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 EXECUTIVE SUMMARY

This report documents the results of Phase | resenrch proposed and conducted by Kalsi
Engineering, Ine to improve the vperability of m-*or-operated gate valves in nuclear
power plants. Phase 1 research, funded by the Small Business Innovation Research (SBIR)
program, resulted in the following major nocomplishments:

Opening and olosing thrust eguations for the common types of gate valves used in
U8, nuclear power plants have been developed and documeinted.

An analytical methadology to predict inertial thrust overshoot in an MOV gate valvs
has been developed from first principles. Comparisons agninst data supplied by
Duke Power Company have confirmed that the methedelogy s sound, and there is
good gqusntitative agreement betwesn analytical predictions and actual test results

The results of o comprebensive review of friction and galling data are documented
in this report 1o providle a rational basis for selecling an appropriate coeffigient of
friction for a given appliraiion

The concept of index of vonturt strews severity has been introduced to determine
whether or net a gate valve will behave predictably under Nuid Now forces.
Preliminary analysis appraaches to ealeulnte jocalized contact stresses at the dise-
to-guide contact and at the diseto-duwnstroam seat contaet under dise tilting
conditions have been developed

Bignificant factars that affect (he apening thrust reguirements of u gate valve have
been identified, and guantitative methods that can be used to diagnase valve opening
problems have been documented.

Improvements in gate valve designs to make them less sensitive to pressure/thermal
transients snd external pipe loads have been identified, and some gusntitative
examplos are included 1o show the degres of improvement achievable,

In summary, the Phase 1 research haos been succes<ful in pompleting the preliminary

development of improved gate valve eperahility medeis, This can serve us an excellent

- foundation to continue further analytica! and experimental development ths' s necessary

te provide reliable and proven gate valve opernbility models to the nuclear power industry.
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1.

1.1. Background

1.2,

Operability problems with motor operated valves MOV in the U8, nuclear power plants
have Lven extensively decumented an veferences 117 thraugh (1121 The Nucle  Regulatory
Commission's (NRC) safety concerns regurding the operabiiity of the MOVs were further
reinforeed by the failure of severdl gate valves 1o close within the manufacturer speeified
thrust requirements under simulated high erergy pipe break conditions in the recently
conducted NRC tests 14.23] Even though soveral of the sgrlier reports and surveys have
deseribed the uperability problems in detail [7.5,9), o was the wsuance of NRC 1E Balletin
B5-03 (1], Generic Letter 88-10 121 and the vecent gate valve tests 14,23] that finally resulted
in the industry-wide recognition of the significance of the MOV problems

KRalsi Engineering, Inc, havieg been intimmiely invplved in solviag valve problems for
the atilities for over 13 yenrs, wubmitiod o proposal ander the Small Business Irnovation
Research (SBIR) Program to initints o systematiz research directed at improving the motor
operated gate valve designs and aperabiliny pradiction models. This proposal was selected,
thus giving the principal investigators an spportunity to document the key technical
approaches that have been developed by Kalsl Erginesring, Ine in solving problems and
making improvements in the design and performance of MOVs

The overall objectives of Phases I and 11 of this SBIR project defined by the principal
investigators are to improve the aperabiliy of £ e motar opersted zaie valves in b suclear
power plant safety system by (1) developing more comprehensive and reliable models for
predicting operability, (2) Identifying impravements that can overcome the deficiencies
observed in the current gate valve designs

The overall objectives stated above are quite broad and weuld require extensive analytical
resegrch as well as testing to fully atrempl sh these goals. The more speaific objectives
under SBIR Phase | funding censtraints were limited to: (1) praviding closing and

opening thrust equations fthased on eal Freebody disgrams) far the types of guie valve

designs which are in commen use in the (L8 auclepr power plants; (2) developing a

_pﬂalim'mary anal Aica! methodology to guantitatively sssess the effect of Nuid Now forces

imposed on the wise on the value performunee, (3) developing an ;malyt\.mi model to
predict thrust overshoat due th inertia; (4) docomenting friction and galling data,
including principal investigators’ experience, relevant to gate valve operability; (5)
documenting factors that affect the pute valve opening thrust requirements; and (6}
identifying possibie ymprovements in the gate valve desipn.

Numbers in brackets denote Roferornces listed in Section 7
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. M M used Twww a5 a standard nverln:v witerial af the soating fices by most nm S .
mnm test data for ats caefMicient of friction perfirmance sgian an ¢ acly wide . :
w This is iﬂﬁﬂ]y dus to the fact that tribelagical behavier at the shiding contacts in t&w s
-~ gate valve is sffected by everal fuctors thur are not explivitly unilerstood and eantrolled

 during valve tests  Section 3 of this report presents o summary of (he cocfficient of friction
~and m!ﬁn& data based on Jhe principal investigatons lubaratory testing and field experis
ence, with & focus on those factors that have the mest fmpact oo the porfarmance of gate
yalves. Condition of the contact surfaes, e.g. the undetected presence or absonce of galling

E "=:“ e absorbed contaminary luyer of lubricants (even of moleculur seales ean account for vory
SRS large differences in the “apparent’” coeflivient of friction. Systematic testing using real
. s gate valve internals is needed to determine the onset of galting 4n lacal areas of eontast,
' and to determine conditions under which continued cyeling results in increases in 1
[ . . . apparent friction and seizyre or stuble frictignal behavior after local wear.
-
- | Lastly, the opening thrust requirements for wedge gate valves are inlluenced by several ‘
Ao fagtors thet ave not easily quantifiable in notupi MOV applications, The unwedging thrust !
REE during opening is influenced by the wedging force from the previous closing cytle,
. .external pipe load causing dise pinching, sffect of higher pressure trapped in the body
cavity resulting in energlzation of bhoth upstream and downstream discs in some of the
iy

gate valve designs, and thernwl binding caused by temperatur transients  The practical
AT mmh&o minimize the effect of thesy variables on gperahality performance has been to
- bypass the torque switeh daring the initial portion of the opening stroke, thus making =
N maxamum actustar outpet pvalable  The problems aro deteeted only when the magnitude
ot E of these effocts excveds the seruator sutpul Socton § nnd Appendices B and F discuss these
b~ S foctors and . present. analytival metheds thit can L emiployed by the wtility engineers and
S valve manufacturers to detect and eliminate such problems.

. ?_.; In mﬁnmry, Phase 1 research has shown that the operability predictions of MOV gate 4
= valves can “e significantly improved by properly taking into account a number of factors
"~ that have heen largely ipnared in tha past.  Further analytical refinements mid extensive
1 - :‘___; _ . testing are needed to systematically address the areas wentified in this repert to develop
| ~ - _reliable operability predietion mudels thit cover the wide range of variations in the valve
- _: i - designs present at the nuclear power plants
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2. GATE VALVE TYPr, GEOMETRY, AND ITS EFFECT ON

OPENING AND CLOSING THRUSTS

There are five different types of gate valves that cover most of the applications in nuclear
power plants in the United States. The key features of these designs are shown in Figure
2.1. Variations in the mest commaonly used gate valves include selid, Nexible, and spht
gates (Figure 2.1a). The two types of parallel expanding wedge gates shown in Figure 2.1b
aré also used, but their population is smaller. Parallel shding gate valves shown in
Figure 2 1¢ are relatively uncommon it the United States, but are widely used in European
nuclear power plants, The advantages and disadvantages of varicus design features for
these valves are discussed in detail in Reference (13|

Flexibie Wed Solid Wedge 1t Wed
Gate w Gate . s Gale -
Figure 2.1a

Conventional Solid Wedge, Flexible Wedge, and
Split Wedge Gate Valves

As shown in these fipures, the designs vary significantly in gate geometries, Other
important variations that affect peérformance are related to gate guide arrangements and
their dimensions. clearances at c¢ritical lorations between gate, guides, and seats; seat
contact widths: and materials and surface finish in the disc guide shding interfaces.

Section 2 presents the gate thrust requirements for the above-described variations in gate
geomeiries. This section also addresses the potential for dise tilting during mid-travel
due to Nluid forces across the dise, Dise tilting causes localized loading between the dise
and the downstream seat, or between the dise and the guides, A preliminary analysis
approach to determine the lscalized contagt stresses is presented in this section to
determine the loading severity based upon valve design and operating conditions.

w

e



.

oA

-

we




1.!. Stem Thrust for Solid, Flexible, and Split Wedge Gate Valves

Even though there are differences in the performance of sohd; flexible, and spht wedge
gats valves as related to their sensitivity o external piping Inads and thermal hinding {13),
the equations for the'r stem throst requirements based upon free body considerations are
the same. Subsections 2.1.1 through 2 12 summurize the stem thrust requirements to
overcome only the differential pressure load across the dise Subsections 21.3 and 214
give the stem wedging and unwedging thrust requirements to ¢lose and open the gate,
respectively. The total stem thrust requiremen®” to close and open the gate are provided in
Section 2.4, which include other components such as stem packing load, stem rejection
force (also referred to as blowout force or piston effert force), and stem and gate weight.

