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P Intrcduction

This investigation has been made in response to a request by
the customer/engineer for evaluation of containment isolation/purge
valves during a faulted conditicn arising from a loss of coolant
accident (LOCA),

The analysis of the structural and operational adequacy of the
valve assembly under such conditions is based principally upon
containment pressure vs. time data, system response (delav) time,
Piping geometry upstream of the valve, back pressure due to ventilation

components downstream of the valve, valve orientation and direction of

valve closure.

The above data as furnished by the customer/engineer forms ¢t

™
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-
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basis for the analysis. Worst case conditions have been a

the absence of definitive input.



II. Considerations

The NRC guidelines for demonstration of operability o
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and vent valves, dated 2/27/79, have been incorporated in this

evaluation as follows:

A.l. Valve closure time during a LCCA will be less than or egual
to the no-flow time demonstrated during shop tests, since
fluid dynamic effects tend to close a butterfly valve. Valve
closure rate vs. time is based on a sinusoidal function.

2. Flow directicn through valve contributing to highest torgue:;
namely, flow toward the hub side of disc if asymmetric,
is used in this analysis. Pressure on upstream side of valve
as furnished by customer/engineer is utilized in calculations.
Downstream pressure vs. loca time is furnished by customer/
engineer or assumed to be worst case.

3. Worst case is determined as a single valve closure of the
inside containment valve, with the outside containment valve
fixed at the fully open position.

4, Containment back pressure will have no effect on cylinder oper-
ation since the same back pressure will also be present at the
inlet side of the cylinder and differential pressure will be the

same during operaticn.

the valve rather than closing.

6. Torque limiting devices apply only to electric motor operators

'
(

(T

(o]

s
)

il tasa Ak Frwnlolad wi sl oviress wa ltrae avatan
which were n fUurnisSaec with pursSe wvwalilves evaiua

report.



768. Drawings or written description of valve orientation with

‘ respect to piping immediately upstream, as well as direction of
valve closure, are furnished i customer/engineer. In lieu
of input, worst case conditions have been applied to the analysis;
namely, 90° elbow (upstream) oriented 900 out-of-plane with
respect to valve shaft, and leading edge of disc closing toward
outer wall of elbow. Effects of downstream pPiping on system

‘ back pressure have been covered in paragraph A.2. (above).

B. This analysis consists of a static analysis of the valve components
indicating if the stress levels under combined seismic and LOCA
conditions are less than 90% of yield strength of the materials
used.

A valve operator evaluation is presented based on the operators
‘ ability to resist the reaction of LOCA-induced fluid dynamic
torques.

C. Sealing integrity can be evaluated as follows:

Decontamination chemicals have very little effect on EPT and

stainless steel seats. Molded EPT seats are generically known
to have a cumulative radiation resistance of 1 x 103 rads at a
maximum incidence temperature of 350°F. It is reccmmended that

seats be visually inspected every 18 months and be replaced
periodically as required.

Valves at outside ambient temperatures below 0°F, if not properly
‘ adjusted, may have leakage due to thermal contraction of the
elastomer, however, during a LOCA, the valve internal temperature
would be expected to be higher than ambient which tends to increase
sealing capability after valve closure. The presence of debris

or damage to the seats would Obviously impair sealing.
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III. Method of i

Determination of the structural and operational adequacy of
the valve assembly is based on the calculation of LOCA-induced
torque, valve stress analysis and operator evalnation.

A. Torgue calculation

summation of

<
(M
e
w
r
v
(1

The torque of any open bitterfly vals
fluid dvnamic torgue and bearing friction torgue at any given disc
e - | e § -

angle.

T. = P x A xUxd

where

P =pressure differential, psia

2 4 = .
A = projected disc area normal to flow, in
U = bearing coefficient of friction
d = shaft diameter, in.

Fluid dynamic torgue is calculated from the following egquations:

For subsonic flow

D ]
Raa 2 l > 1.07 (approx.) |
CR = 5 o 4
2
T = C3 C P /:{ ¥x F
‘D = X \.Tl X £5 < ] . . X Fpp
v i
- For sonic flow
r 5 =1
P R
171 2 Rer |
2 *
- -
b 3 o /.
I. = D" x C.,, P. X I K Fea . - 3
. - - v 1.4 *ReT °©
Where




F = Reynold number factor

Y
&
i

cR critical pressure ratio, (f (o) )

Pl = upstream static pressure at flow condition, psia
Pz = downstream static pressure at flow condition, psia
D = disc diameter, in.

ch = subsonic torgue coefficient

& = sonic torgue coefficient

K = isentropic gas exponent ( = 1.2 for air/steam mix)

e = disc angle, such that 90° = fully open; 0° = fully
closed
Note that ch and CT2 are a function of disc angle, an

exponential function of pressure ratio, and are adjusted to a 5" test
model using a function of Reynolds number.

Torque coefficients and exponential factors are derived from
analysis of experimental test data and correlated with analytically
predicted behavior of airfoils in compressible media

Empirical and analytical findings confirm that subsonic and
sonic flow conditions across the valve disc have an unequal and
opposite effect on dynamic torque. Specifically, increases in up-
stream pressure in the subsonic range result in higher torgque values,
while increasing 2y in the sonic range results in lower torgues.
Therefore, the point of greatest concern is the condition of initial
sonic flow, which occurs at a critical pressure ratio.

The effect of valve closure during the transition from subsonic

(r

to sonic flow is to greatly amplify the resulting torgues. In fac

’

the maximum dynamic torque occurs when initial seonic flow occurs

s . . 2 s WAl
. T =~ s~ - .
coincident with a disc angle of 72

g, | - i <
from the fully closed zosition,
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‘ B Valve Stress Analysis
The Pratt butterfly valve furnished was specifically designed for
the requirements of the original order which did not include specific
LOCA conditions.
The valve stress analysis consists of two major sections: 1) the
body analysis, and 2) all other components.
. The beody is analyzed per rules and equations given in paragraph
NB 3545 of Section III of the ASME Boiler and Pressure Vessel Code.
The other components are analyzed per a basic strength of materials
type of approach. For each component of interest, tensile and shear
stress levels are calculated. They are then combined using the

formula:

s = 1(T+Tp) + 1 [(T1+T;)% + 4(S1+S,)¢
max 5 ' Nl 5 (ﬁl i

. where

Smax = Mmaximum combined stress, psi
Ty = direct tensile stress, psi
T2 = tensile stress due to bending, psi
S = direct shear stress, psi
S2 = shear stress due to torsion, psi
. The calculated maximum valve torque resulting from LOCA conditions
is used in the seismic stress analysis, attachment $2, along with "G"
loads per design specification. The calculated stress values are

compared to code allowables if possible, or LOCA allowables of 90%

of the yield strength of the material used.



‘ C. Operator Evaluation
Model: Bettis 2744A-28R=-45

open and closed positions only
bs intermediate positions

Max., valve torgque: 489099 in-lbs

The Bettis cylinder operator furnished was specifically

(*N

designed for the reguirements of the original order which
‘ not include LOCA conditions.
The maximum torque generated during a LOCA induces reactive
forces in the load carrying components of the actuator.
The operator model furnished has an approximate rating
which exceeds the calculated valve torgue for the followin
valve angles:
35 degrees open to 0 degrees (fully closed)
‘ Listed in the attachments section of this report are th
following documents used in evaluating the structural and
operational adeguacy of the actuators.

- Supplemental Torque Calculations (attachment #3)



T = 1. y
IV. conciusion

It is concluded that neither the 11 structure ith
present materials) nor the valve actuator are adegquate to
withstand the defined LOCA-induced loads based on the calculate
torques developed in this analysis except for restricted valve

Specifically, the valve top shaft, disc pins, thrust

bearing adjusting screw, trunnion bolts, operator bolts, and

(r

bonnet are shown to be overstressed except at valve disc
o) \
angles of 50 or less. (See attachments #2 and #4.)
In addition, the calculated torgues exceed the rating

-

for the actuator except at valve disc angles of 357 or less.



v. Additional Information

The following items are presented to describe how system
factors affect torques developed in this analysis for your
consideration and are informational only.

Further analysis by the customer/engineer is recommended
prior to implementation.

An important factor governing the magnitude of the dynamic
torque is delay time from the start of a LOCA incident to
activation of the pressure sensing mechanism, which in turn
initiates valve closure. Careful re-evaluation by the
customer/engineer of the pressure sensing/timing seguence
may render the present valve assembly functional through
a significantly greater range of angles.

2. Installation of a convergent-divergent section downstream
of the outside containment valve with a throat area
sufficient to allow unrestricted ventilation during normal
operation, but which will choke LOCA-induced flow while
the valve is closing, through the critical range of 80°-60°
open, could resultantly reduce the £f£low through the valve
to subsonic levels.

3. An orifice plate installed similar to #2 above can also
choke the system downstream and reduce flow through th
valve to subsonic levels.

