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OBJECTIVE

*

This study ws underteken at the request of the customer to determine whether the size
24 Figure 607 main steam isolation wives at the Three Mile Island nuclear power plant
are copoble of safely withstending a sudden release of upstream pressure, such as would
occur due to on instantaneous bursting of the pipe. Such a condition would cou.e these
stop-check type valves to sicm shut, the disks striking the seats of a velocity of 107
ft/sec. (33 m/s) and with on energy of 1,380,000 in.lb. (155 kJ).

Due to the limited time owilable, this study was to be limited to on elastic finite-
element analysis, hand co!culations and simple tests.

*

..

CONCLUSIONS

1. The disk impact energy due to the sudden flow reversal cssociated with a line
break con be safely obsorbed by the wive sect.

2. The type of deformation that will occur is a plastic flow of the seat shelf, down-
word and inward, causing a reduction in the inside diameter of the wive bore
below the sect. Very little radial movement of the body shell will occur.

3. The valve disk is stronger than the seat by a factor of 2.24. Therefore most
plastic <Wormation will occur in the wlve seat. Any plastic deformation that
might occur in the disk will provide further energy-obsorbing copcity.

4. The deformed seat in the model was coined to on excellent finish. However,
no stellite was deposited on this seat c: is the cose in the actual valve. Therefore,
the sealing ability of the wlve ofter this deformation hos occurred connot be
predicted solely on the basis of the test. However, even though the stellite
might crack, the tight mechanical engagement of disk and body would be
preserved and would effectively limit the flow.

DISCUSSION

This investigation included two principal activities: on elo'stic finite-element stress
onelysis of the disk and body and on experimental study of the plastic deferrretion of
the seat. Discussion of these activities will be presented in that order.

.

ELASTIC FINITE-ELEMENT ANALYSIS

The lower portion of the disk and the seat region of the body were medeled using
FINEL (2), on exisymmetric finite-element program having rectangular and trianouler

I
Numbers in parenthesis refer to references at end of paper. 1411 510
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elements. This program has been used extensively within Rockwell and has been
verified with c!csed-form analyses and by comparison to NASTRAN en identical.

models .

Since the body loading includes both the seat loading due to impact and the internal
-

pressure loading above the seat, it was necessary to run two cases in order to identify
the seat deflectien due to the ir 7::: ;ooding alone.

Exhibit One is the computer output for the combined pressure and impcct loading of
the body. Fer a pressure Iced of 1000 psi (69 bar) and on impact load of 1,000,C00
lbs. (4.45 MN), the rroximum stress intensity occurs just below the seat, and has a
magnitude of 46.2 ksi @l8 MPa).

~

Compsring this mlue to the yield stress of the body material at SCOF (260C), which,
from Section ill of the ASME Code, is 29.1 ksi @00 MFa) shows that the actual seat
loadirig at which yield will occur is:

1,000,000 ( *I) = 630,000 lb. @.8 MN)
.2

And the corresponding pressure loading would be:

1000 ( ) = 630 psi (44 bar)

which fortunately compares well with the 617 psi (43 bar) obtained by extrapolating -

the inlet pressure in the simulation study to the tirne 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 .004" (0.10 mm) due to impact.
Applying the 0.63 yield ediustment factor as above, the adjusted deflection at a
630,000 lb. Q.8 MN) lead would be 0.0026" (0.065 mm).

A calculation of the elestic energy obsiced by outward deflection of the seat yields:

W=fFx = f (630,000)(.0026) = 820 in-lb. ,

or, in SI units, -

r- @.8)(.065) 103 = 91 J )k 'b1

j

which is, of ceurse, insignificant compared to the 1,380,C00 in-lb (155 kJ) kinetic
energy of the disk.

.
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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 wives (3). The FINEL program is also used in this,

analysis .

The seat load resulting from the orbitrarily-scaled inertial fooding was 212,675 lb.
*

(.946 MN). The rnaximum stress intensity was 4.7 ksi (32.4 MPa) compared *o a
yield stress (Fil material) of 31.2 ksi (215 MPa), indicating that the disk ccn with-
stand a seat load of:

_ _ . .

212,675 ( 4.7) = 1,412,000 lb. (6.28 MN)
*

,

er*.

before yielding. Since the body will beg:n to yield at 630,000 lb. (2.8 MN), the
disk is approxirnately 1,412,000/630,000 = 2.24 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
149.3 in-lb (16.9 J) under the ! ceding of the model. This must be scaled up by a
factor of {530,000/212,675)2 = 8.77 to correspond to the body yield load, yielding
on elastic energy of 1310 in-lb (148 J).

