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QUALIFICATION OF PURGE AND VENT VALVES AT WNP-2

Introduction

The Nuclear Regulatory Commission is concerned about operability of the
WNP-2 purge and vent valves when subjected to a postulated LOCA in
combination with seismic plus hydrodynamic conditions. Specifically,
their concern is the ability of these valves to close in the time re-
quired to prevent discharge of radioactive gases to the outside environ-
ment. The valves identified as the containment isolation valves in the
purge and vent system are as follows:

Valve Number Valve Size (in) Use Location
CSP-v-1 30 Supply Outside Containment
CSP-v-2 30 Supply Outside Containment
CSP-V-3 24 Supply Outside Containment
CSP-V-4 24 Supply Outside Containment
CEP-V-1A 30 Exhaust Outside Containment
CEP-V-2A 30 Exhaust Outside Containment
CEP-V=-3A 24 Exhaust Outside Containment
CEP-V-4A 24 Exhaust Outside Containment

e

2.0 Synopsis

3.0

Qualification of WNP-2 purge and vent valves for a postulated LOCA
condition superimposed with a seismic/hydrodynamic event is exhibited by
analysis utilizing dynamic flow calculations, detailed structural
integrity studies, dynamic flow tests and investigation of actual on site
configurations.

Operability was addressed by in-situ testing (equivalent static load) of
the operator, dynamic flow testing of a similar valve (12") and
subsequent calculations to account for dynamic air/steam flow conditions.

Final As-built qualification has been demonstrated on the WNP-2 purge and
vent valves by the use of appropriate dynamic torque coefficients for
associated installation configurations coupled with a restricted valve
opening angle to 70 degress.

Functional Description and Application

The containment purge and vent valves are butterfly valves manufactured
by BIF, a unit of General Signal Corporation and are identified as model
numbers A-206765 (24") and model number A-206763 (30"). Both sizes use
Miller Air Products air cylinder operators (air to open and spring to
close in the fail-safe mode).
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CSP-V-1, CSP-V-2 are 30" butterfly valves which are normally closed, and

are open only for drywell purge, and drywell inerting. During drywell
purge air is supplied by the reactor building ventilation system through
these valves into containment. During drywell inerting, nitrocgen from
the containment inerting system is introduced to the drywell through
these valves. Valves fail closed on loss of air or power and close on
F,A,Z signal regardless of operating switch position. Figure 1 provides
a schematic flow diagram for all eight valves. Also, Attachment L Sec-
tion 3 provides Flow Diagram M543 with the valve locations identified.

CEP-V-1A, CEP-V-2A are 30" butterfly valves which are normally closed,

and are operated only for drywell purge and drywell inerting. During
drywell purge or inerting operations, the exhaust gas exits containment
through these valves and is routed to either the elevated exhaust stack
or to the Standby Gas Treatment System. Used in conjunction with CSP-v-1
and CSP-V-2 these valves fail closed on loss of air or power and close on

| F,A,Z signal regardless of operating position.

CSP—V—3,“CSP-V-4 are 24" butterfly valves which are normally closed, and

are opened only for wetwell purge, or wetwell inerting. Ouring wetwell
purge, air is supplied by the reactor ventilation system through these
valves to the wetwell volume. During wetwell inerting, nitrogen from the
containment inerting system is introduced through these valves. Valves
used in conjunction with CEP-V-3A and CEP-V-4A fail closed on loss of air -
or pgwer and close on F,A,Z signal regardless of the operating switch
position.

CEP-V-3A, CEP-V-4A are 24" butterfly valves which are normally closed,

and are opened only for wetwell purge and wetwell inerting. ODuring wet-

well purge or inerting operations, the exhaust gas exits containment )
through these valves and is routed to either the elevated exhaust stack i
or to the Standby Gas Treatment System. Used in conjunction with CSP-v-3

and CSP-V-4, these valves fail closed on loss of air or ‘power and close

on F,A,Z signal regardless of the operating position.

The purge system is designed to purge either the drywell or the wetwell.
Only one entrance and one exhaust line will be open at any given time.
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4.0

Limiting Condition for Operation

The Purge and Vent System at WNP-2 for normal operation, is controlled
with 2" bypass lines (two pairs) for inerting, de-inerting and pressure
control. The large 24" and 30" purge and vent valves will be used only
during off-power operation in accordance with the limiting conditions for
operation (LCO) as shown below.

Each 24" and 30" purge and exhaust isolation valve shall be normally
closed during the time period:

1. Within 24 hours after Thermal Power is greater than 15% of
Rated Thermal Power, following start-up to within.24 hours
prior to reducing Thermal Power to less than 15% of Rated
Themmal Power, preliminary to a scheduled reactor shutdown.

2. The valve opening angle will be limited to 70 degrees and will
be implemented prior to 5% Rated Thermal Power.

Each 2" purge valve may be open for purge system operation for in-
erting, de-inerting and pressure control.

A complete copy of this LCO is provided in Attachment C.

K

I"‘{

A e i 1 L et b mid B o SR m ol S R sy ks Al oo BB < VAR PR SRS SRS G-I, LA R IPuIey RPN . AN TN Sy AV R




5.0 Response to NRC Concerns (Summary)

b \ )

5.1 NRC Concern No. 1 - valve Installations

Detailed valve installation information was not provided for each
valve such as:

Item 1. Direction of flow.

Item 2. Disc closure direction.

Item 3. Curve? side of disc, upstream or downstream (asymmetric
discs).

Item 4. Orientation and distance of elbows, tees, bends, etc.
within 20 pipe diameters of valve.

Item 5. Shaft orientation.

Item 6. Distance between valves.

e

Supply System Response - Valve Installations

Complete details of the valve installations are provided.

Figure 3 CEP-V-1A and CEP-V-2A
Figure 4 CEP-V-3A and CEP-V-4A -
Figure 5 CSP-V-1 and CSP-V-2
Figure 6 CSP-V-3 and CSP-V-4

Item 1 - Direction of Flow

For normal flow considerations at WNP-2, the valves are installed in
the manufacturer's preferred orientation. Therefore, the exhaust
valves (CEP) are installed in the preferred direction of flow for
both venting containment and flow which: is a result of LOCA.
However, the supply valves (CSP) are installed for preferred flow
toward containment and will be subjected to non-preferred flow
direction during postulated LOCA condition (see figure 2).

These CSP valves are potentially subject to reversed torque due to
flow out of containment. To assure that only positive closure
torque occurs, all valve openings will be limited to 70° and
therefore precluding the negative flow induced torque.

Item 2 - Disc Closure Direction

Disc closure directions are provided in Figures 1 through 4. For
installations downstream from an elbow, LOCA induced flow tends to
help close the valve.

Item 3 - Curved Side of Disc Installation

The BIF valves used at WNP-2 do not have a curved side and the air
foil lifting characteristics associated with this type of configura-
tion will not exist on WNP-2 valves. The location of the seal ring
is shown in figures 3 thru 6.

A
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5.2

5.3

5.4

Item 4 - Orientation and Distance of Elbows, Tees, Bends Etc.

Detailed valve installation information for piping configuration is
provided in Figures 3 through 6.

Item 5 - Shaft Orientation

Detailed valve installation information for shaft orientations is
provided in Figures 3 through 6.

Item 6 - Distance Between Valves

Detailed valve installation information for the distance between
valves is provided in Figures 3 through 6.

NRC Concern No. 2 - Flow Torque vs Seating Torque

The worst case geometry at large angles of valve openings can pro-
duce very high torques that would be considerably larger than seat-
ing torque. These dynamic torques should be used in the structural
analysis instead of seating torques.

Supply System Response No. 2

The qualification analysis used tHé“larger of either seating torque
or flow induced dynamic torques.

NRC Concern No. 3 - Valve Pressure Ratings

Valve pressure ratings and a static pressure analysis are not ad-
dressed in the submittals. The applicant is to provide this infor-
mation for each of the valves.

Supply System Response No. 3

Valve pressure rating of 150 lbs is provided by the Vendor Data
Sheets (Attachment L Section 6). Analysis for pressure loading is
provided by BIF vendor calculations:

24" Valves - Attachment G, Section 7.0 Sheet B-61

30" Valves - Attachment F, Section 7.4 Sheet 7.4.61

NRC Concern No. 4 - LOCA Curves

Included were plots of flow rate versus time from LOCA initiation
for the 24 inch and 30 inch valves maintained in a full open closure
from 90° to 0° which should be deleted. However, the analysis is
not affected.

Supply System Response No. 4

The LOCA curves present have two abscissa labels. Supply System
agrees that the valve angle information should be deleted and that
the analysis is not affected.

- 10 -
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6.0

7.0

)

Discussion of Operability

Operator operability was demonstrated by a stress integrity calculation
and a static deflection test. The static deflection test consisted of
applying a load at the outboard end of the air/spring cylinder equivalent
to the SRSS actuator assembly CG acceleration loads. Determined from the
piping analysis, in the two axes of the cylinder this load would cause
the most adverse operability effect. This acceleration level times the
cylinder weight, acting at the cylinder CG, was equated by an equal mo-
ments approach to an equivalent force acting at the outboard end of the
cylinder assembly. With the load applied, the air supply was removed and
the spring loaded cylinder was allowed to move to its fail-safe (de-ener-
gized) position. Acceptable operation of the air cylinder was its abil-
ity to move from its energized position to the fail-safe position with
the load applied at the outboard end.

This static load method of demonstrating operability is deemed very
conservative because of the following reasons:

1) Time duration of a peak seismic/hydrodynamic acceleration is very
small compared to a steady (static) load.

2) Static friction is greater than dynamic friction.

3) Square root sum of squares of two orthogonal directional accelera-
tions is conservatively applied to the worst case direction.

Conditions and results for the valve stroke tests with and without
statically applied loads is provided in Attachment J.

An enveloping test was successfully performed on both the 10" bore
cylinder (part of the 30" butterfly valve assembly) and the 8" bore
cylinder (part of the 24" butterfly valve assembly).

Summary of Structural Analysis

Detailed structural analysis was performed on the valve and air/spring
actuator. The following is a summary of the analysis performed.

Component Description QID No. Attachment
WPPSS Supplemental Calculations - E
(Review of As-built conditions)
30" BIF Butterfly Valves 361104 F
24" BIF Butterfly Valves 361106 G k
30" Valve Vendor (BIF) Calcuations 361104 F Section 7.4
24" Valve Vendor (BIF) Calcuations 361106 G Section 7.0
- 21 -
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A summary of critical valve components is provided in Table II for 24"
size and Table I for 30" size.

To assure a very high confidence level, normal condition allowables
(including 0.4 Sy for shear) were used as criterion for the combined
postulated LOCA and seismic/hydrodynamic conditions. Since the valve
opening angle will be limited, the operational torques (LOCA) were used
in-lue-of the design seating torques, thereby, providing a higher margin
of safety on loading deemed less predictable while still maintaining
standard margins of safety on design seating loads.

- 22 -
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Summary of Dynamic Torques and Available Spring Closure Torgues

The purge system valves (CSP-V-1 thru CSP-V-4) are installed with the
flat side of the disc upstream. When these valves are in the full open
position (90 degrees), the dynamic torque coefficient becomes negative
(tends to open the valve). Based on the test results provided in the BIF
report (Attachment J Report No. 2) the worst case negative torque
coefficient (Cy = -.34) is less than the bounding torque coefficient

(Ct = + .56) used in the BIF calculations. For comparison purposes

both the full open valve dynamic torques and the 70° open dynamic torques
are compared to the available air operator spring closure torque.

Butterfly Valve with Disc Upstream

Flow at 1 sec. and disc angle 90° - Full Open

-

| Dynamic (1) | Actuator Spring | Margin of
Valve Size I Torque (Opening) | Torque Available (Closure) } Safety
I
24n : 6,830 In. Lb, } 11,900 In. Lb. : 1.7
30" E 13,640 In. Lb. } 23,470 In. Lb. { 1.7
Flow at 1 sec. and disc angle 70° open
| Dynamic | Actuator Spring | Margin of
Valve Size = Torque (Closure) | Torque Available (Closure) | Safety
| [Not
24" | 1,200 In. Lb. | 18,600 In. Lb. |Applicable
| | |Both Loads
30m | 2,400 In. Lb. | 33,700 In. Lb. |Provide
= l [Closure

Figures 2 and -8 show torques for both valve sizes at all angular
positions.

