
%D-263 

STflES ANALYSIS

NOTICE.
'ME ATTACHED FILIES ARE OFFICIAL RECORDS Of THE 
DIVISION OF DOCUMENT CONTROL. THEY "AVE a IEEN 
CHIARGED -TO YOU FOR A LW~ITED TIME PERIOD AND 
~iUT BE RETURNED TO THE RECORDS FACILITY 

"_N":IB. PLEASE DO NOT SEND OCUMENTS 
ciHmmoE OUT THROUGH T4E MAIL. REMOVAL OF ANY 
PAGE RO M, DOCUMENT FOR REPRODUCTIONI MUST 
BE REFERO TO AlLlE PE RSONNE L.zA 

oilRETURN DATE A e2 3&

RECORDS FACILITY BRANCH



Director of NRR 
June 15, 1984 
Attachment (1)

STRESS ANALYSIS



FISHER CONTROLS CO.MPANY 
bLARSIIALLTOWN, IOWA 50158 

AUTOMATIC CONTROL EQUIPMENT 

Repl to:FSHR CNTROS COPANY R.S+NCK 18804 

Reply #o: FISHER CONTROLS COMPANY. R. A. Enel Technical Center, P.O. Box 11, Marshalltown, Iowa 50158 

March 19, 1981 

Mr. Dick Goranson 
Northern States Power 
Monticello Nuclear Generating Station 
Monticello, MN 55362 

Subject: 18" Type 9200 containment isolation valves 
Fisher Serial Numbers 127571-6 and 127579 

Dear Dick: 

I have completed a response to the action items of our 3/4/81 meeting 
in Marshalltown. This response substantiates our earlier conclusion that a 
change should be made to a 17-4 PH shaft (SA564/630) and limited angle of 
opening of 400 or less. The attached response also includes several attach
ments of reference and support material.  

If you require further clarification, call at your earlist convenience.  

Lee Waite 
Nuclear Qualification Engineer

W4M1 
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RESPONSE 

Northern States Power, Monticello 
Containment Isolation Butterfly Valves 
18" 9210 Inflatable T-Ring 
S.N. 127571- 127576, 127579; Shop Order P-73605-02; -05 
Flow into Hub T = 180 0F 6P Shutoff = 62 psig AP = 56 psig 17-4 PH Shaft (SA 564 GR 630) Cast Carbon Steel Disc 
#1 Bushing (SS/TFE) 

To determine the appropriate maximum angle of opening the stresses due 
to loading (including dynamic torque) will be considered for.all critical 
locations. This includes the following considerations: 

1. Stress in the shaft at the disc hub* due to bending and torsion.  

2. Stress in the shaft at the disc hub due to torsion and transverse 
shear.  

3. Stresses at the pinned disc shaft connection.  

4. Stresses in the disc.  

5. Stresses at the keyed actuator shaft connection.  

6. Stresses in the actuator.  

7. Stresses in the shaft bushing.  

Stresses in other components such as the body or seal system are not 
affected by dynamic torque. Case 1, 2, 3, 5 and 7 above are investigated 
with the use of a computer program which determines allowable pressure drop 
due to stress in the various components. This will be discussed in detail 
later Case 4 can be checked by comparing the pressure drop to the maximum 
allowable pressure drop given in CFG 20D-20 of the Fisher Continental Sales 
Handbook. This table is based on empirical data and shows the maximum 
allowable pressure drop for cast steel discs by valve size, shaft class, 
seal type and flow direction. CFG 20D-10 also gives material and temper
ature derating factors. For the case of the specific subject valves: 

1 " 9200 Class 2 shaft 
Inflatable Seal, Flow into Hub 
WCB disc (cast Steel) 
180oF 
Maximum AP for this disc is 109 psig.  

This is well above the 56 psig AP required by NSP.  

For case 6 the actuator will be treated as a single component capable 
of handling torques less than or equal to the maximum rated output of actuador.  
The torques transmitted to the actuator are determined using the computer 
program mentioned above. Again this will be discussed later in detail.  

The point on the shaft at the edge of the disc nearest the actuator can 
be shown to be the location of highest stress in the shaft (excluding 
pin or key: 3 & 5 above). This will discussed later.

W4M2
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For the specific subject valves: 

656-60 actuator 
6-30 psi signal 
4" stroke 

The maximum rated output of the acuator can be found in Bulletin 61.1-656, 
July 1975 (Attachment 1). For a 656-60 with 6-30 psig input the actuator 
can output up to 5773 in-lb torque. Therefore, the actuator-linkage hard
ware has been designed to safely operate in situations in which the torque 
transmitted from the shaft is less than or equal to 5773 in-lb.  

The computer program for determining allowable pressure drop vs. angle 
of opening and actuator torque vs. angle of opening can be described as 
follows.  

For a given valve at some angle of opening, the program begins by cal
culating the loading. This includes a hydrostatic load on the disc, seating 
torque, bushing and packing torque and dynamic torque. See Attachment 2 for 
modeling of the loading including shear, moment and torque diagrams. Attach-, 
ment 2, page 4 shows the equations for determining bushing and packing torque.  
The seating torque and dynamic torque are empirically derived values and come 
from CFG 40B-10 of the Fisher Continental Sales Handbook.  

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 allow
able stress figure found in section III of the ASME Boiler and Pressure Ves 
Code. S is equal to 1/4 of the minimum tensile strength or 2/3 of the mini 
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, 5 and 7 for each angle of 
opening. Attachment 2 explains the equations used for calculating stress in 
the shaft at the disc hub due to torsion and shear and due to bending and 
torsion (case 1 and 2). Attachment 3 explains the stress calculations for 
the pin and key connection and for bushing stress (cases 3, 5 and 7).  

The program output (Attachment 4) 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. From attachment 4 it can be seen that for 
case 1, 2, 3, 5 and 7 the allowable AP doesn't drop below 56 psig until 
after 500 open. The change in allowable pressure drop between 500 and 600 
may seem large. It is important to note, however, that if P1  75 psia, 
the effective pressure drop at 600 is 15 psig. If a 15 psig effective 
drop produces excessive stresses and pl remains the same, then the actual 
pressure drop must be limited below 15 psig. That is, the drop must be less 
than the drop for a choked flow condition. Again, in this case the limit
ing pressure drop is found at 500 open for cases 1, 2, 3, 5 and 7. a

W41M3
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Going back to case 6 (actuator stress), it was determined that the 
maximum actuator torque must be less than or equal to 5773 in-lb. The 
limiting angle due to this criteria is 400.  

The following table is a summary of the information just given and that 
included in Attachment 4 regarding the limitations on opening angle:

Stress Consideration 

1. Shaft at disc hub 
bending and torsion

2. Shaft at disc hub 
torsion & transverse shear 

3. Pin Connection.

Stress Allowable

52.5 Ksi 600 
(700

26.25 Ksi 

26.25 Ksi

4. Disc

5. Key Connection 26.25 Ksi

Limiting Angle

- AP2 = 27) 

- AP3 = 19.0)

500 

(600 - AP = 10.6) 

O.K. all angles 

600 
(700 AP = 7.9)

600 
(700

6. Actuator 

7. Bushing

400 
(500

10. Ksi*

T = 6966 in-lb)

O.K. all angles

Limiting Angle - 400 due to actuator.

* Bushing strength has been determined by testing at Fisher Continental.

W4M
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The Typ. 656 is a yokeless, direct-acting diaphragm 
actuator for either throttling or on-off service. Principle 
applicanoins include operation of butterfly and built-in 
turbine ve!lVs, louvers, dampers, and other similar 
eqUIpm1Wint.

* Mounting Versatility-Four tapped holes in the 
actuator base permit either bracket or plate mounting.

U 

vA 

MONTED ON 950SRE -~R AV

* Long Stroke-Deep casings provide up to 4-1/8 
inches of maximum travel (in a Size 60 actuator).  

* Application Versatility-Wide spring selection is 
available for nearly any control application. Spring selection 
procedure is quick and accurate.  

o Severe Service Capability-Rugged yoke and casings 
help provide stability and corrosion protection.

STOP

ADJUSTING SCREW 
SPRING SEAT 

BEARING 

BEARING SEAT

TYPICAL CONSTRUCTION

Figure 1. Type 656 Actuator

Type 656 
Diaphragm Actuator 

*;N:~w, W.- 777'.77 MM
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Specifications 
MAIU1PRTN

MAXIMUM RECOMMENDED 
CASING OPERATING 
PRESSURE 

SIZES AD AXLTDM 
ALLOWABLE CASING 
PRESSURES 

NET STEM FORCE OUTPUT 

TORQUE OUTPUT FOR 
BUTTERFLY VALVES

TRAVEL DATA 

ACTUATOR 
SIZE

30 
40 
60

35 psig

Actuator 
Size I

30 
40 
60

Maximum Casing 
Rating (Psig)

125 
65 
40

See table 1 

See table 2

MAXIMUM RATED 
STEM TRAVEL 

(INCHES) 

Standard Optional 
Travel Travel 
Stop Stop

2-1/8 
3-1/2 
4-1/8

Not available 
3 
3-13/16

MAXIMUM STEM 
RETRACTION 
ADJUSTMENT 

(INCHES) WITH 
OPTIONAL 

HANDWHEEL

3/4 
1-1/2 

2

*Control and stabiity may be impaired it this Pressure is exceeded.  
tConsulI your Fisher representative for fluid and remperature capabilties of nonstandard materials.

MAXIMIUM OPERATING 
TEMPERATURE 

CONSTRUCTION MATERIALS

150 0 F with 
materialt

standard diaphragm

Part Material 

Diaphragfm Nitrle (stannardt) 

Diaphragm plate and yoke Cast iron 

Diaphragm casings, spring, 
spring seats, travel stop, 
stem, bearing, bearing Steel 

seat and bearing race 

Adjusting screw Brass

CAS!NG CONINECTION 

MOUNTING AND STEA 
THREAD INFORMATION 

WEIGHT DATA

1/4" NPT 

See figure 2 

Actuator Approximate Shipping 
Size Weight (Pounds)

30 
40 
60

0PT1 I

50 
70 

160

Top-mounted handwheel/adjustable 
travel stop

Table 1. Stem Force Output and Other Actuator Data 
TYPICAL SPRINGS' NET STEM FORCE (POUNDS) 2  

EFFECTIVE DIAPHRAGM 
ACTUATOR Maximum Stem Fully Extended.. AREA (SQUARE INCHES) 

SIZE Range Part Number Color Code with Diaphragm Stem Fully Stem Fully 
(Psig) R____________Loading as Shown Retracted Extended' 

2.5 9.6 1 F36 16 27032 Aluminum and oranqe 165 522 
3.0 12.5 1 K5098 27032 Aluminum and dark green 211 390 
4.3-17.6 1N7515 27032 Aluminum and red 297 157 20 psig 

30 3.7-18.4 1F1770 27092 Tan 257 118 66 48 

3.9-23.9 1 Fl 771 27092 Pink 277 382 
3.1-26.1 1 Fl 772 27092 Brown 211 249 30psig 

3.1 12.7 1L217427042 White 330 545 20psig 
40 6.0-27.4 1L2173 27042 Daik green 630 270 30psig 100 69 

4.3-31.2 1 N8440 27082 Nones 450 367 35 psig 
3.7 13.1 1K1627 27032 Nons' 796 1205 
3.5-16.1 1N9373 27082 None' 753 750 20 psig 

7.1-27.0 1K 1628 27082 None5  
14G2 682 30 pi- 21 

6.9-33.5 1 P2702 27042 None5  
1441 500 35 psiq 

1 0her's auiii' a h su ~inr-irr-s.nasb r hi, i~h-fdtirsbC, urtn tt~~~~.tnP,:!-n flny Utiurr can bae rind. but tir m-i not exceed 2.F e "it,, iiav..l runs Wii~.iM-i tra,-i 6l,", ai m flih iimit,,t,,.iiri..lwilecasI, oressre or cje sniirc rr- ta ae cd Imin n 
51ec,, Iin~ .,uaIl. ri~ p o otif ..ipe~r . ri . er ...... rssr 'c au,-e c inrit.n St- force o iri inmiin,,irr'ssuro X diniphraIn ,re3 -1 S, e y oU1 d o,,n force of S, P., nnr-b , iiie t l S.r '
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Table 2. Torque Outputs (Inch-PoundsF for Springs Commonly Used with Butterfly Valves 

IWITH POSITIONER 20 PSIG 35 PSIG 

IP AWITHOUT POSITIONER 3-15 PSIG 6-30 PSIG 

ACTUATOR SIZE 30 40 60 30 40 60 

MAXIMUM RATED TRAVEL (INCHES)t 2-1/8 3-1/2 4-1/8 2-1/8 3-1/2 4-1/8 

1K5098 1L2174 1K1627 1F1772 1L2173 1K1628 
SPRING PART NUMBER 27032 27042 27082 20792 27042 27082 

Stem Fully Retracted 328 819 2076 328 1638 4152 
60-Degree Maximum 
Disc Rotation Stem Fully With Positioner 664 1563 4506 836 1754 5773 

Extended FWIout Positioner 266 621 1931 438 812 3198 

Stem Folly Retracted 189 472 1197 189 945 2394 
90-Degree Maximum 
Disc Rotation Stem Fully wirPositioltd 383 901 2598 482 1011 3329 

Extended Without Positioner 153 358 1113 252 468 1844 

0Make sure: te lowes torque outu o1 the desired acIuator size ,s sulectunt totrte valve torque tWHIr standard travel stop and zero handwheel lrnntanon, 

requSred.  

I ____ -_____ - _________________ DIMENSION ___ __________

A

2.62 
3.12 
3.12

C

E , 

Without With 
Handwheel Handwheel

H J

.1. ______ 4 r
11.38 
13.12 
18.62

12.38 
17.88 
27.25

19.31 
28.38 
39.06

2.12 
2.25 
2.50

6.75 
8.75 
8.75

S (Stem 
Thread)

1/2-20 
3/4-16 
3/4-16

X

.75 

.75 
1.25

Y (4 Holes) 

Bolt 
Circle Thread 

Diameter

2.88 3/8-16 UNC 
2.88 3/8-16 UNC 
3.88 1/2-13 UNC

NPT

E) DUPLICATED ON OPPOSITE SIDE. EACH HOLE 5/16-18 
UNC-28 AND TAPPED 0.50 DEEP.  

Figure 2. Dimensions, Inches

gnsa aion 

The Type 656 may be installed in any position. Dimensions 
are shown in figure 2.  

Ordering Information 

When oidering, specify:

1. Type number and size 

2. Desired spring from table 1 or 2 

3. Handwheel and/or optional travel stop, if desired (see 
Specifications) 

4. Magnitude and type of loading pressure (for 
instance: 3-15 psig, controller output signal) A

ACTUATOR 
SIZE

30 
40 
60
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AL: ) PRESSURE DROP CALCULATION ThN

'4O -Et. STATES POwER, CONTAINMENT ISOLATION BUTTERFLY VALVES 
1 ;:ICH ';210 INFLATABLE T-RING SN 127571-127576,127579 
Sh.-' ORt~t- P-73605-02;-05 
FLL- INTO HU TEM4P.=180 F OPSHUTOFF=62 PSIG OP=56 PSIG 17-4 PM SHAFT 
;; *jS"l'.G (SS/TFE) CAST DISC
OAsr 3/1 /81 

I;.. UT GATA

LEE WAITE

0.SC 

T TI 

L' 

C Ci 
* C-

0.0 

17.486 
1.500 
1.810 

t8 80 . 0 00 
0.0 
0.0 
0.0 

62.000 
1 .G0o 

100.000 
100.000 

0.*500 
0.750 

1

10.000 20.000 

17.486 17.486 
1.500 1.500 
1.810 1.810 
0.0 0.0 
0 .0 0.0 
0.0 *---0.0 

323.000 67.500 
56.000 5b.000 

1.000 -- 0.500 
100.000 100.000 
100.000 100.000 

0.500 -0.500 

0.750 0.750 
1 1

G;. RATED VARIABLES

52500.00 
26250. 00 

79.3310 
76. 7b73 

228.3 059 
1160.1216 

971 .4963 
187.2447

52500.00 
26250.00 
10000.00

79.3108 
78.7466 

227. 4960 
1150.2896 
966.5933 

187.2447

i.6250.*00 

10000.00

79.4704 
Y9. 0688 

2!34.*3808 

1233.68545 
1008z.2698 
167.2447

78.7873 78.7466 79.0688

52:)0 0.00 
26250. 00 
10000.00

76.4383 
76. 9b:39 

20U.7675 
825.8640 
804. 7'.'35 
167.2447 

7b. 9639

52500.00 
2('250.*00 
10000.00

77. 0835 
74.1177 

1 7 2. 5 8() 7 

483. 7407 
6234.1670 
187.2447 

74. 1177

52500.00 
26250.00 
10000.*00

70.t 247 
56.7997 

90. 6133 
10.*6330 

137.9797 
187.2447 

10.6b330

52500.00 
26250.00 
10000.00

61.9407 
27. 898 
19.0131 
5.2851 
7. 8731 

187. 2447

8831.6719 8802.6836 8792.1445 ;----0.0 -

52500.00 
26250.00 
10000.00---

36. 24h0 

6.*5690 
3. 3420 

- 4.9847-
1617.2447

.0 
0.0 
0.0

0.0 
* - 0.0 

0.0 
0.0 

-**0.01 

0.0

At. .TOk.. 1725.4094 3368.8745 3421.4585 -- 2974.2292

30.000 

17.466 
1.500 
1.810 
0.0 
0.0 
0.0 

109.500 
56.000 

0.*250 
100.000 
100.000 

0.500 
0.75o 

I

40. 000 

17.486 
1.500 
1.61310 
0.0 
0.0 
0.0 

234.000 
56.000 

0.250.  
100.000 
1 00.000 

0.5c0 
0.750 

1

50.000 

1 7.4.Rb 
1 .500 
1 .?10 
0.0 
0.0 
0.0 

423. ooo 
56.*0(00 

0.200 
100.000 
100.000 

0.500 
0 . 715 0 

1

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0

S.  
S 

5

60. 000 

17.486 
1.500 
1.810 
0.0 
0.0 
0.0 

802.500 
56. 000 

0. 200 
100.000 
100. 000 

0.*500 
0.750 

1

70. 000 

17.486 
1.500 
1.810 
0.0 
0.0 
0.0 

1620.*000 
56.000 
0. 1'0 

100. 000 
100.000 

0.*500 
0.*750 

1

52500.00 
26250.00 
10000.00

80. 000 

17.486 
1 .Soo 
1. li10 
0.0 
0.0 
0.0 

2565.000 
5 6 . ()( 0 
0.140 

100.*000 
100.*000 

0.50 

1

01 -'UT

U: f 
G' TP( 

L) Ip(5 
o[ ip (b;

M*." . Op

79.*7739 
79.6782 

-253.5S573 
1466.6135 
1124.*3528 
187.2447

79.6782

0

.

0.0

3.3420 0.05.2851

5151.9961 6966.49,22



Program Inputs 

DDISC - Disc diameter - drawing 

DSHFT - Shaft Diameter - shop order -Attachment 5 

DLO - Hub to bushing distance - drawing 

TS - Seating torque - CFG 40B10 Sales Handbook 

TI - Inertial torque - 0 - not applicable 

DM - CAM factor - 0 - not applicable 

DTF - Dynamic torque factor - CFG - 40B10 Sales Handbook 

DPIN - Inlet pressure (psig) 

DELTPF - Effective pressure drop factor - CFG - 40B10 Sales Handbook 

STSH - Shaft derating factor - CFG - 20D10 - Sales Handbook 

SBUSH - Bushing derating factor - CFG 20D10 - Sales Handbook 

Cl - Pin Concentration factor - 0.5 

C2 - Key concentration factor - 0.75 

BSHTYP - Type of bushing - CFG - 20D10 - Sales Handbook

W4M5
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Outputs 

DELTP(1) - Allowable 6P based on maximum tensLle stress on shaft at hub due 
to bending and torsion.  

DELTP(2) - Allowable AP based on maximum shear stress on shaft at hub due 
to bending and torsion.  

DELTP(3) - Allowable AP based on maximum shear stress on shaft at hub due 
to torsion and transverse shear.  

DELTP(4) - Allowable AP based on stress at pin connection.  

DELTP(5) - Allowable AP based on stress at key connection.  

DELTP(6) - Allowable AP based on stress at bushing.
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FISHER CONTROLS COMPANY 
MARSHALLTOWN, IOWA 50158 

AUTOMATIC CONTROL EOUIPMENT 

SINCE 1000 

Reply to: FISHER CONTROLS COMPANY. R. A. Engel Technical Center. P.O. Box 11, Marshalltown. Iowa 50158 

December 4, 1981 

Northern States Power Company 
Monticello Nuclear Generating Plant - Unit 1 
Attn: R. A. Goranson 
P.O. Box 600 
Monticello, Minn. 55362 

Subject: Northern States Power Order: MQ-05913 
Fisher Controls Order: 099X-DIR-44455 
Engineering Response/NRC Questions 
18" Type 9200/656-60 Valve Assemblies 
Serial No: 127571-76, 127579 

Ref: 
a. Bechtel P.O. 5828-M-49-AC 

Fisher Order: 21-007854 
(CCN: P73605-02 thru -05) 

b. Letter, Fisher Controls (L. R. Waite) to Northern States Power 
(R. A. Goranson) dated 03/19/81; 
Subject: 18" Type 9200 Containment Isolation Valves; 
Fisher S/N: 127571-6 and 127579 

c. Fisher Order 16-37743 (CCN: BDO91) for replacement parts.  

d. Letter, Fisher Controls (S. Hanzlik) to Northern States Power 
(R. Goranson), dated 04/27/81; Subject: 9200 Butterfly Valve 
Shaft Stress Analysis done by Fisher Controls for Northern States.  

A. Valve Assembly Data 

The following data is supplied in accordance with subject order 099X
DIR-44455 for engineering documentation for seven similar butterfly 
valves originally supplied per Reference a. above: 

M2911 -1
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FISHER CONTROLS COMPANY

Valve Assembly Construction 

20" Type 9210 Butterfly Valve, Class 150 RF, offset Disc 
Type 656-60 Diaphragm Actuator, Bench Set 6-26 psig 
ASCO Type 830064 3-way solenoid 
Microswitch Type BZE6-2RQ2 Limit Switches (2) 
Inflatable EPDM T-Ring Seal (with Pressurization System): 

Fisher Type 164A switching valves (2) 
Numatic 2PC3 3-way valve 
Volume tank (2643 cu. in.) 

Fisher Assembly Drawings: (Furnished as Attachment 1) 

P-73605-04 (S/N: 127571) 
P-73605-02 (S/N: 127572-73) 
P-73605-02-1 (S/N: 127574) 
P-73605-03 (S/N: 127575) 
P-73605-03-1 (S/N: 127576) 
P-73605-05 (S/N: 127579) 

Notes: 

1. All seven valves are similar in construction; all use the same 
basic body, disc, 656-60 actuator and connecting linkage. Signi
ficant differences may be summarized as follows, and least favorable 
constructions will be considered in responding to the NRC questions: 

a. Two valves (S/N: 127571 and 127579) are provided with valve 
shafts 50 inches long, with fabricated actuator mounting 
brackets, and with the actuator mounted parallel to the pipe
line; all the rest are provided with 48 7/8 inch shafts, with 
cast actuator mounting brackets, and with the actuator mounted 
perpendicular to the pipeline.  

b. Some of the valve bodies are provided with double "0" ring 
seals on one flange face, with leakoff connections between.  
The remainder have no "0" ring grooves on the flange faces.  

2. The subject valve assemblies were fitted with new 17-4PH shafts 
(SA 564/630), taper pins, and elastomers (T-rings and O-rings for 
the bodies) in April 1981 (Ref. d.). The modified construction is 
the construction being addressed in this document.  

Service Conditions: (For ON-OFF Service) 

a. Normal: (Air) 

Shutoff AP: 62 psid 
Specified Design Flow: 6800 SCFM 
Design Temperature: 150 0 F to 180 0 F 
Radiation: 300 mrem/hr gamma 
Specified Supply Pressure: 80-105 psig 
Maximum Actuator Casing Pressure: 40 psig* 

*It is assumed that a regulator is used to limit the pressure 
to the 656-60 actuator.
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FISHER CONTROLS COMPANY

b. DBE conditions: 

Flowing AP: 56 psid at open angles.  
Seismic Requirements: 

0.82 g in any horizontal direction 
0.04 g in the vertical direction 

Fail Closed (upon loss of Electrical or Pneumatic power) 

c. Normal Flow Direction: 

Flow into hub side of disc: S/N 127574, 127576 
Flow into flat side of disc: All others 

d. Stroking time: 5 seconds to close 

B. Response to NRC Questions 

(Specifically "Clarification of Sept 27 [19791 letter to Licensees Regard
ing Demonstration of Operability of Purge and Vent Valves" - See Attach
ment 2) 

Question 1: 

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

Response: 

The peak containment pressure/temperature conditions were used in the 
analysis of the valve/actuator construction at all open angles. No 
assumptions are made regarding partial closing before peak containment 
pressure is reached; therefore, the analysis presented applies regardless 
of the rate of containment pressure buildup or actuator stroking time.  

Specifically, a constant containment pressure of 56 psid and 180*F was 
used in determining fluid conditions across the valve at all open angles 
of rotation (100 to 900). (See Attachment 4 of Ref. C). When closed, 
a shutoff AP of 62 psid was used (at 1800F). Material properties were 
used at the maximum temperature condition (180 0F).  

Question 2: 

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

M2913 -3-



'N

FISHER CONTROLS COMPANY 

Response: 

Dynamic torque factors used in butterfly valve sizing were developed 
from test data obtained from models with similar disc configurations 
and flow characteristics. 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 
opening angles. Therefore, a series of water flow tests were conducted 
with a group of 4" and 6" butterfly valve models constructed with various 
aspect ratios, ranging from 3:1 to 14:1 (such as 3:1, 5:1, 8:1, 11:1, 
and 14:1), in various disc configurations (conventional, offset, cammed), 
and in both flow directions (normal and reverse).  

The test were conducted using the Fluid Controls Institute (FCI) speci
fications for test arrangement and conduct, per FCI paper 58-2.  

Note: Normal flow is flow into the hub side of the disc with the seal 
on the downstream side; reverse flow is flow into the flat side 
of the disc with the seal facing upstream.  

The basis followed by Fisher in using incompressible (water) flow model 
tests to establish dynamic torque coefficients applicable to large dia
meter valves in compressible flow service is presented in the ISA Trans
actions article provided as Attachment 3 ("Effect of Fluid Compressibility 
on Torque in Butterfly Valves" by Floyd P. Harthun, ISA Trans. Vol. 8, 
No. 4, 1969).  

a. On Page 282 of the referenced paper, a relationship is developed 
relating Torque to the nominal valve diameter and pressure drop, \ 
for incompressible flow conditions, namely: 

TD = K D3AP (Eqn. 10-B) 

in which K1 is a dimensionless torque coefficient for incompressible 
flow. It may be noted that this relationship applies to various 
valve sizes, as well as to various pressure drops. The K1 value is 
determined by test (using water), for various rotation angles as 
shown in Figure 1, Page 283 of the ISA paper.  

b. The referenced ISA paper then considers dynamic torques developed 
during compressible fluid flow. In this case, the actual torque 
is no longer linear with respect to AP; for convenience, however, 
a similar relationship is developed, using a AP factor as follows: 

e 

TD = KID3APe (Eqn. 25) 

This relationship (Eqn. 25) permits determination of dynamic torques 
for various valve sizes under conditions of compressible flow, pro
viding K and AP are determined.  1 e
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c. Figure 5, Page 284 summarizes the rationale presented in the ISA paper; 
this Figure shows a plot of calculated and experimental torque 
values for various pressure drops and flow conditions. The straight 
line labeled "Incompressible Flow" is a representation of the rela
tionship: TD = K1 D3AP, while the curved line represents compressibl 
flow torque values, following the relationship: TD = K D3 APe. Test 
data for compressible flow is also plotted, showing close agreement 
with the calculated values.  

d. Reference is made to Figures 6, 7, and 8, page 285 of the ISA paper 
showing a comparison of test data and calculated data for various 
angles of rotation. Close agreement with AP torque values for 
compressible flow is indicated. [Note: There are a few typograph
ical errors in the ISA document figures: the AP/P values given in 
the captions to Figure 7 should be 0.155 and in te caption to 
Figure 8 should be 0.466.] 

Application of the conclusions from the ISA paper are presented in 
Attachment 4: "Torque-Pressure Drop Relationships Used in Dynamic 
Torque Coefficient Selection", which is a representation of the 
Figure 5 curves from the ISA paper. This shows how the torque values 
for compressible flow are conservatively determined and related to 
incompressible flow torques. It should be noted that the compressi
ble flow curve reaches a choked flow condition at larger AP values 
(for critical flow), resulting in a maximum torque value (T ),-which 
cannot be exceeded, regardless of how large AP becomes. c 

a. A AP value* is obtained from the Fisher sizing tables based on 
the olute inlet pressure value, type of disc, and flowing 
fluid.  

b. If the actual AP is less than AP , then APa is used, which 
predicts a more conservative (grea er) torque, but less than T .  
(Shaded area - Attachment 4).  

c. If the actual AP is greater than AP ff then the AP value is 
eff eff used, corresponding to T (the maximum possible torque). This again 

C is conservative, predicting a higher torque than is actually 
present.  

d. An actuator is selected, based on the predicted maximum torque re
quirements. The actuator must be able to provide the necessary 
torque to open, close, or maintain the valve.  

The particular aspect ratio of the subject valve construction is approxi
mately 5:1, relating closely to the aspect ratios of the test models used 
in establishing the sizing and capacity tables. See Attachment 5 for 
representative capacity and dynamic torque curves of a 6" Type 9200 test 
model with a 5:1 aspect ratio. Note that the dynamic torque tends to 
close the valve for certain opening angles.  

*The APeff value (not to be confused with AP used in the ISA paper) is 
based on critical flow conditions which wilT produce the maximum possible 
dynamic torque.
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Question 3: 

"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 particular 
valve installation?" 

Response: 

Fisher does not possess quantitative details regarding the effect on non
uniform fluid flow. The sizing data available is based on the assumption 
of uniform flow conditions.  

All Fisher sizing procedures are based on a pressure drop across the 
valve that is supplied by our customer; if downstream piping produces 
a backpressure, and if 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 conditions, 
the sizing AP across the valve is taken to be equal to the peak accident 
containment pressure for all angles of disc opening; this approach is 
conservative if backpressure actually does exist.  

