One First National Plaza, Chicago, lllinois
Address Reply 1o Post Office Box 767
Chicago. !llinois 60690

November

NOV1 8 19g1m jy

Mr. A. Schwencer, Chief R
Licensing Branch #2

Division of Licensing

U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

Subject: LaSalle County Station Units 1 and 2
Containment Purge/Vent Valve Operation
Closure Response to NUREG-0519
Supplement No. 1 (Task II-E.4.2)
NRC Docket Nos. 50-373/374

Reference (a): L. 0. DelGeorge letter to A. Schwencer
cuateo May 13, 198l.

Dear Mr. Schwencer:

The purpose of this submittal is to transmit the material
required to meet the requirements of NUREG-0519, Supplement 1, Task
II-E.4.2, Containment Isolation Dependatiility. Specifically, before
licensing for operat_on, LaSalle County Station shall provide the
basis for the limitation on the containment purge valve opening
position.

This report demonstrates that if the butterfly valves are
limited to a maximum opening position of 609 or less, these valves
will close against the ascending differential pressure and the
resulting dynamic loading of a LOCA conditiaon.

It is juoged that the submittal of this report satisfies
the requirements of NUREG-0519, Supplement 1, Task II-E.4.2.
Accordingly, nine (9) copies of the report are provided.

If there are any questions in this regard, please contact
this office.

Very truly yours

Qe MQ/W

C. E. Sargent
Nuclear Licensing Administrator
cc: NRC Resident Inspector - LSCS (w/o att.)
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ENGINEERING RESPONSE/NRC QUESTIONS

For LaSalle County Station,

Units 1 and 2

Commonwealth Edison Co.
Sargent and Lundy Engineers
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This addendum addresses questions raised during telephone conversations with ]
S. L. Herndon, Sargeat and Lundy.
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F~17-51
ADDENDUM TO ENGINEERING RESPONSE/NRC QUESTIONS il
for LaSalle County Station, Units 1 and 2 " ~=NT & LUM'DY
Commonwealth Edison Co. e roA ‘

Sargent and Lundy Engineers | i
i

Clarification of Response 5, page &4:

o Al e o . 4

On page 6, paragraph 1, we state, "The 26" valves are limited to 60° i
travel by strength considerations and 40° travel due to actuator re- ~  ~ !
quirements. Therefore, stops should be set to constrain the 26° subject

valves to 40° travel"”. We caam clarify this rituation by breaking the r
problem into several parts; g -

]

A. The strength limitaticn of the valve does limit operation to 60° or
less for a 45 psi AP as stated and as shown by page 2 of Attachment 1.
The subject valves should not be allowed tc open beyond 60° inm any
case where they could experience a 45 psig AP.

B. The rated maximum actuator output for these valves is 15,600 in-1b
(Attachment 1, page 3). If the net required torque at any angle is
greater than 15,600 in-1b_, then the actuator will not operate the
valve. If the net required torque is sufficiently large, damage
could occur to the actuator. Limitorque allows actuators tc be sized
for stall torques less than or equal to 2 x the HBC unit rating.
Therefore, the maximum torque this actuator can see without danger
of damage is 31,200 in-1b.

C. The net required torque at any angle is a combination of frictional,
seating and dynamic torques. These torques combine in various ways
to produce a torque which the actuator must overcome to open or close
the valve.

For open angles of 60° or less, the net required closing torque is
less than the maximum actuator output of 15,600 in-1b for the sub-
ject valves with a 45 psi AP. That is, the actuator is properly
sized to close the subject valves from open angles less thas or
equal to 60°.

For open angles of 60° or less, the net required opening torque is
not always less than the maximum actuator output. The required
opening torque drops below 13,600 in-1b for angles of 40° or less.
The actuator will provide sufficient torque to open the vzlve up to
40° but is not sized correctly to open the valve beyond 40°, with a
45 psi AP.

For open angles of 60° and less, the maximum torque the actuator
could ever se+ is 23,808 in-1b which is well below the maximum torque
rating of 31,200 in-1b. Therefore, there is no danger of actuator
damage for angles less than 60° with a 45 psi AP.
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In summary, the subject valves must be limited to open angles of

60° or less due to strength considerations. The valves may be

limited to 40° if the actuator is required to provide complete normal
operation (i.e., open the valve as well as close it). If there is

po requirement to open the valves beyond 40° with a 45 psi AP, then
actuator limitations are not & problem and the valve should be limited
to open angles of 60° or less.

2. Clarification or Response 12, page 7:

To limit the angle of opening on the subject 26" valves, two adjustments
must be made.

