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Description

This safety note covers the design of time projection chambers (TPC) used in a full
volume imaging detector. The chambers are used in building 132N, room 2723. There are
three parts to the full volume imaging detector system. The first part is the gas
purification subsystem that is used to purify and deliver electronegative free
(99.9999999%) gas. This part of the system is being built commercially by Insync
Systems. The second part of the system, designed and built at LLNL, includes the time
projection chambers (TPC) where the experiments will be performed. Gas, from the
purification panel, feeds the TPC’s that will nominally operate at 300 psig but are being
designed for 350 psig maximum operating pressure (MOP). It will be necessary to work
around the TPC’s with radioactive sealed sources for testing and calibration; thus this is a
manned operation. The third part of the system uses cylinders to reclaim the purified gas.
These cylinders have been fabricated by ACME CRYOGENICS INC. and are rated by
them at 3000 psig MAWP. Gas will be transferred in the TPC system by thermal cycles,
using LN2 to create the temperature gradient inside the chamber via conduction through
the walls of the cryogenic thimble. A certain percentage of alcohol may be used in the
LN2 bath to move the temperature of the bath above 73K.

The TPC’s are the experimental chambers designed at LLNL. These chambers are used
for two purposes but were mechanically designed to be identical. The first chamber will
be used as an ionization chamber where electron drift will be used as a measure of gas
purity. The second chamber is the actual TPC itself, which is used for position sensitive
readout of electron clouds and hence gamma ray imaging. Figure 1 depicts a TPC with its
associated hardware. In the experimental setup, the chambers are connected together
with high pressure tubing. The chambers have been designed to allow a 400 keV gamma
ray to penetrate the chamber wall in well-defined places, specifically in the center of the
2 3/4 inch conflat flange and in a linear series of VCR blanks on the side of the chamber.
It will be necessary to use radioactive sources in conjunction with these windows to
probe the capabilities of the chamber. The 1 3/4 inch conflat flanges has been outfitted
with a high voltage (20 kV) ceramic feedthrough from Ceramaseal. Many of the
penetrations into the chamber and the internals of the chamber are attached to the conflat
gasketed chamber head to allow easy removal from the chamber body. The chambers
will be filled with a gas (Ar, Xe, along with at least one the following: CH4, CO2, and
P10) using the 135psi gas purification system and then condensed by cooling the
chamber using a cryogenic thimble. LN2 will envelope the outside of the thimble creating
non-uniform thermal stresses along with membrane stress throughout the vessel.

This ME Safety Note is required because the TPC of the system contains compressed gas
at pressures exceeding 150 psig or 100kJ of stored energy. This Safety Note covers the
vessel depicted in Figure 1 up to and including the output connections, If required, a
separate safety note will cover the remaining parts of full volume imaging detector
system less the TCP’s.
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Figure 1 — Diagram of the Time Projection Chambers (TPC)
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Operational Hazards

Associated hazards are those typical of any high pressure gas system. Failure of a vessel
or component could result in either shrapnel or a blast overpressure to the body. Since
the gases involved are not air, there is also the potential concern of asphyxiation. Other
hazards include physical exposure to the radioactive sealed source and cold temperatures.
The hazards other than those associated with the pressure vessel will be addressed by the
FSP (if applicable) or separate OSP for this experiment.

Procedures

Design safety factors are robust for all intended pressures. The system is adequately
protected by a pressure relief device at a VCR port so that components cannot be over-
pressurized. This document also specifies shielding requirements for personnel protection
from shrapnel in the event of an accident. However, an OSP for this experiment will
address associated interlocks and operational steps required during pressurization.

Calculations
The following will certify the TPC for this system:

[1] Hardware and Fabrication
The vessel is fabricated using commercially purchased metals. Fabrication and
joining techniques are also standard technology. Welding was performed by
LLNL ASME certified welders experienced in pressure systems.

{2]  Engineered Design
The system design has relief devices at strategic locations (a VCR fitting) to

insure that the MAWZP’s are never exceeded.

An evaluation of high risk pressure components indicated that a Ceramaseal feed-
through may fail if improperly handled. Specifically, the weld joint at the Conflat
is susceptible to bending and fracture. To minimize this risk, a fragment
deflector/stop fixture was designed and will be mounted in front of the head
where the Ceramaseal is mounted. A Kevlar drape will also be employed if this
device fails to capture all fragments. This stop and Kevlar drape will be
interlocked during pressure vessel operation.

[3]  Testing
Detailed proof testing procedures at 1.5 times MAWP and at the working
temperature, induced by LN2 cooling, have been developed and are enclosed as
Appendix A. Successful completion of these procedures by a LLNL pressure
inspector will complete the certification of the TPC’s. Proof testing is the crux of
pressure vessel qualification for fracture critical components and is best stated
from literature® as follows:




[4]
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“The critical flaw size associated with proof test conditions can also be used for
life expectance considerations. Specifically, if a pressure vessel survives a given
proof test it can be concluded that the largest defect present in the structure is
smaller than the critical flaw size at the proof test conditions. Therefore, in the
absence of non-destructive inspection, this flaw size can be considered the
existing flaw size at the beginning of life at the operating conditions and would, in
turn, serve as the basis for further crack growth consideration™ (also see fracture
analysis below).

The vessel has been designed to meet ASME Boiler and Pressure Vessel Code
design guidelines. Stresses are low enough to eliminate the need for impact
testing of the material in the heat effected zones created by the butt welds, UHA-
51 (g} (see misc.nb calculations in Appendix C). The ASME Code also exempt
austenitic, chromium-nickel stainless steels from impact testing, UHA-
51(d)(1)(a). Thus, the base materials 304L and 316L are exempt.

Calculations

Most calculations were done using ASME Pressure Vessel Code, Section VIII,
Division 1 guidelines. The TPC has a MAWP of 978 psig when using the C-Ring
type head (no openings) and 402 psig for the Conflat type head(s) (with and
without openings). A future addendum to this safety note will cover a head (with
openings) to be used at 978 psig MAWP, The allowable stresses used in all
calculations are based on values found in the ASME Pressure Vessel Code,
Section II. For both 316L and 304L the allowable stress is 16,700 psi which
provides a nominal Safety Factor of ~5 in all Pressure Vessel Code calculations
(i.e., head thickness, maximum vessel pressure, minimum wall thickness, etc). The
following tables are summaries of the detailed calculations found in Appendix A.

Vessel

The energy in each pressure vessel was calculated to be 55, 852 ft-Ib. or 16.4 g
TNT at the MAWP of 978 psig. The following table summarizes the analytical
results for the main 8 inch schedule 80 pressure vessel, the detector pipe, the VCR
“Cajon” fittings/ pipes, and the LN pipe connected to the main vessel. All tubing
is 316L. Calculations were made at a MAWP of 978 psig. The last column refers
to the ratio of yield stress (37ksi) to Von Mises stress at the test pressure of 1.5 x
MAWP. Values must be greater than 1.0 for a safe proof test.

Von
Mises

(psi)

S1 (psi) | S2 (psi) Actual
wall

thickness
(in)

S3 (psi) Required

wall
thickness

(in)

If=1.0
stress less
than yield
for
1.5xMA
WP

Main 8”
vessel

3499 7976 -978 7755 0.336 0.500 32

Detector pipe
2.87 0D

1839 4657 -978 4880 0.102 0.275 5.1




MESN99-020-0A
Page 7

VCR pipe
0.57 0D

1739 4455 -978 4705 0.012 0.050 5.2

N2 pipe
1.9” OD

1618 4214 -978 4496 0.066 0.200 5.5

Analytical results for welds, area reinforcement, and their related loads that attach
the detector pipe, LN, pipe, and VCR pipe to the main vessel shell are detailed in
the table below at a MAWP of 978 psig. Generally, if the nozzle and fillet weld
load paths are greater than the total weld load, then the strengths are sufficient.
The total weld load (W~(Area required — Area available)* Allowable stress)) for
the VCR pipe is less than 0 because the vessel wall is 0.160” thicker than required
creating much more area available than required. Thus, the area available is
greater than the area removed and a negative number results.

Area of
mat’l.
required
(in"2)

Area of
mat’l. avail.
(in"2)

Total weld
load (1b)

Fillet weld
load path (1b)

Nozzle wall
load path (Ib)

Detector pipe

0.780 0.800 8172 13172 12749

LN, pipe

0.504 0.508 5396 6243 6106

VCR pipe

0.134 0.194 <0 413 402

The butt welds connecting the hub to the main vessel and the ellipsiodal head to
the main vessel, the ellipsiodal head on liquid nitrogen pipe, and the hub to the
detector pipe, reduced the allowable working pressure in the vessel they are
connected to by ‘E’ (butt weld efficiency). An ‘E’ of 0.7 was used for these welds
which reduced their associated allowable working pressures to 1421 psig, 6979
psig, and 6139 psig for the of the main vessel, LN pipe, and detector pipe
respectively. Again, all of these calculated pressures use an allowable stress of
16,700 psi which has a nominal SF = 5.0 so an additional SF of 1.5 (1421 /978) is
obtained. Using a butt weld efficiency of 0.7 allows no radiography to be
performed on the welds according to the ASME Boiler and Pressure Codes.

The VCR, LN3, and detector port openings in the vessel shell are mounted 90° to
each other. The radial distance between hole centers is approximately 6.0 inches.
ASME Boiler Code requires that all openings be less than the sum of their

respective diameters. The maximum sum of the diameters is 3.37 inches between
LN; and the detector port.

Holes that do not penetrate the vessel shell may be required to horizontally mount
the vessel. The depth of tapped 1/4-20 holes and 3/8-16 holes shall be < 0.25
inches. Holes can not be placed near other openings or reinforcements.

Head / Flange Calculations

The following table summarizes the analytical results for the integral flange butt
welded to the main access port and the small flange butt welded on the side of the
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vessel (detector port). Again, the allowable stress in 16,700 psi for the base

material. Also, the ASME allowable hub stress is 1.5 time the allowable stress.

Flange MOP Longitudi | Radial Tangential
nal hub flange flange
stress stress (psi) | stress (psi)
(psi)

Main 850 16973 6327 4173

10.5” OD

Main 350 6388 2381 1571

10.5” OD

Detector 850 13998 2794 7367

4.625” OD

The head for operating at 850 psig, uses a C-Ring type metal seal and is made
from 304L stainless steel. The (24) required bolts for this flange are Unbrako KS
1216 1/27-13 SHCS with a tensile strength of 160,000 psi (or 304 Stainless Steel
with a 81 ksi tensile strength). The main flange for operating at 350 psig is a
Conflat (CF) type (304L), sealed with a soft copper flat gasket to a knife edge.
The (24) required bolts for this flange are Unbrako KS 1216 1/27-13 SHCS with a
tensile strength of 160,000 psi (or 304 Stainless Steel with a 81 ksi tensile
strength). All other CF flanges (1 1/3 and 2 3/4 inch) shall be bolted to the 350
MOP head using Unbrako KS 1216 psi (or 304 Stainless Steel with a 81 ksi
tensile strength), 8-32 or 1/4-28 SHCS as required.

The smaller 4 5/8” CF type flange for the detector port requires 10 bolts, Unbrako
KS 1216 5/16”-24 SHCS with a tensile strength of 160,000 psi (or 304 Stainless
Steel with a 81 ksi tensile strength) and is made from 304L stainless steel. The
following table summarizes the fastener calculations.

Flange MOP | No. |Bolt Torqu | Flange design | Flange Max.
of e (in- | bolt load, design bolt | allowable
bolts 1b) operating. load, gasket | bolt load (SF
(Ib) seal. (lb) 4 applied)
Main, C-ring | 850 |24 1/2-13 | 1140 | 58850 96913 134976
10.5” OD ’
Main, CF 350 |24 1/2-13 | 1140 | 24677 79827 134976
10.57 OD
Detector 850 10 5/16- | 347 10144 15452 20760
4.625” OD 24
11/3”CF 350 |6 #8-32 |51 231 230 2936
2 3/4” CF 350 {6 1/4-28 | 152 1015 527 7937

Analytical results for the commercially purchased SA316 ellipsiodal head on
main vessel, nominal wall thickness 0.5 inches and the SA316 ellipsiodal head on
liquid nitrogen pipe, nominal wall thickness 0.2 inches follows. The head
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thickness calculations were done at the MAWP of 978 psig and allow for strength
reduction due to the butt weld connecting them to the vessel.

MOP

Max, Required | Actual If>1.0
pressure head head stress less
(psig) thickness | thickness than yield
(in) (in) for 1.5x
MAWP
Main 850 1513 0.320 0.500 1.03
vessel
LN; pipe | 850 3036 0.063 0.200 2.07

Results of the unstayed flat heads are presented in the table below. Two head
types are planned for the main vessel, one CF type for low pressures at 350 MOP
that has instrumentation ports, and one C-Ring type for high pressure (850 MOP)
for vessel pressure testing and to be modified for a future head design (and
subsequently proof tested along with a Safety Note Addendum). Stress
concentration factors for the circular holes in a plate with internal pressure were
used from empirical data in Wiley”. Although not a perfectly matching model to
Wiley, the concentration factors used are conservative. The stress concentration
factor (2.278) reduced the allowable stress to 7,331 psi from 16,700 psi. Hole
reinforcement requirements were also calculated using the ASME Codes. These
results confirmed the thickness requirements using Wiley stress concentration
factors.

Results of two types of Conflat feedthrough heads mounted to the 10.5 inch CF
flange are also presented below. All head thickness calculations use the ASME
head equation involving bending with the exception of the 2 3/4 inch CF where
both bending and no bending cases were used. This flange was bored out to leave
a head depth of 0.125” by 1.5” in diameter. The flange thickness around its
mounting holes and under its knife edge remains at the nominal flange thickness
of 0.5 inches. Thus, calculations were made for both and summarized below. A
minimum thickness for the 1/2 inch VCR plug is calculated. The pressure side of
a VCR plug is bored out 1/4 inch in diameter to this minimum thickness to be
used as a gamma port.

Flange type MOP | Required Actual head | Required hub | Actual hub
head thickness (in) | thickness (in) | thickness
thickness (in) (in)

Conflat flange, Cu seal | 350 1.261 1 1.5 0.624 1.250

AAA99-104240

C-Ring type metal seal. | 850 1.247 1.980 0.661 1.250

AAA99-104243

Conflat flange, 4 5/8” | 850 0.613 0.750 0.423 0.810

@, x 0.750” thick.

Commercial product
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11/3” CF 350 0.100 0.300 N/A N/A
2 3/4” CF 350 0.178/0.092 10.5/0.,125 N/A N/A
VCR plug 850 0.052 0.052 N/A N/A

Blind holes in the unstayed flat head were analyzed on the basis of area
replacement. If the actual cross-sectional area available was greater than the
cross-sectional area required, reinforcement was not required. The following table
summarizes the results for the 350 MOP flat head. These calculations can also
apply to blind mounting holes of the same dimension for mounting and handling
the head with the caveat that hole can not be placed near other openings or

reinforcements.
Hole type: Area available | Area required
(in"2) (in"2)
8-32 mini conflat holes 0.195 0.051
8-32 mounting bracket holes | 0.205 0.041
(internal)
1/4-28 medium conflat holes | 0.250 0.125

Contflat (CF) flanges are used as connecting members and instrumentation
feedthroughs in this pressure vessel design. Five 1 1/3 inch on a 5.5 inch bolt
circle pattern and one 2 3/4 inch centrally located CF flanges are used on the 350
MOP head. A 4 5/8 inch CF flange is used on the detector port (850 MOP).

CF flanges were pressure tested in 1992 under the safety note END 92-072. The 1
1/3 inch nominally sized CF flanges with stainless steel bolts started leaking at
~15,000 psi. The 4 5/8 inch CF ﬂange had no leakage with water as the pressure
medium up to 1200 psi and minor (10 Torr-L/s) leaking with helium from 500
psi to 930 psi. All tests were done without catastrophic failure. Leakage occurred
around the copper seal. A blank 2 3/4 inch was not proof tested.

For operation, the mating I 1/3 inch CF flange to the CF port on the 350 MOP
head has a high voltage feedthrough that is not rated by the manufacturer
(Ceramaseal) because it is a special order. The manufacturer welded the high
voltage feedthrough to an opening in the flange. LLNL has proof tested this
component to burst (5850 psi). There is a concern for brittle fracture or weld
failure due to cracking by mishandling that is addressed in the Fragment Hazard
Mitigation paragraph below. The mating 2 3/4 inch CF flange will be proof tested
at 604 psig along with the rest of the head. The mating 4 5/8 inch CF flange will
be blanked off for pressure testing and initial operational tests. An addendum to
this note will follow at a later date to address the attachment method of the
detector to the mating flange. It will then be proof tested at 1467 psig.
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This vessel is considered a Category 1V risk according to MEDSS. Its failure has

the potential for moderate injury and material testing is recommended.

