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ROCKWELL INTERNATIONAL

DESIGN REPORT - 65407 - 32

FOR: HOUSTON LIGHTING & POWER COMPANY
* P.O. 35-1197-4028, UNIT 1
P.O. 35-1197-8028, UNIT 2

4

FROM: ROCKWELL INTERNATIONAL !,
HOUSE ORDER 65407, UNIT 1, SEISMIC CATAGORY 1.
ACTIVE BUTTERFLY VALVES.

HOUSE ORDER 65408, UNIT 2, SEISMIC CATAGORY 1.
ACTIVE BUTTERFLY VALVES,

DESCRIPTION: 18" 150 CLASS LUGGED BODY BUTTERFLY
VALYE
ANSI RATING: CLASS 150

VALVE BODY MATERIAL: CARBON STEEL
WITH LIMITORQUE ACTUATOR

CUSTOMER CUSTOMER
P.O. ITEM NO, VALVE 1.D. NO,
+
23 IBACTBM G2 LS 2A~ERXX
24 IBACTEM @21 S 28-ERRX
25 IBACTBM G2LS 3A-CRXX
-
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This is to certify that this design report has been reviewed and
that to the best of my knowledge and belief it meets the require-
ments of subarticle NC/ND - 3500 of ASME Boiler and Pressure
Vessel Code, Section III - 1074, Nuclear Power Plant Compon-~
ents and Addenda through Winter 1875, and the requirements of
Brown & Root - Specification 21529750103,

o Y
stmm-s.}ZﬁrW f-22-8/ B T
Title: Registered Professional Engineer N

Reg.No.: 10246
State: Illinois

Approved by: wo %ue 0-22-[/

W. K. Priese
Sr.Vice President and
Chief Technical Officer
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Revisions:
Rev. Description of Revisions Revision Approvals
.
Eng. V.P. Eng.
Cvia, q9-2-8| —_ S—
—
A

Appendix B - Limitorque letter dated Oct.29,1980
added. ;

Appendix E - Completely revised to show in
detail source data to meet B & R specification
and applicable IEEE requirements.

Index page 3 and approval record page 4 of this
report changed as shown.

Other pages not effected. 11-10-81

Tbflnl

Jipl-8i

A Que

l-12-§

Rev. B
2/10/84

Pages 1 thru 47 changed "Hills-McCanna" to
"Rockwell", and changes spec. no. from
21529751030 to 2L5297TS0103.

Added par. 1.3.8 on page l4,

Added par. 2.8 on page 46.

Revised Appendix A (to Rev. A) to provide more
detail.

Added pages 10.1 and 10.2 to appendix E (Loca
Profile Justification).

Added pages 11.1 and 12.1.

Added reference item (r) to appendix E, page 2.

* Revision letter applies to this page, page 4, only.
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PURPOSE

e e
The purpose of this report is to show that the valves meet the
design requirements of Brown & Root Specification 2L520TS0103.

SCOPE

The scope of this report covers the determination of the structural
integrity of the valve-actuator assembly, under the specified com-
bined loadings, by analytical methods. The functional operability
of the valve is also demonstrated. (See Appendix "A" Qualification
of Rockwell Butterfly Valves, for additional details).

OTHER DOCUMENTS
Other documents which support this report but are transmitted
seperately are:

1) Wyle Laboratories Test Report No.45116-1 Dynamic Evaluation
Test Program. -

2) Wyle Laboratories Test Report No. 45116-2 Seismic Test Program.

3) Limitorque Valve Actuator Qualification Report B0058.

4) Limitorque Seismic Test Reports SMB-000/HOBC, EMB-1/H3BC

and SMB-3/HSBC.
5) Motor Sizing Sheets - Approved by Brown & Root

Other valve sizes are covered in indivicual design reports. They
are identiied as DR-65407-no., where the dash number is that of
the Specification Sheet Number of Spec. 2L529T50103. The appen-
dices of each of the reports are alike.
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T;éhnical Descriptive Data

Bx;own & Root, Inc.

P.O. Item No. Spec. Sheet No. Valve 1.D. No.

—

23 32 IBACTBME2LS 2A- ER XX
24 33 IBACTBM 62 LS2 B~ ERXX
" 4 )BACT BM €2 LS3A- CRXX

ROCKWELL INTERNATIONAL :

Valve Fig. No. Valve B/M No. Design Pressure
i8“LISICI-2-86 L3411 0204 €oPsiq
18"LiI5ICl-2- S6 L3411 0204 60PSI G
Ie“Li51 Ci-2- 86 L34110204 ISCPsig

- Design Temperature Design Class ASME Sect, III
ISO °F CLASS 2 ACTIVE VALVE
. IS0 °F CLASS 2 ACTIVE VALVE
- 250% CLASS 3 ACTIVE VALVE
J Actuator Mounting Limitorque Sales
B/M No. Actuator Model No. Drawing No. CBFA-

381 A0217 SMB-00-15 -H3BC 366

H261RO7 SMB-00 -15 ~H3BC 462

H3BIAO217 SMB-00-15 -H3BC 371

LI,

.
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The valve orientation for the analysis in this case is with the stem in
the horizontal plane. This is to represent, initially, the largest

moment arm (beam length) under normal g load conditions in the determina-
tion of deflection and resultant natural frequency. Where the deflection
may be greater in another plane because of the material cross section

(I in 4) this has been considered, and is indicated in the analysis. This
orientation also then covers the seismic loads at the greatest overhung
load condition for the purpose of stress analysis.

e, . 10
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SUMMARY:

1.1 FrequencyWyle Laboratories Test Report No. 45116-1 for
the frequency search tests shows the lowest fundamental
frequency of the assembly to be 52 hertz., This is well above
the required 33 hertz for static stress analysis. Therefore,
the stress analysis calculations are made on the static basis.

1.2 Functional - Seismic Test at Wyle Laboratories (Wyle Labs.
Report No.45116-2) and Static Test at Rockwell. 'For
operability under seismic loads and combined loadings, show
that the valve is operable under these conditions.

1.3 ‘ Maximum Stresses - The maximum stress points in the valve
assembly are listed below with a comparison of the applicable
stress limit in each case.

1.3.1 Valve Body Stress at Cross-Section A-A.

The equivalent stress is205/0psi. as calculated in Para.
2.4.1. The stress limit is 1.75S =1.75 (17500 ) =
30625 psi. (SA516 GR 70 material) and is not exceeded.
Where 1.75 S is indicated in Para. 2. 1. 2.

1.3.2 Valve Body Stress at Cross-Section B-B.

The equivalent stress is I0500 psi. as calculated in Para.
2.4.2 and 2.4.3. The stress limit is 30625psi. (refer to
Para. 1. 3.1 above) and is not ¢xceeded.

1.3.3 Stress in the Angle Brace.

The equivalent stress is20680 psi. as calculated in Para.
2.5. The minimum yield strength of material is 30000 psi.
and is not exceeded.

1.3.4 Loads on the Mounting Bolts (Mounting Plate-Angle Brace).
As calculated in Para. 2.6, both the preload F, =135901b
and shear force Fgp = 27/8 1b of this bolt joint are larger
than the resultant tension Fy = 1205 1b and resultant shear
Fg = 2685 1b, respectively. Therefore this is a rigid joint.

1.3.5 Loads on the Mounting Bolts (Angle Brace-Valve Body).

As calculated :n Para. 2.7, both the preload Fpl =135901b
and shear force Fgpy = 2718 1b of this bolt joint are larger
than the resultant tension Fp = €04 1b and resultant shear
Ft = 1205 1b, respectively. Therefore this is a rigid joint.

1.3.6 Stall Torque Values of Limitorque Actuator.

The tested stall torque values are listed in App. B and are
greater than break-away torques of valves, respectively.

1.3.7 Stem Key and Disc Taper Pin Stress.

The torque capacities of stem key and disc taper pins are
calculated and listed in App. C and are greater than stall
torque values of actuators.
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1.3.8 Nozzle Loads and Stress Results.
The loading requirements are given in Appendix D of the
specification. The loading components are given in
Paragraph 2.3.4 of this report. The stresses caused by
the nozzle loads are given in paragraph 2.4.3.

1.4 Conclusions - From the above paragraphs, it is shown that the
valve assembly meets the requirements of Bechtel Spec. 2L529TS0103
and will function properly during and after the seismic event.
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2. STRESSES IN THE COMPONENTS OF THE VALVE ACTUATOR
ASSEMBLY

From Brown & Root Specification 2L529TS0103 Appendix C, para-
graph 4.0, the seismic qualification of the valve assembly includes
the structural integrity which will be performed by static analysis

to verify that the components will not fail under the design load com-
binations as specified.

3.1 General

2.1.1 Loading combinations for this particular valve assembly
are:
a) Load = sustained load + SSE + nozzle loads + operating load
where sustained load = actuator weight, W,

b) SSE = seismic load = 3. 0g in two horizontal directions and
3.0g in the vertical direction (2.0g + 1.0g (weight) ).

¢) Nozzle loads include internal pressure and temperature and
are specified,

d) Operating Load = operating torque of the actuator,

2.1.2 The stress limit of the components is 1.75 S, 1. 75 is the
multiplier as agreed upon in Brown & Root, Inc. letter
ST-BR-HM110, ST=BR-HA-105 dated October 1, 1980.

S is the allowable stress from ASME Section III tables.

2.1.3 The stresses are investigated for each component part indivi-
dually.

2.2 Assumptions

2.2.1 The angle brace and total valve body extension portion can
be treated as one whole piece.

2.2.2 The actuator and attached mounting plate is a rigid structure.
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2.3 Mathematical Model

2.3.1 General Mathematical Model.

NN\

Tz1=3W (a+b)
My=3W (c-b)

Actuator Fy=3W /
C=747
Valve Ear
Portion

LB-B

(Refer to Fxg 5(b)) * /

Val’l'otald Stem
Extension %%:‘zion \Q_\
Body Extension ’
x! Portion A
-~ Valve Body
g Run Portion
/’igpe ﬁ - -
L/
y'

FIG.2.1, Mathematical Model for Stress Calculations.
oG, 15
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The loadings are,

W = Actuator weight = 450 Lb

Fy = 3W

3W = 1350 b

+r
[
n

Fz=3W 1350 Rb

2.3.2 Loadings Caused by the SSE and Dead Weight,

R (450)= 1350 &b

= 3(450)(7.47-6.30)= /580 n-4b

My = 3W (a+c) = 3(450)C 90+ 7.47)= 16 700 in-fb

Tzy = 3W (a+h) = 3(450)(490+6.30)= /15120 mdb

- 2.3.3 Loading Caused by the Operating Load.

DR-65407- 32
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(2.1)
(2.2)
(2.3)
(2.4)

(2.5)

(2.6)

(2.7)

The operating torque T, will be a torque about the Z axis, as shown

in Fig. 2. 2 below.

To= 62400 n-pb Fom FAPR B .

Actuator

Reacting
Torque T,

Operating
Torque T,

y

(2.8)

FI1G.2.2. Operating Torque of the Valve Assembly.
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: 2.3.4 Loading Caused by the Nozzle Loads.

N

The specified Nozzle Loads have 6 loading components and

are shown in Fig. 2. 3 below with the proper axis orientations,

¥y 3-axis
z, 2-axis
z’/\B (Refer to Fig. 2. 1)
X, 1-axis

-

Valve Body

e FI1G.2.3 Nozzle Loads.

i, 2i
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Where the loadings are arranged to provide the most severe loading
conditions, from Fig. 2.3 above, it is found that the loadings Sg, Sg.
Mg and T will only produce the stresses in the Pipe Flange Mount -
ing Bolts but not the Valve Body; and the loadings F; and M3 will
produce the compressive stress in the Valve Body at cross-section
B-B (refer to Fig. 2.1 and 2,3), as shown in Fig. 2. 4 below.

X
F, l
I
Distributed . 1
Force I EXEIIEEEX
B
A XTITIIEEY!
— ) e )
P :_ ———. - ;r__q z, 2 axis
i \ val
L... alve
- x, 1-axis Body
Concentrated —_— v
Reaction —f .{_\ )
Force Tension
on bolts
Pipe

Mg X'

Verification that the nozzle loadings will not cause distortion in the
valve is shown by tests and is reported in Appendix D,

F1G. 2.4. Compressive Loadings on the Valve Body )
by the Applicable Nozzle Loads. i, 24
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From Para 2. 3. 1 through 2, 3. 4, it is found that for most of the
components (except cross-section B-B in Fig. 2. 1), the loadings will
be the ones illustrated in eqs. 2.1 through 2.7, plus the Operating
Torque T, (refer to Fig. 2.2), which makes the torque about the
Z-axis as

Tz =Tz1 + Ty (2.9)

/15/20 + 62400
77520 m-¥b

2.4 Stresses in the Valve Body.

As shown in Fig. 2.1, there are two valve body cross-sections,
namely, Section A-A and B-B; which will have a high stress value
under the loading combinations, this is based on the following:

1. Cross-section A-A has the weaker cross-section,

2. Cross-section B-B is located at the lowest point of the canti-
lever beam, which in turn, will have the largest bending mom-
ent value; plus it will have a high local stress caused by the
Pipe Nozzle Loads (refer to Para. 2. 3.4).

Therefore the stresses will be investigated based on each
cross-section, respectively.

(h

f 47
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2.4.1 Valve Body Stress at Cross-Section A-A.,

The loadings and the three view drawings are shown in Fig. 2.5
below, and the stresses will be investigated for each view, res-

pectively.
Valve Body
» Fixed Pt.
Angle Brace ‘
: |
Fx .\ ]
\
1]
T P_ ket
| E———
z l 1 —K z
1
| |
] |
(e) L- A l—- B
y ‘l
-
e .l - Lp
,’as:/.u = 6.545
9 |

‘ ' \
Tz Z Valve Ear

y D
(a) (b)

FIG,.2.5 Loadings for Valve Body Cross-Sectiqq_ 9 z
A-A and B-B, ‘ ‘
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2.4.1 (a) Stress From Fig. 2.5 (a).

The stress will be a shear stress caused by the torque T,,
and from reference [1]%, page 290, case 4, the shear stress
under the torsional loading is

s i 2 T, (3e + 1, 8f)
'2'® () =2y Uo(;z;m
- 7 C 3¢2.57 L8 (.
J (% ) 520 ¢ 7)+ S
8(2.577) (.750)
= /1780 PSi.
Where i stands for the two rectangular sections for this
t

cross~-settion A-A; e and f are the length and width of each
rectangle, respectively.

2.4.1 (b) Stress From Fig. 2.5 (b).

The loadings that cause the stresses are Fy, My and Fgz.
The valve ear, together with the angle brace, is simulated
as a Fixed Rectangular Frame. The reactions under each
loading are investigated seperately as follows.

