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1  Introduction and History

The LHe pump dewar for the CERN Vertex Magnet (CVM) was one of four
identical dewars built for CERN by Cryodiffusion of Lery, France in 1977. The
dewar was designed by Michel Marquet, a cryogenic engineer, who was then, and is
presently, working at CERN. The dewars were constructed of 304L stainless steel,
and were designed for a pressure of 65 psia (4.5 bar abs.). These four dewars have
all operated, for various periods of time, at CERN without incident. The vessels
were designed, as much as possible, to the SNCT code, the French equivalent to
the ASME Boiler and Pressure Vessel Code (BPVC). Material controls and welding
procedures and certifications were applied to the construction of the dewars, how-
ever, the applicable records are not obtainable. All of the vessels were examined
radiographically, in accordance with the International Federation of Welding rules,
with 100% of the longitudinal welds being examined and 10% examination of all
other welds. Records of the radiography performed on our vessel are not available,
however, a copy of the CERN Safety Document for the vessel, RP156, has been
obtained (see Appendix A for a translated copy of this document). RP156 indi-
cates that the radiography was carried out, and that it was checked by the CERN
Bafety Department. RP156 also indicates that the vessel was hydrostatically tested
to 5.75 bar(83.34psi). During this test the cryostat’s head was instrumented with
strain gauges and a maximum stress of 9246 psi(6.5Kg /mm?*) was recorded.

It is the purpose of this document to evaluate the CVM’s pump dewar for a max-
imum allowable working pressure of 32 psig. This evaluation will be accomplished
following the tenets of Fermilab’s Engineering Standard SD-378. The pump dewar
i5 a used vessel and, under the tenets of 8D-37B, is to be treated as an existing
vessel, as described by paragraph 4.5. Since the dewar is a non-coded vessel (does
not carry an ASME BPVC U stamp, indicating that it was not built in accordance
with the BPVC), it is required that

e an analysis cumulating in an engineering note be performed using a penalty
factor of .8 on the maximum allowable stress value given by the BPVC Section
VIII (referred to as “the Code”) to offset the assumed lack of material controls
and third party inspection. Included in the engineering note shall be an
analysis of the vessel’s venting system to verify that overpressurization beyond
the limits of Paragraph UG 125 of the BPVC Section VIII Division 1 will not
occur,

o the vessel has been tested per code rules at sometime in its history.

e il no qualified welding (per code rules) is documented, the vessel shall be
examined and judged per the nondestructive examination procedures of the
Code by personal qualified per Code rules.



The order in which this document will consider these requirements shall be in the
reverse order of the above listing.

The primary reference print to be used for this evaluation of the CVM’s pump
dewar is CERN Drawing Number 303605, This and all other referenced prints are
included in Appendix B.

The dewar is actually two vessels; an inner pressure vessel or cryostat and an
outer vacuum vessel. The outer or vacuum vessel falls under the provisions of the
tentative Fermilab Vacuum standard, SD-41, and has been previously evaluated in
the Muon Cryosystem Design Note #29. A copy of this design note is included in
Appendix C. Therefore the components of interest as shown in Drawing 303605
are

Component Item # Additional Reference
Vessel Neck 13 I
Conical Reducer 12 -
Vessel Body 11 e
Lower Torispherical Head 4 —
Upper Head 32 314001
Annular Flange 19 313999

These components make up the pressure boundary of the vessel and, hence, are the
major topic of this document.

2 Non-Destructive Examination of the CVM’s Pump
Dewar’s Cryostat

2.1 Radiography

Since the certifications stating that qualified welding was performed on the pump
dewar cryostat are unavailable, the welds of the vessel were radiographed. The
radiography and subsequent evaluation of the exposed film was performed by per-
sonnel from Argonne National Laboratory’s Support Services Division /Inspection
Group. These individuals have been qualified per code rules to examine and judge
the quality of welds per code rules. Copies of their individual certifications are
included in Appendix D.

Results of the radiography are given in Table 1, and copies of the individual
radiography records are included in Appendix E. The columns in Table 1 are as
follows. Column 1 identifies the components joined by a weld. Column 2 gives the
number assigned to the weld by Argonne’s NDT personnel and is necessary for easy
cross-referencing to the records in Appendix E. The third column identifies by item



number (Drawing #303605) the components being joined. Column 4 lists the code
category of each weld, as defined by paragraph UW-3 of the BPVC. The weld type,
as defined by the BPVC in Table UW-12, is given in Column 5. Column 6 lists the
percentage of the weld radiographed and Column 7 defines the amount of radiogra-
phy required for each weld by the code in paragraph UW-11. Column 8 lists whether
the weld met the code standards, and the last column lists the weld efficiency, E,
allowed for the weld by the code for code based calculations of allowable thicknesses
and pressures. Please note that all of the welds were found to be satisfactory. It
should also be noted that the conical reducer and the torispherical head, items #12
and 4, respectively, are formed pieces and, hence, have no longitudinal welds.

Some comments should briefly be made about the weld connecting the Cryostat
Neck to the Annular Flange (ANL #J3). This weld is not a code-type weld, however,
it is not forbidden by the code. This circumstance is covered by paragraph U-2(g)
of the code which permits its use if it can be satisfactorily demonstrated that the
weld is as safe as those provided by the rules of the code. In Section 4.5, we shall
demonstrate, by analysis, that the stress levels in the weld will never exceed the
maximum allowable stress of the weld material.

2.2 Ultrasonic Testing

Ultrasonic thickness measurements were also performed on the vessel. This was
done primarily because two of the components were formed pieces and, hence, would
have considerable variation in wall thickness. Four of the six vessel components
were inspected, the annular flange and the flat head, items 32 and 19, being the
exceptions. The ultrasonic testing was performed by the same group that performed
the radiography described above. These people are code-certified to ultrasonically
examine materials and interpret the results. Copies of their personal certifications
are included in Appendix F.

Results of the ultrasonic thickness measurements are summarized in Table 2.
Included there are the number of readings made on a component (sample size),
the resulting grid size based on a uniform distribution of the readings over the
component’s surface, the minimum and maximum reading of the sample, and the
statistical average, median and standard deviation of the sample. It should be noted
that, though 60 readings were made on the conical reducer, the grid for the reducer
is based on 48 readings. After establishing the grid, an additional 12 readings were
made, six on the upper (outward) bend and six on the lower (inward) bend of the
reducer. The 12 individual readings each represent the thinnest point of the bend
between the pair of grid points that straddle the bend. The readings were obtained
by moving vertically over the bend and recording the smallest reading observed.
Note that these points will skew the statistics, which are based on all 60 readings.

Copies of the ultrasonic technique records arve given in Appendix G, as are
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Table 1: Summary of Vessel Radiography

Table 2: Summary of Vessel’s Ultrasonic Thickness Measurements



sketches of the locations of all grid points. Note that the resolution of the instrument
used to make the measurements is £.0001". The accuracy of inspection was -+.0005"

3 Pressure Test of the CVM

s Pump dewar

CERN hydrostatically tested the CVM pump dewar’s cryostat for two rea-
sons. The first was to proof-test the fabrication of the vessel, and the second
was to verify that their design for the cryostat’s flat head was adequate. As was
noted previously, the head was instrumented with strain gauges which recorded a
stress of 6.5 Kg/mm? (9246 pst) when the vessel was hydrostatically pressurized to
5.76 bar(83.34 psid). The ASME BPVC requires that the vessel be hydrostatically
proof-tested at a pressure of 1.5 times the maximum allowable working pressure
(MAWP) of the vessel. This implies that the MAWP of the vessel could be as high

a8

L 14.5 pse
Pl e = = %575 bar diff « :
MAW 15 /1 1 bar

Since it is our intention to relieve the vessel at 32 psig(46.7 psta), the CERN
hydrostatic test satisfies our requirements for a proof-test of the vessel



4 Amnalysis of Vessel Components

In this section, we shall

o evaluate, by analysis, five of the six vessel components,
o discuss the hydrostatic test of the cryostat’s flat head, and

o evaluate the weld coupling the cryostat’s neck to the annular flange.

