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OBJECTIVE: To describe the design, installation and adequacy of the
proposed repair patch for the Chicago Cyclotron Magnet upper
coll vacuum shell.

PRESSURE RATING INTERNAL AND EXTERNAL OF THE PRESENT SHELL

The ASME Code Section VIII, Div. 1, Paragraph UG-27 does not specifically
address the question of end conditions when determining the internal MAWP of a
cylinder, therefore it will be assumed that the Code equations were determined by
using the worst possible end conditions. The MAWP internal for the upper coil

vacuum shell
(SELY/(R + 0.6 ©) = T70.5 psi, where

= (18.8 x 103) (0.8) = 15 x 103 psi

S

E = 0.60

t o= 0,125
R = 15,875,

Using the above argument regarding end conditions the external MAWP will be
caleulated using Paragraph UG-28. 1In this caleculation the difficult parameter to
determine is the length of the cylinder. The length of the cylinder varies from
47 inches to 64 inches, as you move from the inside of the coil to the outside of
the coil respectively. For the worst case or lowest external MAWP, the length of
the ecylinder will Dbe taken to be 64 inches, diameter to be 32 inches and the
thickness to be 1/8 inch, therefore the external MAWP = 10.9 psid. To increase
the external MAWP above 15 psid, radial ribs were welded onto the vacuum shell.
The radial ribs act as stiffening rings, thereby reducing length of the cylinder
to 36 inches. The external MAWP of a cylinder with the above length and the same
diameter and thickness as before is 21.3 psid.

DYE PENETRANT TEST

The area occupied by and surrounding the dent was inspected for cracks and
pin holes using dye penetrant supplied by Magnaflux. No cracks or pin holes were
found in the vacuum shell or in the adjacent welds.



REPAIR PATCH DESIGN

The mechanically simplest repair 1s Jjust placing a patch right over the
damaged area. The purpose of the patch would be to prevent the damaged area from
being loaded with an external pressure, thereby preventing any further buckling
of the vacuum shell. To ensure that there can never be a differential pressure
across the damaged area an opening (passage) must be provided between the present
vacuum shell and the volume produced by the addition of the patch. This passage
is produced by moving the upper coll vacuum vent over to the east and south and
leaving the present opening for the vacuum vent pipe uncovered. To ensure that
there are no trapped pockets and/or virtual leaks, 1/16 inch shims ~ 1/2 inch in
width will be welded around the perimeter of the patch, see Fig. 1. Before
welding the patch on, a dye will be spraved or painted onto the damaged area and
the patch placed over the dyed area, this procedure will indicate 1f more shims
are necessary (o prevent the occurance of any trapped pockets of air.

The actual patch will extend at least four inches beyond the damaged area on
all sides except for the west side where the patch will butt up against a radial
rib. Since the external pressure rating per Code, for the vacuum shell 1s above
15 psid, there 1is no need for additional ribbing. See Fig. 2 for the actual
dimensions and location of the patch., The pateh itself will be 1/4 inch thick by
~ 18 inches long by 22 inches wide, radius 16 inches and has a 8,625 inch
opening. A complete shell of this thickness, length, radius and without the
opening has an external MAWP of 113 psid. Paragraph UG-37 reqguires that the
reinforcement required for the above opening to be equal to 1/2 x d P tr x F,
which with ¥ = 1.0, © = 0,125 in and d, = 8.625 is equal to 0.5 in© . '

i

e

There is a column just to the west of the vent opening whose area of
inforcement overlaps the area of reinforcement of the §.625 inch vacuum vent,
e

1 C

therefore the requirements of paragraph UG-42 must be satlsfied. The diameter of
the column  opening s 12.75 inches. First it must be determined if 50% of the
L reguired reinforcement 1

sg between the centers of the two openings.

The total required reinforcement = 172 (d. + d. RO L = 1,34 in®, where
K [ P 16 » ’

dj = 8,625 Iin. vent dlameter

d, = 12.75 in. column diameter

t, = 0.125,

The total available reinforcement between the centers of the two openlngs
equals

(1) The area provided by the column reinforcement ring

i

(W) (%) = (2.5)(0.250) = 0.625 in®, where

<

= thickness of ring and W = width of reinforcing ring




plus

(2) The area available from the patch beyond thal necessary
for the external pressure

= (1.0)(0.250 = 0.125) = 0.125 in®

The requirements of Paragraph UG~U42 A-2 are met because the ratio of the
available area of reinforcement between the openings to the total required area
of reinforcement equals 0.750/1.34 = 0.56 or 56%. To_meet the requirements of
Paragraph UG-37 there must be 0.54 = 0.125 = 0,415 in® of reinforcemeny available
on the east side of the 8.625 inch opening and 0.80 -~ 0.564 = 0,236 in“ available
on the west side_ of the column opening. The 8,625 inch vent opening has
(0.125)(4) = 0.5 in“ of available reinforcement area ,on its east silde and
12.75 inch column opening has (2.5)(0.25) = 0.625 in“ available reinforcement

area on its west side therefore the requirements of Paragraph UG-37 are met.