4. Mechanically restrict or block the valve disc to a maximun

h

disc opening angle. (See attachment #3 for further

illustration.)
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Bechtel Power Corporation

Enginecrs—Constructors

. 15740 Shady Grove Road ; 4

Gaithersburg, Marytand 20760 c
301-258-3000

March 26, 1981

Mr. T. J. Wronma

Henry Pratt Company

401 South Highland Avenue
Aurora, Illinois 60507

‘ Dear Mr. Wrona:

Turkey Point Units 3 & &
Bechtel Job 5177-152
REA-TPN-31

Purge Valve Analysis

Bechtel Files: A-21, S-77.1
V=241

In response to the engineering data requirements listed in your letter dated
February 16, 1981, we feel certain assumptions and considerations must accompany
the numerical values and thus we answer as follows:

1) Regarding "The combined resistance coefficient of all ventilation components
dowvnstream of the valves (one for each valve size)...."

We consider the conservative approach to be that condition which would pass
the most Post Accident Flow, For that condition, all ductwork, except the
seismically qualified and Q listed portions, would be removed in such a way
as to not impede the accident flow path. The only qualified duct is the
ten-foot penetration pipe between the two valves of any pair, which is the
same diameter as the valve, Furthermore one of the two valves could be con-
sidered to fail in its blocked open position due tc signal malfunction.
Flow resistance coefficients vary considerably with valve angle. The entrance
and exit coefficient for the penetration pipe also contributes to the total
system resistance although the ten feet of pipe is essentially insignificant.
The flow medium is a mixture of air (k = 1.4) and steam (k = 1.3) with the
‘ steam portion increasinz as _'e accident progresses. The comservative approach
would then be to use the lower friction of steam.

Using 1979 Crane Technical P®--or No, 410 - Flow of Fluids through Vilves

Fittings and Pipe, and 1°7° .. 'andbook of Foundamentals,we compile the
following flow resiscance . .iiicients:
PIPE ITEM COEF . REF.
Entr 0.78 Crane A-29
1 t 0.03 Crane 3-4 & A-22

.00 Crane A-29

1
i




Mr. T. J. Wrona Bechtel Power Cor poration

Page 2
I v-241
VALVE OPEN
VALVE ANGLE  ANGCLE COEF. REF.
0 90 0.17 '79 ASHRAE 31.35
10 80 0.52
20 70 1.6
30 60 3.9
40 50 10.8
50 40 33.

60 30 118.
‘ : 70 20 751.

NOTE: Take one valve at blocking angle selected
during closure time and the other valve to
vary from that angle to fully closed.

For example assuming a 30 degree blocking angle and the failure of the
outboard valve to close, the inboard valve would have the following down-
stream flow resistance coefficients:

at 30 degrees 7.03 + 118 + 1.00 = 119.03 say 119
at 20 degrees 0.03 + 118 + 1.00 = 119.03 say 119

‘ total system resistance coefficient, restricting the flow is:

at 30 degrees 0,78 + 118 + 0.03 + 118 + 1.00 = 237.81 say 238
at 20 degrees 0.78 + 751 + 0.03 + 118 + 1.00 = 870.81 say 871

the downstream resistance coe’ficient of the outboard valve is 1.00.

If both the valves were to operate and the recommended blocking angle were
to be 50 degrees, the downstream resistance coefficient of the inboard valve
would be tables as follows: ‘

at 50 degrees 0.03 + 10.8 + 1,00
at 40 degrees 0.03+ 33 + 1,00
0.0

at 30 degrees .03 +118 + 1.00
‘ at 20 degrees 0.03 + 751 + 1.00

total system resistance coefficient would then be:

11.83 say 12
34.03 say 34
119.03 say 119
752,03 say 752

at 50 degrees 24
at 40 degrees 67
at 30 degrees 238
at 20 degrees 1,504

Assuming the generic k coefficients of butterfly valves are applicable

to the specific Pratt valves supplied to Turkey Point, we have developed

a family of curves to indicate minimum valve back pressure with maximum
' Post LOCA flow. (See Enclosure 1)



Bechtel Power Corporation

Mr. T. J. Wrona

Page 2
Vv-241

2) Regarding the ""Confirmation that maximum delay time from LOCA to initiation

of valve rotation is 4,2 seconds. Provide a minimum delay time as well."

Minimum delay times would certainly be more realistic. However, we must
conservatively consider only one time for each accident containment pres-
sure curve, Three of the four curves can be grouped together and the
worst case envelope considered. The delay time for the envelope curve
which is the double ended break is 2.7 seconds. The delay time for the
0.5 ft? pressure curve is approximately 5.3 seconds. Delay time is found
by adding 1.5 seconds to the point on the graph when 6 psi is reached.
Time of full closure will vary with blocking angle, however, we would
expect an approximate linear relationship in regards to the maximum

90 degree closure ipterval of 5 seconds. The figure of 4.2 seconds
mentioned in your letter is not a starting time for the Turkey Point
curves and thus cannot be confirmed.

If there are any further questions, please contact us.

Yours very truly,

i I A

A. W, wilk
Project Engineer

AWW/RVB:mfa
Enclosure: Curves

ce: W. H., Rogers, Jr., w/o

H. D. Mantz, w/o

S. G. Brain, w/3

G. R. Gram, w/l

F. A. Panzani, w/1
‘ R. J. Acosta/R. Li, w/l

M. Crisler, w/1

D. W. Haase, w/l

D. T. Hughes, w/1
D. E. Douthit, w/l
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The nomenclature for this analysis 1s based upon

Section III of the ASME Boiler and Pressure Vessel Code.
where the nomenclature comes directly from the code, the
reference paragraph or figure for that symbol is given
with the definition. For symbols not defined in the
code, the definition is that assigned by Henry Pratt

Company for use in this analysis.



Effective fluid pressure area based on fully
corroded interior centour for calculating grotch
primary membrane stress (NB=-3545.1(a)), in®
Metal area based on fully corroded interior
contour effective ip resisting fluid force on A,
- .

(NB=-3545.1 (a)), in

Tensile area of thrust bearing adjusting screw.

. , 3
Tensile area of bottom cover bolt, in

-
Shear area of bottom cover bolt, in“

-
Tensile area of trunnion bolt, in

. .2
Shear area of trunnion bolt, in

2
Tensile area of operator bolt, in~

e
Shear area of operator bolt, in

o i
retainer bolts, in
2

Tensile area of hub
Shear area of hub belts, in
Tensile area of hub bolts, in2

Shear area of tﬁ us: bearing retainer bolts, in
Tensile area of thrust-bearing retainer bolts, in
Unsupported shaft length, in.
Bearing bore diameter, 1in.
Bonnet bolt tensile area, in.

g
Bonnet bolt shear area, in

: . . &
Bonnet body cross-sectional area, in
Top bonnet weld size, 1in.

Bottom bonnet weld size, in.

Distance to outer fiber of bonnet from s
"

y axis, in.



ANALYSIS NOMENCLATURE

Distance to outer fiber of bonnet from shaft on
X axis, in.

A factor depending upon the method of attachment
of head, shell diminsions, and other items as
listed in NC-3225.2, dimensionless (Fig. NC=-3225.1

thru Fig. NC=3225.3)

Stress index for body bending secondary stress
resulting from moment in connected pipe
(NB=-3545.2 (b))

Stress index for body primary plus secondary stress,
inside surface, resulting from internal pressure
(NB=-3545.2(a))

Stress index for thermal secondary membrane stress
resulting from structural discontinuity.

Stress index for maximum secondary membrane plus

bending stress resulting from structural discontinuity

Product of Young's modulus and coefficiept of
linear thermal expansion, at 500°F, psi/ F (NB=3550)

Distance to outer fiber of disc £feo
the shaft, in.

L

bending along

12l

Distance to outer fiber o
the shaft, in.

disc for bending about
Inside diameter‘of body neck at crotch region
(NB-3545.1(a)), in.

Valve nominal diametef, in.

Shaft diameter, in.

Hub retainer bore diameter, in.

Thrust collar outside diameter, in.

Thrust bearing bolt diameter, 1in.

Cover cap bolt diameter, in.

Trunnion bolt diameter, in.

Operator bolt diameter, in.

*

Bonnet bolt diameter, in.
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Q

H

o

w

Diameter of thrust bearing adjusting stud, in.
Outer diameter of trunnion, in.
Modulus of elasticity, psi

pe, as ,

Bending modulus of standard connected pi
02-5' in.

given by Figs. NB=3545.2-4 and NB-3545
1/2 x cross-sectional area of standard connected
pips, as given by Figs. NB=3545.2-2 and NB-3545.2-3,
in.

Natural frequency of respective assembly, hertz

W gx--Seismic force along x axis due to seismic
agceleration acting on operator extended mass, pounds.

W.g =-=-Seismic force along y axis due to seismic
adcéleration acting on operator extended mass, pounds.

W.,g_=--Seismic force along z axis due to seismic
a céleration acting on operator extended mass, pounds.

Gravitational acceleration constant, inch- er-second2
=

Valve body sectianbending modulus at crotch region
(NB=3545.2(b) ), in

Valve bogy section area at crotch region (NB-3545.2
(b)), in

-Valve body section torsiogal modulus at crotch

region (NB-3545.2(b)), in

Seismic acceleration constant along x axis
Seismic acceleration constant along y axis
Seismic acceleration constant along z axis

m, equal to the radial distance

ine of the bolts to the line of
on (NC-=3225), in.

Gasket moment ar
from the center
the jasket react

Disc hub key height, in.
Top trunnion bolt square, in.

Bottom trunnion bolt sguare, in.



ANALYSIS NOMENCLATURE

L2 ]

(&

Cy

(o

4

=

t.‘

Bonnet bolt square, in.