1. The limit switch must be set to indicate the correct open angle.

2. Actuator travel stops must be set to stop the actuator and actuate
the torgque switches at the proper angle.

Instructions for setting the limit switch and travel stops can be found in
the Limitnrque Imstruction Manual and HBC bulletin.

/ - |
Prepared by <22 Z/w Reviewed by \
Lee Waite John Dresser
Nuclear Qualification Engineer Nuclear Qualification Engineer




FISHER CONTROLS COMPANY

MARSHALLTOWN, [OWA 50158

|
|

AUTOMATIC CONTROL EQUIPMENT ‘
‘ SINCE 1830

August 19, 1981

S. L. Herndon
Sargeant and Lundy
$S E. Monroe St.
Chicago, IL 60603

Subject: LaSalle County Station - Units 1 and 2
Containment Purge and Vent Valve Operability

Reference: S & L lecter dated 3/25/81: S. L. Herndon to John Marks

Mr. Hermdon:

Attached is our response to the NRC letter of September 27, 1979 and subsequent
clacification of that letter (Attachment 8). See Attachments 7 and 11 for valve
construction details.

(‘I’ 1. Request:

The AP across the valve is in part predicated on the containment pressure
and gas density conditions. What were the coutainment conditions used to
determine the AP's across the valve at the incremental angle positions
during the closure cycle?

Response:

Peak containment pressure and temperature (45 psig, 340°F) was used in
determining the fluid conditions across the valve at all angles of rotation.
AP across the valve was considered equal to peak containment pressure
(psig). Material properties were selected (during stress calculations) at
peak containment temperatures. The effect of compressible flow in sizing
Fisher butterfly valves is best explained by the follewing:

AIR VS. WATER SERVICE

Whenever a Fisher butterfly valve is in a gas flow application the
effects due to compressible flow are taken into consideration while
determining the dvnamic torque effects for eact individual valve selec-
tion. This consideration is built into our valve sel:ction procedures
and requires a conscious liquid or gas decision in ‘alculating the
effective pressure drop of which the dynamic torque is a function.

butterfly valves is presented in ISA Tramsactiomns, Vol. 8, No. &,

Q Fisher's philosophy concerning the effects of compressible flow on
entitled "Effect of Fluid Compressibility on Torque in Butterfly
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Valves", written by Floyd P. Harthun (Manager, Product Evaluation,
Fisher Controls Co.). A copy of this document is included as
Attachment 2 to this letter.

- A ggsuest:

Were the dynamic torque coz2fficient. used for the determination of torques
developed based on data resulting from actual flow tests conducted on the
particular disc shape/design/size? What was the basis used to predict
torques developed in valve sizes different (especially larger valves) than
the sizes known to have undergone flow tests?

Response:

Ie determining allowable pressure drops across a particular butterfly valve
at various angles of the disc, Fisher Controls uses classical "mechanics

of materials" type equations to calculate stress levels at various worst=-
case locations in the valve assembly (specifically, various locations

along the valve shaft). The approach to the analysis, the equations used,
and the combination of the calculated stresses all make up a portion of
Fisher's design philosophy for butterfly valves. This analysis apprnach
addresses all of the different states of shear and tconsile stress which

are applicable to the loading conditicns defined.

Establishing the loads that actually exist makes up the remaining portion
of our design philosophy for butterfly valves. These loads range from
easily calculated loads, such as bending due to pressure differential across
’ the disc, to loads such as packing and dynamic torques which require a cer-
tain amount of testing combined with scaling in order to analyze all valve
sizes. It is the factor of dymamic torque that produces different stresses
at different disc rotations and disc geometries. Through testing and scal-
ing Fisher has produced dynamic torque factors for incremental disc rotatioms.

The model tests used to establish the dynamic torque values used in sizing
were conducted using 4" and 6" test valves with various aspect ratios rang-
ing from 2:1 to 14:1 (such as 3:1, 4:1, S:1, 8:1, 11:1 and 14:1). The
dimensionless aspect ratio (defined as the ratio of the disc diameter to
the hub diameter) was judged to be a significant parameter for evaluation
of dynamic torques at various open angles.

Capacity and Torque curves obtained from a typical test are enclosed
(Attachment 3) to illustrate the method and general shape of the curves
for Type 9200 butterfly valves.

3. Reguest:

Were installation effects accounted for in the determination of dynamic

torques developed? Dynamic torques are known to be affected for example,

by flow direction through valves with off-set discs, by downstream piping

backpressure, by shaft orientation relative to elbows, etc. What was the

basis (test data or other) used to predict dynamic torques for the partic-
g ular valve installation?

