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SUMMARY

Due to the design of the Posi-Seal butterfly valve with the
disc being asymeetrical, flow in the preferred direction
tends to close the valve. In the nonpreferred direction the
disc tends to stay in the open position until it reaches an
angle of approximately 75 degrees open, then tends to close.
See Figure 1 on Page 2 for an illustration of what direction
is preferred.

For the subject valves, those inside containment are in the
nonpreferred direction and those outside containment are in
the preferred direction.

.

If a LOCA does occur the scenario given below describes what
effect the large flows resulting from the LOCA will have on

({ . the subject valves.

A. If all the subieet valves ar9 fully onen

Under normal flow conditions the subject valves would
pass 2000 SCFM with an approximate pressure drop of .008
in, water.

If a LOCA were to occur the initial flow due to a LOCA
will create an aerodynamic torque of such a magnitude
that the valve inside containment will remain open.

.

For the valves outside containment the aerodynamic
torque will override the actuators and cause the valves
to partially close and datage the valve disc pins. Upon
receiving the signal to close, the valves outside
containment will close, however, due to the damage to
the disc' pins a tight shut off will not be obtained.

1- -

L
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B. If the amount of valve opening for all the subject
valves is restricted to 65 d'egrees.

Under normal flow conditions the subject valves would
pass 2000 SCFM with an approximate AP of .03 in, water.
The requirement of the specification requires a AP of
.03 in. of water.

Once the LOCA occurs all the valves would override their
actuators and tend to close a few degrees. Once the

| signal to close was received, the valves would fully
close providing a proper shut off.

.

|

Preferred Direction -

,

. o

Retaining Ring . i

T
r -- Flow

/W
t i

!
i

2Seal
.k

Figure 1
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The objective of this analysis is to show that the subject
containment isolation valves can withstand a Loss of Coolant
Accident (LOCA) as well as a seismic event and still
maintain operability.,

'

The escape of containment atmosphere during a LOCA will
result in aerodynamic torques acting on the valve assembly
if it is in the open position. These torques are a recult

i of the disc acting like an airfoil wanting to rotate about
the axis of the stem. This analysis will determine the
n:13nitude of the aerodynamic tcrque and its effect on the
operation of the valve assembly.

,

%

The seismic aspect of the analysis will consist of first
determining the natural frequencies of the valve assembly. -

If any of these frequencies is less.thar 33 Hz then the
maximum accelerations of the appropriate RRS curves will be ,( used for the stress analysis. If not, the'n the ZPA will be

,

used. '

%

The stress analysis will be performed based on the
accelerations statically acting at th* CG of the actuator.
Critical sections of the valve assembly such as bolting,
neck, stem and disc pins will be analyzed. Seismic stresses
will be combined with stresses due to the LOCA torque and
the operating pressure.

'

,

-
.

All equations are either straight fo rwa rd or'from Reference
(c) unless otherwise noted.
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The valves to be qualified by this analysis are as follows:

PSI Item No. Descriotion Tar No.

14758-2 18"-150 C1. with Matryx 26072-SR60 C P 1- VAD PBC-0 9
CP1-VADPBC-10

14759-2 18"-150 C1. with Matryx 26072-SR 80 CP2-VADPBC-0 9
CP2-VADPBC-10

~

The assembly drawings of these valves are shown in Enclos'ure
(1).

.
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s RESULTS

Maximun Toroues Resultine from a LOCA
and Closine Times

Tag No. VADPBC-04 VADPBC-10

Valve 18" 18"
Class 150 150
Matryx Actuator Model 26 072-SR 80 26 07 2-SR 80
Location

. Inside Containment Outside Containment

Torques (in-lbs)

Max Torque Resulting from a
LOCA
Valve opened to 90 degrees 15906 (1) 20609 (1)
Valve opened to 70 degrees 13350 (2) 12198 (2)
Valve opened to 65 degrees 11401 (2) 7677 (2) -

{ Actuator Max Allowable Torque 28286 28286
Actuator Spring Beginning

Torque 10400 10400
Actuator Spring Ending Torque 6420 6420 T

4

Closing Times (Sec)

No Flow 1.65 (3) 1.65 (3)
Valve opened to 90 degrees Will not close .65 (1)
Valve opened to 70 degrees 57 (2) .65 (1)
Valve opened to 65 degrees .57 .65
Required Closing Time 5 5

Notes (1) Piping upstream of valve VADPBC-09
breaks off, Case 3

(2) Piping upstream of elbow breaks off, Case 2

(3) See Page 54

:
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1.0CA AND SEIS?!IC STRESSES (PSI)
.

.

T.ig flu. & Valve Actuator Bracket Bracket Valve Stem Disc Pin
item No. Opening ik.. i t Bolt Neck

Cale Allow Calc Allow Calc Allow Calc Allow Calc Allow Calc Allow
'

CPI & 2
VADPBC 90* 42328 94500 21523 94500 23458 41400 2923 26250 22023 52500 35790 21000

in

CPI & 2
VADPBD 70* 36970 94500 20104 94500 19079 41400 2651 26250 14122 52500 21183 21000

_
10

CPI & 2
.VADPBC 70* 39640 94500 21382 94500 25270 41400 2918 26250 15233 52500 23184 21000
_ 09 _

' CPI & 2
* 10 65 34400 94500 Ic478 94500 16844 41400 2577 26250 9954 52500 13332 21000

- 1

CPI & 2
09 65* 38431 94500 21064 94500 24324 41400 2862 26250 13417 52500 19799 21000

_ _ _

rag No. & Valve
Item No. Opening

Cale Allow
'

"

CPI & 2
VADFBC 90* 4856 24750

10
CPI b 2

VADPBC 70* 5094 24750
10

GPL b L

VADPBC 70* 4948. 24750 '

09

CPI & 2
VADPBC 65* 6141 24750

10
CPI & 2

'
VADFBC 65* 5792 24750

. ___ 094
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RECOMMENDATIONS AND CONCLUSIONS

Based on the results of this analysis Fosi-Seal recommends
that the amount of valve opening for all the subject valves
be restricted to 65 degrees. This can be accomplished by
bolting a stop to the internals of the Matryx piston
cartridge which would limit the stroke of the actuator. See
Figure 2 on Page 9.

The conclusion that the amount of valve opening be
restricted to 65 degrees is based on:

1. The LOCA flow tending to close the valves irregardless( of whether they are in the preferred direction or
nonpreferred direction.

2. As a result of the flow assisting the closing, closing
times will be less than those for no flow and will be
less than the required closing time.

3 The yield strength of disc pin material per the ASME
specification is 3 2 8 times greater than the allowable
strength used based on the ASME Code.

4. The maximum torque of the actuator is 2.4 8 times the
maximum torque calculated based on a LOCA flow with the
valve at 65 degrees.

-

-7-
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5. With the valves at 6 5 degrees the valves can still pass
the required flow under normal conditions with the
required pressure drop.

The ability of the Terzel seals to provide a proper shut off
is based on the following:

1. Posi-Seal's experience with Terzel seals in applications
where the velocities are comparable to those the subject
valves will experience during a LOCA.

2. Radiation testing performed by DuPont as reported in
Reference (a). For Posi-Seal's application we have
rated the Terzel seals to 3 x 108 rads.

3 The ability of Terzel to withstand 340 degrees F.
temperatures for a short period of time as also reported
in Reference (a).

,

!
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ALLOWABLE STRESSES

4

Per Paragraph 6.2 of Specification 2323-SS-20, which
addresses seismics, the stress limit should be 90 percent of
the yield strength unless otherwise set forth in the
appropriate design standards and codes specified in the
equipment specifications.

.

Posi-Seal used this criteria for the bolting and bracket
stresses.

As for the parts subject to pressure, Section 3 7, 16.5 of
the subject specification states that the stress limits for
the upset, emergency and faulted conditions are the primary
pressure rating corresponding to the pressure temperature

.

classification as defined by ANSI B16.5. These pressures,
however, cannot be translated into allowable stresses for

.J{ the purpose of this report. It should also be noted that
-

Paragraph NC-3500 of Section III of the ASME Boiler and
,

Pressure Vessel Code, 197 4 Edition, including the Winter of
1975 Addenda, only states that the valve shall be designed
in accordance with ANSI B16.5.

As a consequence of the above, Posi-Seal decided to use 0. 6
S for the allowable disc pin stress and 1.5 S for the
remaining allowable stresses. S is the allowable stress for
Class 2 and 3 components given in Appendix I, Tables 1-7 1,
2 and 3 of the Code. This decision was based on using the .

service limit Level A given in the present. Code. The 0. 6
factor was' used for the disc pins since they are in pure
shear. The 1.5 factor for the body, disc and stem was used
since the stress of these components includes bending.

i

(_
,
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| MATRYX ACTUATOR
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LOCA ANALYSIS(,~s
The purpose of this analysis is to determine what effects
the aerodynamic torque resulting from a LOCA will have on a
valve assembly. Since aerodynamic torque is dependent upon
the flow conditions and the valve angle, computer programs
are developed.which:

1. Models the piping system
2. Determines the flow at various valve angles
3 Simulates the actuator as it strokes the valve from

fully open to fully close.

149ESLING THE PIPING SYSTEf!

For this LOCA analysis three cases are investigated to
determine which piping s'ystem results in the largest

,

aerodynamic torques resulting from a LOCA.

The piping systems are:'

Case-1 The piping breaks off downstream
of Valve VADPBC-10

Case 2 The piping breaks off upstream of
90 degree bend inside containment
and downstream of Valve VADPBC-10

Case 9 The piping breaks off upstream of
Valve VADPBC-9 and downstream of
Valve VADPBC-10

Shown in Appendix A are schematics of the piping systems
with each system broken down into the individual components
with its correcponding resistance factor. These facters are
inputted into the computer program either as a K value, as a
length of pipe, a change in pipe diameter, or as a valve C y.
The K values are obtained from Reference (b), the C valuesy
from Posi-Seal Technical Bulletin No. 2, Enclosure (2).

L
10- -
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Tnus, with the piping. system modeled, and with the upstreas and
downstream conditions known, the flow conditions can be determined.

.

'

Determination of Flov Conditions

Derivation of equations

Bernoulli's -Equation

Zy + 1kh Py+V1 =Z2+1 2+V2 g+b

p1 2g p2 g

Since the flow investigated vill either be steam or air the height te.r s
(Z , Z ) can be ignored.y 2 ,

.

I +Y = 1 P + Y1 1 2 2
. ( p 2g p 8y 2

where P = Pressure PSIG
3Density lb/ftp =

V Velocity ft/sec=

2g = -Gravitational constant = 32.2 ft/sec

hL= Head Loss

Since the piping systems are relatively short the flow is assu=ed to be
.

.

adiabatic.

1 {P'2\1/ per .:.ef. (b)p * P2 T
1 1 1I'Q1}

T * T b2 1-12 1 2
, y

1 .

.

L

- 11 -
,
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C,
where K Ratio of specific heats=y

P' Pressure PSIA=

Absolute temperature RT =

.

Flov equations

In. tire,

' 2'694.3 P VDQ =

T

i where Q Flow SCFH=

D Diameter in=

j

.i

In valve
.

s 1 -

1360 C P Yg X per Encl. (2)Q =
y y

; 1 GTZ
,

i |
'

.where C7 = Valve coefficient,
1 X = AP/P

LP = Pressure drop across valve PSI
Y=1- X

! 3F Xg T

F
; g = Ratio of specific. heat factors.

X = Rated pressure drop ratio factor4

T ,

G = Specific gravity -

'

j-

'Z = Compressibility factor
'

1

For choke flow in valve

007 1 C P' F 7 per Encl. (2)Q =
7 g7

'
GTZ

.fi
.

X6? chched =-F
g T 1

.

(.
I

?

i

; - 12 -

.
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Sonic Velocity Iquation_ w

g h637 .g P per Ref. (b)V =

.

Determination of the flow conditions vill be perfor=ed as follows:

1. Calculate density e.t the end c'ondition

f' ' \
P "

i H+1 N+l py

N;

' 2. Calculate initial velocity based on beginning and end conditions.

| V(1). = P - P 2Mgg,y y

P/P '

\ d+1 1

1-fD )1 -K
'

y .

,

k ( H+1j

K(1) + K(2) + ... + K(U+1)vhere K =

3. Using the initial velocity V(1), calculate e.P for all the s+:", ions; _

; as shown belov

| For I>

1 to N=

'

p(I)p =

p(I+1) = p

V(I+1) = D(I) V(I) p(I) D(I+1)2 (y,1) --

P(I) = P(I) - 14.7
P(I+1) = p(I+1)[ P(I) + V(I)2 (1 - K(I) - V(I+1)2

\ p(I) 92T4 9274'4

P(I) = P(I) + 14.7 - P(I+1) = P(I+1) + 14.7
p(I+1) = p(I) P(I+1) 1/Y.

g
P(I)

p(I+1)-p|>.0005then p = p .0005If

and recalculaf,e P(I+1)

Note: This is done since p(I+1) is a function of

( P(I+1) and vice versa.

P(I+1)\ (K _1)/gT(I+1) = T(I)
1 1P(I)j

*

- 13 -
'
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^ For deter =ining the AP across the valves, the equation for Qs

given on the preceding page is used. Solving for Ao frc= this

equation results in a cubic equation with the smallest root

being equal to the actual d op across the valve.

4. With the final pressure P(I!+1) calculated, this pressure is compared
to the final pressure given. For this particular study the final

pressure is at=ospheric.

If the calculate pressure is less then the given final pressure

then the initial velocity is decreased and Step 3 is repeated. The

initial velocity is increased if the calculated final pressure is

greater the the given fine.1 pressure.

5 Steps 3 and 4 are repeated' until the calculated final pressure '
apprcximately equals the given final pressure.

,

-

6. If sonic velocity is encountered at any of the stations the initial{
velocity is decreased until Step 5 is achieved or until the calculated

sonic velocity approximately equals the actual sonic velocity.

If the latter is the case then the given final pressure is assumed

and the pressures at the stations between the outlet and the

station at which sonic flow occurs are determined by using the

equation given in Step 3 in reverse order.and using the flow, Q,
based on the sonic veloci.ty.

7 If chche flov is encountered in any cf the valves then the same

approach is taken as given in Step c.

8. Io determine the flow conditions for the varicus va've angles,
the C of the valve closing is detenined for the angle ofyr

interest and Steps 1 thru 7 are repeated.

The above is formulated into the co=puter program "FLO'n'-GAS."

- II. -

.
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SIMULATION OF THE ACTUATOR STROKING THE VALVE CLOSE

In order to simulate the closing of the valve, an equation
which describes the torques acting on the valve stem has to
be defined. This equation is given below:

TITO = Tglow +Tair +T spring +T packing and seal + T bearing

Where T = The net torque tending to open the valveITO
(equals zero when the valve starts to close).

T = The torque due to aerodynamic flow caused byfyny
the LOCA can act in either direction depending
on flow direction and valve angle.

T = The torque exert by the actuator as a resultair
of the air acting on the actuator piston
tending to open the valve acts in the positive

'

direction.

T spring = The torque exerted by the actuator spring
tending to close the valve acts in the negative
direction.

hacking & = Torque of the packing and the seal resisting
seal the closing motion of the valve. The seal

torque does not take- affect until the disc Bbegins to seal which occurs at approximately
3 degrees from fully closed. Resists the
motion of the actuator. Positive when valve
closes, negative when the valve opens.

bearing = Torque due to thea P acting across the valveT

which fo rc e s the stem / disc assembly into the
bearings. Resists the motion of the actuator. !

Positive when valve closes, negative when the
valve opens.

!({ 15 --
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Derivation of Torque Ecuations

Aerodynamic Torque (Tfgy).

Since Posi-Seal has only deter. mined hydrodyna=ic torques for water
based on testing, see Encl. ( 3 ), a way to determining aerodyna=ic
. torques for air and steam from those for water has to be derived.

.

The resultant drag and lift forces acting on the disc are as

folloWs:

F = C pV A Resultant Drag Ferce
D D.

2
2F = C pV A ' Resultant Lift ForceL g
2

.

The resultant torque is the resultant force times the length fro: g of
,

stem to the location of the resultant force.
,.

<(_ ,,TD* D P p A es m ant hag Torque*

2

Tg=Cg gL pV A Resultant Lift Torque

D,L = CD,L b ,L P ^
2

.

%

h*here V = Velocity

A = Surface Area

Density of Fluidp =

Drag and Lift Coefficients (Depender.: upon shape andC,C -=
D 3

orientation of disc)
L,L = . Length g stem to resultant lift and drag forcesp g

D,L Cc=bined Subscript=

.

- 16 -
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s IOTE: C and L are the same for the same size and class valve,-

D4 D4
assuming the same angular position, regardless of fluid, flow,

i

media or temperature.

* T fluid y p fluid V fluid,,

T vater ~

vater V vater,

2
VThW 7T

hF PF
"

262.4 VW
;

Where W = Wateri -

F= Fluid,

62.4 lbs/fr.3p water =-

i

i

l

f' V = Calculated in the determination of the flowF
! conditions -

l
;

.

( V . 00223 _q = .00223 C=g y g
: T IA
,

Disc Hydrodynamic Torque per PSI AP (function of.i T =gy
valve angle)'

i

hF
Disc Aerodynamic Torque per PSI APT =

.

The total aerodynamic torque equals
3

i .

Y AP"
F F 4W F

262.4 Vg
.

4

' e

'

.

i

e

i (
1

17 --
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i Lh P
33.34Since-p * 1 R =

,
__ F gy

n ,i

85.76
.y _ Q ,, R team

=
c.

7 - -.

*( 127300 P Ax y

.00223 CV [ f.PV.. =
n

A

1hh 1*[Tgy\fQ TThen T = y-

7
127300 P A LP

(62.41 1
I ( .00223 C,d u,. 4

* A
.

[.04326 Tgy ---
| 2ca_.c C i

T = T 01
P1 ( vj

1

[T .,,_ .0269 T .g ---
2o3.o C

= T 0g ye
** --

'

P v)1 (

1 Values for C and T .g can be found in Enclosures ( 2) and' (4 )y g

: respectively for various valve angles.
,

.

-
; .

For critical flow the equations can be simplified to:

k .hklT = T .g F X Pg g 7 yAir,

GZ

.274 T .. F.,XL PT
.e,_-

=
kw r, i 1e

-- -

GZ

The ab'ove aerodynamic torque equations have also been incorporated into
4 "FL0b*-GAS" computer program such that the torque resulting' f rom a LOCA can

be determined for every 10' of valve closure.

Since Posi-Seal has not performed any aerodynamic flow testing, the validity
of these equations is determined by comparison ~to test data given in an ISA
transaction. See Enclosure (5)

In performing the- LOCA analysis it is assumed that the valves close
individually. This assumption is made for two reasons. The first is for
ease of cmalysis. The second reason being, this is considered to be more
conser.at ee since if both valves close simultaneously, the resistance int

the system will be greater; consequently, the flow will be less and the
'

aerodynamic torque will be less.

i
4

h

- 18 -
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Pneumatic Torque (Tair)

( 'T ^ R P1"
air

C

Area of piston DWhere A Cubic Displacement= =

DA =
c P Working Pressure of Actuator. =

2R

1728 V 14.7 V Specific Volume - SCFA = =

2R P+14.

Radius of Scotch Yoke (See Figure 4)R =
3

i

P1 Pressure of the air in the piston cylinder=

P1 ( V-6V) P1 Previous pressure (See Note= =

V Below),

AV Change in Volume=

dt * Q dc Change in Time= =

3600
.

Flow. thru solenoid valve or quick exhaust,' Q
'

=

,

'

P1\ 1.25 (F )963 C , Ptg=

ty

' " yGT,

C,=C of solenoid valve or quick exhausty y

'

E = Rated liquid pressure recovery factor of agg

solenoid' valve or quick exhaust = .9

G = Specific Gravity of Air = 1,

T = Temperature * Rankinei

Pl f |T774.2 CQ =
y

Equation describing the advantage of the Scotch yoke
'

C2 =

as a function of angle.

h NOTE: In order to take the effect of the building atmospheric
; pressure into consideration the initial pressure for P

is equal to the working pressure of the actuator minus
the building atmospheric pressure.

.

>

- 19 -
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; y 'x
V Valve Ste:

'

(
E' 5

's/}Cy--
'\ / '|t j\ |\ ;\ \ * '

; 4

(' \
.

\ | k.I ,'/ il
?

.

~ |' \1
i'-Air. Supply

/
,

-
1

<u .

& Exhaust f, _" > ' S' '

F.iston Scotch Yoke'

Figure 4
'

i Forces acting on Scotch Yoke Pin
.

1

i

Y Ys
g : N..

.
-

O, Q0% i-

s, .

F|, y p
R.

,y R g L
,

F d F
'

1

H :
H -

0 \ p
-

\F
R y

l. Y

Beginning of Air Stroke End of Air Stroke
Figure 5

Summing forces in the horizontal direction;

psin h-F =0 For 0 = -90* to +90'|0| Fi F - ces -

H RR

FR=FH (cos 0 +psin |0| ) cos0= cos |0|.

!
; -F = Resultant ForceR

F = H riz ntal Force: H

T =F R'= F R = Resultant TorqueR R R

CoS 0
,

T T* =
.. R{ cos 6 (cos e, + p sin |0| )

' C2 = cos 0 (cos 0 + psin _ |0| )
- 20 -
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-( S;rinS Torque (T,_ ,n.)
s

..s

T ,,u s_ = K X2 R Figure 6
s,.. c

.

,

*
.

1.k14 R
* eU R *- AX = 2RSpring, Spring g* Ending '

A-

*

Fully y '
S ring BeginningExtended H R

*
P

e
. -

X - AX-- .-
1

. . . _ . - -X ~

2 8

K = S;ringrate

= AF = Tsnrine beginning - Tstrinc endin-g.

3 .,.
. .

"

1.414 (1.414)R AX,

-( K T -T -
=

spring beginning spring ending
2 -

4R

. X2 = Xy + R (1 + tan 9)

7'l ~ Tsnrine endine C2 @ 9 = h5
-

KR

X1 = .571 Ts=rine end,sn=
KR

X2 = .571 Tsnrine end_,ng + R (1 + tes 9)
r3

.

Eearine Tercue (Tbearine)
'

.

"
2' bearing = fr/ F D d where // = Coefficient of friction

( = .059 for bronze bearings

D = Disc gage dia eter-

d = Ste: diameter
- 21 -
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The torque equations are formulated into the computer
program " FLOW-CL". This program calculates the various
torques acting on the valve and the amount of valve closure
as time is incremented until which time the valve is fully
closed. In order to determine the aerodynamic torque for
angles other than the ten degree increments calculated by
" FLOW-GAS" the values for the densities, pressure drops and
velocities are taken from " FLOW-GAS", interpolated to
correspond to'the angle of interest and then the aerodynamic
torques are calculated based on those values. The reason
for calculating aerodynamic torque in this manner is that
density, pressure drop and velocity are more linear between
the ten degree increments than is the aerodynamic torque.
However, for the case where there is a bend upstream of the ~

valve the torque is inputted directly. The program used for
this is " FLOW-CL1".

.

- 22 -
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SEISMIC ANALYSIS. . . _ . . .

-
. .s

. A. NATURAL FREQUENCIES:

LATERAL - Disc / Stem (By Rayleigh's Method)

The natural frequency is calculated for the worse case, that
being the valve open'where the disc is not supported by the
seat.

4

E r- - - - - - ~ ' u1 D i

f D
'y ~2 707 D; + ;; i >-

fo t 1'

,
6-

' Y i ,

2 W 1 L-E L____--3 "
h 2

!- Figure 7

C= 3.125 1 Hz NATURAL FREQUENCY Per Ref. (d)N
,

1 Y,

'
Figure 8

"

5Q f = :M =
#t / y{ ty

-3 2 3 2
- -

W D M D W D W L) ,L2 0
4 4 4,

i
2 2 2 3 Deflection ofy _ _ _ _ _, , , ,

D 3 EI 48 EI
D D D D

2 2
-

W D M D W D W
L') ,L2 04 4 4

"" ""
0D=

- -' + = + ~

2 El EI 16 EI
D D D D

-

3 3
- -

W L )- ,L2 "4 L) + L4 2
2 3 T Deflection of Stemy., ,

3 3 E1 6 El
3 g

t

?

23 .
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J'e 2 e i e) A,e-U U L

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

2 -

W D L L D L D L L
4 y 2 1+ 2 y 2 1 2+ -

+3 -- +3 -- +T+ + 3- + --

._..-

-ty,_

.
E 48 I 16 I 16 I 4I 6I-

,_ D D D D g

i- 3
- - 2 - -2

-

-~ 3 --
W D L L D L L D L L

4 y 2 2 y 2
- + +

+ _3-- + +3y, - +3 --.

E 48 I 8I 4I 6I
D D D g

__.

4
S= N 1 Itxnent of Inertia of Stem ( in )

64

2 4 2 _ -2
.707 DE .707 DE -E Y~ Tr E TT E Y ?

_

2 + 2 2 - + 1 + 1 _2 _ ttcaent of'b" 12 _2 _ 64 4 Inertia of Disc,

(in )

3535 DE + .7854 E Y
2 1 2 Distance to Neutral Axis (in)

,
y.

2
707 DE + .7854 E

2

IGIERE: W = DISC NEIGIT (LBS.)
4

1 = STC4 DIA. (IN.)
D = DISC GAGE DIA. (IN.)

Ly = hnW BRG. WE (m.) See Page 46 for gdon

L2 = THRUST IGSHER THICIGESS (IN.)
Ey = M S:~'M DIA. M OF DISC (M.)

E = WIImi L RGE DIA'. OF DISC (IN.)2

Y = DIST. ( STE! TO FRONT FACE OF DISC (IN.)2

b

- 24 -
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l' A TUR AL FREOUENCY AhALYSIS - VALVE / ACTUATOR ASSEMBLY

1he natural frequency in the lo.1gitut.inal direc. tion
is that of the actuator rocking about the top of the
valve neck in the direction parallel to the pipeline.
The transverse natural frequency is that of the
actuator rocking about the top of the valve neck in .

the direction perpendicular to the pipeline.

.

- 25 -
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VALVE NECK A!!D FLANGE DII1ENSIONS
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ACTUATOR MOUNTING BRACKET DIMENSIONS
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Figure 11
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LONGITUDINAL (Z)' NATURAL FREQUENCY
. s

.

.

DETERMINATION OF' LONGITUDINAL SPRINGRATE-

Springrate 6f the Neck
'

.

,

-
.

.

Springrate of the neck due to the shear in the Z direction

F .z
. . - - - F..

t r , r ., ,y _

.

1 d f-*-Y ,' HY' =

.

'- v
? -.

Z( f f x wiisu-

# / ~ ' ~~

Figure 12-.

/
,,,,,, w,

_

%| -*

.

F '

QMz
.

3 2
*

Yp = F_1 y ,g1
2 21

----1 X
X

2 s

07=F1 4 ,Q
- -- O a
4 11 X .

X
.

Y = Y,-+ Y.,. Y = F,, 13 + M'12 i' " ~

2 El- -- ,. 5 La X 'X

k 0 = 0-+ 0.. G = ?z 12+M1
*

.

n =0- -- '

g: L 1.f, !
- *.

X

M = - F ,, 1 *

u

2.
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LONGITUDINAL SPiING?. ATE OF NECKc.

|
s ..

(_
~

-
.- .~ -

. , .,

3 3 3 -

Y=F 1 - p 1 y = p. 1z z z1

3 EI 4 EI 12 EI-

x x x
., s ..

'

K=Fz _ 12 EI -.x
,

- Y 31
.

t

- Circular Cross Section- Rectangular Cross Section
N 4'I = n- (D -B5) I =T T 3_y 3

o x 3 4 g 5x, --
,. .

:s , %' n , *

ys-.

With Gussets
'

N. 6- -
''

g-.

,

3 4.
-

I =Ix + (L - D )T
'

x 0. ,

12 .
.

-

-

i . .

-
-

1=XFor the' Heck-

5| { . . .

, ,

K 'n 12 EI
-

-

NF x s .
>

1

1 . z ., .

x3 ",s. -**-
-

5
-

..

. . . ,
.;

Springrate of the neck du,e to the moment about the X - axis
.

-
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'

. O
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X
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Figure 13 ' ].-.
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s UJNGITUDINAL SPRING?J.TE OF NECK
..

,

.
,

T * Y '''ES (X3 + Xg) Y3=Y7+YgY( .-

Ss
'

.

eS = e + G,Ar
~.

z'X'_3 M=F (X3+X)+F XY.,= F YM=MX5 : 4 y 25 .

3'II 2 IIx X,

x's F =F Yg=? (X2+%3+X)X5y h

2 EI
x.,

s

2
3+X ) = ( M + X ) X07 = F, X5 Fe g 3 4 5

2 II 2 EI
X X*

,

~~ ~f9fM = M X5=F (Xp+X3+X)X5'

h

: "i EI
,s x

.
1 .

, ,
,

3+X)=Tz (X3 + X ) (X Y23+X)X5i Og (X g h 2 3
-

1
-r, ,

; N x
: e s
, .

f~ Yj=F X 3 + j73 ** b ) X5 2 + (Xp+X3+X)IS 23
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3 5 h
4

i II
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,
-y ,,

4 *% .

+ (X3+X)(X2+X3+X)X5] 3- h h
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!
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K = F_(

. i
1 ^T
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e,. .S1
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2 .

2 2
X " 3 + II'3 + Xg) X5!2+IX2 + 7'3 + X ) Ih ,, S 2'

''

5
;

'

I 3 + Xg) (X2+X3. + Xh..*5
'

_ .
4

D *

.. = K, _ K. , ~
~.i, .. : a . ,_.

. _

- I E-

|

|
w '

s -- - 30 -, s
'.>

, F e e

|
_

-



_ _. - _ - , - - .

J4Y//dL-UU1

LOI;bITUDI!!AL S??,IICGR:.?I OF I?J,C:GT
,

.-..

.

Strincrete of ? racket

( Springrate due to twisting of the botto: plates of bracket
'

per Seely and S=ith, Page 271, P,ef. (e ) .
.

1 -

-_

0= 1 .T vhere 3.= . 333 = 3 for b >> h
'

3 G3bh G = Shear Modulus p-

y
. .

