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I. Introduction

This inveséigation‘has been made in response to a request by
the customer/engineer for evaluation of containment isolation/purge
valves duéiné a faulted condition 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 (delay) time,

‘'piping geometry ﬁpstream of the valve, back pressure due to ventilation

components downstream of the valve, valve orientation and direction of
valve closure. . _

Thé abo&é;data as furnishedhby the customer/engineer forms the
basis for the analysis. Worst case conditions have been qpplieé in

the absence of definitive input.

-



II. Considerations

The NRC guidelines for demonstration of operability of purge
and vent valves, dated 9/27/79, have been iacorporated 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 close a butterfly valve. Valve

closure rate vs. fime is based on a sinusoidal function.

2, Flow dlIECthn through valve contrlbutlng to highest torque,‘
namely, flow toward the hub side of disc if asymmetric,
is used in this analysis. Pressure on upstream s;de of valve
as furn;shed by customer/engineer is ut;llzed in calculatmons.
Downstream pressure vs: LOCA time is assumed to be worst case.

3. Worst case is determined as-a single valve closure of‘the
inside containment valve; with the outsiée containment valve
fixed at the fully open position.

4, Containment back psessure will have no effect on cylinder
operation since the same back pressure will also be present
at the inlet side~af the cyiinder and differential 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 1imiting devices apply only to electric motor operators
which were not furnished with -purge valves evaluated in this

report.
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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

this report, 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 wall of elbow. Effects of downstream
piping on system back pressure have been covered in paragraéh
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 LOCA-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 genericglly known
to have a cumulative readiation resigtance of 1 x 10" rads at a
maximum incidence temperature of 350 F. It is recommended 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 Analysis v

"Determination of - the structural and operational'adequacy of
the valve assembly is based on the‘caiéulqtipn offLQCA;induced
torqﬁe, valve stress analysis and operator evaluation..

A, Tofque calculation ’

The torgque of any open butterfiy valve is the summation of
fluid dyﬂamic torque and bearing frictgén torque'ét any given disc
angle. o * | ‘ '

Béaring friction torque is calculated from tﬁe foilpwing

eqguation:

TB =P XA XUX %

where

P =pressure differential, 'psi

A = projected disc area normal to flow, ipz .

U

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

Fluid dynamic torque is calculated from the following equations:

For subsonic flow

[RCR > Pl‘> 1.07b(approx,)]
-7 ?; .

3

T.=D" xC X P, X K X F
D . .Tl 2 ’iTa— RE
* For sonic flow .
P12 Fer
Py
TD = D3 X CT2 b 4 P; b 4 K X FRE (F S 1)
. 1.4 RE™
Where :
T. = fluid dynamic torque, in-lbs.
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rg = Reynold number .factor

Rog = critical pressure ratio, (f («¢) )

P, = upstream static pressure at flow cohéition, bsia
P2 = downstream static pressure at flow condiéion, psia
D = disc diameter, in. |

Cpy = subsonic forque coefficient

0
]

2 sonic torque ‘coefficient
K = isentropic gas exponent ( == 1.2 for air/steam mix)

‘e = disc angle, -such that 90% = fully open; 0° = fully
closed .

Note that Cj, and Cp, 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 egfeét on dynanmic torque. Specifically, increases in up-

stream pressure in the subsonic range result in higher torque values,
while increasing Py in the sonic range results in lower torques.
Therefore, the point of greatest concern is the condition of initial
sonic flow, whicﬁ occurs at a critical pregéure ratio. ‘

The effect of valve closure during the transition from subsonic

to sonic flow is to greatly amplify the resulting torques. In fact,

. the maximum dynamic torque occurs when initial sonic flow occurs

coincident with a disc angle of 72° fsymmetric) or 68° (asymmetric)

from the fully closed position.
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The following computer output summarizes calculation data

and torque results. for valve opening angles of 90° to 0°.






SONIC SPEED(MOVING HIXTR.)= 1354.37 FEET/SEC AT 265  DEG.

D-34933(D0024-3) TORQUE TABLE 1 3710/ 82

JOB:SUSQUEHANA/BECHTEL .
SAT.STEAN/AIR MIXTURE WITH 1.4 LBS STEAM PER 1-LBS AIR. |
SPEC.GR.= .738253 HOL.UT.= 21.3872 KAPACISENT.EXP.)= 1.19773 R= 72.1972

GAS CONSTANT-CALC. ~ |

ABSOL.MAX.TORGUE(FIRST SONIC)AT 72-468 DG.ULV.ANG.= 478 IN-LBS @ 68 DEG. ’
HAX.TORQUE INCLUDES SIZE EFFECT(REYNOLDS HO.ETC)APPX. X .996595 FOR & IN
CH BASIC LINE I.D.
ALL PRESSURES USED:STATIC(TAP)PRESS.-ABSOLUTE;P2 INCL.RECOVERY PRESS.
(TORQUE)CALC’S VALIDITY:P1/P2>1.07;

VALVE TYPE: 6"-1200 CLASS 150

DISC SIZE: 5.2 INCHES OFFSET ASYHMETRIC DISC
SHAFT DIA.: 1 INCHES

BEARING TYPE: BRONZE

SEATING FACTOR: 15

INLET PRESS.VAR.HAX.: 48.2 PSIA
OUTLET PRESSURE(P&): 17.2 PSIA (72 DEG. ACTUAL PRESS. ONLY(UAR )
HAX . ANG.FLOU RATE: 6658.94 CFH; 7698.92 SCFH; 423.231 LB/HIN
CRIT.SONIC FLOW-90DG: 518.339 LB/MIN AT 19.651  INLET PSIA ‘
VALVE INLET DEHSITY: 6.35583E-02 LB/FT"3-HIN. .129262 LB/FT*3-HAX.
FULL OPEN DELTA P: 7.74903 PS1 ’
SYSTEK CONDITIONS:
PIPE IN-PIPE~OUT -AND- AIR/STEAH HIXTURE SERVICE @ 265 DEG.F
HINIMUK 0.75 DIAH. PIPE DOUNSTREAM FROM CENT.LINE SHAFT.

P1 ABS. PRESSURE(ADJ.)FOLLOWS TIHE/PRESS.TRANSIENT CURVE.

~-5 IN.MODEL EQUIV.VALUES====~-- ACTUAL SIZE VALUES~=~--

ANGLE P1 P2 DELP PRESS. FLOW FLOU 1D TB+TH TINE(LOCA)
APPRX.PSIA PSIA PSI  RATIO (SCFH) (LB/HIN) ----INCHLBS---- TD-TB-TH SEC.

90 23.70 135.50 ‘8,20 .654 CR 7698 423 140 12 128 0.20

85 27.98 15.80° 12.18 .549 11888 633 169 14 154 0.44

80 31.32 15.99 15.32 .51 12896 708 209 18 190 0.463 %

75 34.23 16.07 18.16 .469 CR 13344 733 370 32 337 0.90 |

72 35.78 15.96 19.82 .446 CR 12888 708 489 -- 42 446 1.02 |

70 36,74 15.94 20.80 ".434 CR 125333 690 457 39 417 1.10

65 38.84 15.73 23.11 .405 CR 11543 634 439 38 401 1.27

60 40,51 15.50 25.00 .383 CR 10054 932 345 37 308 1.41
" 55 41,72 15.26 26.46 .366 CR 8338 470 302 45 256 1.92

50 42.45 15.10 27.36 356 7045 387 225 92 172 1.58

45 42.70 14.97 27.73 331 6983 383 187 S99 128 1.60

40 42.80 14.89 27.91 .348 4807 264 130 64 65 1.42

35 43.11 14.81 28,30 .343 3674 201 82 69 12 1.48

30 43.60 14.76 28.84 .339 2779 152 49 73 =24 1.79

25 44.24 14.73  29.51 .333 1983 . 109 395 78’ ~43 1.93

20 45.01 14.71 30.30 .327 1241 68 28 83 =55 2.10

15 45.86 14.70 31.16 .321 . 705 8 7 12 . 88 =76 2.30

10 46,74 14.70 32.04 ..315 338 18 7 92 -85 2.92

S 47.57 14.70 32.87 .309 108 . S 3 26 =90 2.76

0 48,20 14.70 33.50 .305 0 0 628 88 539 3.00
SEATING + BEARING + HUB SEAL TORQUE (M/M)= 628 IN-LBS @ O DEG.

NAX.DYN. ~ BEARING - HUB SEAL TORQUE (M/N) = 489 IN-LBS @ 70 DEG.
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B. Valve Stress Analysis |

‘The Pratt butterfly valve furnished was specifically designed for
the requirements of the original ofdef which did not include specific
LO&A conditions. ' |

The valve stress analysis consists Bf two major sections: 1) the
body analysis, and 2) all other components.

The body is analyzed per rules and equatipns given in paﬁagraph
NB 3545 of Section III 6f the ASME Boilér 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

max (T1+T2) + % l(Tl'l'Tz)z + 4(\31'*'52)‘d

S
2
where . .

Smax = Maximum combined. stress, psi

T, = direct tensile stress, psi

T2 = teqsile stress due to bending, psi

83 = direct shear stress, psi

So = shear stress due to torsion, psi i ’

The calculatgd 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.



L ——————————

(4

~:

e - el cve s 0 - awy « w—— .

