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I. Introduction

This investigation has been made in response to a request by
the customer/engineer for evaluation of containment isolation/purge
valves during 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 upstream 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. Worst case conditions have been applied 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 incorporated

in this

A.l.

evaluation as follows:

vValve 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. time is based
on a sinusoidal function.

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 custcmer/engineer
is utilized in calculations. Downstream pressure Vs.
1OCA time is furnished by customer/engineer OT assumed
to be worst case.

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

Containment back pressure wili have no effect on cylinder
operation since the same back pressure will also be pre-
sent at the inlet side of the cylinder and differential
pressure will be the same during operation.

Purge valves supplied by Henry Pratt Company do not
normally include accunulators. Accumulators, when used,

are for opening the valve rather than closing.



VTorque limiting devices apply only to electric motor

operators. Based on findings in this report, motor
operator torque switches should be bypassed or re-
moved to eliminate motor lock-up during the LOCA

closure cycle.



4 ‘ 758. 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. 1In lieu
of input, worst case conditions have been applied to the analysis;
namely, 90° elbow (upstream) oriented 90° ouﬁ—of—plane with
respect to valve shaft, and leading edge of disc closing toward
ouﬁer wall of elbow. Effects of downstream piping on system
back pressure have been covered in paragraph A.2. (above).

B. This analysis consists of a static analysis of the yalve 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 pgca-induced fluid dynamic
torques.
C. Sealing integrity can be evaluated as follows:

Decontamination chemicals have very little effect on EPT and
stainless steel seats. Molded EPT seats are generically known
to have a cumulative radiation resistance of 1 x 108 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 rroperiv

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.




ITI. Method of Analysis

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

A. Torque calculation

The torque of any open butterfly valve is the summation of
fluid dynamic torgque and bearing friction torque at any given disc
angle.

Bearing friction torque is calculated from the following

equation:
TB =P x A x U x d
. 2z
where

P =pressure differential, psia

A = projected disc area normal to flow, in2
U = bearing coefficient of friction
d = shaft diameter, in.

Fluid dynamic torque is calculated from the following equations:

For .subsonic flow

P
[RCR > ~“1 > 1.07 (approx.)]

Py
T . = D3’x C P K X F
D 71 X ¥2 ¥ RE
1.4 .
- For sonic flow
>
P12 Fer
Py
T = D3 x C x P X K x F S
D T2 2 17 RE (FRE— 1)
Where i
T = fluid dynamic torgue, in-1lbs.



F = Reynold number factor

RE
Rog = critical pressure ratio, (f (<) )
P, = upstream_static pressure at flow condition, psia
P2 = downstream static pressure at flow condition, psia
D = disc diameter, in.
Cpq = subsonic torgue coefficient
Cpy, = sonic torque coefficient
K = isentropic gas exponent ( =~ 1.2 for air/steém mix)
< = disc angle, such that 90° = fully open; 0° = fully

closed

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

T2
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 unegual and
opposite effect on dynamic torque. Specifically, increases in up-
stream pressure in the subsonic range result in higher torque values,
while increasing Pl in the sonic range results in lower torques.
Therefore, the point of greatest concern is the condition of initial
sonic flow, which occurs at a critical.pressure ratio.

The effect of valve closure during the transition from subsonic
to sonic flow is to greatly amplify the resulting torques. In fact,
the maximum dynamic torgque occurs when initial sonic flow occurs

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

from the fully closed position.



D-22254-1

JOB:FLOF. PHP:FFVZT FIY

SAT.STEAM-AIR
SPEC.GR.= .V
GRS COMITAMT-C

SOMIC SFEED CMOMIMG

CRIT.CHSE IMLET “ELOCITY

INCH MODEL

MAx. TORGUE IZ AT
¢ 47.375

MAX. TORGUE IMCLUDES
ok LIME I.D.
S UZED:STATICCTARPYPRESZ.-ABZOLUTES P2 IMCL.RECOVERY

“TURE

IMAWITH

MIHTR.> =

THE CRITICAL FE
ETMIH.2FIRET

PL—“QFIHELE
WITH 1.4
MaL.

WT.=

ZIZE EFFECT (REVHMOLDZ

(TDFUUE'FHLf T YALIDITY:P1-P2:1.073

VALYE TYFE:
DIzC ZIZE:
SHARFT DIA.:

ERiG. COEF. OF FRCTHM.:

SEATING FARCTOR:
INLET FEE: -
OUTLET FE
MAX.AMGS. FLOW RATE:

CRIT.ZONMIZ FLOW-20IM
YALYE IMLET DEMEITY:

FULL OPEH DELTH F:
SYSTEM CONDITIONE:

PIFE IM-FIFE-OUT
MIMIMIM 0,75 DIAM.

F1 AEZ. PREZIURECADL.>FOLLOME
TORGUE 1=
OF <Pl -Fe>xIM WORZT RAMGE
IN ZUEBZONIC FRAMGE LIMITI-OMLYS
THIZ TG, AT 72 DEG.ITYMM.

AESOLUITE M

--5 IM.MODEL EQUIY.YALUES-——
FREZE. FLOL
CECFEM

r4‘141

AMGLE P1
HFFF’ FZIA
90 ¢
25

'u&HIR
-4

p
FZIA
13,21
13,45
30 32 20,07
7S 2.5 Z0.E%
re 3z.a1 13,77
7O 34.61 19.54
55 ZE.EF 13.78
€0 V.7V 1T .od
22,73 1e.323
50 22.39  1e.24
45 2RO 15,75
4 23,21 15,34
35 40.42 15.1z2
30 41.41 14,3232
25 4z2.72  14.:322
20 44.,2v 13.7%
15 45,33 14,71

10 14.71
S 43,48 14,70
0 S0.70 14,70

[
L

ZEATIMG + EERFRIHG
MAE DM,

TEILRE CF a2

~ EBEAFRIMG

45"~
45,718
4..q IHFHES

DELP

FEI
4.2
T3

10.0
1e.2

-
3

.
N B A I BRI OO N B OO K AR Y (I

+ HUE
- HUE

Lu
TR Sl Y (V]

—HHD~

T
~
—
a

AR

A

T B R e ) B

o ORI N

R1As 125

-PEIA

3.5 PSIA «
71 DEM;

DEFEMDENT OH

_DHILﬁ

IMZHEZ

_

"2 DEG.
(S5 S8
LE~MIM AT =
LE<FT™Z-MIHM.

TITE ADJUSTEDCREYMLDE
EAM FEFR H

FEET-ZEC

TIMEE

'}J r;

HISHER RZ

-

IlElﬂ. \"

MO.ETCH AFPPX.