,

.
,

Looking at ene side of brachet
'

f.ssu=e the width of the bracket y
that resists the'tvist of the f,3

-

plate is the distance between y
the bolts. 3-

,

. . .. _

<

.G
"

( y.

g %-..
hJ.' . b = X

N- J
~

%
l

.

.

.

. .
- ~ :.

,

( Figure 14
. ..

.

6 1+X)+F XG = 12X10 h=T T=M =F (Xh-T 3 I 21 x _ z_
.'.

.

2 2
.

3 Tz (Xh-T1+X3+X) =F (Xh-T1+X3+XjF F C ==
2 3.y 2 gX6 1 6 x .(4,x roh 7 3

.
2 (12 X 10 ) 6 1_

'
s .

f |
G=jd where d is assumed to be = T'

5~ 9-X7

2.' -

*
/

-

,

G=F (X3-71+X3+X) (i5 - 2T9 .Q2
6 3 -

X 16 X 10 T
8 1

d

. . .

(_ .
-

.

.
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fC::GITUDII?AL S??.II:GMTE OF EMCKET. - - -

.

- s

Y = s (Xu-T1+X) T'' ' * * f 5 "11 * Sl'83

Y=Fz (Xg-Ty + X ) (X3-Ty+X3+X)I 5 - 2T9-X) >

3 2 7

8 16 X 1 h T
3 -

X y
3 6

i X T 16 X lo ;
., 8 y
.==y
~fx"(Xh.- Ty+X)Gk-T1 + 73 + 7 ) (T5 - 2Tg-X)3 2 7 ,

; r

I

i
i

; Since the springrate of the bottom plate for one half of the bracket
: is based on half the force acting on it, the springrate of all of

the bottom plate' equals
, .

'

\
;

t .

Xg T 16 X 10
,1.,

- ::,3 =

y + X ) (73 - Ty+X3 + 7'2} ( 5 - 9~~~"x (Xg-T 3

-( * -
, .

| Springrate due to the ,visting of the top p1E.e of the -

! bra.chet
.

b=X D3C of Actuator
6

- ,

i
i

6
T 16 x 10| K ,X6 o37x' x .

; X- (X + X ) (T5 - 2T9-X)a a 2 6
, ,

v.
..of.

y v
...;,f .- ::. ,

.a ..-.a

.v. .:..:..f. .. : if.
. .;

. . 6.
,

<

.

4

d

y -
.

.
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(i
s

Springrate of the bracket due to the shear in the Z directicn per
.

Fage 29 K = 12 EIShear x .

31 ,

.

(2) T TK_F., = 12 EI
'

I -=
x x. 9 2

''
i Xh-II-TO 12

.

3-

K- , 12 E T T *

9 2 -or =
z

6 (X -T -T )h 1 O
. .

3K 60 X.10 1 T37 , 9 2z .

'

(Xg-Ty OT)
.

Springrate of the bracket due to .the bending of the side plates'

~

Y7=Yg+93 (X3+T) -
'*

O
.

YS=Y+Y, 9S = e + 6,4,

r b :- .
.

.

YF = F. (Xh-TO~7)1

3 EI. x

Yg = M (X3-TO-T)y 4
Y - -

2 EI - S e v' X3+T0x S i
! Y
t 1_

"
}M=? (X_ + T ) + F X x

x : 2 0 y 2
,

Xg-TO-Ty*

F =F, I -y
1
i
f

Figure 15
- - -( .

.
.

"
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LONGITUDINAL SPRIHGRATE OF EE;.C ET.

,._._

.

s Yg = F., (X3+ 0 + X ) (Xh-TO - T )2
~

{ 2 y
! 2 EI

X;

6 =F (Xh-TO-T)7 3 1
*

- 2 II
x

3+T)=F (X3 + T ) (X3-To-T)9F (X] O O y
2 EI

.x
.

~

=F (X3+TO + X ) (Xh - T3 - T )GM = M(X3-TO- 1 3 2 1

N
x

,

3+T)"*: (X3 + T ) (X3+To + I ) (Xh-To-T1Eg (X O O 2

EI

3+ 0) + (X -T -T )2 (7 + 0+X~2)'YT=F ( h-T -T )(X -T 1) * h o y 33 O O yg

_ 3 II 2 EI 2 EI
,x x x

-

3+T +X )+ (X -T -T ) (X +T )h O y 3 O.j 0 p.

(l II ..

X
<

.

.

K:eq _F_- EI!
-. - x

h 0 1) ( 3+T )/2,+ (X -T -T ) X +T # )/2(X -T 1)T +
O 3 oI 3 o2g O

:

i
<

+ (X -T 1) ( 3+ 0 )(X +T # )h O 3 o2,

3
.

I = (2)T T #=T Tx 9 2 9 2
12 6

.

a

v v v
3; = .. _-v

": : X
*

::+ . - .e. .7,
.

-. .

.v.- = .v ,, v.-6- . .

: X :

; K- , + K g
: X : . .

- .

I .1 ' *E3,, N ,,.
.

K3 + K,. *fz.:
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S??.INGFrE OF VALVE NECK FLGGE
. . . . .

.

~
s .

P-

Y X}F*
.

-

X- i 32 7 .

_|
-

; _

. .

"
FX4 2..

'

l
k 3t ,

<.-

I 1
F .

2 ,

w ev
hT

' 7 +; |
'~

Figure 16t

D |
-t

Case 22
T =Tg or DO Feark Ref. (e)7

.

nP1=Fv (X2 + D) + F: (X3+X)-F Dh 2 -
-

2-
.

F =F-

y z.

'

F2=F (X + D/2 + X3+ h !

g p

D

y-.= f (F ) = F C ,g g

h2=(X
, X = 2y (X3+X)

'

X 3

3+X) .
h D

X = 2 ():3 + Xg) .F: (X + D/2 + X3+X) C2 3

2
D

Y_.= F D
#"

X 2(X3 + Xg) (X2 + D/2 + X3+X) C
3 ,

b.33 D2 + 2.33 T 2
-

. 3- 2."y"2 m 3 ,_ I3. . ^6~
a 2_26.8 D2

2

( - (X +Xu)(X +D/ +X +X ) 113 33 T[-8.67D
'

7 T in
3 2 2 3 h 7 _.

,
; ,

(D/T ) - 17 3 D T 2 (yn (gj7 ))22
.

7 7 q

., _ . .
.,73.6 -

3 . 71
_ 35 .K.l + K_L

-

o :

. - - - . . . , ,._ _ _ _ _._.;._-_.-_._... ._ . _ _ ,;... - . _--
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,

LONGITUDINAL (Z) HATURAL FEEQUENCY-t s
>

.

.

.

M=Wg+W5
'

386

4

Vnere 'a'g = Veigh of Actuator
-

-

4 -

4 dup

.

- fn = 1~ K
2 TT -

H' z' z
zM

.
. .

*
9

-

e 1

' = .=
- %

T e

.

G

e

.h -

. ..
*

|
'

..

4

!

.

8
.

.

. . ,

'
.

.

U

4

- .

x
.

-- _ 36 _
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T?J2?SVERSE (X) I?ATU:J.L FF,EQUEI:0Y*

C'
-

-
.

DETE:JGI?ATION OF TPJJ SVERSE S??II;3? ATE

.

- .

Sprincrate of Neck
,

Springrate of the neck due to the shear in the X direction '

,
,

h h
5 ),Y_ = 12.II I = T (D -3 Circular-

L 2 z o
- X .

3X .

T 3_ y 3 h5 RectangularI =Tz 4 3 g5
12

+ T(I-D )3 + 2(L - D )T(L + DyI =I g g

.
6 4 .

vith Gusset

-

i *

Springrate of the neck due to the' =c=ent about the Z - Axis
CJ

...
.

* EIY. , = 2

2

5[3+(X3+1)X5!2+III+X3+I)X5 2
'

'

X
4 4

.

+(X3 + Ig) (X1+X3+X)X5h

~
.

$ "E EIE W
X- X 2

2 'M

.

. .
*

i

O
t

(
. * e

g
*

%
e

.

- 37 - .
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TRANSVERSE SPRII;G?>.TE OF I?ACGT
. ..... .

..

.

SPRINGPATE OF 3?J.CKET~-
. s

,

Springrate due to the =csent about the 2 - ar.is acting en
the bottc= plate at the bracket

F
F y *

<x .et
U

r
s'*

I
^ j' G Y"G F (X -T +X3g yF

.

>

= F (X -T. +X )+F X- '/ F=M Mz z x h 3 y 1- 2'N T -Tr 5 9 F =7

| || .

*

W -T +X + 1)F F=F h 1 3M xz
_!_ T -T$ g--

I.

F

Figure 17 .
-

.

-( - -
.

.
..

--

2 2-
,

9., = F 1 =F -(T5 - 2T9 -7 2
: -

2 _:.I
2 EIz

2By=Fx (Xh-Ty+X3+X) f,5-2T9-7) 2T-

1 7 .,

2EI (T - T )z a 9
.

.

Y=F -(X '- T + X ) (Xh-T1+X3+ 1) (T5 - 2T9_- 7 )y 3 1 3 7
8 EI,. (T. - T )

.e>~ -
4

b I (25-T) z=T 2IF 9= z -
1 2

Dib - 21+A)U1 + Ig -- T1 + X ) (T5 - 2T -7 )2 ,
12

3 3 97
.

9

e

. . - - *

f

,;

| - 38 -
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TPANSVE".SE S??.ING? ATE OF 3?AC ET
. . - . .

.

20 X 10 T T 3 -(T5-2)
~( '

2 y 9

K= ,, =

(XL-T1 + X ) (XL-T1+X3+ 1) (T5 - 2T9-g)2*

3
,

.

.Springrate due to the =crent about the Z - axis acting on .

'

the top plate of.the bracket

(5- 9}- K = 20 X 10 T T37,, 2 O
z

3 + X ) (T -2T9 - X )2X3 (X 1 5 6

.

Y =Y
'~3M Y'3TM"3M 2 .

z z z

^3M + ESTM1 .

z z4

! -

i
.

[.

] A Spring: ate of the bracket due to the shear in the X - dir ecticn..
.,

~,

3Kr = K- , except 1 =T9T2:. er z-

x z 6.

.

6 3E- ., = 60 X 10 T T
=: 2 9

X

(X4-T1 - T )3
'

0
,

e

.

.

9 . 6

- %

i

*
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DRCSVERSE SPRING?J.TE OF 3R*.CFET,

--

C I
s ,

i

Springrate of the bracket- due to the beniin5 of the side
plates.

K cM = Km4 except I =T T2 + 2T9 2 (T5 - T )2
3-

T & Substitute X for X
c- m z 9 o, 1 2

*
6 2

U
y _

. z

'(X,-T 1) 3+ (Xg-T -T )2(X +T ) 2+ IX "T -T )2(X +T +X ) 2
~

z
3 o o1 3 O h O 1 3 g 1

+(Xg-T 1)(X +2 )(X +T +X )O 3 0 3 0 1 |

bS * bF 'bSM ,
7,

'b? + bSM
x z

- .
,

YA = K M . *KSSz
x z x

C
,

Kg4 + K33
-

'. --

z x
.

.

Kx1 = K K
.o N
x x

Y, + .;
x 'x~

.

.

Springrate of valve neck flange

T7=Th or DO --

2 3
y -_ 2.3'D T E See Page 35 fe9 expression6''FT inside brackezs.;+X ) ( X. -p, ...2+Xg)

-

( .y >

3" 2 ~ ----"

s

K =K ''

x X1 FY

kl + FT -

'
.

#m- - -x
=1

.E.x2T - Hz
|

M
. .

- - 4 0. -

.

- - . , , - . ,.s - . . - .
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34977SL-001
1 ACTUATOR / BRACKET BOLTING.

~~

LOCA STRESSES -

1.414TS WH RE: T==
s NAX LOCA TOROUE (in LBS).-

( 116 N = NO. OF ACTUATOR BOLTS

A = TENSILE STRESS AREA OF ACTUATOR BOLTS (IN )
S =S

SOZ SOY. X=D OF ACTUATOR EOLTS (IN.)
- 6 BC OL ,V = Occasional Load (Transverse, Vertical)T

SEISMIC STRESSES - G = Transverse Seismic Acceleration
A. VERTICAL DIRECTION (Fy) G = Vertical Seismic Acceleration

4
.g G = Longitudinal Seismic Acceleration

3

Fy= W *' G2 + 0LV M =FyX M=FyXf W = Actuator WeightZ
'W Bracket Weight,

2
4 4y M MAXIMUM BOLT LOAD (LBS.)F= -COS

N N
61 1_, Per Ref (f).

WF= 4 COS M
N g

[6"1d 1

F= Fy +F+F (LBS) TOTAL TENSILE LOAD ON BbLTT X Z
N
l

-

8 *
Ty T (PSI) TENSILE STRESS

- A
l

B. TRANSVERSE DIRECTION (F )
'

F" \ * ~ l T IX l X2 M=FXz X3
.

S 1Ah + h @SI) SH E R S M SSggX
NAX NAy
. =

COS f
P = 4 M MAXIMUM BOLT LOAD (LBS.)p

XU 1
,

.; 61

S = F
. TZ RZ (PSI) TENSILE STRESS

1
.

C. IDNGITUDINAL DIRECTION (F )

P= I-7 * G Y"I k Mx = F Xz l 3 Z
3 3

S 1.414Ty + F
SSZ= n 3 Z

A16 NAy
YF 4 COS M PAXIMUM BOLT LOAD (LBS.)

=

RX N Xy
XN
61.. .

S RX , (PSI) TENSILE STRESS=
TX

^1 41 _.
., -. .- . . . . - - . - . -. , - .



ROOT SUM SQUARE STRESSES: 34977SL-001

SS" (S +8sox .+ ssx so: ssz

2 (PSI) TENSILE
S 2, 2,gS ='

MAXIMUM STRESS: MAX. STPESS THEORY

TS TS 2g, g
T 2 g , 2, , SS

'

BRACKET -

LOCA STRESSES -

S"$ "! "" !B 5 4 5
I
* %T----

I=TT '~"

9 g|
4g2 2

Nr2 2
.

4\"

TENSILE (PSI)B

\ . ,q 5,5o 2

\! !
y-. T-

3 ' 2
S SH M (PSI)SSO See Page 42A A y

fw .

SEISMIC STRESSES -,

A. VEL *ICAL DIRECTION (Fy) Figure 18
F

Fy= (W + .5W ) c + OL M = FyX M = FyX B2 2 y g 7 X 2

"Z 5 + "X 2T '

S = Fy + TENSILE (PSI)
2T T 2J 2J92 3 2

'- 3-' 3- -'

J =2 92 J" 9 + ~ 9/2y 3 92 5/2
_ _ _ _

B. TRANSVERSE DIPICTION (F )y

F= (W + . 5W ) G + O h Ty = F X F
2 y2 Z X (X3+X) B

=

4

SX SSX +F SHEAR (PSI)SS "
y See Page 42A for derivation

TTg2 SSX
6X Ty +M TS =

g 4 g 5 +S TENSILE (PSI) See Page 42B for derivationBX BT T 2J dS
S92 3 BX

C. LONGITUDINAL DIRECTION (P )
Z

F= W +.W) G WXZ y 2 3 Z1 M =F W+WZ

S = Tyg + F SHEAR (PSI)
b25

T9 T2
6X Ty + MTS =

TX 4 X2,

Te To T 2 J,
,,
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- STRESSES ACTING ON THE BRACKET IN THE X DIRECTION
*

i - AS A RESULT OF A TORQUE
'

F g
s

j( \

\...

'

2 y .

X
L 'T' T4

,
_ _

T ',
5

[T [TF T R= =
2 + 5T ,

' '
5 (2/ (2j

R -T cos O cos 0r = 5=
5

-2 2
2 +T 'T

5
'.- O

T +T - 5r =
2 5

2 T +T
2 5

T'= r F

S T (3a ' 1.8b) per Table IX, Case 4. Ref. (c)=
g

e 3
8a' 5'

a = . T ., b T=
9&

2 2
,

# TS T T, + T 5
3 ..T2 + 1.8 T9

= y' -

S 5
5 2

2 T 2, 2 2 2
#

'8'T IT I
2

i,l ,
- ,-

1
for S -T = . Valve Operating Torque lSSO

1

for S -T T=
SSX y

i
.

'

\
I

- 42A -
.
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i

BRACEET STRESS DUE TO TRANSVERSE SHEAR

!e
'

!

Maximum Bending Moment

g (X, [T O+T i) FM = -
f 7

2 \ 2 / 2
'

4

2

i X - (T0+T) ;4 1

2

|*
.

! B !
t t

%,s s 's %

:

!

Section Modulus = T T2 9
6 |

i
;

Bending Stress = SBX = 1.5 FX (I4 (To + Ti )/2)-

2T T
2 9

1
!

,

L
- 42B -
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ROOT SUM SQUARE STRESSES: 34977SL-001

S + S +S SHEAR (PSI)S =
. .. SS SX SZ S

TS Ty TZ +S S+ B TENSILE (PSI)

MAXIMUM STDESS !%X S*T<ESS THEORY'
-

TS + +S 2
g gg
T 2 ,_ 21, ,

BRACKET / VALVE BOLTING -

LOCA STRESSES -
2X T

X N A X soZ 7g
NgX2g

WHERE" T= LOCA TORQUE (IN-LBS)

N= NO. OF BRACKET BOLTS = 4 _ X : Figure 19
2 7

A= TENSILE STRESS AREA OF BOLTS (IN.) o,r2

9= X .+X7 8 9s
X 1 XEQUIVALENT BOLT DIA. (IN.) 8=

SEISMIC STFISSES - -

o

A. VERTICAL DIRECTION (Fy)

Fy= (W1 + W )* 6 '+ UL M
2 2 V Z" 7 1 "X yx ~

E=
2 z

( Z F= F F TOTAL TENSILE LOAD ONRX X F =

2X 2X N BOLT (LBS.)
7 2

Ty= T TENSILE (PSI)

^2

B. TRANSVERSE DIRECTION (F )y

( 1 + "2F" Gy + OLT Ty = F N =FX (X3+X) EX X2 Z 4

9 +F
S X SHEAR (PSI)=

ggX 77 A X2
229 NA

22

b S =b msm pSUF =

RZ TZ
2X A

7

C. LOUGITUDINAL DIRECTION (F )

F= (Wy+W}*3 y= F *1 M = F.,(X + *42 ZZ
X 3y y ~

7 + F*

, ,

| 2^2 9 NA
22

RX TENSILE (PSI)X SF ==

2X A
8 2

.

43 _-
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34977SL-001
ROOT SUM SQUARE STRESSES 8

(S +
gg SSX SOX SSZ + SOZS =

s +S +S '8 "
? TS U M TX

MAXIMUM STRESS: MAX.ST3FES THEORY

S= TS + TS +S gg
- "

.

VALVE NECK -

OPERATING & LOCA STRESSES -

W = Weight of Valve Neck (LBS)S= C SHEAR 3g
1

8 (T3/ ) 2 T4/ ) 3 - 8( 2 + R6) ( )2 g 2J=
! T4/'

3(R5/2 * R6)
3 2 + 1.8 2 + *

4 Z
+ 8(* ! )2 T4/ ) 4t' Di2 g 2 -

!) + 1.8 2 D
!3( 2 y g

g Based on sheer stress equation given in Table
IX, Case 4g ofRgf. (c) T

4J= T (dOR 1 3 -
'

32

R 6f 'y R5 IC= T4 DIST. TO MAX. FIBER STRESS .

~

~~ T2 d2
4 + Di2 OR P 3 + Di2 HOOP (PSI) Figure 20

S= P
P T 2 - Di2 d 2 - Di2

4 3 Based on hoop stress equation
- - ~ ~'

given in Table XIII, Case 33,
SEISMIC STRESSES - of Ref. (c).
A. VERTICAL DIRECTION (Fy) T &d3 = 26 Di - 2a4.

Fy= (W + W + w )*G2 + 0Ly Z
M = FyX = FyX Bg 22 3

A= (T - 2R )T - tr DiS Fy ,MT3 + "X 4 4
4T/ - TENSILE (PSI) g

3 2

A= 4Y (d 2 - "
3 Di

#= (T3-2pyT3- T Di OR TV (d ~
*

2 4
3

12 64 64

!J - ~

2 2 3 ~3
12 12 64 64 l

B. TRANSVERSE DIRECTION (F }
X

F= (W + W + W ) %1 + Oh Ty = Ff2 N =FX(3+X4+X) B3 Z 5

( SX X SHEAR (PSI)
2J A

S Z3 TENSILE (PSI),

3
- 44 -
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C.. LONGITUDINAL DIRECTION (F )
....

F= (W +W +w )*G I +
. 2 3 3 Z1 X" Z 3 4 5

S
SZ Z

l A

S = MxT4 TENSILE (PSI)

2 -

ROOT SUM SQUARE STRESSES:

hg/ + S hS SHMR @SUS =
gg ggg

[S 2+S +S =
TZ TX P

MAXIMUM STRESS: MAX. STRESSTHEORY

S TS + T +S
T SS

b~ ~
D 2,

IValve with Gussets y y

Figure 2
~

IJ=J +8 (L/2) (T/2) - 8(d3/2) (T/2) -

( 3 (L/2) +1.8 (T/2) 3(d3/2) + 1.8(T/2)

C= d
3

3

J"J2 + (L - d32
12

,
J=J +

3 3+ ~ 3 ~ 3 3

_ 2 _| 4

6
- '-

^A= A+ (L - d 3" *

3

S Fy + It L + th d
3

3 ZJ
2

YSX 3 + Tx ST = I'z L
*

2J A 2J
3

YSZ 3 + Fz ST = Mxd
^

1 2J
,

(-.

.

- 45 -
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.
~

VALVE STE4:

OPERATING & LOCA STRESSES -..

S3= 16T SHEAR (PSI)
tt 3D1

2F =3F = 'iT PD i APPLIED M RCE ON DISC (LBS.)
A 8

THE EFFECTIVE BEARING LENGTH IS DERIVED AS FOLLOWS:

S =F FrIERE A = PROJECTED BEARING APIA
Y E.ECTIE ENG EGTH TM M MA =L D

y = DIAMETER.y

S = F
I LDyy

SIECE THE LOAD IS ASSUMED TO 3E TRIANGULAR, HALF OF THE YIELD
STRENGTH (OR 15000 psi) IS USED. -

.

F
S *

C \.Y
s,

S N2

-{ M - ,'. .

N,, , -

+LyM
T L Figure 22

1 .

THEREFORE, L= Fy
15000 Dy

.

AS CAN EE SEET IN THE FIGURE A30VE, IT IS ASSUMED THE RESULTANT
SEARING PZACTIOU OCCURS AT L /3.1,

i

EENDING DUE TO PRESSURE (PSI)LPDS.

YL1 + b
=

D3
-1 -

WHERE Ll_ + g EQUALS LEUGTH OF STE4 FROM THE
~

<

3 2 END OF DISC TO THE BEARING REACTION. !
-

1

46 --

.
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4- )

.....

SEISICC STRESSES -
~( M = Whg H+L 8" k * 8:

^ 2 2- -

2
2 3

16 Whg M+L 3EIDING (PSI)Sl= 32M =
2b TD3 'tf D 3 31 1

lbs " b b.

MAXI!CJM STRESS: - IMX. STPESS THEORY
,

4

2 2-

s+ Rs + Ss
S =
t 2 _2

'

VALVE DISC PIN:

SS = 2(%/ loo)T SHEAR STRESS (PSI)
D As ~y .

.

.

'

.

T = Torque due to LOCA
.

% = Perceatage of torque taken up by the top
pin. See the sketch below for the two A
different pinning configurations.

:

a

F - =g-

4-T v' N .

'

:

h' - r ~ . '( d'

I /' '

X ' O' ,

[-

N M.
- |h

.
_

- + / Ti s''I. ! ./ I / i

/' ! '' .I

. ii'
.I

) \-/ E''

,, i.

"/ | 7
- 'I'

L,// \ gi' y'L / N.,
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As= .7854 adp SHEAR AREA (IN ) along chordal length a ;
_,

.01'745 D 0 ARC. LENGTH (IN.)a=

{
' 0= SIN ( )

dp CHORDAL LENGTH
l= dp( ) -

4

VALVE AND PIPING SECTION MODULUS:
3

4) SECTION MODULUS OF VALVE (IN )
4

Zv= W (d -R
7,

32d

4
4) SECHON F. OMS OF MN MN @3)Zp= W (R -Rg g

32 Rg
Zv > 1.lZp

WHERE: d = VALVE BODY O.D. (IN.)

R = VALVE BODY WATERWAY DIA. (IN.)
7

R = 0.D. OF ADJACENT PIPING (IN.)g

R=I.D.W M N NE W.) '

g
DEFLECTIONS:

(W1 + .5 W ) G +GAX = E ,y g =
x x,y 1 22 ..

( . g,y 3 2
G +OX g =

AZ (W1 + .5 W ) Springrate (lbs/in)E= 8 ,y x,z
=

2 z
Kz

.

VALVE BODY BOLTING:

-,

4
F Cos M MAXIMUM BOLT LOAD (LBS)

XN ;3 -

O3

S= F TENSILE STPISS (PSI)
T

A4

IGERE : M = M.O*IMUM PIPI :G MOVINT (IN-LBS).

4

U = NO. OF BCDY BOLTS
3

0" BC OF BODY BOLTS (IN) .

A = ROOT AREA OF BODY BOLTS (IN )
4

NOTE: NOT APPLICABLE IF BODY IS WAFER STYLE OR THE ALLOWABLE MATERIAL
,

- STRENGTH OF VALVE EXCEEDS THAT OF ADJACENT PIPING, OR IF THE
|b VALVE SECTION ::0DULUS IS 1.1 II:1ES GREATER THAN THAT OF THE

'

,

ADJACENT PIPE AS DETERMINED ABOVE. PIPING MAT'L ASS 10!ED SA106 '

GR.B S ALLOW = 15,000

*

i

- 48 -
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DISC STRESSES

Shown on Pages 48D and E are the equations Posi-Seal uses
for analyzing the disc when subject to design pressure.

For the purpose of this report the disc will be analyzed for
two cases. For the first case, stresses will be calculated
due to the LOCA flow acting on the cisc, the pressure drop
due to the LOCA flow acting across the disc and due to
seismic loads. The second case will analyze the disc
stresses due to the full pressure drop acting across the
disc in the shut position and due to seismic loads.

.Cff e_1

Moments about the X - axis

A. LOCA
.

M = T (LOCA Torque)g LOCA

B. Pressure Dron

To determine M for this case the flow pressure drop isgp
substituted into the equation for MX on Page 48D.

C. Seisrio

j!F = W G +G per side3 4 1 3

M = 4DFXS 3

3n

.

4 8A --

-. , . . -
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%F * M * M +MX X E.+NXP XS

To determine the stress M is substituted into theXequation for T on Page 48DX

Moments about the Y - axis

A. LOCA

For this analysis it will be assumed that the bearing
reaction is equal to half the LOCA torque divided by the
distance from the disc centerline to the centroid. The
resulting My is as follows:

M = 1 T E+L *yt LOCA 2 E2 2D 3
.

3n

B. Pressure Droo -

M is determined by subst!tuting the flow pressure dropXP

.{ into the equation for My on Tage 48E.

C. Seismie

- -

M = Fyg 3 R+L2+L1
2 y

NM : M = M +M +My y yg yp yg

.

&

L
i

48B --

f
. . _. . _- - _- _ - . .



94477SL-001
..

'

.

<

6

The stress due to M is calculated using the equationy
for Fy on Page 48E.

The combined stress is then calculated using the
equation for T n Page 48E.

C

Case 2

This case is the same as Case 1 except the moments due to
flow are not determined and the pressure used in the
equations fe= Mg and Mf is the pressure when the di sc is
closed.

.

.

I

b

48C --

i
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A DEIAILED_ ANALYSIS

Deternimallon.of_LOCA Toroues,

Per Reference (g) when. a LOCA occurs the pressure inside
containment will increase to 50 psig and the temperature of
300 degrees F.

Since-the make up of the media is not known, two conditions
are analyzed for each of the three cases in order to insure
that the largest aerodynamic torque is determined. The two
conditions are air and steam.

The results of the LOCA analysis are given in Appendix B.
,

As can be seen in Appendix A, Cases 1 and 2, there is bend
upstream of Valve VADPBC-09 Therefore, the effects of
these bends on the aerodynamic torques during a LOCA have to
be determined.

.

Posi-Seal has performed an investigation to determine what
effect a pipe bend will have. To date this investigation

'

has not revealed anything Posi-Seal can use with confidence.,

Consequently, Posi-Seal has taken the following approach:
1. Assume the flow results in a resultant load acting at

the midpoint between the-edge of the disc and the stem
center line.

2. Determine the load based on the principles of impulse
t and momentum.

3 Calculate the resulting torque- choosing the angle of
attack which results in the worst case when added to'the
aerodynacic torque of the normal flow thru the valve.

U 49 --
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The assumption that the flow resultant acts a't the midpoint
between the edge of the disc and the stem centey line with a
bend u'pstream is based on the following: *

-

,

1. For flow through a straight pipe the largest aerodynamic
_ ''

-

torque will occur at 80 degrees open fp r flow in the
preferred direction and 90 degrees for" flow in the
nonpreferred direction. This torque is 'preccainately
due to the lift and drag forces acting o n' the disc.
Only a small amount of torque is due to the flow
impacting on the disc since the moment arm is relatively
small.

_.

2. It is assumed that the resultant of the flow impacts the
disc at the midpcint between the dise edge and the stem
center line throughout the closure from 90 degrees open
to fully closed. Although this may not be conservative
at the smaller -angles," it will result, in very -

conservative results at 80 and 90 degrees < where the -

maximum torques due to the lift and drag forces occur.
See the diagram below.

Figure 24

'

f' Velocity profile with resultant
7 acting at midpoint between disc

\ F edge and sten E

.

J Valve at 80 degrees--

J Velocity' profile acting on thepF disc at 80 degrees and they R ~

corresponding resyltant.
~

(. Posi-Seal uses the full value af F throughout the valve J.,R
closure. ?- s

-50-
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The magnitude of the forge impacting the disc is determined
by using the principles of impulse and momentum as follows:

.

AM VAM V + fat =
$ 1 2
s

+V = 02

F otAMV =
1

'

Change in mass - lbm'where AMt = ,

\
V = Velocity - ft/see+ 2s.

s , ,
,

wF = NForce - lbs

At '=- Change in time
...s . ,

:n . -

AM = A oV At
g s

-

- ,

i.

