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July 8, 1985
RBG- 21487
File Nos. G9.5,G9.8.6.2

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Canission
Washington, D.C. 20555

Dear Mr. Denton:

River Bend Station - Unit 1 ~
Docket No. 50-458

Enclosed is ' Gulf States Utilities' (GSU) final response to.the NFC
Scaff's Pequest for Additional Information 210.110 delineated in Mr. A.
Schwencer's letter of April 30,1985 (FBC-31,879) . Pursuant to our discus-

|. sions with your Mechanical Engineering Branch, a confirmatory analysis has
been ccrnpleted and is provided as Enclosure 2 to supplement our initial
response of May 20,1985 (RBG-21,042) . Enclosure 1 will be incorporated
into a future Final Safety Analysis Report amendment.

Sincerely,

F. h.

J. E. Booker
Manager-Engineering,
Nuclear Fuels & Licensing
River Bend Nuclear Group

JEB/ ERG /je

Enclosures

kj72jDOCK05000458- (0191 850708 ~~

A
PDR

\

i.



RESPONSE

%e original calculation d m onstrating that the feedwater check valves can
perfom their intended function follwing a feedwater line break outside
the 'contalment - (See Question 210.82) was based on an inelastic analysis
assuming no strain hardening.

The conclusions frcra this approach have been confirmed by an inelastic
analysis.done in accordance with Appendix F of the A9E III Code (1977) for
Class 1 service, using the ANSYS cmputer program -(Appendix 3A of the
FSAR). We non-linear stress / strain relationship will be conservatively
approximated by a bilinear curve with the strain at ultimate stress equal
to 2/3 the elongation at tmperature as provided in ASME II, adjusted for
strain rate and tmperature effects. This analysis has verified that
structural' integrity of the feedwater check valves is maintained. Any long
term leakage through the check valves is controlled by redundant motor-
operated valves which are closed and sealed by the penetration valve leak-
age control system at approximately 25 min. after the accident. Note that,
as discussed in FSAR Section 15.6.6, a feedwater line break outside con-
tainment is less limiting than other postulated IOCA's.
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AMENDMENT XX Q&R 3.6-XX
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ENCLOSURE 2'

i- Calculation for River Bend Station Feedwater Check Valve
Integrity Following Pipe Rupture Outside Contairunent

.

<

Appendix F ihas been added to. the calculation which confirms that both
-feedwater isolation valves will withstand rapid closure and that the pres-
sure boundary will be maintained.
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ENCLOSURE 1

RBS FSAR

QUESTION 210.82 (3.6.2)

Provide the basis for assuring that the feedwater isolation
check valves can perform their function following a
postulated pipe break of the feedwater line outside
containment.

-RESPONSE .

The response to this request is provided in revised
1i Appendix 3C, Section 3C.2.2. See also Question and Response 210.110.

.

Amendment 11 Q&R 3.6-38 January 1984

o
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QUESTION 210.110

Your response to Q 210.82 regarding the basis for assuring that the feedwater
check valves can perform their intended function following a feedwater line
break outside containment is not totally acceptable. In your letter from <

1. E. Booker to H. Denton dated December 17, 1984, you provided a table which
summarized the results of your feedwater check valve analysis. The staff
finds that additional infomation is needed to justify the allowable values

I- used for the disk shear load and strain limits.

In Note (1) to Enclosure 2 of your letter you state:
i

" Strain due to absorption of energy must be less than 0.7 times the
ultimate elongation (based on Table CB-3700-1 of the ASME Code Section

i III, Division II, 1983 Edition)."

- The staff does not find the use of Table CB-3700-1 to be acceptable for
Division 1 components including valves. Table CB-3700-1 is applicable to
Division 2 components (i.e, concrete reactor vessels and containment).

Furthennore, in Note (1) you state:

"It is assured that strain rates are sufficiently high to warrant
doubling the material allowables (Ref. Juvinal, R. C., Stress, Strain,
and Strength - McGraw-Hill,'1967, pg-168)."

The staff finds that the figure provided in the referenced text book shows the
effect of strain rate on tensile properties of typical mild steel at rocm
temperature. However, the text book figure.provides only general information
not suitable for specific design application without more details. The use of
the figure in the text book is not appropriate for the specific valve design
because it does not represent the yield strength of the disk material (i.e.,
SA-216 WCC) at temperature. Furthemore, the text book states that because it
is difficult to predict the conditions of impact strain rate, it is consnon to
design parts for impact based on empirically determined stress impact factors
together with the static strength of the materials. It appears that the shear
load on the disk for check valve 1821*A0VF032A, B is near the allowable value.
(Factor of Safety equal to 1.05). Thus, the staff is concerned that the
acceptability of doubling the material allowables at temperature is not
well-justified, and because of the small design margin and the uncertainties
involved, the shear load on the disk might be unacceptable. Additionally, it
appears the calculated values were established assuming strain hardening
effects. Provide the basis for this assumption if used. Furthermore, it has
been shown for mild steel at elevated temperatures that a negative slope
occurs in the stress-strain rate curve at the higher strains which is
generally associated with strain aging.

.

The staff requests that you provide a detailed discussion of the valve parts
which do not satisfy linear stress limits per the ASME Code and the basis for
concluding that the leakage of the reactor coolant pressure boundary through
the feedwater check valves following the postulated break in the feedwater
line outside containment is acceptable using your calculated strain values.
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,
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(1) 17-19

21-30
D-8.-9
Sect'ns
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REV.2

SUMMARY

The reactor vessel water is protected from blowdown following a postulated rupture of
the feedwater piping outside the containment, by the Velan check valve IB21*F010A,B
inside the containment and by the Atwood/Horrill testable check valve IB21*A0VF32A,B
outside the containment. Breaks are not postulated in the piping between the valves
because that region is classified as break exclusion.

The rev'erse flow caused by the sudden pressure reduction at the break rapidly closes
both valves. This calculation examines the ability of these valves to withstand the
impact of the disk on the seat without excessive leakage thereafter.

Loads on the critical elements i.e., the disk, tail link, rockshaft and seat, were
computed by simulation of the impact dynamics using the STARDYNE and GTSIRUDL
computer programs. Both uniform and point impact were considered in search of the

# worst case kickback loads generated by the point of impact not being at the center of
i percussion. Seismic, hydrodynamic and dead loads were not considered because of their

insignificant magnitude compared to impact loads.

'
In those cases where linear stresses were not bslow their allowables, a strain (1)
energy analysis or a non-linear time history strain analysis was conducted to
demonstrate integrity.

I

I It is concluded that both valves will remain intact and that the leakage will be

within the make-up capability of the High Pressure Core Spray (HPCS) or the Reactor ,
Core Injection Cooling (RCIC) system, following rupture of the feedwater piping
outside the containment.