2.1.1. Closing Stem Thrust te Overcome Gate Differential Pressure

As shown in Section A 1.1 of Appendix A, the stem thrust at the gate Lo overcome the

differential pressure during clesing can be expressed a5

4 W ]
A PN S 3 {Eq 2.1}
lfo\ﬂ psin@ i * 8

Fs = stem load at gate, Ih

= dise pressure load due to upstream/downstream
differential pressure, b

= AP x (effective sent area)

= coefficient of friction between gate and seat

Gate Equmhr&um Under
AP Load During Closing

1]

1/2 of gate wedge angle, deg

The disc pressure load, Fp, is the product of AP and seat area based on effective dise sealing

diameter as discussed further wn Seotion 2.5

From Equation 2.1 the relationsmhp betweun the commonly eses term dise fartor (some-
timas called valve factort and coeficient of friction, u, ean be derived:

- i ‘ -
Dise Factor = — g 2.1
is¢ Factor onb - sin 0 iEq. 2.1a)

For typical wedge gate valves that use a total wedge angle of around 10 degrees (or B = 57
and a normal range of egefMeients of friction, the difference between the dise factor and the
coefficient of friction is practicully negligible, as discussed in Sectie,. 3.1 The disc facter
caleulated in the elgsing direction can be as much gs 5 percent higher than tr.> coefficient of
friction for typical values of 8 and i that are entountered in practice.
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2.2.2, Stem Wedging Load - Closing

ol

ke LR LN TELENYERE AT - F"Tww T, 1
1
[

The stem vweaging load & a paralle) expanding gate valve s shown in Bection A2.2 of
Appendix A to be given by

L amﬂfu'(‘osﬂ]
P {1 + s | (Eq. 2.6}
M e sing) " R
where
i = coefficient of friction between seat and
dise
B o posfficient of friction between wedge
faces

6 = paralle! gate total wedge angle, deg
F,, = normal furce between gate and seat due to

Figure 2.7 wedging, lbs
Gate Equilibrium Under
Wedging Load During Closing

This equation makes allowance for the fact that the coefficizrits of friction at the seat-to-
disc interface may be different than that at the wedge interface. Typically vhe seat faces
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 coefficient of friction at the seat faces and the wedge faces is assumed to be the same,
W' = u, and this equation reduces to

. (sin&(l—ﬁ% ZumsO]F
s cos 6~ sin .

(Eq. 2.6a)

.

Equation 2.6a shows that the stem load 1s proportional to the seat contuct force, Fy

Stem Unwedging Load - Opening
The stem unwedging load to overcome the seat contact force, ¥y, for a parallel expanding
gate valve is given by (reference Section A 2 3, Appendix A):

.10 -

el clas N oa B






B LSRR . T above eqaation applics to both cosing and gpening d'rections, and the pressure load is
;. Ty applied to the downstream dise only, 1t should alse be noted that, sitice the sent faces and the
AL - disc faces are parallel, there is no wedging or unwedging load assoviated with this type of

RSt design.
ﬁ':f 2.4, Total Stem Thrust Requirements

$F=0

5 where

i Fa
- Fa
- F4
'H.:_ F3
. Fg
o

1
) where

L= AP

le

-

-1
1

Fw?

R R e
i Pt

in Sections 2.1 through 2 3.

R
s =1

4=
’

Fs, and Fg in reverse direction:

Fi = Fo s Fas PaoF+ Fg:-Fyy - Fua

=

=

i

"

Fy=Fa-Pa+Fy+Fa+Fg+ Fuy+Foa

The total stem thrust requirements for a gate valve stem can be determined by a
u summation of all the laads applied to the stem. Far stem thrust requirements in the closing
i direction, a summatien of the forces yields

(Eq. 2.9)

Fy = required stem thrust for closing, 'hs

stémt packing load, Ibs (see Section 8)
stem piston load, Ths

n/d dg? x AF, where d; is the stem
diameter

stem load to overcome gate AP as '
summinrized in Sections 2.1 through
2.3 for ditferent types of gate valves, lbs

stem wedging load as summarized in
Section 2.1 and 2.2, Ibs

stem torgue reaction load, lbs

M

el "

d
Mg = My - Mg = stem torgue from actuator
- stem packing torque, 1n-lbs

4 = coefficient of friction at the torgue reaction
contaet surface (usually at the gate guides)

d = moment arm for the torgue reaction forces, in,
stem weigiit, 1bs (eften negligible compared to

other forces)

gate weight, 1bs (often negligible compared to

other {orces)

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

The overall stem foree equilibrium for valve opening is basically the same with Fy, ¥y, Fy,

(Eg. 2100

- 12 -

EE o







S N ———————S. P ———— S M ——————————__————— S —

B T

2.6,

The exact contribution of all of these factors on the effoctive seat dinmeter is hard to
quantify without testing. In the absence of additional data, the following simple
approach has been found to be adeguate, and is recommended:

= Use the mean seat diameter for a narrow seat

dg = V2 (Seat 1D« Seat OD.} (Eq. 2.120)

= Use a sealing diameter closer to the seat inmde diameter for a wide seat. An
approximation sométimes used for wide seat faces s

de = Seat 1D + 1/3 (Seat O.D. - Seat 1LD) (Eq. 212b)

It is not uncommon to see seat LU bemg used as the effective senling diameter in some
cases, with the objective of determining a conservative coefficient of friction value, as in
the case of KWL Siemens data presented in Section 35 In using any of the coefficient of
friction data t> ~redict operating forces in other gate valves, it is important to use the same
assumptions ding the effective sealing diameter that were used in reducing the test
data. Thiz .. sometimes overlooked, thus adding unnecessary conservatism

Disc Tilting Due to Fluid Flow

During valve closing, the dise moves into the flow stream and interrupts the steady flow.
The projection of the disc into the flow stream behaves like a blunt body in the flow - tream
and is snbjected to fluid dynamic forces along the flow direction. As the disc advances, it
increases the flow path resistance, thus resulting in an increase in differential pressure
load un the dise, Although the actusi pressure distribution an the disc in mid-iravel
position is difficult to aceurately quantify without computational fluid dynamic analysis
or instrum. “nted valve testing, it is certain that the resuiting luid dynamic force will push
the disc in the downstream direction. In seme gate valve designs. this Nluid force tends to
canse tilting of the disc during mid-travel. The magnitude of this force depends upon the
flow rate and hence the differential pressure across the disc. A tilted dise 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 [4,23,25), 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 flow conditions,
the magnitude of the pressure drop across the disc is significantly lower than that
experienced under blowdown conditions related to a downstream pipe rupture.
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00 0.1 ufe 0.9 '014 0.5 "o.ﬁ ¢.? 08 08 1.0
Gate Position, h'Do
Figure 2.12
Flow Resistance Coctficient for Gate Valves Based
on an Average from Several Designs

v

The flow resistance decreases rapidly as the dise opens. At any dise opening, pressure
drop across the dise can be estimuted using the flow resistance coefficient and the Nuid
flow velocity by using the equation below.

v'd
ﬁP%Kp-—vi- {Eq. 2.13)
where AP = differential pressure across the dise, The/fi?

K = flow resistance coefficient at a given dise opening
p = mass density of the uid, slug/ft®
V = flow velocity, ft/sec

16




The Nuid flow velocity in a piping system depends on the pumnp flow characteristics and the
Viping system resistance. As shown in figure 2,13, the discharge pressure of a typical
centrifugal pump decreases as the pump flow rate increases. On the other hand, pressure
drop across the piping system increases as the flow rate increases. The intersection point
of the twe curves satisfies both the pump characteristics and the piping system flow
resistance, and is the solution point for a given disc position

AVAILABLE
PUMP HEAD

TOTAL PIPING SYSTEM
PRESSURE DROP

PUMP HEAD ' PRESSUKE DROP

Gaos

FLOW RAYE. Q

Figure 2.13
Ralance of Available Pump Head and Piping System Pressure Drop

Using the above described approach, a typical change in the pressure drop across the dise ay
a funetion of disc opening in a pump flow system is shown in Figure 2 14 This figure s
based upon test data for the 4-inch Borg-Warner valve tested at the Duke Power flow loop
(see Footnote 1 on page 15). The pressure drop across the disc decreases rapidly 8s 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 flow systems is encountered
during the final 30 percent of dise clesing. The actual magnitude of the pressure drop
across a dise will vary depending upon individual pump characteristics and system flow

resistance,
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Figure 2.14
Typical Pressure Drop Across a Gate Valve as a Function of Cate Position
In High Pressure Pumped Flow System

A comparison of AP versus the dise opening curve from the pump system in Figure 2.14 and
Llowdown tests performed by INEL [23,24] shows that the differential pressure across the
dise, which directly affects the load on the dise, is significantly highor under blowdown
conditions. Yor example, 5t 25 porcent gate opening, the differential pressures ranged
from 50 , t o 90 pergent of the fully closed AP in various INEL tests as compared to
approxim perceat predicted in the pumped flow results shown in Figure 2.14.
Theretor. .wcalized contaet stresses and the propensity of galling damage to the valve
internals is also much higher for valves subjected to blewdown conditions



F In order to tnke @ preliminary estimate of the Now induced load on the dise in mid
travel, it is assumed that the load on the dise s propertional to the differcntial pressure
[ across the disc and i perceatage of dise aponingg, as shown below

Fy » AP “[ 100 =- A 0‘;3_:(;".‘ Ullﬂ.nﬂ‘-]lﬁ} & full dise uren |gq 214)
where Fp = pressuce load en dist in mid-teavel position

AP = differential prossure across the dise

Disc Aren = %wmwtwo senling dia)*

The pressure londs across the dise valvulated from this equatioh were used in the
evaluation of localized contact siresses at the dise guide interface an’ disc-to-seat
interface as detailed in Appendix C and discassed in Subsection 2.6 3

2.6.2. Disc Tilting and lts Interaction with Seats and Guides
Figure 2.15 is o sealed drawing of a dise tilted in the mid-travel position due Lo forces
imposed on it by the Nuid Now. This figure was developed from actual design dimensions
of 8 4-inch ANSI Class 900 Borg-Warner flex wedge gate valve wsed in the Duke Power
tests [15). The geometrical interaction between the disc, seats, and guides was investigated
in detail at several disc openings, and with the extreme combinations of tolerances of thess
components. In this figure, the disc is shown at an opening of approximately 2b percent.
The disc guides in chis valve design do not limit the disc tlting under fluid forces, thus
allowing point contact to ocous between tie dise and the downstroam seat face. High local
stresses are developed at these points when disc titing results in downstream seat contact.
Also, the relative magnitude of these stresscs 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 caleulated for the 4-inch Borg-Warner gate
! valve are d's. 1ssed in cabsection 263
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3. Tilted dise contacting soaty

Gate Siol In @ valve design with large guide clearances
andier short guide longth, dise tilting under the
pressure load can result in point gontact with
the vpstream and downstream seats a5 shown
n Figure 218 Axin the previcas case of the
dise vonitacting the guides, if the pressure load
resultant pity below Point A, the contact 1oad at
A will be greater than the pressure load Fy The
actual Toad magnitude can be determined by

foree equilibrium along the Mlow axis. Contact

N‘\Gﬂo P Wreises at Fomt A in this case can be very high

. bicanse of point eontast betvaen two eurved
Figure 218 surfpces, we discussed in Bection 26.3 and

Tilted Gate Contacting Soat Appondix €

The three extreme cases discussed above show that the prexsure Joud magnitude, location,
and dimensions of the dise guide and seals 2ve essontial in determining the actuul
configuration acquired by the disc in mid travel Reference 47 presents a mathematical
model to facilitate the evaluation of dise sent intecturence for a gate valve during valve
closure. Better quantifivation of the pressureinduced joad is needed to more accurately
determine the dise equilibrium and Guantitatively assess the ndeguucy of @ valve to operate
properly and without esusing damage te valve itternals in mid travel position.

