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L OBJECTIVES: 

To determine the required thru st to open the flexible wedge gate valve, RC-MOV-536, under 
postulated pressure locking conditions and stem thermal growth, and the actuator capability! 
margin for developing that thrust.  

IL METHODOLOGY: 

The methodology utilized to determine the pressure locking forces is that developed by 
Commonwealth Edison and presented in Reference 1. The method utilized to determine the stem 
thermal growth load is based on Commonwealth Edison methodology presented in Reference 2.  

Under pressure locking conditions the internal valve pressure forces the two disk halves against 
the opposing seats resulting in an additional seat contact force. That contact force is a function of 
the stiffniess parameters of the disk plates and central hub. In this methodology these stiffness 
parameters are approximated by treating the disk plates as uniform circular flat plates with a 
central hub using the equations from Reference 3 to account for disk plate bending and shear 
deformation and hub stretch. The stem force required to overcome this additional internal seat 
contact force is a function of the seat friction and seat angle.  

Due to the seat angle, the internal pressure acting on the areas of the disk halves enclosed by 
the seat contact circumference projected normal to the stem results in a force component on the 
disk adding to the opening thrust requirement.  

From the static condition closing thrust there is a residual seat force which together with the seat 
angle and seat friction results in a static unwedging force.  

For valves that are stroked. closed to. isolate hot fluid, the portion of stem that is exposed to 
ambient conditions when open heats up when inserted and expands. For SMB type actuators 
with self-locking gearing and stem threads, this expansion is restrained. This results in an 
additional wedging load which must be overcome during unseating.  

The stem ejection load assists opening and the packing friction load opposes it.  

The above force components are summed to obtain the required opening thrust.  

The standard. Limitorque methodology with the conservative stem fiction coefficient =0. 2 is 
used to determine the actuator capability.
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IlL ASSUMPTIONS: 

1. The valve disk is assumed to act as two ideal disks connected by a hub. The equations in 
Reference 3 are assumed to conservatively model the actual load due to internal pressure. This 
assumption is considered conservative since the large fillets connecting the hub to the disks make 
the wedge stiffer than modeled, and expansion of the valve body along the pipe axis due to the 
internal pressure is neglected. These two effects would reduce the valve internal pressure 
induced seat contact force and associated required stem thrust.  

2. The coefficient of friction at the upstream and downstream seats are assumed to be equal 
and the same under pressure locking conditions and DP conditions. This assumption is 
considered to be justified based on ConiEd's bench marking of the methodology against 
CoinEd and EPRI pressure locking test data.  

3. The Reference 2, methodology assumes that the stiffness of the valve/actuat or assembly can be 
accurately determined from the static diagnostic thrust measurements. This is a reasonable 
assumption and is considered to be as accurate as the results of an extremely detailed finite 
element analysis. The stiffness determined in this fashion may be underestimated since it neglects 
the contribution from the spring pack. Based on preliminary Commonwealth Edison of this effect 
it is not expected to affect the stiffness more than 20 to 30%/. To conservatively accommodate 
this uncertainty the valve assembly stiffness derived from the test will be increased 100%.  

4. The Reference 2 methodology also assumes that the motor speed remains constant during 
seating. Based on Coin. Ed and EPRI testing this is a reasonable assumption for AC motors.  
The motor RPM utilized in the calculation will be the Limitorque recommended value under load.  
For these 1800RPM motors that is 1700RPM. The lower number results in a higher stiffness 
which is conservative.  

5. The Reference 2 method assumes that the only portion of stem that undergoes significant 
thermal growth is the portion inserted into the valve. This is a reasonable assumption as long as 
the differential temperature is based on the maximum bulk temperature of the fluid in the valve 
minus the normal ambient temperature.  

The Reference 2 methodology is still under review by the Westinghouse Owner's Group (WOG) 
PLTB Task Team and has not yet been formally issued for utility use. Based on this this 
calculation will be considered preliminary pending WOG acceptance. The use of this 
methodology in the interim meets the NRC expectations for use of the "best available 
information".
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V. OPENING FORCE ANALYSIS:

V.I IPTS: 

Bonnet Pressure 

Upstream P ressure 

Downstream Pressure 

Disk Thickness 
Seat Radius 
Hub Radius 

Half Hub Length 

Seat Angle 

Poisson's Ratio (disk) 
Mod, of Elast. (disk) 

Static Pullout Force 
(Nominal Measured) 

Diagnostic Error % 
(SRSS of 10%/&2%) 

Open Valve Factor 

Stem Diameter 

Ambient Temp 

Max Vlv Temp 

Stroke Length 

Motor Speed

'P bonnet:I 2510. psi 

Pup :=350* psi 

P down:=O-Ps' 

t0.633-in 

a 1.249.in 

b 0.915-in 

L .367in(1.0 - 0.633) 

theta: 5-deg 

v: .3 

E :=29.106*psi 

F po 3277.lbf 

e: 10.2 

VF .5 

D stem := 1.125-jn 

T A:= 120 

T v:= 669 

L s =2.6875. in 

RM=1700 
RPmi

Reference 4.  

Reference 5(Mna RCS for.  
bleed & feed 

Assumed (Conservative).  

Reference 6.  
Reference 6.  
Reference 6.  

Reference 7. (Attached) 

Reference 6.  

Typical of Stainless Steel 
Typical of Stainless Steel 

Reference 8.  

Reference 9.  

Reference 9.  

Reference 6.  

Assumed for Press. Doghouse 
Conserv since max normal is 140F 

Reference 11.  

Reference 6.  