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. The effects of a non-uniform flow profile, 
due to piping elbows, "T"-connections, etc., upstream, are discussed 
below.  

The concern over geometrical piping system effects is relevant, 
since Fisher typically sizes butterfly valves assuming a uniform 
flow profile, while various piping configurations directly upstream 
could produce a non-uniform flow as illustrated by Figures A & B of 
Attachment 6. The two configurations are differentiated by a 900 
rotation of the valve shaft with respect to the flow profile.  

a. Valve/Flow Orientation, Figure A 

If it has been determined that plant layout is such that the 
valve is oriented to the flow as depicted in Fig. A (Attachment 
6), the non-uniform fluid profile is not expected to produce an 
additional 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 (Attachment 
6), the non-uniform flow will affect the performance of the 
valve. The flow profile shown will probably'produce some amount 
of torque, Tp, in the direction shown in Fig. B; obviously, if 
the torque rotational direction is coincident with valve closure,
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the non-uniform flow profile will assist closure; however, if 
the torque direction is coincident with valve opening, the pro
file will oppose closure.  

NOTE: The above explahation must be coupled with exact install
ation details by the utility to determine how the closure 
function of a particular valve will be affected.  

In the development of the dynamic torque coefficients, flow 
direction has been considered. In the case of flow into the 
hub, a factor of 1.5 is used (when selecting torque coefficients) 
as compared to flow into the flat side of the disc; this is 
done in the interests of convenience and conservatism because 
the Fisher model tests indicate torque values are 1 to 1.5 
times higher when flowing into the hub side.  

Fisher suggests that if you desire more specific performance 
information, the way to produce that would be through actual 
testing of identical valve assemblies under conditions you 
define. To address the possiblity of Fisher performing these 
tests under contract, your request should be directed to: 

Scott -McLagan 
Assistant Sales Manager - Power 
Fisher-Controls Company 
205 S. Center St.  
Marshalltown, Iowa 50158 
Telephone: (515)754-3408 

Question 4: 

"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 the 
valve receives a signal to the time the 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 isolation signal is received (solenoid 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 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) 
below about 65 psig, thus the lag time.
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Response: 

Reference is made to the response to Question 1 above. "The peak con
tainment pressure/temperature conditions were .used in the analysis of 
the valve/actuator construction at all open angles." Therefore, since 
the maximum conditions were considered at all permissible open angles, 
the valve closure rate vs. time was not an applicable consideration; 
likewise, the containment pressure buildup rate was not a factor, either.  
A more detailed time sequence commentary is provided as follows: 

a. In the case of a diaphragm, spring-return actuator (such as the 
Type 656-60, Push Down to Open), full travel is achieved at a 
diaphragm pressure of approximately 25-27 psig. Diaphragm pressuri
zation up to 35 psig is done to provide the maximum torque capabil
ity (hold-open torque). Therefore, the spring will not start to 
move the valve shaft linkage until some diaphragm pressure bleed
down through the solenoid occurs (when the solenoid is de-energized).  

b. When calculations were done to determine the allowable AP at open 
angles (see response to Question 5 below), the assumption was made 
.that the peak containment pressure (56 psig) was present immediately 
at the onset of the accident condition. This is a conservative 
approach since the buildup from ambient to 56 psig will require some 
finite time (in the order of several seconds). No time-history study 
was made, since maximum conditions were assumed at the onset.  

c. The Type 656-60 actuator has a casing volume of 902 cu. in. for 
full stroke (4.125"), with a clearance volume of 216 cu. in. The 
pressurized volume has to be expelled through a 1/4" NPT connection 
(Cv0.59) connected to a Fisher Type 164A switching valve and an 
ASCO 830064 solenoid, in order for closure action to occur. There 
is some restriction in the solenoid (Cv=0.75), but the pressure line 
to the actuator is rapidly vented when the normally-closed solenoid 
is de-energized [upon receipt of the closure (safety-mode) signal].  
The main restriction is the 1/4 NPT connection on the upper diaphragm 
casing and on the 164A switching valve' 

d. Production valve stroking times were demonstrated as required (for 
each valve assembly) prior to shipment. At this point, the best 
stroking time data could be obtained by timing the installed valve 

assemblies during a field stroking test, conducted at the plant site.  

e. When stroking time calculations or testing is done, lag times due to 
diaphragm overpressure venting are considered and included when 
supplying stroking data, i.e. the closure/opening times are noted 
from the time the solenoid signal is received, not from the time the 
actuator starts to move.
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Question 5: 

"Provide the necessary information for the table shown below for valve posi
tions, from the initial open position to the seated position (100 increments 
if practical)."

Valve Position 
Min. Degrees - 900 

(full open)
Predicted AP 
(across valve)

Maximum AP 

(capability)

Response: 

As stated in the response to Question 4 above, no time-history study has 
been performed, since a maximum AP value (56 psi) was used at all open 
angles; therefore, no "Predicted &P" values are provided or applicable.  

A study has been made of the allowable AP (capability) and the associated 
torque requirements for various opening angles. This has been presented 
in our 03/19/81 letter (Reference b); excerpted data from this letter are 
provided below, based on a maximum P and maximum 6P of 56 psig (for open 
angles) and a P1 and AP of 62 psig (when closed).

Valve Position 
(Open Angle)

00 
100 
200 
300 
400 
500 
600 
700 
800 
900

Allowable AP 
(Psid)

62 
56 
56 
56 
56 
56 
11 
5 
3 
3

Operating Torque 
(In-lb f)

1578 
2685 
3233 
2780 
4990 
6843 
9664 
8937 
8532 
8532

Gas Flow 
Coefficient 

(Cg)

0 
4,809 

11,884 
29,963 
54,700 
103,155 
159,543 
196,838 
202,758 
211,638

NOTES: 1. Certain of the allowable AP values given in the table above 
are based on a PI of 56 psid. A substantially higher AP 
could be tolerated at open angles, if P were higher than 

11 56 psig, i.e. the 56 psid A values are not based on stress limitations; instead, they are consistent with a P of 56 
psig.I
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2. The operating torque is the torque required to operate the 
valve, not the torque output of the 656-60 actuator. At - .  
most open angles flow tends to close the valve so the opera
ting torque is that required to open the valve farther or 
hold it open. In the interests of conservatism, the opera
ting torque values listed are for flow into the hub side (the 
highest torque requirements) since some of the subject valves 
are installed that way (flow into hub side).  

It may be noted that the "Operating Torque" values listed 
above differ from the "Actuator Torque" values given in 
the analysis printout furnished with the 3/19/81 letter.  
The reason is that the "Actuator Torque" values are those 
associated with the "Allow 6P" values given above them 
on the analysis printout, while the "Operating Torque" 
values were calculated based on the allowable AP values 
shown just to the left on Page 9 of this document.  

3. A full 56 psid pressure differential would not be exper
ienced at the valve (at open angles) because of critical 
flow limitations; therefore, only the effective AP must be 
considered in torque calculations, a substantially lower 
value.  

The results of the study indicate that the valve can safely withstand a 
maximum AP of 56 psi (or 62 psi, when closed) at all open angles 00-500, 
as far as valve component stresses are concerned. However, the maximum 
opening angle must be limited to 400 because of the capability of the 
Type 656-60 actuator. At angles over 400 open, the torque level exceeds 
the maximum actuator output of 5773 in-lbf, as stated in the referenced 
03/19/81 letter.  

NOTE: The subject valves have been provided with travel stops to limit 
the maximum opening angle to 400; this was done at the time the 
shafts were replaced in April 1981.  

Question 6: 

"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: 

Type 9220 butterfly valves are designed according to the ASME Boiler 
and Pressure Vessel Code, Sections III and VIII. Allowable stresses are 
also taken from the ASME B & PV Code. Loads considered in the design of 
these valves include all typical pressure and flow-induced loads. Worst 
case load combinations were normally used. The design is compatible with 
ANSI Class 150 pressure/temperature ratings for temperatures from +20 to 
+300 0F. These valve bodies are provided with flat-face flanges to mate 
with ANSI Class 150 (B16.5) raised-face flanges.
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The methods used in analyzing critical components are described in detail 
in the 03/19/81 letter (Reference b). The primary critical components 
are the shaft, disc, and bearings. A summary of critical loadings is 
presented as follows:

Stress Consideration Stress Allowable

1. Shaft at disc hub (1.5S) 
(bending and torsion) 

2. Shaft at disc hub (0.75S) 
(torsion and transverse shear) 

3. Shaft at Pin Connection (0.75S) 

4. Shaft at Key Connection (0.75S) 

5. Bushing

52.5 Ksi* 

26.25 Ksi* 

26.25 Ksi* 

26.25 Ksi* 

10.0 Ksi**

Based on ASME Code Section III allowable stress(S) of 35 Ksi for 
17-4PH, Condition H1100 (Table 1-7.1, Appendix I) 

* TFE-lined SST bushing strength determined by testing at Fisher
Continental.  

The shaft is considered to be the most critical component under most con
ditions, since the pins and keys are selected to be stronger than the 
shaft. Therefore, separate calculations for pins and keys are not 
necessary. Stress concentration factors are considered when evaluating 
the shafts at the pins and keyways. The maximum disc load occurs when 
the disc is in the closed condition, and acceptable disc strength values 
have been established based on testing and experience.  

The subject valves were ordered to confrom to AWWA Standard C-504-66.  
Stresses resulting from seismic loading were specified to be in accord
ance with the USAS B31.1.0-1978 Power Piping Code. (Reference Bechtel 
Specification 5828-M-49) 

Question 7: 
Question 8: 

Response:

Due to an NRC 
exist.

error in the numbering sequence, no questions 7 or 8
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Question 9: 

"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 actuator's opening 
side through the solenoid valve into this backpressure. Discuss the in
stalled actuator bleed configuration and provide the basis for not consider
ing this backpressure effect a problem on torque margin. Valve assemblies 
using 4-way solenoid valves should especially be reviewed." 

Response: 

The following comments apply in the case of external pressurization due 
to a-possible containment pressure rise during a Design Basis Event: 

a. The control piping schematic for the subject valves is included as 
Attachment 7 (Drawing H-14266). This piping system is rather complex, 
since the valves are equipped with Type 656-60 spring-return actua
tors and with an associated seal pressurization system. The spring 
side of the diaphragm actuator is vented to the local ambient condi
tions; if the pressure side is vented (through the solenoid or 164A) 
to the same local ambient conditions, no pressure differential will 
exist across the diaphragm as a result of a surrounding local pressure 
rise.. The spring will still drive the actuator to the safety-mode 
(closed) position and maintain that position as long as the solenoid 
remains de-energized and as along as no subsequent re-opening signal 
is received.  

In the event of a delay in solenoid de-energization, a local ambient 
pressure rise will reduce the AP across the diaphragm, which will 
initially partially close the valve. When the solenoid subsequently 
de-energizes and vents, the spring would complete the closure stroke.  

b. In the event the external ambient pressure is maintained at an ele
vated level for a prolonged period with the solenoid still energized, 
and providing the air supply regulator is vented to the same ambient 
level with a sufficiently high supply pressure available, the regula
tor would eventually adjust the air supply to the diaphragm actuator 
to re-establish the initial full-open position.
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c. Adequate spring-driven torque output is available from the actuator 
to close the valve from any open position up to 400 open (regardless 
of external ambient pressure), providing the spring side of the dia
phragm casing is vented (locally). The torques discussed in res
sponse to Question 5 above are the opening torques, since dynamic 
flow effects tend to close the valve or have a neutral effect in the 6 
opening range of interest (00-400). (See typical curve in Attachment 5.) 
In any event, the torque values are well within the capabilities of 
the 656-60 actuator, provided the valve is pinned at a maximum angle 
of 400 open. (Note: The spring driven torque capabilities given 
below are based on an initial actuator bench set of 6 psig for 
initial compression of Spring 1K1628 when the valve is in the 
closed position.) 

(1) AT 00, the actuator spring will produce a torque of approxi
mately 2395 in-lb to close, which is well in excess of the 
1578 in-lb required (at a AP of 62 psid).  

(2) At open angles to 400, the actuator spring is adequate to 
supply the torque needed to overcome the frictional torque 
load of 836 in-lb . Additional spring driven closure torque is 
available as the valve is opened farther, reaching approximately 
4444 in-lb at 400 open.  

(3) At the open angles of concern, dynamic forces will tend to close 
the valve, assisting the spring in this respect, when the dia
phragm air pressure drops to zero. If the diaphragm air supply 
is maintained, the actuator can withstand the maximum torque 
developed at 56 psid (4990 in-lb ) at 400 open, since the 
listed maximum torque capability of the Type 656-60 actuator 
is 5773 in-lb f (See the 03-19-81 letter, Reference b).  

(d) An external pressure rise could affect the seal pressurization 
system momentarily, assuming the Type 164A switching valves 
are locally vented. In time, however, if the solenoid had 
not tripped and if the regulator had re-established the origi
nal control pressure differential (above the new ambient), the 
seal pressurization system would return to its original condition 
(depressurized when the valve disc is open).  

(e) The solenoid used (ASCO Type 830064) is a three-way direct
acting solenoid. It is connected in the normally-closed mode 
(pressure to Port B), so that de-energization will vent Port A 
through Port C.  

Question 10: 

"Where air operated valve assemblies use accumulators as the fail-safe 
feature, describe the accumulator air system configuration and its operation.  
Provide 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 seismic
ally designed?"
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Response: 

The volume tank provided with this valve assembly is provided for the 
purpose of maintaining pressure in the inflatible seal when the valve 
is closed and when no line air supply is present. The volume tank per
forms no function in powering the valve actuator at any time. Valve 
stroking upon loss of electrical or pneumatic power is provided solely 
by the spring, in conjunction with the solenoid and 164A switching valve 
(in series with solenoid and actuator).  

Question 11: 

"For valve assemblies requiring a seal pressurization system (inflatable 
main seal), describe the air pressurization system configuration and opera
tion, including the means used to determine that valve closure and seal 
pressurization 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 conditions?" 

Response: 

The purpose of the seal pressurization system is to provide air pressure 
to the disc seal when the disc is closed and to remove the air pressure ( 
to the seal before opening the disc and when the disc is open. In addi- K 
tion, a volume tank and check valve is provided to maintain the seal 
pressurization, even when the normal control air supply drops to zero 
psig.  

The seal pressurization system is shown on Drawing H-14266 provided as 
Attachment 7. The principal components are explained as follows: 

a. The only electrical component is the ASCO Type 830064 solenoid men
tioned in the response to Question 9 above. This is a three-way 
solenoid with a general purpose solenoid enclosure, brass body, 
3/8 NPT connections, CV=0.75, bronze body, stainless steel seat, 
Class A coil construction, 29 watts AC or 23 watts DC, suitable for 
a maximum differential of 60 psi (Form U) or 125 psi (Form F or G).  
Port B is connected to the air supply. Port A is connected to the 
656-60 actuator through a Type 164A switching valve, and Port C is 
vented. The solenoid weight is 8.6 pounds. If additional data on 
the specific solenoids used is needed, the stamped nameplate informa
tion should be noted and the manufacturer should be consulted 
(Automatic Switch Company, Florham Park, New Jersy).
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b. Valve position (for the seal pressurization system) is detected by 
the Numatic 2PC3 Valve, which permits seal pressurization when the 
disc is at the 00 position. This Numatic valve is operated by a 
cam directly attached to the'valve shaft. For further details on 
the Numatic 2PC3 Valve, the manufacturer should be consulted 
(Numatics, Inc., Highland, Michigan).  

c. The Fisher Type 164A switching valves are provided to control 
the sequencing of the seal pressurization system and the valve 
stroking. One Type 164A (in series with the solenoid and the 
656) insures that the 656 actuator is not pressurized (to stroke 
open), while the seal is pressurized. The second Type 164A 
insures that the seal remains depressurized until the control air 
(from the solenoid) is depressurized. As soon as the valve disc 
reaches 00, then the Numatic 2PC3 permits pressurization of the 
seal (as described above). Details on the construction, perfor
mance, and maintenance of the Fisher Type 164A are provided in 
the Bulletin and Instruction Manual included in Attachment 8.  

The seal pressurization system was not specifically designed for use 
in seismic applications.  

NOTE: While not part of the seal pressurization system, two 
limit switches were provided to indicate valve position 
at the limits of travel. These are identified as 
Microswitch Type BZE6-2RQ2, single-pole, double
throw, UL and CSA listed: L74; 15 amps; 125, 250, or 
480 VAC, side-mounted, with roller-lever, but without 
seal boot. If additional information on these limit 
switches is needed, Microswitch should be consulted.  

The "disc stop" provided in the valve body is not intended to function 
as a travel stop; instead it is provided for disc alignment only, for 
positioning the disc at the 00 position in the process of assembly.  

The travel stop function is provided as a modification to the actuator 
mounting bracket; additional parts are provided as indicated on 
Fisher Drawing G34225, Rev. B, furnished as Attachment 9. These parts 
were installed on each valve assembly (at the time of shaft replace
ment in April 1981) and were adjusted to limit the maximum travel 
to 400 open. The travel stops provided are consistent with the maxi
mum loading anticipated during DBA-LOCA conditions, because the 
effect would be to close the valve, not an additional loading on 
the travel stops. Maximum loading of the travel stops would occur 
when the actuator is at maximum pressurization, at 400 open.
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Question 12: 

"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." 

Response: 

Reference is made to the responses to Questions 5, 9, and 11 above. It 
was shown that the valve body design is adequate to withstand a 6P of 
at least 56 psid at any open angle up to 500, and a AP of 62 psid when 
closed. Valve disc travel limitations are needed at a maximum opening 
angle of 400 because of the Type 656-60 actuator limitations.  

Since these are ON-OFF service valves, there will be no dwells at inter
mediate opening positions. Only the end point valves are critical as 
long as there is sufficient actuator torque capability to provide the 
required torque while passing through intermediate positions. As men
tioned previously, only approximately 836 in-lb of torque is needed at 
open angles to overcome frictional effects. The dynamic torque developed 
will tend to close the valve, assisted by the spring compression torque 
(ranging from approximately 2395 in.-lbs at 00 to approximately 4444 
in.-lb at 400 open). Therefore, adequate capability exists to insure 
valve closure if open. At the seat (00), the spring torque (2395 in.-lb ) 
well exceeds the seating torque required (1578 in.-lbf), insuring 
seating. When closed, the valve seal will pressurize to provide the 
shutoff capability.  

The valve actuator and linkage has been designed to be capable of 
safely handling the maximum output capabilities of the Type 656-60 
actuator (5773 in.-lb ). The maximum load (4990 in.-lb f) will be 
experienced while holding the valve disc open at 400 at 56 psid, prior 
to receipt of the valve closure signal (loss of diaphragm pressuriza
tion), but this maximum load is well under the maximum actuator 
capability.  

These valves are intended for indoor installation at normal operating 
temperatures of 150 0 -180 0F, according to the valve data sheets. This 
is well within the capabilities of Type 9200 valves with an EPDM T-ring 
seal, and is accounted for in the sizing coefficients used in calcu
lating allowable stresses and maximum AP values. "Low ambient tempera
tures" are assumed to be nominal room temperature (100aF), and the 
difference in seating torque (as compared to that at 1800 F) would be 
slight, at most. Short-term temperature transients at elevated 
temperatures (above 180oF) will also have little significance as far 
as seating torques are concerned, because of the mass of the 
surrounding metal in the valve body.
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Question 13: 

"Does the maximum torque developed by the valve during closure exceed the 

maximum torque rating of the operators? Could this affect operability?" 

Response: 

The responses to Questions 5, 9, and 12 above, have addressed these 

topics.  

Question 14: 

"Has the maximum torque value determined in #13 been found to be com

patible with torque limiting settings where applicable? 

Response: 

See the responses to Questions 5, 9, and 12 above in which torques 

are limited as a consequence of restricting the valve travel to 400 

open, maximum. In this manner, the valve actuator linkages are not 

subject to excessive loads in the event a 56 psid AP is present, 

prior to actuator diaphragm depressurization. Valve actuator travel 

stops have already been installed to limit maximum opening to 40* 

The full operational capability of the valve is available in the 

opening range from 0o to 400, except for the reduction in C due to 

partial opening (see the table of C values in response to gQuestion 5).  

Question 15: 

"Where electric motor operators are used, has the minimum available 

voltage to the electric operator under both normal or emergency modes 

been determined and specified to the operator manufacturer, to assure 

the adequacy of the operator to stroke the valve at DBA conditions with 

these lower limit voltages available? Does this reduced voltage opera

tion result in any significant change in stroke timing? Describe the 

emergency mode power source used." 

Response: 

This question is not applicable since none of the subject valves 

are equipped with electric motor operators.  

Question 16: 

"Where electric operator units are equipped with handwheels, does their 

design provide for automatic re-engagement of the motor operator 

following the handwheel mode of operation? If not, what steps are 

taken to preclude the possibility of the valve being left in the hand

wheel mode following some maintenance, test, etc., type operation?" 

Response: 

This request is not applicable; see Response to Question 15, above.  

No manual handwheels are provided, either.
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Question 17: 

"Describe the tests and/or analysis performed to establish the quali
fication of the valve to perform its intended function under the 
environmental conditions exposed to, during and after the DBA following 
its long term exposure to the normal plant environment." 

Response: 

a. Aging 

No aging analyses or tests were completed to verify "end of 
life" accident capabilities of the subject valves. These 
valves were originally sold to the defined (normal) environ
mental conditions based on material suppliers' information 
and in-service experience. Fisher does recommend, however, 
that all elastomeric parts be replaced every four years.  

b. DBA Environments 

The flowing condition AP has been established as 56 psid at 
open angles. The valve is to fail closed upon loss of 
electrical or pneumatic power. No temperature or radiation 
conditions have been established, as far as is known.  

The intended DBA environment function of the subject valve 
assemblies is for the valve to perform its safety-mode 
function at the onset of the accident event, i.e. to close 
upon receipt of the safety-mode signal and remain closed.  
It is understood that resumption of normal function opera
tion (on-off cycling) is not intended or required following 
a DBA condition.  

The only components significantly affected by radiation would be 
the elastomeric parts, and of these, only the T-Ring is involved in ( 
safety-mode function. A discussion of radiation effects and replacement 
recommendations is provided in the Response to Question 21 and in 
Attachment 14.  

c. Seismic 

Bechtel Specification 5828-M-49 identifies the seismic levels 
as being 0.82g in any horizontal direction, combined with 0.04g 
in the vertical direction. Stresses resulting from these 
seismic loads shall be in accordafce with the USAS B31.1.0-1967 
Power Piping Code.  

There is no record of qualification analysis or testing other than sub
mission of a shock test report (Test Report No. F607-2420 by Associated 
Testing Laboratories, Inc., 10/11/61). It should be borne in mind that 
there was no resonant frequency requirement and that the seismic levels 
were specified to be low. Fisher did no environmental or seismic 
testing for qualification to DBA conditions, and no flow testing has 
been done (by Fisher) to demonstrate valve closure under the specific 
DBA conditions identified (AP of 56 psid).
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The OEM manufacturer should be contacted for qualification data on the 

electrical components (ASCO solenoids and MICROSWITCH limit switches).  

Fisher has no qualification documentation on these items as the parti

cular components concerned are not used in current nuclear service 

applications. The OEM suppliers would need component nameplate data 

in order to identify the particular *items. Fisher does not have a 

record of the nameplate data (Lot Number, Date, Serial No., etc.) for 

the components used.  

Question 18: 

"What basis is used to establish the qualification of the valve, 

operators, solenoids valves? How was the valve assembly (valve/ 

operators) seismically qualified (test, analysis, etc.)?" 

Response: 

Reference is made to the response to Question 17 above. No quali

fication data was provided, except for the shock test report 
referenced. No prediction of resonant frequency was providedy 

and no stress analysis was submitted. At the time (12-12-68), 

the shock test report was judged to be adequate for the low

level requirements identified. A present-day seismic qualification 

would be quite different, of course, (because of improved analysis 

and testing techniques), and no assumption can be made about 

present-day adequacy, based on the 1968 data. If a current Fisher 

evaluation of seismic adequacy is desired (based on 1968 require

ments or new requirements), contact Scott McLagan at the address 

listed in the Response to Question 3 above.  

Question 19: 

"Where testing was accomplished, describe the Type Tests performed, con

ditions used, etc. Tests (where applicable) such as flow tests, aging 

simulation (thermal, radiation wear, vibration endurance, seismic) 

LOCA-DBA environment (radiation, steam chemicals) should be pointed out." 

Response: 

No type testing was done for the valves on the subject order. A 

certain lamount of recent environmental/seismic testing has been 

done on large Type 9200 butterfly valves and on related actuators 

(Type 656-60NS) but none is directly applicable to the equipment 
furnished on the subject order. In the course of time, a number 

of product line modifications have been made, so the current 

qualification data relates to recent construction configurations.  

Question 20: 

"Where analysis was used, provide the rationale used to reach the deci

sion that analysis could be used in lieu of testing. Discuss conditions 

assumptions, other test data, handbook data, and classical problems as ) they may apply."
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Response: 

No analysis was done (except for that necessary to make the proper 
sizing selections).  

Question 21: 

"Have the preventive maintenance instructions (part replacement, lubrica
tion periodic cycling, etc.) established by the manufacturer been reviewed, 
and are they being followed? Consideration should especially be given to 
elastomeric components in valve body, operators, solenoids, etc., where 
this hardware is installed inside containment." 

Response: 

Fisher normally furnishes instruction manuals for each valve assembly 
component when it is shipped. Instruction sheets are also provided 
for the OEM components, if available. Instruction manuals and/or 
Bulletins for the Fisher components are also furnished as attach
ments to this document (See Attachments 8, 10, 11, 12). It should be 
noted that only part of the valve assemblies have cast mounting 
brackets for the 656-60 actuator; the remainder have fabricated 
brackets with essentially the same linkage components. If instruc
tion sheets or manuals are needed for the OEM components, the manu
facturer should be contacted directly.  

As mentioned previously, Fisher recommends that elastomeric parts be 
replaced at four-year intervals (or sooner). The OEM manufacturer's 
recommendations should be followed for such items as solenoids.  

In the case of the subject valve assemblies, elastomeric failure in 
the actuator will not interfere with performance of the safety-mode 
function. The spring will drive the actuator linkage and valve shaft 
to the 00 position. Likewise, the solenoid spring will drive the 
solenoid to the vent position regardless of the condition of elastomers.  

Integrity of the elastomeric T-ring seal in the valve body is necessary, 
however, in performing the safety-mode function. The inflatable T-ring 
elastomer used is EPDM (Ethylene-propylene-diene); "EPT" designation 
means the same thing. (See ASTM D-1418-77.) 

All the elastomeric parts in the valve body (including the T-rings) were 
replaced at the time of the shaft replacement in April 1981. The 
following comments apply for the replaced T-ring components: 

a. The replacement inflatable T-rings were molded from EPDM Compound 
No. C-3929-EP by Colonial Rubber Company. A copy of the certi
fications provided by Colonial is provided in Attachment 13. (The 
T-rings were fabricated per Fisher Drawing G-12846.)
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b. Documents listing cha'racteristics and properties of the T-ring EPDM 

material are provided in Attachment 14. NORDEL is DuPont's tradename 

for EPDM material, and a chart shdwing the properties of this material 

,is provided. Note that the upper temperature limit for continuous 

service is 145 0C (293 0F), well above the maximum specified tempera

ture of 180oF.  

c. The radiation resistance capability of the EPDM T-rings was addressed 

in Fisher's 5/14/80 letter to Mr. John Windschill of Northern States 

Power. The statements and conclusions provided in this letter still 

apply. A copy of the letter is provided in Attachment 14, to

gether with all the supporting documents addressing radiation 

resistance of EPDM material.  

All the TFE/SST bushings were also replaced at the time of shaft 

replacement in April 1981. There was no change in material or design 

for these bushings.  

In conclusion, the data submitted herein,(per NSP Order MQ-05913) addresses 

the applicable Questions in the "Clarification of the Sept. 27 Letter to 

Licensees - - - ". 'The responses provided are based on the as-shipped 

construction (except as modified during the April 1981 shaft replacement, 

witnessed by Fisher representatives).  

In the event there are further inquiries or if further supplemental quali

fication effort is needed, please contact Scott McLagan, Assistant Sales 

Manager - Power, at the address provided previously (in the response to 

NRC Question 3-).  

Prepared by: 

ohn Dresser 
Nuclear Qualification Engineer
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DRIENSIONS CERTIFIED CORRECT FOR 
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Note: 

Min. 4 Flange Bolts O ASCO 3 WAY SOLENOIID VALVE 
Thru Body. Others To CLEA . E Reg D. Fou.  
Clear Valve Dia. IG 
Bolts Of.LlDion 
ea 'Dio Boll Circle L'

DIMENSIONS CERTIFIED CORRECT 
For Becthel Corp.  

Your P.O. #5828--1-49-Ac 
Our P-73605-03 Agent (21) 21-oo7854 
March 25, 1969 By R. D. EINHOUSE

.. .(2 ) BZE6-2RQ: 

Limit Switches 
Taa: PO Sea8 -M49 AC-2386o I

PrAU

6. .9210 Heavy Pattern T-Ring Volve 
iMIU.S.A.S. Rating. Class 2 

656- 9.2. Fisher Diaphragm Actuator

I
CONTINENTAL DIVISION 
FISHER coVEPNOR comIPAMY 
Coraopolis. Punneylvania 15100

" 8300r
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T- Ring Retaining Plate 
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Bcchtel Corp., P.O. //5828-14-h9-AC, 
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C/W ASCO 3 WAY SOLENOID VALVE
OUTBOARD BEARINGS BOTH 
ENDS OF VALVE 

'OT-RING RETAINING PLATE

MIN. 4 FLANGE BOLTS 
.THRU BODY OTHERS TO DOI 
CLEAR VALVE DIA.IG BOLTS DO' 
OF11'8DIA. ON22Y DIA.  
BOLT CIRCLE. 4 I-18 MPT 

od;F SUPPLY CONN.

(4 p~ AA N9. 127 ~Y7 9

DIMMJSTOS CERTIFTED*C0RRECT FOR 
Baichtel Corp., P.O. il5828-M-9-AC, - -

Our P-73605-03, Agent: 21-0078511,
Apr1 7 1969 

U. D. EfIlIOUSE8 -

TAG: PO -!28 -M49-AO-2381

9210 HEAVY PATTERN T- RING VALVE 
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f OUR 
SHOP 
ORDER P' 71601;-02
CUSTOMER ORDER NO. DATEORT SUJCT. [ ESTIMATED SHIPPING DATE 

5828-M-L9-AC 3/6/69 El0X INaPeCTION 
AGENT ORDER NO. VALVE TTPL NO.A 10 REV. NO.- I IREV.NOa 

av y 4 7h r"Y AdTf' e.~iV 2 5-9 2-7J 

S S 
o~echtel Corporation H Bechtel Corporation 
L p. 0. Box 8148 1 % Northern States Power Comp-n-7 
0 Monticello, Minnesota 5.5362 P Monticello, Minnesota 
TAttention: Offtice Manager T MK: P0 #"5828-M-49-AC 0 0 7 

VIA. Truck lorevsild and add 
SVALVE DESCRIPTION B. M.  