M39D2
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Response:

All Ficher sizing data is based on dynamic torque determination tests
wvhich were p:rformed with uniform flow profiles and on valve discs with
representative geometries. The effects of a nor-uaiform flow profile,

due to piping elbows, "T"-comnections, etc., u;s ~am, are discussed below.

PIPING SYSTEM EFFECTS

The concern over geometrical piping system effects is :.levant since
Fisher typically sizes butterfly valves assuming a uaiform flow pro=-
file while various piping configurations directly upstream could
produce a non-uniform flow as illustrated by Figures A & B of Attach-
ment 4. The two configurations are differentiated by a 90° rotation
of the valve shaft with respect to the flow profile.

a. Valve/Flow Orientation, Figure A

If it has been determined that the plant layout is such that the
valve is oriented to the flow as depicted in Fig. A (Attachment 4),
the non-uniform fluid profile will not produce an additionmal torque
on the valve disc since both "wings' of the disc (as split by the
shaft) will be subjected to the same flow with respect to time.

b. Valve/Flow Orientation, Figure B

If it has been determined that plant layout is such that the
valve is oriented to the flow as depicted in Fig. B (Attach-
ment 4), the non-uniform flow will effect the performance of
the valve. The fl.w ~rofile shown will produce some amount

of torque, Tp, in the direction shown in Fig. B; obviously,

if the torque rotational direction is coiacident with valve
closure, the non-uniform flow profile will assist the safety-
mode function of the valve, however, if the torque directionm is
coincident with valve opening, the profile will be detrimental
to the safety-mode function.

The acove argument must be coupled with exact installation
details by the utility to determine how the safety-mode
function of the valve will be affected.

Fisher does not possess quantitative details regarding the
effect of non-uniform fluid flow.

All Fisher sizing procedures are based on a pressure drop across the
valve that is supplied by our customer; if downstream pipiny produces
a backpressure, and the customer wants to take credit for this effect,
the existence of the backpressure should be reflected in the sizing AP
provided. As stated previously, for the subject accident conditionms,
the sizing AP across the valve is taken (¢ be equal to the peak acci-
dent containment pressure; this approach is conservative if back-
pressure actually does exist.
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Re\il"est:

Whea comparing the containment pressure response profile against the valve
position at a given instant of time, was the valve closure rate vs. time
(i.e. constant or other) taken into account? For air operated valves e-
quipped with spring return oper rs, has the lag time from the time the
valve receives a signal to the ti the valve starts to stroke been ac-
counted for?

NOTE: Where a butterfly valve assembly is equipped with spring-to-close
air operators (cylinder, diaphragm, etc.), there typically is a lag time
from the time the isolation signal is received (solemoid valve usually de-
energized) to the time the operator starts to move the valve. In the case
of an air cylinder, the pilot air on the opening side of the cvlinder is
approximately 90 psig when the valve is open, and the spring force avail-
able may not start to move the piston until the air om this cpening side
is vented (solenoid valve de-energizes) below about 65 psig, thus the lag
time.

Bssgonse:

When calculations were performed to determine the maximum allowable open
angle (provided in Attacl! 1) the assumption was made that the valve
had to close against peak containment pressure Since this (conservative)
approach was taken, a time history study was not made, and therefore,
valve closure rates and response lags did not have to be comsidered.

Request:
REQuUesSL

Provide ' sary information for the table shown below for valve po-
th e
4

sitions from tl tial open position to the seated position (1l0°® incre-

AP Maximum AP

lve) (capability)

Response:
PR <—

In determining allowable 7S . 2 f oper r 1 subject valves,
there are several i

Allowable
Allowable based on awv: ble rque from actuator.

Allowable AP based he I yf the actuator

lowable AP based on valve strens is determined by a computer program.
program can bed ]

valve
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After the loading is determined, the program calculate~ stresses in the

shaft, key, pin and bushing for a specific AP and compares these stresses to
‘ a material strength. This strength is based on 1.5 x "S". "S" is the allow-

able stress figure found in Section VIII of the ASME Boiler and Pressure Vessel

Code. S is equal to 1/4 of the minimum tensile strength or 2/3 of the minimum

yield strength, whichever is less. For shear stresses 0.75 S is used.

The program calculates stress and changes AP iteratively until the allowable
strength matches the stress. This determines the maximum allowable pressure
drop for that angle of opening based on the stress at a single point.
Therefore, this process is done for cases 1, 2, 3, & and 5 (as defined be-
low) for each angle of opening.

Case 1 - stress in the shaft at the disc hub due to bending and torsion

Case 2 - stress in the shaft at the disc hub due to torsion and trans-
verse shear

Case 3 - stress at the pinned disc-shaft connection

Case 4 - stress at the keved actuator-shaft comnection

Case 5 - stress at the shaft bushing

The program output shows a AP which is calculated at each point for each
angle of opening, including two AP for case 1 (one based on maximum shear
stress, one based on maximum tensile stress) for a total of 6 AP's. The
smallest AP of these 6 is then repeated as allowable AP at the bottom of

. the column. The actuator torque for the lowest AP (allowable AP) is also
listed.