CLARZZ 75

OFFZET ASYMMETRIC

AIRC/ZTEAM MIXTURE
FIFE DOWHZTREAM FROM

DELHY

LIMEAR COMITAHT

DIiC

(e EwEw]
oM

_
b

QIO BR >N~ b

=
[~
b
3
3
1
1

.=
Ay

ZEARL TORQUE
TEAL TORGUE

CE2=0FFZET

5 4

B O S S A =

(R I ST = S B SR AR (LD

MU $o = T aTs Do e i =

LR ARL RN

g S (XY

O e S LT ) e T~

) el

LR B B O |

MMy =
A Eg LR

HCTILHL
FLOW
PLE-MIMD
25 .4": )
30522

ACTUARL FPREZZ.OMLY CVAR. 22

Clre

TIME~FFEZT. TRAMIIEMT
TIME AMD
DMHITR.PREZE
ZEE FOFMULATIONT.-PER TEZT:

SHAF T CT=T D3

32 NE

4

J oy
o
i

8 (R S Y

-] = M1
s 0 G0 0 0 0T 0 i

4
3

SR TN | n.(

2 y

Pt i

oo
1e1z

1220
3

- g O

O O i PR R O el e

DO Y IR 1 N COS (O
Sl ) o 0L N e e

MO.FMHCTHE D
1-LEZ
EAFPACISENT.ERF. =
AT
LCAZE IHLET

IMMODEL OF FARPPX
.

IMLET PZIF
LE~FT~2—MAX.

2os1

ZERVICE
CEMT.LINE

TO &.1S5-TH FOWER
- FE—-ARES. 7S

ZIZE

L1 00 e (D)

\.&.'L'..bl‘.'u—.»-

1 b 0]

i St

=
1
b
=)
1]
9
1
[
=

4

e = [ T o
P

el ORI

=0 e O Lo ot e

o

AR % n'_n. -

1} b

1
E
i
=
4
1

A IXIEAS
ot U g T

(OIS R SRV N A

(3]
SRS

[0

=

=J
M)
.

-
:_D
=J
)

Y1-0F =

—£0DEG, &

TIME LOCAH:?
-TE- TH ZEL

-

a
=,
-l

DRSO EOR T SO I N PR OO N IRy X SR

=

v e I DG G L T T T e ] T T

o =g (e

O RO o B o 00 00 00 G0 G G G [0 i T e v

<

|
)



-

B. Valve Stress Analysis

~The Pratt butterfly valve furnished was specifically designed for

the requirements of the original order which did not include specific

LOCA conditions.

The valve stress analysis consists of two major sections: 1) the

body analysis, and 2) all other components.

The body is analyzed per rules and equations given in paragraph

NB 3545 of Section IIX of the ASME Boiler and Pressure Vessel Code.

The other components are analyzed per a basic strength of materials

type of approach. For each component of interest, tensile and shear

stress levels are calculated. They are then combined using the

. formula:

Smax = %(lez) + ;2_ l('rl+-r2)2 + 4(S1+S,)°

where

Smax = maximum combined stress, psi

Ty = direct tensile stress, psi

T - tensile stress due to bending, psi

S = direct shear stress, psi

S> = shear stress due to torsion, psi " )

The calculated maximum valve torque resulting from LOCA conditions
is used in the seismic stress analysis, attachment #2, along with "G"
loads per design specification. The calculated stress values are
compared to code allowables if possible, or LOCA aliowables of 90%

of the yield strength of the material used.



Operator 'Analysis

This analysis specifically evaluates the worst case,
inside containment, valve with L%mitorque operator. The
rating of the outside Bettis operated valve is included

for informational purposes only.

Model: Limitorque SMB 1-40/H3BC
Rating: 67800 in-1bs.

Max. Valve Torgue: 465275 in-1bs.

Model: Bettis T520~-SR2

Rating: 225,000 in-1lbs. (at full open

and closed positions only)

The operators furnished were specifically desigﬁed for
the requirements of the original order which did not includé
specific LOCA conditions.

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

The Limitorque model furnished has a rating which ex-
ceeds the calculated valve torque for the following valve
angles:

40 degrees open to 0 degrees (fully closed)

The Bettis model furnished has a rating which exceeds
the calculéted valve torque for the following valve angles:

55 degrees open to 0 degrees (fully closed)

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

-Operator Rating (Attachment #3)

-Supplemental Torque Calculations (Attachment #4)




~IV. Conclusions

It is concluded that neither the valve structure (with present
materials) nor the ValQe actuator are adequate to withstand the
defined LOCA-induced loads based on the calculated torques developed
in this analysis except for restricted valve opening as described
below:

Specifically, the valve top stub shaft and top disc hub
blocks are shown to be overstressed except at valve disc angles of
60° or less (see attachments 2 and 4). |

In addition, the calculated torques exceed the manufacturers
rating for the actuator except at valve disc angles of 400 or
less (Limitorgque Operator) and 55° or less (Bettis Operator).

(See attachments 3 and 4)



‘ V.

Additional Information

‘phe following items are presented to describe how system factors

affect torques developed in this analysis for your consideration and

are informational only.

Further analysis by the customer/engineer is recommended prior

to implementation.

1.

An important factor governing thé magnitude of the dynamic torque
is delay time from the start of a LOCA incident to activation of
the pressure sensing mechanism, which in turn initiates valve
closure. Careful re-evaluafion by the customer/engineer of

the pressure sensing/timing sequence may render the present valve
assembly functional through a significantly greater range of
angles.

Installation of a convergent4divergent seciion downstream of the
outside containment valve with a throat area sufficient to allow
unrestricted ventilation during normal operation, but which

will choke LOCA-induced flow while the valve is closing, through
the critical range of 80°-60°C open, could resultantly reduce

the flow through the valve to subsonic levels.

An orifice plate installed similar to #2 above can also choke

the system downstream and reduce flow through the valve to
subsonic levels.

Mechanically restrict or block the valve disc to a maximum

disc opening angle. (see attachment #4 for further illustration).




ATTACHMENT 1A

PRESSURE Vs. TIME GRAPHS
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ATTACHMENT 1B

PRATT LETTER REGARDING
ADDITIONAL INFORMATION



[PRATT,

. HENRY PRATT COMPANY
B Crosttive cricrineerines tor Ulvdcd s osternes

401 SOUTI LHGHLAND AVENUE - AUROIUN, TIINOIS GORY7

December 3, 1980

Florida Power and Light Co.
P.O. Box 14042
St. Petersburg, FL 33733

Attention: Mr. K.M. Elder
Project Engineer

Subject: Crystal River - Unit #3
"~ 48" Purge Valve Analysis
A-49210Q

Dear Mr. Elder:

Recent findings in the general analysis of purge valves sub-
jected to LOCA conditions have necessitated a request for
additional technical data from the customer/engineer.

Delay time, system back pressure and valve orientation have

a significant impact upon maximum torgue and resultant stresses
in the valve assembly. To properly complete the purge valve
analysis referenced above, the following information is re-
quired: .

1. 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. LOCA time at a distance 10-12
diameters ‘lownstream of the valve. Consider also the
capacity of the piping, filter and duct work to resist
increases in back pressure.

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

----------



=

Mr.

d : W Ay ——

PRATT,

Elder

Page 2
December 3, 1980

Drawings or written description of valve 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.

'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 torgue and .

valve stresses.

Delay time from LOCA to initiation of valve rotation shall

be chosen to permit initial sonic flow condition and critical
valve disc angle to coincide, resulting in maximum possible
dynamic torque. '

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 orien-
tation and closure will increase torgue values by 20% or more.

Your prompt response within 30 days would be appreciated.

