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1. INTRODUCTION

The Nuclear Regulatory Commission has, since 1979, been
highly concerned about the operability of purge and vent valves
during certain postulated occurrences. Their study in this area
has shown that many valves were designed only to operate under
normal flow requirements. For a postulated loss of coolant
accident, such valves may fail to close in the time required to
prevent discharge of radioactive gases to the outside environment.
Such a failure could exceed 10 CFR 100 guidelines and present a
significant hazard to the health of persons in the area.

NRC Branch Technical Position LSB 6-4 gives some background on
operations of purge and vent systems and basic requirements for
their design. For the valves used in such systems, further
guidelines are provided in "Guidelines for Demonstration of
Operability of Purge and Vent Valves", which was providod to
nuclear plant operators by an NRC letter of September 27, 1979.
This set of guidelines covers twenty-one points (less two) which
are to be addressed by the plant operator. This paper addresses
those ftems which may be answered by the valve manufacturer based
on the conditions provided by the plant operator for the postulated
loss of coolant accident.

This paper describes the design of both Clow's Tricentric
butterfly valve and the Bettis pneumatic actuator used to operate
the valve. In addition, descriptions of various tests performed
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to determine flow and torque characteristics and application

of this test data to the installed condition of the subject
valves are presented. Information as to the structural
integrity of the valve and operator assembly under seismic and
other inplant loadings are also presented. This information, in
combination with the supporting detailed technical reports (see
7.0 references), represents a demonstrated qualification of the
subject valves to the best of our knowledge for the required

service application.
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2.0 DESIGN OF VALVE AND ACTUATOR ASSEMBLY

2.1 Vvalve Design
2.1.1 Geometry

The Tricentric valve uses a geometry that is unique not only
to purge valves but to butterfly valves in general. This feature
gives the Tricentric functional characteristics which are
desirable in purge valve applications. Thru use of a conical
sealing surface with, the cone axis offset from the pipe axis
and a rotation point selected so that it is offset from both
the pipe axis and the seal plane, a metal to metal seal can be
obtained. (Fig. 1) The sealing is a result of normal forces
acting between the sealing surfaces rather than sealing due to
surface interference typical of other butterfly valves with
elastomeric seals.

One of the major advantages of the conical seal design is
that it provides a non-jamming action. This characteristic
results from controlling the cone angle so the angle of friction
of the material is exceeded. This has been proven in actual
tests similar to the test described here:

A 20 inch Tricentric wafer valve was closed by
applying 20,000 in.1bs. of seating torque. Then the

unseating torque was measured. This was repeated 3

times to determine an average value for the unseating
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torque. The test was repeated with the seating torque
increased by 10,000 in.1bs. increments until a maximum
seating torque of 100,000 in.1bs. had been achieved.
During the entire test, the seat seal interface was dry
(highest angle of friction) and no pressure was applied
to the valve. The smallest value of torgque that could
be accurately measured was 1000 in.lbs. and at no time
was more than 1000 in.1bs. required to unseat the valve

regardless of the seating torque applied.

Since the shaft is offset in 2 directions, one from the pipe
axis and one from the seal plane, 2 performance advantages result.
The first is the sealing surface is continuous thru 360 degrees
with no interruptions from the shaft penetration. This eliminates
the lTeakage and wear associated with the shaft penetration areas.
The second advantage comes from the shaft being offset (eccentric)
from the pipe axis. This accentricity produces unequal areas
about the rotation point, so when the valve is closed and pressure
is applied to the shaft side of the disc (normal direction), a
closing moment results. This will result in increased sealing
forces between the seat-seal interface as pressure increases.

This force, in combination with the mechanical torque produced
by the actuator, results in the tight sealing capability achieved
with the Tricentric. A definite relationship between these
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2 offsets is required to provide a valve that has no binding or
interference problems as the seal is rotated out of the seat.
This relationship is determined analytically to provide the best
performance without overdesianing the valve components.
A1l of these features have been incorporated into the lugged wafer
body that results in a very rugged and sturdy valve design capable
of meeting or exceeding all the requirements set forth in the
specification.
2.1.2 Materials

A complete 1ist of valve component materials used on G.P.U.*
Purchase Order Number 72016 may be found on the General Arrange-
ment Drawings (D-0650 thru D-0654) which follow this section.