2.4.1.(b). 1. Reactions And Stresses Caused by Loading Fy.

Cross Tie

(Mounting

The simulated structure is shown in Fig. 2.6 below with the
cross-section properties.

Frame (Valve Ear
/ + Angle Brace) '
y
y'
F \’VI

1 x' x!

- - :Angle ‘ Valve 1%
: Brace Ear 4
1

(a)Fixed Rectangular Frame

Ac-cz 70 73/ in’

(b) Cross-Section C-C.
Fig. 2.6 Rectangular Frame and Cross-Section.

# See bibliography for references in bracket [ J. it 20

C xl + /\ =
T = A =t
e ’ 1 y' (Angl

L 4' Brace
Ix1=11zl.¢501n. -
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As a simplification, dimension L will be the distance between
the center line of the angle brace, h will be the height of the
angle brace from the lower bolt hole center, the width of the
cross-section will be that of the angle brace and the length of
the cross-section is as shown in Fig, 2,6 (b).

From reference[z]. page 276, case 16, the reactions are

Fy _ 7
. Hy =% = —22— = 675 b (2.11)
1350 (4000
vi=fxh o B - 4o (2.12)
4.000
Mp = Fih = ,3504( )=/35'O m-Lb (2.13)

The stresses will be (refer to Fig. 2.9)

Vi . #5945 2psi2.14)

Direct stress GV1 = Tc_-? %737

Bending stress dhil « BLEL_ » ’35/0:'5750) (2.15)

= 698.3 Psi.
2.4.1.(b). 2. Reaction And Stress Caused by Loading M.

The loading, frame and the reaction are shown in Fig. 2. 7 below,

Cross Tie Frame (Valve Ear
(Mounting Plate) + Angle Brace)
yl
\ Vs
Io=00
\ / .
\
7
L - - 4 “Z
‘ . \ Iy
My \
\ l—> C . L
4 A : F - vy
r
L-»C y'
pp—— h -——ﬁ"

Fig. 2.7 Rectangular Frame,
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P From reference [2]. page 276, case 14, the reaction is
'y M /580
N Vitambe * o8N (2,16)
St » 6.00 263.3 &

The stress is (refer to Fig. 2.9).

Vo _ _263.3
Ac-c 2.731

Direét stress O’v2 = = 3406 PS5/, (2.17)

2.4.1.(b). 3. Reaction And Stress Caused by Loading F,.

The loading, frame and the reaction are shown in Fig. 2.8 below.

\Cross Tie Frame
yl
J/- 4

[Tea ©
B

. 1"?;—‘:--1 - i .

|1

| Ll

.l
Ly c

/'Q

Fig. 2. 8 Rectangular Frame.

From reference [2 ], page 275, case 11, the reaction is

Vge ol o L2820, o o28 26 (2.18)
2 2
The stress is (refer to Fig. 2.9) —_—
7
Di rect stress G’V = i . L. = 87.3/ PS;/, (2.19)
®  Ageg 273/
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From Para. 2.4 1.(b). 1 through 2,4. 1, (b). 3, the combined stress
is (refer to Fig. 2.9).

)

=358.2/+698.3+ 3406 +87.31 =877.9 PS/.
) o A G, Angle Brace

————
1
B3 - -

- A

G'VI G’M 1 GVz d\73
Valve Ear
- + Angle Brace

Fig. 2.9 Combined Stress.
2.4.1.(c). Stresses from Fig. 2.5 (¢).

The loadings that cause the stresses are Fy and M,, and the
bending moment at this cross-section (section A-A), which is
the reaction at this cross-section that will cause the interested
stress, is (refer to Fig. 2.5 (¢))

Mg)* My + Fx h (2.21)

= /6700 + /350 4.000)

= 22100 'n-#b
which will cause the bending stress of (refer to Fig. 2.10)
Bending Stress 0'®= -ﬂi-;cz— (2.2)

y el
22100 (.859)
34.23

= 1200 ps;,

L |
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. Where Iy is the moment of inertia of this cross-section, and Co
. is the distance from the neutral axis to the extreme fibers (refer
i to Fig. 2.10 below). 1.50
(Angle Brace)
Angle Brace x"
& Co =1.859 Valve Ears
b Oy (Para.2.5 3)_I ] / '
ara. 2. 5. :
) L0 T
r< 7 ' Cs = 2.57
\ -0p ‘P:E.‘s. 3
1" "
z - = —-8 Yy 1 + Yy
5.154
\ e H l:.“-l
l/_— Iy"s:3‘}?3in' L
= ' 5"
Valve Angle
Body Brace

(a) Stress from Fig. 2.5 (¢).

Fig. 2.10 Section A-A and Bending Stress.

(b) Section A-A.

From Para. 2.4.1.(a) through 2.4, 1. (c), the resultant stresses on the
most severe stress element which located at the corner of the cross-
section A-A (refer to Fig. 2.11) are (refer to Fig. 2.12)

Shear Stress ’Z'(D = 11780 P5SI.

Compressive Stress dA-A = C’m + d@

= 87729+ 1200

= 2078 Ps;.

(2.23)

(2.24)
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Angle Brace '\ A
I n

Location of the most severe
\/—stress element of Angle
Brace (Para. 2. 5).

" z

Location of the
Valve Ear most severe stress
WY element of the valve
| body (refer to the
stress element in

\ Fig.2.12),

Fig.2.11 Location of the most severe stress element.

From reference [3], page 87, eq. 5. 6, the Equivalent Stress is
(refer Fig. 2,12)

1
Ce, A-A = ( Cpls 37@2) /2 (2.25)
%
- [(‘2078)2+ 3(//780)21 "
y
= 205/0 PSi.
\ *
z
Oa-a
To
l R1E

Fig. 2.12 Stress Element and the Stresses.
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. 2.4.2 Valve Body Stress At Cross-Section B-B.

The loadings and three view drawings are shown in Fig. 2. 5.
The stresses are investigated for each view, respectively.

2.4.2.(a). Stress from Fig. 2.5 (a).

The stress will be the shear stress caused by the torque Tz
and from reference [1 ], page 293, case 16, the shear stress
under the torsional loading is

T
T, = z
‘@7 2y (m-tin-ty)
77520
2(.4175)(72.50-2.208) (3.7/8 - .4/75)

5418 Psi.
Where t, tj, m and n are shown in Fig. 2. 13 below.

y'
n
7

(2.26)

-
8

e~

~_t1= ,4/75

o )

..\., 4t
i
m x!
4 =.a>\—
- Cs Ix' =/27.3 in. 4

=2383d1a. ®2.75 1 Ap.p=2.36in. 2

- =/.859

/-— va = 28.73 in.4

y!

Fig. 2.13 Hollow Rectangle For Torsional Properties.

-
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The loadings that cause the stresses are Fy, My and F,.

b Because this portion is simulated as a beam structure, only

the bending moment at this cross-section (section B-B), and
the direct compressive force will cause the interested stresses.

2.4.2.(b). 1. Stress Caused by the Bending Moment.
. The bending moment that causes the stress is (refer to Fig. 2. 5(b)).
M@= My + Fy Lp (2.27)
= /580 + 1350 € 6,545)

= /0420 -4

Where Lp is the length of the Total Valve Body Extension Portion
(refer to Fig. 5(b) and Fig. 2. 5(c)).

Therefore the bending stress is (refer to Fig. 2. 14).

O - M C3 (2.28)

Ix'
10420 ( 3.75)
273
- -
= 306.8 PS/.
o Where Iy' is the moment of inertia of this cross-section, and
C3 is the distance from the neutral axis to the extreme fibers
of the valve body (refer to Fig.2. 13 and Fig. 2. 14).
2.4.2.(b). 2. Stress Caused by the Loading F,.
The stress caused by the loading F; is (refer to Fig. 2. 5. (b)
and Fig. 2, 14).
: . _Fz
Direct stress d@-  oomd (2. 29)
= _ 1350
2/.36
=63.20 PSi
Where Ag_p is the area of this cross-section (refer to Fig, 2. 13).
From Para. 2.4.2.(b).1 and 2.4.2.(b). 2, the compressive stress
components can be summed together as (refer-to Fig. 2. 14).
B (2.30)
Ce- o+ @
=306.,8+ 63.20
- = 370.,0 PSI,

(L5 32




DR-65407 -32
Page 30 ot 47

Rev. B
[.’B Ix',AB-B
. ‘ ———
. - .
——
- - - z
‘ }
€3 P———
-
Y

.
o]
/alve Body @ d@

(refer to Fig. 2.5 (b))

Fig. 2.14 Stresses from Fig. 2. 5(b).

2.4.2.(c). Stress from Fig. 2. 5. (c).

The loadings are Fy and My, and from the beam structure
approach, the bending moment at this cross-section (section
B-B) is (refer to Fig. 2. 5. (c)).

M@= My + Fx Lg (2.31)
= /6700 + /350 C6.545)

25540 -
Therefore the bending stress is (refer to Fig. 2. 15)

Bending stress G'@= _B’EC_“ (2.32)

| %5
- 25.)5"40 (.859)
28.73
= /652 Psi.
Where I, is the moment of inertia of this cross-section, and
C4 is the distance from the neutral axis to the extreme fibers
of the valve body (refer to Fig. 2.13 and Fig. 2.15).

H'. .dl')
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1
L 4 '_.. B y
"ty | d@
L
A
c4 —————
2 Y - 2
\ _/ r
Valve Body l—b— B
(refer to Fig. 2.5 (c))
Fig. 2.15. Stress from Fig. 2.5.(c).
. 2.4.3. Stress Caused by the Nozzle Loads.
From Para. 2.3.4, only the loading components F; and M4
_{ of the nozzle loads will produce the interested stress in the
" valve body.

2.4.3.1. Stress Caused by Loading Fj.

From Fig. 2.4, loading F; is an axial force in x direction;
use the gasket ring area as the bearing area, then the stress

will be

Compress stress d@= ~X§i_ (2.33)

Where Fy = 0.170yA (2.39)

with dy = 28300psi. (2.39)
A =20.764in.? (2.36)

Fy = (.17) (28300) (20.764)

= 99900 46
Ag, * %(ODC? - 10 (2. 37)
’— ODG = gasket outside diameter (2,38)
= 2/.62 in.

Ny
-

(i
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IDg = gasket inside diameter

= /8,68 in.

—'f— [(2,62)2 - (/8,68)% ]

93.06 in.2 —

F9900
93.06

A6,

Therefore 0'®= = /674. psi.

2.4.3.2. Stress Caused by Loading Mg.

From Fig. 2.4, the moment M3 will cause the tension in the
flange mounting bolts and a concentrated compressive force
on the valve body. The reaction forces are derived as fol-
lowing (refer to Fig. 2. 16 below).

Fig.2.16 Nozzle Load M3.
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By balancing the moment M3,

Where n is one half of the number of the mounting bolts.
Assume that -either the pipe flange nor the valve body will

be bent under the moment M3, then the forces Fy, F3, =---,
Fp-1 and Fp will be proportional to the distance d;, Ay, ===,
dn-1 and dp, respectively.

Therefore,
F F Fp- F
L BRI | . B (2. 41)
d, dz dy-1  dp
dj
= F1= 54— Fp (2.42)
n
d
Fo = d2 Fp (2.43
« Un
. d -
Fp-q = gnl Fp (2. 44)

Therefore eq. 2,40 becomes

do dn-1
Mj = g Fpd; +g— Fndz + === + == Fndy_1+Fpdy

(2.40a)

2
= Mgdp=(df +dy +---+d2.; +d2)F,  (2.40b)

M3 dp
= Fp-= d% +?2 P + a2 (2. 40c¢)
For this valve assembly,
M3 =0.33Cy z (2. 45)
with dy =28300psi (2.35)
Z = 8960 in.> (2.46)

M3 =(.33) (28300) ( 8960)

= 836800in-1bg
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the number of bolts is /6 , therefore
& /6
n = " 8 (2.47)
and di1= /, 284 in. (2.48a)
do= 2,982 in. (2.48b)
. d3= 6.120in. (2.48¢)
d, = 10.22 in. (2.484)
dg =/8.76 in, (2.48¢)
d, = 2190, (2.483)
dg = 23,60 in. (248h)

836800 (23.60)

P therefore F, = = s
- (1-284)"+(2982)" +(6.120)"+ (10.22)"+ (1466 '+ (18.76 ) +(2190) +(236
. 1975 x107 (2.40¢
1756 o
1284 B
2.982
Fo= S C€ =/
2% 3540 CM1250) = 1422 &b
§./20
Faq =2 e =
3 23.¢0 (1250) = 2917 0b
F = /0.22 (11250) = 4872 p
23.60
F= %8¢ (/250)= 6988
23.60
F, = /18.76 (11250) = §943 Lb
23.60
. F, = =2L99 _ (11250) = 10440 2
- 23.60
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From the force balance,

Fp=F1+Fy+ R+ R +FR+R +F+f  (2.49) °

= 612+1422+4 2917+ 4872 + 6988 + 8943 +104%0+11 250
= 47440 b

The force F@is assumed to act on an area AG2 as shown in
Fig. 2. 17 below. v

/

h-.

AV

-

\\\\\

RS

. \\ \/\
N\

”~

y

Fig. 2. 17 Bearing Area for F®.

Therefore the stress is

Compressive stress d@z -TEGD_
2
Where AG2 = bg 1g

ODhg - IDg
bG ® 3
. _2.62-18.68
2

= L.47 I
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Ag,y = 1147 (250)= 11,02 in
. 47440 .
G@ 7102 = 4305 Psi.

From Para. 2.4.3.1 and 2. 4. 3. 2. the stress due to the nozzle
load is
Compressive stress d® = d®+ d® (2.53)

= 1074 + 4305

=5379 si

From Para. 2.4.2.(a) through 2. 4. 3.2, the resultant stress on
the most severe stress element of the cross-section B-B is
(refer to Fig.2.18 and 2.19).

Shear stress Z®= 5418 Psi. (2.26)
Compressive stress in z direction O’@ = d@+ d@ (2. 54)
= 3700+ 1652
= 2022 pPs;].

Compressive stress in x direction d@ = 5379 PSi. (2.55)

Therefore the equivalent stress is

Oe, B-B ={0’®2 - [( d@) ( 0'@} 0’@2 +3T®2 } 13 (2.56)

2,4
= {-2022) - [-2022)¢-5379)] +(-5379)° + 3(54/8) }*

=/0500 Psi.
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Nl

AN

Pl

[
\

Location of the most
severe stress elemen
refer to Fig.2.19,

—Total Valve Body y'
Extension Portion NN

Fig. 2. 18 Cross-Section B-B.

Fig. 2. 19 Stress Element Of Section B-B.
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Stress in the Angle Brace.

