.6S3 x 10''(Fr - 17,615)/. 3

= 8.5258 x 104 (Fr - 17.615)

-D.G.
:
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1).3.4. l'aictionalloss I)ue to 1)ise Wedging

14 o l'4 ad

F.= ;I(F,+li)-(F . F . F_dwhere 2
.

1

;- (Fg .17.615) - Mil . 2,970 9, s 19)
&

0 5 Fr 4,573

L = (0 5 Fr 1.5 73) B-(M 3 10~ " ( F, 17,615)4

D.3.5. Efficiency of Worntworin Gear -

e ) - . _ _ _ u._o t a n i
ros o,

cas u +- p (et An

Using the following design data:

On = 14 5'-

p = 0 0s

A = 4'
(os 14.5 0 08 tan 1 '

e3= 47,'

cos 11.$ -. 0.0H nt 1

Thurefore, rotor kinetic energy and motor work are reduced to 40 percent of the original
magnitudes when they pass through the worm' worm gear connection.

.

D.3S. Efficiency of StemStem Nut
cos 0,, - p tan ),

e ., =

Coh On + 0 CUl 1
*

For the stem design of:

On = 14 5"

p = 0.08
-1 l -1 00

A - tan = tan -7 088-
ndin n i L 28

cos 14 5* 0.0H tan 7.0w
_ g,

' cos 14.5* + 0.04 cot 7 088

IL7-

_ . .
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D.4. ENEltGYllALANCI ANI) I'INAl TilltUST l'ItEI)lUI'lON
The overall energy balance for the example problem tan be summarized as

{{W + KE - SE )e3 + KE )c2Kib=SE +SE Sib +13 412 4Ig + !.4i i 4 2 4 i f

Solving the abcve equation, we have

Fr = nb35 lbs

The calculated stored ent rgy and lones in the vahe and actuator comp;,m nts are

I

SE1 = 10 in !b

SE2 = 8 it'd h

FE3 = 73 mdb l

!

SE.: = 10 in lb ;

11 = 23 in lb
!.g.= 75indb
1,3 = 249 in 1b

!.s = 137 in41b

The calculated final stem thrust c,f 20,535 pounds is in good agreement with the measured
,

stem thrust of 20,963 poundt "ihrust predictions wer compared for 31 test cycles, and the
'

ave; age deviation was found to be within 9 percent
.

k

.

t

- f), b-
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Atutlysis of Piping lxnul ICfhtt on Ogening Tlinist

.

l

. . _. . _ . . . . . . . . . . . . . . . . . . _ _ . . _ . . _ . . _ _



~ - - - - - - - _ - _ _ -___

Aplendis E

I Analysis of l'iping Imd F.ffect on Olwning'Ihrmt
!

|
|
i

The piping Icad ell'ert on openmg stem thrust is illuttrated usmg a through conduit 18 x 16
x 15 parallel expanding gate valve as an example. This type of valve design has a rela-
tively stiff gave anembly, similar to so! d wt dge gate v.ihes which tend to le particularly
sensitise to gate pinching ueder external pipe load *. Moreover valve lodies tend to be less
stiff in larger sires, which accentuates the gate pinching prnblem in larger valves. )

Calculations are also performe d for flexible weds gate design to show the relative
improvement. Even though tend.ng moment in the plane of the vahe stem and flow aus

i

has the worst potential for aficcting the valvo performance frorn the standpoint of gate
pinching, the example shown here addresses the ef1ect of asial cornpremve load only to

-

keep the illustrations simple.

Ikxty Stiffness
As discuseed in Section 4, the magnitude of gate pinching can be estimated through the

valve body and gate stifTness calculations. For this 18 inch valve example case, the valve
body stiffness along the Cow axis is k nown through a detailed 31) finite element analysis

l by Kalsi Engmes ring to W-K-M.as documented in a report

7 lWinKb = 5.757 x 10

The overall valve assembly stiffness can be espressed by a simple math tendel as shown in

Figure E.1.