ArcE - ftwhere A =.

Density - lbm/ftp =

.r , g :I:; . Gravitational Constant
.

,

,

I #\

W = A pV Flow - lbs/sec=-

- ,.

7
'W 'V at = F At1-

,

'
8

F = WV
1

E

W = .n?6h Od .
-

. 3600

where Q = Flcw - SCPH

F = .076h 0 V = 0VG
632.2 (3600) 1.517x10

,. 1, .,

>

'

|
-

,-

,_
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~

The orientation of Valve VADPBC-09 relative to the end is
as shown below. Flow is in the nonpreferr'd direction.

.

.,
.- - _-

t.::
-

I 'L- -

_d
,

.

Figure 25 -
1

( Since Case 2A resulted in much larger flows and aerodynamic
torques than did Case 1A just Case 2A will be investigated.

The determination of the flow resultant force for both air
and steam is as follows:

Air (G 1.0)=

Derree A I F.
(Per Appendix B,-Case 2A)

90 8,549,000 528 2976
80 8,549,000 558 3144
70 7,760,000 534 2732
60 6,131,000 548 2214
50 4,522,000 512 1526
to 3,042,000 401 80 4
30 1,860,000 266 495
20 942,000 139 86
10 476,000 71 22

52~--
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Steam (G .62)=

Derree A 1 E
(Per Appendix B, Case 2A, Cond. 1)

90 10,140,000 627 2598
80 10,140,000 658 2727
70 9,345,000 634 2421
60 7,548,000 666 2055
50 5,578,000 642 1464
40 3,762,000 516 793
30 2,303,000 346 327
20 1,166,000 182 87
10 590,000 93 22

1

Since the air resulted in higher forces just the resulting
torques from the air are calculated.

R = Radius corrected for the component acting normal to the
disc at the worst angle of attack. A

R = R cos (45-0) = 16.650 cos (45-0) = 4.16 cos ( 4 5-0 )
4 4

See Figure 26 on Page 57 for the cetermination that the
angle of 45 degrees represents the worst case.

Degree 1 T T = T+
Bend LOCA T

(Per Appendix B)

90 2.94 - 8761 15640 6879
80 3 41 -10720 1620 - 9100
70 3 77 -10310 - 3035 -13350
60 4.02 8903 549 9452- - -

50 4.15 - 6329 1566 4763-

40 4.15 - 3335 2190 .1145
30 4.02 1991 2390 399-

20 3 77 324 2470 2146-

10 3 . 41 75 2485 2410-

-
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DETERMINATION OF CLOSING TIMES

i

Based on the aerodynamic torques determined in Appendix B
"

and the preceding pages, the closing times are calculated
using the computer programs "FI.0W-CL " a nd " FLOW-CL1". The
results of these calculations are shown in Appendix C.

As can be seen on Pages C-2 Valve VADPBC-0 9 will not close
when subject to a LOCA in the full open position. When all
the valves are restricted to 65 degrees open, the closing
times are less than the closing times for no flow and less
than the required time of 5.0 seconds.

Shown in Appendix D is a comparison of the calculated
closing time to that actually measured.

The measured times which were recorded prior to shipment of -

the valves were as follows:

{ PSI Iter No. Tae No. Closine Time
(Sec)

147 5 8-2 A CP1-VADPBC-09 1.5
2B 10 1.0

147 5 9-2 A CP2-VADPBC-09 25
2B 10 2.5

Posi-Seal believes the difference in closing times between -

those for Unit 1 and those for Unit 2 to be attributed to
the difference in quick exhaust valves. This belief is
based on Matryx Certified Actuator Drawings not calling out
the specific make or model of the quick exhausts.

Posi-Seal, in performing the closing time analysis, assumed
the quick exhausts to be Parker-Hannifin OR-37s. As can be
seen in Appendix D the calculated time was approximately the
same as for Valve CP1-VADPBC-09 Posi-Seal felt justified
in using the C for two OR-37s, since, for the case wherey
flow is resisting closure if the valve could not meet the
required closing time with this C it could not meet it,y

( with a smaller Cy.

- 54 -
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- As it turns out, with restricting the valve opening to 6 5
degrees, the LOCA flow will assist closure, thus the closing
times will be less than for the no flow condition. )

*

SEISMIC ANALYSIS

Since the fundamental natural frequency of the subject
.

valves is less than 33 Hz, the input accelerations are-taken {
from Reference (h). Because the valves are located at an
elevation of 87 9'6 " 'and the response accelerations at;-
905.75' are greater than those at 860', the maximum response
accelerations at 905 75' are used for the seismic analysis.
These accelerations'are 3 2 Gs in the vertical direction and

i 2.6 in the horizontal direction.

'( For Yalve VADPBC-10 which has its actuator mounted on the
bottom, one G is added to the vertical acceleration input to
account for the actuator dead weight.

Since the seismic analysis is based on the vertical axis (y)
being the axis in which the weight of the actuator acts and
the transverse axis (x) being perpendicular to the pipeline,
the relative orie'ntation for Valve VADPEC-0 9 has to be
changed for the analysis. The reason being, the actuator
for this valve is mounted on the side. See Figure 25 and
Page 52.

;

With the actuator on the side, for -the purpose of the
analysis the vertical direction becomes the transverse.

direction and vice versa. As a c'onsequence, ona G is added
.to the transverse acceleration for the actuator dead weight.

It should be noted that 10 lbs. has been added to the
actuator. weight to take into consideration the weight of the
internal 'stop used to restrict the valve opening to 65
degrees.

4

t ,-
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Shown on Page E-3 of Appendix E is the seismic analysis for
VADPBC-10 fully open with the largest aerodynamic torque
calculated applied. As can be seen, the disc pin stress
exceeds the allowable.,

On Pages E-9 and E-15 are the seismic analyses for Valve
VADPBC-10 and 09, respectively, with the anount of valve
opening restricted to 65 degrees.

B .-

.

It should be noted that the occasional load is a 500 lb.
load which acts in the vertical direction. Consequently,
for valve VADPBC-10 which is installed upside down the
vertical load acts in the vertical direction for the purpose
of the analysis. However, for valve VADPBC-09 which is

'

mounted such that the actuator is on the side, the vertical
load acts in the transverse direction.

:

i

|

.

e
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CASE 1

18" - 150 Class Valves CP1-VADPBC-0 9 & 10

Piping outboard of Valve CP1-VADPBC-10 breaks off.

The resulting system is as shown below.

!| 'N /' -

L' L_ . _ _ _

.]
,"

j (, ~~

2 Per Reference (i)
Y' .m

ivs.

(
Station No. Type of Resistance (No)

1 Entrance (1) K = .5 D = 24"
in

2 Reducer (2) D = 2 " D * I 0"in out

3 90* Bend ( 5) K = 12 f * *14
t

4 Valve (7) C = 11053y .

Flow in the Nonpreferred Direction

5- Straight Pipe (4) L = 9 5'

6 Valve (7) C = 11053y

Flott in the Preferred Direction

7 Exit ( 8) K = 1.0 D = 16"
9

l
iCase 1 A Valve 9 cycles closed
|B Valve 10 cycles closed
i

|

{, i

- A-1 -
|
1

l
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CASE 2

18" - 150 Class Valves CP1-VADPBC-0 9 & 10
.

Reducer in front of valve CP1-VADPBC-0 9 breaks off
and piping outboard of Valve CP1-VADPBC-10 breaks off.

The resulting system is as shown below.

i2
r, .-,_.

3 e, -:->

,

N.j .--

- s

[
,A \

4 \
+

& \ \-. w

'5j
V-

.

Station No. Type of Resistance (No)

1 Entrance (1) K = .5 D * "
in

2 90* Bend ( 5) K = 12 f = .14
t

3 Valve (7) C. 11053=y
Flow in the Nonpreferred Direction

4 Straight Pipe ( 4) L = 9.5'

5 Valve (7) C = 11053y
Flcu in the Preferred Direction

'

6 Exit ( 6) K = 1.0 D = 1E"~
g9

Case 1 A Valve 9 cycles closed
B Valve 10 cycles closed

!

!
1

.

- A-2 -
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. . . . 9ho77SL-001

~ *
. j

CASE 9

18" 150 Class Valves CP1-VADPBC-0 9 & 10

Piping inboard of Valve CP1-VADPBC-0 9 and outboard
of Valve CP1-VADPBC-10 breaks off.

The resulting system is as shown below.

.

.

(
- -

, c

|

@ h -

c

Station No. Type of Resistance (No)

1 Entrance (1) K = 5 D 10"in

2 Valve (7) C = 11053y
Flow in the !!onpreferred Direction'

3 _ Straight Pipe ( 4) L = 9 5'

4 Valve (7) C = 11053y
Plow in the Preferred Direction

5 Exit ( 8) K = 1.0 D 10"out

Case 1 A Valve 9 cycles closed
B Valve 10 cycles closed

- A-3 -
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APPEITDIX B

.

( Dete=ination of Flow Ccnditions

.
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- _.- - -

,: o.
.

.e.I'

! "*~

t
CASE IA-

~

4(F
'

CCI DITION l

,

!

. NUCLEAR LOCA AHALYSIS

. -
y

VALVE SIZE: /7
VALVE CLASS: I TO

ACTUATOR: /1, [,. , y , e o 7 2. f/-f6
-_

3UPSTREA?! PRESSURE 4 '/. 7 PEIA IIITIAL DENSITY , 2. 3 o LES/FT
4

I:ITIAL TD2ERATURE 'To 0 F FII!AL PRESSURE / ^/. 7 PSIA

SRUT OFF PRESSURE 4 */, 7 PSIA ICIA N.b
j RATIO OF SP. HEAT /, '/ SPECIFIC GRAVITY / -

| CGI?RESSISILITY / EYDRODYNid'IC FACTOR
G 90 DEG 5 t '/r I?:.LSS'

4

, PSI1

t .
!
!

r s
8

t

'
STE: DIA. /, 7 f' IN. GAGE DIA. / 4. 2 f '/ IN.

[i PAC:-:I::G Tc?.aur /c ri In.L= . SEAL TOR;UE 2 39 e r;.LES
'

IRECTIOn 0, ,y ,. 4m c
/. :

4 ,

'

<

| * * * * * * Q...f .Cm.s*.*.**_**
* *

1. * } . , }* *f ,9 f''.'*hG. .w . -.!'.T***
.. . . s v w,

'

.

I
i (See Apper. dix A)'

i
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+
.

0

.

a

!

4

b !

0-1.
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!

*
Lapx l0

. _.
. C O N T I< U L_ SYGTEM ANALYC1G

)

VALVE S! Ee13 VALVE CLASS =15: FLCu-Gas

UFSTkgAM INITIAL INITIAL FINAL SHUT-CFF
~ ' T RE'23CE---~~I'E%'3!YY:X10 9.- i E"ERATURE- TRE? hat e xETE'St

6 *. . ? 23 300 14.7 64.7
f a ~

( FE0!A AATIC CF SFECIFIC CC9PRESSI?ILITY HYDECDYNr.at!C FACTCR
.i. h- .. w.. . . 1 i c,. .c-

-

_A_I..R_._ . 14_ 1 1 3:45
. -.

._

, t c.. , . . . - e...,...,.. e. .

.n,, ,,., .-. - - . _e m. ,7 .
.-_,.c,...

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

.. . . . . . .

' . .'5 1 45* 1N3 2 an
5 - * . * -,,,p.,..-.,,n.
. .

. . ..

'-~ T ATI OT ?.*C. ^?Y"'~ 7 "C?!CTA'!CE --~O!*.'*?it"'C'--**'''***-*------'*''"'.""*. ' " ? ----- i t *.T3 * A r"' C * M +-- ----.

1 EN TE.". 'CE 24.0 0.0 0.500 0.50C00
.: PT'!U''ER .: 4. 0 0** C.4'' e. v ''M

'

3 PIPE l'END 10.0 0.0 O.!40 *.44246
s r.v. ~ 23.v ... u.... . . . . -

S.,T.,L, e.CH r P IFE 1,8. 0 9.5 C.CCE5 RAT
. ...

0.3.00,0,4_ . - . . ,
. - u.. -0.,.. . . . . . . . _ _ _ _ .. , . ,. . .

7 EXIT 18.0 0.0 1.000 3.140<.*

FLCU IN N0tiPPEPEFMD DIF ECTICN

CUK !!!',. e :..U ! ',: ' ' --.Vt U.".E *!._. . _ . . _ . . _ . . . . . _ . . . . . _ . . . _ _ _ . . _ . _ . . . . , _ , _ _ _ _ _ _ _ _, . , . . , , , . . . .. _ . . ...__.-_-_..m ,, .

.w.

. _ . . . _ . . _ _ . . ..tg p.g . ..g ..g ; , y . _-.._.c.,_,w.....g . ....;gcyey. . . . _ _ . . _ - . . _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ . _
,

1 1 ^. ? 0.2200 JO9.0 202.J
n. J.-~. . .. ... :.~

5. - -- . m , . , _ .- -. . e. .-.0. 3 .? 1. ._ __._ _ .."..? ? . J ..
5/ 1 0. 3?4 3

.. ,,. e. ..
.- _ _ . . _ _ . _ _ _ _ . . . . _ . . _ _ . _ _ _ . _ _ _ _ . . _ .,,. ...-

5 47. ? 0.1911 273.6 432.J
c., ie 7. . . .T37 274.; 940.-
7 43.3 0.1700 "47.6 477.1
o . . . . w e ,. a . ., ...w.-

(
, re c:ne ts-utra votvens:r- -

VALVE TCP1UE- 5.006 *N. LS3 -

g-a ;n p.39,w pg. - - . _ _ _ _ _ _ _ . . _ _ . _
,

( _ t

~ . _ . .

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

'

.

s. (

C ,

C.. .

,- : ,.r 5 -e. .c.e, e . :. ;. r r - f.m ,- < . .. < :., p. 7, . -
. ., ; <y ,y

.

.
v - - - . . , r _, c : : x.* .,w.-.m--

-

5. p g , .. .- *
, ,, . . .

,
. . . . ._s. . -

,
. , ^ ,

. , ... . . .
- - .-

.
, * , ., , , ..

B 1-

1



3
.

C D N b,rr I CTNS- NS ~ Le ACT.'E C CD S EG '-~
. .

e+ htE rf OU Op ACROSS t'ALVE Telottec
90 e,9a.7263 3.35 10,7C9

s

FRESSE:. ULN3ITY it.MEKATUKL vtLOCI?T

( ' ~ % .1-
64.7 0.0300 300.0 O^3.3
64.- P. . .,,, 5 ,9a. .n. 5. ..s . .

3 57.0 0.0101 239.3 294.0
* >J.a c.a.U. .sa.s +1...
5 49.9 0.1711 2~ 3. 4 432.3/
6 4-"T7 U.1337 '-"~ 774. 2 443.7-~

.__ ,',.-.- ...l.3 - _0. ,1.?O3 . - . 0.1 ~ . 6. . . , '.7,... . . _ _ .- - . -

a 4

4. r. . .m. , ...-.s .. .

, . .*![* .C. * F(.C'! ' ' DP ATTN "'f.LVb T'ci n t ;
- - - - - - - - - - - - - -- - - - - - -

*
. . . . . *

3e - .,7a6;c11 - -- r.1 s -- - - - - - 1;n: -- --- - -

i r.ET3tuu ODf?tfY TE"*LRATURE 10 00t!
,

1 64.7 0.0300 300.0 199.3
. c., v . .O*:. ?u.- .a . v
3- 57.3 0.2111 02v.7 384.5

,

4 33.3- v.T017- -**34.6 g 01.* 5.

5 49.7 0.1977 076.4 431.5
5-* 45;7 7.100 T - 270.2 i43..
7 42.2 0.16'6 265.5 476.3

. .! .. . ;? . . ... .

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

- -__M. .C.L E __.g ,,,FL.O.u
t. . OP_?.U ;n V. A_L_VL_. __ 3 ,.e. g _.t.v._ .- - . _ .

_ ..

T ls-
7 3-. gg3- - - -

L..-. . ;- l** ? -? ???-CPf:f*"'t . t**0*'* .'

t $4.7 0.0300 30?.0 190.?
2 M. 'r s .T207 - - 070.? ~1? * ; ''

3 53.1 0.0131 270.? 244.i
9 17. . v . ;0 4, 134^. 3 477.-
5 41.1 0.1305 270.3 409.5 .

^

a a c. . . . . . . . . .u.. ~ > . . .
7 37.9 0.1630 211.4 474.5
r ! 1.'." s t321-- ' ----'19*.7- 731. .

.

..
'

ANCLE FLOW DP ACROSS VALVE Tclassng
a0 +,.a7is.a ...:v -

..

F*E0EtJRE LINS!?? TEMPf.N TUPE ~4ELOCl!?
1 . " . ' O.2310 30".0 107.6

t. *. . t C.0025 M ??:? i t '?.-3
3 59.3 0.01?a 0*2. 4 310.7
". =.. . . . . . . >.. a ...
5 33.7 0.1573 25?.0 427.6I - - - ~~c 31.7 G e-t $ 25 - - 21 $ . 2- ^*, 0.* -

7 23.3 0.1433 243.3 474.4.

S 14.7 U.0777 i?$T$ C44..p ,

ANCLE FLOW OP ACROSS VALVE Tclosingp* ,to ,330,-035 32.07 1796;

r r.E5:UF.t. .,LMit T i --TEMPERA Tt|RE ~4 tCCITTb. ,
1 64.7 0.2300 300.0 108.7 '

- ' ~ * . * * .' ** Q'. ~ * Re.. * ;5-og, my*y.)p?*?~~
=. . . e .3 .~ - ~ ~ ~ - K;3; p = naq ' ~ ~ ~.'.~?Q;* *'.?*("N * ' ** ': ''~' \ "?:.7 '?% V ,.-['e,'***. , .

c'
*

- r ...

- . . z. .#c.' . , * . . . . -.s
*

* < . . d
..r. , ' . . -

c . .a . a

n.'. . t.%,.a. 2 - . . * *: w p.: .c. r . .M. '
m e- +, , . - . . . ..g *..

, .s *. . -

.. .. ..., .. e ;.,...

.

J

/

. (l-)

J



. . . . -- ,
. -.-

.

3 G2.0 0.2232 596.4 234.9 *4
,

4- 57.v v.!**03 . .- C15 ; ; .' .--s

;* s~
23.Q 0.1291 233.1 007.55 ,

.:7. 5* --Dil22.: s s. .: C2. ..

7 25.7 0.1129 237.0 400.o
a 19. v. e .- r a ; > s. . ca .s

G '
.m a; ih;6c ia unor.c.- TLC'.! ftT TTA*2*ft 4

-

4

.(
.

AMCLE FLC'J CP A29023 VALVE Teleting'

.e u .,e , c a c. .1. a e,wra

j PREestrT--- DENT **Y T CvrRAn*F.C Vt*LCO!?Y

;
.

d, 4. '. . . 22.,,?.3 .._ _ 3,'' 0, . 0 . . - . .~T......._ . ._. ... _ . ..... . _ . . ._ . ._

6 e'. )
.

-_..,!...
.

.. ,.. .. . .
, .,-

- . .
' J ef.o 9.22'I 279.4 157.9

er ..: s . ? ? . .' .a w.,.,s. . . . .3

2
*

.

4 - . _ . . . .-._ 21. ,Q......-._,.1.n.. - - .16' ..!
.

Hf.3
..

O.M9 2
."5...--_.. -.-_ . - - -

5. . . * *
*. e. ., .,

. . . .. . . .
i 7 19.9 0.0991 '214.2 363.2

, a an., u. visa ty479 qua.1

I *C i .. m. t. .. ....c ;c .. .. * .. .

i
.

/*tCLC FLOL' DP ACPCSS t'ALVE Telestn;
c'r . ,75*!, 2 W' 2 r. r :, e,742

i
_ r . r. .n.

-

: ~.. -. . ,. ,r. -

. . ...

_. . . . . . -~.._._.m..a. .. e n . .s . s 4.

n. .4
. n.

-
s oa. d -

... .. . r ... ._. ---- - . .-. _._
-

o .

| ! #*.
-. - . p. . + -- - . p .5. - 0.

2?.!. . . . . . .,,. 707 _-' /7. 5,-".we.... .. . . . .

.

.s.

: E 1?.2 0.00*' 225.7 25C.3
.... . . . . . . . - - . . . . .

7 15.' O.03'T 204.9 255.3
, *t e .--- cit *~U- ~.?.W.4 ;.r, . .

T2TE -~*%e ; Cn;.*EO7tO*.T eii J?ftTi"*i ,
2

!
.

1
'

/.t:0LE FLau DP AC.e220 VALVE Tciccang
.v ~"-"*4 . . :. i . *?.T5 u.,

?fC??$:C Eff?t*Y T T.".**"L*RC : Et:et;* "".

; 1 64.7 0.2300 300.0 27.e
s a =<.. ;...:- .i:.~ ...a

3 64.6 0.2299 299.9 49.4*

j -
$.4.T G. g g r.? 279. E. ,%,*

, e ..c.. c. n. o.e. . .: 9. . .v,
.

_
. . . . . , .s ._, a.-.. . . m... . . . .

...

7 15.2 0.0019 t??.5 12 7. a
J

c . . v.. i. . .. 2...a
.

..e.r. ~.. . .a r. .~ . e.,a ... g o e..J . A T .e v. n. , , n..f . 4 - -. . . . . .. ..m. . .. .

a

C
ANdLE FLOLI DP ACRCSS VALVE Tclosing (

y
* AJ *s J ; p / Q F 97.// .p%a. '

.

f^. ('--T-ftOTOtth L U n51ii it.MPU Ai .hi v iLL;. I i -

1 64.7 0.2300 3Co.0 14.2

i' ( '* a . 4 r8- s...ri sii.i 4i.

3 64.6 0.2299 299.9 25.3 I

JM. .*, ,1 :* ?.fs%v'*? ' .;% ty;r* T*f" * 173: . * * * *;* ;*?" ' ' * '@ ~ ' ~ F*4**
'" - * ~.- - --4a~. - .m . - - - . m ..

' . . " . , . :;r . :s '.'..y'
,

. - , . ., ,
.% , . . 4 %7* * ' '

.. '.e ,3 =*(: y a . . .

..
. . , .,i .*

, .1. ; ; ., p . r,e . .

* '- ' , .
. .. ,'- f.** .*G. . . * . t. u. ./ .J .

* + 6 .
d .. . 7, g.

.

I

1

h

4

e

.

e

i

A

!. o-1

i
'

I.
- w ,--,y- TT'- * .*"-'T- T T "-T-. M C *"'-YYW- "' Y l"--.F'-"*' T*'TT*"WVW19- P W=Tw 'W w^ pe'ImW*='fg W= .7 rW %g-.-"7Y - tf y' T FPT-m W or T.t-t * "T W ,&"'



~
5 1 ". 9 C.0005 19?.2 70.3 *

6 1CB c.02C5 177.7 /2.4
-

7 14.8 0.0S03 195.? 72.5
G- .' o''C90 155.4 73..,

~

...r.. T E R n m *L ; .. 2 ; e. : a s -

"QT E : A F'CS_IT IVE CLOCING TCF:DL'E IND! CATES THr.T THE VALVE t!!LL TEND TO RE"AIN CPEN

(. ,

_ _ . _ _. _. _

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

.
.

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

t

. - . - - . . - . - . ____..- -..-. . . _ _

--

_ . . . . . . - _ . _ . . . _ _ _ . . . - _ _ . . . _ _ _ _ _ _ - . .-. . - - - . -_- - - - . - - - - - - - . - - _ _ _ - ,.

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

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

'
. -._.

.

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

.

.

_.. --

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

( i

b f

C e

:r: . . :;.;*y : ;
-

.

,

w . ,e. e. w, M.. >' v.'. ,.'- a*.',3
.

- - . . 7.., ; -
- n: . - - .~;. ,.

. . ~ -
.

'.*.,V... .a . , ' . -'' 7 . ;.i * !*.** .t. .

. * .

., s . , ' . n i..r , ' t .! . 31 6 " - '.
-

.,,
. .. n ,.
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; 1.
.
.

7

|
. . .

CASE / A.<

r ~,

( CCUDITION L

s

, - ,

HUCLEAR LOCA AI:ALYSIS
., -

VALVE SIZE: 1% *

VALVE CIASS: If0
ACTUATOR: / h, a a e4077_.SR-YO

/'

3UFS" REAM FRESSURE 4 Y, / FSIA IUI.'IAL Jil!SITY /f7 LES/FTe

I'. ITIAL TE!GES.ATURE 300 *F FIUAL FRESSURE /1.7 PSIA

SEUT CFF FRESSURE (,f,7 FSIA MEDIA Sbmg
i .* RATIO OF SP. HEAT i,3ri SPECIFIC GRAVITY , 4 2_ -

CO:GRESSIEILITY / HYD300YUAMIC FACTOR
.' @ 90 DEG ~;' 2.1 )- I::.LES
!, PSI
t
I
,

t I
' s
f

|' STF': DIA. /,7>^ IU. GAGE DIA. / 4. 4 F / In

! PACI:IUG TCRQUE /0 9 T IU.LES. SEAL TORQUE t.314 IU.LES
*

LIRECTICU % . ,, sr{asse h
/,

,
,

t

!.
.

t

.

.
-. y 7,,-.3.S. r. c..-. .-L . e ... -e n.. .....).,. .-a. ...n....

.

.

(See A;.ter. dix A)
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.. . -. _. _ _ = . - m. ._--.,_..m . ..-~
d

* C93- / 4
c. [ 3!, . .. C O N T* R O L S Y S T EI M ANAt.YSIG *

,. VAL'.'E SI E*18 VALVE CLASS = sc Flcu-CAS

. UPSTREAM INITIAL INITIAL FINAL $3UT-OFF
t FKES30Rt c ENSITT-T!'C t a atrFEV.TURL r RE!SUK:. PR*.%'RE-

.14._7 . 15.9 300 14.7 44.7

( MED A RATIO CF SPECIFIC CD P.PREECit'!L I T Y HYORCDYNAMIC FACTOR
i W. r e. .'. u.u-5. ; T rw w

STEAM 1.327 . 62 . 1 3:45
a --

't ?:'- CP C'~ P AC2'1Nr. E3*
---m?f.;- - -- ?!".

- TC~ ne --T ~-*S - * * *- ~ ~ --~ ~ ~ ~--- - ~ * ~ ~ - - - - - --- .

.!..
-1.75 1e. 05 1053 029/,

.

} CCv tC'Fr
3

- STAT!O" 'C; ~ TTr** '?" POOTTT.*?" C - P:A?'t f E!!- ? O ? ~~-* ! !!Ct t f * t. * ----- REs t r t .S'CE .* tt ;- -REC :? t e t+c E -t M )----
1 ENTRANCE 24.0 0.0 0.E00 0.50000'

a .xECL % a4.3 C .- G. ;s?** G. ;235

3 PIPE DEPD 18.0 0.0 0.14C 0.44246.

4 . . . - . w.v ... =..e .....S-w

5 STFA!CHT PIPE 18.C 9.5 0.C75 0.30024>

6 - Vet VE - 13.0 0.0 ' -0.74? 0-42787 -

,

7 EXIT 10.0 0.0 1.000 3.16049
, -

'FLOW IN Pf0HPPEFERRED DIRECTI0tt'

1

CD:ff;'!ntS WI TM '#. .V' 0.~ t.'!i
- - - - '-~- - ~ ~ ' FCC'.* * * ? , * %*J * C1 ' 00'~M ~ ~'* - ' ~~~ ~ "" * * * - * - --** ~ * * *

4
I

.-.- -.,-e. : -.,. . ; y --... .- - - , g ,y ..,.c3 7 .e,.; ~~,y ,..,; ; ; , -- -

1 A4.7 0.1590 300.0 23*.6
* a e.-.. ...... .r... .....
' 3 E A . '! 1.!A42 ?9?. 5 467.2 **4 E7. ? --' v.1257 02575 4?t. t-4

5 50.1 0.1313 231.7 512.1
o 9 7.* * u1059 .<<.s 530;'

7 44.7 0.1203 272.9 562.
u .. u.su.a ; .a r.. .

. - e
MUTENE*E :5 C!Cf*07 N''CU A7 STATT0rr -

i

~

i ( CO?t0IT!0't?J7!?!r VAtvr suui
VALVE TCROUEa 5.306 IN. LDS
w ti . s r = sv. s .; rn( 6

--

.

4

.

;
I
~

% ___.

b g

i

l & |*

.

%

.(
< ,t.uwf.,n. s.yj ew 9t um.. s . u et . ns y . .r.. ..r. a.,y. . . , , . ,;.7... . ; a. ,m ,

.

t -.. ......,. .. ,
.

.r<..,._,,.,..y.,,.., . .i
g* ,s s .,

* ,. . c , . * . *
. . < .. . . %c.,;. -

.,.,

..sg .. M *; .'? ~ J.- .g ;g * * . *

. . e'.,.- ?:. a. ,.4,., . .. =.. .< .: -,. ,, ,a.O - - < . ~y v. , s,. .> ;.. . .. ., -4 . . , > ,. .2 - .

-i

.

!

!,

!
!

!

1

(
4

{

j
i

4

I

6-7.

,

4
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. - - . . ,= . - =.

J

.

c O N D rt TO N G ~~A S V A L.T.?EL-~~C1. D G E7.

l (Pctr Ft N ce ert9c9 Ur.tvr T-I c e.s . ,
90 8,157.o/1 2.87 10,251

,

F RESOURC 7 ENS 11T IEMPER ATUKt. vu.u211T<

64.7 0.1590 300.0 239.6

(~~"'~.1
2 6'I 7 D TC1' 299.S 741.9

- -

3 E4.3 0.1442 290.5 467.2a
4' 4 dJ. L . ; .T o 7 ;35.o ev1 4

5 50.1 0.1313 231.7 512.1
c, 4c.4 U.125~7 7 77;B 5 52.4
7 44."

4. 1203 ... - 2 *2. ? . -. -.g.562.'..- ----. .- -..--.- --

9.4,
. _).-.3s.. .e.. ,m. .3 .,,.4

,

. .

I
; __. .

.3n.... . . th; ; . . .sra i. L ;; . e i r q.f.
1

*
.

