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) Introduction

This investigation has been made in response to a request by

(a0

the customer/engineer for evaluation of containment isolation/purge
valves during a faulted condition arising from a loss of cooclant
accident (LOCA),

The analysis of the structural and operational adequacy of the
valve assemuly under such conditions is based principally upon
containment pressure vs. time data, system response (delay) time,
Piping geometry upstream of the valve, back pressure due tc ventilation
components downstream of the valve, valve orientation and direction of
valve closure.

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

basis fcr the analysis. Worst case conditions have been applied in

the absence of definitive input.
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. Considerations

The NRC guidelines for demonstration of operability of purge
and vent valves, dated 9/27/79, have been incorporated in this
evaluation as follows:

A.l. Valve closure time during a LOCA will be less than or equal

to the no-flow time demonstrated during shop tests, since
fluid dynamic effects tend to cleose 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 custémer/
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 <ontainment valve
fixed at the fully open position.

4. Containment back pressure will have nc effect on cylinder oper-
ation since the same back pressure will also be present at the
inlet side of the cylinder and diffsrential pressure will be the
same during operation.

5. Purge valves supplied by Henry Pratt Company do not normally
include accumulators. Accumulators, when used, are for opening
the valve rather than closing.

6. Torque limiting devices apply only to electric motor operators

T

h purge valves evaluated in this
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which wer2 not furnished w
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. 768. Drawings or written description of valve orientation with

respect to piping immediately upstream, as well as direction of
valve closure, are furnished by customer/engineer. In lieu
of input, worst case conditions have been applied to the analysis;
namely, 90° elbow (upstream) oriented 90° out-of-plane with
respect to valve shaft, and leading edge of disc closing toward
outer wéll of elbow. Effects of downstream piping on system
back pressure have been covered in paragraph A.2. (above).
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 rgca-induced fluid dynamic
torques.
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 108 rads at a
maximum incidence temperature of 350°F. It is recommended that

seats be visually inspected every 18 months and be replaced
pericdically 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, durin 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 Analysis

‘ Determination of the structural and operational adeguacy of

T~
-l

the valve assembly is based on the ca lation of LOCA-induced
torque, valve stress analysis and operator =2valuation.
A. Torque calculation
The torque of any open butterfly valve is the summation of
£luid dynamic torgque and bearing friction torque at any given disc
‘ angle.

Bearing friction torque is calculated from the following

equation:

TB = P XA xUxdd
2

where

P =pressure differential, psia

®

i

. : |
projected disc area normal to flow, in

U = bearing coefficient of friction
d = shaft diameter, in.

Fluid dynamic torgque is calculated from the following equations:

For subsonic flow

R.., > "1 > 1.07 (aporox.)?
CR = = . 4
4
2
I TD = 53 X CT¢ X Pz X /K X F?E

P R )
1 = “CRrR |

P

7, J

)
i
O
A

4
<
4]

" ) > - ,
D r2 2 / E (P 1
‘ vV 1.4 RE ’

Where




7
L]

Reynold number factor

R = critical pressure ratio, (f () )

P1 = upstream static pressure at flow condition, psia

Pz = downstream static pressure at flow cond n, psia
= disc diameter, in.

D

Cpy = subsonic torque coefficient
- = sonic torque coefficient

K

T2
= isentropic gas expone. / or air/steam mix)
x i - = & 1
= disc angle, such that tully open; 0 = fully
closed

Note that CTl and CTZ 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 wvalve disc have an unegqual and
oyposite effect on dynamic torque. Séecifica]ly, increases in up-
stream pressure in the subsonic range result in higher torque 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 transiticn from subsonic
to sonic flow is to greatly amplify the resulting torgues. In fact,

the maximum dynamic torque occurs when initial sonic flow occurs
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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 body igf analyzed per rules and equations given in paragraph
NB 3545 of Section III of the ASME Boiler aid 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:

Smax = L(T1+T2) + % J(Tl'b’l‘z)z + 4(57+85) ¢

where

Smax = Maximum combined stress, psi

T, = direct tensile stress, psi

T2 = tensile stress due to ben@ing, psi
S1 = direct shear stress, psi

S2 = shear stress due to torsion, psi

The calculated maximum valve torque resulting f£rom 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: 2 Plate Cyl. Operator 14 x 18 w/spring
to close.

Rating: 75000 in-lbs
Max. valve torgue: 712696 in-lbs

The two plate cylinder operator furnished was specifically
designed for the requirements of the original order which did
not include specific LOCA conditions.

The maximum torgque generated during a LOCA induces reactive
forces in the load carrying components of the actuator.

The operator model furnished has an appr“ximate rating
which exceeds the calculated valve torque for the following
valve angles:

30 degrees open to 0 degrees (fully closed)

Listed in the attachments section of this report are the
following documents used in evaluating the structural and
operatioral adequacy of the actuators.

- Supplemental Torque Calculations (attachment £3)
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AV e conciusion

It is concluded that neither the valve str
present materials) nor the valve actuator are a
withstand the defined LOCA-induced loads based
torques developed in this analysis except for r
opening as described below:

Specifically, the valve top shargt, disc pi
bearing adjusting screw, trunnion bolts, operat
bonnet ar+ shown to be overstressed except at v
angles of 40° or less. (See attachments #2 and

In addition, the calculated torgues exceed

for the actuator except at valve

disc angles of

=
O

the rating

(o]

307 or less.
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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 segquence
may render the present valve assembly functional thraugh

a significantly greater range of angles.

Installation of a convergent-divergent section downstream
of the outside containment valve with a throat area
sufficient to allow unrestricted ventilation during normal

s Y

operation, but which will choke LOCA=-induced flow while

. . ' L. O a0
the valve is closing, through the critical range of 807-60
open, could resultantly reduce the flow through the valve

to subsonic levels.

Ln 1)

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

re

strict or block the valve disc to a maximum

4

disc opening angle. (See attachment #3 for further
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Bechtel Power Corporation

Engineers—Constructors

‘ 15740 Shady Grove Road i3
Gaithersburg, Maryland 20760 ﬁ&
301-258-3000 il
March 26, 1981

Mr. T. J. Wrona

Henry Pratt Company

401 South Highland Avenue
Aurora, Illinois 60507

. Dear Mr. Wrona:

Turkey Point Units 3 & 4
Bechtel Job 5177-152
REA-TPN-31

Purge Valve Analysis

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

In response to the engireering 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
downstream 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 conditiom, 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 %s the
same diameter as the valve, Furthermore cne of the two valves could be con-
sidered to fail in its blocked open position due to 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 increasing as the accident progresses. The conservative approach
would then be to use the lower friction of steam.

