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Abstract
The following is a working document describing the design, construction, installation, operation, and removal of the Hall a tritium target system currently under development at Jefferson Lab. The current target design is a result of efforts from numerous collaborators from various institutions. It must be understood that this is a working document. It shall be updated as the design of the target system evolves and as new lessons are learned. Numerous supporting calculations and technical reports are referenced throughout the document and may be found on the tritium target wiki.
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[bookmark: _Ref429055601][bookmark: _Toc429448426]Definitions and Acronyms
ASCE:  American Society of Civil Engineers
ASCE-7:  Minimum Design Loads for Buildings and Other Structures
ASME: American Society of Mechanical Engineers
ASME STS-1: ASME Standard for Steel Stacks
B31.3:  ASME B31.3 Process Piping Code
BPVC:  ASME Boiler and Pressure Vessel Code
CFD: Computational Fluid Dynamics
DAC:  Derived Air Concentration
EDM:  Extensible Display Manager for EPICS
EPICS:   Experimental Physics and Industrial Control System
FEA: Finite Element Analysis
FMEA: Failure Modes and Effects Analysis
FMECA: Failure Modes Effects and Criticality Analysis
FML:  JLAB Facilities Management and Logistic group.
FS:  Factor of Safety
ICO:  Interagency Cooperative Agreement
MEI:  Maximally Exposed Individual
P&ID: Process and Instrumentation Diagram
PID:  Proportional-integral-derivative control-feedback loop
RWP:  radiological work permit
SMC:  Stepper Motor Controller
SRS:  Savannah River Site
SRNL:  Savannah River National Laboratory
SRTE: Savannah River Tritium Enterprises
TED:  Total Effective Dose
Beam Permit:  No one is allowed in this area and a safety sweep has been conducted to confirm that the area has been vacated. All access doors are locked and safety interlocks are engaged. The accelerator is powered and the beam can be turned on at any time.
Controlled Access: The accelerator is powered but there is no beam present in the Hall. A limited number of people following strict safety procedures may enter this are to perform specific tasks or make specific repairs.
Restricted Access:  The Hall is open for general access for any person with proper training. This condition shall be modified for tritium target operations.
Shall:  Indicates a required action, construction, or design element.
Should:  Indicates that an action is considered best (or at least better) practice.
[bookmark: _Toc429448427]Introduction
[bookmark: _Toc429448428]General description
The JLAB Hall A Tritium Target is expected to be used for a number of approved experiments (see Refs [1–4]) starting in the Fall of 2016 at Jefferson Lab Continuous Electron Beam Accelerator Facility (CEBAF). The target consists of 6 cells of various species of gas installed in place of the standard Hall A cryogenic target. The Qweak target motion system and cryostat shall be altered to be compatible with the tritium target. Several solid targets will also be hung below the cells to form a target ladder (see Figure 1). Each of the cells will be filled to the required pressure and valved and capped off at room temperature. The cells are thus considered to be sealed. The gaseous fluid will not be circulated marking a departure from the normal Hall A target operation.
The intent is to design and construct a simple and robust target system which mitigates the hazards associated with tritium by minimizing the amount of tritium required to perform the experiments and by multiple layers of containment. While shipping and while at JLAB the tritium will be enclosed by three layers of containment. These layers are detailed in in Section 4.
The target cells are of a modular design. This allows for easy assembly of the target system and permits installation of the tritium cell after all other target installation activities have been completed. The modular design chosen also allows the tritium cell to be filled off site at Savannah River site tritium Enterprises (SRTE). This limits the amount of tritium at Jefferson Lab to the amount contained in the cell which is slightly less than 1100 Ci. In effect, Jefferson Lab will not “handle” tritium.
The entire target assembly shall be cooled with 15K helium from the End Station Refrigerator (ESR). The 15K helium will be preheated to 40K and used to cool a heat sink attached to the cell assemblies. This will remove the ~15W of heat that is generated by the electron beam. The beam current allowed on the tritium cell shall also be limited to a maximum of 20 µA.


[bookmark: _Ref429053504]Figure 1:  Target ladder with gas cells and solid targets. Note the position of the tritium cell is at the top of the ladder.
[bookmark: _Toc429448429]Operating summary
The filled cell is expected to be at Jefferson Lab for less than one calendar year. Upon completion of the experiments, the cell shall be shipped back to SRTE where the tritium will be recovered. The tritium cell will contain 1099 Ci tritium gas which at room temperature gives a pressure in the cell of about 200 psia.
The target, once installed, shall operate in three modes:
· Warm or standby mode at room temperature
· Standby mode for no beam operations
· Cool down/warm up mode with temperatures between 40K and 300K
· This is a temporary mode while the target is prepared for beam or warmed for standby.
· Run mode with temperature at 40K
· This is normal run mode for beam on target
The target cells will be filled to various pressures depending on the fill gas as indicated in the table below:




	Target
	Fill Gas/Solid material
	Pressure at (300K)
	Max Beam Current (µA)

	Tritium
	Tritium (T2)
	200 psia
	20

	Hydrogen
	2H
	500 psia
	20

	Deuterium
	2D
	500 psia
	20

	Helium
	3He
	500 psia
	25

	Argon
	Ar
	500 psia
	25

	Empty
	N/A
	0 psia
	25

	Alignment target
	Al 7075
	N/A
	20

	Carbon optics
	C
	N/A
	25

	Carbon Hole
	C
	N/A
	25

	Carbon
	C
	N/A
	25

	BeO Viewer
	BeO
	N/A
	25

	Solid 1
	TBD
	N/A
	TBD

	Solid 2
	TBD
	N/A
	TBD



Table 1: Target ladder list and maximum currents.
The cells will be attached to a heat sink cooled by the End Station Refrigerator (ESR) and maintained at 50K by a heater controlled by a PID.
[bookmark: _Toc429448430]System Overview
The target is designed using a systems approach which incorporates a number of engineering and administrative controls to ensure a safety and performance. The target system must fully support beam operations for six gas cells and a number of solid targets. 
[bookmark: _Toc429448431]Subsystems
The Hall A Tritium Target System shall contain the following subsystems:
· Target system local
· Motion system
· Instrumentation and Control system
· Cells and solid targets
· Cryogenic system
· Scattering Chamber
· Vacuum system
· Isolation system (Be window)
· Getter system
· Exhaust System
· Hall A high velocity ventilation
· Vacuum pump exhaust
· 20m exterior stack (20m above grade at site boundary)
· Tritium detection/monitoring system
· Portable monitors
· Fixed remote monitors
· Administrative/Procedural
· Required to maintain multiple layers of containment.
Note that there are no substantive changes required for the beamline. Thus, with the exception of the raster, it will not be considered as part of the target system.
The above subsystems are discussed in detail in the following sections. The local system and scattering chamber are shown in the figures below.



Figure 2:  Internal local target system. This figure depicts the target ladder (gas cells and solid target), the motion system and the cryostat.


Figure 3:  Full assembly view of the local target vacuum systems. Note that the target is in the “HOME” position and that the top cell (tritium) is not visible. It is protected by the thick walls of the chamber in this position.
[bookmark: _Ref427710720][bookmark: _Toc429448432]Tritium Containment
Tritium shall be contained by at least 3 layers of containment at all times during shipping, insulation and removal, and operating phases. Thus, while at JLAB and while being transported there shall be triple layer of containment for the tritium. It shall be assumed that while the cell is at SRTE, their policies and procedures provide a suitable level of safety. The 3 layers of containment can only be assured through proper application of administrative, procedural, and engineering controls. These are discussed in the sections below as they apply to each phase of the tritium target lifecycle.
Some of the necessary administrative and procedural controls required are:
· Restricting access to Hall a via the CANS (electronic access) system.
· Limit access to trained personnel (both users and staff).
· Parking the target in the home position during restricted and controlled access.
· Controlling the truck ramp doors both top and bottom using CANS system.
· Detailed procedures for installation and removal of the tritium cell from the scattering chamber.
· Detailed procedures for taking the Hall from being permit to controlled access.
· Detailed procedures for taking the Hall from controlled access to restricted access.
The purpose of the containment system is to 1) prevent any release of tritium and 2) to control any release such that exposers to the public and personnel are minimized. See Section 16 for more details regarding the release of tritium.
[bookmark: _Toc429448433]Shipping
During shipping cycle, the cell shall be considered the primary containment for the tritium. A second intermediate container provides the next layer of containment and allows for sampling of this intermediate volume for tritium leakage. The 2nd vessel shall be fully capable of containing the full volume of tritium in the cell. This vessel shall also have custom formed foam padding that will protect the tritium cell assembly during shipping. The 3rd level of containment shall be a DOT approved pressure vessel acceptable for Type A shipments. While a great deal of progress has been made on this issue, the shipping system is still under development at this time.
[bookmark: _Toc429448434]Installation and Removal
During the installation and removal stages, the primary containment of the tritium shall be the tritium cell. Secondary containment level shall be affected by the handling hut. The 3rd level of containment shall be provided by Hall A itself. For Hall A to provide containment, it shall be placed in controlled access and all closed to all non-essential personnel. All ramp doors shall remain closed. Personnel access doors may be opened to allow access but shall not be propped open. While the handling hut and Hall A are considered levels of containment in this model, should the primary containment fail, all tritium in the cell shall be collected by the exhaust system and stacked to the environment. This exhaust system is discussed in Section 12. The release scenario is discussed in Section 16. Failure to follow procedures could result in a worst-case incident whereby the entire contents of the tritium cell would be released the Hall A. Tritium could then exit the Hall through the truck ramp and expose workers and the public to tritium. Note that no injury or overexposure to workers or the public is expected in such a worst-case incident.

[bookmark: _Toc429448435]Operating Mode
The system shall be considered to be an operating mode when the cell is installed on the target ladder in the scattering chamber is fully sealed. In this case, the cell is the primary containment and the scattering chamber is a secondary containment. The Hall can be in one of 3 conditions during the operating mode. These conditions are:
· Restricted access:  under this condition beam is not available to the hall and personnel they enter the Hall without RadCon escort.
· Controlled access: under this condition beam is ready to be delivered to the hall but the Hall is being accessed with a RadCon escort. This is a temporary condition intended for short-term maintenance activities.
· Beam permit: under this condition personnel are not allowed in the hall and beam may be delivered.
While in controlled access and beam permit, all doors including the truck ramp rollup doors must remain closed. Under these 2 conditions the Hall may be considered a 3rd level of containment. However, should a breach of the primary and or secondary containment occur, the tritium would be released to the environment through the exhaust system. A breach of the primary containment system (target cell) would be captured by the vacuum system (see Section 8).
Restricted access presents a number of challenges. This access condition cannot be banned for practical reasons. Therefore, in order for the Hall to function as a third level of containment, administrative and procedural controls must be in place and followed. These include:
· Badge access to the Hall must be activated through the CANS system.
· This includes operation of the truck ramp door at the bottom of the ramp.
· Access through the truck ramp doors must be performed as though passing through an air lock system. The bottom door may not be opened until the top ramp door is closed and similarly the top door may not be opened if the bottom door is not closed.
· Installation of a louvered door at the personnel access portal at the base of the ramp.
· Installation of the exhaust system to extract contaminated air from the all to the stack.
· Installation of scattering chamber window covers prior to entering restricted access.
· Installation of manual activation for the exhaust system.
· Use of portable and fixed (remote) tritium monitors.
· The portable monitor shall give an audible alarm indicating that the exhaust system must be manually activated and the Hall evacuated.
· The remote monitor will also give an alarm but shall activate the exhaust system automatically.
· All personnel in the Hall must have specific tritium training.
By following these procedures and enacting appropriate engineering controls the Hall may be considered a containment level with regard to preventing an uncontrolled release to the environment.
[bookmark: _Toc429448436]Target Motion and Cryostat 
The Qweak Target base system shall be repurposed for the tritium target. This target system provided reliable motion and cryogenic service for two calendar years. The system also has a base flange that is fully compatible with the Hall A Scattering Chamber. The alterations required to repurpose the Qweak system are summarized below:
· Disconnect and remove all Qweak loop components
· Disconnect/remove all electrical feedthroughs
· Remove support pipe and replace with proper length pipe.
· Install standard alignment mechanism.
· Disconnect cryogenic piping and remove one 4K JT/Bayonet riser section.
· Install new riser with two JT valves.
· Fit/connect refrigerant piping
· Install target mounts and assemblies
Installation of the tritium cell assembly shall be left as a final step prior to closing and evacuating the scattering chamber in preparation for beam (see Section 15.2.1).
[bookmark: _Toc429448437]Motion System
The motion of the target is achieved through a two axis stepper motor driven system. The motion axes are perpendicular to the beam in the vertical (y) direction and the horizontal (x) direction with the (z) direction along the beam line. Positioning of the target is accurate to 0.1 mm and repeatable to better than 0.05 mm. The system functioned well for Qweak and is more than adequate in range and accuracy for the tritium target. The two axis positioning allows the target to be accurately centered on the beam line remotely. Thus, motion associated with vacuum and thermal loading can be corrected for. The horizontal (x) system need only be activated during startup (after a cryo-cycle) and shall be deactivated once the beam position on the target has been adjusted for using the alignment target.
Control of the motion system shall be performed via the standard EPICS control system as discussed in in Section 9.
[bookmark: _Toc429448438]Cryostat
Details of the altered cryostat can be found in P&ID (JLAB Drawing TGT-103-1001-0000). A schematic view is shown in Figure 4. The system shall use standard components (e.g. JLAB JT valves, bayonets, etc.) and supply 15K He gas from the ESR to cool the target ladder. The cold gas is warmed by the heater to 40K prior to entering the heat sink. The hot return gas is mixed with bypass flow and returned to the ESR cold return with a temperature below 25K. Details of the control system are given in Section 9.