Very truly yours,

HENRY PRATT COMPANY

T.J. Wrona, Manager - -
Contract and Proposal Engineering

/sw

CC:

R.D. Neison



ATTACHMENT 1C

. CUSTOMER/ENGINEER RESPONSE
( TO REQUEST FOR INFORMATION



Florida
Power ' February 4, 1981

CORPORATION

Henry Pratt Company
401 S. Highland Avenue
Aurora, IL 60507

Attention: Mr. T. J. Wrona
Subject: Crystal River Unit #3
48" Purge Valve Analysis (AHV-1A,B,C,D)
FPC P.O. No. A-49210Q
Reference: Henry Pratt Company ltr. Wrona to Elder dtd Dec. 3, 1980
Dear Mr. Wrona:

In accordance with your request for additional information per the referenced
letter, and our telephone conversation of February 2, please find the attached

" drawings which depict the arrangement of ductwork and components associated

with the subject valves. Hopefully this will provide enough data for Pratt to
calculate the required resistance coefficients necessary for the analysis.

Also, please find the attached graphs taken from CR-3's FSAR depicting Reactor
Building pressure versus time following various LOCA break sizes. Actuaticn of
the valves will tske place after the Reactor PBuilding pressure reaches U psig
(about 0.5 to 1 second depending upon break size.). In additicn, there will be
a delay of approximately 0.5 second for the ES signal to reach the actuator.
(Reference B&W 1tr FPC-80-016 dtd 6/30/80 and GAI 1tr. FCS-1442 dtd 1/8/81.)
The orientation of the valves and the direction of closure js shown on the

attached Pratt drawing.

It is understood that this analysis can be completed 30 days after receipt of
this information, provided it is sufficient. If further delays are anticipated
or if the information which we are sending you is insufficient, please contact
me immediately at (213) 86€-4U19. Thank you for your assistance.

Sincerely,
iﬁg%fPA PCWER CCRPORATIOM
S Looker
G.A. Becker
Supervisor, Mech./Struct. Engineering

GAB/ jw

enclosure

cc: E.C. Simpson P.Y. Baynard
T.C. Lutkehaus F.J. Tomazic (GAI)
Readers File: EQ 3-5-31 w/attach

General Office 3201 Thinty-fourth Street South ¢ P.O Box 14042. St. Petersburg. Flonda 33733 e 813—866-5151
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SEISMIC ANALYSIS
for 48 inch
" -.Nuclear Purge Valve

e -



CUSTOMER ORDER NO.

— - - ———

Approved by ol Ll p s = e

Prepared by Jf, fa.nQlV (2 -2v =70

Ve

PFROJECT - Gilbert Associates - Florida Power Corp.

PRATT ORDER NO, 7-3915 - ,
PR3-1783 Q :

48 inch

5 g's simultaneously applied in each of three perpendiculor

directions.
Summarized in the following two tables are the stress intcnsaities

Table 1 identifies body stresses and how they re-
late to the ''Draft ASME Code for Pumps and Valves for Nuclear Power"
dated Nov., 1968. Table 11 identifics stresses in other elcments of
the butterfly valve assembly, for which the pump and valve code pro- .
vides no specific onalysis procedure. All allowable stress levels are ‘
as specified in Table A-1 of the code. .

VALVE SIZE
SEISMIC ACCELERATIONS

of primary concern.

TABLE I - Body Stress Levels

(@

Code code | Anslysis | Stress Allowable
Stress Name Ref. Par. Sym, Ref. Pg. Level Stresn
Primary Membrane Stress 1n- Sm
sity 452.3 Pm 5 1,025 18, 200
Primary & Secondary Stresses
-~ 4uye to flanpe, pressure, and 452.4a8 Qp 5 1.5 Sn
seismic loads. 5,177 28,350
Secondary Stresses Due to
Pipe Reaction 452.4b 1.5 Sm
Ped 6 3,317
Pecb 6,896 28,350
Pet 555
Valve Body Secondary Stresscs 452.4 Sn 7 12,165 36?900
.Fatigue Stress (Ng= 2,000) 452.5 Sp 7 8,967 é5,000

Notes: 1. Body material is carbon steel per ASTM A-516, Gr. 60.

2. Allowable stresses are for 300°F.

3. Valve Tag No.'s are: AHV lA
AHV 1B
AHV 1C
AHV 1D )
a.".‘.. .
s 7
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valve stress Analysis Haterial Stresns Allouable
Coaponent Name Ref. Pg. Level# | Stress
: ASTH A=516 sSn
Dicc Haximum Disc Strees 8 Gr. 00 8,0()4 18,900'
. “h7¢ Ty =
Shaft HMaximum Shaft Stregs 9 2;;3 2027J 38,937 2;?830
ASTH A-240 .5 Sm
’S“;;‘é;‘;“ Shear 10 Type 304 6,500 | 9,900
Retaincr Beoring 10 ASTH A-240 © Sm
Shsft Retainer Stresa : Type 304 13,200 19,800
Aspembly Bolt fcncsile 10 ASTH A-540 : Sm
: Stress CcL.1,Gr.B21 38,700 | 46,200
shaft Groove ASTtL A=479 ‘ «5 S
Shear Stress 10 type 304 3,400 9,000
ASTH A-350 .9 Sy =
Keywvay Dearing . _
Hub Dlock Stress 11 Gr.LF-1 60,870 27,000
Asgenbly Max. Combined ASTM A~540 Sm
Bolt Stress 11 CL.1,Gr.B2} 38,640 | 46,200
T. Washer Normal 13 Silicon Lul *
Benring Stress Rronze 415 1,200
T. Washer Seismic Silicon Lul x
= Besring Stress 13 “|Bronzc 2,075 8,070
Thrust Adjucting Screv ASIH A-479 5 Sn
Beorinrg Shenr Streus 13 Type 316 6,150 10,000
Agserbly Adjusting Screw AGTH A=479 Sm
| Tensile Stress 13 ftype 316 | 11,200 | 20,000
Retaining Screw ASTH A=540 5m
Tcnsilc stressg 13 CL.I,Gr-le 21 ,100 46,200
Cover Shcar ASTH A-285 .5 S
Strecss 13 or.C 2,300 6,850

Note:

- .~ %Not specified in pump and valve code.

Allowable stresses are for 300° F.

W CaucotATION LALVE 7ORGUE
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INTRODUCTION

' Described briefly in the following pagzes 1is the analysis used in
verifying the structural adequacy ot the main elements of the butter~
fly valve. Each clement is described separately in its own, appropri-

ately titled, section.

Seismic loads were made an intepral part of this snalysis by the

-4nclusion of the acceleration constants gy, 8y» 8z Should they not be

present in any of the dircctions of interest, simply sct the appropriate
value of g4 to zero. '

. The symbols g, By» and g, represent accelerations in the x, ¥, and
g directions respectively. These directions are defined with respect to
the valve body centered coordinate system {1lustrated in the figure 1.
Specifically x is along the pipe axis. 2 is along the shaft axis. ¥ is
perpendicular to X & y and in the direction forming a right hand triad
with them.

Valve oricntation with respect to gravity is taken into account by
adding the appropriate quantity to the seismic loads. The justification
for doing this is that a gravitational load is completely equivalent to
al "g" seismic load.