* * --._..r-......
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APPEI DIX C

Determination of Closine Times

.

.

I:0 2 : Positive terques are tending to
open the valve, negative torquen .

are tending to close the valve.

.
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i

, DETERMINATION OF CLOSING TIME'
,

:

i m

VALVE SIZE /t VALVE CLASS / 5'O;

ACTUATOR /% hev # 14071 -3/88
#

AMOUNT OF VALVE OPENING 94
P

J/,,,,,,de,r]
,

DIRECTION OF FLO'.J
!

~

/
-

; ACTUATOR TORQUES (IN.LBS)
!

) SPRING BEGINNING /c Yo o SPRING ENDING tfL0
!

I

I ACTUATOR VOLUME 7.9 Y SCF ACTUATOR YOKE RADIUS 7.43 IN.
I

i ACTUATOR PRESSURE frd PSIC SOLENOID VALVE C Q-Yfy

MEDIA JL I- VALVE C //0TJ
'

vf
HYDRODYNAMIC TORQUE Q 90 3 2.17 SHUT OFF PRESSURE DROP S D PSI '

;

,

!

I PACKING TORQUE /oN IN.LBS. SEAL TORQUE E31/ IN.LBS.

j ( STEM DIA. /,7 f~ IN. GAGE DIA. /t'.(f~Y IN.
'

BUILDING PRESSURE 9'O PSIG de 6, f SEC. ;

I

|

j 3DEG. DE';SITY (LES/FT ) VELOCITY (FT/SEC) PRESSURE DROP (PSI)
!

| 10 , 6 9-D I 7 /, Y '/ 9. 4
i

20 , n %I/ I3 A 'f f. l.,

!

! 30 .0%40 9&C 4 1. 1 -

I 40 ,04/L '/ O / Vt, Y

50 ,1 o i TI,3 4 /. 'l
'

60 '/3 4 5'S L - f /. / ~

,

70 ./77 C33 / 4. F
80 , / P7 6'T4 $ ,o /'

90 .Iif ft 7 $~. L 2 --

'

i

!b
:

! c.l'

i'
.



- DETCRMINATION bFCL O W fMiM'YHL-,

18 - 150 CLASS VALVE WITH A 26070-SRSO CCTUATOR
a:_

THE VALVE IS IN T HE NON-F REFECREd~dthLCTION ~"~~

___ __Ts p e s n q .b eg s n =_ .104 0.0 Tsptarq ee. ding =_A400 T E M[[S A_TVE[3.300
_G.48ACT.t V2L.= 2.34 ACT. TUKE RADIUS = 2.63 (.C T . PhESS= 00 SOL. VALVE Cv=

MEDIA =A1R VALVE Cv= 11053 HTORD. TORQUE e 90= 3245 SHUT-OFF PRES. OROP= 50

C FACKIN2 TORCL'E= 10 5 9__15 At,_ TC,RCUE* 03_9 6 Dstem= 1.75 Dgace= 16.654
DUILCING PRESSUhE= 50

_.

_ ...__ CEC._..___ to 20 30 40 50 60 70 80 90

DENSITY .0801 .0811 .0940 .0912 .1060 .1340 .1770 .1870 .1980
VELOCITY 71.4 1,39.0 266.0 401.0 513.0 552.0 533.0 556.0 527.0
FRES CROP 49.90 49.60 40.00 46.40 41.40 31.10 Ig.50 9.01 $!!$

TIME TCR3VE TOROUE TCRGUE TORQUC 1015Uf TdRDUE A6!LE ~Cl[TX'D
see tend to open atr spring flow packing & seal tearsng degrees pas

0.00 11861 6301 -1C390 1+/43 4 10584 149( 90.00 5.22
0.50 9660 4100 -10390 14743 1058 149 90.00 5.22

1.50 8172 2612 -10390 14743 1058 149 90.D0 5. 72 ~[$1g00 9.708 3168 -10390 14741 1059 14) 9_0.00 5.22

2.00 7/v4 2J3, -103vo 14743 10hp 14v 90.00 h. ' 9.
* 2s5^ 7(17 19' ' 0 4 '< 0 1476? 1050 147 90."O 5.22

3.0o 7Jm 1745 -103v0 14/.3 1053 14Y 90700 5722
3.50 7116 1576 -10390 14743 1000 149 90.00 5.22
4.03 6919 14>9 -10370 14'43 to 3A 14' 9 0. '" 5_. E2_

4.50 6883 1323 -10390 14743 1C58 149 90.00 5.22
5.00 6786 1??L -10370 14743 1C 59 149 90.00 5.22
5 mi2 &ZOI 1L43____ -1Q390 14743 lose 149 90.00 5.22*

6.00 6630 1070 -10rro 19743 1 )bd 149 Y O. 0 0 5.2J
6.50 .56' 1C07 -!C2'O 14/#3 1019 149 ,

90.00 5. : 2
7 00 AL11 9t? .1 PJ 7 0 14743 .1150 149 90.00 5.22
7.50 6460 901 -10370 14743 1J5a 14Y 90.00 5.22

* 8.00 6415 B56 -10370 14743 1058 147 90.00 5.22
Oc!O (J25 0 13 -1;3'n 14743 10tn 149 90.00- 5.22
9.00 6338 773 -10370 14743 1C58 14Y 90.00 5.22
9.50 63C4 744 -1J370 19743 1058 149 V0.00 5.02
10.00 e274 714 -10'. 14743 in!H 1A9 90.00 5. 2?

(
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i
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CASE JA
,

. . . . _ . .

~ .s DETERMINATION OF CLOSING TIME
,

VALVE SIZE /t VALVE CLASS /rO

ACTUATOR /h ha # 2g 071 -3/ 8#

( #
AMOUNT OF VALVE OPENING 7#

..

pli., r,,, A rs e kDIRECTION OF FLOW
i

ACTUATOR TORQUES (IN.LBS)
.

SPRING BEGINNING /c*/00 SPRING ENDING d Yl8

ACTUATOR VOLUME 7.fr'l SCF ACTUATOR YOKE RAD 1US 7.43 IN.
ACTUATOR PRESSURE frd PSIG SOLENOID VALVE C 9, Y f

y

MEDIA /L ! - VALVE C //0 Dv

HYDRODYNid!IC TORQUE Q 90 ~3 2 '/)g SHUT OFF PRESSURE-DROP 5 D PSI -

PACKING TORQUE /oN IN.LBS. SEAL TORQUE z 39 / IN.LBS.

'( STEM DIA. /,7I IN. GAGE DIA. / 4. ( T'/ IN.
EUILDING PRESSURE (C PSIG dc , O f' SEC.

DEG. DE';SITY (LBS/FT ) VELCCITY (FT/SEC) PRESSURE DROP (PSI)

10 , oc pt 7/,t/ */9.9
20 ,r49if f34 </S.(
30 ,6740 9_ & & 4 9. t .

40 0 9 t t. yoy </t. <f,

50 ,Io i 9|3 4 t. 'l
60 >/3 Y S'S L - f f. / ~

'

70 ,/77 C3 5 / 'l $~
80 / E'7 fT6 7.o/1

90 I$I ft 7 F l 2 --.

k-

C-}
n

.
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l

DETERMINATION OF d'L_01IYN GNMIT *
-

,_

; 88 - 150 CLASS VALVE WITH A 26072-SR80 ACTUATOR
s. a..~.

THE VALVE OPENING IS RESTRIC!ED TU 70 CEG3.

; - THE VALVE IS IN THE NON-PREFERRED DIRECTION,

t
:

94>

I Tsihang begina 10400 Tsprang ending= 6420 TEMPERATURE = 300
1 ___ACT. VOL.!_R,94 ACT. YOKE RADIUS 1_;t63 ACT. FRESSa 90 50L. VALUE Cv= R.48

MEDIA = AIR VALVE Cv= 11053 HYDRO. TOs0UE e 90= 3245 Shui-UFF FRES. OROP= 50<

'
PACKING TOROUE= 1058 SEAL TOROUE= 2396 Dstem= 1.75 Dgage= 16.654

._._._3UILDISC. PRESSURE =_50
1

! DEC. to 20 30 40 50 60 70 80 90
,4

f D5~5SITi .0801 .0911 .0840 .0912 .1060 .1340 .1770 .1870 .1980
~

VELOCITY 71.4 '139.0 266.0 401.0 $13.0 552.0 533.0 556.0 527.04 "

JREG_DRCP 4? t?O 4!,6# 49,30 46s30 41,40 31 10 14,30 9._0.1 5,0.R
3

i
LOCA CLOSES THE VALVE TO 54 DECREES WITH THE ACTUATOR STILL ACTUATED

1

t MAXIMUM AERODYNAMIC TORGUE AS VALVE CLOSES IS -3111A IN.LDS. 8 70 DEGREES

1

TIME TORGUE TOR 3UE TOROUE TOROUE TOROUE TOROUE ANGLE DELTA P ,

d set tend to open atr sprang flow packing & seal bearing degrees pst

! - 0.00 0 4032 -4993 -1231 1058 1067 54.00 37.28
j i 0.05 0 3067 -4830 -516 1058 1221 47.49 42.65' ,
; O.10 0 2659 -4731 -279 1058 1293 42.46 45.16
; -j 0.15 0 2417 -4652 -163 1058 1341 38.13 46.84
A 0.20 0 2308 -4626 -108 1058 1368 34.26 47.77
| om:5 0 2.055 -4616 -70 1058 1392 30.70 48.63

'

3 - 0.30 0 2257 -4676 -42 1058 1403 27.JW 49.00
; I- c.35 0 2254 -4741 23 10r8 14.0 24.26 47. 5

*

.
t t 0,40 0 ggg 4g;9 -11 1058 1417 21.30 49.49

, t 0.45 0 2464 -4937 -6 1058 1421 18.47 49.64
I 't 0.50 0 2587 -5065 -4 1058 1424 15.77 49.72
1 0 55 0 2709 -5210 -2 1058 1426 13.19' 49.001 i

1 0.60 0 2888 -5374 -1 1058 1428 10.73 497s7
j t 0.65 0 3066 -5552 -Q 1058 1429 8.38 49.91
- 0.70 0 3258 -5746 -0 1058 1430 6.15 49.93

0.75 0 3464 -5952 -0 1058 1430 4.03 49.95
1 ( 0.80 0 2317 -4170 -0 2421 1431 2.02 49.97
| 0.85 0 1781 -6312 -0 3099 1431 0.82 49.99

1'('
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CASE 3A |
.

. . _ . _ .

.

'
' DETERMINATION OF CLOSING TIME.

,

"

VALVE SIZE li VALVE CLASS / 5' d

ACTUATOR /% .[-fy g 24 0yt -f/ 80

I
AMOCiT OF VALVE OPENING ( 5' o

..

DIRECTION OF FLO'J J /,. ., n-, M e- e
~

t
ACTUATOR TORQUES (IN.LBS)

SPRING BEGINNING /o5/00 SPRING DiDING t '/ l O

ACTUATOR VOLUME '2.9'/ SCF ACTUATOR YOKE RADIUS 7.43 IN.

ACTUATOR PRESSURE fr$ PSIC SOLEN 0ID VALVE C E#y

MEDIA /L ! - VALVE C //0 T3yg
HYDRODYNAMIC TORQUE @ 90 ~5 2. '/ J SHUT OFF PRESSURE DROP SD PSI

,

PACKING TORQUE /oPI IN.LES. SEAL TORQUE Z 39 / IN.LES.

( STEM DIA. /, ~7 f' IN. GAGE DIA.- / 4. ( 3~'/ IN.
EUILDING PRESSURE 96 PSIG de . O f' SEC.

DEC. DENSITY (LES/FT ) VELOCITY (FT/SEC) PRESSURE DROP (PSI)

10 , 6 9-/> I ;/, t/ </ 9. 9
20 , e s t) 13 9 <f 9. l
30 ,oA40 red ./ f. t
40 , O A r t. 4cI V t </
50 ,1 o ( r/ .3 y 1. */

60 */3 Y S'S L - r/./
~

~

70 ./77 C33 /4 T
80 , / P7 fT6 1,0/

90 .IiI ft 7 S'. 2. 7 --

.

4

C 5-
li
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; %....s....... , u .s u .- % u o .m ..w
$8 - $50 CLASS UALVE WITH O 26072-SR30 ACTUATOR*

VME VALVE CPENING IS RES1RICTED TO 65 DEGS.
' "'*

VHE VALVE IS IN THE NON-PRferARFD DIRECTION

Tsarsag begin= 10400 Tspring ending= 6420 TEMPERATURE = 300
! __ eCI..J22L = " 94 ACT. YOSE RADIUS = 2.63 ACT. PRgss= eo s.g u A W E_qy=_Q d 8-

* MED4A= AIR VALVE Cv- 11053 H1Dhu. TOEuuE e 90= 3245 SHUT-OFF PRES. DROP = 50
; FACKINC TOROUE= 1C53 SEAL TORCUE* 2396 Dstem= 1.75 Dqsoc= 16.654

E'm c FREETME- TO
.

DEC. 10 20 30 40 50 60 70 80 90i

CENSITY .0E01 .0311 .0840 .0912 .1060 .13 0 .3770 .1870 .1980
UE1CCITY 71.4 139.0 266.0 401.0 513.0 552.0 533.0 556.0 527.0

- PPES DROP 49.00 49.60 48.80 46.40 41.40 31.10 14.52 9.01 5.22
a

'
1

LOCA CLOSES THE VALVE TO 53 DECREES WITH THE ACTUATOR STILL ACTUATED
i
| MAXIMUM AERUCYriAM10 TORCUE AS VALVE CLCSES IS -1786 IN.LUS. e 65 CLGREES
)

]

i TIME TORGUE TORCUE TOROUE TORGUE TORQUE T060UE ANGLE DELTA P
j see tend to cpen air spring flow pack ing & seal bearing degrees psi

i 0.00 0 3896 -4960 -1114 1058 1097 53.00 38.31
! 0.05 0 2999 -4819 -470 1058 1233 46.63 43.05 g,0.10 0 2607 -4714 -254 1058 1303 41.76 45.51 y,

'3
0.15 0 2396 -4645 -153 1058 1375 31.32 46.99 ,O.20 0 2297 -4625 -101 1058 1371 33.70 47.90 l

! 0.25 0 2252 -4640 -65 1058 1396 30.18 48.75
1 0.30 0 2261 -4634 -38 1058 1904 26.90 49.04

0.35 0 2305 -4753 -21 1058 1411 23.80 49.29
0.40 0 2373 -4944 -10 1058 1418 20.86 49.53
0.45 0 2481 -4955 -6 1058 1422 18.06 4V 65
0.50 0 2607 -5035 -3 1058 1924 15.33 41.;3
0.55 0 2752 -5234 -2 1058 1426 12.81 49.81 ;0.60 0 2914 -5400 -1 1058 1428 10.17 49.83

.

0.65 0 3094 -5581 -0 1058 1429 8.04 49.91
0.70 0 3299 -5776 -0 1058 1430 5.82 49.94
0.75 0 3496 -5985 -0 105u 1470 3.72 49.96i 0.80 0 2159 -6204 -0 2613 1431 1.73 49.98
0.25 0 1716 -6335 -0 3187 1431 0.e3 49.99 -,
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CASE 36

. . _ . .

,

! ' '
DETERMINATION OF CLOSING TIME

VALVE SIZE /f* VALVE CLASS /90
,

ACTUATOR ff , l. , e 2C071-38fOw

/'
AMOUNT OF VALVE OPENING 90,2

DIRECTION OF FLO'n' f,. d, -fc

ACTUATOR TORQUES (IN.LBS)

SPRING BEGINNING /6YoO SPRING ENDING e470

|

ACTUATOR VOLUME 1 71 SCF ACTUATOR YOKE RADIUS 7,4J IN.

ACTUATOR PRESSURE TO PSIG SOLENOID VALVE C g , t/ 7y

MEDIA jd- A - VALVE C //o f_ty

HYDRODYNAMIC TORQUE G 90 s 2_ Y T' SHUT OFF PRESSURE DROP fry PSI

PACKING TORQUE / c 5'T IN.LBS. SEAL TORQUE 2.39( IN.LBS.

( STEM DIA. /, ? 3' IN. GAGE DIA. J f, t _r- '/ IN..,
,

BUILDING PRESSURE () PSIG dt e43~ SEC.

f

| DEG. DE';SITY (LBS/FT ) VELOCITY (FT/SEC) PRESSURE DROP (PSI)
3

:

10 ,6 794 1/, _3 Yt9.,

20 r e S Oi / Vo V9, 7

30 r O f 2. Y 7 91- Y9.0
~i

40 , 0 R7 / V// V7d
50 o Oc 7 z- Sco v2. 7

'
60 . II ! & 19 n Y. ]

*

) 70 i / 3'2 - t /d / f , 3'

'

80 , // 0 / f7 / /, 9

90 r/27 59I C,/ 7

:

|+

:

C7

_ _ _ _ _ _ _ - _ - - _ _ _ _ _ _ _ - _ _ - _ - _ _ - _ - _ _ _
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EiEL'Y12 WNYAhYf DN Ol 7 CETEIW D N U ~s*
18 - 150 CLASS VALVE WITH A 24072-SR80 AClUATCR

" # # -~

THEI#AU'IIT~iI5 ~YGFERLD 0KEdlCN ' ~~

Tspring began = 10400 Tsprtnq eadseca 64'O TEMPERATU9E= 70
' " ~ACT. VOL.= 2.34 ACTi YCKC RADIUS = 2.63 ACT. FRCSS* 30 50L~~V4FCl* C A 74D -~

C___ MEDIA = AIR
VALVE Cv5 11053 HYORD. TOROUE 9 90= 3245 SHUT-OFF FRE3. DF0F= 50

PACKINO TCROUC= 1058 CEAL TCt 0t't * 239e Dste** 1.75 D zj e = 16.654i
DUILDING FRESSURES O ,,

DEC. 10 20 30 40 50 60 70 80 90
,

DENSITY .0799 .0804 .0824 .0871 .0972 .1160 .1520 .1600 .1770
__ VELOCITY 71.3 140.0 27[.0 416.0 550.0 619.0 610.0 651.0 591.0___

FRES CROP 49.90 49.70 49.00 47.00 42.70 34.70 18.~5'6 11790 6.~17

t.DC A. f L C S E LIER _V A WC _T.0__41__.EEC F E E S U I T H THE ACTUATOR STIL L ACTUATED

kMAXIMUM AERC0YNAMIC TCROUE AS VALVE CLOSES !! -20599 IN.LDS. # 80 DECREES

TIME TOROUE TOROUE TORDUE TORGUE TOROUE TOROUE ANCLE DELTA P
fh_, __ seg tend t o c_;_ec air sprima flow packsmo & seat tearing degrees psa

0.00 0 13170 -5614 -Y4Yo 1053 /61 66.00 26.60
0.05_ 0 31.11 -471.7 -7Z_4 1058 1302 41 87 46._1_93
0.10 0 2553 -4632 -349 1058 1349 35.83 47.83.

0.15 0 2339 -4634 -160 1058 1397 31.05 48.78
0.20. 0 2300 -4684 -93 1058 1409 26.93 49.01
0.25 0 2338 -4771 -42 1058 1416 237T7 49747,

0.30 0 2427 -4888 -20 1053 1423 19.66 49.70
__0.35 0 2562 -5134 -11 1018 14R5 16.39 49.77
0.40 0 2727 -5206 -5 1050 1427 1J.26 49.33
0.45 0 2913 -5403 -2 10'3 142E 10.32 49.07

.___0.$$ 0 3121 -5622 -0 1059 1429 7.55 49.92
0.55 0 3372 -5861 -Q 1058 1430 4.94 49.95
0.60 0 2651 -6117 -0 2034 1431 2.50 49.97
0.45 0 1779 -6313 -0 3102 1431 0.81' 49.99
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CASE 28
L

!. . .

!

t

' ' DETERMINATION OF CLOSING TIME ,

; . VALVE SIZE /S VALVE CLASS /TD

ACTUATOR f)f a b v v 2tO 7 r -3/15

AMOUNT OF VALVE OPENI G 70 !#

[rc keu c_DIRECTION OF FLOW

ACTUATOR TORQUES (IN.LBS)
i

SPRING BEGINNING /g V40 SPRING ENDING d VZ P
,

i

i

ACTUATOR VOLUliE 2. 7 t/ SCF ACTUATOR YOKE RADIUS ?. fJ IN.
i
'

ACTUATOR PRESSURE 78 PSIG SOLENOID VALVE C 9, W
y

j >EDIA 4 /- VALVE C //d Oy

hTDRODYN/J:IC TORQUE @ 90 3 E.f[ SHUT OFF PRESSURE DROP P PSI
~

,

PACKING TORQUE /t.f8 IN.LBS. SEAL TORQUE 7- 3 $ (, IN.LBS.

( STEM DIA. /e7 I IN. GAGE DIA. Id,t9'/ IN.

BUILDING PRESSURE C PSIG dt OC SEC.'

~

DEC. DE'iSITY (LBS/FT ) VELOCITY (FT/SEC) PRESSURE DROP (PSI)

10 0749 v' 3 f f,9

20 ,ogo1 i s/ o t/ 9, y

30 _ r, g t 4 19 t. ugo .

40 , O M 71 Vid el 7.0)
50 , p 97 L. t-r6 '/2,7

.

f 60 , /! /, gf3 5 y, 7
-

< >.

70 s tSt g/o y y, f"

E0 , il C 4 rj / /, 4

/7) M/ c /790 e

1

!

|

| c9
6.

,
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DETERMiTiEG ON Eff? CCiLWRD7THE"

18 - 150 CLASS VALVE WITH A 24072-SA80 ACTUATOR
^ ~~

T5E''OfLVilfENYNC IS RESTRIdTIM070 DEG3.

THE VALVE IS .N_THE F REFERRED DIRECTION_ _ _ _ _

Tsp'Vang began = 10400 Tspring ending= 6420 TEMPERATURE 70

(''''ACT. VCL.' 2.24 e C T. YCMC RADIUS' 2.43 ACT.- PRESS = 30- SCL. VALVC Cve 8.48
MEDIA = AIR ~

'

' VALVE Cv- 11053 HYTRU D OR0tt pT0= 3.'45 EHtJf @" O KES N K0F= 50 ~

FACKING TCROUE= 1058 SEAL TORQUE = 2396 Oste == 1.75 Ogage= 16.654
_ _ DUILO.ING,fRES3URES 0

CEC. 10 20 30 40 50 60 70 Eo 90

DE5Y!TY .0799 .0804 .0824 .0071 .0972 .1160 .1520 .1630 .1770
^

-

VELOCITY 71.3 -140.0 270.0 416.0 550.0 619.0 610.0 651.0 591.0
FTF.S.ONOP 4? u9.0 _4_7J 49 _00 47.C0 _42.70 34.70 10.50_ 11.9,0 6.172

LOCA CLOSES THE VALVE TO 62 CECREES WITH THE ACTUATOR STILL ACTUATED

MAXIMUM AERODYNAMIC TORGUE AS VALVE CLOSES IS -122124 IN.LDS. 9 70 CCCKYES

~ iMi TORouE TOROUE TCROUE TORGUE TCROUE TOROUE ANGLE DELTA PT
see tend to open air spring flow packang & seat bearang degrees pst

-

0.00 0 10643 -53Y4 -7222 1058 900 62.00 31.46
0.05 0 3215 -4735 -851 1058 1313 42.63 45.86
0.J O O 25R9 -4435 -378 1058 1366 3_6.38 47.72
0.15 0 2352 -4631 -174 1058 1394 31.51 48.69
0.20 0 2299 -4677 -88 1058 1408 27.33 49.18
0.25 0 2132 -47&O -46 1058 1416 23.54 49.45
0.33 0 2415 -4875 -21 105d 14U3 20.01 47.69
0.35 0 2546 ~5018 -1* 1053 1425

, 16.71 49.76
0.40 0 2703 -5JR7 -6 1058 1426 13.58 49.92 (f
0.45 0 2897 -5381 -2 1058 1428 10.62 49.ee
0.50 0 3112 -5598 -1 1058 1429 7.83 49.92
0.55 0 1117 -5235 -0 1250 1430 S u20' 49.94
0.60 0 2903 -6089 -0 liS5 1431 2.74 49.97
0.65 0 1900 -6305 -0 3073 1431 0.87 49.99
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CASE za
:

"

._..

-
,

'
DETERMINATION OF CLOSING TIME*(

*

-

,

.

"

VALVE SIZE /S VALVE CI. ASS /fD

ACTUATOR Afah/vv 2(0 7 E -S/f5
#

AMOUNT OF VALVE OPENI G (r

hc.DIRECTION OF FLOW e - e c_

ACTUATOR TORQUES (IN.LBS)i

i

SPRING BEGINNING /0 v40 SPRING ENDING d YZ #

ACTUATOR VOLUME 1. 7 Y SCF ACTUATOR YOKE RADIUS ?.f 3 IN.
8

ACTUATOR PRESSURE 74 PSIG SOLENOID VALVE C fr, '/ I
y

MEDIA 4 /- VALVE C //0 5 3y

hTDR0 DYNAMIC TORQUE @ 90 341 [ SHUT OFF PRESSURE DROP 9 PSI
PACKING TORQUE /8f8 IN.LBS. SEAL TORQUE 7 39(, IN.LBS.

*( STEM DIA. /e77~ IN. GAGE DIA. 14,( fY IN.-

BUILDING PRESSURE O PSIG de o C- SEC,

I DEG. DE';SITY (LBS/FT ) VELOCITY (FT/SEC) PRESSURE DROP (PSI)

10 0799 7 /. 3 V 7,9
,

j 20 .ogoY /Yo t/ 9, 7

30 .nec4 272- sJ 7 o
-

40 , o ft y / V/4 y 7.0

50 ,o 9 7 t- 4-7 6 t/ 2. 7,

60 , /14 g/3 c y, ?
-

'

70 o ISL 6to i Y,$~
80 il 0 4 71 / /,1,

/7) M/ t./ 790 t

I, ,k !

cn
,

i i
_ _ _ _ _ - _ _ _ _ _ _ - _ . __ _ _ _ _ . _ __- ___ . - _ _ _ _ _ . _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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us.as ssraaseee a usu La e- u u o .a r=L.- a A ret
18 - 150 CLASS VALVE WITH A 2a072-SR80 ACTUA709

j THE VALVE OFENING 15 RESIRICVED 10 o5 DECS.
---

THE VALVF IS IN THE PRFFERRFS O! RECT!cN
! .

Tspring begin= 10400 Tspring ending= 6420 TEPIERATURE= 70
i ACT.- VOL.= 2.84 ACT. YOKE RADIUS = 2.63 ACT. PRESS = 80 SCL. VALVE Cv= 8.48

PEC@hM VALVE Cv= 11'053 HVD C UKDUE E 90a 3245 SRlIT W D E D UP= 50

C
PACMlNO TOROUE= 1058 SEAL TORCUE= 2396 Ostee= 1.75 Ogage= 16.654
OUIL2?NC PRC32URE- 0

CEC. 10 20 30 40 50 60 70 80 90
i DtWfiTY .0799 .0904 .CS24 .0871 .09/2 .1160 .1520 .1600 .1770

~

' VELOCITY 71.3 140.0 270.0 416.0 550.0 619.0 610.0 651.0 591.0
PRES DROP 49.90 49.70 49.00 47.00 42.70 34.70 18.50 11.90 6.17

>

LOCA CLOSES THE VALVE TO 62 DECREES WITH THE ACTUATOR STILL ACTUATED I,

t

max t r4M ALhDDiN.'MAC TCRGUL AS VALkL CLULEG 13 -I67/ IN.LL3. U 65 DF GHEE S
i

.

' 'TIFE TCADUE TORGUE TORGUE TCRGUE TCROUE TOKUUE ANGLE DELTA P
see tend to open air spring flow packang & seal bearsaq degrees psi

'

0.00 0 10265 -5394 -7222 1058 V!D 6;.00 31.46,

e 0.05 0 3318 -4753 -927 1058 1304 43.34 45.56 i'

O.10 0 2623 -4639 -405 1058 1363 36.88 47.62 <

; 0.15 0 2366 -4629 -187 1068 1392 317Y2 48.61 '

9 0.20 0 2299 -4671 -93 1058 1407 27.69 49.16
0 05 0 2327 -4751 -49 1058 1415 23.81 49.42

'

O.30 0 2405 -4843 -22 1058 1422 20.33 49.67
0.35 0 2533 -5003 -12 1053 1424 17.00 49.75 h0.40 0 2692 -5171 -6 1058 1426 13.R4 49.02

,

0.45 0 2879 -5363 -2 1058 1428 10.23 49.80
0.50 0 2091 -5577 -1 1058 1429 8.01 49,91
0.55 0 3325 -5813 -0 1058 1430 5.44 49.94
0.60 0 3317 -6066 -0 1317 1430 2.96 49.97

L 0.65 0 1777 -6313 -0 3104 1431 0.81 49.99
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CASE 2. $

. - . -

.

'( DETED!I::ATIO:: OF CLOSI:G TIME

'

VALVE SIZE Ii VALVE CLA5S /fC

ACTUATOR $1, h, ,,v 'L.C 0 i L ~ $$YO
l' .

AMOC;T OF VALVE OPE'iI:!G 70

DIR.ECTION OF FLC'4 //, . n f ,_ [ ,. < ,
I

ACTUATOR TORQUES (IN.LES)

SPRING BEGINNING /68/pD SPRING ENDING g '/2 0

ACTUATOR VOLC'I L9/ SCF ACTUATOR .YOFI RADIUS %t3 IN.

f O PSIG SOLENOID VALVE C 9, s/ 7AC CATCR PRESSURE C
y

MEDIA A|r VALVE C //o r3 ,y

HYDRODYNAMIC TORQUE @ 90 '32 Y I SHUT OFF PRESSURE DROP TO PSI

PACKING TORQUE roef IN.LES. SE.AL TORQUE 739C IN.LES.
,

STEM DIA. I;7 IN. GAGE DIA. /(.(f7 IN.

EUILDING PRESSURE S'u PSIG dt , O >~ SEC.
.

DEG. AERO TOROCE (IN.LES.) PRESSURE DROP (PSI)

10 1*(/p t/ff
20

, 2fvt t/( (
- 30 339 pf. f

O'

Il q_7 f t', y40'~ -(
,' 50

'

4743 1/, /-

60 gif y3 3ojs,.

