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SUBJECT: Waterford 3 SES
TMI Item I1.F.4.2 - Containment
Purge Valve Operability Study

Dear Mr. Tedesco: :J:,
In accordance with TMI Item II.E.4.2, a containment purge and vent valve
operability study was performed for Waterford 3. In accordance with the re-
sults of the study (attached), modifications are being made to limit the
valve opening to 40 degrees. We believe that the attached study demonstrates
the compliance of Waterford to Item II.E.4.2, Part 5.
Yours very truly,

L. Aswell
DLA/RMF /dde

Attachment

cc: E. L. Blake, W. M. Stevenson, S. Black
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Introduction

Item I1.E.4.2 of NUREG-0737 delineated the NRC staff position on
ensuring the operability of Containment Purge Isolation valves,
Pursuant to paragraph 2 and of Attachment 1 to Item II.E.4.2, the
purge valve vendor (Fisher Controls) was requested to perform

a sensitivity analysis to determine operability limits of the
valves, Reference | and its subsequent clarifications

was used to identify related concerns which could have adverse
impact on valve operability. These concerns are discussed below.

Response to Reference | (Questions are those of the clarification)

1S Question

The &P across the valve is in part predicated on the containment
pressure and gas density conditions, What were the containment
conditions used to determine the 4P's across the valve at the
incremental angle positions during the closure cycle?

Response

The analyzed containment condition was a constant 4 psig and
300°F in determining the fluid conditions across the valve at
all angles of rotation, (A constant 300°F was used in order
to account for the long thermal time constant of the valve
assembly rather than the brief peak temperature of &414OF
which occurs after the valve is closed).

AP across the valve was considered equal to peak containment
pressure (psig). Material properties were selected (during
stress caiculations) at peak containment temperatures. The
effect of compressible flow in sizing Fisher butterfly valves
is best explained by the following:

AIR VS WATER SERVIUCE

Whenever a Fisher butterfly valve is in a gas flow application
the effects due to compressible flow are taken into consideration
while determining the dynamic torque effects for each individual
valve selection, This consideration is built into our valve
selection procedures and requires a conscious liquid or gas
decision in calculating the effective pressure drop of which

the dynamic torque is a function.

Fisher's philosophy concerning the effects of compressible flow
on butterfly valves is presented in ISA Transactions, Vol 8, No 4,
entitled "Effect of Fluid Compressibility on Torque in Butterfly
Valves", written by Floyd P Harthun (Manager, Product Evaluation,
Fisher Controls Co). A copy of this transaction is included as
Attachment 2 to this letter.
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Qgestion

Were the dynamic torque coefficients 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 (especia .y larger valves) than the sizes known
to have undergone flow tests?

Response

In 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 approach addresses all of the different
states of shear and tensile stress which are applicable to

the loading conditions 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 certain amount of testing
combined with scaling in order to analyze all valve sizes. It
is the factor of dynamic torque that produces different stresses
at different disc rotations and disc geometries., Through
testing and scaling Fisher has produced dynamic torque factors
for incremental disc rotations for plate discs (which is the
configuration for the subject valves).

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 ranging from 2:1 to 14:1 (such as 3:1,
4:1, 5:1, 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.
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Question

Were installation effects accounted for in the determination of
dynamic torques developed? Dynamic torques are known to be
affected for example, by flow lirection 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
particular valve installation?

Resgonse

All Fisher sizing data is based on dynamic torque determination
tests which were performed with uniform flow profiles and on
valve discs with representative geometries., Upstream of the
Waterford purge valves is only a straight run of duct with

no elbows, T-connections, etc. Flow through the valve is
expected to be uniform.

guestion

When 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 equipped with spring return
operators, has the lag time from the time tle valve receives

a signal to the time *he valve starts to stroke been accounted
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 operator starts to
move the valve, In the case of an air cylinder, the pilot air
on the opening side of the cylinder is approximately 90 psig
when the valve is open, and the spring force available may not
start to move the piston until the air on this opening side is
vented (solenoid valve de-energizes) delow about 55 psig, thus
the lag t‘me,

Resgonse

When calculations were performed to determine the maximum allowable
pen angle (provided in Attachment 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 considered.
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Qgestion

Provide the necessary information for the table shown below
for valves positions from the initial open position to the
seated position (10° increments if practical).

Valve Position

Min Degress=90° Predicted 8P Maximum AP
(full open) (across valve) (capability)
Response

In determining allowable AP vs angle of opening for the subject
valves, there are several considerations to take into account.

1) Allowable AP based on the strength of the valve.
2) Allowable AP based on available torque from actuator.
3) Allowable AP based on the strength of the actuator.

The allowable AP hased on valve strength is determined by a
Fisher computer program. The _omputer program can be described
as follows,

For a given valve at some angle of opening, the program begins
by calculating the loading. This includes a hydrostatic load
on the disc, seating torque, bushing and packing torque and
dynamic torque.

After the loading is determined, the program calculates 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 allowable stress figure found in
Section VIII of the ASME Boiler and i -essure 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 4P 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, 4 and 5 (as defined below) for each angle of
opening.

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

Case 1

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

Case 3 - stress at the pinned disc-shaft connection
Case 4 - stress at the keyed actuator-shaft connection

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 tw~ AP for case 1 (one
based on maximum shear stress, one based on maximum tensile
stiess) 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 £P) is also
listed. Above 40° open, the all-wable (P's (based on valve
strength) drop below the acciden: criterion of 44 psig, as
shown in Attachment 1.

The required actuator torque vs angle of opening for a 44 psig
drop (Pl=44 psig, P2=ambient) is shown in Attachment 1, The
torque at 0° is the torque required to close the valve. This
shutoff torque is 41,795 in-lb.. The minimum end-of-stroke

torque output for the Bettis actuator is 48,500 in-lb_. Therefore
the Bettis provides adequate torque for shutoff aga nst a 44

psig pressure drop.