As an example of {ncluding gravitational loads, consider a valve
oriented so that z is vertical and subjected to seismic 1oads Gy, Gy,
and G,. The appropriate valves for gy, 8y» and g, would be:

By = Ox

gy = Gy
g, = 1 +G,

" Throughout the analysis, reference is made to a "banjo'' assembly.
This is the assembly consisting of the disc, the stub shafts, the hub
blocks, and the mounting hardware. 1t is termed a "banjo' assembly sim=
ply because it resembles a banjo in appearance, and this is an casy way
to refer to it. The main elements of the banjo assembly are identified

in figure 2.

X e o ' Page 1 Of
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FLANGE ANALYSIS

The flange analysis is in accordance with Appendix 1I, Para. VA=-56

of Scction viti, bDivislon 1, of the ASME Codes for Pressure Vessels and

. AWWA C-207.
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BODY ANALYSIS

f .

‘ With one exception, the body analysis is {n accordancec with “Draft
ASME Code for Pumps and Valves ftor Nuclear Power" dated Nov., 1968. This
exception is in the calculation of valve body primary plus sccondary
stress duc to intcernal pressure, a quantity labeled os Q, in scction
452.4a of the code. The formula which is specified in tRis section and
considers only stresscs jnduced Ly internal pressure ig not used. In its
place has been substituted a more complecte formulation which considers
stresscs induced by internal pressure, flange moments, and seismic loads.
All other body stress calculations are exactly per the pump and valve
code.

The specific formulas used in calculating the body strecsses are
listed below. :

1. Primary membrane stress = The following formula which satisfies the
{ntent of section 452.36 of the code was used. .

Pm = (Rm/h +1/2) p

wherc: Rm = shell mean radius=-inches
p = internal pressurc-psig
h = shell thickness=inches

{(' g 2. Valve body primary plus secondary stresses due to internal pressure,
‘ flange moments, and inertial loads = This is the quantity which re-
places Qp as defined in section 452.4a of the code. 1t is calculated
for two sections omn the valve body, the section where the flange joins
the body, and the scction defined by the centerline of the valve shaft.
The largest of these two valves is then taken as Qp. The formula used
for calculating Qp is:

Qp = 1/2 P+ 1/2 @Qp1 + Qp2) + 1/2 ‘V&§p1 - sz)z +4y 2

where: Y = sum of shear stresses due to inertia torques and inertia
. " transverse shear. -psi
Qpl = axial stresses=psi
sz = circumfcrential stresses=-psi
P = internal pressure=psig:

The quandities, Y, Qél' and sz are calculated from the following for-
- mulas:

Y =2WRo______ ... [ﬁc By + L (gyz + gzz)l{ﬂ

77 (RO*<Ki™)

. ™ 2. 2 1/2 -

M. [ReL (p'y + 875) 7T Ok

Q., = PRm/2h + oM/hZ + 77 Ro% = Ri 21tmh
pl -

Qpz = Pra/h + 671 M/t =wE/km

e Pagc 5 Of 14
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where: P = internal pressure=psig
o W = valve weight=pounds
Ro = outsidc radius of valve body-inches
RL = inside radius of valve body-inches
L = valve length-tnches
Ec = valve body eccentivity-inches
Rm = mean radius of valve body=-inches
h = valve body thickness-inches : : L _
E = young's modulus-psi *
~/ = poisson's ratio
gx,ga,g = acceleration constants
w effcction of valve body=-inches
M = local bending moment per unit circumference=-pounds
Note: W and M are calculated in a separate analysis,
the details of which are not included here.

e to pipec reaction=-These are calculated using the

3., Secondary stresses du
ump and Valve code. More speci=~

equations of section 452.46 of the p
fically, these are:
F4S
. Ped = Gg

Peb = C F.S
“b>
—b’g

Pet = 2FpS

. Gy
direct, or axial, load effect-psi
Peb bending load effect-psi

Pet torsional load effect=-psi
Fp = bending modulus of standard connected pipe per

452.4b of pump and valve code-inches _
FPg = 1/2 the cross sectional arca of standard connected pipe-

where: Ped

won

figures

inches : _
Cp = stress index for body bending secondary stress per section
. T 452.4b
s = 30,000 per section 452.4b ”

Gg = valve body scction area-inches
Gg = valve body section torsional modulus=inches
Gp = valve body secction bending modulus=-inches

3

4. Thermal Sccondary StressQThis stress is calculated per section 452.4¢c
of the Pump and valve code. More specitically, the formulas used were:

QT = 17.5 h2 for austcnetic steel !

' .

QT = 50.0 h? for ferritic stcel

where: QT = thermal sccondary stress i
h = thickness of valve body .

* " page 6 Of 1-
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5, Combined Stress Intengity=This quantity, as specified in section 452.4

of the Pump and Valve code is piven by the formula:

Sn = Qp + Pe -+ 207

where: Sn = combined stress intensity
Qp is given under number. 2, above.
Qr is given under number 4, above.
Pe is the largest of Ped, Peb, Pet
above.

6. Fatiguc Stresses-The value taken for comparison
and 452.5 (b) of the Pump and Valve code is the
as given in section 452.5:

Sp1 = 2Qp/3 + Peb/2 + 1.3 Qp

S = .th + Peb

p2

where.all terms are as previously defined

as given in number 3,

with figures 452.5 (a)
larger of the following,

Paye 7 Of 14
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® _ PISC ANALYSTS

h occurs is combined

lve, the worst load combination whic
are present at

The highest magnitude stresscs
s being the result of simul-
the y axis and the z axis. The

For an air purge va
pressurc plus seismic loads.
the center of the disc and can be considered a

taneous bending about two pcrpendicular axes,
magnitude of the stress 1is given LY:
' ]

-

o = (P+P)d ‘:36- (125 9T + 1137 + 421 172

wWhere: pe = equivalent seismic pressure = wtgx - psi

v = weight density of disc - pd/in> )
- - |
' |

t = thickness.of disc - inches

« applied pressure - psig

gx = “acceleration constant
P
d = diameter of disc - inches

a unsuppor ted shaft length - inches
at dise thickness i{s dictated by dcflcctionArequircments

1t usually occurs th
s are well below code allowable levels.

and that disc stresse

page 8 of 14
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SHAFT ANALYSIS

Because of the manner in which the purge valve is used, fluid dy=~
namic loadinps can be neplected. Therefore, the worst loading condition
on the shaft will be either a combination of torsional plus seismic loads
or a combination of pressurc plus seismic loads. Both of these condi-
tions were checked using the formulas listed below. Columnar tensile and
‘compressive loads on the shaft were not considered beccause of their ob=-

,viously small effect on stress levels.

1. Shaft Stress due to torsion plus scismic loads.

. 3 1 (o2 1/2
o=10,+% [?h + Afo]
where: 05 = bending strcss = 16wgg‘2 + 532)1/23
77 a3
G = torsional stress =_l§§92 : :
weight of banjo assy. = Pds.

=
= unsupported shaft length ~ inches
= disc diameter - inches

nwon €

) o = seating factor = Pds/inch
- ‘ , . d = shaft diameter = inches

Bxs8y © acceleration constants
2. Shaft Stresses due to pressure plus gseismic loads. = Both shear and

bending stresses are calculated. However, they are not combined since
their maxima occur at different locacions on the cross section.