The elastic energy also would include that energy obsorbed by relative motion of the
disk into the sonical seat. Inward deflection of the disk, adjusted for the yield lecd
of the body, would be:

.00017 ( 2h ) = .0005" (0.012 mm)

Adding this to the outward deflection of the body and multiplying by half the opplied
force, the energy obsorbed is:

W = f (630,000)(.0005 + .0026) = 977 in.lb.
.

or, in Si units,
.

W = f (2.8)(.012 + .065) 103 = 108 J

The total energy that is obsorbed elastically, then, up to the point of incipient yielaing,
would be:

Descriotion Energy, in-ib U) 4}} }}2
Body Elastic Energy 820 (91)

*

Disk Elastic Energy 1310 (148)
-

Disk-Body Relative Motion 977 (108)
Total Elastic Energy Cap: city 3i07 (347)
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Thus, the elastic coalysis bears out the initial epinion that the amount of energy.

that con 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 the likely site of plastic
deformation.

EXPERIMENTAL SEAT STUDY

In order to determine the nature cf the plcstic deformation that would occur, it was
decided to make a scale model cf the volve sect, and to perform on actu:1 deformatien
test, while measuring deflections and forces.

In order to mcke use of the 200,000 lb. (889.6 kN) test machine in the Rockwell
rreterials laboratory, a scale factor of 0.189 was chosen.

Exhibit Four shows the test medel dimensions. Clay impressions were rnade of the seat
in the model and viewed on on optical comparator to verify that the seemetry was
correct. A solid disk having a 45 beveled edge and a 4.217 diameter was made of
hardened AISI 4340 steel, in order to confine the deformation to the body only.

A tensile specimen wcs made of the some piece of rnaterial that was used for the body,
and was pulled to determine the yield strength of the material. Its yield strength
(0.2% offset) was 43.4 ksi (298 MPa). This is typical of the 1018 material used,
and is higher than the minimum specified yield strength of the vcive body material (4).
Knowing the actual vieid strength provides a basis for comparison of the energy
absorbed in the test :nedel to that which would be obscrbed in a valve with minimum
rnaterial properties. The ratio of yield strength is:

'

43.3g = 1.487

Exhibit Five is the force-deflection curve obtained from this test. The crea under this
curve represents the amount of energy dissipated by plastic flow of the rroterial. This
crea is approximately 17,000 in-lb (1.923J).

The energy in the model can be scaled to the actual valve by dividing by the cube
of the scale factor. This means that a geometrically similar deformatien in a volve

317,000/.189 = 2,518,000 in-lb @S5 kJ).of equal material strength would absorb
Adjusting for the :ctio of actual yield strength of the mocel to the MSYS of the bocy
material reduces this to 1,693,000 in-lb (191 kJ).

)hk\ b
.
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Applying these results to the postulated event in the volve, it is estimated that to,

a first opproximation, the inpoet energy would be cbsorbed offer sect deferrmtion
and disk travel of 0.44 in. (11 mm). This disk travel will produce cdditional
energy to be cbsorbed because of the unbalanced pressure force acting on the disk.
This is determined to be:

2Seat arec (379 in ) x bonnet cavity pressure (168 psi) x 0.44 in.

= 28,000 in.lbs.

.

Thus'the total energy to be absorbed is 1,380,000 in.lbs. + 28,000 in.lbs., or
1,410,000 in.lbs. (159 kJ). Since the 1,693,000 in.lbs. (191 kJ) value calculated
for o minimum yield strength body represents only the extent of deferrmtion cpplied
to the model and not a limiting wlue, it een be concluded that the safe energy
obsorption ccpceity of the body is conserwtively cdequate for the pcstulcted event.

Deferrnation of the medel is shown in Exhibit Six. The disk moved the seat down-
verd by a plowing type cetion. The width of the sect was increased from .025"
(.64 mm) to .082" (2.1 mm) by the " piling up" of displaced material. The diameter
of the body was not significantly changed.

.
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This section of the deformed model (x2) shows the manner
in which the sect was enlarged end plowed downwcrd.
The 45 seat surface was initially ediacent to the lower
end of the . moll relief groove. The width of the seat was

.

increased from .025" to .084". The bore below the seat
was originally of uniform diameter.
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