[bookmark: _Ref429052041][bookmark: _Ref429052025]Figure 4: Basic schematic of cryostat.



Figure 5:  Cryostat alarm logic schematic
[bookmark: _Toc429448439]Target Cell
[bookmark: _Toc429448440]Design
The cell assembly is the primary containment vessel for the tritium gas. It must have a flexible design which safely contains the tritium gas in all modes of operation. These modes are
· General operations in beam
· Shipping to and from JLAB
· Installation and removal at JLAB
· Filling at SRTE.
While installed in the beam at JLAB, the cell must have thin sections which allow the beam in recoil particles to enter and exit the cell with minimal effect from the aluminum walls. While being shipped, these thin sections should be protected by removable covers as should the valve stem assembly. A further challenge to the design, occurs when filling. The normal room temperature fill pressure is 200 psi  [5]. The design pressure while the cell is connected to the filling equipment at SRTE must be above 1000 psi. To meet this later requirement, the covers used for shipping shall also be employed as stays for the thin sections of the cell.  The cell assembly without shipping/filling covers is shown in Figure 6 and Figure 7. The assembly with filling covers is shown in Figure 8. The final shipping assembly where the valve stem assembly is also protected is shown in Figure 9.
[image: ]
[bookmark: _Ref429094823]Figure 6:  Cell assembly as installed from beam right side. The electron beam is shown as the dashed line and impinges from left to right.


[bookmark: _Ref429094825]Figure 7:  Cell cross section. Note thin section at tip of main body. The wall thickness exclusive of the beam entrance and exit is 0.018 inch.
[image: ]
[bookmark: _Ref429098645]Figure 8:  Cell assembly with fill covers installed. Note that the valve is fully accessible for filling/recovery operations.

[image: ]
[bookmark: _Ref429098681]Figure 9:  Cell assembly with shipping covers installed. Note that the valve is now protected.

[bookmark: _Toc429448441]Materials
The cell main body and entrance tube is fabricated from Aluminum 7075-T651 plate (ASTM B209). The fill tube, and flange are fabricated from ASTM A240 SST 304/304L plate. The valve is a Swagelok SS-4BW-BW4-C5-SC11 (modified to have a nut on the actuator) stainless steel 316L ASTM A479. The valve is attached to the fill tube via GTAW butt weld. Swagelok lists the valve working pressure maximum at 1000 psi  [6]. This coupled with a hand calculation shows that the component is under low stress when installed and operated at JLAB at less than 50 psi when cold. We will exercise JLAB policy  [7] to use ASME VIII D1 UHA 51(g) (see Ref  [8]) to exempt the material of the valve from impact testing.
The material used to construct the entrance window and main body is not listed. The following basis was used to determine the allowable stress where ASTM B209 was used to determine the specified minimum tensile and yield.

To meet these requirements shipping/filling covers have been designed. Analysis and testing of this final assembly has not been completed as parts are still in fabrication.
[bookmark: _Toc429448442]Static Pressure Design
The cell assembly, without shipping/filling covers, has three main components.  It is shown in Figure 6 and Figure 7. For the operational room temperature pressure of 200 psi, the design is adequate.  Formal calculations in compliance with ASME B31.3 304.7.2 (2014) indicate a suitable safety margin (i.e. above 10)  [9].  Burst testing of prototype cells shows a safety factor of nearly 15. These calculations are given in TGT-CALC-103-002.
[bookmark: _Ref429267730][bookmark: _Toc429448443]Thermal and Cyclic Design
While the above calculations and tests indicate a conservative design, a detailed analysis must include thermal and fatigue effects. In a departure from normal cry target operations, the cell windows affected by the beam see larger temperature fluctuations during beam trips (nearly 85K locally). The pressure in the cell also fluctuates with beam trips but, loads to a lesser extent. During the course of the full experimental run, the tritium cell is expected to experience nearly 18,000 beam trip cycles. The cell is also expected to experience 20 cryogenic cycles from ESR trips and planned shutdowns. A fatigue screening analysis in compliance with VIII Div 2 has also been completed. This calculation is given in TGT-CALC-103-002. This analysis indicates that the depth of the pressure cycle is not of a sufficient magnitude to require a fatigue analysis.
The cell is also thermally loaded. The beam deposits about 3W of heat into the thin aluminum section at the entrance to the cell and similarly 3.3W at the exit. For reasons discussed in Section 6.3, it is required that the cell temperature not exceed 150K while the beam is on. A thermal analysis of the entrance window is given in TGT-CALC-103-008. A similar analysis was performed for the main body in TGT-CALC-103-013.  The results of these calculations are shown in Figure 11 and Figure 11. In summary, the maximum temperature expected on the aluminum wall is about 125K for 20 µA and a raster of 2x2 mm2.
 Because the beam generates a local hot spot (and is cyclic), a formal thermal screening was also performed in TGT-CALC-103-002. This analysis shows that the thermal gradient is not large enough warrant a full fatigue analysis. Although not required by Code, a multistep finite element analysis (elastic-plastic) including both thermal and pressure loads was also performed. This analysis is given in TGT-CALC-103-012 and TGT-CALC-130-014. These calculations assumed a pressure load 2 times the room temperature load and full current. The models of the very conservative unphysical loading conditions both indicate a fully acceptable design with maximum equivalent stresses about ½ of the Code allowable for tension. See Figure 12 and Figure 13.
As a further study the effects of the beam at full current when the raster is off are important to understand. Should the effects of such a loading either melt the window or reduce the strength of the aluminum window, a tritium release could occur. An FSD on the raster does exist but, a few milliseconds are required to turn off the beam. A time step analysis of this condition (on the exit window) with full beam current and a beam width of 150 microns (square) is given in TGT-CALC-103-015. The results indicate a maximum temperature on the window of about 206K after 10s which seems to be the maximum (see Figure 14 and Figure 15). While the cell is not adversely affected by a short term raster off event, this condition shall not be allowed. 
Note that the material model for the Al 7075 is from the Material Properties Database and includes a multi-linear stress-strain curve and f-N curves at room temperature and -325F.
[image: ]
Figure 10: Thermal analysis of the cell with 20 µA and a 2x2 mm2 raster. Note that the maximum temperature developed on the entrance window is about 120K. 


[image: ]
[bookmark: _Ref429099673]Figure 11:  Thermal analysis of the cell with 20 µA and a 2x2 mm2 raster. Note that the maximum temperature developed on the entrance window is about 120K. The maximum temperature developed on the entire assembly is about 125K and occurs on the beam exit of the cell.

[image: ]
[bookmark: _Ref429103623]Figure 12:  Equivalent stress on cell entrance window for both pressure loading (400 psi) and thermal loading (beam at full current raster on).
[image: ]
[bookmark: _Ref429103632]Figure 13:  :  Equivalent stress on cell exit window for both pressure loading (400 psi) and thermal loading (beam at full current raster on).




[image: ]
[bookmark: _Ref429103873]Figure 14:  Transient thermal model of a raster off event after 10s. 
[image: ]
[bookmark: _Ref429103888]Figure 15:  Temperature of the cell exit window during a raster off event at full current. After 10s the temperature maximum is about 205K.
[bookmark: _Toc429448444]Filling and Shipping
Filling and shipping present different challenges.  During shipping and handling, the cell must be safeguarded from impact loading.  The filling process has a system relief set point of 1000 psi necessitating a cell design pressure of at least 1000 psi.  Calculations in compliance with ASME B31.3 (2014) are shown in TGT-CALC-103-002. These calculations indicate that a design pressure of 675 psi is acceptable and does meet Code. The design pressure of 1000 psi required for the filling process cannot be met by the cell alone. To meet these requirements shipping/filling covers have been designed. These covers act as stays on the thin sections of the cells and additionally provide protection from physical impact damage. A formal analysis of the cell and cover assembly is given in TGT-CALC-103-007. The elastic plastic model (see Ref  [8] Section VIII D2) shows that a design pressure of 1000 psi for the cell/cover assembly is acceptable. See 
[image: ]
Figure 16: Equivalent stress from elastic-plastic model of the cell with shipping covers installed. The applied load was 3000 psi. See TGT-CALC-103-007.
Hydrostatic testing has been performed on two test assemblies with filling covers installed (the valve port was used to fill pressurize with water). These assemblies were tested until failure by ATS. The seal on Assembly (1) was damaged during assembly by and developed a leak at a pressure slightly above 4000 psi. Assembly (2) failed above 5500 psi. See the figures below.
JLAB shall provide detailed analysis and testing data to SRS/SRNL in all formats required for the SRTE safety basis.
[image: ]
Figure 17:  Assembly 1 following a hydrostatic test. Circled areas indicate damaged sealing surface. Failure pressure (by leak) was 4075 psi.
[image: ]
Figure 18:  Assembly 2 following a hydrostatic test. The cell failed catastrophically at the knuckle region of the hemi head. Failure pressure was 5646 psi.
[bookmark: _Toc429448445]Prototype cells
Prototype cells have undergone hydrostatic proof testing to destruction (without shipping covers). The burst pressures for the entrance windows are above 2900 psi. The burst pressures for the main bodies are above 3400 psi. See figures below for details.[image: ]
Figure 19:  Hydrostatic proof test of entrance window. Window failed slightly above 2900 psi.
[image: ]
Figure 20:  Result of hydrostatic proof test on prototype cell main body. Burst pressure was in excess of 3400 psi.
[bookmark: _Toc429448446]Other Gas Cells
The operating room temperature pressure of the cells holding other gasses may be up to 500 psi. This still gives conservatism beyond even Code requirements. It also meets the cyclic screening requirements obviating a detailed fatigue analysis.
[bookmark: _Toc429448447]Tritium Permeation
Tritium permeation through the thin sections of the cell wall is expected.  Calculations estimating the amount of permeation through the cell walls are shown in Refs  [10] [5]. The permeation through the cell walls may be determined by  [11]

Where 
Heat of reaction
To perform the calculation (TGT-CALC-103-010) the following assumptions were made.
· The solubility of hydrogen (H) in aluminum (Al) alloy 7075 is 10-9.
· The heat of reaction is from Ref  [12] determined from data given therein.
· The diffusion coefficient D is extrapolated from data given in  [13]
· The cell at room temperature for the entire run (this is a conservative assumption)
· The permeation for tritium is times that of hydrogen (i.e. scaled by root of molar mass)
Permeation (or leaking) through the Conflat seals and valve stem is equivalent to that of helium.
Over the time period of one year, the estimated tritium loss is expected to be 0.55 Ci  [5,10]. Note that this model is very conservative in that no correction for the lower operating temperature and pressure is accounted for. 
[bookmark: _Ref429099176][bookmark: _Toc429448448]Tritium Embrittlement and Corrosion
It has been shown that the aluminum, at the design temperatures and pressures for the tritium cell is not subjected to corrosion and embrittlement (hydrogen or tritium/He-3)  [14] [15] [16]. However, it has been shown that electron beam impingement on aluminum in a hydrogen environment may induce corrosion  [14] [17].  The authors in Ref  [17] also indicate that the onset of beam induced corrosion is not observed below aluminum temperatures of 180K.  Indeed, this phenomenon has not been observed in any JLAB hydrogen target even gas cell tests performed above 30K. Thus, this is not considered to be an issue as long as the aluminum cell wall temperatures are below 150K when the beam is on.
Tritium embrittlement is also not expected at these pressures and temperatures in aluminum or aluminum alloys  [15].  The presence of the electron beam however increases the fugacity of the tritium in the cell and must be considered. The fugacity is increased by the dissociation of the tritium gas  induced by the electron beam. Without the presence of the electron beam, the tritium would dissociate on the wall of the cell as a function of pressure (and other things). Thus, atomic tritium can move from the wall through the lattice by “jumping” between interstitial sites. Increasing the population of atomic tritium can effectively increase the effective pressure (fugacity) of tritium in the cell thereby increasing the concentration of tritium in the lattice. Calculations (TGT-CALC-103-010 and Ref  [18]) have been performed indicating a concentration of tritium in the aluminum as shown in the table below.
	Conditions
	Concentration 