GLEAN. SIEPTP LANG19 I.S SCODY SEAT Disc IFS DISC CIA.  

SHAFT rims ALLOY FOLLOWERS 

Ka CTL. 5ST. III0825 OTHER 

PA ING ~~~STUFFING o LNEN L" 

PURGE LUS 41IN,11. .502--- I WLN 1 T ICK G LNO 1SOVALVE ALJM4TE 

""An v r~ SARIRS N CAS XT;I O N f OTHER q TE SCHEM4ATIC NO.  

BRACKET AND LINKAGE fB. M.  
PUS RO I PPERU LINKAGE 5E 

PER9PENDIC UL.A PARLLE I HORZOTAL I"E VERTICAL.C MINIMUM DEGREES L. A IM DEGREES 
UA _ _ _ _ _ _ _ _ _ _ _ _ _ I 

PO0WER ACTUATOR DESCRIPTION B. M.  

OTT. ACTUATOR TYIPE MODErL O.1 -004 STROSKt P08ITIONER MODEL. NO.1 8VPASS GAU49ES 0IRECT *EVURSE AIRSET

. & 4 4 S( .- d a 141
NANOWNEEL. I 

sinE mo"DUTa7p MOUNTED To INST. SIGENALTI ' RSSRET

" -MANUAL ACTUATOR DESCRIPTION

ATORi PUSH ON. To. OPEN L

B. M.

DERIPIO RE". 1E POSITION CHAIN LEVER 

.1LAa PT. __DISC CLOSED '01A. HOLE 'CENTERS 

VAILVE S ERVICE MOUNTING INSTRUCTIONS IITEM ] PRICE '

FLUID I MAX. SHUT 

A or, FREE. TIMPS. 1 S TAT. PRES. CO UNI Ca-L UmN.j c URN s T umRN.ru 4, AN 2. I rDTL . AND MT.

PRINT INSTRUCTIONS 

CENT. TRANS. PRINT ISALL OPER. & PART PRICED 
IN S.[ULST LIRS I HOLD FOR 

INST ~ ILIPATS APPROVALI 
SPECIAL iNSTRUCTICN6

.r - .A-' C?4 C-4 Re 44 . ve A~ ad 2Qcp a.7.$I, r-~

/~4' ~ ~ .~?e~q. .~'LC..~y S c..I/Ile, 
.R.' 7b 0 ASAJ edYt.s

#eI~eAJ,!jIc 77/ sIT~J 7T- (v 4--s a

7E!~;i ' T ~-14 r-fAsJ<( AD ~~g-/-r

c:a ZC -4 o= 'e.A Av,0GAee

21-007854.  
21 039353 
21005~638

TZRMB: NET 30 DAYS 
F.8.. SHIPPING POINT

AL ii! 

-, Jo
, ?-

CUW70MER "100 A". 16001879 
CONTINENITAL QUOT1ED OATt OM07.SS

le-.

-3-
(22 ~ '-' / 7 ~

b'~.

DET/mi k 
P' 7--

A-1-e4 7--ff 7- Z-fl-16-1 7-Z

FORM 0076 - G;ec

i I I I I

ro 1 4 -0 PRESSURE ToA-

I -

PIUNUR GOVIENOR COM004NYI 
caurmaol..o Paenenuivmnl. 1sl0s 

PHONE (412) 264-3010-TWX. (412) 269-5150-TIELX 086-785



PAGE.LOF... ...

ORDER F 73605-03 PHONE* (412) 264-3010-TWW: (412) 269*5150-TELEX- 086-785 

CUSTOMER ORDER NO. DATE ExPRTSUBJECT ESTIMATED SHIPPING DATE 

5828-M-h -AC 6/69 SO" 1:m 
AGENT OtDER NO. V E TYPE SERIAL NO. REV. NO. 2 

21 -0078<h V 77-e4 . 7ed e.. 127575-76 7  -4.9A7 v 7 

S S 
OBechtel Corporation H Bebhtel Corporation 
DP. O . Box 848 e 3 Northern States Power Comoahy 
DMonticell0, MInneSOta .55362 Monticello, Minnesota 
TAttention: Office Manager T ME: PO #S828-M-L9-AC 

VIA, Truck orevaid and add 

VALVE DESCRIPTION B. M.  

QUAN. SIZE TYPE FLANGE CLASS BODY SEAT DISC Ss DISC DIA.  

2 2 92 /<*o ldoc 4r zz . E~p-7- 9'S-Z:Et 
SHAFX PIMs ALLOT FOLLOWERS 

.3/- ? S L E DUCTIL.'.&Y. S OTHERi 

PACKINe TEFL. STUFFING Box LANTERN GLAND 
PURGED LU.. -- APNftAR STAINLAAS 4 PLUS STICE Lue. IsL.VALVI ALEMIT 

INBOARD SUSHINGS ROLLER SSARINea EXTENSIONS SEAL, SYSTEM SCHEMATIC NO.  OPEN PLAIN CAST ON OTHER 71- '' 

BRACKET AND LJNKAGE B.1.  

PPNIUPUSH ROO pipeRN LINK(AGE SET 1 
anuCUsLARS PARALLEL HonIzonTA Iu VERTICAL MINIMUM DEGREES A ST MAXIMUM DEGREES 

1 POWER ACTUATOR DESCRIPTION B. M.  

OTY. ACTUATOR TYPE MODEL NO. sons sBYaiKI POSITIONER MODEL. O. errAss CAUGEs DIsCT IVanst6 AIRSET 

Stat wouNTED TCP MaUNTED TO INST. SIONALL 
TO SENCH SET TO PRESSURE TO ACTUATOR PUSH DN TO: CO

B. M.
OTY. DESCRIPTION Ana. sE PoSIeToN CHAIN LEVER 

CLuCM 

LINEAR FT. DISC CLOSED DIA. NOLE CENTERS 

VALVE SERVICE MOUNTING INSTRUCTIONS ITEM PRICE

FLUD AX. SHUT TEMP. STAT. PRES. ccN . FURN. CUst FURN. Cus? TuN.  
A P IE . / oI -N2 I. LT AN D T.  

PRINT INSTRUCTIONS 

CET. TRANS. PRINTS INsTAL.. OPEN. a PART PRICED 
MAINS1. INST. sLINT PARTs H4t.D FOR 

I T PPROVAL 

SPECIAL INSTRUCTIONS, 

ff rz 21-078 41p'e Xwr v o my ESoj :LAj b C2 3 .L.. as m r FLreAJ,.P..&/ R_ a 7- 9A X' 6, 
C/' ' A i5 ne A,-, 7-M 71 

a.,d. '/ 2'0 78~ TERMS: NET 30 DAYS 

DET/m lk 2lO262 F,0.SPIGPO

1A, 

/"- z

4. 

1 _______

P- 734cG- 0 3 210.39 

CUSTOMER*D DATT 1600142 
CONTINENTAL QUOTEC CAT.  

p"FORM 007 - sia

OUR 
SHOP

MANUAL ACTUATOR DESCRIPTION

I/c 

Id

* ISHCEs' CaNTrNENTAL .antaC*as 
PISMOR GOVWRNOR COMPANY 
cas.@DM.IS, Pennoyiva~n. Islas

0

0



OUR 
SHOP 
ORDER P- 73605-04

Iso

) 

)

FLUID AX. SHUT 
OFF PRS.

TEMP. STAT. RES. CONT). FUSN. CUST. PURN. CUST.PURN.  

z AN CONTL MT. AND MT.

PRINT INSTRUCTIONS

CERT. TRANS. PRINTS INSTALL OPEN. S PART PRICED 

SMAINST. mN. 2 sT PARTS HOLD FOR 
LIST APPROVAL 

SPECIAL INSTRUCTIQNSz 

0 g..dol - -i7 Cd a e~4 IS #00 ,L 7: .. ' 05AI-~ %

id 44r-,,4~A e.'?Oce4

Z( 0 /f

S. . ,/dl.s 74 7-7Af 7A 7 J4 5 P Z i' 

44 Q I.- A// D Ct P/ d/7 r 44T0 ~4F~d~JS/ 2 ~ 2'9' /4~L/7~C I.Lt 7S7 

F '~ '. v /T U T E Z /A, r

21-007854 
21028668 
21005186 

/f --- t --n

TERMS. NET 30 DA Y 
F 0... mIPPI POINT

a CUSTOME...100D...E . 1600i 

CONTINENTAL QUOTED CATT PORM 0076 .0/60

CUSTOMER ORDER NO. DATE 1 EXPORT I SUBJECT ESTIMATED SHIPPING DATE 
TO - I 

Box .. INSPECTION 
A4ENT ORDER No. VA VE TYPE SERIAL NO, REV. No. I REV. No. 2 

S S 
oBechtel Corporation H Bechtel Corporation 
L P. 0. Box 8168 I e Northern States -ower Company 
0Monticello, Minnesota " Monticello, Minnesota 
TAttention: Office Manager T MK: PO #5828-M-49-Ac 
0 0 

VIA, Truck pre~aid and add 

VALVE DESCRIPTION B. M.  

GUAN. TYPE FLANGE CLAss SODY SEAT OlsC PIsM DISC DIA.  

SHaFT N ALLOT FOLLOWERS 

77 uKEY OUCTIl ST./S. OTHER 

PACKING TE1. STUFFING SOx LANTERN GLAND 
IN PURGED LUS. eaA!"ITAR STAINLESS V4' PLUGI STICR LUS. ISOL.VALVI ALEMITW 

INBOARD BUSHINGS I ROLL SSAINOS EXTENSIONS SEAL SYSTEM SCHEMATIC NO.  
OPEN PLAIN CAST ON OTHER 

BRACKET AND LINKAGE B. M.  
oJSH ROD PIPE RUN LINKAGE SET 

PWPENDJLAR PARALLEL. M AtI VERTICAL IINIMUM DEGREES . AAXIMUM DEGREES 

POWER ACTUATOR DESCRIPTION B. M.  

OTY. ACTUATOR TYPE MODEL HO.( MOseI STROKEa POSITIONER MODEL NO.1 eTPASeS GAUGEs DIRECT REVEnSE AIRSET 

XdP0 sz-ge 4 I4 
MANOWNEEL 

SIDE MOUNED#TOP MOUNTED TO INST. SIGNA 

42 T. N I TO PRESSURE TO AC TO: OPEN C 

MANUAL ACTUATOR DESCRIPTION B. M.  

QTY. DESCRItPTION Ra. DEuT. POSITIONe CHAIN LEV ER 

LINEAR 'T. DISC CLOSED DIA. HOLE CENTERS 

VALVE SERVICE MOUNTING INSTRUCTIONS ITEM PRICE

I a 
P--73ec.? , a4.

). I 1is

e 43SaWma .. 4- -4 . s..  

PISNR GOVWRNOR COMPAAY 
carnaie , psmnuevenia 1510a 

PHONE. (412) 264-3010-TWX- (4121 269-5150-TELEXC 86-785



OUR 
SHOP 
ORDER P 7360 9-0

PAGE ' / OF 2.

/ I 4rSe d 4o I I I I
lDS MOUNTED TCP MOUNTED TO INST. S.aAL ( T NP 

IdT BENCH SETi TOL PRESSURE TO ACUAO PSMD. TO: OPN CLGS 

MANUAL ACTUATOR DESCRIPTION B. M.  

DESCRIPTION EQ na POSITION CHAIN LEVLR 

1 1 LINEAR PT7. *ISC CLOSED 01A. MOLE 'CENTERS 

VALVE SERVICS MOUNTING INSTRUCTIONS ITEM PRICE

FILUID M .SHT 

*/ FP PRES.  
/,4 /,;, 1.4"

TEMP. STAT PRES. CanTL. Fun. CUST. FUR-! CUST rUN.  

. MY. CONT*L MT. AND MT.

PRINT INSTRUCTIONS 

CERT. TRANI. PRINTS INSTALL OPER. PARTC 
MAINST. IT. . LIST PAs HOLD FOR 

tuMsT APPROVAL 

SPECIAL INSTRUCTIONS 

1X FI#.~. 4j4 Oj a )Ohe-- ZZ0.LJ1 ,,-S.,A-~ 76

/~ ii 

/ .- , / &

resem/Jd Aro.s AOood , 
5 -way £o0. VALV Ae-id -04l 

"Fo Coie 4tjrrae4Rzy 

ue44A.ujz4 /4ydoa7r,+-nc Tsr qC 42S Ps7 

eA-' 'sW A,c ~ ~ Z)/7~ C o;,"

,0FJ44,04 /Vij 4 . 791-j7 

-7-A4.' 106 .T2f-l-f49 4 -a,7'

DET/mlk 
P- -7-36e- o

21-00785L 
21013311 
21002179 
T Annb )h -7

T-ERMS. NET 30 AYS 
V 0... SHIPPING POINT

CUSTOMER RQ0 0UTDCATE 

CONTINENTAL OUOTIED DATE

16000726 
FORM 0070 . 4/ae

'0

I -

CUSTOMER ORDER No. DATE D SUBJT ESTIMATED SHIPPING DATE 

-- h9-AC I1/A /A 1 1 Sun 
AGENT ORDER NO. VALVE TYPE S7II NO IV NO I REV. NO. 2 

21-00785L /I et v y 77ed - ,27579 

S S 
oBeebtelI Corporation H Bechtel Corporation 

Lp. 0. Box 8).8 , % Northern States Power Compan7 
Monticello, Minnesota 55362 Monticello, Minnesota 

TAttention: Office Manager o MK:O #5828-M-49-AC 00 

V T tck prevmid and add 
VALVE DESCRIPTION a. M.  

QUAN. SIZE TYPE FLANGE CL0ss SODY SEAT DISC FISH OISC DIA.  

SHAFT PIa AL.111 FOLLOWtRs 

S77/ Irt- gay .1.EY Duth s/sT. astonza OTHER 

S PACKING TEP.. STUPPING Bo LANTERN GLAND 
N PURGE LUW. *RAPHITAR STAINLESS /4 P.ua I STICK LUg. 10L.VALVa I ALEMIMZ 

f- IA)r e-a

INBOARD SUSMINGS utLsa azARiS EXTENSIONS SEAL SYSTEM SCHEMATIC NO.  

A OPEN PLAIN CAST ON OTHER 

BRACKET AND LINKAGE E. M.  

PUSH ROD PIPE RUN LINKAGE SET 
PERPENDICULAR I HORIZONTAL MINIMUM DEGREES ..... MAXIMUM DEGREES 

POWER ACTUATOR DESCRIPTION B. M.  

OTT. ACTUATOR TYPE MODEL, NO. acaw sTYRCOK POSITIONER MODEL NO.1 gyp.ss G AUaGs CIRCcT IRLVRSt AIRSET

1 1 4 1 .- __

'a

CONTINENTAL CIVISION 
PlenU GOVaRNOR COMeANY 
Caropells, P.nnew&vendJ 1910U 

PHONE* (412) 264-3010-TWX: (412) 269-5150-TELEX: 086-785



Attachment 2: "Clarification of Sept. 27 (1979) 
Letter to Licensees Regarding 
Demonstration of Operability of 
Purge and Vent Valves", 3 pages 
(Topics 1-6, 9-21)



CLARIFICATION OF SEPT. 27 LETTER TO LICENSEES REGARDIN4G DEMONSTRATION OF OPERABILITY OF-PURGE"AND VEN4T VALVES 

. The gP across the valve is in part predicated on the containment Pressure and gas densitV conditions. What wer-e the containment conditions used to determine the AP's across the valve at the incremental angle Positions during the closure cycle? 

Were the dynamic torque coefficients used for the determination of tor
ques developed, based-on data resulting from actual'flow-tests conducted -on the particular disc shape/design/sizef What walthe basis used to predict torques developed in valve sizes different (especially larger valves) than the sizes known to have undergone flow tests? 

3. 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 downs tream piping .backpressured 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? 

. When comparing the :ontainment 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 the valve receives a signal to the time the valve starts to stroke been accounted for? 

* NOTE: Where a butterfly valve assembly is equipped with spring toclose air operators (cylinder, diaphragm, etc.), there typically is a lag time from the time the isolation signal is received (solenoid valve usually deeneroized) . 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 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) below about 65 psig., thus the lag time.  
5. Providethe necessary information for theetable shown below for valve positions 

from the initial open position to the seated position (100 increments- if practi-.  cl e).  

Valve Position 
(in degrees - 90* Predicted AP axuni AP -full o-en) (across valve) (capaIlity) 

6W hat Code, standards or other criteria, was the valve des-ov-ed to? What 
are the stress allowable5 (tension, shear, torsion, etc.) ~sdfor critical elements such as disc, pins, shaft yoke, etc. in the vave assembly.? What load combinations were used?
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* 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 Webt 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. Dis. cuss the installed actuator bleed configuration and provide basis for not considering.this backpressure effect a -problem on torque margin. Valve .assembly using 4 way solenoid valve should especially be reviewed.  

10. Where air operated valve assemblies use accumulators as the fail-safe feature, describe the accumulator air system configuration and its operation. Provide 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? 

11. For valve assemblies requiring a seal pressurization system (inflatable main seal) describe the air pressurization system configuration and operation including means used to determine that valve closure and -seal pres
surization have taken place. Discuss active .electrical components in this system, and the basis used to determine their qualification for the (j - 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 conditions.  

.12. Describe the modification-made to the valve assembly to limit the opening angle. With this modification, is there sufficient torque margin avail-' able 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.  

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

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

15. Where electric motor operators are used, has the minimum available volt
age to the electric operator under both normal or emergency modes been 
determined and specified to the operator manufacturer, to assure the ade
quacy of the operator to stroke the valve at DBA conditions with these 
lower limit voltages available. Does this reduced voltage operation re
sult in any significant change in stroke timing? Describe the emergency 
mode power source used.
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16. Where electric operator units are equipped with handwheels, does.their design.provide for automatic re-engagement of the motor operator following-the handwheel 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 operation.  

17. Describe the tests and/or analysis performed to establish the qualifica-.  tion of the valve to perform its intended function under the environmental conditions exposed to during and after the DBA following its lorn term exposure to the normal plant environment.  

18., What basis is used to establish the qualification of the valve, operators, solenoids, valves? How was the valve assembly (valve/operators) seismically'qual ified (test, analysis,. etc.)?.  
19. Where testing was accomplished, describe the.type tests performed conditions used etc. Tests (where applicable) su.ch as fl'ow tests, aging simulation (thermal, radiation, wear, vibration endurance, seismic) LOCA-DB environment (radiation, steam, chemicals) should be pointed out.  
20. Where analysis was used, provide the rationale used to reach the deci.sion .that analysis could be used in lieu of.:testing. Discuss conditions,.  .assumptions, other test data, handbook data, handbook data, and classical problems as they may apply.  

21. Have the preventive maintenance instructions (part replacement, lubrication, periodic cycling, etc.) established by the manufacturer been reviewed, and are they being followed? Consideration should especially be given to elastomeric components in valve body, operators, solenoids, etc.  where this hardware is in~talled inside containment.
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ISA TRANSACTIONS: 8 (281-286) 1969

Efct of Fluid 
Compressibility on 

Torque in Butterfly 
Valves*i

A technique is presented by which the shaft torque resulting from fluid flow through 
butterfly valves can be determined with reasonable accuracy for both compressible and 
incompressible flow. First, the general torque relationship for incompressible flow is 
established. Then, an effective pressure differential is defined to extend this relationship 
to include the effect of fluid compressibility. The application of this technique showed 
very good agreement with experimental test results.

INTRODUCTION 

THE APPLICATION of butterfly valves in various automatic 
control systems requires proper actuator sizing for 
efficient control. Thus, a thorough knowledge of the 
fluid reaction forces acting on the valve disc is required.  
Extensive experimental work"I has been performed in 
the past to establish a relationship to determine these 
forces and thus determine the resultant shaft torque. The 
general form of this relationship has been established and 
confirmed. However, by using the classical fluid momen
tum approach. a similar relationship 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. Although the effect of fluid com
pressibility on torque has been recognized, no useful 
relationship has been developed. The primary ob
jective of this investigation is to extend the established 
torque relationship to include the effect of fluid com
pressibility.  

* Presented at the 1968 ISA Annual Conference; revised AuLust. 1969.  
t tResearch Engineer.

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 attributable to the fluid reaction 
force of the flowing medium acting on the valve 
disc.  

2. Friction torque-that portion of the total 
operating torque attributable 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 problem. This investigation is 
limited to an evaluation of the dynamic torque com
ponent. If the friction 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 will be twice 
the actual shaft friction.
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The dynamic torque for butterfly valves is a function 
of the fluid reaction forces acting on the valve disc. It 
would be difficult to determine these forces by purely 
analytical techniques. Experimental determination of the 
pressures and velocity profiles in the immediate area of 
the disc would also be quite difficult. However, if a control 
volume is selected so the boundaries are points of known 
pressure and velocity, an analysis of these forces can be 
made from the change in fluid momentum through this 
control volume.  

INCOMPRESSIBLE FLOW 

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

TD = f(F, D) (1)

Combining Equations (7), (8), and (9) 

B, 2 B3BixD3 AP 
TD = . 4

(10)

or

TD = KD 3 AP

where

B1
2BB 3 Bei _ TD K, =P 4 D AP

(10-A) 

(10-B)

Equation (10-B) is defined as the dimensionless torque 
coefficient which can be determined experimentally from 
tests conducted with incompressible flow.

COMPRESSIBLE FLOW

Using the fluid momentum approach, the force, F, is 
given by: 

F = MA V (2) 

where 

F = sum of external forces acting on fluid
M = mass flow rate 

AV = fluid velocity change through the cont 
volume 

The mass flow rate, M. is given by 

M = pAV 

By using a proportionality constant, B1, the mass fl 
rate can also be defined as 

M = BA(pAP) 1 12 (4)

Equations (3) and (4) are combined to obtain the follow
ing expression for fluid velocity: 

V = B(AP/p)1/ 2  (5) 

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

F = BMV (6) 

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

F = BzBAAP (7) 

For a given valve size, the flow area. A, for any angle of 
disc rotation, 0, can be written as 

nrD2 
A = B 0  (8) 4 

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

To = BFD (9)

The dynamic torque for butterfly valves is proportional 
to the mass flow rate and velocity change through a 
selected control volume for both compressible and 
incompressible flow (i.e., TD x MAV). 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 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

TD ac M V 

(3) The velocity at the valve disc is given by 

ow '=M 
pjA

(11) 

(12)

By combining Equations (11) and (12) the dynamic 
torque is shown to vary directly as the square of the mass 
flow rate and inversely with the fluid density at the valve 
disc.

(13)TD x 
'l

Determining the flow rate of a compressible fluid 
through a control valve by analytical techniques is quite 
difficult because of valve geometry. The major problem 
is to establish the pressure differential between the valve 
inlet and the vena contracta. However. by definine the 
physical system in which the valve is installed to conform 
with specifications given by the Fluid Controls Institute 
(FCI). 2 empirical relationships developed specifically 
for determining flow rate for control valves can be 
considered. Several such empirical relationships 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 
is given by

Q = -=GP, C,C, Csin
59.64 !AP] 

P (14)
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Equation (14) can be rewritten to obtain an equivalent 
expression for mass flow rate.  

MI = 1.06 Tsin F 9.64C /.Ia d (15) \l/. i C Ct. LCICIA' P1 ad 

The sine function in Equations (14) and (15) is used to 
define the transition between incompressible flow occur
ring at low pressure ratios (AP/P,) and critical flow.  

Let 

a [59.64 IP (16) 
CCy P jrad

Rewriting Equation (15) in the following manner: 

Ml = 1.06,/pP1C 1C2CF (17)

The factor, F. is bounded by the following: 

F = sin 0 for 0 < /2 
(I8) 

F = 1.0 for 0 2 r/2 

By substituting Equation (17) for the mass flow rate in 
Equation (13), the dynamic torque for a given valve is 
given by

pP,(CC, sin 0)2 
Pd II

The only parameter in Equation I that cannot be 
- readily obtained is the density at the valve disc, Pd

Assuming that the change in the ratio of fluid density at 
the valve inlet to fluid density at the valve disc with 
increasing pressure ratio is small relative to the total 
change in mass flow rate, the torque expression can be 
simplified in the following manner:

TD ac P1(CIC 2 sin 0)2 

Therefore, for compressible flow: 

TD = K 2 P1(CIC 2 sin 0)2

(20) 

(21)

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

As AP/P, - 0 

sin 0 = 0 (radians) 

TD = K, (59.64) 2Ap (22)

The expression in Equation (22) is equivalent to the 
expression in Equation (10-A): 

K2(59.64) 2 AP = K 1 D3 AP

(23)K JK, D3 

(59.64)

By substituting the expression in Equation (23) for the 
coefficient K. in Equation (21), a general expression for 
dvnamic torque for compressible flow is obtained using 
the dimensionless torque coefficient established for 

283 ISA Transactions - Vod. 8, No. 4

incompressible flow.  

[C, C 21 
TD = KD 3 P, L5.C2J sin 2 6 (24) F59.64i 

For convenience the form of Equation (24) is simplified.

where
TD = KD'AP, 

AP, = P _ sin' 0 
59.64

(25) 

(26)

Equation (26) is defined as the pressure differential 
contributing to the dynamic torque on butterfly valves 
with conditions of compressible flow.

EXPERIMENTAL RESULTS

The first step in the experimental evaluation was to 
establish the dimensionless torque coefficient. K,, as a 
function of valve disc rotation as defined by Equation 
(10-13). A test was conducted on a 4-in. valve under the 
following controlled conditions: 

1. 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 
specifications and attached to the test line 
according to specifications in the ASME Power 
and Test Code.!" 

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

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

5. The test was conducted at a low pressure ratio 
(AP/P, = 0.088) to ensure incompressible flow.
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Figure 1. Dimensionless torque coefficient, 4-in. butterfly 
valve incompressible flow: P, = 100 psig, P = A10 psi.
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Figure 2. Dynamic torque vs. angle of disc rotation, 4-in.  
butterfly valve, comparison of experimental results with 
calculated torque, incompressible flow: P, = 100 psig, 
AP = 5 psi.  

Torque measurements were made at selected incre
ments of disc rotation (0-900). A transducer, consisting 
of a steel bar with strain 2ages 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 were used to determine the dimensionless torque 
coefficient plotted as a function of disc rotation on Figure 
1. The curves plotted on Figure 2 show excellknt agree-
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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: P, = 100 psig, 
AP = 5 psi.  

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

The next step was to verify that the torque coefficient 
is indeed applicable to other valve sizes provided geo
metric similarity is reasonably well maintained. The 
results on Figures 3 and 4 again show very good agree
ment between measured torque and calculated torque 
for two 8-in. valves.

D 
0 
0 
I-

90
ANGLE OF ROTATION-DEGREES 

Figure 3. Dynamic torque vs. angle of disc rotation, 8-in.  
butterfly valve, comparison of experimental results with 
calculated torque, incompressible flow: P, = 100 psig, 
SP = 5 psi.
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-Figure 5. Dynamic torque vs. valve pressure drop, 4-in.  
butterfly valve, 60* disc rotation, comparison of experi
mental results with calculated torque, compressible flow: 
P1 .= 214.4 psia, flowing medium = air.
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Figure 6. Dynamic torque vs. angle of disc rotation, 4-in.  
butterfly valve, comparison of experimental results with 
calculated torque, compressible flow: P, = 114.4 psia, 
AP = 5 psi (AP/P, = 0.0446), flowing medium = air.  

It should be noted that discs in the two 8-in. valves 
were of substantially different geometric shape. Using 
the ratio of disc diameter to hub diameter as an indicator, 
these ratios were 4.56: 1 and 3.55:1 for the valves used to 
obtain the data for Figures 3 and 4. respectively. The 
difference in torque magnitude for these valves with a 
5 psi pressure differential shown in Figures 3 and 4 is 
the result of this difference in geometry. The disc in the 
8-in. valve used for the test in Figure 3 was geometrically 
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Figure 7. Dynamic torque vs. angle of disc rotation. 4-in.  
butterfly valve, comparison of experimental results with 
calculated torque, comqssible flow: P, = 64.4 psia, 
AP = 10 psi (AP/P, x0.1)1 flowing medium = air.  
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Figure 8. Dynamic torque vs. angle of disc rotation, 4-in.  
butterfly valve, comparison of test results with calculated 
torque, compessible flow: P, = 64.4 psia, AP = 30 psi 
(AP/P, =j.466, (critical flow) flowing medium = air.  

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 
include the effect of fluid compressibility is accomplished 
by defining an effective pressure differential as shown in 
Equation (25). The curves on Figure 5 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 between the 
torque calculated using Equation (24) and the experi
mental results. The incompressible torque curve is also 
shown on Figure 5 to emphasize the effect of fluid 
compressibility.  

The curves on Figures 6 through 8 are presented to 
compare experimental results with torque calculated 
using Equation (24) for full 900 disc rotation. At low 
pressure ratios, the torque using air as the flowing 
medium is essentially equal to the torque for incom
pressible flow (Figure 6). As the pressure ratio is increased, 
the effect of fluid compressibility becomes more pro
nounced as shown in Figure 7. Once critical flow has 
been attained. no further increase in torque is realized 
by increasing the valve pressure- differential as shown on 
Figure 8.  

CONCLUSIONS 

A technique is presented which can be used to determine 
the dynamic torque for butterfly valves with reasonable 
accuracy. The basic torque relationship developed for 
incompressible flow is extended to include the effect of 
fluid compressibility. The method presented is developed

- r
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using the Universal Gas Sizing Equation to define an 
effective pressure differential for the transition from 
incompressible flow to critical flow. Application of this 
method shows excellent agreement with experimental 
test results.  

