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JPN-85-40

Director of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555 *

' Attention: Mr. Domenic B/ Vassallo, Chief
Operating Reactors Branch No. 2
Division of Licensing

)
Subject: James A. FitzPatrick Nuclear Power Plant

Docket No. 50-333
Containment Vent and Purce Valve Operability

; References: 1. NRC letter, D.B. Vassallo to J.P. Bayne,
dated January 13, 1984, same subject.

- 2. NYPA letter, J.P. Bayne to D.B. Vassallo
(NRC), dated February 24, 1984 (JPN-84-14),
same subject.

-3. NYPA letter, J.P. Bayne to D.B. Vassallo
I (NRC), dated June 14, 1984 (JPN-84-35),

same subject.

4. NRC letter, D.G. Eisenhut to J.P. Bayne,
dated October 9, 1984, same subject.

5. NYPA letter, C.A. McNeill, Jr. to
; D.B. Vassallo, dated November 26, 1984
j (JPN-84-74) .same subject'.

Dear Sir:
|

1 In Reference 11, the NRC' requested information regarding the oper-
ability ~of the FitzPatrick plant containment vent and purge valves
under design basis accident (DBA) conditions. The Authority!' provided this information in References 2 and 3.

! In Reference 4, the NRC requested additional information to complete
its review of the FitzPatrick vent and purge valves.

In response to this request, the Authority submitted resulta of
i detailed calculations for the subject valves (Reference 5). These
| results demonstrated that.the valves and actuators are operable

under DBA conditions, taking into account the effect of increased
'.

l~ dynamic-loads resulting-from upstream elbows or other fittings. I
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t

. Enclosed with this letter are the complete detailed calculations<

(Attachment A).
These calculations have been revised to correct the data for spring
torque versus valve opening angles as shown on pages 10, 11, 17 and
18 of Attachment A. The changes _are based on, discussions with the
NRC staff in a meeting held on January 28, 1985 at Bethesda. These
changes do not alter.the conclusions stated above.

This submittal also includes a copy of the seismic analysis
(Attachment B), which was performed by Fisher Controls Company, for

: these valves.. This analysis demonstrates that the stresses,-due to
; the-combination of operating, seismic and dead weight loads, are

below.the allowable values for the valve assemblies including the
i mounting. hardware. The results of this analysis are also valid in

the circumstances where an upstream fitting causes an increaselin,

I the dynamic operating loads. In these cases, the valves have,been
i modified to restrict the maximum angle of opening. This restriction

reduces the dynamic operating loads and thereby compensates fora

increases in the loads caused by upstream fittings. As a result,
j the total. dynamic operating load is less than the original design
i operating load; and the calculations (Attachment B) remain valid.

Based on this submittal, the Authority considers this issue closed1

for the FitzPatrick plant.-

| If you have any questions, please contact Mr. J. A. Gray, Jr. of
my staff.

,

Very truly yours,
!

'
+

J.Is..Bahe
4

Fi t. Executive Vice President
! nief Operations Officer
i

Enc.
'

cc: Office of the Resident' Inspector
U.S. Nuclear Regulatory Commission
P.O.. Box 136
Lycoming, New York 13093i
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A
( }

There are actually five torque components which add to
ficient of friction (friction torque factor), the shaft site

Cf. produce the total torque in a butterfly valve. These are:
(shaft diameter ratio based on Type 7600 Class 2 shaft)

friction torque (on shaft), packing torque (on shaft), and the actual pressure drop. Dynamic torque is a function
of the valve size and disc opening (dynamic torque factor)

unbatance torque (on of fset discs), seating torque (on tight and the actual or effective pressure drop whichever is ,
.

shutoff discs) and dynamic torque (on all discs). smaller. From these factors the following equations are* -

derived:
Derivation of Formulas -

The general formula for butterfly valve torque is:
T - Tg + T + Tu + Ts + Td Tg = (FTF)(SDR)(APacto*I -t p

whichwer)IAP.cios

where:
Td = (DTF) or is

.,

' T = Total torque
t

Tg = Friction torque (AP,g,4* smaller ;

Tp = Pecking torque.

where:Tu = Unbalance torque
!

Ts = Seating torque FTF = Friction Torque Factor .

Td " Dynam,c torque SDR = Shaft Diameter Ratioi ,

'
AP, ego * = Actual Pressure Drop at Angle a*

Both friction torque and dynamic torque must be calcu- DTF = Dynamic Torque Factor

lated. Friction torque is a function of the bushing coef- * AP gro* = Effective Pressure Drop at Angle a*
-

The general equation can now be written:
fAP, ego * whichew)

,

,

or is
T " (FTF)(SDR)(AP.eco*) + T + Tu + Ts + (DTF)t p

( AP,gg o* smaller j

O, where:
,

(FTF) (SDR) = A .

DTF = C.

i and fory
Types 7500,7600*,7700 and 7800 Types 9100 and 9500

4 -

Tp 'a 8; Tu = Ts = 0 Tp + Ts - 8 Tu = 0

Types 8200 and 8300 Type 9200 -

Tp + Tu + Ts = BTp + Tu = B; Ts = 0
.

'

thus,in each case-

whbww!I *AP. cia
TOTAL TORQUE (IN LBS) = A (AP.e a") + B + C or is

g AP.g,4 smaller j*

i

* NOTE - The elastomer lined Type 7000 h ignored at this point since it is a special case and is treated as such in the tables.
*

Were it to be included here,it would be simplified in the same manner as the Type 9100 and D500 since it lOs a seating torque
component at closed angles.

Additional Comments

Note that the tables give values for "8** st both 0* and A value of aero is given for "C" for all valve types at 0*

open angles when seating torque is present. This is due to since dynamic torque is present only at angles of 10' or
the fact that seating torque applies only when the disc is more,

near the seat.

r

_
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,9200 & 9280 BUTTERFLY VALVE TORQUE DETERMINATION

*
*

-
-,

. .

'

'. . Use the following procedure andybles to determine actuator
.

. _ _

.

Introduction:

,j- -torque required for 4-inch through 72-inch 9200 and 9280'
..

,

,

]
series valves. s

,

1
Warning: This procedure does not consider mechanically adjustable, non--

..
,

'

! inflatable Type 9200 with TFE. seat 0*, see Table 33.
|

. .

Butterfly valve torque is s'ctually the sum of a number of torque
,

, components. To avoid confusion, a number of these have been com-..

bined and a number of calculations have been performed in advance.
: .

! Thus, the following formulas are used in torque determination.
*

.

;

!

The various torque components and the process of simplification*

.

are explained fully in the appendix.'

! *-

b
'

.

-Necessary Equations: T.f
,, _-

. -
,

! C. Torque 0 0* (in-lbs) = AAPshutoff + B + B3+B2 # shutoff
,

here A, B, B , B2t = ta ulated coefficients
'

!

g
.

f .- AP a shutoff pressure drop /shutoff
'

For inflatable seal, 5 &B2 = 0.3
,

,

Torque e a* (in-lbs) = AAPACT-a* + B + CAPDU- a*
*

-
.

,

! Were A, B, C = Tabulated coefficients'

ACT-a* = Actual pressure drop at angle a'AP
,

APDYN. u' = Dynamic . pressure drop at angle a' /*

;!

| ..

Procedure:
;

:

! 1. Determine shaft class.
i

. Using Table 1, determine the shaft class by valve size and shaft

i diameter.

.

1.

.'. b*

W12J1



A m cM M N i' Pa,&e 6 aNW '

8 (Select Scalitu Tne er Anple) .

* MSe'eet One Sushre tfat't)
' s.,ey UE Graphtt3 pone, A & sta'n, e o' Istaatsott to 0*-*

(select o" d 10'.
56:2 Lined Titled tresse* All y .,

8 0ther " Elastomers" Vston 90*
..

*

6' -8 S
* *12. * 8 tense g 3 ..

0.299 0.800 . 3.00 3.60 S2.2- 79. 1.6 212.2 372.2 52.2*

3 0 357 1.25 1.56 2.50 , S4.0 138 .. 1.9 234 454 '54.0.

6 0,300 1.75 2.19~ 3.50 ' 5 4*. 8 197 2.2 294.8 534.8 54.8'*

#

8 1.07 3.75 '4.69 7.50 76.0 313 2.5 396 716 76.0

,10 2.24 7.85 9.81 15.7 116 449 3.2 $16 916 116
.

' 12 3.29 11.5 14.4 23.0 123 645 4.1 603 1.083 123

le 3.14 18.0 22.5 36.0 185 889 S.0 715 1,245 145.

198 1,212 6.6 808 1,418 198 .

16 6.71 23.S 29.4 47.0 -

18 10.3 36.0 45.0 72.0 260 1.603 8.1 940 1.620 260

88.0 316 2,188* 11.3 1,076 1,836 316h20 12.6 44.0

24 21.6 75.5 .4 J
151 1 3.634 24.1 1|391 2.311 471

30 38.7 136 169' 271 782 5.860 62.3 1.942 3.102 782

' 34 $4.9 192 240 384 995 8.110 101.3 2,395 3,795 995

42 94.3 330 '413 660 2,040 10,360 140.3 3,660 S,320 2,040

* 43 124 434 543 868 2.200 12,610 179.3 4.080 S.960 1.200 -

$4 189 662 428 1,320 2,420 14,860 218.3 4,540 6,660 2,420,

, 60 234 820 1,020 1,840 4.520 17.110 237.3 6,840 9,240 4,520
*

._ 4 6 232 1.160 1.450 2.320 5.760 19,360 296.3 8.360 10.960 S.760
*

72 396 1,390 1,730 2.770 6,860 21,610 335.3 9.700 12,340 6,860

, 84 619 2,170 2.710 4,330 9.150 26.110 413.3 12.470 15,790 9.150

16 911 3.190 3.990 6380 11.400 30.610 491.3 15.200 19.000 11.400
.,

.