K /2t
I

/ / '/ //.

p pA D C D f .F F F p
p> - -{b - -<-- -> AWS

N 4 N
I

-

V Z-( W C.<2

K /2t-
-

Seat Gate Body
ca no

Valve Section Plot Simplified Valve StifTness Math Model

Figure E.1

Simplified Math Model for Gate Valve Stiffness

_ __ __

1 3. K. Wang and M. S. Kaisi. Fsrute Eiernent Ana!pis of the 18" x 16" x 18' ANSI mkt Fe nlwater
isolation Vahr Under Faulted Condinnn Nm:le Imdn, Knin Engmu nny,Inc. prapnetary report to
W.K-M, KEl 8 4.3, Fetwuary 23,1991

. E .1
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1

The valve body stiffness obtained from the 3 D fimte element analysis represents the valve

body stifTness without the teat and gate in place. The overall valve stiffness for a gate
valve at the clowd position can be estimated based on the combtned stiffnen cf body, seat, i
and gate at shown in the fvllowing calculation *, '

Gate Stiffness

The gate type is a parallel es;:anding gate uhr (Ingure 2 lii) When this cate anembly is i

wedged closed, all of the .< pace between the seat faes a taken up by two relatively stiff
pieces of wedges, in the same fashion as in a comentional solid wedge design. Stiffness

|
for the two piece upandable gate unembly un be estimated by using equivalent stifTnes.

of a pipe bection with two assumed pipe thicknesses Mere prtcise estimation would require
detailed finite element analysis or actual testing.

!

Case 1.

Gate Stiffness apprmimated b,i a pipe thicknen equal to the seat contact width:
f
!

IAE
-- Ku ;

g
,

!

5 {17 - 14.025 ) x 30 x 10
2 2 6

4e

10.25

I
= 1727 x 10"lb/ in

|6
!
1

I
Case 2.

'

Gate stifTness approximated by a pipe of thickness equal to twice the seat contact width: t

!

!
i

K,=AC !
g

{
!

= 2 x 1.727 x 10"

I
= 3.4$3 x 10" lb / in - i

|
!
;

!

|
I

!
l

!
,

|
I ,,

| a2
I

---|
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Seat Stiffness
Sect stifTness in also estimated using the dimensional data from KEl 8 4,3 (referented in

;

Footnote 1 on page E.1), which can be approximated as an equivalent pipe section:

h,, = AE--
t

E {17 - 14.625 ) = 30 x 10
2 2 6

c1
1 (19.5 - 14.625)
2

= 7.26 x 10"Ib / in

(*ombined Stiffness of Gate and Seate

Overall stiffness throu::h the gate and Seats is:

1 1 1 1
2_+-+_

K, K. K K,g g

2 1

7.26 x 10" L727 x 10"

K , = 117 x 10" lb / inr

1 1 1 1

h5k5
2 1

~

7.26 x 10" 3.453 x 10"

K'g, = 1.77 x 10"lb / in

Valve Stiffness

The overall valve stiffness is the sum of body stiffness and combined disc / seat stifTness:

K ot.1 = Kb+K.t g

= 1.746 x 10"lb/ in (using Case lgatestifTness )

K ot i = K + K'git d

= 2.346 x 10"lb / in ( using Case 2 gate stifTnt ss )

-E 3-
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)

Gate l' inching Forre

Force through the gate assembly under a compressive external piping load can be
expressed as: '

P . = K uniK " F,g
'

where F . = force through gate assembly, Ibg ;

Pp = external piping load, Ib f

liased on this estimated gate and valve stiffness, the ,, ate pinching force is: I

i
117 !

F'= F -

8 174.6 P i

= 0.67 P for Case 1 gate stiffness, andp

.
-

P', = 177 F r

' i

-234.6 P i

-

= 0.754 F, for Case 2 gate stiffness |
,

The above estimate shows that 67 to 75 percent of the compressive external pipe load passes

through the gate assembly. This increases the gate / seat contact load, thus resulting in [
higher stem thrust requirement. The amount of stem thrust increase depends directly on ,

the magnitudo of the compressive external piping load The following assumed piping
'

load and valve differential pressure are used in illustrating the external piping load effect
on stem thrust increase. |

;

iAsraming that for this 18 inch gate valve:

Compressive external pipe = 100,000 lb (approximately 23 percent of the
maximum estimated axial pipe load
under transient pipe rupture condition
(reference Footnote 1 on page E.3), 'inis
corresponds to approximately 2,200 psi
axial compressive stress in the piping
connected to the valve end.)