NOTATION 

A = Flow area, in.' 
B,, B2, 

Bz, Be = Constants of proportionality 
C, = C. C.  
C, = Correction factor for variation in specific heat ratio 

= Gas sizing coefficient 
C.= Flow coefficient 

p ~ Nominal valve diameter, in.  
F = Force. lb 
G = Specific gravity 

K, = Dimensionless torque coefficient 
M = Mass flow rate, lb/s 
P, = Inlet pressure. psia 

AP = Valve pressure differential, psi

AP, = Pressure differential affecting dynamic torque 
Qj = Flow rate incompressible fluid. sch 
C, = Flow rate compressible fluid. scih 
T = Absolute temperature, 'R 

To = Dynamic torque. in. lb 
V = Fluid velocity, in./s 

p, = Fluid density at upstream pressure tap, lbin.' 
p, = Fluid density at valve disc. lb in.' 
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practical, current, authoritative information on all phases 
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ences, and Society news.  
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tific instrumentation are in circulation. These standards 
are developed and approved by ISA Committees and 
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ments and Experimental Techniques, Automation and 
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working in the field of industrial and scientific instru
mentation.  
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The Society provides three basic training texts, two 

sound color movie films, and a filmstrip for education 
and training of technicians and engineers in the field of 
instrumentation. Texts are available for purchase. Films 
may be rented or purchased.  

ELECTRICAL SAFETY BOOKS 
A three-volume series of valuable reference books i 

a field vital to instrumentation includes Electrical Instru 
ments in Hazardous Locations, a 225-page text, Electrical 
Safety Practices, a 174-page state-of-the-art complemen
tary volume, and Electrical Safety Abstracts, now in its 
third edition.  

ISA TRANSDUCER COMPENDIUM, 2nd EDITION 
An updated guide to transducer state-of-the-art and 

product performance data for the designer, specifier, and 
purchaser of instrumentation equipment. It is the only 
single source for performance data on over 50,000 trans
ducers comprising 1800 model series. Data are presented 
in a form referable to the latest engineering standards and 
recognized practices. The 2nd Edition of this standard 
reference will be published in three parts at one-year inter
vals, each part to be revised triennially. Part 1, available 
now, covers transducers for the variables pressure, flow.  
and level. Parts 11 and III, to be published in 1969 and 
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position, physical properties, humidity and moisture, radi
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Relationships Used in 
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Attachment 5: Capacity and Dynamic 
Torque Curves Determined 
in Fisher, Lab Tests for 
6" Type 9200 Test Valves, 
Aspect Ratio 5:1



FISHER CONTROLS COMPANY

MARSHALLTOWN. IOWA

LABORATORY REPORT

TITLE: CAPACITY, CHARACTERISTIC AND TORQUE TESTS OF 5 TO 1 

IN 6" - 150 LB. TYPE 9200 BUTTERFLY VALVE

Project No. CD75-115 

PROBLBA 983 
REPORT 13 
PAGE 1 
DATE 7-7-76

ASPECT RATIO DISC

VALVE BODY: 
TYPE 
SIZE 
RATING 
DWG

9200 
6" 
150 lb.  
F41629-B

VALVE TRIM: 
DISC TYPE 5 To 1 
DISC DWG 75-1 
RETAINER RING DWG

Aspect Ratio (Flame-cut)
15DXX2002-A

FLOW DIRECTION: 
NOMAL BODY INSTALLATION 
REVERSE BODY INSTALLATION A 

(seal upstream) 
TEST SETUP:

SEAL TRIM 
TYPE 
MATE 
DWG

TESTS PER 
1.  
2.  
3.

RIAL 

FORM ED: 
Water Cavacity & Characteristic 
Air Canacity & Characteristic 
Dynamic Torque Test _

TEST RESULTS: 
1. CHARACTERISTIC 
2. CAPACITY: SEE

CURVE(S): SEE FIG(S). 1 
FOLLOWING TABLE FOR SIZING COEFFS CALCULATED FROM TEST DATA

Disc Rotation 10 20 30140150 60 70 80 90 
Degrees I 1 _ 

Liquid - Cv 54.5 80.8 114 164 247 385 630 1090 1370 

Gas - C 1570 2210 2850 4010 6550 10200 14900 20600 25700 

Steam - Cs 78.5 111 143 201 328 510 745 1030 1290 

Cg/C = C, 28.8 27.4 25.0 24.5 26.5 26.5 23.7 18.9 18.8

3. Maximum K1 = 0.12 See Figure 2 for dynamic torque curve

Approved: .aA4

William C. Scheffert 
Research Department
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Attachment 6: Piping System Sketches, Figures A and B
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Attachment 7: Drawing H-14266. Type 
656 Fisher Diaphragm Operator 
w/164-A Seal System Assembly
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Attachment 8: Bulletin and Instruction 
Manual for Fisher Type 164A 
Switching Valve
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The Types 164 and 1 64A switching valves are pneumati
cally operated and controlled units, built with a wide range 
of capabilities to handle those switching applications that 
involve venting, on-off control, and failure modes.  

Operatior. of either valve occurs when the pneumatic signal 
changes as indicated in table 1 . With its two ports, the Type 
164 switching valve is typically used as a normally open on
off switch, while the Type 1 64Aswitching valve directs flow 
through three ports. Additionally, the Type 1 64A provides 
on-off capability when one of its three ports is plugged.  

The Types 164 and 1 64A switching valves share the same 
basic construction isee figures 1 and 2), except that where 
the Type 1 64A switching valve has a part containing port B.  
the Type 164 switching valve has a plug.

TYPE 164

Figure 1. Switching Valve Constructions

Features 

* Versatile-Constructions throughout the product line 
provide three-way or on-off pneumatic switching to suit a 
variety of applications.  

* Easy. Accurate Adjustment-With a choice of springs 
for optimum resolution, the switching point is set to a 
specific requirement by an adjusting screw atop the spring 
case.  

* Rugged. Compact Construction-The unit is small 
enough tor easy installation in limited space, yet rugged 
enough to be mounted on the actuator.

ADJUSTING 
SCREW 

SPRING 
c A S E -\ 

SPRING 

/-DIAPHRAGM 

PORT C 

PORT A-" 

'--VALVE BODY 

'-PORT 8 

Figure 2. Sectional View of Type 164A 
Switching Valve

vin

TYPE 164A

Types 164 and 134A 
Switching Valves

--w
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Specifications

AVAILABLE 
CONFIGURATIONS 

MAXIMUM VALVE 
BOOY PRESSURE 

SET PRESSURE 
RANGES 

MAXIMUM 
DIAPHRAGM 
PRESSURE 

OPERATIVE TEMP
ERATURE LIMITS* 

FLOW 
COEFFICIENTS (C,)

Type 
valve 
Type 
valve

164: Two-way switching 

164A: Three-way switching

250 psig (17.2 bar) 

See table 1 

100 psig (6.9 bar) 

-20 to 1 50OF (-29 to 66 0 C) 

Depends on construction and flow 
path (see figure 2) as follows: 
Type 164: 26.6 (Port A to Port C) 
Type 164A: 15.0 (Port A to Port B) 
or 26.6 (Port A to Port C)

'Defined in ISA Standard S51.1-1976.

CONNECTIONS 

CONSTRUCTION 
MATERIALS 

APPROXIMATE 
WEIGHT 

OPTIONS

Type 164: Ports A and C-U 1/4
inch NPT or 2 1/2-inch NPT; Vent 
and control pressure connection 
(Port D)-1/4-inch NPT.  
Type 164A: Ports A, B, and C-! 
1/4-inch NPT or 1 1/2-inch NPT; 
Vent and control pressure connec
tion (Port D)-1/4-inch NPT 

Part Material 

U Aluminum or E Cast iron 
Spring Case (Accepts optional closing 

cap) 

Valve Body Aluminum 

Valve Disc Brass and synthetic rubber 

Diaphragm Nitrile 
and 0-rings 

Spring Steel 

Closing Cap Brass 
(Optional) B

4 lbs (1.8 kg) 

Closing cap

Table 1. Spring Information 

MAXIMUM PRESSURE CHANGE ON 
SPRING RANGE SPRING PART COLOR DIAPHRAGM FOR FULL STROKE 

Psig Bar NUMPER CODE psi Bar. Differential 

Type 164 or Type 164A Switching Valve 

3 to 15 0.2 to 1 108923 27022 Rd 2.25 0.2 

5 to 20 0.3 to 1.4 107515 27022 Cadmium 2.5 0.2 

5 to 35 0.3 to 2.4 106659 27022 Blue 4 0 3 

30 to 60 2 to 4.1 107455 27142 Green 5.75 0.4 

40 to 100 2.8 to 6.9 1 E5436 27142 Yellow 11 0.8 

Type 164 Switching Valve Only 

80 to 150 5.5 to 10.3 1P9013 27142 Brown 16 11 

130 to 200t 9.0 to 13.8t 1P9013 27142 Brown 16 1.1 

'Ranges shown are recommended for nest performance. Anl spns istprt can be adus1a to 0 psgy 
tiequres diaphagm head rnth part nuoer IP9014 25062.
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TYPE 164A 
SWITCHING VALVE 

BLEED 
ON OFF PROPORTIONAL 
CONTR.)LLER I CONTROLLER 7 

AIR AR 
SUPPLY SUPPLY 

*CONTROL VALVE 

Figure 3. Typical Switching Valve Application 

Principle of Operation 
Refer to figures 2 and 4. Control pressure enters the 
switching valve through port D and registers on the 
underside of the diaphragm. Control pressure overcomes 
the spring force and the diaphragm and valve disc are 
raised, closing port C and opening port B of the Type 1 64A 
switching valve. In this condition the Type 164 construction 
is turned off and the Type 1 64A construction provides a 
flow path from A to B.  

If, either intentionally or through pneumatic failure, the 
control pressure drops below the spring force, the dia
phragm and valve disc move downward, opening port C and 
closing port B of the Type 1 64A switching valve. Now both 
constructions provide a flow path from port A to port C.  

The pressure change necessary to switch the valve depends 
on the spring used and the setting of the adjusting screw on 
the switching valve.  

Installation 
The switching valve can be mounted in any position, 
providing the vent in the spring case is free from obstruc
tion. Connect the pneumatic control line to the port marked 
-D" on the valve body. Ports A and C (and B on the Type 
1 64A valve) are connected for the desired switching valve 
response to loss or decrease in pneumatic pressure.  

Figure 3 shows a typical application of the Type 164A 
switching valve. If the control valve inlet pressure falls 
below a predetermined setting, the on-off controller turns 
off control pressure to the switching valve. This causes the 
switching valve to bleed the- control valve diaphragm

9.19 MAXIMUM 
(233) 

250

1/4.1 

NPT

DIMENSION 
SHOWN IS FOR TYPE C A
164A SWITCHING 

VALVE. FOR TYPE 164 
SWITCHING VALVE, 
THIS DIMENSION IS 
8.28 INCHES (210 mm).  

1 bS INCHES 

(40 mm) FOR TYPE 164 

SWITCHING VALVE.  

Figure 4. Dimensions

INCH 
(mm~n)

pressure to atmosphere, closing the control valve. The 
control valve remains closed until the inlet pressure is 
restored to the desired setting.  

Dimensions are shown in figure 4.  

Ordering Information 
When ordering, carefully review the "Specifications" table 
and specify your selection whenever a choice is offered, 
including the desired spring number.  

In addition, specify: 
1. Type number of switching valve 
2. Size and type number of actuator on which the switching 
valve is to be mounted 
3. Whether the switching valve is to be mounted on .he 
actuator casing or on the actuator yoke



nstruction Mlanuai and Parts List 
Types 164 & 164A 

TYPE 164 "RE-,'UE 4EGULATOR 

TYPE 164A SE, TCoPE AT5PS1 

I 
IESSURE GAUGE 

TYPE 67FA 

ReQd C .NTROLLER 

LTL. .. T ~.'5T- Q.; O ,UT AIR SUP...y 

MAIN VALVE P CP OISCARGIE 

Figure 1-Type 164A Dwg. No. AE.377 Figure 2-Type 161 Dwg. No. AF8400 

Lock-up system using Type 164A to close air circuit to Warunig system using Type 164 two-way valve to ac
diaphragm oi man valve in case of plant air failure. tivate a whistle when pump discharge pressure falls.  
.Iain valve will remain in position it occupied at time 
of supply pressure failure.  

TYPE NUMBER EXPLANATION aol is 1" NPT. The ports are either 1/i" or I " N_, PT, depending on customer specifications.  
Type 164 - Two-way regulator. diaphragm op

erated, normally open valve.  
two-way, or three-way valves. The bottom con

Type 164A - Three-way regulator. same as above. nection is plugged in the first use and is open 
except a special adaptor is used to provide the on three-way applications.  
third outlet.  

The two-way Type 164 regulator is normally 
open, and pressure applied under the diaphragm 

INSTALLATION closes the port. The 164 should be installed so 
that flow goes from port "A" to port '.C". A 

Thoroughly clean and blow out all pipe lines typical 164 installation is shown in Figure 2. Max
to remove pipe scale and other foreign material. imum inlet pressure for both the 164 and 164A 
Make sure the regulator is clean before making is 250 psi.  
the installation, and apply pipe compound to the 
male threads.  

ADJUSTMENT 
This valve can be installed in any position in 

the pipe line. The installation should be made so The regulator is set for the pressure shown 
that moisture cannot enter the vent, but do not on the paper label attached to the spring case.  
plug the vent. If desirable to pipe the vent away, The spring ranges available are shown in the 
the vent outlet is tapped I l"x1SNPT. table. To increase the setting within a given 

A tyica intalatin oftheTyp. 14A henspring range. loosen lock nut (Key No. 13 Figure A typical installation of the Type. 164A when n 1-0 
used as a pneumatic lockup is shown in Figure 1.  

Thethre Tpe f3 potsareieniida clockwise. Tui-n adjusting screw counterciockThe three Type 164A ports are identified as 
"A", "B" and "C". Flow can go from A to B, A vise to decrease pressure setting. Be sure to.  
to C, C to A, B to A. but not B to C or C to B. tighten locknut after pressure adjustment is 
The controol line connection is identified as tD" made.

PPINTFD IN U.S.A. FISHER CONTROLS COMPANY 

ire

MarhaliOwfn, Iowa Coraopolis. Pa.  

WoodstockOnt .. Can. Toluca. Mexico
FORM i2??F 

(SuPersedes Form 1283E)



Spring Maximum Pressure , 
Spring Spring Outlet Change on 

Dwg. No. Color Pressure Diaphragm For 
Range Full Stroke 

18923 Red 3-15 psi 2 psi 
1D7515 Cad. Plate 5-20 psi 2_ psi 
116659 Blue 5-35 psi 4 psi 

1D7455 Green 30-60 psi 5:1t psi 
1E5436 Yellow 40-100 psi 11 psi 
1P9013 Brown 80-150 psi 16 psi 
1P9013 Brown 130-200 psi, 16 psi 

NOTE: All six springs can be adjusted to 0 psi. The 
above ranges are. recommended for best performance.  
Spring 1P9013 for Type 164 only.  

* With Diaphragm Head Dwg. 1P9014 

MAINTENANCE (See Figure 3) 

If necessary to inspect or replace the Type 164 
disc holder assembly, (Key No. 6) remove body 
plug (Key No. 10). This allows valve disc holder, 
spring, (Key No. 3) and stem (Key No. 7) to 
slide out. In the same manner the body plug 
(Key No. 10) can be removed on a Type 164A

to replace disc holder assembly (Key No. 6) and 
the inner valve "0" ring (Key No. 5).  

If the diaphragm needs replacing, loosen lock
nut, (Key No. 13) and back off adjusting screw 
(Key No. 12). Remove casing nuts (Key No. 15) 
and lift the spring case (Key No. 2) off the 
assembly. This exposes the spring (Key No. 4) 
which can be lifted out, and the diaphragm as
sembly which can also be lifted out. When re
assembling, replace the adjusting screw before 
tightening the diaphragm casing nuts. This as
sures slack in the diaphragm which is essential 
to proper operation.  

ORDERING PARTS 

When corresponding with the factory or rep
resentatives regarding this regulator. give the 
type number stamped on the body of the regulator 
as well as the spring range on paper label attach
ed to spring case. When ordering parts, be sure 
to give complete parts number of desired parts.

Parts Reference

KEY PART NUMBER PART NAME MATERIAL

1 T10638 0801 Body . . . . . . . . . . . . . . . Aluminum Die Cast 

2 2P9015 0801 Spring Case. . . . . . . . . . . . Aluminum Die Cast

3 106668 2722 Valve Spring . . . . .

108923 
1D7515 
106659 
107455 
1E5436 
1P9013

2702 
2702 
2702 
2714 
2714 
2714

Regulator Spring . . . . . . . . .  
0-15 psi, Red 
0-20 psi, CD PL 
0-35 psi, Blue* 
0-60 psi, Green 
0-100 psi. Yellow 
0-150 psi, Brown (Type 164 only)

5* 1D6825 0699 0-Ring (2 req'd) 

6* Valve Disc Assembly. . .  
106656 0OA Type 164 
1E4567 OOOA Type 164A 

7 1D9638 3517 Valve Stem.. .......  

8 106669 1409 Stem Guide . . . . . . . .

106662 OOOA 
106662 9902 

106652 0901 
1E4397 1401

Diaphragm Assembly . . . . . . . .  
For Standard Springs 
For Spring Dwg. 1P9013

Body Plug 
Type 164. . . . . . . .  
Type 164A . . . . . . .

11 106671 2507 Upper Spring Seat. . . . .

Spring Wire, CD PL 

Spring Wire, CD PL

. . . . Synthetic Rubber 

. . . . Brass & Buna N 

. . . . Stainless Steel 

. . . . Brass

Sub Assembly

. . . . Aluminum 

. . . . Brass 

. . . . Steel, CD PL

12 1D9954 4870 Adjusting Screw. . . . . . . . . . Steel, CD PL

13 106677 2898 Locknut. . . . . . . . . . .

T10760 2405 
1A3508 2405 

1A3457 2412 
1E9853 2414

Cap Screw (8 req'd). . . .  
Type 164 
Type 164A 

Hex Nut (8 req'd). . . . .  
Type 164 
Type 164A

16 OL0783 4306 Vent Screen. . . . . . . .  

22 1E4566 3503 O-Ring Retainer Screw. . .

. Steel, CD PL

. . . . Steel 

. . . . .Steel 

. . . . Monel 

. . . . Stainless Steel

* Recommended Spare Part

4

9* 

10-

14 

15

. .



Parts Reference

Figure 4-Type 164 

Except for the valve disc assembly (6). and the 3-way adaptor or body plug (10), 
All parts are interchangeable with Type 164A.

I

0

Dwg. CE4400 

Figure 3-Type 164A

' =- -M z =! ,



YOKE -TYPE ACTUATOR 
W/ OPTIONAL TRAVEL

MOUNTING PARTS 
STOP

ASSEMBLY 
OPTIONAL

DRAWINGS 
CONSTRUCTION OF BRACKET ASS 'Y.  

PISHER CONTROLS COMPANY 
CONTININTAL DIVISION 

Coraopelils Pennsylvania 1510m

)



Attachment 9: Assembly Drawing G34225 
"Optional Construction of 
Bracket Assembly"



Attachment 10: Bulletin and Instruction Manual 
for Type 9200 Butterfly Valves

)



S200 Series Butterfly 
Control Valve Bodies 
for Nuclear Service

I ~

Fisher 9200 Series valves are offset-disc butterfly valves 
with an adjustable elastomer T-ring seat suitable for 

extremely stringent shutoff requirements. These valves are 
-often used as nuclear-service valves for on/off applications 
such as containment isolation and for throttling or on/off 
flow control of component cooling water or auxiliary 
service fluids.  

Design criteria for pressure-retaining components of 9200 
Series valves meet the requirements of the ASME 
!American Society of Mechanical Engineers) Boiler and 
Pressure Vessel Code, Sections III and VIII, and the valve 
body assemblies can be furnished with the ASME 
"N"-stamp symbol.  

The standard plate steel or cast steel 9200 Series wafer
style valve is installed between pipeline flanges. An optional 
steel single-flange style body is available with a pipeline 
flange on one end and a buttwelding connection on the 
other end or with a buttwelding connection on both ends.  
This optional construction can be welded directly to a 
containment vessel wall.  

These valves are available in 4-inch through 96-inch 
sizes for process temperatures to 4000 F and, depending 
upon size, pressure drops to 150 psi.  

Features 
* Compliance with Nuclear Code and Other 

Requirements-Fisher Controls Company holds the ASME 
Certificate of Authorization to use the N"-stamp symbol 
on these valve body assemblies. All ASME requirements for 
Class 1, 2. and 3 nuclear-service valves, as well as special 
customer assembly, cleaning, painting, and packaging 
requirements, can be met. In addition, compliance of valve 

and actuator assemblies with specified seismic and environ
mental criteria can be documented with seismic analysis 
calculations and/or actual test results 

* Economical-Standard plate steel construction 
requires less extensive nondestructive examinations than 

cast construction, reducing cost and delivery time.  
Standardized valve/actuator size combinations ensure 
sufficient actuator power while reducing actuator selection 
time and documentation cost and delay

ACTUATOR 

FABRICATED 
MOUNKTING 
BRACKET\ 

STYLE 4 
LINKAGE

Figure 1. 9200 Series Specification B-1 Valve 
Body with Type 656 Actuator

* Excellent Shutoff without Excessive Seating Torque
Offset disc design allows disc/T-ring contact around 360 
degrees of disc circumference. Elastomer T-ring is field 
adjustable so that shutoff can be maintained without 
excessive disc/T-ring interference and associated high 
seating torque. Reduced interference also minimizes T-ring 
wear to prolong T-ring life 

* Reduced Leak-Off Piping Requirements-Sizes 
through 24 inches use valve shaft packing on one side of 
valve only; only one leak-off connection to pipe

7 
. a 111SM [: W cp 

eonAot: d 1:a 0:7
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Specifications

AVAILABLE CONFIGURA
TIONS AND BODY SIZES 

BODY STYLE 

END CONNECTION 
STYLES 

MAXIMUM INLET 
PRESSURE' 

MAXIMUM PRESSURE 
DROP'

Shutoff (0 Degrees of 
Rotation) 
4 Through 24-Inch Sizes: 150 psi 
30 Through 95-Inch Sizes: 75 psi 
Flowing: See table 1

Disc

1. No.. of the mres-- or temo-au-~r -t~tar~ons ,- msh bLJc,n. mor anv aoilcable coaP. Imia.  
00,~i si Ouii -- enceOed.  

2. 0rssr ,irmnn *nr 
3. Presute .eta-iq oar!l ir 4ch throuofl 24-,ch sizes on-

9200 Series Specification B-1: 
Offset-disc butterfly control valve 
body with adjustable elastomer 
T-ring seat contained between the 
retaining ring and valve body as 
shown in figure 2. Valve shaft 
sealed with packing on actuator side 
and with a blank-off plate on the 
other side. Available in a 4, a 6, 
a 8, x 10, a 12. . 14, , 16, . 18, 
a 20, and a 24-inch sizes 
9200 Series Specification C-1: 
Offset-disc butterfly control valve 
body with adjustable elastomer 
T-ring seat contained between the 
retaining ring and the valve disc 
face as shown in figure 3. Valve 
shaft sealed with packing on both 
sides. Available in a 30 through 
a 96-inch sizes in 6-inch 
increments 

Flangeless (wafer-type) body with 
four flange bolt holes (see figures 
1 and 4) for installation between 
two pipeline flanges 

4 Through 24-Inch Sizes: Mate 
with ANSI Class 150 (816.5) 
raised-face flanges 
30 Through 96-Inch Sizes: Mate 
with w ANSI Class 125 (616.1) 
flat-face flanges (through 72-inch 
size only), a AWWA C207 flanges, 
or a MSS SP-44 flanges 

4 Through 24-Inch Sizes: Compat
ible with ANSI Class 150 pressure/ 
temperature ratings for tempera
tures frorr +20 to +400 0 F 
30 Through 96-Inch Sizes: a 75 
psig for temperatures from +20 to 
+4000F (in accordance with ASME 
Code Case 1678, approved 
December 16, 1974) or * higher 
pressures upon request

J.

CONSTRUCTION 
MATERIALS 

OPERATIVE 
TEMPERATURE' 7

4 T ... . ... 0i 0,, P-n Co.  
5. Tf,1onmok Of C1,1nn .ch; Co.  
6. T,-r',,k MI In Cri,,r C D.  
7. This le-n is dio~ in SAMA St-ar'orr PMC 20.1i 1973,

Body,' Disc,' and Retaining 
Ring 3: w Steel plate (ASME SA51 5 
GR 70) or a other materials avail
able upon request 
Shaft: 17-4PH stainless steel 
(ASME SA564 GR630 H1075) 
Taper Pins: Same material as shaft 
Blank-Off Plate (Through 24-Inch 
Size Only): 316 stainless steel 
(ASME SA240 GR316) 
Blank-Off Plate Bolting (Through 
24-inch Size Only) 
Studs: Steel (ASME SA193 GR 
B8M) 
Nuts:2 Steel (ASME SA1 94GR 8M) 
T-Ring: a EPDM (ethylene
propylene) or a nitrile, m Viton4 is 
also available for non-nuclear appli
cations 
Retaining Ring O-Ring (Through 
24-Inch Size Only): EPOM 
(ethylene-propylene) 
Blank-Off Plate Gasket (Through 
24-Inch Size Only): Spiral-wound 
gasket of 304 stainless steel and 
asbestos 
Packing: Alternated rings of Cranes 
187-1 and laminated-graphite 
(Grafoil6 ) packing 
Bushings: a Graphite-impregnated 
bronze (bushing 2) or n alloy 6 
(bushing 3) 
Bushing Retainers and Retainer 
Tube: 316 stainless steel 
Packing Follower: Steel 
Packing Lantern Rings and 
Washers: 316 stainless steel 
Packing Box Studs and Nuts: 
Steel 
Thrust Collars 
Shaft Diameters to 1-1/2 Inches (Through 
18-Inch Valve Size): Cadmium-plated 
steel clamp-type collars with brass 
washers between collars and 
bearing surfaces 
Shaft Diameters over 1-1/2 Inches
Bronze collars pinned to valve shaft 
Actuator Mounting Bracket: 
Fabricated Steel 

With EPDM T-Ring: +20 to 
+3000F 
With Nitrile T-Ring: +20 to 
+2000 F

F
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Specifications (Continued)

ACTUATOR TORQUE 
REQUIRED 

FLOW DIRECTION 

FLOW COEFFICIENTS 

SHUTOFF 
CLASSIFICATION 

DISC ROTATION

With Viton T-Ring: -20 to 
+400'F (Do not use with water 
over 1800F or steam) 

See table 1 

Flow is permissible in either direc-.  
tion, but valve is normally installed 
with T-ring retaining ring facing 
downstream 

See Fisher Catalog 10 

Fisher Class VI (less than one bubble 
per minute using air at a pressure 
drop of 150 psi for 4 through 
24-inch sizes and 75 psi for 30 
through 96-inch sizes) 

w Clockwise to open or a counter
clockwise to open (when viewed 
from actuator side of valve) through 
90 degrees of disc rotation.  

Fabricated actuator-mounting 
bracket is used to mount Fisher 
Type 480-15, 481-15,- 656 and 
864 actuators. Style 4 adjustable 
linkage, shown in figure 1, is used 
with Fisher actuators for travels of 
4 inches and less and valve shaft 
diameters of 1-1/2 inches and less.  
Fixed linkage is used for longer 
travels and larger valve shafts.  

Actuator can be a perpendicular to 
(standard) or a parallel with pipe
line (adaptor required for parallel 
mounting of actuators requiring a 
mounting bracket) with actuator to 
N right (standard) or a left of valve 
(when viewed from valve inlet) 

With perpendicular mounting in 
horizontal pipeline, actuator can 
extend a above (standard) or a 
below pipeline. With parallel 
mounting, actuator can extend a 
upstream or N downstream.

ACTUATOR/VALVE 
ACTION 

MATING FLANGE 
CAPABILTIES 

CODE CLASSIFICATIONS 

TESTING REQUIRED 

PACKING BOX TYPE 

VALVE SHAFT 
DIAMETERS 

APPROXIMATE WEIGHTS 

OPTION

m Push-down-to-open (extending 
actuator stem opens valve) or 
a Push-down-to-close (extending 
actuator stem closes valve) 

Compatible with welding-neck and 
slip-on flanges 

Valve body, disc, and shaft com
ponents designed in accordance 
with allowable stress levels as 
specified in ASME Boiler and 
Pressure Vessel Code, Sections III 
and VIII 

Valve body assemblies available as 
nuclear code Class 1, 2, or 3 valve 
with ASME "N"-stamp symbol 

All nondestructive examinations 
(NDE) required for Class 1, 2, and 3 
nuclear-service valves can be 
furnished; for current list of NDE 
requirements, see Fisher Catalog 11 

Leak-off type packing box with 
1/2-inch NPT female leak-off 
connection 

See figure 7 

See figure 7 

Single-flange steel valve body with 
a 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 n a buttwelding 
end connection on both ends.  
Flanged end connection available as 
noted in "End Connection Styles" 
above; buttwelding-end connection 
available per a ANSI B16.25 or 
a as specified

ACTUATOR MOUNTING
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L-ADJUSTING 
SET SCREW 

Figure 2. 9200 Series Specification B- 1 Valve 
T-Ring Details (Optional Single-Flangel 

Buttwelding End Construction)

OISC 

BLANK-OFF PLATE 
GASKET 

.7*

-4
BLANK-OFF 
PLATE BOL

Figure 3. 9200 Series Specification C- 1 
Valve T-Ring Details

T RING RETAINING RING 

LEAK OFF CONNECTION 

LAMINATED-GRAPHITE 
PACKING RING 

CRANE 187-1 
PACKING RING 

BODYW
NuO.J RTRING 

PRESSURE RETAINING PART 
PRESSURE RETAINING PART ON 4 INCH THROUGH 

24 .NCH SIZES ISPECIFICATION B 11 ONLY, 
PRESSURE-RETAINING PART ON 4 INCH THROUGH 

24-INCH SIZES (SPECIFICATION 8-1i ONLY. NOT USED ON 
30 INCH OR LARGER SIZES (SPECIFICATION C II 

Figure 4. 9200 Series Specification B- 1 Valve Body

Valve and Actuator 
Selection 

Note 

Valve and actuator selection can be made from 
table 1 for 4-inch through 72-inch valves, 
pressure drops to 150 psi (depending upon 
valve size), and process temperatures from 
+-20 to +1 400 0 F (depending upon elastomer 
T-ring material selected and application).

The torques in the "Actuator Torque Required" 
column of the table are the maximum torques 
encountered when the disc is being closed 
(or opened) against the shutoff (0-degrees of 
disc rotation) pressure drop shown in the table.  
Pressure drops shown for open disc angles 
(60 or 90 degrees) are the maximum flowing 
drops that the torques in the 'Actuator Torque 
Required' column wii oermit. (Where necessary, 

maximum oressure drops shown for open angles 
have been iimited by strength capabilities of 
construction materials.)