70 t 33r0 f y. f-

$/00 9,0 C80 -
,,

90
.

r,871 S./1 -

!
'..

NOTE: The AERO TORQUE is the calculated LOCA torque clinus-

(_' the packing and bearing torques.
'
'
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nE TcRti1NaI_IDN . O tr CLQ*AIRG TINC ^

18 - 150 CLASS VALVE WITH A 2&O72-SRs0 ACTUATOR
e e~,

THE VALW OPEndINC IS RESTRICTED TO 70 0(Q1
'

, THE VALVE IS IN THE NON-PREFERRED DIRECTION (
- Tsorang began = 10400 Tspetng endang= 6420 TEMPERATURE = 300

ACT. VOL.= 2.94 ACT. YOKE RADIUS = 2.63 ACT. PRES 3= 80 SQL. VALVE Cv= 8.48
PE21(ett'J VN13.: .* _).l.lEl HWsO. TSRCur 0 *?* 3245 " HUT-Crr PREO._DRCN 50
PACKING TOROUE= 1058 SEAL TOROUE= 2396 Dstema 1.75 Ogage= 16.654
BUILDING FRESSURE= 50 -

CEO. 10 20 30 40 50 60 70 00 90
s

AERO TOROUE 2410 2146 399 -1145 -4763 -94%2 -13350 -9100 6879
PRES DROP 49.90 49.60 48.80 46.40 41.10 30.a0 14.50 9.00 5.19

f*

DES EC3 WITH 1HC ACTUATOR STILL ACTUATED
.

LCCA CLOSES THE VALVE TO 33 R

9
MAXIMUM LOCA TOROUE AS VALVE CLOSES I3 -13350 IN.LDS. e 70 DECREES

1

TIME TOROUE TOROUE TOROUE TOROUE TOROUE TOROUE ANGLE DELTA P
see tend to enen air sortea ficw packsaa a seat besetnq degrees sec

0.00 0 4749 -4624 -2499 1058 1376 33.00 48.c80
0.02 0 4M) -4648 -1951 1058 139'J 29.39 43.34R
0.05 0 3668 -4694 -1437 10S8 1405 24.41 49.087
0.07 0 3238 -4750 -1007 1058 1411 23.91 49.236 g,, 0.10 0 2990 -4812 -642 1058 1416 21.79 49.456
0.12 0 2730 -4876 -331 1053 1420 17.77 49.600

~

0.15 0 2752 -4941 -291 1058 1421 10.11 49.640
~

0.17 0 2731 -5010 -252 1058 14?3
10.'7
14 49.693

0.20 0 2817 -5084 -215 1058 1424 1 49 2 7* 0.22 0 2858 -5162 -179 1058 1425
__ 0.25 0 2906 -5M4 -144 1058 1426

. 1*. 1 49.779 i
12.ns 49.820

0.27 0 2956 -5330 -111 1053 1427 11.24 49.019
'
. 0.30 0 3012 -5419 -79 1058 1423 10.13 49.896 ('

0.32 0 3092 -5511 -69 1059 1429 8. 9f' 49.910
0.35 0 3179 -5607 -59 1058 1429 7.7? 49.922

6 0.37 0 3269 -5706 -50 1058 1429 6.59 4Y.934 (0 40 0 1332 -5919 -42 1058 1430 5dB 49.945
0.42 0 3459 -5913 -J4 1053 1430 4.41 49.955

1 0.45 0 3558 -6021 -26 1058 1430 3.37 49.966 C
,

0 47 0 2564 -6131 -18 2154 1431 2.37 49.976
0.50 0 2147 -6210 -12 2644 1431 1.63 49.983s

0.52 0 1903 -6275 -8 2948 1431 1.13 49.988 C-0.55 0 1730 -6332 -5 3175 1431 0.65 49.993
0.57 0 1597 -6184 -1 3356 1431 0.23 41.~977

e c.
,

t c.

' *L~ . :JL /, , - n ~/ r-w '

/ /,- u
t

; .<. c:
. . - . .

7.. .
. . ... ... .. ...... .. . . . .. ..., .... .. ... . . . . , . _z a. . . . . . . . , - . .

... .
< ,

- 'j - g .,,'K. .{ .
-

, g,
-

JJ .. j';.J

,

;

I

I!

.

J

1

C-|A '
,

i

i

I
I
t

. ___



. . . , ., - *

y4 r

r CASE e4
'N FY

. . - . _
,

.

.. rz
.- ,
--

s'( > DETEDf ENATIO i OF CLOSING TU!E

J-
i

') VALVE SIZE It ' VALVE CLA55 /fC
,

> ACTUATOR f,% $, ,,v LC b 7 L sf ro
/' .

AMOC;T OF VALVE OPE';ING 69-;

N DIREC*ICN OF FLC'4 f/, . n f, [, -,'

|, I
,

| .I AC UATOR TORQUES (IN.LBS)
*

o ,
;,

[ SPRING BEGI:;NI:G /6 Vgp SPRING ENDING g t/2 D

'
.

ACTUATOR VOLCiE ' E@f SCF ACTUATOR .YOF.E RADIUS 2, t 3 IN.

f O PSIG SOLENOID VALVE C 9, V 7ACTL'ATOR PRESSURE C
y

MEDIA A|r VALVE C / / o y ~3
., y

,

HYDRCDYNAMIC TgEQUE @ 90 ~3 2.Y I SHUT OFF PRESSURE DROP TO PSI3'>

{,, ,. PACK.ING ' TORQUE p n t- [ IN.LBS. SEAL TORQUE 7396 IN.LES.
'

, STE.". DIA. J. 7 C IN. GAGE DIA. /t,(f7 IN.
,

[7 i BUILDING PRESSURE fu PSIG d t. , O )~ SEC.

'

'

.

,[ D EG ., AERO TOROUE (IN.LBS.) PRESSURE DROP (PSI)

10~ vf/p t/f.f
20 214C VT(

3% r/7, f30 c>

;I q_7 if, V40 -

4 7t 3 y/, /50 -

60 c y v3 so,/vs,.

70 ; 33fo .;yf.

9/00 9,0080 -

.

90 r,874 S,11 .

Ir ..
3

'

t

<3 NOTE: The AERO TORQUE is the calculated LOCA torque clinus
the , packing and bearing torques.
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-v.ms.4.... * u .N ur t..Luuaon- a A m a:
18 - 150 CLASS VALVE WITH A 26072-Sk80 ACTUATOR,

THE VALVE CFENING 1S RESTR1CTED TO 65 DEGS.
---- THE UALVE !9 IN THE NON.PerreqcFD DIRECT!CN

Tspring began = 10400 Tspring ending= 6420 TEMPERATURE = 300
(CI d'Cf,= % 84 ACI. ICKE RAOLUS= 2.63 ACT. FFES_S= 90 S0kVALyE__Qv =_8._48
pea {A*A1R VALVE Cv= 11053 NfDRO. TORGUE e 90= 3245 SHUT-OFF FFES. DRUP= 50

/ PACHING TOROUE. 1058 SEAL TOROUE= 2394 Ostee= 1.75 Ogage= 16.654
'

99YLelES FCF?!URF= 50

DEC. 10 20 30 40 50 60 70 80 90,

AERO TCROUE 2410 2144 339 -1145 -4763 -9452 -13350 -9100 6879
FRES CROP 49.90 49.60 48.80 46.40 41.10 30.60 14.50 9.00 5.19

LOCA CLOSES THE VALVE TO 32 CEGREES WITH THE (CTUATOR ST1LL ACTUATED

M&311UM LD.2A TCROUC AS VALVE CLOSES IS -3.401 IN.LDS. 8 65 CECREES

TTME IRRayE TQROUE TCRDUE TCRDUE TOROUE TCR011E ANGLE DELTA Psec tend to open air sprang flow packsng & seal bearang degrees sec,
,

] 0.00 0 4603 -4628 -2399 1059 1383 3?.00 48.320
( 0.C2 0 4058 -4659 -1957 1058 1400 28.55 48.915*

0.05 0 3588 -4709 -1344 1058 1407 25.67 49.146 p, 0.07 0 3213 -4768 -915 1058 1412 23.26 49.333"

0.10 0 2908 -4831 -552 1058 1417 21.23 49.5010.12 0 2736 -489a -319 1058 1420 19.48 49.6150.15 0 2760 -4961 -279 1058 1422 17.92 49.662
0.17 0 2791 -5032 -240 1058 1423 16.42 49.7070.20 0 2229 -5107 -204 1058 1424 14.97 49.7500.22 0 2871 -5187 -168 1058 1425 13.59 49.792
0.25 .0 2919 ~!'b70 -134 1058 1427 12.25 49.8320.27 0 2972 -11~7 -101 1058 1428 10.97 49.R'O0.30 0 3035 -5647 -74 1058 1429 . 9.73 49.902

2 0.32 0 3118 -5360 -65 1058 1429 8.53 49.914
s 0.35 0 3206 -5 t.3 7 -56 1058 1429 7.37 49.9260.37 0 3297 -5L37 -48 1058 1430 6.25 49.937* 0.40 0 3391 -56'o -39 1058 1430 5.15 49.948) f 0.42 0 3489 -594e -31 1058 1430 4.09 49.959

| 0.45 0 3589 -6054 -23 1058 1430 3.06 49.969 -

0.47 0 2357 ~6165 -15 2392 1431 2.06 49.979
I (., 0.50 0 2036 -6237 -11 2781

,

1431 1.44 49.9850.52 0 1927 -629*_ -7 3047 1431 0.93 49.9900.55 0 1672 -6354 -3 3253 1431 0.48 49.9950.57 0 1551 -6404 -0 3421 1431 '0.08 49.999
-
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APPEI? DIX D

Cc=parison of Actual to Calculated

Closine Tites

.

..

I:otE: Ce.lculated Pocitive torques are
tending to open the valve, nega..
terques are tending to clece .he
valve.

'
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CASE
>

. . . -

'
-

-
^ DETERMINATION OF CLOSING TIME

,

~ VALVE SIZE f9 VALVE CLASS /rd

ACTUATOR f) ,,[r v se Eto7 L -SA f 0.

/ -

AMOUNT OF VALVE OPENING TO *
si ,

! DIRECTION OF FLOk' A/g F/,,v '

ACTUATOR TORQUES (IN.LBS)

SPRING BEGINNING //YOb SPRING ENDING /; Vtc
,

j i

'

ACTUATOR VOLUME L. f '/ SCF ACTLATOR YOKE RADIUS 2..C 3 IN.
ACTUATOR PRESSURE fo PSIG SOLENOID VALVE C F, Y V

y

j MEDIA VALVE C'

y

j HYDRODYNAMIC TORQUE G 90 SHUT OFF PRESSURE DROP PSI
'

'

. PACKING TORQUE 1o fg IN.LBS. SEAL TORQUE t 3 7/ IN.LBS.

( STEv. DIA. /. 7 ( IN. GAGE DIA. /#, /fT IN.

BUILDING PRESSURE 6 PSIG dt .OF SEC. '

i

DEG. DE';SITY (LBS/FT ) . VELOCITY (FT/SEC) PRESSURE DROP (PSI)
i
i 10
4

| 20 ,

1

30'

40

; 50

60 -'

*

70

I 80

90
i

!

i

;

!

p1

!
.- - - . _ - . . - - - . - . - - . . -



a._.._.s.. ..se, . A u sw v. s..u-2 .st, e A ric
18 - 150 CLASS VALVE WITH A 21072-SR80 ACTUA10R

THERE IS NO FLCW

-?- .1 ;Jc;1:=_1242' Te r.in;._ca:.*in;LiiM TEY_Eqc'EE.g "*p
ACT. VOL.= 2.84 ACT. YCKE RADIUS = 0.63 ACT. F%ESS= 80 SCL. VALVE Cv= 3.48
PACKINO TORGUE= 1059 SEAL TOF.GUE= 2396 Dstem= 1.75 Ogage= 16.e54
DUILDIMG P' ESSURE = 0

%

C TIME T23Cg; TCSCK; T CF 2L'E TC32U2 T2KOCE TCRGUE AN2LE CELTA P
see t e r.d tc cpen air sprang flow packang & seal bearing degrees psa

0.00 6003 16805 -10390 -0 1058 1431 9 0. C_0 49.99
0.05 7029 14931 -1cJ90 -0 1058 1431 90.00 49.99
0.10 5550 13451 -10390 -0 1058 1431 90.00 49.99
0.15 4349 12250 -10390 -0 1058 1431 90.00 49.99
0.20 3353 11254 -10390 -0 1058 1431 90.00 49.99
0.25 2512 10414 -10390 -0 1058 1431 90.00 49.99
0.30 1793 9494 -10390 -0 1058 14,3.1 90 .00 49 99t t
0.35 1169 9070 -10370 -Q 1058 1431 90.00 49.?9
0.40 623 8524 -10390 -0 1058 1431 90.00 49.99
0._45 141 8042 -103?O -0 _ 1058 1431 99300 49.97
0.50 0 7613 -10390 -0 1058 1431 90.00 49.99
0.55 0 6382 -8871 -0 1058 1431 85.41 49.99
0.jp 0 5166 -7655 -0 1053 1431 80.36 49.99
0.65 0 4252 -6741 -0 1058 1431 75.13 49739
0.70 0 3577 -6067 -0 1058 1431 69.03 49.99 60.75 0 3090 -5580 -0 1058 1431 64.56 49.99
0.80 0 2748 -5237 -0 1059 1431 59.41 49.99
0.85 0 2519 -5008 -0 1058 1431 54.40 49.99
0.90 0 2378 -4968 -0 1058 1431 49.57 49.99
0.95 0 2309 -4799 -o 1358 1431 .4.90 49.Y9
1.00 0 2197 -4687 -0 1058 1431 40.39 49.99
1.05 0 2144 -4634 -0 1058 1431 36.13 49.99
1.10 0 2138 -4628 -Q 1058 1431 jf!O9 4 9. f7
1.15 0 2171 -46a3 -0 1050 1931 28.25 49."9
1.20 0 2243 -4733 -0 1058 1431 24.60 49.991.f5 0 2345 -4a35 -0 1658 1431 21.11 49.99

t 1.30 0 2477 -4967 -0 1C58 1431 17.79 49.99
1.35 0 2636 -5126 -0 1058 1431 14.63 49.99
1.40 0 2821 -5311 -0 1058 1431 11.63 49.99

L 1.45 0 3030 -5520 -0 1050 1431 8.79 49.99
1.50 0 3260 -5749 -0 1058 1431 6.11 49.99 -

1.55 0 3508 -5998 -Q 105a
~

1.60 0 1937 -6262 -0 2893
, 1431 3.~5 9 49.99

1431 1.23 49.99
1.65 0 1553 -6403 -0 341e 1431 0.09 49.99

(
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VALVE ASSENDLY CYCLE TEST REPORT
'

. psi VALVE SERIAL NO. TRAVE G1];0. .

_ i 9 7 59 _? - ce ~1 t - W f S 8 -0 2.- 02 0 0
'

(CUSTOMER
PURCHASE ORDER NO. ITEBI TAG NO.

C.9 % - V tu) P 6c. -
Tc.M o S ll4' MMcA C @- Q D% och C\- M -$s dOPERATOR TYPE MANUFACTURER SERIAL NO. g g y . {.;j
*.

A GO'11 S f. - T O M&g
ACCESSORIES: M L.gf p %d *

,

CYCLE TEST REQUIREMENTS PER SPECIFICATION: go, ,

TEST CONDITIONS -

Each valve shall be cycled four (4) times with its oper'ator to insure that no binding
'

1.
or unusual operatin3 characteristics exist. During this test, the closing time shall
be five (5) seconds or less. No pressure on'the valve is required during this test.

2. Each valve shall be cycled once with a 50 PSIG pressure applied to on'*'(1)' side of.
the disc. bppn opening, the pressure shall be dumpen to atmosphere. The valveu

,shall be cycled using the specified actuators.
, .. .

, ,

3. For all cycle testing, the air pressure to pneumatic actuators sh.ill be 80 PSIG 'and
. electric actuators, shall use available standard electrical service.

.. .

,

, . .
. ..( .

'

.
.

. .

TEST RESULTS .

1. First Closing: I 6~ Seconds
Second Closing: /. i Seconds
Third Closing: /. M' Seconds ''

.

Fourth Closing: / 5 Seconds '.* '

,

2. Each valve and its actu.stor were cycled once with a 50 PSIG p~ressure ' applied to one .
(1) side of the disc. Upon opening, the pressure was dumped to atmosphere.

3. The , cycle test was perforced and completed satisfactorily to ,the requirements per
PSI Specification No. 14758 TP-4,~. .

,-
. .

.

~

.

'

.

e

,S' CD DY DATE IMSPECTED DY DATE
,

h * 60 7-3%*)3 [. M 7 3)Q8i .

tilTNUSSBD DY DATE AUTHORIZED INSPECTOR DATE

. .. n,



e {'f k gi gL[G-

YALVE ASSIOIDLY CYCLE TEST REPORT..; J L
'

P.SI, VALVE SERIAL NO. TRINEIZt UO. .
.

19 7 59 .LO) 13 - t 4 7 5 8-o.~t-09 o o-
*

CUSTO}lER PURCIIASE ORDER NO. ITEM TAG NO.

(Tc.xo.s
> C.P\- % tf'6c.-.

ut.u uAc.3 c A- o on so L1_c _ssup)
OPERATOR TYPE MANUFACTURER SERIAL NO.

_

4.
.%b u 50 . Ec) MoA.g 2 / 9 'l 7 - / -/

'

ACCESSORIES: M L'Acl p 6*y. 6h e_e4-
'

CYCLE TEST REQUIREMENTS PER SPECIFICATION: \ 4~159. T-9-4, Ru) . -
~

TEST CONDITIONS .-

1. Each valve shall be cycled four (4) times with its oper'ator to insure that no binding
or unususl operating characteristics exist. During this test, the closing time shall
be five (5) seconds or less. No pressure on'the valve is required during this test.

2. Each valve shall be cycled once with a 50 PSIG pressure applied.to one '(1)~ side 'o.f. ~ .

the dis . Lippa opening, the pressure shall be du= ped to atmosphere. Tne valves *

shall be cycled using the specified actuators.
.

,
.

3. For all cycle testing, the air pressure to pneumatic actuators shall be 80 PSIG 'and.
. electric actuators, shall use available standard electrical service. .. ,.

.

- -

( . . .
.

. .

TEST RESULTS .

1. First Closing: / Seconds -

Second Closing: / Seconds
Third Closing: / Seconds ' ''

.

Fourth Closing: / Seconds '.* ~

.

.2. Each valve and its actuator were cycled once with a 50 PSIC pressure ~ applied to one
(1) side of the disc. Upon opening, the pressure was dumped to atmosphere.

,.-

3. The , cycle test was perfer ed and completed satisf actorily to the requirements per ..-
PSI Specification No.14758 TP-4,

,

"
-

*

. . .

-
.

.

*
.

*
,

'

.

.

.

. ..,

.

.bTEDBY DATE INSPECTED DY DATE.

A~. 6'Edf ~ 0 Y IfUITNHSSED HY DATE AUTHORIZED INSPECTOR D5TE
_

. . . . n s4
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,[ ( h]VALVE ASSE>lDLY CYCLE TEST REPORTe

PnI VALVE SERIAL NO. TRAVEIFR UO.

- - _ M3.Sh Ar 8 . _. ._.._. .. . . . .... . . _ . .

ITEbl TAG NO.
99-MSS -0.2..-o800 _ ,

(.CUSTO>lER PURCHASE ORDER NO.
c.a-v %ecc.-

3'e.A s . W6MMo C._9. . . o o W . .. . . .._. .. . ... .. o.g. .(.2. m-5xt)..

OPERATOR TYPE MANUFACTURER SERIAL NO.

ME ND -- Y N N._ '~

_ . . . . .

ACCESSORIES: g t_isQ g, ppg.
CYCLE TEST REQUIREMENTS PER SPECIFICATION: ,

TEST CONDITIONS,___
.

1. Each valve shall be cycled four (4) times with its operator to insure that no

binding or unusual operating characteristics exist. During this test, the closing
time shall be five (5) seconds or less. No pressure on the valve is required
during this test.

2. Each valve shall be cycled once with a 50 PSIG pressure applied to one (1) side
of the disc. Upon opening, the pressure shall be dunped to atmosphere. The
valves shall be cycled using the specified actuators.

.

3. For all cycle testing, the air pressure to pneumatic actuators shall be 80 PSIG,

and electric actuators shall use available standard electrical service.
( . . . . . . . . . .

=
_.

TEST RESULTS

1. Failure l'. odes b o S e.
2. First Closing: ".1i f Seconds

Second Closing: > .r seconds
Third closing: > < Seconds
Fourth Closing: J,T Seconds

3. Each valve and its actuator were cycled once with a 50 PSIG pressure applied to
one (1) side of the disc. Upon opening, the pressure was dumped to at:.osphere.

4. The cycle test was performed and completed satisfactorily to the requirements
.per PSI Specification No. 14758 TP-4, .

.

.

(_ ESTED DY DATE INSPECTED BY DATE

. LtL,Dek acA.. . .._ l .1.b 20.. D Nb-- I-1I 80v1TxEsscD 1hl
.

DATE AuTnOnIzED InsPECTOn DATE
!

D -:7.. .....
_ _ _ _ _ - - - _ _ _

.
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' VALVE ASSEMDL CYCLE TEST. REPORT

PSI VALVE SERIAL NO. TRAVEIER IIO.

_ _E.355h. A.-- A . . _ . _ .. . ._.. . . . . . M-MS9 -0.2. -OkOO
COBTOMER PURCllASE ORDER NO.

_

ITEM TAG NO.

(TOAS
c.ex-v no e&. -.

R&U.MAb C 1- _O O 8 4... _. ... .. - .. .._... AQ.J.7 . .wN g_%).

OPERATOR TYPE MANUFACTURER SERIAL NO.

%,on. skto B M G a X. 75177 /
ACCESSORIES: g t_ ism g, Jhd -

CYCLE TEST REQUIREMENTS PER SPECIFICATION: g9 ,

TEST CONDITIONS
. .

.

1. Each valve shall be cycled four (4) times with its operator to insure that no

binding or unusual operating characteristics exist. During this test, the, cloning
ti::te shall be five (5) seconds or less. No pressure on the valve is required
during this test.

-
. .

2. Each valve shall be cycled once with a 50 PSIG pressure applied to one (1)'sido
of the disc. Upon opening, the pressure shall be dumped to atmosphere. The
valves shall be cycled using the specified actuators.

3. For all cycle testing, the air pressure to pneumatic actuators shall be 80 PSIG '
and electric. actuators shall use available standard electrical service.
. . . . . . . . . . . . . . . . . .

---

_

TEST RESULTS

1. Failure Mo es /)T(
2. First Closing: ) ( Seconds

Second Closing: _94' Seconds
Third Closing: 9 f Seconds
Fourth Closing: )i Seconds '

,
,

3. Each valve and its actuator were cycled once' with a 50 PSIG pressure applied to
one (1) side of the dice. Upon opening, the pressure was dumped to atmosphere.

4. The cycle test was performed and completed satisfactorily to the requirements .

.per PSI Specification I;o. 14758 TP-4, .
.

'

-n .

.

i. -

( .STED BY DATE INSPECT D DY D TE

-. Q. l.b. . . . . . .. ..-. . .k. 4 5 '' '

e . . . . . .- .

]WITNESSCD
' DAl d AUTHORI7,ED INSPECTOR bN[E

.I
t.__.._ . . . . .. = - _ . . . . . . . . -. . . . .

0$ .
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APPEI; DIX E

.

-

Seistic and LOCA Stress Analyses
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- - - NUCLEAR LOCA & S E IS!' T C ANALYSIS

9 |
C '

iA'LVE SIZE:
'

19" V,,/vc V-/0
VALVE CLASS: ico
ACTUATOR: /M, l ev e 7 /: d "7 2 .Sg PO
CUSTOMER: %ve A // Ll /,' Me A
P.O. NO.: cfF -1224C-S
SPEC. NO.: 2173 - ss-20 .

REFERENCE NO.: 34977 / / '/ *7 Ffr" / 1 )
ITEM NO.: I /r)

REFEPENCE DWGS.

A. ASS'T DWG. NO. / Y 79 Y -/ REV. d
B. BODY DWG. NO. ,__ 4 / V Y- / f/0 -3 REV. *

C. DISC DWG. NO. / /VV - / Yo - 9 REV. 13.

D. STEM DWG. NO. J'3e V M 2- REV. -

E. PIN DWG. NO. l '3 0/ - / Y REV. A
F. BRACrET DWG. NO. _ 17 too. REV. -

... _

ALLOWABLE STRESSES

A. BODY 3Af/3 A A "70 14250 PSI
~

-

B. STEM S A %~t. 'l M LTS c.o J H 1100 52T00 PSI
|C. PIN <A ct i GA f. % D l's ) N tw o t?OCH PSI

D. BRACEET A s ro '

V/Voo PSI( E. BOLTING A 191 /1# (7 7 4 VfoD PSI
F. DISC < A ~3 f f 68 C FPA 1470D PSI A

DESIGN CONDITIONS-

PRESSURE: F# PSI
TEMPERATURE: 300 DEG. F.
FLOW PRESS. DROP: d, / 7 PSI |0

.

VALVE TOROUES

LOCA TORQUE: 20/04 IN-LBS C. u e. 78
MEDIA: Atr - gp*
FLOW DIRECTION: I'er de u e d g,yg

G-LOADINGS

TRA!iSVERSE: ~3 '/, M ,,,.Ac 7, 4 = /, 9 e 3.$
VERTICAL: / / / 5.2 / t h/,s * 4.3_
LONGITUDINAL: SsF i,t y r. r = .*. 9

'

OCCASIONAL LOld

TRANSVERSE: D LBS
VERTICAL: fo /> LBS

S-l



SIZE /f CLASS _/37)
DIMENSIONAL DATA

I!PDT COMPUTER_ '
(, DFfcRIPTION OP YARIABLE NAME NAME

TRANSVERSE DIST. ACTUATOR C.G. T0 ( VALVE 7. 3 L X1 I1
LONGITUDINAL DIST. ACTUATOR C.G.TO q VALVE h.L3 I2 I2
VERTICAL DIST. ACTUATOR C.G. TO BRACKET C V8 I3 13
HEIGHT BRACKET V I4 I4
HEIGHT VALVE NECK 7 IS X5
ACTUATOR WEIGHT Y9/ W1 W4
BRACKET WEIGHT fl W2 W5
DISC WEIGHT 173 ! W4 W3

.

THICKNESS OF BRACKET LOWER PLATE F~ l T1 T1
WIDTH OF BRACKET %F T2 T2
WIDTH OF VALVE NECK 7 i 73 T3
THICKNESS OF VALVE NECK 7. 4 9 T T4 T4
THICKNESS OF BRACKET SIDE PLATES i T- T9 T9
THICKNESS OF BRACKET TOP PLATE , i' TO TO
VALVE NECK 0.D. D d3 Do
PACLING BORE I.D. L 5' Di L5
STEM DIA. 7,7 f D1 D1
GAGE DIA. OF DISC f t.4f 4 D D
WIDTH SMALL DIA. BACK OF DISC 2d3T E1 E1
WIDTH LARGE DIA. OF DISC 4/3 E2 E2
DISC SPHERICAL INDENTATION DIA. I2l f' D2 D2

''

DIST. BETWEEN T-WASHER FLATS ON DISC f /.5 Y L3 L3
STEM ENGAGEMENT IN DISC Z (E r- L4 L4 $( DEPTH OF SPHERICAL INDENTATION IN DISC . 9/ 7 E4 E4
LARGE DIA. OF CONICAL SECTION OF DISC 10 W D3 D3
SMALL DIA. OF CONICAL SECTION OF DISC L375~ D4 D4
THRUST WASHER THICKNESS '74K L2 L2

,

DIST. E STEM TO FRONT OF DISC l. 9/L Y2 Y2
NO. OF ACTUATOR BOLTS .'

Y N1 N1
TENSILE STRESS AREA 0F ACTUATOR BOLTS eIYI4 A1 At
DBC OF ACTUATOR BOLTS Er I6 I6
NO. OF BRACKET / VALVE BOLTS D N2 N2
TENSILE STRESS AREA 0F BRACKET / VALVE BOLTS . 334 A2 A2
TRANSVERSE DIST. BETWEEN BRACKET BOLTS f' I7 I7
LONGITUDINAL DIST. BETWEEN BRACKET BOLTS L Z8 X8

,

LENGTH OF BRACKET C T5 T5
DISTANCE BETWEEli YALVE BODY BOLT HOLES F H5 R5
DIA. OF VALVE BODY BOLT HOLES e R6 R6
5 TORQUE O!! DISC PI!! M f~ % T7
DISC PIN DIA. e '/ 5 4 dp D5
VALVE BODY 0.D. 15' d1 D8
VALVE BODY WATERWAY DIA. 17 R7 R7
ADJACENT PIPIll0 0.D. IF R8 R8
ADJACENT PIPIllG I.D. / t J 74 R9 R9
LEllGTH ACROSS GUSSETS 0 L L
THICKNESS OF GUSSETS o T T
DIA. OF NECK FLANGE - 0 D6 D6
THICK!!ESS OF NECK FLANGE o T6 T6( !!ODULUS OF EL/.STICITY ~3 0,000. teo E E'

!! AII!!Uf! PIPING BE!! DING M0HENT WA M4 M4
110. OF BODY BOLTS #I N3 H3DEC OF BODY BOLTS / I0 10
ROOT AREA 0F BODY BOLTS J EO E0

p-L
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'

i

{ Iru .-uA.u. 4.,
'

.m.s.....u....m. . . w. .
3 , r . . .. . . - ,.m y.q-.*F*' NUCLEAR SEXSHIC ANALYSIS '

' (,
.,

i
18 CLASS 160 VALVE AhSEMDLY
WITH 24072-SR90 ACTUATOR *t

:. CusT5AER:IEXA'3 UTILITIES
P.O.MO.CPF-12294-S (*

.
'

J MCtNO.:23D -SS-20 *
|

REF,NO.:34977
[ITEM NO.:1 '*

I. REFERENCE DWcs. ALLcVADCr*5TREMES 7P3T) CC3tTOFCETCDNDITf 0Ns
4 A. ASS'Y OWC.NO. 14758-1 REV.D A.000Y: 24250 "

! B,000y CWG N_0.!9144-190-3 REV.- D. STEM * %2500 SHUT-OFF PRESS.(PS!)= 503
C.0TSC'DA .NO.; 1144-180-9 KEV.u c.PtN: 35000 IEM@5 l~UWG Tf M00t

1 0. STEM DWG.NO.81304-362 REV.= D.DRACHEft 41400 FLCW PRESS. CROP (PSI)= 4.17
E. P!N_DWhM. ! !306-14 REV. A E. DOL T I NG! 94%00.