Using 1979 Crane Technical Paper No. 410 - Flow of Fluids through Valves
Fittings and Pipe, and 1977 ASHRAE Handbook of Foundamentals,we compile the
following flow resistance coefficients:

PIPE ITEM COEF . REF.
Entry 0.78 Crane A-29
Length 0.03 Crane 3-4 & A-22

‘ Exit 1.00 Crane A-:9



Me. T. J. Wroma Bechtel Power (_orporation
Page 2

‘ v-241

VALVE OPEN
VALVE ANGLE ANGLE  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 0.03 + 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 coefficient 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 folliows:

at 50 degrees 0.03 + 10.8 + 1.00
at 40 degrees 0,03+ 33 + 1.00
0.03

‘ 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 =ay 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)



Mr. T. J. Wrona BeChtel Power COFDOrat!OH
Page 2
V=241

2) Regarding the "Confirmation that »ximum 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 onme time for each accident con:zainment pres-
sure curve. Three of the four curves can be grouped togeiner 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 £t 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 ¢.3ree closure interval 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,

(C;??g//éifé:;jgx

A, W, Wilk
Project Engineer

AWW/RVB:mfa
Enclosure: Curves

cc: 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/l
R. J. Acosta/R., Li, w/l
M. Crisler, w/1
D. W. Haase, w/l
D. T. Hughes, w/l
D. E. Douthit, w/l
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Effective fluid pressure arca based on full
corroded interior contour for calculating cgrotch
primary membrane stress (liB=-3545.1(a)), in

Metal area based nn fully corroded interior
contour effective ig resisting fluid force on Ag
(NB-3545.1 (a)), in”

Tensile area of thn

-

st bearing adjusting screw.

2

e area of bottom cover bolt, in

¥

1]
3
n
ot

tom cover bolt, in

wn
= o
M
W
a |
o]
"
®
a7
8}
at)
o
8]
(a2

Tensile area of trunnion bolt, in
Shear area of trunnion bolt, in

rator bolt, in

4
(1]
e )
wn
'—4
'—J
1]
(&)
"
(1]
oY)
O
L1}
0
o]
0

Shear area of operator bolt, in

Tensile area of hub retainer bolts, in

Tensile area of hub bolt:

1
-
-

Shear area of thrust hearing retainer bolts, in~

Tensile area of thrust. bearing retainer boltz, 1

e ~ -~ 29 o~ & r
Unsupport~d shaft length, in.
Bearing bore diameter, in.

.
Bonnet belt shear area, in

N

" .

Bonnet hody creoss-sectioral area, in




O

Q.

s
X axis, in.

tance to outer fiber of bonnet from shaft on

A hac‘or depending upon the method of attachment
of head, shell diminsions, and o*“c: ltems as
llStOd in NC=3225.2, dimensionless ig. NC=3225
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 pr
inside surface, resultin
(NB=3545.2(a))

Stress index for thermal

Q<

secondary
resulting from structural discontinuity.

plus secondary stress,
m internal pressure

membrane stress

Stress index for maximum secondary membrane plus

bending stresc resulting

Product of Young's mecdulus and cgefflc1nnt o
, at 500°F (}

linear thermal expansion

from structural

’

25 h

psi/”F -353

Di-*ance to outer fiber of disc for bending along

the shaft, in.

Distance to cuter fiber of disc

the shaft, in.

Inside diameter of body
(NB-3545.1(a)), in.

for

bending about

neck at crotch region

Valve nominal diamet 5 4] P
Shaft diameter, in.
Hub retainer bore diameter, in.

Thrust collar outside diameter, in.
Thrijeds b ae -~ neY Al - A‘]——,-,o.n-‘ M

A dD L ot | ¥ S | . A Wl - eh p in.
Cover cap beolt diameter, in.
Trunnion halt diameter, in.
A"L‘:‘.‘]"”" H/)lo- »]vj-h/-k~r' n.

discontinuity
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X

[Te]
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Diameter of thrust

-

tn

OQuter diameter o

Modulus of elastici

Bending modulus of
given by Figs. NB-3

e
"UN

X Cr
5, as

ec

ss-sect
given b

""'Uv—-‘

in
Natural frequency o

-=Seismic £forc
agcéleration acting

®

W.g --Seismic force
aéc_leration acting

w3gz--Seismic force
aClcéleration acting

Gravitational accel

Valve body secticn
(NB=3545.2(b)), in~

Valve bcsy section
Valve body section
region (NB-=3345.2(b

Seismic acceleratio

Gasket moment arm,

. .
from the center lin
the gasket reaction

Disc hub key height

bearing adjusting stud, in.

trunnhion, in.

ty, psi
standard connected pipe, as 2
545.2-4 and NB-3545.2-5, in.~

1l area of standard connected
gs. NB=3545,2-2 and NB-3545.2-

f respective assembly, hertz

along x axis due to seismic
on operator extended mass

along y axis due to seismic
on operator extended mass,

along z axis due to seismic
on operator extended mass,

eration constant,

,bending modulus at crotch region

area at crotch region (NB=3545.2

tor 1oqal modulus at crotch
Y

in
E - - 1 -
n constant along x axis
n constant along y ais
n constant along z axirc
aSrytial - - o rarl 1 3 = -
egual CToO The radial dEcance
= } | = -~ - - Y < ¥
e 0f the bolts to the line
AT ‘. T2 .
{.-L,-J2:...', in.
e LB

~
'
-

inch-per-secon.'”

pounds.,

pound=,

pounds.,

-
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Operator bolt sqguare, in.

¢ ¢ircle, in.

[

Bonnet bo

Cpera

La |
b

Lo wolt ¢circle, in.

(

Bonnet height, in.

Actual body wall thickness, in.

Bonnet body moment of inertia about x axis, in"
n - = - - . 5 . 3 4
Sonnet body moment of inertia about Yy axis, in

Disc area,moment of inertia for bending about the
in

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

. . . " s
Moment of inertia of valve body, in

: g - .4
Moment of inertia of shaft, in

Oisc area moment of inerti3 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 tep trunnion
bolt pattern along y axis, in.

Cistance to neutral bending axis for bonnet bolt
pattern along anis;, 1in,

Cistance to ne trol bending axis for bonnet bolts
pattern along AX1S8, 1in.

Distance to ncutral bending avis for orerator bol
pattern along x avis, in.

Pistance to neutral bending axis far operator bol
pattern along y axis, in

Spring Constant

- % - - Y s
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of disc above shaft,

Length along z axis to c.g. of
plate assembly, in.

Top trunnion width, 1in.

Top trunnion depth, in,

Height of top trunnion, 1in.

Valve body

-~ &

Thickness

trunnion, in.

Length of engagement of trunnion
trunnion, in.

lin.

Bearing length,

Length of shaft after retainer
Length ¢f engagement of bonnet b
plate, in.
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Reciprocal of Poisson's ratio
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Hlass of component
. . .
W,olg 2 +a_ v ), operator extended
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bas 0of the operator, in=lbhs.
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i,lg 2 _+g_ X ), operator oxtended
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ANALYSIS NCMENCLATIRE

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

Mx Mx+Fy (T +Hg) +gyW ,K,, operator extended mass seismic
bending“moment abolt the x axis, acting at the
base of the bonnet, in-lbs.

My My+Fx (T +Hg) +g, h operator extended mass
seismic begdln o%ent about the y axis, acting
at the base of the bonnet, in-lbs.

M Bending moment at joint of fl plate to disc hub,

8 : E
in-lbs.