V

TI
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Tabie 1. Valve and Actuator Selection 

MAXIMUM PRESSURE 

VALVE VALVE DROP (PSI) ACTUATOR 
VALE SHAFT OPERATIVE BUSHING Angle of Disc TORQUE RECOMMENDED ACTUATOR 
SIZE DIAMETER TEMPERATURE TYPE REOD TYPE AND SIZE 

(INCHES) (INCHES) Opening (Degrees) (INCH POUNDS) 

____) _ _0 60 9 (INCH-060190 

4 5 8 2 150 49.7 16.9 410' 656 Size 40 w35 psig supplya 
3 150 59.1 21.5 525J 656 Size 40 w/ 35 psig supply' 

6 3 4 2 150 36.4 12.1 925J 656 Size 60 w,35 psig suppiv' 
3 150 46.1 1 5.0 1250J 656 Size 60 w/35 psig supply' 

1 2 150 30.5 10.1 18201 656 Size 60 w/35 psig supply' 
3 150 40.4 14.2 25753 480-15 Size 40 w/80 psig suoplys 

10 1 2 150 24.7 8.1 278(Y 480-15 Size 40 w/80 psig supplys 
3 144 16.0 8.1 3960 480-15 Size 60 w/80 osio sunply5 

12 1-1 4 2 150 22.7 7.6 44253 480-15 Size 60 w/80 psig supply
5 

1-3 150 27.0 9.0 65503 480 Size 80 wi80 psig supply
5 

14 1-114 2 150 19.7 6.5 5360 480-15 Size 60 w/80 psig supolys 
3 140 19.5 6.4 7950 864 Size' 6 x 20 w/80 psig supply 

16 1.1 2 150 18.9 6.3 77851 480 Size 80 w/80 psig suppiv
5 

3 150 22.5 7.5 11,9000 864 Size 6 
x 20 wi80 psig supply' 

18 1- 1 2 2 150 15.7 5.0 10.5503 864 Size
6 6x 20 w/80 psig supplys 

EPDM T-Ring 3 129 15.0 4.9 15.950 864 Size' 8 x 20 w/80 psig supply5 

20 1-3 4 - 20 to - 300 F: 2 150 16.5 5.4 13.100 864 Sized 6 x 20 w/80 psig supplys 
Nitii e T- Ring: 3 148 13.0 7.8 20.550 864 Size

6 8.x 20 wi80 psig suooly
5 

24 1 -20 to -200F: 2 150 15.0 49 20,700 864 Size
6 8 x 20 w/80 psig supply

5 

24 2 Viton T-Ring: 3 137 15.0 49 33.170 864 Size' 10x 20 w,80 psig supply
5 

- 20 to-400F 75 6.5 2.1 17,7323 864 Size' 8 x 16 w/80 psig supply5 

30 2 3 75 6 2 2.0 27.932 864 Size' 8 x 20 w/80 psig supply 

36 2-1 '2 2 75 6.3 2.0 28,830 864 Size
6 
8 x 20 w/80 psig supply

5 

3 75 5.9 2.0 46,830 864 Size' 10 x 24 w/80 psig supply 

42 2-1 2 2 75 5.5 1.7 40,020 864 Size" 10 x 20 w/80 psig supply
5 

3 75 5.2 1.7 64,770 864 Size6 12x 20 w/80 psig supply' 

48 3 2 75 5.3 1.7 58.675 864 Size' 12 x 20 w/80 psig supply 
3 75 5.1 1.7 97.750 Contact Fisher Representative 

54 3-1 2 2 75 5.3 1.7 83.555 Contact Fisher Representative 
3 75 5.0 1.6 141.680 Contact Fisher Representative 

60 3-12 2 75 4.8 1.5 103.585 Contact Fisher Representative 
3 75 4.6 1.5 175,660 Contact Fisher Representative 

66 4 2 75 4.7 1.5 137.570 Contact Fisher Representative 
3 75 4.5 1.5 237.320 Contact Fisher Representative 

72 4.1'2 2 75 4.7 1.5 180.130 Contact Fisher Representative 
3 75 4.5 1.5 313.630 Contact Fisher Reoresentative 

I. Fr larupr , s contact :he F, ;er sales r.presesniive. 5. W th or witnou valve cosrooner. if 4R0 Seres actuator without osiioner is desired. substitute 
2. Son 2 arav i-,ir. mo recovTn o bus o 3 - ov 6 Tvie 481 o, 481 15 for Type 480 or 450 15. Section valid oniv If ful actuator travel and 
3. Warbn tornine apa3s. s rt FI e, matnua iadwnfei ac:uators rnn-moum costior su;lily tessure ior i on r oleraling pressurel of 80 pslq are used.  
4. With or .tt .v o- isc o , yton vad1,0 oy, t 1ai actu.Or trave . staindard 6 to 30 psg 6. CIyoter ore drameter inries) n m, r nm m ciudo travel aichest.  

inOmtnal, Sri, indD ilyr 5uiiiy Or m-9d.tn m -0tacrag o-ou- n qnad' of 35 n-l u-e 0von

All pressure drops shown are within the strength 
capabilities of the materials shown in the 
'Specifications" table.  

After determining the proper valve size using Fisher Catalog 
10 and the sizing nomographs or slide rule. refer to table 1.  
Check the maximum allowable pressure drop at the appro
priate open angle (either 60 or 90 degrees) to be certain it 

equals or exceeds that which will be encountered in service.  

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

table. In addition, other actuator types, such as electric 
and spring-return pneumatic rotary actuators are also 
available in recommended combinations with 9200 Series 
valve bodies. All combinations in table 1 are predetermined 
to have sufficient torque output at the stated operating 
conditions.  

Selection from among the recommended combinations 
reduces ciocuinentation cost and possibility of delay. Contact 
'he Fisher sales representative if other combinations are 
required.
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COOLANT PUMP HEAT CONTAINMENT ISOLATION HEAT EXCHANGER 
EXCHANGER VALVES- VALVES -NORMALLY ISOLArION VALVES
NORMALLY CLASS CLASS 2 VALVES %ORMIALLY CLASS 2 
1 VALVES OR 3 VALVES 

Figure 5. Typical Applications for Class 1, 2 and 3 Nuclear-Service Valves Shown in a Component Cooling System

INSIDE 

VESSEL

CONTAINMENT WALL 

OUTSIDE 
I CONTAINMENT VESSEL

PIPELINE FLANGE J 

BUTTWELOING END CONNECTION

ETILATING 

PIPELINE FLANGE 

BUTTWELDING END CONNECTION

"'.- PIPELINE FLANGES 

8UTTWELDING END CONNECTION

80TH VALVES BUTT WELDED TO EXTENSION 
Of CONTAINMENT WALL

ONE VALVE SUIT WELDED TO 
CONTAINMENT WALL

Figure 6. Typical Installations for Single-Flange 9200 Series Valves with One Buttwelding-End Connection and 
One Flanged Connection (Being Used as Isolation Containment Valves in Ventilating Air System)

Installation 
The actuator will be mounted on the valve in the orientation 
specified when the unit was ordered. This orientation is 
normally selected based upon the desired mounting position 
in the pipeline, available space at the point of installation, 
etc.  

For 30-inch and larger valve sizes, factory seat leak testing 
must be performed with the valve in the same position as is 
intended for the actual installation. For these larger 
sizes, install the valve in the same position as was

specified when the valve was ordered, or a field 
re-adjLstment of the T-ring may be required to attain the 
desired shutoff capability. T-ring adjustment is provided 
by a compression ring and adjusting set screws as 
shown in figures 2 and 3.  

Flow through the valve can be in either direction, but the 
valve is normally installed with the T-ring retaining ring 
facing downstream. For 30-inch and larger sizes, it may be 
desired to install thp valve such that the T-ring retaining ring 
faces the nearest manhole or other pipeline access point.  
This will facilitate T-ring inspection and maintenance.



LETTERED DIMENSION

B C E* S

MINIMUM ALLOW
ABLE DIAMETER 
OF MATING PIPE 

OR FLANGE
4 4.00 6.50 S.50 6.25 3.25 5.8 3.64 70 
6 6.00 7.50 10.50 6.25 3.75 3/4 5.56 100 
8 8.00 9.00 10.50 6.25 3.75 1 7.81 130 

10 10.00 10.00 12.00 6.25 3.75 1 9.81 175 
12 12.00 12.00 14.00 762 4.75 1-1/4 11.50 320 
14 13.25 13.00 15.50 7.62 4.75 1-1/4 13.00 375 
16 15.25 14.50 17.50 7.62 4.75 1-1/2 15.12 475 
18 17.00 15.00 18.50 7.62 5.00 1-1/2 16.75 520 
20 19.00 17.00 20.50 8.75 5.50 1 34 18.88 685 
24 23.00 20.00 21.50 8.75 6.00 2 22.75 1040 

bumiarn E romnon. nrishor iie v.,l fr actuator erct ions shoawn in table 1. Special E dimensions may be required lot other 
actuatori tves.

APPROXIMATE 
WEIGHT OF 

VALVE BODY 
ASSEMBLY WPOUNDS)

1/2 NPT EEMALE

A 
J 

S
"1)

----.- a C E- m

Figure 7. Dimensions (Inches)

The 9200 Series valves are supplied with a disc travel stop.  
If the valve body and actuator have been ordered separately 
or if the actuator has been removed for maintenance, be 
certain that proper rotation direction will be obtained from 
the actuator before installing.  

If spiral-wound line flange gaskets are to be used with the 
4-inch through 24-inch sizes, be certain the gaskets are of 
a type and size that will not overlap the cap screw or 
adjusting screw holes in the T-ring retaining ring. Under 
line flange bolting comoression, spiral-wound gaskets can 
be damaged by the cap screw or adjusting screw holes.  

Ordering Information 

Application 

When ordering, specify: 

1. Type of Aoplication 
a) Throttling or on/off 
b) Reducing, relief, or back pressure 

2. Controlled fluid (include chemical analysis of fluid if 
possible) 

3. Specific gravity of controlled fluid 
4. Fluid temperature (normal and minimum and maximum 

anticipated) 
5. Range of flowing inlet pressures

6. Pressure Drops 
a) Range of flowing pressure drops 
b) Maximum at shutoff 

7. Flow Rates 
a) Minimum controlled flow 
b) Normal flow 
c) Maximum flow 

8. Maximum allowable leakage rate 
9. Specify the position in which the valve will be installed 

(e.g., valve in horizontal pipeline with valve shaft horizontal).  
Seat leak testing will be performed with the valve in the 
same position as is intended for the actual installation.  

10. Nuclear-code class and all nuclear and special 
requirements 

11. Line size and schedule 

Valve Body Information 

Refer to the Specifications on page 2. Review the descrip
tion at the right of each specification and in the referenced 
table. Indicate the choice wherever there is a selection to 
be made.  

Actuator and Accessory Information 

Specify the desired actuator type and size from the appro
priate actuator bulletin. Also refer to the specific actuator 
and accessory bulletins for additional ordering information.

VALVE 
SIZE

A
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Old Catalog Number 92.05

Ho
"7 

0' 

jid 
~1

Type 9000 T-Ring angular shaft design showing seal 
chamber exhausted (Fig. 1), and pressurized (Fig. 2).  

DESCRIPTION 
The T-Ring seal system has two purposes. It pres

surizes and exhausts the seal chamber of the Contin
ental T-Ring Butterfly Valve. However, to fully 
understand why a seal system is necessary, we must 
first know what happens to the valve's elastomer T
Ring seal at pipeline pressures.  

When the pipeline pressure increases beyond 3 psig, 
or the temperature is higher than 1000 F., the elastomer 
T-Ring seal becomes distorted allowing leakage to occur 
between the periphery of the closed disc and the elas
tomer seat. By pressurizing the seal chamber the elas
tomer seat is pressed against the periphery of the closed 
disc affording bubble-tight shut-off. Exhausting the seal 
chamber allows retraction of the elastomer seal from 
the disc. When the T-Ring Butterfly Valve is used for 
pressures below 3 psig and service is for normal am
bient temperatures, (70-100aF.) the seal system is not 
required. In this instance the closing and opening action

Type 9200 T-Ring offset disc design showing seal 
chamber exhausted (Fig. 3), and pressurized (Fig. 4).  

of the disc upon the elastomer seal seat is similar to 
conventional rubber lined valves. The disc in closing is 
pulled into the elastomer seal seat which has been 
sized for an "interference" fit.  

MANUAL SEAL. SYSTEMS - In manual T-Ring seal 
systems a manually actuated valve controls the pres
sure to the seal chamber.  

AUTOMATIC SEAL SYSTEMS - In automatic T-Ring 
seal systems, pneumatic or electrically actuated valves 
control the pressure to the seal chamber.  

Both manual and automatic seal system designs are 
available for use with T-Ring Butterfly Valve instal
lations. Since variations of these two basic designs are 
possible, usually dependent upon valve actuation, the 
design best suited for a specific application is always 
selected.

@1

T-ring Butterfly Valve 
Seal Systems
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APPLICATION 

The Continental seal system provides the following 
distinct advantages of T-Ring Butterfly Valves over 
conventional, tight shut-otT valves of "interference" 
design.  

* The elastomer seal is retracted from the periphery 
of the valve disc prior to actuation. This prevents 
abrasive action of the disc upon the elastomer seal 
for longer seal life.  

* Approximately 200,000 cycles of disc opening and 

closing so long as the process gas or liquid is com

patible with the T-Ring elastomer.  
* Bubble-tight shut-otf is provided for pressure drops 

to 360 psi.  

* Leak-tight shut-off is provided for vacuums to 10-" 
mm Hga.

PNEUMATIC PRESSURES - Iri most applications 
clean air is used. However. under' certain conditions 
various gases from the process system can be used. if 
compatible with the T-Ring elastomer.  

LIQUID PRESSURES - Any clean liquid compatible 
with the T-Ring elastomer can .be used whether the 
pressure is derived upstream froin the process system 
or from an auxiliary source.  

VACUUM SERVICE - For vacuum service to 10"; mm 
Hg absolute where tight shut-off is required 80 to 100 
psig supply pressure must be used in the seal chamber 

-for-octivating the T-Hing.seal. This seal pressure should 
be exhausted to the atmosphere, and not to the down
stream piping where it may disrupt the vacuum level.
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MANUAL SEAL SYSTEM

Cutaway view of non-adjustable manual 3-way 
valve as used in manually controlled seal 
systems.

Manually controlled seal system showirg 
piping arrangement, 3-way valve and pressure 
gauge installed on a T-ring butterfly valve.

DESCRIPTION

The manually controlled seal system is designed for 
use with Continental Types 9000 and 9200 lever or 
handwheel actuated T-ring butterfly valves. It pro
vides a simple and inexpensive method of applying 
pressures to the valve's seal chamber. The system 
utilizes a maximum of 200 psig air or 500 psig oil and 
water service, and maximum temperatures to 1800F.  

OPERATION 

G 3-Way Valve - The manually operated 3-way 
valve is opened to seal system line pressure whenever 
butterfly valve disc is in closed position allowing the 

DLev's-seal chamber to become pressurized. By pres
.urizing seal chamber the valve's T-ring elastomer seal

is pressed against the periphery of the closed disc af
fording bubble-tight shut-off. Closing the 3-way valve 
to seal system line pressure exhausts the seal chamber 
allowing retraction of the elastomer seal from the 
periphery of the butterfly valve disc.  

. Piping - Consists of copper tubing under 

normal conditions with the necessary fittings. All seal 
system components and T-ring butterfly valve bodies 
are threaded to receive 4" N.P.T. pipe connections.  

Pressure Gauge - Indicates seal chamber pres

sure. A complete range of gauges is available depending 
upon the seal pressure used. '
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164A AUTOMATIC SEAL SYSTEM

PIPING TO 
CAM ACTUATED 
2-WAY VALVE

INSTRUMENT 
SUPPLY

SEAL SEAL 
SUPPLY EXHAUST 

Type 656 Fisher diaphragm actuator (without 
positioner) mounted to a Type 9210 butterfly 
valve.

PIPING TO 
CAM ACTUATED 
2-WAY VALVE Ar-

SUPPLY I 
SEAL 
EXHAUST Type 481 Fisher P.O.P. actuator (without posi

tioner) mounted to a Type 9210 butterfly valve.

INSTRUMENT SUPPLY - That pressure which controls the 
action of the -actuator when positioner is not furnished.  

SEAL SUPPLY - Pressure, controlled by the seal system.  
used to pressurize the seal chamber.  

DESCRIPTION 
The Type 164A automatic seat system is designed 

for pneumatically actuated butterfly valves either with 
or without positioners. Its specific purpose is to assure 
l essurization of the valve's seal chamber after disc 

losing, or exhaustion of the valve's seal chamber 
prior to disc opening. This prevents wear from abra
Sion between the disc's periphery and the elastomer

PIPING TO 
CAM ACTUATED 
2-WAY VALVE

-~,,?l VO~p/SUPPLY 

SEAL SEAL INSTRUMENT 
SUPPLY EXHAUST SIGNAL 

Type 656 Fisher diaohragm actuator and a 
Type 3550 positioner mounted to a Type 9210 
butterfly valve.

ACTUATOR 
_-SUPPLY

INSTRUMENT 
SIGNAL

SEAL 
SUPPLY. SEAL 

EXHAUST 
Type 480 Fisher P.O.P. actuator and a Type 
3570 positioner mounted to a Type 9210 
butterfly valve.

.1.
INSTRUMENT SIGNAL - Pressure which controls the action 
of the valve positioner.  

ACTUATOR SUPPLY - Pressure used by valve positioner 
to control actuator.  

SIGNAL LINE - Tubing or piping through which the instru
ment supply or signal flows.  

seal seat. The seal system can be used with either 
diaphragm or piston actuators and their combination 
with~juxiliary manual control. System service require
ments are for clean air or vapor with signal pressures 
to 125 psig, seal pressures to 125 psig, and maximum 
temperatures to 150'F.

I
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* FOR INCREASING SIGNAL TO CLOSE 
BUTTERFLY VALVE CHANGE PORT C 
TO EXHAUST AND PORT B TO 
SEAL SUPPLY

Schematic of a 164A automatic seat system.

Pressure Gauge - Indicates seal chamber pres
sure. A complete range of gauges is available depending 
upon the seal pressure used.  

2-Way Valve - Prevents the signal pressure 
from reaching or escaping from butterfly valve actu

ator whenever seal chamber is pressurized. This in turn 

--- revents the opening of the butterfly valve disc until 

the seal chamber has been exhausted.  

3-Way Valve - Activated by the instrument 

signal or instrument supply pressure to the butterfly 
valve actuator, it controls the pressurization or exhaus

tion of the seal chamber.

Opposite view of butterfly valve 
showing double thrust assembly 
and bracket mounted cam ac
tuated 2-way valve.

Cam Actuated 2-Way Valve - Allows pressuri
zation of seal chamber only when butterfly valve disc 

is in fully closed position.  

Flow Control Valve-A safety feature which de

lays, for a few seconds, the pressure build-up within 

the seal chamber upon disc closing.  

QJ Flow Control Valve-Restricts air flow escapir 
from air actuated 2-way valve upon exhaustion of seal 
chamber. This allows the seal chamber to become com
pletely exhausted prior to butterfly valve disc opening.  

Lai 

Air Actuated Air Actuated 
2-Way Valve 3-Way Valve 

To adjust the air actuated 2-way valve, apply 3 psig 

pressure to port D. Turn adjusting screw clockwise tc 

limit, then counter clockwise until air flows through A 

to C in illustration above.  

To adjust the air actuated 3-way valve, rotate the 

butterfly valve disc to closed (00) position. Set flow 

control valves in wide open position. Turn the adjusti 

screw of the air actuated 3-way valve in either directi 

until seal pressure is applied and no exhaust is felt I 

exhaust outlet. Now turn the adjusting screw one-half 

of one revolution beyond this point.
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2PC3 AUTOMATIC SEAL SYSTEM

Automatically controlled 2PC3 seal system 
showing piping arrangement, 3-way valve 
and oressure gauge installed on T-ring 
butterfly valve.

CRIPTION

The automatic 2PC3 seal system is designed for use 
with Continental Types 9000 and 9200 remotely con
trolled manual or chainwheel actuated T-ring butterfly 
valves. It consists mainly of a bracket mounted, me
chanically operated 3-way valve, piping, actuating 
lever and pressure gauge. The system utilizes a maxi
mum of 125 psig air, oil or water at a maximum tem
perature of 1800 F.  

OPERATION 

O 2PC3 Valve-The lever operated 3-way valve is 
opened to seal system line pressure through supply and 
cylinder ports whenever buttertly valve disc is in the 
closed position. This pressurizes the valve's seal cham
ber and causes the elastomer T-ring seal to press 
against the periphery of the closed disc affording 
bubble-tight shut-off. The 3-way valve. upon opening 

the disc, is closed to line pressure and opened to 
taust. This causes the evacuation of pressure in the 

seal chaniher cmtusing the elastomer seal to retract from 
the disc's periphery.

^~ Piping - Consists of copper tubing under nor
mal conditions with the necessary fittings. All seai sys
tem components and T-ring butterfly valve bodies are 
threaded to receive '</" N.P.T. pipe connections.  

Q Pressure Gauge - Indicates seal chamber pres
sure. A complete range of gauges is available depending 
upon the seal pressure used.

I~ J6 

Two views of 3-wav valve showiri suoyIv, ex
haust ano service parts. Notice piung er snIaTt and 
snap-ring.

( 
I

Q'N' 
:/
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ELECTRICAL SEAL SYSTEM

Schematic of electrical seal system 
arrangement

SHAFT MTD. LIMIT 
BREAKS CONTACT 
AT ZERO DEGREES

B/F VALVE 
CONTROL CIRCUIT 

(BY CUST.)

DESCRIPTION

The electrical seal system is used with electrically 
controlled, diaphragm or piston actuated butterfly 
valves for on-off service. It may also be used with elec
tric actuator controlled butterfly valves for on-off or 
throttling service. Standard components are for 110/ 
120 volt 60 Hz AC single phase circuit. Maximum 
water and oil line pressures are entirely dependent 
upon the solenoid valve chosen. However, the stand
ard is for 200 psig maximum air pressure and 500 psig 
maximum water or oil pressure. Minimum seal pres
sure required is 40 psig. Maximum operating temper
ature, 150* F.  

OPERATION 

G Pressure Gauge - Indicates seal chamber pres
sure. A complete range of gauges is available depending 
upon the seal pressure used.  

- 3-Way Solenoid Valve-Allows seal chamber to 
be pressurized and exhausted upon signal from time de
lay relay switch.

GO Limit Switch - Butterfly valve shaft mounted 
switch opens and closes electrical circuit depending 
upon disc position. As disc opens a few degrees, switch 
closes and electrical circuit energizes time delay relay 
regardless of control switch position. Circuit is opened 
as disc arrives at zero degrees or closed position.  

'- Time Delay Switch - A predetermined delay 
switch controlling the action of the 3-way solenoid valve.  
There is a time delay after the time delay relay coil is 
de-energized, after which the 3-way solenoid valve is 
energized to allow pressure to the seal chamber. The 
solenoid valve is immediately de-energized to exhaust 
the seal pressure when the time delay relay coil is 
energized.  

Double Pole Switch - Furnished and installed 
by the customer, this switch energizes the time delay 
relay coil when the butterfly valve disc is to open. This 
then causes the solenoid valve to exhaust the seal 
pressure.  

NOTE: All components are housed in general pur 
enclosures. a
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OUTPUT OF PRIMARY SEAL SYSTEM

Schematic of high pressure supply arrangement 
showing pilot operated 3-way valve and pressure 
gauge.  

High Pressure Supply Arrangement 

The high pressure supply arrangement is to be used in 
combination with a primary seal system to give it high 
pressure capabilities. It will function equally well with 
either air, oil or water pilot supply and line pressure 
media. The output of a primary seal system is piped 
to the pilot port of the 3-way valve rather than to the 
seal chamber. This output then controls the operation 
of the 3-way valve, and in turn, the pressure to the seal 
chamber.  

The arrangement reqcuires a minimum primary seal 
ystem pressure of 45 psig but not over 125 psig. Maxi

m pilot supply and line temperature is 180'F. Maxi
um pilot supply and line pressures are: air-300 psig, water or oil-each 500 psig.  

OPERATION 

3-Way Valve - Receives pilot supply pressure 
from primary seal system at its signal port. This pres
sure activates the 3-way valve, allowing line pressure 
to flow through valve to pressurize butterfly valve seal 
chamber. Seal chamber pressure exhausts through 3
way valve's exhaust port whenever pilot supply pres
sure is removed.  

Pressure Gauge - Indicates seal chamber pres
sure. A complete range of gauges is available depending 
upon the seal pressure used.  

SPECIFICATION GUIDE 
When ordering specify: 

(a) Type of Seal System 
(b) Maximum upstream pressure in main pipeline 

(disc closed) 
(c) Maximum downstream pressure in main pipeline 

(disc closed) 
di-%Lvximumi pressure drop disc closed)

Schematic of auxiliary pressure supply source showing oil reservoir and electrical iluid pump arrangement.  

345 Auxiliary Pressure Supply Source 
The 345 auxiliary pressure supply source orovides 

manual, 2PC3. and electrical seal systems with 150 
psig maximum line pressure where otherwise unavail
able. The arrangement consists of an oil reservoir. and 
a Fisher Type 345 electrical fluid pump. It is appli
cable to seal systems used for butterrly valve tight 
shut-otf requirements. Maximum operating tempera
ture, 150 0 F.  

OPERATION 

Oil Reservoir - Retains ample supply of oil for 
distribution, by electrical fluid pump, throughout seal 
system. Reservoir is vented to prevent buildup of 
vacuum or pressure.  

Type 345 Electrical Fluid Pump - Consists of 
a continuous 110 volt, 60 Hz, AC .motor-pump com
bination with power supply. Motor is enclosed in an 
explosion proof housing. Pump output is 15 cubic inches 
per minute.  

NorE: The auxiliary pressure supply source provides 
150 psig of oil to seal system solenoid or diaphragm 
valve supply port. Oil from exhausted seal chamber is 
returned through solenoid or diaphragm exhaust port to 
oil reservoir.  

Hydraulic Fluid Capacity - 2 quarts (Reservoir-I 
quart, 345-1 quart).  

Hydraulic Fluid Type - Mobil Aereo HFA or Citgo 90151.

(e) 
(f) 
(g) 
(h) 
(i) 
(j) 
( k)

Minimum and maximum temperature 
Type of fluid in main pipeline.  
Type and pressure of seal system fluid available 
Minimum actuator p-essure available 
Electrical power available (electrical seal systems) 
Type of primary seal system 
Output pressure and media of primary seal system

r
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Instruction Manual 

Type 9200 T-Ring ButLve Bodies 
Form 2432. March 1974

Introduction 
The Type 9200, shown in figure 1, is a heavy-duty butterfly 
valve body designed for stringent shutoff requirements. An 
elastomer or TFE T-ring seat is used to obtain shutoff. The 
available construction variations of the Type 9200 are 
described below. The method of effecting the T-ring seal 
varies with the type of construction.  

Specification A-The pressure-activated T-ring is con
tained in the body as shown in figure 2. External sealing 
pressure forces the T-ring against, the disc periphery only 
when the disc is closed. There is no contact between the 
disc and T-ring when the disc is opening or closing.  
Specification A valves are available with elastomer T-rings 
only.  

Specification B-1-The adjustable elastomer T-ring seat is 
contained between the body and retaining flange as shown 
in figure 3. The adjusting set screws and compression ring 
force the T-ring against the disc periphery to provide in
terference between the T-ring and disc.  

Specification B-2-Similar to Specification B-1 except 
with TFE T-ring 

Specification C-1-The adjustable elastomer T-ring seat is 
contained in the valve disc as shown in figure 4. The ad
justing set screws and compression ring force the T-ring 
against the body bore to provide interference between the 
T-ring and body bore seating surface.  

Specification C-2-Similar to Specification C-1 except 
with TFE T-ring

Figure 1. Type 9200 Butterfly Control Valve Body 

Installation 

Do not install the valve in systems where the 
service conditions exceed those for which the 
valve was designed, or damage to the valve and 
personal injury may result.  

1. Inspect the valve for shipping damage and be certain 
that the body cavity is free of foreign materials.  

2. Clean out adjoining pipelines to remove all foreign 
material that could damage the valve seat.  

3. In those cases where a flow direction arrow is attached 
to the valve body, install the body so that the flow through 
the valve will be in the direction indicated. (Although some 
seat materials and service conditions require flow in one 
direction only, the Type 9200 is normally capable of flow in 
either direction and will have no flow arrow attached.) 

4. Be certain that the pipeline flanges are in line with ea4 

other and that the disc is fully closed before inserting 
valve into the pipeline.

)
Cowzo~s

Type 9200
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FLANGE BOLTING

Figure 2. Type 9200 Specification A

SPECIFICATION C-2 
TFE T AING

SPECIFICATION 8.1 
ELASTOMER T-RING 

Figure 3. Type 9200 Specifications B-I and B -2

SPECIFICATION C 1 
ELASTOMER T RING 

Figure 4. Type 9200 Specifications C- 1 and C-2

Type 9200
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I Type 9200 1

ICAUTION 

If the flanges are out of alignment or if the disc 
is open, difficulties in installation and/or damage 
to the valve may occur. Be certain that flanges 
and adjacent piping will not interfere with the 
opening of the valve disc. Review the dimension 
drawings to ensure that the inside diameters of 
the adjacent flanges and piping are large enough 
to allow disc rotation without interference.  

5. Center the valve between the pipe flanges. Although 
the valve may be installed'in any position, the normal posi
tion is with the valve shaft horizontal and the actuator ver
tical above the valve body.  

6. Follow accepted piping practices when installing the 
valve. Provide suitable flange bolting and flange gaskets.  

7. If a power actuator is furnished with the valve body, 
refer to the appropriate actuator instruction manual for infor
mation regarding installation and operation of the actuator.  

8. If a sealing system is supplied for Specification A con
structions, refer to the seal system instructions for operation 
information.  

Specification A Sealing Pressure 
Required sealing pressure for Specification A valves is equal 
to (a) 50 psig or (b) the valve inlet pressure plus one-half the 
outlet pressure, whichever is greater. Maximum allowable 
sealing pressure is equal to (a) the maximum allowable 
pressure of the sealing system,being used or (b) 2.5 times 

the inlet pressure, whichever is lower.  

Operation 

Specification A 

On power-actuated valves when the disc is in the fully 
closed position, the seal pressure is applied to the back of 
the elastomer T-ring, forcing the T-ring against the disc 
periphery. Immediately upon activation of the actuator to 
open the valve, the seal pressure is released, allowing the 
disc to leave the seat without any force being exerted on the 
elastomer T-ring by the disc. The disc is then positioned at 
the required angle of operation.