Operator bolt square, in.

Bonnet bolt circle, in.

Operator bolt circle, in.

Bonnet height, in.

Actual body wall thickness, in.

Bonnet body moment cf inertia about X axis, in4
Bonnet body moment of inertia about y axis, in4

Disc area,moment of inertia for bending about the
shaft, in

Disc area,moment of inertia for bending along the
shaft, in

. E .4
Moment of inertia of valve body, in
Moment of inertia of shaft, in

Disc area moment of inertig for bending of
unsupported flat plate, in

Moment of inertia of top trunnion plate.

Distance to neutral bending axis for top trunnion
bolt pattern along x axis, in.

Distance to neutral bending axis for top trunnion
bolt pattern along y axis, in.

Distance to neutral bending axis for bonnet bolt
pattern along x axis, in.
Distance to neutral bending axis €for bonnet bolt

pattern along y axis, in.

Distance to neutral bending axis for operator bolt

pattern aleong x axis, in.

Distance to neutral bending axis for operator bolt

pattern along y axis, in.
Spring Constant

: & W 1 < - - ~ - 13 N
Distance ¢£f bonnet leg from shaft centerline, in.



ANALYSIS !OMENCLATURE

plate, in.

K2 Thickness of disc above shaft, in.
‘ K3 Length along z axis to c.g. of bonnet plus adapter
plate assembly, in.
K4 Top trunnion width, in.
Ks Top trunnion depth, in.
K6 Height of top trunnion, in.
Ll Valve body féce-to-face dimension, in.
L2 Thickness of operator housing under trunnion bolt, in.
. 7-3 Lengtl? of engagement of cover cap bolts in bottom
trunnion, in.
L4 Length of engagement of trunnion bolts in top
trunnior, in.
L5 Bearing length, in.
L6 Length of shaft after retainer groove, in.
L7 Length of engagement of bonnet bolts in adapﬁer

L8 Length of engagement of bonnet bolts in bonnet, in.

L9 Length of engagement of stub shaft in disc, in.
2 LlO - Disc hub key length, in.

Lll Top trunnion weld height, in.

m Reciprocal of Poisson's ratio

M Mass of component

Mx 2_+g_ Y ), operator extended mass seismic
béndfnc fioRent about the x axis, acting at th

base ¢of the operator, in-lbs.

M W,(g Z +g_X ), operator extended mass seismic
y 3 2¥.9Q 22 A . . , \
bénding mém@nt about the Yy axis, acting at the
base of the operator, in-lbs.
M, (Wolg ¥ _+g X ), operator extended mass seismic
bendinig momeAt about the z axis, in-lbs.
Mx Mx+FyTS, operator extended mass seismic bending
out the X axis, acting at the bottom of
r plate, in-lbs.

. moment abo
the adapte
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Pe

Peb

Ped

Pet

My+FxT5, operator extended mass seismic bending
moment about the y axis, acting at the bottom of
the adapter, in-lbs.

Mx+Fy(T;*Hg)*gyw K4, Operator extended mass seismic
bending moment abolUt the x axis, acting at the
base of the bonnet, in-lbs.

My+Fx(T5*H )+g_W,K,, operator extended mass
seismic begdiné %o%ent about the y axis, acting
at the base of the bonnet, in-lbs.

Bending moment at joint of flat plate to disc hub,
in-lbs.

Permissible numbgr of complete start-up/shut-down
cycles at hr/100 F/hr/hr fluid temperature change
Not applicable to the analysis of the system.
Number of top disc pins

Number of operator bolts

Number of trunnion bolts

Design pressure, psi

Primary pressure rating, pound

Standard calculation pressure
psi

Largest value among Peb, Ped, Pet, psi

Secondary stress in crotch region of valve body
caused by bending of connecticn standard pipe,
calculated according to NB-3545.2(b), psi

Secondary stress in crotch region of valve body
caused by direct or axial load imposed by connected
standard piping, calculated according to NB=3545.2(b),
psi

Secondary stress in crotch region of valve body
caused by twisting of connected standard pipe,
calculated according to NB-3545.2(b), psi

General primary membrane stress intensity at
crotch region, calculated according to NB-3545.1(a),
psi

tress intensity in body wall, psi

Primary membrane

n

8
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Sum of primary plu:
resulting from i
psi

lus secondary stresses at crotc
nternal pressurcz, (NB=35 2(a)

Thermal stress in crotch region resulting from
100°F/hr fluid temperature change rate, psi

Maximum thermal stress component caused by thgouqh
wall temperature gradient associated with 100"F/hr
fluid temperature change rate (NB-3545.2(c)), psi

Maximum gherﬁal secondary membrane stress resulting
from 100 F/hr fluid temperature change rate, psi

Maximum thermal secondary membrane plus bending
strgss resul;ing from structural discontingity and
100°F/hr £fluid temperature change rate, psi
Distance to bolts in bolt pattern on hub block, 1in.
Distance to bolts in bolt pattern on hub block, in.
Distance to bolts in bolt pattern on hub block, in.
Distance to bolts in bolt pattern on hub block, in.
Distance to bolts in bolt pattern on hub block, in.
Distance to bolts in bolt pattern on hub block, in.

Distance from shaft centerline to disc plate, in.

Mean radius of body wall at crotch region (Fig.

. NB=3545.2(¢)=-1), in.

Inside radius of body‘at crotch region for cal-
culating Qp (NB=-3545.2(a)), in.

FPillet radius of external surface at crotch

Disc radius, 1in.
Shaft radius, in.
Mean radius of body wall, in.

Radius to gasket in cover cap, 1in.

Distance from shaft centerline to retaining bolt
of thrust bearing.

O
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S“ Design stress intensity, (NB=3533), psi
Sn Sum of primary plus secondary stresg intensities
at crotch region resulting from 1l00"F/hr temperature

change rate (NB=3545.3), psi

Fatigue stress intensity At
Pl : 164 s 17AC=
region resulting from l100°F/
change rate (NB-3545.3), psi

o

\r

Fatigue stress intensity at outsgde surface in
crotch region resulting from 1l00°F/hr fluid temp=-
erature change rate (NB-3545.32), psi

S(1l) through S(83) are listed after the alphaketical section.

te Minimum body wall thickness adjacent to crotch for
calculating thermal stresses (Fig. NB=4545.2(c))=-1),
in.

tn Minimum body wall thickness as determined by
C.C. 1678, ino

Te Maximum effective metal thickness in crotch region
for calculating thermal stresses, (Fig. NB=3545.2
(C)-l) ’ in-

82 Maximum magnitude of the difference in average wall
temperatures for wglls of thicknesses t_, T_,
resulténg from 1l00°F/hr fluid temperatu?e cgange
rate, F.

Tl ~Thickness of cover cap behind bolt head, in.

Tz Thickness of adjusting screw head, in.

T3 Thrust collar retaining plate thickness, in.

T4 Cover cap thickness, in.

T5 Adapter plate thickness, in.

TG Thickness of bottom bonnet plate, in.

T7 Thickness of top bonnet plate, in.

TB Maximum required operating torgue for valve, in-lbs.

T9 Shaft retainer thickness on hub, in.

Tlo Bottom cover plate thickness, in.

Tll Top trunnion wall thickness, in.

3
t‘n
L )
ot

-~ : 1
Thicknes

O

(1]

T 3 1 . s
top trunnion plate, 1in.

ro

e
()
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w

~N o

@

—

2 £ X ¥ § € <« <«
[§)

w

Area of bottom bon

Area of top hottom weld, in

.
net weld, in

-

Thrust bearing coefficient of friction

Bearing friction torque due to pressure loading

(shaft journal bea

Bearing friction torgue due

plus seismic, loadi
Thrust bearing fri

Distances to bolts
plate, in.

Distances to bolts
plate, in.

Distances to bolts
plate, in.

Distances to bolts

plate, in.

Distance to bolts
Distance tc bolts
Distance to bolts

Distance to bolts

ring)

ng (shaft journal bearings)

ction torgue

in bolt pattern

in bolt pattern

in bolt pattern

in bolt pattern

in bolt pattern
in bolt pattern
in bolt pattern

in bolt pattern

Total bolt lcad, pounds

Valve weight, pounds

Banjo weight, pounds

Operator weight, pounds

on

on

on

on

on

on

on

on

adapter

adapter

adapter

acdpter

bonnet,
bonnet,
bonnet,

bonnet,

to pressure loading

in.
in.
LT P

in.

Bonnet and adapter plate assembly weight, pounds.

Weld size of disc structural welds, i

Weight of disc, po

unds

nches

Length of weld around perimeter of bonnet, in

Eccentricity of center of gravity of operator
extended mass along x axis, inches.