Na Permissible nuanr of complete start-up/shut-down

cycles at hr/100"F/hr/hr £lu 1d temperature change
rate (NB=3545.3)

NA Not applicable to the analysis of the system,

Nl Number of top disc pins

N Number of operator bolts

2 P

N3 Number of trunnion bolts

Pd Design pressure, psi

Pr Primary pressure rating, pound

Ps Standard calculation pressure
psi

Pe Largest value among Peb, Ped, Pet, psi

Peb Secondary stress in crotch egion of valwve bndy
causcd by bending of connection standard pipe,
calculatad according to NB-3545,2(b), psi

Ped Secondary stresc in crotch zegion of valve bndy
caused “y direct or axial load imposed by connected
standard piping, calculated according to !IB=-135453.2
psi

Pet Secondarv stress in crotch region of valve hody
caused by twisting of connected standard nipe,
calculated according to NB=-='545.2(bh), psi

P General primary membrane stress intensity at

9 crotch reaion, calculated according to NB-=3545.1(a)



ANALYGSIS NCOMENCLATURE

mn

Sum of primary plus secondary stresses at croteh
resulting from internal pressure, (lB=3545.2(a)),
psi

Thesmdl stress in crotch region resul
l00"F/hr f£luid temperature change rat

Maximum thermal stress component caused by t
wall temperature gradient associated with 10
fluid temperature change rate (NB-3545.2(c¢))

Maximum 3herma1 secondary membrane stress resulting
from 100°F/hr fluid temperature change rate, psi

Maximum thermal secondary membrane plus bending
strgss resulting from structural discontinuity and
100°F/hr fluid temperature change rate, psi
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 to bolts in bolt pattern on hub bleck, 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 (MB-3545.2(a)), in.
Fillet radius of external surface at crotch

(NB-3545.2(a)), in.

Mean radius of body wall, in.

Radius to gasket in cover cap, in.

Distance from shaft centerline to retaining bolt
of thrust bearing.

Assumed maximun stress in connected pipe for cal=-
culatir p NB=13545.2(h)) 1,000 psi



ATAYMATONIAYTY AT Y -
vOMENCLATURE

Design ss intensity, (NB-3533), psi

Sum of primary plus seconda
at crotch region resulting
change rate (NB-3545.3), p

stresg intensities
om l00"F/hr temperature

ry
b,
e
& 4
1

S

Fatigue stress intensity at inside surface in crotch
region resulting from 100 F/hr fluid temperature
change rate (NB-3545.3), psi

Fatigue stress intensity at outsjde surface in
crotch region resulting from 100 F/hr fluid temp-
erature change rate (!B-3545.3), psi

S(1) through S(83) are listed after the alphabetical section.
t Minimum body wall thickness adjacent to c¢rotch for
) =1

" calculating thermal stresses (Fig. NB=4545.2(c)
in.

) s

Minimum body wall thickness as determined by
C.€s 1678, 10

Maximum effective metal thickness in crotch region
for calculating thermal stresses, (Fig. MNB-3545.2
(C)_l)' in.

ge wall

Maximum magnitude of the difference in av
temperatures for walls of thicknesses t_,
resulting from lOOOF/hr £luid temperatufe
rate, F.

er
T ,
change

Thickness of cover cap behind bolt head, in.
Thickness of adjusting screw head, in.
Thrust collar retaining t thickness, in.
Cover cap thickne

Adapter plate thickness, 1in.

Thickness of bottem bonnet plate,




AMAT FC MAOMIM/T Asmrrn
ANALYSIS NOMENCLATURE

: .
Area of bottom bonnet weld, in

‘

-
Area of top bhottom weld, in

Thrust bearing coefficient of friction

Bearing friction torgue due to pressure loading
(shaft journal bhearing)

Bearing friction torgque due to pressure loading
plus seismic loading (shaft journal bearings)

Thrust bearing friction torgue

Distances to bolts in bolt pattern on adapter
plate, in.

}4.
5

Distances to bolts
plate, in.

bolt pattern on adapter

Distances to bolts in bolt pattern on adapter
plate, in.

Distances to bolts
plate, in.

-
+

bolt pattern on adapter

Distance tc bolts in bolt pattern on bonnet, in
Distance to bolts in bolt pattern on bonnet, in
Distance to bolts in bolt pattern on bonnet, in
Distance to bolts in bol% pattern on bonnet, in
Total bolt load, poundcs

Valve weight, pounds

Banjo weight, pounds

cnnet and adapter plate assembly weight, pound

welds, inches

N : &
Length of weld around perimeter of honnat, in.
Eccentricity of center of gravity of cperator
exvtoncderd mas 1 lona 3via Raladal

2 ! . ' h

cc \Cricit I g ifieds 1ra 3 oparatoHt



YA

1R

1)
"
=
C
i)
1
o

-
(99
O

"

O

>
4)

el

w L
C "
LoD
Q0 C
L) .4

-
O ®n

by M
O o
v N

4
4 T
L cC

. ﬂ/
Lo
i 1o
2=
O wm
U w
U @

) E

O

()

“rd
)
0
Q
| ¥
-
e

A nn
WO T

0 -~

A=

i)
e

i

19
-

ocdul

.
i

—

=3
-d C

sta

Maximum

m
§e,
Q

)
Q
O
|

4

Dis

r~
[ o)

in.

.iameter,

<
~
L&

g stud

-
‘L

beari

Thrust

~



S (3)
S (4)
S (5)
S (6)
s (7)

S (8)

ANALYSIS

Combined bending stress in disc, psi

Bending stress in disc due to bending along the shaft,

m
o

Bending stress ' n disc due to bending about the shaft,

o]
m
[

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 load
along x=-axis, psi

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

Torsional shear stress in top shaft due to operating torque,
psi

Direct

seismic and pressure
loads,

O
i
b m
'

3]

n
‘2

"~

1))

m

m
s

b

0

b

)
rn
(r
Q.

[ o
D

r

(9]

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

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

Bearing stress on hub keyway, psi

Shear stress on key, psi

on hub block bolts,

Ty
n
e




S(25)
S(26)

§(27)

S(29)
§(30)
S(31)
$(32)
S(33)

"

L | Ml a b NN
sl odd LR e

Combineod skress in

Direct tensile stress on adjusting screw, psi
Torsional shear stress on adjusting screw, psi
Shear stress in adjusting screw threads, psi
Combined stress in retainer bolts, psi

Tensile stress in retainer bolts, psi

Shear stress in retainer bolts, psi

Shear tear outof thrust bearing bolts,

o]
(7]
-

Shear stress in cover plate, psi

Shear tear out of bolts through tapped holes in trunnion,
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 lodds, psi
Direct tensile stress in cover cap bolts, psi

Combinel stress in cover cap, psi

Radial stress in cover cap, psi

Tangential stress in cover cap, psi

Shear stress in cover cap, psi

Shear tear out of trunnion bolt +hroush tapped hole in
trunnicn, psi

Searing stress of trunnion bolt on tapped hole in
trunnion, psi

Bearing stress of “runnion bolt or throua 10le in bonnet
plate, psi

Shear tear out of trunnion bolt head threush bonnet plate,
psi



S(46)
S(47)
S(48)
S(49)
S(50)
S(51)
S(52)

i

i

"

ANALYSIS ROMCNCLATURE

in trunnicn bholt, psi

tensile stress in trunnion bolt, psi

.