Since purge and v;nt valves must perform safety related
functions not only during normal conditions but also during and
after upset, emergency and faulted conditions, the materfal
selections were based on a worst case event. Because the valves
are required to prevent discharge of radioactive gases to the
outside environment during a LOCA, the seat and seal materials
are critical to the operation of the valves. Ouring normal
operation the valves are exposed to the air in the containment
and outside air, but during a LOCA the media may be made up of
steam, air, and boric acid, all of which may be radicactive and
at elevated temperatures. The seat material selected for this

application was SA479 316L SST. The 316 grade was selected due

* General Public Utilities
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to its corrosion resistance and ability to withstand all of

the possible medias that may come in contact with the seat.

The L grade of 316 SST was further specified because the seat

is welded to the body (SA515 GR70) and the L grade has a lower
carbon content that will reduce the carbide precipitation in

the heat affected zone of the seat. The seal is a laminate of
316 SST and asbestos. The 316 material is 1/16 inch thick as

is the asbestos. The 316 SST was chosen in the “"straight" grade
since no welding is done on the seal. The asbestos used is

made of John Manville style 60 material. The laminated type
seal was selected for its ability to seal with less torque than
would be required for a solid seal. The laminate allows each
SST member to act independently and to conform to the contour

of the machined seat as seating torque is applfed. The asbestos
member not only allows each SST member to act independently but
also reduces the seal area in contact with the seal and therefore,
results in application of higher normal stresses to the seal for

any given seating torque.
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2.1.3 Operation

The operation of the Tricentric valve is extremely simple
since there are only 2 moving parts, the disc assembly and the
shaft. The valve operates by changing the position of the disc
relative to the seat. This is accomplished through the application
or control of torque on the valve shaft through the entire
operating range of 90 degress. (Zero degrees being fully closed
and 90 degrees fully open). There are seven different torques
of importance that the valve will encounter depending on the disc
position or change in position required, if any. The valve shaft
must be designed to withstand the worst case combination of these
operating torques without being overstressed. These torques are
described in a random sequence since they may occur in different
sequences during actual valve operation.

1. Bearing friction torque is the result of the flow or

pressure forces acting on the disc which are transmitted

to the bearing through the shaft which supports the disc.

The bearing friction torque is proportional to these forces

acting on the disc and the coefficient of friction between

the shaft and the bearing materials. Bearing friction

torque must be overcome anytime the disc is required to

change position.
2. Packing or seal friction torque is the result of the

normal forces the packing exerts on the shaft. These normal
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forces are due to the packing gland force and the internal
valve pressure. The packing gland force is required to
effect a shaft seal. The packing friction torque is also
dependent on the coefficient of friction between the packing
and the shaft material. Packing friction torque must also
be overcome when the disc is required to change positions.

3. PAM (Pressure Area Method) torque is the torque produced
by the differential pressure acting on the unequal areas of
efther side of the eccentric shaft centerline. (Fig. 7 )

The PAM *orque is therefore dependent on the valve size,
shaft eccentricity and the differential pressure.

Depending on which side of the disc the pressure is applied,
the PAM torque may aid seating or unseating of the valve disc.
4. Seating torque is the amount of torque required to
develop the normal forces between the seat and seal to effect
a tight closure. Seating torque is dependent on the sealing
materials, seal thickness, valve geometry, valve size,
differential pressure and loakaéo requirements. As seen in
Fig. 7, as the valve is seated by applying a closing moment
Ty, the normal forces Ry will increase. Since the seal

angle varfes around the seal circumference, Ry also varies,
thus the point where Ry 1s a minimum must be loaded
sufficiently to effect a seal. Sealing characteristics will
be further discussed in the section under Valve Sealing
Characteristics (Sectfon 6.0).
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DISC AXIS CONE AXIS
\

\ — ECCENTRICITY(E)

Ty = Closing torque applied by actuator
P = Force equivalent to disc pressure loading
Ry * Normal seat reaction force due to torque application

Ry = Tangential seat reaction force due to disc motfon (friction)

DISC WITH CLOSING FORCES APPLIED

FIGURE 7
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5. Unseating torque is the torque required to move the
seal out of contact with the seat. Unseating torque is
also dependent on the sealing materials, seal thickness,
valve geometry, vaive size, differential pressure, and
also the seating torque. As described in the section
under Valve Design, when no pressure was applied to the
valve, the unseating torque was small relative to the
applied seating torque. However, when pressure is applied
to the shaft side of the disc, not only does the normal
force (RN) increase but also the frictional force (Ry)
which resists opening. This increase in frictional force
may exceed the PAM torque. Thus an actuator is selected
to provide sn output torque greater than PAM torque.