S e OS‘ ~a
= "
~ i

- - - - ey m oty ey
=B 4 o a1tV
-

ws Vo= 3 - -
1 v aX1lsS ncnes

,DZ

.-
operator
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mass along 2 axis, inches
- -~ 13 » -
Z, Bending section modulus of bonnet welds in x direction,
- : -
in
~” ~ - 1 '~ - P . 4 s~
Z 4 3e§uzng section modulus of bonnet welds in y directicn,
-~

o3
F=

Ay

Tossional
in

Maximum static Jeflection
Distance to edge of disc hub,

Thrust bearing stud diameter,

top bonnet welds,

component, inches
inches

in
- ade



S (1)
"I’ s (2)
S (3)
S (4)

(5)

B w

(6)

n

(7)

S (8)

S (9)

- S(15)

ANALYSIS NC'ENCLATURE

Commined bending stress in disc, psi

Bending stress in disc due to cending along the shaft, psi
Bending stress in disc due to bending about the shaft, psi
Combined stress in shaft, psi
Combined bending stress in shaft, psi

Combined shear stress in shaft, psi

Bending stress in shaft due to seismic and pressure lcad
along x-axis, psi

Bending stress in shaft due to seismic load along vy-axis,
psi

Torsional shear stress in top shaft due to operating torgue,

psi

Direct shear stress in shaft due to seismic and pressure
loads, psi

Shear tear out of retainer in shaft groove, psi
Shear tear out of shaft grocve, psi

Bearing stress on retainer and groove, psi
Tensile stress in retainer bolts, psi

Bearing stress con hub keyway, psi

Shear stress on key, psi

Combined stress on hub block bolts, psi
Combined tensile stress on hub block bolts, psi
Shear stress in hub block bolts, psi

Shear tear out of shaft through hub block, psi
Compressive load on shaft bearings, lbs.
Bearing stress on thrust collar, psi

Shear stress in adjusting screw head, psi




Combined stress

Tensile stress in retainer bolts, psi

Shear stress in retainer bolts, psi

Shear tear outof thrust bearing bolts, psi
Shear stress in cover plate, psi

Shear tear out of bolts through tapped holes in trunnioen,
psi

Shear tear out of cover cap bolt head through bottom cover
cap, psi

Combined stress in cover cap bolts, psi

Shear stress in cover cap bolts due to torsional loads, psi
Direct tensile stress in cover cap bolts, psi

Combined stress in cover cap, psi

Radial stress incover cap, psi

Tangential stress in cover cap,

S(41)

Shear stress in cover cap, psi

S(42)

Shear tear out of trunnion bolt through tapped hole in
trunnion, psi

o3
(r
fu
'O
L L‘
(4]
(o)
b
’J
®
e
3

‘ 5(43) = Bearing stress of trunnion bolt o

| runnion, psi

plate, psi

S(44) = Bearing stress of trunnion bolt on through hole in bonnet
S(45) = Shear tear cut of trunnion bolt head through bonnet plate,

(—\\ psi }
: \




S(46)

S(47)

S(49)
S(50)
S(51)
Si52)

S§(53)
S(54)
S(55)
S(56)
S(57)
S(58)
S(59)
S(60)
S(51)
S$(62)
S(63)
S(64)
S(65)
S(66)

S(67)

S(68)

Combined stress in trunnion bolt,

'O
(1)
'—-

t, psi

(==

e

o

Direct tensile stress in trunnion
Tensile stress in trunnion bolt due *=o bending moment, psi
Direct shear stress in trunnion bolt, psi

Shear stress in trunnion bolt due to torsional load, psi
Shear tear out of operator bolt head through bonnet, psi
Bearing stress of operator bolt on through hole in bonnet,
psi

Combined stress in operator bolts, psi

Direct tensile stress in operator bolts, psi

Tensile stress in operator bolt due to bending moment, psi
Direct shear stress in cperator bolts, psi

Shear stress in operator bolt due to bending moment, psi
Combined stress in bonnet body, psi

Direct tensile stress in bonnet body, psi

Tensile stress in bonnet body due to bending moment, psi
Direct shear stress in bonnet body, psi

Shear stress in bonnet body due to torsional load, psi
Combined shear stress in bottom bonnet weld, psi

Total tensile stress in bottom bonnet weld, psi

Total shear stress in bottom bonnet weld, psi

Direct tensile stress in bottom bonnet weld, psi

Tensile stress in bottom bonnet weld due to bending
moment, psi

Direct shear stress in bottom bonnet weld, psi

i6
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S(69) = Shear stress 1in bottom bonnet weld due to torsional load,
psi

S(70) = Combined shear stress in top bonnet weld, psi

§(71) = Total tensile stress in top bonnet weld, psi

8(72) = Total shear stress in top bonnet weld, psi

S(73) = Direct tensile stress in top bonnet weld, psi

S(74) = Tensile stress in toé bonnet weld due to bending moment, psi

$(75) = Direct shear stress in top bonnet weld, psi

S(76) = Shear stress in top bonnet weld due to torsional load, psi

§(77) Combined stress in the trunnion body, psi

$(78) Direct tensile stress, psi

5(79) Bending tensile stress, psi

S(80) Direct shear stress, psi

S(81) Torsional shear stress, psi

[

~J
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In the following pages, the pertinent data for the
butterfly valve stress analysis is tabulated in three
categories:

l., Stress Levels for Valve Components

2. Natural Frequencies of Components

3. Valve Dimensiénal Data

In Table 1, Stress Levels for Valve Components, the
following data is tabulated:

Component Name

Code Reference (when applicable)

Stress Level Name and Symbol

Analysis Reference Page

Material Specification

Actual Stress Level

Allowable Stress Level
The material specificatioés are taken from Section II of the
code when applicable. Allowable stress levels are Sm for
tensile stresses and .6 Sm for shear stresses. The allowable
levels are the same whether the calculated stress is a combined
stress or results from a single load condition. Sm is the
design stress intensity value as defined in Appendix I,
Tables I-7.1 of Section III of the code.

In Table 2, Natural Frequencies of Valve Components, the

rn

ollowing data is tabulated:
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TABLE 1 STRESS LEVELS FOR VALVE COMPONENTS
— -
ALLOVABL
CODE REF. REF. STRESS STRESS5 LEV
COMPONENT PARAGRAPH SYMBOL & NAME PAGE MATERIAL LEVEL, PSI PS1I
S — -
BODY NB-3545.1 Primary Membrane Pm 36 ASTM A-36 C |
Stress in Crotch lél) 12600 |
Region
- TP - [ ST TN - R ———
Primary Membrane [‘m‘ 36 ASTM A-36 lc 23 :;l'? 'm
Z0L0OU
NB-3542.2 Primary Plus Secon- |Q . 38 AST™M A-36 B Sm
dary Stress Due to f ?‘)7‘7 12600
Internal Pressure
NB-3545.,2 Pipe Reaction Stress 38 ASTM A-36 1.
. 18900
»i1al Stress > b
Axial Stre led 25 42
Bending pel) 4773
forsion Pet A7T3
NB-3545.2 Thermal Secondary Qt 38 ASTM A-136 9ee Sm
Stress 12600
NB-3545,2 Primary Plus Secon- |S 3R ASTM A-36 _ ISm
dary Stress - (‘ (g & 37800
NB-3545.3 Hormal Duty Fatigue |S 39 ASTM A-136 ) 1.55m
SLtress P 7'0' L8900
Ha 3 2000
EV—. i TR 1% P . - s SRS
11 g NB=-3546.2 Combined Bending S (1) 40 ASTM A-36 . 1.55m
Stress in Disc 1( & 9. 18900
Shaft NB-3545.3 'ombined Stress 5(4) 41 ASTM A-276 sl 1.5Sm
in Shaft Type 316 2l A 0000
Condition A
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STRESS LEVQFOR VALVE COM!‘ONEN,

Retainer Bolts

ALLOVUAB
CODE REF. REF. STRESS STRESS LE
COMPONENT PARAGRAPH SYMBOL & NAME PAGE MATERIAL LEVEL, PSI PSI
(20n)] 43A | A 27 g T
DISC Shear Stress in S(2 A STM A-276 "2 &5 “Ta 16200
PINS Top Pin Type 316 32730
Bearing Stress on S(20B)]| 43A ASTM A-276 I : - 35y
Top Pins in Shaft Type 316 |2 & 477 27000
Shaft Compressive Stress S(21) | 45 (SKF-#232220C) 125,000
Bearings on Shaft Roller T6CES
Bearings
Thrust Bearing Stress on S(22) | 46 ASTM B-164 9 Sm
Bearing Thrust Collar Condition A AT 13600
Shear Stress in S(24) | 46 ASTM B-164 (.9)(.6)
Adjusting Screw Condition A 37l 16200
Threads
Combined Stress in S(28) 48 ASTM B-164 9Svy
Retainer Bolts Condition A JE& G 27000
Shear Tear out of S(31) | 48 ASTM B-164 TaAL (.9)(.6)
Thrust Bearing Condition A 16200




