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I. Introduction

This investigation has been-made- in response to a request by
the ¢ustomer/engineer for evaluation of containment isolatioq/purge
valves during a faulted condition arising from a loss of coolant
accident (LOCA), |

The analysis of the structural and operational adequacy of the
;aive assembly under such conditions is based principally upon
containment pressure vs. time data, system response (delay) time,,
piping geometry ﬁpstream of. the valve, baék pressure due to ventilation
components downstream of the valve, valve orientation and direction of
valve closure.

The above data as furnished by the customer/engineer forms the
basis for the analysis. ﬁorst case conditions have been applieé in

the absence of definitive input.
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II. Considerations

The NRC guidelines for demonstration of operability of purge

and vent valvgs,‘dated 9/27/79, have been iﬁcorporated in this ’ i\

evaluatioﬁ és follows:

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

2..Flow direction through valve contributing to highest torque;.
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 assumed to be worst case.

¢ R eem——— b s ma

3. Worst case is deterﬁined aé a single valve closure of the
inside containment valve, with the'outsiée containment valve
fixed at the fully open position.

4. Containment back pressure will have no effect on cylinder |
operation since the same back pressure will also be present '
at the inlet side of thé‘cylinder and differential ﬁfessure
will be the same during operation. .

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

6. Torque limiting 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 qus;omer/engineer. In
this report, worst case conditions have been applied to the
aﬁélysis} namely, ?0? elbow (upstream) oriénted 90° out-of-
plane wi;h respect to valve shaft,.;nd leading edge of disc
closing toward outer wall of elbow. Effects of downstream
piping on systemvback pressure have been covered in paragraph
A.2, (above).

This analyéis 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—inéuced flgid 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
Determination of the structural and operational adequacy of
the valve assembly is based on the calculatipn of LOCA~induced
torqﬁe, valve stress analysis and operator evaluation.
A. Torgue calculation
The torque of any open butterfiy valve is the summation of
fluid .dynamic torque and bearing friction torque at any given disc
angle. '
Bearing friction torque is calculated from the following
equation:
. TB =P xAxUxd
2z
where
P =pressure differential, psi

A 2

projected disc area normal to flow, in
U = bearing coefficient of friction

d

shaft diameter, in.

Fluid dynamic torque is calculated from the following equations:

For subsonic flow

[ch > il._ > 1.07 (approx.):l ) -

Py
T =D x'C x P, x /K X F
D Tl 2 v RE
*~ Por sonic flow -
P12 Rer
Py
‘ TD.=D3ch2xpzx' K % Fpp ' F_> 1)
1.4 RE™
Where . .
T. = fluid dynamic torque, in-lbs.
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Fpp = Reynold number factor

Rop = Critical pressure ratio, (£ (<) )

P, = upstream static pressure at flow condition, psia
P, = downstream static pressure at flow condiéion, psia
D = disc diameter, in.

Cél = subsonic torque coefficient

sonic torque coefficient

]
]

isentropic gas exponent (< 1.2 for air/steam mix)

oL = disc angle, such that 90° = fully.open; o° = fully.
closed . ..

Note that C,,, and Cp, are a function of disc angle, an

Tl

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 experimentalﬁéest data and cprrelaﬁéa‘with analytically
predicted behavior of airfoils in compressible media.

Empiriéal and analytical findiﬁgs confirm that subsonic and
sonic flow conditions across the valve disc have an unegual and
opposite effect on dynamic torque. Specifically, increases in up-
stream pressure in the subsonic 'range result in higher torgque values,
thle increasing P, in the sonic range results in lower torques.
Therefore, the point of greatést c;ncern is the condition of initial
sonic flow, whicﬁ occurs at a critical pressure ratio. H

The effect of valve closure during the transition from subsonic
to sonic fléw 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° (symmetric) or 68° (asymmetric)

from the fully closed position.

Vb ————a A 5 —— -
- Teemevew LT




SE 1 ie BR Srel 1MWS 5 B r 3 eveEveces
- v ma e mve

a o wm dnm e ey 3% uma zews

.

= rems o w .- . = 2w mra 4w

"
. .

The following computer output summarizes calculation data

3 f.
coe . o o
~e and torque results for valve opening angles of 90  to 0 ¢
Q.‘"
(] rd f .
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D-34933(D-0026-2) TORQUE TABLE 1 '} / 9/ 82

JOB:SUSQUEHANA/BECHTEL

SAT.STEAH/AIR MIXTURE UITH t.4 LBS STEAH PER 1-LBS AIR
SPEC.GR.= .738255 HOL.MT.= 21.3872 KAPA(ISENT.EXP,)= 1.19775 R= 72.1972
GAS" CONSTANT-CALC.

SONIC SPEED(MOVING MIXTR.)= 1354.57 FEET/SEC AT 265 DEG.

ABSOL .MAX.TORQUE(FIRST SONIC)AT 72-48 DG.VLV.ANG.= 23211 IN-LBS @ 48 DEG.
NAX.TORQUE INCLUDES SIZE EFFECT{(REYNOLDS NO.ETC)AFPX. X 1.25425 FOR 18 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: 18"~1200 CLASS 150

DISC SIZE: " 15.7 INCHES OFFSET ASYMMETRIC DISC

SHAFT DIA.: . 2.25  INCHES

BEARING TYPE: BRONZE

SEATING FACTOR: 15 ‘

INLET PRESS.VAR.HAX.: 48.2 PSIA
OUTLET PRESSURE(P6): 26.8 PSIA (72 DEG. ACTUAL PRESS.ONLY(VAR.))
HAX.ANG.FLOU RATE: 64400.7 CFM; 154772, SCFH; 8618.18 LB/HIN
CRIT.SONIC FLOU-90DG: 7663.63 LB/HIN AT 30.416  INLET PSIA
- VALVE INLET DENSITY: .133821 LB/FT"3-HIN. .129242 LB/FT~3-HAX,
FULL'OPEN DELTA P: 21.9507 PSI
SYSTEH CONDITIONS: ‘
PIPE IN-PIPE-OUT =AND- AIR/STEAM HIXTURE SERVICE @ 245 DEG.F
HINIHUK Q.73 DIAH. PIPE DOUNSTREAH FROM CENT.LINE SHRFT.

* P1 ABS. PRESSURE(ADJ. )FULLDUS TIHE/PRESS.TRANSIENT CURUE.

- ==5 IN.HODEL EQUIV.VALUES-~---- ACTUAL SIZE UALUES -----

ANGLE Pt P2 DELP PRESS. FLOW FLOW 1D TB+TH = TINHE(LOCA)
APPRX.PSIA PSIA PSI  RATID (SCFH) (LB/MIN) --~-INCHLBS=---- TD-TB-TH SEC.
90 48.01 24.00 24.01 .500 CR 1356771 8618 7866 642 9223 5.00
85 48.02 24.04 23.98 .501 CR 186963 10277 12884 3¢ 12045 6.48
80 48.03 23.66 24,37 .A93 1814849 9985 11220 730 10487 7.91
75 48.04 22.76 23.28 .474 CR 172296 94721 17901 1166 16735 9.25
72 31.68 21.57 30.11 417 CR 157649 8666 23205 1511 21694 10.00
70 48.05 21.12 26.93 .440 CR 151432 8324 20940 1364 19576 10.446
65 48.06 19,53 28.53 .406 CR 129081 7085 19239 1253 17985 11,51
60 48.07 18.21 29.86 .379 CR 110946 6100 15463 1007 14455 12,36
95 48.08 17.03 31,05 .354 CR 92052 5060 13725 936 12768 12.9¢9
50 48.09 16,30 31.79 .339 CR 74535 4097 11007 1057 9949 13.37
45 48.10 15,79 32.31 .328 72597 3990 9572 1162 8410 13.50
40 48.11 15.45 L 32.86 .321 49987 2747 6832 1273 9999 13.63
35 48.12 15.11  33.01 314 37994 2088 4300 1351 2947 14.01
30 48.13 13,71 34.42 .285 27852 1531 2616 . 1499 1116 14.64

25 48.14 14,80 33.34 .308 19155 1053 1520 1544 -24 15.49
20 48.15 14,74  33.41 ,306° 11715 644 997 1724 =726 16.54
15 48.16 14.71  33.45 .305 6782 372 . 358 1940 -1582 17.75
10 48,12 12,99 35.18 .2720 3169 174 207 2087 -1880 19.09

5 48.18 11.31  36.87 .235 1039 57. 136 2216 ~2080 20.52

0 48.20 14.70 33.50 .305 0 0 6684 1824 4839 22.00-
SEATING + BEARING + HUB SEAL TORQUE (M/M)= 6684 IN-LBS 8 0 DEG.

HAX.DYN, - BEARING - HUB SEAL TORQUE (H/M) = 23205 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 order which did not include specific
LOCA conditions.