The stresses are much the same as those calculated in Para. 2. 4.1,
stresses at section A-A, Refer to Fig. 2.5, the stresses are calcu-
lated as follows.

2.5.1 Stress From Fig. 2. 5.(a).

The stress is the shear stress caused by Tz and is calculated in
Para. 2. 4. 1.(a) with the value of

7@’ 11780 psi. (2.10)

2.5.2 Stress From Fig. 2. 5. (b).

The stresses are calculated in Para. 2. 4. 1. (b). 1 through 2.4.1.(b). 3
with the combined stress value of

o'@-.- 877.9 psi. (2.20)

2.5.3 Stress From Fig. 2. 5.(c).

The stress is a bending stress as it is shown in Para. 2.4. 1. (¢),
excer the distance from neutral axis to outer fiber is ¢s (refer to
Fig.2.10/b) ) and the stress isd@ (refer to Fig.2. 10 (a)),

The bending stress is

0’@ M cs (2.57)
Iy

22100 (2.577)
34,23

/1664 Psj,

1]

From Para.2.5.2 and 2. 5.3, the combined stress is

compressive stress d@ = d®+ d@ (2.58)

= 877.9+ 1664
= 2542 psj.

2.5. 4 Stress Caused by the Preload of the Stud.

The stress in the angle brace caused by preload of the stud is a com-
pressive stress, from reference (4], page 240, para.6-5, the stress
is calculated as follows.

{ir, 41
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Angle Brace i
Bearing
Area Ay
- X
Stud Dia. d= .750 in,
3d = 2.25 mm,
Fig.2.20 Bearing Area of Angle Brace.
The Bearing Area for compression is
414 2 . g2
ay = S bi207 - 87 (2.59)
=242 (2.59 a)
and the stress is
F
Compressive stress G'p B Ap2 (2.60)
b

Fp

= —2'9?3}-— (2.60 a)

Where Fpy =/35908bis the preload of the stud.

Therefore Oy = Fp2 (2. 60a)
P 2 X d2 ’

13590
27 (.750)%

3845 Psi.
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| From Para. 2. 5. 1 through 2, 5. 4, the resultant stress in the angle
& brace are (refer to Fig.2.11 and 2.21)
Shear stress 7®= 11780 Psi. (2.10)
Compressive stress in z direction G@ = 2542 psj, (2.58)
" Compressive stress in x direction O, = 3845 psy, (2.60a)
Therefore the equivalent stress is |
2 2 2. 1/2 ;
o‘e.A.B, g(d@ . d@ dp + dp + 3T®) (2.61)
= [ (-2542)" - (-2542)(-3845)% + (- 3345)>
+3C1780) 1% }
= 20680 Psl, 1
«
7
\.

,.-

—
~
&

Fig. 2.21 Stress Element and Stresses.
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Loads On The Mounting Bolt (Mounting Plate - Angle Brace)

These mounting bolts are located at the top of the valve body,
therefore, the loadings applied on these bolts are the same as
those specified in para.2.4.1 and are shown in Fig. 2.22. Since

the bolts are preloaded to maintain surface contact during the
loading cycle, only tensionon the bolts will be considered, shear °
force on the bolt will be neglected (refer to reference
[4]. page 240, para.6-5). The amount of the bolt preload depends
on the magnitudes of the reaction loads in Fig. 2. 22 and the yield
strength of the bolts. Fig. 2.22 shows that the Mounting Plate-
Angle Brace Bolts are located further from the Valve Center Line

than that of the Mounting Plate-Valve Body Bolt, Since both of them are

of the same size (bolt diameter), the Mounting Plate-Angle Brace
Bolt will have the higher stress value and therefore will be the limit
of the joint. In the following discussions the above reaction loads
will be calculated and used to determine the required bolt preload.
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Angle
Brace

W deer &

N

B

-

z — -
8 o]
+ avin
2 3
Bolts 1,2,3,4
Y
Mounting
Bolt
(a) (Mounting Plate (b)
- Angle Brace)
ounting
Bolt (Mounting
Plate -Valve Body)

: ~ rs=f = 3,00
,‘Xr6=3.2435' "3 rgy
+) x

olts 4,5

Bolts 5, 6,7, 8
Fy
\ -

\

Valve
Body

Thru
Stud
(Angle

Brace
-Valve
Body)

Fig. 2. 22 Loadings for the mounting bolt
(Mounting Plate-Angle Brace)

1
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1 Reaction Loads on the Bolt Joint.

Due to the preload, the loadings Fy, Fy and T, will not add
load on the bolt. The reaction load from loading My is Vg

as derived in para.2.4.1.(b). 2. With 4 bolts, the tension
on each bolt will be

Direct tension Fgy= 14‘2_ = 2922 _g5820(2.62)

The reaction loads from My are shown in Fig. 2.23. The
Angle Brace and the Valve Body are assumed to behave like
a single structure. Also, the mounting plate is assumed to
rotate as a rigid body about the center line of the valve.

—

i |
—
ol b4
F'/ 4 s
Q " ’v
= 5,109 *2 ; b/ \_l_
d'=—d"'= 3,406 r*
h 4
; 3’“\,{ >
' I ' z : -~ ‘S z
F3,6
; e
d3’ 6= 1023‘
d4, 5= 4239 Valve Body
* Angle Brace
Mounting F
Plate e

Fig. 2,23 Reaction loads on the bolt from My.
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The distributed compressive force is substituted by a ‘
concentrated compressive force F', located at the dis-
tance d' = _g_ da".

By balancing the moment My,

My =(F4,5)(dg, 5 4 F3, gXd3, )+ F' d' (2.63)

With the same approachs as those in para. 2, 4. 3. 2, that is,
the forces are proportional to their distance to the pivot point,
Then

My d4, 5

F = g = 2.

bt 42 +d2  +(d)2 .
4,5 3,6

Therefore the tension on one bolt is

1@,_%_;-4.5 (2.65)
- Mv'diﬁ -
d4‘5 +d§.6+(d')
2 (4239)%4 (1,231)% 4 (3.406 )%

= 1139 b

s (i
(2 ) (2.65 a)

2.6.2 Bolt Preload Requirements.

The amount of preload must be greater than the maximum
resultant tensile and shear loads on the bolt joint.
The resultant tension on the joint is

Fi = R+ Fg (2.66)
= 6582+ 1139
= /205 £

From the reference [ 5], page 303, para. 16, the shear force
can be calculated as (refer to Fig, 2. 22).

Shear force Fg = ¢ rj (2.67)
ith L (2,68)
wi = ‘
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where T, =77520 in-£b (2.9)
Ng = Ng = 4 (2.69)

77520
4(5,193)%+ 4 3,243)2

F5= 517(5/493)= 2685 b

The preload of the bolt will produce a shear force of

=517 ‘i

Fsp = M F, = (.2)03590)= 2718 kb (2,70)
where M = coefficient of friction = ,2 (2.71)
F, = preload of the bolt = 13590 Lb (2.72)

Both the preload F =135900b and the shear force Fgp = 2718 b
are larger than resultant tension Ft = /205 £b and the
resultant shear Fg = 2685 Jo , respectively, therefore it

is a rigid joint.

The resultant tension and shear force will not add a significant
stress in the bolt as long as the preloads are larger than the
resultant loads, respectively,

Load On The Mounting Bolt (Angle Brace-Valve Body).

The major resultant force on this bolt joint will be the tensile
force, and with the same approaches as that in para. 2.6, the
resultant forces and the preload are calculated as follows.

o 4ﬂ

+ 1
T— '
1 =2.005 /—t.:

ﬁ -

Fig.2.24 Angle Brace,
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Assume the angle brace will rotate against its edge, therefore,
from the moment balancing,

= Fr=F, —L (2.74)
2.005

f1
"(1205) m = 604 Sb

The resultant tension and shear force on this bolt joint is Fp
and Fy, respectively.

The resultant tension and the shear force will not add a signifi-
cant stress in the bolt as long as the joint is rigid.

The preload of the bolt is
Which will produce a shear force of

Fsp1 = M Fp
= (.2 )(13590)= 2718 Ab

Both the preload Fp; =/35902band shear force Fgpy = 2718 £6
are larger than the resultant tension Fp = 604 £b and Fy = /205 Lb
respectively. Therefore it is a rigid joint ,

2.8 Mounting Plate to Actuator Loads.

The bolts from mounting plate to actuator consist of 8-3/4-10 UNC
hex. head capscrews. These bolts are located at a radius larger
(7.00 vs. 5.194) than the above analysis, therefore the stress

in these bolts will be less than the ones between the mount ing
plate and body. (See Page 11.1)
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Appendix "A" - Qualification Program for McCannalok

Butterfly Valves wit

h Limitorque Actuators.

PURPOSE - The qQualification Program is designed to meet the reguire-

ments of Bechtel specification 2L529Ts
butterfly valves. The sizes range fro
variation in construction materials,
ments, nozzle loadings, classification
the Bechtel specification.

METHOD =« Qualification of the valves
of testing and analysis. Two valves w
the range - the 8" and 18" sizes,

These valves are given a complete test
stress study, to determine factors for

0103, for a range of McCannalok
m 4" to 30", and there is some
Design factors, seismic require-
+» and other data are given in

is accomplished by a combination
ere selected as representative of

program and a parallel analytical
qualification of the remaining

valve sizes by similarity and further analysis as required, and to pro~-

vide proof that the analytical methods
tive.

TESTING - The representative valves ar

selected are correct and conserva-

e tested as follows:

3.1 FREQUENCY SEARCH - See Wyle Labs Report No. 45116-1. The purpose
of the frequency search test is to show that the fundamental fre-

qQuencies of the valve are greater

than 33 hertz, and that the stress

analysis of the valves, on a static basis, 1s valid.

Sweep testing results of fundamen
the 8" valve and 52 hertz for the

tal frequency were 43.2 hertz for
18" valve. Further data listed

under references tests show that various mountings of the actuators
have no resulting frequencies below 33 hertz.

Since the remaining valves have a
ponents and the two tests results

similar shape, layout, and com-
are well above the minimum freq-

uency requirement; the remaining valves were analyzed for stresses

by rigid body, or static methods.
this appendix.

-

See comparisons in para. 3.4 of

3.2 FUNCTIONAL TEST - See Wyle Laboratories Report No. 451162, This

test consists of Seismic Test and

Static Test of 8" and 18" valves,

The purpose of this test is to show that the valve assembly will
operate properly under simulated seismic conditions and combined
loadings. The tests were performed at Wyle Laboratories (seismic)
and Rockwell Flow Control Division (static), respectively, and the
test results and means of extrapolations (to the other sizes) are
presented.
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3.3 MAXIMUM STRESS CONSIDERATIONS - For the 8" and 18" valves,

a complete static stress analysis is performed to determine the
locations and magnitudes of the maximum stresses under combined
loading, and to show that these stresses do not exceed the maximum
allowed stresses. The stress analysis also shows members and
locations where the stresses are very low, or insignificant,

Correlation of results from the stress analysis of the 8" and 18"
valves are used as a basis for simplification, by similarity, of the
stress values for the remaining valve sizes. As examples - points
having very low stresses, need not be calculated, and the maximum
Strc.s calculations are performed at similar locations on the other
sizes of valve.

Other simplifications are utilized such as: A smaller operator on
the same valve size will result in lower stresses by similarity and
separate calculations are not required.

3.4 EXTRAPOLATIONS OF FREQUENCIES - By examining the section properties

of the valve body extension portion it is found that the torsional
vibration mode will give the lowest natural frequency. (This was
determined by preliminary calculation of the various sizes of valves,
but not included in the body of the report because of the volume of
steds and calculations. Also by examining Wyle test report number
45116-1 it can be visually seen that the greatest deflection is in
the torsional mode. See page 24 of the report and a copy included
here in as page 5 . The:efore it will be the base for extrapolation.
The frequency equation is,

l -
C e (g /—53-{\_>1 -

Where G is the modulus of ri gidity in torsion, psi.
K is the torsional constant, in.
J = mr®, mass moment of inertia, 1b; - in - 2,
1 is the length of the extended valve body, in.

1,2
Therefore f2 '[Kg (JD 3 ] / (A, 2)
Ky (3,

Actuator,J -
e < Iz
X~y plane
Extended '
A

Valve
Body, K 1
< // '
s 3
/ t: H

Fig.A.1 Torsional Vibration,
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Table Al shows the frequency trend based on this approach.

TABLE Al

———— e e
Fundamental frequency based on ratio using torsional modulus.

Valve g K 1 f f
Size 2 4 Tested Extrapolated
(in.) (lbf-in-s ) (in. ") (in.)  (H2) (Hz)
4 44,12 1.762 1.30 — 53.6 f
8 44.12 1.655 1.88 43,2 8" BFV
10 31.20 1.843 1.88 ——— 54.2
12 63.60 3.965 2.34 ——— 49.9
14 65.86 4.613 2.34 —— 49.9 . -
16 66.86 8.698 4 00 ——— 52.4 18"BFV
18 74.18 9.472 4.00 51.9
24 103.1 18.858 4,50 - 58.6
30 193.9 32.216 4.50 ———— 55.8 ‘

Table Al Notes:

l. m, mass moment of inertia is based on the Limitorque actuator weight
and can be found on Page 7 or 8 of the report. :

2. r, radius from valve stem centerline to actuator c.g. is (a2+b2)l/2
where a and b can be found on Fig. 2.1, generally page 16 or 17 of the
report.,

3. K is twice the value of K from Roark (bibliography ref. 1) page 290,

case 4. Where 2a = 2e and 2b=2f, and 2e and 2f can be found in Fig. 5.5,

of page 21 of the reports. For section A-A. Except for the 4" size
which is given on page 24 of report DR-65407-3,

4. 1=h where h is shown in Fig. 2.6 (a). Pages 22, 23 or 24 of the reports,

3.4.1 Examples of extrapolation.
1/2

= 0.7878

fo |KgJeLe 1.655X44,12X1.25

fo = f5X0.7878 = 43,2X0.7878 = 34.03

(1) fe _[KaJ.Le]”f [o.eaaxaa.lzxx.aaj

= 0.9300

@) £ fkedsotie]''? [ 94721193, 05, 50] /2
f30 |[KsoJie Lig 32.216X74.18X4.00]
1.9

f&o = i

0.93 .93~ 35.81
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PAGENO. 24

( TEST REPORT NO 45116~1

INPUT EXCITATION UNDEFORMED
ACTUATOR moToR ¢

=== <=< DEFORMED

VALVE STEM ¢

SPECIMEN 1 (8" VALVE)
LONGITUDINAL AX13
¢ FREQUENCY « 43.1 Hz

WYLE LABORATORIES

Muniseiig b Wity
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APPENDIX B

Tested Stall Torque Value Of Limitorque Actuators.