(1) Torques conservatively include 1.3 factor for an elbow located
directly upstream.
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8.0 Summary of Flow Calculations

The shortest purge line with the lowest flow resistance was analyzed to
determine the Mach number of the fluid flowing through the butterfly iso-
lation valve as a function of valve opening angle. Based on this analy-
sis, it was determined that valve angle positions of 70° or less will
assure that the Mach number through both the inner and outer isolation
valve remains below Mach number 0.3 following a postulated LOCA.

The containment pressure and temperature used as a forcing function for
this analysis were obtained from the WNP-2 FSAR (figures 6.2.2 and 6.2.3)
for a postulated DBA. Containment pressure obtained from these figures
was based on the assumption that there was no fluid leaving containment.
If the purge valves were open the containment pressure would be slightly
less than that used in this analysis.

Flow calculations are provided in Attachment K.

9,0 Qualification Summary

9.1 The 30" and 24" diameter purge and supply valves are closed for
normal plant operation since the small 2" lines will be used for
inerting, de-inerting and pressure make-up.

9.2 NRC has recommended the disc opening be limited. Prior to 5% power,
WNP-2 will install a mechanical device which limits the opening to
70 degrees. This restriction on valve opening coupled with
appropriate dynamic torque coefficients resolves safety and
qualification concerns for LOCA conditions.

9.3 Due to the pipe length and associated line loss coefficients; the
maximum flow velocity for full open valves was calculated to be 0.33
Mach number, thereby assuring that correlation methods used with
compressible fluid calculations as previously presented is valid.
With a restriction on valve opening, the Mach number will be less
than 0.3 for all conditions:

Additional conservation is introduced because the LOCA pressure and
temperature curves did not take credit for flow through these valves
during closure time. Also, the pressure excursion assumes a very
conservative double ended pipe break.

9.4 As-built configuration of the valves (especially with the 70 degree
angle restriction) precludes the possibility of flow induced opening
torque. Therefore, the air operator spring and flow will combine to
assure valve closure in less than the required 5.0 seconds.

9.5 Structural integrity of these purge and vent valves has been at-
tained by combining two faulted conditions (SSE/Hydrodynamic plus
LOCA) using normal allowables. This includes shear allowables of
0.6 Sm for pressure boundary ASME components and 0.4 Sy for AISC
components. A table which summarizes the calculated stresses and
allowables is provided in Attachment I.
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9.6

9.7

NOTE:" Field modifications to strengthen the support brackets and
replacement of bolts have been performed. Documentation
is provided in Attachment K.

Since the valves are normally closed, there is a low probability
that LOCA conditions will occur with the valves open. Furthermore,
a very low probability of all three conditions (valves open, LOCA
and seismic/hydrodynamic) will occur simultaneously. Therefore,
this very conservative approach of combining all three unlikely con-
ditions and comparing to Normal/Upset condition allowables exhibit
large confidence levels.

Operability was demonstrated by analysis and in-situ (static load)
testing.

In conclusion the purge and vent valves satisfy all the Equipment
Qualification criteria implemented at WNP-2 for even 90° (full open)
valves. Limiting the disc angle to 70° provides additional margin
to address the following NRC concerns. Therefore, our WNP-2 design:

1) Assures dynamic torque due LOCA conditions will always be a
positive closure torque.

-

2) Assures Mach Number will be less than 0.3, and

3) Limits magnitude of dynamic flow induced torque.

10.0 References

JUP N S SR, S N SR,

10.1 NUREG-0892, WNP-2 SER Outstanding Tssue No. 26, "Operability of

Purge Valves"

10.2 NRC Standard Review Plan 6.2.4, "Containment Isolation System"

Containment Systems Branch (CSB)

10.3 Branch Technical Position CSB 6-4, "Containment Purging During

Normal Plant Operations" Supplement to SRP Section 6.2.4

10.4 Letter, A. Schwencer (NRC) to R.L. Ferguson (SS), "Request for Addi-

tional Information", dated September 16, 1982, Docket No. 50-39

10.5 WPPSS Letter, February 24, 1983, G.D. Bouchey to A. Schwencer (NRC)

with Attachments

10.6 WPPSS Letter, June 22, 1983, G.D. Bouchey to A. Schwencer (NRC) with

Attachments
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. WASHINGTON 'NUCLEAR PROJECT-2
i DOCKET KO. 50-397

DEMINSTRATION OF CORTAINHERT PURGE AND VENT YAL\;E OPERABILITY/
. - \
‘ ‘?':.'.
| ; e

Deonstration of operability of the containment purge and vent valves, par-

ticularly the ability of these valves to close during a design basis accident,

is necessary to assure contaiment isolatfon. This demonstration of operab{l.

ity is required by BTP CSB £-4 and SRP 3.10 for containrent purge and vent

valves which are not sealed closed during coeratiiﬂ?conditions 1, 2, 3, and
- l'/

. {

~

2.0 Description of Purge and Vent Valves

The valves fdentified as the containrent isolation valves in the purge and
vent system are as follows:

e TRBEL |
Valve Size B3R\
Use

Yalve Kumber - . _{inches) Location

CSP-v-4 30 Vent. Supply Outside Contafment

CcSP-y-2 30 Vent. Supply Qutside Containrent

R - CsP-¥-3 24 Yent. Supply Outside Contafmment

- 34 . CSP-Y-4 24 Vent. Supply Outside Containrent
0 ctp-¥Y-1A 30 . Yent. Exhaust Outside Contaimaent
CEP-Y-2A 30 Yent. Exhaust Outside Contafnment

CEP-V-3A . 28 Vent. Exhaust Outside Contaiment

CEP-V-4A 24 ’ Vent,. Exhaust Outside Containrent

*The containment purge and vent valves are butterfly valves manufactured by
BIF, 3 it of General Signal Corporation and. are listed as 3IF Hodel Nurmber
A-206765 (24" valves) and BIF Model Number A-206763 (30" valves), Miller Air

* Products Corporation Model A-83 cylinders {(afr apen - spring closed) are used
for valve actvation. The 24-inch valves use 8" cylinders and the 30* valves
use 10° cylinders. : . :

3.0 Demonstration of Operability. Rgf“‘?

3.1 Mashington Public Power Supply System (WPPSS) has provided operability
denonstration information for the contaiment purge and vent system isolation
valves used at their Washington Nuclear Project 2 (WNP 2) in the following
submittals: ’

s
d

Reference A J

'WPPSS letter, February 24, 1983, G, D. Bouchey to A. Schwencer (NRC).
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Reference B _ n% gg i

rER L2
WPPSS letter, June 22, 1983, G. D. Bouchey to A, Schwencer (KRC).

3.2 Deteminatwn of dynamic torques during valve closure against the buildup
of containment pressure during a LOCA is based on dynamic torque coeffic{ents
Cy obtained from BIF tests performed using different types of disc geometry
and disc and shaft orientation with respect to direction of flow, The test
redium s water and no air, testing was performed. One of the test configura-
tions included 2 dwrecﬂy connected” short radius elbow upstream to study the
effect of flow non-uniformity on dynamic torque. Several tests were 2lso per-
formed with the valve shaft vertical and horizontal, counter clockwise opening
and clockwise opening, with flatside upstream and flatside downstream. From
these tests, the most severe case was cetermined.to be a vertical shaft orien-
tatfon (i.e. perpendicular to the plane of the elbow) with the flatside of the
disc dowmstrean and with 2 clockwise rotation of the disc. This orientatfon .
results in an approximately 30% increase in maximum dynamic torque coefficient
over the straight pipe inlet configuration. Torque coefficients used to de-
ternine dynanic loads for WNP-2 purge and vent valves are based on this.worst
case conﬁguration. |

The differential pressure Ap across the valve is calculated fron the data an
volusetric flow rate under LOCA conditions, and using the equation:

Q= 963C, | )
. _ -
where @ = Bas flow in SCFH | 37
P; = Valve upstrean pressure (psia)

’

Pz = Yalve domstrean pressure (psia)
6 = Speci fic gravfty

Ty = Upstream temperature in ®Rankine .
29.9 0?

Cy = Yalve coefficient =
‘ Ky -

D = Valve Port diameter (1n.) - -

Ky = Coefficjent of flow

Ko Yoad closure time for the valves ranged from 1 1/2 te 4 seconds based on
tests performed at BIF. The maximum no lo2d closure time of & seconds fs used
for the analysis with a one second instrumentation time delay faor a total of §
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Qeconds from LOCA initiation-to-valve closure, As an additiona) conservatism,

the drywell pressure and temperature rise during a LOCA is used for all
valves. . : : ‘

Dynanic torques are calculated for both saturated steam and air as the flow
pedia. The calculations are summarized and shown below in Tables 1, 2, 3, and
4 (Reference B) for both the 24-inch and 30-inch valves and for steam and air
MNox.

The peak dynanic torques during closure and the seating and bearing friction
torques at 00 are compared to the design torques_used_dn the _seismic analy-
sis report and indicate positive margins; ' AT AR TRl

SUMMARY OF RESULTS

Table 1. 30-Inch Valve, Airflow, (Tpgp = 22174 in-1b)

»
-

) Dynamic
y: Tiee .Angles Torque -
- O ‘ (s) deg. in-1b.
'y
1.0 90 (Full Open) 11020 ' r%l}‘ﬂ
1.5 78.75 23098 rglned
‘ 2.0 , 67.50 18138
2.5 56.25 14747
3.0 45.00 12428
3,5 33.75 10780
4.0 22,50 . 8014
4.5 11.25 3972
5.0 9.0 (Full closed) 0.0*

*At full closed position, the dynamic torque is zero and the
net torque {s due to seating and bearing friction.

L
Kote: The design torque used in the Seismic analysis report Ko.
TR-74-8 by_McPherson Associates for this valve {s 27800

in-b. AT e

ow




SUMMARY (OF RESULTS

Jable 2, 30-Inch Valve, Steam flow, (Typy = 22174 dn-1b)

Dynamic

Time Angle = Torque

(s) deg, in-1b.
1.0 90 (Full Open) 11032
1.5 78.75 23175
2.0 67.50 . 18142
2.5 56. 25 14668 f' /35*-
3.0 45.00 12424
3.5 33.75 10580
4.0 22,50 7809
4.5 11.25 3867
5.0 9.0 (Full closed) 0.0*

*At fuil clased position, the dynamic torque is zero and the
net torque is due to seating and bearing friction.

- . SUMMARY OF RESULTS

Table 3. 24-Inch Valve, Airflow, (Tyer = 13808 fn-1b)

Dynamic
Time Angle o Torque
{s} . deg. in-1b,
1.0 90 (Full Open) 5525 .
1.5 78.75 11692 o ‘
2.0 67.50 9095 ;
2.5 56.25 7428 Q;'?/j £ |
' 3.0 45,00 6239 kP ‘
3.5 33.75 5430
4.0 22.50 ‘ 4043
4.5 11.25 2020
5.0 9.0 (Full closed) 0.0*

*At full closed position, the dynamic torque is zero and the
net torque is due to seating and bearing friction.

Hote: The design torque used in the ﬁeismic analysis report ho.
TR-74-8 bx,HcPhcrson Assoc‘ates-foc__h7s valve is 17000
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Table 4. 24-Inch Valve, Steamflow, (Typy * 13808 4n-1b)

o Dynamic

Time Anglea Torque

{s) deg. in-1b.
1.0 90 (Full Open) 5425
1.5 78.75 . 11394 m
2.0 67.50 : 8921 §77 ]
2.5 56.25 7213 <4 f?
3.0 45,00 . 6109 ’
3.5 33,75 5202 .
4.0 22.50 3842
£.5 11.25 71902
5.0 9.0 (Full closed) ‘0.0 *

*At full closed position, the dynamic torque is zera and-the- -
net torque is due to seating and bearing friction.

3.3 Desonstration of actuator torque margin is based on the minimun spring
force developed which is equal to the spring pre-load.
2¢-inch valve { 8" cylinder)

16, 890 in-1bs {preload) > 13,808 in-1bs {seating targue). ;? Nf@#?]?
30-inch Yalve (10-inch cylinder)

32,422 in-1bs (preload) > 22,174 in-1bs (seating térque) Véé,ﬂx;,

3.4 WPPSS providcs a structural analysis for the purue,and veat valves and
their operators in Reference B. This consists of ((3) Seismic/Hydrodynamic
Requalification Reports far the 30-inch valves, 24-inch valves, and the
operators. The requalification certificates for both the 24° and 30° valves
are contwngent upon ear bolt modifications and the addition of shear plates.