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

The body is analyzed per rules and équations given in-paragraph
NB 3545 of Section III of the ASME Boileraand 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
stressilevels are calculated. They are then combined using the

formula:

Smax = %;_(Tl-i-'l‘z) + %.- i('.'l.':l--i'Tz)Z + 4(31-!'82)z

where Lo . ’ .
Spax = Mmaximum combined stress, psi

Tl = airect tensile stress, psi

T2 = tensile stress due to'bendiqg, psi

S1; = direct 'shear stress, psi

S2 = shear stress due:té torsion, psi ”

Tﬁe calculated maximum valve torque resulting from LbCA conditions
is-used in the seismic stress analysis, attachm;nt #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.
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,;,: C. ' Operator E;alugtion
Model: Bet?}s T312-SR3 .
Rating: 52,300 in-lbs at full open and closed positions only.
34,500 in-1lbs at 68°.
29,100 in-lbs at 45° (min}&um rating).
Maximum Valve Torque: " 23,211l in-lbs at 68°.
The maximum torque generated during a LOCA induces reactive
forces in the load carrying components of the actuator.
Since the LOCA induced torque derived in this analysis is
less than the maximumiabsdrption rating of the operator, it is

concluded that the Bettis models furnished are structurally

suitable to withstand combined LOCA and seismic loads.
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"Q\: f -iV. Conclusion

o It is concluded that the valve structure and the valve
actuator are both capable of withstandind combined seismic and
LOCA-induced loads based on the calculated torques developed in

this analysis.
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PRATT PROPOSAL LETTER
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" April 16, 1981

Bechtel Power Corporation
P.0O. Box 3965
San Fg;ncisco, CA 94119

Attention: Mr. E.B. Poser
Project Engineer ) - . .

SUBJECT: Susquehanna Steam Electric Station .
Containment Isolatign/Purge Valve Analysis

»

Gentlemen: .
" With reference to your recent inquiry regarding éuitability of
the valves and actuators to withstand aerodynamic LOCA conditions,
please note the following: .

!!b A Torque calculations will be performed for aerodynamic
T torque generated as a result of LOCA. These calcula-
— . . tions will be performed using the following data to be

furnished by you. .

'A. Containment Pressure -~ Time Curves'
B. Containment Temperature - Time Curves

c. The combined resistance coefficient for all
ventilation system components downstream of --
the valve (one for'each valve size) or

A graph of back pressure vs. LCCA time at a
distance 10-12 diameters downstream of the
valve. Consider also the capacity of the
piping, filter and duct work to resist
increases in back pressure.

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

E. . Drawings or written description of valve
R orientation with respect to elbow immediately
-+ upstream of valve (within 6 diameters), as
) - well as direction of valve closure (clock-
wise or counterclockwise) as viewed from ‘
operator end. )
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.

.In the-absence of the above information, the following assump-
tions will apply to the purge valve analysis. .

1. Back pressure of 19.7 psia throughout valve closing
cycle. Higher back pressure increases maximum
dynamic torque 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 torgque.

3. 90° elbow immediately upstream, 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

torque values by 20% or more. i :

2. Based on the above results, a static load stress analysis will
be provided for valve components affected by the dynamic torque
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 the evaluation of the valve components
will be $12,800 each size for 6", 18" and 24" valves.

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

5. 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 assistance in this matter, please advise.

QEry truly yours,
. HENRY PRATT COMPANY

e

. Glenn L. Beanc
GLB/tl : - Manager-application Engineering
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' o1 Bechtel Powher Corporation
JUN 19 19J1 Engineers—Conslructors

R
Henry Pratt Company | Fifty 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

Subject: Susquehanna Steam Electric Station
Units 1 and 2 Job 8856 . . "
Isolation/Purge Valve Analysis ‘ 71-/3% S 0’3 o/ 9 3
Gentlemens:

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

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

C. A back pressure of 19.7 psia 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 drawmgs 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 ungual:.f:.ed, 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 reccmmendations on how to block the valves and to provide
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,

LSl

E. B. Poser

Project Engineer
Written Response Reg'd: MNo .
Design Document Changes: *No

"CHN/APT/cgs

WP30/3-1
cer Mr. T. M. Crimmins, Jr. (PL) w/a
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C Lo C . NOMENCLATURE
The nomcnclature for this ana1y51s is based upon
the nomenclature established in Paragraph NB-3534 of . ) .
Sectzon III of the ASME B011er and Pressure Vessel
Code. Where the nomenclature comes dlrectly from '
" ‘ the code, the refcrencc paragraph or flgure for that ’
) "symbol is given with the definition. For symbols
] - not, defined in the code, the definition is that
assigned by Henry Pratt ‘Company for use in this
analysis.
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'ANALYSIS -NOMENCLATURE

Effeciive”ffuid pressure aréa  based on fully corroded
interior contour for calculating crotch primary mem-
brane stress (NB-3545. 1(a)) in2

Metal area based on fully corroded 1nter10r .contour

- effective, in resisting fluid force on Ag (NB- 3545.
. 1(3)), in

Tensile area of cover cap bolt, ir2

Shear area of cover cap'bolp, in2

- Tensile .area of trunnion bolty inZ2 -

Shear area of'trunnidn bolt, inZ.
Tensile area, of.operat6¥ bolt, inzpl
Shear area of operator bolt, in2 -
Unsuﬁpdrted shaft length, in.
Bearlng bore dlameter, in.

Bonnet bolt ten511e area, in2

Bonnet.bolt shear area, 1nz

Bonnet body cross-sectional area, in?

" Top bonnet weld size, -in.

Bottom bonnet weld. size, in.

Dlstance to outer flber of bonnet from shaft on
y axis, 1n. : .

" Distance to outer fiber 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, dlmcn51onle>s (Fig. NC- 3225 1 thru Flg.

NC- -3225.3)

o .
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ANALYSIS NOMENCLATURE . -

- Stress index for body bendlng secondary stress Te- .

sulting from monent in connected pipe (NB 3545. Z(b))

Stress index for body pr1mary plus sccondary stress,
inside surface, resulting from internal pressure
(NB -3545.2(a)) - .
Stress index for thermal secondary membrane ‘stress
resulting from structural discontinuity

.Stress 1ndex for maximum secondary membrane plus .

bending stress resulting from structural dlscontlnulty

Product of Young's modulus and coeffxcxent of linear
thermal expansion, at SGOOP psi/OF(NB—ssso)

.Dlstance to outer £1ber of disc for bending along

the shaft, in.

Distance to.outer fiber of disc for bendlng about
the shaft, in.

Distance’ to outer flber of flat plate of disc for

'bendlng of unsupported flat plate, 1n.

Inside diameter of body neck at crotch reglon (NB- -
3545.1(a)), in.

Inside diameter used as basis ‘for determininé body
minimum wall thickness, -(NB-3541), in.

Valve nominal diameter, in.

_Shaft diameter, in.

Disc pin diaméter, in.

Thrust coilar outside diameter, in.
Spring:pin diameter,,in.a .
Cover cap bolt diameter,‘in.

Trunnion bolt diameter, in.




ANALYSIS NOMENCLATURE

acceleration acting

'Py L W3gy--Seismic force

acceleration acting

. Fy W3gz--Seismic force

bg Operator bolt éiameter, in.
Dg + Bonnet bolt &iamecer, in..
" E . Modulus of elasticity, psi
éb Bending modulus .of standdrd cennectcd pipg, as glven
by Figs. NB-3545.2-4 and NB-3545.2-5, in. 3
fd o 1/2 X cross-sectional areca of standard connected
) g;?%, as given by Figs. NB 3545.2-2 and‘NB -3545.2-3,
_FNE . Natu;al frequency'of respective:assembly,.heq;z
. Fy W3gx--Seismic force along x axis due to éeismic

on operator extended mass, pounds

along y axis due to 'seismic
on operator extended mass, pounds

along z axis due to seismic

acceleration acting on operator extended mass, pounds’

g . Gravitational acceleration constant, :mch-per-second2

.Gy Valyve body section_bending modulus at crotch reglon
(NB-3545.2(b)), in3

Ga Valve body section. area at crotch reg1on (NB-3545. 2

. (b)), in?" _ . .

Gk . “Valve body section tor51onal modulus at crotch’ reglon
(NB-3545.2(b)), in3.

"8x Scismic acceleration constant along x axis’

gy - Seismic acceleration constant along y axis

g, Seismic acceleration constant along z axis
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@. : - .. ANALYSIS NOMENCLATURE
\TTZ{ . . _ ) " . . \
e Hy ' Top trunnioh bolt square, 1in., . | '
Hy . Bottom trunnion bolt square, inf'-
Hy . Bonnet bolt squdre, in. '
< Hg Operator bolt square, in.
. Hg Bonnet bolt circle, in. - - . S . L
Hy h Operator bolt c1rcle, 1n: .
.. Hg . -Bonnet helght, in.
_Hgi . Actual body wall thlckness, ln.. _
;1' C ‘Bonnet body moment of inertia about b'Y axls, in4
Iz Bonnet body moment of 1ncrt1a about y axls, 1n4
I3 ' - Disc area moment of inertia for bendlng about the
v shaft, in4 . ] oL L
125:?-14‘ "_ ls):}L;-;;tg_lreatlrnomem: of 1nert1a for bendlng along the."
& » in . .o R
Ig - Momcnt of inertia of valve body, 1n4 ’
fIa . .Moment of inertia of shaft, ind ’
"17 * ° Disc area moment of 1nert1a for bendlng of unsupported

" flat plate, in4 q .

Jl Distance to ncutral bcndlng axis for top trunﬂlon
' ' bolt phttcrn along x ax1s, in... |

J, . Dlstance to neutral bending axis:for top'tfunniob
- bolt pattern along y axis, Cin. |

Jsz Distance to neutral bend:ng axis for-bonnet bolt
pattern along x axls, in.