The material used in this vessel is standard ASTM 304L and 316L stainless steel.

Material testing was not done for the following reasons:

(1) SA316L and SA304L are standard materials with strict manufacturing

requirements.

(2) ASME Boiler and Pressure Vessel Code does not require testing for austenitic

stainless steels.

(3) the large critical crack depths (a;) and lengths calculated using conservative
stress intensity factors (Kjc) from literature.
(4) the number of cycles to failure were > 10°; far larger than the < 10% cycles

expected using crack growth rates’ from literature.
(5) The leak-before-break criterion is satisfied by a factor of ~10 or greater

(136740 / 13824). Also, the CF type flanges used in the TPC design

practically guarantee a leak before failure as demonstrated by earlier proof
testing.
{6) 316 and 304 stainless steel both have excellent toughness properties at
cryogenic temperatures. Sharpy V-notch impact test data® on 304 stainless
steel indicates a slightly lowered toughness from room temperature to —~196°C
(150 to 124 ft-1b). For 316, the toughness lowered 13% from 141 to 122 ft-1b.

The table below summarizes the fracture toughness calculations in Appendix C.

K (pst K, (psi A g 2¢c length of | 2c length of
in"1/2) in"1/2) surface flaw | sub-surface | surface flaw | sub-surface
(in) flaw (in}) (in) flaw (in)
Main vessel | 136740 10115 77.3 93.6 309.3 374.2
Ellipsoidal | 136740 13824 42.2 51.1 168.9 2044
head
Flat head 136740 6528 183.1 221.6 732.5 886.3

The Unbrako bolts recommended above in the Head / Flange Calculations section
are rated at their maximum tensile strength at ~400°F. The alternative, 304
stainless steel fasteners have the same safe fracture critical properties as the
vessel. No fracture critical calculations were performed for fasteners.

A proof test at 1.5xMAWP and at the working cryogenic temperature is planned

for this vessel. Proof testing is the crux of pressure vessel qualification and is best
stated from literature® as follows:

“The critical flaw size associated with proof test conditions can also be used for
life expectance considerations. Specifically, if a pressure vessel survives a given
proof test it can be concluded that the largest defect present in the structure is
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Description

This safety note covers the design of time projection chambers (TPC) used in a full
volume imaging detector. The chambers are used in building 132N, room 2723. There are
three parts to the full volume imaging detector system. The first part is the gas
purification subsystem that is used to purify and deliver electronegative free
(99.9999999%) gas. This part of the system is being built commercially by Insync
Systems. The second part of the system, designed and built at LLNL, includes the time
projection chambers (TPC) where the experiments will be performed. Gas, from the
purification panel, feeds the TPC’s that will nominally operate at 300 psig but are being
designed for 350 psig maximum operating pressure (MOP). 1t will be necessary to work
around the TPC’s with radioactive sealed sources for testing and calibration; thus this is a
manned operation. The third part of the system uses cylinders to reclaim the purified gas.
These cylinders have been fabricated by ACME CRYOGENICS INC. and are rated by
them at 3000 psig MAWP. Gas will be transferred in the TPC system by thermal cycles,
using LN2 to create the temperature gradient inside the chamber via conduction through
the walls of the cryogenic thimble. A certain percentage of alcohol may be used in the
LLN2 bath to move the temperature of the bath above 73K.

The TPC’s are the experimental chambers designed at LLNL. These chambers are used
for two purposes but were mechanically designed to be identical. The first chamber will
be used as an ionization chamber where electron drift will be used as a measure of gas
purity. The second chamber is the actual TPC itself, which is used for position sensitive
readout of electron clouds and hence gamma ray imaging. Figure 1 depicts a TPC with its
associated hardware. In the experimental setup, the chambers are connected together
with high pressure tubing. The chambers have been designed to allow a 400 keV gamma
ray to penetrate the chamber wall in well-defined places, specifically in the center of the
2 3/4 inch conflat flange and in a linear series of VCR blanks on the side of the chamber.
It will be necessary to use radioactive sources in conjunction with these windows to
probe the capabilities of the chamber. The 1 3/4 inch conflat flanges has been outfitted
with a high voltage (20 kV) ceramic feedthrough from Ceramaseal. Many of the
penetrations into the chamber and the internals of the chamber are attached to the conflat
gasketed chamber head to allow easy removal from the chamber body. The chambers
will be filled with a gas (Ar, Xe, along with at least one the following: CH4, CO2, and
P10) using the 135psi gas purification system and then condensed by cooling the
chamber using a cryogenic thimble. LN2 will énvelope the outside of the thimble creating
non-uniform thermal stresses along with membrane stress throughout the vessel.

This ME Safety Note is required because the TPC of the system contains compressed gas
at pressures exceeding 150 psig or 100kJ of stored energy. This Safety Note covers the
vessel depicted in Figure 1 up to and including the output connections. If required, a
separate safety note will cover the remaining parts of full volume imaging detector
system less the TCP’s.
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Figure 1 — Diagram of the Time Projection Chambers (TPC)
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Operational Hazards

Associated hazards are those typical of any high pressure gas system. Failure of a vessel
or component could result in either shrapnel or a blast overpressure to the body. Since
the gases involved are not air, there is also the potential concern of asphyxiation, Other
hazards include physical exposure to the radioactive sealed source and cold temperatures.
The hazards other than those associated with the pressure vessel will be addressed by the
FSP (if applicable) or separate OSP for this experiment.

Procedures

Design safety factors are robust for all intended pressures. The system is adequately
protected by a pressure relief device at a VCR port so that components cannot be over-
pressurized. This document also specifies shielding requirements for personnel protection
from shrapnel in the event of an accident. However, an OSP for this experiment will
address associated interlocks and operational steps required during pressurization.

Calculations
The following will certify the TPC for this system:

[1] Hardware and Fabrication
The vessel is fabricated using commercially purchased metals. Fabrication and
joining techniques are also standard technology. Welding was performed by
LLNL ASME certified welders experienced in pressure systems.

[2]  Engineered Design
The system design has relief devices at strategic locations (a VCR fitting) to
insure that the MAWP’s are never exceeded.

An evaluation of high risk pressure components indicated that a Ceramaseal feed-
through may fail if improperly handled. Specifically, the weld joint at the Conflat
is susceptible to bending and fracture. To minimize this risk, a fragment
deflector/stop fixture was designed and will be mounted in front of the head
where the Ceramaseal is mounted. A Kevlar drape will also be employed if this
device fails to capture all fragments. This stop and Kevlar drape will be
interlocked during pressure vessel operation.

[3] Testing
Detailed proof testing procedures at 1.5 times MAWP and at the working
temperature, induced by LN2 cooling, have been developed and are enclosed as
Appendix A. Successful completion of these procedures by a LLNL pressure
inspector will complete the certification of the TPC’s. Proof testing is the crux of
pressure vessel qualification for fracture critical components and is best stated
from literature® as follows:




[4]
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“The critical flaw size associated with proof test conditions can also be used for
life expectance considerations. Specifically, if a pressure vessel survives a given
proof test it can be concluded that the largest defect present in the structure is
smaller than the critical flaw size at the proof test conditions. Therefore, in the
absence of non-destructive inspection, this flaw size can be considered the
existing flaw size at the beginning of life at the operating conditions and would, in
turn, serve as the basis for further crack growth consideration™ (also see fracture
analysis below).

The vessel has been designed to meet ASME Boiler and Pressure Vessel Code
design guidelines. Stresses are low enough to eliminate the need for impact
testing of the material in the heat effected zones created by the buit welds, UHA-
51 (g) (see misc.nb calculations in Appendix C). The ASME Code also exempt
austenitic, chromium-nickel stainless steels from impact testing, UHA-
51(d)(1)(a). Thus, the base materials 304L and 316L are exempt.

Calculations

Most calculations were done using ASME Pressure Vessel Code, Section VIII,
Division 1 guidelines. The TPC has a MAWP of 978 psig when using the C-Ring
type head (no openings) and 402 psig for the Conflat type head(s) (with and
without openings). A future addendum to this safety note will cover a head (with
openings) to be used at 978 psig MAWP. The allowable stresses used in all
calculations are based on values found in the ASME Pressure Vessel Code,
Section II. For both 316L and 304L the allowable stress is 16,700 psi which
provides a nominal Safety Factor of ~5 in all Pressure Vessel Code calculations
(i.e., head thickness, maximum vessel pressure, minimum wall thickness, etc). The
following tables are summaries of the detailed calculations found in Appendix A.

Vessel

The energy in each pressure vessel was calculated to be 55, 852 fi-Ib. or 16.4 g
TNT at the MAWP of 978 psig. The following table summarizes the analytical
results for the main 8 inch schedule 80 pressure vessel, the detector pipe, the VCR
“Cajon” fittings/ pipes, and the LN pipe connected to the main vessel. All tubing
is 316L. Calculations were made at a MAWP of 978 psig. The last column refers
to the ratio of yield stress (37ksi) to Von Mises stress at the test pressure of 1.5 x
MAWP. Values must be greater than 1.0 for a safe proof test.

Von
Mises

(psi)

Actual
wall
thickness

(in)

S1 (psi) | S2 (psi) | S3 (psi) Required
wall

thickness
(inm)

If21.0

stress less
than yield
for
1.5xMA
WP

Main 8”
vessel

3499 7976 -978 7755 0.336 0.500 32

Detector pipe
2.87 0D

1839 4657 -978 4880 0.102 0.275 5.1
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VCR pipe
0.5” 0D

1739 4455 -978 4705 0.012 0.050 5.2

LNZ pipe
1.9” 0D

1618 4214 -978 4496 0.066 0.200 5.5

Analytical results for welds, area reinforcement, and their related loads that attach
the detector pipe, LN pipe, and VCR pipe to the main vessel shell are detailed in
the table below at a MAWP of 978 psig. Generally, if the nozzle and fillet weld
load paths are greater than the total weld load, then the strengths are sufficient.
The total weld load (W~(Area required — Area available)* Allowable stress)) for
the VCR pipe is less than 0 because the vessel wall is 0.160 thicker than required
creating much more area available than required. Thus, the area available is
greater than the area removed and a negative number results.

Area of
mat’l.
required
(in"2)

Area of
mat’]. avail.
(in"2)

Total weld
load (Ib)

Fillet weld
load path (Ib)

Nozzle wall
load path (1b)

Detector pipe

0.780 0.800 8172 13172 12749

LN pipe

0.504 0.508 5396 6243 6106

VCR pipe

0.134 0.194 <0 413 402

The butt welds connecting the hub to the main vessel and the ellipsiodal head to
the main vessel, the ellipsiodal head on liquid nitrogen pipe, and the hub to the
detector pipe, reduced the allowable working pressure in the vessel they are
connected to by ‘E’ (butt weld efficiency). An ‘B’ of 0.7 was used for these welds
which reduced their associated allowable working pressures to 1421 psig, 6979
psig, and 6139 psig for the of the main vessel, LN pipe, and detector pipe
respectively. Again, all of these calculated pressures use an allowable stress of
16,700 psi which has a nominal SF = 5.0 so an additional SF of 1.5 (1421 / 978) is
obtained. Using a butt weld efficiency of 0.7 allows no radiography to be
performed on the welds according to the ASME Boiler and Pressure Codes.

The VCR, LN,, and detector port openings in the vessel shell are mounted 90° to
each other. The radial distance between hole centers is approximately 6.0 inches.
ASME Boiler Code requires that all openings be less than the sum of their
respective diameters. The maximum sum of the diameters is 3.37 inches between
L.N2 and the detector port.

Holes that do not penetrate the vessel shell may be required to horizontally mount
the vessel. The depth of tapped 1/4-20 holes and 3/8-16 holes shall be < 0.25
inches. Holes can not be placed near other openings or reinforcements.

Head / Flange Calculations

The following table summarizes the analytical results for the integral flange butt
welded to the main access port and the small flange butt welded on the side of the




MESN99-020-0OA
Page 8

vessel (detector port). Again, the allowable stress in 16,700 psi for the base

material. Also, the ASME allowable hub stress is 1.5 time the allowable stress.

Flange MOP Longitudi | Radial Tangential
nalhub | flange flange
stress stress (psi) | stress (psi)
{psi)

Main 850 16973 6327 4173

10.5” OD

Main 350 6388 2381 1571

10.5” OD

Detector 850 13998 2794 7367

4.625” OD

The head for operating at 850 psig, uses a C-Ring type metal seal and is made
from 304L stainless steel. The (24) required bolts for this flange are Unbrako KS
1216 1/27-13 SHCS with a tensile strength of 160,000 psi (or 304 Stainless Steel
with a 81 ksi tensile strength). The main flange for operating at 350 psig is a
Conflat (CF) type (304L), sealed with a soft copper flat gasket to a knife edge.
‘The (24) required bolts for this flange are Unbrako KS 1216 1/27-13 SHCS with a
tensile strength of 160,000 psi (or 304 Stainless Steel with a 81 ksi tensile
strength). All other CF flanges (1 1/3 and 2 3/4 inch) shall be bolted to the 350
MOP head using Unbrako KS 1216 psi (or 304 Stainless Steel with a 81 ksi
tensile strength), 8-32 or 1/4-28 SHCS as required.

The smaller 4 5/8” CF type flange for the detector port requires 10 bolts, Unbrako
KS 1216 5/16”-24 SHCS with a tensile strength of 160,000 psi (or 304 Stainless
Steel with a 81 ksi tensile strength) and is made from 304L stainless steel. The
following table summarizes the fastener calculations.

Flange MOP | No. | Bolt Torqu | Flange design | Flange Max.
of e (in- | bolt load, design bolt | allowable
bolts 1b) operating. load, gasket | bolt load (SF
(Ib) seal. (Ib) 4 applied)
Main, C-ring | 850 |24 172-13 | 1140 | 58850 96913 134976
10.5” OD
Main, CF 350 |24 1/2-13 | 1140 | 24677 79827 134976
10.5” OD
Detector 850 10 5/16- | 347 10144 15452 20760
4.625” OD 24
11/3”CF 350 6 #8-32 |51 231 230 2936
23/4”CF 350 6 1/4-28 | 152 1015 527 7937

Analytical results for the commercially purchased SA316 ellipsiodal head on
main vessel, nominal wall thickness 0.5 inches and the SA316 ellipsiodal head on
liquid nitrogen pipe, nominal wall thickness 0.2 inches follows. The head
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thickness calculations were done at the MAWP of 978 psig and allow for strength
reduction due to the butt weld connecting them to the vessel.

MOP

Max. Required | Actual £>1.0
pressure head head stress less
(psig) thickness tlllickness than yield
(in) (in) for 1.5x
MAWP
Main 850 1513 0.320 0.500 1.03
vessel
LN, pipe | 850 3036 0.063 0.200 2.07

Results of the unstayed flat heads are presented in the table below. Two head
types are planned for the main vessel, one CF type for low pressures at 350 MOP
that has instrumentation ports, and one C-Ring type for high pressure (850 MOP)
for vessel pressure testing and to be modified for a future head design (and
subsequently proof tested along with a Safety Note Addendum). Stress
concentration factors for the circular holes in a plate with internal pressure were
used from empirical data in Wiley*. Although not a perfectly matching model to
Wiley, the concentration factors used are conservative. The stress concentration
factor (2.278) reduced the allowable stress to 7,331 psi from 16,700 psi. Hole
reinforcement requirements were also calculated using the ASME Codes. These
results confirmed the thickness requirements using Wiley stress concentration
factors.

Results of two types of Conflat feedthrough heads mounted to the 10.5 inch CF
flange are also presented below. All head thickness calculations use the ASME
head equation involving bending with the exception of the 2 3/4 inch CF where
both bending and no bending cases were used. This flange was bored out to leave
a head depth of 0.125” by 1.5” in diameter. The flange thickness around its
mounting holes and under its knife edge remains at the nominal flange thickness
of 0.5 inches. Thus, calculations were made for both and summarized below. A
minimum thickness for the 1/2 inch VCR plug is calculated. The pressure side of
a VCR plug is bored out 1/4 inch in diameter to this minimum thickness to be
used as a gamma port.

Flange type MOP | Required Actual head | Required hub | Actual hub
head thickness (in) | thickness (in) | thickness
thickness (in) (in)

Conflat flange, Cu seal | 350 1.261 1.5 0.624 1.250

AAA99-104240

C-Ring type metal seal. | 850 1.247 1.980 0.661 1.250

AAA99-104243

Conflat flange, 4 5/8” | 850 0.613 0.750 0.423 0.810

9, x 0.750” thick.