The specified required torque at open angles less than 60° is
torque required to open the valve further. Dynamic torques

at open positions up through 60° tend to close the valve.
Therefore no consideration of available actuator torque at

open angle is needed., However the actuator strength must be
considered for the case in which the valve is held in the open
position, If the valve is held at 409 or less th asaximum torque
the actuator would be called on to supply is 46,716 in-1b

(See Attachment 1). This torque is within the output rating

of the actuator and would not cause damage to the actuator.

As stated in the response to request #4, no time-history
study has been performed and therefore no "Predicted P"
values are provided; the remaining irf-:wation requested is
presented “n Attachment 1 to this document,

Qgestion

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 combinations were used?

Response

The subject 48" 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 of 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).

NOTE: No requests numbered 7 and 8 were included in Reference le



9. Question

For thcse 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 maist
be vented from the actuators opeuing side through the solenoid
valve into this backpressure. Discuss the installed actuator
bleed configuration and provide basis for not considering this
backpressure effect z problem on torque margin. Valve assembly
using 4-way solenoid valve should especially be reviewed.

Resgonse

The subject 48" va.ves are equipped with Bettis spring-return
actuators. This actuator design includes a vent to ambient

on the spring side of the piston; therefore, if the pressure
side of the piston is vented (through the solenoid) to the same
ambient as the spring side, no pressure differential will

exist across the piston a; a result of the accident containment
pressure.

10, Question

Where air operated valv> assemblies use accumulators as the
fail-safe, describe tb: accumulator air system configuration

and its operation, TFcovide necessary information to show the
adequacy of the accumulator 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?

Resgonse

This request is not applicable to Waterford Unit #3, since none
of the subject valves ar» equipped with accumulators as a fail-
safe feature,

1) ggestion

For valve assemblies requiring a seal pressurization system
(inflatable main seal), describe the air pressurization system
-onfiguration and operation, including means used to determine
wnat valve closure and seal pressurization have taken place.
Discuss active electrical components in this system, and the
basis used to determine thei: qualification for the eavironmental
condition experienced. Is this system seismically designed?
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For this type valve, has it been determined that the "valve
trav:l stops" (closed position) are capable of withstanding
the loads imposed at closure during the DBA-LOCA conditions,

Response

This request is not applicable to Waterford Unit #3, since none
of the subject valves are equipped with inflatable seal rings.

Question

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

The valve actuators wili be provided with internal piston
travel stops to limit the actuator stroke to a maximum of
409 valve open position. This modification will not

adversely affect the valve closure or seating performance.
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16,

guestion

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

Resgonse

The response to Request #12 and #5 above, in conjunction with
the information provided in Attachment 1 adequately address
this subject.

Question

Has the maximum torque value determined in #12 been found to
be compatible with torque limiting settings where anplicable?

Resgonse

This request .3 not applicable to Waterford Unit #3, since
none of the subject valves are equipped with torque limiting
devices,

guestion

Where electric motor operators are used, has the minimum
available voltage to the electric operator under both normal
or emergency modes been determined and speciiied to the
operator manufacturer, to assure the adequacy of the operator
to stroke the valve at DBA conditions with these lower limit
voltage available. Does this reduced voltage operation result
in any significant change in stroke timing? Describe the
emergency mode power source used.

Rasponse

This request 1s not applicable to Waterford Unit #3, since none
of the subject valves are equipped with electric motor operators.

guestion

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

Resgonse

This request is not applicable; see Request #15, above,
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19,

Question

Describe the tests and/or analysis performed to establi h the
qualification of the valve to perform its intended function
under the environmental ccaditions exposed to, during and after

the DBA following its long term exposure to the normal plant
env.ronment,

Resgonle

No analyses ¢ ' tests were doue to environmentally qualify the
subject valves,

1) Pressure-Temperature - The temperature pressure environmental
conditions of 44 psig and 300°F (with a 414°F spike)
fall within the design rating of the valve.

In accordance with Fishers recommendation, all elastomeric
parts will be replaced every 4 years.

2) Aging-Radiation - The subject valves have EPPM seats. Seat
material degradation cannot be accurately predicted in
terms of seat leakage. However, between the in-containment
and the in-annulus valve is a 1" line leading into the
annuius, This line will draw any leakage through the
valve into the annulus to be eventually exhausted by the
ESF grade 3hield Building Ventilation System. Additionally,
in accordance with Fisher's recommendation, all elastomeric
parts will be replaced every &4 years,

3) Seismic - The seismic testing done to qualify the subject
valves is described in Attachment , "Dynamic Test
Program on Bettis T-420~SR1-M3",

4) Wind loading, missiles generated by tornadoes and explosion

conditions qualification is not applicable for these
valves,

5) Qualification of solenoids and limit switches will be addressed

by the NUREG-0588 response presently scheduled for submittal
in October 1981,

Qgestion

Where testing was accomplished, describe the type tests performed,
conditions used, etc. Tests (where applicable, such as flow
tests, aging simulation (thermal, radiation, wear, vibration
endurance, teismic) LOCA-DBA environment (radiation, steam
chemical) shculd be pointed out.

Response

See Response 17 and Attachment #6 for details of the dynamic
testing performed on the subject valves,
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References

1. Letter from D G Eisenhut to All Light Water Reactors dated
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Attachment 1 - Allowable AP vs. Angle of Opening
Required Torque vs. Angle of Opening
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Attachment 2 - 1SA Transactrons, Vol. 8,
No. 4; "Effests of Fluid
Compressibility on Torque
in Butterfly Valves".
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Volume 8, Number 4

S TRANSACTIONS

tffect of Fluid Compressibility
on Torgue in Butterfly Valves

FLOYD P. KARTHUN

Compliments of Fisher Controls Company



Effect of Fiuid
Compressibility on
orque in Butterfly

Valves™

FLOYD P. HARTHURN"

A "
’ Ae G 5 Lrese < AT K otha shat t Jue resylt s fepny f 1 flow thrg
puttart be determired with reascnrable accuracy for omrpressible a
ncom flow. First, the general torque relationship for compressibie flow
estabiished en an e¢fttective pressure differennal 1s defired 10 axtend this relationshis
to nclude the effact of Yiuud compressibility. The appiication of this technigue showeg
very gOOd aureemaent wiith axperumental test results