Acceptance cr:terla for the structural analysis are taken from Section III of
the ASME Boiler and Pressure Vessel Code aor the-AISC Constructin Manual,
whichever {s applicable. Loadc used in the analysis are the valve operating
lo2de ¢codined with the dynamic loads whwch would result from seismic and
hydrodyna=ic events as determinez by the piping analysis for the plant.
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An SRSS analysis was set up in a computer prograa for each valwe assemdly in
‘{ts specitic orfentation. The SRSS 15 taken ‘at the maximum stress level dee
to seismic g-loading. Uperatingloads du= to seating torque force and dead
weight are combined vith the seismic siress by absolute sam,

. Based on the resulis of the 'structvral analysis, the valves will recain finc-

tional through forty years of postuldtad -hydrodynamic events, five operating
basis earthquakes, and one sife shutdown earthquake. _

4,0 Evaluvation— ‘ - —_— et

4.1 The deteminatfon of dynanic torques for NPPSS purge’ and vent valves

" under LOCA conditions {s based on the testing by the valwe supplfer (BIF) of a

mode] valve using water as the test medium. ‘- Tests conducted with a short el-
bow directly upstream, valve shaft at 900 to the plane of the elbow, and
flatside of disc downsirean indfcated a 30X increase In maxinum, dymamic tor--
que coefficient for this worst case geometry. Using data fros model tests
performed by other valve manufacturers with air as the test medium, this worst
casa geometry produces & 300% increase in maximum dynamic torque coefficient.
The -Jarge .difference (30% water versus 300% air} in maxinun dynanic torque
.coefficient 1s duve to the higher (above Mach .3) velocities at large angles of
opening where the dmanic torque coefficients peak: DOynanic torque coeffi~
cients from model tests using incompressible fluids correlate reasonably w21l
vd;l; data from tests using air if the valocities are below @ Kach number of

0. - . ‘

Considering the.analysis results tabulated in Table 1 of Reference A, the pesk
dynamic torque for the 20-inch valve occurred at 78,79 and was 23,008

‘in~1b3. The design torque is 27,800 in-lbs as noted in the sare table, .
Applying a 3008 increase to the 23098 in-1bs peak dynamic torque which already
has a 30% worst case configuration factor; the peak dytawic torque using the
factor from air tests wrks aut to 48,505 in-1bs, well shove the 27,80¢ in-lbs
design torgue. . .

An acceptable approach to the staff instead of the conservative worst case
configuration used by the licensee wmould be the use of appropriate dynanic
torque coefficients for each valves {nstallation configuration cogpled with 2
restriction on valve cpening, 7 -

Detailed valve installation infomation was not provided for each valwve swh
as: o, .

1. Direction of flow.

2. Disc closure direction.

3. Curvad side of disc, upsiream or downstrean (asymmetric discs).

4. Orientation and distance of elbows, tees, bends, etc. within 20 pipe
diameters of valve. ) )

5. Shatt orientation. :

" 6. Distance between valves. ' . . -

a §g> susee ¢ ¢ *68 » 0 3 ¢ ¢ 0 o tve . LICIC BN} . el veeme a8 o - s @ess e o @ Gran b o ®
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S ~8.2 As demonstrated in 4,1 of this report, the worst case. geometry at Jarge
angles of velye openings can produce very high torques that would be con-
siderably larger than the seating torqua. .These dynamic torques should be
. used In.the structwral analysis (Reference B) fnstead of the seating torques.

4 3 Valve presswe ratings and a static pressure analysis are not gidnssed
. in the suberittals. -%e-aam-%emi—%ﬁ—to proﬁde thizs Inforration for each of
the valves. ‘

4.4 Reference A includes piots of Tlow rata versus time fran-LOCA fnitiat{on
T for the 24-inch and 30-inch valves mintained in @ full open position. The
o - abscissa incorrectly iacludes valve closure from 20° to 00. d\{ch should
| be deleted. However, the analysis is not affected.

5.0 Susnary

‘W2 have completed our review of the- fnfomat'!on submtted’ to date concerning
the cperability of the 24-inch and 30-inch vaives used in the cmtaiment
purge and vent systen for Mashington Ruclear Project-2. ke find that the
information submitted for the 24-inch and 30-inch valves did not demonstrate
that these valves have the ability to close agafnst the buildup of pressu'e m
the event of a8 IBA/LOCA from the full open position.. Paragraphs 4.1, 4.2,

are the bases for these findings. For this reason, the 24-inch and 30—1uch

, valves should be sealed closed in accordance with SRP Section 6.2.4 and -

(;:3 111.6.f. Furthersore, these valves should be verified to be closed at least

Oonce every 31 days.
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CONTAINMENT SYSTEMS ’ S e el

DRYWELL AND SUPPRESSION CHAMBER PURGE SYSTEM .. . .-

LIMITING CONDITION FOR OPERATION

3.6.1.8 The drywell and suppkession chamber 2-inch exhaust i§61ation valves

shall be OPERABLE and: . L

a. Each 24- and 30-inch purge supply and-exhaust—isolation-valve—— —-
shall be closed during the time period:

1. Within 24 hours after THERMAL POWER is greater than 15%
of RATED THERMAL POWER, following startup, to R

2. Within 24 hours prior to reducing THERMAL POWER to less
" than 15% of RATED THERMAL POWER, preliminary to a scheduled
reactor shutdown. ‘ ‘

b. Each 2-inch purge valve may be open for purge system operation for
inerting, deinerting and pressure control. - -

. c. Each 24- and 30-inch purge supply and exhaust isolation valve shall
be limited to open no more than 70 degrees. :

APPLICABILITY: OPERATIONAL CONDITIONS 1, 2, and 3.
ACTION: |

a. HWith a 24- and/or 30-inch drywell and suppression chamber purge
- supply and/or exhaust islation valve(s) not closed, close and/or
seal the 24- and 30-inch valve(s) or otherwise isolate the pene-
. tration within 4 hours or be in at least HOT SHUTDOWN within the
next 12 hours and in COLD SHUTDOWN within the following 24 hours
except as provided for in 3.6.1.8.a.

b. With a 2-inch drywell and suppression chamber exhaust isolation
valve inoperable or open for other than inerting, deinerting, .
or pressure control, close the open 2-inch valve(s) or otherwise
isolate the penetration(s) within 4 hours or be in at least HOT
SHUTDOWN within the next. 12 hours and in COLD SHUTDOWN within
the following 24 hours.

c. With a drywell and suppression chamber purge supply and/or exhaust
isolation valve(s) with resilient material seals having a measured
leakage rate exceeding the 1imit of Surveillance Requirements
4.5.1.8.2, restore the inoperable valve(s) to OPERABLE status
within 24 hours or be in at least HOT SHUTDOWN within the next

" 12 hours and in COLD SHUTDOWN within the following 24 hours.

WASHINGTOK NUCLEAR - UNIT 2 3/4 6-11



CONTAINMENT SYSTEMS

Zzw—7 =" SURVEILLANCE REQUIREMENTS

o 4.6.1.8.1 Each 24- and 30-inch drywell and suppresion chamber purge
supply and exhaust isolation valve shall be verified to be closed at
least once per 31 days.**

s

4.6.1.8.2 At least once per 92 days each group shown below of drywell and
suppression chamber purge supply and exhaust isolation valve with resilient
material seals shall be demonstrated OPERABLE by verifying that the measured
Teakage rate is less than or equal to .05 La vhen pressurized to Pa' ’

Va]ve'Groug Maximum Leakage Rate

a. CEP-V-1A and 1B : ' 05 L% .

CEP-V-2A and 2B \
b. CEP-V-3A and 38 ‘ .05 L_*

CEP-V-4A and 4B - - a
c. (CSP-V-1 ..05 La* -

. ‘ CSP-V-2 .
' d.  CSP-V-3 .05 L_*
CSP-V-4

4.6.1.8.3 Each 24- and 30-inch purge supply and exhaust jsolation valve 70
degree open limiting device shall be functionally tested at least once every
18 months.

o These valves are tested in parallel with the maximum leakage allowed
for a single valve applied to the group. . -

**  Valve operation as provided for in 3.6.1.8.a shall be under administrative
control only.
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Docket No. 50-397

Direcéor of Nuclear Reactor Regulation

Attention: Mr. A. Schwencer, Chief

WNP-2 Files

Licensing Branch No. 2
Division of Licensing
U.S. Nuclear Regulatory Commission

HWashington, D.C.

Dear Mr. Schwencer:

Subject:

References:

Y
AP AR

20555

bcc;

OD

WG Conn - B&R RO
NS Reynolds - D&L

December 8, 1983
602-83-1129

NUCLEAR PROJECT NO.- 2 -
QUALIFICATION AND OPERATION OF

WNP-2 CONTAINMENT VENT & PURGE VALVES

.b)
c)
d)

System's responses,to the requests..
proposed Technical -Specification Limitin
for WNP-2 (Attachment A).

a)

"Request for Additional Information", dated

standing Issue No. 26,

September-16, 1982
NUREG-0892, WNP-2 Safety Evaluation Report, Out-

| "Operability of-Purge Valves"
Letter, G02-83-170, G. D. Bouchey (SS) to A. Schwencer

Letter, A. Schwencer (NRC) to R. L. Ferguson (SS),

(NRC), "Vent & Purge Valves", dated February 24, 1983,

Letter, G02-83-550, G. D. Bouchey (SS) to A. Schwencer -

(NRC), "Qualification of WNP-2 Containment Vent and
Purge Valves", dated June 22, 1983 "

. References a and b contain NRC requests.for information regarding the WNP-2
<. containment vent and purge valves and References ¢ and d are the Supply
.These concerns have resulted in a
g Condition for Operation (LCO),

. This LCO would seriously impact the WNP-2 plant's

ability to properly carry out initial power ascension-testing and operation.

The purpose of this letter is to bring to the NRC's attention, édditional infor-

mation concerning the Supply Systems action to resolve this i
an alternate Technical Specification LCO (Attachment B).

with

inerting (Referenc

the LCO that

capability.

ssue and to propose
This LCO" 4§
provides for the drywell and suppression chamber atmosphere
e Technical Specification 3.6.6.2) and will allow compliance
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‘Regulatory Programs g

.. Attachments’ g
- cc: R Auluck —:NRC =%

A. Schwencer

Page Two

December 8, 1983

QUALIFICATION AND OPERATION OF WNP-2 CONTAINMENT VENT & PURGE VALVES

The Supply System is aware of NRC concerns which resulted from the staff's
review of references ¢ and d. These concerns have been discussed with the
Equipment Qualification Branch and their consultant. The result of these
discussions is the Supply Systems commitment to 1imit the valve opening
angle to a point that provides a maximum air velocity equal to or below

a Mach number of .3. This corresponds to a maximum valve opening of

no more than 70 degrees (with full open equal to 90 degreesg.

Appropriate valve 1imiting devices will be installed prior to exceeding 5%
power. A revised package detailing the field modification to limit valve
opening and demonstrate that the information provided in references c and

d is appropriate with this valve opening 1imit will be provided by

December 16, 1983. ’

Based on the Supply System commitment to 1imit valve opening, it is understood
that the LCO which now requires that they be locked sealed closed may be
relaxed. Provided in Attachment B is the Supply System recommendation to a
revised LCO that would allow Safe Operation of WNP-2 with the subject valves
appropriately modified. ' )
! \
The Supply System's planned December 16 submittal will provide the appropriate
data to address the concerns now in place. Should you have any further
questions, please contact Mr. P. L. Powell, Manager, WNP-2 Licensing.

Very trﬁ]y yours,
1 .
(; /;ﬁ22144~445._ .
G. C. Sorensen, Manager Y

-

JER/ tmh

. Wy .- wef

WS Chin - BPA |
AD Toth -~ NRC Sjte =/ ’ : ‘ : |
R Wright - NRC ’ |
D Hoffman - NRC

F Eltawila - NRC B "i
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ATTACHMENT A

«

CONTAINMENT SYSTIMS

DRYWELL AND 'UP°RE:Z:CN CHAMBER PUZ

“Coxeeat LCO"

7ETEM

(ll

CONDITION FOR OFESRATICN

3.6.1.8
isolaticn valves shai?

a. Eacn 24~ and 30-inch purge supply and exhaust iselaticn valve snall

be sealed closed.