Commercial product




MESN99-020-0OA

Page 10
11/3” CF 350 0.100 0.300 N/A N/A
23/4” CF 350 0.178/0.092 | 0.5/0.125 N/A N/A
VCR plug 850 0.052 0.052 N/A N/A

Blind holes in the unstayed flat head were analyzed on the basis of area
replacement. If the actual cross-sectional area available was greater than the
cross-sectional area required, reinforcement was not required. The following table
summarizes the results for the 350 MOP flat head. These calculations can also
apply to blind mounting holes of the same dimension for mounting and handling
the head with the caveat that hole can not be placed near other openings or

reinforcements.
Hole type: Area available | Area required
(in"2) (in"2)
8-32 mini conflat holes 0.195 0.051
8-32 mounting bracket holes | 0.205 0.041
(internal)
1/4-28 medium conflat holes | 0.250 0.125

Conflat (CF) flanges are used as connecting members and instrumentation
feedthroughs in this pressure vessel design. Five 1 1/3 inch on a 5.5 inch bolt
circle pattern and one 2 3/4 inch centrally located CF flanges are used on the 350
MOP head. A 4 5/8 inch CF flange is used on the detector port (850 MOP).

CF flanges were pressure tested in 1992 under the safety note END 92-072. The 1
1/3 inch nominally sized CF flanges with stainless steel bolts started leaking at
~15,000 psi. The 4 5/8 inch CF flange had no leakage with water as the pressure
medium up to 1200 psi and minor (10" Torr-L/s) leaking with helium from 500
psi to 930 psi. All tests were done without catastrophic failure. Leakage occurred
around the copper seal. A blank 2 3/4 inch was not proof tested.

For operation, the mating 1 1/3 inch CF flange to the CF port on the 350 MOP
head has a high voltage feedthrough that is not rated by the manufacturer
(Ceramaseal) because it is a special order. The manufacturer welded the high
voltage feedthrough to an opening in the flange. LLNL has proof tested this
component to burst (5850 psi). There is a concern for brittle fracture or weld
failure due to cracking by mishandling that is addressed in the Fragment Hazard
Mitigation paragraph below. The mating 2 3/4 inch CF flange will be proof tested
at 604 psig along with the rest of the head. The mating 4 5/8 inch CF flange will
be blanked off for pressure testing and initial operational tests. An addendum to
this note will follow at a later date to address the attachment method of the
detector to the mating flange. It will then be proof tested at 1467 psig.
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This vessel is considered a Category IV risk according to MEDSS. Its failure has

the potential for moderate injury and material testing is recommended.

The material used in this vessel is standard ASTM 304L and 316L stainless steel.

Material testing was not done for the following reasons:

(1) SA316L and SA304L are standard materials with strict manufacturing
requirements.
(2) ASME Boiler and Pressure Vessel Code does not require testing for austenitic
stainless steels,
(3) the large critical crack depths (ac) and lengths calculated using conservative
stress intensity factors (Kj) from literature,
(4) the number of cycles to failure were > 10°; far larger than the < 107 cycles
expected using crack growth rates’ from literature.
(5) The leak-before-break criterion is satisfied by a factor of ~10 or greater

(136740 / 13824). Also, the CF type flanges used in the TPC design

practically guarantee a leak before failure as demonstrated by earlier proof

testing.

(6) 316 and 304 stainless steel both have excellent toughness properties at
cryogenic temperatures. Sharpy V-notch impact test data®® on 304 stainless
steel indicates a slightly lowered toughness from room temperature to ~196°C
(150 to 124 ft-1b). For 316, the toughness lowered 13% from 141 to 122 fi-Ib.

The table below summarizes the fracture toughness calculations in Appendix C.

Kie (pst K, (psi 8 Aer 2c length of | 2c length of
n"1/2) in"1/2) surface flaw | sub-surface | surface flaw | sub-surface
{in} flaw (in) {in) flaw (in)
Main vessel | 136740 10115 77.3 93.6 309.3 374.2
Ellipsoidal | 136740 13824 422 51.1 168.9 204.4
head
Flat head 136740 6528 183.1 221.6 732.5 886.3

The Unbrako bolts recommended abové in the Head / Flange Calculations section
are rated at their maximum tensile strength at —400°F. The alternative, 304
stainless steel fasteners have the same safe fracture critical properties as the
vessel. No fracture critical calculations were performed for fasteners.

A proof test at 1.5xMAWP and at the working cryogenic temperature is planned
for this vessel. Proof testing is the crux of pressure vessel qualification and is best
stated from literature® as follows:

“The critical flaw size associated with proof test conditions can also be used for
life expectance considerations. Specifically, if a pressure vessel survives a given
proof test it can be concluded that the largest defect present in the structure is
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smaller than the critical flaw size at the proof test conditions. Therefore, in the
‘absence of non-destructive inspection, this flaw size can be considered the
existing flaw size at the beginning of life at the operating conditions and would, in
turn, serve as the basis for further crack growth consideration”.

A physical inspection of the TPC for cracks is required between every experiment
or experimental cycle. Careful handling of the head, vessel and its related
hardware is important so that the welds attaching the various components (high
voltage feedthroughs, VCR stubs) are not damaged. If any of these components
are bent by mishandling, the suspect welds must be radiographicly inspected and
re-proof tested.

Fragment Hazard Mitigation
A fragment deflector/stop was designed to deflect and capture a potential
Ceramaseal feedthrough mishap if it were propelled from head of the vessel. It
will be placed as close as practical to the TPC head and still allow operation of the
vessel. The basic design is based on ballistic gun range technology where the
fragment is deflected from a 45° wall into a sand trap (red arrow shows path in
Figure below). All walls are made from 2.5” thick lexan that can stop the
projectile if it were propelled normal into it. The opening in the stop (117 x 14”)
is sufficiently oversized to the Ceramaseal bolt circle diameter (5.5”) and the sand
trap baffle is made from 1/4” lexan to allow fragment passage. This stop will be
interlocked during vessel operation. Calculation filename “fragmant.nb” in
Appendix C details the shielding calculations obtained from MEDSS.
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A Kevlar drape will also be employed to shield the operator from a potential stray
fragment reflected back out of the catch.

The system pressure requirements are summarized as follows:

Maximum
Allowable

Maximum | Working | Pressure | Proof

Operating | Pressure | Relief Test

Pressure (MAWP) | Setting Pressure
Component (psig) (psig) (psig) (psig)
Main Pressure Vessel 850 978 978 1467
(sketch )
AAA99-104242 (weld
flange)
Flat Head, Metal C-Ring: 850 978 978 1467
AAA99-104243
Conlfat flange, 4 5/8” @, x | 850 978 978 1467
0.750” thick. commercial
CF flange (blank)
VCR Plug, 1/2” @, 850 978 978 1467
modified commercial
Flat Head Conflat Type: 350 402 402 604
AAA99-104240
Conlfat flange, 2 3/4” @, x | 350 402 402 604
0.500” thick. modified
commercial CF flange
Ceramaseal: 19543-04-CF; | 350 402 402 604
11/3” @, x 0.300” thick.
modified commercial CF
flange

E. Testing Requirements

Detailed testing procedures have been deveiopéd and are enclosed as Appendices B. The
proof test criterion for each system is 150% of MAWP.

F. Labeling Requirements

Upon completion of the testing procedures, the LLNL pressure inspector will certify the
inspection of this system by completion of an LLNL Pressure Test/Inspection Record,
Form LL3586, and by attaching an LLNL Pressure Tested Label, properly filled out to
the individual components identified below. Appropriate additional information will be
inserted as required.
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G. Associated Procedures

The concerns are asphyxiation, cold temperature and radiation exposure of personnel.
Responsibility for an OSP resides with the user.

H. References and Notes

1. The defining drawings are as follows:

Drawing Title LLNL

Pressure Chamber Lid Blank AAA98-1104241
Pressure Chamber Lid AAA98-1104240
Pressure Chamber Lid Blank C Ring 850 MOP AAA98-1104243
Pressure Chamber Weld Flange 850 MOP AAA98-1104242
Xenon Chamber Model 8” (sketch) N/A

Xenon Chamber Model 8” associated sketches N/A

2. 1995 ASME Boiler and Pressure Vessel Code, Section VIII, Division I,
3. Design of Piping Systems, John Wiley & Sons, Inc. 1974.

4, Degraded Piping Program - Phase II, Sixth Program Repott, Oct. 1986 —
September 1987, USNRC

5. Fracture 1969, Chapman and Hall Ltd. IBN 412094703
6. Handbook of Stainless Steels, D. Peckner, 1. Bernstein, McGraw-Hill, 1977

7. Metal Fatigure in Engineering, H. Fuchs, R. Stephens, John Wiley & Sons, Inc.
1980.

8. Austenetic Steels at Low Temperatures, R.P. Reed, T Horiuchi, Plenum Press,
1982.
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APPENDIX A: PROOF

TESTING PROCEDURE FOR

THE TPC
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General

This procedure is for proof testing the TPC shown in Figure 1. Initial pressure and leak
tests of the system will be conducted in Building 343 because it provides an adequate
barricade for conducting the test and keeps personnel exposure to a minimum. Final leak
testing of joints made up after installation and retest of the systems in the future will be
conducted at the B132 facility.

Hazards

The Health and Safety Manual Supplement 32.05, Section 2 — “Standard Procedure for
Pressure Testing with Gas™ applies.

Pretest Procedure

Use the system indicated in Figure Al as the test source. Support the chamber
horizontally. Cool the chambers® LN2 pipe and surrounding metal with an LN2 filled
dewar supplied by the experimenter to simulate the thermal stresses during actual
operation. Let the metal ‘soak’ for 20-30 minutes before proof testing.
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Test vessel
or test systom

vent valve

Legend
1 Vent valve
2 Regulator

\) Salety manifold ) 3 Filf vaive
4 Rellef vaive

5000 psig (34 MPA) MAWP (set at not over 120%
of the test prassure)

™~ Nitrogen, ballum, argon,
r compreasad alr, or house air

* Test gauge must have a solld front, blow-out back, and sacuraly
attached plastic face if over &Iinches In (100-mm} dlameter and graduated
to over 200 psi (1.4 MPa). The scaie should be about double the test
pressure and never less than 1.2 times the maximum lest pressure,

-

Figure Al — Gas Test System
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A4 Test Procedure

Refer to Figure 1 and Appendix A for component designations.
A.4.1 High Pressure (1467 psig) Helium System Pressure Test

The two TPC’s will first be tested to 1.5 x MAWP, or 1.5 x 978 = 1467 psig using the
following components:

Vessel (2 ea., requires 2 separate proof tests)
C-Ring type lid (AAA99-104243)

4 3/4” CF blank for the detector port
Modified VCR plug(s) at the VCR ports

Install the hardware described above for the 1467psig proof test.

Apply 1467psig test pressure to one of the VCR ports.

Hold test pressure at 1467psig for 15 minutes.

Vent system down to 150 psig and leak check all joints under pressure with Snoop.
Vent helium to atmospheric pressure.

hblaliadl

A.4.2 Moderate Pressure (604 psig) Helium System Pressure Test

A single TPC will also be tested to 1.5 x MAWP, or 1.5 x 402 = 604 psig using the
following components. Two tests are required to qualify both heads.

Vessel

CF type lid (AAA99-104240, AAA99-104241)

2 3/4” CF modified blank for the x-ray port

1 1/3” CF flanges with high voltage feedthroughs
4 3/4” CF blank for the detector port

Modified VCR plug at the VCR ports

1. Install the hardware described above for the 604 psig proof test.

2. Apply 604 psig test pressure to one of the VCR ports.

3. Hold test pressure at 604 psig for 15 minutes.

4. Vent system down to 150 psig and leak check all joints under pressure with Snoop.
5. Vent helium to atmospheric pressure.,

A.4.3 Documentation
Test records shall include an LLNL Pressure test/inspection record for the separate pieces

of the vessel. The pressure inspector will send the original copies of the test reports to
LLNL Pressure Safety (1.-384).
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APPENDIX C

CALCULATIONS

Calculations performed

Energy vessel.nb
Vessel_stress2.nb

Ellipsoidal_head_stress.nb

energy calculations, peak and static overpressure
main vessel stress calculations, wall thickness, maximum pressure, proof test stress

main vessel head thickness, max. pressure, proof test stress

Ellipsoidal_head_stress LN2..nb LN2 head thickness, max. pressure, proof test stress

Flange stress_hub_978.nb
Flange stress_hub_small_978.nb
Flange stress hub 403.nb

Xe vessel det.nb
Detector_shell.nb
Weld_load_stress.nb

Xe_vessel VCR.nb
VCR_shell.nb
Weld_load_stress_ VCR.nb
VCR_gamma_port.nb

Xe_vessel LN2.nb
LN2_shell.nb
Weld_load_stress LN2.nb

Head 350 K openings2.nb

Head_850_no_openings2.nb

main vessel C-Ring head bolt load, moment, stresses
detector port bolt load, moment, stresses
main vessel CF head bolt load, moment, stresses

detector pipe stress calculations, wall thickness, maximum pressure, proof test stress
detector pipe weld reinforcement, area required, area available
detector pipe weld load allowable, strength of connecting elements (welds)

VCR pipe stress calculations, wall thickness, maximum pressure, proof test stress
VCR pipe weld reinforcement, area required, area available

VCR pipe weld load allowable, strength of connecting elements (welds)

VCR minimum head thickness calculation

LN2 pipe stress calculations, wall thickness, maximum pressure, proof test stress
LN2 pipe weld reinforcement, area required, area available
LN2 pipe weld load allowable, strength of connecting elements (welds)

main vessel CF type flat head: stress concentration factor, thickness, distance between
hole centers

main vessel C-ring type flat head: head thickness, hub thickness

Head_850_4.625_no_openings2.nb detector port CF type flat head: head thickness, hub thickness

Bolt_lpad_1.33CF_350.nb
Bolt_load_2.75CF_350.nb
Misc.nb

Fracture_critical_mat’l.nb
Fragmant.nb

1.33 CF flange bolt load, head thickness

2.75 CF flange bolt load, head thickness

main vessel: distance between openings, blind mounting hole depth, reinforcement of
blind holes on CF flanges mounted on 10.5” & CF flange, impact testing

Kic. K, critical crack lengths, Life cycles

shielding calculations




energy_vessel.nb

{* Energy in Xenon Pressure Veasgel =x)



energy_vessel.nb

MAWP = 978
P1 = MAWP
Pz =14.7
K= 1.66
R; = 3.8125
D2 = 1.5
D3 = 2.32

7 (2Rs)?