In all cases, the maximum allowable stress, S, shall be the value given by the code in
Table UHA-23 for 304L stainless steel of 15700 psi times a factor of .8, as required
by Fermilab’s Standard SD-37B. Therefore

5 = 8% 15700 psi,
S = 12560 pst .

It should be noted that three of the components are covered explicitly by the
code, and hence shall be evaluated using the code’s equations. These three com-
ponents are the cryostat’s neck and body and the torispherical head. Since the
other components are not covered by the code, other methods must be used to
demonstrate that they are as safe as a code-evaluated component. For the conical
reducer, the Finite Element Code ANSYS is used to apply an ASME BPVC Divi-
sion 2 type analysis to the component. The annular flange is evaluated by applying

the formulas found in Roark and Young [1] to the flange. As mentioned previously,
an instrumented hydrostatic test was applied to the flat head to evaluate its’ stress
levels.

4.1 Evaluation of the Cryostat’s Neck and Body

The cryostat’s neck and body, both being cylindrical shells under internal pres-
sure, are evaluated using the same equations. From paragraphs UG-27(c) (1) and
(2) of the code, the maximum allowable working pressure for these components is
the lesser of

N g L o . “ . . . .

P L Circumferential Stress (Longitudinal Joints)
or

P 2R Longitudinal Stress (Circumferential Joints)

The values for the variables for each component are given in Table 3 as are the
calculated values of pressure. Note that the thickness used in the calculations is
the minimum thickness found using the ultrasonic thickness measurements from



Table 3: Cryostat Neck and Body Values

S | E°|EX t R Pe ph
pst in. . | psid | psid
Neck | 12660 | .8 | 1 |.0582 |11.81 |61.71 | 98.73
Body | 12560 | .8 | 1 |.0787 | 15.67 |62.80 | 101.13

Table 2 minus the accuracy of inspection, .0005". Additionally note that since
circumferential stresses are applied to longitudinal joints, the weld efficiency used
in calculating the maximum pressure resulting in a circumferential stress value
equivalent to the maximum allowable stress is the efficiency of the longitudinal
weld joint. A similar situation exists for longitudinal stresses and circumferential
welds.

Our results in Table 3 indicate that the circumferential stresses lead to the more
conservative values of the maximum allowable working pressure. Since we shall be
relieving the vessel at 32 psig, the neck and body of the cryostat, with an applied
exterior vacuum, could see 46.7 psid. Since this value is less than the MAWP for
either component, the cryostat’s neck and body are adequately sized.

4.2  Fvaluation of the Torispherical Head

The MAWP for the torispherical head of the cryostat may be evaluated using
the equations of Mandatory Appendix 1 of the code. For a torispherical head under
internal pressure, the MAWP for a given wall thickness is defined to be

P _M%M'g_gi% WWWWW
o LM + .2t
where
4 T 1/2°
M o % 3 "‘}" <“@> J o
4 X (4

Table 4 lists the variable values for the cryostat’s head, and the results obtained
upon their substitution into the above equations. Note that the value for the
weld efficiency, E, is obtained from Table 1 for the joints in the torispherical head.
Thickness used is again the minimum value given in Table 2 for the head minus the
accuracy of inspection. The MAWP obtained for the head, 53.76 psid, is greater
than the maximum differential pressure the head will see during operation: the
relief pressure of 46.7 psid. Hence, the torispherical head is adequate for the service
demands of the vessel.



Table 4: Values for the Cryostat’s Torispherical Head

S |E] ¢ L || M| P
pst tn. m. | in. psid
| Torispherical Head [ 12560 [ .8 [.1290 [ 31.50 ] 3.20 | 1.53 | 53.76 |

4.3 Evaluation of the Conical Reducer

An evaluation of the cryostat’s conical reducer has been carried out by Mr. Robert
H. Wands of Fermilab’s RD /Cryogenic Department, Mr. Wands conducted his eval-
uation using the Finite Element Code ANSYS. His results were found to satisfy the
requirements set by the ASME BPVC Section VIII, Div. 2, Appendix 4, for a max-
imurm allowable stress of 12560 psi. Mr. Wands discusses the analysis and results
in a memo to the author. A copy of this memo is included in Appendix H.

4.4  Evaluation of the Annular Flange

The code has no rules that adequately govern the design of an annular flange
which also serves as the head of another (vacuum) vessel. We therefore utilize
existing solutions for annular plates found in Roark and Young i

s

with the principle
of superposition to evaluate the stresses in the flange. Note that the CERN drawing
for this flange, #313999, is included in Appendix B.

Figure 1 is a free body diagram of the cross-section of the flange. The inner edge
of the flange sees a line load that is the distributed sum of the cryostat’s weight, We,
the weight of the cryogen, Wy, and the force resulting from the internal pressure
of 46.7 pstd on the area equivalent to the mouth of the dewar neck, F!, {r = 11.87").

2 EER 51
Defining Frp as the sum of these three forces, we have
b 9

Fsp = Weo + Wy + F B (?” = 1:5,@7“)

where, in general, F, (r) may be written
P SR 3 s
Fo (r) = nr? Py

Next there is the internal pressure of the cryostat applied to the area of the flange
between the flange’s inner edge and the outer edge of the O-ring sealing the flat
head to the annular flange. At the O-ring there is a force, Fyg, arbitrarily chosen to
have a value of 500 lb., resulting from the initial preloading of the bolts. Since the
flat head of the vessel is securely mounted to the vessel’s support structure there
is, at the bolt circle, a reaction load. This load is the sum of the weight of the
vessel, Wp, plus the force resulting from the internal pressure distributed over the



area bound by the O-ring, F, (r = 14.13"). It is these two forces that are trying
to separate the flange from the head. The next load considered is the atmospheric
pressure, I, applied between the inner and outer O-rings of the flange. The weight
of the flange, Wp, though not significant, is included in the analysis. Finally, at the
outer O-ring there is a load applied that is the difference between the pressure load
on the outside of the vacuum vessel, F, (r = 20.57"), and the weight of the vacuum
vessel, Wy. Defining Fop as the differences of these two forces, we have

‘F()D = WV - Fpe(?" = 20057”) 3
where
F,, =xr*P, .
Note that all of the forces described above are applied as line loads at the radius of
the application. A summary of the loads on the annular flange is given in Table 5.

To find the maximum stress in the annular flange, we shall divide the problem
into two small problems and sum the results. Since the annular flange is bolted
directly to the flat head, which is fixed to the dewar support structure, we shall
regard the flange as fixed at the bolt circle. This allows us to divide the problem into
the two smaller problems of an annular flange with a fixed outer radius (Problem
1), and an annular flange with a fixed inner radius (Problem 2). Note that since the
wall thickness of the cryostat’s neck, is much less than the thickness of the flange,
the moment applied to the inner edge of the flange is negligible. Henee, the second
boundary condition of Problem 1 is taken to be a free inner edge with an applied
load. The outer edge of the flange may also be regarded as having a free boundary
condition with a known applied load. Free-body diagrams for these two problems
are shown in Figure 2. It should be mentioned that the point of application for the
flange weight was found by calculating the center of mass for a section of the flange,
with an arc length of one inch along the inner edge of the flange. This same section
was used to calculate the centers of mass for the two smaller problems.