O TTE lined SST or TTT. lined fiberSlass..

. G.
. .

TYPE 92CO*A/8 T0dQtT. CCETTICIENTS . CIASS 3
TASIL 4
.

8 (Select Sealant ine or Angle)
4iselect one Sushine ' fat I) Adjustaele .s o* aflataole @ 0'

(Select one) 10'.,.~8eef UE Geaphate .% on e ,

. Size Lamed Titled Sronte Alloy

* bronze. 6 8 B 3 .ither " Elastomers ' Vtton 90*i

g 2' , !2.
4 0.27.4 0.960 1.20 1.12 67.2 79 1.6 .227.2 387.2 67.2

3 0.429 1.50 1 88 3.00 63.'O 138 1.9 269 449 69.0*

*

6 0.600 2.10 2.63 4.20 61.8 197 2.2 309.8 549.8 49.8-
*

4 1.43 4.99 6.23 9.94 Ill 313 2.5 431 751 111

18 2.80 9.81 *12.3 19.6 156 449 3.2 $$6 956 156

12 4.11 14.4 18.0 28.8 163 665 4.1 * 443 1.123 163

*14 6.17 21.6 27.0 43.2 229 889 5.0 759 1,289 229

16 8.06 28.2 35.3 $6.4 242 1,212 6.6 852 1,462 242

18 12.0 42.1 52.7 84.2 304 1.603 8.1 909 1.668 108

20 14.7 $1.5 64.4 103 364 2,188 11.3 1,124 1,884 364
,

84.1 108 172 521 3,634 24.1 1,44l 2,361 $21

24 24.6

?O 4A.4 169 212 139 896 5,860 62.3 2.056 1.216 896>

36 68.6 240 300 480 1.110 8.110 101.3 2,510 3,910 1,110

42 333 396 495 792 2,160 10,360 140.3 3,800 5,440 2,160

AS 149 521 651 1.040 2,3*0 12.610 179.3 4.200 6,080 2.1 'O.

$4 221 775 969 l 550 3,500 14,860 218.3 5,680 7,800 3,560

274 959 1,200 1,920 4,640 17.110 257.3 7,020 9.380 ',660

m 3fA t.320 1.460 2.650 5.900 19.360 '96.3 8.900 11.100 5.900

72 451 1,580 1,970 3,140 7,000 21,610 335.3 9,840 12,680 7,000

to 699 2,450 3,040 4.810 9,310 26.110 413.3 12,630 15,950 9,310

96 1.030 3.610 4.510 7.210 11.0.00 30.610 411.3 14.8c0 18.600 11.600

. . . . . . . , . . . ... . .,. .

--. -, - , .-- - - - , --
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Torque Fact:t C (Se!Its One Angl3) P*r M A g$.,,
.

' Dis 2 Shaf t . . .
*

.

* vain Type- Ots. - . .

**
,I

*Sa'se Flow 18 haft -30* 40* $0* 60* 705' 80*=908
l6. Direction Class) 0* 10* 20* '.

'

i Cast-Flat All ~0 ,10.3 21.0 33.0 72.0 129 265 495. 763.

*

i Cast ilub All 'O IS' . & 31.5 49.5 108' 196 ''368 742' 1140_
*

'

e

i 'l 1/4'|2) 0 16.3 29.0 , 29.0 29.0 64.8 164 323 - 392,

| 1 1/2 |3| 0 86.2 27.8 27.8 27.8 65.0 139 276 '313
*

~ ' *# *
.

'4 Plate 1 3/4 |61 0 16.3 29.0 29.0 29.0 64.8 134 239 280

f 1
.

7 2 IS) 9 16.4 28.2 28.2 28.2 65.8 134 216 254

| 2 1/2 16] 0, 16.S 28.2 28.2 28.2 65.8 113 ISI 177*

3 171 0 16.4 28.3 28.3 28.3 65.8 94.1 120 144

j
Cast-Flat All 0 15.0 31.0 St.0 104 , 195 370 750 1,160

Cast-ilmb All 0 IQ 46.5 76.5 162 292 S$$ 1.120 1.740

* .- 1 1/4 121 0 24.7 62.3 42.3 42.3 99.0 224 SIS 62T*

i' 8 1/2 131 0 24.8 42.6 42.6 42.6 99.3 220 475 372*

16 Plate 1 3/4 |4) 0 24.7 42.3 ,42.3 42.3 99.0 210 402 472 ,

2(S) 0 21.1 ,42.9 * 42.9 42.9 100 207 365 426
*

2 1/2,16| 0 25.1 62.9 42.9 42.9 100 201 305 355,

*
#

f [. 3 171 0 25.1 42.9 42.9 42.9 100 154 201 236
*

I Cast Flat All 0 22.0 45.0 73.0 156 282 S35 , 1.080 1,710

Cast-Ilub All 0 33.0 67.5 110 234 423 802 f.620 2.560

|
I l/2 12| 0 34.3 58.8 $8.8 $4.8 136 315 720 892

4 -'

la 1 3/4 131 0 34.4 SS.9 SS.9 58.9 137 299 627 750

) Plate 2 [6] e 34.3 18.8 $8.8 34.8 136 290 S35 430 /' *
' .

f ** 2 1/2 ISI. 0 34.4 58.9 $4.9 $8.9 137 279 452 529

138 260 373 442
| 3 16) e 34.4 St.8 SS.8 58.8 .

3 1/2 171 0 34.6 $8.4 $8.8 58.8 137 206 260 309 -
' ''

.

Cast-Flat All 0 32.0 61.0 99.0 218 381 720 1,460 2,310
,

Cast ilmb All 0 48.0 98.5 148 315 $72 1.080 2.190 3.460
,i

.

1 1/2 12] 0 48.0 42.0 82.0 82.0 19 1 438 1.030 1,280,

f ., 1 3/4 [31 0 48.0 82.3 82.3 82.3 193 425 920 a 1,110

| 20 Plate 2 (4| 0 48.0 $2.0 82.0 42.0 191 418 857 1.020

I 2 1/2 |$1 0 47.9 82.3 82.3 82.3 192 398 688 803'

3 161 0 47.9 82.3 82.3 82.3 19 2 344 583 678.

|
*
*

I 1 1/2 171 0 47.9 82.3 82.3 82.3 11 2 129 453 $34 f

Cast Flat A!! 0 $3.0 106 (dtT@ N [ -9903 0 .8H. * N J064 260,g,4gg15s%beeee3N.

| .'

Cast-Ilub All 0 79.5 159 260 ~ 552 ~ 1'!00 1.890 3.820 6.080
'

% 1 3/4 121 0 '8S.0 146 144 146 ' 340 / 783 1.910 2.410
;

2 (3) 0 85.0 166 144 146 340 766 1,730 2,100
.

I '24 Plate 2 1/2 (4) 0 85.0 l&& '46 146 340 730 1,470 1,720

3 IS) 0 85.2 146 146 144 341 706 1.300 1.340
! *

{*.. 3 1/2 161 0 85.2 l&& 144 146 241 682 1,070 1.210*

4 I?! 0 85.2 146 144 166 F.1 421 876 1,040 i

|

Cast Flat All 0 10$ 211 3&& 734 1.13 0 2,$20 S.090 8,0$0
'

Cast Ilub All 0 158 116 S16 1.100 2.t00 1.700 7.640 1*.*00

2 12) 0 173 293 293 293 480 1,500 3.980 S.*00

2 1/2 13) 0 171- 293 293 293 482 .l.480 3,$10 4.320
-

30 Plate 3 (&l 0 171 193 293 293 440 1.510 3.240 3.120

3 1/2 ISI O 171 293 293 293 483 1.640 2.830 2.320

4 16) 8 171 293 293 293 683 1.390 2,270 2.680

& 1/2 171 0 171 291 293 293 H6 1.170 2.100 7. W

e J140

.

. . ~ . . . - . . . _ _ _ . _ . - _ _ . - - . . . -_ _ - ,_ ,., __. _-_~.. ._._.- -,_ _ _. _ _ _ _ --.,-.__ _ ~._ - .



STANDARD SilAFT DIN 2TERS 4g gy7 %, { l*

,

w t t;- - - ..

TkBLE f. . SilAPT DIAL 1ETERS '(15CE5) f 0R TYPE 9200
..

*

!
-,

. .

,, -

v.a.e .

,
.,

Sise
* In Shaft . 2 3 4' S 6 .7

*

* craan .

.

4 .'S/ S 3/4 1. 1 1/4 - - g* *
,- . ~ ~ '

S 5/8 3/4 1 1 1/4 - -

6 S/S 3/4 1 1 1/4 1 1/2 -

p

8 3/4 1 1 1/4 1 1/2 1 3/4 -*'

10 1 1 1/4 1 1/2 1 3/4 2 2 1/2*

12 1 1 1/4 1 1/2 1 3/4 2 21/2

14 1 1/4 1 1/2 1 3/4 2 2 1/2 3

16 1 J/4 1 1/2 1 3/4 2 2 1/2 3
,

18 1 1/2 1 3/4 2 2 1/2 3 3 1/2,

,

20 1 1/2j 1 3/4 2 2 1/2 3 3 1/2 .