Vi (12.2 - 0.5) (% in® +)

7 (D2)? 5
vy = — (8.058 - 0.2) (% in® %)

m (D3)? . a
V3= m-4—---2.1'7 {* in” %)
Vo=V, +V3+V; (% in® )

By Vo P,y o
Energy = —— |1~ (-—] (* £t-1b #)
12 (K- 1) P,

Energy
Energy, . = -é—m (» g TNT «)

Energy,, = Energy,... + 0.002200 (« 1lb. TNT =*)

978
978
14.7
1.66

3.8125

2.32
534.263
13.8862
9.1733
557.323
55852.
16.3592

0.0359903

(* From MEDSS, 30 psi is the threshold for fatalities. 0.2
to 15 psi cause physioclogical damage (ear, lung, etc.) However,

the detailed calculation that follow {and proof tests of Conflat heads)
show this vessel will leak before catastrophic failure. *)

(* The following is an analysis of the static overpressure in the confined room =)

1

Lad lud Ld d d ld ud wd ud o wd w4 ud s A

A

J



energy_vessel.nb

" Energy,,,
Pgov = 1.15%X00"% ————— (& paig x)
20x30x10

€.0689813

(* The peak overpressure is simply 6 X static )

Poov = 6 X Paoy (% pEig #)

0.413888



Vessel_stress2.nb 1

(*Xenon Pressure Vessel Stress Calculationss)

Longitudinal—

Membrane Stresses { Ctrcumferential {Hoop)




Vessel_stress2.nb

Infi2]:=
MAWP = 978
U, = 16700 (xallowable stress for 316L SST«x)
gy = 37000
R; = 3.8125
Re = 4.3125
t=Ry -~ Ry
Ratio =
Ry

If [L.1 < Ratio < 1.5, mediumwall]
If [Ratio < 1.1, thin wall]
If [Ratic > 1.5, thick wall]

outfiz}= 978
out[13}= 16700
outjld}= 3700C
Out[15)= 3.8125
outfle}= 4.3125
outf{i7)= 0.5
outfig]= 1.13115

outfi9]= mediumwall



Vessel stress2.nb

Inf{22}):=
{*Longitudinal Stressg, &%)
(MAWE R;?)
g = ——
(Ro? - Ry ?)
{(*Circumferential Streszss, S;*)
o MAWPR (R, + R32)
2 =
(Ro? - Ry %)
(*Radial Stress, S3%)
8z = -MAWP
(*Von Mises Stresgsx)
On =V 0.5 ((S1-82)% + (S2-85)% + (85 - 81)?)
outf22]=
outf23]=
outfz2d]=

out{25]=



Vessel_stress2.nb

outf15]=

outfi6j=

outfl7]=

out{igj=

{*wall thickness, in., max. pressure, psgix)

{(*Circumferential / Longitudinal Stress: wall thickness, in., max. pressure, psix)

Be = 0.7
(*butt weld efficiency based on no inspection, Table UN-12+)
(#Circumferential butt welds connecting

ellipsoidal head and hub to cylinder are Catagory A/B, Type 1 welds+)

P = 1.67 (» in., longitudinal pitch of tube holes =*)
d = 0.5 (¥ in., diamnter of tube holex)
Bgjig = — — (% UG-53, Ligaments =)

If [Ef < Egfiigs Ef = Ef, Ef = Briig]

(I-IAWP Ri)
te = (#UG27 c 1)
{(0a Ef ~ 0.6 MAWP)
O, Er ©
p, = CaBe®) (#WUG27 ¢ 1w)
(Ry +0.6¢)
PC
SFuc (* P uses allowable stress so SF ~% is also inlecludedsx)
(MAWP Ry)
t1 = (»*UG27 c 2%)
{2 o3 Bg + 0.4 MAWP)
20, Ef &
P, = (20 B E) (¥UG27 ¢ 2%)
(R ~0.4¢)
SFu = {(* Pp uses allowable streass go SF ~5 ig also inlcludeds)

I£[Pe < P1, "circumferential stress appliea", "longitudinal stress applies"}
If[te; > t;, "circumferential stress applies", "longitudinal stress applies"]

0.7
1.67
0.5

0.700599

cut{igj= 0.7

outf20]= 0.335815

outf21]= 1421.28

Outf22]= 1.45325

out{23]= 0.156855



Vessel_stress2.nb

outf{189]= 3235.98%
outf190)= 13.2351
outfiglj= circumferential stress applies

out[i92j= circumferential stress applies

(#*Check of Von Misges stress at 1.5 x MAWP for pressure test«)
MAWP = 1.5 x 978

(*Longitudinal Stress, S;%)
(MAWP R;?)

B = 2 2
{Ro® - Ri¥)
(*Circumferential Stress, Si%)

MAWP (Ro? +R;%)
{R,2 - R;?)

g =

(#*Radial Stress, S3+)

83 = -MAWP

(*Von Mises Stressx)

T '\/0.5 ((81-82)% + (8-83)% + (53 ~-81)%)

0,
b4
Ny = —
Oa

If[N, > 1, "vessel OK at 1.5 x MAWP during pressure test")

1467.
5248.76
11964.5
-1467.
11632.

8087

vessel OK at 1.5 x MAWP during pressure test



Ellipsoidal_head_stress.nb

(*Xenon Pressure Vessel Stress Calculationss:)
(«*Ellipsoidal Head+)

In[704]:=
MAWE = 978
g, = 16700 (+allowable stress for 304 SSTx)
gy = 32000
Dy = 7.625
tw = 0.5

{*Circumferential butt welds connecting
ellipsoidal head and hub to cylinder are Catagory A, Type 1 welds«)

Ef = 0.7 (xbutt weld efficiency based on no inspection, Table UW-12x)

Qutf{704]= §78
Out[705]= 16700
Out[706]= 32000
outf707j= 7.625
outf7081= 0.5

out[708j= 0.7
In{710}:= (+*Wall thickness, in., max. pressure, psix)

(*Circumferential Stress: wall thickness, in., max. pressure, psix)

(MAWP D; )
tr = (¥UG32 (d)+)
(2 o, Bg — 0.2 MAWP)
(2 0a Ex ty)
Py = e 1 (4UG32 (d)#)
(D; +0.2 &)
P, 4
SFye =
MAWP

Qut{710]=

out[711]=

out{712]= 6.18%24



Ellipsoidal_head_stress.nb

Inf?713}:=
{*Check of stress at 1.5 x MAWP for pressure testx)

MAWP = 1.5 x 978

(20F¢ ty)
o]

SOl‘V‘&[MA == —y
(D1 +0.2 ty)
o.
EFy = —-
o

Outf713]= 14867.

out{714]= {{o->16189.4}} /
out{715]= —322_00 m V

24 o
418



Ellipsoidal_head_stress_LN2.nb

(*Xenon Pressure Vessel Stress Calculationss)
(*Ellipsoidal Head, LN2 Trap+)

In(716]:=
MAWP = 878
Gy = 16700 (vallowable stress for 304 SST«)
oy = 32000
Dy = 1.5
tEy, = 0.2

{#Circunferential butt welds connecting
ellipseidal head and hub to cylinder are Catagory A, Type 1 weldsx)

Er = 0.7 (vbutt weld efficiency based on no inspection, Table UW-12x)

out[7i6l= 978

outf7i7]= 16700

out[718)= 32000

outf718]= 1.5

outf720]= 0.2

outf721]= 0.7

In{722]:= (*Wall thickness, in., max. pressure, psix)

(xCircumferential Stress: wall thickness, in., max. pressure, psix)

(MAWE Dy )
(2 0a Er - 0.2 MAWP)

tn (#UG32 (d) +)

(2 Ua Ef tw)
Pp= —— — U (4UG3Z (d) )
(Di +0.2 ty)

P 4

SFye =

out722})=

Gut[723]= F3

Out[724]= 12.4187



Ellipsoidal_head_stress_LN2.nb

In{725]:=

(*Check of stress at 1.5 x MAWP for pressure teats)
MAWP = 1.5 x 978

ZUEf t
Solve[MAWE == —--(—-----—"~2--~ o]
(Dy +0.2 t,)
(o2
SFy = —_
(o3

out{725]= 1467,

out[726]= {{c-> BOE8.5}1
out[727)= 22000 /é’/7au/

e} faég,g




Flange stress_hub_978.nb

Aszumed mméie
of deformation

(* Bolted Flange Connections with Ring Type Joint #)
{(+* Integral Flange Type, Appendix 2, Figure 2-4 (5) shown above x)
(+ 850 psia MOP, custom flange, ring type joint, metal seal )



Flange stress_hub_978.nb

in{1}:= (% Bolt Load at operating conditions *)

G 7.980 (* Diameter, in. at gasket load location =)
P 978 (% MAWP, internal design pressure x)

m= 6.5 (» gasket factor ring joint, Table 2-4.1 %)
Ng = 0.25 (» width of ring type gasket x)

(]

n

NSI'
by = ? {(* Table 2~5.2 (6) «x)

I£[b, <= 0.25, b = by, b = .5V by |

¥ = 26000 (» psi, design seating stress for metal seal, Table 2-5.1 x}
H=0.785G*P {+ 1lb., Total hydrostatic end force +)

Hy= 2Zb X 76mP (» lb., Total joint-contact surface compression load )
Woi = H + Hy (*+ Minimum required bolt load, for operating =x)

Woz = TGby (* Minimum required bolt load, for gasket seating #*)

out[1j= 7.98
out(2]= 978
outf[3]= 6.5
out{4}= 0.25
outf5j= 0.03125
outf{s]= 0.03125
out{7j= 26000
outf8]j= 48885.4
out[9]j= 9960.59
out{10]= 58849.%

Out[1i]= 20369.3



Flange stress_hub_978.nb

out{id]=

Qutfl3]=

{#* Flange Design Bolt Loadx)

Ap = 0.1406 x 24 (vcross sectional area of 1/2-13 screws)

SF = 4 (% MEDSS )

Sy = 81000

(*Unbrako - K& 1216 1/2-13 SHCS, 160, ksi tensile strength; T = -400°F to 1200 °F
OR ASTM-A493-95 Grade $30430; Bl ksi tensile strength «)

Sy = Sg+ SF

Iy = 8, %3 (* 1lb., Max allowable bolt load =)

By = Wmi / Sa (% in®, cross-sectional area of bolts undex operating condition x)

Boz = Wy / Sa (» in®, cross-sectional area of bolts for gasket seating =)
LE[Amy. > Bnzs Ag = Bpy, By = Angy)

(*+ in®, total required cross-sectional area of bolts ®)

Wo = Wm (* 1lb., Flange desigm bolt load, for operating «)

(Am +Ab) Sa . .
W, = ———é_ (* 1b., Flange design bolt load, for gasket seating =+)

3.3744

4

out{idj= BLC00

out{15]= 20250

out{ié]= 68331.6

out{i7j= 2.90617

out{i18]= 1.0058%

out{i%8j= 2.90617

out{20j= 58849.¢

out[21]= 63590.8



Flange stress_hub_978.nb

Inf22]:=
(*# Flange Moment =)
{» Table 2-6, integral flange )
Cp =9.58 (* in., bolt circle diameter =)
gy = 0.5 (* in., hub flange thickness *)
B = 7.625 («in., inside diameter of flange #)
test = 20 ¢,

{Co - B}
= -
2
hy =
R+0.5¢g1 (* in., radial distance from bolt circle to the circle on which hp acts =)
(Cp - G)
heg = o—rrv
2
(R + g1 + hg)
hp s ———oouo-—
2
Hp, = 0.7858% P (+# 1lb., total hydrostatic force on area insgide of flange =)
MD = HD hD
HEr =H-Hp
{(#* 1b., difference, total hydrostatic end force less Hp )}
My = By hy

Hz = Wo ~H (» 1lb., gasket load )
Mg =Hg hy

Mo =Mp +Mp + My (¥ in-1b., total flange moment due to operating conditions )
(Ch - @) \ .
My = Wo ~——-—-2-— {(# in-1b., total flange moment due to gasket seating «)

If[M; > My, "operating conditions control", “"gasket seating conditionsz control*]
TE[Mo > My, Mo = My, My = M)

Out{22j= 9,58

Outf23}= 0.5

outf24]= 7.625

out{25j= 10.

Cut{2e6}= 0.4775

out{27;= 0.7275

out[28fj= 0.8

outf29)= (0.88875

Out[30]= 44636.3

Cut{31]= 32472.9

Out{32j= 4253.05

Outf33j= 3779.9



Flange stress_hub_978.nb

Outfi120]= 9960.5%9

Out[121]= 7968.47

Out{122j= 44221.3

out{iz23}= 47080.

Out{124]= gasket seating conditions control

out{125]= 47080.
In{i26):= (*xFlange Stress x)
= 1 (xhub gtress correction Factorx)

€
t = 1.25 (» in., flange thickness «)
h = 0.125 {(* in., hub length )

taz2da:
A = 10.5 (+ in., OD of flange »)
K=A/B
K* (1+ B.55246 Log[10, K]) -1
T = {(+ factor, Fig. 2-7.1%)

(L.04720 + 1.9448 K2) (K- 1)

K? (1+ B.55246 Log[10, X]) -1 .
= {* factor, Fig. 2-7.1x)
1.36136 (K2 -1) (K-1)

1 R? Log 10, K] .
¥ = 0.66845+5.71690 ——————" | (% factor, Fig. 2-7.1s)
K-1 (X2 - 1)
K+
Z = =z (* factoxr, Fig. 2-7.1%)
S0 = 91
g1/ do
hy, = VBgs,
h / b
V = 0.550103 (» Fig. 2-7.3 Integral flange factor *)
v 2
de = "‘;ho 213
Lo+l £°
= + ——
T df
€M : oo
8g = ———— (* psi, Longitudinal hub stress )
I.lg'l2 B
(1.33¢, +1) M, .
Sy = (* psi, Radial flange stress =x)
Lt?B
(* psi, Tangental flange stress =)
Mo
ST = - ZSR
outfiz26j= 1

Out{i27]= 1.25

Outf128]= 0.125

Outf128]= 1.

Outfi30j= 10.5



Flange stress_hub_978.nb

Out f131]= 1.37705

Outfl3z2]= 1.7642

out{133j= 6.84641

out[134j= 6.23025

outf135]= 3,23148

cutfizg}= 0.5

Out{137]= 1.

Outfi138]= 1.95256

outf13%}= 0.0640184

Out[140]= $¢.550103

out[141j= 6.07525

out{142j= 1.45515

Cut{i43]

Qut{144}

Qut(145]

Infl46]:=
(*# Allowable Flange Stress =)

8¢ = 16700 (» allowable stress for 316%L -20 to 100 °F, Table 1A, Section II #*)
If[Sg < 1.5 8¢, *hub stress OK", "hub stress too large"]

If[8x < B¢, "radial stress OK", "radial stress too large"]

L[Sy < 8¢, "tangental stress OK", "tangental stress too large"}

By + Sy

If[——— < 8¢, "average stressl OK", "average stressl too 1arge"]
Sg + 8p

I:E[——-—-- < Sg, "average stress2 ORK", "average stress2 too 1arge“]

outfi146j= 16700

out{147j= hub stress OK
out{148]= radial stress OK
Ooutf[i49j= tangental stress OK
Cutf[i50]}= average stressl OK

Out{l15i)= average stress? OK



Flange stress_hub_small_978.nb

Gasket r*‘ { —’{
\ PRI
A o f

Assumed mode
of deformation

{* Bolted Flange Connections

with flat metal Copper Gasket, Xe chamber Detector Port )
{* Integral Flange Type, Appendix 2, Figure 2-4 (5) shown above %)
(* 850 psia MOP, conflat type head x)



Flange stress_hub_small_978.nb

Inf249]:=

out{z49]=

Cutf250])=

outf251]=

outf{252]=

Cut{253]=

Oukb[254]=

OQut(255]=

Out(256]=

Out {257]=

Out{258]=

Out{259]=

{* Bolt Load at operating conditions %)

G = 3.35 (x Diameter, in. at gasket load location =*)

P = 978 (» MAWP, internal design pressure x)

m= 4.75 {* gasket factor £lat Cu gasket, Table 2-4.1 )
Mg = 0.5 (« width of Cu gasket %)

N
b i (* N/4 for multiple serrations Table 2-5.2 (5),

asgume N/32 given a single knife edge serration as used in Conflats »*)
If{by <= 0.25, b = by, b = .5V by |
¥ =13000 (* psi, design seating stress for goft copper, Table 2-5.1 x)
H=0.7856" P (+ 1b., Total hydrostatic end force )

Hy=2bx 7Gm?P (+ lb., Total joint-contact surface compression load %)
Wm = E + Hy (+ Minimum required bolt load, for operating =)

Waz = "Gby (+ Minimum required bolt load, for gasket seating )

3.35
978

4.75

0.015625
0.015625
13000
8615.85
1527.84
103143.7

2137.76



Flange stress_hub_small _978.nb

Inf12]:=

outfiz]=

cutfi3}=

Cut{idj=

Cutf{ibj=

Qutfié]=

outf{l7j=

Qukf18j=

Qutf19]=

Qutf20]=

Outf{21]=

(#* Flange Design Bolt Loadsx)

Ap = 0.0519 x 10 (xcross sectional area of 5/16-24 screwsx)

SF = 4 (% MEDSS w)

Sr = B1000

{(#*Unbrake - KS 1216 5/16-24 SHCS, 160, ksi tensile strength; T = -400°% to 1200 °F
OR ASTM-A453-35 Grade S530430; 8l ksi tensile strength )

Sy =S¢+ SF

Ly = Sa XAy (% 1b., Max allowable bolt load =)

Ami = Wpy / 8a (* inz,cros—sacticnal area of bolts under operating condition #)

Amz = Wnz / 8a (% in?, cross-sectional area of bolts for gagket seating =)
I£[Ant > Amys B = Apas Ap = Ao

(*+ in®, total required cross-gectional area of bolts *)

Wo = Wui (¥ 1b., Flange design bolt load, for operating x)

(Am +Ah) S, . .
Wg = ————— (% lb., Flange design bolt load, for gasket seating =)

81000
20250
1050¢.7
0.500923
¢.1035568
0.500523
10143.7

10326.7
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Inf332]):=

ouLf332)=

Cuk[333)=

Out{334]=

Qukf335]=

cut{336)=

cutf{337]=

Cut{338]=

Cut{339]=

Cut{340]=

Ouk[341]=

out(342})=

Qut{343]=

{(* Flange Moment =)

{x Table 2-6, integral flange =)