6. Weight offset torque is the result of the C.G¥ of the
disc being displaced from the rotation point. The weight
offset torque is proportional to the disc weight, shaft
eccentricity, disc position, and the valve installation
position. On small size valves the weight offset torque
is generally an insignificant amount since the disc weight
fs so small.

7. Fluid aerodynamic torque is the torque due to finter-
action of the ' &' media with the valve disc. This is

covered in e ‘ section 5.0.

* Center of Gravity




As seen in the Vought Corp. Test Report (Reference 7.0 B3),
the running torque was approximately 1000 in.lbs. This is seen
in Fig. 8 Run 1 and Fig. 15 Run 8 with no flow through the valve.
This running torque is a combination of bearing, packing, and
weight offset torque values. The unseating torque may also be
seen, which was approximately 1500 in. 1bs. when a seating torque
of approximately 18,000 in.lbs. was used to close the valve with
a 80 psig air supply to the actuator.

2.2 Actuator Design
2.2.1 Geometry

The basic actuator is a device by which air pressure
is converted to thrust through a linear cylinder and then converted
to a rotary (90°) motion through the use of a “Scotch-Yoke".

This device has a torque output 2t the beginning and end of its
stroke, commonly referred to as breaking torque, that is approx-
imately twice the magnitude of the torque output at the center

of its stroke, referred to as running torque. The basic design

of the scotch yoke can be seen in Figure 8.

- ¥ .
»
o oy T
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FIGURE 8 - ACTUATOR SCOTCH YOKE DESIGN

From the above it can be seen that the moment arm varies
thrsughout the stroke. By geometric design the moment arm Tength
at the beginning and end of the stroke can be found by dividing
the moment arm length at the center by the cosine of 45° or .707.
By performing this arithmetic it will be found that the moment
arm at the beginning and ending is roughly one and one half times
the moment arm at the center.

By design the "Scotch Yoke" mechanism multiplies the force
imparted by the piston thru a reaction from the bearings. As
pressure is applied to the piston the pin or roller is moved
against the slot in the yoke causing the rod to act on the bearing.
To keep the action in a static condition a force or resistance
must be applied to the yoke equal to the force from the bearing.

The total resultant force then becomes the piston area times the

pressure applied divided by the cosine of 45°,




The torque output from a "Scotch-Yoke" mechanism can be
calculated as follows:
TORQUE AT CENTER OF STROKE
T=PXAXM
Where:
T = Torque in in-1b
P = Qperating pressure in p.s.fi.
MA = Moment arm in inches at center
A = Area of the piston in square inches

TORQUE AT BEGINNING AND END OF STROKE

T=Fx M

Cos .459

Where:
T = Torque in in-1b
F = Resultant total force in pounds = PYA

= Moment arm at beginning and end of

oy stroke in inches.

A graphic representation of the torque output as a function

of disc position can be seen in Figure 9.
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break torque
5
a
5
3 = e—ge running torque
8
o' 45" @0"
ROTAT ION

FIGURE 9 - Typical torque output for double acting scotch yoke actuator.

Since thrust is converted to rotary motion, a spring is used
opposing the air cylinder to provide a "Fail Safe" actuator. The
"Fail Safe" actuator is capable of performing its safety related
function in the event of a loss of either the air supply or the
control signal to the solenoid valve which controls the air supply
to the actuator. The basic construction of the “Fail Safe" actuator

is seen here.

7
Z
"4
Z
7
s

FIGURE 10 - Fail safe, spring return cctu‘tor design
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Since the output of the unit is a function of the thrust
applied, a new torque output curve must be used because the air
cylinder not only moves the “Scotch Yoke" but must now also
compress the spring. A typical torque output graph is shown here
for both the pressure stroke and the spring return stroke.

A description of actual output torque values will be presented

in the Operation Section.
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FIGURE 11 - Typical torque output curves for a spring return actuator
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2.2.2 Actuator Design Materials
The Bettis actuators used for this job are the HD and T
series actuators. These were further specified to be the N
version for nuclear service and qualified per IEEE 323-1974,
IEEE 344-1975, and IEEE 382. These actuators fncorporate use
of special materials for nuclear service as l1isted below.
Special Material:
Grease - Mobil 28
Seals - Ethylene Propylene (certified to 1.4 x 102 rads)

Internal cylinder coating - Molybdenum disulfide

Yoke pin and rollers - Ryton coated

It should also bo‘notod that since these units are of the

fail safe type, the spring is a critical safety component.
A1l springs supplied on this order were 100% magnaflux inspected

to fnsure the spring quaiity.
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2.2.3 Actuator and Valve Operation
2.2.3.1 Actuators and Accessories Supplied

A complete 11st of all accessories used on each valve can
be found in Table 1 and each is further described here.