Jg. . " Distance to neutral bendlng axis for bonnet bolt
- pattern along y axis, in. . e

Jg Distance to neutral bendzng axis for operator bolt
pattern along x axis, in, "

‘ J6 Distance to neutral bending axis for operator bolt
72 pattern along y axis, in,

- -= B - 5 ——— 1 S — - - —— + T et st
A eemmemem RN A Rt g et med W A e e ——— — o o0




?;_ " .+ ANALYSIS NOMENCLATURE
(P . . :
\'" . . ' )
K . Spring constant . !
Kl . Distance of bonnet ieg from shaft Eenterline, in. ?
Kz Thickness of dlSC above shaft, in. ;
i Kz ' - Length along z axis to c. g. of bonnct plus adapter
plate asscmbly, in. .
Kq Top trunnion width, in.
Kg . Top trunnion_dcpth, in. .
' Ke + Height of'top trunnion, in. L '
Ly. . Valve boay face-to-face dimension, in. g . j,'
Ly . Thickness of operator housing under trunnion bolt, in. )
Lz’ ” Lenith of engagement 6f cover cap- bolts in bottom .
trunnion, in. .
@.l‘-' Lg Ler;gth of engagement of trunnion bolts in top -
o trunnion, in. . . -
LS"" Beariné.length, in. i '
Lg ‘Length of structural dlSC hub welds, 1n.
Ly . Length of engageﬁent of bonnet bolts in- adapter
plate, in. -
Lg " Length of engagement of bonnet bolts in bonnet, in. .
.'Lg Lenéth of-engagemeht of studb shaft'in diéc,:in. i
m o Reciprocal of Poissén's ratio
M " Mass of companent .
Mx : W3(gyzo+ngo), operator extended mass seismic bending
momeiit about the x axis, acting at the base of the
operator, in-1bs. .
/
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ANALYSIS NOMENCLATURE

Mz

A & g

4,

" Mg

in- lbs

W3(gxzo+gsz); operator-extended mass seismic bending.
moment about the y axis, acting at the base of: the
operator, in-1lbs. S .

W3(gxYo*gyXo), operator cxtended mass seismic bendlng
-moment about thc ¢ axis,. in-1bs. .

Mx+FyTg, operator extended mass scismic bending moment
" about the x axis,”acting at the’ bottom of the adapter
' plate, 1n -1bs.

My+F,Tg, operator extended mass seismic bending moment
about the y axis, actlng at the bottom of the adapter
plate, in-1lbs.

Mx+F (T5+H3)+gyW4h3, operator extended mass selsmlc
bend¥ng moment about the x- ax1s, acting at the base

, of the, bonaet, in-1lbs.

My+rx(Ts+Hs)+ng4KJ, operator extended mass seismic
bending moment about the y axis, acting at the base
of thc bonnet, in-1bs. . .

Bendlno momcnt at JOlnt of flat plate to disc¢ hub

&

LS

Perm1551blc number of complete start up/shut-down

.cycles at hr/100°F/hr/hr fluid temperature change

,rate (NB-3545. 3)

Not applicable to thelanalysis of theﬂsystem 

) Numbe1 of tOp dlSC pins

'\Number of Opcrator ‘bolts

Number "of trunnion bolts

Design pressure, psi

Primary pressure rating, pound

Standard calculation pressure from Fig.-NB-3545.1-1,
psi

Largest value among Peb, Ped, Pet, p§i

-9-
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ANALYSIS NOMENCLATURE

Peb

Ped

Pet

T2

. s

Secondary stress in crotch région of valve body caused

by bending of connected standard pipe, calculated

‘according to NB-3545.2(b), psi

Secondar) stress in crotch region of valve.’body caused

by direct or axial load imposed by conneccted standard
piping, calculatcd according to NB-3545.2(b), psi

Second11} stress in crotch region of valve body caused

by twisting of connected standard pipe, calculated
according to NB-3545. Z(b), psi. ¢

‘General primary membrane stress in;ensity-at'crotch
region,'calculated .according to NB-3545. 1(a), psi

Prlmary membrane stress intensity in body wall, psi

Sum of prlmary plus secondary stresses at crotch

) resultlng from 1nterna1 pressure, (NB-3545.2(a)), . ..

psi

‘Thermal stress in crotch region resultlng from 100°F/

hr fluid temperature change rate, ‘psi . -

Maximum thermal stress component caused by through
wall temperature.grad1ent associated with 100°F/hr'

 fluid Lemperature change rate’ (NB- -3545. 2(c)), psi .

Maximum thermal secondary membrane stress Tresulting

. from 100°F/hr fluid temperature change rate, psi

- MaxXimum thermal secondary membrane plus bendlng

stress resulting from structural discontinuity and
100°F/hr fluid temperature change rate, p51

- Mean radius of body wall at crotch reglon (Fig. NB-

3545.2(c)-1), in.

Inside ‘radius of body at crotch regiion for calculating

Qp (NB-3545.2(a)), in. ' . ,

Fillet radius of external surface at czotch (NB-
3545.2(4)), in. .

- N meehews mwes W
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ANALYSIS.NOMENCLATURE

—

R4 - Disc radiué,'inf-

Rg Shaft radius, in.

Rp _Mean radius of body wall, in.

Rg Radius to O-riﬁg'in cover cap, in.

S - Assumed m;ximum stress in'connécted pipe for cal-
: , culating P, (NB-3545.2(b)), 30ﬂ000.psi

Sm Design’ stress intensity, INELSSSS), psi

Sn Sum oé primary plus secondary stress intensities

at crotch region resulting from 100°F/hr temperature
change rate (NB—3545 2), psi .

'Sp1 . Fatlgue stress’ 1nten51ty at -inside surface Ain “crotch
region. resulting from 1009F/hr fluid temperature
change rate (NB-3545.3), psi

,sz Fatlgue stress intensity at outside surface 1n'

crotch region resulting from 100°F/hr fluid temp-
. erature change rate (NB-3545.3), psi

————— .

S(1) through S(83) are llsted after the alphabet1ca1 section.

te -Minimum body wall thickness ad;acent to, crotch for
. calculatlng thermal stresses (Flg. NB-3545. 2(c)-1), in.
tm ' Minimum body wall thickness as determlned by NB-3541,
. 1n. . .
Te " Maximum effective metal thickness in crotch region
: for calculating thermal,stresses, (Fig. NB-3545.2
(c)-1), in.
AT, Maximum magnitude of the difference in aQerage wall

temperatures for walls of thicknesses tg, Te, resulting
from- 100°P/hr fluid tempcrature change rate, OF

Ty ‘ Thlckness of cover cap behind bolt hcad, in.

T2 Thickness .0of shaft behind spring pin, in.

T o11-
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Total bolt load, péunds

‘Banjo weight, pounds-

ANALYSIS NOMENCLATURE

Thrust collar .thickness, in:
Cover cap thickness, in,
Adapter plate thlckne>s, in.

Thickness of bottom bonnet plate, in.

- Thickness of top bonnet plate, in.

Maximum'required operating torque for valve, in-1bs

Arca of bottom bonnet weld, in? . - . . T

. Area of top bonnet weld in?

Shaft bearlng coeff1czent of friction . s RS

Bearing friction torque diue to pressure- loading
(:haft journal bearings), in- lbs.

Bearlng friction ,torque due to pressure loading plus':
seismic ;oadlng (shaft Journal bea11ngs) ,» in-1bs.

-Thrust bearing friction torque, in-1bs.

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

- Distances to toltsnin bolt pattetn on adapter plate, in.

_Distanccs to bolts in'bolt pattern on adapter plate, in.

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

Distance to 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.

Valve weight, pounds

Qpcrator weight, pouﬁds

Bonnet”and ,adapter plate assembly weight, pounds

-12.
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ANALYSIS NOMENCLATURE

We Weld 51zc of dlSC structural welds, inches _ e o Ny ;
L Weight of dlsc, pounds . o .
Wg Length of weld around perimeter of bonnet,'in. ‘
Xo Eécentricity of center of gravxty of operator extended
‘mass along x ax1s, 1nches
Yo Eccentricity of. center of grav1ty of operator extended :
mass along y axis, inches | . » -0 >t
Zb Bccentricity of center of grav1ty of operator extended . ‘ R g
. mass along z axis, inches .. . {
21 . Bendlng section modulus of bottom bonnet welds, 1n3
L 22 . "Bending sectlon modulus of taqp bonnet welds, 1n3 : i
25- ‘Torsional sectlon modulus of bottom bonnet" welds,'1n3 . i]
ii ' Torsional sectlon modulus of top bonnet welds, 1n3
Af' Maximum static deflectzon_of-component, inches = . . _ L
Z, _Distence to edge of disc hub, " inches

LY
<
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ANALYSIS NOMENCLATURE

-
.
é}:

S(1)
S(2).

5(3)

s(4)
-S(5)°

e
s(7)

© S(8)
S(9)
"*S8(10)

‘5(1;)
sazi.
-5(13),
'S(ld)

. 8(15)

$(16)
S(17)

_8(18)'

S(19)

S(20)

~ Combined bending stress in disc, psi

Bendlng stress in disc’ due to bendlng along the
shaft, psi . }

Bending stress 11 dlSC duc to bcndlng about the

shaft, psi

Bending tensile stfess in unsupported flat plate, ﬁsi
Shear tear out of shaft through disc, p51 _:

Shear stress across structural hub wclds of d1sc, p51
Combined stress in. shaft psi.

Comb1ned bendlng stless in shaft; psi

o .
Comblned shear stress in shaft,. p51

.Bending stress in shaft due to seismic and pressure

loads along-x ax1s, psi .

Bending stress in shaft due to seismic 1oad along )

y axis, psi o .