Tensile stress in trunnion bolt due to bending mcment, 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 ho’e 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 operator bolts, psi

Shear stress in operator bolt due to bending mcment, psi

Combined stress in bonnet body, psi

Direct tensile stress in bonnet body, psi

Tensile stress in bonnet bhodv due to bending moment, psi
Direct shear stress in bonnet body, psi
Shear stress in bonnet body due to torsional lcad, psi

Combined shear stress in bottom bonnet weld, psi
Total tensile stress in bottom bonnet weld, psi

ottem bonnet weld, psi

'—4
[)]
I
v
a1
wn
r
"
D
m
w0
’_4
-3
or

Tota

bonnet weld, psi

Tensile stress in bottom bonnet weld due +o bendina
moment, psi
Direct shear stress in bottom bonnet eld, psi



m

m

Shear stress in bottom beonnet weld due to torsional load,

Combined shear stress in top bonnet weld, psi
Total tensile stress in top bonnet weld, psi
Total shear stress in top bonnet weld, psi
Direct tensile stress in top bonnet weld, psi
Tensile stress in top bonnet weld due to bending
Direct shear stress in top bonnet weld, psi
Shear stress in top bonnet weld due to torsional
Combined stress in the trunnion body, psi

Direct tensile stress, psi

Bending tensile stress, p

Direct shear stress, psi

Sl

n
(r
r

Torsiconal shear ess,

]
-
-




In the fcllowing pages, the pertinent data for the
butterfly valve stress analysis is tabulated in three

categories:

[
.
wn

tress Levels for Valve Components
2. Natural Frequencies of Components

3. Valve Dimensional Data

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

Component Name

Code Reference (when applicable)

Stress Level Name and Svmbol

Analysis Reference Page

\ : = o s Fa - Vel
Materizal Specificzation

(=8

U
5 3
L8
™
w
n
-
.~
®
™
H

Actual
Allowable Stress Level
The material specifications are taken from Section 1I of the
code when applicable. Allowable stress levels are Sm for
tensile stresses and .6 Sm for shear stresses. The allowabl:«

levels are the same whether the calcnulated stress is a combin 4

stress or results from a2 single load condition., Sm is the
design streoss intensity alue as defined in Appendix 1,

~ 1 - = | - & -~ N T r
Tables I-=7.1 0f Section III
3 Py - L %4 S -

In Table 2, Natural Freq

following data i3 tabulated:
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TABLE 1 STRESS LEVELS FOR VALVE COMPONENTS
MALLOVABLE
CODE RFEF. REF. STRESS STRL5S LEVE!
COMPOHENT PARAGRAPH SYMBOL & NAME PAGE MATERIAL LEVEL, PSI PSI
B Y NBE-3545.1 Primary Membrane Pm 36 ASTM A-36 = cn
Stress in Crotch ‘F‘C‘-J 12600
Region
Primary Membrane p' 36 ASTM A-36 ] 2 € S
- ) 12600
NB-3542,2 Primary Plus Secon- |Q 38 ASTM A-36 Sm
dary Stress Due to I 2690 12600
Internal Pressure
HB-3545.2 Pipe Reaction Stress 38 ASTM P2-36 1.55m
, 3 C ¢ P x ]H‘A" s
Axial Stress ol 1S
Bending ah a Sal
Torsion pet pars C; ‘+8
NB-3545.2 Thermal Secondary 0. 38 ASTM A-36 Sm
Stress . Iced 12600
NB-3545.2 Primary Plus Secon- |5 38 STM A-36 2=C A~ 3Sm
dary Stress " >e ¢S 37800
NB-3545.3 Normal Daty Fatique |S 39 ASTM A-36 i 1.55m
Stress P & 75 18900
Na > 2000
21 Dis NB-3546.2 Combined Bending S(1) 40 ASTM A-36 P 1.55m
Stress in Disc cleED 18900
L It NB-3546.3 Combined Stress in S(4) 41 ASTM A-276 154 }*3 1.5Sm
Shafit I'ype 316 300060
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STRESS LEVEL‘JR VALVE COM[‘ONEN‘I“

'I’AB. 1 ‘
ALLOVABL
CODE REF. REF . STRESS STRESS LEV
COMPOUENT PARAGRAPH SYMBOL & NAME PAGE MATERIAL LEVEL, PSI PSI
: {.9)(.£)8y
D1&C Shear Stress in S(20n)] 43n ASTM A-276 ABZATS 16200
P1ilS Top Pin Type 316
Bearing Stress on s(20n)] 43n | AsTM A-276 1S 52.4 “j“:’
Top Pins in Shaft Type 316 s £ T
Shaft (‘um[uc:;sive Stress $(21) 45 (SKF-$23222C) ?7 F :(, 125,000 1
Bearings on Shaft Roller e
Bearings
Thrust Bearing Stress on S(22) | 46 ASTHM B-164 tal Sm
Bearing Thrust Collar Condition A 4 13600
Shear Stress in S(24) | 46 ASTM B-164 s (.9)(.6)S
Adjusting Screw Condition A LS5c a0 16200
Threads
Comhined Stress in 5(28) | 48 ASTM B-164 - .9Sy
Retainer Bolts Condition A 2 A L7 27000
Shear Tear out of S(31) | 48 ASTM B-164 12477 (.9)(.6)S;
Thrust Bearing Condition A 16200
Retainer Bolts
s
«T)
ra




TABLE 1

STRESS LEVELS TwR VALVE COMPONENTS

ALLOUABLE
CODE REF. REF. STRESS STRESS LEVE
COMPONENT PARAGRAPH SYMBOL & NAME PAGE MATERIAL LEVEL, PSI P51
Bottom Shear Tear Out of S(33) 49 ASTM A-36 g 70 .6Sm
Cover Bolts in Bottom o1 7560
Trunnion
Shear Tear Out of S(34) | 49 ASTM A-36 _ .6Sm
Cover Bolt Head 19¢7] 560
Through Bottom Cover
Combined Stress in S(35) | 49 ASTM A-193 1 62 Sm
Cover Bolts GR.B7 I + 25000
Combined Stress in 5(38) 49 ASTM A=36 & Sm
Cover X LD 12600
(‘prldt(')l Shear Tear Out of .)(42) 51 ASTM A-36 ALy .6Sm
Mount ing Trunnion Bolts Thru SETH 7560
Tapped Hole in
Trunnion 1% Sl
Bearing Stress on S5(43) | 51 ASTM A-36 1 9S8y
Tapped lioles in A1 H52 63000
o E‘Lunnion ) -
Bearing Stress of 5(44) | 51 ASTM A-36 .98y
Trunnion Bolt on H0) A 63000
Through Hole in
. EBonnet
Shear Tear Out of 5(45) 53 ASTM A-36 Sm
Trunnion Bolt Heads 5-7-76 12662
» - 'l‘l\_l(nl ith Bonnet L
Combined Stress in S(46) | 53 SAE GR.2 .9Sy
& Trunnion Bolt 677 9’3 25200
£
e Shear Tear Out of S41%1) 159 ASTM A-36 2a 09 (.6) (.9)Sy

Operator Bolt Head
Thru Bonnet

37800




TABL’I

STRESS LE‘.VEL’)R VALVE COMPONENT.’