1t should be noted that the dise equilibrium discussion inn the above three cases wirk limited
to preasure load acting along the Mlow anis unly. Dise equitibrium slong the stem axis can
also be affected by the resultant pressure lusd and downstream seat friction load acting in
the stem axis direction The everall dise eguilibrium equations can be further refined by
including these load terms.

Gate tilting in mid-travel position wan croate high localized contnet stresses in the disc,
seat, and guide intecfoces. The magnitude of contoet strens depends on the geametrical
shapes of the twe contacting surfaces und their material properties.  For simple, well:
defined geometries such as sphervical, elliptical, eylindrical, and plane surfaces, the
contact stresses betwoen the two surfaces can be caleulated using the Herteian general
linear elastic solution for doubly curved surfaces s¢ shown in Appendix €. For more
complicated contact surfoces and lToading situntions, computeranded numerical methods
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COEFFICIENT OF FRICTION AND THRESHOLD OF GALLING STRESS

CoefMelent of friction between the dise and seuts is the dominant fuctor in determining the
operating thrust requireman’s for most gate valve applications.  Valve manufacturers
have standardized on Stellite hardfacing alloys for e dise and sent shiding surfices
because of their excellent resistance to corrosian, wesr, and gulling in the unlubricated
state, even at elevated temperatures. 1n spite of the fact that Seeltite has been in widesproad
use in gute valye apelications for several doeides, published dota for Stellite ve Stellite
coefMicient of friction show a sigmficant lnck of uniformity under seemingly similar test
conditiens. Reported data span, even andem fnberstory senditions, & wide range from 0 13
144] Lo 0.48 (401, and sumetimes even higher,

1t should be pointed out that, wven though several variables ean affect the coefMeient of
friction results (294243}, the principal investigaters have found that the most impertant
factcrs responsible for the wide scatter in the roparted data are (1) the differenves between
the stze and geometry of the test specimion, 13) the presehce, abence, or gradunl remaval of
an absorbed layer of lgbricant at the shiding surfaces, and (3) prosence or absence of
gulling of various levels due to high jooalized contact stresses in some areas of ecntact.
These factors should be Kept in mind while reviewing test data and results reported by
VATIOUS Sources

During the 19705, the principal inveshigators were involved in a gate valve development
efort under which extensive testing and evalaation of coefficient of friction and galling
data was done. A summary of the important resolts from these Lests 1s presented in Section
4.2, This ix followed by thie recent results from the principsl fnvestigators’ involvement in
assisting Duke Power Company to perferm o rost tause analysis of the 4-inch Bosy
Warner Nexible wedge pate valves that failed 1o close under high differential pressure
condivions in & pamped flow system (16]. Othier recent test data for parallel slide gote
valves reported by KWU -Siemens 126] and British Nationa! Power Division of the CEGB
[51] are discussod next. Finzily, the important results from the recent NRC sponsored
INEL blowdown tests 14,23/ are alse presented here for comparsen, and for drawing
overall conclusions (rom the presently avmilable data

Before proceeding with a discussion of the vesults Vrofn thase wourees, it ix important to show
the relationship between the commoniy used term dise foctor, sometimes called valve
factar, to the ecefficient of friction, This is presented in the next section,

Relationship Between Dise Factor and Cocfficient of Frivtion
The commaon industry equation for dotermining vatve thrast requirements (or actuntor
sizing is;
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3.2.3.

As can be seen in Figure 2.1, the gate length in this type of through conduit valve desien is
approximately twice as long as the anes used in the conventional solid wedge o1 flex wedge
Eate valves. The lower (extended) part of the gte hus o bore through i, which lines up with
the seat bore when the valve 18 in the fully open pesition  Under the nction of Ausd flow
forces on the gate in the mid travel position, this type of gute assembly 1x simply pushed
down against the downstream seat face, thus providing a surfuce contart instead of the
point contact that can oceur in conventional wedge gates which have excessive guide
clearance us discussed in Section 26, Thus, the threugh conduit design of Pigure 2.1b
avoids high localized sontact stresses nt the gate-to-seat faces which have the potential to
cause galling. Furthermore, the design of these valves was based on 1 1iting the nverage
seat fuce contact stress to 10,000 psi or less under taaximum differentinl prossure  This is
well below the threshold of galling as discussed in Section 3.3 1. The absence of galling at
the seat faces was confirmed by many tests under high differentinl pressure conditions. I
these cycle tests, no extraordinary effort was spent to remove any rexsadual lubricants used
during assembly, excepl what is automatically removed by normal abrasive wear due to
shding under high contact pressure  The coefficient of friction was enlealated using
mean sent diameter ax the effective seating diameter

In summary, coefficients of friction values for Stellite ve. Btellite were typically found to
range between 0.15 and 025 for several hundred cycles of testing with gate valves using
room temperature ordinary tap waletr, with average sout contact stross of 10,000 psi or less,
and a gate design which prevented any galling at the seating surfaces It 15 important to
note that the valves were not exposed to high temperatares prior to these tests. As discussed
luter, this has been reported to be a factor that ran cause an mere 56 in the coefMicient of
friction (Sections 3.5 and 3.7,

An extensive series of tests using saturated steam and hot water il temperatures up 1o 600°F
were performed on the same type of parallel expanding, through conduit gate valves
(Figure 2.1b) as used in the cold water tests discussed in Section 322 Valves up to 12
inches in size were tested with a maximum differential pressure of 1500 psi. As
mentioned in the previous section, this type of gate design prevents mid-travel gate tilling
and maintains & surface area contact against the downstream seat. The total number of
eyeles under various levels of differential pressures during these steam tests ranged from
10 to 30 ; and not hundreds of cyclos as in the cases of pold water tests. Uhy b shest 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 coefficient of frction evaluation was based on
using the mean seat diameter as the effective seating dinmeter The calculated average
seat contact stress in these test valves was less than 10,000 pst under the maximum
differential pressure conditions, and no evidence of galling was found at the seal faces.
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Based on these results performed on actual gate valves (not friction test specimens) the
principal investigators have found the value of 0.4 for coufficient of friction for pure shid
ing between Stellite sent and Stellite dise faces for high temperature steam and water
applications to be a reliable result procided it is ensured that the seat faces are free of
galling.

Conversely, the principal investigators have also used this data successfully in root cause
analyses of valyes to identify potential galling, component wterference. or other problems
with the valve internals when the coefficient of friction, hased on measured thrust, signifi
cantly exceeds 0.4 in steam or high temperature water applieation  The above results for
the coefficient of friction are in agreement with the results reported in Sections 3.5 and 3.6
by others using actual gate valves of improved designs that are free of galling damage.

Long - Term Surveillance Tests on SIS Valves Under Flow and AP

In 1681, the principal investigators were involved in the root cauce analysis investigation
and modification of two safety wjection system (8180 gate valves at a PWK plant following
their failure to open when challonged! (511 The problem was attributed to an inerease in
the required thrust to apen the valves due 1o galling of the seat faces (see Footnote 1) After
the modifications proposed by the principal investigators and the utility were implemented
and demonstrated to be successful, NRC required & periodic surveillance testing of these
valves under differential pressure and fow  The objectives of these NRC imposed long
term surveillance tests were 1o ensure that (1) the root cause of the failures is indeed
understood and has been corrected, and (2) there is sufficient margin in the actustor foree
to account for degradation of the valve internals and possible inerease in friction due to
long-term set effect saused by constantly applied differential pressure across the disc

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 between Nevember 1951 and
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 foree was caleulated from the pressare
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 controlied test procedures. L 1986, the principal investigators
performed & detailed evaluation of these surveillance test results? It was concluded that
both of the SI8 valves had continued to perform consistently and successfully with
sufficient margin below the maximum capabilities of the actuator.

— —. SRR URSE——————-—.

IM 8 Kalsi Independent Review of Operability Fadure Probivms with the Safety jection System
Valves HV-851 A and B a1 SONGS |, Kalsi Engineering, Inc. proprietary report to Southern
California Edison, KEI 32 0, September [881.