STRESS LEVELS FOR VALVE COIPONENTS

Thru Bonnot

TABLE 1
ALLOVABI
CODE REF, , REF. STRESS STRESS LE
COMPONENT PARAGRAPH SYMBOL & NAME PAGE MATERIAL LEVEL, PSI PSI
Bottom Shear Tear Out of S(33) 49 ASTM A-36 .6Sm
Cover Bolts in Bottom | & 2.4 7560
Trunnion
Shear Tear Out of 5(34) 49 ASTM A-36 .65m
Cover Bolt Head | A ¢EC 7560
Through Bottom Cover
Combined Stress in S(35) | 49 ASTM A-193 F Sm
Cover Bolts GR.B7 7(755 25000
Combined Stress in 5(38) 49 ASTM A=36 Sm
Cover ’ I8 E 12¢00
Operator Shear Tear Out of S$(42) | 51 ASTM A-36 .65m
Mount ing Trunnion Bolts Thru &9 7560
Tapped Hole in
- _‘[_1_}2::\hn\ F - g . i - AR
Bearing Stress on S(43) | 51 ASTM A-36 Sm
Tapped Holes in I233¢ 12600
Trunnion . T e R
Bearing Stress of S5(44) | 51 ASTM A-36 Sm
Trunnion Bolt on ,(7 3 74- 12600
Through Hole in
!}(Hlncff R . " = o - LD
Shear Tear Out of S(45) 53 ASTM A-36 Sm
Trunnion Bolt Heads T2 12660
o - 'Llll(l\h_l_h._ Bonnot C _ PR - *"_‘4
= Combined Stress in S(46) |53 SAL GR,2 = .9Sy |
o Trunnion Bolt SHEI3 25200 |
i Shear Tear Out of S5(51) 53 ASTM A-36 —— - 65D ‘
Operator Bolt llead /21 AR
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Job Numiur: D=8 S5s Jalwe Size: AE RIA S
Operator Mounti Sar Y Operatar: BETTIAS SNis- N=2 P -5
Ay RS, 0L Bg S.12. 6 Fs .0

A 6. 3 3, S.12.6 Fe 3 Pl

A, AJA c 3 Fy 21ec

A, s A, Cb ] F, Q25c0C

A, e R340 C;> 2 Gy 2925, 3
A, . Ao, C, A2 Ga 2230 .40 B
Ag o Lo C, L AS G, 78S L
A, y &) Cq 249 Iy B

A, 224 Cs 2.5 9y 2

Ag o Rem Cg o (-2 & g, 4

Ag lA D D, A2" Hy ¥ -wis
A, , &) D, 4 H, 12.2.¢5
Alyelob B3 2.5 Hy _ T.a24f
A, CLE D, 2,7¢€  JO [ ¥ %
A, W < [ D¢ « 275 He Nl A

3, a-12.& D6 . 378 Hs NIA

8, 4 D, 75 2, 12.. 375
3, Lo b Dg 2.5 Hg 2

B,  £5) Dy i Hq 2.)2.8
B 427,19 Dyp R 4, 7 I, ___29¢.248
B¢ NiA Dy, i) I, |RL.T &
B, NiA Py, ARy I 749.c4



Dimensional Data
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A, AT

1A

1475

L. L3

o § R A v A
m 2,5
M =~
MY ) of o 4
M, ¢

M, __2FElE7
FTY‘ 2Ll 4
M, 2E1 27
¥, 26127
N, 2c6C
N, o

N, N,

Ny 4

Pa 7<
P_ w !

r. &<
Qp1 S
Q, .5
Q, £. 5
Q3 £ <
Q. s O
Qg 2. LARS
Q 9.92¢
Q, 2. las
r A L2S
Ty e &3

R, A .
Re -

Re A5
R, £
R S 815
S 2o cct
te 1,78
s S5
sT, e

T, |

T, .28
T, L ATA
T, |
Ty NIA
Te i

T, |

Tg AL9299
Ty A8
T10 |

T11 .75
T12 i

Uy 19

U, 19

U, o 2.5
U4 NI A
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ANALYS1S IN{RODUCTION

Described in the following pages is the analysis used

in verifying the structural adequacy of the main elements

of the air purge butterfly valve. The analysis is structure

to comply with Paragraph NB-=353
Boiler and Pressure Vessel Code (hereafter referred to as

the code). 1In the analysis, the design rules for Class 1

"y

valves are used. Since the regquirements for this class o
valve is much more expiicit than for either Class 2 or 3
design rules. The design rules for Class 2 and 3 are
exceeded by the rules for Class 1 valves.

The air purge valve is designed in accordance witl!

Code Case 1678 of the code.

Valve components are analyzed under the assumption that

the valve is either at maximum fluid dynamic torgue or

seating against the maximum design pressure. Analysis

4 o e . ;
temperature is 300°F. Seismic accelerations are simultaneously

applied in each of three mutually perpendicular directions.

Seismic loads are made an integral part of the analysis

by the inclusion of the acceleration constants G gy, I,

The symbols Iyr 9 g, represent accelerations in the x, y

yl

and 2z directions respectively. These directions are defined
with respect to the valve body centered coordinate system as

illustrated in Figure 1. Specifically, the x axis is along

the pipe axis, the 2z axis is along the shaft axis, and the

y axis is mutually perpendicular to the x and z axes, formin

&)
Fo)
P
(r
be: o
T
0

3
.

a right hand triad



Analysis Introduction

Valve orientation with

Lot

espect to gravity is taken
into account by adding the appropriate quantity to the
seismic loads. The justification for doing this is that a
gravitational load is completly equivalent to a lg seismic
load.

The analysis of each main element or sub-assembly of
the butterfly valve is described separately in an
appropriately titled section. 1In addition to containing
sketches where appropriate, each section contains an
explanation of the basis for each calculation. Where
applicable, it also contains an interpretation of code

requirements as they apply to the analysis.

Figure 2 is a cross-section view of the butterfly valve,

and its associated components. Detailed sketches are
provided throughout the report to clearly define the

geometry.
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BODY AN/ALYSIS

The body analysis consists of calculations as detailed

(]

in Paragraph NB-3540 of Section III of the code. Paragraph

=

NB=3540 is not highly oriented to butterfly valves as related
to various design and shape rules. Therefore, certain of the
design equations cannot be directly applied for butterfly
valves. Where interpretation unique to the calculation is
necessary, it is explained in the sube-section containing that
calculation description.

Figure 3 illustrates the essential features of the body
geometry through the trunnion area of the valve. The
symbols used to define specific dimensions are consistent
with those used in the analysis and with the nomenclature
used in the code.

le Minimum Body Wall Thickness

Paragraph NB-3542 gives minimum body wall thickness
requirements for standard pressure rated valves. The
actual minimum wall thickness in the purge valve

occurs behind the seat retaining screws.

- 5 Body Shape Rules

¥
-

The air purge valve meets the regquirements ¢f Paragraph
NB-3544 of the code for body shape rules. The external
fillet at trunnion to body intersection must be

: ’ = - T
greater than thirty percent of the minimum bod)

'O

(V)
wn



Body Analysis (Cont.)

3.

Primary Membrane Stress Due to Internal Pressure

Paragraph NB~3545.1 defines the maximum allowable

stress in the neck to flow passage junction. 1In a

butterfly valve, this corresponds with the trunnion to
body shell junction. Figure 3 shows the geometry
through this section.

The code defines the stresses in the crotch area

using the pressure area method. The equation presented

is found in paragraph NB-3545.1.
Pm = (Af/Am + .5) Ps

Applying the code rules to the crotch region
results in a membrane stress considerable less than if
applied to the region not containing the trunnion. The
trunnion increases the metal area (Am) which decreases
the Af/Am ratio and reduces the result. For a section
not containing the trunnion, the £luid area to metal
area ratio (Af/Am) reduces to the body inside radius to
the shell thickness (Rm/Hg} since the depths are the

same. The resulting membrane stress egquation is then:
Pm = (Rm/Hg + .35) Ps

.9

he highest stressed area

(r

This equation results in

and complies with the intent of the code.

A, Body Primary plus secondary stress due to internal
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Body Analysis (Cont.)

Paragraph NB-3545.2 (a) of Section III of the code

defines the formulas used in calculating this stress.

ri -
e
B. Secondary stress due to pipe reaction - Para.

NB-3545.2 (b) gives the formulas for finding stress

due to pipe reaction:

P = Fds = Direct or axial load effect

Gg

ed

P = Cb?bs = Bending load effect

Gy,

4 : .
pet = ZFb: = Torsional load effect

¢

C. Thermal secondary stress - Para. NB-23545.2(c) eof

Section ITI of the code gives formulas for

determining the thermal secondary stresses in the

pipe.
Qp = Qpy * O3
where
Qra = C¢C2%%2
D, Primary plus secondary stresses - This calculaticn

is per Para. NB-3545.2 and is the sum of the

three previous secondary stresses:

valve fatigue reguirements = Para. NB=-3543.3 of Section

III of the code defines requirements for normal duty

valve fatigue. The allowable stress level is found

LJ
(€]
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DISC ANALYSIS

"
"

egquirements o

Section NB-=3546.2 defines the design

the v’ isc, Both primary bending and primary membrane
str , :oned in this section. For a flat plate such
as ‘' : 2 valve disc, membrane stress is not defined

ey

‘ ,? gion of the disc reaches one-half the disc
t .nce total deflection of the disc i3 much less
rt=é . one-.ha.f the thickness, membrane stresses are not
applicable to the analysis.

Figure 5 shows the disc for the air purge butterfly
valve. The disc is designed to provide a structurally sound

pressure retaining component while providing the least inter-

ference to the flow.

Primary Bending Stress

Due to the manner in which the disc is supported, the
disc experiences bending both along the shaft axis and about
the shaft axis. The combined bending stress is maximized at
the disc center where the maximum moment occurs. The moment
is a result of a uniform pressufe load.