Revision 2 adds Appendix F, an inelastic systems and component analysis (2)
using the non-linear option of the ANSYS computer program to confirm the
conclusions.
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1. OBJECTIVE / INTRODUCTION

The purpose of this calculation is to evaluate the ability of River Band ASME III
class 1 feedwater check valves 1B21*AOVF32(specification 228.218) and
1821*F0lO(specification 228.211) to withstand rapid closure following the postulated
pipe break outside the containment shown in Figure 1.1. The acceptance criterion is
that gross Jeak rates do not occur because of disk rupture, serious fracture of the
seat / disk interface or misalignment of the disk with respect to the seat from this
faulted event.

There are no consequences defined for a High Energy Line Break (HELB) outside the
containment. The other feedwater system is not available for make-up because loss-of-
off-site power is postulated and this system is not on the emergency diesel
generators. Single active failure of the HPCS(465 GPM) or the RCIC(600 GPM) systems
is assumed, leaving at least one of these systems available as a source of water to
the vessel required to make-up for any leakage.

Feedwater pump trip from high water level in the vessel, a normal operating
condition, was found by the analysis of Reference 8 not to cause high energy impact
of the disk on the seat. The inertia of the motor was sufficiently high that the pump
took approximately 1000 seconds to completely stop. From the stand point of the
valve, two(2) seconds were required to generate a reverse flow rate equal to the
normal flow rate, resulting in a very gentle closing of these check valves. Pump trip
is not considered a critical loading condition and is, therefore, not treated in this

.

analysis.

Added to pipe rupture loads on a square-root-sum- of-squares basis are the seismic
and hydrodynamic loads. However, they are not considered in this analysis because of
insignificant magnitudes as compared to the impact forces generated by reverse flow
following rupture of the feedwater line. For the same reason, dead load and opening
loads are not considered in this analysis.

Figures 1.2 and 1.3 show a cross-section of these valves from the vendor drawing.
Figure 1.4 is a sketch labelling the dimensions and elements of importance to the
integrity of swing check valves. The coordinate system used to identify the loading
directions is also shown therein.

.
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.
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; 2. METHOD

Elements critical to the integrity of a check valve identified in Figure 1.4, are the
disk,. tail link, the pin which connects the tail link to the disk (F010 only - AOVF32
tail link and disk are integral), the rockshaft and the seat / disk interface.

The dynamic loading just before impact is purely centrifigal, reacted by the
rockshaft, pin and tail link. Acting simultaneously with this load are kickback
forces arising from the disk impacting the seat at a single arbitrary point (non-
uniform impact) not at the center of percussion. These loads may be worst case for

i the tail link, pin and rockshaft. For the seat and disk, worst case loads are
generated by a uniform impact of the disk on the seat combined with the pressure
surge from water hammer.

Kickback loads are neither obvious nor easily calculated manually and were therefore
'

modelled on GTSTRUDL and STARDYNE , using the integration option for specified;

initial conditions. Typical initial conditions were the impact speed at all nodes
except a node suffering impact, its speed being set equal to zero. Note that all,

dynamic loads are conservatively calculated based on a linear stress-strain
p relationship..

The details associated with calculating these loads are presented in Section 8. The
; integrity analyses of Sections 9 & 10 are linear elastic for faulted service,
i supplemented as necessary by a plastic strain energy analysis to treat limited energy
! loading. Although not an ASME III code analysis, certain methods and allowables,from
'j Appendix F(Ref.9) were used in this analysis for convenience.
i y
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' 3. ASSUMPTIONS

| 1) The strain rates are sufficiently high to warrant doubling the
material allowables, as provided in reference 6, page 168.
(confirmation not required)

i
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4. DESIGN INPUT

Mass Properties

Atwood/Morrill Check Valve Velan Check Valve
TABLE 4.1 1B21*A0VF32A,B 1B21*F010A,B

REF. REF.

Disk - wt. 260 12 185# 13

Tail Link - wt. 71 (Integral / Disk) 12 20 13

Mass Moment of 13.9 slug-ft**2 2 6.8 13 ers. /Inertia /Rockshaft

'b\
t !

\~# aterialsM

Atwood/Morrill Check Valve Velan Check Valve
TABLE 4.2 1B21*AOVF32A,B 1B21*F010A,B

REF. REF.

Disk cs SA216 WCC 2 cs SA105 3
Stellite #6 facing

Rock Shaft ss A182 F6a 2 ss SA564 630 3
Hardened (1100 degF)

*Seat cs SA216 WCC 2 cs SA105 3
Stellite #21 facing Stellite #6 facing

Tail Link cs SA216 WCC 2 cs SA105 3

Pin & Stud' N/A N/A cs SA 105 3

Nut N/A N/A ss SA564 630 3

O
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Dimensions

Atwood/Morrill Velan alveTABLE 4.3 IB21*AOVF32A,B 1B21*F010A,B

SYMBL REF. REF.

Diam of Disk 19. in. 2*Rd 16 17.5 11

Dist - Rkshft/Dsk Ctr 14. Rs 16 11.25 3

Diam of Pin N/A Dp N/A 2.5 (welded to disk) 3

Diam - Stud for T1k N/A Dsd N/A 1.0 (Threaded) 3

Diam - TailLink Nut N/A N/A 3.5 3

Diam of Rockshaft 1.88 Ds 16 1.0 3

/'] Gap - T1k/ Bearing .56 g 16 .1 or less 3

Dist - Dsk CG/ Pin Seat N/A p N/A 1.375 11

Clearance - Disk /Tlk N/A c N/A .125 3

Thickness of Disk 3.75ctr,2.5 rim Tc/Tr 16 2.75 11

Seat Annulus .5+ s 2 .56 3

Tail Link Section 2.9 x 15.0 hxw 16 1.0 x 4.5 3

Tail Link Grip 16.4 TLg 16 5.25 3

Seat Inside Diam 16.75 ids 13 15.75 3
'

Diam of T1k Boss N/A TLb N/A 3.5 3

Fit - Seat / Disk Face *
f .015 (at rim) 3

Tolerance - Brg/Rkshft Tbr +.004,-0.0 3
*

Tolerance - Pin /Tlk N/A Tpt N/A .010 3
(nut prevents rot'n)

| Tolerance - Rkshft/T1k * Trt +0.0, .005 3
| | .

1 (/ Assumed same as Velan*

|

|
| .
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Material Properties at 500F (Ref. 9, Appendix I)

Sy Su Elong.* E Remarks
TABLE 4.4 (ksi) (ksi) (%) (psi *e-6)

cs SA 216 WCC 40 70 '22 27
cs SA 105 29.1 70 22 27
ss SA 564 630 95.2 133 16 27
ss A 182 F6a 34.7 66.3 18 27

* Ref.10(ambient temperatures) xy, f

Section Properties (calculated from Table 4.3)

TABLE 4.5 AOVF32 F010

Tail Link - Area 43.0 in"2 4.5(2.0 pin)
- Mom of Inert /z 30.0 in**4 .375(.1670 pin)
- Torsion Const/y 119.0 in"4 1.5

Rockshaft - Area 2.8 .79=

- Mom of Inert /z .61 .049

Pin - Area N/A 4.9
- Mom of Inert /z N/A 1.9

Stud - Area N/A .60(root)

Impact Speed and Hammer Pressure (Ref. 1, page 31)

TABLE 4.6 AOVF32 F010

Impact Speed (rad /sec) 42 58

Max Pressure (psi) - six(6) 3100 3200
milliseconds after impact

.