Many of the existing solutions for annular plates, with various load and boundary
conditions, have been collected by Roark and Young [1] and are presented in their
Table 24. For Problem 1, we have five line loads or pressures applied to an annular
plate with a free inner edge and a fixed outer edge. General solutions for this set of
boundary conditions with individual line loads or applied pressures are respectively
given by Case le and Case 2e of Roark and Young’s Table 24. Reproducing the
general solutions for the moment at the fixed edge for the two load conditions, we
have

For line loads

o (1)

MY = —wa [Z/g . C'?'Lé’)jl

Cy

|

where

DO b=
o @

[(1+y)%+(1~wy)



Figure 1: Free Body Diagram for the Annular Flange
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Figure 2: Free Body Diagrams for Annular Flange Subproblems




Table 5: Loads on the Annular Flange.

[ Load l
We 277 1b.
Were 116 1b.
Fyp (r = 11.87") | 20671 [b.
Fip 21064 15,
P 46.7 ps1
P, 14.7 ps1
Fe 500 15,
W 341 b,
Wey 75 ib.
Wao 266 5.
Wo 1584 {b.
By (r = 14.13") | 20292 Ib,
Wy 850 15.
Fp,(r = 20.57") | 19541 1b.
Fop — 18691 [b.
O - (1 —2v%) o ) Ezj
o T Q P |
ro | /70\?
Le = — || — ) ~~~~~ L+ 2ln—
4o [\ a o
L, o= 7o {;{% tv),e A=)l (?:ef" Ef
a 2 7, 4 i a/ 1]
Wor pressure
Mgp = P@Z [Zﬂ'{ - (i:(éi'],g (2)

where

1 p 4 ro\ % ’
b = L () () me
16 | a a g

o - -l

We are interested in the moment at the fixed edge, since this will be the point of
maximum stress for the subproblem, and since the stress is directly proportional to

the bending moment.

1+ (1+ y)inﬁ }

o.

The general solutions given above are solutions to linearized differential equa-
tions and, hence, since they have the same boundary conditions, may be super-

12



imposed (added together) to form a new and unique solution. We shall use this
principle of superposition to solve Problem 1 (and Problem 2). We first use eq. (1)
to solve the three individual problems of finding the moment at the plate’s fixed
edge resulting from the individual line loads of the forces Fyp, Wpy and Fy. We
then utilize eq. (2) to find the moment at the fixed edge caused by a pressure equiv-
alent to F;, distributed over the entire plate. Again utilizing eq. (2), we find the
moment at the fixed edge caused by a pressure equivalent to the difference P, — P,,
distributed over the area between the outer edge of the plate and the O-ring. It
should be clear that the difference in the two pressure distributions just described
will result in the pressure distribution of Problem 1. Once we find these five values
for moment, we add the first four together and subtract the fifth. These operations
will give us the moment at the fixed edge caused by the load condition of Problem 1.
The results of these calculations are presented in Table 6. We see from Table 6 that
the maximum moment at the fixed outer edge of the annular plate of Problem 1
(fixed outer edge) is
MY = ~1783.1 in.lb./in.

where the minus sign indicates that the moment creates compression on the bottom
surface of the plate. Once we have solved Problem 2, we shall sum the magnitude
of the two moments, and then calculate the stress at the bolt eircle for our original
problem of the annular flange.

We shall now use the same basic approach that we used for Problem 1 to solve
Problem 2. Referring to Figure 2, Problem 2 consists of an annular plate with a
fixed inner edge and a free outer edge, two line loads, and one distributed load
(pressure). Again referring to Roark and Young [1], Table 24, solutions for this set
of boundary conditions and loads are covered by Cases 11 and 2I. We are interested
in the bending moment at the fixed inner edge. Recall that this corresponds to the
location of the bolt circle of the annular flange: the point of maximum stress. The
general solution given by Case 1/ for the bending moment at the fixed inner edge,
resulting from an applied line load is

MP = C,[ L Lo (3)
where
1 b)”
Cs = o |[L+v+(i-v) <5H
by, e -y [ ()
@ = z.;{““fzml“g“‘“ "

] 1 1~ 0\ ?
Ly — i.q{&_il:llnﬁ LA-v) [1 _ (m) ]}
@ 2 o 4 a
For the special case of a line load applied at the outer edge of the plate, eq. 3 reduces
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W

’wa,z(jg
= 23 4
b b CS ( )
The general solution given by Case 2! for the bending moment at the fixed inner
edge of an annular plate resulting from a pressure applied over the entire plate is

MP == KMbP(LZ (5)

where Kpgy is found by interpolating between values that are functions of the plate’s
aspect ratio, b/a, and are presented in a table in Case 2I. The table is applicable to
materials with a Poisson’s Ratio of .3. The Poisson Ratio for our material is taken
to be .305 [2], and hence the table may be used without introducing a large error.
The results obtained from performing these calculations are given in Table 7. From
Table 7 we see that , for the annular plate of Problem 2, the bending moment at
the fixed inner edge is e
ML = m&zgﬁ
.

where a positive moment implies compression along the top of the plate, and hence,
in this case, is counterclockwise.

We now wish to take the results of Problems I and 2, and apply them to our
original problem of the annular flange. Recall that the fixed outer edge of Problem 1
and the fixed inner edge of Problem 2 correspond to the same radius of the annular
flange, that of the bolt circle. Hence, moments M? and M are applied at the
same radius of the annular flange. The two moments are in the counterclockwise
direction, and so their magnitudes are summed to obtain the total moment, M*,
ab the bolt circle. Therefore,

MY = M7+ M
n Ib.
= (783,11 788.2) -
7,
M = s

This moment may be used to calculate the maximum stress in the annular flange.
The stress in the annular flange is related to the moment by the equation

6M7*
O =
12

o

The thickness at the bolt circle of the flange is 1.18 inches. Hence,
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(1571 én 1b./in.)
(1.18 ¢n.)?
o = 677lpst .

[ i ——

Since the maximum allowable stress for the flange material is 12560 psi, the flange
is adequate for its projected service application.

4.5 Evaluation of the Coupling Weld Between the Annu-
lar Flange and the Cryostat’s Neck

In Section 2a of this report, we briefly discuss the fact that the edge weld join-
ing the annular flange to the cryostat’s neck is not included in the code’s design
recommendations for a coupling of this type. However, since the weld type for
this application is not forbidden by the code, its use requires a demonstration that
the weld is as safe as those provided by the rules of the code. In this section, we
shall analytically demonstrate that the stress levels in the weld will never exceed
the maximum allowable stress of the vessel material. Note that the edge weld is a
fusion weld, and hence is of the same material as the vessel.