INTRODUCTION DEVELOPMENT OF GENERAL TORQUE
N RELATIONSHIP

THE APPLICATION of butterflv valves in vanous automati

control systems reguires proper actuator 2 The total shaft torque required 1o operate butterdly
efficient control. Thus., a thorough knowledge of the valves can be separated 1110 two major comnongnts
fluid reaction forces acting on the vaive Jise 18 12quin

Extensive experimental work''' has been performed u 1. Dynamic torque-—that portion | oLl
the past establish a relationship to determine the operating torque attributab 1o th . fluid reaction
forces and thus determine the resuitant shaft torgque. The force of the fowing mediu. ' > .ing on the valve
general form of this relationship has been established and disc

confirmed. However, by using the cal fluid momen 2. Fricuon torque—that portion of the tot
tum approach, a similar relations can be obtained In perating torque attributable to friction in the
which the torque is shown to be directly proportional to packing and bushings

the measured valve pressu
position. This relationshi
previously published torque

: 1¢} " » . A . » ! -
¢ flow. Although the eflect of fluid co

Since each of these components is independent of the
yther, a separate evaluation of each component
¢ best appr to this problem. This investigation 1
t aiuation of the dynanug torque com

1ot 1 e
uiicy w

affords

incompressibl
y mniied an

pressibility on torque has been rzcognized

ponent. If the friction on the valve shaft s as

. b . YSe Briry b
clationship has beer i i 2 P " 1 i
' b ? : ’ 4 . nalre ncgpendent « arection of rotation, it can be readily
jective of this investigation s to extend ihe ¢ i1 > 1 )
S s 1 S TLITS * "y & the l . '
; ] ‘ o T p . isolated. The torg required tate the vailve disc
que refationship 1o ing 1€ - m )
neaveaivilie measured 1IN 3 CIOCKWISE and 4 COunierciockwise
non through full travel Since miction alwnavs oppo
*Prosented nx 1SA Anr e o monon ¢ Giigrence detween tNese vaiues wilki D2 twile




R R R R ORI T R R R TR R RO RO R R I BRI O™, ",

The dynamic torque for buterfly valves s a function
of the fluid reaction forces acting on the valve disc. It
would be difficult to determine these forces by purely
analytival techmigues. Experimental determination of the
pressures and velocity profiles in the immediate arca of
the disc would also be quate difficult. However, ifa control
volume is selected so the boundaries are puints of known
pressure and velocity, an analysis of these forces can be
made from the change in fud momentum through this
control volume.

INCOMPRESSIBLE FLOW

An expressior for dynamic torque 15 developed
sssumir * ncompressible Bow. This torque 18 a funchion
of the fiv . T reaction force. FLoand a moment.arm. D, which
15 a characieristic dimension of the valve disc.

Io = f1F. D) t
Using the fluid momentum approach. the force, F. 1
given by

F = MAYV {2)
whe'e

F = sum of external forces acting on fluid
M = mass flow rate
AV = fluid wveloaty change through the coentrol
volume

The mass flow rate, M. is given by
M= pAl (3

By using a proportionality constant. 8, . the mass flow
rate <an also be defined as

M = B AlpAPy *? (4

Equations i3) and (4) are combined to obtain the follow-
g expression for fud veloaty

V= B (AP o) ? {5

The velocity change through the controi velume, AV,
in Equation (2) can be expressed in terms of the velocity
at the valve disc by use of a proporiionality constant, B,

F=BMV (6)

By substituing the expressions for mass flow rate
Equation (4 and fluid velocity Equation ($) into Equa-
tion 16} the force on the valve disc 1s

F = B B,AAP (M
For a given valve size. the flow area, 4. for any angle of
disc rotation, 8, can be written as

=D?
{ = B'T R]]

Theforce, Facts upon a moment arm which is a function
of the disc diameter, D Now, the dynamic torque can be
writlen as

rp = B.FD 13

Combining Equations i 7148, and 19
B,°B,B,B,2D' AP
Wl —————————————

T i (1
or
Ip = K,D'AP (10-A)
where
. B, *B.B.B,~ F 1
ol el ek P B 0-
K. i Y i

Equation {10-Bi 15 defined as the dimensionless torque
coefficieat which can be determined experimentally from
tests conducte? with incompressible flow,

COMPRESSIBLE FLOW

Thedynamc torque for butterfly valves s proportvnal
to the mass flow rate and velocity change through a
selected control volume for both compressinle and
incompressible flow (ie, Ty « MAV)L Therefore. the
approach used to obtain an expression for this torque
assuming incompressible flow can be extended to
compressible flow by re-defining these two vanables.

First, assume that the velocuty at the valve disc. 1.
1s proportional 1o the velocity change through the control
volume. Then. the dyvnamic torque can be expressed as

T, = MV, (n
The velocity at the valve disc is given by
M
A (12)
vy

By combining Equatiors (11) and (12} the dynamic
torque is shown to vary directly as the square of the mass
flow rate and inversely with the fuid density at the vah »
disc.

2
Ip « E’ Ry
4

Determining the flow rate of a compressible Ruid
through a control vaive by analvtical techmques 1s quite
difficult because of valve geomerrs. The major problem
15 to establish the pressure differentia! between the valve
iniet and the vena contracta. However, by defining the
physical system in which the valve i« installed ro conform
with specifications given by the Fluid Contrels Insutute
(FCIL'® empirical relationships developed specifically
for deterrmining flow rate for control valves can be
considered. Several such empinical relationships have
been developed . however only one. the Universal Gas
Siang Equation.”' has been shown to accurately define
the flow rate for any valve Configuration. This equation
15 given by

‘:‘-6 3G A4 3}"
yo | T OO din . (2} 4
Q \ (;T i L0, N LC‘(_;\ P! ‘!.“

IS4 Transartions - Vol 3 No 3 282




Equation (147 can be rewnitren to obtain an equivalent
expression for mass flow rate,

e [wes BF]
M= 106 ,.v;P-(',(;(.sm[;-T - 113)
L( 1‘- :\ PI tad

The sine function in Eguanons (14) and (151 15 used to
define the transition between incompressible fow occur-
ring 4t low pressure ratios (AP P ) and critical flow