5. Each 2-inch purge valve may be open for ourge system ogeration
for inerting, deinerting ang pressure control.

APPLICABILITY:

ACTION:

OPERATIONAL CCNOITICNS 1, 2, and 3.

A

a. With a 24- and/or 30-inch drywell and suppression chamber purge
supply and/or exhaust isolation valve(s) open or not sealed closed,
close and/or seal the 24~ and 30-inch valve(s) or othaerwise 1saIate
the penetration within 4 hours or be in at least HOT SHUTDGWN within

the next 12 hours and fn COLD SHUTOCWN within the fol?cwing 2% hours,

b. W1th a 2-inch drywell and suppression charcber purge suppﬁy and/or

exhaust isolation vaive(s) incperable or open for other than inerting,
deinerting, or pressure control,
. otherwise isclate the penet-atxon(s) within 4 hours or be in at
T HOT SHUTDCWN 'within the next 12 hours and in COLD SHUTDOWN witain

the following 24 hours.

close the cpen Z-inch valve(s) or

] c.- With a drywell and suppression chamber pu?ge supply and/or exhaust
isolation vailve(s) with resilient material seals having 2 measured
leakage rate exceeding the iimit of Surveillance Requirements 4.6.1.8.3

and/or 4.5.1.8.4, raestore

the inoperable valve(s) to OPERABLE status

jeast

The drywell and suppression chamber 2-inch purge supply and--exnaust--—---
be OPEXABLE and:

o o

A3

within 24 hours or be in at least HOT SHUTOOWN within. the. next 12 hours
~_and in CULD SHUTDOHN thhzn the .o]]cw1ng 24 hours.

’C

SURVETLLANCE REQUIREMENTS - ... il

4.6.1.8.1 Each 24- and 30-inch rywe31 and suppress.on chamber purge Eusp1y

and exhaust isolation valve shall Se verified ¢o

once per 31 days.

4.6.1.8.2 At leas:

cnce per 6 menths on @

be sealed closed at least

STAGGERED TEST BAS1S each cealed

ciosea 24~ and 3C-inca drywell and stc ress1on chamber purge supply anc exhzust
isolation valve with resilient mater*a] seals shall be demonstrated OPERASLE
by verifying that the measured leakage rste is less than or equa! 0 0.05 La

when cressurized to ?a"

WASHINGTON NUCLEAR - UNIT 2

3/4 e-12
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SJURVEILLANCE REQUIREMENTS (Continued)

$.5.1.8.3 At least cnce per $2 days _gach -2-inch <rywelt-ana- stppression

c\;mber purge supply an* exhaust isolation valve witn resiliant materia) seals
shall be demonstratad CPERABLE by . ver'fylng that the ceasured leakage rate is
less than or egual to 0.01 L wnen pressurized to P
T wr T oA . .
WASHINGTON NUCLEAR - UNIT 2 3/4 6-12
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'ATTACHMENT B
"DRAFT LCO"

CONTAINMENT SYSTEMS

DRYWELL AND SUPPRESSION CHAMBER PURGE SYSTEM

LIMITING CONDITION FOR OPERATION

PEee seim s et e me e meew st ¥

3.6.1.8 The drywell and suppression chamber 2-inch exhaust isolation valves
shall be OPERABLE and: - . .

d.

b.

5 1]
L 4
. )

Each 24- and 30-inch purge supply and exhaust isolation vaive
shall be closed during the time period:

1. Within 24 hours after THERMAL POMER is greater than 152

of RATED THERMAL POWER, following startup, to.

2. Within 24 hours.prior to reducing THERMAL POKWER to less
than 15% of RATED THERMAL POWER, preliminary to ascheduled
reactor shutdown. . K ,

Each 2-inch purge valve may be open for purge system operation for

" inerting, deinerting and pressure .control.

Each 24- and 30-inch pﬁrgé supply and exhaust isolation valve shall

be limited.to open no more than 70 degrees. o

£ "
.

ACTION:

LT U T

L oga b - RS » @ -, . - R IO N T d ey N Ty 0
e LIS ATE ARG T A R B TR R RTINS

bavesmiedy Farids desntnkl
) e

PR -

d. .

c.

4 m .., APPLICABILITY: OPERATIONAL:CONDITIONS 1, 2, and 3.

With a 24- and/or 30-inch drywell and'suppression chamber purge

supply and/or exhaust <islation valve(s) not closed, close and/or °

-seal the 24- and 30-inch valve(s) or otherwise isolate the pene-
- tration within 4 hours or be in at least HOT SHUTDOWN within the

next 12 hours and.in COLD SHUTDOWN within the following 24 hours

- except as provided for in'3.6.1.8,a: - . .

‘llyw3th'a‘Z;incﬁ?dﬁy&éTI‘ghhnsuppression chamber exhaust isolation
« valve inoperable or. open, for other than inerting, deinerting, , _.

or pressure control, close  the open 2-inch valve(s) or otherwise

.. isolate the penetration(s) within 4 hours or be in at least HOT:
. -SHUTDOWN within the next 12.hours and in COLD SHUTDOWN within
. the following 24 hours.

‘With a dn&we]l and suppression chamber purge §upp1y’énd/or exhaust
“isolation valve(s) with resilient material seals having a measured .

leakage rate exceeding the 1imit of Surveillance Requirements
4.5.1.8.2, restore the inoperable valve(s) to OPERABLE status
within 24 hours or be in at Teast HOT SHUTDOWN within the next
12 hours and in COLD SHUTDOWN within the following 24 hours.

WASHINGTON NUCLEAR - UNIT 2 3/4 6-11
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CONTAINMENT SYSTEMS

SURVEILLANCE REQUIREMENTS

4.6.1.8.1 Each 24- and 30-inch drywell and suppres1on chamber purge
supply and exhaust isolation valve shall be verified to be closed at
Jeast once per 31 days.**

4.6.1.8.2 At least once per 92 days each group shown below of drywell and
suppression chamber purge supply and exhaust isolation valve with resilient
material seals shall be demonstrated OPERABLE by verifying that the measured
lTeakage rate is less than or equal to .05 L. when pressurized to P,.

Valve Group . Maximum Leakage Rate

a. CEP-V-1A and 1B .05 L_* .
CEP-V-2A and 2B
b. CEP-V-3A and 3B . 05 L_*
_CEP-V-4A and 4B T oa
c. CSP-V-1 S . .05 L*
CSP-Y-2
d.  CSP-V-3 .05 L_*
CSP-V-4 Co

4,6.1.8.3 Each 24~ and 36-;nch purge supply and exhaust jsolation valve 70-7 1

degree open limiting dev1ce shall be functiona]1y tested at 1east once every -
18 months. . AT .

PR~
;‘i

‘e ew
a - Y- —————c e

* These valves are tested in parallel with the maximum leakage allowed
for a single valve applied to the group.

**  Valve operation as provided for in 3.6.1.8.a shall be under administrative

control only.
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WASHINGTON PUBLIC POWER SUPPLY SYSTEM

- Tt i G, .

T REQUALITICATION CLT
2

AT

| ‘ - ]  QID 361104

conroNENTNo: _CSP=V-1, CSP-V-2, CEP-V-14, CEP-V-24

* componeNT-DESCRIPTION: 30" Cylinder Operated Butterfly Valves

- -20676

MANUFACTURER: BIF HODEL NO: A 763
EQUIPMENT CLASSIFICATION: ACTIVE . [Jeassive

— & O g A ew —— -~ . .

' SEISMIC QUALIFICATION REPORT REFERENCE: - ‘ -

AN

~_1. _CV¥ena Ehé.:_r_iz'\'; Services Report No. 05.01.F, "30" Cvlinder Operated Bu'tte'fflv Valves",
Rev. 2, dated 6/15/83. " -

2. 'WPPSS Suppleméntal‘ Calculations, EQ-02-8.3-11, "Final As-built Review of Purge

. ‘and Vent Valves (BIF)" ;

ENVIRONMENTAL QUALIFICATION REPORT REFERENCE: ) .
;‘f‘“ Certificate of qualification is.for seismic/hydrodynamic and postulated

LOCA conditions.

«

THE ABOVE SEISMIC AND ENVIRONMENTAL QUALIFICATION REPORTS HAVE BEEN REEVALUATED IN ACCORDANCE WITH

THE CURRENT NRC SEISMIC AND ENVIRONMKMENTAL CRITERIA:

— ~ - -(Q) IEEE STANDARDS 344 (1975}

4 @ USNRC REGULATORY GUIDES 1.92, 1.100

3. STANDARD REVIEW PL.A.n , B

4. NUREG-0538 . B

THE ABOVE COMPONENT HAS BEEEN FOUND ACCEPTABLE FOR PERFORMING TS INTERDED SAFETY RELATED FUNCTION

WHEIN SUZSECTED 7O THE PLANT SPECIFIC-VIERATORY ARD ENVIRORNIERTAL LCADS,

N P>
PREFARED BY o o oo ZM,\ SATE12/14/83

REVIEWEDBY  Milon Meyer' M.l A, Dnuy "ATE12/14/83

©65-12378

AFFRCVEDS BY  penpnis Armstrong /ZM’ '.m“ WF‘-}?\ . |=A“12/1"‘/83
7 —

h



) ) ) . wiee._ 2 . S S
: : |7 T GID 361106 ...

"\'HCN SUEJECTED 7O THE PLANT SPECIFIC VIERATORY AND ENVIRONMENTAL LOADS.

.ENV!RONMENTAL QUALIFICATION REPORT REFERENCE:

T " RLQUALITIC.ATION CERTIFICATE

cSp-v-3, CSP-V-4, CSP-V-5, CSP-V-6, CSP-V-9, CEP—V-.BA, GEP-V-4A

COMPONENT NO:
24" Cylinder Operated Butterfly Valves . o

COMPONENT DESCRIFTION:

mopesL No: _A=206765 -

MANUFACTURER: BIF

EQUIPMENT CLASSIFICATION: K] acnive [Jracaive —

wem . evm—— m——

- »
" o e o

* SEISMIC QUALIFICATION REPORT REFERENCE:
1. .Cyena Energy Services Report No. OT.0I:F, "24" Cylindér Operated ‘Butterfly Vaiwes",--

) Rev. 4, dated 11/11/83. - .t

2. WPPSS Supplémental Calculations EQ-02-83-11, "Final As-built Review of Purge and "< T}

Vent Valves (BIF)"

Certificate of qualification is for seismic/hvdrodvnamic and postulated LOCA -

conditions.

’

THE ABOVE SEISMIC AND ENVIRONMENTAL QUALIFICATION REPORTS HAVE BEEN REEVALUATED IN ACCORDANCE WITH

THE CURRENT NRC SEISMIC AND ERVIRONMENTAL CRITERIAS

@IEEESI'ANDARDS 344 (1879) ¢ . : R ] e

( 2.) USNRC REGULATORY GUIDES 1.92, 1.100

2. STANDARD REVIEW PL.ANSJ‘I

4, NUREG-0538

THE ABOVE COMPORENT HAS BEEN FOUND ACCEPTABLE FOR PERFORMING ITS INTENDED SAFETY RELATED FUNCTION

o

-

PREPRRED BY DATE
Mark Scott <%/ A A7\~ l 12/14/83
REVIEWED BY {\ \ iSATE
Milon Mever ?)1;,],')./ J‘J!«;Q}"\ | 12/14/83
i .