r ALLOWABL
CODE REF. REF. STRESS STRESS LEV
COMPONENT PARAGRAPH SYMBOL & NAME PAGE MATERIAL LEVEL, PSI PSI
r_ - — ——
Operator Bearing Stress on S(52) 53 ASTM A-36 e ] .98y
Mounting Through Holes in e e 63000 |
(Cont'd) Bonnet |
1
Combined Stress in 5(53) | 53 SAE GR,2 c . .9Sy
Operator Roltg ,:‘L (’4 / 25200
Combined Stress in |S(58) |55 ASTM A-36 » T .9Sy
Bonnet Body 124 303 63000
Combined Shear S(63) |57 .6Sm
Stresses in Bottom l:}_(-gé 7200
Welds
Combined Shear S(70) 57 .65m
Stress in Top Bonnet QACSETT 7200
Weld
Combined Stress in S(77) 58 ASTM A-36 2.3 {06 Sm
Trunnion Body 12600
Y
o
il
0
&
‘ '




TABLE 2

N/

F'URAL FREQUENCIES OF VALVE COMPONENTS

MATURAL NATURAL
L OMPONENT FREQUENCY REF. FREQUENCY
NAME SYMBOL PAGE MATERIAL (HERTZ)
BODY Fy 63 ASTY A-36 (176
1
BANJO F 64 ASTM A-276 - .
Nz Type 316 75'2'
Condition A
COVER CAP F 64 ASTM A-36 o
N, ' EEA
BONNET FN 65 ASTM A-36 et B W 8
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Dimensional Data (Cont.)
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ANALYSIS INTRODUCTION

—————

pJ

Described in th

(i}

following

>ages 1s the analysis used

in verifying the structural adequacy of the main elements

of the air purge butterfly valve. The analysis is structured
to comply with Paragraph NB-3550 of Section III of the AS!D
Boiler and Pressure Vessel Code (hereafter raferred to as

the code). 1In the analysis, the design rules for Class 1
valves are used. Since the requirements for this class of

valve is much more explicit than for either Classe

n

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 with
Code Case 1678 of the code.

Valve components are analyzed under the assumption that
the valve is either at maximum £luid dynamic torgue or
seating against the maximum design pressure. Analysis
temperature is 300°F. Seismic accelerations are sirmultaneous
applied in each of three mutually perpendicular directions.

Seismic loads are made an integral part of the analysis
by the inclusion of the acceleratinon constants Ty v gy, Ig
The symbols 9 yr gy' g, represent accelerations in the x,
and z directions respectively. These directions arc defined
with respect to the valve hody zentered coordinate system as
illustrated in Figure 1. Specifically, the x axis
the pipe axis, the z axis is alnng the shaft axis, and the
y axis is mutually perpendicular to the x and z axes, formina

a right hand triad with them.



Valve orientation with respect to gravity is taken

into account by adding the appropriate quan

-3
r
"
T

~<
ir
Q
(r
- 4
0

seismic loads. The justification for doina this is that a

N

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 ~f 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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The rody analysis consists of calculatinns as detailed

in Paragraph NB=3540 of Secti

P
o
3
Lo |
-~
v
Q

f the code. Paragrarh

NB=3540 is not highly oriented to but

(r

erfly 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 sub-section contaiiaing 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.

I Minimum Body Wall Thickness

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

occurs behind the seat retaining screws.

J

ha

(€3]

2. Body

e Rules

The air purge valve meets the requirements of Paragraph

NB=3544 of the code for body shape rules. The eaxternal

m

ill

)

t at trunnion to body intersection must be

4

greater than thirty percen

3
T
J
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r
-
0
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thickness.




2rimacy o .2tress Due to lnternal Pressure
Paragraph NB=-3545.1 defines the maximum allowable

stress in the nock to flow passage junction. In a

putterfly valve, this corresponds with the trunnion to

v e=ekhal s N e -
body shell junction. Figure 3 shows the geometry

threcugh this section.

The cod

(]
1]
(a1

ne stresses in the crotch area

using the pressure area method. The equation presented

i

Pm = (Af/Am + .5) Ps

Applying the cocde rules to the crotch region
results in a membrane stress considerable less than if

pplied to th

®

-

(D

Jion not containing the trunnion. The

trunnion incr

D

as

D
n

the matal area (Am) which decreasocs

)

the Af/Am ratio and reduces the result. For a sa2ction

not containing the trunnion, the fluid area to metal
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his equatior. results in the highes*t stressed area

g . .
" ~ - N - L - - 3

and complies with the intent of the code.
[ ong .y & - -
Secondary Stresses

Al L B ALK

T ’ - 5 .

A. Body Pr 1Yy plus secondary stress due to internal
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Paragraph !NB-3545.2 (a) of Section III of the code

defines the formulns user! in calculating this stress.

r < |
Q, = ¢, = + ,8 P
e
B. Secondary stress due to pipe reaction - Para.

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

due to pipe reaction:

P = F.S = Direct or axial lcad effect
ed d
¥d
= = 3 e -
Peb CbeS Bending load effect
Gy,
= 2F = i
Pet ﬁ.bs Torsicnal load effect
GQ-
C. Thermal secondary stress = Para. NB-3545.2(c) of

Section III of the code gives formulas €for

determining the thermal secondary stresses in the

pipe.
Qp = Qpy * O
wher :
Qpy = CC2AT;
D. Primary plus secondary stresses - This calculation

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

Valve fatigue requirements - Para. NB-3545.3 of Section

IIT of th
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unknown, a maximum value of 2000 is assumed. The
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ines the desiqgn requirements of

the valve disc. Both primary bending and primary membrane
stress are mentioned in this section. For a flat plate such
as the butterfly valve disc, membrane stress is not defined
until the deflection of the disc reaches one-half the disc
thickness. Since tota] deflection of the disc is much less
than ocne-=half 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
i¢ 2 result of a uniform pressure lnaid.

Combined bending stress in disc:

2 2
S(1) = (5(2)° + s5(3) )li
where
S(2) = .90413 P~?4‘C, = Bending stress due to mowent
—— : along shaft avis, psi

“4




- } £ - 1 v -1 : .~ : . 0 » : A . T AL 2
The shaft analyzed in arcordanc ~#ith para. Nle 46,3
of section ITI of the code. The zshaft loading is a

s 4 = P R T R g—— - - v 4 1 - |
combination of seismic, pressure, and operating loads.

Maximum torsional loading is either a combination of

seating and bearing torque or bearing and dynamic torgue.

Columnar stress is not considered in the shaft loading du-e
to its negligzible effect on the stress levels. Figure 2
shows the banjo assembly with the stub shafts.

Shaft st

r
operating loads:

s(4) = s

Where:

2 2 1
(S(7)° + s(8)°) * = combined bending
stress, PSI

w
u
it

S(7) = (n R P + W, g,) .25 B, R, = Bending *en

4 = T - =
3 -~ stress due
T .25 P, pressure &

- loads along

¥ = axis, P-

s(8) Bending tensile stroecss
to seismic loads along

25 1 R54 y = axis, PSI

i
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=
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DISC PIN ANALYSIS

The valve assembly or cross-section drawing shows the
two stub shafts and the disc pins. The top disc pins
are subjected to torsional load as they transmit the

operating torgue.

Combined Shear Stress in Top Disc Pin:

T.-.5 U
S(208) = — 2 ,
ZNl RS .785 DlZ

Bearing Stress on Top Pins in Shaft:
3

TS-.S U,
2

s(20B) =

Where

o
1]

12 Disc Pin Diameter, in.

P = Actual Shut Off Pressure, psi.

