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OBJECTIVE

This study was undertoken at the request of the customer to determine whether the
size 14 Figure 607 main steam isolation valves at the Yankee Rowe nuclear power
plant are capable of safe ond effective closure in the event of a catastrophic line
break in the pipe adjacent to the valve inlet. Such a condition would cause these
stop-check type valves to slam shut, the disks striking the seats at @ velocity of
65.3 ft/sec (19.9 m/s) ond with an energy of 139,250 in=lb (15.7 kJ) ml.

Due to the limited time available, this study was to be limited to an elostic finite=
element amalysis, hand calculations, and simple model testing.

CONCIUSIONS

1. The disk impact energy due to the sudden flow reversel associated with a line
break can be safely absorbed by the valve seat.

2. The type of deformation that will occur is a plastic flow of the seat shelf,
downward and inward, causing @ reduction in the inside diameter of the
valve bore below the seat. Very little radial movement of the body shell
will occur. s

3. The valve disk is stronger than the seat by a factor of 2.23. Therefore most
plastic deformation will occur in the valve seat. Any plastic deformation
that might occur in the disk will provide further energy~absorbing capacity.

4. The deformed seat in the mode| was coined to an excellent finish, However,
no stellite was deposited on this seat as is the case in the actual wlve.
Therefore, the sealing ability of the valve ofter this deformation has occurred
cannot be predicted solely on the basis of the test, However, even though the
stellite might crack, intimate contact between the disk and body seating
peripheries is assured and any leakage should be negligible by comparison with
the quantity of steam discharged by the line breck.

DISCUSSION

This investigation included three principal activities: an elastic finite-element stress
analysis of the disk and body, o simplified plastic onalysis of the seat region, and an
experimental stucy of the plastic deformation of the seat. Discussion of these activities
will be presented in that order.

T

Numbers in parenthesis refer to references ot end of paper.
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ELASTIC FINITE-ELEMENT ANALYSIS

The lower portion of the disk and the seat region of the body were modeled using
FINEL (2), an oxisymmetric tinite-element program having rectangular and triangular
elements. This program has been used extensively within Rockwell and has been
verified with closed=form analyses and by comparison to NASTRAN on identical
models.

Since the body loading includes both the seat loading due to impact and the internal
pressure loading obove the seat, it was necessary to run two cases in order to identify
the seat deflection due to the impact loading alone.

Exhibit One is the computer output for the combined pressure and impact loading of
the body. For a pressure load of 1000 psi (69 bar) and an impact load of 1,000,000
Ibs. (4.45 MN), the maximum stress intensity occurs just below the seat, and has @
mognitude of 72.3 ksi (498 MPa).

Comporing this value to the yield strength of the bedy material ot 500F (260C), which,

from Section 111 of the ASME Code (4), is 29.1ksi 00 MPa), shows that the actwal
seat looding at which yield will occur is:

o]
1,000,000 (_27-5%-) = 402,500 lb. (1,79 MN)

And the corresponding pressure loading would be:

1000 (%—;—'—%) = 403 psi (28 bar)

which fortunately compares well with the 424 psi 9 bar) obtained by extrapolating
the inlet pressure in the ¢imulation study to the time of impact.

Exhibit Two is the analysis of the body under impact loading only. This analysis

shows that the outward deflection of the seat is .0061" (0,16 mm) due to impact.

Applying the 0.403 yield adjustment foctor as above, the adjusted deflection at @
402,500 b, (1.79 MN) locd would be .00245" (0,062 mm).

A calculation of the elastic energy absorbed by outward deflection of the seat yields:
W= %-F X * % (402 ,500)(.,00245) = 493 in=lb.
or, in Sl units,
1 \ 3
7 (1.79)(.062) 10 = 55.6 J

which is, of course, insignificant compared to the 1,251,000 in.lb. (141.4 kJ) impoct
energy
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Exhibit Three is the finite=element model of the disk. This disk model is loaded in
proportion to the mass at each section, in the manner used in the Leonard and O'Leary
study of nuclear swing check valves (3). The FINEL program is also used in this
analysis.

The seot load resulting from the arbitrarily=scaled inertial loading was 45,670 1b.
(.203 MN). The moximum stress intensity was 1,59 ksi (11 MPa) compared to @
yield stress (F11 material) of 31,2 ksi 215 MPa)(4), indicating that the disk can
withstand a seat load of:

45,670 (%-‘-g%) - 898,000 Ib. (4.0 MN)

before yielding. Since the body will begin to yield at 402,500 b, (1.79 MN), the
disk is epproximately 898,000/402 ,500 = 2.23 times as strong as the body.

By summing the products of one=-half the applied forces times the deflection of the
corresponding nodes, the elastic energy input to the disk was calculated to be 4.75
in=Ib (.535 J) under the loading of the model. This must be scaled up by @ factor
of (402 ,500/45670)2 =77.7 to correspond to the body yield load, yielding an
elostic energy of 369 in=lb (41.6 J).

The elastic energy also would ‘nclude that energy cbsorbed by relative motion of
the disk into the conical seat. Inward deflection of the disk, adjusted for the yield

load of the body, would be:

00005 (422:330) = 00044 (0,011 mm)

Adding this to the outwurd deflection of the body and multiplying by half the applied
force, the energy absorbed is:

W

1

-;— (402 ,500)(.00044 + .00245) = 582 in.lb.

or, in Sl units,

1

=
1]

(1.79)(.011 + .062) 10° = 65.6 J

L
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The total energy that is absorbed elastically, then, up to the point of incipient
yielding, would be:

Description Energy, in-1b (J)
Body Elastic Energy 493 (55.6)
Disk Elastic Energy 369 (41.6)
Disk -Body Relctive Motion 583 (65.6) Yo Lo
Total Elastic Energy Capacity Y444 (16Z.8)

Thus, the elastic analysis bears out the initial opinion that the amount of energy that
can be absorbed elastically is for less than that which would be supplied under the
postulated line break conditions.