A_PPROVED *¥ Dennis Armstrong M m I:ATE 12/14/83
= V4 ——

e o v & &
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WASHINGTON PUBLIC POWER SUPPLY SYSTEM
CALCULATION COVER SHEET !
SHEET OF
PROJECT DISCIPLINE CALC. NO,
WNP -2 EQUIPMENT QUALITFIcATION EQ -0z -3~
CONTRACT . SPECIFICATION QUALITY CLASS
&8 2808 -8 T
SYSTEM NO. EQUIFMENT PIECE NOG.
CEP 4 CSP CEP-V-/A,2A,3A 48, CSP=V- |, 2,3,4,5,6,9,
SUBJECT )
ConmanmenT  Puees / Vent Vaives
=trESsE Keview AND SoMMAR
FNaL Assoier Loan Review :
ACTION REQUIRED *
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EQ -0z -83~1]

CEP3A ,_
CEP~V/A0-34 WITH TORQUE MODIFICATION =2
REVISED 12-10-83 MAS/TBGM/CYGNA /

INPUT GLOBAL ACCELERATIONS
? 4,57, 1.26, 0.90

INPUT DATA
INPUT OPERATOR FORCE (TORQUED FLow —ToRAVE
? 995.
GLOBAL G-LEVELS = 4,57 1.26 .7
NORTH VECTOR ANGLES = 920 2?0 0
VERTICAL VECTOR ANGLES= 20 0 20
EAST VECTOR ANGLES = 180 20 ?0
WEIGHT VECTOR ANGLES = 90 180 ?0
LOCAL G-LEVELS
-1.74332E-5 -4.804852E-6 -9
~-1.74332E-5 1.26 -3.43323E-4
4.57 -4 .80852E-6 -3.43323E-46

OPERATING DRIVE ROD STRESS AT A 412.882
OPERATING DRIVE ROD STRESS AT B 710.744 '
OPERATING CYLINDER BRG PRESSURE -3.7354613E~-4
OPERATING VALVE EAR TENSILE STR 1240.79
.OPERATING VALVE EAR SHEAR STRES &3.5285
OPERATING EAR BOLT SHEAR STRESS 748.4%
OPERATING EAR BOLT TENSILE STR 353.72

s1f=-3.4591E~3
s2f= 319
" t3f=-2.57873E-3
m1$=-2193.04
m2f=-5,29423E-3
tt3f= 3411.67




CEPZA 995

DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 4543.51
DRIVE ROD TENSILE STRESS AT B 4%94%.04

BUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sid= 814.102
s2d= 851.76
t3d= 308%.31
mid= 974%8.46

' m2d= 22844.9

tt3d= 2080%.2

88.6181
7118.23
2946.639
3588.37
23002.1

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 4956.3%
DRIVE ROD TENSILE STRESS AT B 745%9.78

PUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sit= 816.1048
s2t= 1170.76
t3t= 308%.32
mit= 998%91.6
m2t= 22844.,9
tt3t= 24420.9

»
n
i

88.6185
835%.01
3460.167
43546.86
23355.8

BT




CEP3A
CEP-V/A0-3A WITH TORQUE MODIFICATION
REVISED 12-10-83 MAS/TBGM/CYGNA

‘ INPUT GLOBAL ACCELERATIONS
? 4.57, 1.26, 0.90

INPUT DATA

INPUT OPERATOR FORCE (TORQUE) oL STATING TRRAQVEF
? 1447.

4.57 1.26 .7
20 20 0

20 0 20
180 20 20
20 180 20

GLOBAL G-LEVELS
NORTH VECTOR ANGLES
VERTICAL VECTOR ANGLES
. EAST VECTOR ANGLES
" WEIGHT VECTOR ANGLES

LOCAL G-LEVELS

- ~-1.74332E-5 -4.80452E-é -.2
-1.743832E-5 1.26 -3.43323E-4$ '
4,57 -4,80452E-4& -3.43323E-6 ‘

OPERATING DRIVE ROD STRESS AT A 4600.434

OPERATING DRIVE ROD STRESS AT B 1033.4é
OPERATING CYLINDER BRG PRESSURE -3.7354613E-4

N OPERATING VALVE EAR TENSILE STR 2670.32

. OPERATING VALVE EAR SHEAR STRES 138.312

OPERATING EAR BOLT SHEAR STRESS 14673.13

OPERATING EAR BOLT TENSILE STR 854.929

, s1f==3,4591E~3
L irs2f= 771
. t3f=~2.57873E-3
m1f=-5300.54
m2f=-5.29623E-3
tt3f= 7453.67

S




(447

CEFTIA

DYNAMIC COMPOMENTS .
7.

, DRIVE ROD TENSILE STRESS AT A 4543.51
DRIVE ROD TENSILE STRESS AT B 494%9.04

BUSHING PRESSURE 88.46181
VALVE EAR TENSILE STRESS 7118.23
VALVE EAR SHEAR STRESS 296,639
EAR BOLT SHEAR STRESS 3588.37
EAR BOLT TENSILE STRESS 23002.1

sld= 814.102
s2d= 851.76
t3d= 308%.31
mid= ?74%98.6
m2d= 22844.9
tt3d= 20809.2

FIXED PLUS DYNAMIC COMPONENTS

. DRIVE ROD TENSILE STRESS AT A& 5143.94 .
DRIVE ROD TENSILE STRESS AT B 7982.464 o

PUSHING PRESSURE 88.4185 £r
YALVE EAR TENSILE STRESS 9788.55
UALVE EAR SHEAR STRESS 434 .951
EAR BOLT SHEAR STRESS 5241 .5
E&GR BOLT TENSILE STRESS 23857.1

' slt= 814.106

s2t= 1622.746
t3t= 3089.32
mit= 1.027%29E+5

m2t= 22844.9%
tt3t= 28262.9

#
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CEP4A
CEP-U/A0-4A WITH TORQUE MODIFICATION . =60
_ REVISED 12-10-83 MAS/TBGM/CYGNA

N oA

INPUT GLOBAL ACCELERATIONS
? 3.71, 1.34, 0.89

INPUT OPERATOR FORCE (TORQUE) FLow TORAUE

? 995,

INPUT DATA

GLOBAL G-LEVELS = 3.71 1.34 .89
NORTH VECTOR ANGLES = 90 -38 o2
VERTICAL VECTOR ANGLES= @20 o2 142
EAST VECTOR ANGLES = 180 20 20
WEIGHT VECTOR ANGLES = 90 -128 -38

LOCAL G-LEVELS

-1.41525E~-5 -5.11169E-6 -.89%

2.92352 .824984 ~-3.39508E-4

2.2841 -1.055%4 -3.39508E-&

OPERATING DRIVE ROD STRESS AT A 412.882
OPERATING DRIVE ROD STRESS AT B 710.744
OPERATING CYLINDER BRG PRESSURE ~3.735613E-4
OPERATING VALVE EAR TENSILE STR 2300.51
‘DPERATING VALVE EAR SHEAR STRES 102,384
OPERATING EAR BOLT SHEAR STRESS 1238.52
OPERATING EAR BOLT TENSILE STR 4599.3

 s1f=-3,4591E-3
7.52f= 578.81 , -
U t3f= 532,695 L
' m1f=-20760.8
. m2f=-3818.52
tt3f= 5474.06
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CEP4LA WS

DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 4493.02
DRIVE ROD TENSILE STRESS AT B 4871.83

BUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sid= 807.034
s2d= 2053.47
t3d= 1701.08
mid= 64%é4.6
m2d= 133%6.7
tt3d= 24569.7

87.46336
2303.24
405.714
4907.83
14492.5

FIXED PLUS DYNAMIC COMPOMENTS

DRIVE ROD TENSILE STRESS AT A 4905.9
DRIVE ROD TENSILE STRESS AT B 7582.57

PUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sit= 807.038
s2t= 2632.28
t3t= 22338.746
mi t= 85725.4
m2t= 17215.2
tt3t= 30043.7

e

3

87.633%
11603.7
508.099
61446.36
19091.8

£
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CEP4A
CEP-U/A0-4A WITH TORRUE MODIFICATION
REVISED 12-10-83 MAS/TBGM/CYGNA

INPUT GLOBAL ACCELERATIONS

h 2 ¥
.

? 3.71, 1.34, 0.89
INPUT OPERATOR FORCE (TORQUE) oL <seENTING ToRQLE
? 1447,
INPUT DATA
GLOBAL G-LEVELS = 3.71 1.34 .89
NORTH VECTOR ANGLES = %0 -38 52
VERTICAL VECTOR ANGLES= 90 52 142
EAST VECTOR ANGLES = 180 90 $0
WEIGHT VECTOR ANGLES = 90 -128 -38
LOCAL G-LEVELS
. -=1.41525E-5 -5.1114%E-& ~-.89
2,92352 824984 -3.39508E-& ..
2,2841 -1.055%4 -3.39508E-6 4
OPERATING DRIVE ROD STRESS AT A 400.434
OPERATING DRIVE ROD STRESS AT B 1033.4
OPERATING CYLINDER BRG PRESSURE -3.75413E-4
OPERATING VALVE EAR TENSILE STR 3730.04
‘ OPERATING VALVE EAR SHEAR STRES 177.18
OPERATING EAR BOLT SHEAR STRESS 2143.31
OPERATING EAR BOLT TENSILE STR 5100.51

sl f=-3.4591E-3

., s2f= 1030,

81

7 t8f= 532.695
mil f=-23848.3

m2f=-3818.

22

tt3f= 9316.05

[ ST S
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CEP4A 441

DYNAMIC COMPONENTS

: DRIVE ROD TENSILE STRESS AT A 4493.02
, DRIVE ROD TENSILE STRESS AT B é871.83

BUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sid= 807.034
s2d= 2053.47
t3d= 1701.06
mid= &4%64.6
m2d= 133%6.7
tt3d= 24569.7

87.6326
2303.249
405.714
4907 .83
14492.5

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 5093.446
DRIVE ROD TENSILE STRESS AT B 7905.43

PUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sit= 807.038
s2t= 3084.29
tat= 2238.76
mi t= 88833

m2t= 17215.2
tt3t= 33885.7

87.4633%
13033.3
582.8%94
7051.14
19593

£y

.
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CSPig

CSP-V/A0-1/& WITH TORQUE MODIFICATION oy
REVISED 12-10-83 MAS/TBGM/CYGNA L 564
‘ INPUT GLOBAL ACCELERATIONS |
? 1.46, 3.67, 2.13
INPUT OPERATOR FORCE (TORGUE) Frow "TORQUE"
? 1984,
INPUT DATA
GLOBAL G-LEVELS = 1.46 3.67 2.13
NORTH VECTOR ANGLES = 135 . 90 135
VERTICAL VECTOR ANGLES= 90 180 90
EAST VECTOR ANGLES = 45 %0 135
WEIGHT VECTOR ANGLES = 90 0 20

LOCAL G-LEVELS

-1.03238

~5.56945E~

~-1.03238

OPERATING
OPERATING
OPERATING

OPERATING
‘ OPERATING

/

OPERATING
OPERATING

-1 .3999%E-S 1.50613
& =3.67 -8.1233E~4
-1.3999%E-5 -1.50614

DRIVE ROD STRESS AT & 815.81
DRIVE ROD STRESS AT B 1404.35
CYLINDER BRG PRESSURE -7.15824E-4
VALVE EAR TENSILE STR 4206.48
VALVE EAR SHEAR STRES 306.8%5
EAR BOLT SHEAR STRESS 2549.7

EAR BOLT TENSILE STR 1695.14

sl f=-5.43205E-3

. 's2f= 2880

- t3F=—3.48643E-3
ml f=-22319.9
m2f=-1.464417E~-2
tt3f= 23436.46

PV




csSyY) 1960

DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT B 31155.3

‘DRIUE ROD TENSILE STRESS AT A 20370.4

BUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sid= 2400.18
s2d= 3354,38
t3d= 1668.96
mid= &80%1.2

_m2d= 27118,9
tt3d= 70444.8

342.4645
11484.3
648.873
5433.14
7823.03

FIXED PLUS DYNAMIC COMPOMENTS

DRIVE ROD TENSILE STRESS AT A 21184.2
DRIVE ROD TENSILE STRESS AT B 32559.7

PUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

‘ sit= 2400.18

s2t= &4234.38
t3t= 14468.97
mit= 20411.1
m2t= 27119
tt3t= 94081.4

1 i
i W id

342.646
15621

?55.768
8002.83
?518.17

A)
P




CSP14
CSP-U/A0-1/4 WITH TORQUE MODIFICATION
REVISED 12-10-83 MAS/TBGM/CYGNA

‘ INPUT GLOBAL ACCELERATIONS

? 1.44, 3.67, 2.13
INPUT OPERATOR FORCE (TORQUE)
? 2344,
INPUT DATA
GLOBAL G-LEVELS = 1.46
NORTH VECTOR ANGLES = 135

VERTICAL VECTOR ANGLES= 90

EAST VECTOR ANGLES
WEIGHT VECTOR ANGLES

45
20

LOCAL G-LEVELS

~-1.03238

-5.56945E~

-1.03238

OPERATING
OFPERATING
OPERATING
OPERATING
’OPERQTING
OPERATING
OPERATING

3.87
20
180

-1.3999%E-S 1.50613
6 -3.67 -8.1253E-6
-1 .39999E-5 -1.504614

DRIVE ROD STRESS AT A
DRIVE ROD STRESS AT B
CYLINDER BRG PRESSURE
VALVE EAR TENSILE STR
VALVE EAR SHEAR STRES
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STR