OPERATOR EVALUATION
Model: Bettis 521C-SR 60

Rating: 7,000 in-lbs. at full open and closed positions
only.

4620 in-lbs at 68° ’

4000 in-1bs at 45° (minimum rating)

‘Max. Valve Torgque: 628 in-lbs.

The .maximum torque generated during a LOCA induces reactive
forces in the load carrying components of the actuator.
Since the-LOéA induce& torque derived. in this analysis is
less than the maximum absorbtion rating of the operator,
it is concluded that the Bettis models furnished are
structurally suitable to withstand éombined LOCA and

seismic loads.
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IV. Conclusion
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It is concluded that the valve structure and the valve
actuator are both capable of withstandiné'combined seismic and

LOCA-induced loads based on the calculated torques developed-in

this analysis.
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401 SOUTH HIGHLAND .\VENUE * AURORA. ILLINOIS 60607

" April 16, 1981

Bechtel Power Corporatioh'
P.O. Box 3965
San Frencisco, cA 94119

Attention:” Mr. E.B. Poser ' .
. Project Engineer ) y .. )
SUBJECT: -Susquehanna Steam Electric Station ' L .
Contalnment Isolatlon/Purge Valve Analysis-

S Gentlemen' : L . S )

" With reference to your recent 1nqu1ry regarding SUltablllty of
the valves and actuators to withstand aerodynamlc LOCA conditions,
~ .  please note the following: ) -

| : .
éﬁa 1. Torque calculatlons will be performed for aerodynamic . .
torque generated as a result of LOCA. These calcula- L
tions will be performed using the following data to be —
furnlshed by you. R .

) ) A. Contalnment Pressure - Time Curves:' -
B. Containment Temperature - Time Curves

C. The combined resistance coefficient for all
ventilation system components cdownstream of -:-
the valve (one for each valve size) or

A graph of back pressure vs. LOCA time at a

distance 10~12 diameters downstream of the Lo .
valve. _Consider also the capacity of the

piping, filter and duct work to reszst

increases in back pressure.

D. Maximum and minimum delay times from LOCA to
initiation of valve rotation. . . 3

E. .- Draw1ngs or written description of valve

0 oriéntation with reéspect to elbow immediately
] .ot upstream of valve (within 6 diameters), as :
(;; : * well as direction of valve closure (clock- Lo

wise or countcrclockwxse) as v;ewed from
operator end.

sneesvre Amn(cd . . .

Novereaiss






-In the absence of’ the above information, the following assump-

Bechtel Power'cé,éoration 3 '2 pre o ey
radsy” | -~ PRATTI
Aprll 16, 1981 \ v e o cvors Wt

tions will apply to the purge valve analysig.

1. Back pressuré of 19.7 psia throughout valve closing
cycle. Higher back pressure increases maximum
dynamic torgue and valve stresses.. )

2. Delay time from LOCA to initiation of valve rotation
shall be chosen to permit initial sonic flow condi-
tion and critical valve disc angle to coincide,
resulting in maximum possible dynamic torque.

3. 90° elbow immediately upsitream, oriented 90° out-
of-plane with respect to valve shaft, with leading
edge of disc closing away from outside radius of .
elbow. Such orientation and closure will increase

.
B

torque values by 20% or more.

2. Based on the above results, a static load stress analysis will
- be provided for valve components affected by the dynamic torgque
loadings in combination with pressure and seismic loads.

The actuator supplier will be asked to veriff the suitability
of the actuator for the reaction or back drive force resulting
from aerodynamic torque conditions. .

3. The cost of performing tﬁe evaluation of the valve componentsl
will be $12,800 each size for 6", 18" and 24" valves.

4. The coﬁpletion of this analysis is projected to be twenty-six
(26) weeks after receipt of purchase order ‘and data requested -
above based on availability of engineering schedule. .

S. Our response to NRC's criteria for demonstrating operability
, of purge valves is included in the analysis. -

;' This proposal is for investigative analysis only and is not
intended to guarantee the adequancy of the equipment as fur-
nished when subjected to LOCA loads currently being defined.

The proposal is valid for Ehirty~(30) days. The-terms of
payment will be Net 30 Days. . -

We hope you will find the proposal responsivé to your needs. If
we can be of any additional aqsistance“in this matter, please advise.

bery truly yours,

- HENRY PRATT COMPANY

/‘i&%_,ﬂwu_; '

. Glenn L. Beane )
GLB/tl Coo - Manager-Application Engineering

L)
-,

%y, .
. R T Yl
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ATTACHMENT 1B

CUSTOMER/ENGINEER RESPONSE TO
REQUEST FOR INFORMATION
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' © juMioleel Bechtel PowerCorporatlon
. ~ Engineers—Constructors

Henry ‘Pratt Company T ‘ Fitty Beale Street ‘ @

401 South Highland Avenue San Francisco, California
Aurora, Illinois 60507 Mail Address: P.O. Box 3965. San Francisco, CA 94119

Attention: Mr. G. L. Beane

JH15'21 141804

Subject: Susquehanna Steam Electric Station
Units 1 and 2 Job 8856 _"
P.0. 8856-P-31-AC, Containment ° /;25{
"Isolation/Purge Valve Analysis ; r~ ,3 ,/ 933
Gentlemen: . |

In order to perform the analysis Henry Pratt requested certain J.nformatn.on.
The following is our reply:

A, Contalmnenu pressure time curve is attached.
B. Containment temperature time curve is attached.

C. A back pressure of 19.7-psiar should be used in this analysis. This
back pressure is per the assumptions in your letter of April 16, 1981.

D. Minimum delay time is 0.1 seconds. Maximum delay time is 5 seconds.

E. Isometric draw:.ngs for both units are attached. We believe that
Henry Pratt is in a better position to determine the direction of
valve closure as viewed from the operator end. This information

-is not apparent on the drawings you submitted to Bechtel.

In addition, if Henry Pratt's 16 week analysis report shows the valves
to be unqualified, Henry Pratt will state at what angle the valves must
be blocked open in order to meet the NRC's interim position. Henry Pratt
will also make recommendations on how to block the valves and to px:ov:.de
a detailed drawing of the stop.

We trust that the foregoing information is satisfactory and will'enable
you to complete the qualification of.-the subject valves. If you have
any questions, please contact Al Daily at (415) 768-9235 or A. Tiongson
at (415) 768-7770. .

Very truly yours,

E. B, Poser
Project Engineer
Written Response Req'd: MNo
Design Document Changes: No
CHN/APT/cgs
WP30/3-1

ce: Mr. T. M. Crimmins, Jr. (PL) w/a

cc 77 Wre una ’7,,,,‘(7/‘ Cwgry
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ANALYSIS NOMENCLATURE

.
fC A

s .l
e

(C".

Effective fluid pressurc area based on fully corroded
1nterlor contour for calculatlng crotch primary mem-
brane stress (NB-3545.1(a)), in? )

Metal area based on fully corrodco ‘interior contour
effective_in resisting fluld force on Af (NB- 3545
1(a)), in2 .

Tensile area of cover cap bolt, in

Shear area of cover cap bolt in2

Ten511e area- of trunnlon bolt, 1n2, - -

_ Shear area of trunnlon bolt, in?

Tensile'area of operator: bolt, in?
Shear area of operator bolt, in?
Unsupporte&-ehaﬁt,length, in.

Bearing bore diameter, in. .

Bonnet bolt tensile area, in2

Bonnet bolt shear area, in?

-Bonnet body cross-sect10na1 area, in2™

Top ‘bonnet weld size, in.

_Bottom bonnet weld size, in.

Distance to outer fiber .of bonnet from shafq on y
axis, in. ,

Distance to outer flber of bonnet from shaft on x
" axis, in. .

A factor depending upon the method of attachment of
head, shell dimensions, and other items as listed in
NC-3225.2, dimensionless (Fig.- NC- 3225 1 thru Fig.
NC-3225. 3)

- Stress index for body bendlng secondary stress re-
-~ sulting from momcnt in connected p1pe (NB 3545 2(b))

Stress index for body primary plue scconda1y etross,
inside surfage, resulting from internal pressure
(NB- 3545. Z(a)) )




ANALYSIS NOMENCLATURE

.shaft in:

Stréss index for thermal secondary membrane.stress
resulting from structural dlSCOﬂtlHUlty

Stress index for maximum secondary membrane plus

bcndlng strcss resulting from structural dlSCODtanlty

Product of Young s modulus and coefficient of 11near

'.thermnl expansmon, at SOOOF, psi/OF (NB- 3550)

Distance to outer fiber of dlSC for bendlng along the
shaft, in.

Dlstance to outer flber of dlSC ‘for bendlng about the

1

‘Distance to outer flber of- flat plate of dlSC for
“ bending. of unsupported flat plate, 1n.

Insidé diameter of body neck at crotch reglon (NB- .
3545:1(a)), in. .

Inside diameter used as basis for determlnlng body
minimum wall thicKkness, (NB- 3541),'1n. )

Valve nomlnal dlameter, 1n.1

Shaft diameter, in. -

Disc pin diameter, in.-

"Thrust collar outside diameter, .in.

Spring pin diameter; in.
Cover cap bolt diameter, in.

Trunnion bolt diameter, in.

*Operator bolt diameter, in.