For the 26" subject valves beyond 60° open, the allowable AP's (based on
valve strength) drop below the accident criterion of 45 psig as shown in
Attachment 1. For the 8" subject valves the allowable AP is above 45 psig
for all open angles.

The required actuator torque vs angle of opening for a 45 psig pressure
drop (P, = 45 psig, P, = ambient) is shown in Attacnment 1 for the 8" and
26" valves. The torqie at 0° is the torque required to close the valve.
This shutoff torque is 12,847 in-1b_ for the 26" valves and 762 in-lb

for the 8" valves. The torque switch setting on the Limitorque actuagors
corresponds to a 14,616 in-1b output for the 26" valve and a 2556 in-lb
output for the 8" valves. Therefore, the Limitorque actuators provide
adequate torque for shutoff against a 45 psig pressure drop.

Attachment 1 shows required torques at open angles for the subject valves.
For the 8" valves the maximum required torque is 2390 in-1lb.. The Limi-
torque actuator will provide 2556 in-1b, before the torque switch will
trip. For the 26" valve the maximum required operating torque at angles
less than or equal to 40° is 13026 in-1b. The Limitorque actuator on

the 26" valves will output 14,616 in-lbf before tripping out the torque
switch.

®
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The 26" valves are limited to 60° travel by strength considerations and
40° trave'! due to actuator requirements. Therefore, stops should be set
to constrain the 26" subject valves to 40° travel.

It is oot necessary to make any = vel cocostraints on the 8" sul ect
valves.

As stated ia the response to request #4, no time-history study has been
performed and therefore no "Predicted AP" values are provided; the re-
maining information requested is presented in Attachment 1 to this document.

6.

NOTE:

10.

M35D6

Request:

What Code, standards or other criteria, was the valve designed to? What
are the stress allowables (tension, shear, torsion, etc.) used for critical
elements such as disc, pins, shaft yoke, etc., in the valve assembly? What
load comlinations were used?

Response:

The subject butterfly valves were designed according to the ASME Boiler
and Pressure Vessel Code, Sections III and VIII. Allowable stresses were
also taken from the ASME B & PV Code. Loads considered in the design ot
these valves includes all typical pressure and flow induced loads. Worst
case load combinations are used. Pressure and temperature ratings for
these valves can be found in Fisher bulletin 51.4:9200 (Attachment #5).

Due to a NRC clerical error in the numbering of requests, there are no
items 7 or 8. See pages 1 and 2 of the "clarification of Sept. 27 letter
to licensees regarding demonstration of operability of purge and vent
valves" (Attachment 8).

Request:

For those valve assemblies (with air operators) inside containment, has

the containment pressure rise (backpressure) been considered as to its
effect on torque margins available (to close and seat the valve) from the
actuator? During the closure period, air must be vented from the actuators
opening side through the solenoid valve into this backpressure. Discuss
the installed actuator bleed configuration and provide basis for not con-
sidering this backpressure effect a problem on torque margin. Valve assem-
blies using 4-way solenoid valve should especially be reviewed.

Response:

This request is not applicable to LaSalle County Station Units 1 and 2
sincc none of the subject valves are equipped with air operators.

Reguest:

Where air operated valve assemblies use accumulators as the fail-safe
feature, describe the accumulator air system configuration and its opera-
tion. Provide necessary information to show the adequacy of the accumulator




11.

12.

to stroke the valve, i.e. sizing and operation starting from lower limits of
initial air pressure charge. Discuss active electrical components in the
accumulator system, and the basis used to determine their qualification

for the environmental conditions experienced. Is the accumulator system
seismically designed?

Response:

This request is not applicable to LaSalle County Statiom Units 1 and 2,
since none of the subject valves are equipped with accumulators as a
fail-safe feature.

Reguest:

For valve assemblies requiring a se 1l pressurization system (inflatable main
seal), describe the air pressurization system configuration and operation,
including means used to determine that valve closure and seal pressuriza-
tion have taken place. Discuss active electrical components in this system,
and the basis used to determine their qualification for the environmental
condition experienced. Is this system seismically designed?

For this type valve, has it been determined that the "valve travel stops"
(closed position) are capable of withstanding the loads imposed at closure
during the DBA-LOCA conditionms.

Response:

This request is not applicable to LaSalle County Station Units 1 and 2,
since none of the subject valves are equipped with inflatable seal rings.