.81 f=-5,43205E-3

., ~s2f= 3280

- t3f=-3.484463E~3
» mif=-25419.9
. m2f=-1,64417E-2
tt3f= 26836.46

?81.7835
1690.0&
-7.10824E-4
4807.48
350.58%
2935.35
1930.58

AN
aad '

Ebk

2.13
135
20
135
90




csP 2320

DYNAMIC COMPONENTS ‘ & o7

) 2t DRIVE ROD TENSILE STRESS AT A 20370.4 ’
DRIVE ROD TENSILE STRESS AT B 31155.3

BUSHING PRESSURE 342.445
VALVE EAR TENSILE STRESS - 11484.3
VALVE EAR SHEAR STRESS 648.873
EAR BOLT SHEAR STRESS 9433.14
EAR BOLT TENSILE STRESS 7823.03

sld= 2400.18
s2d= 3354.38
t3d= 1448.96
mid= 48091.2 '
m2d= 27118.9
tt3d= 70444.8

FIXED PLUS DYNAMIC COMPONENTS

. DRIVE ROD TENSILE STRESS AT A 21352.2
DRIVE ROD TENSILE STRESS AT B 32845.4

PUSHING PRESSURE 342.4646 ‘e
VALVE EAR TENSILE STRESS 16291.8
VALVE EAR SHEAR STRESS 999,442
EAR BOLT SHEAR STRESS 8248.49
EAR BOLT TENSILE STRESS 9753, 41

“ c1t= 2400.18
s2t= &&34.38

t3t= 1868.97
mit= £3511.1
m2t= 27119
tt3t= 97481 .4
1 "':’ . C w ‘ o t vj i

"«







CSPs2

CSP-V/A0-4%/2 WITH TORQUE MODIFICATION
REVISED 12-10-83 MAS/TBGM/CYGNA

INPUT GLOBAL ACCELERATIONS

? 1.44, 3.57, 1.90
INPUT OPERATOR FORCE (TORQUE)
? 1946,
INPUT DATA
6LOBAL G-LEVELS = 1.44
NORTH VECTOR ANGLES = 135
VERTICAL VECTOR ANGLES= %0
EAST VECTOR ANGLES = 45
WEIGHT VECTOR ANGLES = 90

LOCAL G-LEVELS

-1.01824

-5.49316E~

~-1.01824

OPERATING
OPERAT ING
OPERAT ING

 OPERATING

. OPERAT ING
OPERATING
OPERATING

3.57
20
180
20

-1,346185E~-S 1.3435
6 =8.57 -7 .24792E~6
-1.34185E-S -1.34351

DRIVE ROD STRESS AT A
DRIVE ROD STRESS AT B
CYLINDER BRG PRESSURE
VALVE EAR TENSILE STR
VALVE EAR SHEAR STRES
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STR

‘81 f=-5.43205E-3

s2f= 2880

17 t3§=—3,48863E-3

" m1§=-22319.9
m2f=-1,64417E-2
tt3f= 23434.4

PR

PO SR i,

815.81
1404.35
~7.15824E-4
4206.68
306.895
2589.7
1695.14

1.9
135
20
{35
70

E 63
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csP a 196

DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 188046
DRIVE ROD TENSILE STRESS AT B 28742.8

BUSHING PRESSURE 3146.332
VALVE EAR TENSILE STRESS 10686.5
VALVE EAR SHEAR STRESS 407.944
EAR BOLT SHEAR STRESS 5090.43
EAR BOLT TENSILE STRESS 7168.94

sld= 2400.49
s2d= 3262.98
t3d= 1940.79
mid= &3345

. m2d= 24262.9

¥
oAt

Yy
'

tt3d= &5654.8

FIXED PLUS DYNAMIC COMPOMENTS

DRIVE ROD TENSILE STRESS AT A 19621.9
DRIVE ROD TENSILE STRESS AT B 301467.1

PUSHING PRESSURE 316.333
VALVE EAR TENSILE STRESS 14893.1
VALVE EAR SHEAR STRESS ?14.838
EAR BOLT SHEAR STRESS 76460.13
EAR BOLT TENSILE STRESS 8864.08

sit= 2400.5
s2t= 6142.98
t3t= 1540.8
ml t= 85484.9
m2t= 24243

tt3t= 89093.4

PR

AN

E69




CSPE2

CSP-V/AD-%/2 WITH TORQUE MODIFICATION
REVISED 12-10~83 MAS/TBGM/CYGNA

‘ INPUT GLOBAL ACCELERATIONS

*EAST VECTOR ANGLES
WEIGHT VECTOR ANGLES

El
Voo
\w?lﬂ'

? 1.44, 3.

57, 1.90

INPUT OPERATOR FORCE (TORQUE?

? 2366.

INPUT DATA

GLOBAL G-LEVELS
NORTH VECTOR ANGLES

1.
i3

VERTICAL VECTOR ANGLES= 90

45
20

LOCAL G-LEVELS

-1.01824

-5.49316E-

-1.01824

OPERATING
OPERATING
OPERATING
OPERATING
OPERATING
OPERATING
OPERATING

-1 .346185E-S
6 —3-57
-1.34185E~5

DRIVE ROD STRESS
DRIVE ROD STRESS

44 3.97
3 20
180
?0
0

1.2435
=7 .24792E-6
-1.34351

AT A 981.785
AT B 16%0.06

CYLINDER BRG PRESSURE -7.15824E-4

VALVE EAR TENSILE STR
VALVE EAR SHEAR STRES
EAR BOLT SHEAR STRESS

EAR BOLT TENSILE

sl f=-5.43205E~-3

s2f= 3280

1

A t3f=—-3.48643E-3
mi f=-25419.9
m2f=-1.,44417E~2
tt3f= 26836.6

4807.48
350.589
2935.55
STR 1930.358

-

© LETTe

1.9
135
20
135
90

3 o




“

CcCSP2 2300

DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 18804
DRIVE ROD TENSILE STRESS AT B 28742.8

-

AN
"l

BUSHING PRESSURE 316.332
UALVE EAR TENSILE STRESS 10486.5
VALVE EAR SHEAR STRESS 407 .944
EAR BOLT SHEAR STRESS 5090 .43
EAR BOLT TENSILE STRESS 7148.94
sid= 2400.49

s2d= 3262.98

t3d= 1540.79

mid= 63345 B
m2d= 24262.9

tt3d= 65456.8

e~

FIXED PLUS DYNAMIC COMPOMENTS

DRIVE ROD TENSILE STRESS AT A& 19787.8
DRIVE ROD TENSILE STRESS AT B 30452.8

PUSHING PRESSURE 316.333
VALVE EAR TENSILE STRESS 15493.9
VALVE EAR SHEAR STRESS £58.532
EAR BOLT SHEAR STRESS 2025.98
EAR BOLT TENSILE STRESS ?099.352

sl t= 2400.3
s2t= &542.98
t3t= 1540.8
mi t= 88784.9
m2t= 24243

tt3t= 92493.4

i




CSP38

CSP-V/AD-3/4% WITH TORAUE MODIFICATION
REVISED 12-10-83 MAS/TBGM/CYGNA

S

INPUT GLOBAL ACCELERATIONS

TLOW —ToreuE

? 2.86, 3.17, 3.76
INPUT OPERATOR FORCE (TORQUE)
? 995,
INPUT DATA
GLOBAL G-LEVELS = 2.6
NORTH VECTOR ANGLES = 90
VERTICAL VECTOR ANGLES= 0 90
_ EAST VECTOR ANGLES = 90
WEIGHT VECTOR ANGLES = 180
LOCAL G-LEVELS
-1.01471E-5 3.17 -1.43433E-5
-1.01471E-5 —~1.20928E-5 -3.74
-2.64 -1.20924E-5 —-1.43433E-5
OPERATING DRIVE ROD STRESS AT & 5441.21
OPERATING DRIVE ROD STRESS AT B 8431.84
OPERATING CYLINDER BRG PRESSURE -98.44464
OPERATING VALVE EAR TENSILE STR 5930.22
‘OPERATINB VALVE EAR SHEAR STRES 251.91
OPERATING EAR BOLT SHEAR STRESS 3047.3
OPERATING EAR BOLT TENSILE STR 2443.98

| 51§=-906.782
-, .52f= 994.997
S 4 34=-2.57873E-3

mi f=-4840,
m2f=-46234.

52
i

tt3f=-136446.3

®

3.17
20
20
180
20

n

-ETZ

3.76
180

2?0
?0




csSP3 %95

DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 14003.2 E 73
DRIVE ROD TENSILE STRESS AT B 24474

BUSHING PRESSURE 312.133

VALVE EAR TENSILE STRESS 23749 .1

VALVE EAR SHEAR STRESS 1017.24

EAR BOLT SHEAR STRESS 12305.53

EAR BOLT TENSILE STRESS 14299.1

sid= 2874.49
s2d= 2541.7¢6
t3d= 1798.16
mlid= 59281.6
m2d= 23594.3
tt3d= 72399

FIXED PLUS DYNAMIC COMPONENTS

. DRIVE ROD TENSILE STRESS AT A 21444.4
DRIVE ROD TENSILE STRESS AT B 32907.9

PUSHING PRESSURE 410.597 £
UALVE EAR TENSILE STRESS 29699 .3
VALVE EAR SHEAR STRESS 1249.15
EAR BOLT SHEAR STRESS 15352, 6
EAR BOLT TENSILE STRESS 14742.1

’ slt= 3781.28
s2t= 3536.76
t3t= 1798.14
mit= &6122.1

mZt= 29828.4
tt3t= 84045.3

T y v







CSP=4
CSP-V/A0-3/4 WITH TORQUE MODIFICATION
REVISED 12-10-83 MAS/TBGM/CYGNA

INPUT GLOBAL ACCELERATIONS

? 2.46, 3.17, 3.76
INPUT OPERATOR FORCE (TORQUE)  ovr®
? 1447,
INPUT DATA
GLOBAL G-LEVELS = 2.66
NORTH VECTOR ANGLES = %0
VERTICAL VECTOR ANGLES= 0 90
EAST VECTOR ANGLES = 90
WEIGHT VECTOR ANGLES = 180
LOCAL G-LEVELS
. =1.01474E-5 3.17 -1 .,43433E-5
-1.01471E-5 ~1.20926E-5 -3.76
-2.64 -1.20924E-5 ~-1.43433E-5
OPERATING DRIVE ROD STRESS AT A 5648.74
OPERATING DRIVE ROD STRESS AT B 8754.72
OPERATING CYLINDER BRG PRESSURE —98.4444
_ OPERATING VALVE EAR TENSILE STR 5380.3S
‘GPERATING UALVE EAR SHEAR STRES 231.813
OPERATING EAR BOLT SHEAR STRESS 2804.1%9
OPERATING EAR BOLT TENSILE STR 2945.19

"

sl f=-906.782

02

s2f= 1447
t3f=-2.57873E-3
mil f=-9948.
m2f=-46234.