When the disc is brought from its open position to its closeE 
position, there is a delay before seal pressure is applied. Thaq 
sealing system is tripped just as the disc is entering the seal 
and allows the disc to close fully (completely in the seat) 
before the seal pressure is applied. This operation is factory 
adjusted on each valve; if problems arise, the system can be 
re-adjusted per the seal system instructions.  

On valves without power actuators, the sealing pressure 
must be released with the manually operated loading valve 
before the valve is opened and re-applied after the valve is 
closed.  

CAUTION 

Never apply pressure to the sealing system 
unless the valve disc is fully closed, or damage 
to the T-ring may result.  

Specifications B-1, B-2, C-1, and C-2 

For Specification B-1 and B-2 valves, the valve disc rotates 
into contact with the T-ring seat on closing. For Specifica
tion C-1 and C-2 valves, the valve disc rotates the T-ring into 
contact with the body bore seating surface on closing. No 
sealing pressure is required.  

Maintenance 

To avoid personal injury and damage to the 
process system. isolate the control valve from all 
pressure and release pressure from the valve 
body and actuator before disassembling.  

Outboard Roller Bearings 

If the valve is equipped with outboard roller bearings, 
lubricate the bearings periodically with a good quality roller 
bearing grease.  

Packing 

Key numbers used in this section are shown in figure 5. For 
valves with lubricating-type packing boxes, lubricate the 
packing periodically. The frequency of lubrication required 
depends upon the severity of service conditions.

3



Type 9200

PURGING

0 RING
LUBRICATING

Figure 5. Packing Box Types

It may be necessary to tighten the packing follower nuts (key 
13) to stop leakage. If leakage cannot be stopped in this 
manner, replace the packing per the instructions below.  

For split-ring packing, unscrew packing follower nuts (key 
13) and slide packing follower (key 15) away from the valve.  
Remove old packing rings (key 16).  

For lubricating packing boxes, remove actuator mounting 
bracket. Remove lantern ring (key 45) to gain access to the 
packing rings behind the lantern ring. Place new rings over 
the valve shaft. When inserting the rings into the packing 
box, be certain that the split in each ring is positioned 900 
from the split in the adjacent ring.  

For ring-type packing, remove the actuator and all 
accessories. Unscrew packing follower nuts (key 13).  
Remove packing follower and packing rings (keys 15 and 
16). For lubricating packing boxes, also remove lantern ring 
(key 45) to gain access to the packing rings behind the 
lantern ring. Install new packing rings on the shaft and insert 
them into the packing box.  

For O-ring packing boxes, disassemble the components of 
the control valve assembly as far as is required to remove 
the O-ring follower (key 49). Replace O-rings (keys 47 and 
48) in the follower as required.

Replacing T-Ring 

Specification A 

Key numbers used in the following steps are shown in figure 
2 except where indicated.  

1. Making certain that the valve disc (key 2) is fully closed, 
remove valve body from pipeline.  

2. Note the location of travel stop (key 9, figure 6) on 
retaining ring (key 7) in respect to the body. This travel stop 
will be in either location A or B as shown in figure 2 and 
must be replaced in the same location during reassembly.  

3. Unscrew Allen-head cap screws (key 8) and remove 
retaining ring and T-ring (key 5).  

4. Inspect O-ring (key 6). If O-ring requires replacement, 
remove it from the body.  

5. Clean T-ring and O-ring grooves, and coat the new 
T-ring with a good quality silicone grease.  

6. Making certain that the T-ring seat angle matches the 
disc seat angle (as shown in the inset in figure 2). install the 
T-ring in the body. Insert the new O-ring if replacement is 

required.

4



Type 9200

7. Place retaining ring on the body. Using care to avoid 
damaging the O-ring (key 6). rotate the retaining ring slightly 
clockwise and counterclockwise to ensure proper alignment 
on the T-ring. Be certain the travel stop is positioned in the 
location noted during disassembly.  

8. Replace and tighten Allen-head cap screws (key 8).  

9. Replace valve in pipeline per the "Installation" section.  

Specifications B-1 and B-2 

Key numbers used in the following steps are shown in figure 
3 except where indicated.  

1. Making certain that the valve disc (key 2) is fully closed, 
remove valve body from pipeline.  

2. Note the location of travel stop (key 9, figure 6) on 
retaining ring (key 7) in respect to the body. This travel stop 
will be in either location A or 8 as shown in figure 2 and 
must be replaced in the same location during reassembly.  

3. Completely loosen adjusting set screws (key 54).  

4. Unscrew Allen-head cap screws (key 8) and remove 
retaining ring, compression ring key 53), and T-ring (key 5).  

5. Inspect 0-ring (key 6). If O-ring requires replacement, 
remove it from the body.  

6. Clean T-ring and 0-ring grooves. For elastomer T-rings, 
coat the new T-ring with a good quality silicone grease.  

7. Making certain that the T-ring seat angle matches the disc seat angle (as shown in the inset on figure 2), install the 
T-ring in the body. Insert the new O-ring if replacement is 
required.  

8. Place retaining ring on the body. Using care to avoid 
damaging O-ring (key 6), rotate the retaining ring slightly 
clockwise and counterclockwise to ensure proper alignment 
on the T-ring. Be certain the travel stop is positioned in the 
location noted during disassembly.  

9. Replace and tighten Allen-head cap screws (key 8).  

10. Adjust the T-ring per instructions in the Ad
justments" section.  

11. Replace valve in pipeline per the "Installation" 
section.

Specifications C-1 and C-2 i 

Key numbers used in the following steps are shown in figure 4 except where indicated.  

1. Making certain that the valve disc (key 2) is fully closed, 
remove valve body from pipeline.  

2. Specification C-1 and C-2 valves may be furnished with 
a travel stop on the body. This travel stop, if furnished, is not 
removable.  

3. Completely loosen adjusting set screws (key 54).  

4. Unscrew Allen-head cap screws (key 8) and remove 
retaining ring, compression ring, and T-ring (keys 7, 53, 
and 5).  

5. Clean the T-ring groove. For elastomer T-rings, coat the 
new T-ring with a good quality silicone grease.  

6. Making certain that the T-ring seat angle matches the 
body seat angle, install the T-ring in the disc.  

7. Place retaining ring on the disc and rotate the retaining 
ring slightly clockwise and counterclockwise to ensure 
proper alignment on the T-ring.  

8. Replace and tighten Allen-head cap screws (key 8) 

9. Adjust the T-ring per instructions in the "Adjustments" 
section.  

10. Replace valve in pipeline per the "Installation" sec
tion.  

Replacing Valve Disc 
If replacement of the valve disc is required, follow the 
Replacing T-Ring' instructions to the point at which the 

retaining ring and T-ring have been removed. Then proceed 
with the instructions below. Key numbers used in the follow
ing steps are shown in figure 6.  

1. Remove actuator, mounting bracket, packing followers 
(key 15) and packing.  

2. If the ends of the taper pins (key 3) are peened. grind 
off the peened portion. Drive out taper pins.  

3. If there is one set of taper pins in the disc, pull shaft 
(key 4) out of body and remove disc (key 2). Two sets of 
taper pins indicate that stub shafts are used. Each shaft por
tion must be pulled out of the body; do not attempt to drive 
the shaft portions through the disc.

'I
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CAUTIO 

When installing a new disc, also install a new 
shaft and taper pins. Attempting to use a new 
disc and old shaft will require drilling new taper 
pin holes in the shaft, thereby weakening the 
shaft. The weakened shaft may fail in service. A 
new shaft may be used with an old disc, using 
the taper pin holes in the old disc as guides for 
drilling taper pin holes in the shaft.  

4. With inboard bushings (key 19) installed, place valve 
disc in the body. For large valves, block the body in the.  
horizontal position. Be certain the clearance under the body 
is equal to at least one-half the disc diameter. With the disc 
vertical, use a hoist of suitable capacity to place the disc in 
the body. Be cerain the taper pin holes are on the actuator 
side of the body.  

5. Align the disc shaft hole with the packing box holes in 
the body.  

6. Insert the shaft through the body and disc. Make -cer
tain the key seat in the shaft is on the actuator side of the 
body.  

7. Replace bushing retainers and packing box parts (keys 
18, 17, 16, 15, and 13).  

8. Install taper pins. The disc should be centered in the 
body bore.  

9. Re-install T-ring and retaining ring per instructions in 
the "Replacing T-Ring" section. For Specifications B-1, B-2, 
C-1, and C-2, adjust the T-ring per instructions in the 'Ad
justments" section.  

10. Install the valve in the pipeline per instructions in the 
"Installation" section.  

Adjustments 

Specifications B-1, B-2, C-1, and C-2 T-Ring 

Adjust the T-ring as required.to compensate for wear and to 
retain satisfactory shutoff capability.  

1. Rotate valve disc to the fully closed position.  

2. Loosen all adjusting set screws (key 54, figure 3 or 4) 
so that there is clearance between the T-ring and its seating 
surface at all points around the T-ring.  

3. Select one adjusting set screw (key 54) as a starting 
point and tighten that screw 1/4 turn (clockwise rotation).

4. Moving clockwise around the retaining ring (key 7, 
figure 3 or 4), tighten each set screw 1/4 turn. Continue 
until the T-ring contacts its seat at one point.  

5. When contact at one point has been made, return to 
the set screw selected as the starting point. Move around 
the retaining ring in a clockwise pattern, and wherever there 
is clearance between the T-ring and its seat, tighten the set 
screw at that point 1 4 turn. Bypass any screws where the 
T-ring is :n contact with its seat.  

6. When contact has been made at all points on the 
T-ring, tighten each set screw on Specifications B-1 and C-1 
an additional 1/4 turn. No further tightening is required on 
specifications B-2 and C-2.  

7. Replace the valve in the pipeline per instructions given 
in the "Installation" section.  

Double-Thrust Bearings 

It is unlikely that the thrust bearings will require adjustment.  
If it does become necessary to adjust the bearings, proceed 
as follows. Key numbers used in the following steps are 
shown in figure 6.  

1. Making certain the valve disc is in the closed position, 
remove valve from pipeline.  

2. Loosen the screws found in each clamp-type collar (key 
27).  

3. With the valve disc closed, center the disc in the body 
bore.  

4. With the valve disc centered, position one clamp-type 
collar against each end of the bearing bracket (key 21) hub.  
Then, tighten the screw in each collar.  

5. For Specifications B-1, B-2, C-1, and C-2 valves, adjust 
T-ring per the procedure above if the adjustment was dis
turbed in centering the disc.  

6. Replace the valve in the pipeline per the "Installation" 
section.  

Actuator Linkage 

Due to the large number of different types of actuators that 
can be used with the Type 9200, it is not practical to present 
detailed instructions for the various types. However, to 
simplify this adjustment and to ensure proper valve disc 
closure, an internal travel stop is normally furnished with the 
valve. When checking or adjusting the linkage, the disc may 
be closed until contact is made with this travel stoD. Adjust 
linkage to close the disc to tnis point.

6
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Figure 6. Type 9200

Ordering Replacement Parts 
To order replacement parts, specify the key number and 
name of each part required from the "Parts.Reference" sec
tion. Also state the original material of the part, if known.  
the desired quantity, valve type number, size, serial number, 
and all other pertinent nameplate information. The correct 
part will be selected based on this information.  

In all correspondence with the sales representative, mention 
the serial number of the valve.

Parts Reference
Key 

1 

2 
3.  
4 
5.  
6' 

7 
8 
9 

10 
11' 
13 
14 
15 
16' 
17' 
18 
19 
20 
21 
22

Part Name 

Body 
Valve Disc 
Taper Pin 
Valve Shaft 
T-Ring 
O-Ring (Specifications 

A. B-1. and B-2 only) 
Retaining Ring 
Allen-Head Cap Screw 
Travel Stop 
Set Screw 
K ev 
Packing Follower Nut 
Packing Follower Stud 
Packing Follower 
Packing Ring 
Packing Washer 
Retainer Bushing 
Inboard Bushing 
Bushing 
Bearing Bracket 
Lock Washer

Key Part Name 

23 Hex Head Screw 
27 Clamp-Type Collar 
45 Lantern Ring (Lubricating 

and purging packing 
boxes only) 

46 Fitting (0-ring packing 
boxes only) 

47* O-Ring (0-ring packing 
boxes only) 

48' O-Ring (0-ring packing 
boxes only) 

49 0-Ring Follower (0-ring 
packing boxes only) 

50 Hex Head Bolt 10-ring 
packing boxes only) 

51 Spacer Block 
52 Washer 
53 Compression Ring 

(Specifications B-1, 
B-2, C-1. and C-2 only) 

54 Adjusting Set Screw 
Specifications B-1, B-2, 
C-1. and C-2 only)

*Recommended Spare Part 7
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The Type 656 is a yokeless, direct-acting diaphragm 
.actuator for either throttling or on-off service. Principle 
applications include operation of butterfly and built-in 
turbine valves, louvers, dampers, and other similar 
equipment.

Features 
* Mounting Versatility-Four tapped holes in the 
actuator base permit either bracket or plate. mounting.

Th

-I

MOUNTED ON 9500SERIES BUTTERFLY VALVE

* Long Stroke-Deep casings provide up to 4-1/8 
inches of maximum travel (in a Size 60 actuator).  

* Application Versatility-Wide spring selection is 
available for nearly any control application. Spring selection 
procedure is quick and accurate.  

* Severe Service Capability-Rugged yoke and casings 
help provide stability and corrosion protection.  

Irv, 

TRAVEL STOP 

ADJUSTING SCREW 

,,--SPRING SEAT 

YOKE - SEARING 

i - BEARING SEAT 

TYPICAL CONSTRUCTION

Figure 1. Type 656 Actuator
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Page 2

Specifications 
AIMU PRTN

MAXIMUM RECOMMENDED 
CASING OPERATING 
PRESSURE 

SIZES AND MAXIMUM 
ALLOWABLE CASING 
PRESSURES 

NET STEM FORCE OUTPUT 

TORQUE OUTPUT FOR 
BUTTERFLY VALVES

TRAVEL DATA 

ACTUATOR 
SIZE

30 
40 
60

35 psig'

Actuator 
Size

30 
40 
60

Maximum Casing 
Rating (Psig)

125 
65 
40

See table I 

See table 2

MAXIMUM RATED 
STEM TRAVEL 

(INCHES) 

Standard Optional 
Travel Travel 
Stop Stop

MAXIMUM STEM 
RETRACTION 
ADJUSTMENT 
(INCHES) WITH 

OPTIONAL 
HANOWHEEL

3/4 
1-1/2 
2

MAXIMUM OPERATING 
TEMPERATURE 

CONSTRUCTION MATERIALS

150 0 F with 
materialt

standard diaphragm

Part Material 

Diaphraqm Nitrile (standardt) 

Diaphragm plate and yoke Cast iron 

Diaphragm casings, spring, 
spring seats, travel stop, 
stem, bearing, bearing Steel 

seat and bearing race 

Adjusting screw Brass

CASING CONNECTION 

MOUNTING AND STEM 
THREAD INFORMATION 

WEIGHT DATA

1/4" NPT 

See figure 2 

Actuator Approximate Shipping 
Size Weight (Pounds)

30 
40 
60N

OPTION

50 
70 

160

Top-mounted handwheel/adjustable 
travel stop

2-1/8 
3-1/2 
4-1/8

Not available 
3 
3-13/16

'Control and stability may be impaired it this pressure is exceeded.  
tConsult your Fisher representative for fluid and temperature capabilities of nonstandard materials.

Table 1. Stem Force Output and Other Actuator Data 

TYPICAL SPRINGS' NET STEM FORCE (POUNDS) 2  
EFFECTIVE DIAPHRAGM 

ACTUATOR Maximum Stem Fully Extended.' AREA (SQUARE INCHES) 
SIZE Range Part Number Color Code with DiaphraSt Stem Fully Stem Fully 

(Psig) Loading as Shown Retracted' Extended' 
2.5-9.6 1 F3616 27032 Aluminum and orange 165 522 
3.0-12.5 1 K5098 27032 Aluminum and dark green 211 390 
4.3-17.6 1 N 7515 27032 Aluminum and red 297 157 20 psig 

30 3.7-18.4 t F1770 27092 Tan 257 118 66 48 

3.9-23.9 1F1771 27092 Pink 277 382 
3.1-26.1 1F1772 27092 Brown 211 249 30psig 

3.1-12.7 1 L2 17427042 White 330 545 20 psiq 
40 6.0-27.4 1 L2 173 27042 Dark green 630 270 30 psig 100 69 

4.3-31.2 1 N8440 27082 No"M 450 367 35 psig 
3.713.1 1tK1627 27082 N. 796 1205 
3.5-16.1 1N9373 27027 Non- 753 750 2 0s1q 

7.1-27.0 1K1628 27082 None 1462 682 300sig 
6.9-33.5 1 P2702 27042 None

5  
1441 500 35 sg 

1 Others avaitabie; coisuit your Fisher rforesenave for their characterstics. sprnq a[ mimmum Compresson. I"oner pressures c-n be sd. but t.-y must nor erceed 2. For max umn ratet stem travel with standard travol stoo and zero h.nowneel imtaton mawmum allowabln casing pressure <, create stem force jitr ilan safe ioad nmit of any 3 Sem force equals mtal sprini omoression win tery loading arsvure :rmrol devce Cnono et.  
4 S..m fonn ouals: loading pressuro X daponragm arpa witr stein fily ertenoedi einus fore of 5 Pat o u Snee r oa or syiorin

1 4
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Table 2. Torque Outputs (Inch-PoundsF for Springs Common/y Used)

NPT

A

DUPLICATED ON OPPOSITE SIDE. EACH HOLE 5/16-18 
UNC 20 AND TAPPED 0.50 DEEP 

Figure 2. Dimensions, Inches

Installation 
The Type 656 may be installed in any position. Dimensions 
are shown in figure 2.  

Ordering Information 
When ordering, specify:

1. Type number and size

2. Desired spring from table 1 or 2 

3. Handwheel and/or optional travel stop, if desired (see 
Specifications) 

4. Magnitude and type of loading pressure (for 
instance: 3-15 psig, controller output signal)

INPUTSIGNALWITH POSITIONER 20 PSIG 35 PSIG 
WITHOUT POSITIONER 3-15 PSIG 6-30 PSIG 

ACTUATOR SIZE 30 40 60 30 40 60 
MAXIMUM RATED TRAVEL INCHESit 2-1/8 3-1/2 4-1/8 2-1/8 3-1/2 4-1/8 
SPRINGPARTNUMBER 1K5098 1L2174 1K1627 1F1772 1L2173 1K1628 

27032 27042 27082 20792 27042 27082 

60-Degree Maximum Stem Fully Retracted 328 819 2076 328 1638 4152 
Disc Rotation Stem Fully With Positioner 664 1563 4506 836 1754 5773 

Extenad Fwithour Positioner 266 621 1931 438 812 3198 

90-Degree Maximum Stem Fully Retracted 189 472 1197 189 945 2394 

Disc Rotation Stem Fully With Positioner 383 901 2598 482 1011. 3329 
Extended Without Positioner 153 358 1113 252 468 1844 

Make sure the lowes: rurue outPUT of the essed actuater see is s,utcent for the valve torque T With stedad tavel stop an n wo ha h eel inrniation.

Bulletin 
61.1:656 
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Instruction Manual

Type 350 & 356 Diaphragi Actuators 
Form 5504, September 1974
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slim

Figure 1. Type 650 Diaphragm Actuator 

Application 

The Fisher Types 650 and 656 are long stroke, spring 
opposed, direct acting diaphragm actuators. They operate 
Vee-BallKj valves, butterfly valves, built-in turbine valves, 
iouvers, dampers, and similar equipment. They are suitable 
for either "push-down-to-open" or "push-down-to-close" 
applications and are available in sizes 30, 40 and 60 to 
provide 2-1/8", 3-1/2" and 4-1/8" travel respectively.  

In a direct acting diaphragm actuator, increasing loading 
pressure moves the actuator stem downward, compressing 
the spring. When the diaphragm pressure is decreased, the

v r

Figure 2. Type 656 Diaphragm Actuator 

spring moves the actuator stem upward. In the event of 
failure of the loading pressure or the operating medium 
pressure to the controller, the actuator stem moves to the 
extreme upward position.  

Installation 

If the actuator is mounted on a valve body, follow the 
specific valve body instruction sheet when installing the 
control valve in the pipeline. For actuators that are shipped 
separately, four holes are tapped in the yoke boss to 
provide a method of. securing it to a mounting plate or 
bracket (factory wvill supply mounting plate or bracket 
when specified). See the appropriate assembly procedure A

I Types 650 & 656

't, OthertonumsComDany 
1974



Types 650 & 656 

or B in the "Maintenance" section of this manual for 
making the stem connection. Standard actuator sizes 30 
and 40 have mounting holes tapped 3/8" UNC, while the 
size 60 mounting holes are tapped 1/2" UNC.  

A 1/4" NPT loading pressure connection is located in the 
top of the upper diaphragm case. Using either pipe or 
tubing, connect either the loading pressure connection or 
valve positioner input connection (if a valve positioner is 
furnished, the loading pressure connection to the actuator 
will be made at the factory) to the output pressure 
connection on the controller. Keep the length of the pipe 
or tubing as short as possible to avoid transmission lag in 
the control signal.  

Adjustment 
When the actuator is completely installed and connected to 
the controller, it should be checked for correct travel, 
freedom from friction, and correct action 
"push-down-to-open" or "push-down-to-close".  

The actuator spring and diaphragm have been selected to 
meet the requirements of the application. It should be 
noted that the actuator spring has a constant rate of 
compression, and that adjustment of the spring 
compression merely shifts the initial spring set point up or 
down to make the actuator travel within the initial spring 
et point and the maximum diaphragm pressure indicated 

on the actuator nameplate.  

In some instances, however, such as high friction butterfly 
and ball valves, the actuator will fully stroke with less 
diaphragm pressure than indicated on the nameplate. To 
increase the pressure required to initiate actuator stem 
movement, turn the lower bearing seat (key 14) up, toward 
the spring case. To decrease the pressure at which 
movement begins, turn the lower bearing seat down, away 
from the spring case.  

Maintenance 

Disassembly 

The following procedure describes how the actuator can be 
completely disassembled.  

1. If the actuator is installed on a control valve, isolate or 
bypass the control valve.  

2. Shut off the diaphragm loading pressure, and remove 
the pipe or tubing from the loading pressure connection in 
the top of the diaphragm case.  

3. Turn the lower bearing seat (key 14) down, away from 
the spring case to relieve all spring compression.  

4. If the entire actuator is to be removed from its 
mounting, disconnect the actuator stem (key 10) from the 
stem connector, clevis, etc., and remove the jam nuts (key 

3). Loosen the cap screws that hold the yoke (key 9) to its 
riounting plate or bracket,.and lift the entire actuator from 
its mounting.

5. Remove the diaphragm case cap screws and nuts (keys 
19 and 20), and lift the upper diaphragm case (key 1) off 
the actuator. Remove the diaphragm (key 2).  

6. Lift out diaphragm plate (key 4) and stem (key 10).  
They may be separated by removing cap screw (key 3).  
7. Take out the actuator spring (key 6).  
8. The lower diaphragm case (key 5) can be removed 

from the yoke, if required, by loosening the travel stops 
and cap screws (keys 7 and 8).  

9. Remove lower spring seat (key 11), and thrust bearing 
(key 13). Also remove thrust bearing race (key 15) on Type 
650. Unscrew the lower bearing seat (key 14) from the 
adjusting screw (key 12).  

10. Remove set screw (key 22) and screw out adjusting 
screw (key 12) to complete disassembly.  

Assembly 

1. Apply Lubriplate No. 130AA lubricant or equivalent 
to the adjusting screw threads (key 12) and screw this into 
the yoke (key 9). Replace set screw (key 22).  

2. Screw the lower bearing seat (key 14) all the way onto 
the adjusting screw with the eared portion up.  

3. Apply Lubriplate No. 130AA lubricant or equivalent 
to thrust bearing (key 13) and position it on lower bearing 
seat (key 14). (Place a thrust bearing race [key 151 on each 
side of thrust bearing [key 13] on the Type 650 before 
positioning on lower bearing seat [key 14] ). Now lay the 
lower spring seat (key 11) on top of the thrust bearing 
assembly.  

4. Mount the lower diaphragm case (key 5) to the top of 
the yoke (key 9) using the travel stops and cap screws (keys 
7 and 8). Alternate screws and travel stops on the sizes 30 
and 40. See figure 3 for the correct orientation on the size 
60.

MOUNTING SOSS 

ON ACTUATOR 80SS

LOCATE FOUR TRAVEL 
STOPS MARKED A 

MOUNTING BOSS 
ON ACTUATOR YOKE

Figure 3. Travel Stop Orientation for 
Types 650 & 656, Size 60



Types 650 & 656

5. Position the actuator spring (key 6) on the lower spring 
seat.  

6. Attach the diaphragm plate (key 4) to the actuator 
stem (key 10) with the cap screw (key 3). On Type 656, 
apply Lubriplate No. 130AA lubricant or equivalent to the 
stem (key 10). Place this assembly, actuator stem first, into 
the yoke with the actuator stem through the spring adjustor 
(key 12).  
7. Position the diaphragm (key 2) on the diaphragm plate 

(key 4) and align the holes with the lower diaphragm casing 
(key 5). Attach the upper diaphragm case (key 1) to the 
lower diaphragm casing (key 5) using the cap screws and 
nuts (keys 19 and 20). Tighten evenly, using a criss-cross 
pattern to ensure a proper seal.  
8. If the actuator has been removed from its mounting, 

position it on its mounting plate or bracket, and secure 
with cap screws.  

9. Attach the pressure pipe or tubing to the loa;ding 
pressure connection on top of the upper diaphragm case.  

10. Attach the actuator stem to the stem connector or 
clevis and adjust the travel by following one of the two 
procedures below: 

A. For "Push Down to Open" applications: 

1. Set the controlled element (valve Plug, louver, damper, 
etc.) in the closed position.  

2. Turn the lower bearing seat (key 14) up, toward the 
spring case far enough to ensure that the actuator stem is at 
the top of its stroe.  

3. Make the actuator stem connection, making sure that 
there is full engagement of the actuator stem threads.  
Tighten slightly.  
4. Apply loading pressure to the diaphragm case to move 

the controlled element toward its wide open position.  
Screw the controlled element linkage into the actuator stem 
connection far enough to move the controlled element 
toward its closed position 1/8", and tighten the stem 
connection securely. This adjustment ensures that the 
controlled element will close before the actuator stem 
travels to the top of its stroke. The travel stops (key 7) in 
the lower diaphragm case ensure correct travel of the 
controlled element in the open direction.  

5. If travel starts at a lower or higher pressure than is 
required for proper operation, turn the lower bearing seat 
(key 14) up or down respectively, as described in the 
"Adjustment" section.  

B. For "Push Down To Close" Applications: 

1. Set the controlled element (valve piug, louver, damper, 
etc.) in the open position.  

2. Turn the lower bearing seat (key 14) up, toward the 
spring case far enough to ensure that the actuator stem is at 
the top of its stroke.

3. Tighten the actuator stem connection slightly, making 
sure that there is full engagement of the actuator stem 
threads.  

4. Apply loading pressure to the diaphragm case and 
observe the travel of the controlled element to make sure 
that it closes completely. If the travel is not correct, it can 
be changed by screwing the controlled element linkage in or 
out of the stem connection. When the travel is set correctly, 
tighten the stem connection securely, and lock the jam nuts 
(key 23).  
5. If travel starts at a lower or higher pressure than is 

required for proper operation turn the lower bearina seat 
(key 14) in or out respectively, as described in the 
"Adjustment" section.  

Serial Number 

When corresponding with the sales representative about this 
equipment, state the serial number of the unit. When 
ordering replacement parts, also specify the complete 
eieven-character part number of each part required.  

4 A 3 59 - ~10 
~212 

_-23 

APPLY LUBRIPLATE NO 130AA ON 
SURFACE A 

Figure 4. Type 650
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Types 650 & 656

Figure 5. Type 656 (Size 30)

Parts Reference 

Types 650 & 656

Description Part Number

1 Diaphrgm Case Assembly, steel 
Standard 

Size 30 2J7138 28992 
Size 40 2L4418 28992 
Size 60 30A005 5X012 

For top-mounted hancijack 
Size 30 2E7922 25062 
Size 40 2E8063 25062 
Size 60 2E8474 25062 

2 Diaphragm 
Size 30 2E7919 02202 
Size 40 2E6700 02202 
Size60 2E859702022 

3 Cap Screw, steel 
Sizes 30 & 40 1E7604 32992 
Size 60 1 E7754 32982 

4 Diaphragm Plate, cast iron 
Size 30 2F6493 19042 
Size 40 2V9399 19042 
Size60 20A1336X012 

5 Lower Diaphragm Case, steel 
Size 30 2E7922 25062 
Size 40 2E8063 25062 
Size 60 2E8474 25062 

6 Actuator Spring 
Steel See followino table 

7 Down Travel Stop, steel 
Size 30 (3 rea d) I F8429 24092 
Size 40 13 reqd) 1 F8428 24092 
Size 60 (4 req'd) 1E7979 24092 

8 Cap Screw, steel 
Sizes 30 & 40 (3 req d). 60 (4 req d) 

All sizes 1A3684 24052

9 Yoke. cast iron 
Type 650 

Size 30 
Size 40 
Size 60 

Type 656 
Size 30 
Size 40 
Size 60 

'0 Actuator Stem, steel 
Type 650 

Size 30 
Size 40 
Ste 60

20A518 2X012 
30A463 7X012 
40A00S OX012 

2F9986 19042 
3L4404 19042 
4L9191 19042 

20A519 IX012 
20A463 8X012 
20A133 5X012

Key 

10

2 

-A - '0~ 

-r2 

20)-

APL LUR- LT NO 3AAO URAE A5 

Fiue . Typ 5 (ie-4 0

Description Part Number Key Description

Actuator S:nm iConrinuedl)
Type 656 
Size 30 
Size 40 
Size 60 

Lower Sting Seat. steel 
Type 650 

Size 30 
Size 40 
Size ti0 

T',tq~ 1356 
Size 30 
Size 40 
Size 60 

12 Adjusting Screw, brass 
Type 650 

Size 30 
Size 40 
Szt- 60 

Type 656 
Size 30 
Size 40 
Sie 60 

13 Thrust Bearing, steel 
Tvue 650 
Stes 30 & 50 
Ste 60 

Sizes 30 & 40 
Size 60

1F9994 24102 
1L4502 24102 
2L9192 24102 

10A517 8X012 
10A464 OX012 
104005 2X012 

1 F9990 24102 
10A702 X012 
1L9193 24272 

10A518 0X012 
10A463 9X012 
104005 3X012.  