Reference 9. (Nominal is 1800) 
.(Conservative)
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Thrust at Seating 

Thrust at CST 

Unseating thrust 

Total Thrust(closing) 

Stem Coeff. of Expans 

Acuator Overall Ratio 

Stem Lead 

Time at Seating 

Time at CST

F HSC:= 960'lbf 

F CST:= 14322.lbf 

F UW:= 2316*lbf 

F.Nm:= 15226*lbf 

a c: =9.8-10- 6 

OAR: 46.8

SL=0.2-in 

t hsc 20.8.. sec 

tt 21.618*sec

Reference 8 

Reference 8 

Reference 8 

Reference 8 

Reference 12 

Reference 9 

Reference 9 

Reference 8 

Reference 8

V.2 PRESSURE FORCE CALCULATIONS

Coefficient of friction between disk and seat: 

mu := 1 .- cos(theta) 

Average DP across disks: 

D~ag:=P Pup +Pdown 
D~vg '~bonnet 2 

Disk Stiffn ess Constant., (Reference 3, Table 24)

D:= -() 
12-(1 _ V 2) 

E 
2.(1 + v)

(Reference 10)

mu =0.52079 

DPavg =2.335-103 -psi 

D =6.73576- 10' Ibf in 

G 1. 11538- 107 .psi
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Geometry Factors: (Reference 3, Table 24)

C *[ ;V ( ,a) + - -()2] 

83 -. a2 iJi(~ a)2 i 

L9:=![ b. I +vff(a) + 1 - v[. (b )2]]

Lii[I+ 4.(h 5.(k)b 4 -(b )2[2 + (b )2] (a)3 

17: - (b)4 (b)2I +(I + v).ln(] 

Moment (Reference 3, Table 24, Case 2L) 

Mrb~ ~~a -~v.2 b 2)-L 

.C 8 2.a2[b( 17] 

Q =DPavg ( 2 -b2) 
-b)

C 2 _ 0.03233 

C 3= 0.00272 

C 8 = 0.83784 

C 9= 0.20757

L 9 =0

L1  1.88551-10 

L 17 =0.03041 

M rb =-153.18434 dIbf 

I = 922.23058 lbf 
bm
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Deflection due to pressure and bending: (Reference 3, Table 24, Case 2L)

Ybq~ ~ M * 2  ba 3 D aga 
Yb:2~bD .C QbD .C3 D *L11 Ybq = -5.800321076 .in4

Deflection due to pressure and shear stress: (Reference 3, Table 25, Case 2L)

K O,-.3.[2.ln (a) + (b)21 

K saDPavg- a? 
Ysq t-G 

Deflection due to hub stretch (from center of hub to disk): 

P force :=3.1 416*(a2 - b 2) -DPavg 

P force L 
Y stretch =3.46b' E 

Total Deflection due to pressure forces: 

Y q Y bq + Y s- Y stretch 

Deflection due to seat contact force and shear stress (per lbf~m.):

YS,

K a -. 04771 

Y sq =-2.46143*105 -li 

P force= 530202103 -Ibf 

Y stretch =2.55104-10-5 -in

Yq 5.92 -5.-i 

(Reference. 3, Table 25, 
Case IL) 

-6.6571 
10~ (Lm 

(infI(per lbfrin)
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Deflection due to seat contact force and bending (per lbfin.): (Reference 3, Table 24, 
Case IL)

Y bw=, ( C_8~=)[(aC9 L 91 [().C3] + L3] 

(per lbflin)

-in

Deflection due to hub compression (per lbti), (from center of hub to disk): 
2'a-7n L 

Ycompr:1 .46-b E Y compr = 3.77587-I10 

(per Wbim)

Total deflection due to seat contact force (per lbflmt.): 

Yw ":bw- Y'sw - Ycompr 

(per lb&'in)

Y w= -124696-10 -_m 

(n,)
Seat Contact Force for which deflection is equal previously calculated deflection 
from pressur e forces:

F S=2,.n 
5Yw

V.3 UNSEATING FORCES 
F-k is included in measured static pullout Force

Fpomax= Fep 

100

Speed: RPM. I L_ 
sec OAR 

60
mnn 

Rate:. FCST -F HSC 
tcst - t hsc

F pmx= 3.64922-103 *lbf

Speed =0.12108sec' -in 

Rate = 1.64963-104 -sec-' lbf

in 
(Lf 
i f/

F =3.51961i10' dbf
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K =2*Rate 

Speed
K=3.2697610 *-f1- *Ibf

F thermal: ., .L S. (T V- T A) 

Fthermunwdg= F m4 x - F HSCthra 

Fpiston: 4 D stem P bonnet

(Doubled for conservatism 

F thermal =3.93987-10 *lbf 

F thermunwdg = 639.6 1385 -lbf 

F pitn=2.49499-10' dbf

F vert= %Wa2 sin(theta)- (2. P bonnet - Pup - 'P down) F vert 7 1.99475-103 ibf

F preslock :=2, F * (mu- cos(theta)% - sin(theta)) Fpreslock = 3.03852-103*lbf

F toal: -Fistn ' vet Fpreslock ±F pomax + F thermunwdg 

F total =6.82711 0I *lbf 

VL CONCLUSION 

Per Reference 9 the calculated actuator thru st capability at degraded voltage and elevated 
temperature and with a conservative stem fiction coefficient of 0.2 is: MCUVo = 88281bf.  
Since this is greater than the above calculated force, F,, = 6827 Ibt the capability of this MOV 
to open under the postulated pressure locking conditions combined with the stem thermal growth 
load is demonstrated. The margin is ((8828 - 6827)/(6827))x100% =29.3%.
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