W 24 /M 2 21/2 3 31/2 4

30 M "2 1/2 3 3 1/2 4 4 1/2
.

.$ 36 2 2 t/2 1 3 1/2 4 4 1/2 .

'' 42 2 1/2 3 3 1/2 4 4 1/2 5

% 48 2 1/2 3 3 1/2 4 4 1/2 S

S S 1/2[* S4 3 3 1/2 4 4 1/2 -

- 60 3 3 1/2 4 4 1/2 S $ 1/2

66 3 3 1/2 4 4 1/2 S S 1/2_ a

--

72 3 1/2 4 4 1/2 S S 1/2 6
-

.

44 4 4 1/2 S S 1/2 6 6 1/2

94 4 1/2 S S 1/2 6 6 1/2 7
-

.Ps *
V

**
.

?
.

TABLE 2
TABLE 2 ETTICTIVE PRES $1;RE DROP . ,

Type cf Type of Anale of Disc opentne

Dise Fluid o' to' Jo* 30' 60' 50' 60' 70' 40' 70*

_ Cast 11guld # act O' 0'.570P 0.730P 0.300P 0.690P 0.650P 0.450P 0.390P 0.35CP
g g g g g t g g

| Can atta0* #act-10* 0.$00P. 0.250P. 0.250P. 0.200P. 0.200P. 0.140 P ., 0.14CP.
,

P1 t3 Liquid' # act-0* 0.700P c.700P 0.700P 0.700P 0.670P f.600P 0.500P 0.450P
g g g

g/3 g g g .

,

4 Cae #act*0' O.200P. 0.330P. 0.350P. 0.350P. 0,:10P; 0.180P; 0.110P. 0.090 4 ,
.

NOTE: P e Upsteese peessuee (psia) at the indiested sugle of opentog (e').
g

.

.
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Section.2A. . Type .9200-Flow Against llub Side of Disc .(Continued)
i

' -

T-111ng flateriall A'dhustable-All Except. TFE(I) 'I) ant. Viton(2)
' I

Inflatible'-All Except TFE
M A8 AP Os 17 4#H luasM A88'd888 O'

L AAewt w AP Autovets0 mas.asuas a t
f,P sus.iino 7t,Ps C/1 - Date

-- 3,;c Mev. c,e C:(...oAL

*.'Aas t u sw
fort .

, ,Cu:. a
eeA last AD.Gatti l ALL AmeCLill ( Att 47 Sttli

-

, ,*

st ,,

_ ,. i _ - m.s _ - . ..
- _

llM | Lo at | 12 ' 6 h,

1%1 101 --_ A0J 109
j7t 3,7 -= 1% M 60 | 23 | 12 6 I b

'e* ,tgo
w tAtt top 3%'

ADJ. 109 1 127 -*- 93 67 35 to 11 6 h,

,

Srsta.gg. #3 wLAtt 109 167 13) 93 67 )$ 20 11 6 h,

i 35 19 9 6
ADJ. 15) 254 -* 31) 1% l 4)

fft g -= 21) 136 L 63 | 35 1 19 9 6
. 9too I vtAtt 15) %8

16* 3 no|102 % '32 | 18 9 6
AoJ 15) leo -='

9 6$ttet..g g. *) * '

15) 23) 190 the 102i Sk 12 | 18 |

wtAtt
3th I 201 93 52|26 th| 9

*
I

ADJ 288 | %9 -*
173

w tAtt tes | ht? I-* 311. | 201 93 52 1 2$ th | 9"" #8 351

b ADJ 346 thh ;-* 1971 36 l 79 | 1.7 I_ 26 &| 9.
.

$tt:3.
, *3 w tAtt see I,311'l257 197 | 36| 79 | L7|26 1ht 9

/ , ADJ. 136 Si |-* 98| 62 29 | 3)| 8 h| 3*
'

,

ffi
9700 #I wLAtt 12h 190 1 81. 96 I et 29 f) l 8 h| 3g,

.

to I ht l 25 l 15| 8 i is | 3-

,
ADJ. Ith i loli lo) i

1 1/t* 3,,,gg 158
w LATE Ith 115 to) 70 | 69 25| 15 ' 8| h )*

3 ,

** 15L I 96 65 25 13 | 7' hgo.
ADJ 161 | tiok"/ 215 I tti -*

fpg

9too s w tAtt 161 i1% i 90 l' b5 25 | 13 7 6

7 h
3 ADJ 161 37 -* 105' 75 , 40 23 13' |

Sitat.
1 3/Is* #3 WLATE 161 190 u? 105 M Lok ?) 11 | 7 h315

*

tit ' uf 67 )? 20 to 4
18f ADJ 108 teh -*

9tJo g
-* tre 35 of 37 to 10 6.

W LAff 100 )S)

ADJ 100 too -= E8 108 58 )h 1 19 to 4g.

3re tt.
_

25) too th8 tot 58 % ! 19 I to 6
#3 v/Latt 108 .*

' **" 06 56 36 th| 9I L t9 AD J- 105 th$spg

u tAtt lof 1,) a5 se 56 36 ti. I _4.I L tN M00 si 17

10J 105 101 95 6) I hh 23 f 1)I 7a 1. | 2 i,
|

s,eg : n7 --

105 _| 137 95 6) ' LL t) 1) 1 7I t, f 2
1. m - 3 u tAtt

130 8) )8 21 | 11 _6 [.-*
. ,0j ,, It) 197A

,9700' fit 6d1g. NLfttri gt) g3L,})o el je il 1 11,

y
ADJ 17) ! 136 I 129 90 ' & M to I 11 | 6 I J. '

Stett.
I 171|129 to ,& I %| 20 i 11| 6 | )

^

f* s) 193 efg 12)
I_ f, W ,(,,}1 'N370|- |2501159 .fh 7

ADJ tog
til 3 11 8 7 _9too #' 3" v#Latt to? I 60) '-- | 2501159 n L1 1 32

4) 38 | 21 1 11 i 7{tt)|215_|161|118AoJ 202
5tett

I" ## I #7Lb for {{ 277 | 715 | 161 |110 l 4) l 39 J 31_l 11 1 7
uIkt le i 11 1, 6e 3I t I'

Aos so 6176 | -*,
-

is,c
'

w tAtt go 4 g$7 gt9 g | ha 19 | 11 I 6i ) L,toog'
AoJ eo l! 35 7b l.8 | % 17. 10_ $I3 7a

;
. 3o.

$f3|setta. t
i n kt n 17 [ 10h107s3 130 WLatt 30

1. f:u n m alt. f.ict er? . 2. Soo Section 2c.
.

I

e

,. --- - - . - . --
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". LITERATURE ORDER FORM .1628
,

-
A Galveton Houston Company ;

M TCff Wf W/ |'& 5 DATE N- O
/td|d/K } */ Q;t6d m.[

on/t*4 A/w of17 r.SHIP ORDER TO: COMPANY
ADDRESS M *3 #lda St. d

CITY M IYT N Ab % STATE M eu> No/d ZIP /0 0 0 /
TELEPHONE 9/'/ 68/-d 2 9/
ATTN: 5n L. o [4 <* P

SPECIAL SHIPPING INSTRUCTIONS b/ Ctr d [0M A- 73dC~IA 80
A+/ '/ QC dDE

THIS SECTION FOR GH BETTIS OFFICE USE ONLY

DATE RECEIVED DATE SHIPPED
FULL ORDER SHIPPED O METHOD OF SHIPMENT
PARTIAL ORDER SHIPPED O

CATALOGS AD REPRINTS
Catafog Gas / Hydraulic Senes
Price Book HD Series

BULLETINS CB Senes

_ _ _ 10201 Robotarm Story: An introduction To SERVICE INSTRUCTIONS
Vane Actuation

30.00 2 HD Service instructions
___ 10 00-1 Valve Actuator Selection Guid

60.00 2 Gas / Hydraulic Installation Instructions
10.10 1 Valve Actuator Composite Bulletin

10.00 2 Operation. Storage. & Maintenance Instructions
10.30 1 Actuator Control Systems For Rotary Valve Actuators
15.00 1 GT Senes 20.00 2 Maintenance And Operating instructions -,

20.00 1 CB Series Pneumatic Actuators Models CB CBL, And CB SR
30.00 1 Heavy Duty Product Senes: 90.00 2 Bettiswitch Operating Instructions Model SR

Pneumatic Actuators

N/A Rack And Pinion Series
. 90.10 2 Bettiswitch Operat.ng Instructions Model 3R

90.20 2 Hydraulic Control System M4 And M4A 10
50.00 1 Heavy Duty Product Senes:

90.60 2 PMV Service Inst
Hydraulic Actuators

,.

60.00-1 High Pressure Gas / Hydraulic Actuator BINDERS & DIVIDERS
70001 Onear Actuator 1" General Sales (Binder, Only)

D N/A 00001 C Senes Electric 1" Price Book (Binder Only)

N/A B0.10 1 Elga/C Senes Electric Set of Product Dividers

90 60 PMV Positioner SOUND / SLIDE PROGRAMS
SALES DATA SHEETS Valve Actuation Meeting The Challenge

15.10-1 GT Series .. CB Senes

20.10 1 CR Senes Rack And Pinion Actuators Gas / Hydraulic

30.10 1 Submersible Hydraulic Actuators Heavy Duty Product Unes

90.10-1 Bettiswitch GT Senes

__ 90.20 1 Hydraulic Manual Overndes Accessones & Service

90.30 1 Gas / Hydraulic Ordenng Information OTHER
90.40 1 T Sones Hydraulic (5000 PSI 8tated)

90.50 1 TR D TRO Senes Actuators

_ _ _ _ _ _ _ _



,

tv

V' ,4 r is W W # / /Me # b i-

.