The torque values are from Mr. C, Doremus of Limitorque
Corporation, letter dated October 29, 1980. The stall torque
values of actuators are by actual measurement. The highest
stall torque values are used in Appendix C for stem key and
taper pin stress calculations.

oy

-~
" 4
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LIMITORQUE conponA'noﬂ“

v 5114 Woodall Road « P. 0. Box 11318 + Lynchburg, Virginia 24506
J , Telephone-—804-528-4400 + Telex—82-9448

Reply to:

101 East Midway Drive
Willowbrook, (Hinsdale), Hlinois 60
Phone: (312) 887-7170

October 29, 1980

Hills McCanna Company
400 Maple Avenue
Carpentersville, IL 60110

Attention: Mr. Tom Rost

Reference: Hills McCanna Order No. B-69000
Limitorque Order No. 3B7779, Item E

Dear Tom:

In our discussions of September 18, 1980, you expressed a concern
that some of the units on the above referenced order and item
would not function your valve. This concern was developed from

euaa some relatively low stall torque figures. At my request, Mr. Pat
McQuillan of our Lynchburg facility has reviewed the stall torque
figures and the operating torque figures oL your valve and has
stated unequivocally that the units are capable of opening the
torque switch, and thus supplying the necessary torque required
to operate your valve.

If I can be of further assistance in this or any other matter,
please do not hesitate to contact me.

Very truly yours,
LIMITORQUE CORPORATION
7

/ w

Chuck Doremus

SALES REPRESENTATIVE

Ch/ral
“ cc: Pat McQuillan/Lybg

P. S. This is a correction of the September 23, 1980 letter.

{ Q

-

Automated Valve Operators and Jacks for Industry



UNIT

SMB-000/HOBC
"

HOBC
HOBC
HOBC

HOBC
HOBC

HOBC
HOBC
HOBC
HOBC

HOBC
HOBC
HOBC
HOBC
HOBC
HOBC
HOBC
HOBC
HOBC
HOBC
HOBC
HOBC

H1BC
H1BC
H1BC
H1BC
H1BC
H1BC
H1BC
H1BC
H1BC
H1lBC
H1BC
H1BC
H1BC
H1BC
H1BC
H1BC
H1BC
KE1BC
H1BC
H1BC
H1BC
H1BC
H1BC
H1BC

S/N

275424
275425
275424
275427

275432
275433

314353
314354
314355
314356

273792
273793
273794
273795
273796
273797
273798
273799
273800
273801
273802
273803

274398
274399
274400
274401
274402
274403
274404
274405
274406
274407
274408
274409
274410
274411
274412
274413
274414
274415
274416
274417
274418
274419
274420
274421
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Valve
Size

STALL TORQUE ('#) (in)

190
185
190 4
185

215
230 (A)

515
620(A) 6
505
550

415
405
355
410
355
355 v
620
565
580
515
695
700(A)

375
360
340
405
530
545
315
345
315
515 10
380
535
485
330
365
350
470
385
420
340
375

410
580(A)

335 (! D3
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ITEM UNIT §/N STALL TORQUE ('#) _(in.)

r-1 SMB-00 /H1BC 272026 2,235 (A)
r-2 - H1BC 272027 1,840
y=3 . H1BC 272028 1,635
F-4 . H1BC 272029 1,475

G-1 H1BC 273816 1,565
G-2 H1BC 273817 910
G-3 H1BC 273818 860
G-4 H1BC 273819 1,020
G-5 H1BC 273820 910
G-6 H1BC 273821 965

H-1 H1BC 273828 1,225
H=-2 H1BC 273829

H-3 H1BC 273830 1,125
H-4 H1BC 273831 1,190

I-1 H1BC 273836 2,155

I-2 H1BC 273837 2,270 14
I-3 H1BC 273838 1,940 (CBFA-362)
I-4 H1BC 273839 1,705 Non-Active

I=3 H1BC 273840 1,770

I-6 H1BC 273841 1,645 Valves

J=-1 SMB-00/H2BC 273848 1,955

J=2 H2BC 273849 2,100

J=3 H2BC 273850 2,320

J-4 H2BC 273851 2,425

J=5 H2BC 273852 2,235 14
J=6 H2BC 273853 2,395 (CBFA-363)
J=7 H2BC 273854 2,360 .
J-8 H2BC 273855 2,360 Active
J-9 H2BC 273856 1,965 Valves
J=10 H2BC 273857 2,100

J-11 H2BC 273858 2,290

J=12 H2BC 273859 2,675(A)

K~-1
K-2
K-3
K~-4
K-5
K-6
K=-7
K-8
K-9

H2BC 273872 1,740
H2BC 273873 1,820
H2BC 273874 2,060
H2BC 273875 1,890
H2BC 273876 1,920
H2BC 273877 2,115
H2BC 273878 2,360
H2BC 273379 2,490
H2BC 273880 2,200




3B7779

ITEM

K-10
K-11
K-12
K-13
K-14
K-15
K-16
K=-17
K-18

L-1
L-2
L-3
L-4
L-5
L-6

M-1
M-2
M-3
M-4

N-1
N-2
N-3
N-4
N=-5
N-6
N=-7
N-8

UNI

T

SMB-00/

SMB-0/

H2BC
H2BC
H2BC
H2BC
H2BC
H2BC
H2BC
H2BC
H2BC

H2BC
H2BC
H2BC
H2BC
H2BC
H2BC

H3BC
H3BC
H3BC
H3BC

H3BC
H3BC
H3BC
H3BC
H3BC
H3BC
H3BC
H3BC

H3BC
H3BC
H3BC
H3BC
H3BC
H3BC
H3BC
H3BC

H3BC
H3BC
H3BC
H3BC
H3BC
H3BC

S/N

273881
273882
273883
295881
295882
295883
295884
295885
295886

275530
275531
275532
275533
275534
275535

273896
273897
273898
273899

273904
273905
273906
273907
273908
272909
273910
273911

275929
275930
275931
275932
275933
275934
275935
275936

280513
280514
280515
280516
280517
280518
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STALL TORQUE ('#)

Valve
Size
(in.)

2,470
2,440
2,020
2,665(A)
2,145
2,495
2,350
2,180
2,100

2,000
2,155
2,040
2,040
1,815
2,610

16

4,200
3,750
4,250
4,050

3,600
3,650
3,200
3,500
5' 100
5,090
5,200 (A)
4,535

3,600
3,400
3,225
3,400
4,390
4,195
3,775
5,160

18

7,960
7,000
7,700
6,800
6,700
5,400

op

24



L.

T

3B7779
ITEM

P=7
pP-8
-9
P-10

UNIT

SMB~-

2 28 3 8 3 %38 3 3 ==

0/H3BC
H3BC
H3BC
H3BC
H3BC
H3BC
H3BC
H3BC
H3BC
H3BC
H3BC
H3BC

H4BC
H4BC
H4BC
H4BC
H4BC
H4BC

S/N

280519
280520
280521
280522
280523
280524
293723
293724
293725
293726
293727
293728

286379
286380
286381
286382
286383
286384

DR-65407-32
Appendix B
of
PGt
Valve
Size
STALL TORQUE ('#) _ (in.)

8,000
8,945
9,315
10,530
9,170
9,200 24
9,625
9,060
9,085
10,005
11,000 (A)
10,475

10,875

12,475 (A)

10,675

11,940 30
12,200

11,810

(A) Torque values are used in App. C calculations,
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Shear stress calculations for stem key and taper pins,
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Summary of taper pin vs. motor stall torque and key vs. motor 9-2-81
stall torque.

1) 36" AL-BRZ. is on ANSI orders,
2) Limitorque values are based on tested stall torque listed in App. B.

3) EIM (36") is based on value furnished by EIM (calculated stall torque
not given).

4) Brown & Root Spec. 2L529TS0/03 Para.3.2.2.2 (
Spec. TL539TS502D  Para. 3. 2.2, 2 (ANSI)
TAELE C1

Torque Capacity % Greater Than Motor Stall Torque Based On
Material Yield.

1 2 3
Valve
Size PIN Key
(in.) (%) (%)
Rl 56 65
6 46 1.3
8 130 12
10 388 118
12 109 41
14 74 18
16 190 20
18 149 97
24 100 56
30 50 30
36 258 350

1. Taper Pin Torque Capacity Calculations.
Tg =2 (T—dz)TyanD
T3 = Transmitting Torque
d = Mean Diameter of Disc Taper Pins
?up = Ultimate Shear Stress
n = Number of Taper Pins

Bo

D = Stem Diameter
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Uy = Yield Stress in shear 9-2-81 |
r Tig=A? A = X a2np ‘
TABLE C2
Torque Capacity Calculations For Taper Pins.
1 2 3 4 5
Valve
Size d D n A
(in.) (in. ) (in.) (in. 3)
4 . 235 .18 2 . 0651
6 . 323 1. 00 2 . 1639
8 . 385 1. 25 2 .2910
10 . 466 1. 50 2 . 5117
12 . 554 1.75 2 . 8437
s » 14 . 554 1.75 2 . 8437
. 16 . 867 2.00 2 1.3977
12 . 665 2.25 3 2. 3444
24 . 649 3.00 4 3.9697
30 . 970 3.50 3 7.7583 AL.-BRZ,
L. 36 . 970 3.78 3 8.3136 AL.-BRZ,
w/EIM Actuator
1) For 17-4PH. SA 564 GR, 630 H1100
Tensile stress - 140000 psi
Yield stress - 115000 psi
, Ty = 66355 psi shear (. 577 x 115000)
(



2)

For Aluminum Bronze
ASME: SB150 Alloy 630
Tensile stress - 100, 000 psi
Yield stress - 50, 000 psi

'Zy = 28850 psi shear (.577 x 50000)

TABLE C2 (continued)

1 6 7

DR-65407 -32
Appendix C

Page 4 of 5
9-2-81

8

Valve Tested Motor Tg3' based
Size  stall torque on 17-4PH
(in.) from App.B

(1b, = in,) (1b, - in,)

% greater
than stall
torque (C)

4 2760 4320
6 7440 10875
8 8400 19309
10 6960 33954
12 26820 55984
14 32100 (A) 55984
16 31880 92744
18 62400 155562
24 132000 263400
30 149700 223855 (B)
36 66996 230847 (B)

(A) Based on the higher value of two sizes,
(B) 30" & 36" based on AL, -BRZ, pins.

Stem Key Torque Capacity Calculations,

T

¢ 2 .- 2
Te = Torque to crush in pound inches
D = Shaft diameter

0. = Yield compressive stress

= 115000 psi yield for 17-4PH H1100

B « HLD

56
46
130
388
109
74
190
149
100
50 (B)
258 (B)

Fig. Cl,
Stem and Key.
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TABLE C3 9-2-81
Torque Capacity Calculations for Stem Key.
1 2 3 4 5 6 7
Valve %greater than
Size H L D B Te stall torque
_din.) (in.)  (in.)  (in.) (in.3) (1b-in.)
4 + 13 1,12 .75  .0252 2898 5
6 .19 .94 1.00 .0448 10260 (A) 38
8 .19 1,38 1.25 ,0819 0422 12
10 .25 1.41 1.50 ,1322 15201 118
12 .35 1. 50 1.75 .1641 37734 (A) 41
14 « 25 1. 50 1. 75 . 1641 37734 (A) 18
16 .38 1.75 2.00 ,3325 38237 20
18 .38 2.50 2.25 .5344 122912 (A) 97
24 . 50 2,38 3.00 ,8925 205274 (A) 56
30 . 62 3.12 3.50 1,60926 194649 30
36 .82 4.51 3.75 2.6214 301461 350

(A) Two keys 90° apart.

e, ﬁ\)
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APPENDIX D

Static Test Of Representive Valves

The purpose of this test is to demonstrate the functional operability
of the valve-actuator assembly under all design loading conditions as
per Brown & Root Spec. 2L528TS0/04, App.C & D. The test is per-
formed on two representive valves, 8" & 18" valves, as per Hills-
McCanna PS-2-2.43, PS-3-2,7 & PS-3-2, 10, respectively.

Test results of these two representive valves are included herein,

It shows that both of the representive valves successfully passed the
tests and fulfilled the requirements of Brown & Root Specification.

(h \
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HILLS-McCANNA PRODUCT DEVELOPMENT TESTING

REPORT NUMBER PRODUCT DATE ISSUED

1041-BFV 50 Butterfly Valve 9-17-£

TITLE 8" 1L151-CI-Z-S6 Butterfly Valve With Limitorque Actuator
Model SMB-000-2- HOBC., Reference: CBFA 356; Valve B/M
1.31510229 and Fixture Dwg. BFV-81-27,

Requested By Engineer Assigned |P.D.T. Assignment

C.Wu T.E. Rost 81-BFV-17
Tested By Conclusions By Reviewed By App
Laboratory Staff A.J.Wild T.E. Rost L. ‘u{
Date: 8-18-81/8-288l Date: 9-15-81 Date: 9-16-81 Date: 4§ -17-8(

Object Of Test:

To demonstrate the functional operability of the valve-actuator
assembly under all design loading conditions. The pipe nozzle loads and
flow dynamic torque are applied. The seismic load is simulated by a static
side loading as a result of natural frequency being greater than 33 Hz.
Reference: PS-3-2,7 Dated 7-23-81

Conclusions:

The 8" 1.151-C1-Z-S6 butterfly valve with Limitorque actuator
model SMB-000-2-HOBC was subjected to the static deflection test out-
lined in PS5-3-2, 7 and compliance to the specification requirements were
obtained,

.. 638
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PRODUCT DEVELOPMENT TESTING SUMMARY OF RESULTS

e
e

ASSIGNMENT NUMBER

| 81-BFV-17 8" BFV Test Report
! Test Report Number | 1041-BFV 50 ||Page 2 of 5 Ppages
Prepared By Tests Witnessed By Reviewed By 2

A.J.Wild

|__P.D. T Manager
Date 8-21-81/8-28-81

A.J.Wild (P.D.T.)
h C.Wu C Wa (Enginee
G.Smidé-w (Quality Contnd)

Static deflectiontest per PS-3-2.7 of 8" L151-1-Z-S6
butterfly valve. Ref. CBFA 356 and BFV-81-27,

Director of Nuclear Prod.}

Date 9-16-81

I

[. Pre-test seat leakage; nozzle loading not applied.