Let
S9hd AP
P | o - i16)
C,CN Py s
Rewriting Equation (13)in the following manner
\f = 106, ,P.C,C.C.F Tk

he factor, F. s bounded by the following
F=3snd for 9 < =2

F=10

By substituting Equation 117) for the mass flow rate n
Equation 1130, the dynamic torque for a given valve is
given by

{18}
ford > =2

£’|P1‘C;C: sin H':

Tp x 119

Ve

The only parameter in Equation {10) that cannot be
readily obtained i1s the density at the valve disc. p,.
Assuming that the change in the ratio of fluid density at
the valve inlzt to fluid density at the valve disc with
increasing pressure ratio s small relative to the tetal
change 1n mass flow rate, the torque sxpression can be
simplified 1n the following manner:

Tp = PuC,C,sin 8) (204
Therefore. [or compressible flow
To = K;PIC,C;5n8)? 20

For small values of pressure ratio (AP P,) Equation (21)
reduces to the incompressible torque relationship given
by Equation {10-A)

As APP, =0
sin # = # (radians)
Tp = K: ‘59 64|3AP ‘2:’
The expression in Equation (22) is equivalent 10 the
expression in Equation (10-A)

K;(5964°AP = K, D°AP

K: = Elg“?

(59 64)°
By substituting the e pression in Equation (23) for the
coefficient K, in Fqui ion (21). a general expression for

dynanuc torgue for compressible low is obtained using
the dimensionless torque coefficient established for

283 /54 Transacrions - Vol X No. 4

B — R

- TS - - - — — n—

mcompressible flow

, o %
Tp = K,D'P .f_.;] } sin- # (24)
Lv6d
For convenience the form of Eguatien 1241 1s simplified,
Tp = K, D'AP i25)
wheie
€. Cs1°
‘Pom P z===| sintd 1261
“ 'qum )

Equanon i26) 1s defined as the pressure differential
contetbuting to the dyvnamic torque on butterfls valves
with condinons of compressible flow

EXPERIMENTAL RESULTS

The first step 10 the expérimental evaluation was 1
establish ‘he dimensioniess torgque coetficient, K., as a
function o" vaive disg rotation as detined by Equation
(10-B). A test was conducted on a 4-in. valve under the
following controiled condinons

=

I. The valve was installed in a 4-in. test line with a
minimum of 12 pipe diameters of straight pipe
upstream

2. The pressure taps were located according to FCI
speciications and anached 10 the test line
according to specifications n the ASME Power
and Test Code™

3. Water at ambient temperature was used as the
flowing medium.

4. The inlet pressure and outlet pressure were held
constant.

£ The test was conducted at a low pressure ralio
{AP P, = 0.088) 10 ensure incompressible flow.

3é " :
a1t L
R B i b l

28 B | | |
24 P
~ : i |
20 - ' . '
18 - -t

! ‘

|

| 2
K, DTLAP X i0
@®

KE oY 1 .

r_,“__g_..
i

ohzﬁ""‘ '3 i
O 10 20 30 40 50 &0 70 B8O %0
ANGLE OF ROTATION DEGREES

Figure 1. Dimensioniess torque coefficient. 4-in butterfly
valve incompressible flow: P = 100 psig, # = 10 pst.
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Figure 2. Dynamic torque vs. angle of disc rotation, 4-in.
butte:*ly valve, comparison of experimental results with
calcuinted torque. incompressible flow: P, = 100 psig,
\P =5 psi.

iorque measurements were made at selected incre-
ments of dis¢ rotation «(>-90%), A transducer. consisting
of a steei bar with strain gages aitached. was fined to 1ne
valve shalt angd used 1in comunction with an oscillograph
to measure and record the shait torque. The data from
this test were used to determine the dimensionless torque

coefhcient plotted as a funcuion of disc rotation on Figure
1. The curves plotted on Figure 2 show excellent agree-
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Figure 3. Dynamic torque vs angle of disc rotation, 8.in.
butiertly valve, comparison of axperimantal resu:ts with
calculated torque, incompressible flow: £, = 100 psig
AP = 5 nsi.
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Figure 4. Dynamic torque vs. angle of disc rotation, 8.in.
butterfly valve, comparison of experimental results with
calculated torque incompressible flow' 2, = 100 psig,
\P = § psi.

ment between measured torgue and the rorgue calculated
using this ¢oetficient

The next step was to verify that the torque coefficient
15 indeed applicable to other valve sizes provided geo-
metric stmularity 15 reasonably well mamtained. The
resuits on Figures 3 and 4 again show very good agree-
ment between measured torque and calculated torque
for two S.n. valves

360 T | T ;
v e MRl ik i, S / L
o=TEST DATA! ! | {

TINCOMPRESLIBLET

Fe. 18 e
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& 160 * P
.
r 1
{ |
1 | t
|
| ‘ |
“O 10 20 30 40 S0 53 70 80 90

VALVFE PRESSURE ORGP P P§

Figure 5 Dynamic toraue vs. valve pressure drop, 4.in
butterfly vaive, E0° disc rotation, comparison of experi-
mental rosulits with calculated torgue, compressibie flow:
P, = 274.4 psia, flowing medium = air
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Figure 8. Dynamic torgque vs. angle of disc rotation, 4.in.
butterfly valve. comparison of experimental results with
calculated torque, compressible ‘low: P, = 114 4 psia,
AP = 5 psi (A\WP/P. = 0.0448), flowing medium = air