1

tt3f=-2804.29

da ma e ek

sEpTING TORQUVE

3.17
20
20
180
20

£

3.76
180

?0
20




cCsP3 1 4<-7

DYNAMIC COMPONENTS

i DRIVE ROD TENSILE STRESS AT A 14003.2
DRIVE ROD TENSILE STRESS AT B 24476

BUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sld= 2874.49
s2d= 2541.76
t3d= 1798.16
mid= 59281.4
m2d= 23594.3
tt3d= 72399

312.133
237467.1
1017.24
12305.3
1429%9.1

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 21652
DRIVE ROD TENSILE STRESS AT B 33230.7

PUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

'\

. sl t= 3781.28
s2t= 3988.76
t3t= 1798.16
mit= &9229.6

m2t= 29828.4
tt3t= 82203.3

oy s i o IPETIC T P Y-S DU T T

410.597
2914%9.4
1249.05
15109.5
17244.3

e e




CSF&4
CSP-V/A0-68/4 WITH TORQUE MODIFICATION
JREVISED 12-10-83 MAS/TBGM/CYGNA

INPUT GLOBAL ACCELERATIONS

? 3,25, 2.94, 4.19
INPUT OPERATOR FORCE (TORQUE) FlLow —TORQUE
? 995,
INPUT DATA
GLOBAL G-LEVELS = 3.25 2.94
NORTH VECTOR ANGLES = %0 20
VERTICAL VECTOR ANGLES= 0 90 90
EAST VECTOR ANGLES = 90 180
WEIGHT VECTOR ANGLES = 180 90
LOCAL G-LEVELS
-1.23978E-5 2.94 -1 .59834E-5

-1.23978E-5 =-1,12152E-5 -4.19

-3.25

OPERATING
OPERATING
OPERATING

~. OPERATING
bOPERATING
OPERAT ING

il
"
v

OPERATING

-1.12152E-5 -1 .598346E-5

DRIVE ROD STRESS AT A 5461.21
DRIVE ROD STRESS AT B 8431.84
CYLINDER BRG PRESSURE -98.4646
VALVE EAR TENSILE STR 5930.22
VALVE EAR SHEAR STRES 251.%91

EAR BOLT SHEAR STRESS 3047.3

EAR BOLT TENSILE STR 2443.98

sl f=-904.782 .
s2f= 994.997
t3f=-2.57873E-3

“ mif=-4840,
. m2f=—-6234,

52
i

tt3f=-13646.3

4.19
180

%0
%0







.S 4 95

DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 14842.1
DRIVE ROD TENSILE STRESS AT B 22700.2

BUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sld= 2&665.94
s2d= 2832.44
t3d= 2197
mlid= 71899.2
m2d= 24145
tt3d= 48083

289.4846
22501.9
F72.261
11761.2
17082.2

FIXED PLUS DYNAMIC COMPOMENTS

DRIVE ROD TENSILE STRESS AT A 20303.3
DRIVE ROD TENSILE STRESS AT B 31132

PUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sl t= 3572.72

s2t= 3827.44

t3t= 2197

mi t= 7873%9.7

m2t= 3039%.1

tt3t= 81729.3

LY

387.951
28432.1
1224.17
14808.5
19526.2

L PO

Noa,
“

ETT




CSPe4
CSP-V/A0—0/4 WITH TORQUE MODIFICATION
REVISED 12-10-83 MAS/TBGM/CYGNA

INPUT GLOBAL ACCELERATIONS

? 3.25, 2.94, 4.19
INPUT OPERATOR FORCE (TORQUE)
? 1447,
INPUT DATA
GLOBAL G-LEVELS = 3.25 2.94
NORTH VECTOR ANGLES = 90 90
VERTICAL VECTOR ANGLES= 0 90 90
EAST VECTOR ANGLES = 90 180
WEIGHT VECTOR ANGLES = 180 90
LOCAL G-LEVELS
. -1.23978E-5 2.94 -1 .59884E-5
-1.23978E-5 ~1.12152E-5 =4.19 -
-3.25 -1,12152E-5 =-1.59834E-5 ‘¢
OPERATING DRIVE ROD STRESS AT A 5648.74
OPERATING DRIVE ROD STRESS AT B 8754.72
OPERATING CYLINDER BRG PRESSURE -98.4446
OPERATING VALVE EAR TENSILE STR - 5380.35
‘OPERATING VALVE EAR SHEAR STRES 231.813
OPERATING EAR BOLT SHEAR STRESS 2804.1%
OPERATING EAR BOLT TENSILE STR 2945.19

sl f=-904.782

t8f=-2.57873E-3 °

.. s2f= 1447
mif=-9948.
m2f=-=46234.

a2
1

tt3f=-9804.2?

14 e e b b P e | i B
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csP4 447

DYNAMIC COMPOMENTS

DRIVE ROD TENSILE STRESS AT A& 14842.1
DRIVE ROD TENSILE STRESS AT B 22700.2

BUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

sid= 2665.94
s2d= 2832.44
t3d= 2197
mid= 718%99.2
m2d= 24165
tt3d= 48083

28%.486
22501.9
P72.261
11781.2
17082.2

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 20490.9
DRIVE ROD TENSILE STRESS AT B 31434.°9

PUSHING PRESSURE

VALVE EAR TENSILE STRESS
VALVE EAR SHEAR STRESS
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STRESS

si t= 3572.72
s2t= 4279.44
t3t= 2197
mit= 81847.2
m2t= 3039%.1
tt3t= 77887.2

387.951
27882.2
1204.07
14585.4
20027.4

kAo

719




CSPS
CSP-U/A0-5 WITH TORQUE MODIFICATION ESP
REVISED 12-10-82 MAS/TBGM/CYGNA !

INPUT GLOBAL ACCELERATIONS
? 2.94, 3.52, 5.42

INPUT OPERATOR FORCE (TORQUE) OLD sSeaThe TorauE

? 1447.

INPUT DATA
GLOBAL G-LEVELS = 2.94 3.92 5.42
NORTH VECTOR ANGLES = 42.5 47 .5 20
VERTICAL VECTOR ANGLES= 90 20 0
EAST VECTOR ANGLES = 47.5 137.5 20
WEIGHT VECTOR ANGLES = 180 ?0 20

LOCAL G-LEVELS

2.182349
1.99974

-1 .12215E-

OPERATING
OPERATING
OPERATING
OPERATING
‘OPERATING
OPERATING
OPERATING

~1.34277E-S 3.866169
-1.384277E-5 -3.9%9606
=] 3.52 -2.08738E-5

DRIVE ROD STRESS AT A 5648.76
DRIVE ROD STRESS AT B 8754.72
CYLINDER BRG PRESSURE -98.46446
VALVE EAR TENSILE STR 5380.35
VALVE EAR SHEAR STRES 231.813
EAR BOLT SHEAR STRESS 2804.19
EAR BOLT TENSILE STR 2945.19

/o

s1$=-906.782
-.s2f= 1447
" t3$=-2,57873E-3
mi f=-9948.02
m2f=-6234.1
tt3f=-9804.29

"
®
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CSPS 1441

DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 2151%.46
DRIVE ROD TENSILE STRESS AT B 32%912.8

BUSHING PRESSURE 419.7249
VALVE EAR TENSILE STRESS 30726.9
VALVE EAR SHEAR STRESS 1312.91
EAR BOLT SHEAR STRESS 15882

EAR BOLT TENSILE STRESS 19863.7

sid= 3865.34
s2d= 3020.7
t3d= 2379.52
mid= ?27785.5
m2d= 31577.4
tt3d= 8453%9.5

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 271468.3
DRIVE ROD TENSILE STRESS AT B 418467.5

PUSHING PRESSURE 518.189%
VALVE EAR TENSILE STRESS 36107.2
VALVE EAR SHEAR STRESS 1544.73
EAR BOLT SHEAR STRESS 18486.2
EAR BOLT TENSILE STRESS 22808.9

.Sl t= 4772.12

s2t= 44467.7
t3t= 2379.52
mi t= 87733.5

m2t= 37811.5
tt3t= 943483.8

1 »
1y . z ‘4< ¥
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CSPé
CSP-V/A0~-4 WITH TORQUE MODIFICATION

REVISED 12-10-83 MAS/TBBM/CYGNA S oE8Z
INPUT GLOBAL ACCELERATIONS
? 2.55, 3.33, 5.85
INPUT OPERATOR FORCE (TORQUE) OLD ScamN, ToraVE
? 1447,
INPUT DATA
GLOBAL G-LEVELS = 2.55 3.33 5.85
NORTH VECTOR ANGLES = %0 90 0
VERTICAL VECTOR ANGLES= 0 90 90 .
EAST VECTOR ANGLES = 90 0 90
LOCAL G-LEVELS
-9.72747E-6  3.33 ~2.2314E-5 -
-9 ,72747E-6 ~—1.27029E-5 5.85 - .
2.55 -1.27029E-5 =2.2314E-5
OPERATING DRIVE ROD STRESS AT A 5648.74
OPERATING DRIVE ROD STRESS AT B 8754.72
OPERATING CYLINDER BRG PRESSURE -98.4444
OPERATING VALVE EAR TENSILE STR 5380.35
OPERATING VALVE EAR SHEAR STRES 231.813
‘OPERATING EAR BOLT SHEAR STRESS 2804.19
OPERATING EAR BOLT TENSILE STR 2945.19

s1f=-904.782
s2f= 1447

s 13+=~2.97873E-3
'mif==-9948.02

m2f=-46234.1
tt3f=-9804.29




CSPl (47

DYNAMIC COMPONENTS

.DRIUE ROD TENSILE STRESS AT A 16811

DRIVE ROD TEMSILE STRESS AT B 25711.4

BUSHING PRESSURE 327.887
VALVE EAR TENSILE STRESS 26284.3
VALVE EAR SHEAR STRESS 1154.32
EAR BOLT SHEAR STRESS 13983.6
EAR BOLT TENSILE STRESS 14253.5
sid= 3019.58

s2d= 3954.6

t3d= 1723.8

mid= &40730.3
m2d= 24158.8
tt3d= 78875.3

FIXED PLUS DYNAMIC COMPONENTS

DRIVE ROD TENSILE STRESS AT A 2245%9.8
DRIVE ROD TENSILE STRESS AT B 34444.1

PUSHING PRESSURE 426.352
VALVE EAR TENSILE STRESS 31684.46
VALVE EAR SHEAR STRESS 1386.13
EAR BOLT SHEAR STRESS 16767 .8
EAR BOLT TENSILE STRESS 17198.7
slt= 39246.36

s2t= 5401.4é

t3t= 1723.8

mit= 704678.3

m2t= 30393

tt3t= 88679.5

’’’’’’’

AN
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CSPG"

CSP-V/A0-4 WITH TORQUE MODIFICATION
REVISED 12~-10-83 MAS/TBGM/CYGNA M

INPUT GLOBAL ACCELERATIONS

? 11.39, 3.33, 5.85

INPUT OPERATOR FORCE (TORQUE)

? 1447,
INPUT DATA

GLOBAL G-LEVELS
NORTH VECTOR ANGLES
VERTICAL VECTOR ANGLES= 0
EAST VECTOR ANGLES =

LoCAL G-LEVELS

3.33
-1.27029E-5
-1.27029E-S

-4 .34494E~5
-4.34494E-5
11.39

DRIVE ROD STRESS
DRIVE ROD STRESS

OPERATING
OPERATING

11.3?
2?0

20

E a4

O SEATING "TORQUE

3.33
20 0

20 20

-2.2316E-5
S.85
-2.2316E-5 e
£r
AT A 95648.76
AT B 8754.72

OPERATING
OPERATING

OPERATING
. OPERATING
OPERATING

-98.44446
5380.35
231.813
2804.19
2945.1°9

CYLINDER BRG PRESSURE
VALVE EAR TENSILE STR
VALVE EAR SHEAR STRES
EAR BOLT SHEAR STRESS
EAR BOLT TENSILE STR

s1f=~2046.782

02

s2f= 1447

.+, t3f=—2.57873E~3
" ml f=-9948,
m2f=-4234.