"
U = ,785 (2R4',-" P _U.R

o 3"5

c
n
%

g U4 + wzg X b335
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. As shown in fiqure 5, the thru

s
in the bottom trunnion. It provides restraint for the

banjo in the z direction, assuring that the Aisc edge

0O
t
p—

remains corre positioned to maintain optimum sealing,

Formulas used to analize the assembly are given below.

.

1s Bearing stress on thrust collar due to seismic load.

%

2. Shear stress in adjusting screw head due *to seismic
load.

$

[}

S(23)

' e Combined stress in adjusting screw.

S(25) ., (S(25)% + 4 s(26)2)"
$(24) = 22227 4 - £l
£ 2
Where:
w: gz
S(25) = 3 = Direct tensile stress due to seismic
v

S(26) = ———- = Torsional shear cstreecs= due to thrust

g ; :
10 bearing seismic friction tor~ua

.
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4. Shear stress in adjusting screw threads due to seismic

‘s
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BOTTOM COVIR ANALYSIS

Figure 5 shows the bottom trunnion assembly, including the

bottom cover and bottom cover bolts.

l.

Bottom Cover Bolt Stresses

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 equally.

Shear tear out of bolts through tapped holes in
trunnion:

wz g_. + = P 96
4 3

s(33) =

% Y -
Shear tear out of bolt heads throuch bottom cover, PS

L]

u

S(34)

2 - 3

S(36) = — = Shear stress in bolts duc to

torsional load.

5(37) = —22 s 6 - T

T3 Tensile stress in bolts
s
‘; 1
due to seismic and pressurc
loads, PSI.

Bottom Cover Stresses

The combined stre is calenlated

using the following formulas:

S(39) + 5(40) ( (5(5

. . -

O

+
m
]

+
‘“
N
&
et

s(38) =
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OPERATOR MOIMITING ANALY

~ 1nG ity

‘ the operator housing and the bolt connections as shown in Fig.

L. Bolt Stresses and Localized Stress Due to Bolt Loads.
The following as 'mptions are used in the development of
equations:
A. Torsional, direct shear, and direct tensile loads are shar
equally by all bolts in the pattern.

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

a. Shear tear out of trunnion bolt throuch tapped hole in

(pn\ trunnion.

The cperator mounting consists of the top trunnion, the bonnet,

the

ad

that

the

top

F_+4, Jg 24g 2*-'3_,2 M (J5+H,) M, (3, 41,)
S(42) = Z 4 X y l._ d 4( 21_ - 2 + b . ~ - -
~ - - ) <
. B 2J2 +.:(J2+H2\ 23, +..(J."*-H2)

.9’L4Dq

/

b. Bearina stress on tapped holes in trunnion.

(M, +Tg) (F 2+F %) W, (g %+q %)
5(43) = = S R
4(.707H,) 4 3
371.4
. C. Bearing stress on through hole in bonne-=:.
2 2 L; 2 2
M_+T, (F_“+F_°%) W.{(g “+q “)
2z 8 e \'4 4 o v
- P + 2
i« 107THS) 1 Kl

wun
-
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bonnet.

gt +'] :Tf * TR

495 he 19 tily) M, (I 40,
S(45) = g = — b .
27, +2(J,+H,) " 2Ty “+2(J,+H,) "

tress in trunnion bolts (Fioc. 8)

b
u.

e, Combinec

- : 3y i 4 2%
S(46) = S(47)+5(48) , ((S(47)+5(48))" + 4(5(49)+s5(50))7)°
2 2
Where, ‘
F W . a
= IS S iR e . g :
‘ S(47) = T —— = Direct tensile stress, psi
5
(7, +1,) (2, +10,)
J4+H M, (J,+H ia
S(48) = e ] y'©1l "2 _ Tensile stress duc o
) 2 b A R Ade P A1 e
23.,°+2(J,+H,) 2J’-32(J’+”’,2 extended mass bending
2 2 2 1 1 '« moment, psi

X b4 ] ; )
S(49) = - X = Direct shear stress, psi
(ﬁ-\\ 4A6 s
MZ*TB |
S(50) = e = Shear stress due to torsional load, psi
(./OIH2)4A6 < \
|

f. Shear tearout of cperator bolt head through bonnet.

(M_+M )V, F_
8(51) » Sy + —
2(v1 ‘v“-'z +.4'3 “"4 )
2

g. Bearing stress on through holes in bonnet,







(M_+M ) V, o et
. S(55) X Y " ‘ . Tensile

- d stress due to bending
5@ ® by Cany 44 moment, psi.
2(Jl *VZ *WTHY, )A7
9

(F +r %) "

5(56) = '4A - = Direct shear stress, psi
3

MZ+T-\ -

S(57) = -§§“%?‘—' = Shcar stress due to torsion, psi

% -
BONNET STRESSES

The bonnet stresses are calculated with the assumption that

loading is through the bolt connections as previously defined.

a. The maximum combined stress in the bonnet was calculated

r\ using the following formulas:
S(59)+S(60) , ((S(59)+5(60))% + 4(5¢61)+8(62))°)"
® ' e
= Combined stress in bonnet legs,
Where,
Fat¥49,
§(59) = -ELg———-= Direct tensile stress, psi
5
M B, 5_1—,_,39
S(60) = i -+ i = Tensile stress due to bending mcment, ps:
1 2
1
. (F_%+r 5% & W, (g 2eg )"
S(6l) = = = - 4 = Direct shear stress, psi
e
TaC
§(62) = ? 0 . Shear stress in bonnet body du~ to torsional
K
0 load, psi
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Ta = Operating torque, in-lbs.

M
i

9~ Torsional constant for nona=circular cross-section

Function of cross-section, in4.

=
9
]

o
.

The maximum combined shear stress in the bonnet mounting

plate to body welds w

W

s calculated using the following

-

formulas:

BEOTTOM BONNET WELDS

2 Eix s &2
i) + (S ( i : :
. S(63) = ((S(64 = $ 82)).) = Combined shear stress in bottom
bonnet weld, psi
Where,
S(64) = S(66) + S(67) = Total tensile stress, psi
Fz+w4gz
(f-\ S(66) = T = Direct tensile stress, psi
1
M M,

y : . .
. S(67) R = Bending tensile stress, psi

S(65) = S(68) + S(69) = Total shear stress, psi
L L
(FXZ*FVZ)' + w4(gY2+gV2)‘
S(68) = T - 4 = Direct shear stress, psi
1
M + 7T
2 ‘ r
S(69) = = = Torsional shear stress, psi
“3
TOP BONNET WELDS
dalfer o i P -
S(_zo) = LS I & 5 ‘O(S / - ) ) - C_:r.!,-:.‘-\‘ sh_‘\\: Stress in raD
bonnet weld, wvsi
Where,
S(71) = S(73) + 5(74)

wn




z . :
=5 = Direct tensile stress, psi
2
= - =
N, N
“ o=+ s+ = Bending tensile stress, psi
1 22
= §(75) + S8(76) = Total shear stress, psi
2 2. % o ,
= (Fx + FY ) © = Direct shear stress, psi
M_ + T
z . .
® ———m=—— = Torsional shear stress, psi
s
4

TRUNNION BODY STRESS

assumptions.
l. Operator loading is through the bolt connections.
‘2. There is an equal and opposite reaction to the bolt loads at
the body.
The combined stress in the trunnion body was calculated

using the following formulas:

. | . ; 98
. S(78)+5(79) . (5(78)+5(79))% + 4(s5(80)+s(81))?)"
S{77) +
2 2
Where,
Fz - W4g,
.8(7‘ = ——=— = D rect tensile stress, psi
- g -
K4KS .7-582
(M P K...5K, (M_+F K.) .SK.
’ ! < . O D
S, ) = - . 3 R— - —— = Bending tensile stre
X K 3 onp * 833K .K_"=n
.0833K5n4 B, .05.3K4.5 82
64 64

wu
(¢ 8]

The trunnion body stresses are calculated using the followi

JAng






TOP TRUNNI(

ASSEMBLY

The top trunnion assembly consists of the trunnion plate, the

top

top trunnion, the welds and the body material immediately adjacent to

the trunnion. Fig. 10 illustrates the elements of the assembly.

l. Combined shear stress in the top trunnion plate welds is a maxi-

mum due to seismic and toQrsional loads.