It shou!d be noted that discs 1 the two Rn. valves
were of substantially diffierent geometric shape. Using
the ratto of disc diameter to hub diameter as an indicator
these ratins were 4.56: 1 and 3.53 | for the valves used to
obtan the data for Figures 3 and 4. respectively. The
difference in torque magnitude for these vaives with a
: psi pressure diTerential shown in Figures 3 and 4 15
the result of thus difference in geomeiry. The disc in the
8-in. valve used for the test in Figurs 3 was geometrically
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Figure 7. Dynamic torque vs. angle of disc rotation, 4.in.
buttertiy valve, comparison of experimental res uits with
calculated torque, compressible flovww £ = 84 4 psia
AP = 10 psit (\P'P, = 8148, Howing madium = air

&y 4 H"

285 IS4 Transagtions Fal 3. Na

=

8- T.2K, DA P INCOMPRESSIBLE /

v
o G /
!
]

'____,_4-'1

SRS [—

INLB

P
2 140
3 v
.4
- |
— 1 — -t
¥ - / ]
i 30 £ .
£ // ;
5 .:‘L"“ % =
-l \ :
VF
0 16 20 30 40 50 &0 70 80 °%¢

ANGLE OF ROTATION DEGREES

Figure 8. Dynamic torgque vs. angle of disc rotation, 4.in
butterfly valve, comparison of test results with calculated
torque, compressible flow: P = 644 psia, \P = 20 ps/
(\P P, =2486), (critical flow) flowing med/um = air

) el
similar to the disc in the 4-in. test valve used to establish
the torque coefficient. K,

The extension of the dynamic torque relationship to
inciude the effect of luid compressibility is accomplisted
by defimng an effective pressure differential as shown in
Equation (23). The curves on Figure S show the transition
from incompressible flow to critical flow with increasing
pressure ratio for a 4-in. valve set at 60° disc rotation
Here again there is very good agreement betwecn the
torque calculated using Equavon (24) and the expeni-
mental results. The incompressible torgue curve 1s also
shown on Figure £ 10 emphasize the effect of fud
compressibiiity

The curves on Figures 6 through 8 are prescnited to
compare experimental results with torque calculared
ustng Equation (24) for {ull 90 disc rotativa. At fow
pressure ratios, the torque using air as the flowng
medium 1s essentially equal o the torque for mcom-
pressible flow (Figure 6). As the pressure ratio s increased.
the effect of fuid compressibility becomes more pro-
nounced as shown in Figure 7. Once crnitwal flow has
been attained. no further increase in torque 15 realized
by increasing the valve pressure differential as shown on
Figure 8

CONCLUSIONS

hmiques presenied whichcan be used to determine
the namiuc torque for butterfly valves with reasonable
accuracy. The basic torque re.lx!wr'mn-p developed fog
incompressible low s extended to include the -.‘ ot o
fluid compressibility. The method presented is desgloped




using the Universal Gas Sizing Equation 1o define an
effective pressure differential for the tramsition from
mcompressible flow to critical fow. Appiication of this
method shows excellent agreement with 2xperimental
test results.

NOTATION
4 = Flow area, in*
8, 8.
B,. B, = Constants of proportionality
o Cf

C; = Correction factor for varation in specifiv feat raio
C, = Gas uzing coefhicient
¢, = Flos coeffivient
C = Nomunal valve Slameter, in
F = Force b
G = Speaific gravity
K, = Dimensioniess 'orgue soefficient
M = Muss flow rate, b s
P, = Iniet pressure, psia
AF = Vgive pressure hilferentsal, ps:

Sl el el

)

-

AP, = Pressure Jiferential sffecting dynamic torque
Q = Fiow rate incompressibide fud. soh
C, = Flow rate compressibie fud. scfh
T = Absolute remperatur= ‘R
Ts = Dynamic torque. in 16
b o= Fluid veloaty. v s
o, = Fluid deruity at upstream pressute tap. 15 in '
Ve = Flurd density at valve diso, I+ 0’
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Attachment 3 - Capacity and Dynamic Torque
Curves Determined in Fig'-v
Lab., Tests for 6" Type 924.
Butterfly Valve.
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Specifications
AVAILABLE CONFIGURA- 9200 Series Speciticaron 8.1 | CONSTRUCTION Body’ Disc’ end Rotaining

TIONS AMD BODY SIZES ~ Offset disc butterfly contrel vaive | MATERIALS Ring *: @ Stewl plate IASME SA515

body with adjustabie slastomer
T-ring seat contained between the
retaining ring and valve body as
shown mn figuwwe 2. Valve shakt
sealed with packing on actuator side
and with a blank-off piate an the
other side Available n @ 4, @ 6,
85810812, @14 016, 018
820, and @ 24 inch suzes

0200 Series Specificaton C.1:
Ofiset-disc butterfly contol valve
body wilth  adjustable eiastomer
T-ring seat contaned between the
retaning nng snd the vaive disc
face as shown m figure 3. Valve
shaft sealed with packing on both
sides. Availabie in @ 30 through
® 96-inch sies 'n B-inch
ncrements

Flangeless 'wafer-type! body with
four flange boit holes (see figuses
1 and 4] for installation between
two pipeline fanges

4 Through 24.Iinch Sizes: Mate
with ANSi Class 150 (B16.5)
raiged-face flanges

20 Through 96-Inch Sizes. Mate
with @ ANSI Class 125 18161}
flat-face flanges !through 72 ingh
size only), @ AW'WA C207 flangas.
or @ MSS 5F-44 flanges

tures from +20 1o +A0OYF

30 Theough 96-Inch Gizes: @ 75
psig for temperatures from + 20 (0
+400°F (in accordance with ASME
Code Case 1678, approved
December 16, 1974) or @ higher
prassures upon requost

GR 70} or @ other matenals avail-
able upon request

Shaft: 17-4PH  stanless stes!
(ASME SALG4 GRE30 H1075!
Taper Pins: Same matorial as shaft
Biank- Off Plate’ (Through 24-1nch
Size Only). 316 stainless steel
(ASME SA240 GR3.6)

Blank-Ofi Piate Bolting (Through
24 Inch Size Only)

Swfs? Steel (ASME SA193 GAR
BEM)

Netz? Stee! (ASME SA194 GR 8\
T-Ring. ® EPDM [athylene:
propylene) or @ nitrile; @ Viton® is
also avalable for non-nuclear appii-
cations

fAetaining Ring O-Ring (Through
24-Inch Size Only): EFM
lethylene gropylens)

Blank Off Plate Gasket (Through
24-Inch Sire Only): Spiral-wound
gaskat of 304 stainless steel and
asbestos

Packing: Alternated rings of Crane®
187-1 and laminated , raphite
(Grafoil®) packing

Bushings: 8 Graphite- mycegnated
bronze (bushing 2) or @ alloy 6
(bushing 3)

Bushing Ret2iners and Retainer
Tube: 3106 stanless sies!