.- F 7 3 3 d. 572.0 0-

.

.. ;!
i

I
-*

- " ' ' ' ' ~~

t'
-~ $ PR w(,

- ' ' * ' ' - ~ ~ ~ ~ '- * A12. @ 8QPSL * ~~ ~ ~' ''-~~~ '

-Q PC H i a 2 C,700 J5 Rca s_ l I,7 00 .. -

7 ,,

._ _..O. f -4zo loa'60/_ _..-,h _/C._.._ _ . -

| 1' 20 /4,600 *t, b f 6 - .. . -..

' *

q.
. . - . .. ..;3 c . . . - . . I 2,2.6 0. - .. - 9,S80 . . . _ . _

- .

..

. .. % -
._ 10,990_. _

_ . . . 9, M Q_ - .- . _ _ . . _ _

.:

: $.6 10,3.7.0 / - .IO,360 - _ _ . .

Il 6.0_ 0- . . - - . .. - . . . .- - . . ... 6 0. . - . / O '2_6.0
;

-

o-i_ ---

.
/0.620.-1. .. . l '3 7 7. C. . .. . . - .

| f
- . 70.

-

. .- i-- i.

; ..$ 6._- 11 et 8 0.. _ -- - - - -/ 0. i560 . . . . . - . .

. i-
I

C. L OS E D . l.O -- S - |?$?$IMD . -- . 9- Q G 0 0 .._ - .- . \ . ._ __

.._ .. _ $u _ _ _ . - . _ . _ _ _ _ . . _ _ . , . _ . . _

-3 ? '; . _ . _. . _
_ . - - _ _

.. _ ________.L_ . _ _ .7 3 '5 5 e /_ _o O _ . . . . ... _ _ _ .. . . _ _ . . . . _

~

.

._ . . _ .-

O TG. N , 0 * ~5 I,0 0 0 T>Itt .a / 6SC)O-

, .

|C 2 2 |2 I O /3,800

._ . . _ _ i. 7 4 _.__... /3 R S 4._ __.. . . _ .___ _ / '2, 7 0 0
_ _ _

1

. . . I3_o_.. - - / + ,7 8_ 0 -= / 2 S.. _ _/___u d _ . _ _ . , _ _ _ _ . _ .

. =i
_ _

12
-

'

M0. - .. .... .-... - .| 3 2 5 6. - - - _ . a.4_90 _ . .. ..i .... -

., _ . _5 0 _ __.._. . _/.2 _1._5.0 _ _ ._..__.- / 3 _ 2. 5.._. 0_ ... . _ . _ . . . -:
_ / .

< i

.. . . 1 - . - ~ .- . - ., . . ., . . . - - . . ...

5,0.- . _ / 2.i 7. 80 - - . - .._/79..60-. - . . - . - . _
. - - . . .

._. . ._... .._ d )./. b[ b 2 2 .2 . ./ O .. . .. . . -/.- .. . ... ..

Cwx r> % .i S , s_ o o .~C x r> 3 i,.0 0 _0 _._ _ . ._.
;

. ... ._ .- _ . _ . . . . _ . .

,

!

. . , . . . _ , . - - . . . . ~ . . . . , , . - . - . - - . . . _ - . . _ . . . . . . . . . ~ .. -

6.e we,- 5- . ee .e . .....e.- =a. a.=v..* .-4e.' .* u.-- .e-.** . . * - *i e * *

! & b |||1 AO ..
.

.: .. _ . _ . . . _ . /k' /84'
.

a 4 y . a.. o r e ~, .' --e.- n

o

- _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ - - . - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ . _ _ _ _ _ _



d77* 4fM'uT diI:

732 S E &r
,

T -

.

.

I
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i AHOLE TORQUE TORQUE TOROUE TORouE TOROUE

(degrees) (in Ib) C 70) psi ( 80) psi ( 90) psi ( 100) psi
; ...................................................................

0 10060 16541 20286 24031 27776s

.

.

15 8687- 10508 13222 15937 18651s
*

:

I 30 8149 7933 10219 12504 14790.
'

I. /
6784 8955 11126 13297

45 841,2 -
.

3

i 60 9648 6417 8726 11036 13345
.

75 12544 6605 9381 12157 14933

t 90 19350 7138 11033 14928 18822.

.s.

.-j3
..} ? . .

. .V., . . 8 35800 . . .. . .. _ . . .- . .... .. . ..

, i
s,. '.;
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..

Ituet 3RSWER LORNUC0 1

M3CIPTOS FITZPATRICK ftECIRC SREAK SAFE HEM BfqK FLOW - PEAR D.W PftESSURE
;

TIfE LUMPEO DW CONTAIN. P WESSEL PRE LLSOPE0 CONTAIN. T TEMP. LIO. S.P. TEMP. VENT FLOW VENT FLOW VENT FLOW :

PftESS. PSIA RES. PSIA- SSURE PSIA OW TEMP F EMP. F VESSEL F F AIR LS/S VAPOR LS/S L10 LS/S
b6

6. ~1.SSOE 01 1.4eet 01 1.020E 03 1.3SOE O2 7.000E 01 s.470E 02 7.000E 01 0. O. O. ,

00020 N (UP) FLOW E90COUNTEREO IN WEIR. seses i

C.0019531 1.614E 01 1.485E 01 1.020E 03 1.181E O2 7.000E 01 5.470E 02 7,000E 01 0. O. O.
ococo R M tWP3 FLSW EseCOUe0TEftEO IN WEIR. esses'

ococo REVEftSE t UP 3 FLOW ENCOUNTERED I N WE I R , . e a e e e
,

i O.003 SOS 3 1.878E 01 1.48SE 01 1.020E 03 9.775E 01 7.000E 01 5.470E O2 7.000E 01 0. O. O.
: 00000 REVERSE tup) FLSW EfeCouseTERED IN WEIR. seses
1 cocco fEVEftSE tup 1 FLOW ENCOUNTEREO IN WEIR. sesse

O. nmaamm6m 1.SS2E 01 1.44SE 01 1.020E 03 9.675E 01 7.000E 01 5.470E 02 7.000E 01 0. O. O. i

icooco IgEVERSE ~ t uP 3 FLOW ENCOUNTEftEO IN WEIR. seses
oooso IEEVEftSE TUP 3 FLOW ENCOUNTEftEO IN WEIR. eeeae ,

, 0.0078125 1.SGSE 01 1.44SE 01 1.020E 03 9.922E 01 7.000E 01 5.470E 02 7.000E 01 0. O. O. j
,J 0800o REVERSE (UP) FLOW ENCOUNTERED IN WEIR. eaese

osoon ftEVERSE TUP 3 FLOW E90 COUNTERED IN WEIR. eaes*
O.0097956 1.SO9E 01 1.4SSE 01 1.020E 03 1.01SE 02 7.000E 01 S.470E 02 7.000E 01 0. O. O.
oonso stEVERSE-tup 3 FLOW ENCOUNTERED IN WEIR. seses
osooo stEVEltSE (UPI FLOW EteCOUNTERED IN WEIR. sense,

| 0.611718s 1.621E 01 1.4eSE 01 1.020E.03 1.03GE 02 7.000E 01 5.470E 02 7.000E 01 0. O. O.
i cocon REVERSE (UP) FLOW ENCOUfeTEltEO IN WEIR. somas
I coosa REVEftSE IUP) FLOW ENCOUNTERED IN WEIR. eeeea
j O.C138719 1.633E 01 1.ASSE 01 1.020E 03 1. OSSE 02 7.000E 01 5.470E O2 7.000E 01 0. O. O.
1 cocco REVEftSE t UP 3 FLOW E90 COUNTERED IN WEIR. eaeea
j 0o000 ftEVERSE TUP 3 FLOW ENCOUNTERED IN WEIR. eeaeo
j O.C1SSESO 1.64SE 01 1.4SSE 01 1.020E 03 1.077E 02 7.000E 01 5.470E 02 7.000E 01 0. O. O. |
; ososo stEVEftSE (UP) FLOW E90COUNTEREO IN WEIR. sages i

I

! 000co REVERSE TUP) FLOW E90 COUNTERED IN WEIR. eeeae
C.C175781 1.SS7E 01 1.4eSE 01 1.020E 03 1.096E O2 7.000E 01 5.470E 02 7.000E 01 0. O. O.

j: oeose 8tEVEftSE . t UP 3 FLOW ENCOUNTEREO IN WEIR. seeea
i eosee REVEftSE TUP 3 FLOW ENCOUNTEREO IN WEIR. eoees

0.C195313 1.669E 01 1.485E 01 1.020E 03 1.114E 02 7.000E 01 5.470E 02 7.000E 01 0. O. O.
i ooooo REVERSE (UP) FLOW EfeCOUNTERED IN WEIR. sense

ossoo ftEVERSE TUP) FLOW ENCOUNTERED IN WElR. eeeae
O.0214444 1.S40E 01 1.44SE 01 1.020E 03 1.131E O2 7.000E 01 5.470E 02 7.000E 01 0. O. O. |'

i0oo3o REVERSE IUP3 FLOW E90COUNTEREO IN WEIR. eoees ,

1

caoso ftEVERSE TUP) FLOW E90COUNTEftE0 iN WEIR. eoeea
j O.0234375 1.SSIE 01 1.4SSE 01 1.020E 03 1.144E O2 7.000E 01 5.470E C2 7.000E 01 0. O. O.