1J0924 14012 
1L4501 14012 
1L9194 14012 

'0A463 6X012 
1N8887 99012 

1 F9992 2992 
1L9195 28992

Part Number

14 Lower Beaing Seat, steel 
Type 650 

Size ?0 10-517 9X012 
S,:, 40 104404 I XO12 
Size 60 1OA005 4X012 

Type! 656 
Sizes 30 & 40 1 F9991 24012 
Size 60 1L9196 24272 

15 Thrust Seann Race. steei 

Type 650 Oniv 2 eod all sizesO
Sizes 30 & 40, 
Sze 60 

17 Nanealate, SST 
Standard 

Siz.i JO 
Sizes 40 & 60 

Butterfly valve-s 

18 Oive Screw. SST 
4 !qd 0) 

19 Can Scrw, steel 
Size 30 (12 reni)  
Size 40116 req d1) 

S.e 60 i24 -o il 

20 Hex Nut. steel 
Size 30 112 req di 
Size 40 (16 rea di 
Size 60124 req d)

104463 5XO12 
I N6888 99012 

1 H9038 38992 
1U9615 38982 
1U6136 38982 

1A3682 28982 

1E7603 24052 
1 F7603 24Oi-S2 
1A6751 24052 

1A3465 24122 
14346524122 
A3465 24122

Key

3

I
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ev 0 Description 

SSIem. 316 SST 

Set Screw. steel 
Type 650 

Sizes 30 & 40 
Size 60 

(All sizesi 
Hex Nut, steel 

Type 650 
Size 30 
Size 40 
Size 60 

Type 656 (2 reqid) 
Size 30 
Sizes 40 & 60

Part Number 

1J9925 35162 

1C3451 28992 
I H1999 28992 

SH 1999 28992 

1A9463 24122 
1A3537 24122 
1 A3540 24122 

1A3537 24122 
TA351124122

andjack

I Handwheei, cast iron 
Size 30 11438 19042 
Size40 t1181 19042 
Size 60 1F1185 19042 

.Jan Nut, steei 1A3537 24722 
3 Stem. brass 

Srz; 30 1 K 9495 14042 
Size -0 1N1689 14042 
Size 60 12A403 5X012 

Washer, steel 1A5189 25072 

Awker Plte Assemnbiy. steed 
.s30&40 1F117999012 

'W e60 1F1 183 99012 
Jam Nut. steel 

Sizes 30 & 40 1A3511 24122 
Size60 1F118724122 

O-Ring. nitrite 
Sizes 30 & 40 102375 06992 
Size 60 168855 06992 

0 -Rina, nitrile 
Sizes 30 & 40 102673 06992 
Size 60 105471 06992

0 Groove Pin, steel 
Sizes 30 & 40 

Size 60 
1 Cap Screw. steel 

Sizes 30 & 40 

t6 rec d) 

Size 60 (8 reod) 
Handiack Body, cast iron 

Size 30 
Size 40 

Size 60 
Body Extension. steel 

Size 30 
Size 40 
Size 60 

Groove Pin. steel 
Szee 30 
Size 40 
Sie 60 

Spacer, 416 SST 
'e 60 only 

A shown)

5I

164 

165 

142
80 20Z 

186270 35072 

1A3684 24052 
143684 24052 

2K9496 19012 
2N1687 19017 
2K9494 19012 

(not ren c) 
1 N1688 24092 
124403 7X012 

foot rort'l 

1A9532 28982 
1 F1180 28992 

0A005 7X012

Types 650 & 656 
Key 6 Actuator Sorinq. steel 

Actuator Sp rmgn Spring 
Size RColor CodePrtNme 

1 25 Aluminum & Oranne 1 F361 627032 
170 Aluminum & Dark Green 1 KSO98 27032 

30 238 Aluninum & Red 1N1751!5 27032 

275 Ta"i 1 F1770 27092 
370 Browi, 1F1771 27092 
460 Pnk 1F1772 27092 

145 White 1L2174 27042 
205 Y:now 1P6371 27082 

40 
335 Dark Green 1 L21 73 27042 
455 None1T 1N844027082 
280 None' 1K1627 27082 
400 Notne 1N9373 27032 
610 Nonet 1K162827082 
860 Nonet 1P2702 27042 

Type 656 Only 

30 40 Alumnunm & L!. Btue 1 H8262 27032 
30 Aluminum & Purple 1 HS261 27032 

. n ... ..... ir, i.i... i .......- !, * ~ ciit - pri -On..

37 

138 

740) 

. 1 Kj 4 

af

LURICATIF ENO OF SEEM. AND PLATE 
WITH LUBRIPLATE NO 130AA 

IUBRICATF STFM THOS WITH 
LLBRiPLATF NO 130A

Figure 7. Typical Top Mounted Handjack 
for Diaphragm Actuator

1 C 1 11
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The cast actuator-mounting bracket with adjustable linkage, 
shown in figure 1. is used to mount power actuators with 
linear-motion output on Fisher butterfly valves having keyed 
valve shafts. The bracket assembty consists of a cast iron 
mounting bracket and an adjustable lever. The lever converts 
linear motion of the actuator stem to rotary motion of the 
actuator-mounting bracket shaft. The bracket shaft is 
directly coupled to the butterfly valve shaft and is supported 
by TFE-lined steel bushings in the bracket hub and in the 
bushing plate.  

This mounting bracket is normally used with a Fisher Type 
320, 480-15, 481-15. 656, or 657 actuator for actuator 
travel to 4-1/8 inches and valve shaft diameters to 1-1/2 
inches.  

Features 
* High Torque Capabilities-The cast actuator bracket 

assembly is capable of transmitting high torque to the valve 
shaft due to heavy-duty bracket construction; bushings 
located on both sides of lever resist bending of bracket and 
valve shafts under high torque 

* Field-Reversible Valve Action-Valve action can be 
easily changed in the field from Dush-down-to-open to push
down-to-close or vice versa without additional parts by 
changing the position of the valve shaft coupling on the 
valve shaft 

* Field-Changeable Disc Rotation-For many sizes, 
disc rotation can be changed from 0-60 degrees to 0-90 
degrees or vice versa in the same manner. The valve shaft 
coupling is furnished with multiple keyways for these 
purposes, and with removal of only one bolt, minor adjust
ments to lever length, and consequently to disc rotation, 
can be made using the adjusting screw in the lever 

* Easy Maintenance-individual components, such as 
the power actuator, auxiliary manual handwheel actuator, 
and lever, can be removed and replaced without complete 
disassembly of the bracket assembly 

* Personnel Safety-Ontional mounting bracket of 
fabricated steel with zippered canvas linkage cover is avail
able to reduce possibility of accidental contact with moving 
linkage and to protect linkage from dirt and other airborne 
particles 

* Variety of Accessories Available-Bracket is designed 
to allow addition of auxiliary manual handwheel actuator.  
disc rotation indicator, travel stop, or limit switches

J

'-a

Figure 1. Cast Actuator-Mounting Bracket with 
Type 480-15 Actuator and 7600 Series Valve 

ACTUATOR 
BRACKET .

Figure 2. Partial Sectional of Bracket Assembly

Cast Actuator-Mounting 
3racket with Adjustable 

Linkage
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Specifications

ACCEPTABLE VALVE 
SHAFT DIAMETERS 

MAXIMUM LINEAR 
ACTUATOR TRAVEL 

VALVE DISC ROTATION 

ROTATION 
ADJUSTABILITY* 

CONSTRUCTION 
MATERIALS

LEVER LENGTH See table 1

ACTUATOR MOUNTINGm 3/8 and 1/2, a 5/8 to 1, and 
m 1-1/4 and 1-1/2 inch butterfly 
valve shaft diameters 

4-1/8 inches 

Actuator Travel Through 2-1/2 
Inches: 0 to 60 degrees or 0 to 90 
degrees of valve disc rotation (inter
changeable by changing position 
of coupling on valve shaft) 

Actuator Travel Greater than 
2-1/2 Inches: a 0 to 60 degrees 
or a 0 to 90 degrees of valve disc 
rotation (different bracket required 
for each) 

Actuator Travel Through 2-1/2 
Inches 
0 to 60 Degree Operation: 60 to 75 
degrees 
0 to 90 Degree Operation: 75 to 90 
degrees 
Actuator Travel Greater than 
2-1/2 Inches 
0 to 60 Degree Operation: 60 to 68 
degrees 
0 to 96 Degree Operation: 82 to 90 
degrees 

Bracket: Cast iron (A126 Cl B) 
Bracket Shaft: 17-4PH stainless 
steel 
Valve Shaft Coupling: Stainless 
steel 
Bracket Shaft Bushings: TFE-lined 
steel 
Lever: Ductile Iron 
Lever Adjusting Screw: Steel 
Link: Steel 
Actuator Stem Clevis: Cadmium
plated steel 
Lever Key: Alloy steel 
Bushing Plate: Steel 
Coupling Pin: Alloy Steel 
Adaptor Plate: Steel 
Short, Open Extension: Ductile 
iron (A536-45-12) 
Yoke Adaptor Stud (For Yoke
Type Actuators): Cast iron 
Push Rod (For Yoke-Type 
Actuators): Stainless steel

a Perpendicular to pipeline 
(standard) or u parallel with pipeline 
as shown in figure 4; mounting 
adaptor plate required for all 
parallel-mounted actuators; short, 
open extension required for parallel 
mounting of some diaphragm 
actuator sizes (see figure 5 and 
table 2) 

With perpendicular mounting, 
actuator can extend a above or 
a below pipeline; with parallel 
mounting, actuator can extend 
n upstream or a downstream; 
see figure 4 

Actuator can be mounted on 
a right (right-hand mounting) or 
a left (left-hand mounting) of 
valve (when viewed from valve inlet) 
as shown in figure 4 

Field reversible between a push
down-to-open (extending actuator 
stem opens, valve) and * push
down-to-close (extending actuator 
stem closes valve) by changing 
position of coupling on valve shaft 

3/8 and 1/2-Inch Valve Shaft 
Diameters: 25 pounds 
5/8-Inch Valve Shaft Diameter: 
28 pounds 
3/4 and 1-Inch Valve Shaft 
Diameters: 30 pounds 
1-1/4 and 1-1/2 Inch Valve 
Shaft Diameters: 60 pounds 

Type 304 Valve Position Switch: 
Mounting parts can be furnished to 
mount Type 304 switch and to 
couple actuator bracket shaft to 
Type 304 switch cam rod 
Limit Switches: A maximum of 
four limit switches can be furnished; 
use of limit switches requires 
mounting adaptor plate and short, 
open extension between valve 
body and actuator bracket 
Rotation Indicator: Steel indicator 
pin and dial to indicate valve disc 
rotation between 0 and 90 degrees.  
Dial is attached to bracket, and pin 
is attached to a collar on the valve 
shaft coupling

ACTUATOR-VALVE 
ACTION 

APPROXIMATE WEIGHT 
(BRACKET AND 
LINKAGE ONLY) 

OPTIONS
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Specifications (Continued)
Roller Bearing: Special bracket 
with grease fitting and roller bearing 
replacing the bushing that supports 
the bracket shaft; for use where dry 
service conditions require a lubri
cated bearing 
Valve Positioner and Transmitter 
Mounting: Includes parts required 
for mounting Type 3582 pneumatic 
or Type 3590 electro-pneumatic 
valve positioner or Type 3583 
pneumatic motion transmitter on 
Type 656 and 657 actuators 
Auxiliary Manual Handwheel 
Actuator: Type 1074 manual 

Table 1. Lever Length 

Maximum Angle 
of Valve Disc Actua Effective Lever 

Opening (Degrees) Length (inches) I Length (Inches)' 

60 1.00 x Actuator Travel 0.867 x Actuator Travel 
65 0.93 x Actuator Travel 0. 785 x Actuaror Traver 
70 0.87 x Actuator Travel 0.714 x Actuator Travel 
75 0.822 x Actuator Travel 0.652 x Actuator Travel 
80 0. 778 X Actuator Travel 0.596 x Actuator Travel 
85 0.739 x Actuator Travel 0.545 x Actuator Travel 
90 0.707 x Actuator Travel 0.50 x Actuator Travel 

'Distantbtween r,-- er lnk 0-1r poom a-1 Ceterime of actuator bracket shaft 
T Laver lengtno i e used wnen ocrerrnrrrng actuator outut torouc Etetrve lever lengtn 1s The pe:Drnoicuja,. ISrtance be'tween ie Ireci-o of ortce, n rte linx oan the center. ne of actaor 

or et shaft he. iqure 3) w en 'ik Osc 5 at 0 c-rees o use rtatlion and aoun when tne 
vave diSc is at the marmrum angle of disc roration sled at the left of the above table.

handwheel actuator can be 
mounted on cast actuator bracket 
to provide manual operation of 
valve when power actuator is not 
in use 
Travel Stop: Steel travel stop as 
shown in figure 6 can be used to 
provide easy disc rotation adjust
ment in response to changes in 
service conditions, where it is not 
desirable to use an auxiliary manual 
actuator or top-mounted diaphragm 
actuator handwheel as a travel 
stop, or where internal actuator 
travel stops are not available 

ACTUAL LEVER LENGTH 

60 OR 90 DEGREES 

o 
EFFECTIVE LEVER LENGTH 

Figure 3. Lever Lengths
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Table 2. Actuator-Valve Combinations Requiring Short. Open Extension for Mounting Power Actuator Parallel with

LEFT-HAND MOUNTING 
VIEWED FROM INLET

. ~ ' 

RIGHT MANO MOUNTING 
(VIEWED FROM INLET! 

RIGT. AND LEFT-HAND MOUNTING

ACTUATOR PERPENDICULAR 
TO PIPELINE WITH ACTUATOR 
EXTENDING ABOVE PIPELINE 

ACTUATOR PARALLEL 
WITH PIPELINE \ACTUATOR PARALLEL 

WITH PIPELINE 

.

00 D 

ecoACTUI 

- ,I *1%I ,' *

SHORT. OPEN EXTENSION REQUIRED 
WITH SOME DIAPHRAGM ACTUATORS 0 
PREVENT INTERFERENCE BETWEEN 
CASING AND PIPELINE IN THIS AREA

ACIUMAOS lOUNIIaa POSITIONS

Figure 4. Actuator Mlountlig

L

1

h r

I.  
I-.  

I

i~tIN.ON 
0**. **fl

.  

.
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PUSH ROD OR 
ACTUATOR STEM 

YOKE ADAPTOR STUD 

ACTUATOR MOUNTING 
BRACKET 

UP- TRAVEL STOP 

iO 
'i.."-DOWN' TRAVEL STOP

Figure 6. Typical Travel Stop-Yoke-Type 
Actuator Shown

EE 
(MAX)

STANDARD I

L M

Installation
The cast actuator-mounting bracket will be attached to the 
valve in the positions specified from figure 4.  

For valve discs that require a specific flow direction (such as 
Fishtail ' discs), install the control valve assembly only in 
the position specified when the unit is ordered.  

For valve discs that do not require a specific flow direction, 
the position of the control valve assembly in the pipeline 
may be changed if desired. This is, the control valve 
assembly may be turned around in the line to change from 
left-hand mounting to right-hand mounting, from "actuator 
vertical above pipeline" to 'actuator vertical below 
pipeline", or from "actuator extending upstream" to 
1actuator extending downstream."

WITH SHORT, 
OPEN EXTENSIONt

L M

P-BRACKET 
SHAFT DIA

METER

One or Two 
BZE6-2RQ2 

Limit 
Switches

T

Onet EXAR 
or OPAR 

Limit 
Switch

3/8 & 1/2 11.00 4.50' 5.88- 8.25 9.63 1/2 4.50 4.62 

5/8, 3/4, & 1 11500 5.50' 7.25' 9.25 11.00 1 4.50 4.62 
1-1/4 & 1-1/2 11.50 . 7.88* 9.88' 12.25 14.25 1-1/2 4.62 4.87 

'Includes adaptor pare used for mounting power actuator parallel with pipehne. For peroendicuilar Shor, onen ertension required for mounting power actuator parallel with pipeline for types and 
mounting. subtract 0 25 nches for 3 8 and 1-2 inch valve shaft dameters or 0.38 rnes for sizes isted in table 2 and for mounting limit switches on all sites.  
5 8 inch through 1 1 2 inch valve shaft cameters. Double the I dOmenson for two EXAR or OPAR switches.

MAXIMUM 
VALVE DISC 
ROTATION 
(DEGREES)

DD 

Power Actuator Type and Size' 

480 Series Type 656 

20 30, 40, & 601 80 1 30 40 60

60 1.38 3.75 3.75 1.38 3.25 3.75 

90 1.50 2.50 2.00 1.38 2.12 2.44 
For types and sizes not shown, contact the Fisher sates representative.

ACTUATOR 

VlEMATCH I I E 
LINE-' 

-: L--

co 1S 
SIDE VIEFW

END VIEW

2T FOR TWO EXAR 
OR OPAR SWITCHES 

SIDE VIEW WITH LIMIT SWITCHES

Figure 7. Dimensions (Inches)

VALVE 
SHAFT 

DIAMETER

-;q iiz
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Crdering infcr ation 

When ordering, spec.: 
1. Valve type, size, 5na . -Maximum valve 
disc rotation 
2. Actuator type a"c size 

Refer to the soe;gct :-z 7'': 2. Review the 
description to the.i right -Atlon and in the 
referenced figures; indicae C <hoice wherever 
there is a selection to be "e. 'i na0vcifying mounting 
positions from figure 4, 

a) State position of Z e u as "horizontal, 
"vertical", "inclined 20 deg'ees '--: ho:ontal", etc.)

~iSHEfl --

b) State direction of flow through pipeline (such as 
"left to right." "right to left," "up." "down," or, for 
inclined pipelines, 'down to the left, '"up to the right," 
etc.). When determining flow direction, always view 
pipeline from actuator-mounting bracket side 

c) State whether perpendicular or Parallel mounting 
and right-hand or left-hand mounting is desired; also 
state mounting position (such as "actuator extending 
upstream" or "actuator extending above pipeiine") 
4. If ordering optional limit switches, state disc rotation at 
which switching is to occur 
5. Refer to separate bulletins for ordering information for 
the control valve body, actuator, and accessories

- I



Attachment 13: Replacement T-Ring Certification 
Dated 4/24/81 and 4/28/81



. CERTIFICATIO 

April 28, 1981 

TO: Fisher Controls Comnpany 
Continental Division 
200 Wein Strete 
Coraopolis, Pennsylvania 15108 

ATTENTION: QUALITY CONTROL MANAGER 

We hereby cerify that the nntinsial and/or pai shipped on your otder 

.umber ....0.1. .3 ............ eand corised of 

one piece 18" T Ring, EPDM ..... .... ............................. .......-- * * * * ******..-.....  

............................ . ............ ......... ....--.............. . ....  

. . . ........................ ... ........... ......-.. . . ............ 5. ....  

.... . .............. *................-............................................ .....  

UL code nunberi-<, amait if n.A lot numbers, twinher packages, eic.  

comply in full with the folluwing pcfiains, standiads, blucprinas nod/or 

drawings . ........... ...-...---. .- -------.---- ---

. .. 9 ............................. ......................  

Comp.. o ad .C .2.- ........ ...................... ........... ...  

...ur..Doe:...Apri .... ,.....1....... .5b Life:.1 .ye r... .  

Tcal report, and/or control Intn verifyein the abo v are of file and available 
bpon request.  

.nColonial RubberComoan -...  
Comnpany .......... ....--...-.-....1----

by .... .......... ...  

Tide~ ........u~iCCMo~oe 

"I MPORTAN T" 

Celification mrust accompany -bipmcni. Include one copy wib pOcking liSt.

Too 4 .EV..I



a.  
........ ,

CERTIF ICATI11

April 24, 1981

(
-I

TO. Fisher Controls Conpany 
Continenial Division 
200 tbin Street 
Coraopolis,. Pennsylvania 15108 

ATTENTION: QUALITY CONTROL MANAGER 

We hercby certify tia thie mtuerials and/or parts shipped on your order 

number .. 0.1 1 6 ..... ............ nd -uij sed of 

2 pieces 20" EPDM T-Rings ..... .. I ..... . ..... **.**.  

-7 e. 18EPDM T.-Rings 

LisL code numbers, quantitieh, lo numbers, number p acks, etc.  

comply in full with the following speCifictis, standards, blueprints and/or 

dr w.g ... . ............. . .............. ............................. ..... .I...... ... ..............  

11y . IG12847 (20") Dw G. G17.46 (18 .  

Compound IC-3929-EP 

Cure Date: 4/15/81 Sielf Life: 10 ... ......  

Test reports anid/or conroil atna verifying the above ar on file and avoilnble 
upon request.  

Colonioi Robber Company 

C o p a y ... .... .. .... ....... .... ... .... .. ... ..  

'AiI " 4 iParick 
Tit I- ug. ty. hwr .t pasqgr.......  

"IMPORTAN T 

Certificaiion must accoaipany shipment. Incilude one copy with packing ist.

1@~i.~e err. a

(
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Attachment 14: Materials Properties Data for 
Ethylene-Propylene Elastomers 

a. Comparative Properties of DuPont 
Elastomers and Natural Rubber 

b. Letter: Fisher Controls Co. (Dan 
Button) to NSP (John Windschill) 
dated 5-14-80, with Related 
Attachments

'144 B314



CQ(" J-PA IVE iRuiERMESof thtliiu Pont elastomers and natural rubber 
.ff ION, 501105 ' -
chloro- ethylene- COITOlyn*r Of sultonated ptoylene- vinyldene fluoride Keferal ADII1E1 poly- NyllEL *REZ * saprous diene -AMAC* and texfluoro.  AobleS sh r 0yuelr aa ethylene polyester elastoee per luoelastorner chloopreno poly Ier ethylene/acryic elastander hapylene iAiF01113 RAISE (Efrrs-tsr A&[q 60-99+A 

-- ____ 

____ 
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FISHER CONTROLS COMPANY 
*11AJlSIIALLTOWN, IOWA 50158 

AUTOMATIC CONTROL EQUIPMENT 

SINCE 1880 

Reply to: FISHER CONTROLS COMPANY. R. A. Engel Technical Center, P.O. Bor 11, Marshalltown, Iowa 50150 

May 14, 1980 

Northern State Power Company 
Monticello Nuclear Plant 
Monticello, Minnesota 55362 

Attention: Mr. John Windschill 

Dear Mr. Windschill: 

The purpose of this letter is to respond to the question which you 

posed to Mr. Charles A. Loudin of Colonial Rubber Company concerning the 

radiation capability of EPDM material (seal ring material used in Fisher 

Control's Type 9200 butterfly valves). The response presented below 

is based on material supplier's conclusions drawn from irradiating test 

coupons, and, Fisher Control's limited experience gained in actual type

tests of 9200 butterfly valves.  

MATERIAL SUPPLIER'S TEST RESULTS 

After your request to the Colonial Rubber Company, Mr. Loudin 

contacted DuPont (the base polymer used by Colonial Rubber Co. is DuPont's 

"Nordel") and received the following reply: 

'Based on tests conducted by DuPont on EPDM compound used in Fisher 

Control's EPDM valve liners, the following results may be experienced." 

Parts should be unaffected to 6 x 107 rads of gamma radiation. Parts 

should be useful up to 5 x 108 rads of gama radiation.  

The radiation capability of test coupons at the levels referenced above 

is also claimed in the vendor literature which is attached to this letter.  

Attachments to this letter also include an article frcm "Power 

Engineering", (Dec 1977) entitled "Selecting Elastomeric Seals for Nuclear 

Service". This article, as a result of compression set experienced during 

radiation tests, states that "...no elastomer known today should be 

considered for applications where 10' rads dosage will be exceeded between 

scheduled overhauls". While this article seems to be addressing only "normal" 

environment radiation, and therefore, sounds very inflexible in regards to 

the "magic" figure of 10' rads, it does correlate closely with what Fisher 

Controls has experienced during an actual irradiation type-test of a 9200 

butterfly valve.

IPfn ar .. CHANCES ARE IT'S CONTROLLED BY . . . : TELEPHONE (515 754.3011 . . . TWX 910-520-1420 . . . TELEX 47"'



. FISHER CONTROLS COMPANY

FISHER CONTROLS TYPE TEST RESULTS 

During aging tests on a 20", Type 9200 Butterfly Valve (ith 

adjustable "T" ring seal), Fisher exposed-the valve to 1 x 10' Rads (y).  

After.radiation, the test valve permitted slight leakage (greater than 

pre-radiation but less than defined allowable) while subjected to 60 psi 

differential across the disk. It was determined that this leakage resulted 

from a small amount of compression set that had taken place in the adjustable 

"T" ring seal. Supplemental information obtained by Fisher indicates that 

the material not only undergoes additional compression set, but could also 

experience a great deal of hardening during radiation 
exposure of 10 to 10 

rads, and therefore, become ineffective with respect 
to the sealing require

ments of the subject valves.  

CONCLUSION 

Due to the results of the limited amount of tests performed by 

Fisher, we do not presently claim seal integrity at radiation dosages 

(normal plus accident) greater than 1 x 107 rads.  

Many factors could affect this "allowable" radiation level, such 
as, 

increased acceptable leakage rates under accident conditions, seal design 

(inflatible seal ring vs the tested adjustable "T" ring 
seal - it is 

assummed that the inflatible seal ring would perform at least as 
well as 

the adjustable "T" ring after radiation exposure), pressure differential, 

etc.; however, these effects could only be addressed 
by actual type-tests.  

If your radiation requirements exceed the allowable 
dosage recommended 

by Fisher, and you would like to pursue the possibility of Fisher per

forming additional tests under contract, your request should 
be directed 

to: 
J. Bovee 
Manager, Contracts Administration 
Fisher Controls Company 
205 S. Center Street 
Marshalltown, Iowa 50159 
Telephone; (515) 754-2079 

If there are questions concerning any of the above discussion, 
please 

contact the writer at (515) 754-3338.  

Sincerely, 

Dan G. Button 
Engineer, Nuclear Program 

DGB/kkc 
cc: L. E. Fleetwood 

F. D. Jury 
D. Cernyv 7 

A. Gentile - Cont. Div.  
Enc.
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.DU -ONT DU Nct..ouRs C COtNPANY 

4330 ALLENt ROAD 

STOW, Oiio 4:zz 44 22 4 

ELASTOMhIlR CHEMICALS DEPAr(TTMCNT 

October , 1977 

Mr. 'D. Howells.  
Fisher Controls 
Continental Division 
200 Main Street 
Coraopolis, PA. 15108 

Dear Mr. Howells: 

Effects of beta radiation and of gamma radiation on various 
elastomers are described in the attached data.  The standard method of test for absorbed gamma radiation 
dose in the Fricke dosimeter is described in Part 37 of 
ASTN Standards D1671-71 and standard recommendcd practice 
for exposure of polymeric materials to high energy radiation 
is described in the same part D1672-66.  

We hope that this information helps you in the.project that 
you have undertakcn.  

Sincerely, 

J. P. Leonhard 
Akron Laboratory

JPL:dlw

Attachment
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EFFECT OF BETA RADIATION*

Percent Chanqe In Properties

PCLyM:ER 

C.' DEMO0 

1:c7 PL 

= ?? C:Y EER 

::I7,C? R EN E

COMMENTS 

Peroxide Cured 

Sulfur Cure 

Litharge Cure 

Aged 1 year 

Blend' 

SBR-1500 

Smoke Sheet 

L-100 

L-167 

Wax Added 

NA-22 Cure

100% 
MODULUS 

+52 

+32 

+100 

+127 

+57 

+110 

+56 

+ 18 

+22 

+119 

+140

200% 
NODULUS 

+68 

+60 

+98 

. +52 

+-20 

+8 

+115

TENSILE 

-27 

-23 

-20 

+3 .  

-12 

+6 

-27 

-28 

-24 

.- 56 

-43

ELONGATION 

-43 

-43 

-64 

-46 

-42 

-31 

-39 

-20 

-42 

-51 

-64

A -\D ES S 

+2 

+4 

+3 

+7 

+7 

-1 

-6 

+8 

+7

* he exposure consisted of 300 seconds of Beta radiation, of 0.2 megareps per second intensity, 

L.. a distance of 300 cns. giving a total of 60 megarcps intensity.  
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Selecting ejastomeric seals 
for rnuciear service 

Compression set tests have proved more reliable than 
tensile tests in the selection of elastomer compounds 
for use as seals in a nuclear environment

By ROBERT BARBARIN, Parker Hannifin CorpJSeal Group

In the early 1960s, the primary test 
used in selecting elastomers for 
reactor seals was a tensile test con
ducted on unstressed slabs of the 
compounds after they had been sub
jected to irradiation. These standard 
tests had the unfortunate ability to 
make compounds look very appeal
ing to the nuclear engineer while 
completely failing the primary. re
quirements of seal engineers. To
day, a test has been developed 
which promises to satisfy the 
demands of both engineers. This is a 
test to determine the compression 
set of seals which. are simultaneous
ly squeezed (as they would be when 
installed) and irradiated (as they 
may be when in service) over 

rolonged periods. The new data 
ovide criteria by which com

ounds may be selected for long 
life, normally requiring replacement 
only during conservatively sched
uled five-year reactor overhauls.

Typical applications for elastomeric 
seals in and around nuclear reactors 
include the static seals in pressur
ized conduits containing radioactive 
fluids, and the dynamic seals in 
structural hydraulic snubbers.  

Compression set 
Compression set may be defined as 
the percent by which a seal fails to 
return to its original dimension after 
compression, expressed as a per
cent of its deflection. This loss of 
dimensional memory is due to 
changes in the elastomer's arrange
ment and density of molecular 
cross-links. As the change in cross
linking progresses, the seal will 
gradually take on the shape of the 
confining groove and relax the force 
that it exerts on the confining sur
faces.  

Since this normally occurs before 
tensile property changes, the tensile

tests are frequently omitted as con
temporary criteria for nuclear sea 
compound selection.  
Of the three major types of radiatior.  
from nuclear fission, only gammi 
rays are normally considered .  hazard to elastomer seals that are 
completely enclosed in conventionai 
metal grooves. Alpha and beta rays 
are effectively stopped by thin metal 
barriers. Gamma rays, however, 
easily penetrate the typical elasto
meric seal glands and cause cumu
lative changes in the compounds 
(see Table 1).  

All elastomers tested to date have 
shown excessive compression set a 
10' rads. yet a number of com 
pounds showed acceptable ca 
pression set at 107 rads of gamma,: 
radiation dosage.  