Nonetheless, the elastic analysis does identify the body as th- likely site of plastic
deformation and further, an examination of the maximum shec . trajectories in the

seat region (Exhibit Four) does suggest a mode of failure. One can viswalize the seat
deforming downward and inward due to the applied load, with material from behind
the seat bulging out below the seat. This concept led to the plastic analysis described
below.

PLASTIC SEAT ANALYSIS

Exhibit Five shows the derivotion of a simple equation for the amount of energy
required to plastically deform the seat in @ manner suggested by the maximum=shear
trajectories of Exhibit Four. This anolysis makes use of three simplifying assumptions:
1. The effect of hoop stress is neglected since the radius of the seat
is quite large compared to the local deformations. Therefore the
problem is simplified toa two=-dimensional plane.

2. Deformation occurs along parallel slip planes.

3. Loading occurs along the slip planes, that is, there is no effect
of loading through the slip plares on the shear yield stress.

The resulting equation for the plastic energy obsorbed by the seat in the deformation
defined is:

W, = 7.5844d T yp ©2 - b%)

For the cose of the size 14 Figure 607 valve, this results in o seat energy absorption of:

Wp = 271,181 in-1b 30.6 kJ)



De~artment 744-76X
R.. .rt No. 257362

Page 6

Since the disk is subject to o steam pressure acting in the direction of travel, the total
energy required to be absorbed is the sum of the kinetic energy of the disk due to its
velocity at impact and the products of the pressure force and the distance the disk
travels ofter impact. This steam pressure energy is equal to the product of the pressure

and the volume change, or

W, * 0 Avb, where:
We = expansion work ,
P, = bonnet chamber pressure, and
Avt, = bonnet chamber volume change

The bonnet chamber volume change is the product of the bonnet area, 14,8 in? (0.0954 m2)
and the seat deflection, 0,190 in. (4,83 mm), or 28.2 ind (.00046 m3).

The bonnet chamber pressure can be obtained by extrapolation of the simulation data,
and is:

VP _ 480.8 264.23) _ .
Py = V3 o et 142 psi (9.8 bar)

pansion work of 4004 in.b. (452 J).

Therefore , the total energy input is 139,250 + 4004 = 143,254 in=1b (16.2 kJ), which
compares favorably with the 271,181 in.Ib. (30.6 kJ) seat energy absorption os cal=
culated. Therefore, on the basis of these calculations, the seat design can safely
absorb all the energy of the disk within the deformation limits described.

The y?e|ds an ex

EXPER IMENTAL SEAT STUDY

In order to demonstrate the credibility of the calculation method as a means for

estimating energy absorption copabilities, a scale model of the size 24 Fig. 4007
volve seat was made up and an actual deformation test was performed, with the
relationship between loading and deflection recorded over the full travel of the
simulated disk into the seat. The size 24 valve seat is similar in shape to that of

the size 14.

Exhibit Six shows the test model dimensions. The linear scale factor of 0.1875,
referred to the size 24 valve , was chosen in order to permit use of the 200,000 Ib.
@89 kN) test machine 'n the Rockwell materiols laboratory. Clay impressions were
mode of the seat in the model and viewed on an optical comparator to verify that the

geome try was correct,
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A tensile specimen was made of the same piece of material that was used for the body,
and was pulled to determine the yield strength of the material. Its yield strength
(0.2% offset) was 43.3 ksi (298 MPa). This is typical of the 1018 material used, and
is higher than the minimum specified yield strength of the valve body material .
Knowing the actual yield strength provides a basis for comparison of the energy
absorbed in the test model to that which would be absorbed in a valve with minimum
material properties. The ratio of yield strengths is:

-2-9—.‘-'—" ‘.49

Exhibit Seven shows the test data plotted as a load-deflection curve. Inaddition, @
family of theoretical curves is shown, since the theoretical force is a function of the
coefficient of friction between the disk and seat, The theoretical curve for 4 = 0.25
matches the data well, and since this is a reasonable coefficient of friction, the
experimental data do seem to confirm the theory.

The theoretical amount of deflection in the model that would be required to frictionlessly
absorb the scaled equivalent of the energy of the disk is 0.088" 2.2 mm). However,

the test data indicate that, due to the large energy absorption by friction between the
disk and seat, only 0,058" (1.5 mm) of deflection would be required to accomplish the
same amount of energy absorption. Since the frictionless assumption is more conservative,
o maximum seat deformation of 0.19" (4,83 mm) would be expected to occur in the size
14 valve , out of a total 0.31" (7.9 mm) seat shoulder width,

Exhibit Eight shows the shape of the deformed mode!l bore after the test. The flow of
material is not exactly as predicted by the mathematical model, The difference can
be explained by two factors. First, the contribution of the circumferential , or hoop,
strengths of the material tends to resist radial material movement more than in the ideal
model., And second, strain hardening along the 22-1/2° slip planes would terd to
cause the material to seek new slip directions of lesser resistance after yielding has

begun.

Exhibit Nine shows the derivation of the theoretical curves of Exhibit Seven, based
on the strength and dimensions of the model. .
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