Bonnet bolt diameter, in.
Modulus of clast1c1ty, psi

Bending modu]us of standard connecting pipe, as glven
by Figures NB-3545.2-4 and NB-3545.2-5, in3

'-1/2 X CTOSS- sectlonal area of standard connected plp%

as given by Figures NB-3545.2-2 and NB-3545.2-3, in.

Natural' frequéncy of xcbpectlve asscmbly, hCIta
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ANALYSI1S - NOMENCLATURE

-(NB-3545.2(b) ), .in3

Seismic acceleration constant along y axis’

.W3gx--Seismic force along x axis due to seismic

acceleration acting'on operator extended mass, pounds

W3gy--Seismic force along y axis "duc to selsmlc

acceleration acting on operator extendcd mass, pounds

Wzg,--Seisnic force alon z axis due to seismic
8z

acccleration actlng on operator extended mass, pounds

(3 -

Valve body. section_bending modulus at crotch region

(NB-3545.2(b)), in3

3Va1vc.bogy~s§ction area at crptch region (NB~3545.2

(b)), in

) Grav1tat10na1 acceleration constant, inch-'per-second2

Valve body sectlon torsional modulus at crotch region

- a -~
»

. Seismic acccleration constant along x -axis

Seismic acceleration constant along z aris .

>

'Gasket moment arm, equa] to the radlal dlstance from

the .centerline of the bolts to the line.of the gasket

reactlon (NC-3225), 1n.

"
K

Top trunnion bolt square, in.

* Bottom trunnion bolt square, in,

Bonnet bolt square,. in.
Operator bolt square, in.

Bonnet bolt cfrcle, in.

- Operator bolt c1rclc, ‘in.

'Bonnct hclght 1n.

>

Actual body wall thlckness, in.

Bonnet body moment of 1ncrt1a about x axls, 1n4

Bonnet body moment of 1nert1a ahout y axis, in4

Disc arca momcnt of inertia for bcnd1ng about the shaft

11\4

-6-



ANALYSIS NOMENCLATURE -

Disc areca moment of 1nert1a for bcndlng along the

. shaft; ind

Moment of inertia of valvc body, 1n4

Momcnt of 1nert1a of shaft 1n4

DlSC arca moment of inertia for bend1ng of unsupported’

flat plate, 1n4' . )
Dlstance to'neutral bending ax1s for top trunnlon
bolt pattern along x axis, in.'

-

-Dlstance .to neutral bending axis for top trunnion
- bolt pattern along y axls, 1n. © L

Dlstance to neutral bendlng axis. for ‘bonnet' ‘bolt
pattern along X axis, in.’ .

Distance to neutral bendxng ax1s for bonnet bolt
pattern along y axls, in. .

Dlstancc to ncutral- bendlng axls for operator bolt

»pattcrn along x axis, 1n.

ﬂDlstance to ‘neutral bending axis forloperator bolt
pattcln along Y axis, in. ‘ - .

a
.
a

.

Sprlng.constantT
Distance of bonnet leg.from shaft'centerline, in.
Thickness of disc- above shaft, in. ] .-

Length'along z axis to cg of bonnet plus adapter
plate .assembly, in. - - N , .

* Top trunnion width, in.

Top trunnion depth, in. -

-

Height of top trumnion, in.

Valve body face-to-face dimension, in.’

Thickncss-of opcrator housing under trunnion bolt, in.

Longth of .cngagement of cover cap bolts in bottom
trunnlon, in.

»

"Length of cngagement of trunnion bolts in top

trunnion, in..



M-

" Mx,

My

Mz °

.ﬁ

Mg

Na .

CNA
-

ANALYSIS NOMENCLATURE C e
Bearing length, in.
Lebgth -of structural disc hub welds, 1n.'

Lenéth of engagement of bonnet bolts ‘in adapter
plate, in,

‘e

Lehgth of engagement of bonnct bolts in bonnet in.

Length of cngagement of stub shaft in disc, in.

Reciprocal’ of Poisson's ratio o :

Mass of component

" W3(gyZo*gzYol, operator extended mass seismic bendlng
.moment about- the x axis, acting at the base of the
"operator, in-1bs.

) W3(gxzo+gzxo), operator extcnded mass selsmlc bending

moment about the y axis, actlng at the base of the

- operator, in-1bs.

W3(gYYo+gyX°), operator extended mass selsmlc bendlng
moment about the z axis, in-1lbs. .

Mx+FyT5, operator,extended,mass,seismic bending moment

about. the x axis, acting at the bottom of the-adapter

.. plate,. 1n -1bs. .

My+FxT5, Operator extended mass seismic bendlng moment
about the y axis, actlng at the bottom of the adapter

" plate, in- -1bs.,

Mx+ry(Ts+H3\+gyW4K3, operator extendcd mass se15m1c
bending moment’ about the x axls, acting at the base

‘of the bonnet, in-«lbs.

My+bx(T5+H3)+qu4R3, operator extended mass selﬁmrc “
bending moment about the y ax1s, acting at the base - |
of the bonnet, in-1bs. .

Bcndlng momcnt at joint of flat plate to dlSC hub
in-1bs. - -

Permrss:blc number of complcte start- up/shut ~down .
cycles at hr/1009k/hr/hr» fluid tcmperdtuxc change

.. rate (NB-3545.3)

Not applicable to~thc anaiysié of the ;fstcb

Number of top disc pins

. . .
R R L I

.
e
<1
.
¢« o Tg

R
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e
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'ANALYSIS NOMENCLATURE

~ Peb

Ped

Pet.

.- QT2

Qr3

NB-3545.1-1, psi

-according to NB-3545.2(b), psi

Number of operator bolts
Number of trunnion bolts I
Design pressure, psi

Primary pressure rating, pounds: ) f' e

Standard calculation -pressure from Figure

" Largest V?lue among -Peb, Ped, Pet, psi - - - 7

‘Seéoﬂdary stress in crotch Tegion of valve: body gadsed
. by bending of connected standard pipe, calculated

according to NB-3545.2(b), psi

Secondary stress in crotch-fegion of v#lve body caused .
by. direct or- axial ‘load imposed by connected standard

.piping, calculated according to NB-3545.2(b), psi

i Secondary stress in crotch'region'of valve body caused

by twisting of connected “standard pipe;-calculated

‘General primary membrane stress imtensity at crotch

region, calculated according to NB-3545.1(a), psi -

.Primary membranc stress.intensity in body wall, psi
. : ’

" Sum of primary plus secondary strésses at crotch

resulting from internal pressure, (NB-3545.2(a)), psi

. Thermal stress in crotch reéion resulting‘ffom 100°F/:

hr fluid temperature change'rate, psi

-

Maximum thermal stréss component caused b&'through

- wall.temperature gradient associated with 100°F/hr

fluid temperature change rate (NB-3545.2(c)), psi-

Maximum thermal secondary membrane stress resulting

from 100°F/hr fluid temperatﬁrq change rate, psi

' Maximum thermal secondary membrane plus bending

stress resulting {rom structural discontinuity and -

© 100°F/hr fluid temperature change rate, psi

., Mean radius of body wal]-at—crbpch_regioﬁ (NB-3545.2

(c)-1), in. '-

’

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

~9-
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ANALYSIS NOMFNCIATURE

Fillet radius of ecternal surface at crotch (NB-3545,2

(a)), 1n.

Disc.radius, in.

Shaft radius, in.

_ Mean radius of bo&y wall, in. o

Radius to 0-ring. in cover cap, in.

-

Assumcd maximum stress in connected pipe, for calcu-
latlno Pe (NB 3545S. Z(b)), 30,000 psi

D051gn stress 1nten51ty, (VB 3533), p51

.Sum of prlmary plus secondary stress intensities at - .
. crotch region resulting from 100°F/hr temperature change:
-~rate (VB ~3545.2), p51“ !

. Fatlgue stress intensity at inside surface in crotch

region resulting from 100°F/hr fluid temperature
change rate (NB-3545.3), p51 .

Fatzguc stress intensity at outside surface 'in crotch
region resulting from 100°F/hr fluid temperature
change rate (NB-3545.3), psi . .

S(l) through S(71) are llsted after the: alphabet1ca1 section.’

"Minimum body wall thlckness adjacent to crotch for

calculatlng thermal stresses (NB-3545.2(c)-1), in.

X Mlnlmum .body wall . thickness as dctermlned by NB- 3541 in.

Maxlmum effective metal thickness in crotch reglon
for calculatlng thermal -stresses, (NB-3545. 2(c) - 1), in..

Maximum magnitude of the difference in average wall
temperatures for walls of thicknesses tg, Te, resultlng
from 1.009F/hr £luid temperature change rate, OF'

Thlckncss of cover cap behind bolt head, in.

Thlckncss of shaft behlnd spring pin, in.

Thlust collar thlckncss, in.

-, Cover “cap thickness, in. - S

. Adapter plate thickness, in.






.Opcrﬂtbr weipht, pounds |’

<

ANALYS1S NOMENCLATURE

Thickness of bottom bonnet plate, in.,

Thickness of top bonnet piatc, in.

Area of bottom bonnet wcld 1n?

Areca of top bonnet weld 1n2

-

Shaft bcar1ng cocfflcnent of’ frlctlon

'Maxlmum required opcratlnb torquc fcr va]vc, in- lbs.-

Bcarlng friction torque due to pressure loadlng (shaft

Jouznal bearings) .