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

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

Torsional shear stress at reduced disc pin cross-
section, psi

Shear stress across top dlSC pin-due to opcratlng
torque, psi :

Beariug stress on top disc pin, psi
Combined shecar stress across.bottom disc pin, psi

Shear stzcss across bottom disc pin due to tor-
sional load, psi

~

+ Shear stress across bottom disc p1n due to seismic

load,. psi

Compressive stress on shaft bearing due‘to seismic
and pressure loads, psi-

-
- cans » . . Do

v




 ANALYSIS NOMENCLATURE ..

S(21)

s(22)

S(23)

" s(24)
S(25)

5(26)
s(27)
. 5(28)
.“sczé)_
" §(30)

S(31)
S(32)
5(33)
S(34)

Shear tear out of cover cap bolts through tapped holes
in bottom trunnion, psi

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

’Combined stress in cover cap 'bolts, psi

‘Direct tensile stress in cover cap bolts, psi

Shecar stress in cover cap bolts due to tor51ona1
loads, psi .- . -

Combined stress in cover cap, psi’
Rad1a1 stress in cover cap, psi
Tangent1a1 stress in ‘cover cap, psi
Shsar stress in cover cap, psi. - .
Bearing stress on-thrust collar, psi

Shear load on thrust collar spring pin, pohnds

. Bearing stress of sprlng p1n on thrust collar, psi

Shear tear out of spring p:n through thrust collar, psi

Shear tear out of spring p1n through bottom shaft, psi

- - —
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ANALYSIS NGMENCLATURE

! A

.

S8 (35)
S(36)
S(37)

‘Skss}_

- 5(39)
5(40)
S(41)

S(46)
sf4nm
S(48)
: S(49)
" S(s50)

S(51)

Shear tcar out of trunnion bolt through tappcd -hole
*in trunnion, psi N e

trunnlon, psi

.

iBearlnq stress of trunnlon bolt on tapped hole 1n

Bcar1ng stress of, trunnion bbdlt on through hole in
bonnct plate, psi .

Shﬂar tear out of trunnion bolt head through bonnet'

plate, psi

Combined stress in trunnion-bolt, psi

Dlrect ten511e stress in’ trunnlon bolt, psi

Ten51le stress in trunnlon bolt due to bendlnc.

moment, psi -

psi

_Shcar'tcar out
in bonnet, psi .

Bearing stress
bonnet, psi

-Bearing stress
adapter plateh

" Shear tear out

plate, psi

* Shear stress in trunnlon bolt

of'bomnet bolt

* >

of bonnet bolt

>

of bonnet bolt
p51_'

of_boqnetubdlt

.on'tabped_hole in

"Direct shear stress in trunnlon bolt p51

due to tor51onal load

tbrouéh tapped hole

®

on through hole.in

.
Ny

head through'adqpter

) Comblned stress in bonnet bolts, psi

Direct ten51le stress in bonnct bolts, .psi

psi

:1onslle stzess in bonnet bolts duc to bcndlng moment,

- Direct shear .stress in bonnet bolts, psi_- !

- e

o~

»

-

- -
« * *
- ——————— o« Srt— p—

va— -

. maeme




mul we-ea

.13

rmre, W . - rs )-"’ O readpt RS
s

.7 . ANALYSIS NOMENCLATURE

L sy
w&.

S(53y

-3(54)

" 5(55)

S(56)

S(s7)
S(58)
.8(59)

sc§0)

»
.
L
-
oo,
.
v
)
.
-

S(61)

S(62) .

" 5(63)

..S(GQ_

T 8(69)
$(70) -

S(65)
5(66)
Hs(én

S(68)

«

-

Shear stress in bonnet bolts due to torsional
1oads, psi

«
.
» o -
o, . .

chrlng stress’ of operator bolt on through hole in
adapter p]dte

. Dzrect ten511e stress in opezator bolt, psi -

I

¥

Dlrect shear stress in operator bolt, p51

Shear stress in operator bolt due to bendlng moment
. psi : ) . i .o .

Combined stress in.bonnet body, psi. Lo aT

Direct tensile stress ih bonnet body, psi

.
[}

.Tensile stress 1n bounet body duc to bending moment

p51

Dlrect shear stress'in bonnet body, psi

;Sheax stress 1n bonnet body due “to tor51onal load

psi.
Combined shcar stress 1n bottom bonnet weld," p51
Total tensile- stress in bottom bonnet we ld psi+
Direct tensile stress in bottom bonnet weld psi

Tensile stress in bottom bonnet weld due to bcnulng

. moment’, psi

Total‘shear stress- in bottom bonnet weld, psi -

* Direct shear stress in bottom bonnet weld, psi

.

.

. »
¢

-Shear tear out of operator bolt head through adap*er
rplate, psi )

rConblncd stress in operator bolt p51 - L e

1en511e stress in operator bolt 'due to bendlng moment,
© psi . ‘

b

3"
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. ANALYSIS NOMENCLATURE .

8(1)

"5(72)
" 5(73)
8(74)
' s@s)

S$(77)
S(78)

S(s0)
S(81)

S(B83)

S(76) _Total shear stress in top bonnct weld psi

'5692

Aggv%@z)

LY

Shcar stress 1n bottom bonnet weld due to tor51ona1
load, psi

ComB}néd shear stress in'tob bonnet weld,- psi .

Total tensile stress in top bonnet weld, psi

Dircct tensile stress in top bonnét weld, psi

«

‘Tensile stress. in top bonnet weld ‘dué to bendlng

momcnt p51

»

.

Dlrect shear stress in top bomnet weld psi

Shear stress in top bonnct ‘weld due to tor51ona1
load p51 . .

Conblned stress in t*unnlon body,. p51 — oo

Dlrcct tensile stress in trunnlon body, psi

1ens1le stress in trunnion body "due to bendlng moment,
. psi

.
¥

Direct shear. stress in trunnion body, psi

Shear stress in trunnlon body due to torszonal
load psi .
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' SUMMARY TABLE IMTRODUCTION

»

‘In the followzng pages, the pc1u1nent data for the butter-

f]y valve stress.analysis is tabulated in" three categorles.
1..Stress Levels for Valve Componeqts
2.-Na£ur£l Frqquenéigé.of Components

3.- Valve Dimensional Data Coa o

[N

data is tabulated:.
Component Name

‘Code Reference (when applicable)

Stress Level Name. and Symbol ) R , .

Analysis'Réfefence Pége
Material Specification.
"Actual Stress Level

hllowable Stress Level

‘The material specifications.are taken from Section II of -

the code whcn dppllcablc. Allowable stress levels are Sm for

- .tens ile stresscs and .0 Sm {for shear stresscs. The allowable

A

levels are the same whether thc calculated stress is a comblned
stress or results from a 51nglq load condition. Sm is the
design stress iﬁtchsity value as. defincd in Appendix I, Tables
I-7.1 of Section III of the code. '

In Table 2, Natural Frequencies of Valve Components, the

following data is tabulated:

3

aeweah «o

In.Table 1, Stress Levels for Valve Components, the folloying
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Summary Table Introduction

- »

Component Name

Natural Frequency Symbol

AnaIYSlS Refcrence Page

.Componcnt Matcrlal

Natural Frequency

In Table 3, Valve Dimensional Data, the values for

w

e

pertinent valve dimensions and parameters are given.
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TABLE 1 STRESS LEVELS FOR VALVE COMPONENTS E
. : ALLOWABLE
: CODE REF.- REF. : STRESS STRESS LEVE:
COMPONENT | PARAGRAPH- SYMBOL & NAME. PAGE MATERIAL LEVEL, PSI PSI
Body 'NB=3541.1 |Primary membrane P . | 37 |ASME sa-516, Gr.55° Sm 3
stress in crotch : 1063 13,700
region - - . .
. . i
Primary membrane P} 38 | ASME SA-516, Gr.55 Sm : i
' m . ’ 2.&4- 13700
NB-3545.2 |Primary plus Q 38 |ASME SA-516, Gr.55 ’ Sm ERE
T secondary stress duel P : " 5345 13700 i
to" internal pressure| - °- i
NB-3545.2 |Pipe reaction stress| - ’ T
Axial Load P.g 38 |ASME SA-516, Gr.55 1293 1.5 Sm
Bending Load P.p 38 2718 29550
Toxrsional poad. Pet 38 27118
NB-3545.2 |[Thermal secondary |0, | 40. |ASME SA-516, Gr.S5 193 sm
. stress o - . .- - . 13700 -
NB-3545.2 |Primary plus s, 40 |ASME sa-516, Gr.S5S gans |3.5m e
|secondary stress ...{......}.. .| ...... T ' 41100 '
MB-3545.3 [Hormal duty fatigue | S 40 |ASME SA-516, Gr.55 caps  |Sm
stress Na > 2000 . . P : 65000
Disc NB-~3546.2 Combined bending S(1). 41 ASME SA-516 1.5 Sm
stress in disc 2 : AST3 20550
NB-3546.2 |Bendirig tensile in S(4) | 43 |ASME SA-516, Gr.70 229€ Sm
unsupported flat ' 17500

plate
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thru tapped holes
in bottom trunnion