Cp =4.030 (» in., bolt circle diameter =)}

gL =0.275 (» in., hub flange thickness x}

B = 2.32 (xin., inside diameter of flange x)

test = 20gy (+ Refer to Appx 2, 2-3 notations, for design optiong =)

(Cy - B)
Re ——-m
2
by =
R+0.5g: (# in., radial distance from bolt circle to the circle on which hy acts %)
(Cp - G)
he s ——
2
(R + g1 + hg)
b = —————

Hp = 0.785B° P {+ 1b., total hydrostatic force on area inside of flange =)
MD = HD hn

Hp=H-Hp
(# 1b., difference, total hydrostatic end force less Hp »*)
My = Hp hy

Hy = Wy ~H {» 1lb., gasket load %)
Mz =Hg hg

Mo = Mp + My + Mg {* in-1b., total flange moment due to cperating conditions )

{Cy -G .
My =Wo —2)~— {* in-1lb., total flange moment due to gasket seating =)

If[M, » My, "operating conditions control®, "gasket seating conditions control®]
TE[M, > My, My = Mo, M, = M]
4.03

0.275

0.7175 :
0.34

0.5975

4132.23

2964.87

4483 .62

2678.96
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Out{185]= 1527.84
Out{186]= 519.465
Oout{187}= 6163.3
Out/188]= 3448.85
out[{18%]= operating conditions control

out{190j= 6163.3
In{ig9i]:= («Flange Stress )
= 1 (vhub stress correction factors)

€
t = 0.81 (x in., flange thickness )
h = 0.0 (x in., hub length &)

te=20:
A = 4.63 {« in., OD of flange =)
K=A/B
K? (1+ 8.55246 Log[10, K]) -1 .
T = (= factor, Fig. 2-7.1x)

(1.04720 + 1.9448K2) (K- 1)
X2 (1+ 8.55246 Log[10, K]) -1
U= {*# factor, Fig. 2-7.1lw)
1.36136 (K2 -1) (K-1)

X? Log[10, K]

Y = 0.66845+5.71690 ———— | (» factor, Fig. 2-7.1x)
K-1 (K2 -1)
41

Z = (* factor, Fig. 2-7.1x)
K2-1

Jo = g1

g1/ 9o

hy, = YBg,

h / h,

V = 0.550103 (% Fig. 2-7.3 Integral flange factor =}

u 2
de = —ho o
v

te+1 t3
L= + —
T df
€M, . ; .
Sg = —— (* psi, Longitudinal hub atress )
L¢g,?2 B
(1.33¢, +1) M,
R = hd {(+ pei, Radial flange stresgs =)
Lt*B
{(* psi, Tangental flange stress x)
¥ ML
ST = - Z SR
£2B

out{191}= 1

Out(192}= 0.81

outfis3}= 0.

Outfl94]= 0.55

outfigs]= 4.63
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99569

50825

26596

87203

67052

275

out{1sej= 1.
out[197]= 1.
out{198j= 3.
outf199j= 2.
cut[200]= 1.
cutf{20i}= 0.
outf{z202]= 1.
out{203]= 0.

798749

Cutf{204}= 0.

out {205]= 0.
out{206]j= 0
out{207]= 2

Out[209]

out {210}

Inf{211}:=

(

s

550103

.358627

*+ Allowable Flange Stress =)

¢ = 16700 (x allowable strese for 304L -20 to 100 °F, Table 1A, Section II )
I£[Sg < 1.5 8¢, "hub stress OK", "hub stress too large"]
If[Sy < 8¢, "radial stress OK", "radial stresa too large']
If[Sgp < 5S¢, "tangental stress OK", "tangental stress too large"]

Sy +8
f[ )i 4 R

£[

< Sg, "average stressl OK", "average stressl too J.arge“]

Su + S:‘t
—— < S, "average stress2 OK", "average stress2 too 1arge“]

outf2ii]= 16700

out/2i2j= hub stress OK 4

Qutf213]= radial stress OK

outf2i4}= tangental stress OK

outf2i5j= average stressl OK

outf216]= average stress2 OK
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y R |

Assymed mode
of deformation

(* Bolted Flange Connections with flat metal Copper Gasket *)
(* Integral Flange Type, Appendix 2, Figure 2-4 (5) shown above )
(+ 350 psia MOP, conflat type head x)
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In{i84]):=

ocutfigd]=

cut{igs]=

Cutf186])=

Outfig7)=

cut{1881=

Out[188]=

Ouklisg)=

Qut[isl]=

Qutf{182]=

Qutf193]=

Outf184]=

(* Bolt Load at operating conditions )

G = 8.54 (» Diameter, in. at gasket load location *)

P = 403 (+ MAWP, internal design pressure %)

m= 4.75 (» gasket factor f£lat Cu gasket, Table 2Z-4.1 *)
Ng = 0.5 (» width of Cu gasket =)

N,
b, = -5-%- (* N/4 Eor multiple serrations Table 2-5.2 (5),

assume N/32 given a single knife edge serration as used in Conflats =)
b = b,

y = 13000 (+ psi, design seating strems for soft copper, Table 2-5.1 *)

H=0.785G* P (x 1b., Total hydrostatic end force *)

Ho= 2b x wGmP (+x lb., Total joint-contact surface compression load )
Was = H + Hp (* Minimum required bolt load, for operating =)

Wnz = nGby (» Minimum reguired bolt load, for gasket seating x)

8.54

403

4.75

0.5
0.015625
0.015625
13000
23072.3
1604.923
24677.2

5449.68



Flange stress_hub_403.nb

Ini{33]:=

Outf33j=

out{34]=

Out[35]=

Qut(36]~=

Outf37]=

cutf3g]=

Out{33}=

Qut{40]=

out{dij=

outf4z2]=

(* Flange Design Bolt Loadx)
Ap = 0.1406 x 24 (xcross sectional area of 1/2-13 gcreww)
SF = 4 (% MEDSS #)

Sp = 81000

(#*Unbrako - KS 1216 1/2-13 SHCS, 160, ksi tensile strength; T = —-400°F to 1200 °F
OR ABTM-A493-95 Grade S30430; Bl ksi tensile strength «)

Sy = 8¢ + SF

Ly = 83 XAy (* 1b., Max allowable bolt load )

BAm = Wny / Sa (* in®, cross-sectional area of bolts under operating condition =)

Amx = Wuz / Sa (* in®, cross-sectional area of bolts for gasket seating )
If[Am > Byar Bn = Apzs Bg = Bpy]

(= in®, total required cross-sectional area of bolte *)

We = Wy (* 1lb., Flange design bolt lead, for operating *)

(Am +Ab) sa . .
Wy = ———2— {(* 1b., Flange design bolt load, for gasket geating )

3.3744

81000

20250

68331.6
1.21863
0.26912
1.21.863
24677.2

46504 .4
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Inf[205]):=

Qut{205]=

Out{206] =

Qutf207]=

Out[208]=

outf209}=

Outf2i0]=

outi2ii}=

outf212j=

Cutf{213]=

Cutf214)=

outf{215)=

Out{216]=

{* Flange Moment =)

{* Table 2-6, integral flange *)

Cp = 9.58 (» in., bolt circle diameter x)

g1 =0.5 (» in., hub flange thickness )

B = 7.625 (%in., inside diameter of flange )
test = 20 ¢y

{Cb - B)
= ————
2
hD =
R+0.5¢1 (» in., radial distance from bolt circle to the circle on which hp acts ®)
{Cp - &)
hg = —v
2
(R + gnn + hg)
bes—F

H, = 0.785B° P (+ lb., total hydrostatic force on area inside of flange *)
MD = HD hD

Hy =H-Hp
{* lb., difference, total hydrostatic end force less Hp *)
My = Hp By

Hg = W -H (*» 1b., gasket load =)
Mz =Hg hg

My =Mp + My + Mg (% in-1b., total flange moment due to operating conditions *)
(Cp ~ G) \ .
Mg =W, — (# in-1b., total flange moment due to gasket seating )

If[M, > M, "operating conditions control", "gasket seating conditions control®]

IEM, > Mg, Mo = Mo, My = IM]

9.58

0.4775
0.7275
6.52
0.74875
18393.1
13381,
4679.2

3503.55
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out{250]= 1604.83

Outf251]= 834.564

but[252]= 17719.%

Out[253]= 12832.1

Cutf254)= operating conditions control
Qut{255}= 1771%.1

In{256]:= (xFlange Stress x)

= 1 (vhub stress correction factorsx)

€
t = 1.25 (x in., flange thickness «)
h = 0.125 (* in., hub length «)

te=2g1
A = 10.5 (» in., OD of flange x)
K=A/B
X? (1+ 8.55246 Log[10, K]) -1
T = (* factor, Fig. 2-7.1x)

(1.04720 + 1.9448K?) (K-1)
K* (1+ 8.55246 Log[l0, K]} -1
U= (» factox, Fig. 2-7.1x)
1.36136 (K*-1) (K~1)

X? Log[10, K]

Y = 0.66845 +5.71690 {(+ factoxr, Fig. 2-7.1x)
K-1 (K2 - 1)
K+l

Z= (x factox, Fig. 2-7.1x)
¥ -1

Yo = g1

g1/ go

h = VBgo

h/h,

V = 0.550103 (+ Fig. 2-7.3 Integral flange factor =)

v 2
de = —h g,
v

ta+1l &
= + ——
T de
e - .
8 = ———-— (% p8i, Longitudinal hub stress *)
Lgf B
s (1.33&4 +1) M4, ( . dial £1 )
= * Ppgl, Radia ange sgtress =«
" L2 B ®
(+ pai, Tangental flange stress %)
¥ M,
ST = -~ Z SR
tz
out{256)= 1

Outf257})= 1.25

Out(258]= 0.125

outjf259i= 1.

outf260j= 10.5
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out{26i]= 1.37705

outfzezj= 1.7642

Qut[263]= 6.84641

Out{264]= 6.23025

Out{265]= 3.23148

outf266j= 0.5

Cutf267]= 1.

Outf268]= 1.95256

outf269]= 0.0640184

Cut{270})= 0.550103

Out[271]= 6,07525

out[272j= 1.45515

cutf273

out{274]

Out[275]}

nf276]:=
(* Allowable Flange Stress *)

Sz = 16700 (+ allowable stress for 316 L -20 to 100 °F, Table 1A, Section II +)
If[Sy < 1.5 S¢, "hub stress OK", "hub stress too large"]
If[Sx < 8¢, "radial stress OK", "radial stress too large"}
If[Sy < S¢, "tangental stress OK", "tangental stress too large"]
Sg + Sy

[—-2—-~— < 8g, "average stressl QK", "average stressl too 1arga“]
By +8
f{—~x———T— < 8¢, "average stress2 OK', "average stress2 too 1arge"]
2

outf276}= 16700

Out{277]= hub stress OK
Gut(278]= radial stress OK
Out[279]= tangental stress OK
Out[280]= average stressl CK

Out[281J= average stress2 OK
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(#Xenon Presgure Vessel Stress Calculations — Detector Ports)

Longitudinal

Membrane Siresses '{'Circumferenﬁai (Hoop)
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In{376):=
MAWP = 978
Ca = 16700 (xallowable stress for 316 L S5Tx)
gy = 37000
R; =1.1615
R, = 1.4375
t=R,-Ry
Ratio = ﬁ
Ry

If [1.1 < Ratio < 1.5, mediumwall]
If [Ratio < 1.1, thin wall]
If [Ratio > 1.5, thick wall)

Out[376]= 978
Out[377]= 16700
Cut[378)= 37000
Outb{373]= 1.1615
Out {380]= 1.4375
Out[381]= 0.276
Outf382]= 1.23762

out[383]= mediumwall
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In[386j:=
(+*Longitudinal Stress, S;%)
{MAWP R;?)
S1= T
(Ro® - Ry%)
(*Circumferential Stress, S;#)
o MAWP (Ro? + R;?)
2 -
(Ro* - R32)
{*Radial Stress, Six)
S3 = -MAWP
(*Von NMises Stresss)
On= V0.5 ((S1-82)% + (S2-83)% + (83 -81)%)
out[386]= §
outf387]=
Out{388]= [

out[389]=
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Infd4z]:=

Qut{d42]=

out{43]=

Outf44]=

Outfd5})=

Out{déj=

Cut{47]i=

Gut[48]=

outf49]=

out{50]=

out{51]=

{*wall thickness, in., max. pressure, psix)

{x*Circumferential Stress: wall thickness, in., max. pressure, psix)

B = 0.7 (#butt weld efficiency based on no inspection, Table UW-12x)

(MAWP R; )
te = (*UG27 c 1w)
(0. Ez - 0.6 MAWE)

o, Ef t
Pe = _(CaBet) (*UG27 © 1x)
{(R;y +0.6¢)
P
8Fye = hd (*+ P uges allowable stress so SF ~5 is also inlcludedw)

MAWE
(*Longitudinal Stress: wall thickness, in., max. pressure, paix)
(#Circumferential butt welds connecting

ellipsoidal head and hub to cylinder are Catagory A, Type 1 welds+)

Ef = 0.7 (+butt weld efficiency based on no inspection, Table UW-12x)

(MAWP R; )
t1 = (xUG27 o 2%)
{2 0y Bz + 0.4 MAWP)
(20aBr &)
Pp = o (%UG27 < 2+)
(Ry —0.41t)
SFy = (* P; uses allowable stress so SF ~5 is also inlcludeds)

If[P. < P1, "circumferential stress applies", "longitudinal stress applies"]
If[t; > t;, "circumferential ptress applies™, "longitudinal stress applies"]

0.7

0.102308

2431.2

2.48589

a.7

¢.0477867

6139.17

6.27727

circumferential stress applies

circumferential stress applies

#



Xe_vessel_det.nb

In{400]:=
(#*Check of Von Mises stress at 1.5 x MAWP for pressure testx)
MAWP = 1.5 x 978

{(*Longitudinal Stressa, S;*)
(MAWP R;?)
(Ro? ~Ry?)

8 =

{(xCircumferential Stress, S;«x)

MAWP (Ro® + R:®)

8; = 2 2
(Ro* - Rs*)

{(*Radial Stress, S3*)

83 = —-MAWP

(«Von Mises Stressx)

=V 0.5 ((81-82)% + (82-85)2 + (S5 -81)%)

a,

¥
Ny =

Om

IE[N: > 1, "vessel OK at 1.5 x MAWP during pressure test"]

out(400j= 1467.
out[401]= 2759.01
out(402]= 6985.02
Out{403j= -1467.
Out[404]= 7319.66 ,
Out[405j= 5.05488

out[406j= vessel OK at 1.5 x MAWP during pressure test
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(*Opening reinforcement calculationgx)
(* Detectoxr pipe to shell wallx)
(# A3 = 0, A5 = 0, B42 = 0 %)

{(# Sch B0 Pipe, 3" @ %)

Tx = 2,875 (+OD%)

d=2.323 (+ID mins)

tn = {(Tx~-d) /2 (*nozzel wall thicknesgx)
te=1.25+tn (»weld leg heightw)

Qut[445]= 2.875
outfdd6]= 2.323
out[447]= 0.276

outf448]= 0.345

Inf{473]:= F=1 (*xcorrection Ffactorx)

tr = 0.335815 (+minimum shell thickness, Veasel_ stress2.nbx)

frli =1 (*strength reducton factorx)

E=0.5 (xshell wall thicknessx)

El = 1 (*joint efficiencyr)

AzdtrF + 2tntrF (1 - £ril)

Ala = d (Elt - Ftr) - 2tn (Blt ~ Ftx) (1 - frl)

Alb= 2 (k£ + tn) (ELt-Ftr) - 2tn (E1t - Ftr) (L- £frl)
If[Ala » Alb, Al = Ala, Al = Alb]

Qukf473]= 1
Outf474]= 0.335815
Ouk{475)= 1
Qut{d476]= 0.5

Qutf477]= 1

Oout{d478)=

Out{479]= 0.381402

Out[480]= 0.,254815

Out[481]= 0.381402 4
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Inj482]:= fxr2 =1 (»xstrength reducton factorx)
trn = 0.10230807 (+requierd nozzel thicknesa, Xe_vessel _det.nbx)
AZa= 5 (tn - trn) £x2 ¢t
AZb = 5 (tn -trn) £xr2tn
If[a2a < A2b, A2 = A2a, A2 = A2b]

Oukf482]= 1

out({483]= 0.10230807
Qutfd4adi= 0.43423
Qut{485]= 0.239695

Out{486]= 0.239695

fri =1 (*strength reducton factorx)
Ad3 = te® fr3

te® £r3 )
Adl = —-2— {* 1/2 the area, skip weld on outsidex)

Qut{492]= 1
out({493]= 0.119025

outfd94j= 0.0595125

In[498]:= (AL + A2 +Ad3 + Adl)
A
(AL + A2 + A43 + Adl) >= A
(*If mctual area > area required, then no additional reinforcement required x)

Out (498]=

Out [498]=

Out{500}= True
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{(+#must run "detector_ghell.nb" file first to save variables defined below
into memoryx)
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Inf523):= (xLoad / Stress Carried by Welds=)

A

al

A2

A3 =0

A5 =0

A4l

Ad2 =0

Ad3
out[523j= 0.780098
out{524j= 0.381402
out{525]= 0.2396595
out[526)= 0
outf{527)= 0
cut{528)= 0.0555125
cutf[529)= 0

cut{530)}= 0.11%025

Inf533]:= Bv= 16700 (* allowable stressx)
Wz (A-~Al+2tnfrl (E1t - Ftr)) Sv

out{533]= 16700

cut{534]= |

Inf{535]:=
Wiy = (A2 + AS + A4l + Ad2) Sv

out[535]= 49%6.76

Inf536]:= Way = (A2 + A3 + Adl + A43 + 2 tn t £rl) Sv
out{536j= 11593.7
In{537}:=
Wiz = (A2 + A3 + AS + Adl + Ad2 + Ad3 + 2tnt £frl) Sv

out(537j= 11593.7

{(* W (total weld load) << Wi, Wa.2, Wiz, (weld load available))

In[539]:= (#*Allowable Unit Streasesgx)
(#*Fillet Weld Shear, UW 15 cx)
Cgw = 0.49 (Sv)

out{539j= 8183.
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In[540):= (*Nozzel Wall Sheaxr, UG 45 cx)
Opy = 0.7 (8v)

out[540]= 11630.