'
' 000oo IIEVERSE TUP 3 FLOW E90COUNTEftEO IN WEIR. seeae

'
osses IEEVERSE (UPI FLOW ENCOUNTEREO IN WElR. seses
O.02S3908 1.702E 01 1,4SSE 01 1.020E 03 1.iS4E 02 7.000E 01 5.470E 02 7.000E 01 0. O. O.

Ieeese IEEVEftSE EUP1 FLOW E90COUNTEftEO IN WEIR. eeeae
; ooose stEVEftSE (UP) FLOW ENCOUNTEftED IN WEIR. sesse

0.0273438 1.714E 01 1.485E 01 1.020E 03 1.1SOE 02 7.000E 01 5.470E O2 7.000E 01 0. O. O.
,

i1 sosse ftEV RSE (UP) FLOW TP Ce *fTflIEO IN WEIR. .seses
* sossa Kf.JERSE tup 3 FLOW FleCC.MTERED IN WEIR, seses i

'

i O.0292989 1.725E 01 1.44 5E 1 1.020E 03 1.195E 02 7.000E 01' 5.470E 02 7.000E 01 0. O. O.
; ossos REVIRSE EUP) FLOW EreC0 MTERED IN WEIR. seses .

| oooco REVCRSE TUP 1 FLOW ENCO NTEftEO IN WElR. s e e e s'
0.0312600 1.73hE 01 1.44SE 1 1.020E 03 1.209E O2 7.000E 01 5.470E O2 7.000E 01 0. O. O.

,
- 0.0332031 1.740E 01 1.41SE 1 1.020E 03 1.223E 02 7.OOGE 01 S.470E O2 7.000E 01 0. O. O.

0.03S1543 1.75CE 01 1.44 SE 1 1.020E 03 1.237E 02 7.000E 01 5.470E O2 7.000E 01- O. O. O.,

C.CC71094 1.78?E 01 1.465E f 1.020E 03 1.2SOE 02 7.000E 01 S.470E 02 7.000E 01 0. I O. O.
1.40SE 1 1. 020E_ 03 1. 2.S.S.E. O.2 7. 000.E. 01 S. 470.E. O2 7. 000.E. 01 0. . O. O. /4 0..C390625 1. 777E 01 . . . . .
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. . .- -
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711CT C1 ILORNUCO DBA LDR NOMINAL 17tTIAL CONT. COMOS. - SAFE BlWC FLOW CASE O 1 042384 1206.0 PAGE 13

.

M3CIPT05 FITZPATRICK RECIRC BftEAK SAFE let Blut FLOW - PEAK D.lf. PRESSURE
(urwili

TIME LUMPED OW CONTAIN. P VESSEL PRE LIMED CONTAIN. T TD1P. LIO. S.P. TEMP. VENT FLOW VENT FLOW VENT FLOW
PRESS. PSIA ES. PSIA SSURE PSIA DW TEMP F EMP. F VESSEL F F AIR LB/S VAPOR LB/S LIQ LB/S

O.5644531 3.167E 01 J1.8G5E 01 1.018E 03 2.192E 02 7.020E 01 5.485E 02 7.020E 01 4.829E 03 3.573E 03 S.022C 03
0.5957031 3.255E 01V 1.891E 01 1.016E 03 2.213E 02 7.022E 01 5.465E 02 7.022E 01 4.740E 03 3.698E 03 6.289E 03
0.6269531~ 3.262E*01 1.917E C1 1.016E 03 2.232E 02 7.024E 01 5.465E 02 7.024E 01 4.852E 03 3.818E 03 6.549E 03 *

Q.G582041 3.307E 01 1.943E 01 1.015E 03 2.250E 02 7.027E 01 5.464E 02 7.027E 01 4.565E 03 3.934E 03 6.802E 03
0.6494531 3 351E 01 1.968E 01 1.015E 03 2.268E 02 7.029E 01 5.464E O2 7.029E 01 4.480E 03 4.046E 03 7.049E 03
0.7207031V3.393E 01 1.993E 01 1.014E C3 2.284E O2 7.032E 01 5.463E O2 7.032E 01 4.397E 03 4.154E 03 7.290E 03
0.7519531 3.434E 01 2.037E 01 1.014E 03 2.300E 02 7.035E 01 5.463E 02 7.035E 01 4.314E 03 4.258E 03 7.524E 03
0.7832031 3.474E 01 2.041E 01 1.014E 03 2.315E 02 7.037E 01 5.482E 02 7.037E 01 4.234E 03 4.358E 03 7.752E 03
0.C144531 3.512E 01 2.064E 01.41.013E 03 2.330E 02 7.040E 01 5.482E 02 7.040E 01 4.155E 03 4.455E 03 7.975E 03
0.8457031 3.550E 01 2.087E 01 1.013E 03 2.343E 02 7.043E 01 5.462E 02 7.043E 01 4.078E 03 4.549E 03 8.191E 03
0.C769531 3.586E 01 2.109E 01 1.013E 03 2.356E 02 7.046E 01 5.4SIE 02 7.048E 01 4.002E 03 4.640E 03 8.402E 03
0.9082031 3.621E 01 2.132E 01 1.012E 03 2.369E 02 7.049E 01 5.461E O2 7.049E 01 3.927E 03 4.728E 03 8.608E 03
C.9394531 3.655E 01 2.153E 01 1.012E 03 2.381E 02 7.052E 01 5.460E O2 7.052E 01 3.854E 03 4.812E 03 8.808E 03
0.C707031 3.688E 01 2.175E 01 1.011E 03 2.393E 02 7.055E 01 5.460E 02 7.055E 01 3.783E 03 4.894E 03 9.003E 03
1.0019531 3.720E 01 2.19CE 01 1.011E 03 2.404E O2 7.059E 01 5.459E O2 7.059E 01 3.713E 03 4.974E 03 9.192E 03
1.0332331 3.752E 01 2.216E 01 1.011E 03 2.414E 02 7.062E 01 5.459E 02 7.062E 01 3.645E 03 5.050E 03 9.377E 03
1.0957031 3.812E 01 2.257E 01 1.010E 03 2.435E 02 7.070E 01 5.457E 02 7.070E 01 3.477E 03 5.198E 03 9.718E 03
1.1582031 3.869E 01 2.296E 01 J .OO9E 03 2.453E O2 7.077E 01 5.456E 02 7.077E 01 3.354E 03 5.335E 03 1.OO6E 04