05 “'%K‘[k77D2P/4 + ng)z +‘(w8y)2] 1/2
- 2 27 1/2
o5 = [0+ 9% ]
where: Oy = 32(.125 7702P + .5 wgx)a

77d3

Oy =_1l6Wgya

7743

= cross sectional area of shaft - 1n2

= gpplied pressurc = psig
= disc diameter - inches
= shaft diamcter = inches .
= weight of bhanjo = pounds
a = unsupported shaft length - inches

S>>

T Bx»8y = acceleration constants

-(‘ |

. L ’ - page 9 Of 14
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CSHAFT RETALNLR ASSEMBLY

For purposes of convenicnce in description, the shaft retainer
assembly is considercd to consist of the shaft retainer, the shaft re-
tainer bolts, and the grooved end of the stulb shaft. The shaft retainer
was checked for shear tear out and beariny stresses. The shaft retaiucr
bolts were checked for teasile stresses assuming all four retainer bolts
to be cqually loaded. The grooved cnd of the shaft was checked for shear e
tear out and becaring stress. Formulas for calculating each of these

stresses are l1isted below.

1. Shear stress in rcetainer

Ou. = 2W
sy =<6z
T T7idc

2. Bearing stress on retainer and groove

‘..BEG:V
77(dZ-dr )

3. Tensile stress in retainer bolts

Oor = Vg,
LA

4. Shear tear out of shaft groove

Ogs =_2WR,
“77d.L

where: W = weight of banjo = pounds
d = shaft diamecter = inches
dr = diameter of retainer bore - inches
t = shaft retainer thickness = inches
A = tensile arca of retainer bolts = in
L = length of shaft after groove = inches
gz, = acceleration constant . :

4 : Pape 10 of 14
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UL BLOCK ASSEMBLY

{ ‘ The hub block assembly is considered to consist of the hub block,
. the hub block rctaining bolts, and the hub block keyway. The two
stresses of primary concern in the hub block assembly are the keyway
stresses and the combined teusile plus shiecar stresses in the hub block
bolts. The analysis of cach of these is explained below.

1. MHub Block Keyway = The hub block keyway can be safely designed by
keeping the compressive bearing stress on the keyway face below
the allowable stress level for the hub block material. The bear-
ing stress is calculated using the following formula:

Op =b . xTray

wvhere: 4 sl

d = shaft diomecter - inches
K = key height = inches . ,
L = key length - inches :
4 Trng o MAk, DyRaMic TORGUE CA35000 M)

2. Hub Block Bolt Stress ~ The hub block bolts are sized and located
such that the maximum combined shear plus tensile stress does not
excced the code allowable value for the bolting material. Stresses
are combined in accordance with the formula:

‘ ’ 'o-,E,—tz + ao-sﬂ 1/2

where: O = combined stress level
Ot = tensile stress
O3 = shear stress

The value for O; is obtained by evaluating the following formula:

Oy =VWgz
3A

where: W = banjo weipght - pounds ”
A = tensile area of bolt = in*® .
g, = acceleration coanstant

The value for O i{s obtaincd by evaluating the formula given below.

+ . .This formula is the result of an analysis which considers the effect
or pressurc plus seismic londs in the x direction, moment trom these
loads in the x direction vesulting Lrom unsupported shaft length, and
moment and wedging ceffects from loads in the Y direction.

-t Page 11 OF 14
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i/.‘ A t_ 8 2_j1 6 2(A“+BS+C)) 124, :5 3H
o wherc: Ap = bolt tensile area - in
: D = disc diameter - inches
P = applied pressure = psig
W = banjo weight = pounds
Byrfy = acceleration constants
A = distance from hub edge to first bolt pain = inches
B = distance from hub edge to second bolt pain = inches
C = distance from hub edge to third bolt pain - inches
d = ghaft diamcter - iaches ‘
a -
H=

2 .

unsupported shaft length - inches
distance between bolt rows - inches

) 4 Page 12 Ot 1~
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-, ’ | THRUST BEARING ASSEMBLY

The thrust bearing assembly provides restraint in the z direction
for the banjo assembly, thus assuring the disc edge remains correctly
positionecd to maintain sealing capability. Structural adequacy of the
assembly was checked using the six formulas listed below. Specific
elements of the thrust bearing as referred to below are identified in L
figure 3.

1. Normal bearing stress on thrust washer.

Opn =-H_
A

2. Seismic bearing stress on thrust washer.

Ops =_82%
Ay

3. Shear stress in adjusting screw head.

Ogn = 82W _
77Dt

4. Tensilc stress in adjusting screw.

Ota =_5z£_
A2

5. Shear stresses in cover.

Ogc =82Y
8¢ -J977DT

6. Tensile stress in retaining screwvs.

Ocr =_8zW_
3

where: W = banjo weight - pounds 2
A = bearing arca of thrust washer = in2
o gz = acceleration constant
- * D = diameter of adjusting screw = inches
t = thickness of adjustiny, screw head - inches
A2 = tensile arca of adjusting screw = in.2
T = cover thickness = inches '

Ay = tensile arca of rctaining screws = in.2 i -

Page 13 Of 1.
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LIMITOROUE VALVE CONTRDLE

Butterfly Valve manual
operator size H3BC.

Motorized Limitorque Valve Control
type SMB with H4BC manual.

The hand operated type H-BC unit is a worm gear drive
which may be used for any valve or device requiring a 90°
movement. The H-BC manual gear operator is espccially
designed for opcration of butterily., plug and ball valves.
Every H-BC operator has an adjustable mechanieal stop
limit device to prevent movement of the valve beyond 90°
of travel. Instructions for sctting thesc limit stops are
described elsewhere in this bulletin.

The manual H-BC operator has an atloy stecl worm shaft
and a bronze worm gear. On all units, except for buried
service, a valve position pointer is furnished as a standard

?'\'.part of the operator. On buried and submersible units,

stainless steel non-corrosive input shafts are furnished.

MANUAL TYPRE HBCOC

Handwheels are optional and can be furnished in various
sizes as an extra.

All units are built to meet the requirements of A.W.\W. A,
specifications and when spur gear or bevel gear attachments
are used. the maximum input torque is less than &0 ft.-
pounds to develop the maximum output torque rating of the
unit with standard or optional gear rutios.