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

"Thrust bearing friction, torque

Distances to bolts in bolt pattern

Distances to ‘bolts in bolt pattern

Distances to bolts in bolt pattern

. Distances to bolts in bolt pattern

Distance ﬂtO'bplts‘in‘bdlt pattern

qutance to bolts in bolt pattern on bonnet,
Distance to bolts in balt pattern on bonnet,

* Total bolt ldud, pounds

Valve weight,pounds

“Banjo weight,pounds

on adapter

on adapter

on adapter
on adapter

on bonnet,

' Distance to bolLs in bolt pattern on bonnet,

ﬁlgte,'in.”
plate, ;n..
plate, in. .
plate,.in.
in,

in,

in,

in,

Bonnet: and adnptur platc asseth) v01ght *poundq

Weld siz2e of disc structura] welds,

x
=

in.

-11-



ANALYSIS NOMENCLATURE

. y-axis, in.

Bending sSection modulus of bonnet welds along
x-axis, in. :

Bending section modulus of bonnet welds along

v

Torsional section modulus- of bottom bonnet welds,
1nc " »

?orsional section modulus ‘of top bonqet welds,
in.

Distance to edge of disc hub, inches’
Maximum static deflection of component, inches .
Shaft bearing coefficient of friction'

Bearing friction torque due to pressure loading
(shaft journal bearings) '

Bearing friction torque due to pressure loading
Plus seismic loading (shaft journal’bearings)

Thrust bearing friction torque

-12-
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ARALYSIS NO UENCLATURE

¥

S(1)

_s(2)-

- S(4h)
S(5)
:5(6)
. S(7)
- s(8)

$(10)
S(11)

5(12)."

sfls)

S(14)
S(15)

S(16)

S(17)

‘5(131

Comblned bendlng stress in dlSL, p51

Bending stres$ in disc due to bcndlng along the
shaft, psi - -

-

Bending stress in dlSC uue to bendlng about the
shaft, psi

Shear tear out of shaft’throuéh disc,'pe?,.
Combined strése.in shaft,ﬂpsi' S
Combined 'bending stress in }haf;;ﬂgsi,u
Combined suear‘stress in -shaft, péi

Bendlng stress in shaft due to seismic and. pressure
loags along X axls, psi n’ ! . .

Bendlng stre’ss. in shaft due’ to selsmlc load along"
Y axls, Ppsi ) X o :

Torsional shear stress in shaft due’ to operating
loads, p51 N

»

- Direct shcar stress .in shaft due to pressure and
seismic loaus, psi . .

A

Tor51onal shear stress’at. reduced pin cross-
sectlon, psi .

-~~~

Combined shear stress in pin, psi . .
" Direct shear stress in pln due to selsmlc .
load, ps1 .o BRI

Shear stréss in pin. due _to- torsional load
p51 .

Bearing-stress on pin, psi

Compressive stress on shaft bearlng due tc seismic and

* pressure loads, psi

Shear tear out of cover cap bolt through tapped hole in
bottom trunnion. . . .
Shear tear out of cover cap bolt through cover cap, psi

I3
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O . ANALYSIS NG/ENGLATURE - o

é;eﬂ S(20) Comblned stress in cover ‘cap bolts, p51 | o . A ‘

’ \‘« ::? . - . ) .. ’ L

. S(21) Shear stress. in -cover caj: bolts due to torsional

S "loading, psi l ' o ]
. S(22) Direct tensile stress in cover. cap bolts due to o,
' ' -, seismic and pressure Ioads, psi . ' ’
: '.8(23) Comblned sxress in ‘cover .ap,,p51 ;_' - .

- S(24) kadlal stress in cover cap, p51 o

- .SLZS); 1angent1al stress in cover cap, psi

.

. S(26) . Shear stress in. cover cap, -psi S ._;
S(27) ZBcarlng stress on thrust collar, psi .. IR
- 5(28) , Shear }oad on thrust collar spring pin, pounds -. ;,

S(29) Bearing‘stress'of'spriné”éin on thru§t‘cc11ar, psi = -

- . .l

_S(30) Shear tear out of Sprlng pln thrOUgh thrust-collar, psi

S(ol) Shca1 tear out oi sp11ng pln through bottom of )
"the shafx, psi . _ e ‘o

.
« x







ANALYSTS NOiIENCLATURE

$(32)

. $(33)
"s(34)
'5(35)

S(36)

5(37)

S(38)°

S(39) -
'5(40).

S(41)
.'S(82)

-$(43)
S(44)
S(45)

S(46) -

Shear tear, out of trunnion bolt through tapped hole

in trunnlon, pbl

.

»

Bearing stress of trunn1on bolt on tapped hole’ 1n

Llunnlon, pbl

Bcdrlng stress of trunnlon bolt

bonnet plate, psi

plate, psi

L3

on. through hole in

Combined stiess in trunnion bolt, psi

moment, psi

Direct snear stress in trunnion bolt, psi

¢

.- Direct tensile stress in trhnnion bolt, psi’

"Shear tear out of trunnion bolt head through bonnet

zTen511e stress in trunnion bolt due to bendlng b

Shear stress in trunnion bolt due to ‘torsional load

psi -

Shear téar out .of operator bolt head througn hole . :

in bonnet psi

Bear;ng stress of operator bolt’ on through hole in

bonnet, p>1

Comblned stress -in operator bolts, psi

L

- Direct. ten511e stress ip operator bolts, p51

Tenslle .stress in operator bolts due to bcndlng

moment, psi

«

L

- ————— i o—— T %

"+ Direct shear stress in aperator bolts, psi
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ANALYSIS NCHENCLATURE

S(47)

S(48)

'$(49)
-§(50)

S(51)
5(52)

S(53)

S(’s4)
S(55)
S(56)

L IS(57)
'S(58)

S(59)

S(60)
S(61)

S(62)
S(63)

5064,

S(65)

S(66)

Shcar stress in operator bolts due to tor51onal
loads, psi .

Combined stress in bonnwt body,. p51
Dlzect tenslle stress in bonnct body, p51

Tensilé stress 1n bonnet body due to- bendlng moment,
psi ' .

Dlrect shear stress in bonnet body, p51

Shear” stress in bonnet body due to tor51onal load'
psl . . »

5Comb1ned shear stress 1n bottom bonnet weld psi

Total’ ten511e stress rn bottom bonnet weld, p51‘

Direct ten511e stress in bottom bonnet weld psl'

ilenslle stress*ln -bottom bonnet weld due -to bendlng

moment; psi

-

Total shear. stress in bottom bonnet weld p51
Direct shear stress in bottom bonnet weld p51

Shear stress in bottom Lonnet weld due to tor51onal
load, psi

- N Ll

v

Combined.shear stress' in ‘top-bonnet weld,'psi:
_ Total tensile stress in top bonnet weld; psi

"Direct tensile stress in top bonnet weld, psi

Tensile stress in top bonnet weld.due to bendlng
moment, psi

Total shear stress in top bonnet weld, psi
Direct shear-stress in top bonnct'weld, psi

Shear stress in top bonnet weld .due, to torsional
load, psi

)







ANALYSIS NOHENCLATURE SR -

S(67). Combined stress in trunnion body, psi
S(68) Dircct tensile stress'ir tfuﬁnion body,'psi
"5(69) Ten51le stress in. trunnion body due to bendlng momeﬁt,
.o psi :
© - S¢70) Direct shear stress invrrunnion body, psi .
S(71) :bhear stress in trunnlon body due to ‘torsional
load,: p51 .o .
® -
(.{\ - :
,‘ - » . .
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®. . . . SUMMARY TABLE INTRODUGTION = * ' - S

o * " In the followiné pages, the pertinent-daté for the butter-
fly valve stress analysis .is. tabu]ated in three categories:
. 1. Stress Levels for Valve Components- '
2. N;turallFtequcﬁcies'of Components

3.° Valve Dimensional-'Data

In Table 1, Stress Levels for Valve Components, the follow1ng
~data is tabulated L R T _ o

Compogent Name . . |

Code Reference (when applicable)

Stress Level Name and Symbol. . ’ . -

FONg " Analysis Reference Page
&t 0, Material Specification' ’ )
‘. - Actual Stress Levcl ' ' '

Allowable Stress Level
The material qpec1f1catlons are taken from Sectlon II of the
.code when appllcable. Allowablc stress levcls are Sm for . ‘
. tcnﬁlle etres:es and .6 Sm for shear streqscs. The allowable
" levels are the same whether ‘the calculated stress is a comblned
stress or results from a 51ngle load’ condltlon. Sm is the-
.dcszgn strcqs.lnten51ty value as defined 1n Appendix I, ablcs
I-7.1 of Scctlon III of .the code. _ . .
. In Twh]c 2, Nlturnl Frequencics of Valve Componente, the.