	Room temperature 200 psi in cell
	3.7E-9

	Cold with beam on (150K)
	1.5E-8



The room temperature pressure required to induce a similar concentration to that of the beam on condition is about 3000 psi. While studies of aluminum at this pressure indicate that is not an issue,  studies are underway between JLAB and SRS/SRNL to examine the short term effects of tritium on this aluminum alloy at elevated pressures and room temperatures  [19]. 
A further complication is the fact that the tritium in the aluminum will decay over time and trap He-3 atoms in the lattice. A report by Savanah River  [16] indicates that the swelling threshold for He-3 in the lattice of aluminum lithium alloy occurs at a concentration of 4.5E-3 He/Al (at elevated temperature). Assuming, for our conditions, 100% of the tritium in the aluminum converts to He-3 this still allows for a factor 1,000,000 before this threshold is reached.
[bookmark: _Toc429448449]Cell Assembly and Installation/Removal
This section describes the cell assembly procedure. Prior to assembly, the individual components which make up the cell shall be both visually and dimensionally inspected as well as cleaned. The welds on the valve stem assembly (JLAB drawing TGT-103-1000-0011) shall be examined and inspected as given on the drawing. After the cell is fully assembled, it shall be leak tested in both normal and reverse modes. Inspection and testing data shall be documented on the cell inspection form. JLAB Target Group Procedures TGT-PROC-15-002 and TGT-PROC-15-003 shall govern the cleaning and assembly of the cell. These procedures are outlined in the following sections.
[bookmark: _Toc429448450]Cleaning
The target cell shall be cleaned prior to shipment to SRTE for filling. The components that make up the cell assembly are machined from plate and contaminates from the machine process (e.g. cutting fluids etc.) are expected. These contaminates must be removed. The cell components shall be cleaned using the following procedure:
1. Precleaning: Inspect parts for defects and heavy layers of oil and other contaminates. Swagelok components with SC-06 specifications (i.e. oxygen service cleaned) still in original packaging shall be accepted as cleaned. Remove heavy layers of contaminates by wiping with cloth/rag.
2. Treat greased/oiled components with Ensolv or equivalent. Repeat this process until surface contaminates cannot be detected visually or by touch.
3. Clean all components thoroughly with detergent soap and water. Use bottle brushes, agitators, and abrasives as needed.
4. Rinse all parts thoroughly with DI water. 
5. Place all parts in a previously cleaned stainless steel container suitable for the parts cleaner. Add isopropyl alcohol (99.9%) to a suitable level.
6. Place SST container in the ultrasonic cleaner with a DI water bath. Clean parts for 1 hr.
7. Rinse parts in DI water.
8. Inspect all components thoroughly using VT techniques and JLAB procedure NDT-PQ-100. Use magnifiers and proper lighting.
9. Place parts in a dry previously cleaned stainless container.
10. Place container in oven at 60 C for one hour.
11. Bag individual parts and seal. Store parts in desiccant storage boxes above shop cleanroom. 
[bookmark: _Toc429448451]Inspection
The components that make up the cell shall be inspected to ensure that thicknesses, materials, surface defects, etc. are within tolerance and specification. These requirements can be found on JLAB drawing TGT-103-1000-0013 and referenced drawings therein. A complete visual inspection of the components shall be performed. Thicknesses of the thin sections of the components shall be made using the MagnaMike system (after it has been calibrated for use). Observations shall be detailed on the inspection form for each cell. The completed form shall be filed in the pressure system folder.
[bookmark: _Toc429448452]Assembly
The cell shall be assembled by experienced JLAB Target Group personnel only. Cleaning and inspection shall be performed prior to assembly. The cell assembly procedure is given below.
· Ensure cleaning and inspections have been performed
· Ensure welding examinations and inspections have been performed.
· Install entrance window onto main body.
· Ensure CF seal is metal to metal. Use A286 12 pt 1” screws and torque all to 140 in-lbf
· Install end cap covers and torque to ¼-28 by 1.5” 12 pt A286 screws to 70 in-lbf
· Install side covers and torque A286 #8-32 x .75 screws to 50 in-lbf
· Install entrance window support with #4-40 A286 x 0.5” screws and torque to 10 in-lbf
· Install the valve support bracket with SST 18-8 #10-32 screws (torque to 50 in-lbf)
· Install the valve stem assembly using A286 8-32 x 0.625” HSHCS torque to 50 in-lbf.
· Examine all mechanical joints visually.
· Record all torque and assembly data on the cell inspection report.
[bookmark: _Toc429448453]Testing
The cell assembly shall undergo two leak/pressure tests.
· Leak test with helium leak detector on test vacuum volume with cell assembly inside at pressure. This is known as a reverse mode helium leak test.
· Leak test with cell assembly under pressure as in the above conditions with the valve closed and the VCR cap left off. This test if for determining the valve leak through.
All assembled cells shall be pressure/leak tested with helium in reverse mode using the target group test PIG (the PIG is a test vessel under vacuum with the cell assembly inside). He leaks shall not be observed above 10-9 atm cc/s. A test pressure of 650 psi shall be held for 30 minutes. Testing shall be witnessed by the responsible engineer and performed by a trained technician. Upon completion of this test the cell shall be valved closed, isolating it from the pressure source. The VCR cap shall be left off and the cell assembly retested in the PIG as before. The results of both tests shall be formally recorded on the pressure test form JLAB Form PS-7.
[bookmark: _Toc429448454]Cell Purification
The cell shall be cleaned of residual gasses by vacuum pumping using a small turbo pump station and a cold trap. The cell shall be warmed to 100 C using a hot plate. The cell shall be pumped for 48 hours and then back filled with N2 gas.
[bookmark: _Ref429241132][bookmark: _Toc429448455]Installation and Removal
The tritium cell shall be shipped from SRTE enclosed in an intermediate vessel which is in turn enclosed in a Type A shipping container. Upon receipt of this assembly, it shall be stored in Hall A until it is ready to be installed. Installation of the cell in the scattering chamber shall be the last step prior to closing the chamber for the experimental runs. The following is an outline of the procedural steps required to install the cell:
· Assemble and attach the large access platform to the beam left of the scattering chamber.
· Attach the hut adapter to the chamber.
· Ensure that the motion system set for “tritium in” position and deenergize system.
· Assemble the handling hut and attach to the adapter.
· Connect the scattering chamber large access port located above the beam left thin window to the tritium exhaust system.
· Activate the tritium exhaust system into the flow such that the air velocity at the face of the hut adapter is at least 140 fpm.
· Ensure that Hall A is placed in controlled access.
· At this point only essential personnel shall be allowed in the hall.
· Move the tritium cell and it shipping containers to the inside of the handling hut. 
· Remove the intermediate vessel from the Type A shipping container.
· Remove the Type A shipping container from the handling hut.
· Sample the space inside the intermediate vessel to ensure tritium has not been released from the primary containment, the tritium cell.
· If the sample tritium level is acceptable continue. Otherwise, return the intermediate vessel Type A shipping container and return to SRTE.
· Install the tritium cell in the scattering chamber by following the next steps.
· Remove the valve in covers and screws from the beam left main body shipping cover.
· Remove the entrance window plug.
· Install the small cell mounted collimator.
· Install alignment pins in the cell.
· Attach a cell to the copper heat sink in the appropriate location and secure with bolts tightened to 140 in-lbf.
· Remove the beam left shipping cover and the cover on the exit of the main body.
· Once a cell is installed inside the scattering chamber the hut and adapter may be removed from the side of the chamber.
· The ventilation system shall be kept on until the window cover rollup system is attached.
· Initiate the vacuum system ensure that pump down progressing appropriately.
· The Hall may now be taken into restricted access.
The installation and removal procedures shall be fully developed in the form of an Operational Safety Procedure (OSP). 

[bookmark: _Ref429145096][bookmark: _Toc429448456]Vacuum System
The vacuum system shall provide secondary containment during normal operations and safely handle a full tritium release should the primary containment fail. The scattering chamber, which is the main volume of the system shall also be part of the containment system during installation and removal of the cell from the target ladder (see Section 13). The system consists of the following major components:
· Scattering chamber
· Main volume of the system (excluding the dump line)
· Main pumping system
· Two large turbo pumps backed by a mechanical oil sealed pump.
· Pump exhaust is routed to exhaust system
· Getter system
· NEG pump with controller and isolation valves
· NEG pump is backed by a turbo and mechanical pump which are connected to the exhaust system
· Gauges and switches which are connected to the main control system and provide FSD signals
· Gauges also activate the NEG pump system.
· Beamline isolation window
· Beryllium window (0.008 in thick) isolates the scattering chamber vacuum from the upstream beamline vacuum space.
· A small water self-contained water cooling system is used to remove heat from the Be window.
· Dump line
· The scattering chamber can be isolated from the dump line via a slow acting gate valve.
· Full time isolation is deemed unnecessary due to existing contamination of this line.
· The dump line shall be isolated from the chamber during installation, maintenance, and removal operations.
· Because the dump line is not fully isolated from the scattering chamber, the pumping system for the dump line shall also be routed to the tritium exhaust system.
A schematic representation of the vacuum system is shown in Figure 21. The check valve CK-1 prevents overpressure of the scattering chamber. This valve is also vented to the tritium exhaust system.


[bookmark: _Ref429076176]Figure 21:  Vacuum system schematic
[bookmark: _Toc429448457]Design
The main component of the vacuum system is the scattering chamber which has a volume of about 1900 liters. The standard Hall A scattering chamber (sometimes known as the Big Bite Chamber) is compatible and shall be used. The chamber construction is considered to be acceptable for the pressure and mechanical loads because the Qweak and Hall A Cryogenic target systems are similar in geometry and weight. The chamber shall have two thin sections (windows) on either side of the beam (right and left). These windows have a thickness of 0.014 inch and have been shown to provide an acceptable level of safety for cryogenic hydrogen target systems  [20]. The chamber is shown below in Figure 22.



[bookmark: _Ref429082494]Figure 22:  Scattering chamber assembly
[bookmark: _Ref429274159][bookmark: _Toc429448458]Getter System
A getter system (SAES Capacitorr D400-2) with a capacity of 900 Torr-liters of H2 shall be attached to the scattering chamber. The Non-Evaporable Getter (NEG) has a dedicated pumping system (turbo and roughing pumps) that shall be continuously maintaining the getter during normal operations. These pumps shall also be connected to the tritium exhaust system as described in Section 12. The system is shown in Figure 23.
Normal operating conditions are given below:
· Pump valve is open
· Chamber valve is closed
· Pumping system is on 
· Getter heater is on
· Ion Gauge is on
Should a vacuum fault be detected on the cold cathode or convectron gauges, the getter system shall activate by switching to the following state:
· Pump valve is closed
· Chamber valve is opened
· Getter heater is off
· Ion gauge is off
· Pump system shall remain on
The system shall be monitored by the main target control system as described in Section 9.
The installation and use of the getter system is considered to be good practice. It shall not be relied on to capture tritium during a release event (see  [21,22]).
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[bookmark: _Ref428965092][bookmark: _Ref428965078]Figure 23: Getter system design. Note roughing pump not shown for clarity. (Tom O’Connor ANL).
[bookmark: _Ref429272852][bookmark: _Toc429448459]Collimator and Isolation Window
An isolation window is required to separate the upstream beamline and scattering chamber vacuum spaces. The window shall be made from beryllium (99.8%) by Materion Brush Inc. with the following properties.
· IF-1 Brand Be foil EB welded to 2.75” CF flange
· 1.4” disk mounted in 1” aperture
· He leak tight to 10^-9 atm-cc/sec
· Max design temperature 300C
· CF flange is aluminum 2219-T651 (temper prior to welding)
The window shall protrude into the scattering chamber on a reentrant tube which also contains a collimator. The beam will deposit an estimated 3W of heat which shall be removed by water recirculated through copper cooling coils by a NesLab chiller. The coils shall be directly attached to the re-entrant tube. The window shall be positioned roughly 15cm upstream from the entrance window face (thin section). This window is fully capable of supporting a full vacuum load in either direction and will effectively isolate the chamber and upstream beamline vacuum spaces.
The collimator shall be fabricated from HD17, a tungsten copper nickel alloy. It shall slip fit into the tube and have an OD of 1.365 inch an ID of 0.4 inch and a length of 4 inch. This should be more than sufficient to trip the Hall A ion chambers should the beam be steered incorrectly.
The isolation window and collimator assembly is shown in Figure 24.


[bookmark: _Ref429081967]Figure 24:  Be isolation window and collimator assembly
A thermal model of the Be window in the beam with 30 µA and 2x2 mm2 raster has been given in TGT-CALC-103-009. The maximum expected temperature on the thin window is 32C when the chiller supplies cooling water at 10C. The results are shown in Figure 25.
[image: ]
[bookmark: _Ref429095360]Figure 25:  Thermal model of the Be window with 30 µA and a 2x2 mm2 raster.