Request:

Describe the modification made to the valve assembly to limit the opening
angle. With this modification, is there sufficient torque margin available
from the operator to overcome any dynamic torques developed that tend to
oppose valve closure, starting from the valve's initial open position? Is
there sufficient torque margin available from the operator to fully seat
the valve? Consider seating torques required with seats that have been at
low ambient temperatures.

Resgonse:

Specific questions concerning methods of making appropriate modifications
to the Limitorque SMB-000-2/H1BC actuator (to limit the maximum valve
opening to 49°) for the subject 26" valves should be addressed directly to
Limitorque Corporation, Lynchburg, Virginia.

Attachment 1 and Response #5 should adequately address the subject of
appropriate torgues for the Limitorque operator.

The effect of temperature on seating torques is not considered signifi-
cant in our standard actuator sizing technique. If specific data concern-
ing temperature-seating torque relationships is needed, then testing would
be required.




Request:

Does the maximum torque developed by the valve during closure exceed the
maximum torque rating of the operators? Could this affect operability?

Response:

The response to Request #12 and #5, above, in conjunction with the informa-
tion provided in Attachmeant 1, should adequately address this subject.

Request:

Has the maximum torque value determined in #13 been found to be compatible
with torque limiting settings where applicable?

Respounse:

Response 5 and Attachment 1 adequately address torque switch settings
compared to required valve closure torque.

Request:

Where electric motor operators are used, has the minimum available voltage
to the electric operator under both normal or emergency modes been deter-
mined and specified to the operator manufacturer, to assure the adequacy

of the operator to stroke the valve at DBA conditiomns with these lower limit
voltages available. Does this reduced voltage operation result in any sig-
nificant change in stroke timing? Describe the emergency mode power source
used.

Response:

Limitorque actuators are designed to operate within *10% of the nominal

voltage without changing the available torque or stroking time rating of
the actuator. Since the voltage specification, for LaSalle County Sta-

tion, Units 1 and 2, is *10%, no minimum voltage consideration needs to

be made.

Reguest:

Where electric operator units are equipped with handwheels, does their de-
sign provide for automatic re-engagement of the motor operator following
the handwheel mode of operation? If not, what steps are taken tc preclude
the possibility of the valve being left in the handwheel mode following
some maintenance, test, etc., type operation?

Response:

Limitorque electric actuators with handwheels arr designed to provide

for automatic re-engagement of the motor operatc- following the handwheel
mode of operation. If specific information concerning this design is
needed, please consult Limitorque.




17.

18.

M39D9

Request:

Describe the tests and/or analysis performed to establish the qualification
of the valve to perform its intended function under the environmental con-
ditions exposed to, during and after the DBA following its long term erposure
to the normal plant environment.

Response:

No actuator qualification has been done by Fisher Controls. For all
questions concerning qualification of Limitorque actuators, contact
Limitorque Ccrporation, Lynchburg, Virginia.

Eavironmental

No analyses or tests were done to environmentally qualify the subject
valves.

1) Pressure-Temperature - the temperature-pressure environmental
conditions of 145°F and -0.25 psig fall within the design rating
of the valve. (See Attachment 13 for environmental conditioms.)

2) Aging - No test or analyses have been done to verify "40 vear -
end of life" accident capabilities of the subject valves. Fisher
recommends that all elastomeric parts be replaced every four years.

3) Radiation - No tests or analyses have been done to qualify the
subject valves for a 40 year normal, plus maximum hypothetical
accident, integrated radiation dose of 2 x 10% rads. Fisher
normally qualifies valves with EPDM seats to 1 x 107 rads. At
this level some material degradation may occur, but the effects
are considered insignificant. If exposed to 2 x 10%® rads, the
elastomeric parts of the subject valves may experience signifi-
cant degradation causing some leakage. Again, Fisher recommends
replacement of all elastomeric parts every four years and this
will decc-ease the cumulative radiation exposure for the elasto-
meric parts being used. If more detailed information is required
concerning the effects of radiation on the subject valves, test-
ing may be requ.red.

B. Seismic

1) The seismic analyses doue to qualify the subject valves are
described in Attachment #6: "Seismic Analyses of 26" Butter-
fly Valve Assemblies for Commonwealth Edison", and "Seismic
Analyses of 8", 20" and 24" Butterfly Valve Assemblies for
Commonwealth Edison Company".

Request:

What basis is used to establish the qualification of the valve, operators,
solenoids, valves? How was the valve assembly (valve/operators) seismic-
ally qualified (test, analysis, etc.)?




Response:

The customer design specification is the basis of qualification. The
valve assembly was seismically qualified by arilysis ,(oee Response 17
and Attachment 6).