An Asco solenoid valve is used on each actuator to control
the air supply to the actuator and, to "dump" the air in the
cylinder which allows the valve to open or close as required.

The solenoid valves are 3 way, internal piloted diaphragm valves.
The solenoid valves are controlled by a 120 VAC cofl. When the
coil 1s de-energized by intentional or faulted conditions, the
cylinder port 1s allowed to discharge through the exhaust port
and thereby allow the spring return actuator to perform its
required function. When the coil 1s energized, the supply pressure
is directed into the cylinder and rotates the valve in a
direction opposite to spring induced rotation. Two solenoid
valve models are used, one fs a NPB31664E. This valve is
designated for use in nuclear power applications which consists
of providing 1EEE compliance and a waterproof solenoid enclosure.

It 1s also a high flow valve which has % in. NPT ports and
a 5/8 in. orifice. A1l elastomeric materfals of construction are
Ethylene Propylene material. The other solenoid valve used is
a NFu3l A47E which 1s identical to the NPB31664E except the port
size 1s 3/4 in. NPT and the orifice 1s 11/16 in.

Limit switches are also provided mounted on the actuator to
indicate full open or closed position, Two of each model no.
switch are provided, one set for the open position and the other

set for the closed position. The switch model Nos. are Namco



EA 170-31302 and EA 170-32302 which are DPDT switches with

2 NO and 2 NC contacts and are quick make-quick break type.
The switches meet NEMA 1, 4, and 13 and also all applicable
IEEE requirements. The switches are of the spring return type
with one model being CW operation and the other CCW operation.
Both switches use the same lever arm which is a Namco model
EL 010-5337.

Another accessory used on the actuators is a pressure
relief valve. The relief valves are only used on the
NT 420B-SR2 actuators as seen on the Data Sheet. These were
required and supplied by Bettis to prevent over pressurization

of the air cylinder. The relief valves are Republic model 6378-

3-3/4-2.



TABLE 1

Actuator Accessories

Fail-safe Asco Namco limit switches
Bettis Rotation Fail- Solenoid and lever arm Republic
Yalve Clow Actuator (viewed safe Valve Model Nos. Relief
Size Mark Job Model from top Valve Mode (2 closed position switches) Valve
(in.) WNes. No. No. of unit) Position Neo. (2 open position switches) Model No.
8 ¥-23-13 B80-8170-01 N732C- ccw Close NP831664E EA 170-31302 L.S.
SR80
v-23-14 EA 170-32302 L.S. N.A.
EL 010-53337 L.A.
e ¥-23-15 80-8170-02 N732C-
SR80 cCw Close NP831664L EA 170-31302 L.S.
Vv-23-16 EA 170-32302 L.S. N.A.
EL 010-53337 L.A.
12 ¥-28-17 B80-8170-03 NT3168-
SR2 CcCw Close NP831664E EA 170-31302 L.S.
v-28-18
EA 170-32302 L.S. N.A.
EL 010-53337 L.A.
18  v-27-1 80-8170-04 NT4208B-
v-27-2 SR2 cCw Close NPB316A74E EA 170-31302 L.S.
¥v-27-3
v-27-4 EA 170-32302 L.S. 6378-3-3/4-2
EL 010-53337 L.A.
20 V-26-16 80-8170-05 NT4208-
¥-26-18 SR2 CN  Open  NPBIIGA4E  EA 170-31302 L.S.
EA 170-32302 L.S. 6378-3-3/8-2

FI N1N-53337 | A.

52 abeg



2.2.3.2 Actuator Qutput Torques

The torque plots provided in this section represent the
calculated output torque of the actuators for the spring and
various supply pressures shown. The only listed guaranteed
output torque that Bettis provides 1s for the yoke arm at
0 degrees and the spring fully extended. The ratio of
guaranteed torque to calculated torque is shown below for

the three actuator sizes used,

Table 2
Actuator Guaranteed Torque/Calculated
Mode! Torque %
N732C-SR80 9,0585/10,060 .90
NT316B-5R2 20,200/21,045 .96
NT4208-SR2 41,300/41,911 .99