? M. S KalsandJ K Wang. Independent Evaluation of Safety Inpection System Valve Surveillance
Test Results and the Proposed Periodic Testing at Songs |, Kalsi Engineenng proprietary report to
Southern California Edisan Company, KEL#1%, May 1086
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Table 8.3,
Galling Resistance of Alloys (1 MPa = 145.14 psi)

Handbook of T.ibology ; Bharat Bhushan and B. K. Gupta, 1991, MeGraw Hill, Inc.
This material 1s reproduced with permission
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8.8.2. Average and Local Contact Stovsses

In the design of valve seating surface, the averape contart stress based upon maximum
differertial prossure and full face contact should be kgt well below the threshold of galling
stress. A muigin is niecessary i practice Lo allow for the higher localived stresses that are
caused by elastic displacement of the dise, body, and seaty, resulting in a nen-uniform
distribution. Pigure 8 1o qualitatively shows that the bighest lncalised contact streases
oecur in the gate valve soot faves argund the 3 ocleck and 9 o'clock positions cireum.
ferentially, and near the seat inside diameter radially. It snoald be pointed oot that this
nansuniform distribution s #et the resolt of dise tipping as descussed in Bertion &6, but s
due to the uneven stiffness of 4 gate valve body and fevure of the gate  In Section 2.6 it is
shown how dise tilting can also result in high localized stresses in the guide areas or at the
downstream point contact, 1 the localized stressex vxcend threshold of galling, galling in
local areas is initiated. 1o sue soviow of Aiferpnies in various manufpeturers’ valve
designs and their perforniance, we have found that the averape seaf face contact stress of 20
ka1 should not be excecded, and 15 ksl or less 2 preferred i order to schieve repeatable
performance using Stellite hardlacing

Pigure 314
Radial Scat Contnet Stress Variation
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Kalsi Engineering, Inc. assist:d Duke Fuwer in the root cause evaluation of these valves
which failed to perform under a manufacturer specified valve factor of 03 With Duke
Power's permission, the important results from this investigation (see Footnote 1 on page
15) are presented here

The coefficient of friction extracted from the carbon steel valve tests is presented in Figure
3.2 for 24 consecutive cycles, starting with a newly refurbished valve Durning cyele
testing, the differential pressure was varied between nominal values of 500, 1,000, 1500,
and 2,000 psi. These tests spanned a period of four Lo five days during November 1988

B Opening Cycles

¢ Closing Cycles
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Figure 3.2°
Increasing Friction Trend During 4-inch Borg-Warner
Gate Valve Cycle Testing by Duke Power, Reference

' See Footnote 1 on page 15. This figure 18 nonproprietary and is used by permission from Duke

Power Company.
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The plotted resulis shown wro elwious soerill conteil tondency uf gradual increase in (he
coefMoient of friction, along with the expected variation argund the mean. CoelMicient of
friction magnitude increased from 0.5 fo 0 4% 11 the closing direction, and 0.24 to 047 in
the opening direction dricing eycling. As discussed in Sortion 2.6, the dise gurde design of

- this valve has large elearances, and it allows the dise to make point contact against the

340,

downstream seat face, Inspestion of the dise clearly shows evidence of contact aguinst the
downistream seat at 4 o'clork and 5 oclock pesitions, and twe localized areas of relatively
minor wear that have spread W oa width of shout 116 itwh ot the outside edge of the dise. 1t is
believed thut the progressive went of this aren, even though minor, contributed 1o the
removal of the eoniaminany Biyor and & gradun! increase in friction apgravated by local

galling.

It can be conjectured whether of nat this trend of increasing frietion would have continued
until seizure occurs or stabiliced at o rertain valoe o the dyvling bad been continued.

Based on the magnitude of loads involved in this yalve appliention under pump fow
muﬂiﬁnm, minor localized wont and the spreading of the load bearing aren results in a
substantia) deorense in Tocslized contnit stress (o below the threshold of galling stress.
Once the lm:ghwd nress hove spread i equilibrium condition below the threshold of
galling stress, stable performance ot soine lower eselficient of friction value than thal
encounitered at the end of his test can be expected from (hix valve under eontinued eyeling
under the same differential prossure and Now condition,

Summary and Comparison of Duke Power Data for

Carbon Steel vs, Stainless Stecl Valves

The average, minimum, and muximum values for the coefMicient of friction for the first
ten eycles for this earbon stee! valve fost (resulty plotted In Figure 3.2) are summarized in
Table 34, It should by noted that twe srganizations that have performed extensive
blowdown tests on isclation valves have tipieally epecified five test eyeles for their

operability qualification |26 191




Test Valve

Dise and Seat Material Average | Minimum/Maximum
Carbon Steel with Stellite Closing 0401 03620 426
Opening 0 302 0.239/4 338
[ | |
Stainless Steel with Stellite Clesing e 0.100.349
Opening 0.256 0.120 348

Teble 8.4°
Comparison of Coefficient of Friction Hesults for Carbon Steel and
Stainless Steel Valves for First Ten Crcles

The results from another 4-inch Borg Warner flexible wedge valve of the same design, but
of stainless stee! material, which was tested by Duke Powor in their Riverbend flow loop,
are also shown in this table for conpurison  Both of these vaives had Steliite hardfacing
overlay on the disc and seat faces The comparison shows that the results for the stainless
stee] valve are significantly lower than the carbon steel Duke Power suspected that the
differences in material of the overlay, due o the differences in the iron content, may be
responsible for the differences in their coefficient of friction behavier This seems
plausible, especially since differences in the composition of vanous Stellite alleys (e g,
Stellite-1, -6, and -12) exhibit different coefMicients of friction ss reflected by Foroulis 140)
and Rockwell Edwards (27]

Foroulis [40] has reported that the coefficient of friction under relatively hight contact stress
tapproximately 50 psi) in clean water for Stelhite-1, Stellite -6, and Stellite- 12 materials in
self-mated tests were 0.28 048, and 0 24 respectively.  In non-self mated tests, when
Stellite-6 was tested against Stellite 1 or Stellite 12, the coefficient of friction was 0.28
This is signifieantly lower than for the self tnated case of 0.48

Rockweil Edwards has also reported significant differenc s in the coefficient of friction
values for Stellite during their Equiwedge gate valve development programn [27] They
selected Stellite-21 based on its overall performance, including lower coefficient of
friction. However, they did not report actunl values from their tests

Based on the above comparisons, 1t is clear that further testing under controlled conditions,
using an ap, ‘opriate range of contact stresses, & needed to evaluate the effect of iron
content and possibly other alloying elements in the cobalt-based Steliite alloys

' Bee Footnote 1 on page 15 This table is nonpropietary snd is wed by permission from Duke Power
Company

a1




et akkad
|
:
1
|
“ 3.6, KWU Siemens Test Data
KWU.Siemens bas recently reportad results of their high pressure blowdown testing on & 6.
: inch paralle)l shidt gate valve untle: cold water, hot water, and steam conaitions. Friction
coefficients were calvalated for conseeutive exeles and tabuloted &s shown in the following
| table 26
ot M
Max Cocflicient of Avg Coeflicient of
Medium Sl Friction during Friction during
? Opeaing (50 | Closing (8) | Opening Closing
Wiater 1 = REGF 013 Rises con
I Pa = 123 bar (1,784 psi O 1 tinuously
| ’ with the
' 112 biar (* 624 psi 017 number of
g‘ 0 18 Lests
.21
Water t = 290 i5567F) 038 041 (a8 041
Po = 120 baw (1,740 ps 094 041
]]‘s,l_‘p\l"lvrna'rx'~i.1 R )41
034 R4l
{1 46
Steam Sat. Steam {+ 38 041 0.36 0.39
P() 2 100 bar (1,450 p&il (.36 040
90 bar (1,305 psi; 01K 0.38
: 033 {238
.33 0.3k
e
Table 3.5
Friction Coefficients of a Paralicl Disc Gate Valve Subjected to
High Messure and High Flow Tests [26)
The above frictiona) coefficients were conservatively estimated by KWU-Siemens uring
I ‘
_I the seat inside diameter for the pressure area caleulation. The coefficients of friction
| ranged from 0.33 to 0.41 after the initial cold water vycles Initiz' ow friction coefficients
: for cold water cycles were attributed to the eriginal good surface finish of the contact

surfaces according to the authors of the paper 1261 After testing with hot water and steam,
the cosfMicient of friction obtained from the subsequent cold waier test remained high, and
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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 NRC sponsored blow lown tests on 6.anch and 10
inch valves by INEL (4,23.24] The differences in the coefficients of friction from KWL
Siemens tesis for hot water wnd steam are insignificant, as reflected in Table 35 The
highest stem thrust occurred just after the flow isolation, #s expected

UK PWR Valve Testing

Rosults of high energy line break tests en parallel slide gate valves st 2,275 psi and 620°F
Qow canditions have also been reported by National Power Division of the CEGH [21]
Corventional parallel shide gate valves of original design, vhich use & round dise,
suffered severe galling damage and required higher thrust to close than predicted by the
manuvfacturer [21.4)1 The problem was caused by tilting of the disc by Nuid Nlow farces
which results in point contoet against the downsiream seat. muech in the same fashion as
experienced in the conventional wedge gates tesad uader NRC spansored INEL tests

Subscquently, tests were performed on an i praved valve design, in which the lower part of
the disc 18 made rectangular to provide a (e contact at the lower edge of the dise, thus
sliminating dise tilting and the potential «f galling. (Independontly, the same approach
haa been recommended by the principal 1ivestigators to Duke Power (see Footnote | on
page 15)) The new valves have been successfully tested under the UK PWR valve
qualification program with repeatable performance and no galling damage The
coefficients of friction found during these tests with improved pargllel shde gate valves
have been veported to be around 035 at the MOV User's Group meeting n Jupiter, Florida
in January 1991, These results are in general agreement with the KWU-Siemens results
summarized in Section 3.5 us we!l as the principal investigators experience summarized
in Section 32

Results of NRC-sponsored testing by INEL on 6.inch and 10-inch valves under high
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 1. Testing was extended to
Phase 11, which included three 6-inch valves and three 10-inch flexible wedge gate designs
made by four different U S valve manufacturers. The overall conclusions from these
tests were that dise friction factors required to close the dise and achieve flow iselation
were higher than the 0.3 that had been used in the standard industry sizing equation used
by mest valve manufacturers  Sigmificant differences in the performance and in the
amount of damage to the valve internals were found, which were due to differences in ihe
specific design features used by the four manufacturers. Two of the valves, nuade by the
same manufacturer, were found to have the most severe galling damage to the dise and
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sent facs because of excessive dise guide clearance. These two valves were concluded to

have unpredictoble hehavior, and were not used by INEL in their coefficient of fricdion
evaluation.