E £olloulng data is tabu]ated

R
. s
s . AR P
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Sunmary Table Introduction

:Compéncnt Name o
Natural Frequeﬁc& éxmbol ‘ o o
. Analysis Refercnce Page
‘Component Material ' _ : : S '.‘ .
) Natural Frequency . ' . C

In Tablc 3, Valve Dinicnsional Data, the values for the

pertlnent valvc dimensions and parameters are g:ven.
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TABLE 1 STRESS LEVELS FOR @CVE coPoNENTS
. ALLOWABLE '
CODE REF. REF, . STRESS STRESS LEVEL -
COMPONENT PARAGRAPH SYMBOL & NAME PAGE MATERIAL LEVEL, PSI PSI
Body NB-3545,1 Primary membrane P - sm 1
ctress: in Crotoh m 35 |ASME SA-516 GR.55 3¢a 13700 .
«|Primary membrane p! ASME SA-516 GR.-55. Sm.
stress in body m 36 : 94-i 13700
NB-3545.2  |Primary plus Q : o . ’
: secondary stress due| P 36 ASME SA-SI?' GR.55 2. 860 5o
L 13700
to internal pressure ‘
NB-3545.2  |Pipe Reaction ASME SA-516 GR.S55 1.5 Sm S
stresses . 20550
Axial Load | Ped 36 2655,
Bending Load | Peb 36 Al oo
Torsional Load | Pet 36 Aloco
NB~3545,2 zgizgzl Secondary Qe 38 ASME SA-~516 Gr.55 Nes ) Sm
“13700
NB-3545, 2 Primary plus 5, 38 |ASME SA~516 Gr.55 3Sm
secondary stress Ti09 41100
NB-3545,3  |Normal duty fatigue |S§ - . |ASME SA-516 Gr.55 | sm -
stress Na > 2000 p 38 5469 | 13700
. |
Disc NB-3546.2 Combined Bending S(1)' | 39 |ASME SA~516-Gr.55 15971 ' 1.5 Sm
stress in disc . . . 20550
NB-3546.2  [Shear tear out of S(4)" | 41 |ASME SA-516 Gr.55 . J6Sm
shaft thru disc Q16 8220
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TABLE: 1 ' STRESS LEVELS FOR VALVE COMPONENTS
) ALLOWABLE ]
CODE REF. . REF, STRESS STRESS LEVEL
COMPONENT PARAGRAPH SYMBOL & NAME - PAGE MATERIAL LEVEL, PSI PSI
: ) ! .
Shaft. NB-3546.3 Combined stress in |S(5) 42 |ASME SA-564 Type Sm
: shaft o 630 Cond. H-1150 1277AS 33700
NB~3546.3 Torsional shear s(12) ASME SA-564 Type " | .65m
. stress at reduced-. 43 630 Cond. H-1150 SToo 20220
N pin cross-section : ‘ s = )
Disc Pin |NB-3546.3 |Combined shear 5(13) ASME SA-320 Gr. ' ' .65Sm
- stress in top disc- 44 . | B8M . 3928 8160
pin ! : . .
NB-3546.,3 _|Bearing stress on - |5(16) NSME éA-BZO Gr. Sm
. top pin 44 |psM - ' 17787 13600
Shaft Comprehensive stress| S(17) ASTM B-438 Gr, !l Sm
Bearing on shaft bearing 45  Itype II 2964 - . 4000
Cover Cap |NB-3546.1 |Shear-tear out of  |S(18) " hSME SA-516 Gr.55 . .6Sm
. - |Jcover cap bolt 46 ‘7 8220
through tapped holes 38
in bottom trunnion .
NB-3546,1 |Shear tear out of  |S(19) ASME SA-516 Gr,.70 .6Sm
. cover cap bolt head . 146 2.0l 10500
thru cover cap ]
NB-3546.1 |Combined stress in _[s(20), | . PSME SA-193 Gr.B7 Sm
cover cap bolts : l4ae : - 5973 25000-
Combined stress in |S(23). \SME SA~516 Gr.70 Sm
- 46. 2698 | 17500

cover' cap
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TABLE 1 . 'STRESS LEVELS. FOR VALVE COMPONENTS ° )
) _ ALLOWABLE
. ° | CODE REF. REF. ] STRESS STRESS LEVEL
COMPONENT | PARAGRAPH SYMBOL & NAME PAGE: MATERIAL LEVEL, PSI PSI
Thrust Bearing stress on s(27)| - SAE~660 Sm
Bearing thrust collar 49 | 74- 8800
Shear load on thrust | S(28)] - AISI 420 Pm
collar spring.pin 49 29] 1540%
Be'a{ring .stress of s(29) SAE~660 Sm :
. spring pin on 49 . 11471 8800 ,
thrust collar
Shear- tear out of S(31)'. ASME SA-564 Type . e 6Sm
spring pin thru . 49 | 630 Cond. H-1150 832" 20220 -;

bottom of shaft. )

B . amw
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TABLE 1 STRESS LEVELS FOR VALVE COMPONENTS
) ~ ALLOWABLE
-| CODE REF. - C ‘| REF. STRESS STRESS LEVEL':
COMPONENT PARAGRAPH . SYMBOL & NAME PAGE MATERIAL " LEVEL, PSI - ;PSI '
‘| operator Shear -tear out of s(32)| 50 |ASME SA-516 Gr.55 |- .65m
Mounting trunnion bolt thru : A3IB3 8220
: tapped hole in - ’
trunnion ‘ : B S _::

‘|Bearing stress of. S(33)} ASME SA-516 Gr.55 - Sm ‘
trunnion bolt on -} 50 |- : . 3560 4- 13700 :
tapped hole .- = . !
Bearing stress Of S(34) ASME SA-36 Sm 7
trunnion bolt on thry 50 p 12600 \
hole in bonnet . 4505
Shear tear out of S(35) | ASME SA-36 - .Ggm
trunnion bolt head.’ 7 a9 560
thru bonnet 52 :LZLA: \
Combined stress in 5(36) ASTM A-193 Gr.B7 Sm !
trunnion bolt | 52 - 2397 25000 i

i
g " = '
Shear tear out of s(41) . |ASME SA~36 . «6Sm X
- operator bolt head 52 999 - 7560
. thru hole in bonnet .
Bearing stress of S(42) |: ASME SA-36 - Sm
operator bolt on 52 12600
thru hole in .bonnet ’ 35837
Combined stress in | §(43) ASTM A-193 Gr.B7 : Sm
operator bolt 54 13-3731 25000
Combined stress in | S(48 ASME 5A-36 : Sm
ombined s { (48) 54 s 2908 12600

(=X #

<o

{

™
it
y .

bonnet body
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STRESS LEVELS FOR VALVE ‘COMPONENTS
_ " ALLOWABLE |
- CODE REF. 4 REF. . STRESS STRESS LEVEL
COMPONENT PARAGRAPH SYMBOL & NAME PAGE MATERIAL " LEVEL, PSI PSI
Operator Combined shear stresd S(53)| 56 9253 ~6Sm
Mounting in-bottom bonnet ' 7200
Cont'd welds
Combined shear stresd S(60)| 57 o .6Sm
in- top bonnet welds S37 7200
1
Combined stress ‘'in S(67)| 58 |ASME SA~516 Sm
trunnion body Gr.55 27786

13700

o~

S T




Table 2 NATURAL FREQUENCIES OF VALVB COMPONENTS |
. ) Natural . Natural .
Component Frequency Ref. R . Frequency
Name - Symbol Page "Material (Hertz)
Body F . =
N1 59 ASME SA+516 )
: Gr. 55° 13825
Banjo Fr2 60 "© |ASME sa-564 _765
- Type 630
Cond, H=1150
Covexr Cap F . 60 ASME SA-516 --4:1' g__
' ?‘3- Gr.70. l
‘Bomnet . FNa 61 ASME SA-36 : 3.8 3 :

g
.

» .
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DIMENSIUNAL DATA

Job Number: D—=2A923 (D-toaft ==

Operator Mounting: -v== R~NNPT

Valve Size£

Operator:_

EAREY.I

-8

_S2) e -SSR 6o

35,2

9.4
£.59

OSC’_= L

249

 AB. 29

2A0..5])

' 0TTR

c OLR

“OA—O"

. 95’ L S8

] ’A.ﬂ.

’050
«So .

S

il

4

- 'é"lhéﬁg." -
b 068

\q

142

126

L

2.5

»
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* ANALYSIS INTRODUCTION ' . "

Dcscrlbcd in tﬁe following pages is;tﬁc analysis‘used in
;er1fy1ng the structural adequacy of thc main elements of the
NRS butterfly valvc. lhe ana1y51s is structurecd to comply
v1th Pardgzuph NB-3550-0f Sectlon III of the ASME B01ler and

Pressure Vessel Code (hcrcafter referred to as the code) In

_the ana1y51s, the .design rules for Class 1 Valves are used,
'.51ncc ‘the rcqulremcnts for this class of valve 1s much _more -

exp11c1t thdan for elther Class 2 or 3 de51gn rules. ‘The de-

51gn rulcs for Class 2 and 3 are exceedcd by the rules ‘for

Class 1 Valves.

»

Valve components are analyzed under the assumptlon that’
the valve is cither at maximum fluid dynamlc torque or seatlng
against the maximum- design pressure.” Analysis temperaturé is

3000F. Seismic accelerations-are simultancously applied

4dn each of three mutually pérpendicular directioms.

Seismic loads arc made an ‘intcgral part of the analysis

‘by the inclusion of the'accelefation constants gx, gy, gz.

The s)mbol gY, gys &2 ropresent accelcratlons in the x, y and

* 2 d;lectlons rcspectlvcly ‘These - dlrectlons are deflned w1th

Trespect to thc valve body centgrcd co- ordlnate system as 111us-

tratcd in Figure 1. Spcc1f1c111y, “the x axls 1s along the p1pe

axis, the z axis is along the shaft axls, and the y axis is.

mutually perpendicular to’ thc X and 2 axcs, form1ng a r1ght

- hand triad with them.