! F.ORACKET OWG.NO.12300 REV.- F.0!SC 24750
|- C LCADINc3 OCCA33tCNAL LCAD3

'

'
LOCA TchcLL= 20309 t er.nm k'iE s J. 7 Ik A%VL Alk * 3' MEDIA = AIR VERT 0AL= 4.3 VERTICAL = 500

; ___ FLC M IRFCTICN.rR2FENRr0 L CMClitsc !NAL- 3.7

i DIMENSIONAL DATA
Xt= 3.32 X2= .43 x 3 = 4. 4R I4= 4 Y5= 3 Wie 4R1 W2= 11
W4= 113 T1* .5 T2= 4.5 TJa / T6= 3.Ea3 T4* .5 T0= . s
d3= 0 D a = 2. 5 Die 1.75 De 14.654 F1= 2.4Ja E2= .313 gj D2* 12.25 L3= 16.34 L4= 2.425 E4= .913 01= 15.75 D4= 3.375
L2= .340 V2= 1.812 M1= 4 Al= .1416 X6= 4.5 N2s'4i

A2= .334 X7= 5 X8= 2 T5= 8 R5= 0 Ree 0
%=_65 dp= .496 dia 25 R7= 17 Rg= ta R9= 14.374 .

! L= 0 != 0 04= 0 Tom o E= 30059a90
.

NATURAL FRFOUENCIES (NZ.) ACTUATOR OCLT STRES303<

LONGITUDINAL (Z) ACT./ VALVE = 17 US. JJHZ. 5 HEAR = 23341 F51 -

1 TRANSVERSE (Y) ACT./ VALVE = 40 VS. 33HZ. TENSILE = 20898 FS1 ('LATERAt. OfSC/ STEM = 411 VS.33H2. COMotNE0= 42329 PS! VS. ALLOW.= 94500

] ( BRACKET BOLT STFESSE3 DRACKET STRE33ES [SHEAR = #429 PS! SHEAR = 99%& #91
! itNSKi B 8044 PSI TENSILE = 4935 7 F5I

( COMDINED= 21523 PS! VS. ALLOW = 94500 COMDINE0= 23419 PS! VS.ALLCW= 41400 (.
VAL 4E NECK STRESSES STII'i~3TKi sic s

f SHEAR = 1358 PS! SHFAR= 19584 P3! f.i
* 'M TEN 91LE* 2292 PS! TENS!LE= 4409 PS! ~

52540C0FDIss0 2923 PSI VS. ALLOW = 24250 CCMfilNCDD24DSI V3. ALLGWe ~

'

OJSC_P!N STRFSS SFCTION MODULUS,

SHEAR * J5790 PSI VS. ALLOW = 21000 VALVEa 1205.99 INtJ1

1 L PIP!NC= 130.14 int 3 ([
* ACTUATOR DEFLECTIONS DODY DOCTINr.( LONC!TUDINAL= .242729 INCHES NOT APPLICA0LE C."

; TRANSVERSE = 4.37000000E-02 INCHES
O!SC STREESE3( WITH FLOW DISC SHUT C-

2

-

DENotNC STRESS dre 1999 DENDINC STRESS.Se= 2032I DENDING STRES$.Sy= 1910 DCR0!)iC~5YRC$$5p= 3509
{ ( CCMDINE STRES3= 3374 PS! VS. ALLOW = 24750 COMDINE STRESS = 15e PSI VS. ALLOWS 24750 h. ,
i . ICuo. . . . ' .4. . . . . . . . ~. . . </r/rc. .

--

7; . t. c,
! .. . . . . . . . . . . .. p. .e..

......,.7....,.7.,....g.......... .,
,

.

., .

f. '.y 1 ." ; ,' g * .t. s , r-
. . . . . .c,

,
,

a |

1

[

1

'!

I

( i
3
'

,

k

>

1

,
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'

Nr7 CLEAR LocA & SEISMIC ANALYSIS...

... ,

( 'r/,/ge - ://OTALVE SIZE: If
'

VALVE CLASS: 100
ACTUATOR: /N lw e 7-4 4 7 2 - Sg t0

CUSTOMER: % we n // C // A' A
P.O. NO.: cff -In4C-5
SPEC. NO.: -' t ? S - s s - 2 0

REFERENCE NO.: ~3 4 9 7 7 / /'/ *7 5-t' / 1 )
ITEM NO.: I /7)

REFERENCE DWOS.

A. ASS'T DWG. NO. / Y 79 7 -/ REY. d
.

B. BODT DWG. NO. 4/YY- /Po J REV. '

C. DISC DWG. NO. / /V V - / f'o - 9 REY. 13.

D. STEM DWG. NO. 13r V - H Z-- REY. -

E. PIN DWG. NO. - 13ct - / * REV. - A
F. BRACEET DWG. NO. .._.L; toe REV. -

. ,_

_

ALLOVARLE STRESSES

A. BODT 3Arir A A *70 stsso PSI .

B. STEM S A Cf. 4 AM Lia to. l l/ Iloc .T2 TCO. PSI
C. PIN <4 VI V oA /%D /*,,) u nas i ro d o_ PSI [g

C
D. BRACKET A 5"ro

'

V/ Vo d PSI
E. BOLTING A 141 d# 67 9 YfoD PSI
F. DISC <A 1 PI d A A #~ M 1V7co PSI |g

DESIGN CONDITIONS-

PRESSURE: f4 PSI
TEMPERATURE: 700 DEG. F.
FLOW PRESS. DROP: 19.0 % PSI |g

_ VALVE TOROUES

LOCA TORQUE: 1714 f IN-LDS t. s , 2 o

MEDIA: Ale. M
7#oFLOW DIRECTION: F% L. , eV

d 33

0-LOADINGS

TRANSVERSE: ~5 7, b. . A c 2,4 r /, f = ( 1

VERTICAL: / / A. f e r b r. W 13-

LONGITUDINAL: SSE ' 2,6 J /ef e11

OCCASIONAL LOAD

TRANSVERSE: O LDS O
VERTICAL: wp LBS

E" '{



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

i . .
;

SIZE /f CLASS I37)
DIu m royfL pfTa

ACTUATOR M rvy M*072 S#to ;
"

L / '

INPUT COMPUTER<

| {, DESCRIPTION _0F VARIfBLE 'NAME NAME
'

-

I

J TR ANSVERSE DIST. ACTUATOR C.G. TO (, VALVE 7.32- X1 X1
. LONGITUDINAL DIST. ACTUATOR C.G.70 (, VALVE MM X2 X2
! YE3TICAL DIST. ACTUATOR C.G. TO BRACKET o V8 X3 X3

HEIGHT BRACKET Y X4 X4
; HEIGHT VALVE NECK 9 X5 X5
. ACTUATOR WEIGHT YSI W1 W4'

BRACKET WEIGHT 11 W2 W5
DISC WEIGHT 113 W4 W3

>

THICKNESS OF BRACKET LOWER PLATE s' T1 T1
WIDTH OF BRACKET %F T2 T2e

WIDTH OF VALVE NECK 7 T3 T3
TEICKNESS OF VALVE NECK 7if t T4 T4-

i THICKNESS OF BRACKET SIDE PLATES iT T9 T9
THICKNESS OF BRACKET TOP PLATE .C TO TO ,

. VALVE NECK O.D. B d3 Do'

PACKING SORE I.D. " f' Di B5,

i STEM DIA. 7,7 f D1 D1
OAGE DIA. OF DISC J t.4f Y D D |

1 WIDTH SMALL DIA. BACK OF DISC 2MIT E1 E1
WIDTH LARGE DIA. OF DISC '9/3 E2 E2
DISC SPHERICAL INDENTATION DIA. If, t r' D2 D2

'
1

DIST. BETWEEN T-WASHER FLATS ON DISC f /.3 Y L3 L3'

STEM ENGAGEMENT IN DISC 2a (2#- l L4 L4 $( DEPTH OF SPHERICAL INDENTATION IN DISC . 9/1 E4 E4
'

LARGE DIA. OF CONICAL SECTION OF DISC 10 W D3 D3
, SMALL DIA. OF CONICAL SECTION OF DISC 3,3 75' D4 D4

THRUST WASHER THICKNESS *11T L2 L2
,'

| DIST. g STEM TO FRONT OF DISC l . $ / 2. Y2 Y2 !

! NO. OF ACTUATOR BOLTS Y N1 N1
*

TENSILE STRESS AREA 0F ACTUATOR BOLTS #IY/4 A1 Al
DBC OF ACTUATOR BOLTS V, f' I6 X6

i NO. OF BRACKET / VALVE BOLTS 4 N2 !!2 I

] TENSILE STRESS AREA 0F BRACKET / VALVE BOLTS . 334 A2 A2
TRANSVERSE DIST. BETWEE!T BRACKET BOLTS C X7 X7
LONGITUDINAL DIST. BETWEEN BRACKET BOLTS 7- X8 X8
LENGTH OF BRACKET C T5 T5;

) DISTANCE BETWEEN VALVE BODY BOLT HOLES & R5 R5 .

j DIA. OF VALVE BODY BOLT HOLES e R6 R6
'

% TORQUE O!! DISC PIN M 5'~ l 5 T7
DISC Pill DIA. ie/W I dp D5

<

VALVE BODY'O.D. 1 f~ d1 D8
; VALVE BODY WATERWAY DIA. 17 R7 R7
i ADJACENT PIPI!!O 0.D. If R8 R8

ADJACENT PIPIlla I.D. 1L374 R9 R9
j LE!!OTH ACROSS OUSSETS o L L
i THICK!!ESS OF QUSSETS o T T
| DIA. OF NECK FLANGE o D6 D6
j THICK!!ESS OF NECK FLAll0E - 0 T6 T6( It0DULUS OF ELASTICITY 'M oof d40 E E
!
'

H AXI!!U!! PIPI!!G BE!! DING HOME!!T U/'t- M4 M4
'

fl0. OF BODY BOLTS II H3 N3
! DBC OF BODY BOLTS / XO XO'

ROOT AREA 0F B0DY BOLTS J EO E0
;

*,



s' .'i ' ***
POSI-SEAL INTERNATIONAL. INC.* ".t

" "* ' *(NUCL. E AR _ f4 E' I B M 1 C ANALYSTU ,

19 CLASS 150 VALVE ASSEMBLY /*
WttM 26072-5R90 ACTUATOR

e

CUSTOMER:TEMAS Uf!L!f!ES ('*

P.O.NO.CPr-t?296-S *

* 7 tr.W0 3 * M I:Zo
REF.NO, 349?7
ifEM NO.:1,

REFERENCE DWC3. ALLOWADLE STRESSES (PSI) DESIGN & FLOW COND!f!CNS ."A. ASS *Y OWC.NO.:14758-t REY.D A.000Yt 26250
D.000MI.T.Ni). ; 7 4 4 4 - 15 7 3 *KU.'. - U M E M *3*O LHSFTKETC TST') = 5D
C.0tSC DWC.NO.:1144-190-9 REV.D C. PIN: 31000 TEMPERATUREt'F)= 300 (0. STEM OWC.NO.: 1304-342 REV.- D.DRACMEf: 4t400 FLOW PRESS. DROP (PS!I= 19.03
E.r!N'O. : 1306-14 nEv.A E. pat r ams; v45co (i
F.0 RACKET OWC.NO.12300 REv.- F.0!$C: 24750 (*

6 LCntT!m m. PitTN?.D a
LCCA TOEGUES 12190 TRAN3VENSE* 3.7 TR ape %VER S E a O
Mt2 t A* A tr. Vr:ftrN.. s.3 VE p t :c AL- 500
FLC.FCTKECTTOFMK[TERRCD LUNCTTUDIflAL= J.7

A
OtMENS10NAL DATA

xi. 3. az rz. 43 x 3 = 6. ."3 14= 4 n= 3 w1* 431 J7* 11W4* 133 f1a .5 T2= 4.5 T3 7 fee 3.689 79= .5 70* .5 edia 0 06= 2. 5 Die 1.75 De 14.454 E1= 2.439 E2* .083
02= 1;.25 LJ= 14.J4 L4. J.M5 E4= .913 03 15.75 9 3 U.~.f75
L2= .344 Y2= 1.812 N1* 4 Ate .1416 X4* 4.8 N2= 4 (*A2= .334 M7= 5 18= 2 75* G R5e 0 96* O
3* 65 ope 496 ds= ;5 R7a ni R7= 13 -v* 16.s74
L= 0 fe 0 Da= 0 fa. 0 Em 30000000 p *

e

NATURAL FREGuENGIE5 (HI.) ACTUATCF tiUCT"lYhTsEs
LCNCITUO!NAL(2) ACT./VALVra 17 VS. 33Hl. SHEARS 17274 PSI gTRANSVFR3E(Y3 ACf./ VALVE = 40 VS. 33H2. TENS!Lrs 28999 PSt

'

[ LAYlEAGric74 TEM. 4:1 V3.JJ12. CGM 6TNED* Je970 Ff3 VS.A4LUi.= 9, D

DeACMET DCLT STATSSE3 ORACMEf STPESSES
EMEAR* e404 PSI 5 HEAR * 4557 F31

: TENSILE * 19044 PSI TENS!LE* 14825 PSI (,COMDINED* 20104 PS! VS. ALLOW = 94500 C0= DINE 0= 19079 PSI VS.ALLCWe 41400

( VALVE NECM STRESCES STEM STRESSES (,SWEAR * 974 PS! SHEARS 11591 PSt

,C 73E"72 F5I Teel TrrG33Mir ''

COMDINE0* 2411 PS! VS. ALLOWS 26250 COMDINED* 14122 PS! VS. ALLOWS $2500 C
OI2G PIN srREss 5ECTIcN MDoutuJ( SNEARs 21183 PS! VS.ALLOWe 21000 VAL vee 120$.99 INf3 QPtP!NCe 130.14 IN91

( ACTUATOR DEFLECTIONS 90DT 00Lf!NC CLONClfUDINA g ,947709 INCN(5 Ndf APPt,{CADLC
TfANsViME = *.dF0065T-42 INcut5( OtSC STRESSES Cw Tw rLew OtsC SHUT
PtNDING SISESS.Sas IIS BEN 0!NG STRESS.Sa= 2612 -

~

(, etNOING STRESS,Sr* 2903 9ENDING STRESS, Spa 3509 CCoastNE sisESS s094 *Sr v1.ALL0w. 247s0 cC Dr t,p ary g-j osA PSt vS.ALL P 24M 0
C StGNED... /

'

/h (. . .s. ..... DATED....

. Q:.. . - - . - . ~ ~. .. .. .
.......3............. ,. . . . . . . , . . . . . . ............... . ..... ..

* . * *
.

f ' % .* i

.

} . , . .' ' ' ,. . . * * i t . '. . .. , ,y. > . . y 'y *:... ij . . ~ , . -
"

. *l+ .*
.
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*
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.

NUcLEAP LOCA 1 SEI?''Tc ANALYSIS. - - -

.*=,
'

( VA1.VE SIZE: W w/go - t/ /O
A VALVE CLASS: 700

' '

ACTUATOR: 4% be r 7-4 4 7 2 - S t PO
CUSTOMER: % we $ // C /.' A', a
P.O. No.: C#F -/224C-S
SPEC. NO.: 2t?~f .ss-20

.

REFERENCE NO.: ~3 '/ 9 7 7 / /V 7N /1 )
ITEM NO.: f /7)

REFEPENCE BWOS.

A. ASS'Y DWG. NO. / Y 79 7 -/ REV. d
B. BODY DWG. NO. 4/YV- IFB-3 REV. "

C. DISC DWG. NO. 1/VY - /i'0 -9 REY. 13,

D. STEM DWG. NO. 1 Se V 14 2-- REV. -

E. PI!i DWO. NO. 170/ # * REV. - A
F. BR Ar:KET DWG . NO. r ut0__._ REV. -

. _ -

ALLOVAPLE STRESSES

_ AT/I A A 70 2.4250 PSI -A. BODY <
B. STEM 9 A Ct. 'f 6/ tin c o. l Lt 1100 T2700 PSI
C. PIN < A Cf. V oA /. % D /%) _u erot grooo PSI [g

(' 'D. BRACEET AWo
'

'//Yoo PSI
|E. BOLTING _ A 191 <;# 67 9 Yroo PSI

F. DISC <A T P/ 4AAs9M c.Y7en PSI |g

DESIGN C O N D I ** IO N S '

PRESSURE: 90 PSI
TEMPERATURE: 700 DEG. F.
FLOW PRESS. DROP: W PSI |$

VALVE TOROUES

LOCA TORQUE: -' 4 ' 7 IN-LES 4 a la
HEDIA: Ale. A c5o
FLOW DIRECTION: f% L ,- . A' - - - -

L 17.

C- LO A DI!T O S

TRANSVERSE: '3 "*e Dw >. A c 2.4 r /. f = L 1

VERTICAL: / / A . 2 8 i b 1. A = t.3.
LONGITUDINAL: ASE ' ? . 6 v' /.S e ~4. 9

\
OCCASIONAL LOAD

TRANSVERSE: O LDS O
VERTICAL: ved LDS

F-7



-. -- -. - . - - . .

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

v -

SIZE /f CLASS lid___

DIMENSIONAL DATA-

' ~"

ACTUATOR Ne 2/472-Sgfdeve
i- /

s INPUT COMPUTER~

{ (. DESCPIPTION OF YAEIABLE NAME NAME
'

TRANSVERSE DIST. ACTUATOR C.G. T0 t VALVE 7. 3 2' X1 X1-

! LONGITUDINAL DIST. ACTUATOR C.G.TO ( VALVE o.L3 X2 X2 |

! VERTICAL DIST. ACTUATOR C.G. TO BRACKET & V8 X3 X3 '

; HEIGHT BRACKET V I4 I4
I HEIGHT VALVE NECK 1 I5 I5

ACTUATOR WEIGHT 19/ W1 W4
,{ BRACKET WEIGHT 11 W2 W5
; DISC WEIGHT 773 W4 W3'

THICKNESS OF BRACKET LOWER PLATE 9~ T1 T1
I WIDTH OF BRAC!ET 4, F T2 T2

W. IDTH OF YALVE NECK 7 73 T3;

j THICKNESS OF VALVE NECK 7.491 T4 T4
THICKNESS OF BRACKET SIDE PLATES i T' T9 T9
THICKNESS OF BRACKET TOP PLATE . i' TO TO4

VALVE NECK 0.D. n d3 Do,

j PACKIJG BORE I.D. 7, f Di BS
: STEM DIA. 1,7 f D1 D1'

OAGE DIA. OF DISC lt.4f Y D - D
WIDTH SMALL DIA. BACK OF DISC 2. 43 T E1 E1

'

WIDTH LARGE DIA. OF DISC 4/3 E2 E2
.' ''DISC SPHERICAL INDENTATION DIA. 12.1 T' D2 D2

i DIST. BETWEEN T-WASHER FLATS ON DISC II.3 4 L3 L3
| STEM ENGAGEMENT IN DISC Z.str-~ L4 L4 $

'~( DEPTH OF SPHERICAL INDENTATION IN DISC . 9/ 3 E4 E4
: LARGE DIA. OF CONICAL SECTION OF DISC 10 7 F~ D3 D3

SMALL DIA. OF. CONICAL SECTION OF DISC 3,375~ D4 D4.
,

THRUST WASHER THICKNESS .31R L2 L2 -

r

j DIST. Q STEM TO FRONT OF DISC f. $/L Y2 Y2
'

1 NO. OF ACTUATOR BOLTS Y N1 N1
~

,

j TENSILE STRESS AREA 0F ACTUATOR BOLTS *14/4 A1 A1

] DBC OF ACTUATOR BOLTS V. C I6 I6_
NO. OF BRACKET / VALVE BOLTS h N2 N2

| TENSILE STRESS AREA 0F BRACKFT/ VALVE BOLTS . 334 A2 A2
.

, ,'TRANSVERSE DIST. BETWEEN BRALLET BOLTS f' I7 X74

!* LONGITUDINAL'DIST. BETWEEN BRACKET BOLTS L Z8 x8
: LENGTH OF~ BRACKET lf T5 T5
i DISTANCE BETWEEN VALVE BODY BOLT HOLES e R5 R5 '

i DIA. OF VALVE' BODY BOLT HOLES B R6 R6
1 % TORQUE ON DISC' PIN e f~ 5 T7
} DISC PIN DIA. e '/ S t dp D5
; VALVE BODY 0.D. 75' d1 D8
i VALVE BODY WATERWAY DIA. 17 h R7 R7
! 1.DJACENT PIPING 0.D. If R8 R8 '

' ADJACENT PIPIllG I.D. 1t474 R9 R9
i LENGTH ACROSS GUSSETS 0 L L

THICKNESS OF GUSSETS # T T
'

DIA. OF NECK FLANGE O D6 D6
THICKNESS OF NECK FLANGE O T6 T6 I(( I:0DULUS OF ' ELASTICITY M1000.### E E |!!AXI!!Uff PIPING BE!! DING liOMENT DE M4 M4 1

11 0 . OF BODY BOLTS II N3 N3 !.

! DBC OF BODY BOLTS / 10 K0
- ROOT AREA 0F BODT BOLTS d E0 E0 |

I i
j .c



- _ _ _ .. _ . __m . __

.

. .r. - . - _ . . . . .. .r w . - a =_ e e n A.= .was.ge.e 4 ve . en , ..%..
. . NUCL.E ARg

.. - .. s .
SEISMIC ANAL YSIS '(

18 CLASS 150 VALVE ASSEMBLY
WITH 24072-SR80 ACTUATOR (*-

CUSTOMER ~~T'XA5 UTILITIES*

P.O.NO.CPF-12296-S g-

C - ' SPEC.NO. : 2323-SS-20
*

RE Q U.TJT977
ITEM No.: 1

REFERENCE U;.;Gs. ALLCJAU T"3IREYUEY~II'ST3 UESIDFTTEUil CDIDITICNs
A. ASS *Y DWC.NO.: 14758-1 REV.D A. t400 Y: 26250 (9.GODY DWG.NO.:9144-180-3 REV.- D. STEM: 52500 SHUT-OFF PRESS.(PSI)= 50C. D f5CW. NO. ; 11 * 4- 180-f REV.o c.~TT7.MOUO TEM rR7.TW r FF A 3a
D. STEM DWC.NO.: 1304-362 REV.- D. DRACKE T: 41400 FLOW PRESS. DROP (PSI)* 26.6
E. PIN DWG.NO. :1306-14 REV.A E.00LTING: 94500
F.UKAcKLT DWu.NU.ls3GO ELV.- P.U1dG; Z4/bG

.-*
C LOADINCS CCCASS!CMAL LOADS

Lc;,n ic5u . 6. Ir.cN~V R L- ;.< 1 n M~"ET.T* 7
MEDIA = AIR VERTICAL = 6.3 VERf! CAL * 500
FLCu c!RECTIO*t=f *EFERFED - LO*fC ! TUD INAL = 3.7

DIMENSIONAL DATA
i

X1= 3.32 X2= .43 X3= 4.40 X4= 4 X5= 3 Wie 481 W2= 11 i
*

W4= LJJ 11= .3 r;= 4.5 IJ* I I4= 3. 5TJ T7= .3 T0e .5d3= 0 ' Di= 2.5 Di= 1.75 De 14.654 E1= 2.433 E2* .813
D2* 12.25 L3= 16.34 L4= 2.625 E4= .813 D3= 15.75 04= 3.375

'

L2= .J48 TZ= 1.812 NLe 4 Al* .1416 X68 4.5 NZe7
A2= .334 X7= 5 X3= 2 T5= 8 R$= 0 R&= 0 (X= 65 do= .496 d1= 25 R7= 17 R8* 19 R9= 16.874
L= 0 T= 0 De= 0 I4= 0 Em JUVUcoQo

NATt?RAL FREQUENC!ES (HZ.) ACTUATOR DOLT STRESSE3
LONGITUDINAL (Z) AGT./ VALVE = 17 V5. JJHI. 5 hee'*h = IJ/56 F31
TRANSVERSE (Y) ACT./VALVCs 40 VS. 33HZ. TENSILE = 28898 PSI (.

LATERAL DISC / STEM = 411 US.33HZ. COMDINED= 34400 PS! VS. ALLOW.= 94500

C DRACKET 00LT STRESSES BRACKET STRESSES (SHEAR = 9249 PS! SHFAR= 47R4 PSI -

T GsILE= 19564 FSI T M5ILE= 15485 PSI
( CONDINED= 19478 PSI VS. ALLOW = 94500 COMDINED 16844 PSI VS. ALLOW = 41400 (

VALVE NECK STRES3E5 STEM STRE35E3( SHEAR = 771 PSI SHEAR = 7295 PSI (.TENSt1.E= 2092 PS! TENSILE = 4409 PS!

( -- CCMDTNYDa2527 F3I VS. ALLOW = 26250 00MDTkEDs 9754 PSI V5. ALLOWS 52500
s

CDISC P!N STRESS SECT!DN MODULUS
SHEAR = 13332 FSI VS. ALLOWS 21000 VALVE = 1205.?? INf3

( PIPING = 130.16 INf3
s

ACTUAIGN DEFLLGIIGN3 DUQT DULTING( LONCITUDINAL= .242729 INCHES NOT APPLICADLE
TRANSVERSE = 4.37000000E-02 INCHES C

DISC STRE53E5( WITH FLOW DISC SHUT
~~

(;DENDINS STRESS.Ss= 3534 DENDING STRESS.Sa= 2032BEN 0TNDWfTS. Sy= 3507 BNdfRC 5Nf5S Ty - 7509( CONDINE STRESS = 4141 PSI VS. ALLOW = 24750 COMDIPE STRE=S= 856 PSI VS. ALLOW = 24750 C1
h .......CAIEU... )?SIGNED... ..

t /.
....

C.. . - -
, . . . . .. . . . .

r. t e .
,. . . . .

. ...g. .

|?.z.. .~. .....,.. , . ..- ..-.g...... ,,..,. ,
..

*
. .y . . . , ,. .. ... -. .,

.. . .. , ,
* .

. . -: ::., p ,.,; . . . . .: . .:; q - *
,.

,:. ... . .. . . .
.

t

. .
.

1



_ _ ._ __

.

_

--- M T/C L E A R LOCA & SEISMIC ANALYSTS

'?AiVE SIZE: W $[ f/$g
A VALVE CLASS: i_c 0,

ACTUATOR: /M, 4 ev r 7-4 0 7 2 - S g PO

CUSTOMER: -G u _4 // C // 4, .S
P.O. No.: cfF -/224C-5
SPEC. NO.: nt?3 - ss-20
REFERENCE NO.: ~3 4 9 7 7 / / V '75T / 1 )
ITEM NO.: I /2)

REFEPENCE DWCS.

A. ASS'Y DWG. NO. /Y 79 7 -I REV. d
B. BODY DWG. NO. 4/YY- / fr'0 I REY. -

C. DISC DWG. NO. / / V Y - / R'0 - 9 REY. B
D. STEM DWG. NO. /SMV- %'2- REV. -

E. PIN DWG. NO. 13ct - / Y REV. A
F. BRACKET DWG. NO. .. 123eo REV. _

-
, _ _ . _ _ _ _ -

i

:|

j ALLOWAFLE STRESSES
i.

A. BOUT SAT /i' AA ~70 2.4250 PSI -

B. STEM SA f/> 4 An L30 c.r-) U ll00 T2700 PSI
C. PIN # CL V oA r. % D /,/ urup weo psr |@
D. BRACKET A fro

'

4/Yoo PSI
' '

E. BOLTING A 14 % d# 67 9 Vfoo PSI
F. DISC <A i s'/ 5 A LFTA 247cn PSI !#

i

DESIGN CONDITIONS-

PRESSURE: P# PSI
TEMPERATURE: 300 DEG. F.>

'
FLOW PRESS. DROP: /tV4 PSI 8

_ VALVE TOROUES,

LOCA TORQUE: /33f0 IN-LES (s 24
HEDIA: Apr _ , e

FLOW DIRECTION: / /r , o-, Le,J 70
| fa e Th

G-LOADINGS
s

TRANSVERSE: 37, Dm .d e [t , N t) r /f - c.Y
'

VERTICAL: / / -e.2 'r 1. r = 4,p
^

LONGITUDINAL: 3SE ?. t y e r > 7,4

OCCASIONAL LOAD

TRANSVERSE: WO LBS $VERTICAL: O LBS
i

t?-!O
- ._ __ _ _ . _ _ _ . . _ . _ _ __ __ _.- . _ _ . . _ . _ . _ _ . .___,.-_- _ , _ .