V .333E 01 (1.008E 03 2.471E 02 7.044E 01 5.455E 02 7.084E 01 3.235E 03 5.463E 03 1.038E 04
1.2207031/ E922E 01 2
1.2832031 3.972E 01 2.370E 01 1.007E 03 2.487E 02 7.091E 01 5.455E 02 7.091E 01 3.121E 03 5.583E 03 1.068E 04
1.3457031 4.020E 01 2.405E 01 1.006E 03 2.502E 02 7.099E 01 5.454E 02 7.099E 01 3.011E 03 5.695E 03 1.097E 04
1.4082031 4.064E 01 2.439E 01 1.006E C3 2.516E 02 7.107E 01 5.453E 02 7.107E 01 2.906E 03 5.799E 03 1.124E 04
1.c707031 4.106E 01 2.471E 01 1.005E 03 2.529E 02 7.115E 01 5.452E O2 7.115E C' 2.805E 03 5.897E 03 1.150E 04
1.5332031 4.146E 01v 2.503E 01 1.004E 03 2.541E 02 7.123E 01 5.451E 02 7.123E 01 2.708E 03 5.988E 03 1.174E 04
1.5957031 4.183E 01 2.534E 01 1.004E 03 2.553E 02 7.131E 01 5.450E 02 7.131E 01 2.614E 03 6.072E 03 1.197E 04
1.6582031 4.218E Ol' 2.5G3C 01 1.OO3E 03 2.564E O2 7.140E 01 5.450E 02 7.140E 01 2.524E 03 6.150E 03 1.218E 04
1.7207031 4.250E 01 2.592E 01 1.003E 03 2.574E O2 7,143E 01 5.449E 02 7.148E 01 2.438E 03 6.223E 03 1.238E 04
1.7832031 ,4.281E 01 2J2OILQ1 1.OO2E 03 2.583E O2 7.157E 01 5.448E O2 7.157E 01 2.355E 03 6.291E 03 1.257E 04
1.84570387 4.309E 01 2.647E 01 1.OO1E 03 2.592E O2 7.186E 01 5.448E 02 7.166E 01 2.275E 03 6.353E 03 1.274E 04
1.9082031 4.336E 01 2.C73E 01 1.00lE 03 2.601E O2 7.175E 01 5.447E O2 7.175E 01 2.194E 03 6.410E 03 1.291E C4
8.9707031 4.361E 01 2.898E 01 1.000E 03 2.809E 02 7.184E 01 5.446E 02 7.184E 01 2.124E 03 6.483E 03 1.308E 04
2.0332031 4.384E 01 2.723E 01 1.000E 03 2.616E O2 7.193E 01 5.446E 02 7.193E 01 2.052E 03 6.511E 03 1.320E 04
2.0957031 4.406E 01 2.747E 01 9.996E 02 2.623E 02 7.202E 01 5.445E 02 7.202E 01 1.984E 03 6.555E 03 1.334E 04
2.1582031 4.426E 01 2.770E 01 9.992E 02 2.630E 02 7.211E 01 5.445E 02 7.211E 01 1.918E 03 6.595E 03 1.346E 04
2.2207031 4.444E 01 2.792E 01 9.988E O2 2.636E 02 7.221E 01 5.444E 02 7.221E 01 1.854E 03 6.631E 03 1.357E 04
2.2832031 4.461E 01 2.813E 01 9.985E O2 2.641E 02 7.230E 01 5.444E 02 7.230E 01 1.792E 03 6.663E 03 1.367E 04
2.3457031 4.477E Q1 2.834E 0) 9.982E O2 2.647E 02 7.239E 01 5.444E 02 7.239E 01 f.733E 03 6.692E 03 1.376E 04 i
2.4082031 4.49 E 01 2.855E_D3 9.980E O2 2.652E 02 7.249E 01 5.443E O2 7.249E 01 1.676E 03 6.717E 03 1.385E 04
2.5019531 01 2.884E 01 9.976E 02 2.659E O2 7.266E 01 5.443E O2 7.266E 01 1.578E 03 8.751E 03 1.395E 04
2.6269531 4.33SE 01 2.922E 01 9.974E O2 2.668E 02 7.285E 01 5.443E 02 7.285E 01 1.477E 03 8.791E 03 1.409E 04
2.7519531 4.562E 01 2.958E 01 9.973E 02 2.677E C2 7.304E 01 5.443E 02 7.304E 01 1.384E 03 6.830E 03 1.423E 04
2.876S531 'd.586E 01 2.991E 01 9.974E O2 2.685E 02 7.324E 01 5.443E O2 7.324E 01 1.299E 03 6.867E 03 1.436E 04
'3.0019531 4.680E 01 3.023E 01 9.976E 02 2.692E 02 7.J43E 01 5.443E 02 7.343E 01 1.219E 03 6.903E 03 1.449E 04
0.1269531 4.633E 01 3.053E 01 9.98CE O2 2.699E 02 7.363E 01 5.443E O2 7.363E 01 1.146E 03 6.937E 03 1.461E 04
0.2519531 4.655E 01 3.081E 01 9.986E O2 2.706E O2 7.383E 01 5.444E O2 7.383E 01 1.077E 03 6.970E 03 1.472E 04
3.37G9531 4.676E 01 3.108E 01 9.993E 02 2.712E 02 7.403E 01 5.445E 02 7.403E 01 1.013E 03 7.001E 03 1.483E 04 N
3 4019531 4.G9CE 01 3.133E 01 1.OCOE C3 2.718E 02 7.423E 01 5.446E O2 7.423E 01 9.539E 02* 7.031E 03 1.494E 04 h
3.G2G9538 4.715E 01 3.157E 01 1.001E 03 2.724E 02 7.443E 01 5.447E 02 7.443E 01 8.984E O2 7.058E 03 1.503E 04
3.7510531 4.734E 01 3.180E 01 1.002E 03 2.729E 02 7.464E 01 5.449E 02 7.4G4E 01 8.465E 02 7.084E 03 1.513E 04
3.8769531 4.751E 01 3.202E 01 1.003E 03 2.734E O2 7.484E 01 5.450E 02 7.484E 01 7.980E 02 7.108E 03 1.522E 04
4.0019531 4.76SE 01 3.223E 01 1.004E 03 2.739E 02 7.505E 01 5.451E O2 7.505E 01 7.526E 02 7.130E 03 1.530E 04
4.~ 1269531 4.784E 01 3.242E 01 1.COSE 03 2.743E 02 7.52SE 01 5.452E 02 7.52SE 01 7.100E 02 7.151E 03 1.537E 04
4.37G9531 4.813E 01 3.281E 01 1.CO8E 03 2.751E 02 7.571E 01 5.456E O2 7.571E 01 S.211E 02 7.182E 03 1.549E 04

___-__- ____ __ - - _ __ _ _ _ _ _ _ _
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3 PRICE SHEET NO. 17320-5RF '

.

j 7'7 p q ff / EFFECTIVE MARCH,1970,

paa /7unums i.
k ALWAYS FURHl5H SERIAL NUMBER OF ACTUATOR WHEN ORDERING PARTS

ROBOTARM' VALVE ACTUATOR PARTS
I
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< ....
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PAGEI \
'

O' 8MR* JANUARY 1973
CONTINENTAL DIVISION ;"

BFV TORQUE DETERMINATION '- -

Ot$octive
it should be noted at this point that the sum of a number of torquageompo.

before valve torque is determined, the nents. To avoid confusion, a humber

The determining factor in accu. user should consult CFG 200 20 to of tr.ese have been combined'and a
f

retely selecting the most economical ensure that the pressure drop limi- number of calculations have , been , [
actuator for a butterfly valve is the tations are not exceeded for the specific performed in advance. Thus, each

torque required to cpen and close the valve construction in consideration. valve type can be represented with the !
same simple, practical formula shownvalve. The following is a quick and
below. The various torque components

easy method of determining actuator
torque required in both the open and IrttroductiDft and the process of simplification are

the closed position of a butterfly explained fully in the appendix (See

valve. Butterfly valve torque is actually Page 23).

.

Qp ,j y where: A,8, C = Tabulated coef ficients

f,p)ssure drop
-

* * ' * *
TOTAL TOROUE (IN.LBS) = A (APacto*) + 8 + C or is ,

j APegge* emeller / AP.,ve' = Effective pressure drop,

at angle a*-

Procedure 4. Select values for A,8 and C again, Referto CFG 40F.20 for Fisher

O this time according to the character. actuator rafection.

1. From the above table, determine istics of the value at the desired maxi- .

the effective pressure drop, APeff,*, mum open angle (a*). Write the
at the desired maximum angle of equation shown using the new values * The effective pressure drop term,

and pe form the simple calculation. APett.a', arises due to the flow con-opening.
required. This determines the required ditions near the disc. It is a calculated

2. Tum to the table for the valve actuator torque (valve torque required) value and will usually very from th#

type, class and disc type in consider. at the desired angle of opening. actual pressure drop. It may be
described as the pressure drop seen byation,

5. An actuator may now be selected the disc in the region of flow which
3. From the table, choose values for with either: affects only the "C" multiplier in the

torque formula. Note that, due to itsA, 8 and C according to the character. a) A constant twque output gre nature, the effective pressure drop isistics of the valve in the $12tEl Poso than the largw of the twqm used only at open angles (oPete.0* =tion (0*). Write the equation shown
using the selected values and perform etamined in 3 and p AP ct.0*) and then only when it is less fa

the simple calculation required. This b) A varying torque output which then the actual pressure dron i

determines the required actuator equals or exceeds both of the deter- IAP e,o*).
'

I
e

torque to move the valve disc away mined torques at their respective
from its seat. valve positions.

.

EFFECTIVJ.2t! ESSURE DROP . ,_ ,

NOTE . P ;= Upstreem pressur{lps.Ja #1 the indicated engle of openine lo*)
*4 TABLET

i

-
Ano s of Disc Openinee

Type of Type of

Dies Pluid O* to' 2o* 30' a0* to" e0*i 70* 00*.e0*
'I

'

Conwntional Lkivid AP.ct o* O.670P 0.730P 0.500P s 0.000P s 0.550P 0.494P 0.300P 0.350P '

Offset Gee AP.cig AP.co.10' O.500P e 0.200P s 0.250Pi 0.''00P s 0 2@Ps 0.140P 0.140P s ;or

O
Liquid AP.cig 0.700Ps 0.700Ps 0.700Pe 0.700P 0 870Pi 0.000P 0.500P s 0.460Pe

Gas AP ego * 0.200P 0.360P 0.380P 0.360P 0.200P's 0.100P * 0.1f0Ps 0 090>

i .

.