[bookmark: _Toc429448460]Alarms
There are several alarms on the vacuum subsystem (see Figure 21). These alarms and their function are listed in the table below. More detailed descriptions can be found in Section 9.

	ALARM
	FUNCTION

	PI-1 Cold Cathode Gauge on chamber vacuum
	When high issues FSD and activates the getter system
And closes main gate valves

	PAH-1:  Pressure switch on chamber vacuum 
	When high issues FSD and closes main gate valves.
Tips audible alarms in Hall and Counting House.

	FS-1:  Flow switch on water cooling circuit for Be window.
	When low issues FSD


Table 2: Vacuum system alarms and functions.



[bookmark: _Ref428965303][bookmark: _Toc429448461]Control System
[bookmark: _Toc429448462]Epics Controls for the JLAB Tritium Target
The hardware and software for controlling the tritium target is based on the scheme that has been successfully used for the Hall A and C cryogenic targets for more than fifteen years.  Specifically, a dedicated target operator in the Hall A counting house will monitor and control the target using a VME-hosted EPICS application.  For the tritium target, EPICS serves the following purposes:
· Monitor various temperature and vacuum levels associated with the target system;
· Maintain a constant target temperature using an automatic, feedback-driven heater;
· Monitor and control the flow of cryogenic helium coolant to the target;
· Control both the vertical and horizontal motion of the target cells;
· Provide a set of alarms to alert users to off-normal target conditions;
· Provide a set of strip charts to track the target performance;
· Archive target performance data;

We do not rely upon the EPICS software to ensure the target system’s safety or integrity.  Instead, hardware and electronic interlocks, described below, are used for these purposes.
The User Interface (UI) is EDM based and offers nearly full control of the target system to the user. Certain aspects of the control system are left to experts however and therefore, have limited access.
[bookmark: _Toc429448463]Overview of Target Operation
The Hall C Q-weak target system will be repurposed for the tritium experiments.  This system provides both the necessary vertical and horizontal motions required for the target, and allows easy interface with helium coolant from the End Station Refrigerator (ESR).  An abbreviated P&ID scheme for the target is shown below.
The stack of five gas cells (T2, H2, D2, 3He, Ar) will be cooled using 15 K helium gas from ESR flowing through an copper heat sink attached to the target cells.  Coolant flow through the heat sink will be controlled by Joule-Thompson valve CV-2.  To prevent condensing the gas within these cells, the coolant will be warmed to approximately 40 K by heater H-001 and measured by temperature TS-5.  An automatic feedback (PID) loop between the heater and TS-5 will maintain a consistent coolant temperature +/- 0.1 K.  Thermometer TS-6 on the heat sink will verify its temperature.
For reliable operation of ESR, the helium coolant from the target should be returned to ESR at a temperature not greater than about 25 K.  Therefore, a portion of the flow from ESR will bypass the heater through CV-3 and mix with the 40K flow from the target heat exchanger. A second PID loop, using temperature sensor TS-2, will control the position of CV-3 and ensure the combined coolant is returned to ESR at a sufficiently low temperature.
[image: ]

[bookmark: _Toc429448464]Control Hardware and Interlocks
The EPICs application will be hosted on iocha13, the standard VME-based IOC used for the Hall A cryogenic target.  The IOC resides in a VME crate located in the labyrinth outside the experimental hall, while a separate VME crate in the hall contains various IO cards for monitoring and controlling the target.  Repeater cards and an interconnecting cable connect the two crates.  This arrangement has successfully eliminated the radiation-induced failures of the IOC that plagued the early operation of the Hall A cryogenic target.
All system temperatures will be read by a pair of 8-channel, Lake Shore temperature monitors, model LS-218E.  These have been in common use at JLAB for several years.  Communication with the monitors is handled by RS-232 serial connections, and each monitor has a set of user-programmable alarm set points and relays, which will be connected to the FSD system. Redundant temperature sensors and monitors are used to enhance system integrity.  That is, there are actually two thermometers, A and B, installed in each temperature sensor location displayed in the P&I diagram.  The first thermometer of each pair is read by one LS-218 monitor, and the second is read by the other LS-218.  Each monitor will be programmed with identical alarm/relay set points on sensors TS-5 and TS-6, which will trigger a FSD (see Table 1).
The scattering chamber vacuum will be monitored by a cold cathode vacuum gauge, PI-2, and a residual gas analyzer, RGA-1.  The former is a standard cryogenic target device and is read into EPICS using a 16-bit ADC. In case of bad vacuum, the gauge controller for PI-2 will trigger a FSD.  It will also close turbo gate valves CV-5 and CV-6, and open the gate valve CV-7 to getter bed P-006.  While the RGA is not part of the standard cryogenic target instrumentation, the Target Group has successfully used RGAs to monitor the frozen spin polarized target in Hall B.  In that case, a RS-232 connection was made to EPICS, and will be implemented here as well.  We do not foresee any interlocks associated with this device.

The heater power supply will be controlled and monitored by DAC and ADCs, in a manner identical to the Hall A, Hall C, and Qweak cryogenic targets.  A separate power supply will be installed in the Hall A counting house, and can be used to manually control the system temperature in the event of network failure.
The Joule-Thompson (JT) valves and the Warm Return valve to ESR will be actuated and monitored via controllers constructed at JLAB and utilized with cryogenic and polarized targets for many years.  The valves can be controlled manually, either from the experimental hall or the counting house, or via EPICS.  There are no safety interlocks associated with these valves.
The horizontal and vertical motion is achieved by stepper motors controlled by IDC 6961S controllers. The positioning system is controlled though RS-232 serial communication. The accuracy of the system is better than 0.1 mm in each direction and is repeatable to better than 0.05 mm. In practice, the operator of selects individual targets in the UI. Initiating motion issues a FSD and the target moves to a selected location. The FSD is only cleared if the target position read back matches a value in a database accessible only by system experts. The motion system must be calibrated after a cryo-cycle using the beam and the alignment target. This calibration shall be performed only by experts.
We intend to follow the same precautions for moving the tritium target as the Hall A and C cryogenic targets.  The vertical position of the target is determined, with a resolution of about ten microns, by a rotary encoders mounted on the motor shaft and read into EPICS via RS-232.  With the aid of the JLAB Survey and Alignment Group, a unique encoder value for each target cell is determined before the experiment begins.   These values are stored in the EPICS database and are used by MCC to ensure that the target is properly located before beam is sent to the hall.   Horizontal motion is performed using a stepper motor and is likewise monitored by a rotary encoder. Both motor controllers trigger a FSD when motion is first enabled.  Therefore, all target movements must first be announced to MCC, where the FSD can be masked.  
The vacuum chamber is isolated from the beam line using a water-cooled, 0.2 mm thick beryllium window.  Water flow switch FS-1 will be installed in the return line from the window and will trigger a FSD if the supply is interrupted.  
A summary of the various interlocks and their actions is given in Table 3 below.


	Sensor
	Device
	Action

	Coolant temperature, TS-4A
	Temperature monitor LS-218 #1
	FSD on high alarm

	Coolant temperature, TS-4B
	Temperature monitor LS-218 #2
	FSD on high alarm

	Heat sink temperature, TS-6A
	Temperature monitor LS-218 #1
	FSD on high alarm

	Heat sink temperature, TS-6B
	Temperature monitor LS-218 #2
	FSD on high alarm

	Scattering chamber vacuum, PI-2
	Cold cathode gauge controller
	FSD on high alarm
Close CV-5, CV-6 on high alarm
Open CV-7 on high alarm

	Beryllium window cooling water, FS-1
	Water flow switch
	FSD on low alarm

	Tritium detector, 
T2-ALM-1
	Tritium detector (?)
	FSD on high alarm



[bookmark: _Ref429075529]Table 3:  Alarms and actions initiated by alarms in control system only
[bookmark: _Toc429448465]Machine Fast Shutdown Interlocks
Several multiply redundant interlocks are used to protect the target cells in beryllium isolation window. A schematic of the FSD interlock system is shown in the figure below. Note that these interlocks are all hardware interlocks and do not require software or network to be in operation. In the event of a power failure these interlocks will all fill true and activate the FSD system.


Figure 26:  Schematic of the FSD system for the Tritium Target.
[bookmark: _Toc429448466]Shipping
The tritium target cell shall be filled at Savannah River Site (SRTE) must be shipped to Jefferson Lab. The cell shall contain less than 1100 Ci of tritium which may be shipped in a Type A container. The cell shall be shipped inside a secondary container. This container shall be constructed of thick wall stainless steel and be sealed with a 12 inch Conflat flange. This flange shall have sampling ports for detecting leaks from the primary containment vessel (the tritium cell) which may develop as a result of shipping. The secondary container must further be contained in any Type A shipping container which is DOT certified for pressure. This system ensures at least 3 layers of containment during shipping. Upon arrival at Jefferson Lab, the shipping containers shall be only opened in the handling hut immediately prior to installation of the cell. Immediately after opening the outer type a container a tritium detector shall be connected to the sampling port of the intermediate container.
At this time, the requirements for the Type A container which must also meet DOT requirements for compressed gases, have not been fully identified.
[bookmark: _Toc429448467]Target Cell Activation
The electron beam will activate the aluminum and alloying elements in the AL 7075 cell.  This activation was calculated using a FLUKA model and summarized in a report  [23].  The expected dose at 30 cm for various decay times is shown in the table below.

	Time after beam operations
	Dose mrem/h

	0 hr 
	3

	1 month
	0.3

	1 year
	0.1


Table 4:  Expected dose rates at 30 cm from T2 cell after experimental runs.
The main contribution to the expected dose rate is from the following isotopes:  22Na, 65Zn, 51Cr, 7Be, 57Co, 58Co.  [image: ]
Figure 27 :  Expected total dose at 30 cm over time. Plot is from Ref (1).
The figure above indicates that a hold period of 1 month prior to return of the cell to SRS for tritium recovery would be prudent. 
[bookmark: _Ref428964687][bookmark: _Toc429448468] Exhaust System
The exhaust system serves multiple functions. However, the primary function is to remove tritium from Hall A in a controlled manner should the primary containment system fail. The system must function for several different release cases. It must also remove the vacuum system pump exhaust. To minimize the effects of a possible release (see Section 16) the system shall exhaust the contaminated air to a stack. The stack shall have a height 20m above grade at the site boundary. The exhaust system shall serve the following specific functions:
· Exhaust vacuum pumps
· Exhaust long term tritium from permeation and leakage through seals (<0.5 Ci over run)
· Remove an acute release should the cell fail.
· Prevent uncontrolled release in the following cases
· Remove high volume of air from Hall should both primary and secondary containment fail.
· Supply continuous air removal for handling hut system during installation and removal of the cell. See Section 13.
· Must function as a part of the smoke removal capacity for the Hall in case of fire (required capacity 12000 cfm at 3.5 inH2O)
In order for the exhaust system to function properly, at least one of the truck ramp doors must be closed. Additionally all personnel doors must be in a normally closed state (i.e. not mechanically propped open). Normal personnel access through these doors shall be permitted. A schematic of the exhaust system is shown below. Additional features are shown in JLAB drawing TGT-103-1001-0000 (system P&ID).
[bookmark: _Toc429448469]Stack and Blower
The blower shall replace the South East 12000 cfm smoke removal blower located on the Hall A dome. A preliminary design is shown in JLAB drawings A11112-14-01-0100, 0300, 0800 (preliminary). The preliminary design specifies a Penn-Dynamo D30  [24] centrifugal blower with a 15 hp motor. A calculation specifying the air flow requirements and pressure drop is given in TGT-CALC-103-001.  The blower control shall be variable (or two speed) to service the handling hut as well.
The stack must extend roughly 40 ft above the local grade and shall be fabricated from NPS 24 Sch 40 SST 340 pipe. The completed design shall meet the requirements of JLAB FML, Welding and Brazing Program, and ASME STS-1 (2011). The loading factors shall be as given in ASCE-7.
The expected pressure drop for warm moist air at 12000 cfm is 1.74 in H2O, which is the dominant source of pressure drop in the system. With the selected blower however, it is expected that this drop will not have an adverse effect. The design of the system has not yet been finalized and ongoing consulting with SMEs at SRTE shall ensure that the system meets the requirements of the engineering design.
[bookmark: _Toc429448470]Vacuum Exhaust
The vacuum exhaust shall be affected through the normal hydrogen target vent system with the exception of the termination point. The current hydrogen exhaust is a NPS 2 Sch 10 SST pipe that terminates at the rear of the Counting House near the Hall A hydrogen storage tanks. The tritium vacuum exhaust will continue this line to the top of the Hall A dome. The vacuum exhaust line shall be strapped to the 24” stack and terminate at the same elevation. This line shall be purged by dry nitrogen at a rate of 1-2 cfm. This is similar to the hydrogen targets which use helium a purge gas.


Figure 28:  Exhaust system Schematic. For more details see the system P&ID drawing sTGT-103-1001-0000.