INEL presented results from their detailed review of the data obtaned from Phase | and
Phase 11 testing at *he MOV User's Group meeting held in Jupiter, Florida i Jenuary 1991
The results wers gresented in the form of a ratio of Normalized Sliding Load Normalized
Normal “oad, which is the same as the coefficient of shding friction. The arerage
coefficieny of friction was reported to be 0.4 for less than 70°F subcoching und 0.5 for water
that is subcoaled by more than 70°F. However, usable data for the » 70 subcooled testing

were available for only two valves, whereas data for < 70°F subtoohing were from six
different valves

This dependency of the coefficient of friction of Stellite vs. Stellite on the degree of
subcoaling of the low media has not been reported by others, and it requires confirmation
by additional testing. This testing shourd Le done using valves that are cloarly free of
provles that tend to affect the assessment of coefficient of friction st the dise-to sent
interface, ie., disctoseet galling, disc-to guide galling, insufficient clearances betwed s
the guides and disc, the inaceuracy of alignment between the seat wedge plane and the d»-
wedge plane, etc

As reported by KWU -Siemens (see Section 3.5), INEL testing also showed thao the
coefficient of friction between seat faces tested with reom temperature water shows an
irreversible increase after the valves ere exposed to high temperature water or steam tests

A detailed review of the NRC -sponsored Phase 1 and Phase 11 blowdrw, test resuits was
also performed by EPRI to deteria ne the applicability and limitations of these results (o
other operating conditions [24). The dis~ factor during closing from these test results
under disc sliding conditions to achieve Now isolation was reported by EPRI to range from
0.28 to 0.48 for the different gate valve designs. For the opening direction, the coefficient of
friction was reported to range from 0.25 to 0.52 It is aleo stated in the EPRI report that the
highest values of 0.48 and 0.62, which were encountered with only one of the valves, may
not be due to simple sliding friction. The overall condition of the seating faces in this
valve was found to be excellent. Even though a possible mechanism for the higher values
was proposed qualitatively in the report [24], no conclusive quantitative explanation was
given. This valve design needs to be reviewed further 1o derive more definite conclusions
regarding the reason for apparently higher-than-expected coefficient of friction values
based on the uverall condition of the valve.
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2.8, Conclusions from Presently Available Friction and Galling Data
The discussion on coelMeient of friction and galling fer Stellite vs Etellite materials for
gate valve applications tan b concluded with the following chservations and conclusiens:

i

o

1n vur esperignce, the coefliciony of frictiun of Stellite for normal sliding behavior
without galling of the surfaces can fange from 0.12 to 0 5 based on the presence or
absence of an absorbed layer of lubiicant at the shiding surfaces Based on our
assasement of the test results in Section 3, the typicol range using cold water (without
privr exposure of specimens to high temnperature) is from 0,15 to €26, and with high
temperature water or steam is from 0310 04

Based on cur experienve, we have found that it is neeessary 10 perform testing on
actual companents that duplicate the geemetry and size of the sliding contact to obtuin
applicable friction data  Test apecimens that aave markedly different geometries
and size ean produce significantly different results than valves in actunl
application,

The absorbed contaminant layer of lubritant is sometimes only a few molecular
layers in thickness, however, it can significantly alter the surface traction. The
absorbed layers can be removed by abrading the two surfaces against each other in
distilled water or by expusing the surfaces to high temperatures, Chemical solvents
nre typically ot effective in removing the abserbed layer of lubricant. In gate valve
applications, the absorbed surface layer may be gradually enioved during eycling
under differantial pressure which causes high enough pressure at the contact, This
can vesult in a gredual incrense in coefficient of friction approaching values
obtained with ¢lean unlubricated surfuces

Even though we have stated i _on¢lus.“n 1 that the normal range of coefficient of
friction for Stellite can be up to 0.5, in our experience values above 0.4 are usually
associnted with some type of surface damage such as galiing, excessive localized
wear, significant change in surfuce roughness due to scratches, ete.

Threshold of galling stress for Stellite vs, Stellite for eyclic shding applications is
reported to be around 47 ksi. The averape contact stress under the contact should be
kept wall below this to allow {or higher weal peaks in the contact area since the stress
distribution is rarely vniform, To obtain valid galling data, it is important to
faithfully duplicate the actual geometry, londing. and ¢yeling conditions.

The initiation of loealizad galling at the sliding contact surfice can either (17 result
in eontinued damage and detecioration of the siding serfaces along with an
increase it friction forses ov (2) heal iveelf by spreading until the average tontact
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strexs falls below the threshold of gatling.  Whisther of not localived galling will
continue to xprend until seizure or stabihize to a repeatabie sliding behavior depends
upon the loral geomotey and the maygnitudes of the loads fnvielved

. Under relatively low contact stresses, there to @ significant difference in the self:

mated coefficient of friction values for different alloys of Stellite, ie, Stellite-1,
Steitite-6, Stellite- 12, and Stellit 21 Stellines in self-muted tests is reported to have
the highest voetficient of friction, and Stellite & against any of the other Stellite alloys
has u sigoificantly lower value  However, under the higher mtact stresses
typically encountered in vaive seats, there is not much difference in their
coefficients of frictior

Duke Power tosts showed significantly lower coefficient of friction performance
when using stuinless steel dise and sonty with Stellite overlay, instend of carbon stee
dise and seats with Steltive overlay. The difforesice in performance may be due to
iron contint in the sverlsy cansed by dilution from the base metal The effect of iron
content or pther significant alloying constituents should be investigated in
controlled Losts

When camparing coefficient of friction data obtained from valve tests performed by
different organizations, it is impertant te distinguish whether the seat inside
dismeter or mean diameter was used, and whether the valve factor or coefficient of
friction is being reported. The combined offect of these variations can oasily amount
to as much as 10 percent difference in the reported results,
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PREDICTION OF THRUST OVERSHOOT DUE TO INERTIA

This section presents an analyticol methodology 1o prodict inertial thrust overshoot in
motor operated gate valves. The industry has relied on some rules of thumb, and maostly
experience, to make estimates of thrust pyvershoot Avtual testing using MOV diagnostic
devices is the only method used to rehably guantify the magnitude of the thrust overshoot at
the present time  In some cases, {its results i unexpectedly higher thrusts that exceed the
manufacturers ratings of the valve or actustor componuiine

The principal mvestigators have developed an analytieal methodology from first princt
ples that can bo used o predict thrast overshoot due Lo inertia, The predictions using this
methedolagy have been compared ogainst actunl test data for the 4anch Borg Warner
flexible wedge gate valve obtained by Duke Power Company in their Riverbend Steam
Station flow loop. The overall comparison between the predictions and the test results show
very good agreement, thus confirtning that the methodolegy 15 sound  Additional compari-
sons ageinst test data should be mude te further validaie and/or refine the analytical
approach presented here. In the neantime, an anslyticn! ool has beei developed which the
industry can use to improve the MOV relinbility and performance,

The following sections present the details of the methudalogy. Appendix D dotuments *he
de’ ail calculations used in comparison against Duke Power test data

Description of the Inertial Overs -~ ot Phenomenon

Figure 4.1 taken from Refercnce |25] shows o typien) wedge gate valve stem thrust versus
time curves for closing sequences under pamp genvrated flow and no flow conditions. The
stem thrust during the runming portion of the closing stroho 1w low and nearly vonstant for
both full flow and ne flow conditions. As the disc approaches the closed position, the disc
friction force begins to increase because of differential prossure buildup across the disc.
After flow interruption, the dise friction force remaing high and relatively constant
during the time that the dise is shding againsi the downstream seat with differential
pressure across the dise. Stem thrust builds up rapidly after the wedge makes solid contact
with both upstream and downstream seats. During the gate wedging action, the torgue
switch trips at a preset value to de-onergize the actuator motor,
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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 after the torque switch trips and cuws off the
current to the electric motor. Overshoot beyond the torque switeh tripping point depends
upen the kinetic energy of the system and the additior \ energy added to the MOV by the
motor during the time delay of the contacter switeh to off the electrical supply to the
motor. The system energy available after the lorgue switch trips is used to overcome the
dise frictional drag for the remainder of travel, and the excess ix converted into stran
energy in the system. The magnitude of stem thrust overshoot can be caleulated
considering the energy balance to account for various factors including wertia of the
components, AP across the dise, component stiffness, and the distance of disc travel from
tarque switch trip point to final seating position, as shown in the fellowing subseetions
Appendix D documents the actual caleulations for a 4-inch Borg Warner flex wedge gate
valve used in the Duke Power flow tests (see Footnote 1 on page 15)

Availuble Energy After Torque Switch Trip (TST)

After the torque switch trips, the motor continues to run for a short time due to time delay
normally associated with the eontactor dropout. Therefore, the energy available to wedge
the dise further dusing the final stage of closing is the sum of motor work after the torgue
switch trips and the kinetic energy of the actuator and valve components at that instant.
The method of estimating the available energy components are discussed in Sections 4 2 1

and 422

Motor Work After Torue Switch Trip
The moiar work after the torque switch trips can be estimated based on the time delay in

contactor dropout and the motor running speed and torgue at Lrip as’
W = oT At (Eq 4 1)

where W = motor work after TST, in b
w = motar shaft rotating speed at TST, rad/sec
T = motor running torgue at TST, in-b
At = time delay in contactor dropout, sec

The motor work is calculated at the motor shaft location. Using the same method, the
available work at the stem nut Jocstion can be estimated by replacing motor speed and
torque with stem nut speed and tor ue. The available energy calculated at the stem nut
Jocation is expected to be lower than the available energy at the motor shaft locati due to
additional frictional lcas from the motar shaft to the stem nut. The time delay in contactor
drepout, depending on the specific moter design, can typically vary between 10 and 30

milliseconds.
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Comparison of Predictd Final Thiust “guinst Test Results

The calculations along with the reluvant aasumptions documented in Appendix D show a
predicted final thrast of 20,535 pounds for the 4 ineh Borg Warner flox wedge gate valve
tested under a maximum ifferentin prossdre of 2,000 psi with tarque switch tripping at
17,618 pounds. This finn! thrust of 20,535 peunds 15 in good agreement with the actual final
thrust that was measured to be 26963 peunds asing strain gages on the stem  The gverall
comparison over 31 test eyclos and the curresponding analytical predictions was found 1o
be within @ percont for this valve

From this comparison, it is concluded (hat the wveral! analytival methodology presented in
this report to predict stem thrust overshoot is sound  Further comparisen should be made
against test results for valves of other sizes and other manefocturers to validate and refine
the assumption's used in the mprtin svershoot model. This model presents the analytical
capability to predict final thrust due to inertia gvershost in the MOVs, for the first time.
This predictive capability can be used to improve the sizing and aveid overthrusting of
MOVs.
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5.1,

e H
FACTORS AFFECTING OPENING PHRUST REQUIREMENTS
Opening thrust requirements for gate valses to overcome the dise friction luad were
presented in Scetion 2 for dificrent types of pate valve designs. Unlike in the case of
closing uperations, the disc Triction doad an the vpening direction 18 nat only dependent
upon the differential prossure gerces the dise |, but 18 alse significantly affectod by other
factors, These favtors are

1. Wedging force the jirevioas ¢losing eycle, inclading tr« effect of inertis overshoot

2. Migh body cavity pressure, tesuiting in the energization of both the upstream and
the dewnstreum disos

3. External piping londhs causing dise pinchingsticking

4, Temperature trensients cossing thermal binding of the dise.