Therefore. no elastomer known to
day should be considered for

Table 1. Effects of gamma radiation on the princioal properties of elastomeric compounds most often considered dor seals in and around nuclear reactors. Compression set tests were conducted at room temperature-and 25% deflection, for the numoer of days noted, while under radiation from cobalt strips in air.  

Generic or Radiation Hardness in Tensile Elongation Modulus in Tear Compression Set Test Base Polymer Dosace in Pts on Shore Strenath in in % @ Psi @ 100% Strength Days CS in % ot (Comoound Raps "A" Scale Psi @ Break Break Stretch in lb/in. Deflec- Original No.) (Pts Change) (% Chanae) (% Change) (% Chance)* (% Change) ted Deflection 
Siiicone Original 69 807 117 668 63 93 7.6 (S455-70) 107 72 (+3) 733 (-9) 89 (-24) -- 63 (0) 93 31.4 

J08 85 (+16) - - 93 90.5 
Silicone Original 66 1010 149 695 70 93 3.8 (S604-70) 107 69 (+3) 1020 (+1) 129 (-13) 833 (+25) 62 (-11) 93 20.0 108 85 (+19) 939 (-7) 31 (-79) -- 29 (-59) 93 92.4 
;Eth i

yene Originai 78 
Prooviene 107 78 (0) 
(E515-80) 108 84(+6) 
E!hylene Original 70 
Prcoviene 107 73 (+3) (E740-70) 109 79 1+9) 
Fluorocarbon Original 75 
(V747.75) 107 76 (+1) 

108 88 (+15) 
vurenane Original 66 

W 42-70) 107 67 (+1) 
108 680 

r-iuoro. Originai 68 
'ilicone 107 72 (+4) 
(L677-7) 10g 34 (+16)

1450 
1220 (-16) 
1030 (-29)

8UOU 
2140 (+3) 
1700 (-18)
1510 
1580 (+5) 
1180 (-22)
3560 
3570 (0) 
1420(-60)
1050 
668 (-36)

213 
176 (-17) 
79 (-63)

79(-3)71(-7) 93 9629

194 (-17) 
96 (-59)
190 
130 (-32)

29 (-85) 82 (-36) 93 933
582 
491 (-16)

201 (-65) 146(1-52) 56 91 4I
180 
97 (-46)

689 
740 (+7)

554 6 
808 (+46)

634 
1120 (+77)

342 
444 (+30)

520

164 
148 (-10) 
71 (-57)
174 
163 (-6) 
70 (-60)

70(6) 93 90.5
128 
87 (-32)

306 
374 (+22)

72

93 
93

93 
93

93 
93

56 
56

128 
128 
123
PO8 E97 1 
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16.2 
46.6

6.3 
28.6

14.7 
66.7

17.1 
55.2

13.3 
67.6
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applications where 10' rads dosage 
will be exceeded between scheduled 

-overhauls.  
Table 1 documents several com
pounds frequently considered for 
nuclear seals, showing their original 
properties and those same proper-

ties after exposure to 107 rads. At 
this dosage, two silicones, two 
nitriles.and one ethylene propylene 
compound exhibit acceptable com
pression set. A second ethylene 
propyiene compound, as well as 
polyurethane, polyacrylate, fluoro
.carbon, and fluorosilicone, would

Figure 1. Comoression set (the percentage of initial deflection-which is 
unrecovered wnen a seal is released) directly affects the force that a 
compression seal can maintain on its sealing lines. This factor. which is 
increased by radiation, is a prime criterion for the selection of seals for 
reactors.

not be recommended because :. y 
all tested out at marginal or a.
cessive compression set. The resui 
for polyurethane are particuli 
revealing, the tensile, tear 
modulus tests were either .  
changed or actually improved by 1C7 
rads. but the compression set rose 
from approximately 17% to over 55%.  

Temperatures and fluids 
Service temperatures and/oT F;.ids 
often degrade an elastomer faster 
and more severely than 9: .  
radiation. This is illustrated dec 
by comparisons between Ta 
and 2. While Table 1 shows ':za 
effects of gamma radiation wiit'. 
fluid or temperature influenc.:-, 
Table 2 shows the effects of f id: 
and temperatures frequently0.  
countered in nuclear reactor ei
vironments but without the garrima 
radiation. It is interesting to r..  
that the polyurethane degradat ion 
documented in Table 2 was the 
result of temperature, but that it 
would doubtless have been .t
tributed to radiation if it had 
curred in a reactor.  

The combined effects of radiati. , 
temperature and fluid are seldom a 
simple- addition of their indt'Ki 
effects, but are synergistic..  
ever, knowledge of all three c.1, 
acteristics for each compoun .  
help in the selection of thei 
compounds for testing.

Table 2. Effects of fluid immersion in principal reactor fluids on polyurethane and ethylene propylene 
elastomers considered for seats in and around nuclear reactors. Note-severe effects of temperature excursions 
on properties of polyurethane compounds compared to the properties of most ethylene propylenes.  

Generic or . Immersion Test Fluid Hardness in Tensile Eionoation Modulus in Volume Compression 
Base Polymer immersed 3 hrs @ 340F Pts on Shore Strength in in % @ Psi @ 100% Change Set in% f 
(Compound + 3 hrs @ 320F "A" Scale Psi Z Break Break Stretch in % Original 
No.) + 18 hrs @ 250F (Pts Chance) (% Chance) (% Chance) (% Chance) Deflection 

Polyurethane Original prooerties 95 7240 470 1590 
(P4611) GE SF 96 Silicone (200 c/s) 89 (-6) 4250 (-41) 537 (+14) .1370 (-14) -0.8 119.2 

GE SF1154 Silicone 89 (-6) 3650 (-50) 550 (+17) 1400 (-12) -0.3 can-ceied 
Water 89 (-6) 4680 (-35) 576 (+23) 1180 (-26) +2.3 96.5 

Polyurethane Original orooerties 66 3780 699 350 
(P642-70) GE SF 96 Silicone (200 c/s) Deteriorated -1.7 cancelled 

GE SF1 154 Silicone Deteriorated -22 canceited 
Water Deteriorated

Ethylene Original orocerties 73 . 2390 177 991 
Prooylene GE SF 96 Silicone (200 c/s) 73 (0) 2800 (+17) 207 (+17) 865 (-13) -1.5 19.9 
(E740-75) GE SF1154 Silicone 70 (-3) 2660 (+11) 198 (+12) 800 (-19) +3.0 17.8 

Water 74 (+1) 2600 (+9) 182 (+3) 373 (-12) 0.0 14.4 
Ethylene Original oroperties 88 2330 146 1230 
Prooylene GE SF 96 Silicone (200 c/s) 91 (+3) 2330 (0) 146 (0) 1500 (+22) -2.5 44.9 
(E652-90) GE SF1154 Silicone 89 (+1) 2430 (+4) 143 (-2) 1490 (+21) +0.4 cancelled 

Water 90 (+2) .2450 (+S) 145 J- 1) 14-a30 (+ 16) -1.0 42.0
Ethylene 
Proviene 
(E529-65)

Original oroperties 
GE SF 96 Silicone (200 c/s) 
GE SF1154 ilicne

61 
61 (0) 
6n 1-11

1450 
-1680 (+16) 
152 (+5) 1IA

273 
317 (+16) 
270 (+21

279 
296 (+6) 
290n (+4)

-4.5 
-2.

29.6 
28.4

Water 61 (0) 1590(+10) 298 (+9) 276 (-1) -0.1 29.8 
Ethylene Original oroperties 74 1610 239 563 
Prcoviene GE SF 96 Silicone (200 Us) 72 (-2) 1350 (-16) 209 (-13) 578 (+3) -3.4 25.4 
(E692-75) GE SF1154 Silicone 72 (-2) 1620 (+1) 219 (-8) 549 (-2) +0.8 30.5 

Water 73 (-1) 1100 (-32) 171 (-281 545 (-3) +0.2 16.7 
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ELASTOMERIC SEALS

f

HIGH-TENSILE 
POLYURETHANE 
BODY

Figure 2. Excellent tensile, tear and modulus properties of polyurethane under radiation may be preserved by a design which compensates for poor compression set under radiation. An 0-ring with superior 
compression set can be used as a spring to energize a.polyurethane seal body with supenor tensile 
procerties.

Base polymers vs variations 
It can be very misleading to ascribe 
either fluid. temperature or radiation 
resistant properties to a generic 
class of elastomers. Variations in 
compounding within the generic 
class can cause wide differences in 
properties. Early tests of nitriles, for 
example, discouraged their use in 
reactor environments for many 
years. However, later tests of other 

P itrile formulations showed that 
eir compression set properties 

were among the best when sub
jected to gamma radiation.  

Ethylene propylene. is a case in 
point. The standard Parker E515-80 
compound (see Tables 1 and 2) de
veloped nearly twice the compres
sion set and lost significantly more 
tensile and tear strength than E740
75-another ethylene propylene 
compound. The E740-75 material 
has compression set characteristics 
similar to the silicones and nitriles 
tested and also has much better 
resistance than the latter to water 
and silicone fluids commonly used 
in reactors.  

Silicones are deceptive in that they 
show excellent compression set 
characteristics under radiation, but 
show poor resistance to water and 
the silicone fluids. This severely 
limits their usefulness in reactors.  
Fluoroelastomers (fluorocarbons 
and fluorosilicones) have long been 
equated by many engineers with 
-the best available" primarily 
because of their outstanding tem

erature range. Not only do test 
suits contradict this otimism.  

with neither recommended for more 
than 106 rads, but fluorcelastomers 
tend to degrade rapidly in water or 
steam. Also. some reactor specifi
cations forbid the use of any ma
60

terials containing fluorine or 
chlorine. Even if the iluid is com
patible, and the radiation tolerance 
can be accepted at 106 rads, such 
specifications as the AEC's ROT 
M11-IT may pronibit their use.  

Polyurethane takess a rather high 
compression -set in radiation even 
though its -unstressed physical 
properties hold up well at room tem
perature after 10. rads. It would not 
be a preferred material for 0-rings 
or other compression type seals. It 
probably would serve well in an 0
ring energized lip seal, however, if 
the 0-ring is radiation-resistant (see 
Figure -2), or in lip type seals that are 
activated -entirely by continbous 
fluid pressure.  

While polyurethane compounds are 
not generally recommenced for use 
in water fluids, it should be pointed 
out that the rapid 'deterioration of 
the P4611 and P642-70 compounds 
reported in Table 2 was due pri
marily to temperature.  

Nitrite compounds' resistance to 
gamma radiation varies greatly, de
pending on the specific formu
lation. Thus far, N674-70 and N741
75 are unique in their ability to 
tolerate 107 rads with little compres
sion set. These two formulations, 
therefore. may become quite userul 
in some nuclear applications. Even 
these formulations. however, could 
not be recommended for long-term 
use if the sealed fluid were hot air or 
other critical fluid/temperature corn
binations.  

Polyacrylates are like polyurethanes 
in that they have-a low tolerance for 
water, especially at nigher tempera
tures. while being -quite compatible 
with silicone fluids up to 350 F. Their 
comoression set properties uncer 
radiation usually wouid suggest

switching to the E740-75 ethylene 
propylene for reactor -service.  

Work to -overhaul periods 
Compounds that are recommended 
for service as seals in reactor en
vironments should have ample re
maining life at- regularly scheduled 
overhaul intervals. to permit routine 
replacement without stretching their 
projected. life. Many engineers who 
inquire about seals ask for 20 to 4C, 
years of service even though shut
down and overhaul is scheduled at 5
or 10-year intervals.

(
Designers working with elastomeric 
seals must learn to work to the over
haul periods and not to the reactor 
life. Even then, it is important to test 
elastomers under the comoined de
gradation factors anticipated for 
each application to earn a high con
fidence factor.  
No blanket recommendation can, 
Jogically be made for the one best 
seal compound for nuclear reactors 
or non-nuclear applications. While 
the E740-75 ethylenie propylene 
compound exhibits the best com
bination of radiation, fluid and tem
perature tolerance of all the known 
contenders for reactor seals, even 
this excellent compound should be 
evaluated under the combined con
ditions for the specific application.  
Tensile tests alone cannot predict 
elastomer's response to radiation 
environments. This may not only 
lead away from the optimum mate
rial.-but may lead to-a compound 
that develops excessive compres
sion set early in its exposure to gam
ma radiation. END ' 
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706 OAKWOOD STREET * RAVENNA, OHIO 4425 
(216) 296-2831

April 30, 1980

4

Fisher Controls Company 
Continental Division 
200 Main Street 
Coranpolis, Penn.ylvania 15108

4 

~ \., r 
-~- ~.  

-*- Li

Attention: Mr. Al Gentile, Sales Engineer 

Dear Mr. Gentile: 

Our Chief Lab Technician, Mr. Charles A. Loudin received a phone call on 

April 28, 1980 From a Mr. John Windschill, Northern State Power Company, 

Monticello Nuclear Plant in Monticello, Minnesota. Mr. Windschill asked 

if we would send a letter stating the effect of radiation to Continental Valve 

Liners, lined with EPDM material. The base polymer we use is DuPont's Nordel.  

Mr. Loudin contacted DuPont, asking the above question and received the following 

reply.  

"Based on tests conducted by DuPont on EPDM compound used in Fisher Control 's 

EPDM Valve Liners, the following results may be experienced." Parts should be un

affected to 6 x 107 rads of gamma radiation. Parts should be useful up to 5 x 108 

rads of gamma radiation.  

The thought occured to us that this was an unusual request from a customer we 

have never dealt with. In view of these facts, I spoke with your Mr. Gary Wading 

and he recommended that I send the above information to your attention. We will 

not reply to Mr. Windschill. We will expect you to reply with or without the 

above information.  

Please let us know if we can be of more help to you. Thanks for your cooperation.  

Very truly yours, 

Jo ds C. Moore 
JC PSales Manager

cc: Mr. Wayne Slack 
Mr. Gary Wadding, Fisher Controls Company

N))
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nutaCI 
ENGINEERS 303 EAST VACKER DRIVE CHICAGO, ILLINOIS 60601 * (312) 565-2900 

April 9, 1982 
NSP-64-003

Mr. R. L. Goranson 
Northern States Power Company 
Monticello Nuclear Generating Statiri COPY OF ATT&C1MT(1) 
P.O. Box 600 .--- ..... --- ---- INFORMALLY SENT TO* 

Monticello, MN 55362 1 ~ H. NICOIARS I RROJ MGR, 
ON 4T19L82.  

Subject: Review of Fisher's Purge and Vent Valve DMM 
Engineering Response/NRC Questions

References: 1. Letter, Fisher Controls (L. R. Waite) to 
Northern States Power (R. L. Goranson) dated 
3/19/81; 
Subject: 18" Type 9200 Containment Isolation 

Valves

2. Letter, Fisher Controls (J. Dresser) to.  
Northern States Power (R. L. Goranson) dated 
12/4/81; 
Subject: Engineering Response/NRC Questions 

Dear Dick:4 

We have completed our review of Reference 2,and have just one 
comment on the material prepared by Fisher Controls. The responses 
to questions 1 and 21 state that the maximum temperature condition 
(180'F) was used during the evaluation. For certain portions of 
the evaluation it would be appropriate to use 180aF, however, it 
may not be conservative to use this temperature throughout the 
analysis since peak containment atmosphere temperature during a 
design basis event will be approximately 300 0F. Three separate 
phases of the evaluation should be considered: 

1. Thermal-hydraulics calculations: It is conservative to use 
180aF in the thermal-hydraulics calculations.  

2. Stress calculations: Material allowable stresses for the 
materials used, including the replacement shaft, are constant 
in the 100 to 300'F range so using the peak containment 
temperature should have no impact.  

3. Seal material qualification: Using a maximum temperature 
of 1801F for seal material qualification may not be 

conservative. Fisher and NSP should review the response 
to question 21.



Mr. R. L. Goranson 
Northern States Power Company

April 9, 1982 
NSP-64-003

In addition to reviewing the responses prepared by Fisher, NUTECH 
has prepared a complete response to question 3. The response to 
question 3 has been included with this letter as Attachment 1.  
Allis-Chalmers test data for in-plane and out-of-plane upstream 
elbow conditions can be found in Attachment 2 and Figures 1 
through 6.  

If you have any questions, please call me or John Kin.  

Yours very truly, 

John M. Clauss, P.E.  
Project Engineer 

JMC/amc 

Attachments

cc: D. A. Gerber - w/attachments 
J. W. Kin - w/attachments 
File: 30.2364.0003 - w/o attachments 

30.2364.0011 - w/attachments 
JMC-82-055

nutech 
ENGINEES
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Attachment 1 April 9, 1982 
NSP-64-003 4 

Question 3 

"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 
particular valve installation?" 

Response 

Geometrical piping system considerations are summarized in 
Table 1.  

All Fisher sizing procedures are based on a pressure drop 
across the valve that is supplied by our customer; if downstream 
piping produces a backpressure, and if the customer wants to 
take credit for this effect, the existence of the backpressure 
should be reflected in the sizing AP provided. As stated pre
viously for the subject accident conditions, the sizing AP 
across the valve is taken to be equal to the peak accident 
containment pressure for all angles of disc opening. This 
approach is conservative if backpressure actually does exist 
because the maximum AP will produce the maximum operator torque.  

In the development of the dynamic torque coefficients, flow 
direction has been considered. In the case of flow into the 
hub, a factor of 1.5 is used (when selecting torque coefficients) 
as compared to flow into the flat side of the disc; this is done 
in the interests of convenience and conservatism because the 
Fisher model tests indicate torque values are 1 to 1.5 times 
higher when flowing into the hub side.  

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. The effects of 
a non-uniform flow profile, due to piping elbows, "T"-connections, 
etc., upstream, are discussed below.  

A. Valve Shaft and Elbow In-plane 

If it has been determined that plant layout is such 
that the valve shaft is oriented to be in-plane with 
the upstream elbows, the non-uniform fluid profile is 
not expected to produce an additional 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.  

nutech 
ENGINEERS



Attachment 1 2. April 9, 1982 
NSP-64-003 

B. Valve Shaft and Elbow Out-of-Plane 

Valves AO-2378, AO-2386, and AO-2387 are installed 
in an out-of-plane arrangement. These three 
installations can be shown to be acceptable based 
on the qualification work performed using a uniform flow 
profile and the following information: 

1. Each of the installatiohs in question is oriented 
such that flow is into the flat rather than into 
the hub. Peak operator torque occurs when flow 
is into.the hub and the valves are qualified for 
this situation. Since these valves have flow into 
the flat the peak torque they will experience is 
equal to 0.66 times the calculated maximum torque 
(Reference 1).  

2. The off-set disc butterfly valves installed at 
Monticello are similar to the Allis-Chalmers 
valves tested at NASA's Langley Research Center.  
The test data (Attachment 2) for the Allis-Chalmers 
valves indicates that the peak operator torque for 
the "out-of-plane" elbow case (where shaft rotation 
is limited to 400 open) is less than the peak operator 
torque when the upstream elbow is "in-plane". The 
Allis-Chalmers test data has been plotted in Figures 
1 through 6 to facilitate data comparison.  

In conclusion, the uniform flow case is the governing 
case for qualification of the subject valves. The 
out-of-plane upstream elbow case will not produce 
maximum operator torque. The following information 
is a comparison of the Fisher valves installed 
out-of-plane at Monticello and the Allis-Chalmers 
test valve.  

nutech 
ENGINEERS



Attachment 1

Parameter 

General 
Description 

t/D 

Range of 
Opening 

Flow into 

Uniform Flow 
Test Data

3

Fisher Valve

Off-set disc, 
butterfly 

.20 

0 to 400 
(pinned)

Flat

See Reference 1

Non-Uniform 
Flow Test 
Data

April 9, 1982 
NSP-64-003 

Allis-Chalmers 
Valve 

Off-set disc, 
butterfly 

.17 

0 to-900

Flat

Test 29 
See Attachment 2 
and Figures 1 
through 6 

Test 32 
See Attachment 2 
and Figures 1 
through 6

nutecif 
ENGINEERS



rt
Valve Shaft and Elbow 

Valve Upstream Distance, Elbow Flow Out-of-Plane Effect 
Number Elbows? to Valve (ft.) In-Plane Out-of-Plane Into on Valve Closure

Flat 

Flat 

Flat 

Hub 

Flat 

Flat 

Hub

NA 

Assist Closure 

NA 

NA 

Assist Closure 

Assist Closure 

NA

I > 

O)

TABLE 1

AO-2377 

AO-2378 

AO-2381 

AO -2383 

AO-2386 

AO-2387 

AO-2896

,* 

~ 'r

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes

5'-8 " 

1'-8" 

5'-61"4 

11-3" 

31-4" t 

5'-1" 

4 '-11"

x

x

x 
x

x 

x

x

'4 

zC)



Attachment 2 

Test 29 

0Open 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Test 29 

90 

80 

70 

60 

50 

40 

-30 

20 

10 

0 

Extracted

April 7, 1982 
NSP-64-003

P 
T

= 15 PSI

p 2P1 

5.0 

5.0 

7.0 

9.0 

10.5 

12.0 

12.0 

12.0 

12.5 

12.5

2.5 

2.5 

2.0 

1.5 

1.0 

0.5 

0 

0 

0 

0

20

2.5 

2.5 

5.0 

7.5 

9.5 

11.5 

12.0 

12.0 

12.5 

12.5

TD 

0.2 

1.6 

3.9 

3.1 

1.2 

-0.8 

-1.6 

-2.0 

-2.8 

-3.1

C T 

0.6 

5.1 

6.2 

3.3 

1.0 

-0.6 

-1.1 

-1.3 

-1.8 

-2.0

Temp "F 

6.4 

6.4 

7.8 

9.8 

11.8 

11.8 

12.5 

13.2 

13.8 

13.8

PSI

7 3.0 4.0 -5.0 -10.0 2.4 

9 3.0 6.0 -3.0 -4.0 3.7 

10 3.0 7.0 8.0 9.2 5.1 

14 2.5 11.5 6.0 4.2 8.4 

17 2.0 15.0 2.0 1.1 11.1 

18 1.0 17.0 -5.0 -2.4 11.8 

18 0.5 17.5 -6.0 -2.7 13.2 

19 0 19.0 -8.0 -3.4 13.8 

19 0 19.0 -10.0 -4.2 15.2 

19 0 19.0 -13.0 -5.5 15.2 

from: "Test Report on an Allis-Chalmers 6" STREAMSEAL 

Butterfly Valve in Air Concerning Nuclear 

Containment Isolation Valves.

6/4011



Attachment 2 April 7, 1982 
NSP-64-003 

Test 29 30 PSIG 

Open P p AP T CT Temp oF 

90 12 7 5 -5.9 -9.44 3.7 

80 18 7 11 -3.15 -2.3 5.1 

70 20 7 13 0 0 7.8 

60 22.5 5 17.5 0 0 9.1 

50 25 2.5 22.5 -1.57 -.558 11.8 

40 27.5 1.5 26 -3.93 -1.2 13.8 

30 28 0 28 -3.93 -1.12 16.5 

20 29 0 29 -3.93 -1.08 18.5 

10 30 0 30 -5.9 -1.57 18.5 

0 30 0 30 -7.97 -1.57 18.5 

Test 29 40 PSIG 

90. 20 10 10 -7.86 -6.29 9.8 

80 20 10 10 -4.68 -3.74 10.5 

70 25 10 15 -3.74 -1.99 11.8 

60 30 7.5 22.5 -1.87 -.66 17.2 

50 35 5 30 -3.92 -1.05 20.6 

40 37.5 2.5 35 -5.97 -1.36 22.6 

30 38 0 38 -4.68 -.985 23.9 

20 39 0 39 -5.61 -1.15 24.6 

10 39.5 0 39.5 -5.97 -1.21 25.3 

0 40 0 40 -7.86 -1.56 25.3 

Extracted from: "Test Report on an Allis-Chalmers 6" STREAMSEAL 

Butterfly Valve in Air Concerning Nuclear 

Containment Isolation Valves

'6 .112"
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Attachment 2 

Test 29

o Open

90 

80 

70 

60 

50 

40 

30 

20 

10 

0

Test 29

P1

25 

25 

32.5 

37.5 

42.5 

-45 

46 

47.5 

48 

49

50 PSIG

TDP2

15 

15 

15 

10 

7.5 

2.5 

2 

1 

1 

0

10 

10 

17.5 

27.5 

35 

42.5 

44 

46.5 

47 

49

-8.88 

-5.14 

-2.81 

-2.25 

-5.14 

-7.86 

-7.48 

-7.86 

-7.48 

-10.61

C 
T 

-7.10 

-4.11 

-1.28 

-. 65 

-1.17 

-1.48 

-1.36 

-1.35 

-1.27 

-1.73

Temp "F 

15. 8 

17.2 

20.6 

25.3 

28.6 

30.7 

32.8 

33.3 

34.0 

34.7

60 PSIG

30 

32.5 

40 

47.5 

52 

55 

57 

58 

59 

60

15.5 

15.5 

15.5 

13.5 

10 

5 

2.5 

2.5 

2 

0

14.5 

17 

24.5 

34 

42 

50 

54.5 

55.5 

57 

60

7.87 

5.15 

3.93 

3.93 

6.56 

9.82 

9.82 

9.82 

8.42 

11.79

-4.34 

-2.42 

-1.28 

-. 93 

-1.25 

-1.57 

-1.44 

-1.42 

-1.18 

-1.57

28.0 

28.6 

32.0 

34.7 

40.1 

42.8 

44.1 

44.8 

45.5 

45.5

Extracted from: "Test Report on an Allis-Chalmers 6" STREAMSEAL 
Butterfly Valve in Air Concerning Nuclear 
Containment Isolation Valves
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Attachment 2 

Test 32 P 
T

= 20 PSI

*P
2

o Open 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Test 32

90 5 3 2 -2.4 -9.6 56.2 

80 5 2 3 0 0 56.2 

70 7 2 5 4.7 7.5 55.6 

60 8 2 6 3.9 5.2 52.9 

50 10 1 9 2.4 2.1 52.2 

40 12 1 11 0.8 0.6 50.2 

30 12 0 12 0 0 49.5 

20 13 0 13 -1.6 -1.0 48.8 

10 13 0 13 -2.0 -1.2 48.8 

0 13 0 13 -3.1 -1.9 48.8 

Extracted from: "Test Report on an Allis-Chalmers 6" STREAMSEAL 

Butterfly Valve in Air Concerning Nuclear 

Containment Isolation Valves

N

TD C T Temp OFP
1 

7 

8 

11 

14 

17 

18 

18 

19 

19 

19

= 15 PSI

4 

5 

8 

11 

15 

17 

17 

19 

19 

19

-5.9 

-3.1 

3.9 

4.7 

2.0 

-0.8 

-1.2 

-1.6 

-3.1 

-3.9

-11.8 

-5.0 

3.9 

3.4 

1.1 

-0.4 

-0.6 

-0.7 

-1.3 

-1.6

58.9 

58.9 

56.2 

52.9 

50.8 

49.5 

48.8 

47.5 

46.1 

45.5
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Test 32

DA 

90 

80 

70 

60 

50 

40 

30 

20 

10

Test 32

90 

80 

70 

60 

50 

40 

30 

20 

10

April 7, 1982 
NSP-64-003

40 PSIGP 1

P T 

18 

21 

26 

33 

35 

37 

38 

38 

38.5

P T 

12 

11 

7 

5 

2 

1 

0 

0 

0

AP 

6 

10 

19 

28 

33 

36 

38 

38 

38.5

TD 

-15.7 

- 6.9 

1.2 

2 

- .8 

- 4.03 

- 2.8 

- 4.03 

- 4.8

C T 

-21 

5.5 

.51 

.57 

-. 195 

-. 9 

-. 59 

-. 85 

-1.0

Temp oF 

48.8 

46.8 

45.5 

40.1 

37.4 

34.7 

33.3 

32.7 

0

= 30 PSIG

12 

14 

18 

22 

26 

27 

28 

28 

28.5

8.5 

8 

7 

5 

2 

1 

0 

0 

0

3.5 

6 

11 

17 

24 

26 

28 

28 

28.5

-11.7 

- 4.8 

2 

3.2 

.8 

-1.6 

-1.2 

-2.4 

-4.03

-26.7 

* -6.4 

1.5 

1.5 

.27 

-. 5 

-. 34 

-. 69 

-1.13

56.2 

25.6 

52.2 

48.8 

46.1 

45.5 

43.4 

42.8 

42.8

Extracted from: "Test Report on an Allis-Chalmers 6" STREAMSEAL 

Butterfly Valve in Air Concerning Nuclear 
Containment Isolation Valves
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Test 32

* Open 

90 

80 
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60 
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PT1 = 60 PSI

P1 

31 

34 

40 

45 

51 

54 

55 

55 

56 

56

16 

16 

17 

13 

8 

5 

3 

2 

1 

0

AP 

15 

18 

23 

32 

43 

49 

52 

53 

55 

56

TD 

-15.7 

- 7.1 

0 

3.1 

-1.6 

-4.7 

-3.9 

-5.9 

-5.9 

-9.4

CT 

-8.4 

-3.2 

0 

0.8 

-0.3 

-0.8 

-0.6 

-0.9 

-0.9 

-1.3

Temp "F 

33.3 

34.7 

36.7 

38.7 

44.8 

45.5 

45.5 

46.1 

47.5 

48.2

= 50 PSI

.24 14 10 -17.7 -14.1 25.3 

25 14 11 -9.8 -7.1 26.6 

35 13 22 0 0 33.3 

39 11 28 2.0 0.6 35.4 

43 7 36 -1.6 -0.4 38.7 

45 3 42 -4.3 -0.8 40.1 

46 2 44 -3.9 -0.7 41.4 

46 2 44 -4.7 -0.9 42.1 

47 1 46 -4.7 -0.8 42.1 

47 0 47 -9.4 -1.6 42.8 

from: "Test Report on an Allis-Chalmers 6" STREAMSEAL 
Butterfly Valve in Air Concerning Nuclear 
Containment Isolation Valves



-I

Test 29: Shaft In-plane 
Test 32: Shaft Out-of-plane 
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Test 29: Shaft 

Test 32: Shaft 
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Test 29: Shaft In-plane 

Test 32: Shaft Out-of-plane
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Test 29: Shaft In-plane 

Test 32: Shaft Out-of-plane
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Test 29: Shaft In1-plane 

Test 32: Shaft Ou-ofplane 

10 

5.

.Test 
2 9 

Test 32 

-10 

50 ps.  
5Qp 

40 

GLRngEe O(DegreeN 

_T_ 

10 3040 5 60 0 8090 

w8



Test 29: 
Test 32:
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