1

tt3f=-9804.29

sl air Lo Won




CcsSPe 1447

DYNAMIC COMPONENTS

. DRIVE ROD TENSILE STRESS AT A 16811
DRIVE ROD TENSILE STRESS AT B 25711.4

BUSHING PRESSURE 327.887
VALVE EAR TENSILE STRESS 26485.4
VALVE EAR SHEAR STRESS 1154.32
EAR BOLT SHEAR STRESS 13963.6
EAR BOLT TENSILE STRESS 97542

sld= 3019.58
s2d= 39354.4
t3d= 7692.63
mid= 2.44083E+D
m2d= 58%48.3
tt3d= 78875.3

FIXED PLUS DYNAMIC COMPONENTS

b DRIVE ROD TENSILE STRESS AT A 2245%.8
DRIVE ROD TENSILE STRESS AT B 34464.1

PUSHING PRESSURE 426.352

VALVE EAR TENSILE STRESS 32045.7

VALVE EAR SHEAR STRESS 13846.13

EAR BOLT SHEAR STRESS 16767.8

EAR BOLT TEMNSILE STRESS 40488.2
. slt= 3924.36

s2t= 5401.6

t3t= 7499.44
milt= 2.54031E+S
m2t= &5202.4
tt3t= 884679.5

.

a co. ' .
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<
REMx*%%% BIF UALVE AND AIR OPERATOR SEISMIC STRESS *x#x%

REMxx¥%%% CEP-VU/A0-3Aa WITH TORQUE MODIFICATION x%xxxxx*
REMxx%%% REVISED 12-10-83 MA SCOTT / TBG MARVIN / CYGNA
REM

var i,j,K = integer

var lrod,lcg,x,phi,lave,ablt,l1,12,el,e2,e¢3,e4,e5 = real
var fst2, ca,ia,cb,ib,aa,ab, dl d2,c1,|1 c2,|2—real

var 1rodo,lcgo,ldr,d, abush, pbush=real

var fcof, fco, ma,mb, siga, sigb, fcdr, fcdrf,maf, mbf=real
var dear, fcear,fr, fi1,f22,1a, cil2,ci2l,stt3,semi=real
var sem2,set3,sesl,ses2,sr,taull, tau22, tavear,acar=real
var btens, taublt, set3f,semlf,sem2f,fcearf, frf,flif=real
var f22f,stt3f,sesif,ses2f,srf,taulf, tau2f, taurf=real

var taubf,btf, dsr,dtaur,dtaub,dbten,dsa,dsb,dpb=real

var sdraf,sdrbf,pbushf,taullf,tau22f=real

var wao,wbr,ftri,watrl,st,s1f,s2,s2f,mi, ,mif,m2=real

var m2F,t3,t3F,tt3,tt3f,1br,wtot=real

var bel,bs2,bt3,bmi ,bm2,btt3=real

var fsi,fs2,ft3,fml,fm2,ftt3,s1d,s2d,t3d =real
var mid,m2d, tt3d slt s2t t3t,mlt’m2t tE3t =real
dim re41 au(S)

dim real wa(3)

dim real wb{(3)

REM ’

REM ##» BURNS 7 ROE EAR FORCES ARE bs! etc TURN ON WITH K=1#%%%
REM )
REM

dim real a(3,3>

dim real b(3)

dim real glec(3,3>

data 7.5, 10, .75, 1.95, 1.25, .7

data 25,14.44,.531,53.,5.5,.31,1.5,2.5

data 1150.,.875,.44,.648,.138,2.41,1.4

data 399,277,5.25,8.5,28.5,15.,46.875

data 40.,10.94,26.5,30.5,2.075

data 9¢0.,90.,0.,90.,0.,%0.

data 180.,90.,%90.,90.,180.,%0.

REM DATA 4&7 FOR VALVE/GLOBAL-G ORIENTATIONS AND WEIGHT VECTOR
restore

read di,d2,cl,il,c2,i2 .
restore 2

read lrod,lcg,x,phi,lave,ablt,11,12

restore 3

read fst2,ca,ia,cb,ib,aa,ab

restore 4

read wao,wbr,el,e2,e3,e4,ed

restore S5

read 1rodo,lcgo,lidr,d,abush

restore &

read afi,1),a(2,1),a(3,1),a(1,2),a(2,2),a(3,2)
restore 7

N, W -




AL

R

read a(1,3),a(2,3),a(3,3),avl{1),av(2),av(3)
text 0,& CEP-U/A0-3A WITH TORQUE MODIFICATION &

text 0,& REVISED 12-10-83 MAS/TBGM/CYGNA &

print

text 0,& INPUT GLOBAL ACCELERATIONS &

input b(1),b{(2),b{(3)

print

text 0,8 INPUT DATA &

print

text 0,& INPUT OPERATOR FORCE (TORQUE) &
—_input fst2

print

print "GLOBAL G-LEVELS

print "NORTH VECTOR ANGLES

print "VERTICAL VECTOR ANGLES

print "EAST VECTOR ANGLES

print "WEIGHT VECTOR ANGLES

print

for i=1 to 3

for j=t to 3

alj,id=alj,ir®2.%3,.1416/340.
glcj,ir=blid®cos(alj,i)?

next |

next i

for j=1 to 3

av(jir=av(jr*2.%3.14146/3460.

next j

print

text 0,& LOCAL G-LEVELS &

print

print glcdl,1),91c(1,2),91c(1,3)

print glc(2,1),01c¢2,2),91c(2,3

print glc(3,1),91c(3,2),91c(3,3

" REM WEIGHT CUMPONENTS

for j=1 to 3

waljr=wao¥cos{avi(jl>

wb(j>=wbr*cos(av{(jd)

next J

phi=phi*2.%3.1414/340.

1a=1lave

cilz2=cl/iZ2

ci2l=c2/il

aear=11%12

"ibC1),bC2) ,bC3D

REM CALCULATE EAR FORCES USE B&R LOADS AS OPTIONM LATER

REM FIXED COMPONENTS ARE ALWAYS THERE
Ibr=1rod+lcg

watri=1br*¥walld/1rod

sl f=wb(1)+watri

wtot=wao+wbr

s2f=wb(2)+wa(2)+¥fst2

t3f=wa(3)+wb(3)

mif=—(wa(2)+wb(2)+fst2) #*eS-wa(3)*#(e3+1cg)-wb(3) ¥eq

"sal,1),al2,1),a(3,1?
"iall,2),a(2,2),a(3,2)
";a(1,3),a(2,32,2(3,3)
"rav(id),av(2),av(d)

-
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m2f=(watri+wb(1)) *¥eS-wa(3)*¥e2-wb(3) *el

tt3f=watrixe3+(wal2)+fst2yxe2+wb(l)*¥ed+whb(2) el

fedrf=1cg*wa(1)/1rod
maf=fedrf*{lrod-13.5

mbf=fcdr+%7.125
sdraf=fst2/aatabs(mat#casial
sdrbf=fst2/abt+abs{mbf*cb/ib)
fcof=lcgo*wa(l)/lrodo
pbushf=fcof*(1dr+d)/(d*abush>

REM STRESSES FROM FIXED COMPONENTS
dear=(dil xdl +d2*d2)**.5

se t3f=abs(t3f/(4*aear’)

seml f=abs{mlf/(2%d2%aear))
sem2f=abs{m2¥f/(2¥dl *¥aear?)
fcearf=tt3f/(2%dear?

frf=x*xfceart
fllf=—(fceart*sin(phid—frfxcos(phil?
f22f=fcearf¥cos(phid+frfsin(phi
stt3f=abs(flif*laxcil2)+abs(f22Ff*laxci2l)
sesif=abs(slf*cil2Z2x®la/4.>
ses2f=zbs{s2f¥ciZ2l*¥1a/4.)
srf=set3f+semlf+sem2f+sesif+ses2f+stt3f
REM EAR SHEAR
taulif=abs(sif/(4xacar))+abs{fiif/aear>
tau22f=abs(s2¢/(4*%aear))+abs(+f22Ff/aear)
taurf=(taulitfxtavlif+tau22f=xtauz22f)*x.5
taubf=taurf*aear/ablt

REM EARBOLT TENSION
btf=(set3f+semif+sem2f)*aear/abl t

print

print"OPERATING DRIVE ROD STRESS AT A "j;sdraf
print"OPERATING DRIVE ROD STRESS AT B "j;sdrbf
print"OPERATING CYLINDER BRG PRESSURE "j;pbushf
print"OPERATING VALVE EAR TENSILE STR "j;srf
print"OPERATING VALVE EAR SHEAR STRES "jtaurf
print"OPERATING EAR BOLT SHEAR STRESS ";taubf
print"OPERATING EAR BOLT TENSILE STR ";btf

print

print

print "sif=";sif
print "s2f=";s2f
print "t3f=";t3f
print "mif=";milf
print "m2Zf=";m2f
print "tt3f=";tt3f
print

REM

REM CALCULATE VARIABLE COMPONENTS
REM

dsr=0.

dtaur=0.

.
’
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dtaub=0.
dbten=0.
dsa=0.
dsb=0.
dpb=0.

fe1=0,

fs2=0.

ft3=0.

fmi=0.

fm2=0,

ftt3=0. »

for j=1 to 3 .

fco=1lcgo*wao*glc(l,j)/1rodo
pbush=fco*(ldr+d)/{(d*abush?
ftri=1br*wao*glc(l,j>/1rod

sl=ftritwbr*glc(l,j)

sZ2=wtot*¥glc(2,.j) ~
t3=wtotx*glc(2,j) >
m1=—wtot*glc(2,J)*eS-wao*glc(S,J)*(eS+1cg)—wbr*glc(3 J)*e4
m2=(ftri+wbr*qlc(l,j))*eS—(wao¥e2+wbr*eld*glc(3,j)
tt3=ftrixe3+wbrxglc(l,j)*¥ed+tglc(2,j)*{wao*e2+wbrxel)
fcdr=1cg*wao*glc(l,j)/1rod

ma=fcdr#(lrod-13.5’

mb=fcdr*7.125

siga=ma%*casia

sigb=mb#*cb/ib

REM CALCULATE EAR TENSION

se t3=abs(t3/(4%aearl)

semli=abs{mi/(2%d2%aear))

sem2=abs(mz2/{(2%dl ¥aear))

fcear=tt3/(2%dear’

fr=x¥fcear ‘ o

fll==(fcear*sin(phi)—fr*cos(phil)
f22=fcear®cos{phid+fr*sin(phi? -
stt3=abs(fiixlaxcii2)tabs(f22%laxci2i)
sesl=abs(sl*cil12*1a/4.)
ses2=abs(s2¥%ciZl#1a/4.>

sr=se t3+seml+sem2+sesltses2+stt3

REM EAR SHEAR
taull=abs{(sl/{d.¥acar)d+abs(fii/aear>
taul22Z=abs{(s2/(4d.*%aear))t+abs(f22/acar
tavear=(taulixtaull+tauZ22*tau22)%%.5
taubl t=tauear*aecar/abl t

REM EARBOLT TENSION
btens=(cet3+seml+sem2)*aear/abl t
dsa=dsatsiga%¥siga

dsb=dsb+sigb*sigb

dpb=dpb+pbush*pbush

dsr=dsr+sr¥*sr
dtaur=dtaurt+tauvear*tauear
dtaub=dtaub+taubl t*¥taublt







g
PdFeks Cmtomen e

dbten=dbtent+btens*btens

fsi=fsl+si*sl
fe2=fs2+s2%s2
fEt3=Ft3+t3%t3
fmi=fmi1+mi*mi
fm2=fmZ2+m2*¥m2
FEE3=F L3+t t3Ixtt3
next |

REM COMBINE STRESSES
dea=dsa*¥*.9
dsb=dsb**.5
dpb=dpb#*%.5
der=dsr*%.5
dtaur=dtaur##.5
dtaub=dtaub**,5
dbten=dbten*%*.35

fol=fsl1*%x,5
fe2=fg2%% .5

fE3=Ft3%%.5 g

fmi=fmi#*%.5

fm2=fm2%%.5

fti3=ftt3%%.5

print

text 0,& DYNAMIC COMPONENTS &
print

print "DRIVE ROD TENSILE STRESS AT A" ;dsa
print "DRIVE ROD TENSILE STRESS AT B";dsb

print "BUSHING PRESSURE

print "UALVE EAR TENSILE STRESS
print "VALVE EAR SHEAR STRESS
print "EAR BOLT SHEAR STRESS
print "EAR BOLT TENSILE STRESS

print

print "sid=";fst

print "s2d="j;fs2

print "t3d=";ft3
print "mid=";fml

print "m2d=";fm2
print "tt3d=";ftt3
print
dsa=dsa+abs{sdrafy
dsb=dsb+abs(sdrbf’:
dpb=dpb+abs{pbushf)
der=dsrt+abs{srt
dtaur=dtaur+abs(taurf?
dtaub=dtaub+abs{ taub+f>
dbten=dbten+abs(bt+f)

fsl=fsl+abs(si+f)

- B g .
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n ;dpb
"sdsr
"sdtaur
"sdtaub
"sdbten
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fs2=fcs2+abs(s2f)
ft2=ft3+abs({t3+
fmi=fmil+abs{(mif)
fm2=fm2+abs{m2+)
fEE3=Ftt3+abs(tt3f)

print

text 0,& FIXED PLUS DYNAMIC COMPONENTS &

print
print
print
print
print
print
print
print

print
print
print
print
print
print
print
print
end -

"DRIVE ROD TENSILE STRESS AT A" ;dsa
"DRIVE ROD TENSILE STRESS AT B";dsb

"PUSHING PRESSURE "sdpb
"VALVE EAR TENSILE STRESS "sdsp
"VALVE EAR SHEAR STRESS "sdtaur
"EAR BOLT SHEAR STRESS "sdtaub
"EAR BOLT TENSILE STRESS "s;dbten
"git=":fsl

"s2t="3+82

"E3t=";Ft3 "
"mit=";fml £e
"m2t=";fm2

"EE3t=";Ftt3
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