In{541]}:

(*Strength of Comnection Elementsx)
(xFillet Weld Shears)

¢
Weyw = — T te opy
2
Cut[541)= 12749.4
In[542]):=
(*Strength of Connection Elements+)

(*Nozzel Wall Shears)

. (Tx+d)
Wow = — ———— tn Ony
2 2

Outf542]= 13171.9

Inf543]:=
WSi-1 = Wow
WSz.2 = Wew
out(543]= 23
out(544]= yiid

(#All Paths WS;.;, WSz.;, are stronger than the required strength W«)
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(*Xenon Pressure Vessel Stregs Calculations — VCR Portw)

Longitudinal— |
Circumferential (Hoop)

S

Membrane Stresses {
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Inf545j:=
MAWP = 978
Oy = 16700 (xallowable stress for 316 L S8Tx)
oy = 37000
Ry = 0.40/2.
R, =0.5/2.
£ =R, -R;
Ratioz —
Ry

If [1.1 < Ratio < 1.5, mediumwall]
If [Ratic < 1.1, thin wall}
If [Ratio > 1.5, thick wall]

out[545]= 978
out[5467= 16700
out[547]= 37000
out[548j= 0.2
Out{549j= 0.25
out[550]= 0.05
Out{551J= 1.25

out{552]= mediumwall
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In{555]:=
{(«Longitudinal Stress, Si+)
g (MAWP R;?)
1 S —
(Ro? - Ry?)
{(*Circumferential Stress, S;+)
g, _ JwE (Ro® + Ry )
2 =
(Ro? - Ri?)
(*Radial Streas, S3*)
83 = -MAWP
(*Von Mises Stressx)
Oa =V 0.5 ((81-82)% # (S2-85)2 + (83 -8,)7)
out{555]=
out[556]=
out{557]=

out[558]= BIQ
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Inf73]:=

Out{73}]=

Outf74)=

Out({75j=

outf76}=

Qut{77i=

Out{78]=

ouk{7%]=

outfeoj=

out(81j=

cut{82}]=

(*wall thickness, in., max. pressure, psix)

{(*Circumferential Stress: wall thickness, in., max. pressure, psix)

Be = 1.0 (refficiencys)

(MAWE Ry )
te = (#UG2T o 1)
{Oa Ef - 0.6 MAWP)
gy Ef t
po o —oxBet) (¥UG27 ¢ 1x)
(Ry +0.6¢)
BFye = (*#+ P uses allowable stress so SF ~5 is also inlcludeds)

(«Longitudinal Stress: wall thicknegs, in., max. pressure, psix)
(¥Circumferential butt welds connecting
ellipscidal head and hub to cylinder are Catagory A, Type 1 weldsx)

Ef = 1.0 (vefficincy+)

(MAWP R; )
£y = {(*xUG27 c 2%)
(2 oa Br + 0.4 MAWP)
(20, Be ©)
Pl o —— (3UG2T7 ¢ 2%)
(Ry -0.4¢)
SFy1 = (x P; uses allowable stress so SF ~5 is also inlcludeds)

If[Pc < P1, "circumferential stress applies”, "longitudinal stress appliesg"]
Ifft. > £, "circumferential stress applies®, "longitudinal streszs applies"]

1.
0.0121391
3630.43

3.7121

0.0057884¢

9277.78

9.48648

circumferential stress applies

circumferential stress applies
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Inf[568]:=

out (569)=

out{570]=

out{571})=

out{572]=

out[573]=

out[574]=

out[575]=

{*Chack of Von Mises atress at 1.5 x MAWP for pressure testx)
MAWP = 1,5 x 978

{*Longitudinal Stress, Six)
(MAWP R;2)

(Ro® - R ?)

8 =

(*Circumferential Streass, S;«)

MAWP (R, + R;?)
{Ro? - Rs?)

8; =

{*Radial Stress, S3x)

83 = -MAWP

{«*Von Mises Stressaw)

On =N 0.5 ((S1-82) + (S2-8)2 + (S -81)%)
s
T

If[N: > 1, "veszel OK at 1.5 x MAWP during pressure test"]

1467.

2608.

6683.

~1467.

7058.11 -
5.2422

vessel OK at 1.5 x MAWP during pressure test
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VCR_shell.nb

In(576]:= (% Opening Reinforcement Calculations=)
(* VCR Gland to shell wallx)
(* A3 = 0, A5 = 0, Ad3 = 0, A42 = 0 *)

(#* VCR, 0.5" @ %)

Tx = .5 {%0Dx)

d=0.40 (+ID min=)

tn = (Tx~d) /2 (+nozzel wall thicknesss)
te=1.25+tn (*xweld leg heightx)

Out(576]= 0.5
Qut(577]= 0.4
Out[578]= 0.05

out{579]= 0.0625

In[580):= ¥ =1 (*correction factorx)

tr = 0.335815 (#minimum shell thickness, Vessel_stress2.nbx)

frl = 1 (*strength reducton factors)

t =0.5 (xghell wall thicknessx+)

El = 1 (*joint efficiencyx)

A=dtrF + 2tntrF (1 - frl)

Ala = A (ELt - Ftr) - 2tn (Elt - Fer) (1 - £rl)

Alb= 2 (t + tn) (ELt-Ftr) - 2¢tn (Elt - Ftr) (1- £frl)
I£fAla > Alb, Al = Ala, Al = Alb]

out[580j= 1
Oout[581]= 0.335815
outf582j= 1
outf583j= 0.5
out{584j= 1
out{585]= 0.124326
outf586]= 0.065674
out[587j= 0.180604

outf588j= 0.180604 ’



VCR_shell.nb

In{589}:= fr2 =1 (watrength reducton factoxrw)
trn = 0.0121391 (»required nozzel thickness, Xe_vessel _VCR.nb=)
AZa= 5 (tn - trn) fr2 ¢t
A2b = 5 {tn - txn) fr2 tn
If[A2a < A2b, A2 = A2a, A2 = A2Db]

Qut(589j= 1

out(590]= 0.0121391
out({591]= 0.0946522
Oue(592]= 0.00946522

Out593]= 0.00946522
In{5%84j:~ £r3 =1 («strength reducton factorx)
Ad3 = te? £r3

Out {594j= 1

out[595]= 0.00390625

In[596}:;= (AL +A2+A43)
A
(AL +A2 +A43) »>=A
(*If actual area > area reguired, then no additional reinforcement required +)

Out(596]=

out[597]= i

out[598}= True



weld_load_stress_VCR.nb 1

{(+must run "VCR_shell.nb” file first to save variables defined below into memorysx)



weld_load_stress_VCR.nb

In[59%}:= (+Load / Stress

A

Al

A2

A3 =0
A5 =0

Adl =10
Ad2 =0
A4d3

out{598]= 0.134328
outf{s00]= 0.180604
outf{601j= 0.00946522
out[602]j= 0

Out{603j= 0

Outi604j= 0

outf605]= 0

outf606]= 0.00390625

In{607]:= 8v= 16700

Carried by Welds«)

W= (A-2l+2tnfrl (El1t - Ftr)) Sv

Out{607]= 16700

Out[608]= -498.645

Inf6i0]:=

Wi = (A2 + A5 + A4l + A42) Sv

out{610j= 158.069

In{611}:= Waa= (AZ + A3 + A4l + A43 + 2 tn t £rl) Sv

Outfell]= 1058.3

In[612}:= Wiz = (A2 + A3 + A5 + A4l + A42 + Ad3 + 2tnt £frl) Sv

outf{612j= 1058.3

(* W (total weld load) << Wiy, Wiz, Wis,

Inf613]:= {(*Allowable Unit Stressesx)
{#Fillet Weld Shear, UW 15 c=)

Opy = 0.49 (Sv)

Outf{613]= B1B3.

h

{(weld load available) )



weld load_stress_VCR.nb

Inf6l4]:= (»Nozzel Wall Shear, UG 45 cx)
Opw = 0.7 (8v)

Out{gld4)= 11690.

Inf[6l5]):=
{xStrength of Connection Elements+)
{*Fillet Weld Shearw)
s
Wew = ; Tx te Ogy
Out{615]= 403,682
Inf6l6]):=

{(*Strength of Connection Elementsx)
(*Nozzel Wall Sheazx)

7w (Tae+d)
Wow = — ————— tN Upy
2 2

out{gis]= 413.159

In[617]:=
WS11 = Wiy
WSzz = Wey
out[617]= 41
out [618]=40

(*All Paths WSi.;, WSz.2, are strongex than the required strength Wx)



VCR_gamma_port.nb

Inf24j:=

Outf24]=

out{25]=

outf26]=

In{27]:=

Cutf27]=

Outf28]=

out{29j=

out(30}=

OQut{3ij=

Outf32]=

{(* VCR Port Xe chamber gamma ray feedthru x)
(+ 850 psia MOP,

stainless steel VCR plug with 0.250 " @ counterbore. Determine head thickness:

{(* Load at operating conditions *)

G = 0,250 (+ Diameter, in. at gasket load location %)
P = 850%1.15 (+ MAWP, internal design pressure )
H=0.785G" P (» 1b., Total hydrostatic end force )

0.25
977.5

47.9586

Ca =0.75 (*Head attachment consatant, UG-34 (r)=*)
Eef =1.0 (#*Efficiency Factor )

dya =@ (*in. hole cross-sectional diameterw)

Oy = 77000.0 (*pei, 316L ultimate strengthx)

oy =16700 ({#psi, 316 L allowable strengths)

CaXx P
th = dg .‘/ —- {* in., required head thickneas, nc bending moment =}
O X Eg

¢.75

0.25

77000,

16700

0.0523806



Xe_vessel_LN2.nb

(#*Xenon Pressure Vessel Stress Calculations — LN2 Portx)

Long 1mdmal =

Membrane Stresses { C;rcumferenfxal (Hoop)




Xe_vessel ILN2.nb

In{6l9]:=
MAWP = 978
oy = 16700 (xallowable stress for 316L SST«)
o, = 37000
Ri =1.5/2.
Ry = 1L.9/2.
E=Ro-Ry
Ratio = E
Rj

If [1.1 < Ratio < 1.5, mediumwall]
If [Ratio < 1.1, thin walll]
If [Ratio > 1.5, thick wall]

out{619j= 978
Out{620]= 16700
Out{62ij= 37000
outie22}= 0.75
outf623}= 0.95
outfez2dl= 0.2
Outf625]= 1.26687

out{626]= mediumwall



Xe_vessel LN2.nb

In({629]:=

(«»Longitudinal Stress, S;x)

< {MAWP Ry?)

1 - —

(Ro® - R3?)

(#Circumferential Stress, S,x)

o MAWP (R,2 + Ry?)

2 =

(Ro® - Ry %)

{*Radial Stress, Sj3x)

S3 = ~-MAWP

(*Von Mises Stressx)

m = '\/0'5 ((81~82)% + (S2-83)% + (83 -81)%)
out{629]=
out(630]= %
out{631]=

out{632]= 4496



Xe_vessel LN2.nb

Infl104j}:=

outf104)=

outlig@5])=

outf108)=

outf{io7]=

out{i08]=

Oout[109]=

out{110]=

outfillj=

Outf1i2]=

Outfiiij=

{*wall thickness, in., max. pressure, psix)

(«*Circumferential Stress: wall thickness, in., max. presgsure, psix)

Be = 0.7 (xbutt weld efficiency based on no inspection, Table UW-12x)
{MAWP R; )
te = (*UG27 o 1x)
{0, Ef - 0.6 MAWP)
Ty Eg
P = (G Be®) (xUG27 ¢ 1%)
(Ry +0.6¢t)
P
SFyc = ¢ (» P; uses allowable stress mo SF ~5 is also inlcludedsx)

(*Longitudinal Stress: wall thickness, in., max. pressure, paix)
(#Circumferential butt welds connecting
ellipsoidal head and hub to cylinder are Catagory A, Type 1 weldsx)

E; = 0.7 (vbutt weld efficiency based on no inspection, Table UW-12%)
(MAWP Ry )
ty = (*xUG27 ¢ 2%)
(2 05 Eg + 0.4 MAWP)
20, Eg t
py o 2B a2 e 24)
(Re - 0.4%)
P
SFm = (#* P, uses allowable stress so SF ~5 is also inlcludedx)

MAWF

If[P; < Py, "circumferential stress applies®, "longitudinal stress applies"]
Iffte > t1, "circumferential stress applies", "longitudinal stress applies"]

0.7

0.066062

2687.36

2.74781

0.7

0.0308567

6879.1

7.1361

circumferential stress applies

circumferential stress applies



Xe_vessel LN2.nb

Inf643}:=
(#Check of Von Misges stress at 1.5 x MAWP for presgsure tests)
MAWP = 1.5 x 978

(#*Longitudinal Stress, S;x)
(MAWP R;2)

(Ro? - R3?)

8 =

{(*Circumferential Stress, S;«x)

MAWP (R,% +R;?)

Sy =
(Ro? - Ry )

{xRadial Stress, S3=)

Sy = -MAWP

{(«Von Mises Stressx)

o'm='\/0.5 ((81-82)% + (82-83)2 + (83 - 8.}%)

(=2
¥
N; = —

Cn

If[N, > 1, "vesgsel OK at 1.5 x MAWP during pressure test"]

Out[643]= 1467.
Out[6447= 2427.02
out[645j= 6321.04
outfédej= -1467.
out[ed7j= 6744.64
out[648j= 5.48583

out[649]= wvessel CK at 1.5 x MAWP during pressure test
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LNZ2 _shell.nb
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LN2_shell.nb

Inf4}:= (% Opening Reinforcement Calculationa+)
{* LN2 Trap to shell wallx)
{(# A3 = 0, AS = 0, Ad2 = 0 +)

(* Pipe Sch. 80 1.5" @& )

T =1.9 (%0Dx)

d=1.5 (*ID minx)

tn = (Tx~d) /2 (»nozzel wall thicknegag+)
te=1.25%tn (*weld leg heightx)

Cut{d]= 1.9
Outf{5}= 1.5
out(6]= 0.2

Qukf{7}]= 0.25
In[8]:= F =1 (xcoxrection factors)
tr = 0.335815 (+minimum shell thickness, Vessal stress2.nbsx)
frl =1 (xstrength reducton factorx)
t =0.5 (xshell wall thicknessx)
El = 1 {#joint efficiencys)
A=dtrF + 2tntrF (1 - fril)
Ala = d (E1t - Ftx) - 2¢n (ELlt - Ftr) (1 - frl)
Alb= 2 (t + tn) (Elt-Ftx) - 2¢tn (BLt - Ftr) (1- £rl)
If[Ala > Alb, Al = Ala, Al = Alb]

out{gl= 1

Quef9j= 0.335815
Qutfloj= 1
Out({11ij= 0.5
Outf12j= 1
outfl3]= 0.5‘03722
out{idj= 0.246278
outf{15]= (.229859

cut{l6j= ©.246278 ,



LN2_shell.nb

In{i7}:= £r2 =1 (vstrength reducton factorx)
trn = 0,066062 (+required nozzel thickness, Xe_vessel _LN2.nbw)
A2a= 5 (tn - trn) fra2 t
A2b = 5 (tn - txrn) fr2 tn
If [A2a < AZb, A2 = A2a, A2 = A2b]

out{17})= 1

out{18}]= 0.066062
Out{19]= 0.334845
out{20]= 0.133938

outf[21]= 0.133938

In[72]:= f£r3 =1 (*strength reducton factorw)
243 = te? fr3
te, = 1L.4tn

te,? £r3 . .
Adl = Y {(* 80% the area, skip weld on outsidex)

outf72]= 1
ocut{73]= 0.0625
outf74]= .28

Gutf[75]= (0.0653333

Inf76]:= (Al +A2 + A43 + A4l)
A
(Al + A2 + A43 +R&1l) >= A
(*If actual area > area required, then no additional reinforcement requixed *)

cutf76j= i

outf?77]=

outf78}]= True



weld_load_stress_LN2.nb

(*must run "LN2_shell.nb" file first to save variables

defined below into

memorys)



weld_load_stress_LN2.nb

In{79]:= (*Load / Stress Carried by Weldsx)

A

Al

A2

A3 =0

A5 =10

Adl

Ad2 =0

Ad3
outf79}= 0.503722
outf80]= 0.246278
Outf81]= 0.133938
out{82]= 0
out{83j= 0
out[84]= 0.0653333
outf85]= 0

out[86)= 0.0625

In[87}:= Sv = 16700
W= (A-Al+2tnfrl (El1t - Ftr)) Sv

out{87]= 16700

Out[88j= !