The stresses in the edge weld are a vesult of two major load conditions; axial
loads and radial loads. The axial loads are the cryostat weight, W,, the weight of
the cryogen, Wy, and the hydrostatic end force, F, (r = 11.87" ). The sum of these
three forces is Fyp, which was defined in the previous section. The magnitude of
Fyp is given in Table 5 to be

Frp = 21064 [b.
The direction of Fip is shown in Figure 3. Fyp is the total axial load on the weld.
The axial force per linear inch is therefore
Fip 21064 5.
w 3 ooy oy "
m 2ar 2n(11.87 in.)
Wi = 282 Z@/Z?’E/

The radial loads on the edge weld result from the application of moments about
the point designated A in Figure 3. These moments are caused by the hydrostatic
pressure load on the eryostat’s neck. We shall consider two moments in this analysis;
that moment applied about A by the hydrostatic pressure to the neck between point
A and the weld, and the moment applied about A by hydrostatic pressure below
point A. Considering the later moment first, this moment may be found by applying
the Elastic Foundation approach to the neck. Solutions using this approach for
various loads and boundary conditions for semi-infinite beams have been collected
by Roark and Young [1] and are presented in their Table 8. These solutions are
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Figure 3: Sketch of the Joint Between The Cryostat’s Neck and Annular Flange
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directly applicable to cylinders upon substitution of A for 8 and D for ET in the
equations of Table 8 where

242
E?
12(1 —v?)

\ F@;Wz] v

Before continuing further, we must determine whether the loads on the lower end
of the eryostat’s neck, where it mates with the conical reducer, have any effect on
the moment at point A. From Roark and Young [1], Paragraph 7.5, if the inequality

A > 6

holds, then the loads at the lower end of the neck are at a sufficient distance from
point A so that they need not be considered in the analysis. Therefore, if end loads
are to be neglected, we require

k*

3(1 — .305%)
D> 6y
(11.87¢n.)?(.059¢n.)?
I > 3.91¢n.

/

The length of the cryostat’s neck, I, is 31.85 inches and, hence, any end loads
occurring ab its lower end may be neglected in our analysis. Additionally, since
the pressure is distributed over a length greater than 3.91 inches, we may view the
neck as being semi-infinite in length and we need only to concern ourselves with the
pressure distribution over the 3.91 inches nearest the weld.

For our situation, Case 2 of Table 8 of Roark and Young [1] is applicable. This
case considers a uniformly distributed load between two points. Figure 4 illustrates
the geometric parameters for this solution. The general solution for the moment at
point A, which is considered to be fixed, is given by Case 2 to be

P
MA - };}‘:(134 o A4) 5
where
Ag = Be ™ (sin Am + cos Am)
B, = 5¢*(sinAn +cosAn) .

The results of performing these calculations are given in Table 8. From Table 8 we
see that the moment at A4 is
in 1b.

My = —9.89— .
mn.
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Table 8: Variable Values and Results for the Moment About Point A in Figure 3
Resulting From the Pressure Load Below Point A

Pl X im| n ey
pst | gn.7 | in. | in. | Ag B, in.b./in.

|46.71.535| 0 [3.91] .5 [8.44107*[ —9.80 |

This moment is the reaction to the applied moment. The minus sign implies that
the reaction moment is clockwise about the point A of Figure 3.

We now consider the reaction to the moment applied by the pressure along the
area of the dewar neck between the weld in question and the point A. This reaction
moment is counterclockwise, and hence will be in the opposite direction to the
moment given in Table 8. Since the neck is restricted (stiffened) by the flange over
the area in question, the Elastic Foundation Theory will not be applied. Instead
we shall segment the neck into 17 wide beams. The reaction moment about A to a
pressure of 32 pse, distributed over such a beam with a length of 708", is equivalent
to the reaction moment to a force with magnitude 32 psi # 708" applied at the
beam’s midpoint. Hence,

N, 0 708"
My = (32 psi+ T08") ¢ oo
n 1.
M, = so2tth
tTL.

Since the reaction moment is counterclockwise, it is positive. Summing with the
moment presented in Table 8, we have

., - i Zba
MY = (8.02-90.89) "
£,
. 'n 1.
ME = 18702
27,

The applied radial force on the weld resulting from the moments about A is

~M75  1.87in 1b./in.
tp 708 in.
ib.

Wy = 2.64-—
7.

W, =

directed radially inward.

Summarizing briefly, the forces per linear inch applied to the edge weld coupling
the annular flange to the cryostat’s neck due to axial and radial loads are

282 1b./in. Directed Axially Downward

i

Wrp
and

H

w, = 2.64(b./in. Directed Radially Inward .
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Figure 4: Geometric Parameters for the General Solution from Case 2, Table 8,
from Roark and Young|1]

Figure 5: Dimensions and Forces on the Cryostat’s Edge Weld
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We now wish to determine the stress levels resulting from the loads w;p and w,
upon the edge weld. We shall do this by treating the edge weld as the two inscribed
fillet welds shown in Figure 5. In general, the stress in a fillet weld is taken to be
the force externally applied to the weld divided by the area of the throat of the
weld. For our situation this may be written

o = EZF 5
where T is the throat of the weld. For axial loads, we shall consider the inscribed
weld with throat T} as shown in Figure 5. For radial loads, we consider the weld

with throat Ty, Values for Ty and Ty are trigonometrically obtained. The results of
these calculations are presented in Table 9. As we can see, the highest stress levels

Table 9: Stresses in the Cryostat’s Edge Weld

W T G
Load | b./in. ) i, par
Radial | 14 | 44.62° | 053 | 262
Axial 282 B1.81° | .046 | 6130

are caused by the axial loading with the value
o = 6130pst .

The radial stresses comparatively are negligible, having a value of 49.8 psi. The
weld is a fusion weld, and hence is of the same material as the vessel. ‘The maximum
allowable stress for the vessel’s material is 12560 psi. Applying a joint efficiency of
55 required by the BPVC, para. UW-18, and a weld efficiency of .9 for a 100%
radiographed fillet weld, our maximum allowable stress for the weld is

Tpmes = 9%.55% 12560
G = 6217 ps1

Hence, our weld is adequate.

4.6 Discussion of the Flat Head’s Hydrostatic Test

The flat head of the cryostat is another item that has no set code rules governing
design. Indeed, a cursory inspection of the drawing for the head (Appendix B,
CERN Dwg#314001) would lead to the conclusion that the head’s geometry is
too complex for analytical analysis. Hence, our colleagues at CERN elected to
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test their design by experimentally evaluating the head and making any necessary
modifications. From conversations with Michel Marquet, the dewar’s designer, the
head without the stiffening stays was instrumented with strain gauges. Without
the stays, the stresses exceeded those allowed by the SNCT Code (19553 psi which
corresponds to 1/4 of a tensile strength of 78210 psi allowed by this code), well
before the maximum desired test pressure was reached. Addition of the stays,
however, allowed the head to easily reach the desired test pressure of 5.75 bar
(83.34 psid) without approaching the maximum allowable stress for the material.
Indeed, the maximum recorded stress was 6.5 kg/mm?(9246 pst), a fact that is
documented in CERN Safety Document RP156. A copy of this document with a
translation is included in Appendix A.

Since pressure and stress scale linearly, we can predict what the maximum stress
will be in the head at our chosen MAWP of 32 psig. Hence

 Puyawe
TMAwWP ""“"”}“E;"NMG“H'
- £
32 psi .
e ek — % 9246 psy
83.34 pst :
Omawp = 3550 pse .

This value is much less than the maximum allowable stress of 12560 pst for the
head’s material. Hence, the flat head is suitable for the proposed service.