S(77) = (3(78)2 + 5(79)2)LE
Where,
4 (2402 F,
$(78) = : > + = Shear stress due to operator
.707(.5)nDll lelLll eccentricity
4in +3 )(BDll b % = Torsional shear due to operator

S(79) = 3

3(1 41)*L (D eccentricity and operator

11 torque

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

torsion and seismic loads.

]
(S81)+S5(82) . (S(81)+5(82))° + 4(S(33)+5(84))2) ¢
S(80) = +
' 2 2
Where,
F+,9,
$(8]l) = S 5 =~ = Direct tensile stress, psi.
by & m - \
.hJ1(ull 82
— 2 ’—___— \"\u -
32( (M + F K. + (M + F K.)7) 4
‘ ) 7°°6 v X 6 11
S(82) = 3 -~
"011 -52*)



FIGURE 9
TOP TRUNION ASSEMBLY
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I'op Trunnion Asscmbly Cont'd
2 2 2 2.}
(rx +1 ) . 114\7_ +g )
‘ §(83) = : - = Direct shear stress, psi
297 {D.. =B.")
. \ 11 2 /
16 (1,+T5) D,
S(84) = — = Torsional shear stress, psi
(D, 4-B,%) ;
11 2

3. Combined shear stress in‘top trunnion to shell weld is a maxi-

mum due to seismic and torsional loads.

8 :

S(85) = (S(86)° + s(87)°)"
Where,
fr— -
4(M, + F ) (T . ?XV,)‘\H F.
S(86) = - ; - B -
5 2 nD,,L
7 5) 7D 1
,pm\ «707(.5) D11 11711
= Shear stress due to operator eccentricit:
4(M2+T8)(3011+2T11) Torsicnal chear due to operat :
S(87) = - § = eccentricity and operating
3(1.41)nL,, (D,,+2T torque




FREQUENCY AMALYSIS

To calculate the natural frequency of the various

components of the Triton NXL valve, a model svstem with

a single degree of freedom is constructed. The
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 frecuency as:

or
el [T
2n Ay

or

-
F,o=(9.8Y
8y

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 Assembly

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

i

experience loading due to the entire valve weight.

Natural Freguency of the body shell:
- | P

- ¢ :
e+ )



Where
3 : .
'y, = wlLl = Maximum deflection of body shell
—— due to valve weitht, inches.
48 E I ?
-
C. Banjo Assembly

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

using the fcllowing:

_ s
‘ FNZ = 2‘.8
)
Where
Ayz = W7Bl3 = Maximum deflection of shaft, inches
12 E 1

D. 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:
g \!
FN3 g ?-
.Jy3
Where
2 2 : .
by, = 3(m=1) Wy (.SD4+.125) = Maximum deflection ot
=y cover cap
l67E T, m*
e 4
E. Bonnet Assembly
Figure 7 shows the top trunnion assembly., The follow

ing asseumptions are made in
o

0
W
-
0
[
-
(87
(r
b
(r
)
: 3
)
pa
=
(]
t

natural frequency:
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LURQULE CALCULATIONS




of disc blockage and delay time on dynamic torque. In each
case, the delay time is fixed at that which produced the
worst case torque for the full open, unblocked condition.
The initial disc angle is reduced by blocking to illustrate

the resultants of several different initial angles of

opening.
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SUMMARRY TOFGUE TRELE-YALYE ELCCKED TO: 2S LES,

MAX. AN, FLOW FARTE: 138n2e. CFM3 271153, SCFMS 143023, 2

SEATING + BERRIMG + HUB ZEAL TOFDUE 1-My= 47232

IN-LES & 0

MR-.DVN. - BERFING - HUE ZEAL TOPGUE 'M-M» = rogse IN-LBS 3 39S
AT 2 SEC.DELAY TIME TO 4.7S CLOSED YLV. (LOCAROTIME: 1.7

UPSTR.PRESS,

REYNLDZ MO.FRCTORMULTIPL.>= 1.24557
TOTAL TOR%S. INCFEARZE-FRLCTCOF <TO MODEL ERIIZ)-F (RE) ¢ (PE-P2)

BR800 0090090000000 005008090000 0

SUMMREY TORQUE TRELE-VYALVE ELOCKED TO: 40 DEG.

MRX.AMNG,FLOW RRATE: 193818, CFM3 3942SS. SCFM3 21672.3
SEATING + EERFING + HUE ZEAL TOROUE M -Mr= 47352 IN-LBS & O
MAX.DYM. - EBERFING - HUB ZEARL TORGUE M-M = 134174 IN-LEI & 35
AT 3 SEC.DELRY TIME TO S CLOSED YLVY. {LOCROTIMEC 41.7 TO

UPSTR.FREZZ.>

REYNLDS MO.FRCTOR (MULTIPL.)>= 1,23221

e J3= |,43

LE-MIN

LEG,

LCEG.

T4 31.1%1

S0

TOTAL TORO. INCFERIE-FACTOR (TO MODEL BRIIS)-F(RE)e(PA-P2rel3= 1,47434

LA A AR S R S e R 2 AL R A R S A R A A S A At 2R 2l

SUMMARY TORPQUE TRABLE-YALVE EBLOCKED TO: 45 DEG.

MRX.AMG.FLOW PRTE: ar713e. CFM: SSo210. SCFM3 3024€.5
SEATING + BERFPING + HUR TEAL TORDUE M- M= 47395 IN-LEBS 7 0
MAX.D¥M. = EERRIMNG - HUB ZERL TORGUE <M-Md» = 139172 IN-LBS ¥ 40
AT 3 SEC.DELRY TIME TO S.25 CLOZED vLY. <LOCR>TIMEC 41.7

UPSTR.PRESS.)

REYMLDS MO.FRCTOF ‘MULTIPL.)= 1.210&3

TOTAL TOPDQ, INCRERZE-FRCTOR (TO MODEL BERTIS) -F«PE) e P -P2reJ3= 1,44
AR LR R RS RS R RS S R R S R R S R S R R R R A E S 2 22

SUMMARRY TOPQUE TRELE-VRLYE ELOCKED TO: S0 LEG.