I
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Allowables for Faulted Service

The primary stress from a steady-state load must be less than .7 times the ultimate
istrength (Su) of the material (Ref.9, App.F). Stresses acting for a very short I hk/

time (less than .5 milliseconds) must be less than the ultimate strength of the
material. If not, then it is necessary to recognize that the real question is the
ability of the configuration to absorb the energy of impact at acceptable values of
strain, taken here to be .7 times the ultimate elongation, based on Table CB-3700-1
of Ref.9A. Strains acting for a very short time (.5 ms) must be less than the ultimate
elongation. Because the specific reduction of elongation with temperature was not w/
available, the ambient values of elongation in Table 4.4 were used without benefit of
the increase from high strain rate loading.

: I
C/

|

|
|

A
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esv. I
5. SUMMARY OF RESULTS

AOVF32 F010
TABLE 5.1

Calc'd Allow. FS PG10- Cale'd allow. FS PG9-

Disk -shear # 7.9E6 8.3E6 1.05 2 2.7E6 7.7E6 2.9 2

-strain % 2.1 15.4 7.3 3 3.6 13.4 4.3 4

Rockshaft -stress ksi N/A N/A - - 13.6 53.8 4.0 12

-ratio (l) .65 1.0 1.5 11 N/A II/A - -

{ Tail Link -stress ksi 46.4 98. 2.1 16 68.1 10.0 1.03 8

-ratio (1) .48 1.0 2.1 17 N/A N/A - -

Pin -stress ksi N/A N/A - - 23. 41' . 2.1 7

Stud -stress ksi N/A N/A - - 41. 49. 1.2 6

Seat / Disk -stress ksi 74. 98. 1.3 18 98.8 140. 1.4 15
Interface

( (1) Appendix A9231, Ref. 9

I

f
V
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6. CONCLUSIONS

It is concluded that both IB21*AOVF32A(specification 228.218) and
1B21*F010A(specification 228.211) valves will withstand rapid closure and remain
intact. In addition, any leakage will be within the make-up capability of the HPCS or
RCIC system, following rupture of the feedwater piping outside the containment.

.

i

a

a
|

|
!

|

|

l
\

|
|

!

!

!
|

|

i

|
'

|
*

i

|



_ _ a- w .. . a :___ __ _ _ _ _ _

Stone and Webster Engineering Corporation
CALCULATION SHEET

g Calculation Identification Number

, J.O./W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL CODE PAGE 21
12210 NM(C) 2043 SQE

1 7. REFERENCES-

1) SWEC Calculation 12210-NP(B)-1007-PX, Feedwater C*1ck Valve Closure
Following a Pipe Rupture Event, April 1984

I 2) Atwood/Morrill Drawing 13464-04-Hil (SWEC File No. 228.218-020-41)
'

3) Velan Drawing 7890-015 (SWEC File No. 228.211-049-26D)

4) SWEC Specification 228.211 for Check Valves, July 1983

5) SWEC Specification 228.218 for Reactor Feed and Testable Check
Valves, Oct 1983

a

6) Juvinal,R.C., Stress, Strain and Strength, McGraw-Hill, 1967

7) Wambold,J.C. & Ju,F., Safe Impact Speeds for Hollow Circular
Cylinders, Journal of Applied Mechanics, June 1970

8) SWEC Calculation 12210-NP(C)l000-PX, Water Hammer Analysis of
Feedwater Piping for Pump Trip, May 1984.

9) ASME B & PV code, 1974 through winter 1976, Section III

9A) ASME B & PV code, 1983, Section III, Division II

10) Manual of ASTM Standards, 1977

11) Velan Design Report for Class 1 20" Forged Carbon Steel Check
Valve, ASME class 900#, DR-1204, February 1981

12) Atwood/Morrill Design Report for Class 1 Feedwater Check Valve,
Procedure No. 205-13464-04, December 1976

13) Telex No. 05-826599 from Valan dated 2-14-84 (App. C herein)

14) Atwood/Morrill Report No. 300-15202-00 dated 4-17-84, Valve Data
for Performing Closure Analysis (App. C herein)

15) Rourke,R.J., Formulas for Stress and Strain, McGraw-Hill, 4th Edition

16) SWEC Internal Correspondence (EM# 2697) dated 17 October 1984 from
i

J. Macintosh, FW Check Valve AOVF32B Measurements (App. C herein).

17) Feedwater piping drawings 12210 EP 17C-7 and EP 17F-5 | MP /,
\



Ston3 and Webster Engineering Corporation
CALCULATION SHEET

./ Calculation Identification Nunber

J.O./W.O. NO. DIVISIOL' & GROUP CALCULATION NO. OPTIONAL CODE PAGE 22
12210' NM(C) 2043 SQE GV|

8. LOADS ANALYSIS

8.1 Pre-Impact Loads

The centrifigal force (Fc) arising from the angular speed (Omega) of the
disk just prior to impact is given by

Fe = W*0mega**2*R/g

where R is the distance from the rockshaft to the disk / tail link center of
gravity and W is its weight. Table 8.1 below contains the pre-impact Joads
on the rockshaft calculated from tLa above expression:

TABLE 8.1 AOVF32 F010 EE F # *#

Omega - rad /sec 45 60 l

W-# 331 205 T aloi t Y . /

R - in. 14.0 11.25 "Ta b I * * 3

Fc - # 24400 21500~ C'I("I"+"

8.2 Kickback Loads

Kickback loads arise when a body rotating about one point is impacted at any other
point not at the center of percussion. Although the anticipated angle between the
plane of the seat and the disk is very small, nonetheless, extremely high loads are
possible by such a point contact (non-uniform) of the disk rim on the seat. They
disappear in less than one(1) millisecond because after that time, the disk rim is in
uniform contact with the seat. They are much reduced if sufficient articulation is

,

provided by the tolerances in the shaft bearing and/or a pinned attachment of the
disk to the tail link, because this limits the kickback forces to those arising only
from uniform impact of the disk rim on the seat. Under this condition, the forces
from rotation.of the large mass of the disk about center-line tail link after impact
do not occur.

f
(
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Computer Model
f

The Velan valve 1B21*F010A has a separate tail link (Figure 1.2) attached to the disk
by a pin whereas the tail link and disk are integral (Figure 1.3) in the design of the
Atwood/Morrill valve 1B21*AOVF32A.

,

| Both tail-link / disk assemblies were modelled as shown in Figures 8.1 and 8.2, for
computation of the kickback loads under conditions of uniform and point impact of the
disk rim on the seat. The postulated impact points (IP) are identified as a, b, c, d,
e, f, & g therein.

Results

Tables 8.2 and 8.3 give the kickback loads at the attachmant of the tail link to the
rockshaft and to the pin at the disk center for non-uniform impact at several
points (IP) on the seat, as shown in Figure 8.1. These loads for the F010 valves are
much smaller than those for the AOVF32 valves because its tail link (see sketch in gg jRef. 14, App. C herein) is extremely rigid compared to the F010 tail link (see sketch'

in section 9.2 herein). Tables 8.4 and 8.5 provide kickback loads at these points
plus the load on the seat for the case of uniform impact.