The graphs which follow show how the torque output varies
for the pressure stroke as a function of supply pressure. It
can also be seen that the spring output torque is not a function
of supply pressure. The graphs also demonstrate that the output
torque (pressure on spring stroke) 1s a function of yoke position,

The graphs provided are based on the numerical data provided.
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DATA INPUT

CYLINDER DIAMETER (in)s=

CENTER OR TIE BAR DIAMETER (in)=

PISTON ROD DIAMETER (in)
NUMBER OF PISTONS =
MOMENT ARM (in)e

SPRING LOAD A (lba)d=
SPRING LOAD 8 Clbs)s=
BREAK EFFICIENCY (X)=
RUNNING EFFICIENCY (3) =
ENDING EFFICIENCY (X)) »
PRESSURES (pst) =

70 80

ACTUATOR TYPE,CBei ,MD*2,T,TRe3, =

PRESSURE
TORGUE
( 80)psi

7.03
0.000
2.125

3.375
1737
4247

75
87
78
100

PRESSURE
TORQUE

90)psi
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PRESSURE
TORGUE
C 100)psy

e e e S S S e ——

YOKE ARM SPRING PRESSURE
ANGLE TORGUE TORQUE
(degrees) Cin 1B ¢ 70)pwy
0 10060 16%41
S 8511 13881
10, 2051 11948
15 8687 10508
20 8418 9416
2s 8240 8578
30 8149 7933
35 8146 7438
40 8232 706!
45 8412 6784
50 8697 6591
S 9104 6471
60 9648 6417
65 10368 6424
70 11314 6488
s 12544 6608
L L 14172 6765
L1 16358 6959
20 19350 7138

20286
17179
14913
13222
11942
10965
10219
2656
9242
0985
8779
8704
8726
8844
9061
2381
%012
10363
11033

24031
20477
17878
15837
14468
13351
12504
11874
11423
11126
10967
10938
11036
11264
11633
12157
12060
13771
14920

27778
23778
20843
18651
16994
15737
14790
14092
13604
13297
13158
inn
13345
13684
14205
14933
159807
17179
18822

L
] 2
7% 7%
80 7%
82 80
83 82
s 83
86 84
86 8s
87 86
87 87
87 87
87 87
86 87
s 86
84 86
83 8s
82 83
L1 8z
% 80
7% 7%



FIGURE 128

EFFICIENCY PLOT
EFFICIENCY ve ANGLE




FIGURE 13A

T316 SR?

.. DATA INPUT

CYLINDER DIAMETER (inde
. CENTER OR TIE BAR DIAMETER (in)=
PISTON ROD DIAMETER Cin'w
‘MUMBER OF PISTONS =
“MOMENT ARM (inde
"SPRING LOAD A Clba)d~
SPRING LOAD B Clba)d~
NSBREAK EFFICIENCY (XD
L2 MMUNNING EFFICIENCY (2) »
‘wmENDING EFFICIENCY (X)) »
A PRESSURES (pai) = -1 60
wACTUATOR TYPE ,CB*1,HD#2,T TR=3, =

MaWOKE ARM  SPRING  -PRESSURE  PRESSURE
”:::2:5..-: I?:le)E) ¢ ’32?‘.‘5. ¢ '33?35.
T T aieas TTir0m0  zese  3iees
-8 19047 ~14765 21387
=10 17513 ~13033 19013
a8 16338 -11721 17238
. =20 715450 “10718 15878
2 “14798 —9e50 14844
30 14348 8365 14068
E ) 14077 @929 13508
-0 13973 =619 13124
A 14031 0415 12908
L 14254 8312 12838
s 14653 8301 12018
®0 15249 8383 13151
65 ‘16072 8859 13846
70 17173 0837 14123
7 19619 0227 14911
w0 20514 0748 13998
- 23011 10418 17318 .
90 26347 11259 19002

15.58
0.875
1.373

2.812
4597
7436

70

74

70 80

PRESSURE
¢ "7o5pas
31809
27949
24994
22749
21037
19739
19772
10081
17629
17394
17364
17536
17919
10533
19409
‘20896
22163
24218
26904
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PRESSURE
TORGUE
¢ 80)ps)

Joz289
34842
30874
28263
26197
24633
23478
22687
22138
21884
21089
22153

2469

.
J1118
J4726

SR
1 :
74 70
7 73 .
7 7%
UL 70
82 80
83 a2
84 83
L 84
L] 85
s s
85 8
84 8s
L] LU
82 83
LLJ LU
7 Ll
" 7
7” ”
70 74
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