5 Evaluation of the Flat Head’s Bolts

There are 22 M12 bolts coupling the cryostat’s flat head to the annular flange.
The bolt material is type 304 stainless steel. The BPVC permits a maximum
allowable stress of 18800 pss for this material. Applying the factor of .8 to this
stress as required by Fermilab’s Engineering Standard SD-37B we have

Sy = .8(18800 ps1)
Sy = 15040 psi

This is our maxirum allowable stress in each bolt. The total load on the 22 bolts,
L}, is the sum of the loads Wy and Fp,(r = 14.13" ). Values for these two loads are
given in Table 5. The loads are depicted in Figure 1. Hence,
Ly = Wp+Fp(r=14.18") = (1584 + 20292)Ib.
LT = 30876 lb.
The load per bolt, Ly, is therefore
T
b o
22
Ly = 1403 [b.
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‘The minor diameter of an M12 bolt is .376" (9.54 mm). Its minor area is therefore

(.376")7
4
Ay, = .111 in.?

Ab:‘ﬁ‘

The stress per bolt is

Ly 1403 1b.

[} oy e T e s

b Ay 111l .2
oy, = 12640 pss

This value is less than our maximum allowable stress, S, and hence the bolts are
adequate.

6 Vent System Analysis

The LHe pump dewar’s cryostat is protected against overpressurization by three
separate devices. The first protection device is a 3.25"ID ball valve with a pneumatic
actuator, PV-002-H, shown on FNAL Drawing #2753.700-ME-157052, pg. 6. Dur-
ing operations, valve PV-002-I is closed unless the pressure in the cryostat raises
above 2.5 bar abs. (21.55 psig). When the cryostat’s pressure exceeds 2.5 bar abs.,
the valve opens and vents helium gas through the check valve CV-071-H and into
the high bay area of the New Muon Laboratory. Note that, if the power or air
supplied to the valve is lost, the actuator is spring-loaded to open the valve. The
second protection device is a set of six Circle Seal Relief Valves (CC-K5120-10MP-
32), which open at 30 psig. Fach has a capacity of 165 SCFM air at the cracking
pressure, resulting in a total capacity of 990 SCFM air. The final relief device is a
4" Fike Rupture Disc. These last two devices also empty into the High Bay area.
All devices vent at a height greater than 20 ft. above the floor of the High Bay and
are directed away from areas occupied by personnel and equipment.

It is the intent of this section to demonstrate that the six Circle Seal Relief Valves
and the 4" Fike Rupture Disc are sufficient to adequately protect the cryostat from
overpressurization. The following three conditions are discussed or analyzed:

e Condensation or conduction load on the cryostat due to loss of vacuum.
e Heat load from a fire that engulfs the dewar.

e A quench of the magnet driving liguid from the coils back into the dewar.
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6.1 Venting Requirements for a Heat Load on the Cryo-
gstat from a Fire or Loss of Vacuum

A loss of vacuum can be the result of a helium leak through the cryostat wall
or an air leak through the vacuum jacket. In the former case, heat transfer to the
cryostat is enhanced as a result of conduction through the gas saturated insulation.
In the later case, heat transfer increases as a result of air condensation. The heat
transferred in these two situations shall be found and compared with that for a fire
to determine the worst case heat load to the cryostat. We shall then demonstrate
that the six Circle Seal relief valves will adequately protect the vessel from any
possible overpressurization due to the worst case situation.

To first order, the problem of heat conduction through the vacuum space, when
it is saturated with helium gas, may be treated one-dimensionally. Using this as-
sumption, the conductive heat load to the cryostat is written

e AT
= AR e 6
Q X (6)
According to Glaser, et al. [3], the apparent thermal conductivity of saturated mul-
tilayer insulation approaches the conductivity of the interstitial gas. To maximize
our answer, we shall take J to be the conductivity of GHe at 100°F (311K or
560R). Hence,

he ftolt”
The area that is used in the calculation, 52.91 f1.%, is the area of the entire cryostat
PN AT ST G i o L4 ay 4 ! N ."'E o pay ey o e oo
surface neglecting the area of the flat head. This will exaggerate the conduction
heat load, since the portion of the cryostat containing LHe has a surface area that is
about 1/2 that of the cryostat. Three inches (.25 {t.) of multilayer insulation (AX)
covers the surface of that portion of the cryostat containing LHe. The temperature
difference, AT, is taken to be between 100°F(560R) and LHe at 8. Hence,

AT = (560 — 8)1 = 552R .
Solving equation (6)

(52.91112)(.09171 BTU/hr.ft.°R)(552R)
(.25f1.)

@ mn e
Q = —10714 BTU/hr,

where the minus sign implies heat flow into the cryostat.

We shall now obtain values for the heat load to the cryostat for a loss of vacuum
to air (air condensation) and for an engulfing fire. Long and Loveday [4] offer a
figure which presents the heat load to multilayer insulated helium containers for air
condensation and fire conditions as a function of vessel area. This figure is presented
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as our Figure 6. Since there is no information presented for air condensation on a
container with 3" of multilayer insulation we shall use, as a worse case, the heat
load for 1" of insulation. For the fire condition, we shall use the curve for 8" of
multilayer insulation. The heat loads are summarized in Table 10. As should be

Table 10: Heat Loads on the Cryostat Due to Loss of Vacuum and Fire

Heat Load
Tnsulation into Cryostat
Condition Thickness BTU/Hr.
Loss of | GHe Conduction 3" 10714
Vacuum | Air Condensation 1 22000
Fire 3" 63000

expected, the fire condition produces the worst case heat load to the cryostat.

The Compressed Gas Association’s Standard, CGA S-1.3 presents rules to be
used for calculating the minimum required flow capacity of a pressure relief device
for vessels containing liquified compressed gas. For a fire condition, a relief device
must be sized to provide a volumetric flowrate of

V = GUAY SCFMair, ()

where G; has a value, for LHe, of 52.5 and is obtained from Table 1 of the CGA

Standard previously cited. The value U is the thermal conductivity of lading-

the thermal conductivity of G.He at 900 R (the average temperature between 1200F
and 5K} and 1 alm. by the insulation thickness, .25 ft. (3"). Hence, if
BTU

K(900R, 1 atm) = 128 |
(9008, 1 atm) hr ftoF

then
§ A28BTU [hr. fi°F
Y , ;
25 ft.
0 = Omzﬁy

hr.ft.2F

Using Eq. (7), our required volumetric flowrate is

V = 52.5(.512)(52.91)%
V = 696 SCFM air .

There are six Circle Seal K5120-10MP-32 relief valves on the cryostat. These valves
have a measured cracking pressure of 30 psig. Presented in Appendix I is a chart
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Fire or from Air Condensation.
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and figure giving the flow capacity wvs. cracking pressure for the Circle Seal 5100
series relief valve with an 8M-type inlet (1" vs. the 1-1/4" inlet for a 10M-type valve
and .444 in. vs. .57 in. effective square edge orifice diameter for the 10 MP type
valve [8]). No values are given for the flow capacity at 30 psig. We see, however,
that the flow capacity behaves linearly with cracking pressure. We also have values
for the flow capacity at 100 and 200 psig. Extrapolating to 30 psig, we have

(811 — 431)SCFM air
(200 — 100)psig
Ves = 1656 SCFM asr .

Vcs =

(30 — 100)psig + 431 SCFM air ,

The total capacity of the six Circle Seal relief valves is therefore

VI = 6V, =6(165 SCFM air),
VI = 900 SCFM air .

Hence, since our required flow capacity for a fire is 696 SCFM air, the vessel is
adequately protected for a fire condition. Note that, since the cryostat experiences
the largest heat loads during a fire, the vessel is also adequately protected for either
loss of vacuum conditions.