Maximum difTerential pressure = 1,250 psi *

i

Then the gate pinching force is:
f

F . = 0.67 x 100,000 = 67,000 lb for Case 1, andg

F's, = 0.765 x 100,000 = 75,400 lb for Case 2.i

I

l

. E.4

L_.,...-______._,_,__,,_._,_..._~__,_._
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Gatcheat contact force due to masimurn differential preuure is:

Psp n 3 (15d 1,250 212.059 lbs
1

Therefore, the i. tem thru+t irecrease due to external pipe load can be expreued as a percent-

age of the required stem thrust to esercome the gate drag due to ddTerential pressure load

as:
y
D- m 31.c4

It = F,.,p
.-

p,
ir = fi = 35 64 |

e---

Fp3

lieduction in Gate l' inching I:ff ect by flexible Wedge Gate

The above exarnple used a parallel espanding gate valve with high disc stifTness- Many

gate valve designs employ Deuble gate concept to reduce disc pinching effect under
'

external pipe loads. The following calculations show the effect of gate Mexibility on the
stem thrust by replacing the parallel expanding dise with n Mexinte dise having the
following assurned dimensions shown in the math model:

-< Fg
,

pS0
rrrrr p

%16.0t -

Y11.L11

< F-

--> (e-- 2.75

Flexibte Gate Math Model for 1/2 Flexible Gate
GA 112

Figntv 12.2

Flexible Gate Math Model ,

,

The gate assembly stiffness enn be estimated using a closed form solutwn as given in
Reference 37, page 33fi:

7Kg = 2127 x 10 lb'in

-1:.5-

,

v,._.-.._. - - - - , . . , - - - ..,----,---.,,-.-,-.--.r-w -w,-- - ,-a ww., , .aw--,-. ,~,-c.-----e,, ,, ,--,c. - - - . - - - - - --w,-
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;
,

Using the same approach as given in the parallel expandmg gate case, we have

7
Kp = 2.1116 x 10 lb / in

i

Note that the stifTness magnitude of the fleable dn.c and seat ammbly is less than 1/6th the >

stiffness (1,77 x 10" livin) of the relatively stiff gate noembly ut.ed in the first example.;

Kea,1 = 7.b716 x 10 lb/ in {
7

i

P 0 26S6 P4p p
,

^

- 20,600 lbs (for 100,000 lbs c,f external pipe load)

R : 20,800
212,058

= 12 7'i

'

Therefore, the stem thrust increase is approximately 12.7 percent of the required stem
ithrust to overcome dise drag under difTerential prenure load, instead of 31.0 to 35.0 percent

stem thrust increase calculated for the high stiffness parallel expanding dise case.

,

'

.r

)

I

k

i

I'
L- ,

I

1

?

' . *
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Ap1wndix F

Aiutlysis of Tenilwnituiu Effect ott O wning Thnistl
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Apix ndix F

Annlysis of Tempeniture Elfect on Opening'llumt

i

|
|

|

This appendix provides the derivation of the seat contact force equation used in Section 5 ;
discussions and an example case of the temperature effect on operating thrust. This

'

exarnple is based on a root cause analysis performed by Kalsi Engineering, Inc. The
main purpose of the example is to r,how how to quantify various contributing factors that ,

effect the opening stem thrust due to temperature changes.
,

|

F.1. EFFEUr OFTEMI EllATUltE CilANUl:S ON SEAT CONTACF FORCE i

As shown in the following simplified math model, the valve body and gate expansions (or
contractions) due to ternperature changes can be estininted as:

E,= Lo ubAT ( F.1)

% 6g = Lo og AT (F.2) r

w here $b in body expansion, in

b Original Contact 6g = gate expansion, in

% 1,0 m distance between seat

| faces, in.

M ! ob = thermal expansion '

4! G b2 Body Free Expansion coefficient for valve !

l body, in/in!*F |
Ig og = tht rmal expnnsion

,

| coeflicient for gate, ~

' -->l 4--- k2 Gate Free Expansion in/in/*F >

AT = temperature change, *F

Therefore, the net difTerence in valve
Figure F.1 body and gate expansion is:

Alath Model forIkxly and Sent Stiffness a3 = Sg .6 (positise forb

int e r fe ren ce)

= !.o AT fog - ob ) (F.3)
,

The differences in body and gate expnnsion will generate a seat contact force if AS is
positive. Its magnitude can be calculated usint, the following relationships:

!