STRESS LEVELS FOR VALVE COMPONENTS
. . . ALLOWABLE ;
. CODE REF. - REF. STRESS STRESS LEVEL: .
COMPONENT PARAGRAPH SYMBOL & NAME PAGFE MATERIAL LEVEL, PSI PSI i
. . . . i
| Disc NB-3546.2 |Shear tear out of , | S(5) 43 |ASME SA-516, Gr.55 55E3 .6 Sm :
(Cont'd) |- : shaft thru.disc R ) 8220 :
Shear stress across | §(6) | 43 27 .6 Sm \
disc hub welds 32 .}17220 - i
& » » » a . « s s w8 o w «ar e -0 2 a8 @ 2% 4 e u = * .‘:!
Shafts NB-3546.3 |Combined stress in S(7) | 44 |ASME SA-564. Type A 9.48 Sm i
shaft . 630 Cond. H-1150 33700 .
NB-3546.3 |Torsional sheér__ s(14) { 45 |ASME SA-564; Type ’ ’ .6 Sm
stress at reduced 630 Cond. H-1150 144 L2 {20220
pin cross-section...]...... PO .-
Disc NB~3546.3 Shear stress in top s(1s5) | 46 ASME SA-320, Gr. - ]357_-.,. .9 x yield
Pin . . ofein o o ..|B8M . . = i 27000 - :
NB-354§.3 Bearing stress on s(16) | 46 |ASME SA-320,. 73.78 .9 x yield
. .jtop pin e e . .. |Gr. B8M. - 27000
NB-3546.3 [ombined shear stress|S(17) | 46. |ASME sa-320 .9 x yield
- lin bottom pin . Gr. B8M - 1889 27000
Shaft Compressive stress s(203 48 ASTM B-438 Gr.l 23630 Sm T
Bearing on shaft bearing ’ Type II Bronze N 4000
Cover NB-3546.1 _Shear tear out of s(21) | 49 ASME SA-516, Gr.55- 24N 1.6 sm
Cap cover cap bolts ’ 8220

——— e aa
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P
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bottom shaft

STRESS LEVELS FOR VALVE COMPONENTS !
" ALLOWABLE '
CODE REF. v REF. STRESS STRESS LEVE"
COMPONENT PARAGRAPH SYMBOL & NAME PAGE MATERIAL LEVEL, PSI PSI
Cover ,NB-3546.1 .Shear tear out of ° | 5(22) | 49 |[ASME SA-516, Gr.70 .6 Sm ’ -
Cap cover cap bolt head | . 499 10500 8
(_Cont'd) thru cover cap .
NB-3546.1 - Combined stress in | S8(23) | 49 |{ASME SA-193, Gr.B7 0900 |Sm
cover cap bolts : 25000
: . ] _ i
Combined stress in | S8(26) | 49° |ASME SA-516, Gr.70 -z Sm
cover cap 775> - 17500
N M P {:
Thrust Bearing stress on s(30) | 52 | |SAE-660 1001 .9 x yield .’
| Bearing thrust collar . 14400
Shear load on thrust|S(31) |52 |AISI-420 ’ l" 2 ﬁ
collar spring pin’ L6 I
L. . N i
- Bear‘ing stress ‘of S(32) 52' S.A'E'-GGC.) o .9 x yield
spring pin on ) 6359 14400
thrust collar
Shear tear out of [S(34) |52 |ASME SA-564 39 67 .6 Sm :
spring pin thru Type 630 Cond.H-115( . 20220
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TABLE 1. STRESS LEVELS FOR VALVE CO’MPONENT.S
| . : { ALLOWABLE '
. CODE" REF. * REF. STRESS '|STRESS LEVE.:
COMPONENT | PARAGRAPH SYMBOL & NAME- PAGE MATERIAL LEVEL, PSI PSI ;
Operatoxr Shear tear out of s(35) | 53 |ASME SA-516, Gr.5S 2307 .6 Sm
Mounting trunnion bolt thru . Mgt 8220 ‘1
tapped hole in ) i
trunnion ’
Bearing stress of s(36) | 53 |ASME SA~516, Gr.55 Sm
trunnion bolt on . SSAD 13700
tapped hole . . . .
Bearing stress of S(377) | 53 |asT™M sA-36 w ] Sm |
trunnion bolt on | 8869 12600 i
thru hole in bonnet ) ’ o '
Shear tear out of |S(38) | 55 |ASTM SA-36 - " | .6 sm .
trunnion bolt head-| . .. |. . ) . 2848 7560 b
thru bonnet ’ I
Combined stress in |S(39) | 55 |ASTM SA-193,Gr.B7 = 195 .9 x yield
] trunnion bolt . L. 34 94500
Shear tear out of S{44) | 55° |ASTM SA~-36 .6 Sm
bonnet bolt thru as98 7560
tapped hole in
bonnet :
Bearing stress of S(45) | 55 ASTM SA-36 Sm .
bonnet bolt on : loTi4 12600
tapped hole in bonnet
Bearing stress of S(46) | 56 ASTM SA-36 6696 Sm
bonnet bolt on hole ) 12600
in adapter plate .
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TABLE 1:
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. STRESS LEVELS FOR VALVE COMPONENTS
_ ALLOWABLE
. - CODE REF. REF. : STRESS STRESS LEVE
COMPONENT ZPARAGRAPH SYMBOL & NAME PAGE MATERIAL LEVEL, PS5I PSI i
Operatoxr Shear ‘tearout of |, . 6 Sm
Mounting Bonnet bolt head ' 9¢&l " 560
. (Cfont d) . [Through adapter. plate| St47) | 56" .| . ASTM A~-36
Combined stress in - " - | .
Bonnet bolt s(48) | s6 ASTM A-193 GR B7 2365786 .9X yield
------ . ¥ v owom LI - . . P . .‘; . 94 5.00
Shear tear out of
operator bolt head ; SM .
through adapter plate| S(53) | 58 ASTM A-36- 4‘06 12600
rBearingAstre.ss of . SM i
operator bolt on _ 290 |
. . . Rpdapter plate .., .s.(5.4) ,5.8. A ﬁ-STM .A 36. . 3203 1260.0
N ~" "COMBINED STRESS 1IN : .9Xyield
.......... . bperator bolt . s .(55)]. . ASTM A-193 GR.B7 gq80 94500
Combined stress in .
[Bonnet body s (60)| 61 ASTM A-36 1 614-3 .9Xyield
. . > « w"a = v " . . K] = . er 32400
Lombined shear stress .6 SM
) in bottom bonnet welds S(65) 61 . | .. ... 2495 7560
- Combined shear stress - . .6 SM.
...... .. |in .top bonnet welds . |S .(72)] 62 . | ... ... 1770 7560
1 -
Combined, .stress in i
trunnion body s (79)] 63 ASME SA-516 GR.55 2374 .M 13700 ¥
i
]
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Table 2 -

NATURAL Bnnbuéncxas op,vA;vg‘componsnrs -

LN
‘o

Component

Name . .

" Natural
Frequency

Symbol T

Ref.

_Page

Material

~Natural

Frequency

‘(Hertz) .

. Body

58

ASME SA-516

_G?.SS

2 52%9

Banjo

.59

ASME SA-5064
Type 630

Cond.. H-1150

_3:705?-a .

;Cover Cap

59

ASME_SA-516

- Gr.70

- 724

Bonnet

60

. ASTM A=30
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Job Number: D-34.933 (D-mpar—-2) Valve 'Sizre: 18"~ )2 a0 :‘
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N . Pages 21-28, Stress Level Summar,, Frequency Analysis Summary, and
Valve Dimensional Data sheefs have beer. assembled at the beginning of
- the report submittal, They ore located directly behind the design review
. "record for the corresponding’ production order, Lo
4 ® 1
- . ‘%
. : !
. vt . 1
. . !
‘i
,
. * . ’ " '
. : . i
. H
. ' . ¥ . ) ’
" N ' ) *
. 21-28 '




- W
.
.
N
.
.
.
.
. '
kY
v
N
*,
.
.
.
’ Ao -
N
»
.
S
-l
B
R
e
..
; .
N
M
.
.
Lo
s
i
-
. V
S
f
-
.
.e
———utae

R TV RPN e )
Nthgtioiy

N T e e -
-

"
»
.
.
.
.
.
.
-
-
.
M ?
w
.
~
.
.
.
.
M
v .
.
»
. «
.
’
.
.
.
.
.
»
-
»
N
.
»
. -
v
.
.
. .
.
»
.
%
. .
.
.
.
«
.
»
»
»
mmmm s 5 WA Ews B e —— et Sm——

+ vrmea w3 e s - . T e
_Sténd’ard Str'e.ss lieport
) . for _ _ . ) A
NRS Buttgrfly Valve' ‘ ,
‘, wi'th'” ’ " -
. Bonnet Mountéd .
Cylinder Operator .
. .
' “‘ 20~

-




. ANALYSIS INTRODUCTION

»
»

Described in the tollowing pages is the analysis used in

verifying the structural adequacy of the main elements of the * .

-
on Tmamms as e wo

NRS butterfly valve.*+ The analysis is structured'to eomply
with Paragraph NB-3550 of Sectlon III of the ASME Boiler and
Pressure Vessel Code (hereafter referred to as the code). In
the analysis, the design rules for Class 1 valves are used, ‘o
since the. requlrements for thls class of valve is- much more

'exp11c1t than for elther Class 2 or 3 de51gn rules. The de-

51gn rules for Class 2 and 3 are exceeded by the rules for ._ .
. Class 1 valves. )
Qalve_components_are‘analyzed_under the assumptdon that Lo
:thegvalve-is either at maximum fluid dynamic tordue or §eating
against the maximum design pressure. Analysis temperature is
§b0°F.- belsmlc acceleratlons are s1mu1taneously applied
‘in each of three mutually perpendlcular directions,

Selsmlc 1oads are made an integral part of the analyeis

by the 1nc1us1on of the acceleration constants gy, gy, gz.