[image: ]
Figure 29:  Preliminary design of stack/blower system. The 24” stack is fabricated from NPS 24 Sch 40 SST 340 pipe. Note that the stack is supported by guy wires.
[bookmark: _Toc429448471]Makeup Air
While the estimated air flow of 525 cfm  [25] required for the handling hut during installation/removal should not present issues to the Hall A makeup air system, the 12000 cfm requirement for tritium exhausting to the atmosphere through the stack is. Such a large air flow (and capacity of the blower) may (provided that there is not sufficient opening for makeup air) could damage the truck ramp door. To ensure that this is not an issue, a louver system on the personnel access door at the bottom of the truck ramp shall be installed. The makeup air can then be supplied through the smoke removal line for the ramp. This would require that the opening at the top of the smoke removal system is not sealed. A calculation TGT-CALC-103-001 shows that the pressure on the overhead door would be acceptable once the louver system is installed. This system shall be part of the personnel door and have dimensions of 2ft x 4 ft. The louver system must be tuned to remain closed until the high speed blower is activated.
[bookmark: _Ref428965676][bookmark: _Toc429448472] Handling Hut
While the cell is being installed or removed the secondary containment shall be a temporary isolation room fixed to the scattering chamber. This isolation room shall be called the cell handling hut. This hut is being designed and fabricated at SRTE. Access to the hut is provided by a double barrier entrance lock at the rear. The hut shall be directly attached to the scattering chamber via a purpose built adapter with an opening of 15 x 36 inches. The scattering chamber shall be connected to the exhaust system through dedicated ducting. Thus, air shall be pulled through the hut into the chamber and out through the ducting to the stack. An accidental tritium release would then be fully captured inside the hut and chamber and stacked by the exhaust system.
Note:  The hut shall provide secondary containment during installation and removal of the cell.
Air flow rates and pressure drops are discussed in TGT-CALC-103-001. The air flow velocity required to “contain” a tritium release is assumed to be 140 fpm.
[bookmark: _Toc429448473]Hut Design
The hut is a temporary structure that shall only be in place during install and removal of the tritium cell. The hut shall be constructed of a clear plastic with access from the rear. The hut shall be “hung” from a frame in a manner similar to other structures designed and fabricated by SRTE. The hut shall be directly attached to the adapter at the front and all seams/joints sealed with tape. 
A dedicated platform shall be attached to the pivot deck when the hut is in use. It shall be removed during running conditions. The platform shall have appropriate hand rails and stair access at the rear (side furthest from pivot). The Hall A engineering and technical staffs shall ensure that the structure meets all applicable JLAB design and fabrication requirements.
[bookmark: _Ref429323085][bookmark: _Toc429448474]Installation and Removal
The hut shall be initially installed by personnel from SRTE instructing those from JLAB. Air flow shall be set and measured at the openings to ensure that the minimum 140 fpm exists at all openings. After the initial test installation, the hut shall be removed and stored in Hall A until needed. The hut shall be stored in a low radiation environment (e.g. upstream of scattering chamber in Hall A) at all times that beam is possible.
[bookmark: _Ref429255201][bookmark: _Toc429448475] Tritium Detection and Monitoring
A tritium monitoring system shall be developed that includes both fixed and portable monitors. Detection of tritium in Hall A while beam is being delivered, presents a number of challenges. It is difficult to distinguish decays from tritium from the normal background present when the beam is on. There are also no readily available local monitors capable of surviving in the high radiation field present when the beam is on. There shall therefore be two types of devices used for the purpose of tritium detection. 
· Local monitors/detectors that are handheld 
· Tyne TAM model 7043
· Remote monitor which samples air pumped from the 1) Hall and 2) stack through a tube to a secure location.
· Thermo Scientific AMS-4 Beta Air Monitor
The remote monitor must also interface with the FSD and exhaust systems. A schematic of the alarm logic is given in .


Figure 30:  T2 Detector and alarm logic
[bookmark: _Toc429448476] Cell Handling
[bookmark: _Toc429448477]Filling/Recovery
Both filling and recovery operations shall take place at SRTE.  After the recovery operation is complete the metal cell shall be considered waste. Detailed procedures shall be developed for this operation by SRTE. JLAB shall participate as required in this process.
[bookmark: _Toc429448478]Shipping
The cell will be filled with a maximum of 1090 Ci of tritium.  Thus a Type A container may be used for shipping. JLAB is currently working with SRTE shipping and packaging experts to develop a formal shipping method and procedure. We are also working with DOE/DOT. The current plan requires three vessels.
· Tritium cell:  This shall provide the primary containment for tritium while shipping.
· Intermediate Vessel:  This vessel shall provide secondary containment and insulate the cell from mechanical damage that might result from shipping. A custom foam insert shall be inserted to provide this protection. The top flange of this vessel shall also have sampling ports and a protective cover for the valves on the sampling ports.
· Shipping container: This vessel must be approved by the DOT and be suitable for a Type A shipping container. This vessel shall serve as the third level of containment. A portable pressure vessel will meet this requirement although this is excessive.
[bookmark: _Ref429055587][bookmark: _Toc429448479]Secondary Containment Vessel
The cell shall be suspended from the 12 inch Conflat by mechanical fasteners. The interior of the vessel shall be padded with custom made foam. In this fashion, the cell shall also be heat sunk to the outer Conflat flange. Locking ball valves attached to the 12 inch flange will allow sampling of the atmosphere inside the secondary containment. This will allow a safe assessment of the primary containment, the tritium cell. The sampling ports shall also be capped by Swagelok VCR fittings with anti-tamper devices. The details of the sampling procedure and of the sampling detector are still under development. Should the cell fail inside the vessel the expected pressure rise would be negligible.
[bookmark: _Toc429448480]Outer Shipping Vessel
The outer shipping vessel shall be a Type A container. Currently, a DOT pressure vessel has been selected to fulfill this task. This would obviate further approval for shipping a container of pressurized gas.
[bookmark: _Toc429448481]Installation and Removal
Handling of the cell outside of the shipping container by JLAB personnel shall be limited to installation and removal only.  These activities shall be performed by fully trained personnel with Hall A in controlled access while all non-essential personnel are prohibited entrance.  The shipping container shall be placed inside a dedicated tritium handling hut with forced air ventilation to the tritium stack.  The cell may only be transferred from or to the shipping container to or from the scattering chamber while the hut is in position and the ventilation (exhaust system) is on (see Section 12).  Installation shall be the last task prior to closing the scattering chamber.  Removal shall be the first task after opening the scattering chamber.  Detailed procedures shall be reviewed and followed. See Section 7.6 for a procedural outline.
[bookmark: _Ref429142712][bookmark: _Toc429448482] Release of Tritium
There are two possible paths for a release in the tritium target system. It is expected that a small amount of tritium (about 0.5 Ci) will permeate/leak through the thin sections of the cell and the seals on fittings and valve. The second path is from a failure of the primary containment vessel, namely a component(s) on the cell (most likely a thin section). Many steps have been taken to mitigate the risk of full cell failure, however, this path must still be considered as a possibility.
A release of tritium can occur at various phases of operation:
· Case 1:  Shipping
· Case 2:  Installation/removal
· Case 3:Operation
· A)  Beam permit
· B)  Controlled Access
· C)  Restricted Access
· Case 4:  Filling/recovery at SRS
· Case 5:  Packaging and handling at SRS
Each of these cases must be considered separately. The last two cases are considered beyond the scope of this document and shall be considered in the SRTE Safety Basis.
A release of tritium could not only affect JLAB personnel but, the public as well. Several models of release under worst case conditions and a release controlled via the exhaust system and stack have been performed  [21] [22] [26]. Expected dose calculations given in this document are from TGT-CALC-103-004 and TGT-CALC-103-011. The computer code HotSpot  [27] was used to analyze doses to those outside of Hall A.
[bookmark: _Toc429448483]Case 1
Given the triple layer of containment and robust nature of the secondary and tertiary containment vessels as well as standard shipping procedures for Type A containers, it is considered extremely unlikely that a release of tritium will occur. Such a release would most likely be caused by a catastrophic failure of the containment vessels from a severe impact load. This failure mode and its effects have been considered in the regulations and procedures regarding the Type A shipment and as such, this Case is given no further consideration at this time.
[bookmark: _Ref429254783][bookmark: _Toc429448484]Case 2
A release during the installation or removal of the cell would be contained in the handling hut and scattering chamber. A release at this phase could expose personnel to a large dose. The potential causes of such a failure are:
· Dropping cell during handling
· Puncture with tool
· Installation/removal error
To mitigate these causes, procedures have been outlines which ensure that the covers which will protect the thin sections from damage from impact loads remain in place as long as possible. To minimize the dose expected from such an incident the handling hut and exhaust system shall be installed and tested prior to installation. The exhaust system shall also be activated at low speed to ensure that adequate air flow is present (see Section 13). In this fashion, a release would be considered controlled and exhausted through the stack with minimal effect to personnel or the public (see Section 16.4). If a release is considered without the hut or exhaust system on, an exposed worker could reasonably (under very conservative assumptions) receive a maximum dose of 1.2 rem  [21].
If proper procedures are followed for installation and removal, the Hall will be in controlled access with the exhaust system on low power. Cell handling operations must take place in the handling hut. A release under these conditions would then be similar to that of Case 3 A) below.
[bookmark: _Toc429448485]Case 3
Each subcase shall be considered separately below.
[bookmark: _Toc429448486]Case 3 A)
It is assumed that only the primary containment (cell) fails in beam permit conditions. In this event, the cold cathode vacuum gauge (PI-1) will cause an FSD and activate the getter system. This gauge will trip if the vacuum in the chamber goes above the 10-4 Torr limit which can occur for other reasons (e.g. pump failure, seal loss, etc.). The remote RGA shall be used to determine if a possible T2 release has occurred. The stack monitor shall also be used for this purpose. Under these conditions, a full target release (assuming the getter system is 0% effective) would be exhausted out the stack. See Section 16.4 for details. After the getter has been given sufficient time to collect the tritium, the vacuum system will pumped on for several days to remove residual tritium. After a suitable time, the chamber may be opened for decontamination by wiping down with damp absorbent materials. 
[bookmark: _Ref429255548][bookmark: _Toc429448487]Case 3 B)
A cell failure under these conditions could occur if the cell spontaneously fails while the secondary containment (the scattering chamber) does not; or, more probably, when the chamber vacuum has been breached by a foreign object which also punctures the tritium cell. If procedural steps are properly followed the target shall be in the “HOME” position at all times when personnel are in the Hall (with the exception of installation and removal). This means that the cell would be very difficult to reach with any object such as a pipe. It is conceivable that a serious accident involving a crane or forklift could breach both volumes but, this is considered as extremely unlikely. In such a case, the exposures would be similar to the worst case described in Section 16.2. A release of this type is expected to trigger one or more of the tritium monitors. The events following a monitor trigger are given in Section 14. 
In all cases described above, the tritium would be collected by the exhaust system and vented to the atmosphere. Effects from this are given in Section 16.4.
[bookmark: _Toc429448488]Case 3 C)
A release while the Hall is in restricted access could generate a worst case exposure scenario for both JLAB personnel and the public should proper procedures not be followed for restricted access. If proper procedures are followed, then the release will have the same effects as those given in Section 16.3.2. Without these procedures, a release through the truck ramp exit is possible. This is the worst case release scenario and is discussed in Section 16.4 as well.
[bookmark: _Ref429252913][bookmark: _Toc429448489]Effects of Release to Environment Outside of Hall A
An analysis of two release scenarios was performed using HotSpot  [27]. HotSpot is a computer program design for:
· Near surface releases
· Simple weather models
· Short term releases (< 24hr)
· Short range dispersions (< 10 km)
The models are usually conservative in dose predictions. It was assumed that immediately after release, 10% of the tritium converts to HTO while 90% remains HT. This assumption is considered conservative due to measurements summarized in Ref [28] [28].
The models consider both a worst case near ground level release at the exit of the Hal A truck ramp and a controlled release through the exhaust system to the stack. Details of these models are given in TGT-CALC-103-011. A description of the exhaust system is given in Section 12. The results of these models are summarized in Table 5. They show that even in the worst case the dose considered acceptable to the public in the JLAB FSAD is not exceeded. Additionally the worst case dose to JLAB personnel would not exceed 1.2 rem. Models performed by others reach similar conclusions. Results for these calculations are shown in Figure 31 and Figure 32.
	Case
	Maximum expected dose (TED)
	Distance to max dose
	Dose at 300m
(TED)