The kickback loads from point impact are small compared to uniform impact loads<

because the fit of the disk to the seat in the closed position is tight for both-

, valves, the specified tolerance (Table 4.3) being .015 inches. The loads in Tables 8.2
) and 8.3 are based on a tolerance of twice that amount, .030 inches.
t

The 7200 kip load on the disk rim in Table 8.4 is the sum of the loads appearing at
each node on the rim. Table 8.6 presents the loads taken from the computer run which
is plotted in Figure 8.3.j

1 Ask I

,

.

i

|

1

I
L

,

i

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



. _ _ - __ .____ - --. _ - . . . . . . . . . . . . . .. .-......:...=..- .

L C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
"

Stona end Webster Engineering Corporction
CALCULATION SNEET

Calculation Identification Number
/

/' J.O./U.0. NO. DIVISION & GROUP CALCULATION NO. OPIIDHAL CODE PAGE 24~

12210 NH(C) 2043 SQE gyj,

. , _ . _ _ _ . . _ _ . . . .

2
S

g na x

2 M
'

:

5 R4
E 2

** I yn
.

E X
"

,

" "$ N
*m

y 8 C '~~ e

J - -

._ .

|<
.- -

= a
. . -

~

| c n

. . .
.m m

2 N

N
n a

1

! O
l

+ 6+ -al
d r
2 3
ft

.hl I
o q

M
~ ~

\
. - . . .

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

l Figure 8.1 Computer Model - F010 Tail-Link / Disk Kickback Loads

|

| l'

U ( O O O O O O O O 3 0 ") 3 3 3 3.

_.



;. . .. :^^^^'..:'~T^.^....-......'.^-.... ......-7''~~'''''":''''~".
'-

O O O O O O O O O O O O O O D O'

_

Stens end Usbster Engineering Corporation
CALCULATION SHEET

h Calculation Identification Number

J.
J.D./U.0. NO. DIVISION & GROUP CALCULATION NO. OPIIONAL CODE PAGE 25..

12210 . NM(C) 2043 SQE
~

g j

l
'

M
_ _ _ . _. . _ . . _ _ _ . . _ . _ . . . . . . . . . _ . .

% |

C WN M

E M-

:

E Md 2 "

" ** 1 Qm

E K
"

,

* * ~ g s

V (
l E C .

. .

. ...* "

/.
g n

"w e

~
c n

.

2 2
u

5 N

'

2 g

.9

d
-r- 4
4- 2

E S ~~2
<

p -

.E .

. . _ . _ . . . _ _ . .

Figure 8.2 Computer Model - A0VF32 Tail-Link / Disk Rickback sonds

I l'

(. C C O G G O O O 3 O O J O 3 3 J
__



. . _ . _. _ __ - _ _ - _ - .-. __ .-- _ ...._..
y

Stona and Webster Engineering Corporation
CALCULATION SHEET

w
~

Calculation Identification Number
# J.0./N.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL CODE PAGE 26

12210 MM(C) 2043 .SQE gj

Equipment
TABLE 8.2 POINT IMPACT - KICKBACK LOADING TABLE AOVF32

FXK FYK FZK MXK MYK MZK
IP LOAD POINT (kips) (kips) (kips) (in-k) (in-k) (in-k) REMARKS

a 60 0.0- - - -

R
b O 20 160- - - -

C
c K 1 30- - - -

d S 1 60- - - -

H
e A 5 10- - - -

F
f T 10 15- - - -

g 10 0.0- - - -

\

Worst Case 60 160- - - -

a Tail Link 70 0.0 450- - -

b Fairing 20 160 130- - -

e to Disk 1 30 10- - -

d 1 60 60- - -

e 5 10 30- - -

f 10 15 50- - -

g 10 0.0 60- - -

Worst Case 70 160 450- - -

.

These loads are based on an impact speed of 60 r=xl/sec.
.

e

- - - - - -
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Equipment
TABLE 8.3 POINT IMPACT - KICKBACK LOADING TABLE F010

FXK FYK FZK MXK MYK MZK
IP* LOAD POINT (kips) (kips) (kips) (in-k) (in-k) (in-k) REMARKS

a .01 0.0- - - -

R
b O .01 - - - .04 -

C*
c K .01 - - - .13 -

d S .01 .23- - - -

H
e A .03 .28 -- - -

F
f T .06 - - - .20 -

g .07 - - - 0.0 -

~ ,s)\

Worst Case .07 - - - .28 -

a D .01 - - - 0.0 .10
I

b S .01 .04 .12- - -

K
c .01 - - - .13 .13

C6

! d E .01 - - - .23 .01
N

e T .03 - - - .28 .28
E

j f R .06 .20 .67- - -

,

:

g (Pin) .07 - - - 0.0 0.0
_

| Worst Case .07 - - - .28 .67
|

|

| rx
(d|

.

. . . . . . _ , . . . . . . .- -- -
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Equipment
TABLE 8.4 UNIFORM IMPACT - KICKBACK LOADING TABLE AOVF32

FXK FYK FZK MXK MYK MZK
LOAD POINT (kips) (kips) (kips) (in-k) (in-k) (in-k) REMARKS

Rockshaft
-Unif. Impact 240 - - - - -

Tail Link / Disk
-Unif. Impact 240 960*- - - -

Disk Rim
-Unif. Impact 7200 - - - - -

* Weakest section of the tail link (intersection with disk)

['T These loads are based on an impact speed of 60 rad /sec.
\ l
N/

.

Equipment
TABLE 8.5 UNIFORM IMPACT - KICKBACK LOADING TABLE F010 ,

FXK FYK FZK MXK MYK MZK
LOAD POINT (kips) (kips) (kips) (in-k) 'in-k) (in-k) REMARKS

Rockshaft
-Unif. Impact 5 - - - - -

Tail Link / Disk
-Unif. Impact 5 - - - - 35

Disk Rim
-Unif. Impact 2070 - - - - -

,s m
\
U

- - - -__ _ _. _- -- -__ _ __ - ._
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PLASTIC STRAIN ENERGY FOR BEAMS OF VARIOUS CROSS-SECTION

Ignoring the initial elastic stage, the plastic strain energy is given by the
expression

E " h M d6 (1)o p

where M is the plastic bending moment and de is. the angle through which thisp
moment is rotated. For physical reasons, the integral is always positive.