The symbols gx, 8y gzlrepresent accelerat1ons in the x, y and

z dlrectlons respectlvely ‘These d1rect10ns are deflned thh
respect to the valve body centered co- ordlnate system as 1llus-'
trated in Flguro 1. Specifically, the xzaxls is along the pipe
axis, the z axis is.along the shait axis, and the.y_axis is
' mutually pcrpendiculdrwto the x and z axes, forming a right

hand triad with them.’
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Analysis Introduction _ L

-
» . * . 0

Vilve orientation with respect to gravity is taken into

~

‘aécount by adding the appropriate quantity to the seismic

loads. The justification for doing this is that a gravita-

tional load is completely equivalent to a lg seismic load.

The analysis of edach main element of subuassembly of

the butterfly valve is described separately in an appropri- -

‘ately titled sqtfion. In'aéditibn:to containing sketches
where hppropriate; each section contains an'explanatiod-of
.fhé basis for each célculation. Where applicable, Et also
contains.an interpretaiiop df code.requirements as'phgy
apply to the analysis. e : .:? :
F%gu}e 2 is a cross-section viewlof tﬂe'butterfly valve,

and its associated components. Detailed sketches are pro-.

" vided throughout the report to clearly define tﬁe.geométry:

-

. - .
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. ———— S ———— - — g A i







.A.

S,

TOP SHAFT .

SHAFT PACKING

“SHAFT BEARING

~~—————TOP TRUNNION

g

VALVE SEAT

DISC PINS

DISC

=BOTTOM SHAFT -

BOTTOM TRUNNION

COVER CAP
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QHL(._ ' END CONNECTION ANALY.SIS o
AT " ' o Lo

The NRS butterfly valve is a uniflange design. Rather

than having flange§ thaf are external to an& Qistinct from
the body, the body shell is fabricated so. that the end
connecctions are machined directly into the body shell. The
outside and ipside diameéer of the bodquhgll-conform to the
"requiréments of the American Nationa1_§tand§rds Institute

&ANSI)-standard BlG.S.I The end connections, either flanged

or weld end,.alsorcgnfbrm to this standard. -, . v L.

-
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. + BODY ANALYSIS ,

The body analysis consists of calculatrons as detai;ed
in Paragraph NB-3540 of SectionPIII of the éode. Paragraph
NB-3540 is not highly orlented to butterfly valves as related
to various design and shape rules. Therefore, certaln of the
design equatlons cannot be. dlrectly applled for butterfly
valves. Where lhterpretatlon unique to the calculatlon is
necessary, it is explained in the subsection containing that
calculatioh description. .

-

‘Figure 3 illustrates the essential features of the

- body geometry through the trunnion area of the valve.- The
h Y
! L symbols used to defzne speczflc dimensions: are-consrstent with
~’

-those used in the analysis and with the nomenclature used in

the Code. .~

l. Minimum Bodv:Wall Thickness

Paragraph NB-3542 glves minimum body wall thlckness re~

qulrements for standard pressure rated valves.

The -actual minimum wall thickness in the NRS valvebocours

between the flange bolt holes and body'bore.

~35-
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& : . PRESSURE-AREA ANALYSIS
' BODY CHOSS-SECTION

Figure 3 .
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é..Body Shape Rules - L

.

.

The NRS valve meets the feduirements of Paragraph

- &  weere

»

. NB-3544 of the code for bodf shape rules. The ex-

ternal fillet at_trunnion to body intersection must

. ", . be greater than thirty percent of the minimum body

wall thickness. e ' . ; ‘

-

" . ‘ ®

3. Primar; Membrane Stress Due to fﬁterhal Pressure ' - o
. ParagraphuNB:Ssﬁs.lidefines the maximum allowable
. stress in the neck to flow passage juncf%on. In a
. buiterfly.valvd, this corresponds with thg trunnion
;. ‘ to‘body'she;l_jdnc;iénm- Figure 3 shows the éeomqéry
g - through this section.’ L a A o ‘ . ;
'The code defines the stresses in this area using
‘the:pfessure aréa method.  As seen iﬁ Figure 3, certain
code-defined dimensions are not appliéable to this
' . style of bhtterfly vafye, For exaﬁﬁle, there is no .
radius at the crotch. when -seen in ‘a view along the
flow phttern, as the neck extends to the face of the
body. To comply with .the ihtept of the code, the

s shown in the cross-

.

arcas Ag and A, are interpreted a

section (Figure 3). -Using these areas, the primary

.membrane stress is then calculated.

EO ) . Pn =-(AF/Am;;5) Ps

. " ‘ -37-
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»

"As -an alternate method of dcfermining Ehe priﬁary'
mcmbrane strcss} an equiyalent'aﬁalisis for primary
memﬂrane stress is applied to an area awey_fromethe.
truneiens. In these areas, the ﬁctal'area'and fluid area
afe as shown in ﬁigurc 4. Since the depth of the metal

area. is equal to the depth of the fluid arca, the ratio

Af/Am is equivalent to the mean radius of the body over

-the thlckncss of the body shell,’ . Rp/Hg. The prlmary

mcmbrane stress through thlS sectlon is then.

f nl“(RIn/Hg"‘ S) ps

Secondaxy Stresses.

A. Body Primary plus secondary stress due to internal
pressure. ” * )
Paragraph NB-3545.2(a) of Seetion I1I 6£ the code *

defines the formulas used in calculatlng thls stress.

B. Sccondary Stress dpe to.pipe redction. -

Paragrqph_NB-5545.2(5) gives the férmulas for finding

stress due to pipe rcaction.

'_Ped,= FgS (Direct or Axial ﬂoad-Effcct)
T _
Peny = CbFDHS (Bending-Loa& Effect)
Gy . _ . ‘ g
. " Pgy= 2FS T (Torsional Ldad Effect)

= .
e - s Y me vmee et A A e (s v et vmSSem
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? -Body Analysis
L

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

N’ . C. Thcxmal Sccondaly Stress..

gives formulas £01 determlnlng the thcrmal sccondary

stresses in thc plpe.

Qr = QT1 + Qa'z
Where .

QTZ = C5CqaT,

D: Pr1ma1y Plus Secondary otresses

ThlS ca]culatlon is per Paragraph NB 3545 2 and is

the sum of, the thrcc previous secondary

. Stl’OSSGS .

!!!-?; : Sn = Qp * Pe
i ?gff 5:'Valve Fatigue Requ11ements

Paragraph NB- 3545 3 of Scctlon II1 of the code deflnes

rcqulrcments for normal duty valve fatlgue.

. The allowable stress level is found from Flgure I- 9 0.

Slnce the number of cycles is unknown, a ma\1mum value

of 2 000 1s assumed

found from Flgure I-9.1 f01 carbon stecl

an allowablc stress of 65 000 psi.

Spl = 2/3 Qp + Pcb/Z + QTS + 1, er

= 0, sz .‘= .4 Qp
Where: ‘

CGC3AT;

Qrz-=

.
A 0 s e amse o . B h S eweemase mm e on on = T —

-peb + ?QP

oo . - 9

v amsime

Thc allowable stress can then be

e e .

Thls then gives

P

. -
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. - | DISC ANALYSIS

Section NB-3546.2 defines the design requifemenis of the
valve digc. Both primary bending and primérx membrane stress
are mentioned in thlS section. For a flat plate such as the
butterfly valvc dlSC, membranc stress is not defined unt11 the
deflection of the disc reaches one-half the disc thlckness.

+ Since total deflection of the:disc‘is much less than one-half

- the thickqess, membrane str;ssés aée not, applicable to the
anaiysis. . ' :

o Figu;e 5 shows ihe'disc for the NRS bﬁttexfly valves:

The disc is designed }o provide a structurally sound pressure

retaining component while providing the, least intérference

&"\- to the, flow. S i )
. : ’:;-,F . Lt . " L. . . . L t

Prlmary Bending Stress

Due to the manner. in which the’ dlSC 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 moménp occurs. . The mpmehx is a

result of a uniform pressure load.

Combined bending stress in disc:

_ S(1) = (5(2)2'+ S(3)%)*
Where:
S(2) = .90413 P5R43C7 = Bending stress duc to moment
I along shaft axis, psi
4 . )
_— S(3) = .006066 PSR43€3 = Bending stress due to moment
6 . " about.shaft axis, psi
. 3 -
N ) .
~
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Disc Analysis

Bending stress of. unsupported flat plate
S(4) = Mng

I,

Shear-Tear Qut of Shaff

The disc is d051gned so the m1n1mun thlcknoss of matcr1a1
surloundnng the shaft extension in the disc 1s above the shaft
on the arch 51de The loading is ‘due to both se}smlc and pressure
loads. . . E -

S(S) é_ﬂPsRuz+W§gx = Shear tear out of shaft

'ZLg(K2+5SDZ) through disc, p51
Shear Stress in Hub Welds N ' ' " -1
S(6) = 1rR4'2Ps -+.T8 .12 FR42 283(g 2_|_g 2)_]2 ) ‘
“'6!‘6 27“161‘6 L LGWG _J .
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SHAFT ANALYSIS . o PR

. ; " The shaft is analyzed in acco*dance with Para NB 3546.3
of Sectlon ITI of the Code. . The bhaft-loaﬂ}ng is a combination
of selsmlc, pressure, and Operating‘léads: Maximum torsional
léadfng is cither a combination of seating and bcaring:térque
or:bea}ing-and dyﬁamic torque. Columnar stress in not con-
sidéred in the shaft loading due to its'-negligible effggt oh
the séress levéls.~ Figure 2:shows thé‘banjo asscmblf.with the
through shaft. n

Shaft stresses due to pressuxe, seismic and opérating loads

$(7), = S(8) + csc8)2+4 $(9)2)*
2- ;

1

Where:

o T s(8)
QL-’ ' " 8(10)

S(ll)

(S(10)2+8(11)2)% = Combined bending stress, psi

(“R42ps+w2gx)'25 BjRg Bending ten511e stress
T ZSR54 due to pressure-and selsmlc

loads along x axis, psi

.Bendlng tensile stress
2 . due to seismic loads.along
25 7 Rg © 7.y axis, psi

(S(12)2+5(13)2)%k

.25W2gy, ByR§

$(9)
s(12)

Combined shear stress, psi

. SuRg4

1.333 [:lSHR42p5+.SWz(gx2+g§2j%:J = Direc¢t shear

S(13)

"RSZ stress, psi.