Al sizes of units can be furpished with Limitorque valve
controls or can be readily converted for motor opceration in
the ficld using Limitorque valve controls. The speed of
opcration of butterfly. plug or ball valves. when motor
operated, is usually 20 o 30 seconds, however this can be
varicd over a wide range limited only by motor speed and
available gear ratios,

A APRODUCT OF LIMITORGQUE CORPORATION

1]
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~
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IREFORNMATION MEEDEC FOR GRDER

To size a manual operator, we need: For motor opceration, in addition to the above,
. we need:
1. — Torque at valve shaft.
2. — Valve shaft and keyway size. 6. — Operating times. o~
, 3. — Degrees of travel. - 7. — Voltage, phasc and cycles (or DC volts). L
\. 4. — Type of enclosure. weatherproof, buried or 8. — Type and frequency of service.
submersible. (If submersible. describe depth 9. — Muximum ambicnt temperature.
and time) ' 10. — Class desired, weatherproof, explosion-
5. — Position of assembly. proof, or submersible.
11. — Tyvpec of motor starter enclosure.
12. — Type of pushbutton station cnclosure.
UNIT SIZE OUTPUT TORQUE RATING WORM GEAR SPUR OR BEVEL GEAR | TOTAL H.W. TURNS FOR 90¢
INCH POUNDS ~ FT. POUNDS RATIO ATTACHMENT RATIO WITH ATTACH.
* * SPUR OR BEVEL
HOBC 5,340 445 711 1:1 (bevel only) 17.7
H1BC 15,600 1,300 70:1 ) 2.86:1 50
H2BC 26,400 2,200 70:1 2.86:1 50
g  H3BC 67,800 5,650 70:1 2.86:1 50
H4BC 153,600 12,800 60:1 12.0:1 180
H5BC 235,000 i 19,583 65:1 12.0:1 195
H6BC 552,000 46,000 66:1 38.9:1 641.8
H78C 760,000 63,333 69:1 38.9:1 671
*ALTERNATE OPTIONAL RATIOS AVAILABLE ON REQUEST. —
'S h
( K N
g - 8 = = "
() HOBC-H7BC STARNDARD WEATHERPREGOF UNIT
c.w.
A
0—SIZE OF TAP HOLES fa C.W. =
P—NO. OF HOLES =+ .
b 1 |
POS “B" '
4 P =
ﬁ" AT S L
*NOTE-— ﬁ P ] 1 B.C.
L To8 o
SHAFT, -0,
H-1, H-2 & H-3.BC ONLY 1 N (MAX.)
. H-4, H-5. H-6 & H-7-BC HAVE | BN
STOPS ON DRIVE SLEEVE Moo
| N—=(MAX.). v
SIZE OF KEY
° 4
2.1, @
&— — E ! & t
(o] L‘D . F D
; 5" ~S1ZE & DEPTH - 1o Rl nd
OF TAPPED HOLE
H —d
-~ B B |
{ T c 4 ———— G |
| 02-440-0167-2
FOR INSTALLATION PURPOSES USE CERTIFIED DIMENSIONS ONLY.
UNIT SIZE| A 8 | C D 3 F c HlJ [ k] L ]m N 0 P | R |INPUT SHAFT SPLINES 3 T
H-0-BC | 2%5] 4% | 7vs{ 1% | ] 2V | 6% | 3 v |14 ] 84| 9% | Nixvr3h %13 | 8 | 3% | 15 T.INV.SPL. %4 D.P.[2i-16x% |91%s
H-1-BC | 3% 5% | 84 | 7 1 | 704 | 8% | 3% | % | 10 [ 10 | aim] teen S| 8 | 4% g seLINGs 1117 | -
H2-BC | 4% 5% 9% | 2 T | 70 | 84w | 3% | 17 | 24 | il 135 P00 | & | 5wt O R.D.- 3125 wWibL | .. 12%
. H-2.BC | 6 Tvie | 103 | 2 T | 2% | 9% | &% | 1 3m | 14 |16 w0 | & | 6 | 1¥%0-1a90D. IR 13N —
H-4-BC 74| 9%e | 13% 13 Vi | 3% [100vie p 4 (17 [ A% |06 ] U85 | ITxaTs 0t 8| T ?;')l lh[‘-'|f)5_ 135 WIDE 3 -1t
H-5-BC | 9. | 10%c | 1414 |3 15 | 3% | 1% |5 17| 64 | rev 21 | neae V10§ B | &4 |1730 riasobD 11655
ho8e 113 |ism |1sm L& |zas] an |13 | om | 1s | 7% ] 23 | 260 1ntventon | 1- 7 | 8 | 1o [ DRQLIBERVEEES s
H-7-BC |16 | 15% | 19% | ¢ 23 ] 5% L isv | 64 | 7% | 7w 29 [ 3thAT1nnuaay [ 17| 8 | 8] KW %2had LG 13 13a)
2 NOTE: FOR SIZE H-7-BC WITHOUT SPLINED ADAPTER MAXIMUM BORE IS 8%4” WITH 2"x1%2" KEY.

Copyright ¢» Limitorque Corporat
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AT7T7ACH MIEANT 3

'January 15, 1981

Henry Pratt Comﬁany
401 South Highland Ave.
Aurora, Illinois 60507

Attention: Mr. Ted Wrona

Subject: T-5 Actuator Yoke Assembly Torque
Absorbing Capabilities

Dear Mr. Wrona:

This is in response to our telephone conversation of Janu-
ary 12, 1981 concerning the torque absorbing capabilities

_of T-5 actuators; specifically a Model T516B-SR3.

"Attached is a typical set of data for a Model T-520B double

acting actuator. Please note that the yoke assembly mecha-
nism for both double acting and spring return actuators 1is
identical. Consequently, the torque absorbing capabiltiy of

a spring return actuator is the same as a double acting unit
(i.e., 225,000 1b-in at either the full open or full closed
(0-90°) positions). From the graph or tabulated data the per-
centage of torque outputs at 15° and 759 positions with respect

- to 09 and 90° torques is 74.5 and 72.6 percent each, respective-

759 position. :

ly. Based on this, the yoke assembly (rated at 225,000 1b-in}-
should be capable of absorbing at least 163,350 1lb-in at the

oY 1




. YOKE ARM

CYLINDER DIAMETER (in)=
CENTER OR TIE BAR DIAMETER Cind~=
PISTON ROD DIAMETER (ind)=

NUMBER OF PISTONS = N
MOMENT ARM (ind=

'SPRING LOAD A (lbs)=

SPRING LOAD B (lbs)=-

BREAK EFFICIENCY (X)=-

RUNNING EFFICIENCY CX) =

ENDING EFFICIENCY (X) =

PRESSURES (psi) = 40
ACTUATOR TYPE,CB=1,HD=2,T,TR=3, =

SPRING PRESSURE

ANGLE TORQUE TORQUE
(degrees) C(in 1b) C 40)psi
e T o a1515
s 0 81533
10 ) 73965
15 0 68195
20 0 63811
. 25 0 60533
30 ,oJ‘ 58170
35 0 56595
40 0 55727
45 0 55523
50 0 55975
55 ° 57106
60 0 58975
€5 0 61681
70 ° 65379
75 0 70301
80 ° 76785
85 0 85340
30 (] 96745

15208

19.58
1.000
1.750
- 4.n1
5.500
0
0
70
85
74
€0 80 30
5. -
PRESSURE PRESSURE PRESSURE EFFICIENCY
TORQUE TORGQUE TORQUE SPR.  PRES.
( 60)psi ¢ 80)psi ¢ 90)psi X X
T137273 183030 205909 . 74 70
1222399 163066 183449 77 73
110947 147929 166420 79 76
102292 136383 153438 81 78
95716 127621 143574 82 80
20799 121065 136199 83 82
87255 116340 130883 84 83
84892 113190 127339 85 84
83530 111454 125385 85 85
83285 111047 124928 85 85
83963 111951 125945 /3563 85 85
85660 114213 128489 /784 85
88462 117949 132693 ' /7. 83 84
92521 123361 138781 82 83
28069 130759 147103 8o 82
105451 140602 158177 78 81
115177 153570 172766 76 79
128010 170680 192015 73 77
145117 193469 217675 /0 74
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ATTACHMENT 4

SUPPLEMENTAL TORQUE CALCULATIONS



}_ . ATTACHMENT 4

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

angles of opening.
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D-29254-1 ‘ L ' A
JOE:FLOR. PURICRYST.RIY P2-YARIAELE IIZE ADJUITED REVNLDS NO.FMOTHSS

EAM PER 1-LEZ AIR

SAT.STEAM-AIR MINTURE WITH 1.4

SPEC.GR.= .7FIa2zss MOL.WT.= KHPRfIEEHT.EHP,}= 1.1377s R= 72.157%
GRS COMEZTAMT-CRLLC.