Even though all of these factors can bave sigoificant impact oo the operability of the valve
Auring epening, they do not lend themselves to reliable guantification and are therefore
not used in netual sizing cileulations.  In practice, the ffoct of these variables on the
operability performance has been minimized by bypassing the torque switch during the
first partion of the upening stroke, which makes the maximum actuator outpot available to
initiate opening. The problems caused by these factors, huwever, do surfase when the
magnitude of the disc friction forge increase due to these effocts exceeds the sctuator outpat.

This section provides ani insight fnte these problems and how they affect the gate valve
operability in the gpening directian. 1t alse summarizes some analytical approaches that
have been used by the principal investigators to quantitatively investigate the magnitude of
these problems and assess design modificutions or alternative valve designs to sclve
them. The methed of analysis cun assist the valve manufacturers in making design
improvements,

Effect of Wedging Force From the Previous Closing Operation

The final wedging force, Fy, fram the previous closing cyele, affects the magnitude of the
opening force required. For the sime switeh settings on a MOV, the final wedging force
cah vary because the inertia overshoot is affected by the magnitude of the differential
pressure aeross the dise. Typically, the highest wedging force is introduced when the valve
is closed without any differontial 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 inertin overshoei effect on the fingl 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 snening thrust during unwedging on the wedging
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3.3,

The effect of lowering the upstream pressure before spening the gate on the stem thrust ean
be illustrated in the following example

Lot P1 = 1,250 psi for the case of steady upstream pressure
P’y = 350 psi for the case of lowered upstream pressure before opening
Ph = 1,280 psifor valve bady vavity pressure
Py = 0 psi for downstream pressure after closing
Then Fg L Lowered upstream prossure case 2P - Pi- Py

Fg  Nochange in upstream pressure case 8P~ P - P,
2x1250-350-0 2,150

e
= = ———— = 1T 2R P

2x 1240 - 1,250 ~0 S50

In this example, the stem force requirod to vvercome the disc drag 1s increased by 72 percenrt
whon the upstream prossare was kaevesd from 1,250 psi 10 350 psi (16],

Provision must be made to ehiminate the possibility of this exeessive pressure build-up in
the body cavity te avoid ¢xcessive dise drag as well ag structural damage  Simple methods
of mitigating body pressure increase to avoil double dise drag condition can be achieved by
equalizing the bady cavity and upstream pressures with a single drilled hole, an external
by-pass piping, an internal or external relief valve, ete | as detailed in Reference 16, Each
of these options have their advantages and limitations which must be carefully reviewed
before selecting the one which 15 the most appreprinte one (or the specific application being
considered

Effect of External Piping Loads

Variations in pressure, temperature, and piping lead in & nuclear power plant piping
system can exert significant forces at the ends of the valve body, resulting in valve body
and seat plane distortic 5. Normally the valve body is much stronger than the connecting
pipe; therefore, external pipe loads on the valve are nor of concern from the standpoint of the
structura! integrity of the valve. The main coneern about external piping ioads on a gate
valve is the valve operability under these loads, especially for certain types of wedge gate
and expanding gote valves. Az a wodge gate valve 1s closed, the space between the seats is
taken up by the relatively stiff gate with metal-te-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 closed can cause gate "pinching’ or “binding”. Depending upon the
magnitude of those externs! londds and the stiffness of the valve members, the stem thrust
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required to open the valve may increase. Load components that have the most significant
effect are the axial compressive loads, and berding moments  Torsional and shear loads

have negligible effect on the seat face distortions and opeming thrust requirements in gate
valves,

The effect of these external piping loads 15 most pronounced on solid wedge type gats
valves. Some of the parallel expending gate valve designs wlso have high gate stiffness
and therefore exhibit high sensitivity to piping loads. The use of Nexible wedge dise
reduces the sensitivity of the valve to piping loads. However, it should be noted that the
actual axial stiffness of the disc needs to be significantly less than that of the valve body to
ensure that its sensitivity to piping loads is neghgible. Appendix E compares the predic-
tions in opening thrust increase for a relatively stff gate design used in an 18.inch
parallel expanding gate valve against a Nexible wedge design. Based on the assumptions
stated in that appendix, it is shown that the suff gate design could experience approximately
8 32 to 36 percent increase in opening stem thrust, whereas a flexible 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 flexible wedge dise will experience some,
no matter how small, increase in opening thrust under compressive pipe load Therefore,
simply speeifying a flexible wedge gate design does not ensure immunity from the effect of
external piping Joads. The valve manufacturers should guantitatively design the dise
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 guantitative test vosults that show that increase in opening stem thrust is 5
percent or less in their valve design (271

Another approach that eliminates the effect of external piping loads on opening stem thrust
requirements is to close the valve with no wedging, if the seat leakage requirements permit
it.

Effect of Temperature 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 dis: in the wedged position. Thermal binding 1s caused
by the body cocling down at the higher rate than the disc, thus causing an increase in the
seat contact force. The magnitede of inorease in the seal contact foree depends upon the
change in temperature, the difference in coefficient of thermal expansion between the body
and gate, the stiffness of the valve body and gate, and the distance between the seat faces
Quaniitatively, this increase in seat contact force, AF, can be evaluated from the following
equation {see Appendix F for details)
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where L,
' ap = coeflicient of th: roial expansion for valve body material

o = coefficient of the mal expansion for gate material

=
o
W

valve body stiffiess along the flew axis

>
-
W

pute stiffness nlong the flow mos

The contact force increase ean be negligible or high dependmg upon the actual materials,
valve and gate stiffness. and temperature variations. The opening thrust increase 18 the
product of AF and the coefficient of frction.

Another phenomenon related to the Lemperture 6ects that can also chuss thermal binding
is the net growth of stem length shen the valve §s cdosed This is caused by a net increase
in the overall length of the stem due fo the previously exposed area of the stem being
inserted inte the higher temperaturé environmont mside the body

Appendix F shows a quantitative example of o 3anch sohd wedge gate valve subjected to
temperature changes as describod above. For the assumption stated in the appendix, an
increase of 3,943 tbs, which is equivalent to 60 percent of the stem thrust necded to overcome
the differential pressure load is predicted. The example also shows that gate stiffness, gate
and seat materials, and temperature variations of the valve compeonents have a significant
inflaence on the caleulated seat contact force. To reduce the thermal binding effects, one
may consider the use of o flexible dise, fiavorable material combinations of dise, seat, and
stem; and minimizing temperature changes 1n valve components.  Actual testing «f the
valve designs to qualify their relative immunity to thermal binding effects is the most
reliable approach te address these problems. Some of the valve manufacturers have
performed such tests. In order to ensure freedom from thermal binding problems, the

valve n.anufacturer should be requested to provide guantitative date to support their valve

design.

It should be peinted out that parallel slide dises ave relatively immune to the thermal
binding problems, as well as gate pitiching problem due to external loads,

= Dy =
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Stem Thrusts for Variations in Disc Designs




Appendix A
Opening and Closing Stem Thrusts for Variations in Disc Designs
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This appendix provides a detmiled analysis of stem thrust required to clase or open the dise
in the gate valve designs shown in Section 2 of this report. The analysis is based on free
body equilibrium considerations of the dise.

| A.1. DISC FPORCE EQUILIBRIUM:
| STEM LOAD FOR SOLID, FLEXIBLE, AND SPLIT WEDGE GATE VALVES

A.1.1. Stem load to overcome AP - Closing

LR =0,

Fyeos 6 « Fycosd+ Frsint =0, and

| e =8
| % ( |
| cos B )
F J W5 - - F .-
l N"ltosB-using) P
5 , F,
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| " IF, =0,
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F, = Frens 8+ Fy sin 0 - Fsin 8, and
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g &
: { cos 0 )
| "‘ o "‘ ¥ e e F
i r=EEN m\cose\ usina} ¢
- Figure A1
; Gate Equilibrium - i .
! under \PLoad During Closing | g | 1 ¢
)
- where Fp = dise pressure load, 1b = differential pressure x area
§
! Fg = stem lead, Ib
! Fn = seat normal load, b
: F¢ = seat frictional load, Ib
i g = coefficient of friction between dise and sest
q g = one half of wedge angle, deg
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A.1.4. Stem unwedging load - Opening

SF =0,
F.= 2(F cos0 - Fysin @), and
f'f M F,N'

}
' 2(jicosb-sinp) "

ar F, = 2“, cos - sin 9)?‘}\

Figure A4
Gate Equilibrium under Unwedging Load
During Opening
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A.2. STEM LOAD FOR PARALLEL EXPANDING GATE VALVES
= THROUGH CONDUIT AND DOUBLE DISC
| A.2.1. Stem load to overcome AP - Closing and Opening
Fs Fs
Y F, =0,
Y P‘ };\
: - Fn \ Fa » N
4 t P" 1 S E Fy =0
-
f 4 * Fy=FouPy=uF,
[
' F,, o FV 1
Closing 0,0».‘09 This equation applies to both gate
Figure AS tlosing and opening conditions
Gate Equilibrium under AP Load During
Closing Opening
A.2.2. Stem wedging load - Closirg
E. F=1
| F§; cos 8 - Ff sin 6 = Fyy, and
r Fi=u'Fy
= i N
cos® ~ U sin g
| Y F =0
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F,=Fysnt+Ficost « Fyand

| , _
i Figure A6 Fi =1 Py, Fe=n"Fy
Gate Equilibrium under i e
Wedging Load During Closing R bt 1LY, S e 2
.' CeE Y - | osin 8