. J ) .
A . B . g . . V.
- . ) -?8-
. N 4
.

= meis wemews - e - . © e —— A a—




o et vrman S =
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BODY
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Analysis Introduction

:Vaive orientation with respect to gtavity is taken into‘
account by adding the approprlate quantlty to the seismic
loads. The Justlflcatlon for dOLng thlS is that a graV1-
tatlonal load is completely cqu:valent to alg selsmlc load .

- The. ana1y51s of each main element or. sub- -assembly of the

-

butterfly valve is descrzbed separatcly 1n an approprxately
titled section. In addition to contalnlng'sketches where
appropr ate, each sectlon contains an explanatlon of the basis
for each calculatlon. ‘Where. appllcable, 1t also contalns an

.interpretation of code requirements as they apply to the

»
» . . . . . s

analysis.,

¢ T

rlgure 2 is a cross- sectlon view of the butterfly valve,

-

and its associated components. Detalled shetches are prov1ded

-

throughout the report to. clearly deflne the geometry. R

.
« . «
.
.

-30-
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Disc Analysis . <

’ “n

. . . o
. -

e . .. ‘ w . . R
. .

"y

. 2

&@‘* - . .
.

—— .
.

. Shear Tear Out‘of Shaft

. -

The-disc is designed so the minimum thickness of material surround-
ing the shaft extension in the disc is above the shaft on the arch

side. The loading is due to both seismic and pressuré loads.

.S(4) = = P_R,2 +W \/g12+ 2+g2'~; ~ ‘
" -5 42 Z2 VX gy & = Shear tear out shaft
. 2Lg(K,+D, (1-SIN 45°)) . through disc, psi.
. . |
P i . 1
- * [}
e d

., . .

41
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’{, g " SHAFT _ANALYSIS . - .
\\w; The. shaft is analyzed in accordance w1th Paragraph NB-
3546 3 of Scctlon III of the Code. . The shaft 1oad1ng is a com-
blnatlon of selsmlc, pressure and operatlng loads. Max1mum
tor51ona1 10ﬁd1ng is elther a comblnatlon of seating and bearlng

. torque or bearing and dynamic torque. Columnar stress is not
conszdered in the shaft.loedlng due to‘its'.negligible‘effect

:on the stress 1evels. Figurefz shoys.tﬁe banjoiassemblx with.the

through shaft.

Shaft stresses due to pressure, seismic and operatlng loads:

" S(5) = 5(6) + (5(6)2+4 S(7)2)% ,
- 2 .. Z
: - where . _ )
. ./-..‘ ’ ) . ; ) . . oA B
(:!D) . . 8(6) = (S(8)2+5(9)2)* o = Combined bending stress, psi -
L - S(8) = (nR42Ps+W2gx) 28 B1R5 = Bending tensile stress '
- .25 Red -+ due to pressure and seismic .
5 1oads:a10ng X axis, psi.
) S(9) = .ZSWZgY'Ble L _.= Bending tensile stress due
: , .25 7 Rgd - | ., to seismic loads along
’ - - y axXis, psi-.
S(7), = (S(10)2#S(11)2)% = Combined shear stress, psi
e . S$(10) = TgR§ < S Torsiénal‘shear stress, psi
' ‘ ,,51rR521 ' :
©S(11) = 1.333] .5uRy2Pg+.5W(gy+g,2)% [ © = Direct shear
W nRsz- stress, psi

Also worthy of attcntlon is, the tors:onal shear stress _at the

rcduccd cross- soctlon where the pin passes through the shaft.

42
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END CONNECTION ANALYSIS

a

The NRS butterfly valve is a uniflange design. Rather

_than hdving.flangcs that are‘extbrnal'to ahd distinct from

the body, the body shell is‘faﬁxicatcd so that the end -

conncctions are machined diréétiy into the ‘body‘shell., The

outside and insidc-diaﬁcfer of the body shell cénﬁorm to the

»

requfrcmcnts.of'xhe'American National Standards Institute

“or weld end, also.conform to this standard. .

-

. (ANST) stahdard‘BIG.S._ The end connéépions, either flanged -
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BODY ANALYSIS

The body analysxs con51sts of calculatlons as detalled

:in Paragraph NB-3540 of Sectlon III of the’ Code. Paragraph

_ NB-3540 is not'hlghly orlented to butterﬁly valves as related
_to varlous deszgn and shape rules. Therefore,‘certain of .the
design equatzons ‘cannot be dlrectly applled for butterfly
valves. Where lnterpretatlon unlque to the calculatlon is’

'-necessary, it is explalned in the subsectlon contalnlng that

03
. calculation descrlptlon. ) C "

.

Figure 3?illuetrates the essential features of the

.body geometry through the trunnion area of the valve.- The

symbols used to define Sp&lelC dlmen51ons are consmstent w1th.

."those used in the analy51s and w;th the nomenclature used 'in

.
LY L
.

- the Code.

.

1. Minimum Body Wall Thickness

»
N

-_faragraph NB-3542 gives minimum body wall thickness re-
quirements for standard pressure rated valves.

s

The actual minimum wall thickness in the NRS valve occurs

between the flange bolt holes and body bore.

«

-33~
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Body Analysis .

2.

.wall thickness.

Body Shape Rules - o

The NRS valve mcets the requirements. of Péraéraph

'NB-3544 of the.code for body.shapeiruiqs. The ex-

ternal fillet at trunnion to body intersection must’

‘be greater than thirty percent of the minimum body

.

Primary Membrane Stress Due to Intérnal Pressure -

Paragraph NB-3545. 1 deflnes the maximum allowable
stfess in the neck to flow passage Junct1on. In é-

butterfly valve, thlS corlesponds with the trunnion

"to body. shell junction. Figure 3 shows ‘the geometry

through this scction. T A E

.

The code defines the stresses in 'this area using

the pressure arca method. : As seen in- Figure 3, certain

code- deflned dimensions are-not appllcable to thls
style of buttcrfly valve. For cxample, there is no

radius at the crotch when scen in a view along the

fldw.pattern, as the neck extends.tq the face of the

"body. To.comply with the intent of the code, the

arcas Ay and A, are interpreted as shown in the cross-

(54

section (Figure 3).. Using thcsc areas, the pr:mary

membranc stress-is thcn cnlculatcd

(AF/Am"' .5) ps

<35«
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Body Analysis

4” "

x -

As;an alternate method of determining the primary

membrane .stress, an equivalent analysis for primary ‘ ’
membrane stress is applied to an area aWay .from. the

trdnnions.f In thcsc areas, the metal. area and fluid

LR

"area are as, ehown in Figure 4. : Since the depth of

.the metal arca 1s equal to the depth of the fluid area,

the ratlo Af/Am 1s equlvalent to the mean radlus of
thc body over the thlckness of the body shell Rm/Hg

The prlmazy membrane stress through thlS sectlon 15'

[ . ¢

.
v
. . . . . v
¢ en: * . o
[ . . '
. . [ . . . x e > .
«

T Pr % (Ry/ligh.S) P

Y

Secondary Stresses

AI Boe& Primaryzplhs secohdaty streés eue th}internal
_bressure: 'Parahtaph NJ-3545, Z(ai of Section TII
. :of the code deflnes the formulas used in calculatlng
thlS stress. 7
Qb = Cp.|ri + S Ps

'B.,Sécbndary stress due to pipe reactioh{ . Paragraph

|
'_ NB-3545.2(b) gives -the formulas for finding stress ,_i )

.duc -to pipe rcaction.

Pog = FgS ™ - (Diredt or Axiai Load'Effect);
; . Gd L .
-~ Peb = CpFpS (Bending Load Effect)
Gp .
Por = 2F,S (fors;onai Load Effect) .
o0 -
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Body Analysis | . . =; "o, "
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Cc. Thermal sccondary stress: Paragraph NB-3545. 2(c) ' N

of Sectlon III of the codc glves formulas for
determlnlng,the'thermal secondary stresses in r
the pipc: L
’ -Qr = Qrz * or2
Where .
: . '11 ' QT2 = C6C2AT2
. D.'Prlmary plus secondary stresses. Thisﬁcalculation
- is’' per Pdragraph NB-3545.2 and 1s 51mp1y the

sum of the thiee previous secondary stresses. ’

o . B Sn =.Qp *. Pe "+ 2Qr2 2 35Sy

—.."_\ . - "
(g~ 5. Valve Fatlguc Requirecments
’ v .

Paragraph NB- 3543.3 of Section IIT of the code deflncs

requirements for normal duty valve fatlgue.
. ’ '; The allowable stress level is found flom Flgure
I- 9.0.' Slnce the number of cycles is unknown, a maximum
value'of 2,000 is assumed. The allowable stress can
then be found Iron Figure I-9.1 for carbon stecl This
then gires an'allowablc stress of 65,000 p51.'
Spl ="2/3 Qp'+ Peb/2 + QT3 +.1.3QT1 -

S 04 Qp + Peb '.*' 2Q’l‘3. ,

p2
Where: '

Qp3 = CiC34T3

(¢
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DISC ANALYSIS

-Scction NRBR-3546.2 defines thc"hesign requirements of the

«valve disc. ' Both'primary bending anﬂ'prihary membranc stress

are mentioned in this section., For a flat p]ate such as the

,buttcrflf valve dlsc, membrane stress is not deflned until the

.-

deflcctlon of the dlqc reaches one-half the dlSC thickness.