Infg89):=
Wiz = (A2 + A5 + A4l + Ad2) Sv

Cut{89]= 3327.83

Inf80):= Wzz = (A2 + A3 + A4l + A43 + 2&n t frl) Sv

out{90j= 7T771l%1.58

Wiz = (A2 + A3 + A5 + A4l + Ad42 + Ad3 + 2tnt £rl) Sv

-,

7664.26

(* W (total weld load) << Wia, Wiz, Wi, {(weld load available) x)

Infg81):= (+«Allowable Unit Stressesx)
(+*Fillet Weld Shear, UW 15 cx)
Oew = 0.49 {8v)

Cut{91]= B8183.



weld _load_stress_LN2.nb

Inj92]:= (*Nozzel Wall Shear, UG 45 cx)
Opw = 0.7 (Sv)

cut{82}= 11690.
Inf93}:=

(*Strength of Connection Elementss)
(*Fillet Weld Shearsx)

I
Wew = — Tx e oy
2
Out{33j= 6105.57

Inf94]:=
(*Strength of Connection Elementsx)
(*Nozzel Wall Sheaxrx)

n (Tx+d)
Wnw = ? —— N Opy

Outfg4]= 6243.29

m{8s5]:=
WS1.1 = Wny
WSy = Wey
out[95)= 1624
out9sl= 161

(#*All Paths WSi.;, WS2.2, are stronger than the required strength Wx)



head_350_K_openings2.nb

(*+ Stress Concentration Factor for mini-conflat copenings in head. Reference: Wiley )}

Stress Concentration Faclors

Tahle &
Maximum Kl for circular plate wiih circular holes with internal gressure only
Pattern Spacing __ {Maximum Kt Location [ Reference
R = 0.5 |See Fig. 126 |See Fig, 126 |223 228 229
RfRy= 0.5 .
ff’Rg—- 0.2 |SeeFig, 127 | See Fig. 127 730
R/R, = 0.5 . .
rlﬂg -0.2 See Fig, 127 | See Fig. 127 10
3
RIRy = 0.5
p I’Rg =0.25 2.45 A 223
- 2.2718
ffgﬂf_ g g Pressure in A
4 o= All Holes 3
1.521 i
Pressure in B
Center Hole

Only




head_350_K_openings2.nb

In{i1038]:=

out(1039]=
Out{1040]}=
out{1041j=
out{1042]j=
outf1043]j=
Outf1044j=

outfl045]=

Inf1256):=

Out(1256]=

(#»must run "Flange stress_hub_ 403.nb"
file first to save variables defined below intc memorys=)

(*+ AssumptionsiChamber head design hasg 5 mini-conflat holes,not 6,

K, will be conservative. Chamber head has 1.5 " diameter inner hole, #4 model has
equal diameter holes throughout, X, will not be conservative. Assume
these 2 opposites have a cancelling effect and given K, is wvalid. Actual BC hole
radius is 0.3125". But, for this analysis asaume all holes 0.75" radius *)

Ro= 5.25 (%im.,Flange outside radiusgx)
rh = 0.750 (%in.,BC hole radiuss)
Ri= 0.750 (#*in.,inner hole radiuss)

R=5.5/2 (+ in., mini conflat bolt circle radius =)

Ri
1l = — (xgraph constantx)
Ro

R
m= — {+graph constant)
Ro

Ty
O = -—R— (xgraph congtantw+)
o

5.25
0.75
0.75
2.75
0.142857
0.5238%
0.142857

h

(% ;‘—0 and —;{; are slightly less than #4 model,

but K. will be less (conservative) for chamber head design.x)
K. = 2.278

2.278



head_350_K_openings2.nb

Inf1257):=
Co = 0.3 (xflange attachment constants)
pP=350 x 1.15 («pg8i, MAWPx)
Ee = 1.0 («*Efficiency Factor =)
dga = 8.54 (%in. gasket diametexrs)
Wml
(* 1b., Must run "Flange stress_hub_403.nb" to
define this variable. Minimum required bolt load, for operating #)
hg =0.520 (» in., Must run
"Flange stress_hub 403.nb" to define this variable.Bending moment length )
oy = 77000.0 (#psi, 316 L ultimate strengthx)

16700 .
Op = m——=  (%psi, 316L allowable strengthx)

K.
outfizs7}= 0.3
outfi258)1= 402.5
outil259]= 1.
out[1260}= 8.54
out[l261}= 24677.2
out{i262]= 0.52

out{i263j= T7000.

Out{iZed}= 7330.99

(Ca * P} (1.9 % Wpy *hg)
+
(Ca * Ef) {Ua * Es *dqaa)

In{1265]:= tp =dg, (* in., required flange thickness %)

Out{ize5]=

Inf1266]:

If[ty < 1.5, "flange thickness is OK", "flange thickness iz NOT OK"]

out{1266}= flange thickness is OK



head_350_K_openings2.nb

Infi565):=

Out{i565]=
out[i5e6]=
out(1567)=
out{i568]=
out{i1569]=
outfis70]=

Cut[i571]=

{* Maximum distance between
hole centexrs for a cluster of holes in head, UG-36 (3} {(d)=)

(* No two unreinforced openings shall have their centers closer than: )
R

w
dhatwaenholest = Sin[36x 0 ] X Rx 2

d; = 0.625
dy =d: (+ diameter of holes =*)
Cd 2.5 (dl +d2)

1]

Iif [dbatwaenholosl > Ca.
"digtance between 5.5 BC holes OK", "distance between 5.5 BC holes NOT OK"]

dbatwannho:l.asz = R - .,.75-.3125

d, = 0.625
d; =1.500
Ca = 2.5 (d; +d3)

If [dpatuconbolesz > Ca, "distance between center hole and 5.5 BC holes OK", "distance
between center hole and 5.5 BC holes NOT OK,,,,. use alternative UG~3%(d)"]

(d:l.*'dz)]
2

d d.
(( 1; 2)]

dber.wanhclasz < 2 [

dbetwasnholnaz > 1.25

(#* in., required flange thickness,
UG-35 (o) (1) (2), using altexnative to Area reinforcment of UG39 (b) (1) *)

oa = 16700

R - ( (51:12) )

ef = = {# UG39 () (2) =)
£f5 = Y0.5/ef

(Co *P) (1.8 %Wy *hg)
+

th =dga [ Fax2
(oa * Ef) (G2 % B xdga”)

2.75 s

3.23282

0.625

0.625

3.125

distance between 5.5 BC holes OK

1.6875



head_350_K_openings2.nb

out{1572]= 0.625

out{1573j= 1.5

out{is74j= 5.3125

OQut[1575]= distance between center hole and 5.5 BC holes NOT OK,,,,, use alternative UG-39(d)
ocut{is76]= True

out{i577]= True

Qut[i578}= 16700

out{i57%]= 0.613636

out{i580¢}= 0.902671

Qut{i5gl}j= 1.12279%



head_350_K_openings2.nb

out[1589]= 0.625

cut{isgej= 1.5

Cutfi591j= 5.3125

Cut[1592]= distance between center hole and 5.5 BC holes NOT OK,,,,, use alternative UG-3%(d)}
out{1593}= True

Cut[1594}= True

Gut{1595}= 16700

out{1596}= 0.613636

out{i597j= 0.902671

out{1598]= 1.24385



head _850_no_openings.nb

(+#must run "Flange stress_hub $78.nb*
file first to save variables defined below into memorysx)

(+ Assumptions: Chamber head design has has no holes )

Ro= 5.25 (win.,Flange cutside radius+)

Ca=0.3 (#flange attachment constants)
=850 x 1.15 (xpsi, MAWP«)
Er = 1.0 (*Efficiency Factor x)
dys =G (»in. gasket diameterxrx)
W1
{* lb., Must run "Flange gtress_hub _ 978.nb
" to define this variable. Minimum required bolt load, for operating «)
hg = 0.520 (% in.,
Must run "Flange stress_hub 578.nb" to define this variable.Bending moment length %)
&y = 77000.0 (*pei, 316L ultimate strengthx)
ga = 16700 {*psi, 316 L allowable strengthx)

0.3

977.5

7.98
58849.9
0.52
77000,

16700

Co %P 1.9% Wy «h
th = dga (Ce ) + ( 1 * Ba) (* in., required flange thickness x}
{oa % Ef) (U,*Ef*dgaa)

If[tp < 1.980, "flange thickness is OK", "flange thickness is NOT OK"]

flange thickness is OK

(* Minimum thickness of plate under gasket (hub) =*)

tg =dg, '\/ (1.9 %Wy +hg) / (o,*d,,a) {(* UG34, sketch (k) =)

If{tg< 1.980, "flange hub thickness is OK", "flange hub thickness ig NOT OK"]

0529,

flange hub thickness is OK



head_850_4.625_no_openings.nb

{+xmust run "Flange stregs_hub small 978.nb"
file first to save variakles defined below into memorysw)

(* Assumptions: Head design has has no holes =)

Ro= 4.63/2 (+in.,Flange outside radiusx)

Ca=0.3 {(«#£lange attachment constants)
P =850 x 1,15 (*psi, MAWPx)
Be=1.0 {(*Efficliency Factor «)
dga =G (*in. gasket diameterx)
Wml
(¥ 1b., Must run "Flange stress_hub_small _ 978.nb
" to define this variable. Minimum recguired bolt load, for operating =)
hg =0.520 (+ in., Must xrun
"Flange stress _hub_small 378.nb" to define this variable.Bending moment length =)

Ox = 16700 (*psi, 304 L allowable strengthx)

0.3

877.5%

3.35
10143.7
0.52

16700

{Co * D} 1.9% Wy +h
th = dga - + ( s * fla) (* in., required flange thickness »)
(o * Eg)} (04 *#Ef % dg,”)

I£[ tn < 0.750, "flange thickness is OK*, "flange thickness is NOT OK"]

flange thickness is OK

(* Minimum thickness of plate under gasket (hub) =)

tg:@,\/u.s*wml*hg) / (Ca%dga’) (* UG34, sketch (k) #)

If[tg < 0.81, "flange hub thickness is OK", "flange hub thickness iz NOT OK"]

flange hub thickness is OK



Bolt_load_1.33CF_350.nb

Gaskft t‘" { _"‘;
* e\ F— —

(5)

{(* Bolted Flange Connections with flat metal Copper Gasket,
Xe chamber high voltage feedthru *)
{(# 350 psia MOP, conflat type head =)



Boli_load_1.33CF_350.nb

{* Bolt Load at operating conditions +)

G = 0.72 (v Diameter, in. at gasket load location =)

P = 350%1.15 (» MAWP, internal design pressaure x)

m= 4.75 (» gasket factor f£lat Cu gasket, Table 2-4.1 x)
Ng = 0.25 {(# width of Cu gasket «)

N,
b, = ?"2_ (* N/4 for multiple serrations Table 2-5.2 (5),

assume N/32 given a single knife edge serration as used in Copflats *)
T£[bo <= 0.25, b = bo, b = .5V by |

¥y = 13000 (+ psi, design seating stress for soft copper, Table 2-5.1 %)

H=0.785G@"P (x» 1b., Total hydrostatic end force =)

Hy= 2bx 7Gm?P (* lb., Total joint-contact surface compression load )
Wp1 = H + Hy (v Minimum required bolt load, for cperating =)

Wz = #Gby (* Minimum reguired bolt load, for gasket seating =)

0.72
402.5
4.75

0.25
0.0078125
0.0078125
13000

163.785

67.5712




Bolt_load_1.33CF_350.nb

Inf54}:=

out[54]=

Outf55]=

Out(56]=

out{57]=

outf58]=

out{58]=

outfe]=

Out{61]=

outfé2]=

cut{63]=

out{64j=

(*# Design Bolt Loadx)
nx0.1248%

Ap = ummw:-——— X 6 (xcrogs sectional area of #8-32 screws)

SF = 4 (% MEDSS =)

Sr = 81000

{#*Unbrako - KS 1216 8-32 SHCS, 160, koi tensile atrength; T = -400°F to 1200 °F
OR ASTM-A493-35 Grade S30430; 81 ksi tensile strength =)

Sa = S¢ + BF

Lp = Sy XAy (» 1b., Max allowable bolt load «)

Apy = Wa1 / 8a (* in®,cross-sectional area of bolts under operating condition )

Buz = Waz / Sa (* in®, cross-sectional area of bolts for gasket seating *)
If{An: > Aoy By = Bpas Ap = Bpg

(+ in®, total required cross-sgectional area of bolts *)

Wo = Wm (* lb., Flange design bolt load, for operating )

(Am"'Ah) Sa . .
Wy = B e— (x 1b., Flange design bolt load, for gasket seating )

SFy = Ly, SF /Wy
0.073385¢
4

81000
20250
1486.26
0.0114255
0.03113444
0.0114255
231.366
858.814

6.92239



Bolt_load_1.33CF_350.nb

Ce =0.3 (#flange attachment constant«)

p=350 x 1.15 (»pai, HMAWPx)

Es=1.0 (»Efficiency Factoxr =)

dg, =G (*in. gasket diameterx)

Wn:l

{(*#* lb., Minimum required bolt load, for ocperating =)
b = 0.171 (* in., Bending moment length )

oy = 77000.0 (+psi, 304 L ultimate strengths)

Ca = 16700 (*xpsi, 3041L allowable strengths)

Co*P 1.9%Wm *
ty = dga (Ce ¥ P) + ¢ m ¥ Bs) (* in., reguired flange thickness =)
(O % Eg) {On Bz #dga") :

231.366

0.171

T7G00.