Referring to Figure 2 showing a differential element in the line

A a/2Mp = Fa = oy

since the line stress is at yield, oy (assumed for simplicity). The distance
'a' between the center of area above and below the neutral axis is given by
the integral expression (Figure 3).

ff=fzdA=f",(rsina)(rtda)

f = f r t [* sinada =
22 t "= Ecos a

24r t p
| "g=7 (2)

|
|

Thus, the plastic bending moment becomes

p"OAh (3)M y

for a thin circular tube. By a similar analysis, it is shown that the plastic
moment for a solid circular section is given by

A-2
BN1-14764.07-1
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|
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,a
I )
!v/

=hr0 0, A D/w (4) )
3M =

p

For a rectangclar section of height, h, and width, b

=ho AhM yp

To determine de, assume that the deflection curve shown by the dashed line in
Figure 1 is approximated by

y = yo cos wx/L (5)

Differentiating twice, we obtain

y' = 0 - -yo(w/L) sin wx/L (6)

y" - O ' = 1/p = -yo(w /L)2 cos wx/L (7)
rs
/ \
'

where 1/p = curvature of the beam. Noting that dB = 0'dx, the expression for
energy given by equation 1 becomes

B " !"pdB=[My,(w/L) cos wx/L dxE
p

Calling wx/L = C, the integration reada

P[_,cos(dCEB " ("!b) Y Mo

Remembering that the integrand is never less than zero since energy is always
absorbed, change the limits to w/2 and zero, and multiply by 4

I BN1-14764.07-1 '

.
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"!
B" Y /L) MP sinE

o

which yields for the plastic strain energy in bending

EB"4W MP T /L (8)o

The displacement, yo, must now be related to strain, c , in order to determine
acceptable damage. Referring to Figure 2

c = (ds-dx)/dx = ds/dx -1

Since ds = (n + r) de, the expression for strain can be written

c = (p + r) dO/dx -1

But, from equation 7, dO/dx = 1/p so that

c = (p + r)/p - 1 = r/p

Replacing 1/p by its equivalent from equation 7
f

'
2

| c=r({}y cos['

which has for its maximum
.

2 Wo2
(9)cI 2L

Yo 2 L
= c (10)y

Now, replacing yo by c in equation 8 yields
|

E = S. E Hc (11)B wU p

ti ,

't j A-4
'

BN1-14764.07-1
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for the strain energy of a beam pinned at both ends.

For a beam fixed at both ends, the assumed deflection curve is

y= (cos **+1) (12)

By a similar analysis to the simply supported case, the plastic strain energy
in bet. ding for a beam with both ends fixed

y
E = 4w Mp (13)3 L

c= =w (14)

c (15)

which yields for the plastic strain energy in terms of strain

Mp c (16)E =
g ,

For a beam with one end fixed and the other end pinned, the assumed deflection
curve for uniform loading is given by the elastic curve obtained from any
edition of Rourk's Formulas for Stress and Strain

y=3.86y,[3(f-) -2(f) ) (17)-

!

|

| where X is measured from the pinned end. Again, a similar analysis leads to

| the result for plastic strain energy in bending

|

| y
E = 33 Mp (18)g

!

.

,

A-5
[ BN1-14764.07-1< ],
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,

e = 1.2 *2 Do
(19)2

L
Y .83 L.o

(20)I ,2T*
which yields for the plastic strain energy in terms of strain

2.5 Lg g (21)
.

E =
3 * PT

.

.

/ s

!
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|
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PLASTIC STRAIN ENERGY FOR A CIRCULAR PLATE

The strain energy of a plate in bending is derived below for a purely plastic
response to a uniform loading. Ignoring the elastic contribution greatly |
simplifies the analysis and is conservative. )
A deflection curve that satisfies the simply-supported boundary conditions is
assumed

l

y " yo cosg (1)

y' yo (h)siny
(2)

(f)cos}-f-hy yo

Referring to the Figure, the strain energy is given by

: /'] Es=fM de (3)p
( 1

!

| v( d.. - .1

' b summed over the plate where M is the moment for fully plastic loading.p
Referring to the figure, because of symmetry, the plastic moment acting at
radius, r, is simply the unit moment, Mb times the circumference at radius, r.

=(f)2
I

e (2nr) (4)| M
|

P y

i

Inserting into the integral

| R 2 2

(2wr)y(f) cos{drEs" [() U
y

|
|

which reduces to

[h
y! )

(i ,/ B-2
BN1-14764.07-2
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E,=(h)2\ y,2w f* C cos C d Coy

!

C=hwith

Integrating,

E,= 2Way(f)y,[cosC+(sinc]*,!

2=j({-1)o ty (5).

The plastic . strain by definition equals

c = ds-dr , ds -1
dr dr

, (p+t/2)de ,3 , jg
pd8

s

/ Since 1/p = 0', this becomes

2 tyo3

* * T~ R
(6)

which can be used to eliminate yo from the energy equation

E = 2 (3_ 2) , ye (7)s w w y

where V= volume of the circular plate (wR t) and c is the maximum strain. I2

|

|

+ B-3
ib BN1-14764.07-2
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Circular Cylinders
m,._r-. . n

- - -

.In analog sinrnlalitur of stress kvut e propagaliun in irodlow ei.e ala. o ylindro.s u allr. .o n.i**

-e .,_.u::n,, ~. e ~~ e <~ialtests van by.%eminin-.se im~~,?~~ er -
gu, y,;n,,,,, ,, u,, m,;, dechaluikexpurment analin (nrparation.

]E
m 8 .e . w. w

l
,,)

'

~q
~ lelfsdecties

i m .. / ,
'

//
TMr FNia'" Paler dent- with prni.len, of usi-ym. 'y%

rE
'4

h n irir cl tic move propagati.m in nwiderately thick walled hul- /
" Inn nhmler, with a Rat end rap. Fia.1. The analysi, we d<me e/ '

'/ .

'4/'

4
in proviile de-isn engineer * with a pnigram with shich in n' f - .

I Cha L the -afety d c.sliintern from fractmt due to emi.em / '- g,

i # f''- g-
imgart.

2 l'mlirt the afe speed of etul4m impart witimmt finreme k ,' '

for varimia de-igns to estahh-h the effects of each variable i.e., \ i e /'
'

'' ~ , ' -1 material, length, width,etc. s
g Tie inipact speed in of the order of hundred. fp. me that tic

'

lear effect ir predominant and any initiation of frartnre is to le# 8

am-iileml failure. Thna the fracture could be caused by the
-lear anve, an ohnerved from many genlogical phenomens auch n- \,

'

:

' lent n.nc=" of ve,tranoe. and meteor impact. With the frwe. T
!

-

soins Jeice tiven and restricting thin work to polyerystalline nu-|
. , , , , , ,,,;,,,,,,,,y,,,,,,,,,,,;,,,,,,,,,,,,,,,,,,,,

usial d bew ductility, it in pintulated that the emtistion al frnr.
''ne mill ureur hefore t)ere i* time for plantic Cow |118 mmi tie

'

[' Inear ti.enry ed ela tir applien.
Tlw m thematical model for Ihe frart are initiation of a rinacd. Tlw Purhlmmner-Chne n==lel nm3 le neaint in .n anah inr

Tie anal n al nwilo I-e'aili'.ll..w glinder iis einentially the Pochhammer-Chree madel "*'l"al' or b.y @) nunwrient uwel al . 3

~ 2. :11. The problem nf uncapped twilbw circular cylindern wn. mm.v involve the u-e of tran-f.wm entenin .c a . I84 anh mal

uraint I y Gho.h [41, hicFadden (5), liermann and blirsky (61, Curii, [til) or u here di-pl.urnent are n- unu,I in I.c hainioni.
*l nuee recently, by Gazia 17] whane work Fitch 181 ve'rified ie.g., Purhhammer-Chne (2 :11, umi Gari fil- Tir niiah tical

i

} m iili espre imenta un 5032 aluminum-alloy cylindern, neilm d4 nre gererally te-tiirent in pn -nu. Inn of n-launh '

cimple geometry smeh n n niid lun nei a imil m r3 n.lcr.1i

El i At high pre ure. the abrwk wave b hydrudynamie in smture. The immetical mettual. involve n-e of in ilm digital nunpuiri
I orture i t.en i nwally due to the "apallina" efreet. te.g., Timrtse and lierniann llullnr it,i tir -imulation ierinii.tur.