6.2 Overpressurization Protection for a Quench

‘Lo accurately predict flow rates and pressures during a quench of the CVM’s coils
is extremely difficult and will not be attempted here. Instead, we shall demonstrate
that our vent system will provide, as a minimum, the same protection against a
quench caused overpressurization as the system used at CERN. This is significant
since the vent system at CERN has successfully protected the eryostat during a
quench [5].

A schematic of the CERN vent system is given in Figure 7a. This vent system
includes a pneumatically-operated ball valve identical to our PV-002-H, with a check
valve identical to our CV-071-H downstream of the ball valve. CERN’s system also
includes the same type and number of Circle Seal relief valves as our system. These
valves are positioned upstream of the ball valve. The ball valve and the Circle Seal
relief valves are set to open at the same values as those in our system, 2.5 bar abs.
(21.55 psig) and 30 psig (cracking), respectively. The check valves in both systems
open at approximately 2.1 psig. Note that the internal diameter of the ball valve
is 3.25 inches. At CERN, during a quench event, all helium is recovered. For this
purpose, a gas bag was installed in the roof of their experimental. The author
estimates that the distance between the CERN check valve and the gas bag is
between 200 and 300 ft. With this system, the maximum recorded pressure in the
cryostat during a quench of the magnet was 2.8 bars abs. (40.6 psia) [5].
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A schematic of the Fermilab vent system is given in Figure 7b. An isometric
drawing of the system, Fermilab Dwg #2753.700-MD-193502, is included in Ap-
pendix B. There are two major differences between the CERN and the Fermilab
system. The first is the addition of a Fike Rupture Disc, set to burst at 32 psig,
in parallel to the line which consists of the pneumatically-operated ball valve and
the check valve. Note that this line was added to the existing equipment so that
the ball and check valves are in the same relative position to the cryostat as those
valves of the CERN system. The second difference between the two systems is that

both legs of the parallel network are vented to atmosphere within 25 ft. of leaving
the cryostat.

In comparing the relative ability of the two systems to protect the cryostat from
overpressurization, we consider the resistance to flow offered by the CERN system
with respect to the flow resistance of the leg of the Fermilab system which holds
the rupture disc. Qualitatively, it should be obvious that the pipe runs of the
CERN system, being more extensive that those of the Fermilab system and of a
slightly smaller diameter (3.94" vs. 4.26") must offer a greater resistance to flow.
We must therefore demonstrate that the rupture disc of the Fermilab system offers
less resistance to flow than do the ball and check valves of the CERN system to
conclusively demonstrate our hypothesis. To do this, we shall examine the resistance
coefficients (K factors) for the individual components.

The resistance coefficient, K, is defined as

L
K = fT ?{ 9 (8)
and is related to the pressure drop and flow velocity by the equation
2
pv
AP ="— K.
- ©)

Values of K for many valves and fitting are tabulated in sources such as Marks 2]
and Crane [6]. We may obtain the resistance coefficient for one of our three com-
ponents of interest from such a source.

The CERN check valve is a lift-type check valve. A copy of the CERN engineer’s
sketch of this valve is given in Appendix I. Crane [6] gives a resistance coefficient
for a lift check valve of

K,, = 600 fr (10)

The inlet and outlet diameters of the check valve are 100 mm(3.94"). For fully
turbulent flow in a 4" clean commercial steel pipe, the friction factor is [6]

fr = .017 .

Substituting this valve into Eq. (10), gives

K., =10.2.
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This is our K factor for the CERN check valve.

We shall now attempt to find a K factor for the Fermilab rupture discs. There
are no tabulate values of K factors for the rupture disc. Hence, a K factor must
be calculated. Equations for the general sizing of a rupture disc are obtained by
assuming the disc to be a flat plate orifice, and applying a factor of .62 required
by the ASME [7]. The equation for the volumetric flowrate of compressible flow
through a square-edged orifice is given by Eq. 2-15 of Crane [6] to be

1/2
v :YCA{ngP} .,

I

Incorporating the factor of .62 as a reduction in area, we have

i/2
V:ZYCA'{@AE}/ |

0

This is our equation for the volumetric flowrate through a rupture disc. Solving for

AP we have .
ap= P V' 1" _ e’ [_1_]2
29 \YCA 29 LYCl]

Comparing this expression with Eq. (9), we find

1
Kpp = s (11)

for a rupture disc. The values for ¥ and C are obtained from figures presented in
Crane [6], which are reproduced here as Figure 8. The variable C is a function of
the ratio of the orifice to inlet diameters and also of the Reynolds number. The

ratio of the diameters, dy/dy, is equal to the square root of the ratio of the areas.
Hence,

y14/2
gﬂ = [%] = (,62)Y% = 79,
1
Therefore
LY
5 =8

Figure 8 indicates that assuming the Reynolds number to be greater than 2 x 108,
where C behaves linearly (quite realistic), will minimize C and hence maximize K.
Therefore, we take C to have the value

C = .764
The net expansion factor, Y, is a function of the ratio of the pressure difference

over the disc, AP, and the absolute upstream pressure, Pi. It is also a function of
the ratio of the diameters and the ratio of the specific heats, k. Taking AP to be

s
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32 psig (actually the pressure drop over the whole vent) and the upstream pressure
to be 46.7 psta, we have

AP 32 psi 69
P! 46.7 psia
Linearly extrapolating the scales for K and AP/P| in Figure 8 leads us to a value
for YV of
Y =.74.

Substituting the values for ¥V and C into Eq. (11) gives

o (A 1
BT veyr T (4 ey

Kpp = 3.13.

This is our K factor for the Fermilab rupture disc.

Comparing the K factor for the Fermilab rupture disc with that for the CERN
check valve, we see that the K factor for the CERN check valve is larger by a factor
greater than 3. Our task is therefore complete. We have demonstrated that the leg
added to the system at Fermilab has less resistance to flow than does the system
that successfully protected the cryostat from overpressurization during a quench at
CERN. Hence, our system at Fermilab will protect our cryostat during a quench.

oy

4 S ary

Adhering to the demands of Fermilab’s Engineering Standard SD-378, this paper
has demonstrated that the cryostat of the CERN LHe Pump Dewar can safely
withstand an internal pressure of 32 psig with its external vacuum vessel evacuated.
Hence, the maximum allowable working pressure of the cryostat is 46.7 psia. This
paper has also demonstrated that the vent system for the eryostat will protect the
vessel from an overpressurization due to loss of vacuum, engulfing fire, or a quench
of the associated magnet. The author therefore recommends that permission be
granted to operate the vessel as part of the Muon Cryogenic System.
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June 22, 1977

TO: Mr. M. Marquet, EP
FROM: Working Safety Group: B.P. Thart
SUBJECT: Meehani@al Inspection Memo for the Pressure Tank
TANK TXPE& Cryostat for Dipole Magnet
INSPECTION DATE: June 2%, 1977 STARTING IEAR@ ?9?7
DRAEIMG NUMBER : EP 3@339? G EANUFACTURER: Cryodiffusion
CAPA@IT?: 600 Litres RADIOGRA?H?@ Yes/-N6-
EQUIPMENT NﬁMBER: 156
SITE: EHN 2
FLUID: Liguld Hellum TEMPERATURE: K
CALCULATION PRESSURE: b5 BARS ABS
%@RK@&G PRESSURE : 1.5 ) BARS ééé
TESTING PRESSURE: 5.75 BARS
ACCEPTED FOR VACUUM: §@$/w%@m
RECEIVED/ENBPEETION-AFPTER-MODEPTCAT RGN
MODIFICATIONS DONE:
INTERNAL/BYTERNEL Hﬁ@ﬁ@gﬁﬁ?zﬁf@%§§§ﬁ%§g TEST: 5.75 BARS
POSITIVE RESULT: Stress In the cover under testing pressure:
6.5 kg/mmg measured with a pressure gage.
REMARKS: Have Nr RP 156 and the identifying colors painted on
' the tank
COMPOUND ﬁAGNET EINDGQS
LEADED: Xes/N@

MATERIAL: Thickness



NUMBER OF SHEETS:
SAFETY VALVE: pSV ddjusted to Bars

The tank can/EGANNOF operate HSENG THE GPERATENG PROCEDURES ¢SEETIONE OR 3 6F €O6PE P37

This memo is valid t111l June 1980, according to the terms of the document: "CERN POLICY

TOWARDS SAFETY MATTERS™ - Appendix V = Paragraph 11.1.