. F.1
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,

k

L

Valve body and gate deformationr. under seat contar' forty are:
i

AFA5 " vb
hb
AFA5 = m.

g
k

)
!

where A5b = valve body deformation under a seat contact force of AF,in.

A$g a gate deformation under a seat contact force of AP, in. !
AF = seat contact force,Ib

Kb = valve body stifTness, lh!in

Kg = Gate nssembly stifrness, IMn (including seat stiffnesa

'K'4 K !

h h. '?
sF--+ :gF AF i

A5 = (5 - 5 ) = hpg 3 -- 2

h a g,g ,

Th e refore,

'KE '

b
AF = (5 - bu) h,t, + hfg 1

gj !

= La AT (5 - 5 ) f-g t 4-

K+hb g ',,'

(F.4)

F.2. EFFECT OF STEM GHOWTil

For a wedge gate valve, the average stem temperature before closing may be lower than the

valve body temperature. After the valve is closed, the seat contact force may be increased
by either of two possible conditions:

F.2.1. Increasing stem Ictnperature.

If the valve temperature remains the same after closing, then the stem growth may bc ,

estimated as:
5

5, e I, n AT,

where 5. = stem growth, in.

I. = the stem length which is subject to an average stem temperature .!

change of AT, aft.er the volve is closed,in,

of = stem thermal expansion coefficient, in/in*F
-

AT. = uverage stem temperature change,'F

.F,2
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,

Y.2.2, Dectrating both stern und b<uly temtwruturr.
If both the valvo and nem temperatures decrea e offer closing atul the valve body
contraction is greater than the stem contraction, th-n the seat contat't force may he
increased due to this difTerential body and stem contraction. The relative stern growth

may be estimated as:

6, a Io u t, ST , - t, u , AT,i g,,g

where Ib = body length with average temperature change of ATb. in.

ub = body thermal expansion coefficient, in/in/*F

stb = average body temperature change, *F

l. = stem length with average temper.iture change of AT.,in.

u, a stem thermal espansion coefficient, in/in/*F

ST = average stem temperature change,'P

The calculated stem growth, S., can be converted into dise laterni interference as

5g = 5. sin 0 (F.7)

where $g = dise Interal interference (one side) due to stem growth, in.

0 = one. half of the dise wedge angle, deg

it should be noted that the above equation does not include stem or valve topworks

Ocxibility in the stem growth calculations. If the stem and valve flexibilities are
considered, only a fraction of the stem growth due to differential valve component

expansion / contraction will be converted into dise lateral interference. Net stem
growth that can be converted into dise lateral interference, including the structural
Oexibility, may be expressed as:

6', = S. - 5sk

where 5', = net stem growth including structural Oexibility, in.

5. = stem growth excluding structural Mexibility, in.

6sk = structural deformation 6 tem and body) due to stem
compression, in.

F.3
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P.3. EXAMI'LE CASl0
To illustrate the tt mperature eneet on valve operating thrust, a simplified case from one of

our root cause analysis investigations is used in the following calculations.

1,1 = 1.84 in. (gate width)

is2 = 1.25 in. (seat 1(ngth, one side)

lel = stem length outside valve body = 21 in.

Is2 = stem length inside vahe body a 3 375 in.

ab = 8.9 x 10'6 inlin/'P (SA 182)

og = 9.7 x 10's inlin P (SA 351)r

.

Os = 0 x 10'6 in/inFP (SA 564-630)

6Kb = 71 x 10 lb/in

6K's = 19 x 10 lbl n (gate stifTness only)i

014at = 78 x 10 lb/in

ATb = t'60 70 = 580'P

ATg = G35 70 = 565cP

ATs1 = 175 70 = 105*P(e valve body)

AT 2 = 450 70 = 380'P(inside ,>alve body)

F.3.1 Combined Gate ands <nt Contruction

Using the dimensions and coelTicients of thermnl expansion for the gate and the two seats, '

we can calculate the combined thermal .antraction from Equation P.2:

6 6 x (650 70), = 131 x 9.7 x 10 x '635 - 70) + 2 x 1.25 x 9.7 x 10

= 0.02415 in.