	Truck ramp release
	1.2 rem
	0 m
	4.8 mrem

	Stack release
	0.96 mrem
	200 m
	0.76 mrem



[bookmark: _Ref429258186]Table 5:  Expected maximum dose from various release scenarios and dose at 300 m.
[bookmark: _Toc429448490]Assumptions Made in the Models
The following are assumptions made in the HotSpot models
· Release of 1100 Ci 10% is HTO
· Release height 2 m for truck ramp and 20 m for stack.
· 24 hr exposure time
· Exit velocity 0 m/s
· Wind speed at 10 m is 1 m/s
· 500 m inversion layer
· Receptor height 1.5 m
· Stability class F (city)
[image: ]
[bookmark: _Ref429260527][bookmark: _Ref429260519]Figure 31:  HotSpot results for truck ramp release scenario.
[image: ]
[bookmark: _Ref429260529]Figure 32: HotSpot results for stack release scenario.
[bookmark: _Toc429448491] Operational Performance
There is extensive experience at JLAB regarding recirculating cryogenic fluid targets (either gas or liquid). JLAB experience with non-recirculated fluid target is very limited and calibration data was were measured using low beam currents. Administratively, the JLAB limit for aluminum targets (that were not actively cooled by direct fluid contact) is 40 µA. For the tritium target system in general the current limit is 25 µA and for the tritium cell it is lower still at 20 µA. The expected beam heating of the gas in the cell is 2.8W. The linear power density is then 11 mW/mm.  We have seen in other fluid targets that local density (along the beam path) is a strong function of the raster size. A CFD model of the Tritium in the beam at 20 µA with a 2x2 mm2 raster is under development. Material properties relevant to the model have been difficult to obtain. As such these critical quantities (i.e. viscosity, heat capacity, coefficient of thermal conduction, etc.) were derived from a hydrogen real gas model and an ideal gas model. The model assumes that the outer shell is held at 40K with the exception of the beam entrance and exit which are held at 120K. Cooling is fully by convection and is assumed to be laminar. The results of this model as it currently exists are given below. The volume averaged density along the beam is 0.0024 g/cm3. This is about a 20% reduction in density at full current. 
[image: ]
Figure 33:  ANSYS CFD model of the tritium space in the beam at 20 µA with a 2x2 mm2 raster. A contour map of the modeled density is shown.
As part of the commissioning of this target, a current scan shall be performed to fully understand the effects of the beam on the target density.
[bookmark: _Toc429448492]Tritium Content
In previous discussions, the content of the cell has been assumed to be 100% T2. Tritium has  ½ life of 12.3 years and will decay into He-3. Thus, the pressure in the cell will gradually increase from the moment the fill completes via the decay process. The cell will thus, become immediately contaminated with He-3. This is well known and the data shall be corrected for this.
The initial purity of the tritium content is insured by a redundant mass spectrometer sampling system. The details of this system are not available. A report on the actual tritium purity will be given with the cell at the time of the fill. The purity is expected to be 99.8% pure T2 with contaminates of hydrogen, deuterium and He-3 making up the remainder 0.2%
The precise measurement of the quantity of tritium in the cell is also required. This can be derived from the real gas equation:

Where  is the compressibility of tritium at the fill pressure of 200 psia.
The uncertainties on the quantities above are:

This gives an uncertainty of 




[bookmark: _Ref427236487][bookmark: _Toc429448493] Bio-Assay Program
A bio-assay program is considered good practice. All tritium workers and personnel possibly exposed to tritium shall participate in the tritium bio assay program. A tritium worker shall be defined as any personnel involved in the installation or removal of the cell or assembly/disassembly of the scattering chamber rollup cover. JLAB RadCon Group shall develop and administer this program.
[bookmark: _Toc429448494] NEPA
An analysis performed by JLAB staff indicates that the potential impacts from the proposed tritium target should not be considered significant within the context of NEPA. The potential impacts associated with the proposed action have been analyzed previously and found not to be significant. The proposed project is determined to be covered under existing NEPA analyses and documentation.  Additional NEPA documentation is therefore not required  [29]. A formal analysis and letter are under development.
[bookmark: _Ref429274886][bookmark: _Toc429448495]Procedures 
Detailed procedure shall be developed for many involving the tritium target system. Procedures for lift plans, general hall work, cryogenic activities etc. are standard and need not be considered here. The following existing procedures shall be modified:
· FSD checkout procedure
· Modified to include FSDs from tritium target which are additional to the standard cryogenic target FSDs. This procedure shall be controlled by Accelerator protocols.
· Hall checklist
· A number of modifications shall be made in the procedure regarding the tritium target and preparation for beam. This procedure shall be filed with document control.
· The remote tritium monitor should be tested somehow prior to lock up. This shall be a RadCon procedure.
· Hut installation and removal
· This procedure is unique to the tritium target and has been outlined in Section 13.2. It shall be filed in Document Control.
· Tritium target installations and removal
· This procedure has been outlined in Section 7.6. It shall be filed in Document Control.
· Tritium cell inspection and assembly procedure.
· Procedure is complete and shall be filed in Document Control
· Component cleaning procedure
· This procedure is complete and shall be filed in Document Control.
· T2 Exhaust testing procedure
· This procedure is required to ensure that the exhaust system is functioning correctly in all modes. It shall be filed in Document Control.
· Access to Hall A
· Restricted access to Hall A shall be limited to personnel with specific tritium training. An outline of the procedure is given below.
· Controlled access to Hall shall be similar to the current Controlled Access protocols. A procedural outline is given below.
· These procedures shall be filed as part of the Experimental Physics Documents (e.g. COO, ESAD, RSAD, etc.).
· Target operating procedures shall be developed. These procedures will be similar to the existing cryogenic target procedures. This procedure shall be filed in Document Control. 
· T2 alarm checkout procedures
· JLAB RadCon shall be responsible for these procedures and how they are maintained.
[bookmark: _Toc429448496]Hall Access Procedures
Access to the Hall will have to be more strictly controlled while the tritium target is located in Hall A. The Hall itself shall be used as part of the three level containment system and its integrity shall be maintained at all times. This does not mean that all access will be through air locks etc. Regular personnel access through man doors shall be allowed as normal. These doors shall not be propped open. Access to the Hall is provided by the following portals:
· Truck ramp door system which consists of a door located at the bottom of the truck ramp and one at the top. These are large overhead doors that are electronically controlled. Activation of the lower door shall be allowed through the CANS system only. Should maintenance be required on this system, a procedure shall be developed and approved by RadCon and the Tritium Target DA. Opening this door shall activate the high speed exhaust system which shall remain on until this door is closed. Signage shall be posted near the controls for the door outlining the protocols for access.
· Personnel access door at bottom of the ramp. This door shall also be on the CANS system. Louvers shall be installed in this door to provide makeup air for the exhaust system. This door shall not be propped open. There shall be signage posted on this door indicating the training required and the protocols for access.
· Personnel access door from accelerator: Access through this door shall be allowed only in the event of an emergency. It shall remain locked by electronic system.
· Personnel access door from labyrinth: Access through the labyrinth shall be controlled via the CANS system at the first access door. Signage shall be posted on this door describing the protocols for access and the training required for entry. This door shall also be controlled by the MCC/SSO as required during a controlled access. This door and indeed none of the labyrinth doors shall be propped open.
[bookmark: _Toc429448497]Truck Ramp Protocols
The truck ramp presents the largest challenge to ensuring that the Hall maintains the third level of containment. The truck ramp door at the bottom of the ramp shall be activated by the CANS system only. The access list for this door shall be very limited. All personnel on this list shall be trained for this specific task. The procedure for truck ramp access shall only be allowed in Restricted Access Mode.
· At the start of this procedure all ramp doors shall be closed.
· For loads entering the Hall:
· The top ramp door shall be opened by personnel located on the inside of the ramp.
· The vehicle carrying this load shall enter the truck ramp.
· The upper door shall be closed and the load carried to the bottom of the ramp.
· The lower door shall be opened.
· This activates the high speed exhaust system which should provide sufficient noise to ensure a strong desire to reclose the lower door.
· If the lower door can be closed (i.e. the truck is not stuck half way) then it shall.
· The load shall be brought into the Hall and unloaded promptly and safely.
· Once the load is removed the truck shall exit the Hall Promptly and the lower door closed.
· The truck may proceed to the top of the ramp where the upper door is opened temporarily to allow its passage.
· For loads leaving the Hall the truck shall enter as above. Upon reaching the interior of the Hall it shall be loaded promptly and exit the Hall forthwith using the same procedure as above.
[bookmark: _Toc429448498]Controlled Access
Controlled access to the Hall while the tritium target is located in Hall A shall be similar to the standard controlled access. The following is an outline of additional steps which shall be addressed in the Controlled Access Procedure:
· Make entry as required with the additional training requirements for tritium.
· Ensure that ARM/RadCon has handheld TAM (tritium air monitor). The maintenance of these monitors is the purview of the RadCon group.
· All large truck ramp doors shall remain closed during this access
· Access is allowed to the Hall if an acceptable level of tritium is detected. Note that it is assumed that there will be some airborne tritium from normal beam operations present in the Hall. 
· If unacceptable levels of tritium are found then exit immediately and inform RadCon. Activate the exhaust system and await further instructions. All personnel on the access team shall be enrolled in the bio-assay program.
· The following activities are not allowed during a controlled access for these accesses:
· Forklift operations
· Lift operations within 20 ft of the pivot
· Crane operations
· Heavy work (other than diagnostic and tuning) within 20 ft of the pivot.
· Should the TAM alarm at any point during the access, all personnel shall promptly leave the Hall and activate the exhaust system. Notify RadCon for further requirements.
· Should power fail, all personnel shall promptly leave the Hall.
[bookmark: _Toc429448499]Restricted Access
Access shall be allowed under restricted access as normal with the following exceptions:
· The access to the Hall shall be controlled through the CANS system.
· Truck ramp protocols as described above shall be followed.
· To change to or from controlled access the scattering chamber window covers shall be installed.
· All work within 20 ft of the pivot shall be “covered” by a handheld TAM monitor.
· At least on TAM shall be available at the entrance of the Hall for access.
· This must remain located near the pivot. It shall be maintained by the RadCon group.
· Should power fail, all personnel shall promptly leave the Hall.
· Heavy work (crane operations, operations requiring hand tool work directly on the chamber, fork lift operations etc.) performed within 20 ft of the chamber shall be governed by an RWP.
[bookmark: _Toc429448500]Special Access for Installation and Removal of Cell
The installation and removal procedure for the tritium cell has been outlined in Section 7.6. The Hall shall be placed in a special access mode similar to controlled access for these procedures. This access mode shall include:
· All pre-installation tasks shall be performed including the placement of tools and materials in preparation for cell installation or removal. A special tritium target tool box shall be maintained for this specific purpose and no other, but the JLAB Target Group.
· The exhaust system shall be activated at low speed and the shipping container holding the cell shall be placed in the handling hut.
· The Hall shall be placed in controlled access. This includes a full sweep and key access.
· Entrance to the Hall shall only be allowed for personnel directly involved in the installation/removal process.
· This activities shall be 100% covered by RadCon operating under a specific RWP.
· Upon completion of the cell installation, the team closing the chamber may enter the hall to perform this specific task while being supported by RadCon and the Target Group.
· The JLAB DA shall be responsible for the cell installation removal.
· Once the chamber is sealed and vacuum is established the Hall may be returned to restricted access.
[bookmark: _Toc429448501]Hazard Analysis
The tritium target is an alteration of the existing Qweak Target. The alterations required for this system to function for the tritium target are associated with the motion system (low voltage stepper motors) and cryogenic piping. A number of additional hazards associated with tritium are assumed. A loss of 1100 Ci of tritium are not in fact expected to pose a serious risk to JLAB personnel, the public, or the environment under any reasonable failure scenario. However, it is assumed that any loss of tritium could expose JLAB personnel to doses above those allowed by lab policy and could impose significant decontamination costs and interrupt schedules.
A formal Failure Modes and Effects Analysis using MIL-SPEC-1629A as guidance is given in Ref  [30].
The following hazards have been identified as applicable to the tritium target:
· Pressure hazards
· Vacuum systems (scattering chamber)
· Cryogenic piping
· Tritium gas cell (200 psia)
· Other gas cells (500 psia)
· Cryogenic hazards
· Exposure to cold fluids
· ODH
· Radiological hazards
· Excessive dose
· Contamination
· Activation of materials
The Hall A Cryogenic Target controls (with minor alterations) and scattering chamber are also being used as part of the system. Note that the overpressure protection for the scattering chamber shall remain installed as shall be vented to the tritium exhaust system (on the pump line). A hazard analysis for each of these systems has been performed and is documented in the Hall A Standard Equipment ESAD and Ref  [20]. No further consideration for these systems is given here. An ODH assessment was performed for the cryogenic target and magnets in Hall A. No appreciable hazard was found below the crane level. The ESR supply system for the tritium target system is identical to that of the Hall A cryogenic target. Therefore, no further analysis is performed here.
The following hazards are considered to have been addressed
· Cryogenic hazards (equivalent to Hall A cryogenic target)
· Exposure to cold fluids
· ODH
· Vacuum hazards (Equivalent to Hall A cryogenic target)
· Electrical hazards (equivalent (or lower) than Hall A target
· Material handling hazards (equivalent to Hall A target
· Chemical hazards equivalent to Hall A target
· Activation of materials equivalent to Hall A target
JLAB ESH Manual Chapter 3210 Appendix T3 describes the method required for hazard analysis. This method may be clearly applied to individual tasks but is difficult to apply to a system. The standard ANSI/GEIA-STD-0010  [32] shall be used to determine the probability of a given incident.
	Likelihood
	JLAB Level
	Number assigned in FMEA
	Definition