285 psig ambient temperature water, (max. 2. 7cc or 94 drops in 10 minutes)

} There was no leakage across the seat through the ¢ntire 10 minute
test period. (Tested 8-21-81)

Il, Operation of valve from closed to open position; nozzle loads applied, (a) '
L A._Full Voltage: 460 Volts, (Tested 8-28-81)

Cycle Timed Calculated Remarks on
No, 30° Operation 90° Operation Valve Operation
i 3,00 seconds 2,00 seconds . _smaoth
2 2,84 seconds 8.52 seconds _smaath
- - 2,990 seconds. 8.97 secands. Ssmaooth
B. Reduced Voltage: 368 Volts, (Tested 8-28-81)
Cycle Timed Calculated Remarks on
No, +0° Operation 90° Operatign_ | __Valve Operation
1 3.03 seconds 9.09 seconds smooth
2 3.06 seconds 9, 18 seconds smooth
3 3,07 seconds 9,21 seconds smooth

III. Post- test seat leakinge; nozzle loading not applied.
285 psig ambient ten rerature water., (Max. 2. 7cc or 54 drops in 10 minutes )

test period.

There was no leakage across the seat through the entire 10 minute
(Tested 8-28-81)

-

Post-test Inspection. (b)

valve components,

There were no visual or liquid penetrant defects noted on any of the
(9-14-81)

NOTES: (a) '

Reference Appendix A on Page 3 for schematic of load application
and applied loads.

(b) Reference Appendix C on Page 5 for certificate of examination.

(Max. 10 seconds for 90° operation)

(4 6:;
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9-2-81

PRODUCT DEVELOPMENT
e ———————————

TESTII'G SUMMARY OF RESULTS

ASSIGNMENT NUMBER

81-BFV-17 8" BFV Test Report
Test Report Number 1041-BFV 50 || Page 3 of S__ Pares
Prepared By Reviewed By Aooroved Bv
Laboratory Staff C.R. Kersten A.J.Wild
_Laboratory Supervisor __ l|P.D.T. Manager
Date 8-21-81/8-28-81 Date 8-28-81 Date 8-28-81

Static deflection test per PS-3-2,7

of 8" L151-C1-2-S6

butterfly valve. Ref. CBFA 356 and BFV-81-27,

' Aggendix A

> Uyrame torgar B '
T T v 1800 AT 1%
— - W

———Ta_tr “1

- . - )
™ s o‘:an

©M~¢

Bensag lood helsr50 W,

‘::?‘:.“-W‘a 4 @ + @

II, Applied loads. (

‘ . Appli *)

@ Static Force 2168 Lbs.

Miller cylinder S/N 80501932
Calibration: 12,005 Lbs/psig
pressure set at 181 psig to obtain 2173 [b

@ Simulated flow dynamic torque
Tmax 1800 Lb. - In,

Bellows cylinder S/N 1175-S
Calibration: 2, 8401 Lbs/psig

pressure set at 125 psig to obtain

1890 ¢+ 90 Lb-In valve operating torque.

@ Shear load 33680 Lbs.

OTC cylinder S/N 25104
Calibration: 9. 127 Lbs/psig
pressure set at 3690 psig toobtain 33679 Lbs

@ Bending (Fg), Torsional (Fg) and
Shear load 16, 750 Lbs.

185 Lb-Ft torque applied to lubricated
3/4-10 bolt.

@ Axial compression 40410 L.bs,

149 Lb-Ft torque applied to three (3)
lubricated 3/4 - 10 bolts .

Companion and fixture flange
bolting torque

275 Lb-Ft torque applied to lubricated
stud nut fasteners

NOTE: (*) Reference Appendix B on page 4 for equipment calibration record.
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Appendix D Page 5 of 11 - 9-2-81

PRODUCT DEVELOPMENT TESTING SUMMARY OF RESULTS

8" BFV.Test Report
est Repo u e 1041-BFV 50 Page 4 of 5 __ Pages
Prepared By Reviewed By Approved By
boratory Staff LC.R.Kersten LA J Wild
Lzboratory Supervisor P.D.T. Manager
Date 8-18-81/8-20-81 Date 8-28-81 Date 8-28-81

butterfly

Static deflection test per PS-3-2.7 of 8" L151-C1-2-S6

valve. Rev.CBFA 356 and BFV-81-27.

Appendix B
Equipment Calibration Record

Miller cylinder SIN 80501932, 8-19-81 (Dillon Force Gage 0-5000 Lbs)

Pressure gage 0-1000 psig, 8-18-81 (Dead Weight Test)

Bellows cylinder ®/N 1175-S, 8-19-81 (Dillon Force Gage 0-5000 Lbs)

® |®

Pressure gage 0-600 psig, 8-19-81 (Dead Weight Test)

0-450 Lb-Ft torque wrench, 2-28-81 (Q.C.Department Record)

O.T.C. cylinder °/N 25104, 8-19-81 (Dillon Force Gage 0-5000 Lbs)

Pressure gage 0-10, 000 psig, 8-18-81 (Dead Weight Test)

0-450 Lb. Ft torque wrench, 2-28-81 (Q.C.Department Record)

200 Lb capacity spring scale, 8-20-81 (Instron Calibration Weights)

@666

0-450 Lb-Ft torque wrench, 2-28-81 (Q.C.Department Record)

. l PR
Uo 71




400 MAPLE AVENUE, CARPENTERSVILLE. ILLINOIS 60110 312/426-4100 CABLE HILLSCANA TELEX 722-442

DR-65407-32 Appendix D Page 6 of 11 - 9-2-§1 8" BFV Test Report 1041-BFV 50

Page 5 of 5 Pages
HILLS-McCANNA COMPANY

APPENDIX C

CERTIFICATE OF EXAMINATION

DATE_9-/4-8/

Houston Lighting & 35-1197-4028 (Unit 1)
CUSTOMER Power Company CUSTOMER P.O.NO. 35-1197-8028 (Unit 2)
N65407
HILLS-McCANNA SALES ORDER NO. N65408 SHOP ORDER NO. 65407

PRODUCT DESCRIPTION: 8'" 150 Class Butterfly valve which has been seismic
and static deflection functional tested (with Limitorque actuator). This certifi-

e cate covers post test inspection of parts.

The following described parts have been liquid penetrant tested and accepted in
compliance to the ASME Boiler and Pressure Vessel Code Sect. III, Div, 1,
Body, retainer, disc, stem, gland flange and gland flange studs.

Method and acceptance in accordance with Document No. QSN 8-6 Rev.C

The balance of the parts were visually inspected andno signs of inceptive failure
were found.

BATCH NUMBER: 81B03W penetrant, 79B091 developer

Certified Liquid Penetrant Inspector Z : 4/%4&%&%
By Hills-McCanna Co. Q.A. doaN. P gfmmghgﬂ U1y
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v’

sl REPOLL dpe 4 UL v

HILLS-McCANNA PRODUCT DEVELOPMENT TESTING

REPORT NUMBER

PRODUCT

DATE ISSUED

-

1042-BFV 51 Butterfly Valve 9g-22-81
TITLE 18" L151-CI-Z-S6 Butterfly Valve With Limitorque Actuator

Model SMB-00-15-H3BC. Reference: CBFA-366; Valve B/M
L.34110204 and Fixture Dwg. BFV-80-45.

Requested By

Engineer Assigned

P.D.T. Assignment

C. Wu T. E. Rost 81-BFV-18
Tested By Conclusions By Reviewed By Approved By
Laboratory Staff A. J. wild T. E. Rost %R [UD“U-C
Date:8-20-81/9-11-81] Date: 9-21-81 Date: #-4/-&/ |Date: 9-22-8(

Object Of Test:

Reference:

Conclusions:

obtained.

To demonstrate the functional operability of the valve-actuator
assembly under all design loading conditions. The pipe nozzle loads and
flow dynamic torque are applied. The seismic load is simulated by a static
side loading as a result of natural frequency being greater than 33 H,.
PS-3-2.10 Dated 7-23-81

The 18" L151-CI-Z-S6 butterfly valve with Limitorque actuator
model SMB-00-15-H3BC was sub ected to the static deflection test outlined
in PS-3-2.10 and compliance to the specification requirements were

vq‘4
(

119
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PRODUCT DEVELOPMENT TESTING SUMMARY OF RESULTS
| ——

ASSIGNMENT NUMBER 81-BFV-18 18" BFV Test Report

Test Report Number 1042-BFV .51 |Page 2 of 5 Pages
Prepared By Test Witnessed By Kviw

A. J. Wild A.J. Wild (P.D,T,) T. E. Rost oZd# el

P.D.T, Manager C. Wu (Engineering) (. 4 || Director of Nuclear Prod. E
Date 8-20-81/9-21-81 G. Smid (Quality Control) [lDate 9-2/-8/

li

Static deflection test per PS-3-2.10 of 18" LL151-CI-Z-S6
butterfly valve. Ref. CBFA 366 and BFV-80-45

I. Pre-test seat leakage; nozzle loading not applied.
285 psig ambient temperature water.

) There was no leakage across the seat through the entire 10 minute
test period. (Tested 8-20-81)

II, Operation of Valve from closed to open position; nozzle loads applied (a)

A. Full Voltage; 460 Volts (Tested 9-11-81)

Cycle Timed Calculated Remarks on
No. 30° Operation 90° Operation Valve Operation
3.20 seconds 9.60 seconds Smooth
2 3.19 seconds 9.57 seconds Smooth
3.10 seconds 9. 30 seconds Smooth

B. Reduced Voltage; 368 Volts (Tested 9-11-81)

Cycle Timed ! Calculated Remarks on
No. 30° Operation | 90° Operation Valve Operation
1 3.17 seconds 9.51 seconds Smooth
2 3.20 seconds 9.60 seconds Smooth
3 3.17 seconds 9.51 seconds | Smooth

III, Post-test seat leakage; nozzle loading not applied.
285 psig ambient temperature water.

One drop of water formed during the 10 minute test period.
(Tested 9-11-81)

IV. Post-test Inspection (b)

There were no visual or liquid penatrant defects noted on any of
the valve components. (8-21-81)

Notes: (a) Reference Appendix A on Page 3 for schematic of load application
and applied loads. (Max. 10 seconds for 90° operation,)

(b) Reference Appendix C on Page 5 for certificate of examination.
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PRODUCT DEVELOPMENT TESTING SUMMARY OF RESULTS

ASSIGNMENT NUMBER 81-BFV-18 18" BFV Test Report
est Report Number 1042-BFV 51 IPage 3 of 5 Pages
Prepared By Reviewed Blﬁ_%_ Approved By
Laboratory Staff C. R. Kersten A. J. wild
Laboratory Supervisor P.D.T. Manacer
Date 8-18-81/9-11-81 Date 9-11-81 Date 9-11-81

butterfly valve.

d

« Static deflection test per PS-3-2.10 of 18" L151-CI-Z-S6
Ref. CBFA 366 and BFV-80-45.

Appendix A

Applied Loads (*)

——— . — —— ———— " " ———

ove
amomtoie a0 T 3\

B A ™ B

yramc tergue

C
i 3;1@ Triana heng

ol .
<5 ©+0

Saeer oa
512y

Static Force 3995 Lbs.

Miller cylinder S/N 80501932
Calibration: 12.005 Lbs. /psig
Pressure set at 333 psig to obtain 3998 Lb

Simulated Flow Dynamic
Torque Tmax 15,000 Lb. -In.

Bellows cylinder S/N 9792
Calibration: 2,795 Lbs. /psig
Pressure set at 500 psig to obtain
14,380 1.b-In valve 6perating torque.

Shear LLoad 69, 100 Lbs.

O.T.C. Cylinder S/N 25104
Calibration: 9.127 Lbs/psig
Pressure set at 7571 psigto obtain 69100 Lt

Bending (F,), Torsional (Fy) and
Shear Load 55, 530 Lbs.

O.T.C. Cylinder S/N 25265
Calibration: 9.51 Lbs/psig
Pressure set at 5839 psigto obtain 55, 530 Lt

Axial Compression 99, 900 Lbs.

511 Lb-Ft torque applied to four (4)
lubricated 1-1/4 - 7 UNC bolts.

Companion and Fixture Flange
Bolting Torque 975 Lb. -Ft.

CHOINONN®

975 Lb-Ft torque applied to lubricated
stud nut fasteners.

Note: (*) Reference Appendix B on Page 4 for equipment calibration record.
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PRODUCT DEVELOPMENT TESTING SUMMARY OF RESULTS

ASSIGNMENT NUMBER

81-BFV-18 18" BFV Test Report

Test Report Number

Prepared By

—=

Reviewed By

1042-BFV 51 Page 4 of 9 Pares

Approved By

Laboratory Staff C. R. Kersten A. J. Wild
Laboratory Supervisor P.D.T. Manager
Date 8-18-81/9-11-81 Date 9-11-81 Date 9-11-81

-

Static deflection test per PS-3-2.10 of 18" LL151-CI-Z-S6
butterfly valve. Ref. CBFA366 and BFV-80-45.

Appendix B
Equipment Callibration Record

Miller Cylinder S/N 80501932,

8-19-81 (Dillon Force Gage)

Pressure Gage 0-1000 psig, 8-18-81 (Dead Weight Test)

Bellows Cylinder S/N 9792, 8-19-81 (Dillon Force Gage)

Pressure Gage 0 - 3000 psig, 8-19-81 (Dead Weight Test)

® |©

0-1550 Lb-Ft Torque Wrench, 8-18-81 (Q.,C., Torque Calibrator)

O.T.C. Cyliner S/N 25104, 8-19-81 (Dillon Force Gage)

Pressure Gage 0-10,090 psig, 8-19-81 (Dead Weight Test)

O.T.C. Cylinder S/N 25265, 9-11-81 (Dillon Force Gage)

Pressure Gage 0-10,000 psig, 9-03-81 (Dead Weight Test)

0-639 Lb-Ft Torque Wrench, 9-10-81 (Q.C. Torque Calibrator)

@600

0-1550 Lb-Ft Torque Wrench, 8-18-81 (Q.C., Torque Calibrator)
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DR-65407-32 Appendix D Page 11 of 11- 9-2-81 18" BFV Test Report 1042-BFV 51

Page 5 of 5 Pages
HILLS-McCANNA COMPANY

APPENDIX C

CERTIFICATE OF EXAMINATION

DATE_Z-2/-8¢
L Houston Lighting & 35-1197-4028 (Unit 1)
CUSTOMER Power Company CUSTOMER P.O.NO. 35-1197-8028 (Unit 2)

N65407
HILLS-McCANNA SALES ORDER NO. N65408 SHOP ORDER NO. 65407

"
PRODUCT DESCRIPTION: /& 150 Class Butterfly valvle which has been seismic
and static deflection functional tested (with Limitorque actuator). This certifi-

. cate covers post test inspection of parts.

The following described parts have been liquid penetrant tested and accepted in
compliance to the ASME Boiler and Pressure Vessel Code Sect.III, Div. 1.
Body, retainer, disc, stem, gland flange and gland flange studs.