The patch will be welded with a 1/4 inch extended fillet and 3/4 inch
diameter plug welds on its north, south and east side and with a butt weld on the
west side as shown in Fig. 1. The weld design and size of how the vent plpe Iis
welded into the pateh is shown in Fig. 1.

By using the 3 to 1 slope weld detall for attaching the patch to the vacuum
jacket, one can assume that a complete cylinder 1s being fabricated by using a
piece of 1/8 inch thick material welded to 1/4 inch thick material. This
fabrication method will produce a cylinder which is out of round by 0.188
(thickness of original vacuum shell plus the 1/16 shim) inch. The allowable outl
dness per code for a 32 inch diameter cylinder is 0,225 inch, which is
r than 0.188 inch, therefore the cylinder can be code ratable for a MAWP of

external per Paragraph UG-60.

1]

The dented area can also be analyzed as a half circle cut out of the she

with a diameter of approximately 14 inches. s required area of reinforcement
for a MAWP of 15 psl external 1/2 % hw x d x Fo= (1/2)00.125)(14) (1) =
0,875 in®, Due to the stiffness of the radial rib which forms the west edge of
the half circle, it is safe to say that the shell west of the rib does not feel
any effects due to the half circle, see Fig. 2. This requires that reinforcement
for the dented area only be added to the shell which iIs east of the radial rib.
For adequate reinforcement per Code the patch must extend 3.5 inches beyond the
dented area, The actual patch extends a minimum of 4.0 inches beyond the patch.
Therefore the dented area is adequately reinforced and the shell 1s Code ratable

for MAWP of 15 psi external per paragraph UG-37.

CONCLUSION

The repair patch described in this note is more than sufficient as shown by
using the rules of the ASME Pressure and Boiler Code Sectlon VIII, Division 1 to
prevent buckling of the damaged area when the wupper coil vacuum Jjacket is
subjected to an external pressure of 15 psi,




Appendix A

OBJECTIVE: Sample calculation showing the method used to determine
external MAWP for cylinders.

Parameters

D, =32 in

t = 0.125 in

L = 36.0 in

Do/t = 32 = 256 L/DO = 36/32 = 1,125

0,125

From Fig, 5-UG0-28.0
Factor A = 0.0003

From Fig. 5~UHA~28.1

= 21.3 psi




U

Appendix B

OBJECTIVE: To determine if the existing rib that is between
the column and the vacuum vent pipe meets the atiffen-
ing ring requirements per the Code, Paragraph UG-29,

Parame

D, =32 in

H = 10.750 in height of rib

W = 1,0 in thickness of rib

L = 0,125 in thickness of vacuum shell
P = 14,7 psid external

Calculations

) D2y (t + A /L) Al

A s (H)(W) = (0.750)(1.0) = 0.75 in”

From Fig. 5-UHA-28.1
Factor A = 0.00017

. 1 . , A . o
oo 1% = (3,059 in% = prequired moment of inertia of the
- stiffening vring

i o : )
I = miﬁwh3 = m}n_(10(,'))(0075)3 = 0.035 in"' = available moment of

12 12 inertia of the sti
ring



The required moment of inertia 1_ = 0,059 in” is greater than the actual
moment of inertia I = 0.035 inue For the rib to meet Code, its height would have
to be increased by 0.140 in, it base (width) increased by 0.70 in or the maximumn
allowable external pressure per Code reduced to 8.7 psid.

Conclusion:

It is difficult to change (remove) the present rib and replace it with a
larger one. It is possible through welding to increase the height of the rib by
adding additional material to the top of the rib. This is not necessary because
the Compressed Gas Association pamphlet~341, paragraph 1£(3) states that outer
vacuum shells and rings for insulated tank trucks that carry liquified gases can
be designed for 7.5 psid in accordance with the ASME Code formulas, therefore 1t
is reasonable to say the rib is of satisfactory size,
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