Also worthy of attention is the torsional shear stress at the
- reduced cross-scction where the disc pin passes through the

shaft.-
‘i{.
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o : DISC PIN ANALYSIS -

-As scen in Figure 2, there are two stub shafts to the

disc pjﬁ. The top pins are subjected to torsional load as
:théy transmitl the operating- torgue. The bottom pin is sub-
ject to shcar loads due to scismic and torsional loads. -
Shear stress in top disc pin:
P o - o r.SU. S
R S(15) = 22t L - -

‘ . 20 Rg. 78503 ° o

Bearing strés; on top disc éin:

L M -.5U, '
S(16) = -

- -..(Rs + .sxz?zxzo

371 - L

, ©  Conbined shear stress - bottom disc pin:

- .
.

_sQ7) = [%ng)z + S(l@)%]%

Torsional shear stress in bottom disc pin:

‘ : (.50, + U)
S(18) = ———2®
- . D2:785D3 . ) '.'
Shcar stress in.bottom pin due to seismic acceleration
+ pressure on' end of .shaft:
o 2
. W,g_ + R.“P
ST s(19) = 2250
o 2(.785)D,",
.‘i&
-36-
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subjected ‘to both seismic and pressure loads.

SHAFT BEARING ANALYSIS

The sleeve bearings in the trunnion;(Figure 2) are .

n
»

"
.

N ¥

'8(20) = nde42+w2(gx2+gy2)% = Compréssive stress on
2 LgD, " shaft bearing, psi .
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Qﬁb B SR COVER‘CAP ANALYSIS

o . E

_x\w. . Figure 6 shows the bottom trunnion assembly, 1nclud1ng'_

the cover cap and cover cap bolts.

1. Cover Cap Bolt Stresses

The cover cap experlences 1oad1ng from the weight
of the banjo anq from prpssure loads. In determlnlng
stress ievéls; the bolts ére assumed to share ;or-
sional and tensile loadlng equally :

_Shcar tear out of bolts through tapped holes in trunnlon

S(21) = Wpg,+TpgRg2
4L3 7,85 Dg

Shear tear out of bolt heads through cover cap, p51

S(ZZ) = wzgz+npsR62 ‘

e}: .. s arys.zpg o

Combined stress in bolts, psi

S(23) = S(25) + (S(25)2 + 4S( 24)2)% :
: 2 o 2 : .
"-Where: -
S(24) = lzswzgz(n2+ 66.(D4-Dp))- = Shear $tress in bolts
. 707 ”3 3 A4 'h_due to torsional load
S(25) = Wzgz+ﬂPsR62 = Tensile stress ‘in bolts

4A 2. due to seismic and
3
: pressurc loads, psi

2. Coﬁcr Cup Stresses

The. combined stress in the cover cap is calculated
u51ng the following. formulas.

S(ZP) = S(°7)+S(28) + ((S(27)+S(2§))2+4 S(29) )i

49
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ttle—— BOTTOM TRUNNION

— SHAFT BEARING.

- BOTTOM SHAFT

—————THRUST COLLAR

.\§¥' | i

A S S SSNT

SPRING PIN

COVER- CAP

§

. SHIMS

. BOTTOM TRUNMION AND
THRUST BEARING ASSEMBLY

Figure 6 .
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.
Cover Cap Analysis
. Where: .

S(27)

3(-785(Dg+.25) 2P ¥y, ) -

47\'T42

3(.785(Dg+.25)2ps+W2p05)

. S(28)

S(29)

. . ’ ) 41['1'42m-

- -785(Dg+.25) 2P +Wyg,

T(D4+.25)T4

.
*»
.
«
.
3
.
«
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.
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<
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.
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1]

«

‘Radial stress °
"Tangential stress

Shear stress. -
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THRUST BEARING ANALYSIS

.

As secn in Figure. 6, the thrust bearlng assembly is
locatcd 1n the bottom trunnlon It prov:des restralnt .for the
banJo in the z dlrectlon, assurlng that the dlSC edge remains °
corrcctly p051t10ncd to maintain optlmum sealing. Formulas
used to analyze the assembly are given below:,'

1. Bearing stress on thrust collar ‘due to selsmlc and

pressure 1oads

©§(30) = - Wpg,+wPgRs>
. 785(Dgr (Dg+.25)2)

2. Shear load on thrust collar spring pin due to seismic,
. pressurc and torsional loads:

S(31) = (Wzgz+ﬂPsR52)2 * (ZSWZg (Dy+.0833+.66 (D - Dz)f§
. Rg .

3. Bearlng stréss of spr1ng pin.on thrust collar'
. 5(32) = ((Wpg,+7PgRg2)2- + (.25W,g,)2)% ‘
' D5(D4-D2)

4, Shcar‘teﬁr"out of spring pin through thrust collar:

S(33) = Wpg,+"PgRs?2
T3(Dg-b3)

5. Shear tear out of Epring pin throughibo%tom-of shaft:

S(34) = Wag,+nPgRsZ . . | T
2D2(T2+.5 Dg) S

52
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SR " " OPERATOR MOUNTING ANALYSIS

s
Ay

- . ")

Thc opcrator mountlng consists of the top trunnlon, the
bonnet, the operator housxng, and the bolt connectlons. The®
elements of the asecmbly arc shown in Figure 7

1. Bolt st1esscs and locallzcd stress duc to bolt loads.

Fhe £ollowxng assumptlons aze used in the dcvelopment
, of Lhe equatlons . ‘ .
- “A. Torsional dircct-sheé&, éné direct fcns&le-loads are
shared cqually by all bolts in the pattern. . T
ﬁ;!Moments across. the bolt pattcrn are opposed in such
a way Fhat thp load in each bolt 1; propo?tlonal to
1!?A;‘ ‘ . : iﬁg distance from' the ncutral bending axis. .
N . a. Shear ‘tear out' of grunnion bolt thrgugh tabpeq.hole

.in top Lrumnon

5(35) = TZ+W4gz + M—(J2+Hz) ; Ny, (J1+H))
s - 23,2e2(TpeHp) 2 23, %42(Jp+H,)2
" OnL4Dg Co

<

b. chrang st1ess on tapped holes in Lrunnlon.

S(36) = (MZ+TS) (}x2+ry2)4 + h4(gx2+8y2)4
4(.707 no) 4 )
' . Dyly

c. Bearing stress -on through hole in bonnet.
. . . . N 1 . . 5.
S(37) = (MsTg) g;x?+y )%+ Wy gy ?p,2)%
4(.70711,) . T 4

¢

P - oo
e mom— - -
3 .o e L o,
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,~ ' TOP TRUNNION MOUNTING
W ' , FIGURE <

O : o /— ADAPTER PLATE
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Operator Mounting Analysié

. d. Shear tear out of trunnion bolt heads through

bonnet. '

S(38) = FptWag, o My(Ja+H) ;. My(J1+Hp) -
; 4 . 2J2%42(J2+H2) ¢ 2J14+2(J1+1) %
5.2 NeTe ’

e. Combincd stress in_trunnion bolts (See Fig:. 8)

S(39) = S(40)+8(41) + ((SC40)+S(41)P+4(S(42)+S(43))2)%
. ‘ . 2., . .

" Where S o ‘ . s
S(40) = Fy+l4g, = bircci Tensile Stress, psi e
| . 4 Ag - oL | . :
STOSM1) = Hg(IpeHp) 0 MU(J1+HR) S Tensile stress

239242 (3p+Hp) % 203%+2(Jy+Hp)? iggstgéiggﬁngd'
' Ag’ " - momenrit, psi

s(z) = (FX2+FY2)%+W4(éX2f3Y2)%. = Direct shear
4 Ag - .stress, psi-
S(43) = (My+Tg) . = Shch? stress dhé_tg.
. (.707 Hy)4-Ag . . . L Fgr51onal 1o§di psi

.f. Shear tear out of bonnet. - bolt through tapped hole in

adaptcf plate.

S(44) = Fy y M (Jg+Hg) + F7(J5+Hy)
' 4 - 234542{J4+1y) ¢ 2J3%+2(T3+Hg) "

g: Bcaring stress on” tapped ho]cs_in'adapter_platq."
S(45) = My+Tg 3 (Fy2+Fy,2)%
(.707 1y)4 4 ..
’ ' I)g‘:s‘ .

‘55
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, Opecrator Mounting Analysis . . ' .'
N, T - ] . .