Method and acceptance in accordance with Document No. QSN 8-6 Rev.C

The balance of the parts were visually inspected andno signs of inceptive failure
were found,

BATCH NUMBER: 81B03W penetrant, 79B091 developer

Certified Liquid Penetrant Inspector_@/‘éw M
/
By Hills-McCanna Co. Q.A. mﬂ,,,”gmeg.,;g 3118
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STATIC DEFLECTION TEST OF 8" BFV
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HILLS-McCANNA COMPANY PS-3-2.7

Date: 8-17-81
Page 2 of 8
Rev. A

REVISION STATUS SHEET

APPROVAL RECORD

DOCUMENT NUMBER: PS-3-2.7

DOCUMENT TITLE: Static Deflection of 8" BFV

ORIGINAL DATE: July 23,1981

Original Approval:

. ﬂ I; &' \
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PS-3-2.7
Date: 8-17-81

STATIC DEFLECTION TEST OF 8" BFV Page3 of 8

1.

Purpose of the Test:

Rev. A

The purpose of this test is to demonstrate the functional operability
of the valve-actuator assembly under all design loading conditions.
The pipe nozzle loads and flow dynamic torque are applied. The
seismic load is simulated by a static side loading as a result of nat-
ural frequency being greater than 33 Hz, Reference 3. (3).

Descriptive Information:

(1)
(2)
(3)
(4)
(5)
(6)
(7)

Customer Valve I.D.No. 08 ACT BM 62 LS 2A-C RXX
Valve Size & Fig. No. 8" L151C1-Z-S6

Valve B/M No. 31510229

Actuator Description Limitorque SMB-000-2-HOBC
Actuator Mounting Bracket B/M No.H35510218

Sales Dwg. No. CBFA 356

Fixture Dwg. No. BFV -81-27

Reference:

(1)
(2)
(3)
(4)
(5)
(6)

Brown & Root Spec. 2L529TS103D
Hills-McCanna PS-2-2.43, Rev.D

Wyle Labs. Test Repe:t No. 45116-1
Wyle Labs. Test Report No. 45116-2
Hills-McCanna DR-~65407-14.
Hills-McCanna Eng. Lab. Test Request No.

Calculated Data:

(1)

Nozzle Loads Based on App.D of Reference 3. (1):
Fi = 40410 lbs

Fo = 35660 lbs

F3 = 35660 lbs

Ty =80870 1b. - in.

My = 157000 1b, - in.

M3 = 157000 1b. - in.

nn -



PS-8-2.17
Date: 8-17-81
Page4 of 8
(2) Combined Nozzle Loads: Rev. A
Loads have been combined because symmetry of body lends
itself to this simplification.
Tension/Compression Fj = 40410
Shear Load F2.3 =50430 1bs.
Torsion Ty = 80870 1b. - in.
Bending M2-.3 =222000 1b, - in.
(3) Simulated Flow Dynamic Torque:
Tmax, = 1800 1b. - in. based on A P = 150 psi.
Fluid pressure in the hydraulic circuit P =262 psig.
(4) Static Force Calculation:
Actuator Mass M, =230 1b,,
Comr“ined Seismic Acceleration a = 8.57g as per Reference 3. (4).
Static Force F =(1.1)(a)(Mg) = (1. 1)(8.57)(230) = 2168 lbs, *
(5) Full Voltage of Actuator 460 volts

Time limit 10 sec. max. per quarter turn based on Full Voltage.

Reduced voltage . 80 x 460 = 368 volts

* A 10% margin is added as per Brown & Root suggestions.
Air pressure for the loading cylinder is 173 psig.
As shown in Fig. 1, the location of static force application is cffsetted
from actuator C.G. pt. The torsional load, therefore, is increased.
This will lead to a conservative result as the torsional stress is the
dominant factor in stress analysis, refer to eq.2.25 of DR-65407-14.

77 B
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Page 5 of 8
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6. * Test Procedure: Page 6 of 8
) Rev. A
(1) This valve and actuator had previously been seismically

tested at Wyle Laboratories, Wyle Scismic Simulated Test
Report No. 45116-2, and also had performed on it a Resonant
Search, Wyle Report No. 45116-1.

(2) Assemble valve and fixture and apply loads as specified in
Fixture Dwg. No. BFV=81-27.

(3) Apply and maintain the specified loads (nozzle loads, flow
dynamic torque and static force). The nozzle loads are
applied and maintained by torque bolts and loading cylinder,
the flow dynamic torque is applied by the hydraulic circuit,
and the static force is applied by a loading cylinder.

(4) Operate valve by actuator at full voltage, record cycle time
- (cycle time should be within specified time limit). Repeat
operating cycle for two additional cycles. Observe any bind-
ing, seizing or unsmooth cycling.

(5) Operate valve by actuator at reduced voltage, record cycle
time. Repeat operating cycle for two additional cycles. Ob-
serve any binding, seizing or unsmooth cycling.

L Test Results:

(1) Pre seat leakage test: * 1
(a) Test medium Tap Water
(b) Test pressure 285 psig.

(¢) Test time 10 min.

(d) Leakage * 2

(2) Full Voltage (460 Volts) Cycling Test:

(a) Due to the me chanism of the test fixture, the valve disc
can only perform 0° thru 30° open and close cycle. The
test cycle time, therefore, is calculated for 90° compar-
ison purpose.

* 1 Pipe flange bolts can be retightened and sealant can be applied should
leakage happen between valve and pipe flange surfaces.

* 2 Refer to Para.7.(4).(e) for acceptable leakage rate.

- F



PS-3-2.7
Date: 8-17-81
(2) Continued Page 7 of 8
_ Rev. A
(b) 1st cycling test:
30° cycling time sec.
Calculated quarter turn cycling time sec.
Time limit 10 Sec. per quarter turn.
(¢) 2nd cycling test:
30° cycling time sec.
Calculated quarter turn cycling time sec.
(d) 3rd cycling test:

30° cycling time sec.

Calculated quarter turn cycling time sec.
(e) Was operation smooth ? . If no, describe
yes/no
(3) Reduced Voltage (368 volts) test:

(a) As per Para. 7.(2).(a), the valve disc can only be cycled
from 0° thru 30°. The test time is again calculated for
90° operation.

(b) 1st cycling test:
30° cycling time sec.

Calculated quarter turn cycling time sec.

The cycling time at this voltage does not have to meet
10 sec. per quarter turn limit.

(¢) 2nd cycling test:
30° cycling time sec.

Calculated quarter turn cycling time sec.

nao-
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Date: 8-17-81

(3) Continued Page 8of 8

(d) 3rd cycling test:

(e) Was operation smooth?

Rev. A

30° cycling time sec.
Calculated quarter turn cycling time sec.

, If no, describe

yes/no

(4) Post seat leakage test: *

(a)
(b)
| (c)
(d)
(e)

Test medium Tap Water
Test pressure 285 psig.
Test time 10 min.

Leakage

Acceptable seat leakage 2.7 cc per 10 min., 54 drops of
water equivalent,

8. Post Test Inspection:

(a) The valve assembly shall be disassembled and inspected. This
shall include as a minimum Liquid Penetrate Inspection ( per
HMC QSN-8-6) of body, retainer, disc, stem, gland flange and
gland flange studs and visual inspection of other parts.

Report finding (s)

9. Test Location and Date:

(a) Test performed at by
, date
(b) Witnessed by Title 2
date

* Pipe flange bolts can be retightened and sealant can be applied should
leakage happen between valve and pipe flange surfaces.

- ¢
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STATIC DEFLECTION TEST OF 18" BFV
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Date: 8-17-81

STATIC DEFLECTION TEST OF 18" BFV Page 3 of 8

1.

Rev. A

Purpose of the Test:

The purpose of this test is to demonstrate the functional operability
of the valve-actuator assembly under all design loading conditions.
The pipe nozzle loads and flow dynamic torque are applied. The
seismic load is simulated by a static side loading as a result of nat-
ural frequency being greater than 33 Hz, Reference 3. (3).

Descriptive Information:

(1) Customer Valve I.D.No. 18 ACT BM 62 LS2A-ERXX
(2) Valve Size & Fig. No. 18" L151 C1 Z-S6

(3) Valve B/M No. 1.34110204

(4) Actuator Description Limitorque SMB-0015-H3BC
(5) Actuator Mounting Bracket B/M No. H381A0217

(6) Sales Dwg. No. CBFA 366

(7) Fixture Dwg. No. BFV-80-45

Reference:

(1) Brown & Root Spec. 2L.529TS103D

(2) Hills-McCanna PS-2-2, 43, Rev.D

(3) Wyle Labs. Test Report No. 45116-1

(4) Wyle Labs. Test Report No. 45116-2

(5) Hills-McCanna DR-65407-32.

©) Hills-McCanna Eng. Lab. Test Request No.

Calculated Data:

(1) Nozzle Loads Based on App.D of Reference 3. (1):
F; = 99900 1bs
88140 1lbs
88140 lbs
431100 1b. - in,
= 836800 1b, - in,

= 836800 1b. - in,




PS-3-2.10
Date: 8-17-81
Page 4 of 8
(2) Combined Nozzle Loads: Rev. A
Loads have been combined because symmetry of body lends
itself to this simplification.
Tension/Compression Fj = 99900 1bs.
Shear Load Fg.3 = 124600 1bs.
Torsion Ty = 431100 1b. - in.
g Bending M2-3 = 1184000 1b. = in.
(3) Simulated Flow Dynamic Torque:
Tmax, = 15000 1b. - in. based on A P = 150 psi.
Fluid pressure in the hydraulic circuit P = 852 psig.
(4) Static Force Calculation:
Actuator Mass Mgy = 450 lby,
Combined Seismic Acceleration a = 8.07g as per Reference 3. (4).
( Static Force F =(1.1)(a)(Mg) = (1, 1)(£.07)(400) = 3995 lbs, *
(5) Full Voltage of Actuator 460 volts

Time limit 10 sec. max. per quarter turn based on Full Voltage.

Reduced voltage . 80 x 460 = 368 volts

* A 10% margin is added as per Brown & Root suggestions.

Air pressure for the loading cylinder is 318 psig. 1
As sgown in Fig. 1, the loca iog of static force application is offsetted

from actuator C.G. pt. The torsional load, therefore, is increased.
{ This will lead to a conservative result as the torsional stress is the
' dominant factor in stress analysis, refer to eq. 2,25 of DR-65407-32.

nn-
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Page 50f 8
Rev. A
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(b) "Axial X (c)
Compression
£ = 99900 pb;
Torsional lead

Bend,n! load
Fa =58530 %

Shear load
.3 = 12¢600 abg

fa=55530 44

Fig.1 Test Fixture and Applied Loads.
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6. Test Procedure: Page 6 of 8
: Rev. A
(1) This valve and actuator had previously been seismically

tested at Wyle Laboratories, Wyle Seismic Simulated Test
Report No. 45116-2, and also had performed on it a Resonant
Search, Wyle Report No. 45116-1.

(2) Assemble valve and fixture and apply loads as specified in
. Fixture Dwg. No. BFV-80-45.
(3) " Apply and maintain the specified loads (nozzle loads, flow

dynamic torque and static force). The nozzle loads are
applied and maintained by torque bolts and loading cylinder,
the flow dynamic torque is applied by the hydraulic circuit,
and the static force is applied by a loading cylinder.

(4) Operate valve by actuator at full voltage, record cycle time
(cycle time should be within specified time limit). Repeat
operating cycle for two additional cycles. Observe any bind-
ing, seizing or unsmooth cycling.

(5) Operate valve by actuztor at reduced voltage, record cycle
time. Repeat operating cycle for two additional cycles. Ob-
serve any binding, seizing or unsmooth cycling.

7. Test Results:

(1) Pre seat leakage test: * 1
(a) Test medium Tap Water
(b) Test pressure 285 psig.

(¢) Test time 10 min.

(d) Leakage * 2

(2) Full Voltage (460 Volts) Cycling Test:

(a) Due to the me chanism of the test fixture, the valve disc
can only perform 0° thru 30° open and close cycle. The
test cycle time, therefore, is calculated for 90° compar-
ison purpose.

* 1 Pipe flange bolts can be retightened and sealant can be applied should
leakage happen between valve and pipe flange surfaces.

* 2 Refer to Para. 7.(4).(e) for acceptable leakage rate,

nn- o



(2)

(3)

Continued

(b)

(c)

(d)

(e)

PS-3-2.10
Date: 8-17-81

Rev. A
1st cycling test:

30° cycling time sec,

Calculated quarter turn cycling time sec,
Time limit 10 Sec. per quarter tur:n.

2nd cycling test:

30° cycling time sec.

Calculated quarter turn cycling time sec.
3rd cycling test:

30° cycling time sec.

Calculated quarter turn cycling time sec.

Was operation smooth ? . If no, describe
yes/no

Page 70of8

Reduced Voltage (368 volts) test:

(a)

(b)

(c)

As per Para. 7.(2).(a), the valve disc can only be cycled
from 0° thru 30°, The test time is again calculated for
90° operation.

1st cycling test:

30° cycling time sec.

Calculated quarter turn cycling time sec.

The cycling time at this voltage does not have to meet
10 sec. per quarter turn limit.

2nd cycling test:
30° cycling time sec.

Calculated quarter turn cycling time sec.

0)- 0



PS-3-2.10
Date:8-17-81
(3) Continued Page 8 of 8
_ Rev.A
(d) 3rd cycling test:

30° cycling time sec.
Calculated quarter turn cycling time sec,

B (e) Was operation smooth? » If no, describe
yes/no

(4) Post seat leakage test: *
(a) Test medium Tap Water
(b) Test pressure 285 psig.
(c) Test time 10 min.

(d) Leakage

(e) Acceptable seat leakage 6cc per 10 mi n., 120 drops of
water equivalent,

8. Post Test Inspection:
(a) The valve assembly shall be disassembled and inspected. This
shall include as a minimum Liquid Penetrate Inspection ( per
HMC QSN-8-6 ) of body, retainer, disc, stem, gland flange and
gland flange studs and visual inspection of other parts.

Report finding (s)

9. Test LLocation and Date:

(a) Test performed at by
, date ’
(b) Witnessed by Title ,
date :

* Pipe flange bolts can be retightened and sealant can be applied should
leakage happen between valve and pipe flange surfaces.
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Limitorque actuators used in this order shall comply with requirements
of Brown & Root Specification 21529750103. The following paragraphs
list Brown & Root requirements and Limitorque compliance.

1. References:

Brown & Root Specification 21L529TS0103. Note 1.

IEEE Standard 382-1972. Note 1.

IEEE Standard 344-1971. Note 1

NEMA Standard MG1-1972. Note 1.

Limitorque House Order 3B7779. Note 1.