. -
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TAsLE 3 TYPES 7600 & 7700 CONVENTIONAL DISC - CLASS 2

-

Atsesecton.eueeneusi'n s- c Is. .ci on. Anv.
TFE TFE Graph. N one, Ele >m
Lined Filled Filled Bronae Ahoy g, somer 0* 10' 20* 30' 40* 50* GO' 70* 80*.90*
SET Acceal Bronse 68 sea

1 0.007 0.012 0.025 0.031 0.049 23.0 0 0.004 0.0 04, 0.013 0.029 0.053 0.100 0.200 0 320
11/4 0.011 0.019 0.039 0.048 0.077 23.0 0 0.007 0.013 0.021 0.046 0.082 0.156 0.310 0.500
1 1/2 0.019 0.033 0.067 0.083 0.133 23.0 0 0.010 0.019 0.030 0.066 0.118 0.450 0.450 0.710

2 0.046 0.080 0.160 0.200 0.320 36.0 0 0.030 0.070 0.110 0.230 0.420 0.800 i.60 2.55
21/2 0.070 0.123 0.245 0.306 0.490 36.0 0 0.060 0,130 0.210 0.450 0.820 1.66 1.14 4.96

3 0.100 0.175 0.350 0.438 0.700 36.0 0 0.110 0.230 0.370 0.780 1.42 2.70 t,42 8 60

4 0.299 0.400 OA00 1.00 1.60 50.0 0 0.270 0.540 OA70 1.85 3.40 6.40 12.9 20.4
5 0.357 0.625 1.25 1.56 2.50 50.D 0 0.500 1.10 1.70 3.60 6.60 12.5 25.1 39.8
6 0.500 0.875 1.75 2.19 3.50 50.0 0 0.000 180 2.90 6.30 11.4 21.6 43 5 69 0

8 1.07 1A8 3.75 4.80 7.50 65.0 m 0 2.10 4.30 7.00 15.0 27.0 51.0 10;I 1p3
i

10 2.24 3.93 7.85 9.81 15.7 100 0 4.10 8.40 14 0 29.0 $3.0 100 201 326 '"

j12 3.29 5.75 11.5 14.4 23.D 100 0 7.20 14.0 23.0 50.0 91.0 173 346 548
14 5 14 9.00 18.0 22.5 36.0 140 >* O 10.3 21.0 33.0 72.0 129 245 495 763
16 6.71 11.8 23.5 29.4 47.0 140 d 0 15.0 31.0 51.0 108 195 370 750 1160, "
18 10.3 18 0 36.0 45.0 72 0 184 0 22.0 45.0 73.0 156 28 2 535 1080 1710

20 12.6 22.0 44 0 55.0 88 0 184 0 32.0 61.0 99.0 210 21 720 14tA 2310
24 21.6 37.8 75.5 94.4 151 232 J 0 53.0 106 173 368 667 1260 2550 4050
30 38.7 67.8 136 169 271 282* 0 105 211 344 734 1330 2520 50c0 8050
36 54.9 96.0 192 240 384 282 0 179 360 585 1250 2260 4280 86d 13,700 ,
42 94.3 105 330 413 660 396 0 287 578 936 2000 3620 6860 13,8C 1 22,000
48 124 217 434 543 868 396 0 433 871 1410 3110 5450 10.300 20,800 33,100

54 189 331 662 828 1320 520 0 620 1250 2020 4320 7820 14,800 29,900 47,400
60 234 410 820 1020 1640 $20 0 885 1720 2790 5960 10,800 20,400 41,200 65,400
66 332 581 1160 1450 2320 660 0 1140 2300 3730 8000 14.400 27,400 ES,200 87,400

72 396 693 1390 1730 2770 660 0 1490 3000 4463 10,400 18.800 35,600 71,20) 114,000
84 6I9 1080 2170 2710 4 330 800 0 2380 4770 7630 16,700 30,000 57,200 114,001 181,000
96 911 1600 3190 3990 6300 800 0 3570 7140 10,400 25.000 45,000 85.700 171.000 772.000

1 P e:-a whicheveriAe e

TOTAL TOROUE (IN L8S) = A (APacto") + 8 + C or is
. 3APeff-a smaller je

TABLE 4 TYPES 7600 & 7700 FISHTAIL-CLASS 2
A esesect one sueone Mest e* c tsesset one Ane )s

TFE TFE Graph, N ene, um,g Eles. 20'
tem *' 0* 10' 30' 50' 40* 70* 80*.90*L6ned Fdeed Fdeed Bronse Alloy ggg

SST Acesel Bronse SS Seet 40*

2 0 046 0 080 0.160 0.200 0.320 36.0 0 0.060 0.100 0.210 0.300 0.360 0 430
21/2 0.070 0.123 0 245 0.306 0 490 36.0 0 0.120 0.190 0.440 0.660 0.840 1.01

3 0 100 0.175 0.350 0.438 0.700 36.0 0 0.190 0.320 0.760 1.22 t .60 1.92
4 0.299 0.400 0.800 1.00 1.60 50D 0 0.450 0.770 1,79 3.52 5.26 6.21-

| 5 0.357 0.625 1.25 1.56 220 50.0 0 0A80 1.b0 350 7.25 12.5 , 15 9
6 0.500 0875 1.75 2.19 3 50 50.0 0 1.51 2.60 6 05 13.2 27.2 32 4
8 1.07 1A8 3.75 4.69 7.50 65.0 0 3.58 6.14 14.3 30.7 61.5 72.1m
to 2.24 3 93 7.85 981 15.7 100 - 0 7.00 12.0 28 0 62 0 132 153-
12 3.29 5 75 11.5 14.4 23 0 100 j 0 12A 21.0 48 3 108 242 294.
14 5.14 9 00 18 0 22.5 36 0 140 6- 0 16.3 29 0 64 A 144 323 392
16 6.71 11.8 23.5 29 4 47.0 140 d 0 24,7 42.3 99 0 224 515 627"
18 10.3 18 0 36 0 45.0 72 0 184 0 34 3 58 B 138 315 720 892
20 12.6 22.0 44.0 55.0 88.0 184 0 4d 0 82.0 191 4M 1030 1780

| 24 21.6 37.5 75 5 94.4 151 232 0 85.0 146 340 763 1910 2410J| 30 38.7 67A 136 ISO 271 282 0 171 W3 880 1580 9980 5200 %
*

36 54.9 96 0 192 240 24 282 0 301 516 1200 2820 7120 9600 i

. 42 94.3 165 330 413 860 396 0 484 828 1920 4480 11,500 15,500
I 48 124 217 434 543 364 398 0 725 1240 2890 6780 18.900 24.200 J

54 189 331 862 8 28 1320 520 0 1030 1780 4180 9720 24,800 33.800
60 234 410 820 1020 1640 520 0 1440 2460 5740 13.420 34.800 47,800
66 332 681 1180 1450 2320 660 0 1930 3300 7700 18,000 46,500 63.800
72 306 603 1300 1730 2770 680 0 2500 4290 10,000 23,400 60,800 83,000

. . . _ _ _
_
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TYPE 9200 OFFSET DISC T RING - CLASS 2TABLE 2s

A ISe4ect One Busine Met'll 5 (Select Onel C (Select One Anglel

g TFE TFE OrapNte None,

g^ Lined Filled Filled Bronze Alloy 0* 10% o* t o* 20' 30' 40* 50* Go* 70* 90*.90*
90*

SST Acetel Bronze og

4 0 299 0.400 0.800 1.00 1.60 62.2 52.2 0 0.270 0.540 0.870 1.85 3.40 6.40 12.9 20.4

5 0.357 0.625 1.25 1.56 2.50 54.0 e 54.0 0 0.500 1.10 1.70 3.60 6.60 12.5 25.1 39 8

6 0 500 0875 1.75 2,19 3.50 54.8 54.8 0 0.900 1.80 2.90 6.30 11.4 21 5 43.5 69.0

8 1.07 1.88 3.75 4.69 750 76.0 76.0 0 2.10 4.30 7.00 15.0 27.0 51.0 103 163

to 2.24 3.93 7.85 9.81 15.7 116 e 116 0 4.10 8.40 14.0 29.0 53.0 100 201 320

12 3.29 6.75 11.5 14.4 23.0 123 123 0 7.20 14.0 23.0 50.0 91.0 173 346 548

14 5.14 9.00 18.0 22.5 36.0 185 185 0 10.3 21.0 33.0 72.0 129 245 495 763

16 6.71 11A 23.5 29.4 47.0 198 e 198 0 15.0 31.0 51.0 108 195 370 750 1160

18 10.3 18.0 36.0 45.0 72.0 260 260 0 22.0 45.0 73.0 156 282 535 1080 e 1710

20 12.6 22.0 44.0 65.0 88.0 316 316 0 32.0 61.0 99.0 210 381 720 1460 2310

24 21.6 37A 75.5 94.4 151 471 e 471 0 53.0 106 173 368 667 1260 2550 4050

30 38.7 67.8 136 169 271 783 782 0 105 211 344 734 1330 2520 5090 8050
,

36 54.9 96.0 192 240 384 995 995 0 179 360 585 1250 2260 4280 8600 13, 5
42 94.3 165 330 413 660 2040 e 2040 0 287 578 936 2000 3620 6860 13,800 22,000

48 124 217 4 34 543 86p 2200 2200 0 433 871 1410 3110 5450 10,300 20,800 33,100
,

54 189 331 662 828 1320 2420 2420 0 620 1250 2020 4320 7820 14,800 29,900 47,400

60 234 410 820 1020 1640 4520 e 4520 0 885 1720 2790 6960 10A00 20,400 41,200 65,400

66 332 581 1160 1450 2320 5760 5760 0 1140 2300 3730 8000 14,400 27,400 55,200 87,400

72 396 693 139Q 1730 2770 6860 6860 0 149G 3003 4860 10,400 18,800 35,600 71,200 114,000

84 619 1080 2170 2710 4330 9150 e 9150 0 2380 4770 7630 16,700 30,000 67,200 114,000 181,000

96 911 1600 3190 3990 6380 11,400 11,400 0 3570 7140 10.400 25,000 45,000 85,700 171,000 212.000

I -+ @ I I& acta whicheverIC
TOTAL TOROUE (14LBS) = A (&seia ) + B + or or is*

d5C --** 4l j ;&eno" smaller j

y ggy for / Mit< 'l S W AMDW
i

| TAeLE 2s TYPE 9200 OFFSET DISC T RING - CLASS 3
A (Seiect One gue6ne Met'll 5 (Se6ect Onel C ISelect One Angle)