MAX . ANG. FLOW PATE: 270127, CFM: S38199. SCFM: 29478.3

SERTIMG + BERPIMG + HUE TERL TOFQUE ‘M-M= 47432 IM=-LBZ » 0

MAX.DYM., = BERFING - HUE ZERL TOPOUE ‘M-mM» = 2877S1 IN-LEBS » 4%

AT 3 :EC.DELAY TIME 7O 5.5 CLOSED VLY. AAOCATIMEC 41.7 TQ

UPSTR.PPECZS.)

NO.FACTOR (MULTIPL.) = 1, 27509
IMCFERIE-FRCTOR «TO MODEL ERIILT

REVYNLDS
TOTRL TOFD.

1 =F(PE)® PR . FZre 3= |, 404

LE/MIN

LES.

LEG.

LB-MIM

mm

TRy
.

ey

FIlA

PIIA
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SummMARY TORGUE TRELE-YALYE ELOCKED TO: SS DEG.

MR, ANG, FLOW PRTE: 333144, CFM: £s1337, ICFME 383%2.7  LB-MIN
SEATING + BERFING + HUE ZERL TOPODUE M. Mi= 7431 IN-LBS & 0 DEG.
MAX.DVM. - BERFIMG - WUB ZERL TOPODUE M-M) = 232382 IN-LEX # SO DEG.
AT 3 SEC.DELAY TIME TO S.7%  CLOSED WLV. (LOCROTIMEC 41.7  TO S4.970t -

SIAR UPSTR.FFEZZ.)

REYNLDT NO.FACTOR ‘MULTIPL. = 1,274%2

TOTAL TORPQ. INCFERIE-FRLTOR(TO MODEL BRIIS) ~F (PEXe:FPa. . P2)eJ3= 1,.402%2
9090000900000 0000000000000000000000

SUMMRRY TOROUE TRELE-YRLYE ELOCKED TO: 50 DEG.

MAX.ANG.FLOW FPRTE: 401507, CFms 737138, SCFME 43323.4 LEB-MIN

SERATIMNG + BEARRING + HUB TERL TORIUE (M M= 47522 IM-LBZ @ 0 DES.

MAX.DYN. - EERRING - HUB ZERL TORQUE M/M) = 403742 IN-LEZ & SS DEG.

AT 3 SEC.DELAY TIME TO » CLOSED VLY. ‘LOCRTIMEC 41.7 TO SS.826% PTIR

UPSTR.FFEZZ.)

REYNLDZ NO.FRCTORC(MULTIPL.2>= 1,.25%47

TOTAL TCOFG. INCRERIE-FACTORYTO MODEL BRIIZ) ~F (PE) ¢ (PE-PQ) eJ3= 1, 322%S
9400009900000 0000 0000000000000 0000

SUMMARY TORQUE TRELE-VYALYE EBELOCKED TO: =S DEG.

MRX.ANG.FLOW FATE: 473313, CFM: 95042=, SCFMi S_2248.1 LE-MIN
SEATING + BERPING + WUR SERL TOPOUE M M= 47562 IMN-LBS & 0 [EB.
MAX.DVN. - EERPING - HUE JEAL TORGUE M-M» = SS0710 IN-LBS @ 55 DEG.

AT 3 SEC.DELRY TIME 7O .25 CLOSED ¥LV. LOCRXTIMEC 41.7 TQ Se.€n02 e
SIAR UPSTR.PPEZZ.)

REYMLDZ MO.FRCTCF «MULTIPL.)= 1.22255
TOTAL TOFR. INCFERIE-FALTOR «TO MODEL BRSII)-F(PE) e (P& P2re. %= 1, 39302

PPV PPP 0000000000000 9900 00000000000

SUMMRRY TOFQUE TRELE-YRLYE BLOCKED TO: 70 DEEG.

MRX.ANG.FLOW PRTE: 543473, CFms: 1078732 SCFM: S9304.5 LB/MIN

SERTINS + BERFING + wUB ZEAL TOFCUE M -M = 47602 IN-LES @ O DEG.

MAX.DYN. = BEAFING - HUB ZERL TOFLULE M-M = S83263 IN-LES & ©5 DES.

AT 3 EC.DELRY TIME TO 5.5 CLOSED ¥YLY. (LCUATIMEC 41.7 TO S7.4:7S PSIR
UPSTF.FREZZ.)

REYNLDS MO.FARCTOP MULTIPL.)= 1.2332

TOTAL TCRO. INCFERIE-FALTCR ' TO MODEL BRIIS)-F(PE ¢ P&, P2 eJ3= [.34702



00‘00000000000000.000.00000000000000

SUMMARY TORGQUE THELE-YRLYE ELOCKED TO: Fi- DEG.

MARY.ANG, FLOW FATE: 524134, "CFMS 1283585898 SCFMS &510S.5 LE-MIM

SEATING + EERFIMG + HUE TEAL TOROUE MMy = 47E29 IN=-LES & 0 DES.

MAX.DVH. = BERFING - HUBR ZERL TOFQUE ‘M.My = E2ETVS IN-LES & Ti0 DES,

AT 2 CEC.DELRY TIME TO €.7% CLOSED YLV. (LOCA)TIME( 41.7 T S2.,239&2 =

SIR UPSTR.PREZSS.)

REYNLD. MO.FARCTOP ‘MULTIPL. )= 1.2120%

TOTAL TORQ, INCRERIE~-FACTOR <TO MODEL ERZIZ)~F(PE)® PE.P2) e a= 1.33<47S
000000000000000000000000000000000000

SUMMARY TORGUE TRELE-VALYE ELOCKED TO: 20 LEG.

MAX.ANG.FLOW FRTE: £54156, CFMS 12923Ss50 SCFm: P1324.2 LE-MIM

SEATING + EERPING + HUE TERL TOFOUE /M -M>= 4767S IN=LEZ 3 10 DEG.

MAX. DN, - BEARING - HUE ZERL TOPOUE o1t = 654312 IMN=-LBS & 70 DEG.

AT = SEC.DELRY TIME TO T CLOZED YLV. (LOCA)TIME( 41.7 70 S3.9771 PILIR

UPSTR.PFEZZ. )

REYMNLD. MO.FRCTOR (MULTIFL. = 1.2020%

TOTRL TOFG. INCFERZE-FRCTOP <TO MODEL ERIIS)-F(RE) e (PE.P2) e ju= 1.33034
0000‘0000000‘00000000000‘“0000000000

SUMMARY TORPOUE TRELE-YRLYE ELOCKED TO: 8% DEG.

MAX.ANG. FLOW FRTE: 591429, CFm: 1372477 SCFM: 7%44:2,.3 LE-MIN

SERTING + BERPIMG + HUE ZEAL TCROLE MM = 47707 IN=-LEZ 3 DEG.

MAX.DYM. - EERFIMNG - HUE ZEAL TORGUE ‘M-M» = £78692 IN-LEZ 5 -0 DEG.

AT 3 SEC.DELAY TIME TO 7.25 CLOZET YLV. (LEreTIME« 41,7 TO S2.£5:27% P

SIR UPITR.FFEZZ.)

REYNLDS MO.FACTOF ‘MULTIPL.)= 1.20%02
TOTAL TORO. INCFERZE-FACTLR «TO MODEL BRIIZ)-F(PE,® (P& P2)e 3= | 227

Ae oo
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