Limitorque correspondences and Nuclear Qualification Data Sheet.Attached.
Limitorque dimensional drawings, Note 2, Wiring diagrans, Note 2, and
actuator units.

Limitorque catalog and instruction manual, Rockwell instruction man-
ual IM-3002 includes Limitorque data. Sent seperately.

Limitorque Test Report B0058. Sent seperately.

Limitorque motor sizing sheet, Note 2, and stall torque test data, Appen-
dix B of this Report.

Limitorque motor test report. Note 1.

Rockwell sales drawings. Note 2.

Rockwell HOPS 65407. Note 2.

Rockwell DR-65407. This Report.

Rockwell PS-2-2.43. Note. 2.

Rockwell Static Test Reports 1041-BFV 50 and 1042-BFV 51.

Appendix D of this Report.
Wyle Test Reports 45116-1 and 2. Note 2.

Limitorque Test Report B0119. Sent Separately.

Not attached.

Sent seperately and approved by Brown & Root.




2. Limitorque Actuator Model List.

Table 1 Limitorque Actuator Model List.

Hills-McCanna Company. Butterfly Valves with Limitorque Actuators Hills-McCanna P.0.C-69000
ASME Section III. For Houston Light & Power. South Texas Project H:lls-McCanna H.0.65407,65408
Brown & Root Specification 2L.529TS103D. Limitorque No.3B7779,
, A through @ ‘
I s 3 I 5 6 T | 8 (] i0 :
Spec.Sht | Valve | Limitorque Actuator In Contain- | Active | NEMA Class H NEMA oP. ;
Pg.No. Size nit Size Ttem | ment Valve B0% Class B | Time
(in.) (C) (A) (B) | (seconds)
3 4 SMB-0001/HOBC A NO YES - YES ——— 10
1 4 SMB-0001/HOBC B YES YES - YES —————— 10
19 6 SMB-0002/HOBC C YES YES = YES e 10
14 8 SMB-0001/HOBC D NO YES - YES ———— 10
16 10 SMB-0001/HIBC E YES NO YES ———— ——— 75
19 12 SMB-0005-HIBC F NO YES —— YES s 10
20 12 SMB-0005/HIBC G NO YES —— YES —— 10
21 12 SMB-0005/HIBC H YES YES —— YES e 10
22 14 SMB-0010/H2BC 1 YES YES -— YES oo 10
24 14 SMB-0010/H2BC J NO YES S YES e 10
29 16 SMB-0010/H2BC K NO YES —— YES ——— 16
30 16 SMB-0010/H2BC L YES YES vessisee YES = p— 10
32 18 SMB-0015/H3BC M NO YES - YES ————— 10
33 18 SMB-0015/H3BC N YES YES ———— YES o 10
34 18 SMB-0015/H3BC O NO YES i YES i 10 oo gt
36 24 SMB-025/H3BC P NO YES - YES oo 10 ‘2 .-"o‘!.i g :'U
T 2% 8 o
. 40 30 SMB-025/H4BC Q NO YES = YES - 10 » o @ E: L
Ol

- NOTES: A-Must meet Appendix C. B-Must meet Appendix H. C-From Limit.Dwg.No.02-416-0004-3.




B. Limitorque Actuator Qualification Finder Listing.
The following reference list applies primarily to technical design requirements.

DR-65407- 32
Appendix E
Page 4 of 23
11-10-81
Rev.A

Specification Location Brief
Paragraph . Description
References
« 3.1-m Refer to discussions under Seismic stress analysis.

3.2.2.1-a,b,c

3.2.2.2-a,b,c,

o

“g

Para.3.2.2.3-i.

DR-Appendices B & C,Ref.(n),

HMC HOPS 65407,Para.9,Ref.(m).

DR-, Ref.(n),
DR-Appendices B & C,Ref.(n),

Motor sizing and Actuator
Cycling.

Motor sizing and stall torque
stress analysis.

Limitorque correspondence,Ref.(f).

Limitorque Std.design,
Linitorque catalog,Ref. (h).

Furnished on actuator, Limit-

orque dimensional dwg.,Ref.(g).

Limitorque Std. design,
Limitorque manual,.Ref.(h), test
report, Ref.(i7 and correspon-
dence,Ref.(f).

Limitorque motor test report,
Ref.(k),40°C motyr temp.rise

tested.

Limitorque Std.design,

15 minutes duty cycle on

motor name plate.

Furnished on actuator.

Refer to Qualification Tests

under Tabie 2 of this Appendix,

Refer to Qualification Tests
under Table 2 of this Appendix.

Not applicable.

* Whero "DR-" is shown it means DR-65407, Ref. (n).

Handwheel mechanism and
double acting torque switch.

Drain plugs and position
udicator.

Motor lubricant.

Mator temp. rise, 135°C max.
per NEMA Std.

15 minutes motor duty cycle.

Actuator lifting eyes.

Aging per IEEE 382 and
Seismic Testing per IEEE 344
and Spec.,App.C.

Accident Enviroment
Prrfile per Spec., App.H.

NEMA Class B insulation
actuators.
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\ Specification Location Brief
Paragraph Description
References

-1 Valve design feature, Stuffing box design for
HMC sales dwgs,Ref.(1). Stem packing.

. -m Furnished on actuator. Motor controls mounted
on actuator.

-n,o Limitorque Std.design, Adjustable limit switches,
Limitorque manual,Ref.(h), contact development
wiring diagram,Ref.(g), requirements, terminal
and catalog, Ref.(h). block device and lead

connection design.

-p Limitorque wiring diagram Ref.(g) Motor and limit switch
space heaters maintain space heaters, 6°C min.
10°~15°F above ambient ambient temp.
as per Limitorque.

" -q Limiterque Std. design, Limit switch, torque
rated NEMA A600 as switch and contacts
per Limitorque. current ratings.

P o Limtorque Std.electric Electric control wiring

practice,
Limitorque wiring diagram and
furnished on actuator,Ref.(g).

per Spec.,App.G.




C. Limitorque Actuator Qualifications per Brown & Root Spec. 2L.529TS103D, Para.3.2.2.3-i and j.
Table 2 Type Test Procedures per IEEE 382-1972, IEEE 344-1271, Brown & Root Spec.2L529TS103D and Limitorque Test Reports, respectively.

IEEE 382-1972 and Brown & Root Spec.2L529TS103D, Limitorque type test procedures, sequentially listed
IEEE 344-1971. Para.3.2.2.3-{ and -§. according to tests performed.*
1. Design Data (not applicable). 1. Design Data (3.2.2.3-1) 1. Design Data (Nuclear Qualification Data Sheet)

{

(a) 1.5 x 108 rads integrated radiation dose.
(b) 122°F temperature.
(e) 80% max. and 20% min. relative humidity .
(d) 0.3 psig. pressure.

2. Aging Simulation 2. Aging Qualification Procedure must comply with
(382, Part I1), IEEE 382-1972 (3.2.2.3-i).
(a) 4 M rad total radiation
per 40 years (Part II,1).
(b) 140°F temperature to the
equivalent of 40 years (Part 11,2).
(¢) 551 relative humidity to the
equivalent of 40 years (Part 11,2).
(d) 500 operating cycles minimum

(u) 40 years (2000 cycles) design life.
(b) 140°F ambient temperature (continuous).
(¢) 60-100% ambient humidity .

Aging Simulation on SMB-0-40 (B0058 and 600156).

(a) Generic qualification by this model and conclusions are
presented in Paragraph D of this Appendix.

(b) Thermal aging on motor stators at 180°C for 100 hrs. (600456, pg.3),
which equivalent to theoretically aged at 60°C for 135 yrs. (B0058,
pg-11). Refer to 600456, App.A for certificate of compliance.

(¢) Mechanical aging for 1208 cycles at room ambient conditions (600456,
pg.3,4 & 11). Refer to 600456, App.B for test data.

(d) Seismic qualification found no resonance from 5 to 35 Hz.

(Part 11,3). Seismic dwell tests at 3g's accel. from 6 Hz to 34 Hz, in each of the
three major axis. Seismic dwell tests at 6g's at 35 Hz, in each of the
three major axis. Actuator operated properly during the above dwell tests
(600456, pg.4, 5 & 12.) Refer to 600456, App.D for seismic test report.
(e) Radiation aging with total dose of 204 megarads (600456,pg.6 & 12).
Refer to 600456, App.C for Test Certification.
3. Seismic Qualification Test 3. Seismic Testing Qualification Procedure Seismic Dualification Tests on SMB-000-5-HOBC (14331-2 and 3),
9344.3,2.3): must comply with (3.2.2.3-1): SMB-1-60-H3BC (B0048), SMB-3-150-H5BC (B0047),
(a) Vibratory forces applied (a) I1EEE 344-1971. SMB-000-2-HOBC (8" BFV) and SMB-00-15-H3BC (18"BFV) (Both covered in
to each of the t'.ree axes (b) Additionsl guidelines stated in 45116-1 and 2, and 1041-BFV 50 and 1042-BFV 51).
independently (3.2.3.1). Specification, App.C: (a) Generic qualification by these models and conclusions are presented
(b) Ngtural frequency search (1) Natural Frequency > 33 Hz (App.C.4.1). in paragraph E of this Appendix.
by continuous sweep with (2) 3.0g in two horizontal directions and (b) SMB-000-5-HOBC (14331-2 and 3).
sine input of 0.2g (3.2.3.2). 2.0g in vertical direction (App.D). (1) Fundamental Natural Frequency of 37.5 Hz detected (B0045,pg.4).
(c) Seismic test at one of the (3) One of the following vibratory motions (2) Sine dwell tests ut 33 Hz frequency, 30 sec. per g level (B0045,pg.3)
following frequencies (3,2,.3,4): (App.C,4.3.1): H, axis at 3,4,5,5.5 g's,
Nutural Frequency, Predetermined Random Motion, Time History, Sine Beat, or H{ axis at 3,4,5.6 g's,
Frequency, or at all frequencies Sweep & Dwell. V axis at 3,4,5,6,7,8,9,1011,12 g's.

within the qualified range.

(d) One of the following test methods
£3.2.3.9):
Sine Dwell Test with 20 to 30 sec.
duration, or Sine Beat Test with

Actuator operated properly open-clc i-open during each dwell with
:nt.ed ‘t::quo output (B0045, pg.4 & 0).
ctua operated properly between ea.) axis change (B0045,pg.4 & 6)
Actuator operated properly after test (Bv045,pg.5). i ;
(¢) SMB-1-60-H3IBC (B0048). p sk
(1) Fundamental Natural Frequency of 34 Hz detected (B0048 ,pg.16).

(2) Sine dwell tests, actuator with seismic s t
gk upport bracket (B0048,pg.

8

4

‘~l

5 beats and 10 cycles per beat. Total of 30 dwell tests performed in three orthogonal axcs. ?-::E

Frequency range from 5 Hz through 35 Hz, ? z :

3 | Input g level from 1 g through 6 g's. s2e

. :.;mlltqr?\n qun!nﬂcauons are found in: (1) Limitorque Nuclear Qualification Data Sheet, zs (.“" poabagsmas: open losed once 3 5 3
) Lim l:.rque Test Report B00S8, (3) B0058, Appendix C (600456) and its Appendices, Ac vl i cyehdm nnd‘mc" . b i o e
(1) BO038, Appendix F (B0037) and its Appendices 10 (14331-2 and 3) and 11 (30048 and RN ey G RIS R e =

l}00i7). (5) Wyle Test Reports 45116-1 and 2, and (6) Hills-McCanna DR-65407, App.D,
Static Test Reports 1041-BRV 50 and 1042-BFV 51, respectively.

7*ASd 18-01-11
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TABLE 2 Continued
IEEE 382-1971 and Brown & Root Spec. 2L.529TS103D, Limitorque type test procedures, sequentially listed sccording to tests
IEEE 344-1971, Para.3.2.2.3-i and -j. performed. Refer to footnote on page 6  for references.
(3) Biexial multiple frequency (random frequency) tests, actuator with
seismic support bracket (B0048,pg.13 & 14):
4 multiple frequency tests performed.
5% damping.
30 sec. duration for each run.
Comparison of test curve and RRS curve for SSE condition is presented
in paragraph E. 3 of theis Appendix.
Actuator was cycled open and closed once per run (B0048,pg.6).
Actuator operated properly during each run (B0048,pg.18).
(4) Plant vibration aging test, actuator with seismic support bracket (B0048,

PE.15).

3 aging tests performed.

Sine curve used.

Frequency range from 10 through 100 Hz and back to 10 Hz.

Sweep rate of 2 octaves per minute.

Peak acceleration of 0.75 g.

Time duration of 90 minutes per test.

Actuator was cycled once every 15 minutes during the tests (B0048,
pPE-6).

Actuator operated properly during the tests (B0048,pg.19).

(d) SMB-3-150-HSBC (B0047).

)
(2)

(&)]

1)

Fundamental Natural Frequency of 35 Hz (R0047, pg.13 & 20) and 32.2 Hz
(B0047 ,pg.10 & 18) detected by two different test methods, respectively.
Biaxial multiple frequency (random frequency) tests, actuator with seismic
support bracket (B0047, pg.11 & 12):

4 multiple frequency tests performed.

5% damping. 20 sec. duration for each run. }

Comparison of test curve and RRS curve for SSE condition is presented
in paragraph E.3 of this Appendix.

Actuator was cycled open and closed once per run (B0047.pg.6).
Actuator operated properly during each run (B0047,pg.19).

Sine dwell tests at 35 Hz frequency, 30 sec. duration per dwell

(BO047, pg.16 & 11):

H, axis 5 dwells at 2.2 g's and 1 dwell at 4.4 g's,

l'l2 axis 5 dwells at 2.2 g's and 1 dwell at 4.4 g's,

Viaxis 5 dwells at 2.2 g's and 1 dwell at 4.4 g's.

Actuator was cycled open and closed once per dwell (B0047,pg.6).
Actuator operated properly during each dwell (B0047, pg.22).

Plant vibration aging test, actuator with seismic support bracket
(BO04T7 .pg.17):

3 aging tests performed.

Sine curve used.

Frequency range from 10 through 100 Hz and back to 10 Hz.

Sweep rate of 2 octaves per minute.

Peak acceleration of 0.75 g.

Time duration of 50 minutes per test,

Actuator was cycled once every 15 minutes during the tests (B0047,pg.6).
Actuator operated properly during the tests (B0047, pg.23).
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IEEE 382-1972 and
IEEE 344-1971,

TABLE 2 Continued

Brown & Root Spec.2L529TS103D,
Para.3.2.2.3-i and -j.

Limitorque type test procedures, sequentially listed according to tests
performed. Refer to footnote on page § for references.

i

A
Sim

cont Fbvironmental

wn (382,

4.4 & FPart 1Y),

(a)

(b)

()

(d)

Rodianon of 200 M rad
equivalent air dose

(Part 1HL,(1)).