Slncc total deflectlon of the disc 1is much less than one- half

’

the thickness,,membrane stresses are not applicable. to the

analysis.

.

Figuré 5 shows the disc for the NRS butterfly valves.

The disc is designed to provide a structurally sound pressure

retaining component while providing the least interference

to the flow.

i

Pr1ma1x Bcndlng Strcss - : m. c ';-

Due- to the manner in whlch the dlSC is supported the disc

-

experiences bending both along the shaft axis and about the

shaft axis. The comblncd bendlng stress i5 maximized at the

disc center where the maximum moment occurs. The moment is a

result-of a uniform pressurec load.

Combined bending ‘'stress in disc:

»

S(1)
thrca

S(2)

’

épsi

n

(S(2)% + s(3)2)%

90413 PgR43C7 - Bending stress duc to moment

I, - along shaft axis, psi
.6666.PSR4?C3 = Bending stress duc to momcnt
} about shaft axis, psi

I

-30-
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‘ ' SHAFT ANALYSIS

The shaft is analyzed in accordance w1th Paragraph NB-

LG:S of Section III of the Code. . The shaft loadlng is a com-
1ation of seismic, pressure ané Operatlng 1oads. Maxlmum

51ona1 load1ng is either a comblnatlon of seating and bcarlng
1que or bearlng and dynamic torque. Columnar’ stress is not
sidered in the*shaft.loedlng due to_its',negfigible,effecc

the stress levels. Figurefz shoys.cﬁe panjo.assemblx with the

rough saaft

Shaft stresses due to pressure, seismic and operatlng loads:

TS(5) = S(6) + (S(6)2+4 S(ND)%
- 2 .. . 2
where . , .
S(6) = [(S(8)'2+S_(9)-2)1i ' o = Combined bending stress, psi
S(8) = (TR42PS+Wpgy) .25 BjRs = Bending ténsile stress '
; 3 -« * due to pressure and seismic .
T .25 Rg . . .
" loads along x axis, psi.
S(9) = .25Wpgy BjRg .= Bending tensile stress due
' 25 7 Rgd | i to seismic- loads along
: C . y axis, psi’
S(7) = (S(10)2+#5(11)2)% = Combined shear stress, psi
S(10) = TgR§ S - = Torsional.shear scress, psi
©USwRgd '
S(11)" = 1.333| .5uR4%Ps+.5Wp(ge2+g,2)% [ © = Direct shear
"RSZ ’ ) stress, psi

1so worthy.of attention is. the torsional shear stress at the

cduced cross-scction where the pin passes through the shaft.

‘ .
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Shaft Analysis
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. DISC PI:! ANALYSIS .
As seen in Figure 2, there is one through shaft and ’

C‘? - one disc pin. The pin is subject to _'seisn;lic apél torsional
o loads. L g . i E

'QOmbined shear stress in top disc pin:,

tS(13) = (S(14)2+5(15)2)*%

. Diréct stress on disc pin due .to seismié loads:
. T S(18) = Wog, - " | o

| ' 2N; (.785)Dg% . , E
) To}§iona1 shear.stress in disc pin:
:é,, §(15).= 'Tg-.5Ug ,
2N;Rg.785D 42 ‘
Bearing stress on disc pin:
S(16) =  Tg-.5Ug -
. 2R5K2D3Ny ]
Where:
Ug.= .785(2Ry)2PgUsRs
v ' _ Po = Actual Shut-Off Pressure
44




19° .
'\\.\ SHAFT BEARING ANALYSIS. ' coe
N ' "* * ! .
The sleceve bearings in the trunnion (Figure 2) are sub- °
jected to both scismic’ and pressure loads. ° o )
- C T e117) = #DaRa2 244024
< 7 = P 241y + g1 2 . ,
. S(17) = #PgR4“+W2 (gx+gy?) . % Compressive sstress on
g . PR © S, 2.Lghy - .shaft bearing, psi
- '. * - * .‘ . .
‘g .- .o . _
! . - ¥ .
%’:} ‘- ’ . b ! . ‘
(1“5 . . ‘ oL . .



COVER CAP ANALYSIS

“'w

Figure 6 shows the bottom trunnion assembly, including the cover

cap and cover cap bolts.

1. Cover cap bolt stresses:
The cover-cap experiences loading from the weight of the banjo
and from pressure loads. In determiningj§tre§s<1ev3155 the bolts

are assumed to share torsional and tensile loading equally.-

~*Shear tear out of bolts through tapped holes in.trunnion:'

500 = vy et ¢ v n %
.- 4 Lz 2.83 D4 )

- v¥%Shear tear out 'of ‘bolt-heads through cover cap, péi:

-’
‘g et

©§(19) = W, ‘/gx2+g)‘,.2+gzz + 1w Pg Rg2

. ~4°T; 5.2 Dg

- .>Combined stress in-bolts, psi:

~2:8(20) = S(22) + ('8(22)2 + iS(Zi)z )k

2 2
~>Where:
-S(21) = .25 W, ‘/gx2+gy2+gzz (D, + .66 (D;-D,))
<707 Hy 4 A,

.= .Shear Stress in Bolts Due to Torsional Load.

46
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Cover Cap Analysis

S(22) = W 24g.24g5.2 + " Ps Rg?
(22) 2 ‘/éx 8y~ "8z S 70 - Tensile Stress in Bolts

. 4 A, . .. Due to Seismic And
: ? Pressure Loads, psi

i...Cover cap stresses:
The combined stress in .the covercap is calculated using the follow-

ing formulas:

S(23) = 8(24) + S(25) + ((S(24) + S(ZS))zj 4S(26)2)%
* 2 . 2

- (8

Where;‘ K .
S(24) = 3(.785 (Dg + .25)% Pg + Wog,)
43 T4

= Radial Stress

- §(25) = 3(.785(Dy +..25)% Pg + Wpg,)

. = Tangeﬁtial Stress
. 4 T T42m' T

S(26) = .785 (Dy + .25)2 Pg-+ Wpg, :
i — = Shear Stress

x (Dg + .25) T,

48

.2
e
RTTE SRR RS IARLZE (4%

EL]

»
»
PO TY R WL

s lé_L:

.
» . . .,
PR T a O L P ]

NSOl PL SO N

o



*

/*:

ﬁW"

:THRUST BEARING ANALYSIS

As seen in figure 6, the thrust bearing assémﬁly is 1oc£ted in the
bottom trunnion. Lt provides restraint for the banjo in the z
ditecfion, gssﬁring that the disc edge remains correctly position-
ed to maintain optimum sealing. Formulas;usea»to analyze the

assembly are given below.

..1. Bearing stress on thrust collar due to seismic and pressure

loads: ' .
.8(27) = Wz véx2+gy2+gzz + w Pg Rsz . - ' *

.~785 (Dy2-(D,+.25)2) °

..2. 'sShear-load on thrust collar spring pin due to seismic, pres-

"“wrsure and torsional loads: o

. .
( ,:".;

) TN e ®

.25 Wpg, (Dy+.0833+.66 (Dy-D;))\2 %

- -8(28) = (Wog,+ m Pg Rg2)2 +
f . ) ‘RS

»®

P F

3. :Bearing stress of spring pin on thrust collar:

'~ 78(29) = ((Wpg+" 7Pg Rg2)2 + (.25 Wpg,) %)%

Dg (D4-D3)

--4, ~Shear tear out of spring pin through bottom of shaft:
%S(31) = Wyg, + mPg Rg? ' ' S

:..2D, T,
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. OPERATOR MOUNTING ANALYSIS

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

\;Z ‘the operator housing, and the bolt connections. The elements of

the assembly are shown in.Figure 7.

1.

()

..
Pt
Y
(]
(e .
.

(v)

(c)

tions:

Bolt stresses and localized stress dué to bolt loads. The

following assumptions are used in the development of the equa-

A. Torsional, direct shear, 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 proportional to its

distance .from-the neutral bending axis.
il

Shear tear out of trunnion bolt through tapped hole in top

trunnion.

= 240 2+0 2
S(32) = F #W, [g Pg Z+g, . MWy M (I

272 TRYA 2
4 . - 23,%42(3p4H)2 23 %42(3, +H,)
.9#‘L4D7
Bearing stress on tapped holes in trunnion. T
S(33) = M, + T (F 2+F, 2% W, (g 2+g, D)%
_ 2z 8 . X Yo, 4 ‘5x Sy
4(.707 Hy) 4 4

Bearing stress on through hole in bonnet.

o\

S(34) = M, + Tg (F 2+F, D)% W, (gx2+8y?)?

. + -+ - -
4(.707 Hp) -4 "4

D7Tg

50
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Operator Mounting Analysis

.d. Shear tear out of trunnion bolt heads' through

bonnet.. : Co - ."~ L
S(35) = Fp+Wqg, 4 Myx(Jp+ip) + My (J1+Hy)
4 ' 2J922+2(Ja+H2) % T 2J12+2(J1+llp)?