16700




Bolt_load_2.75CF_350.nb

Gasket I‘* 4 "i

(5)

(+ Bolted Flange Connactions with flat metal Copper Gasket,
Xe chamber gamma ray feedthru =)
(» 350 psia MOP, conflat type head x)



Bolt_load 2.75CF_350.nb

(* Bolt Load at operating conditions x)

G = 1.650 (» Diameter, in. at gasket load location )

P = 350%1.15 (* MAWP, intermal design pressure =)

m= 4.75 (» gagket factor £lat Cu gasket, Table 2-4.1 %)
Ny = 0.25 {* width of Cu gasket =)

H,
by = 3—:— (* N/4 for multiple serrations Table 2-5.2 (5),

aggume N/32 given a single knife edge serration as used in Conflats *)
T£[bo <= 0.25, b = bo, b = .5 w/'ﬁ:]

¥ =13000 (% psi, design seating stress for soft copper, Table 2-5.1 *)
H=0.7856% P (x 1lb., Total hydrogtatic end force )

Hy= 2b x 7GmP (% 1b., Total joint-contact surface compression load «)
Woy = B + Hp (* Minimum required bolt load, for operating x)
Wz = 7Gby (* Minimum regquired bolt load, for gasket seating =)

1.65

402.5
~4.75

0.25

0.0078125

0.0078L25

13060

860.208

154.851
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In{76]:=

out|76]=

Oout[77]=

outf78]=

outi79]=

Outl80]=

outf81]=

outf82})=

out[83]=

Out[84]=

out{85]=

Qutf86]=

(* Design Bolt Loadx)
nx0.20522

h*:=—_""ﬁzm"'_ X § (xcross sectional area of 1/4-28 screwx)

S8F = 4 (% MEDSS 4)

S = 81000

(#Unbrake - KS 1216 1/4-28 SHCS, 160, ksi tensile gtrength; T = -400°F to 1200 °F
OR ASTM-A433-95 Grade 530430; 81 ksi tensile strength =*)

S5 = 8¢+ SF

Iy = Sax3;, {* lb., Max allowable bolt load %)

Bpt = Wpy / Sa (# inz,chSSmsectional area of bolts under cperating condition =)

Bpy = Way / S, (» in?, cross-sectional area of bolte for gasket seating *)
I£[Any > Boas Bg = Anys Ay = Ap)

(% in%, total required cross-gectional area of bolts =)

Wo = Wy (* 1lb., Flange design bolt load, for operating =)

(Ba +B5) S, . :
Wy = ———m?;———— (* 1b., Flange design bolt load, for gasket seating =x)

§F, = In 8F / W,

0.198425
4

81000
20250
4018.1
0.0501264
0.0259981
0.0501264
1015.06
2516.58

6.38661
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Co=0.13 {*flange attachment constantw)

P =350 x 1.15 (*psi, MAWP«x)

Ef =1.0 (+»Efficiency Factor =)

dga =G (*in. gasket diameters)

Wml

(* lb., Minimum required bolt load, for operating =)
hg =0.331 (» in., Bending moment length x)

Oy = 77000.0 (xpsi, 304 L ultimate astrength«)

gz =16700 (spai, 304 L allowable strengthx)

/ CaX D .
th = dg, —:——E— (+ in., reguired flange thickness, no bending moment =)
CTa XK Mg

(Ca *P) (1.9 %Wy +hg .
the = dga 2 + = ) (# in., required flange thickness x)
(0a xEf) (on *Eg *dgaa)

P=0 (+xpsi, MAWPx)
Wi
(* 1b., Minimum required bolt load, for gasket seating )

Ca *P) (1.9 %Wy +hy
thg = dga (Ce + =2 ) (* in., required flange thicknesas «)
(Ca *Ef) {0 * Bf *dgn3)

¢.13

402.5

1.

1.65

1015.06

0.331

77000.

16700

0

526.462

0.1096%16
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{(* Miscellaneous Calculations =)

(* UG-36 Cpenings in Pressure vesselsgs)
{* UG-36 () (3) (d), HNo two unreinforced openings shall have their centers
closer than the sum of their diameters: «)

{* This applies to all holeg in the shell of the vessel. Actual holes have
reinforcement built inte the design so this is concervative. *)

dl = 2.87
d, = 0.5
1, =d; +d,
tx7.625
1= e (+ distance between holesx)
1>=1,
2.87
0.5

(# Drilled holes not penetrating shell )
(* holes must be less than 2" dia. & not less than 0.25 "x)

Dy = 7.625
t = 0.5

Di/t
Dy /t »=10

7.635

15.25

True

dn = 0,375 (% UNF 3/8-16, major dia. %)
dy /Dy

0.375

0.0491803
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Rt = 0.375 (* f£rom graph =)
If [dn/Ds < 0.03, Rt = .25, Rt =Rt |

twn = & (RE) (* Appx. 30 Fig. 30-1, remaining wall thicknessx)

0.375

¢.375

0.1875

dy = 0.250 (x UNF 1/4-20, major dia. =+)
dy /Dy

0.25

0.0327869

Rt = 0.256 (+ from graph =*)
I£f[{d,/D; < 0.03, Rt = .25, RE=Rt ]

tan = & (Rt) (» Appx. 30 Fig. 30-1, remaining wall thicknessx)

0.256

0.256

0.128 pS— oA *

(* Drilled / tapped holes in unstayed £lat head =x)

(* reinforcement required, replacement of area )

{(* 8-32 for mini conflats %)

tr = 1.26123 (% in., minimum required flange thickness +)
ta = 1.5 (% in., actual flange thickness )

dn =0.164 (* in., hole diameter x)

da = 0.312 (» in., depth of hole x)

Ar = dy x dg (* in.42, area reguired )

Aa = dp (ta -da) (*» in.42, area available =x)

If {Aa > Ar, "Reinforcement OK for mini-conflat blind holes",
"Reinforcement NOT OK for mini-conflat blind holes™ ]

1.26123 ’

Reinforcement OXK for mini-conflat blind holes
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{#* Drilled / tapped holesa in unstayed flat head )

{* reinforcement required, replacement of area )

(* 8-32 for mounting brackets inside vessel =x)

tr = 1.26123 (% in., minimum required flange thickness )
ta = 1.5 {* in., actual flange thickness «)

Gp =0.164 (* in., hole diameter )

da = 0.25 (* in., depth of hole *)

Ar = dy x da (» in.*2, area required )

Aa = dy (ta -da) (» im.*2, area available x)

If [Aa > Ar, "Reinforcement OK for mounting bracket blind holes",
"Reinforcement NOT OK for mounting bracket blind holes' ]

1.26123

Reinforcement OK for mounting bracket blind holes

(* Drilled / tapped holes in unstayed flat head )

(* reinforcement required, replacement of area =+)

(x 1/4-~28 for medium conflat, center hole =)

tr = 1.26123 (+ in., minimum required flange thickness *)
ta = 1.5 (* in., actual flange thickness x)

dp =0.250 (% in., hole diameter x)

dg= 0.5 (* in., depth of hole )

Ar = dy x dg (* in.*2, area ragquired «)

Aa = 4 (ta -dy) (+ in.*2, area available =)

If [Aa > Ar, "Reinforcement OK for medium conflat blind holes",
"Reinforcement NOT OK for medium conflat blind holes" ]

1.26123

Reinforcement OK for medium conflat blind holes
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(* Weld impact testing exemption calculation )

(» UHA-51 (g} »)

Sa = 16700

Sl = 3499.17

Sym =7754.6879

If [S1/Sa < 0.4, "Impact testing NOT required for weld",
"Impact testing REQUIRED required for weld"]

16700
3499.17
7754 .6879

Impact testing NOT required for weld

(+ Base material Impact testing exemption )
(* UHA-51 (d) (1) (a) austenitic chromium-nickel stainless gteels: 304, 304 L,
31ls, 316 L.



fracture_critical_mat'l.nb

{(* Fracture Critical Componenta x)

In{91j:= (% The applied stresas ias: =x)

R; = 3.8125
R, = 4.3125
MAWP = 978
Oy = 16700 (»allowable atress for 316L SSTx)
oy = 37000
R; = 3.8125
R, = 4.3125
E=Rs -Rj

. Ro
Ratio= —

Ry

If [1.1 < Ratic < 1.5, mediumwall]
If [Ratio < 1.1, thin wall]

If [Ratio > 1.5, thick wall]
(x*Circumferential Stress, S;*)

MAWP (Ro% +Ry?)
(Ro? - Rs?)

2 =

Qut{91}j= 3.8125
out{g2j= 4.3125
Out(93j= 978

out{94j= 18700
Qut{85f= 37000
Out(96]j= 3.8125

out (87]= 4.3125
Qut{98j= 0.5

out{89j= 1.131l5
out{100j= mediumwall

Out{103j= 7976.34

{* First consider actual gstress intensity factors from literature (testing). Then
apply this Kic = Ky value to the Xe vessgel at its MAWP/stress +)

(* Degraded Piping Program Phase II, 4/89 x)
{* Material 304 and 316 stainless steel, range: 561 to 13,400 in-lb/ins2,
di used is the lowest measurable value in all tests, parent or welded material )
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Inf[l4):=

outlid]l=

out{i5j=

Ji =561 (% in-1lb/in*2 x)

v=0.33 (+ Poisson' s ratio )

29.7 x 10° ]
By = i) {(* pai «x)
K1z = -\/J:i.xEy {(* psiVin %)
1 Krc \? .
#oprg = —— ( ] (* in., erack critical length, surface flaw =*)
l.217 \ &,
1 [(Ke\? .
Agri = — ( 3 ] {(* in., crack critical length, imbedded flaw +)
El 2

lengthe_ , = 4 Xages
lengthe , = 4 xa

{* conzidering leak before break criteria,
leak occurs coccurs before catastrophic failure in a pressure vessel when *)

"Leaking should occur before failure", "failure may occur before 1eaking"]

{(* LIFE Expectancy Cycles x)

a, = 0.125 (% in., initial flaw size *)
A =3.0x107"° (% Metal Fatigue in Engineering, 1980, John Wiley & Sons, pg 86 %)
n=3.25 (% Metal Fatigue in Engineering, 1980, John Wiley & Sons, pg 86 )

Ne = — : (2ees 55 = 2 (B5%))

2-n A (1'12 ;):)o \/;)tl

{(* Damage Tolerant Design Eandbook " V.2, 1983 =)

Ne = 2 t n (acri(z;_n) - ao(z;“})
2-n A (1'12 :.?ou \/;)

(+ Damage Tolerant Design Handbook " V .2, 1983 %)

861

0.33



fracture_critical_mat'l.nb

Out{i6]= 3.33296x 10’
Cut[I7]= 136740,
cut{181l= 77.3126
Cut{19}= 93.5482
Qut{20]= 309.25
Qutf21j= 374.193
Ooutf22]= 10115.1
outf23]= True
out[24]= Leaking should occur bhefore failure
outf25})= 0.125
outi26]= 3.x107%°
Out[27]= 3.25
Out[28]= 2.42577 x10°

out{28j= 2.43076x10°
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In{60]:=

outl60]=

Outf{6l]=

outfé2]=

(* For the ellipsoidal head x)

Dy = 7.625

t, = 0.5

Eg = 0.7 (xbutt weld efficiency based on no inspection, Table UW-12%)

MAWE (D; + 0.2 ty)

g =
(2 Ee tw)
Sx=0
1 K}:c 2 . )
Agry = ——— ( ) (# in., crack critical length, surface flaw )
1.20n \ 5,
1 /Kpey? .
Bory = — ( J (* in., crack critical length, imbedded flaw =*)
T 52

1engthccm = 4 Xageg

lengthe_ ., = 4 xagy

(* considering leak before break criteria,
leak occurs occurs before catastrophic failure in a pressure vesszel when *)

NP

1. L (82

2 Oy

(* Fracture and Fatigue Control in Structures,

Rolfe and Barsom, Prentice-Hall, 1977, pg. 394w%)

ts
Kye >= ————— (* Hoop streas applies, 5; *)

"Leaking should occur before failure", "failure may occur before 1ea.l:ing"]

(* LIFE Expectancy Cycles =)

8, = 0.125 (% in., initial flaw gize «)
A =3.0x10""" (x Metal Fatigue in Engineering, 1980, John Wiley & Sons, pg 86 *)
n=3.25 (% Metal Fatigue in Engineering, 1980, John Wiley & Sons, pg 86 =)

N = 2 L (acre! 55 = a0 (5))

2-n a(1.12 5 \/3?)“

1000

{(* Damage Tolerant Deaign Handhook " V.2, 1983 %)

2 i “n
Ne = (acri(:—:"‘)

2-n | a(1.12 . w/;)n

- ao{_?_))

(+ Damage Tolerant Degign Handbook " V.2, 1983 %)

7.625
0.5

0.7
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out[63]=

outf64]=

Out{65]=

Out[66]=

Qutf67]=

Cutf68]=

Oukf68]=

out{70]=

Outf71]=

Outf72]=

Qut({73j=

Qut(74]=

outf{75]=

Qut{76]=

10792.9
10792.9
42.225¢
51.0934
168.904
204.373
13824.2
True
Leaking should occur before failure
0.125
3.x107%
3.25
900192,

902921.
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Inf104]:=

outflid}=

Out (105]=

Qut(106]=

Out(107]=

Qut(108]=

out{109]=

(* For the flat head )

¢ =5182.85 (+ fxom head 350 _K_openings2.nbx)

S =0
k3 Krc \2 .

Bopg T ————- ( ) (* in., crack critical length, surface flaw =)

1.21x 32

1 (K32

Ic . .

Aery = ( } {* in., crack critical length, imbedded flaw «)

Fis S2

lengthe_ = 4 Xace,
lengthe_; = 4 Xag

(#* considering leak before break criteria,
leak occurs occurs before catastrophic failure in a pressure vessel when *)

JTtSzg

- (&)

(*+ Fracture and Fatigue Control in Structures,

Rolfe and Barsom, Prentice-Hall, 1977, pg. 354%)

Kie >= — {* Hoop stress applies, S; =*)

"Leaking should occcur before failure", "failure may occcur before leaking"]

{* LIFE Expectancy Cycles x)

a8, = 0.125 (% in., initial flaw size «)
A =3.0x10*" (+ Metal Fatigue in Engineering, 1980, Jobhn Wiley & Sons, pg 86 «)
n=3.25 ( Metal Fatigue in Engineering, 1980, John Wiley & Sons, pg B6 =)

Ne = —2 1 (Bews (2] = o (5%))

2-n A (1'12 1‘3::0 ﬁ)n

(* Damage Tolerant Design Handbook " V.2, 1983 =)

Ne = 2 - (acri. 3%1) - ao(*;“))

2-n | 5 (1.22 & \/;)n

(* Damage Tolerant Design Handbook " V.2, 1983 %)

51B2.85
5182.85
183.113
221.567
T32.454

B86.269
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out{110]= 6527.84

Cut{ill}= True

Qut{112]= Leaking should occur before failure
Out({113]= 0.12%

out(114j= 3.x10710

out(1i5]= 3.25

Out({116]= 9.92359x10°

Out{117j= 9.93542x10°
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{* Fragment FEvaluation =)

(+ It is assumed that the most vulnerable point in thie vessel is the Ceramaseal high
voltage feedthroughs mounted to the mini-Conflats which are mounted to
the 350 MOFP head. These could easily ba bumped or damaged by mishandling
resulting in a fragment / projectile. The following will estimate the
shielding thickness regquired for personnel protection near the wvessel
head. Also assume all of the energy is transferred to a single fragment. )

Inf22]:= mgg =37.7 (» g; actual measurment =)

Mgy = Mgy * 6.852x10°% (& lb.g+2/ft; slugs *)
2 Energy
ves | ———— (% Et/B *)
Mgy

outf2zj= 37.7
out{23}= (¢.0025832

Gut{24]= &575.9

Inf21]:= {% Check zero mass velocity. Fragemnt can travel no faster than the shock
wave that is driving it. =*)
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1
Pratio = — (*  +)
Tatio P2

g = 32.2 (x £E£/8%2 *)

T= 528 (x °R %)

k=1.4

R = 53.3 (# ££-1b/1b-°R x)

Ve =ax2.55 (x ft/g Figure 12 Zerc Mass velocity *)
0.785398

Veiz = Ve Cos[-—m;m] (*+ MEDSS egn. 38 #)

VEln = VE1X0.3048 (% m/8 *)
Vime = Vee X 0.3048 (« m/2 %)}

2 Energy
m = ——— 32.2 {(+ lbn; largest fragment that can achieve this velocity =}
Ver

Out{94}= 66.5308
Out[85}= 32.2
Qut(96}= 528
out[97j= 1.4
oue{98l= 53.3
Our[99)= 1126.35
Out{100]= 2872.19
Outl10ij= 2653.55
Out[102]= 875.443
cutf[I03)= B08.B04

Out{i04]= 0.436013

(* The Ceramasgeal feedthrough mass is <
m; 8o it can only achive this maximum velogity.

Fragment shielding evaluatiocn...... ®)
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¢.33

e,
In{105]:= Wy = 6x1075 (10:0) Vein (% UK formula )

Th = Tx1i2x3.28084 (x in )

(* Thor formula: Lexan )

a=1.814
B=-1.652
cy =7.329
x 0.5
Ap = —————
4
ES
1 Vel i
Tin— ——

Re | 10% (7000 2"

Oout{105]= 0.0178062
Qutfloel= 0.701032
Oout{107]= 1.814
outfi108j= ~1.652
outfivngj= 7.329
outflio}= 0.19635

outflill= 2.36231

(+ After ricochet the shielding thickness needs to be:x)
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0.33
Vemz (* m; UK formula »*)

Ta

sx1a‘5( Dt )

1000
Ton= TpXx12x3.28084 (% in %)

(+ Thor formula: Lexan %)

x=1,814
B=-1.652
cp = 7.329
wo.5
Af = ———-
£
ES
ez ¢
Tin = —

Ar | 10% (7000 ;2"

out{i1l2j= 0.0164508
Oout{113]= 0.647669
out(1i4j= 1.814
Out{1i5]= -1,652
Qutille]l= 7.329
Outf1i7}= 0.19635

out{lig}= 2.26142