Packing Follower: Stee!

Packing Lantern Rings and
Washers: 316 stainless stesi

MATIMUM LT 4 Through 24-Inch Sizes: Cormpat Packing Box Studs snd Nuts:
' ible with ANS! Class 150 pressure/ Steel
tamperature ratings for tempera- Thrust Collars
- Shaft Qiarsaters to 1-1/2 inches (Tirongi

18foch Valve Size) Cudrmium-plated
stael clamp-type collars with brass
wathers betwaeer coilars and
bearing surfaces

Shaft  Disaters ove 1-1/2  Inches:
Bronze coliars pinned to vaive shaft
Actuator Mounting Bracket:
Fabncated Steel

e
asat

MAXIMUM PRI SURS Shutof (0 Degress of Disc

oROP" Rotation) OPERATIVE With EPDM T Ring. +20 1o
4 Through 24 (2ch Soeg V6O psi TEMPERATURS +300°F
20 Fivowgh $5-inc Swen: 75 pei With Nitrile T-Ring: <20 1o
Flowing: See tatie ! +200°F
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Specifications (Continued)
With Viton T Ring  +20 to | ACTUATOR, VALVE 8 Push down-to-open (extending
+400°F (Do not use with water | ACTION actuator stem opens valve] or
over 180°F or steam) ® Push down to-close (extending
actuator stem closes valve)
ACTUATOR TORQUE See table 1
REQUIRLD MATING FLANGE Compatible with welding-neck and
FLOW DIRECTION Flow s permussible in either direc S B
tion, but valve is normally nstalled
with T-ring retaining ring facing | CODE CLASSIFICATIONS  Vaive body. disc, and shaft com-
downstream ponents designed in accordance
with aliowable stress levels as
FLOW COEFFICIENTS Saee Fisher Catalog 10 specified ' ASME Boiler and
Pressure Vessel Code, Sections ill
SHUTOFF Fisher Class VI (less than one bubble and Vil
CLASSIFICATION per minute using an at a pressure
drop of 150 psi for 4 through Valve body assemblies available as
24 inch sizes and 75 psi for 30 nuclear code Class 1, 2, or 3 valve
through 96-wrch sizes) with ASME "N -stamp symbol
DISC ROTATION ® Clockwise to open or @ counter-
clockwise to open (when viewed | TESTING REQUIRFD All  nondestructive examinatons
from actuator side of valve) through (NDE) required for Class 1,2, and 3
90 degrees of disc rotation nuclear-service valves can be
furr shed. for current list of NDE
ACTUATOR MOUNTING Fabricated actuator-mounting requitaments, se¢ Fisher Catelog 11
bracket 1 used to mount Fisher
;;D: 480-15, 48115, 656 and PACKING BOX TYPE Lot 05 Bg0 paching Bom Wit
actuators. Styie 4 adjustable 1/2.inck NPT female leak-off
linkage, shown in figure 1, 15 used
with Fisher actuators for travels of - e
4 inches and less and valve shaft
diametars of 1-1/2 inches and 'ess. | VALVE SHAFT See figure 7
Fixed linkage 18 used for longer | DIAMETERS
travels and larger valve shafts
Actuator can be B perpendicular to | APPROXIMATE WEIGKTS  See figure 7
(standard) or @ parallel with pipe-
line (adaptor required for paraliel
mounting of actuators requiring 2 | OPTION Single flange steel vaive body with

mounting bracket) with actusator to
@ right (standard) or @& left of valve
(when viewed from valve inlet)

With perpendicular mounting n
horizontal pipeline, actuator can
extend @ above (stardard) or @
below pipehne. With  parallel
mounting, actua! < can exiend 8
upstream or @ o » nstream.

@ full set of flange bolt holes on
one end and buttwelding-end con-
nection on the other end as shown
in figure 2 or with @ a buttwelding
ens connecticn on both ends.
Flanged end connecticn available as
noted in “End Connection Styles”
above; buttwelding-end connection
avarlable per @ ANSI B16.25 or
® as specified
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Valve and Actuator
Sel'ection

The torques n the ~Actuator Torque Required”
column of the table are the mawmum torgues
encountered when the disc s being closed
lor opened) against the shutoff {O-degrees of
Note disc rotation) pressure drop shown in the tabie
Pressure drops shown for open disc angles
60 or 90 degrees) are the maximum flowing
drops that the torques in the Actuator Torque
Requirad’” orwmn will permat. {Where necessary,
maximum pressure drops shown for open angles
have been limited by strength capabilities of
construct:on matenals.)