SIZE /7 CLASS IST)
!DIMEFSIDNAL DA -

ACTUATOR [febeve AIO77
/

:-

IkPUT COMPUTER-

( '
DESCRIPTION OF VARIABLE NAME NAME

TRANSVERSE DIST. ACTUATOR C.G. TO q VALVE 7. 3 Z- X1 X1
LONGITUDINAL DIST. ACTUATOR C.G.TO E VALVE h L3 X2 X2
VERTICAL DIST. ACTUATOR C.G. TO BRACKET < V8 X3 X3
HEIGHT BRACKET

.
V X4 X4

'_ '

HEIGHT VALVE NECK ' 1 X5 X5
ACTUATOR WEIGHT 19/ W1 W4
BRACKET WEIGHT 11 W2 W5
DISC WEIGHT 773 W4 W3
THICKNESS OF BRACKET LOWER PLATE 9~ T1 T1
WIDTH OF BRAC ET , %F T2 T2*

WIDTH OF YALVE NECK 7 T3 T3
THICKNESS OF VALVE NECK 74ti T4 T4,

THICKNESS OF BRACKET SIDE PLATES e5- T9 T9
TEICKNESS OF BRACKET TOP PLATE C' TO TO
VALVE NECK O.D. O d3 Do
PACKING SORE I.D. - ?,5~ 1 Di B5
STEM DIA. 7,7 f D1 D1
GAGE DIA. OF DISC lt.4f V D D
WIDTH SMALL DIA. BACK OF DISC 2.43 T E1 E1
WIDTH LARGE DIA. OF DISC '%/3 E2 E2

' 'DISC SPHERICAL INDENTATION DIA. 12.t r D2 D2
DIST. BETWEEN T-WASHER FLATS ON DISC f/ 54 L3 L3
STEM ENGAGEMENT IN DISC L (E r- L4 L4 $(. DEPTH OF SPHERICAL INDENTATION IN DISC . 9/ T E4 E4
LARGE DIA. OF CONICAL SECTION OF DISC 10 7 5~ D3 D3
SMALL DIA. OF CONICAL SECTION OF DISC 3,37 5~ D4 D4

,

THRUST WASHER THICKNESS .74T L2 L2
DIST. g STEM TO FRONT OF DISC l. S/L Y2 Y2
NO. OF ACTUATOR BOLTS .~

Y N1 N1
TENSILE STRESS AREA 0F ACTUATOR BOLTS iIY/4 A1 A1
DBC OF ACTUATOR BOLTS V. C X6 X6
NO. OF BRACKET / VALVE BOLTS 4 N2 N2
TENSILE STRESS AREA 0F BRACKET / VALVE BOLTS . 334 A2 A2
TRANSVERSE DIST. BETWEEN BRACKET BOLTS f' X7 X7
LONGITUDINAL DIST. BETWEEN BRACKET BOLTS L I6 X8
LENGTH OF BRACKET C T5 T5
DISTANCE BETWEEN VALVE BODY BOLT HOLES O R5 R5
DIA. OF VALVE BODY BOLT HOLES B R6 R6
% TORQUE ON DISC PIN M (~ 5 T7
DISC PIN DIA. e '/ 5 t dp D5
VALVE BODY 0.D. 15' d1 D8
VALVE BODY WATERWAY DIA. 17
ADJACENT PIPING 0.D. II

_ R7 R7
R8 R8

ADJACENT PIPING I.D. //1374 R9 R9
LENGTH ACROSS GUSSETS 0 L L
THICKNESS OF GUSSETS 0 T T
DIA. OF NECK FLANGE O D6 D6
THICKNESS OF NECK FLANGE o T6 T6

(_ !!ODULUS OF ELASTICITY 3 0,000. d B0 E E
H AXIMUM PIPING BE!! DING !!0 MENT P/h H4 H4

'

NO. OF BODY BOLTS #1 N3 N3
DEC OF BODY BOLTS / XO X0
ROOT AREA 0F BODY BOLTS - J EO E0

C-Il
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*
- * *. w u ct_ c a n scramrc munE_vuru G|

1 1

; 18 CLASS 150 V4LVE AhSE90LT !
WITH 24072-SR00 ACTUATCR * '

,

'

CUSTOMER: TEXAS uf!LITIES
r P.O.NO.CPF-12296-S
! /'- Jemyga;:n3 es-20 '

! REF,NO.;34977

| 1 TEM NO.t1

}~ REFERlNCE CWC3. ALTUiTADT3f hff|LT*{MI 3 CCT!".R'll'T[C M ONDITICNS
; A. ASS *Y DWC.NO. 214758-1 REV.0 A.00DY: 24250 ;

D,0cor 0WGn_O d9je4-tS,0-L REV - D. STEM: 2500 SHUf-OFF P'tES3. (PSI) *_ 50j N 2
i C.01sC cWG.No.111 4-190-9 REv.0 C.etN: 5000 TEPFilAT0hl P F C 323
[ 0. STEM DWG.NO.: 1304-342 REV.- 0.DRACMET: 41400 FLOW F RES3. CROPtPSI)* 14.44

,

5 E. PIN QWCmNO. *1304-14,,REV.A F.DOLf!NCf 94500
F.0 RACKET DWG.NO.12300 REV.- F. DISC: 24750.''

,-

C LOADINGS OCCA13!CNA1'LCA05
LCG. TGRGUE - 13350 TP A%V9 3L . S. , !5 4'.Mt 3E * iaf'
ME01A. Alp VERTICAL = 4.9 VERf! CAL = 0
F1(Q[F FC? f 0N-NONF R EFFE RED LONf*! TUDINAt * T. 9

;

DIMENSIONAL DATA i
| X1s . 3.32 X2e .43 X3e 4.49 14e 4 X%e 3 Wto 491 W2e it

~

J W4= 1M T1= .5 T2= 4.5 T3 7 T4 J. an 79. .s T0i .5
] 43= 0 Os= 2.5 01= 1.75 0= 14.454 E1= 2.438 E2e .083 g02* 12J$ L3 14. 34 Lee 2.42$ E4+ .313 03= 15.?% D4a 3.3754

L2* .J40 V2* 1.812 M1= 4 Als .1416 xli 4.3 N2e 4
- A2= .334 X7* 5 XS= 2 f5* 8 R$a o R4= 0

Se e$ dge 496 dia 25 R 7* 17 R8e 10 R9= 16.874
' L= 0 fa 0 Dea 0 Tea O Ea JTCOTMu
{ .

NA T11R At, FREQUENCirS (HZ.) ACTUAfCR 0% f 1TRES1ES
LONGITUDINALil) ACI./VALVEe L I VS. J.lHl. SHLAN* 19991 PSI

~

-I TRANSVERSE (Y) ACT./ VALVE * 40 VS. 33HZ. TENS! lee 29450 PSI **

'

.

| LATEPAL DISC / STEM * 411 VS.33HJ. CO*DINEDs 39440 PS! VS. ALLOW.-_94500'

'
( BRACKET DOLT STRESSES ORACMET STRES:ts (*

SHEAR = 7484 *Si 9NEAR= 770% Pit
TENSILEe 18741 PSI fl531 lee 227767SI ~

r
t CcMotNE0* 21332 PS! VS.ALLCWe 94500 COM01NED* 25270 PSI VS. ALLOWS *1600 (;

a

i VALVE NECM STRES3E5 STN~5TRffitsj ' SHEAR * 1072 PS! SHEAR = 12486 PSI (~TENSILEe 2524 PS! TENSILEe 4449 PS!d

j T POINL R O SI V3.ALLGWa 26259 GCMS TNEU7'I523FF 5 fWATCC'.Ta'. E00
'

O!SC PIN STRES1
~

SECTION M000fUS
S SHEAR = 23104 PSI V3.ALLQui U 1600 VALVE * 1205.79 INf3 !

~

a ( PIPINC* 1J0.14 INf3 C i.i
1 ACTUATGR GEFLECTIONr. stD M 0Liam,,j ( LONCITUDINALs .20240$ INCHES NOT APPLICA0LE (i'

TRANSVERSE = 4.24000000E-02
!

~

INCHES
i

DISC STRESSES
i( WitH FLOW DISC SHUT CteENDINC STRESS Ss* 2554 DEN 0!NC STRESS S s * 2042 L

, g
DEidisc'tTREtt.s AST* DEkolNG'5 TRESS 2r= 3581 - i' t', COMDINE STRESSe 4415 PS! VS.ALLCWs 24750 COMDINE S ESS* 4948 PSI VS.ALLCW* 24750 (, (

1.L s ICTa r . . ./.
.

.4:; . . . . . s ATE s. . .'. /A
' C::

. . . . .. . . . . . , . . . . . .....:..,... .....r.......... . . . . . . . . . . . . . . . . . . . . . ,'
j I3 e '. , * *

.

** .

{,* *

r '|
, ,. ..

.;

.

I .. . . - .;''* ,. . ' . . ,. ,', ,.:
* * * t

, .
. ., . . ,
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1

~

NUCLEAR LocA 1 9EIE!' T C ANALYSIS--

. . . .
,. p

VA'LVE SISE : If /f [,,,, , g/g
_

( VALVE CLASS: r_r 0
ACTUATOR: IN 4 ev e 7-4 0 7 2 - S t PO
CUST0HER: Te v a h f/ L: /: L,'a r
P.O. No.: ceF -1214c-s

! SPEC. NO.: 2t?3_-_ss.20 . ;

I REFERENCE NO.: ~3 4 9 7 7 / /'/ *15-f" / 1 l '

1 ITEM NO.: ; /r} |

REEEPENCE DWas.
.

! A. ASS'Y DWG. NO. / 8/ 7 9 ? -/ REY. d
B. BODT DWG. NO. 4 / Y'/- / f/O - I REV. "

.

C. DISC DWG. NO. 1/VV - / Yo - 9 REV. d.

i D. STEM DWG. NO. 114V-542- REV. -

! E. PIN DWG. NO. 17tt - / '/ REV. A
F. SjRACEET DWG. NO. ___ L1 leo REV. ._-...

!

ALLOVAPLE STRESSEE
i'

i A. BODY #AT/I A A ~70 1/2f0 PSI *

B. STEH ,_SB ft 4 f. A L38 t o 1 W 1100 5'2 Tdo PSI
C. PIN < A ct. s! aA t. 8 0 . t%) U lub 3nto. PSI |0,

'

4/Yoo PSI(' D. BRACKET _ A froi

E. BOLTING A 191 d# G7 9YRO PSI ||iF. DISC e n 1 s't i R t f T tb 149fn PSI;

1

I

DESION CONDITIONS-

; PRESSURE: Pd PSI
TEMPERATURE: 7c0 DEG. F.

i FLOW PRESS. DROP: 7 2. Ct PSI !O
I

_ VAL 7E TOROUES.

4

LOCA TORCUE: . !; un f IN-LBS (ass 24
I HEDIA: Alf . , , ,. a

FLOW DIRECTIOll //n on M,4 "'

/ [. a. (.-lI. |

Cu-J.9),D IN G S

TRANSVERSE: 3 ?, h ele /t,N f) t Af- 0. '/.

VERTICAL: / ) si r f r . 44
'

LON0ITUDINAL: 4 'W 5. t e /, r * 7. 4'

! OffLSIONAL_ LOAD
:

TRANSVERSE: f00 LDS |
,

VERTICAL: - 0 LDS

ET- f *4
_ - _ _ _ --



SIZE 4 CLASS /iD
DIWENSIONAL DATA...

| / '
I

INPUT COMPUTER- s( DErcEl M ILSE VARIABLE NAME Nf, M E

TRANSVERSE DIST. ACTUATOR C.G. TO q VALVE 7.32' X1 It-

LONGITUDINAL DIST. ACTUATOR C.G.TO E VALVE A23 X2 X2
VERTICAL DIST. ACTUATOR C.G. TO BRACKET & V8 X3 X3
HEIGHT BRACKET Y I4 X4
HEIGHT VALVE NECK 1 X5 X5

| ACTUATOR WEIGHT VSI W1 W4
'

BRACKET WEIGHT 11 W2 W5
DISC WEIGHT 773 I W4 W3
THICKNESS OF BRACKET LOWER PLATE F~ T1 T1
WIDTH OF BRACKET 4, F T2 T2
WIDTH OF VALVE NECK 7 T3 T3
THICKNESS OF VALVE NECK 7. l T f T4 T4

'

THICKNESS OF BRACKET SIDE PLATES i T' T9 T9
THICKNESS OF BRACKET TOP PLATE . C' TO TO
VALVE NECK 0.D. n d3 Do
PACKING BORE I.D. ? f' Di B5
STEM DIA. 1,7 C 1 D1 D1
CAGE DIA. OF DISC 7 /Jf Y D D

| WIDTH SMALL DIA. BACK OF DISC 2d3T E1 E1
WIDTH LARGE DIA. OF DISC '913 E2 E2
DISC SPHERICAL INDENTATION DIA. If.1 r D2 D2

'

DIST. BETWEEN T-WASHEP FLATS ON DISC f t,3 Y L3 L3
STEM ENGAGEMENT IN DISC L(Er I L4 L4 $( DEPTH OF SPHERICAL INDENTATION IN DISC f/ T E4 E4
LARGE DIA. OF CONICAL SECTION OF DISC 10 7 Y- D3 D3
SMALL DIA. OF CONICAL SECTION OF DISC L375' D4 D4

,

THRUST WASHER THICKNESS .74T L2 L2
DIST. g STEM TO FRONT OF DISC f. 9/L Y2 Y2
No. OF ACTUATOR BOLTS Y N1 N1

*

TENSILE STRESS AREA 0F ACTUATOR BOLTS '11/4 A1 A1
DBC 0F ACTUATOR BOLTS V, f 16 X6
NO. OF BRACKET / VALVE BOLTS 4 N2 N2
TENSILE STRESS AREA 0F BRACKET / VALVE BOLTS . 334 A2 A2
TRANSVERSE DIST. BETWEEN BRACKET BOLTS s^ X7 X7
LONOITUDIllAL DIST. BETWEEN BRACKET BOLTS 2. X8 X8
LENGTH OF BRACKET C T5 T5
DISTANCE B" TWEEN VALVE BODY BOLT !!0LES e R5 R5
DIA. OF VALVE BODY BOLT HOLES e R6 R6
5 TORQUE ON DISC Pill e f~ $ T7
DISC Pill DIA. s '!i t dp D5
VALVE BODY 0.D. 15~ di D8
VALVE BODY WATERWAY DIA. 17 R7 R7
ADJACEllT PIPING 0.D. If R8 R8
ADJACEllT PIPING I.D. 1L874 R9 R9
LE!!GT!! ACROSS OUSSETS 8 L L
THICK!!ESS OF 00SSETS 0 T T
DIA. OF NECK FLANGE e D6 D6
TitICK!iESS OF NECE FLANGE o T6 T6( (, !!ODULUS OF ELASTICITY 3#460 ### E E
H AXI!!Ulf PIPI!!O BE!!DI!!O 110lfENT WA M4 H4

'

!!O. OF BODY BOLTS ll N3 N3
DBC 0F BODY BOLTS / XO XO
ROOT AREA 0F B0DY BOLTS d E0 E0

e . .a
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1

e w .3 4 .aae area a .w * a as.eee e A unwe oa , A ew t. .
- - * ~ ~ ~ ~ ' * ' **. N u c L. c a n sursmrc a w ns..v s r s c:

18 CLASS 150 VALVE ASSEMDLY
; WITH 2a072-SR80 ACTUATOR (

> COfYcMEEftY3YTJTTETTTfs
-

P.O.NO.CPF-12294-S*
.

f SPEC.NO. 2323-SS-20 *'

T 7 E G O.7 R9?7i

1 TEM NO.:1 .'

| RfrERENCE WCs. eRCUADEE'ITRt5 EY~fPSu oCSI:7t~17EUVTCNDITICN3
j A. ASS'Y OWC.NO.: 14750-1 REV.D A.000Yi 26250 ?

D.00cv CWC.MO. 9144-180-3 REV.- D.STFM: 52500 Shut-OFF PRESS.(PSI)= 50i

C DISCCWC h0. . I14,-LYF7~ KEY.a c.TIVT~75Mo TEMF ERATUKT f'FTW700
-

! D. STEM OWC.NO.:1304-362 REV. - D.DEACMET: 41400 FLOW PEESS. DROP (PSI)* 22.4 i
j E. PIN DWC.NO. : 1304-14 REV. A E. DOLT!NG: 94500
,

r.0R ACKErOUC307I305'REV. - r.uT3c; seiso

'i e
C LOA 0!NC3 OCCA03!CNAL LOAD 0

I LGGA TcmE . 11401 ; w.FT3'vLui. = :. . + IK7,re .u de9QU
MEDIAeA!k VER f! CAL = 4.8 VERf!CALS 0
FLOW O!RFCTION=NONPREFERRED LCNCITUDINAL* 3. 9

4 O!MENSIONAL DATA .

Mle 3.32 M2= .43 M3e 4.48 I4= 4 M5a 3 Wt* 491 W2+ 11 r

1 WW1 Tl=.s I;= 4.h raa i 14= 3. e w Iv' 7 T O G~e
'

d3- 0 O t * 2. 5 Die 1.75 De 16.454 Et* 2.4JU E2a .813 i

02* 12.25 L3 16.34 L4= 2.525 E4* .813 D3e 15.75 04= 3.375,

L.WG T2* 1.812 M1= 4 Ale .1414 X6= 4.s N2= 44

! A2* 4.134 M7= & M8= 2 75= 8 R$= 0 R6a 0 (-
t %* a5 dpa .494 dt= 25 R7= 17 R8* 18 R9= 14.876
j L =3 la 0 De* O T4= 0 E* JO~600000

NATURAL FREQUENCIES (HF.) ACTUATCR COLT Sf*E'1SES
LONdTfi t NAL(Z) ACT./ VALVE * 17 V$M3iil. SHEAR = 18362 PSIi

i TRAN3VL 4:*4Y) ACT./VALVEe 40 VS. 33HZ. TENSILE * 294$3 PS! ( '.
; LATERtt OfiC/ STEM. 411 V3.33HI. CCMDINEDe 38431 PS! VS. ALLOW.* 94$00

ORACKET 00LT STRESSES ORACKET STPESSES ($

l SHEAEe 49't PS! SHFAR= 4941 PS!
TEN 51LE G 174T 7st Irks 1LE= z;242 F 5I

i COM0!NED* 2.Je4 PS! VS.ALLCWe 94600 CONDINEDe 24324 PS! VS. ALLOWS 41400 (
.

'
VALVE NECK ETEE33E3 hrLM 3IEEssL3 L

J ( SHEARe 903 FS! SHEARS
TENS rL E.10834

PS! (!
) .

~~~~COM3 t h! LTl:4. N EI Vs.ALLGWa 26:50 ccM3 MUG3417 Fst vs. ALLc.i= s*5*0
TENS!Lt. me *St 4448 PS!

!

1 (:O!SC Ptw STRESS SECT!ON PODULUS
SHEAk* I E E IET G S.AL. LOWS 2 ROC VALVL= 1205.99 IN+J'

L P!PINCe 130.16 IN43 (:
'

AcTUATDR GEFLECTICRs DUD M E Ns i( LCNCITUO!NAL* .202605 INCHES NOT APPLICA0LE ('| TRANSVFRSte 4.24000000E-02 INCHES i
DI5G 3T5E3513,

( WITH FLOW O!SC Shut
(t

i

OENDINC STRESS See 3349 DCNO!NQ STRESS See 2042
'

{ SEN0!NC77 F Ui,.EJ3'20 DINDlNC'SfQD$ p D 583
.

'

; 4 COM0!NE STRESSe $792 PS! VS.ALLOWe 24710 CCPo!NE TFr 49 3 P3! VS.ALLCW. 24730 g:

/A [./,w . . . . D A f f D. iSIGNED...[.'.s
e'..

L / (:j * * * - - - e.-. i,. y ; q. .. . . . . ....'""r************ *******/'************* .I
. * " * * ' * ' * * *

,' ? .d., ..# J'
y,4 /. ' '.g.''. - ;

6
, , ,

. .'.

- 1 j .;
, . ' -. .-.

.
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!
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for !!ornal Flow Conditions
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vnt0Tr'N-~" 7 u 1 <? c Gt n= rCCr* - - --

v.I n . ,t. ss*n
- y ,..3. 9 -- c.,rer,---..-.42,~----F,3T'---- -- - - - - - ---- -- -

. . ~ - . .-,,

et - 1 y*- .?! C* r- ??? 7, 1
%

(i a.._. . c 2 o . e > PSt - S.???!!' TN OF '. U F ?rrt ? A 9-
_
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* ~ (' A t ; '.' t~~C T -' & - 10 - T P J . '-- - ~ ~~ ~ -~~C L; r. U O == 1 5 0 --'-'~ - - ~ ~--
V. f. . A.g . 70'f

*- 1..... u.- aa ; = ; .e . ri a-

Ft e ! Xt= 42 Ga 1 'C= 300 Za 1
-_

CELT?. P- 0.000 420? F'SI = 0.02''155 IN OF WATER

V r. t__ U C G C C =* - 1 H-~ 7 N .- C t. A OU n iti o - -- -

e . . 3fsV. %. h. 40*
---m-- inwa m

Fka 1 ,X t * .*6 Ge 1 'F= 300 := 1

DELTA P* 0.00145424 PSI = 0.04C032 IN OF WATER

'
__ __

%
'

6

I

.

- -d

t

_

i

k i

>

- --
- ,

e
-

t
* -+ -. .; ,- . ,. ... . ..,, , .

* ,
e .

* . o
,

/

. I
o

3 8

- _ _ _ - - - - - _ _ - _ - - _ - - - - - - - - -



'' '

-[ - --
_

,

, , , a _

- - - --r

. , .=. . 5. ,. ,

h
- D.f '*{ r

. 4nIef .
. mem mu

' e
E T[taS UTILITIES GEsotaATING COM PANY' i t 96 BROWN

COMANCHE { 900T INCPt Ad $1E AM ELECTRIC STATICM UNIT *eFLAsser) s.og '. @
- k '

GLE N RO*,E , T E xASnotg tyngem cAg ma,.,g o
My g atgg g og p wG ,

TWoe piou.eTimeG 8'OssTtoes. W8 CUST. PO. NC CP *OO6fe

's ic. A* E @As is=
cpl- VADP ac.oso w.s ses)cei-vAo rse .

co(s Hv.$540)
.* OCSIGN PREM 50 PSIG

~ '8 DES 4GN TEMP i 3CO*F
* d IntOtA* AIR

TH65 vatvt ASS'Y 15 DES 16NE0 4 MANUFACTUp[OIN
ACConOANCC WITH 16*C A*#E B 4 PV CODE SECT.2IIW 014. WME sus SECTION NC CL ASS 1.#er4 E OtTION tNCLuOING ,

w "''s weertM is7F AOCENO4,tNCLUDING CODE C.ASE
umsn a c4.n*ne,A,paaunL

i , , _ _ , , , , , 04E A 46DE 'T OECLurCat. mas
.m acts-e.

Peo'.44.1*46*e4 6M NLOP Sas4)g
- DEnc e LeCams otvict

,

5 3co , w ,30, yty. . .. .g.p. _. ,' '
g ~, ]. eo,go m

P.. ~g _ , , .
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,f, kj s .rc.o s no. >,
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dQ.Q.M- ~ """,',*"a,g gTJy
m,,s -f.I " Y*,~*2.Ti.'Of.i r i

fjTQ,**R SET n.L ~.4
. ,@-

.$ nn so o m t c-c

1 % s.cf .A,CN ans p @ ) 3 cog, ,,,,ni :-
9m, _, ,

f oC
- @ 8 " '' *"*'" 'D S*"** " "5'Q"g".Q. *

sTo sowsm icrNsTao
t veau .s Le - 4 . M u" N.* g 'd S'"$

'
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*

ott.c-c
'
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g
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Z "5 .i av wwr s e tysT ocai ou ..saapo.tr.
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ls. ., ,,e8,2v f. o - a ts..cuwa2-t ms

o e a__ .Q
_

. s e. m m, _

p[X EF'gm- 9 gF,q .j;Egb M :o ,;p ),ss gr65IMgT.I
d. -

h. E sTS %& A k.L 7i71 .MPP C3 $% 1.e.Lia?

@ pia .-I. w .'
.;cs $3M,la%4Qc >rI. / . 7 i C L%^'a -ilfl #d1

A r sw * <> u * -* R &.
_

tu<_

e . _ . _ .

SEI im$i) ,r
UN e[,'3d * Y -

o m a v J+ -d A.
.i -.'EM3 .t*tJ *WO .*rMB MM

m.
en es= =ses[ A y " g'

3 y. ASW A' 40 4
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@& POSI-SEAL" TECHNICAL BULLETIN NO. 2
f INTERNATIONAL,INC. VALVE SIZ1NG.

Wdb JUNE 82

I. INTRODUCTION 2. To prevent actuator / valve instability
resulting from a hydrodynamic torque

This technical bulletin is intended to assist reversal when flowing liquids for throt-
in the selection of Posi-Seal trunnion tling service, valves should be installec
valves to control a given set of flow with the retaining ring side of the valve
conditions. downstream. Complete information on

this torque reversal phenomenon can
be found in Posi-Seal Technical Bul-

II. FLOW COEFFICIENT- Cy letin No.1 A.

The flow coefficient or Cy of a valve is 3. The maximum recommended operat-
used to describe its inherent flow capacity. ing differential pressures and pipeline
This value is defined as the number of U.S. velocities noted in Posi-Seal Technica'
gallons of water per minute at standard Bulletin No. 6 are to be used in valve
conditions (60* F and 14.7 PSIA) that will selection.
flow thru a valve at a constant 1.0 PSI pres-
sure drop. Accordingly, a Cy value based 4. Valve materials of construction are
on extensive flow testing of valves at these governed by media and operating
conditions has been assigned to each conditions.
Posi-Seal trunnion valve. Using this Cy

( value, the capacity of each valve with S. Liquid, gas and steam gas flow lim-
regard to other fluids under various condi- itations are governed by the parame-
tions can be related to this basic Cy value. ters noted in this technical bulletin.

Ill. VALVE SIZING AND SELECTION

Proper valve sizing and selection of Posi-
Seal trunnion valves are to be based on the
following criteria.

1. Throttling control valves should be
sized between the 15' and 80* disc
open position. ,'

u

'
-.
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PIPING EFFECTS 6 '' '

..

For valves that are installed in piping where the connecting pipe diameter is greater or less than the nominal
valve diameter, the factor F is utilized in the sizing equations to account for additional friction losses due top
piping reducers or expanders directly adjacent to the valve.

WHERE:i

v

C2vp Cyp = flow coefficient of pipe enlargement and
_

p ,

contracbon comWne&
C*4 + C*yp

Cv = valve flow coefficient

Cyp = 29.802 D = ID of pipe equal to valve size, inches

1 D212+.5 1 D21,
D1 = ID of upstream pipe, inches

f 7

D *2. L D*11>

D2 = ID of downstream pipe, inches
,

-

FIGURE 2
its

FOR INSTALLATIONS WHERE D1 EQUALS D :2

noa -.

Q O Cg

"WHERE:

Cyp = KD2 D = ID of pipe equal to valve size, inches ,,, ,

/K = Refer to Fig. 2 s'/:
; Q: as

l

i 0
I
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FIGURE 4

LIQUID PRESSURE RECOVERY FACTOR-Ft
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GT Z the stated conditions. ?'1'-
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,.e.....~...-.. . 3 . _ ;.-:p qy , - ...

OR _
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v. .:g.-.. _ _ ,

C
'

'~ "'
v MIN = Minimem Required Cy in order to pass 4 '-s

'O ~ .. ~, flow at the stated conditions, -. . . ~ . . . f

"K 7 - OX - Pc = Max usuable differential pressure drop ._, ,--907.12 F Pp1 - T above which no increase in flow will i
- ' '-

w :-S :- GT Z . ; _':. (_'|cji a-
,
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. T ' : - );:
;,p;f,y'~",.f~.;i-a.W._~F = Rated Liquid Pressure Recovery Factor ~ [[h

= -

~r- M w '--s-
OPc = F X Pg
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TABLE 1

( *

PHYSICAL CONSTANTS OF VARIOUS FLUIDS

SPECIFIC GRAVITYBOILING VAPOR CRITICAL CRITICALFORMULA MOLECULAP
FLUID OR 0 PRESguRE FEMPERA7UR PRESSURE i. t yu w - un- uPOINT

I Ij' (*F) (PStA) 60'F/60 F00'F AIR =ISYMBOL WE!CHT

Acetic Acid FQH 03g 00.05 245 612 841 1.05
Acetic Anhydride (CH CO)20 102.09 283 676 1.083
Acetone CH0 58.08 I33 455 691 0.79 2.01., ,, 36,

Acety.lene
_ CH -II9 97 911 0.62 0.9I22

Air M,0. 28.97 -317 -22r 547 0.86 f.0*

Alcohol . Ethyl C,H 0 46.07 173 2.3' 470 925 0.794 1.596. s gAlcohol Methyl CH 0 32.04 I48 4.63 463 !!74 0.796 !.II4
Ammonia NH 17.03 -28 !!4 270 I636 0.62 0.593
Aniline | CHN 93.12 365 798 770 I.0267
Argon

_

A _ 39.94 -302 -its *ns f.65 f.39

CN 8.11 I6 3.22 ' 552 710 0.88 2.69Bentene . , j 66 . .

- - - - Butadiene
^ ,

Br -'J. 159.84 * 138~ N 575 I485 2.93 5.52Bromine -t ''
. 2

r " CH CHCH:CH 54.09 24 627 0.63g g
n-Butane ~. CH $3.12 3I SI.6 I 305 550 0.58- 2.04 IO
Butyl Alcohol C,H,Cil,CII,0F 74.!2 242 711 0.81
Carbon Dioxide CO 44.01 -109 839 88 1072 0.80 !.522
Carbon Monoxide CO 28.01 r3!4 -220 547 0.80 0.9?
Carbon Tetrachloride CCL 153.84 !70 542 661 I.59 5.314
Chlorine CL 70.91 -30 85 29I III8 f.42, 2.452
Dowtherm A 454 0.85*
Dowthern E 585 f.I2*
Ethane C lf 30.07 -I27 90 709 0.38 1.04y6
Ethyl Chloride

C "5CL 64.52 55 2750, 0.90 2.222
Ethylene C.,Il4 28.05 -!54 48 742 0.97-

i

Q. - Ethyl Ether C .Il o 183 522 0.46g

Fluorine F 38.00 -30% 300 -200 809 1.l! !.3!y
Helium He 4.003 -454 -450 33 0.[8 0.14
Hydrochloric Acid HCL 36.47 -115 !.64
Hydrogen H, 2.0I6 -422 -400 188' O.0* 0.07
Hydrogen Chloride HCL 36.47 -II5 el3 T25 II98 0.86 1.26
Hydrogen sulfide HS 34.07 -76 252 213 I303 0.79 [.17
Isobutane C 11 58.12 II 72.2 274 529 0.56 2.014 10
1sopropyl Alcohol C ti 0 60.09 IMO 455 79 0.7% 2.083g
Methane Cil 16.04 -25A -t!6 673 0.30 0.554
Methyl Chlorile CH,CL 30.49 -Il 59 290 M7 0.99 f 74
Naphthalene C10"8 I*8'ID I II **43
Nitric Acid HNO

3 ,
63.02 187 1.5

Nitrogen N, 28.02 -320 -233 492 0.81 0.97*
In Octane C fi !!4.23 258 0.54 564 362 0.71 3.943 g3

0xvgen 0, 3 2. L'O -297 -I8I '30 !.!4 f.!05
n-Pentane Ld 0.14 un 15 336 445 0.63 2.493 g,
Phenol C 'I5.Oli 94.II 358 786 889 1.076
Phosphoric Acid H P0 98.00 4IS t 833 4
Propane CH 44.10 -43 190 206 6I' O.51 1.5233
Propylene Cil .OI: CH , 42.08 -54 198 661 0.61
vroplyt alconoi LH al LH,0H 00.09 208 735 0.803 y
Proplyl Chloride C!l CH;Cll CL 78.54 IIS 664 0.893 y
Refrigerant !! CCL F 137.38 75 13.4 388 035 5.043
Refrigerant [2 CCL F I:0.93 -22 70.2 234 597 4.222
Refrigerant 21 CliC L,F 102.93 48 9.4 353 750 3.82 l

Refrigerant 22 CHCLF 86.48 -41 122.5 205 713...
2 1

8
f Styrene C il 104.15 293 0.24 706 580 0.9! 3.59 igg

Sulfur Dioxide 50 64.6 14 34.3 3I6 I!42 !.39 2.2! |7
IToluene CH 92.!4 23! !.03 605 6t! 0.87 3.187g

Water if ,0 18.016 212 0.95 706 3206.2 f.00 0.62 1

1. Vapor Pressure in PS!A f 100"F
2. Specif c G,ravity 9 g .8k.
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'

TABLE 3'

COMPRESSIBILITY FACTORS FOR GAS

Pressure
Gas atm psia -100 F 0F 200 F 1000 F 2000 F

Argon 1 14.7 0.997 0.999 1.000 1.000 1.000
10 147 0.970 0.987 0.999 1.003 1.002.

'h #~ 40 '588 0.877 0.952 0.995 1.011 1.009 '

C- C.^. 100 1470 0.690 0.887 0.995 1.029 1.022 -/
. . . .. .. .

,' Carbon 1 14.7 0.997 0.999 1.000 1.000 1.000 ,

monoxide 10 '147 0.973 0.991 1.001 1.001 1.003
40 588 0.967 1.007 1.017 1.012).- , , , . , .

_

1.027 1.044 1.031-. ' ' . ,' 100 1470
.

-

. .g> '% hf.c;';. .,[ '. '; Q. , , ., 'f _[ .
-

:~'
- Carbon ~ .-1 A14.7

.
,

. ,
,

'>' O.991 0.997 1.000 1.000,
,

dioxide -10 147 0.910 0.974 1.001 1.003"

' ~- *- 40 :588 0.894 1.006 1.010
'

' 100 1470 0.721 1.018 1.026
'

---

'' Hydrogen 1 14.7 1.'001 1.001 1.001
~

_

'10 147 1.007 1.006 1.005
40 588 1.028 1.026 1.021

~ 100 1470 1.076 1.067 1.052
""

.!LM U o' %*O%
b^. / / / / //Z5,,

I I/ /RMCM
/ N/h2:%MMa$

_

-:,.
- f !/ b FIGURE 10$a {f//[g[fjM* ; COMPRESSIBILITY FACTORSa r e v. FOR SUPERHEATED STEAM '
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TABLE 6
. SUPERHEATED VAPOR

. Pressure Temperature (* F)
(psia) 2N 260 300 360 400 460 500 600 700 800 900 1000 1100 1200

e- 38.85 42.56 45.00 48.63 51.04 54.05 57.05 63.04 69.01 74.98 80.95 88.92 92.88 98.84
10 h 1146.6 1175.1 1193.9 1221.9 1240.6 1268.7 1287.5 1335.1 1383 4 1432.5 1482.4 1533 2 1585 0 1637.6

s 1.7927 1.8341 1.8595 1.8950 1.9172 1.9488 1.9689 2.0160 2.0596 2.1002 2.1383 2.1744 2.2086 2.2413

21.11 22.36 . 24.21 25.43 27.25 28.43 31.47 34.47 37.46 40.45 43.44 46.42 49.41r-
; ~ 1172.2 1191.6 1220.3 1239.2 1267.6 1286.6 1334.4 1382.9 1432.1 1482.1 1533.0 1584.7 1637.4

-

20 h w
s. 1.7545 1.7808 1.8170 1.8396 1.8716 1.8918 1.9392 1.9829 2.0235 2.0618 2.0978 2.1321 2.1648

r 8.773 9.557 10.065 10.815 11.309 12.532 13.744 14.950 16.152 17.352 18.550 19.747
50 h 1184.3 1215.2 1235.1 1264.5 1283.9 1332.5 1381.4 1430.9 1481.1 1532.1 1584.0 1636.8

s 1.6721 1.7112 1.7349 1.7680 1.7887 1.8368 1.8809 1.9219 1.9602 1.9964 2.0308 2.0636 ,

e ~ 4.663 4.937 5.333 5.589 6.218 6.835 7.446 8.052 8.656 9.259 9 860
100 h 1205.7 1227.6 1258.8 1279.1 1329.1 1378 9 1428.9 1479.5 1530 8 1582.9 1635.7

s ' 1.6258 1.6518 1.6869 1.7085 1.7581 1.8029 1.8443 1.8829 1.9193 1.9538 1.9867

r 3.023 3.223 3.502 3.081 4.113 4.532 4 944 5.352 5.758 6.162 6.564
150 h 1195.1 1219.4 1252.9 1274.1 1325.7 1376 3 1426 9 1477.8 1529 4 1581.7 1634.7

(g s 1.5706 1.5995 1.6372 1.6599 1.7109 1.7566 1.7984 1.8374 1.8740 1.9086 1.9416
3

v 2.361 2.585 2.726 3.060 3.380 3.693 4 002 4.309 4.613 4 917Q
200 h 1210.3 1246.5 12f. 9 1322.1 1373.6 1424 8 1476 2 1528.0 1580.5 1633 7

s 1.5594 1.6001 1.6240 1.6767 1.7232 1.7655 1.8048 1.8415 1.8763 1 9094

r t.6638 1.7675 2 005 2.227 2.442 2.652 2.859 3.065 3.2S9
300 h 1232.5 1257.6 1314.7 1368.3 1d20.6 1472.8 1525.2 1578.1 1631.7

s 1.5434 1.5701 1.6268 1.6751 1.7184 1.7582 1.7954 1.8305 1.8638

v 0.9927 1.1591 1.3044 1.44M 1.5715 1.6996 1.8256 1.9504
500 h 1231.3 1298.6 1357.0 1412.1 1466 0 1519 6 1573.4 1627 6

s 1.4919 1.5588 1.6115 1.6571 1.6982 1.7363 1.7719 1.8056

r 0.7934 0.9077 1.0108 1.1082 1 2024 1.3853
700 h 1280.6 1345.0 1403 2 1459.0 1513 9 1623.5

,' 1.5084 1.5665 1.6147 1.6573 1.6 % 3 1.7666i ,

v 0.5140 0.6084 0.6878 0.7604 0.8294 0 8962 0.9615
1000 h 1248 8 1325 3 1389 2 1448 2 1505.1 1561.3 1617 3

, 1.4450 1.5141 1.5670 1.6121 1.6525 1.6897 1.7245

O 2489 0.3074 0.3532 0.3935 0.4311 0.4668v

2000 h 1240.0 1335.5 1409 2 1474.5 1536.2 1596.1
, 1.3783 1.4576 1.5139 1.5603 1 6012 1.6384

v 0 0984 0.1760 0.2159 0.2476 0.2757 0.3018
3000 h 1060.7 1267.2 1365.0 1441.8 1510.0 1574.3

1.1966 1.3690 1.4439 1.4984 1.5437 1.5837,

L
' * * *
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VALVE FLOW COEFFICIENTS C, - A : ',Ti
,

.

,.

-n:
.

.

'; * " = > Valve DEGREES OF DISC OPENING*

* 10' 20' 30' 40' 50' 60* 70* 80' 90*
' ,,

3IZ' .

. .. .- . .

-

, r. .~ .,
2" 2- 4 9 15 23 34 43 51 57
1 1/2" ,.1 3 6 10 15 22 29 34 38 ;;,

-[. ,.]h. . ,
, .-

. ,

' , Q j;- 33 L 3" J. }. 6 14 29 50 77- ill 143 167 ,188'

. 77g

4" 12 30 63 107 165 238 307 359 404 . c.
6" 32 81 167 285 441 635 818 957 1076

'

8" 40 100. 206 352 545 783 1010 1183 1329 'b-
'*

10" 71 178 367 628 971 1398 1800 2108 2369
12" 110 276 570 975 1509 2172 2797 3276 3681
14* 136 341 704 1204 1863 2681 3454 4045 4545

,

- 16" 169- 422 873 1492 2309 3323 4280 5012 5632 '
18" 247 617 1276 2181 3374 4856 6255 7325 8230
20* 286 714 1476 2524 3906 5620 7240 8478 9526

') 24" 375 938 1939 3315 5129 7381 9508 11135 12511

Q/. . 30" 71 5 1788 3696 6319 9776 14068 18121 21221 23844
36" 1104 2760 5704 9752 15087 21711 27967 32751 36799