TFE TFE GrapNie None,

0* 10* 20* 30* 40' 50* 50' 70* 30 90*g Lined Fdled Fdled Bronse AlleV 0*
*

*

SST Acetal tronze 58

8 1.43 2.49 4.09 6.23 9.98 til til 0 2.10 4.30 7.00 15.0 27.0 51.0 103 163 !
10 280 4.91 9A1 12.3 19.6 156 e 156 0 4.10 8.40 14.0 29.0 53.0 100 201 320 I

12 4.11 7.19 14.4 18.0 28 2 163 163 0 7.20 14.0 23.0 50 0 91.0 173 346 548
o

14 6 17 10.8 21.6 27.0 43.2 229 229 0 10.3 21.0 33 0 72.0 129 245 495 763 '

16 8.06 14.1 28.2 35.3 56.4 242 * 242 0 15.0 31.0 61.0 108 195 37's 750 1160 I

18 12.0 21.1 42.1 52.7 84.2 308 308 0 22.0 45.0 73 0 156 282 FJ5 1080 1790 )
20 14.7 25.8 51.5 64.4 103 364 364 0 32.0 61.0 99.0 210 381 720 1460 2310

24 24 6 430 88.1 108 172 521 e 521 0 53.0 106 173 368 667 1260 2550 4050

30 48.4 84.7 169 212 330 896 896 0 105 211 344 734 1330 2520 5090 8050

36 68.6 120 240 300 400 1110 1110 0 179 300 585 1250 2200 4280 3600 '3,700

42 113 198 396 495 792 2160 * 2100 0 287 578 936 2000 3620 0860 13,800 22,000

48 149 260 521 661 1040 2320 2320 0 433 871 1410 3110 5450 10,300 20,800 33.100

54 221 317 775 900 1560 3560 3560 0 620 1250 2020 4320 7820 14,800 29,900 47,400

60 274 400 959 1200 1920 4000 * 4000 0 985 1720 2790 5960 10,800 20,400 41,200 86,400

86 378 662 1320 1860 2850 5000 5900 0 1140 2300 3730 8000 14,400 27,400 65,200 87,400

72 451 790 1580 1970 3100 7000 7000 0 1490 3000 4000 10,400 18A00 35,600 71,200 114,000
44 000 1220 2450 3000 4000 9310 * 9310 0 2380 4770 7630 16,700 30,000 57,200 114,000 181,000
96 1030 1e00 3610 4510 7210 11.e00 11.600 0_ 3570 7140 10.400 25.000 45,000 85.700 171,000 272.000

. _ -
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TAsLE 3 TYPES 7600 & 7700 CONVENTIONAL DISC - CLASS 2
c (select one Ans'elA (see ct one smhing Met'n a- '

TFE TFE Graph. N one, Elas.
'y,,,

tomer 0* 10* 20' 30* 40" 50* 60* 70 80E90*Lined Filled Filted Bronae Alloy g,
SET Acessi Bronse 68 seet

1 0.007 0.012 0.02b 0.031 0.049 23 0 0 0.004 0.006 0 013 0.029 0 053 0.100 0.200 0 320
11/3 0.011 0.019 0.039 3.048 0.077 23.0 0 0.007 0.013 0.021 0.046 0.082 0.156 0.310 0 500
11/2 0.019 0.033 0.067 0.083 0.133 23.0 0 0.010 0.019 0.030 0.066 0.118 0.450 0.450 0.710

2 0.046 0.080 0.160 0.200 0.320 36.0 0 0.030 0.070 0.110 0.230 0.420 0.800 1.60 2.55
2-1/2 0.070 0.123 0.245 0.306 0.490 36.0 0 0.060 0.130 0.210 0.450 0.820 1.56 3.14 4.96

3 0.100 0.175 0.350 0.438 0.700 360 0 0.110 0.230 0.370 0.780 142 2.70 5.42 8 00
4 0.299 0.400 0.800 1.00 1.60 50.0 0 0.270 0.540 0.870 1.85 3.40 6.40 12.9 20;4 |5 0.357 0.625 1.25 1.56 2.50 50.0 0 0.500 1.10 1.70 3 60 6.60 12.5 25.1 39.8
6 0 600 0.875 1.75 2.19 3.50 50.0 0 0.900 1.80 2.90 6 30 11.4 21.$ 43 5 69 0
8 1.07 138 3.75 4.69 750 65.0 0 2.10 4.30 7.00 15.0 27.0 51.0 10.3 163m
10 2.24 3.93 7.85 9.81 15.7 100 0 4.10 8.40 14 0 29.0 $3.0 100 201 320"

j12 3.29 5.75 11.5 14.4 23.0 100 0 7.20 14.0 23.0 50.0; 91.0 173 346 543
14 5 14 9.00 18.0 22.5 36.0 140 D- .0 10.3 21.0 33.0 72.0 129 245 495 763
16 6.71 11.8 23 5 29 4 47 0 140 si 0 15.0 31.0 51.0 108 195 370 750 1160*

18 10.3 18.0 36 0 45.0 72 0 184 0 22.0 45.0 73.0 156 282 535 1080 1710 i

20 12.6 22.0 44.0 55.0 88 0 184 n. 0 32.0 61.0 99.0 210 381 720 14GO 2310
23 21.6 37.8 75.5 94.4 151 232 J 0 53.0 106 173 368 667 1260 2550 4050

* 30 38.7 67.8 136 169 271 282* O 105 211 344 734 1330 2520 5090 8050
36 54.9 96.0 192 240 384 282 0 179 360 585 1250 2260 4280 8600 13.700
42 94.3 165 330 413 660 396 0 287 578 936 2000 3620 6860 13.800 22.000

/48 124 217 434 543 868 396 0 433 871 1410 3110 5450 10.300 20.800 33.100
53 189 331 662 828 1320 520 0 620 1250 2020 4320 7820 14.800 29.900 47.400 I

60 234 410 820 1020 1640 520 0 885 1720 2790 5%0 10.800 20,400 41.200 65.400,

66 332 581 1160 1450 2320 660 0 1140 2300 3730 8000 14.400 27.400 55.200 87.400
''

,

72 396 693 1390 1730 2770 660 0 1490 2000 4860 10.400 18.800 35.600 71,200 114.000 t

84 619 1080 2170 2710 4330 800 0 2380 4770 7630 16,700 30.000 57.200 114.000 181.000 !

96 911 1600 3190 3990 G380 800 0 3570 7140 10.400 25 000 45.000 85.700 171.000 272 000
'

fJP whichever Icact o

TOTAL TORQUE (IN-LBS) = A (APacto*) + B + C or is

ape 11 o* smaller j

TABLE 4 TYPES 7600 & 7700 FISHTAIL-CLASS 2 _

A ISelect One Smhing Met'll 8' C (Select One Angle)

TFE TFE Graph. None. . o'y,gg Eles-g *
Lined FHied Fdled Bronze Attoy 5, tomer 0* 10 30 50" 60' 70* 80*90'g
SST Acetal Bronze 68 Seat 40*

2 0 046 0.080 0.160 0.200 0.320 36 0 0 0.060 0.100 0 210 0.300 0 360 0 430 i
2-1/2 0.070 0.123 0.245 0.30G 0490 36.0 0 0 120 0.100 0 440 0 660 0.840 1.01

3 0100 0 175 0350 0 438 0700 36 0 0 0.100 0.320 0.7CO 1 22 1.60 1.92
4 0 299 0.400 0 800 1 00 1.60 50.0 0 0.450 0 770 1.7E ~ 3 52 5.2G 6 21
5 0.357 0.625 1.25 1.56 2.50 50 0 0 0 880 1.50 3 50 7 25 12 5 15 9
6 0 500 0 875 1.75 2 19 3 50 50.0 0 1 51 2 00 6 Os 13 2 27.2 324 g|
8 1 07 1 88 3.75 4 09 7.50 65 0 0 3.58 6.14 14 3 %7 61 5 72 1

',
10 2 24 3 93 785 9 81 15.7 100 0 7 00 12 0 2H 0 C/.0 132 l' 3

"

j12 3.29 5 75 11 5 to 4 23 0 100 0 12d 21 0 AR 3 108 242 'N S
14 5 14 9 00 18 0 22.5 36 0 140 >- 0 1G 3 29 0 64 8 144 323 392
16 6 71 11.8 23 5 29 4 47.0 140 o' O 24.7 42.3 99 0 224 515 627
18 to 3 1R 0 36 0 45 0 72 0 184 0 34 3 58.8 136 315 720 H92__
20 12 6 22 0 44 0 55 0 88 0 184 0 48 0 82 0 191 438 1033 1780a.
24 21.6 37 8 75 5 94 4 15' 232 0 85.0 146 340 783 1910 2410J30 38 7 67.8 136 169 271 282 0 171 293 680 1580 3980 5200
36 54 9 96 0 192 240 384 282 0 301 516 1200 2820 7120 9600
C2 94.3 165 330 413 660 396 0 484 828 1920 4480 11.500 15.500
48 124 217 434 543 868 396 0 725 1240 2890 6780 18.900 24.200

,
54 189 331 662 8 28 1320 b20 0 1030 1780 4160 9720 24.800 33.800
60 234 410 8?O 1020 1640 520 0 1440 2460 5740 13.420 34.800 47.800
66 332 581 1160 1450 2320 660 0 1930 3J00 7700 18.000 46.500 63 800 j
72 396 693 1390 1730 2770 660 0 2500 4290 10.000 23.400 00.800 8 U00

. _ _ . . _ _ . _ _ . _ _ . . . . . . . . - - - - - . .- 1
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