	Probable
	H
	4
	Probability of occurrence per operational hour is greater than 1E-5

	Remote
	M
	3
	Probability of occurrence per operational hour is less than 1E-5, but greater than 1E-7

	Extremely Remote
	L
	2
	Probability of occurrence per operational hour is less than 1E-7 but greater than 1E-9

	Extremely Improbable
	EL
	1
	Probability of occurrence per operational hour is less than 1E-9


Table 6:  ANSI/GEIA-STD-0010 Standard likelihood of occurrence  [32].
[bookmark: _Toc429448502]Pressure hazards
The pressure hazards applicable to the tritium target are given below in Table 7.
	Hazard
	Unmitigated Risk Code
	Mitigation
	Mitigated Risk Code

	Cell failure
Flying debris
Loud Noise/pressure wave
	2
	-Designed to Code (675 psi design pressure)
-Procedures/training
-PPE
-Shipping covers on until final step of installation
-Low stored energy in pressure from small volume.
	1

	Cryogenic piping:
Explosion flying debris
Exposure to cold gas
ODH
Load noise/pressure wave
	4
	-Design/fabricated/examined/tested to Code.
-Proper/adequate relief is installed.
-Procedures/training
	1


[bookmark: _Ref429446114]Table 7: Pressure hazards with mitigations
[bookmark: _Toc429448503]Radiological Hazards
Tritium presents a number of atypical hazards to JLAB personnel. The unmitigated risk code associated with tritium shall be 4. This is a conservative assumption based on the potential for public exposure and elevated dose (above JLAB limits) for workers on site. Furthermore, the costs associated with decontamination may be significant if no mitigating steps are taken after a release. The table below addresses the radiological hazards associated with the target system.



	Hazard
	Unmitigated Risk Code
	Mitigation
	Mitigated Risk Code

	Uncontrolled release of 1100 Ci of T2:
1) Ground level release to environment
2) Worker exposure
3) public exposure
4) contamination of Surfaces in Hall A
Contamination of beam line
5) hi dose to installation team
	4
	- Design/construct the cell to Code with conservative FS
- FSD protections
- collimators
- Be isolation window
- fixed and portable T2 monitors
- Interlock system
- exhaust system with 20m stack
- Procedures/training
- simple installation
- 3 levels of containment
- Getter system
	2

	Uncontrolled leak of T2 from cell seals and thin sections:
1) Possible contamination of beamline
2) possible exposure of workers in Hall.
3) low level release of T2 to hall and contamination thereof.
	3
	- All above mitigations
- Seals are typically He leak tight even when cold.
- Pumps vented to exhaust system
	1












[bookmark: _Toc429448504] Response to Committee (June 3, 2010) Report
The committee formed on June 3 2010, issued a report from which 45 action items were derived. A response for each item Is given in the following sections.
[bookmark: _Toc429448505]Administrative Action Items
[bookmark: _Toc429448506]Task 1:
Appoint a lead person at JLAB, a design authority, who will emphasize the engineering aspects of the target system and who will be responsible for the design, fabrication, procurement, installation and operation of the system.
This has been completed. The JLAB Design Authority Is David Meekins.
[bookmark: _Toc429448507]Task 2:
Establish an engineering team.
This task has been completed the team members are
· Dave Meekins (Responsible Engineer)
· Hall A Engineering Group (R. Wines lead)
· R. Holt and T. O’Conner ANL
· JLAB Target Group (C. Keith lead)
· SRTE (J. Novajosky manager)
· SRNL (H. Lee Nigg lead)
[bookmark: _Toc429448508]Task 3:
Develop clear responsibilities for INL, JLAB, and collaboration; and determine who will sign off on safety checkout plans.
This requirement is no longer directly applicable. There are two current agreements (ICO) with SRS/SRNL to perform the cell filling and material testing  [19] [33]. These agreements clearly define tasks and budgets. SRS personnel shall be responsible for completing the required Safety Basis. JLAB personnel shall provide all necessary calculations and proof testing data to SRS. Additionally JLAB shall provide leak test, weld and material documentation, and inspection assembly reports to SRS with the active cell in preparation for filling.
[bookmark: _Ref429270833][bookmark: _Toc429448509]Task 4:
Administrative requirement that beam blow-up optics are used in experiment.
A thermal analysis of the cell when the raster is off in full beam current assumes a square beam profile of 0.150 mm width. This model is shown in Section 6.1.3 and shows that the cell is sufficiently designed to survive this condition for a limited time period. Concerns over beam induced hydrogen corrosion indicate that the cell operating temperature must be kept below 180K. The raster off condition does not meet this requirement thus, it is only allowed for very short periods of time prior to the FSD trip on raster.
[bookmark: _Ref429270199][bookmark: _Toc429448510]Task 5:
Administrative limit on beam trip rate when cell is in the beam.
A full fatigue screening analysis was performed in accordance with ASME BPVC VIII D2 Part 5. This analysis indicates that beam trips occurring at a rate of 15 per hour. A cell duty factor of 30% was assumed (there are 5 other targets). This calculation is given in TGT-CALC-103-002 and indicates that this trip rate does not warrant a formal fatigue analysis due to the low stress of the cycle.
A safety algorithm was developed by R. Holt that also addresses this issue  [34].
[bookmark: _Toc429448511]Task 6:
Make a provision that if the H or He target fails, a failure mode determination is made before the experiment continues with tritium gas.
A failure of any other cell will cause the vacuum monitor alarm to trip activating the getter system and many other controls. An RGA shall be installed to give some indication of the species of the gas after such a failure. Vacuum will have to recover prior to using this device. If it is determined that the one of the other cells failed for an undetermined reason the experiments shall be stopped and the tritium cell secured and shipped back to SRTE for recovery. If the failure mode is from an operational or procedural source then the situation can be assessed at the time of failure. A determination to continue the run shall be made by JLAB management.
[bookmark: _Toc429448512]Task 7:
Extensive review of final cell design and test results should be performed by JLAB, Argonne, and outside experts.
This process is ongoing. In addition to the institutions listed above SMEs at SRTE/SRNL shall also review the design.
[bookmark: _Toc429448513]Target Cell
[bookmark: _Toc429448514]Task 1:
Develop a modular target design.
The current design is modular and uses techniques and components similar in design to existing JLAB cryogenic hydrogen and helium targets.
[bookmark: _Toc429448515]Task 2:
Use a 1000 Ci source.
The current design specifies a fill of 1099 Ci of tritium. This is under the limit required for Type A shipments. Release and mechanical calculations indicate that this is a safe design. See TGT-CALC-103-002 and TGT-CALC-103-0011.
[bookmark: _Toc429448516]Task 3:
Determine maximum target window thickness based on physics requirements.
The operation of the polarized 3He gas target cell at JLAB provides a baseline for this study since this target has many similarities to the present tritium gas target design in terms of length and gas pressure.  It appears that we can use up to three times thicker windows than that of the polarized 3He target without seriously compromising the experiment.  From a Monte Carlo simulation, it appears that there would be less than a 20% loss in target thickness that would be necessary to cut out the target windows from the data.  Thus, the present tritium gas target design uses windows that are approximately a factor of three thicker than those of the polarized 3He target.
[bookmark: _Toc429448517]Task 4:
Target cell should comply with ASME Boiler and Pressure Vessel Code, Section VIII Div 2 2007
This is not truly possible at the cell cannot be meet all the requirements of this Code nor can it be stamped. Furthermore, this Code is not the most applicable ASME Code. Using JLAB policy for selecting the proper ASME Pressure Code results in the code selection of ASME B31.3 (2014). This shall be the Code of record. This Code may be followed in full with the exception of impact testing. The JLAB policy for fracture toughness testing shall be followed  [7]. Section 304.7.2 of B31.3 allows for the use of ASME BPVC VIII D2 FEA analysis. This shall be performed using the allowable stress in tension from B31.3.
[bookmark: _Toc429448518]Task 5:
Cell should be filled offsite and be designed to survive transport.
The cell has been developed to safely operate with the design pressure of 675 psi. This design pressure includes safety margins required by ASME B31.3. The actual maximum operating pressure for the tritium cell is 200 psi. Therefore an additional factor of safety exists above Code requirements. The cell shall also be fitted with custom (precision fitted to each cell) shipping/filling covers. These covers act as stays for the thin sections (which is allowed by Code). An analysis of the cell assembly with these covers (compliant with ASME B31.3 using FEA and elastic-plastic model TGT-CALC-103-007) shows that the design pressure of 1000 psi is acceptable. These covers also serve to protect the thin sections from impact loading. A proof test was performed on two assemblies using a hydrotest incompliance with ASME BPVC VIII D1 UG-101. The correctly assembled cell burst above 5500 psi. The incorrectly assembled cell did not fail but developed a leak on the damages sealing surface above 4000 psi. We conclude that this design is sufficient for protecting the cell while shipping/handling and while filling.
[bookmark: _Toc429448519]Task 6:
Cell should survive cyclic loading (beam trips).
See Section 22.1.5. The cell design is adequate for beam trips.
[bookmark: _Toc429448520]Task 7:
The tungsten collimator should be better supported.
The current design of the target system specifies two collimators: 1) a short collimator installed on the face of the cell (that moves with the cell) and 2) a long collimator upstream of the target located in the reentrant tube. This collimator is now fully supported by the tube.
[bookmark: _Toc429448521]Task 8:
Valves should have all metal wetted parts.
Selected valves are Swagelok all metal bellows sealed valve. Specification is also in accordance with SRTE requirements.
[bookmark: _Toc429448522]Task 9:
Cell must sustain a full vacuum load.
The cell is of sufficient design to with stand a full vacuum load.
[bookmark: _Toc429448523]Task 10:
Target system should be designed to be cooled with 90K N2.
The target system has been designed to use the ESR supplied 15K coolant which shall be heated to 40K. This will provide more than sufficient coolant to prevent the cell walls from reaching 180K which is the temperature of concern. See Section 22.1.4.
[bookmark: _Toc429448524]Task 11:
Verify that Al 2219 is a suitable material for tritium gas.
The current cell material is Al 7075. This aluminum alloy is shall be considered acceptable for tritium use. See Section .
[bookmark: _Toc429448525]Task 12:
Determine strength of welded Al 2219.
This is obviated by the current design.
[bookmark: _Toc429448526]Task 13:
Weld coupons should be tensile and bend tested
See above.
[bookmark: _Toc429448527]Task 14:
Al –ss transition piece should be purchased and elbows should be used
This is obviated by the current design.
[bookmark: _Toc429448528]Task 15:
An elastic plastic model of the cell (ASME D2 5.2.4) should be used.
Completed in the following calculations: TGT-CALC-103-002 -007 -012 and -014. These models indicate that the design is adequate for all conditions.
[bookmark: _Toc429448529]Task 16:
Proof tests on more than 3 endcaps and at least one complete cell should be performed.
Testing has been performed on multiple assemblies including assemblies with shipping covers installed. These tests all indicate a conservative design.
[bookmark: _Toc429448530]Task 17:
Heat cycling tests with a tritium loaded cell should be performed for a period of 6 months.
This action item creates challenges that are difficult to overcome and of results of questionable value. Note that to pressure test the exposed cell would require removing the tritium that it contains. Any embrittlement that would be present (many references indicate that there would be none See Section 6.3) would be reversed by the removal the gas. The exception to this reversible embrittlement is swelling (or blistering activated by He3 in the lattice). Studies at SRS indicate that we are many orders of magnitude below the concentration required for this process to initiate. Nonetheless, a study is underway at SRTE/SRNL to investigate the fatigue crack growth of Aluminum 7075 at pressures exceeding 3000 psi. This is 15 times higher than the room temperature design pressure.  Data from this study shall be collected every 4 months for one year  [33]. See Section 6.3 for more detail.
[bookmark: _Toc429448531]Task 18:
Consult Wayne Kanady at INL and Walter Shmayda at University of Rochester regarding tritium diffusion.
Several models for tritium diffusion were developed  [5,10]. The estimated diffusion for the cell at room temperature over 1 year is 0.5 Ci. This is conservative estimate because the cell will be cold and at much lower pressure much of this time.   R. Ricker at NIST and Brian Somerday at Sandia were consulted and this resulted in a report on the diffusion and permeability in the target cell.
[bookmark: _Toc429448532]Task 19:
If insufficient information exists on beam shock wave tests, perform such tests at JLAB.
Cyclic loading from beam trips was determined not to be an issue  [9,35,36].
[bookmark: _Toc429448533]Task 20
Cell must survive off-normal beam conditions for at least 3 times the amount of time that it takes for an interlock to turn the beam off.
The cell can survive more than 10 seconds with no raster. See Section 6.1.3.
[bookmark: _Toc429448534]
[bookmark: _Toc429448535]Task 1
Determine DOT and DOE regulations for shipping filled target cells to JLAB.
This process is ongoing at this time. JLAB is consulting SRTE shipping and packaging SMEs as well as DOE/DOT for shipping requirements for small quantities of compressed gas. Three layers of containment shall be provided in the final solution.
[bookmark: _Toc429448536]Task 2
Secondary containment should be physically isolated from beamline.
The beam line is isolated by a beryllium window. See Section 8.3.
[bookmark: _Toc429448537]Task 3
The scattering chamber pumps shall be vented through tritium stack.
All pumps including the scattering chamber, getter, and dump line pumps shall be exhausted through the tritium exhaust system to the stack. See Section 8.
[bookmark: _Toc429448538]Task 4
The scattering chamber should be monitored for high and low levels of tritium.
True real time monitoring of the tritium levels in the chamber may be unrealistic given the high radiation field in the Hall when the beam is on. Multiple vacuum gauges shall be employed however. If the vacuum level rises the first response will be to assume that this rise is due to tritium release. An RGA system shall be connected to the chamber as well which should aid in the diagnosis of the vacuum rise. The stack monitor will also indicate tritium if the vacuum pumps are removing tritium from the chamber. The source of the vacuum failure shall be assessed before continuing with repair procedures.
[bookmark: _Toc429448539]Task 5
A U getter bed should be attached to the scattering chamber.
To avoid hazard associated with uranium, a getter from SAES systems shall be used. This getter is described in Section 8.2.
[bookmark: _Toc429448540]Task 6
An additional long collimator should be placed upstream.
A collimator shall be placed on each of the target cells (that moves with the target) and a second long collimator shall be placed just upstream of the Be isolation window.
[bookmark: _Toc429448541]Task 7
Dedicated vent pumps/fans and lines should be installed over the scattering chamber and used for installation and removal procedures.
See Section 12.
[bookmark: _Toc429448542]Task 8
Airborne radioactivity detectors interlocked with the vent/fan stack system should be used.
The system design incorporates this. See Section 12.
[bookmark: _Toc429448543]Task 9
Manual scram buttons in the hall and counting house for the ventilation.
[bookmark: _Toc429448544]Task 10
Additional beam raster detector and interlock system.
The fast raster now has a FSD on a current comparator in addition to the FSD on the power supply enable signal. This system is currently in use.
[bookmark: _Toc429448545]EHS Tasks
[bookmark: _Toc429448546]Task 1
Establish baseline for detectable tritium at the JLAB site.
See Ref  [37,38] for basis and details.
1. Tritium in water
- We can readily detect tritium in water at about 500 pCi/L.  The EPA drinking water limit is 20,000 pCi/L.  Environmental permits for groundwater and stormwater effluent require a minimum detectable activity (MDA) of 1000 pCi/L.