For u = ', this equation becomes:

'siu‘J(l- R e 20 co80 ‘

7
‘\ cost -usin g

f

. .'\ 4
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Stem unwedging foroe - Opening

Figure A7
Gate Equilibrium under Unwedging
Load During Opening

For y = ', this equation becomes:

Fy=

{ (%~ Dsin @+ 2 cosd | P

cosB+ usint

W cos 8+ Ff sin 6 = Fy, and
iR
. 1
F“‘-’J—-‘-—-—-"—-——"" ‘.\
" cosfl« ' sin b "
LF, =0,
F, = Ffcos 6 - F§ sin 8 + Fy and

Fr=uFyn Fi=yu"Fy

F, = {pp - LsmB« (s )cos(-)PN

cos i+ ' sin@

0
J

-A.B-



S S S —— R e e R P

e e e O i e i e e e e e S B e

A.3. STEM LOAD FOR PARALLEL SLIDING GATE VALVES

A.3.1. Stem load to overcome AP - Cly nfag and Opening

-~

: q
& allfeo e & - L.
'r,‘ 5

o 3 F;ﬂ

6!

o
Dawn streom ylfe u" Py 943

Figure A8
Gate Equilibrium under AP Load During Closing

Assume that the coefficient of friction on hoth sides of the seats are the same; then for the

downstream dise, we obtain
| LF =0,

Fy=F,+F,

where
Fy, = spring load between parallel gates, 1b
NF 0
i Y

Fy=Fy + K

where F; = upstream gate resisting force, Ib
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opening and elsing directions.










Gale Position, hiDo*
3 T ox f o \ ngof 1 i §
Gele Valre Description § o1 1 015 Jo2 [osJo¢]o ~-6]o71os Jos ] 10
Gate vaive in straight
pipe without a recess for 15 | & H 16 46 120610981044 1017|006 |0
the disc
Gate valve in straight
pipe with a recess for the | 20 | 77 & § 47 12351123 067 1 0.3 011 (05
dise
Gate valve at the exit 20 {64 |% 142 7138523 11g {o7slo21 o
-
Gate valve with reduced a0 | 7 oy 125 | 65 {365 l215] 1351071 lost ooy
port
Gate valve tes' ed at U of
Wisconsin®* V2120w lw [z |5 1as |4 a5 |25 |15 Joss
Convention 1| gate valve | 100 | 72 43 J 1.5 (3D |12 15 106 04 |025
Disc type gate valve** 190 | 729 13871127 | 57127 [134106 024 {00710
Total Average 179 | 828 (438 114.1| 73 1323 (120 18351075 10371012
.

**  Average flow resistance coefficient for the valve type

to other gate positions without specific test data

A Comparison of Gate Valve Flow Resistance Coefficients

Table B.1

(Data from References 30 and 31)

Qate pusition is represented by b {gate opening) and De (pipe inside diameter at gate)
P A [ ! ¥ Vi i

Data may be imerpolated/extrapolated

R ——

B ———
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Fiow Resistance Coefficient, K
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140 =
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100 +
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Gate Position, h/Do

Figure B.1

Average Flow Resistance Coefficient Variation as a
Function of Disc Travel for Gate Valves
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AVAILABLE PUMP HEAD, PSI

2100

1500 +
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1300 +
1200 +
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Figure B2
Estimated Pump Performance Curve Used in
Gate Valve Pressure Drop Caleulations
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Gate Position, Swtem Flow Rate, | Gate Valve Pressure
LD, &pm Dropypei
0 T 0 2,000
0.1 T8 457
0.15 544 258
02 870 145
0.3 X0 49
04 L33 256
05 NS 11.5
06 ELE 7.1
7 £y 48
08 w0 27
09 01 1.3
1.0 01 04
Table B2
Estimated Flow Induced Pressure Drop Across a 4-Inch Gate Valve at
Different Valve Openings
PRESSURE LOAD ON DISC

A simple and maybe conservative way of e timating the pressure load on a gate dise is by
assuming that the pressure load on the gate is proportional to the pressure drop across the
valve and the percentage of gate clesing as

[ 100 - % of gate opening \
' x X Ay
\ 100 -

Fp= AP

where Fp = pressure load on gate in mid-travel position, lbs
AP = pressure drop across the valve, psi

Agdisc = disc area

R i ; . 9
= Zx (disc sealing dia)”

Using a nominal disc sealing diameter of four inches, the pressure loads at different valve
opening positions are summaiized in Table B.3. These loads can be used to calculate
localized contact stresses between the disc and guide or disc and seat to determine the

potential for galling damage 1as shown in Appendix C)

-B.6



Pervent of Gate Pressure Drop Pressure Load

Opening, % Across Gate, pei »
0 200 | 25,133

10 &7 5,508

15 8 2,756

y. U 145 1,458

X 45 431

&« 25.6 153

& ] 1156 T

a0 71 K

% 45 13

LU 2.1 7

&) 1.3 s

10 04 0

Table B3

Estimated . low Inducedload on a 4-Inch Gatwe at Different Valve Openings

B.7
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Appendis O
Analysis of Loval Contact Stresses

Contact stresses between two surfaces van by estimated using closed-form hnear elastic
solution for single, well-defined geometries such as spherical, ellipticul. cylindrieal, and
plane surfaces. In this section, tw  onle’" stress cases ure investipgated using Hertz
contact stress equation for point and line contacts. The contact loads 1sed in the analysis
are the estimated pressure loads coused by dise titing as shown in Appendix B, and Section
2.6. The results of contact stross analysis gre compured with motoria) threshold of galling
stresses 1o1 the study of dise Liting etfect tn md-travel pocition vy Bection 3.1 It should be
pointed vut that this contaed stress analysis is based on linear elastie, small displacemant
Resumptions using original (unworni geometry of cofitact

Contact stresses based on these simplifying assumptions should be used a= an (ador of
contact stress severity and used as design puidées for comparison agamsd actunl test data or
to make design improvements

Hertz equations for contact stress distribution

The intenxey of contact stross, p, over the

surface of contuct between two general

cirtiod surfaces oan be caleulated from the

fullowing sguoation derived by Hertz [38)
. 31 vyt (€.1)
5 % Py of } :

‘ \ ? b

where  p = contaot stress at a select

locution {(x, yi

P & fenk contact stress, psi

x = X axis voordinate, in

¥ = Y axiy coordinate, in

Figure C.1: Contact stress distribution A o= mMAajor semiaxis, in
Mmmwmﬁ”w I = minor gemiaxig, in
P 3_".';‘5‘.’.29 —_—
where P = total load, Ib

xab = contact aren lellipsc), in®

< 1
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i A
iPa
bepile———
"{A
1 ¥ v
Wh"Q AB'—E.Xo .._F'_I_‘
i1 1
A"';I-'-(-‘ m{-‘fcﬂi. k
1 “ 1 ) , ]
B:*' i aue & | -
azinl Rr, In1

mef[cos (B/A))

nef {eos (B A

T —————— ——

(C.3;
iC4)
('8
C.6)
2 . L

M ‘

‘L: b X . } | ~l* J- | oo 2W ‘
Ry ) By Ry Be Ry ) | N
(see Table C. 4 below ) (.8
see Table C. 4 below? (.9

Also, v, E, R, and R denote Poisson's ratio, Youngs modulus, and minimum and
maximum radii of curvature of the unloaded contact surfaces. Subscripts 1 and 2 denote
contacting bodies 1 and 2.y is the angle between the planes containing curvatures 1/Ry

and Ky

cos-1 (R'A) Jo a5 40 45 50" 35 o
Rt -

m 2731 2.497 2.136 1926 1.754 1611 1.486

n 0453 0630 0567 0604 0641 0.678 0717
e e e s e e e et £ e S e T £ W A i o 0t i 45

cos-1 (BIA) as 70" 7" Ko LS w0
D SRS ———

m 1378 1.284 1202 1128 1.061 1.000

0802

n 0.759

0846 0893 0944

Table Ca

1.000

Values of mand n for Hertz Equations | 38]
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for Q o« 116%107 pai
Ja -;'3 (1375)" « 0.3508 in*

Ty = 2000-1bs =« 2,400 in: b

SE, = 5965 x 107 (17 - 2,400%)

1 2,400 y ,
=9.068= 107! S50 1 pE L2 400%

L 31,815/

D.2.2. Dise
The stilTress of the Borg-Warner flex weige dise muy be estimated using the fellowing
simplified mathematical modz!