SERIAL:
DATE ¢
BUILDING:
DESCRIPTION
YEAR:

DRAWING NUMBER:

APPROXIMATE CAPACITY:

DIMENSIONS
INSPECTION HOLE:

MANUFACTURER

CALCULATION PRESSURE:

%@RKI%@ PRESSURE
TESTING PRESSURE:
?ﬁﬁg VACUUM:
FLUID:
TE%?ERAT@RE%
S&FET? VALVE:

DESIGNING:

CYLINDER
BOTTOM

CONE
CYLINDER @ 600

REMARKS

PRESSURE TANK
Equipment Number RP 156

June 21, j977

EHR 2

Cryostat for Dipole Magnet
1977

EP 303391 G

600 litres

@ 1100 x helight 2180 mm

Yes/-HO~
Cryodiffusion
.5 BARS AB3
1.5 ) BARS ABS
5.75 ) BARS
E@@/@%@m

Liguid He
K
pPSY ADJUSTED TO
MATERIALS THICKNESSES
304 L 2.0

® B0

@ .

% o5

o sl

Mr. Marquet/EP

BARS



Referenced Blueprints

CERN Dwg. # 30 36 05
CERN Dwg. # 30 33 91
CERN Dwg. # 31 40 01

CERN Dwg. +# 31 39 99

FNAL Dwg. # 2753-700-MD-193502

FNAL Dwg. # 2753-700-ME-157052, 46 & 7
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INSPECTIQY REQUIREMENTS
DIVISION: ¢ @m PERSON: £, K £L/ LY JBNO.. S"O - JoYed
NSPECTION CODE: CCEPTANCE CRIIEBIA:
| ION CODE ;5}"5 5?5@%: MATERIAL TYPE: $ S, /Zﬁ/ﬂ/
Asme SscT. W MU T - ywesa MATL. THICKNESS: - , /] 9%
PART NAME: ;,[f (RYOSTAT fg R A/) JCP # DWG.NO: - 3Z A5

PART DESCRIPTION, IDENTIFICATION OF PART AREA(S) TO BE INSPECTED & SPECIAL INSTRUCTIONS:
(raw material, weld type, weld joint, specific pert area, etc. b

T-§ wWeLd é&éé@&m}
m@?% =y

KETCH [DDRAWING [JOTHER:

ATTACHMENTS:
FOR QAD/NDT USE ONLY
PART &@gmsmmmm: INSPECTION DATE: %%%ég £
T=5" weid PROCEDURE: ) )T 52, Py,
[ IR-182 1060 SOURCE STRENGTH: C. | SOURCE SIZE mm
X-RAY MACHINE: f;@M Ray AS® FOCALSPOTSIZE: 2 S mm|KV: /§O |Ma: §™
PENETRAMETERSISHIMISE®.? o5/ 095" 0" pagr jTs3e ¢
FiLM LOCATION STATUS @ﬁ“ﬁig
FILED WITH OADNDT
SUBMITTED TO CUSTC
SUBMITTED TO MATL. REVIEW
RETURNED TO QADMDT
VIEWING TECH.: SENT TO CENTRAL STORAGE
INSPECTION RESULTS: W ACCEPT  [J UNACCEPT  [J OTHER®: 1/DR NO.:
MENTS {masks, filters, ete.”):
o &, ) B
RADIOGRAPHER 13*9“@“"3@ w : CERT. LEVEL: = | DATE: @17/,9’ //}6
INTERPRETER (signawre) ) Py . ° CERT. LEVEL; //— | DATE: % </ c/,
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INSPECTIQN REQUIREMENTS
DIVISION: F£@p/ PERSON: P, g/l E) JOBNO.. /SO -~ ooy
INSPECTION CODE: ACCEPTANCE CRI : MATERIAL TYPE:
Fomé seer. VI BSmg See7. vail ”S"'ﬁfé Z/;?’i -
T VI ) Tm Gt MATL. THICKNESS: 2 _ 576" J, /a9

DWG.NO.. 30 - 34-05

PARTNAME: Ho (RY0STAT (CERMY | P#

PART NUMBER(S): /ﬂ”i&f WWK

PART DESCRIPTION, IDENTIFICATION OF PART AREA(S) TO BE INSPECTED & SPECIAL INSTRUCTIONS:
{raw material, weld type, weld joint, specific part area, etc.):

KETCH [IDRAWING [JOTHER:

ATTACHMENTS:
FOR QAD/WDT USE ONLY
PART IDENTIFICATION: INSPECTION DATE: 9 /3/54
IJ-6 welh PROCEDURE: {37 Sop /04 11, 9
0 1R-192 1 CO-60 SOURCE STRENGTH: C. | SOURCE SiZE: mm
O X-RAY MACHINE: Scga, P4y D0 FOCAL SPOT SIZE: 3.8~ mm |KV: Jfz |MA: §™
EXPOSURE TIME: &), §™ .. . PENETRAMETER(SISHIMIS: ¥ D & /40"  sen” Ag
FILM LOCATION STATUS PATE
4 FILED WITH QADNDT

SUBMITTED TO MATL. REVIEW

FILM SIZE(S):

NUMBER OF FIL RETURNED TO oT

VIEWING TECH.: SENT TO CENTRAL STORAGE
INSPECTION RESULTS: [ UNACCEPT £ OTHER®: I/DR NO.:

SBAENTS [masks, filters, ete."):

CERT. LEVEL: - DATE: /3 /gy

GERT. LEVEL:—z# | DATE: e /ey
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INSPECTION REQUIREMENTS

JOBNO.: 7¢O - j@&;j@%’

DIVISION: Féepm/ PERSON: P, Ksil¢Y

INSPECTION CODE: ACCEPTANCE CRITERIA: MATERIAL TYPE: 304/ S.5

Asmes. SECT, Asmg SE€CT, VAL R -
DI T~ SR MATL. THICKNESS: & |

PART NAME: o RYOSTAT JcPp # OWG.NO.: BO =36~ 0S

PART NUMBERIS): o/ g/ p 79 g
PART DESCRIPTION, IDENTIFICATION OF PART AREA(S) TO BE INSPECTED & SPECIAL INSTRUCTIONS:

{raw material, weld type, weld joint, spacific part area, ete.):

J=7 weld oy g“fim@

KETCH (JDRAWING [JOTHER:

ATTACHMENTS:

FOR OAD/NDT USE ¢

PART IDENTIFICATION: _
J=7 weed f égngmm} PROCEDURE DT 5@@ c i, ?
IR-192 [1c060 - | SOURCE STRENGTH: c. | SOURCESIZE: ,/ }. / mn