Combined bending stress in disc:

2

S(1) = (s(2)2 + s(dH*®

where

ess due to moment
axis, psi

wn
o
"
O
O
P &
(=
L
g
B
O
~J
]
w
]
3
(o9
b
pes |
w0

str
haft

s due to moment
Xis, psi
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The shaft 1s analyzed in accorriance th para. NR=3546.3
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P

. of section ITI of the code. The shaf ling is a
i ] SS! nd oOr 1 ting 1d

combination of seismic, pressure, and operating loads.
Maximum torsional loading is either a combination of
seating and bearing torque or bearing and dynamic torgue.
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n o

S(7) = (n R P + W, g.) .25 B, R_. = Bending tensile
4 5 Z 7% l 5 ;
3 stress due tr
" .25 P, Fressure & soircsre
. - loads along
¥ = axis, Ps
s(8) = .25 wz g, Bl RS = Bending tensile stross duc
e to seismic :io0ads along
voo- 1S ST
) «25 R54 Y axis, PSI
2 2,1
S(6) = (S(9)™ + S(10)7) °* = combined shear stress, PS!
£(9) = Ty Rg = Torsional shexr stress, PSI
. -r R 4
r “
s(lv. = 3 1.5 R, P_ * .50, (g, + g )= Uircc
2 : Stroge
» R, . Bl b
P

wn




The valve assembly or cross-section drawing shows the

two stub shafts and the disc pins. The top disc pins

are subjected to torsional locad as they transmit the

. operating torgue.

Combined Shear Stress in Top Disc Pin:

Te=+5 Ug
5

8

2Nl RS .785 D

S(20A) =

2
12

Bearing Stress on Tcp Pins in Shaft:

‘ S(208) = I3 K, K0,

Where

D = Disc Pin Diameter, in.

Actual Shut Off Pressure, psi

N
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THRUST BEARING ANALYSIS

As shown in figure 5, the thrust bearing assembly is located

in the bottom trunnion. It provides restraint for the

banjo in the 2z direction, assuring that the disc edge
remains correctly positioned to maintain coptimum sealing.
Formulas used to analize the assembly are given below.
&e Bearing stress on thrust collar due to seismic load.
W, g
s
s(22) = o 5
.78 - - )
5 (04 D;O )
e Shear stress in adjusting screw head due to seismic
load.
- w2 92
S$(23) = 8 =
10 "2
3 Combined stress in adjusting screw.
2 2, %
) S(25 + 4 B8{26)*)
] J > y
2 2
Where: ’
wZ %2 : > : : :
S(25) = A = Direct tensile stress due to seismicC
¢ load.
16 Ug
s(26) = - = Torsional shear stress due to thrust
= D 5 . ; :
10 bearing seismic friction torque.
U = W. U, (5D + .5 (D, = D,.) )
E 2 9z 73 10 4 10
4. Shear stress in adjusting screw threads due to seismic
loads.
w2 g,
s(27) = =
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BOTTOM COVER ANALYSI

wWiwlil oaio

Figure 5 shows the bottom trunniorn assembly, including the

bottom cover and bottom cover bol

l.

(r

SI

Bottom Cover Bolt Stresses

w0

The bottom cover experiences loading from the weight
of the banjo and from pressure loads. In determining
stress levels, the bolts are assumed to share torsional

and tensile loading egqually.

Shear tear out of bolts through tapped holes in

trunnion:
2
PRIV, 5. Sk °s 6
4 L3 {Z2.83) DG

Shear tear out of bolt heads through bottom cover, PSI.

2
Wy g+ 7 0, Rg

S(34) 1T, (5.2) D

&

Combined stress in bolts, PSI

$(37) (s(312 + 4 s( )2)5

$(35) = + .-
2 2
Where:
Ve
s(36) = 557 H3 3 A4 = Shear stress in bolts due to
torsional load.

o B ik Ps RGZ

5(37) = —= = Tensile stress in bolts
4 A3

due to seismic and pressure

loads, PSI.

Bottom Cover Stresses

The combined stress in the bottom cover is calculated

using the following formulas:

§(39) + S(40) ( (S(39) + S(40) " + 4 S(4l

s(38) = 3 + >

49
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The operator mounting consists of the top trunnion, the bonnet,

operator housing and the bolt connecticns as shown in Fig.

Bolt Stresses and Localized Stress
The following assumptions are used in the development of the
equations:

A. Torsional, direct shea-, and direct tensile loads are shared
equally by all bolts in the pattern.

B. Moments across the bolt pattern are opposed in such a way that
the load in each bolt is preoportional to its distance from the
neutral bending axis.

a. Shear tear out of trunnion bolt through tapped hole in top

trunnion.

, 2 2 2 _— = .
Fz+‘q4 g:( J-g\.' "'gz . \4_ (n.. Z‘Hﬂl M‘/(ul+ﬂz)
S(42) = - + 5 * = 3
2J2'+2(32+H2) ZJI +2\Jl*H:)
.9ﬂL4D7

b. Bearing stress on tapped holes in trunnion.

(M_+Tg) (F, 247 2)" W,(g +q”2 ;
- 8(43) ® crEme b + X
4(.707H,) ; B
D.L,

¢c. Bearing stress on through hole in bonnet.

2, 2,k 2, 2.}
M_+T (F_“+F_") ° Ww,(g . “+g. )"
z "8 X Y WL Sobr Sl
5(44) = RSt - - >
4(.’\./'{'{3, 4
D7T6

i



bl




h d.
' ‘II' S(45)
e.
5(46)
Where,
® -
S(48)
S (49)
‘I', S (50)
f.
S(51)
o %
S(52)
h.
("\ S(53)

Shear tear out of truanion bolt heads thrcugh bonnet.
F_+W, g M (J,+H,) M (J,+1
. 2z _4°z < JZ H2 ) 1 d:>
b 3 - 2 oy L 2
2.42 +2(J2*:131 ed 4 °2(Jl+}£2}
sl Duly
/i D
Combined stress in trunnion belts (Fig. 8)
 S(47)+5(48) , ((S(47)+5(48))°% + 4(S(40)+5(50)) )"
2 2
)
z + w4gz : .
= - = Direct tensile stress, psi
aA €
5
M_(J,+H,) M (J,+H,)
‘:A +l ¢ o *
o X 2 72 4 y'"1l "2 _ Tensile stress due to
2 = . T e ied m i
23.242(J,+H,) 23 2+2(J,+H«)2 exten?ec ass bending
2 7 A 1 t moment, psi
2 "
.28 2% + w, (g 2+q "
X y 4 X 34 . .
= 3 - = Direct shear stress, psi
A
)
M_+T
z '8 . ; ) :
2 ————n——— = Shear stress due to torsional load, psi
(o70/H l"’A
2 6
Shear tearout of operator bolt head through bonnet.
M _+M )V F
- ( X y) B -
2 2 2 2 M
Vi V. #V., +V
2(Vy #V "4V 4V, )
$.4 DaT7
Bearing stress on through holes in bonnet.
M +b,‘\
2 '8
T e B Taly
i /I 9
Combined stress in operator bolts (Fig. 10)
2 . a2, %
S(54)+S (55 'g'54) +S(55))° + 4(S(56)+S(57) :
i 2 ‘ 2

(%)

w
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S(56)

S(57)

BONWET ST

Direct shear stress, psi

—%r—w———— = Shear stress due to torsion, psi

SSES

The bonnet stresses are calculated with the assumption that

loading is through the bolt connections as previol

a.

Where,

S(59)

S(60)

s(6l)

S(62)

=
n
—
s
L
®
(a1
P
s |
®
(o9

The maximum combined stress in the bonnet was calculated
using the following formulas:

S(59)+5(60) . ((5(59)+5(60))°% + e

4
4 2

= Combined stress in bonnet legs.

Fz+w4g”
5 £ = Direct tensile stress, psi
5
M B M B
X 8 9 : - ’ 5 ,
4+ — = Tensile stress due to bending moment, psl
Il I,
2 2 . 2 2
(P °+F %) " + W, (g "+g, )
- - - . = Direct shear stress, psi
Bg
Laal ”~
‘8\'0

— > = Shear stress in bonnet body due to torsional
0 load, psi

wn
wn
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T TS = QOperating torque, in-lbs
‘ CO = Torsional constant for non-circular cross-section
KO = PFunction of cross-section, in .
b. The maximum combined shear stress in the bonnet mounting
plate to body welds was calculated using the following

formulas:

BOTTOM

BONNET WELDS

2 .
S(64)° + 4(5(65))°) ° > -y T
‘ S(63) ( = - - = Combined shear stress in b
& . » -
bonnet weld, psi
Where,
S(64) = S(66) + S(67) = Total tensile stress, psi
F +%4g~
('-\ S(66) = T - = Direct tensile stress, psi
1
' == =
Mx Mv
‘ S$(67) = — + 5 = Bending tensile stress, psi
S(65) = S(68) + S(69) = Total shear stress, psi
2 2 2 2
L P )% . W,(g, +9, )
5(68) = - 3 - 4 Direct shear stress, psi
1
M + 7
-4 \ Z s - T - - - = - :
S(69) = 3 = Torsional shear stress, psi
& 3
TOP BONNET WELDS
9 2 L
’ -1y & 1 & 1Y%y y*™) ¢
§(20) = LSLTE) L ECRRA N = Combined shear stress in
- bonnet weld, psi
Where,
( S(71) = S(73) + S(74)