Assume the gate (one nide) is & ciroular dise with the outer dinmeter uniformly loaded and
the central circular area fixed or free as the two extremes

T AD, W SEAT LOAP, w
UNIFORMLY LOADED A UNIFoRMLY (LACED
w i
1
o} |
~N
L]
";I" COVTRAL CIRCULAR AREA
PR, ™~ JPN Wt UNIFORM LY LOADED
.
¥
w SRy > 3
_‘4 }‘. 78"
Model 1 Moaode) 2
Figure D3

Simplificd Math Models for Gate Dise Flexibility Caleulations

Based on the above disc dimensions, dise stiffness is estimated using closed-form
equations as given in Reference (37), pages 338 and 366

Ki = 20525 x 10° Ivin (Model 1)
Kz = 1434 x 108 lhan (Model 2)

D4







D3, ENERGY DISSIPATED IN VALVE COMPONENTS
The energy dissipated in valve components after torgue switeh trip is estimated as follows:

i D31, Stem Packing Frictional Loss
Ly = Fyad
wherts P, - LEpindt)
2
O 1% L5 %2000 (n x 1375 « 1.375)
2

= BO1ihs

Ad « G- ¥
2K win 0 im0 4y cos O

L= s Ry SR

I K- 17,618
2 x 1434 « 10" sin & (sin 5"+ 0.375 cos 5°)

Ly= 7707 2 10°%(F; - 17,618)

D.3.2. Work Against Stem Rejection Force
Lg‘-" Fg M

where Fu%d’p:%: 1.375% % 2,000 = 2,970 Ibs

|

k

iF Ly=2,970 x 8683 « 107 (F, - 17,615)
l = 0.01876 (F - 17,615)

|

!
|‘

D.3.3. Frictional Loss Due to Disce Friction Under AP J
f L;g" F;Ad ]
5 ! p?
j whaore Fy» A [ LS
. tost - Leos - isin

e 2,000 »
cos §°

= 8,919 1bs

0.375 b
)

L
[‘ a w 43
£ [cos 8- 0375%n5°

j Lg=8,919x 8 683« 10°% (Fy - 17,615) l

= B.5258 = 10°*(F, - 17,615)







D4, ENERGY BALANCE AND FINAL THRUST PREDICTION
The overall energy balance for the example problem can be summarized as

l(“.lf KE] = 8‘.;)(“ b 4 KE:]%'J * K":fl B gEl 4 ﬁl‘:, + SF' 4 l‘ * "d + L-i . L4

Solving the abeve equation, we have
Fr = 390535 lbs

The calvulated stored energy and lodses in the valve und actunior companenis pre

SEy = 40 'p-db
8Ey = Bandy

BEg = 73 b
S8E4y = 10indb
Ly = 23 fnlks
Ly % 75w lh
Ly = 249 in:db
137 in-lb

i

la—‘
The caleulated final stem thrust of 20,535 pounds s in pood agreement with the mensured

stem thrust of 20,863 pounds. Thrust predictions wers eotipared for 31 test cycles, and the

ave:age deviation was found to be within & peteent

1) 5.










The valve body stiffness obtained fram the 3.0 finite clement analysis represents the valve
body stiffness without the seat and gate in place. The overall valve stiffhess for & gate
valve at the closed position can be estimated based on the ombined stiffness of body, seat,
and gate us shown in the following =alculations

The gate type is u parallel exganding gate valve (Figure 2 180 When this gate assembly is
wedped closed, a'l of the space botweon the sent faces is token up by two relatively stiff
piecos of wedgoes, in the same fashion as in u conventional solid wedge design. Stiffness

for the two-piece expanduble gate assembly can be estimated by using equivalent stiffness
of a pipe section with two assumed pipe thicknesses More precise estimation would require

detailed finite eloment analysis or actunl testing

Case 1.
Gate Biiffness approximated by a pipe thickness squa! to the seat contact width:
AFE
K‘ - ’
2 (17"~ 14 625 w80 » 107
4. -
10.25

= 1727 ¢ 10" b/ in

Case 2.
Gate stiffness approximated by a pipe of thickness squal to twice the seat contact width:

« A8
'

»2x 1927 10"

Ky

= 3.453 % 10" b/ in

2




Seat Stiffness



Gate Pinching Foree
Force through the gate assembiy under a compressive external piping load can be
expressed as.

K
r"..._a.p’

K wie!

where Fys = foree through gate assembly, Ib

Fp = external piping load, b :

Based on this estimated gate and valve stiffness, the Late pinching force is

#1748

Fy,
=0.67F, for Case 1 gate stiffness, and

, AT |
rﬂ 234'6?’ i

=0.764 F, for Case 2 gate stiffness

The above estimate shows that 67 to 75 percent of the compressive externa) 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 magnitude 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.

Assaming that for this 18 inch gate vaive;

Compressive external pipe = 100,000 Ib (approximately 23 percent of the
maximum estimated axial pipe load
under transient pipe rupture condition
(reference Footnote 1 on page E3). 'inis
corresponds to approximately 2,200 psi
axial compressive stress in the piping
connected to the valve end.)

Maximum differential pressure = 1,250 psi

Then the gate pinching force is:
Fgs = 067 x 100,000 = 67,000 b for Case 1, and

Fge = 0.765x 100,000 = 75400 I for Case 2.

‘E.4.




Fap = ; {18)* % 1,250 = 212.0565 1bs

Therefore, the stem thrust increase due 1o external pipe lead van be enpre shed s a percent

age of the required stem thrust Lo overcome the gate drag due t¢ differentinl pressure load

as

F,
R = = = 3164

*‘ AP
R = {'&" = 48 6% 4
Fap

Gate'seat contact force due to maximum differential pressure is
1

Reduction in Gate Pinching Effect by Flexible Wedge Gate

The above example used a parsllel expunding gate valve with high dise stiffness Many
gate valve designs employ flexible gate concept to reduce dise pinching effect under
external pipe loads. The followmyg ealeulations show the effect of gate Nexibility on the
stem thrust by replacing the paralle]l expanding dise with 2 flexivie dise having the

following assumed dimensions shown in the math model

< ¥
A
P50
- TrIrT?
4 g160
Lii il
- J F
g =275
Flexitile Gate Math Madel for 1/2 Flexible Gate
GA 112
Figure £.2

Flexible Gate Math Maodel

The gate assembly stiffness can be estimated using a closed-form solution as given in

qm

Reference 27, page 348

Ky = 2127 x 107 Ibvin

Kb

R TR RN I EE TN RERRr AN ST m——m—wm



Using the same approach as given in the paralle] expanding gate cnse, we have
Ky = 21146 < 10" 1b/ in

b Note that the stiffaess magnitude of the Aexible dise and seat assembly is less than 1/8th the
T stiffness (177 & 10% Win) of the relatively suff gate nssembly weed in the first example,

8 Kool = 78716 % 10 b/ in
F’ = 0-m ‘F’
= 26,860 Ibs (for 100,000 s of externnl pipe load)

26, 864
R =573 058

175
Therefore, the stem thrust increase is approximately 12 7 percent of the required stem

thrust to overcome dise drig under differential pressure load, instoad of 31.6 1o 35.6 percent
#tem thrust increase caleulated for the high stiffness parallel expanding dise case.

K5







Appendix P
Analysis of Temperature Effect on Opening Thrust

This appendix provides the derivation of the seat contaet force equation used in Section &
discussions and an example case of the tempernture effect on operating thrast, This
example is based on a root cause analysiv performed by Kalsi Engineering, Ine. The
main purpose of the example is to show how to quantify various contributing factors that
efTect the opening stem thrust due to Wwmparature changes

F.1. EFFECT OF TEMPERATURE CHANGES ON SEAT CONTACT FORCE
As shown in the following simplified math model, the valve body and gate expansions (or

contractions) due to temperatpre changes can be estimated as

¢, = Lo tap AT (F.1)

K‘ ﬁg = Lo g AT {F.2)
"'W"" where &, = body expuantion, in
Aﬂﬂﬂ Original Contact 8g = gate expansion, in

K' Ly = distance between seat
[ faces, i,

M’"‘L— ap = thermal expansion
~»| ke 8, 5 Body Free Expansion cueficient for valve
| body, in/in/F

(g = thermu. expansion
' | coefficient for gate,
~»! By 5 Gate Free Expansion in/in/*F

AT = temperature change, “F

Therefure, the net difference in valve

Figure F.1 bady and gate expansion is
Math Model for Body and Sceat Stiffness AS = fy - by (positive for
interference)
e Lo AT (g = ay, ) {(F.3)

The diTerences in body and gate expansion will generate a seat contact force if AS is
positive. Its magnitude can be caleulated using the following relationships

K.l

:

. Nrp— " .



Valve body and gate deformations vnder seat contact force are

“5*%

: AF
M‘- R“

where Ay = valve body defurmation under o seat contaet force of AF, in.

A8y « gate deformation under a seat contact foree of AF, in.
AF = seat contact foree, Ih

Ki = valve body stiffiess, Ih/in

Kg = Gate assembly stiffness, lvin (including sent stiffnes )

Therefore,
Ky K
= - =il il P

Ky K, )
.LOAT(GH—AM(Ef%ﬂL} -
¥

'

(F.4)

F.2. EFFECT OF STEM GROWTH
For a wedge gate valve, the average stem temperature before elosing muy be lower than the
valve body temperature. After the valve is closed, the seat contact force may be increased
by either of twa possible conditions.

F.2.1. Increasing stem temperature,
If the valve temperature romains the same after closing, then the stem growth may be
estimated as:

8= 42,41, (F.5)

where & = stem growth, in

& = the stem length which is subject Lo an average stem temperature
change of AT after the valve is closed,in,
ay = stem thermal expansion coefficient, in/in®F

AT = averape stem temperature change, °F

-










e B e T e
& ¥

F. 3.3 NelGate Expansion
Ad = DUZE4 (2416 = 000178

Bince, in this example case the niet expansion of the gate and the over the body dimensiunal
changes is negitive, no seat contact loud s genceated due to differentis’ thermal

sontrattion between valve body and gote aline
"
F.8.4 Net Stem Growth 1
Using equation (F.61 |
|
S o [21xB0x 100 (1T 700+ 32708 Y x 100 x (650 - 70)) 1
121 x80x 1001176 . 701+ 3376 x 6.0 % 10 6 % (450 - 700 ‘
= 0.02083 - D.03705 =« 001612 In i
!
To account for the net gate width contraction fram F 3.9 and F 3.4, the net stem growth is |
|
000175 |
8,0 0.01618 - 220078 . L . 0.00612in |
wan bty i
F.3.5 Stem and Valve Topworks Stiffness
K < AE :
L |
]
where |
A1§d2=:-:" L 128%in" !
E = 30 x 10°, psi g
L = eguivalent length Gnelud ng estimated valve topworks flexibility) = 30 in, !
K=984 x 10°1b/in
Based on the ahove estimated stem stiffness, the adjusted net stem growth using the result
in F.3.4 and equation (F 8 is
; ¥
8, =0.00612- 2
2 K
where Fe = stem force = 2 AF (sin 0 » 4 cos ©) (see Appendix A, Section A 1.3) a
AF = seat contact force :
For a typical wedge angle of 5° and an estimated value of u of 0.4, the above equation gives
Fe = 2(sin§"+ 0.4 con 571 AF s 0.97 af
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