Valve and actuator selecthion can be made from
table 1 for 4.nch through 72 inch vaives,
pressura drops 0 150 psi (depending upon
valve size), and process temperatures from
+20 o +400°F (depending upon elastomer
T ring matenal selacted and appiication!
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Tavle 1. Valve and Actuater Selection
MAXIMUM PRESSURE
VALVE VALVE DROP (PSI) ACTUATOR
8126 SHAFT OPERATIVE BUSHING o} Oiac TORQUE RECOMMENDED ACTUATOR
INCHES) DIAMETER | TEMPERATURE TYFE 9 i ) REQ D TYPE AND 178
' INCHES) Suanng 1St INCH POUNDS!
(4] 80 30 y
& 58 2 150 497 1€9 107 858 Sue 40 &/ 35 g suprn?
2 150 56 1 215 825 556 Saw 80 w’ 35 on suppig®
o ™ 2 50 | 364 | 121 978 656 Sze 60 w. 35 p supsiv®
3 180 461 180 1250° E56 Sure B0 w 35 pug supphy?
8 2 150 308 10.1 1820* 656 Sus B0 w 36 paiyg supphy?
3 150 404 142 2578 QB0 18 Saw 40 w BO vy sruhy®
3 X P 150 24.7 LR 27800 48015 Size 40 w 80 peig supty*
» 1 148 | 160 81 3960 480 15 Size 60 v B0 psiad Supbiy®
39 5 154 l 3 150 2.2 18 442% 480 15 Sue B0 w 80 pig sugply®
B k) 150 21.0 a0 65507 480 Size BO w B0 psi supphy®
14 t 58 4 150 197 65 53607 480 15 Size 60 w B0 pug suppiy?
3 140 a5 64 7950 BE4 S 6w 20w 0 pug swpny”
s i 3 2 150 18H 63 1788" 480 Sire BG w 80 preg suppiv®
% 3 150 225 16 119000 BEA Sizo” B % 20 w B pyg supply*t
8 g oid 2 150 187 50 10,5507 864 Size® 61 20w B0 tug soppd?
£ODM T Ring X | 129 150 49 16,850 B84 Sapv 4 x 20w BO peip supgiy®
30 134 «20 10 » 300°F 2 i-"y 165 £3 13.100° 864 S0’ B v 20 w BO peig supply®
Nt T Ring 3 148 180 58 20.550 868 Saa® B x 20w BO pag vupphv®
4 = +20 10 » JU0F 2 160 150 49 20.790 B84 S 81 20 w B0 pug suppy®
- i Vizan T Rirg 3 137 150 49 33,170 863 Suze® 10 x 20 w 80 pwsyy suppy®
« Y ie - 8002 .
10 2 #0900 2 7E 6.5 2.1 12,2327 B64 Sue® Bx 18 w BO pug suppi’
3 5 6.2 29 27932 B4 Sue® By 20 w 80 paig supply®
36 o i 2 5 63 20 28830 568 Size* B x 20 w /B0 peig suppiv?®
- 3 75 59 2.0 46,530 BG4 S20® 10 4 24 va B psig supply?
a3 2.1:2 b s 65 1.7 40.020 8654 Size® 10 x 20 w /B0 pevy suisply®
- 3 7 52 17 64,770 864 Sue® 12 x 20 wid0 f5a suspily®
| 48 5 ? 75 53 1.7 8678 864 Size* 12 5 20 w B0 ps g supply®
3 i 5.1 7 97.750 Contact Fisher Regreseniati.e
54 312 2 75 83 7 83.55% Contact Fisher Rugpresertane
3 75 80 16 141 680 Contact Faher Bap dsentatige
80 oy 2 75 48 15 103,585 Contact Fisher Rapresentatve
- 3 7 48 15 175 660 Contact F13hwer Represeritative
88 i 2 75 47 L5 137870 Contac: Fisbhar Reprasentative
A -8 4.5 1.5 237320 Contact Faahar Representstve
-, 1 &12 d 78 47 15 180,130 Contact Fisher Representan, =
} i - 3 5 45 18 312,630 Contact Fuber Reprasenatie
VR g et ot e Pl ik et iah G OWR D A RO caber b o 0 QIID Sedtey actatar an Sl QR T el oy lamitigia
3 Buveng T guphie veyusnatid s g b siboy 6 Taget A8 v Q87 IS b Tape 480 o A8 18 Seirion aate® nelp o RO 80N e il
T Wiihesr g napaleiios ot ©oypbse agrpinl Naituteyl R aaty W T g A & gy PRSI (e cyl e Lo ity ceestantl BF BT pRg e se
B Wk el e et Ty gutmg mnly F Yl g gtm el wtgrader d & i T peyy B Cpoute Gure ihernaier nfudhe U mdde o K tuihd Mawe St
A G A g, Bl DONSTINT LDy 0 g Aashugy i gt el o Thopan ee Leed

capabilhite.

Al pio sure drops shown are within the strength
of the matenals shown
Specfications  table.

Afrer determiming the proper valve size using Fisher Catal~g
10 and the sizing nomograihs or shide rule. refer 10 *=nie

Check the maximum allowable pressure drop at tv . Lppro-
priate open angie (either 80 or 90 degrees) to be ceran it
equals or exceeds that which will be encounterad n servce.

Recommended Fisher actuator types, sizes, and operating
pressures for each selection are shown at the rght of the

in the

table

conditions.

ren sired

'n addmon, other actuator types, such as eiectric
and spring return pnegmanc rolary actuators are also
available n racommended comhbinations with 9200 Senes
valve boies. All combynations in table 1 are predatarmuned
1o have sufficient torque cutput at the stated aperatng

Selection fram amang the recommendad combinations
reduces documantation cost and possibiity of delay. Contact
the Fisner sales represemtative f other combinathians are
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Figure 6. T pical installations for Single -Flange 9200 Seres Vaives with One Buttwelding End Connection and
Ore Fianged Connection (Being Used as Isolation Contanment Valves in Ventilating Air System)

Installation

The actuator will be mounted on the valve in the orientation
specified when the unit was ordered. This onentation 18
normally selected based upon the desirsd mounting position
n the mipeline, avadable space at the pont of instali~* an,
e,

For 30.n-n and larger valve sizes, factory seat leak testing
must be performed with the valve in the same position as 18

mtended for the actual installation. For these larger
sires, anstall the valve 0 the same positon as was
Y L —— -

specified when the valve was ordered, or 3 field
re-adjustment of the T-ring may be required to attain the
desired shutoff capability. T.ring adjustment 18 provided
by a compression nng and adjusting set screws as
show' in hgures 2 and 3.

Flow through the valve can be in aither direction, but the
valve s normally instelled with the T.nng retaining rg
facin) downstream. For 30-inch and larger sizes, it may be
desired to insta’ the valve such that the 1-nng retaining ring
faces the nearest manhole or other pipeline access point.
This will faciitate T rng mspection and mantenance.