(r
0

ot

-
-



T Direct tensile Stress, psi
v
2
—_— Al
M, M
S(74) = = + L . Bending tensile Stress, psi
& &
1 2
S(72) = 5(75) + S(76) = Total shear stress, psi
v 2 - 2 L’ a : H 4 Y
S(75) = (:x + Fy ) = Direct shear stress, psi
M_ + 'T'g
S(76) = —_— = Torsional shear Stress, psi
“~
4

The trunnion body stresses are calculated using the following
assumptions,
l. Operator loading is through the bolt connections.
2. There is an e€qual and opposite feaction to the bol+ loads at
the body.
The combined stress in the trunnion body was calculated

using the following formulas:

L 2 7
S(77) = S(78)+5(79) = (S(78}*S{79}\2 + 4(5(80)+s5(81)) e
- 2 2
Where,
Fa * W49,
S(78) = ~——— = Direct tensile stress, psi
K4:\S‘./8332
(M_+F X . .5k, f“,*?,?h « 5K
S(79) = —— 7’1 - 7+ —— 3 3~ = Bending tensile Stress,
BI3K_ K,” e» «0833K K, “=n3_
.Ob3JKSA4 32 8§33 4"s =8,
64 64
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‘ The top trunnion assembly consists of the tcp

top trunnion, the welds and the body material immediately

the trunnion.

ig. 10

illustrates the elements of

l. Combined shear stress in the top trunnion plate welds is a maxi
mum due to seismic and torsional loads.
2
‘ $(77) = (5(78)2 + 5(79)%)"
Where,
4§22 F_
S(78) = - < 5 + - = Shear stress due to operator
.707(.5)73ll ’Dll“ll eccentricity
m 27
S(79) = 4(Mzib"ﬁi)(31311“""11.) = Torsional shear due to operator
- 3 eccentricity and operator
g n - J £
3(1.41) Lll(Dll lel) torque

torsion and seismic loads.

(S81)+S5(82)

(

S(81)+5(82)) 2

2. Combined stress in base of trunnion body due to combined bending,

S(80) 3
Where,
F +W_ g
S(81) = Z "4°2 - -
.25n(D,l -52

Direct tensile stress,

= Bending tensile

psi.

I
+ 4(S(83)+5(84))°)°
.

(& ]

o
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m(Dy, =B, )

3. Combined shear stress in.top trunnion to shell weld is a
mum due to seismic and torsional loads.

2 2

L
S(85) = (S(86)° + s(87)°)*

2 = \7'&5

4((M_ + F KN+ (M. +F k)% F_
S(86) = . e ) v
+707(.5) %Dy, 1111

= Shear stress due to operator eccentricity

4(MZ+T8)(3Dll+2T1l) Torsional shear due to operatos
~ 3 = eccentricity and operating

3(1.41)?Lll(Dll+2Tll) torque

S(87)

"
|
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Introduction

To calculate the natural £fre y of the wvarious

N

components of the Triton NXL valve, a model

0
<
&)

-3

M

a single degree of freedom is constructed. h
individual components and groups of components are
modeled and analyzed as restoring spring forces which
act to oppose the respective weight forces they are

subjected to. The static deflection of the component

is calculated and is related to natural frequency as:

LR R
or
B %; %?
or
F_ =(9_.8_ .
oy

The analysis details the equations and assumptions
used in determining the natural frequencies listed in
the summary table. Sketches are provided where
appropriate.

Valve Body Assemblvy

.

The body shell, as seen in Figure 1, is assumed to

experience loading due to the entire valve weight.

]

3 %
uency of the body shell:

)

Natural

FNl = (‘ -

re

e}

O
[(85]

l(:

- IR
tem wilith



Fregquency Analysis

Where
ion of body shell

= Maximum deflec
W ht, inches.

due to valve

Banjo Assembly

Figure 2 shows the banjo assembly in the body. The
natural frequency of the banjo assembly is calculated

using the following:

[ee]
o

Fyo =9
N2 (3

<
N

Where

- 3 y . . .
Ay2 = A7B = Maximum deflection of shaft, inches

1
12 E 16

Cover Cap Assembly

As seen in Figure 6, the cover cap supports the banjo.

The natural frequency of the cover cap is calculated as

follows:
_ X
Y3
Where
-
8yy = 3(m2-l) W, (.SD4+.125)“ = Maximum deflection of
3 cover cap
167E T4 m*

Bonnet Assembly

3

he follow-

0
n
]
=
8]
b

Figure 7 shows the top trunnion a

(r

ing asseumptions are made in calcula bonnet

',4
b |
(1o}
r
o
(3

natural frequency:

M
b
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have a cross-=section
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The following pages illustrate the combined effects

of disc blockage and delay time on dynamic torque. 1In each
case, the delay time is fixed at that which produced the

worst case torque for the full open, unblocked condition.
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by blocking to illustrate

the resultants of several different initial angles of




D~a27e%6~2 TORGUE TRELE . 97 14 ~ 31

JOB:FLORP.FUFITURKEY=PT F2-YRARIRELE ITIZE ADJUTTEDFEYMNLDI MO.FNCTMN!)
SAT.STEAM-RIF MIXTURE WMITH 1.4 LEZ TERM FEP 1-LET AIF

SPEC.GR.= .7322%% MOL.WT.= 21.3872 KRPRIZENT.E:F.0= 1,1377S p= T2
GAT COMITRHT=CRLLE,

SOMIC ZFEED MOVING MINTR.)= 12371.29 FEET-SEC AT 283 LERG.

D]

CRIT.CAZE INLET VYELOCITY IS 1.57264 TIMES HIGHERP RS RIR CRIT.CARIE IMNLET vi-CF
S INCH MODEL

MAX. TORPDUE IZ AT THE CRITICAL PRESI.FATIODC.S2%-:S IMOMOLEL OF RAFP: B32271
{ 47,379 INVWITH STMIK.FIRST ZONIC<9 T2 [EG.Y.H.
ABIOL.MAX, TOPGUE (FIRPST ZONICOAT 72=-22 DG.VLY.ANG.= 179413
MAX. TORGUE INCLUDES ZIZE EFFECTCREYNOLD: NO.ETCOAPPH4, X 1.834
INCH BAZIC LIME I.D.

ALL PPEZISURPET UZED:ITRATIC(TRAPX>PRESZ.-RBZOLUTEIP2 INCL.FRECOVERY PREST
(TORQUEXCALC S WRLIDITY:PL1/P251.073

FOR 47.37S

VALYVE TYVFE: 43" -RIASI2-T.S CLASZ 7S
DISC ZIIZE: 47.082 INCHES SYMMETRICAL DISC
SHARFT DIR.: - INCHES
BFG, CCEF. OF FRCTN.: S.00000E-03
SEATIMNG FRC.TCOR: 19
INLET PRESC.VAR.MAX.: S1.191 PSIA
CUTLET FFRECIURE ‘Pes: 33,33 PZIR T2 D
MRX.ANG, FLOW FATE: 103209, CFM: 21
CRIT.ZOMIC FLOW=-=0DG: S7TSS1. LE-/MIN AT
VALYE INLET DEMIITY: .,10%128 LE-FT2-MI]
FULL OFEM DELTR F: 13,4052 PS1
SYETEM COMDITIONI:
PIPE IM-FIFE-CUT =-AMND- RIR-ITEAM MIXTURE ZEFVICE & 2232
MIMIMUM 0,.7S DIFM. PIFE DOWNITREAM FROM CENT.LIMNE IHAFT.

5. ACTUAL PPEIZ.ONLY (YAF,>)
793 SCFM: 11207.7 LBomIP
1.8357 IMLET FPZIA

« 133956 LE-FT*3-MRx.

Pl RBS. PRESIUPERDJ.O>FOLLOWS TIME-PRESS. TRRANZIENT CURVE.

ABSOLUTE MARx.TOFRUE IZ DEFENDENT OM LELAY TIME AMD 2.42 TO 2.15-TH FOLIER

OF <P1-FP2:IN WORPSIT RAMNGE x LIMERF COMITANT X DWUNITR,PFEZI. FE-/RBI. (YS=-<0LES.,>
IN SUBZONIC FAMGE LIMITI-OMLYIZIEE FOPMULATIONI.<FEP TEITZ H.PPATT

THIS TO. AT ¥ DEG.ZVMM. DIIC (e@=0FFIET CHAFT:CT=T-DI"3-P2'REZ)

-=95 IN.MODEL ERQUIV.VALUES=====- ACTURL ZI1SE VALUES=====
ANGLE F1 P2 DELP FREZZ. FLOW FLOW TD TE+TH TIME ‘LOCPR»
APPELPIIR PTIR PID FATIO CICFMY (LE/MIM) ====INCHLEZ-=-=- TD-TE-TH .EC.
o9 4l.v0 22.355 19.234 S2: 214792 11367 Sis4s 1528 2003% 2.0
20 44,03 15,04 e8.9% 342 172ESS PG A7TS9 171 4221 e s
29 45,35 14,29 SN.e8 327 18277 e 0705 1759 23949 3,63
20 45,24 14,72 21,96 319 o217 4l cSlanes 120s 1955 329
1S 46,52 14.72 21.28 .218 42217 e3cl 3219 1284 eSSl 320
10 47,29 14,71 IS8 203 21247 117 €323 1247 437 4,07
S 43,50 14.70 34,20 297 6332 224 3223 cn13 1204 4,37
0 S1.1% 14.70 36.49 .237 0 Q 25650 1324 33eeS 3.795
SEATING + BEAPING + HUP EAL TORCUE M-M= 37€2S IN-LBT 3 0 DEG.
MRX.DYM. - EERFIMNG - HUB JERL TOFOUE ‘M-My = S1842 IN-LES # 25 DEG.
! _~ e g - - oo
- ’
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000000‘0000000000000000000000“000.0

SUMMAFEY TOFOUE TRELE-YALYE ELOCKED TO: 40 DEG.