\

- =

. .
SN
o1

l. "‘

@

]
.y

AN

4

h.”Bcaring stress on through holes in "adapter piatc.

$(46)- = My+Tg
707 o)+ .
DoTs

+tp£2+p 2y%

i. Shear tear out of bonnet bolt head through adaptcr‘

plate.

S(47) = F, -+ My (J4+Hy) + My, (J3+Hy) -
: 4  2342%+2(J4+H4)2. 2J32+2(J3+H4)2
5.2 DgTg  ~ R

" j¢o Combined stress in bonnet bolts.(Sge Fig. 9)=1

. .
. 2
»
. . *
' . . .
a
.
. R « .,
-

* . (.707H4)4 Bg

e v——— e

S(48) = S(49)+5(50) + ((S(49)+5(50))2+4(S(51)*S(52))2)%
’ ' 2 .o 2 .. :
Where: .
S(49) = F, .= Direct Tensilé étresé, psi
. 4 B3 o . - A
. '5(50) = My(J4+Hy) + My (J3+Hy) = Tensile stress
. - 2J42+2(J4+H4)Z  2J32+2(J3+Hg) 2" due to bending,
B3 o psi.
'S(51) = (Fx2+Fy2)% Z Dirvect shear
. . 4 134 . stress
S(52) = Mz+Tg = Shear stress due

to-torsion, psi
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. .Operator Mounting - Analysi.s ‘ ‘ . a L oL
N k. Shcar ‘tear out of chrator bolt head through adéptcri
plate. ‘
L 2(V12+V2+V324Vy2) 4
.5.2 DgTs -
1. Beér;ﬁg stress of operator bolt on hole in adapter
.'p.'late. . ' . .. . o- ,“ _u ‘."- i : . ) ;":'..
S(54) = (Mz+Tg) , CL
.5 H7 8 TsDg ’
' ' m., Comblned stress in operator bolts.- ) .
S(55). = 5(56) +5(57) ((scse)+scs7))2+4(5(ss)+sc59))2)’i :
) 2
- Where: S ) .
%,, ) S(50 = Fz L .= Direct tensile stress, psi
¢ .é..’ . . . TR 4 A? . - . . ' . .
; S(57) = (M +MY)V4 = Tens%le stresé due to
. 2(V12+V22+V32+V42)A7 bending m?mgnF, psi
S(58) = (F 2+F 2)4 P £.Direct shear stress, psi
. . 4 Ag § ‘
'lS(SQ) = (M,+Tg) ©. & Shear-stress due
"5 Hy 8 Ag B . to torsion, psi

‘2, Bonnet Stresses.
The bonnet stresses are calculatcd with the assumptlon
that loading is through the bolt connectlons as prcv1ously

defined.
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13
- Operator Mounting Analysis
9“"\ [ . " '
3 TN . ' . . ¢
‘ Ht::g <. a. The maximun comolncd stress in the bonnet, was calculated

u51ng the- follow1ng fo*mulaS‘-

5(60) = S(61)+S(62) . ((3(61)+S(62))“+4(3(63)+S(64)) lrf.

2 2 §
.= Combined stress in bénnet legs i o ¢
S(61) = Fy+lyg, - = Direct Tensile.
_— Stress, psi
, Bg _ ' .
' ,S(625 . §=§3 ﬁ=§g . = Tensile stréss
] ot § - ‘{ .o o ‘due to bending
. ) .o 1 2 . - s _moment, psi -
Where: . . .
'S(63) = (F 2%F,2)% + w4(gx2+gy2)%'- : = Direct snear
* TR ) stress, p51
“ . s L] R .

]
i

q557§ - ) S(64) (42+rs)(B§2+BQZ)% oo CoL .Tor51ona1 shea.
N L. - T.+1 ' v . stress.
e . ) AR |

" b. The maximum combined shear stress in thc bonnet mountlng

plate to body welds was calculated us1ng the followlng

formulas'

: Bottom Bonnet Weld ) :‘q': _ B
.: S(GS) = (8(66) +4(S(69)) ) = Comb1ned shear stress
<L IR -2 - * . in bhottom weld
' Where Lo R '

'S(66) = S(67)+5(68) " "= Total tensile stress,

. . ) . * pSl *
S(67) = F,+Wug,. = Direct tensile 'stress,

: T : . psi -

Jr « : . .
@. -
61
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Operator Mounting Analysis

X i , S(68)

5(69)
. o S(70)

2 S(71)

Top'ﬁonnet Weld

"S§(72)

- Where

$(73)
!)_ 879
.,"_5(76).

S(74) -
§(77)

S(78)

S(70)+S(71)

(Fx2+FY2)k+W4(8x

]

ft

-Bending tensile stress

Total sheaf stress

='Direct shear

Uy

Mp+Tg -~
Z3

24g,2)%

stress, psi

=" Torsional shear stress, psi

+ 4.(

>

(5(73)°

S(75)+S(76§‘

BZ
Uy .

"Myt

e it 4
22

.3(77)+sc78)_'

(Fy?+Fy2)s :
Uy
Mg+Tg
24

c..Trunnion Body. Stress

2.

(7432

i

The trunnion body stresses are

following assumptions:

i e MY D

. ————nesm . P

= Combinéd Shéé} stress
: in top bornet weld

Total tensile stress, psi

Direct tensile stress, psi

.Bending tensile stress, psi

Total shear stress, psi

Direct shear stress, psi.

Torsional shear stress; psi

calculated .using the

1. Operator loading is through the bholt conhections.

- F PummmA A A Gpew  ® A Eerl Amaves
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Operator-Mounting Analysis

2. There is an equal and opposite rcaction ﬁo‘thé bolt
loads at -the body
The comblned stress in the, trunnlon body was calculated

“using the follow1na formulas'

s(79) = S(80)+SC81) + ((8(80)+S(81))2+4(S(82)+S(8a))2)”
2 T 2. )
: Wh?fe - : T '.‘: L
S(80) = F,+Wg, . ' = Direct fepsile S;ress, psi
. K4Ks-,785B,2 L
S(81) = (Mx*FyKe).5K4q ~ (My+FxKe) . 5Ks = Bending tensile
. 0833KsKg>-xB2% 7 L0833k K 5-np,4 . STTESS, PSI
. - W ....= -
S(82) = (Ex2+gy29%+w4(gx2+gy2)% ' ., = Direct’ shear
. > - L O stre$s, psi-
K4K5-.785_Bz ' o
© 5(83) ='(I\iz~=-T3):S(}(4z+1(52)‘12 , . ] = Torsional sheéf
. .0833 (K4Kg3+KsK,3) -7B,4 oo :_stress, p51':

32 . : .
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P o FREQUENCY . ANALYSIS

A. Introduction . : - o

To calculate the natural .frequency of the var1ous com-
ponents of the Triton VXL valve, a model system W1th a

51ng1e degree of freedom is constructed The 1nd1V1dual

0

<

- as restorlng spring forces which act to oppose the re- |

spective weight forces they are subjected to. : The-static

-

deflection of the component is calculated and }s*reiateq

to natural frequéncy as:

Py =1 K .
© Zm N r . T
= . or . ., ) . - .
= . Fp=1 Vg oo .o . oL -
T 2w | Ay . L Lo
' ) or . ' . oo o a

I

; .. . . lx .
Fp .(9.8 ' : .
Co sy . . . T
The analysis details the equations and assnnptibns
used in dctcrmlnlnp the natural frequenc1es llsted in the

summary table. SLetchcs are prov1ded wvhere approprlate.

B. Valve Body Assembly

The body shell, as seen in Eigdre 1, is assumed to
experience loading due to the entire valve weight. .
Natural Frequency of the body shell:

= ! '
Fyi = [9.8)\*

Y A Ay % .-

VRIS IS emen Shs s e . it B e s . » o=

components and groups of .components are modeled and analyzed

64






9. .Frequency Analysis |
\“_\

. A

. Where

AYl = W1L13 | = Maximum deflection of'quy'sheli
48“§—f§ due to valve weight, inches

C. Banjo Assembly .
Figure 2 shows the-banjo assembly'iﬂ the body. ‘The B
natural frequency of the banjo assembly is caiculated

using the following:

- G
Where "
by2 ='W7B13_ i ="Maximum deflection offshaft; inches
12516 ) ’

g} - D. Cover Cap Assembly .
\ B

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

The naturﬂl frequency of the kover cap 1s calculated as

’ follows
Fys = 2_-_&)’4 : . R :
'.' Ays " . . . . -
Where - L e L
Ays = 3(m2-1) Wy (.5Dg+ .125)2 = Maximum' deflection

TonE T43m2 of_coycr cfpr

. E. Bonnet Asscmbly
"Figure 7 shows the top trunnion assembly. The following
assumptions are made in calculating the bonnet natural

{requency:

65
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ﬂ Frequency Analysis . " . : . . - R
Sy . K - . M '. . } "

'
. ~

Sl e B
- .

“&*‘ 1. The worst valve ‘assembly mounting positi'on ‘is where ;
the bending moment is predoniinaht in producing deflection,
2. The bonnet is assumed fixed at the top trunnion.

s .-3. The adapter plate. 1.> assumed to be 1ntegral with and

rme D e a e rmvre st - vt e e o

' havc a -cross-section the same as the component 11: . :
mounts to. '. | ' '
; Natural 'freciuenc.y‘ of bonnet: .
_ ” C . ‘
- Fig %;%) . - | o |
. _‘Where L R : I ' "
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ATTACHMENT 3 i
GENERAL ARRANGEMENT
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