' Numtern in brackete denianate Referemen at end of sager. The digital poigramming, diw to intiin ir tabihty iwnbleen ha .
8 '*tnhuted hv the Apphed 31echanica Divbion for publientiam

I" O' I""'' I"dd 'utMal dunpk wn ch .in dmE '*nlaap pre.entatinn) 6n the Jornmat or Aces.:su Alecuann,i.
lhu--iun on thi= in per should be eddreamed to the Editorial D,- governing dilTerential cignat i.m ser in ihe innms ient nwilu nt. The

L enriment. AfillE. United Fnsineerins Center. 345 Enst 47th Street. stitici-m i* that in erdei in gain -tability, ihe ha ic rharnrieri ne
Yewk. N. Y.10017, and will he notepted until Jul> 20. 1970.

d the dynamic ny. tern is altered. I.as and H cudruff { 121 eilTeir i
a'*-i.m reitived after the einumins date will be returned. afanti- a nellaxi uf geHing = table nunwrient moluu.nn- nnd lain, afin' ,' "i's mesvert by A83tE Applied 3terhenics. Star 12. Ithitt finalt

* n a.18atnder 31. 1969. Paper No. 70 AP31.QQ. thi- work wn minrted, Chiton ||11. 9.t in the 1.ns.n endenti
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I. siirth d, uffer, e awtimid ed mJving plaie prublem . Cill later, *'
Herstad 114) offern further auck im the mJunioimiis uu dinwn- asser surese (ca) s.: o4g,i.ual w;ve propagakm id huite bar,. The prescnt paper em- t

.. ,.

e,

plop o alnmlatiam ierhnirpe to adve he problem e4 rkned+nd .

,

"" "* "'

Im.ll..w c3timier which ikien nuit neewitmee the intn=Im1iim of any
,

** 3

artindal damping ternm. In addiGn and pe-haps the main
mivantase of simulaiing by analng amiinuer in that tlw dewigner

+ u
,,,, g , ,,,,, o.m

'

ran vary paranwter ta obtain an uptinmm demign. l'aranwter, P* t
i e i e a"

ran he varied un Im.th digital and anakig but with the following [-P

trade.K-Berth 4f imlicate a =4nthm time em the digital ed ap-
- b-

P1
pneximately I hr, tl.e analng anlutiim* are of the order of 3 er.
lie citing of new parameteria aken senman im ihe digital and lem

lI than .* min im the analug. 14inte many molutiona are required,** t ,

the analnet u6ered a artat aaving in both nm t and tinw.
,

.
~

T nj-t

Mathematical Medal
5 === e-. or n e car <= e) %<,

laserier. The ha,ir governing diferential equatiem for the d; t , ,.. t, 3

pineenwns hekt, a fr, s, t)in theimidy it.
,

,a p.lI -p-c.,' grad div e - 2r.' ritrl w = Is (1) *g , ,, qq q ,y ,,, ;
a here e er, r,11in Ihe rotati.m field mwh ahat u = { rurt e, c, and ,

r. are lir iblatat' nnd and phe.ir wave >prede, reppertively, and
, Castw Me. u=4)

a

e' = 108u W8). In termanf asi=ymmetric cylimiricalnairdinaten
<r 2), epintem i11 may le n rit ten pie 3 pina,w.,.n , n.e..,k

{

!
,

',4, = ,I ern, i. ,,, + g/r.\',.u + (/1,r.8\,,;=,.,,(le)where a - e./e,.
The equatsun of motion (lu) aml (th) nubb rt

mr
n

lE to the bmmdary values (2)-(.1) along with the input leauling |
. w = . . + (')' ' e a . i., + (i' u..,, + "p'

'

"3*d6'*i""'"mP etely denne W n;ahmatiest niodel.l. m -rs e rf

g
il6' Analog Medals '

a lrre in., n; are ele railini ami longinidinal mmp.nenta of e, t he
nunma in she md riips. den..ic- partial diferenciasiim with re- Adepei a et agweHens to Analog. Before the partial diRerential
irei to ele noirdinate. folliming the mmma. espintimt. can be solved by the analog nimulation, the problem

thi tte lmanularie , the folinwing um traint. :mmt mtwt he muverted to a system of linear di#erence-diNeientialno.ade 6n.
j ,' l.cnet, Fig.I: equatioim by converting apatial variables i

t r, ) to dinerete

k Iher = a,i > r,a., = 0 t, = r,#,4). Thenf.nc variable, while time (t) is retained a,a the continuoudt
variable.

The *patial position in (r, )is therefore de,lgnated a junrison$ .2a'n, + s 1 - a's {n,., + "' + w..,\. piinin (p,q), respectively, Fig. 2, in a two-dimen innat net,
=0 t2ai l5 - \ r /. The governing equatiors. (1) become the following eenmd-order

di6ereine-diNerential equatiorts.
la ,.. + =~l - o

826: [Ar ' <DE < he r 8,. e., - o ei = r, 8, a 1. Tierefore \ cs ,It'(n, *) = -mp * h ne,* "* + #s ,* -' *-

b6 . !
i en

"'
. + D (up*" + n,"-') + E,tu r"4 "2a 'n, + e 1 a's n,., + +n,.. =u cie) 1

n/"4"to - ,
-

,f y ,y + ,f.i4 9 n;,,3
In... + n,.,1 = 0

[,,b, ,, (n/*l = 2Ku/ ' + up* " + n,"-iC16)
t he : \r f ell'I . . . , < n, a . = u ti = r, #, n Tierefore a

+ IM H n/ " * + #:u/"*) + E < n/ " ' " - p,"' ' "
i

2n'n... + 8 8 a's " in.,,+|+u,. =0 44, 1 ,

_ ,f-i4 n + ,f-i 9 + ,ggguf 4 n + uf 4-i; og,,4

In.., + n...I = nI 'l*'' A" and as are mesh aire. in r,1, re perrively, and =? ' ais4hn

At tle nanre r = n, s - r, e,, = u, i = r, #, a where 7 and 1 = r, )i. Ihe vahie of =, at r - par and = gar.
are rutaint alumi r by 4.1.ler. Tierrfare

3
.I = 1 + o'S' + h, d ame, h ratio) = g,,* * * * ' " 'a., = - e. . a na ... = " ^ '"-