F.3.2 Ikxly Contraction

6b = (1.84 + 2 x 1.25) x (650 70) x 8.9 x 104

= 0.0224 in,

._ _

.y,4

. . . . . __---



l',3.3 Nel Gate Enut nsion i

|

Ab : 002J1 02115 ; D n0175 in

Since, in this cuirr ph' ea-o,the nt t espans o L.f the e ite and the os et the inuly dimendunal

changes a negatis e, no seat < e n t .u t l u n .1 a r' t ' rate d due to dif ferentu ' thertuni
rentraction hetwt t n vah e h dy and g ite Anc.

W.
F.3.4 Net Stem Grvu-lh i

Using equation (f.ta:

5, *- 121 x 8 9 x 10 i(175 70;4 3375x49x10 6 x (650. TodE

+ 121 x (; O x 10 i175 - 7(o + 3 J75 s 6 0 x 10 6 x ( 150 - 70i!C

= 0 02091 0 037n*, r u 0;612 in

To account for the net cate wi:lth contractmn no'n l':13 mn! F 3.1, the net stem grow th is

5 : 0 01612 - 0 0017!, 1
-- 4 --- 0 00012 m.

2 tan 0

F.3.5 Stem and Valt e Toptrorks Stiffncu

K=b *

L

w here

A"E2 E 1125 in2 dd
1 4

E -- 3 0 < 10'', p s i

L - equivalent h ngth (includ ng r3timated valve topw orks fleubility) - 30 in.

K = 9.91 x 10'' lb / in

llased on the above estimated stein stiffnee, the adjust (d not stem growth usmg the result

in F.3.4 and equation (F 8), is

S[-u.00612-F?h

where Fs - stem force = 2 AF hin 0 + n cos t! bee Appendix A, Section A. I.3)

AF = seat contact force

For a typical wedge angle of 5* and an estimated value of p or o a, the above equation gives

Fs = 2 (sin 5 + 0 4 ces f, > AF = 0 97 V

. F n.

I
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Therefore, the adjusted net stem grow th is

0.97 AF5,' = 0. 00612 - - 0 00612 - 9. 76 10~ ' AF-

991 10,'

From this, the equivalent dise lateral interfereneo cauu d by the adjusted net stem growth
can be calculated using equation (F 7) and is

_

AS = 2 5, sin a = 2 x (0 t10612 - 9 76 x 10~ 7 Al') x sin 5*

F.3.6 Seat Contact Fcurr

Using the same approach as in Append 2x E, the combined gate and seat s'ifTness is
--.-

1 1 2 1 2 4.,

+
- 4.93 .10

K K[ K ~.a 19 x 10" 78 10''g

K = 123 x 10' lb / ing

The seat contact force, using the equation (F.4) derived in Section F.1, is

' 6
12 8 x 10' 6 1

AF = 0.1743 {0 00612 - 9.76 * 1e ' AFj (. 71 x 10 4
-

3
. .j |-

- 71 10' + 12 S = 10' )

= 11,553 - 1 S 12 3F
m. ;

a<AF = 1,065 lb., O'
W:w .F = 0 97 AF = 3,9431b
f}

<-3

x;

e 1:This can be compared to the disc friction load of 6,505 lbs which is based on a coeilicient of y[-
friction of 0.4 and a pressure of 2,100 psi across a mean seat diameter of 2.85 inches. The

seat foret increase of 3,913 lbs represents 619 of this disc friction load.

It should be pointed out that, the estimated stem thrust is very sensitive to the temperature

nr.d stiffnesses of the valve components. The estimated thrust can vary significantly
hped on a specific valve temperature profile and the actual stiffness of the flexible wedge.

The main purpose of this appendix was to show how to quantify the effect of temperature
changes on tne npening thrust.
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14 ABSTRACT 000 awe er arw1

This research is aimed at improving the performance of gate valves at nuclear power
plants (1) by developing improved models for operability prediction and (2) by
identifying improvements that overcome problems / limitations of the current designs.
Phase I research is aimed at developing improved operating thrust models for the
raost common types of gate valves in use at U.S. nuclear power plants. Instrumented
valve test data provided by Duke Power Company will be used to devolep/ compare the
analytical predictions. Specifically, Phase I research will address shortcomings in
the current techniques by investigating localized contact 4 tresses under disc
tilting caused by fluid flow, by predicting inertial thrust overshoot, and by
providing a comprehensive review of friction / galling data for gate valves.
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