5.2 DyTg

e. .Combined stress in trunnion bolts (See Fig: 8)

"S(356) = S(37)+S(38) , ((S(37)+S(38)2+4(S(39)+5(40))2)%
. z - I 2 T : :
Where LT

St37) = F,+W4g, = Direct Tensile Stress, psi

) "4 As )
N S(38) = MX(J?+H2) + My (Jy+Ha) = Tensile stress -
25,242 #1152 22 32 due to extended
_ J27*+2(J2*Hz) 2917+ ({1+H2? . mass bending -
: . . - "+ Ag s moment, psi
S rn 2ar 241 2. 241 S

§(39) = (P +Fy®)s+lg (gx“+gy")" . = Direct shear
- .' & Ag - T .Stress, psi

" 5(40) = (M *Tg) . e ._‘ =1Shea? stress due to
., 07 H2)4_A5' . L FOFS%Onal load, psi

. £. Shear tear out of operator bolt head thfbugh hole in
bonnet. 1_ _ )

L S(41) = Fy 4 My (J4+Hy) + My (T3+Hy)

Ny 2J4%+2(J4+Hg)%  2J32+2(J3+Hg) %
’ . 5.2 DgI7 B
g. Bearing stress on tapped holes in bonnet.
| S(42) 7= Mp#Tg | . (Be2+F,2)%
(.707 Hz)N2 Ny .
~Dgr7 . . B
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i Operator Mounting Analysis
{'Ii Op t : g - >4 »

“h. Combiﬁed'stresg in operator bolts (See Fig. 9)

S(43) = S(44)+S(45) + ((S(44)+S(45))2+4(S(46)+S(47))%)%
2 . .2 o ’
. Where.
| S(44jl= F, .= Direct ‘tensile streés, ps}
o . N2A7 .
'S(45) = My(Jg#Hg) - 7 4 My (J3+Hy) .= Tensile. stress
) — ; . due to bending,
2J42+2(Jg+Hg)2 - 2J32+2(J3+Hg)2  psi
. ) h :‘_'_Ayﬂ

'(Fx2+Ey2)35 = Direct shear étieés-;

..
‘. . o
- . " a
.
.
- *u
ut <
\ - -
{. D] . v : » .
.
. A . . : e * ..’ . . .
’ ] » ] . LIS
.
.
. .
. .
.
.

="M,+Tg . . = Shear stress due to torsion, psi .

~

(=5}

~—
L}

wn
~
R~
~N,
(-
[

(.707H4)N2Ag KIS

2. Bonnet Stresses
- ".The bonnet strésses are caiqulatéﬁ with the assumption
‘fhat loaHing is thfouﬁh ;ﬁe bolt épnnéctidné.as-ﬁreviously
“dofined. o

a. The maximum. combined stress in the bonnet ias calculated’

using the following formulas:

S(48) = S(49)+5(50) + ((S(49)+5(50))%+4(5(51)+5(52))%)"
2 2
;e = Combined stress in bonnet leéé
{j!':-' ‘, S(495 +.Fz+wagz = Direct tensile stress, psi

Bg
’ Y

-
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‘Operator Mbunting Analysis

5(50) = ﬁ;Bs +‘§;Bg = Tensile stress due to bénding
I7- I; moment, psi
Where .
. | .
S(51) = (F 2+F 2)'i'+ W, (g 2+g 2);i = Direct shear stress,
X'y 415 y psi
Bs
S§(52) =T Cp = Shear stress in bonnet body due to
Ko torsional load, psi
‘Where
T Torque, in-1bs.

‘Co -
Ko

Torsional constant for non-ciriular'cross section
Function of cross-section, in.

b. The maximum comﬁined,shea? stress in the bonnet mounting
plate to body welds was calculated using the following

formulas:

Bottom Bonnet Weld . . : ——
S(53) = (S(54)3+ 4S(SS)2)k = Combined shear stress in
2.7 - bottom weld, psi
Where

S$(54) = S(56) + S(57) = Total tensile stress, psi
S(56) = F,+W4g, = Direct tensile stress, psi.

N . .
S(57) = My , M _ i .

- Z% Bending tensile stress
S(55) = S(58) + S(59) = Total shear stress
S(58) .= (Fx2+Fy2)% + W4(gx2+gyz)%'="g§§ect shea? stress,
U

56



'Top‘Bonnet Weld

" Operator Mounting Analysis

S(59) = Mz+Tg = Torsionellshear stress, psi

23

(8(61)2+4S(62)2)% = Comblned shear stress in top

5(60) =
: . bonnet weld
- Where .. . . R
S(61) = S(6 3)+S(64) = Total tensile stress, psi
5 (S(§3) = F, = Direct tensile stress, psi
. U2 ,
= M, - M, ‘ C
S(64) 25 + fx = Bending tensile stress, psi
1 2. ot ) N ’ .
"§(62) = S(65)+S(66) Total shear stress, p51
. §(65) = (Fy 2,F 2)3 Direct shear stress, psi’
. ",
= M,+Tg = Tersional shear stress, psi

S(66)
. 24

'cm Trunnion Body Stress

The trunnion body stresses are calculated using the
following assumptions: R
" 1. .Operator loading is through the- bolt connectiens.
2. There is an cqual and Opposirc reaction to the bolt

loads at the body. -

57



Operator Mounting Analysis

‘The combined stress in’'the trunnion body was calculated

ps{ng the fdllowing formulas:

. .S(67)

Where

1 a

S(68)

$(69)

S(?O)

si71y

.0833KcKs3-7B>%  .0833K4Kc3-nB,4
5Ky 2 4Ks 2

(P 2+Fy B) Ry (g, Bog, By

. 0833 (K4K53+K5Ky3) -nBo4

S(68)+5(69) + {(S(68)+5(69))%+4(§(70)+5(71)) %)%
B S ‘

-

= F,+Wqg, . " = Direct tensile st?ésh,.psi_

K4Kg-.785B,2

(Mx+FyK6).SK4: + (§j+FxK6)’$KS .= Bepding tegsile.
stress, psi

64 " . 64

Direct shear stress, psi

K4Kg-.785B,2 - I

(MZ+T8).5(K42+I§52)15 =-Torsional shear stress,
. psi

-

32
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Introduction

'FREQUENCY ANALYSIS

. *

To calculate the. natural frequoncy of the various
componcnts of the NRS valve, a modcl system with a 51ng1e
degrce of frecdom is constructed The 1nd1v1dua1 com-

‘ponents and groups of componcnts are modeled and analyzed

-as restorlng spring forces whlch act to opposc the Te-

'_Spectlve welght forces they: are subJected to. The stat1c

deflectlon of the. component is calculated and is related

.-.to natural frequency’ as: E C . . .
Fp = _1 |k "
2w M
or T _ .
L4 < ' ’
Fn = .1—1 Y—& i , ’ v - .
‘ - 2n lay . : . i . .

or

X

Fp = [9.8Y¢ [ 7 - .
) A}’ . " . H " f

’

The analye:s detalls the equatlons and assumptlons

-

used in determlntng the natural frequencies -listed in

_the_summaly table. Sketches are provided where appropriate.

B. Valve ﬁody Assembly.

STHé_hod& shcll; as scen inhFigure 1, is assumed to.

" experience loading due to the entire valve weight.

Natural Flcqucncy of thc body shcl]

Fnp = (9. s) :
(Ayl ' ;

59
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Frequency Analysis

g ] . ' : - .
’ . "Where R : o S .

Ayq = Wilq3 . = Maximum defléction of body
. P g " shell duc to wvalve weight, in.

48 E Is
C. Ban1o Aqscmblx ' !
- B Flgurc 2 shows thc banjo assembly in-the body The- . . |

natural frequency of the banJo assembly .is calculated e

) using the f&Ilowing: ) < ) . o .
(AYZ . _ . U Z:s :' - I
Wher oL .o oo Coe -
Ay, = W7B13 1 e =' Maximum deflection of .
. i shaft, 1nches ' . o
. '_12 E 16 ' . ) . "3
‘ D. Cover Cap Asscmbly . o ) ‘“
(;:}ﬂ s " As.scen_ in Figpré_é, the cover cap shpports the banjo.

The natural frequency of the cover cap is calcqlafeduas

" follows:

FNs = (2&)" | T S |
R AYS' S : _ . : . C
. 'Qhere‘_ . ' . - . - a
By, = 3(m211)'w2 (.SD4+.125)2‘ = MaXimum deflection
.. 167E T43m% of.cove1 cap
- E. Bonnet Asscmﬁlx
: 'Figurc 7 shows the top trunnion assembly. The
following assumptions arc made in Ealculating'thc bonnet
.matural frequency: o -
I ,
v{',"‘
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Frcquéncy Analysis

"1. The worst valve assembly mounting position-is where

‘the bending moment. is predominant “in producing de-

flecction.: . . ) o Cewt

2. The bonnet is .assumed fixed at the top trunnion.

3. 'The adaptcr plate’ is assumed to. be. zntcgral with and

have a cross-section the 'same as _the component it

mounts T.O .

‘Natural frequchcy of.bonnet: _ S ':2.
- Fyg = R ) .
) : AY4 T - T
Where ) ‘ L _ '
.. byy = 1»33118.3+w4x33 + W3Z Hg? . o
. . SEIj ZElT R
- . » e . .. . . . o . s, -9“" . » ‘
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