Request:

Where testing was accomplished, describe the type tests performed, con-
ditions used, etc. Tests (where applicable) such as flow tests,
simulation (thermal, radiation, wear, vibration endurance, seismic)
LOCA-DBA envirooment (radiation, steam chemicals) should be pointed out.

Response:

No type testing was done on the subj

Request.:

3
cision that analysis could | ] in lieu of te
ditions, assumptions, ¢ : data, handbook data, and
problems as they may ]

Where analysis was used, provide the rationale used to
sting.

D
d

Response:

Attachment . i re

Company” A sxplanatior ‘icatior ' F‘s.e' C,n
analysis oced which wa sed t« ( y yze the
valves.

Reguest

Have the preventive mai
cation, periodic a;‘L‘“z
reviewed, and are they be
be given to elastomeric co
etc., where is hardware

Response:

Fisher furnishes struc o m ] o ach valve assembly

when it is shippe: nstruction sherts provided for buyout
ponents if availa Attachment 9 tc 1is document 1s a Type 9200
instruct

Again, Fishe ‘ecommend plac ) [ € tomeric parts at 4-year
interval: he manufacturer's recommend: yns should be f
buyout ] [
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of this material are enclosed in Attachment 12. (Note that NORDEL is
DuPont's tradename for EPDM material). The DuPont data shows that the
upper temperature limit for continuous service is 145°C (293°F). Since

the stated DBE temperature spike of 340°F is a relatively short-time,
one-time event the 340°F temperature environment is acceptable. (There
may be some loss of scaling capability upon return to room temperature,
due to compressiocn set, but the post-DBE pressure differential will be low
by that time.

This completes our response to the NRC questions as requested by
No. 014-62496-Z In the event there are further inquiries, please

Scott McLagan

Assistant Sales Manager - Power
Fisher Controls Company

205 South Center St.
Marshalltown, IA 50158

Reviewed by: Prepared by:

” 4 (;/ /
Tee Waite
Nuclear Qualificati

/ew
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nd Controls)

(Commonwealth Ediscon)




tnclosutes:

Attachment 1 - Allowable AP vs. Angle of Opeiring, Required Torque vs Angle
of Opening, and Available Actuator Torques.

Attachment 2 - ISA Transactioms, Vol. 8, No. 4; "Effects of Fluid Compres~- |
sibility on Torque in Butterfly Valves". ‘
\
Attachment 3 - Capacity and Dynamic Torque Curves Determined in Fisher |
Lab. Tests for 6" Type 9220 Butterfly Valve.
Attachment 4 - Piping System Sketches |
|
Attachment 5 - Fisher Bulletin 41.4:9200, July 1976; "9200 Series Butterfly
Control Valve Bodies for Nuclear Service". |
Attachment 6 - "Seismic Analyses of 26" Butterfly Valve Assemblies for
Commonwealth Edison" and "Seismic Analyses at 8", 20" and
24" Butterfly Valve Assemblies for Commoanwealth Edison."
Attachment 7 - Bill of Material Drawings
Attachment 8 - "Guidelines for Demonstration of Operabiliity of Purge and
Vent Valves" and later clarification.
Attachment 9 - 9200 Butterfly Valve Instruction Manual
Q Attachment 10 - "Seismic 4 Verification Program for Commonwealth Edison Co."
Attachment 11 - Continental Shop Orders 5A094 -01 thru -09; -32; =33 and
SA095 -01 thru -09
Attachment 12 - Material Properties Data for Ethylenme-Propylene
Elastomers
Attachmer - Environmental Conditions

»
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Attachment 1 - Allowable AP vs. Angle of Opening, Required
Torque vs. Angle of Opening and Available Ac.uator Torques.
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/ REQUIRED TORQUE VS. ANGLE OF OPENING
AND
AVAILABLE ACTUATOR TORGUES
LA SALLE 26" 9220 with Limitorquc _“B-000/2-H1BC
MAXTMUM

FRICTION* SEAT* DYNAMIC* NET REQUIRED NET REQUIRED ACTUATOR TORQUE ACTUATOR
ANGLE TORQU TORQUE TORQUE CLOSING TORQUE OPENING TORQUE SWITCH SETTING QUTPUT

0 6902 5945 0 12,847 12,847 14,616 15,600
10 6902 - 2,650 4,252 9,552 14,616 15,600
20 6902 - 6,124 778 13,026 14,616 15,600
30 6902 - 6,124 778 13,026 14,616 15,600
40 6902 - 6,124 778 13,026 14,616 15,600
50 6902 - 10,132 - 17,034 14,616 15,600
60 6902 - 16,906 = 23,808 14,616 15,600
70 6902 - 26,268 33,170 33,170 14,616 15,600
80 6902 - 28,080 34,982 34,982 14,616 15,600
90 6902 - 28,080 34,982 34,982 14,616 15,600