SOMIC SFEEDCMOYIMNG MIXTR.)= 1315.55 FEET-ZELC AT Z&s OES.

CRIT.CARZE INLET YELOCITY IS 1.45534 TIMEZ HIGHER AS HIR CRIT.CHZE IMLET »1-0OF

S INCH MODEL

'D
H

MAX. TORQUE I35 AT THE CRITICAL FREST.RATIOC.SSS~:S IM:MODEL OF RFFX . eas
C 47.37S  IMMWITH STMIM.3FIRST 3OMIC:) 72 DEG. W.H.
. MAR. TORDUE < SOMICOAT F2-22 DE.YLY.AMG.= 171452 IMN-LET 3 25 DEX
POUE IMCLUDES ZIZE EFFECT CREYNOLDE MO.ETCI AFPH. ¥ 1. 16450 FOF:
‘IC LIME I.D.
SURES USEDN: STATIC(TAPYFRESS. ~ABIOLUTEI P2 INCL. RECOYERY FREST.
(TORQUE? CALC-S YALIDITW:P1-F2»1. a7

YALVE TYFE: 42"-FR1AF 1.5 CLASS 7S
pDI=Cc EIZE: .12 IMCHES OFFZET AZYMMETRIC LIsC
SHAFT DIA.L: F? IMCHE= :

ErR5. COEF. OF FRCTH.: COOGOOE-02
ZEATING FHFTDF. !

IHLET FRE WHELMAEL 2 Zz4 PEIA

OUTLET FREEZZURE PRl : PZIAR <¥2 DEG. ACTUAL FREZZ. OMLY cAE .

MAZ.AMG. FLOW RATE: 4.2 CFH= 121021, ZCFM: SRSZ. 43 LE.MIH

CRIT.SOMIC FLOW-30LIG: 2.2 LE-MIM AT 12.1168 IMLET P3IN

YALVE IMLET DEMEITY: F14E-0Z LE-FTZ-MIMN. .104513 LE-~FT"~Z-MAx.
2EZ FZI

FULL OFEM DELTH P:

SYSTEM CONMDITIDME:
PIPE IN-FIFE-OUT -AMD- AIR-ZTEAM MIXTURE SERYICE & 25  DEG.F

MINIMUM 0.73 DIAM. FIPE DOWHITREAM FROM CEMT.LIME SHRFT.

Pl AER. FRESIURE CRDJ. > FOLLOWE TINESFREZZ. TRAMZIENT CUEVE.
ARZOLUTE MAx.TORGUE 1% DEPEMDEMT OM DELAY TIME HHD 2 F T 2.1S~-TH FOWER I
oF (Pl Fax IN WORZT EAMGE X LIMEARFR COMSTANT . FE-AEZ, (FS—~&0DEG. )
IM SUEBSOMIC REAMGE LIMITE —DNL(sTEE FDFNHLHTIDHf H.FERTT

THI~ TR. AT v& DEG.IZYMM. DIZC (53=0FFIET ZHARET O T= T D™ 2-F2 AR
==% IM.MODEL ERUTIY . YALUES——~—e—o ACTUAL ZIZE YALUES—————

AMGLE F1 P2 LELF FREZS. FLOW FLOW TB+TH TIME LOCAHY

AFFRX.FSIAR FTIA PII FRTIO CZCEM CLE-MIMY) ~=——IMIHLES ———— TDO-TE-TH ZELC.
a5 23,710 15,323 P - BED = R 1= , 115 Lp—1—u 1.0
30 28.378 14,20 12,12 .550 127 1.42
25 29.02 14075 14,25 .S03 235 1.75
20 20,12 i v 15,33 32 273 1.%95
15 Z0.45 14,71 12.78 . 9432 211 &L 0n
10 31.32 14,70 1v.232 480 224 Z.13
S 34042 14070 12.72 426 445 Z.s=
0 26,32 14,70 22.12 L399 450 2.94

ZEATING + EERFIMG + HUE ZEAL TORDUE (MM = 41145 IM-LEZ & 10 DEG.

MAS.DYN. — EERRING - HUE ZERL TORGUE MM = 2EE9S IM-LEB: 3 35 DES.




Al L T 2 T AT 0000000000000000“00‘00‘0

SUMMARY TORGUE TAELE-YALYE ELOCKED TO: 40 LEG.

LE-MI

[(X]
£

MAN.AMG. FLOW RATE: : 123332, CFMs 153377, SCFM: 2014, 2

0 LEG.
40 DEG,

RN

SEATIMG + BEARIMG + HUE =F

L TORDUIE Mo = 24147 IM-LEZ
MAK.DYM. - BEARIMS — HUE = T

OREUE (MoMy = 4=V34 IH-LES

RT 1 ZEC.DELAY TIME TO 2.282282 CLOZED LY. SLOCAX TIME ¢ 23.7 TO
SIR UPETR.FREZZ.)

REYNLDZ MO.FRCTOR CMULTIFL. s = - 2149433
TOTHL TORG. INCREASE-FACTOR <TQ MODEL EASIZ) —F CRED ¢ (PE-PE) . 45= 1.44557

000"‘000000000000"000‘00‘0000‘0000

SUMMARY TORDJE TRAELE-YALYE ELOCKED TOD: 45 LES.

S0, CFMS 204200, SCFM: 11231, LE-MIN

Y]

MAX.AHS. FLOW RATE: 166!

SEATING + EERARING + HUE ZEAL TORRQIE M-ty = 34172 IN-LR2 & 0 DEG.
MRX.DYMN., - EBEARIME - HUE ZEAL. TORGIIE oMMy = LIEIZ IM-LES 3 40 TEG,

AT 1 SEC.DELAY TIME TO 2.5 CLOZED VLY. <LOCAXTIMEC 22,7 T0439.6
STR.PREZE.)

e S

FREVHLDE HO.FARCTOR CMULTIPL, 3= 1.234252
TOTAL TORG. IMCREAZE-FACTOR CTO MODEL ERAZIS) —F cREY & cPG .~ She 3= 1.48244

00‘000000000‘00‘00000‘0000000‘000‘00

SUMMARY TORGQUE TRELE~YALYE ELOCKED TO: So LEG. -

MAX.AMG.FLOW RATE: ZO0ST 0=, CFM: 251720 ZOFMS 12232, 3 LE~-MIM
FEE Mo My = 24201 IM-LES 3 o DES.
SUT2S

SEATING + EBEARIMNG + HUE SEAL T £
=E ORGUE M-My» = 23 IM-LEZ 3 45 DES.