MAX, ANG, FLOW PATE: 157316 CFmMs 122710, SCFMS 1T1680.9 LE-MIN
SEATING + BERPING + HUE TEAL TOFCLE M M= 37674 IN-LBZ @ 0 LEG.
MAX.DYM. - BERFIMG - HUE ZERL TOPGUE M- -M» = 291738 IN-LEZ 9 35 DEG.
RT 3 SEC.DELAY TIME TO S CLOZED VLV. LOCAYTIME« 41.7 TO S&.3002

UPSTR.FRETZ.2

REYMLDS NO.FRCTCR MULTIPL.>= 1.284%3

TOTAL TOFC. INCEFERIE-FRCTOR «TO MODEL ERIIZI-F(RED s Pa-Pa)eJS= 1.,4%002
PP PP 00044000003 00000 02000000000

SUMMARY TOPOUE TRELE-YRLYE ELOCKED TO: 4% DEG.

MAX.ANG.FLOW FRTE: 219542, CFmMi 435731, SCFM: 229%6.0 LE-MIN
SEATING + BERRING + HUE ZERL TOFGUE M-Mi= 37705 IN-LBES @ 10 DEG.
MAX.DVN. - BERFING - WUE ZEAL TOPOUE mom = 1293282 IN-LET & 40 IEG.
AT 2 ZEC.DELAY TIME TO 5.&S CLOZED YLv. <LOCRAOTIMEY 41.7 TO S3.2

UPSTR.FRESS.)

REYNLDT NO.FACTOR (MULTIPL.>)= 1.29674

TOTAL TOFQ. INCFERIE-FACTOR«TD MODEL ERAZIS)-F (RE) e Fo P2 eJtS= 1.31%%4
P40+ 4000 00040900000 0000000 0000000

SUMMARY TOFGQUE TRELE-YALYE ELOCKED TO: SO IEG.

MAX.ANG. FLOW RATE: 2123950, CFm: 424eze. SCFM: 23246.2 LE/MIN
SEATING + RERFING + HUE ZERL TOROUE M-Mu= . 3773¢ IN-LEZ & 0 DES.
MAX.D(N. - EERFING - WUE CEAL TORQUE «M-M» = 1763203 IN-LEZ 9 3% ILES.
AT 2 SEC.DELAY TIME TO S.5 CLOSED YLV. LDCRATIME< 41.7 TO S4. 0929

UPSTR.FFEZI.)

RE'WYNLIDZ ND.FRC':F'N'L IPL.)= 1.851%3

TOTAL TOFG. INCRERCE-FACTOR (TO MODEL BASIZ)=F (RE)eFE P2)e 3= 1,331
00...000“0000000000000000000.““00

SUMMAR'Y TOFOQUE TAELE-YALVE BLOCKED TO: S DE6.

MFX . ANG, FLOW FATE: 264052 CFME S24140. SCFM: 28513.4 LE. MIN

SEATING + EESPING + WUE TEAL TOFOLE M-Mi= 27TEE IN-LED @ TES.

MRX.DYN. - BEARING - WUE ZEAL TOFOUE «M-my = 200052 IN-LEZ & S0 IEG.

AT 3 SEC.DELAY TIME TO S.7S CLOSED %L¥. (LOCA>TIME« 41.7 TD S4.9761
SIA UPLZTR.FFREZZ.

PEYNLEC MO.FACTOR MULTIFL. = 1.2603%7

TOTRL TOFE. INCEER E-FACTOR <70 MOIEL BRIIC:~F (BE)e Ps. PZe 3= 1.1302%
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SUMMREY TCROUE TRELE-YRLVE BLOCKED TO: =0 DEG.
MRARX.AMNG, FLDW PRTE: 313027, CFMS B212399 IZCFMS 24709,.7 LE-MIN
SERTING + EBERFIMNG + HUE CERL TOFOLE M M= 27796 IN-LEZ 9 0 DES.
MRAX.D'VN. = BEREING - HUE ZERL TORGLE MM = 275702 IN-LE:Z » S5 DEG.
RT 2 SEC.DELRY TIME TO » CLOZED YLV. (LOCROTIMEC 41.7 TO S$5.38eS

UPSTR.PPEZZ.)

REYMLD: MO.FRCTOR MULTIPL. = 1.,34212

TOTAL TORQ. INCRERIE-FRCTORCTO MOLEL EBRASIS)-F(RE e (PE . FEre 3= 1, 35378
4000000000000 0000000000000 sttt ee

SUMMARFY TOROUE TRELE-YALYE ELOCKED TO: »S DES.

MAX. ANG. FLOW PATES 37922 CFM3 TSaTTS. SCFMi 41382.3 LE-MIN
SEATING + BERFING + WUE TEAL TOROUE «M-Mi= 3722% IN-LEZ & 0 [EG.
MAX.DYM. - BERFIMG - HUE ERL TOFGCUE «M.M) = 357202 IN-LEZ 3 £5 LEG.

AT 2 SEC.DELRY TIME TO 6.295 CLOSED ¥LVY. <LOCROTIMEC 41.7 T
SIA UPITR.FREZZ.)

REYMLDI NO.FRCTOR ‘MULTIFL. = 1.21%66
TOTAL TOFD. INCFERIE-FRITOR <TO MODEL BRIID) -F (RE) e (PE/P2) e d= 1.33073

A A S RS S S SR R RS S R S SRS R R S S AR S L AR o dd

SUMMRRY TOPOUE TRELE-YALYE ELOCKED TO: 70  DEG.
MF< . ANG. FLOW FATE: 430493, CFMI 354443, TCFME 46371.1 LE/MIN
SEATIMG + EEREIMG + HWUE IEAL TOFOUE (MoM= » 0 DES.
MF:.DYM. = EERFIMG - WUE ZEAL TOROUE MM # %S DEG

AT 3 TEC.DELAY TIME TO 6.5 CLOZED “Lv. TO S7.467%
UPSTR.FPRESS.

PEYNLD: MO.FACTOR MULTIFL. = 1,31019

TOTAL TOFD. INCRERIE-FACTORF (TO MODEL EBRIIZ) =F (FE) e PL. P2)eJd3= 1, 32423

-
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SUMMARY TOROUE TABLE-YALYE ELOCKED TO: 7% DEG.
MAY . ANG, FLOW FATE: 4394335, CFM: 221243, SCFM: 53942, LB-MIN
SERTIMG + EERRPING + HUE ZEAL TOPOUE M -Mi= N ) DES.
MAX.DYN., = BEAFIMNG - HUE ZEAL TOPOUE ‘MM = ¥ 70 DESG.

AT 3 SEC.DELRY TIME TO &.79 CLOZED YLY. (LOCA-TIMEC 41,7
SIA UPSTR.FREZZ.)

—
o
<
oy
o
4o
| (1)
LN
mn

REYNLDZ NO.FACTOR MULTIFL.)= 1,19317
TOTAL TOFO. INCFERIE-FRALCTOR (TO MODEL BRIIZ)-F(RE)®(PE& . P2)eJ3= 1, 31272

BPPRPPIP008000 090000900009 00 00000000

SUMMRRY TOPOUE THRELE-YALYE ELOCKED TO: 30 DEG.

MAX. ANG, FLOW RATE: S18128S. CFMS 1022432 SCFM: Se8S39, LE/MIN
SERTING + BERFINMG + HUE ZEAL TOROLUE M- M= 37206 [N-LED & )} LES.
MAX.DYM. - EBEAFIMG - HUB ZEAL TORQUE <M M) = 443227 IN-LES & 70 DES.

AT 3 SEC.DELRY TIME TOQ 7 CLOZED “LY. (LOCAOTIMEC 41.7 TO S3.9771 PSIN
UFSTR.FRESS.)

REYNLDS NO.FACTOR ‘MULTIPL.»= 1,19521

TCTAL TOFO. INCFERIE-FACTOR «<TO MODEL BRIIZ)-F(RE)e (P& . PZie 3= 1, 3024
PPPLEI0002000030000 . 0000000000000 000

SUMMARY TOPOUE TRELE-YALYE BLOCKED TO: 2% DEG.

MAX.ANG.FLOM PRTE: S472959, CFM: 1038302 SCFM3 S3717.1 LE-MIN

SEATING + EBEARING <+ Wil IERL TOROUE M-M:= 3Irse? In-LEBZ 9 O DES.

MAS.DYM. - FERRING - HUB ZERL TOFTUE M-M» = J83339 IN-LEZ & 70 DESG.

AT 2 SEC.DELAY TIME TO 7.235 CLOZED “LV. LOCRA»TIME( 41.7 TQ S59.5%83 F

SIA UPSTR.PPEZZ..

FEVNLDS MNO.FRCTOF MULTIPL.)= |
TOTAL TORD. INCFERIE-FRLTOR (T
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