LA SALLE 8" 9220 with Limitorque SMb-000/2-HOBC

MAXTMUM

FRICTION* SEAT* DYNAMIC* NET REQUIRED NET REQUIRED ACTUATOR TORQUE ACTUATOR
Q_L_E TORQUE TORQUE TORQUE CLOSING TORQUE OPENING TORQUE SWITCH SETTING OQUTPUT
0 336 426 0 762 762 2,556 5,340
10 336 - 142 194 478 2,556 5,340
20 336 - 193 143 721 2,556 5,340
30 336 - 156 180 192 2,556 5,340
40 336 - 335 1 671 2,556 5,340
50 336 - 482 - 818 2,556 5,340
60 336 - 910 Wi 1,246 2,556 5,340
70 336 - 1,298 1,334 1,334 2,556 5,340
80 336 - 2,054 2,390 2,390 2,556 5,340
20 33¢€ - 2,054 2,390 2,390 2,556 5,340

* Frictioa and seating torque oppose opening and closing.
** Dynamic torque cp;csos opening (tends to close) for angles up to 60°
Above 50° this torque may tend to open or close.

All torcues are in in-lbs.
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FLOYD P. HARTHUN*
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P A technigue is presented by which the shaft torque resuiting from fluid flow threugh
butterfly vaives can be determined with reasonable accuracy for both compressibie ang
inccmpressible flow. First. the general torque relationship for incompressitie flow is
estabiished. Then, an effective pressure differential 's defined 10 extend this relationship
t0 include . effect of fluid compressibility. The appiication of this technique showed
very good agreement with expenmental rest resuits.

INTRODUCTION

THE apPLICATION Of butterfly valves in various automatic
control systems requires proper actuator sizing for
efficient control. Thus, a thorough knowiedge of the
fluid reaction forces acting on the valve disc is required.
Extensive experimental work'' has been performed in
the past to estabiish a relationship to determine these
forces and thus determune the resultant shaft torque. The
general form of this refationship has been established and
confirmed. However, by using the classical luid momen-
tum approach, a similar relatioaship can be obtained in
which the torque is shown to be directly proportional to
the measured valve pressure differential for a given disc
position. This relationship along with most of the
previously published torque information is adequate for
incompressible flow. Aithough the effect of Huid com-
pressibility on torque has been recognized, no useful
relationship has been deveioped. The primary ob-
Jgective of this mvestigation 1s to extend the established
torque relationship to inciude the effect of duid com-
pressibility

*Presented at the 1968 [SA Annual Conference. revised August. |969
*Research Engineer.
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DEVELOPMENT OF GENERAL TORQUE
RELATIONSHIP

The total shaft torque required to operate butterfly
valves can be separated into two major components

1. Dynamic torque—that portion of the total
operating torque artributable to the uid reaction
force of the lowing medium acting on the valve
disc.

2. Friction torque—that portion of the total
operating torque attnibutable to friction in the
packing and bushings.

Since each of these components is independent of the
other, a separate evaluation of each component affords
the best approach to this probiem. This investigation is
limited to an evaiuation of the dynamic torque com-
ponent. If the fnction on the valve shaft is assumed to be
independent of direction of rotation, it can be readily
isolated. The torque required to rotate the valve disc is
measured in a clockwise and a counterclockwise direc-
tion through full travel. Since friction always opposes
motion the difference between these values wiil be twice
the actual shaft friction.

e ——— S e T S S -




The dynamuc torque for butterfly vaives is a function
of the fuid reaction forces acung on the valve disc. It
would be difficu't 10 determune these forces by purely
analytical techmiques. Experimental determination of the
pressures and velncity profiles in the immediate area of
thedisc would also be quite difficult. However. if a control
volume is selected so the boundaries are pomnts of known
pressure and velocity, an analysis of these forces can be
made from the change 1n luid momentum through this
control volume.