~~~

42" 1711 4279 8843 15118 23390 33659 43358 50774 57050
48" 1867 4667 9645 16490 25513 36713 47292 55381 62226

Table 10
FLOW COEFFICIENTS C,

CLASS 600 STD. RATING

Valve DEGREES OF DISC CPENING
Size

10' 20' 30' 40' 50' 60' 70* 80* 90*

3" 5 16 31 51 84 122 151 169 182
4" 8 23 43 70 116 169 209 234 252
6" 26 78 147 242 397 579 717 803 864

8" 35 104 197 324 532 775 960 1076 1157
10" 62 185 350 576 947 1379 1709 1915 2059
12" 85 255 481 793 1302 1897 2350 2633 2831

14" 104 312 589 971 1595 2323 2878 3225 3468
16" 128 383 723 1192 1958 2851 3532 3958 4256
18" 152 4 56 862 1420 .2332 3397 4208 4715 5070

20" 175 524 990 1630 2o78 3900 4831 5413 5821

{ 24" 349 1046 1977 3256 5349 7791 9651 10814 11628

,

V
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'{' HYDRODYNAMIC TOROUE

-z
HIGH PERFORMANCE TRUNNION VALVES

.

. .

The incre.ased use of High Performance Trunnion (Offset Buterfly) Valves
has caused increased use in high flow applica,tions and th'erefore, a need for
a more accurate prediction of the Hydrodynamic Torque behavior of this type'

of valve. . Improper actuator sizing 3 stru'ctural damage and control " instability
*

are all possible consequences of using inaccurate Hydrodynamic Torque data.4

The Trunnion Valve is essentially a modified butterfly valve with the
.

rotary si.em offset from th'e disc ::ealing surface. See Figure 1. Normily,

this style of valve exhibits high opening and closing torques,with operating -

torques depreciating as the valve disc rotates 90' to the fully open position.
| However, on occasions where a cons'iderable quantity of fluid is being pumped

through the valve, the Hydrodynamic Torque may exceed the opening torque or

^( be of sufficient magnitude that the actuator will-be unable to further openJ: .

the valve. -

.

Realizing the importance of having accurate Hydrodynamic Torque data,
Posi-Seal International, Inc. in North Stonington, Conn. launched an exten-
sive R&D program inorder to obtain this data. At Posi-Seal's new Hydraulics
Laboratory, '(See Figure 2 for schematic of lab), Hydrodynamic Torque data
vias measured on valve sizes-1 1/2" through 14" for valve classes 150 through

- 600 lb. Additional data was taken on a 14" - 900 and a 14" - 1500 lb. valve.
,

Data was recorded for both preferred and non-preferred fluid flow, measured
a't every 10 degrees of valve rotation. Inorder to obtain the Hydrodynamic .

Torque factors, the valve torque was measured while both op.ening and closing .

the valve. By averaging the above data, stem packing and bearing friction
torques were negated and pure Hydrodynamic Torque was obtained. The above

measured . torque when div.ided by the differential pressure across the valve
t

l yielded the Hydrodynamic Torque factor for that particular valve at that
angular location. .This data was statistically analyzed on Posi-Seal's

..

r;k
-

'

| *
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technical mini computer and equations were developed from which Hydro- -

,.

k( dynamic Torque factors were calculated for all sizes and classes of
high perfomance Trunnion Valves. .

Based upon the flow testing performed at Posi-Seal, the following
general observations concerning Hydrody'iamic Torque of Trunnion Valves' -

can be made:,

(1) For preferred flow,'the Hydrodynami,c Torque will always
want to close the valve. See Figure 3.-

'

(2) For non-preferred flow, the Hy'drodynamic Torque will, through
~

70* to 80* of valve rotation (the exact location varies with
valve class), want to close the valve. Beyond this point, the-

Hydrodynamic Torque will want to open the valve. See Figure 4.
,

,

' (3) Except for the 93* valve lot.htien where the Hydrodynamic Torque
factors are of equal magnitude for both preferred'and non-pre-

'ferred flow but of opposite sign, the non-preferred Hydrodynamic
. Torque factors are considerably less in magnitude than thos,e'

for preferred flow. See Figures 3 and 4.
.

-(4) All of the Hydrodynamic Torque factors (for both preferred and-

.7 non-preferred flow) decrease'with increase in valve class, ex:
-

!A Hydrodynamic Torque factors for a 600 lb. valv'e are significantly
less than those for a 150 lb. valve. See Figures 3 and 4.

.

(5) The Hydrodynamic Torque factors increase approximately proportional
to the cube of the valve size. (The exact amount varies depending
upon valve class).

The total Trunnion Valve. Torque at some angular position (other than
opening or closing) is in actuality a summation of three separate torques,
stem packing torque, bearing friction torque and the Hydrodynamic Torque
discussed above. Except for.small size valves (6" and less), the stem~

packing torque is a small percentage of the total valve torque. For large
sized valves, above approximately 45*, the Hydrodynamic Torque is the major
component of the total valve torque, below 45* bearing friction torque be-
comes the major contributor. All three components must be considered inorder

to accurately evaluate a valve's performance. ;

Inorder to better understand the reason for Hydrodynamic Torque occuring,
one must visualize, the valve's disc as an airfoil. The Hydrodynamic Torque

'

i generated at some angle is a composite of fluid flow lift and drag forces 1
>

v
j acting over the disc's surface. The general formulas for lift and drag being: |

- 1

'

| -
,

!
. - .- -. -.. - - - . ,,,,.-. - .- - , . - . . - . ._,
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.

2
FD = C P AV

(Drag)
D 7,.

(.
2and F = C P AV (Lift)L g

2
i

.
,

Where:.
'

'

C' - Drag and lift coefficients which are related to the
D L

geomet'ry of flow obstruction. (Disc)--

P -[ density of the fluid med'ium-

A - projected or surface area of flow obstruction-(Disc) -

V.- velocity of fluid medium' -

,

Both the lift and drag forces are dependent upon the shape of the
vt,1ve disc, its orientation to the flow stream and the direction nf fluid*

flow. As the valve angle is decreased, or flow is reversed, both the ,

magnitude and location of these forces shift causing a change 'in the re-
sultant Torque. As the valvt angle is further decreased the drag forces

will incr. ease while the lift' forces will deteriate due to increased
turbulence and a breakdown.of the flow stream along the downstream side

'(
^

-

of the valve disc. See Figures 5 and 6.* ,

-
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TECHNICAL BULLETIN NO.1=, -
-

__ _ Operating torque values.
@4= r INTERNATIONAL, INC. and Actuator sizing

Innovators in Flow Control JUNEE

- -

*

e

\ .,a,'

TORQUE VALUES TO OPEN AND SHUT - ' EXAMPLE:
'

~"

The Posi-Seal Trunnion Valve is a low torque valve A. Requirement - What is the maximum opening
which normally reaches its highest torque when torque of a 12" Class 150 valve with teflon
opening. This torque value will vary with the seat chevron packing, a teflon seal ring with rubber
material and stem packing selected in addition to back-up ring and a maximum AP of 200 PSI.
the maximum operating differential pressure (AP)
across the valve.

Torque values to open and shut for standard 8. Solution - From Table 1
Posi-Seal Trunnion Valves are listed in Tables 1,2 T = (B) = 70 in. Ibs.3

and 3, and are denoted as T , T,, and T . T, = (G) = 986 in. Ibs.3 3

T T and T* torque values are due to the stem T = 10.10 in. Ibs. per PSIAP = 10.10 x 200 =3#
packing and seat material selected and are added ~ 2020 in. Ibs.
together to determine preload torque. Total opening torque = T, + T, + (T x3

The static pressure torque factor T is the static fIA 0 + 986 + (10.10 x 20Q = 3076=

3 '"'pressure torque per PSIAP. This factor (T ) is
3

multiplied by the- maximum operating AP or
maximum line pressure to obtain the torque
value due to pressure. Although the valve opening torque is normally the

en Wig Wp M in em si% it
To obtain the maximum torque to open or shut is often necessary with flowing liquids to check
the T , T,, and T AP values are simply added for total hydrodynamic torque. Refer to Section 113 3

together. ,- for data on calculating total hydrodynamic torque.

L
e

/

- - _ . -- -. - - . . --. - . - . . - - - - - - ...
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1

l

l

TABLE 2
CLASS 300 STD. RATING

PRELOAD TORQUE = T +T STATIC PRESSURETORQUE3 2
VALVE T T PER PSIT3 __ .

2 2 ~

SIZE
A 8 C E F G H J 316 M.S. REXNORD

. .

. .... ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..........

'

. . . . . . . . . . ~ ~ ~ ~' -. . . . . .. ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3" 302 28 227 122 73 61 244 280 0.24 .16

4" 338 $ 31 254 218 '131 109 436 501 0.50 .33
~ ~

,

6" 454 42 340 510 306 255 1020 1173 1.56 -1.04
8" 756 70 567 750 450 375 1500 1725 3.84 2.56

10" 907 84 ~ 680 1242 745 621 2464 2857 7.64 5.09
12" 1058 98 794 1722 1063 886 3544 4076 12.70 8.47
14" 1210 112 907 2160 1296 1080 4321 4968 17.71 11.81

16" 1361 126 1021 3164 1898 1582 6328 7277 29.16 19.44
18" 1512 140 1134 3602 2161 1801 7204 8285 36.90 24.60
20" 1814 168 1361 4534 2720 2267 9068 10428 55.74 37.16

.'
24" 2117 196 1588 7564 4538 .3782 15128 17397 108.46 72.31
30" 2722 252 2041 10764 6458 5382 21528 24757 198.45 132.30
36" 3024 280 2268 16278 9767 8139 32556 37439 333.46 222.31

42" 3175 294 2381 23402 14041 11701 46804 53825 503.30 ..........

48" 4234 392 3175 30383 18230 15192 60766 69881 871.40 ........

(

|

Valve torque (opening) = T + T, + (T x PSIAP) NOTES:3 3 '

Valve torque (closing, on-off service) = T + T, + T (A) Asbestos jam packing3
3(.5T x PSIAP)3 (B) Teflon Chevron packing

Valve torque (closing, modulating service) = T + T, + (C) Graphite jam packing3

(T x PSIAP)3 T (E) Urethane seal ring with rubber back-up ring.2
I When the operating AP used for actuator selection is Metal seal ring with and without rubber back-

less than the maximum line pressure, contact the up ring, Kel.F . seal ring without rubber back-up
factory for sizing torque. ring

(F) Teflon seal ring with Teflon back-up ring.
Tefzel seal ring with rubber back-up ring

( (G) Teflon seal ring with rubber back-up ring
ki (H) Metal seal ring with Teflon insert and rubber

back.up ring
V (J) Metal seat ring with urethane, Tefzel, or Kel-F

insert and rubber back-up rin'g

.

- ,, - .- _ ,,
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( ,ll. TOTAL VALVE OPERATING HYDRODYNAMIC
The total valve operating hydrodynamic torque

TORQUE (TH ) is the summation of three torque compo-y

As previously stated the valve opening torque is nents. These components are: stem packing torque
(T ), stem bearing friction torque (static pressurenormally the highest operating torque used for 3

actuator sizing and selection. However, when torque per PSIAP) and the disc hydrodynamic lift

flowing liquids, it.is often necessary to calculate and drag torque. Torque values T and T can be
3 3

f und in Tables 1 thru 3.the total valve operating hydrodynamic torque.
Extensive flow testing has shown that the disc_ c

The location of the maximum valve operating hydrodynamic lift and drag torr;ue values are
torque (total hydrodynamic torque) is a result of dependent upon the direction of flow entering the
the overall system operating parameters in addition valve. With liquid flow entering the valve from the

to the particular valve disc hydrodynamic torque stem side, with the seal retaining downstream, the

characteristics. . - w. . -
disc hydrodynamic lift and drag torque value (T.)

w. e % ,7 is positive to the full open position acting to return
the disc to the shut position. Liquid flow enteringWhen the ratio of thru valve AP to total system

. the valve from the opposite direction, seal retainingAP is high, generally above 25 percent, the maxi- ring up stream, results in a torque value thatmum valve operating hydrodynamic torque will remains positive, acting to retum the disc to the
occur at or about the 70* to 80* disc open posi- shut position, until about the 70* to 80 opention. As this ratio decreases, the maximum valve

position. At this point the torque value becomesoperating hydrodynamic torque will shift towards
the O' shut position. negative acting to move the disc to the full open

position. With liquid flow in this clirection the disc
hydrodynamic lift and drag torque values are

( To allow for system operating variables it is recom- designated as T . Also, test results have shown that3
mended that the maximum valve operating. hydro- flowing liquids in this direction results in a positive,.

V dynamic torque (TH ) be calculated at both the T value that is lower than the corresponding T.r 3
20 and 80 disc open position. value with flow in opposite direction.

1

m

'
. . - . . , - -- , . . - . -
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TABLE 4 -

CLASS 150 STD RATING

|

l

. .i
,

s

.

<

Seal Retaining Ring Downstream
Disc ilydrodynamic Lift & Drag Torque - T.

5T, VS. OPEN POSITIONVALVE + -
-

SIZE 10* 20 30* 40 50 60* 70* 80 90
...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . .......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
,

4" 0 0 1 1 3 6 12 16 13
6" 1 2 4 8 13 27 51 68 56
8" 4 10 16 30 49 100 185 247 204
1&' 6 16 26 49 79 161 3 00 399 330
12" 15 38 60 114 182 372 692 920 761

(? 14" 23 59 94 177 283 579 1075 1430 1182

( 16" 41 102 164 307 492 1005 1876 2482 i 2052
18" 64 162 259 486 778 1590 2953 3927 : 3245
20" 99 248 397 746 1193 2437 4526 6019 | 4974
24" 214 536 858 1610 2576 5259 9768 12988 10734

27988 |30" 462 1156 1850 3469 5551 11334 21049 23131
36" 1884 4710 7537 14132 22611 46164 85734 113998 94213
42" 2281 5704 9127 17114 27383 55908 103829 138058 114098
48" 3265 8164 13063 24494 39191 80016 148602 197592!163299
54" 7388 18471 29554 55414 88662 181020 336180 447008 ! 369428
60" 11165 27913 44661 83740 133984 273552 508026 675506 : 558270
66" 14942 37355 59768 112066 179306 366084 679972 904005 747112
72" 22995 57488 91981 172465 275945 563388 1046293 i1391225 11149773

CLASS 150 150 PSI RATING
24" 255 637 1020 1913 3061 6251 11609 15437 12758
30" 857 2144 3431 6433 10293 21016 39030 51897 42890
36" 1792 4480 7168 13441 21505 43907 81542 108424 89607
42" 3202 8007 12811 24021 38434 78469 145729 193772 160142
48" 5412 13530 21648 40591 64946 132598 246254 327437 270609
54" 7336 18341 2934C 55025 88040 179749 333820 443871 366835
60" 14428 36072 57715 108216 173146 353506 656512 872945 721442
66" 14942 37355 59768 112066 179306 366084 679872 904005 747112
72" 30124 75310 120496 225031 361490 738044 1370653 1822516 1506212

L . T. values = in. Ibs. per PSIAP.-1

s2. All T values are positive acting to shut valve.
3. O T values a < 1.
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' TABLE 6.

) CLASS 300 STD RATING
,

,

0f& >:.
a :- :
<- n o w i . - c .G

,,
. h

.

-
. ,

y n ,
*

~
, | 1,

. '

,
1- n

^k//AW/ /2.
<

u

. . . _ #.< 3 . . 'r

,:vf
'

' , .t ' Seal Retaining Ring Downstream 4 ^ i *.3 :.

. 2 a w .yg.p.+.:. , J.,;:r, Disc Hydrodynamic Lift & Drag Torque.- T. .
- - T m'

-

. ,

VALVE T VS. DISC OPEN POSITION
SIZE 10* 20* 30' 40' 50* 60* 70* 80* 90*

'

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3" 0 0 0 0 1 2 5 6 5

4" 0 0 1 1 3 6 12 16 13
6" 1 2 4 8 13 27 51 68 56

C ., 8" 1 4 7 11 21 34 57 81 68
G

1&' 3 9 17 27 51 81 136 192 162
'12" 7 21 39 60 113 179 298 422 355

14" 9 29 54 84 158 250 416 590 495

'16" 12 37 68 105 198 313 520 737 620
18" 28 86 158 244 460 726 1208 1711 1438
20" 30 92 169 261 493 778 1294 1833 1540 |
24" 41 125 229 355 668 1054 1754 2485 2088
30" 143 429 788 1218 2292 3618 6019 8526 7165
36" 287 861 1579, 2441 4596 7253 12065 17092 14363

42" 686 2058 3773 5381 10976 17321 28812 40817 34300
48" 429 1287 2359 3646 6864 10832 18018 25526 21451

_

1. T, values = in. Ibs. per PSIAP.
2. All T values are positive acting to shut valve.
3. O T values a < 1.

k
.

!
|

_ _ _ _ _ - _ _ _ _ __. - -. -- . .. - - , _ _ - , - - _..
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'

TABLE 8
! CLASS 600 STD RATING

GQYM
|_a

:__s <- F s. o w |-

[hm
--

t v j
'

I
j '

..
~

9// Avg
H;

,
. f. ,

''',' ' 7 |-[?J.''." Seal Retaining Ring Downstream
, ei :

. Disc Hydrodynamic Lift & Drag Torque - T4

VALVE , T, VS. DISC OPEN POSITION
SIZE 10* 20' 30 40' 50* 60* 70* 80* 90*

3" 0 0 0 0 0 0 0 0 0
4" 0 0 0 0 0 0 0 0 0
6" 0 1 3 3 6 8 13 14 13

8" 0 5 10 12 19 27 44 46 43
10" 1 13 26 29 48 67 107 112 105{s 12" 1 20 38 43 71 99 158 165 154.

Q.
14" 2 27 52 58 96 133 213 223 208
16" 2 36 69 78 128 178 284 298 279
18" 3 43 83 93 153 214 341 358 334

20" 3 41 79 88 146 203 324 340 317
24" 12 166 319 357 587 818 1303 1367 1278

1. T, values = in. Ibs. per PSIAP.

2. All T, values are positive acting to shut valve.
3. O T, values er < 1.

,

b'

o

'
.
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' COMPARISON OF CALCULATED AERODYNAMIC TOPOUES
WITH TEST DATA

,

The purpose of this Enclosure is to compare aerodynamic
torques calculated in the manner outlined in the report and
ccmpare them to measured aerodynamic torques.

Since at this time Posi-Seal does not have actual
i aerodynamic torque test data, use will be made of data given

in ISA transaction 68-923, Ref. (a). Presented in Ref. (a)
is a plot of both aerodynamic and hydradynamic torque versus
pressure drop. This plot is based on data obtained from a
4" butterfly valve with a disc rotation of 60 degrees and an
upstream pressure of 214.4 psia.

.

Shown in Figure 1 on Page 3 of this Enclosure is a

( recreation of this plot. Superimposed on this plot are
plots of calculated hydrodynamic torques and aerodynamic
torques. The calculation of the hydrodynamic torque is
nothing more than multiplying the hydrodynamic te que
coefficient times the pressure drop. The hydrodynamic
torque coefficient for a 4" 150 Class valve at 60 degrees is
6 per Ref. (b).

As for the aerodynamic torques, shown on Pages 4 thru 9 are
computer printouts of aerodynamic torques which uses the
same equations as the LOCA analysis.

As can be seen in Figure 1 relatively good correlation is
obtained for both the calculated aerodynamic torque and the
hydrodynamic torque.

!
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.I( should also be noted that the method of calculating the' aerodynamic
(, torque presented in the ISA transaction is equivalent to the method

developed by Posi-Seal as demonstrated below.

Per the ISA transaction the aerodynamic torque is calculated as
follows:

D d P, Equation (25)TD K1

l= P C1 C' sin o.6 h flEwhere oP e i

59.64 C C
_1 2 i P rad

1 -
Equations (16) & (26)

Posi-Seal's aerodynamic equation for air is:

# ~~

.0436 4w L_ 0T =

air P{ _2 83.8Cv .

Since the expression Ki D is equivalent to Posi-Seal's hydrodynamic
torque coefficient T 49 ,

~ "

O, P should equal .0436 I4 0

P 1 283 8Cv -

_

To prove this, the expression for Q given is the ISA transaction,( Equation (14), is substitute into the above equation.

- -.

Q = 512 Pi C C C sin 50.64 'sg;
1 2 y

1 GT C C P rad_1 2 ,1 i_
2 2 2 2 2 2 ~

E2a P C 1 C2 C sin 50.6 h ?UE ~Q =
i y

GT ,1 C2C i Pi_ _

d Pe 2 C.0436 11. 522 P1 1 C2 C sin o.6 h .1=
y

P; GT Ct C 2 P t3

2 83 8~ Cv' L ' -

i_

2.0002815 P C C sin lo.6 h [4dtA Pe = i i 2

_1 2 dPi_C C

_ ', , -

C' C' sin" 5 0.6 h 4dt -
-.

Pc = P i
_,59 60, _C 1 2 1 P1C

~ '

0 P C' 07 sin ~50.6h ALEi
_59.64 C 1 C 2 1 P

i,
,

REFERENCE (a) ISA Transaction 6 8-923 "Effect of Fluid
Compressibility on Torque in Butterfly
Valves", Floyd P. Harthun

REFERENCE (b) Posi-Seal Technical Bulletin 1A, June 1982

-2-

|
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