R SN LS R TR
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} MINIMUM AL LOW APPROXIMATE
vALVE ARTIERRD ReUpb ABLE DIAMETER WEIGHT OF
Size | s c lee | » s OF MATING PIPE VALVE BODY ‘
OR FLANGE ASSEMBLY (POUNDS)
T 30| 650 880[625]226] 5@ ~364 50
o 600) 750 (10601625(3.75] Y4 5 58 100
8 gool anojros0l626]13.75|1 781 130
0 100011000 1200{625(3.7610 a8 178
12 |1200]1200 j1ec0|r62]a 5] 174 11,50 20
14 |1azsfiaoolissolre2larsline 13.00 ars
18 lis2slasehrsolrezlarsiiae 1512 ars
8 |17oe|is00 (18507 62{50011-1/2 1675 520
20 |1900{1700 205018 75]550](Y 34 1588 68%
24 2300|2000 |21 50 (875({600)2 2278 1040
e lged [ Drenbe 3 dhowe wre ol e actumer splgclions e o teide ) Sgwr e | Dvensans ey e 10g,Hed e o
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~—— ] l
- L - O - - s - - st~ b e

Figure 7. Dimensions (Inches)

The 9200 Series valves are supphed with a disc travel stop.
if the valve body and actiator have been prdared separately
or if the actuator has been removed for maintenance. be
gertain that proper rotation direction ~wil Le ottained from
the actuyator baefore instalhing

If sprral-wound line flanae gaskets are 10 be used with the
4 inch through 24 nch & zes, be certain the gaskets are of
a type and suze that will not overlap the Cip strew or
adjusting screw hoies in the T-ring retaining fing. Under
line flange holting compression, spiral-wound gaskets can
be damaged by the cap screw or adiustirg screw holes.

Ordering Information

Application

When ordenng, spealy
1. Type of Application
a) Throtting or on’off
bi Reducing. relief, or back pressura
2 Comrofled fluid (include chemical analysis of fuid if
possible)
3 Speche granty of controlled flud
4  Flad temperatues (normal and minimum and maximum
antwipated)
85 Range o! fiowing et pressures

e iR

6 Pressure Drops
a) Rznge of flowing pressure drops
bl Maximum at shutoft
7. Flow Rates
al Miwmum controiled flow
bl Normal fiow
¢} Maximum flow
8 Maxirnum allowable leakage rate
9. Specify the position in which the valve will be ins:alled
(e q., valve i horizontal pipeline with vaive shaft horizontal)
Seat leak testing will be performed with the valve in the
same posihon 3s 15 imtended for the actual installation,
10. Nuclear-code class and ali nuclear and specisl
req .ements
11, Line size and schedule

Valve Body Information

Refer to the Specifications on paoe 2 Review the descrip-
tion at the rignt of each specification and in the reference
table. todicate the chowce wherever there 1§ a selection 10
be made.

Actuator and Accessory Information

Specify the desired actuator type and size from the aooro:
nrate sctuator bullatin. Also refer to the speafic actuator
and accessory bulletins for additonal ordenng nformation

B e T
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To qualify the Asco, an accelercmeter was located in the approximate mounting location
of the solenocid valve to record the actual loadings it would see. 2ead out from this
accelerometer showed that the increased response due to the flexible construction

did not exceed the g-levels to which Asco has previcusly qualified their equipment.
fherefore, Asco's qualification is still valid, and we will submit that report for

qualification.
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TEST SPECIMEN:

Specimen Description:

- bai? Bol o

A Be T<420-5R.1I-M3 Pnuem

t =2
the actuatcr supplied on Ebasc
men iIs shown in Photograph #.1.
Specimen Mounting:
The specimen, mounted on a
isher designed an
the fixture, in turn,
included a short piece of shafting,
the torgue output cof the actua
longitudinal axis was colinear wi

The specimen was rotated 90 degrees

axis of tests.

EXCITATIO
oL Rt LA A

Simultanecus Biaxial Excitation:

AStE?

i

e

fabricated mountin

was fastened to a seisml

pecimen was oriented such

on

the

>4

-]

men

fabricated bracket (Ph-.cyg ly$ i

&4 . T~ - -
Fixture (Photcograp

e similator table.

ted gauges, to verify

that 1its

axis of the test table.

R Al ] 1
-—5"-‘-“3&

tal plane, for the second

RoriZon

Each horizontal axis was excited separately, each one simultanecusly with

The horizontal and vertical inputs were tested in the
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Resonant Search:

A iow level biax.al sine sweep, with a minimum input of .2 ¢'s i

S |
v
(%]
0
b o
"
W
i
or

axis was perlormed to establish rescnances, The tests were performed over
a frequency range of 1 Hz. to 40 Hz. at a rate of one octave per minute.
A rescnance is defined as a response order of magnitude greater than or

equal to two.

Sine Beat Tests:

The specimen was subjected -o biaxial sine beat tests at the freguencies
determined in the resonant search. The input acceleration was a minimum of
1.0 g's horizontal and .67 g's vertical, as specified in Zbasco's specifica-
tion. The specimen was operated throughout the sine beat tests to ensure
operability. A regulated air source with a minimum of 85 PSI, was supplied

to the actuator to operate actuator in one direction. The internal sprin

Q

was used for the return stroke. The sine beat test consisted of ten oscilla-
tions per Leat, five beats per test freguency with a two-second pause between

beats.

INSTRUMENTATION

Excitation Control:
A control accelercmeter was mounted con the table near the tase of the test

fixture (Protograph #2).

Specimen iAcceleration Response:
Four (4) lriaxial piezo-electric accelerometers were lscated on the speci~en

during testing. Placement of accelerometers is shown in Photograph 81,
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4.0 TEST RESULTS

4.1 &Sine Sweep Test:
Resonant fregquencies were located at 25 45z., 31 Hz., 32 Hz., 34 Hz., 35 Hz.,

and 4C Hz. during the sine sweep test.

4.2 Sine 3Bear Test:
The actuator operated successfully when subjected to sine beats at the fre-
guencies determined above. The specimen suffered no

physical damage.

&