INCOMPRESSIBLE FLOW

An expression for dynamuc torque is developed
assuming incompressible flow. This torque is a function
of the fluid reaction force, F.and a moment arm. D, which
18 a characteristic dimension of the vaive disc

To = fIF.D) (1
Using the fluid momenium approach. the force, F, is
given by:

F=MAV (2)
where

F = sum of external forces acting on fuid
M = mass flow rate
AV = fuid veloaity change through the coatrol
volume

The mass flow rate, M, is given by
M = pAV (3)

By using a proportionality constant, B,, the mass fow
rate can also be defined as

M = B, A(pAP)'? 4

Equations (3) and i4) are combined to obtain the follow-
ing expression for luid velocity :

V = B,(AP/p)'? (5

The velocity change through the control volume. AV,
in Equation (2) can be expressed in terms of the velocity
at the valve disc by use of a proportionality constant, B,

F=B,MV (6)

By substituting the expressions for mass fow rate
Equation (4) and fluid velocity Equation (5) into Equa-
tion (6) the force on the vaive disc is

For a given valve size, the flow area, A, for any angle of
disc rotation, . can be written as

A-m%f ()

The force. F, acts upon a moment arm which is a function
of the disc diameter, D Now. the dynamic torque can be
written as

Tg = B)FD '9)

Combining Equations (7). (8). and (4,
- 81 IBgB)ByTD)AP

To 3 (10)
or
To = K, D*AP (10-A)
where
‘ -

3 T D'aP
Equation (10-B) 1s defined as the dimensioniess torque

coefficient which can be determined experimentally from
tests conducted with incompressibie flow.

COMPRESSIBLE FLOW

Thedynamic torque for butterfly valves 1s proportional
to the mass flow rate and velocity change through a
selected control volume for both compressible and
incompressible flow (e, T x MAV). Therefore, the
approach used to obtain an expression for this torque
assuming incompressible How can be extended to
compressible low by re-defining these two variables.

First, assume that the velocity at the valve disc, V,.
is proportional to the velocity change through the control
volume. Then, the dynamic torque can be expressed as

To x MV, (1)
The velocity at the valve disc is given by
M
V, = — 2
B (12)
By combining Equations (11) 4nd (12) the dynamic

torque is shown to vary directlv as e square of the mass
flow rate and inversely with the u 4 dersity at the vaive
disc.
T’ x i (13)
Py
Determining the flow rate of . compressible fHuid
through a control valve by analyticu! techmques is quite
difficult because of vaive geometry. The major problem
is to establish the pressure differential between the valve
inlet and the vena contracta. However, by defining the
physical system in which the valve 1s installed to conform
with specifications given by the Fluid Controls Institute
(FCI).'®* empirical relationships developed specifically
for determining flow rate for control valves can be
considered. Several such empirical refationships have
been developed ; however, only one, the Universal Gas
Sizing Equation,'” has been shown to accurately define
the flow rate for any valve configuration. This equation
1S given by

G0 rs964 351
= /= S 4
Q V GTP.C;CzC,sm LEon PIJM (14)
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Figure 1. Dimensionless torque coetf ant
vaive incompressibie flow: 2, = 100 psig, »
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ANGLE OF ROTATICON-DEGREES

Figure 2. Dynamic torque vs. angle of disc rotation, 4.in.
butterfly vaive, comparison of experimental resuits with
calculated torque, incomprasaible flow: 2, = 100 paig,
AP = § psi.

Torque measurements were made at selected incre-
ments of disc rotauon {0-90°). A transducer. consisting
of a steel bar with strain gages attached. was fixed to the
valve shaft and used in conjunction with an oscillograph
to measure and record the shaft torque. The data from
this test weres used to determune the dimensionless torque
coefficient plotted as a function of disc rotaton on Figure
1. The curves plotted on Figure 2 show excellent agree-
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- .
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ANGLE OF ROTATION-DEGREES

Figure 3. Dynamic torque vs. angle of disc rotation, 8-in.
butterfly vaive, comparison of sxperrmental reasuits with
calculated torque, incompressible flow: P =100 psig,
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Figure 4. Dynamic torgue vs. angle of disc rotation, 8-in.
butterfly valve, comparisen of experimental resuits with
calculated torgue, incompressibie flow: 2 = 100 pag,
AP = 5 psi.

ment between measured torgue and the torque calculated
using this coefficient.

The next step was to venrfy that the torque coefficient
is indeed applicable to other valve sizes provided geo-
metric similanty is reasonably well maintained. Tr:
resuits on Figures 3 and £ again show very good agree-
ment between measured (orgque and calculated torque
for two 8-in. valves.

3 -
- A:K DSAP ‘ I
-} ‘o C
320 - -
a=TEST DATA s / ! |
| | i 3 1
280 : 7 T INCOMPRESSIBLET
3 l i ! { FLOW ! !
Z 240
. LA LA
+ 200b— et od
= 160 l
120p—

.

0 10 20 30 a2 50 60 70 80 90
VALVE PRESSURE CRQP AP .PSI

Figure 5. Dynamic torque vs. valve prassure drop, 4.in.

buttarfly valve, 60° disc rotation, compariscn of exper:-

mental resuits with caiculared torque, compressibie flow:
P, = 214.4 psia, flowing macum = air.
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