0 X-RAY MACHINE: FOCAL SPOT SIZE: mm | KV: MA:

SURE TIME: 0,5 s, ENETRAMETERESISHMISE 77 / L030" 040" (Frim sa3)
DATE

&

a2’
040" E%fﬁ
TR .
: kabak
o TED TO MATL. REVIEW
RETURNED TG C MOT

SINGLE [ COMPOSITE SENT TO CENTRAL STORAGE

NUMBER OF FILD
VIEWING TECH.:

34) [ UNACCEPT [ OTHER®: 1/DR NO.:

INGPECTION RESULTS:
MENTS (masks, fitters, etc.”}:

pate: 2/ /

CERT. LEVEL:
pate: /Y8

CERT. LEVEL

RADIOGRAPHER (signature) 9?/
INTERPRETER (signature)  >¢. 17,
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RANCE DIVISION — No

QUALITY uctive Testing f oF j

PAGE

ot 550 -TW ) TRASONIC TECHNIQUE RECORD
INSPECTION REQUIREMENTS Rem 1fo/ps
DIVISION: F¢ ep; | PERSON: P, Kellty JOBNO.: D50 ~ /ooy
INSPECTION CODE: ACCEPTANCE CRITERIA: MATERIAL TYPE: 3p¢// 5,5,
A//ﬁ Cusrome R EYRLUATON o CNESS: SEEomminTs
PART NAME: Hlo  CRYpSTAT  (swwee vauk) ICP # DWG.NO.. 39~ 36-025

PART NUMBER(S) jwNeRe TAWMK

PART DESCRIPTION, IDENTIFICATION OF PART AREA&S) TO BE !NSP&:EQTED & SPECIAL INSTRUCTIONS:
{material, weld type, weld joint no., specific part area, eic.): CrrN

THICKNESS MEfsurs me T ZVERY 66" jmeRsmenTs
JHY  Rervives own (wsibg) cyliwdég  (rawk)
UT ReAvINGS of (Jusihs) Boriom ofF cylinyse (rauk)

ATTACHMENTS: WSKETCH [IDRAWING  OTHER: THHckwsss mepsupsmen RECorDingS
FOR QAD/MNDT USE ONLY
PART IDENTIFICATION: INSPECTION DATE: /443 /g
}75‘7@? C RYos7# 7 { jwwee "?’“gi@fwﬁ) PROCEDURE: A/ b7~ Lo
EQUIPMENT MODEL: KT mob, CL 04  THICkNESS EuUEE P.R.R.: ] Kk Pulse/sec.
TRANSDUCER TYPE: Dsyny symg  AsRoTech  ALAA-2 fglgﬁa E- sgo9y FREQUENCY: /& MHz
TRANSDUCER SIZE & SHAPE: Yy Dyg,
SCANNING EQUIPMENT MODEL: M AMUE L SCAN SPEED:  4/x In./sec.
METHOD: [JIMMERSION  JTCONTACT L1 OTHER:
TECHNIQUE: ULSE ECHO [0 THROUGH TRANSMISSION L1 OTHER:
MODE: ({STRAIGHT BEAM  [J ANGLE BEAM  [J OTHER:
COUPLANT: )/ TREESL T REFRACTED ANGLE: o Deg.
REFERENCE STANDARD: (43 - 5S £ DISCONTINUITY: .
REFERENCE STANDARD ACOUSTIC SIMILARITY: T T REFLECTION OF REFERENCE STD.
[J VISUAL CRT [1GATE ALARM  [OTHER: D/gsiral KERD LT
DATA PRESENTATION: ‘
[JSTRIP CHART RECORDING  [1C — SCAN RECORDING
INSPECTION RESULTS: 01 ACCEPT  [1 UNACCEPT I/DR NO.:
COMMENTS table indications, etc. ®): :
{reportable indications, etc.®} @@Wﬁ {f@ gmmm}
Cusromer syplihation —
‘ F74 #
Resotution :  + ,0ppj SNV 53%%@%)
&
ACCurtcy o uspecTrom: L, 06005 .
078" (2 mmj

Glg‘?ﬁ (“’f”m.&w)
CERT. LEVELZL /T~ | DATE: /}/f?a /é:v\é

INSPECTOR (signature),

S ot B P . A
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QUALITY ASSURANCE DIVISION - Nondestructive Testing

PAGE /f OF f

“STANDARD" VERIFICATION
| u
DESCRIPTION: fﬁ;f;o we,c!g@« 154X 7% w
MATERIAL FABRICATOR: STANDARD FABRICATOR: AL /CS
STAUDARD No.: | 3~ S¢% MATERIAL:  2n5if &< HEAT:
INSPECTOR: A7 "D mstrn, ™™ oate: 9/19/7p
DIMENSIONS
NO . TYPE LOCATION ORI ENTATION LENGTH  |WIDTH/DIA. DEPTH
/ STé"_!) . 0440 L5 L5 “f)*‘i”{?@m
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I MICROMETER SERIAL No.(s): Q-M-@- |= Jif

g MIC. STANDARD GAGE CODE No.(s): ) - Sf— &~ [

0 ICTHER MEASURING FQUIP, :

These measurements were wmade with above equipment and-are traceable to the N.B.5. A
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nyageme& Dem%mmﬁ MS#219
Wilson Hall 11th Floor — Ext: 4882

August 25, 1986

To: Pat Kelley
From: Bob Wands

Subject: T Conical Transition

ite Element Analysis of C

The CVM conical transition has been modeled with ANSYS. The resulting stresses
have been evaluated and have been found to be within the limits set by the ASME
Section VIII, Div. 2 , Appendix 4, which a maximum allowable membrane stress
intensity (Sag) of 12560 pss is assumed.

The transition was modeled axisymmetrically with STIF42 4-node quadrilateral
elements. An internal pressure of 47 psid was applied. Ten inches of cylindrical
shell was included at each end of the transition to eliminate end effects, and the
end pressure effects were simulated with nodal forces at the bottom of the large
diameter cylindrical shell, and a vertical constrain at the top of the small diameter
shell. A sketch of the geometry and boundary conditions is shown in Fig. 1. Due
to the high length to thickness ratio in most sections, the mesh does not plot in an
easily interpreted manner. Therefore the number of elements along the length and
through the thicl of a section are noted on the figure,

The thicknesses used in the model are based on your ultrasound testing data, and
use the minimum thickness found in each end radius and the conical portion of the
transition. Variation of thickness between these values is linear (see Fig. 1).

Maximum stresses in each end radius and the center of the comical porfion are
given in Table 1. The stresses are categorized according to Section VIII, Div. 2,
App. 4. The allowable Sy of 12560 pst is derived by applying a factor of 0.80 to
the maximum allowable stress for 304L as given in Section , Div. 1. As can be
seen, all stresses are within the allowable values.

Stresses were extracted by the ANSYS post-processor POST11, which is used exclu-
sively for calculating linearized stress distributions in axisymmetric pressure vessel
analyses to aid in Code evaluation. The POSTI11 output is appended for your
information.



Table 1. Stress Sur

Location
(Fig. 2) | Stress Category' | Actual Stress | Allowable Stress!
Pr 16000 18840
1 Pr+@Q 20700 37680
Py 8000 12560
2 Py + By 9200 18840
Py 18840
3 Py + O 37680

Py, = primary local membrane stress. Allowable is 1.55)¢.

Q = secondary bending stress. Allowable for P + @ is 85).
Py = primsry membrane stress. Allowableis 1.05)¢.

P, = primary bending stress. Allowable for Pas -+ P is 1.55.
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