MAZ.DYH. — EEARIMS - HUE =

AT 1 TEC.DELAY TIME TO =.7777S CLOZED LY. (LOCA> TIME 23,7 TO 41.017S

FZIA UPSTR.FREZZ.)

REYHLDZ HO.FACTOR CMULTIFL.) = 1.21523
TOTHL TORG. INCREASE~FACTOR {TO MODEL EAZIZ) —F (RE) » cPE/P21 ¢ o= 1.34¢

a3}
Lyn}
in

00000‘000‘0‘000"00“‘0“0‘0‘0000000

SUMMARY TORGUE THELE-YARLWE BLOCKED TO: S5 DEG.

MARX.AMNG.FLOW FATE: 2528953, CFM: 310407, SCFMS 17083, 9 LB~MI

M~LEZ ® 0 DEG.

SEATIMG + BERRIMG + HUE = AL TORGUE oMoMr = a1
"2 IH-I.EZ 3 345 DEG.

T MAZ.DYM. ~ BEARIME — HUE ZEAL TORGUE MMy = 113

AT 1 ZEC.DELAY TIME TO 4.05SSe CLOZED “L%. <LOCA> TIME~« 22.7 TO
FZIA UFZTR.PREZS. 3

RE?NLDS HO.FARCTOR(MUULTIPL. » = 1.z20717
TOTAL TORG. IMCREATE~FACTOR v T MODEL BRAZIZY-F (RE) ¢ (PEAPZre 3= 1,923z

M

PSIR

M

42,4053

P
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SUMMARY TORGLUE TRELE-YRLVE ELOCKED TO: S0 DEG.

MAX. AMG.FLOW RATE: 302125, CFMs 327034z, ZCFMsy 203231
SEATIMG + EEARING + HUER ZERAL TORQUE <M-MD= 34257V IN-LEZ
MAS.DV¥N. - BEARIMG - HUE ZEAL TORQUE «<MsM> = 150034 IN- LEZ

AT 1 ZEC.DELRY TINE TO 4.333233 CLOZED LY. <LOCAXTIMEC(

PSIA UFPZTR.FRESE.L)

CREYMLDT HO.FACTORCMULTIPL.>= 1.2994%
TOTAL TORR. IMCREASE~-FACTORCTO MODEL EBRZIZ) ~F (RED '+ (PE-PE) ¢ 3=

P N Y S SR L T2 S Y2 i bl i d

SUMMARRY TORMIE TAEBLE-%ALYE ELOCKED TO: €5 DE®G.

MAY . AMG. FLOWM RATE: ZEeled. CFMS 442123, ZCFM: 242873,
SEATIMG + EERRIMS + HUE ZEAL TORDLUE <M-M= 24224 IM-LEZ
MAY.DvH. — EBEARIMG — HUE ZEAL TORGUE <MoM» = 133243 IM-LE=
AT 1 ZEC.DELRY TIME 7O 4.61111 CLOZED %M. <LOCA» TIMEC

PSIAR UPETR.PREZZ.?

REYMLDE MO.FACTOR MULTIFL.D>= 1.22347

TOTARL TORZ. IMCRERIE-FRUTORCTO NDDEL EAZIZ) ~F CRE> ¢ (PE-PR) ¢ 43=

PO I I Y TR Y R L SR R 2 2 R A A b d

SUMMARY TORQJE THELE-YALWE ELOCKED TO: 70 DEG.

MAx . AN, FLOY RATES 405523, CFM; 492233,

SEATING + EERRIMS + HUE ZEAL TORGUE <Moo=
MAX.IYM. — BEARING — HUE ZEARL TAORRUE «<M-M3

AT 1 TEC.DELAY TIME TO 4.328379 CLOZED YLV. LOCA»TIMEX
SIA UPETR.FREZZ. O

REYMLDZ MO.FACTOR MULTIPL.>= 1.2856825

TOTAL TORG. INCREARIE-FACTOR <TO MODEL ERIIZX (REI®(FE~PZr e 3=

By
3

Ln

<
pan(}

paCigd
C-Da

LE-MIMN

0 DEG.
S DEG.

v TO 432.7

LE-MIM

0 DEG.
= DEG.

I TO 45.
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TUMMARY TORAUE TRELE-YALYE ELOCKED TD- S DEG.
MAX.AMG. FLOW RATE: 478489, CEMS S23030. LE-MIM
SERTIMG + BEARING + HUE ZEAL TORGUE <MoMY= 0 DEG.

MAX.DvN. — EEARIMG - HUER ZEAL TORGUE Mo = 55 DEG.

AT 1 SEC.DELARY TIME TO S. 15685 CLOZED LV, (LOCARYTIMEY 23.7 TO 47.5%:4
PEIR UPZTR.FPEESZ.

REYNLIDE NO.FACTOR CMULTIFL.>= 1.285692 .
TOTAL TORG. INCREARZE-FRCTOR CTO MODEL  EAZIZ) ~F (RE> e Pr Poheldo= 1,32131
e R T R S R R R

SUMMARREY TORGE TRELE-VALWE BLOCKED TO: =20 LEG.

MAX.ANG. FLOW RATE: 438742, CFMs v0727S., ZCFM: 33416.5 LE~MIM
FEATIMG + EEARIMG + HUER ZEAL TORGUE M-Mx= 24252
CPU STEF LIMIT OF 20 EXCEEDED IM EZTEP YRRTEZEL1 EMTER MEW LIMIT —-325

IM-LEZ » (0 DEG.
MAX.DYvM. — EERRING — HUE ZEAL TORQUE <M-<MY = 327114 INM-LEZ 9 &5 LES.
AT 1 TEC.DELAY TIME TO S.449444 CLOZED LY. LOCAXTIMEY 2.7 TO 4=2.Fenz
PSIA UFPZTR.FREZZ.D
FEYHLDE HO.FACTOR SMULTIFL.»= 1.25024
TOTAL TORA. INCREAZE-FACTOR <TO MODEL EASIE) ~F (REX + PE- P22 eJ3= 1.3744

2T TR R R Y T S R D T L P P

SUMMARY TORGUJE TRELE-VYALYE EBELOCKED TO: &5 DE®G.
MAX.ANG.FLOW RATE: SEn339. CFM: £44222, SCFM: 35447.3 LE-MIM
SEATIMG + BEARRIMG + HUE ZEAL TORGUE MoMa= 24231 IM-LEZ » 0 DES,
MAX.IM. - EBEEARIMG — HUE ZEAL TORGQUE MMy = 4168576 IM-LEZ 3 &5 DES.
AT 1 ZEC.DELRY TIME TO S.7z22e2 CLOZED WLW. SLOCRITIMEY 23.7 TO 43,3322

PEIR UPZTR.FREZZ.D

REYMLDZ HMO.FRCTOF CMULTIFL.3= 1.24543
TOTAL TORG. INCREAZE-FRACTOR CTO MODEL EBRIIZHI-FIFEX ¢ (PE-P2red3= 1.383132
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