Steam exposure with
temperature und pressure
profile per Table 1 and

Fig.1 (Part 111.(3) & (1)).
Chemical spray exposure
(Part 1I1,(3). (a) & Table 1):
24 hrs.continuously spray.
Solution contents per Table 1.
Flow rate of 0.15 (gal/min) /ft2
of area of the test sample.
Operate actuator sccordingly
(Part 11, (1) through (4)
and Fig.1).

4. Accident condition operability
(3.2,2.3-)):
(a) 100% relative humidity.

(b) 1.5 x 108 integrated radiation dose.

(c) Pressure and temperature
transients per App.H.

(e) SMB-000-2-HOBC with 8" BFV (45116-1 and 2, 1041-BFV 50).

(1) Fundamental Natural Frequency of 43.1 Hz detected (45116-1, pg.8).

(2) Sine beat tests (45116-2, pg.5 & 10):
Total of 23 tests performed.
Frequency range at 33 Hz, 34 Hz and 35 Hz.

Horizontal (longitudinal or lateral) at 3.0 g's and vertical at 2.0 g's.
10 oscillations per beat and 6.6 sec. duration approx. per test.

Actuntor operated properly during each test (45116.2, pg.1).

(3) Static test with static force equivalent to 9.4 g's (I'S-3-2.7, pg.4).
rly under the side loading (1041-BFV 50, pg.

Actuator operated prope
(f) SMB-00-15-H3BC with 18" BFV (45116-1 and 2, 1042-BFV 51).

(1) Fundamental Natural Frequency of 51.9 Hz detected (45116-1,pg.8).

(2) Sine beat tests (45116-2,pg.5 & 10):
Total of 13 tests performed.
Frequency range at 33 Hz, 34 Hz and 35 Hz.

Horizontal (longitudinal or lateral) at 3.0 g's and vertical at 2.0 g's.
10 oscillations per beat and 6.6 sec. duration approx. per test.

Actuator operated properly during each test (45116-2, pg.1).

(3) Static test with static force equivaltn to 9.4 g's (PS-3-2.10,pg.4).

2).

Actuator operated properly under the side loading (1042-BFV 51.pg.2).

Accident Environmental Simulation on SMB-0 -40 (600456) .

(a) Generic qualification by this model and conclusions are presented in

paragraph D of this Appendix.

(b) Radiation aging with total dose of 204 Megarads (606456, pg.6 & 12).

this is the same test as that specified in para.2. (e) above.

(c) Stram spray to the required temperature and pressure transients. Comparisons

of Limitorque profiles versus Brown & Root's App.H are presented in

Para. D.3 of this Appendix (600456, pg.8 thru 10 & 12 thru 17).
(d) Chemical spray during the temperature and pressure test profiles
(600456,.pg.8).

Chemical mixture per IEEE 382, pg.12, Table 1, with overall flow rate

of 1.2 gal/min (600456.pg.17).
(e) 100% relative humidity (600456,pg.18).

(f) Actuator operated properly during the test, summary of cycling data is

presented in para.D.3 of this Appendix (600456, pg.18).
(g) Post test inspection found no damage to the unit (600456, pg.22).

(h) Actuator operated properly for additional 794 cycles after the above test
(600456, pg.11, 22 & 24). Refer to 600456, App.B for cycle test data.

(i) Accumulated 4195 load cycles were performed on the test unit throughout the

above type test procedures as per Para.2 and 4 above (600456, pg.25).

WP
® =5EE
< o2
o =T
" ©c £ L
»T=xg
ety
e ~



DR-65407-32

Appendix E

Page 9 of 23

11-10-81

Rev.A
Limitorque Qualifications per IEEE Standard 382-1972.

Concluded per Limitorque Test Report B0058 and Appendix C, Test Report
600456, PWR Containment Qualification.

Generic Qualification - directly quoted per Limitorque Test Report B0058,
pages 3 and 22 , respectively.

(a) "The qualifications were conducted to encompass the entire family of
Limitorque actuators - SMB, SB, SBD, and SMB/HBC in all available
unit size (SMB-000 to SMB-5). This was accomplished by conducting
the qualification testing on a mid size unit (SMB-0) subjecting the
actuator to simulated seating loads equivalent to the actuators pub-
lished unit rating during the test procedure."

(b) "The qualification of the Limitorque size SMB-0, as reported in the
documentation of each of the four tests, was used to generically
qualify all sizes of Limitorque operators for the enviromental test
conditions in accordance with IEEE 382-1972. The size SMB-0 actuators
is an average mid-size unit, and all other sizes of the type SMB, SB,
SBD, and SMB/HBC are also deemed qualified."

Conclusions - directly quoted per Limitorque Test Report B0058, page 30
and Appendix C, Test Report 600456, page 29, respectively.

(a) "All the qualificalions were conducted per IEEE 382-1972 and meet the
requirements of IEEE 323-1974 and IEEE 344-1975 as they apply to valve
actuators. Further, since the actuators performed satisfactorily without
maintenance throughout the various qualifications, the Limitorque valve
actuators are fully qualified for use in Nuclear Power Generating Plants."

(b) "Since the unit performed satisfactorily, throughout the test, it is con-
cluded this test qualifies similar Limitorque Valve Actuators for use in a
PWR containment chamber where enviromental conditions depicted by
Table I in IEEE Std. 382-'72' are encountered."

For Table 2 of this Appendix, Para.4.(c), plots of Limitorque test profile versus
Brown & Root test profile, both temperature and pressure, are presented in
Pg.10 and 11, respectively, for comparison purpose. Original test profile for
temperature, as per Limitorque Test Report 600456, is included in pg. 12 . For
Table 2 of this Appendix, Para.4.(f), actuator cycling data, as per Limitorque
Test Report 600456, is included in pg. 13

. g,
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Environmental Qualification Test Profile
Temperature VS. Time

Limitorque Actuator Qualification VS. H.L.&P. Specification
2L529TS0103 - Appendix H.

The environmental temperature versus time profiles depicted represent the
application, stabilization, and dissipation of thermal energy at the rates
shown without definition of the mass or masses of equipment under study,
rates of heat transfer, or location within the containment or test chamber.
The plots assume sufficient energy release to create the environmental
temperature rise at the rates, and within the time periods shown.

The area in question on the plots occurs from start (0), through the firss
33 minutes of a theoresical LOCA with a peak transient temperature of 291 F
(H.L.&P.), and 295-300 F reached by Limitorque in their testing. The tempera-
ture rates of change are linear under the Limitorque profile through the

first 33 minute test period, and non-linear through the first 20 seconds

under the H.L.&P. profile.

It is to be noted that both the H.L&P. and Liﬁltorque profiles presented
depict a environmental temperature rise from 120°F to 272°F after the first

10 seconds of LOCA occurrence. Assuming an equivalent mass of the same equip-
ment in containment, and in the Limitorque test chamber, both equipment masses
will have experienced the same temperature differential throughout the same
time period, (i.e. the first 10 seconds of LOCA), and hence the same degree

of thermal aging. By applying the rules and rationale for Normal Service
Therral Aging (Arrhenius Law) outlined in IEEE Std. 382-1980 Appendix C for
Safety - Related Valve Actuators, to the profiles presented in the first 10
seconds of LOCA, this period can be shown to be insignificant when compared

to the subsequent 32 minutes 50 seconds of LOCA, where the Limitorgue test
profile depicts a larger differential temperature than required by the H.L.&P.
profile.

From IEEE-382-1980 Appendix C:
/..L)
¢, =t el T
/ 2
where,
t, = accelerated aging time (hrs.) = 10 seconds + 3600 = 0.00278 HRS.

T, = accelerated thermal aging temperature (°k) = 272°F = 133.33% + 273.15 =
2 406.48%K

K = Boltzmann constant = 0.8617 X 10-4 eV/OK

' = Activation energy of reaction = 0.8 eV (Conservative estimate for
actuator materials)

T, = Normal service temperature = 120°F (Taken from test profile)

120°F = 48.89°C + 273.15 = 322.04°K
solving for tl, A - / )
co.8) (327.04 Yol 48
0.0000F617
€, = 0.00278 €

1
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€ = 0.00278 e >*?%3% = 1.1144 HoOURs

Since both equipment masses profiled during the first 10 seconds of LOCA will

have been subject to thermal aging equivalent to exposure to 120°F for 1.1144
hours (Negligible), it is evident that the Limitorque test profile presented
through the first 33 minutes of LOCA represents a more stringent test than that

profiled by H.L.&P.

Uu. 85
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TABLEFITT

VALVE ACTUATOR CYCLING DATA

*12

times, these values to be considered as approximation of actual peak.

** Check prior to start of test,

Time Potential OPEN STROKE CLOSE STROKE
After (volts) Run Current ) Run CQurrent | & Power | §
Start ( ) 1§ (Amps) o (Watts) L o
Te t §51,8 5:'«? E;E ﬁﬁg
Tes )louv
T=1 | T=1| T2 2 5‘ 0| ™
s ~— -~ *
a 9 »
** 0 | 490 | 495|490 | 4.6 | 4.8 |4.6 |620 |42 |4,.6]| 4.8]| 4.4| 5.0 |620| 1350| 42 |19,375
«3 1475 |480|480 | 4.5 | 4.6 | 4.5 |620 | 42 |4.3| 4.3 ]| 4.2 5.1 |600] 1300| 43 |19,425
.6 1485 1490|485 4,7 |4.8 | 4.6 | 680| 42 |4.8| 4.9 | 4.5| 5.1 |680! 1320| 43 |20,825
4,1 |485 |490|485 | 4.8 | 4,9 | 4.6|620| 42 |4.8|5.0 | 4.6 | 5.1 |610]| 1300 43 |21,600
4,3 | 490 |490|480 | 4.8 | 5.0 | 4.7 | 650 | 42 |4.8|5,0 | 4.6 | 5,1 |640|1350 | 43 |22,150
95.5 .| 495|500 495 | 5.1 5.2 | 5.0 | 725| 42 |5.2|5.3|4.9| 5.3 |750| 1500 | 43 |22,650
335.,4 | 485|490 | 485 | 4,8 | 4.9 | 4.6 | 650 41 [4.9 5.0 4.6 | 5,0 | 650]1400 | 42 |21,600
719.1 |495 |500]1 490 | 4.9 5.2| 4.9|675]| 42 | 5.0/ 5.2 | 4.7 | 5.0 | 675| 1500 42 |18,550
719.5 |495 |500 )] 490 | 5.0 5.2 | 4.9 | 700| 42 |5.0|5.2 |4.7 | 5.6 |675|19bo | 42 [21,350
* Due to rapid rise of current and power, considering the slow meter response
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E. Limitorque Qualifications per 1EEE Standard 344-1971.

Concluded per Limitorque Test Report B0037, Seismic Qualification Envelope,
Appendices 10 and 11, Wyle Test Reports 45116-1 and 2, and Hills-McCanna
Test Reports 1041-BFV 50 and 1042-BFV 51.

1. Generic Qualification - listed and directly quoted per Limitorque Test Report
« B0037, Appendices 10 and 11, respetively, also listed per Wyle Test Reports
45116-1 and 2, and Hills-McCanna Test Reports 1041-BFV 50 and 1042-BFV 51.

(a) Limitorque actuator model SMB-000-5-HOBC was seismically tested per
Appendix 10. This qualifies Limitorque actuator models SMB-000-1-HOBC

and SMB-000-2-HOBC as being furnished with 4", 6" and 8" butterfly valves.

(b) Limitorque actuator models furnished with butterfly valve sizes 10" through
30" are generically qualified per Appendix 11, as stated per page 2 of such
appendix.

"Engineering evaluation of our entire generic family of SMB/HBC type act-
uators disclosed the fact that the SMB-1-60/H3BC and SMB-3-150/H5BC
reflected the worst case conditions in all of our actuator combinations. The
largest motor available for the SMB actuators (normally not used in actual
sizing) were used to provide conservatism in the seismic tests." '

(¢) Limitorque actuator models SMB-000-2-HOBC and SMB-00-15-H3BC, mounted

on 8" and 18" butterfly valves, respectively, were seismically tested per
Wyle Test Reports 45116-1 and 45116-2, and statically tested per Hills-Mc-
Canna Test Reports 1041-BFV 50 and 1042-BFV 51.

2. Conclusions - directly quoted per following Limitorque Test Reports, Wyle Test
Reports and Hills-McCanna Test Reports, respectively.

(a) BO0058, page 30.
"All the qualifications were conducted per 1IEEE 382-1972 and meet the
requirements of IEEE 323-1974 and 1EEE 344-1975 as they apply to valve
actuators. Further, since the actuators performed satisfactorily without
maintenance throughout the various qualifications, the Limitorque valve
actuators are fully qualified for use in Nuclear Power Generating Plants.”
(b) Appendix F, B0037, page 16.
"The SMB/HBC or SMC/HBC assemblies, without spur gear attachments,
are considered qualified per IEEE 344-1975 up to levels of 3g acceleration
without seismic bracket in any of the three orthogonal axis."
(¢) Appendix 10, Action Report 14331-2 and 3, Limitorque model SMB-000-5-
HOBC tested, page 6.
"The SMB-000-5/HOBC is qualified to IEFT 344 (1975) to a level of 5g's."
(d) Appendix 11, B0048 and B0047, page 15.
"The entire generic family of SMB/HBC and SMC-04/HBC without seismic
brackets are qualified to 3g's acceleration from 1 to 35 Hz frequency per
IEEE 344-1975."
(e) Wyle Test Report 45116-1, resonance frequencies search, page 1.
"The specimens exhibited no resonances at or below 40 Hz during the
Dynamic Evaluation Test Program."

Qi 85
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Wyle Test Report 45116-2, seismic tests, page 1.
"The 18" valve demonstrated sufficient integrity to withstand, without
compromise of structure, electrical functions or mechanical functions,
the prescribed simulated seismic environment."
"The 8" valve demonstrated sufficient integrity to withstand, without
compromise of structure, electrical function or mechanical functions, the
prescribed simulated seismic environment with the exceptions outlined in
the following (reference paragraphs 6.2.1 and 6.2.7, Table I, and Notise
of Anomaly No.1)."
Hills-McCanna Test Reports 1041-BFV 50, page 1,and 1042-BFV 51, page 1,
respectively.
"The 8" L151-C1-2-S6 Butterfly valve with Limitorque actuator model
SMB-000-2-HOBC was subjected to the static deflection test outlined in
PS-3-2.7 and compliance to the specification requirements were obtained."
"The 18" L151-C1-Z-S6 Butterfly valve with Limitorque actuator model
SMB-00-15-H3BC was subjected to the static deflection test outli<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>