-

Thi. mnLe- ele (..Ilum ing ev.t rirti.m. un eli gilmenwnic
y (radial mixe ratio) = s,--

r

s i - a'li n,,, + n,., e + t i - 2a') "' H = 1 + ,7, lh = 1 - h, D = afde, lh = a'd8
'

yE. = }$il - a9, E
4g

A - i1 - a'),- a's n,., + n,.,) = 0 f.*=,)

( K = la's", .u = d [.,.,-...,=0
i,,,,
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Pie. 4 Serusalms h$sery for mealsnem sheer of problem 3e Ar = 0.I,# = 8/ (eefa se F6e.
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Seew ei Progr an. Tie 1.innlary neditiviv. (7)-t10) are (*im. febse i mealmem she. .ernem' * ~

15 eeil a tili the goveredng diffectsnir.al:6eresitial ettuatiotw (6) to
gier a pair ed dilictemwlillerential e.guations at each junction emit te er#ies t erdam f r c'#im III

p int, which relate lie radbl and nsial angleration there with n. net antas eirene em sir.se time eu ** ties

ele surr.. muling di.plamnent.. Thu., by summing the proper
.ornannima di plamnent and by integrating twice, the radial 8e e8 de 2.s4 em su see s.m

neul asial sneleratinew, wel.nitien, un l dinpleetment are ob. i.e e.e . . ese 4.se **e 4.se
s aimul,' FiaJf.

i.e e.e see s.ss su t.m sie f.ee
After ene alcri.iri. em the iaco (end rap thickne.=, inaide and

, ,,, g, ,,, , ,

'o' .an.iile eli:enweer.l. me.h atie, ami material in terms of mentulu , ,

e4 ela iirity sE;, l's.i.wnn'. ratin te), and deiwity (p), the data eo e8 * * * * * * * * * ' '..

are put into a digital pnigram and the pn met:ing for the prut,lem e., e.e . . . . *** 4.M
z .ili h. gi ..

e., e.e ... . . .

Using the.e p.t citing- sif digital aet pota are available, they
''' ''' #" ''" *can he are directly na wa d.me hy the authore) in the analog * *

citruit., one again. the m luti..n in terma of outputa of I volt . e. e.e . . . . en s .o*

i 1.2.it 3 e - g,y e.e e.e en s.es en f.e sm f.u
- in. Ifp. ed impart) with 10 volta of initial

| # ee e.8 Sa 8.se - - - * '

| vel.wity mypittu alw fn.no eurfair, llest tin e bi equal to
, , , , , , ,,

.ist ~ ' ~. 2e9y,,,,,,,,,g,,,, ta= h usu===**

1 K

| - 0|$4888|8R 8Ed Risull$
aummarised in Tables I and 2, ehere problem 3 i the hue,s
me.h, problem 2 is the next, and problem I the large,t me h.

| To check for omvergence and atability, the pinblem on. run For problem 3, maximum shear =tresstime curvea at several criti-
| ehree timea, each run with a finer me.h nine. All rune m ere made cal pointe are shown in Fig. 4. The re=ulta indicate that for Ina-
'

for model ine of 6 = 1.0in.,e = 0.Hin.,e = 0.4 in., a time orating velocity levels the critical shear stre%e in reached on the in ide
( e4 f.isfc ) ain! stainless steel material. All el the renulta' are surface and thus the initiation of a crack at thi. point, Fig. 4(r).
! '70mplete almulation pruernen le referred tu Ja and Wambuld " " "" I'

g g g g g, initiation of a crack in tran ferred to the not.ide wrface. b..g.
* The analog simulntie.n we. performed un the es,mputer et ilollu, 4(a).

s..an AFB. It should be noted that the=e re ulta apply to a cylinder with
-

,
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7ehle 2 Predicteel eneminum sede impact veleelt6es for cylinders made
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Met er s.1 Ehear Stre.gth u sine ley.et vei. tit, esare for
a n,* out.14, s rrece I..ide s.Je.c.

, dw ."II 't a.. sse 1o7 . iro n,.s 2.a se seo e,. 32. 3e r,.,

'.e. ' .:: w mi ne .. n. n,.s m .. ue 1,. n .. ,, t,.

'
;

.' i*. 7 4rH |2) kp.4 30g {pg 3$g {p,.~er

II Pf A351 se to too kp.i 200 to 25e rp. I.e to 200 rp.

| nen . tr mni.rr imoe.a e...-

.
..

.

II
,

smw imke the general program developed and te.t n panicidar.

model to establish a nafe impact speed or for a given impact speedI find the geometrical and the mechanical characteri tin, of the
.widet for safe impact withenit fracture.

| In desigin, a voltage representir:g the mafe impact velocity may
he referenced on a comparator and tumpared to point * of maxi-

lI mum strens giving a "go-tio.gu" te t. Thus the de-ign engineer
would have an immediate anawer am to Ihe safety of hi de.ign.
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6 Herrmanr O and Afiruk). I., Juraxas. or Aces.iro Af r-

a u nu n. Vol. 23. Ta4ws, itSAIE. Vol. 78.1950. p. 663.
tim enel enp n-nl ninl th.o n thficiens end rap tuuld alter she re. 7 Gnei D. C . Jewrnale/ sha Ace =stical Seeste e/ Amerwo. Vol.
>nh. .l'he n-nit of vol.wii3 enagniinde agiven in Table 21 and 31.1959. pp. 663 and 673.

, H Fitch. A. H., Journal e/ shi Aconatical .%riety e/ Amr. ire. Vol.
y the lewalion of frarenre wete in ngreement with exteriment.' :ss.19tri. p. 706.
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Fig. .*. lum a fractured rsliiu6et n n re-uh of end.un impact. 9 DeVault. O. P and Curti. C. W., "Ein.tir C3 hnder With
l'or Itels mut 41;in teel, tlw eslesinwntal re nita give a ihre<hnid I''' L"k'"I Burfam and Mixed Time. Dependent End Conditinna."

Journal e/ she Acenatical Society e/ Amerers. 4 of. 34. No. 4. Apr.vel.wity ..f 24 8 and 241, ie pes tivel.s , for v. .ble fract ure o. . .mt es.bi 1962. pp. 421-432.
i i. u s. The fratinre vel. wily n piedirted by the analog simulatiuo 10 Thorne. B. J, and Hermann. W., "Tsunis. A Computer

E *

nre 1.*o and ?JO fp , n-tertively. The velocities predicted by Prosrem for Calculating Problem. of alotion in Two Dinwn ion."
thi meet L nee lower henit miniv ihe Tec-ra's failure theory (mad lien rt No. SC-ftR-66 602 Sandia Corporntion. Jul.s 1967.

. 1I Love. A. E. H Mathematical Theory n/ Elasticitu. Dus er, 4th
. nium lwne ter-4 i- generall3 n.n idried con <ervative for fra"* ed. 1944, p.143.
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| j tme initiation. In fact, the higher velocity required to initiate 12 Las. P. D., and Wendro# B., "Denmnm Scheme. With Hish
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frnetme on the out.ide . mime i generally needed. Thua, if a e trder of Accurney for Bolvir.s Hmerhohe Equation " Comm. l'arr
high degne of rifety i not scanised, the nfe velocity could he A P#''d .tlathematics, Vol. 17.1904. pp. 3Al-399.13 Chiton. R. J., "A Dinerenm alethod for l'Inne I,enblema m,
inLen n the one telaled t.. the out ide amfare fractme velocity
entler iluin that causing h av eme on the in<ide s.irface. D3 numic Elasticity," Quarterly e/ ApWird .llathematire.fol. 25.1967, pp. 97-Il6.

Ilaving e-tabli hed the fea ihikts of thi te'thnique, one enn 14 Bertholf. L. D., " Numerical Solutmna for TumDigen ional

E
-
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..- .- -- / MA 4.0 2
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5. SUMMAP.Y OF RESULTS
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l
A0VF32 F010 !
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TABLE 5.1

Calculated Allowable FS Calculated Allowable FS
i

l

Disk -shear # 7.88E6 8.28E6 1.05 4.2E6 7.8E6 1.9

-strain 2 2.3 .15.4 6.7 2.9 15.4 5.3

Rockshaft -stress ksi N/A N/A 28.5 54.6 1. 9.

-ratio .35 1.0 2.9 N/A N/A

Tail Link -stress ksi N/A N/A 68.1 70.0 1.03

-ratio .89 1.0 1.1 yff, N/p9

Fin -stress kai N/A N/A N/A 4.8 28.8 6.0

Stud -stress ksi N/A N/A N/A 41.0 49. 1.2
!

] Seat / Disk -stress ksi 74. 98. 1.3 98.8 70. 1.4
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1.900030 04 E.3341E-02 5.9990E-03 4.3510E-03 f.4:COE+05
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I STCNE O CESSTER ENGINEERING CORPO2ATION

} CALCULATION SHEET
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CALCULATION IDENTIFICATION NUMSER
i J.O. 0 R W.O. NO. OlVisl0N G SROUP CALCUL ATION NO. OPTIONAL TASK CODE PAGE

/1 %/O WdQ 2eV1 @d A 2.
i

a,

j s

4
;

i s

h s
j F.1 RIJECTIVE --

!,

*
The objective of this Appendix is to confirm the conclusions of Section 5 above.;

; e .

! so F.2 |EIRQD
!

si

Inelastic systems and component analyses are carried out using the ANSYS''

! computer program (Ref.18), for comparision of stresses to ASME III Class 1
'8

allowables for faulted service. The stress / strain relationship was approximated,

i se by a bilinear curve (Fis.F-1) adjusted for strain rate and temperature effects.
!

!
The pin and stud are not considered since original stresses therein were belowis

A5ME III allowables. Deflection of the disks from their centered position on the,,

j seat is not significant.,,

.
is The dynamic loading just before impact is purely centrifugal, reacted by the
is rockshaft, stud and tail link. The resulting forces on the rockshaft and stud,;

'

the stress in the tail link were calculated by the ANSYS(Ref.18)so program. Shear
stresses in the rockshaft and stud were obtained manually.,,

'
''

A second run was coded to calculate the force on the rockshaft and the stress inj as the disk from impact of the F010 tail link on its disk. Shear stress in the
j a4 rockshaft was, again, determined manually.

as
j A third run was coded for computation of the seat force / deflection curve and the,,
: seat stress arising from impact.,,
4

j A fourth run was coded to compute ADVF032 disk stress and seat force senerated
88

) as by lapact and pressure ourse, using the seat force / deflection curve obtained
; so irom the third program.
. si

| The acceptance criteria siven in Section I was considered satisfied if all,,
i calculated stresses are below ASME III(Ref.9) Class 1 allowables for faultedssj service (App.F).

se

j ss

sej

sr
i

se

; so
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*
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as F.3 ASSUMPTIONS
84

'

es 1) The clearance between the tail link bushing and the stud on the

as disk is sufficient to preclude transfer of significant moment at
the instant of lapact. This allows analysis of the disk and tail

'' link to be carried out independently.
se (confirmation not required)
se

so 2) The clearance between the A0VF032 rockshaft and integral tail
s link is sufficient to preclude transfer of any significant force

to the rockshaft from aspect of the disk assembly at point not3,
on its center of percussion.

as ,

s4

se

se

87

i se

se F.4 DESIGN INPUT
4e .

Same as Section 4 above..,

4e
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CALCULATION SHEET.
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CALCUL ATION 10tNTIFICAT10N NUMetR

J.O. 0R W.0. NO. Olvl810N & GROUP CALCUL ATION NO. OPTIONAL TASN COOK PAtt
\ / '3 '2./ O WAf(& '3 D Y$ %Q6 F~y

i

a

3
'

4
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F.5 SMt4ARY OF RESULTS

e

1

e A07F33 F010
TABLE FS.1,

Cale'd Allow. FS FGe Cala'd A11ev. FS Foe,,

si

is Disk -stress kei sg,7 49. 1A7 F-17 #s. 49. 1.2 F-15
13

Rockshait -stress kei 4.4 20.3 8.5 F-8 3.7 20.3 7.7 F-4,,

Tail Link -stress kei N/A N/A 32.6 49.0 1.5 F-8- -

17 Seat -stress het 48.6 49. 1.0 T-23 45. 49. 1.07 F-25
is

is

to

as F.8 CONCLU.510XI,

se

The resulte of Section F.5 confirms the conclusion of Section 6 above that bothas

se valves will withstand rapid closure and that the pressure boundary will be
maintained.,,

se

af F.7 REFERENC15(added to the list in,Section 7)
se

,, 10. ANSYS Insincering Analysis System User's Manual, Revision 4
3-1-1903 SWEC Fresrom ST-340,04/1C,,

si
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SUMMARY

X(Jo t !)_
The reactor vessel water is protected from blowdown following a postulated rupture of
the feedwater piping outside the containment, by the Velan check valve 1B21*F010A,B
inside the containment and by the Atwood/Morrill testable check valve IB21*AOVF32A,B
outside the containment. Breaks are not postulated in the piping between the valves
because that region is classified as break exclusion.

The reverse flow caused by the sudden pressure reduction at the break rapidly closes
both valves. This calculation examines the ability of these valves to withstand the
impact of the disk on the seat without excessive leakage thereafter.

Loads on the critical elements,i.e., the disk, tail link, rockshaft and seat, were
computed by simulation of the impact dynamics using the STARDYNE and GTSTRUDL
computer programs. Both uniform and point impact were considered in search of the
worst case kickback loads generated by the point of impact not being at the center of
percussion. Seismic, hydrodynamic and dead loads were not considered because of their

; insignificant magnitude compared to impact loads.
(~N1

t In those cases where linear stresses were not below their allowables, a strain energy M M/
! \ analysis or a non-linear time history strain analysis was conducted to demonstrate

integrity.

It is concluded that both valves will remain intact and that the leakage will be
| within the make-up capability of the High Pressure Core Spray (HPCS) or the Reactor

Core Injection Cooling (RCIC) system, following rupture of the feedwater piping
outside the containment.
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