2. Tritium as surface contamination
- The DOE surface contamination limit for tritium is 10,000 dpm/100 cm^2.  We can easily detect surface contamination at levels 100 times below this.

3. The manufacturer reports that the air monitor JLAB has will see 10^-7 uCi/cc of tritium.  The DAC for elemental tritium is 2E-1 uCi/cc and for HTO is 2E-5 uCi/cc.  So, even if all the activity was HTO, the monitor can see it at less than 1% of the DAC.

4. According to the spec sheets, the portable samplers that SRS uses (Sartrex 209L) will see 1E-5 uCi/cc tritium.  We expect to use these during transfer of the target.

5. Grab air samples can also be taken for HTO using bubblers. This is not expected to be used as a primary sampling technique, due to the T2 source material but, we may employ this method as a confirmatory process.  MDA for this technique is usually in the 10^-8 uCi/cc range or lower.
 
6. We are currently working on analysis techniques to measure tritium in oils and other material such as concrete.  These are not directly related to the operational aspects of the tritium target, but are part of our efforts to increase our ability to make measurements to confirm absence of radioactivity in materials released from control.  The capability to measure tritium in such materials should not be thought of as a necessary component of the program, as I doubt that even SRS can do it (they probably send these kinds of materials out for analysis, if needed).

7. Based on feedback from SRS, and our own procedures and ALARA concerns, we will run some sort of H3 spot check bioassay.  We would probably get these analyzed offsite (mainly because of the biohazard issues handling urine).  Typical sensitivity for urine is like our sensitivity in water (less than 1000 pCi/L).  At 1000 pCi/L in the urine, the dose is about 2E-4 mrem per day. 
[bookmark: _Toc429448547]Task 2
Develop algorithm for safety involving amount of tritium, beam current, beam time.
Complete. See Tritium Technical Report Ref  [34].
[bookmark: _Toc429448548]Task 3
Worst-case scenarios for worker exposure and all dose calculations should be analyzed or calculated by qualified personnel.
Several models for tritium release have been developed by qualified personnel. See Section 16.
[bookmark: _Toc429448549]Task 4
A more detailed assessment of impact of target loss on Hall A should be performed by qualified personnel.
Several models for tritium release have been developed by qualified personnel. See Section 16.
[bookmark: _Toc429448550]Task 5
A more detailed assessment of impact of target loss on Hall A should be performed by qualified personnel.
Several models for tritium release have been developed by qualified personnel. See Section 16.
[bookmark: _Toc429448551]Task 6
Use the ICRP-68 dose coefficient of 1.8E-11 Sv/Bq reference for exposure evaluations.
The requirement that the released tritium is immediately converted to HTO is overly conservative. Many measurements  [39] indicate that the conversion is typically less than 1% per day. The rate assumed for conversion is 10% in current calculations. Note that several models for tritium release have been developed by qualified personnel. See Section 16.
[bookmark: _Toc429448552]Task 7
Use 10 mrem as the maximum allowed site boundary dose.
Several models for tritium release have been developed by qualified personnel. See Section 16. The expected dose at the site boundary is less than 1 mrem for a stacked release. For the worst case scenario, the expected dose at the nearest site boundary is slightly above the limit (with the conservative 10% HTO assumption). The expected dose at 300 meters is however less than the 10 mrem limit.
[bookmark: _Toc429448553]Task 8
The risk analysis should follow tables 4.2-4.5 of JLAB’s FSAD, rev. 6 and use realistic target failure probabilities.
See Ref  [40] and Section 20.



[bookmark: _Toc429448554]Summary of Calculations
Below is a list of calculations supporting some of the data used in this document.


Table 23‑1: List of Completed Calculations
The following is an embedded link to the calculations listed above.
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Project: PS-TGT-14-001 Hall A Tritium Target

Tittle: Vent stack general calculations for air flow only
Document Number: TGT-CALC-103-001

Revision: Original

Author: Dave Meekins Date: 8/13/2014
Code(s) of Record:

Reference Codes:
ASHRAE Handbook
Crane 410 (2013)

Description:
General calculations for the T2 vent stack pressure drop and blower capacity

Reference Drawing(s):
Hall A HVAC system
Hall A Tritium Exhaust Sytem Schematic
TGT-103-1001-0000

Units and other definitions

inH20 :=0.0381396333 - psi def of one in of H20

g:=9.8-2 grav accel
S

k:=1.4 ratio of specific heat







General Description:
The vent stack shall serve 3 purposes:

1. Remove vacuum pump exhaust to atm
2. Remove air from T2 handling enclosure
3. Remove air from Hall A durring an assumed T2 release

The required stack height is 20m above the surrounding site elevation. The stack shall be
located on the vehical sevice access on the downstream exterior of Hall A at the smoke
removal system penetration closest to the counting house. This location is about 26ft above
Jefferson Ave. Thus, the required height of the stack above grade is ~40 ft.

The stack has two sections:

1. Vaccum exhaust is NPS 2" N2 purged with ~1 scfm
2. large volume air exhaust (two speed) NPS 16"

Section 2) requires a two speed blower. Low speed will service the T2 handling enclosure at
1000 scfm. The high speed must change operate at 12000 scfm for both smoke removal (in
event of fire) and also for possible T2 release. If a T2 release is suspected this one blower
must run at ~12000 scfm and stack the air removed from the hall. For smoke removal, the
blower must work in concert with the other (2) blowers to remove the air from the hall at a
combined 36000 scfm.

Truck ramp door:

The truck ramp door can sustain a 20 psf design load max. The pressure drop across the man
door portal shall be less than this.

P,

rol

1:=20-psf=3.642 inH20







Handling hut:

The handling hut shall be attached to the scattering chamber via an adapter with and opening
of 15" x 36". From private communication with Greg Howard at SRSTE and others,
containment can be affected by ensuring the face velocity at an opening is about 140 ft/min.
This is similar to those found in Cadwallader INEEL/EXT-99-01318. This shall be assured by
measurements after installation. Air shall be removed from the hut through the scattering
chamber at the port directly above the hut placement. Air flow shall be metered here by use
of a manually controlled vacuum gate valve which enables easier closing of the scattering
chamber once the T2 cell is completely installed.

Vpeq =140+ ! t required face velocity
mmn
Lypen=36+in scattering chamber opening
Popen=15+in scat chamb height
A pen = Lopen * Popen =375 ft’ X area of opening
Quir = Vreq* Aopen =525 cfm volumetric air flow required

The low speed setting on the exhaust system shall be 1000 scfm. Too much flow through the
hut may cause a turbulent condition and allow mixing and eddying at the scattering chamber
opening defeating the containment.







The blower must supply at least 12000 scfm for smoke removal. This must be done through
the stack. The blower must have the capacity to supply this flow and the expected pressure
drop through:

Stack: 50 ft of NPS 16 (0.25" wall)
ductwok through Hall A wall

Shutter opening at Hall A wall

Man access door shutter at truck ramp
Smoke removal port for truck ramp

Pressure drop in vertical stack of 40 ft in length.

T,,=0°C=273.15 K assumed air temperature
M 4y, :=28.96 « gm molar mass of dry air
mol
Myp0:=18 gm molar mass of H20
mol
P, :=1.atm air pressure
¢:=80% humidity
Ry, = i R for dry air
Mdry
Rypo0i= L4 R for water
M0
Tair :
T:= e =273.15 air temperature

Below is used to calc air density under normal humidity in NN Va From
ASHRAE Handbook

exp | 77.345 4+ 0.0057 - (T) _7235) pq

P= — L) =0.088 psi
(T)








Poyoi=¢+Pyy

Pdry ::P 'T—PHQO: 14.625 psi

ay

Pdry PH2O

Rd'ry *Tyr Ry 20° T oir

Q.ir=12000-cfm

L:=50-ft
twall:: 0.25"5"";
OD:=16-in
d::OD_2‘t’wall: 15.5 7:'";
2
Ted
Aduct:: 4
V= Quir _ 15963 It
Aduct S
V. e MIN
Re:=8.5._L. 2air" ™ 4 507.10°
m
fi= 0'0321 =0.013
(d\’
1
\in )
Leff::60‘d

P = + —0.081 2

ft’

density of air

volumetric air flow

length of duct
wall of duct

OD of duct

ID of duct

x area of duct

velocity of air in duct

Reynolds number for air at
room temp/pressure

simplified model of friction
factor

conservative estimate for
bends effective length







AP in stack

2
AP s Pair * Vair ‘f‘ L+L€ff

s + Pgir® «L=7.456 inH20
> d Pair* 9

Louvered intakes on the door and wall of Hall A

h;:=72+in height of louver open
wyi=24-in width of louver open
1¥:=0.5 eff area fraction
Ap:i=hp-wp-1p=6 ft2 area of louver open
Qai’r m'l: .
v i= =22.727 —— vel at opening
Ap T

Determining the pressure drop across a louvered door is difficult to perform accurately. The
method from Crane 410 for orifice is used with the assumption that the large diameter near
infinite and B3:=0

B:=0 ration of diameters
Py.;:=14.6 - psi assumed pressure in hall
P, :=14.7-psi assumed air pressure

( 1)

| (Phall\ |
Y:=1-0.351+|1— | |=0.998 compress factor from Crane

\ Patm) ) 410
C:=0.5961 discharge coef

Q - 2

Ah:= =7 —=48.794 ft head loss at opening

2.g.<Y.C.AL>







APp:=pgi g+ Ah=0.715 inH20 pressure drop over louvered
opening

We note here that the pressure drop across the louvered opening is less than the maximum
design load for the rollup door.

There is a short stack leading from the truck ramp to the the outside air. This stack is
estimated at 30 ft length with a conservative diameter est. as that of the stack.

Ly =30+ ft

ramp *

2

T L
AP, =Lar T = 1,582 inH20

The total head loss for the system is

APtotal = AP,

ramp

+2-AP; + AP, =10.468 inH20

The requried capacity of the blower is

Qup=(12-10") cfm  at AP,,,.,=10.468 inFH20
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Project: PS-TGT-12-001 Hall A Tritium Target
Tittle: General target cell calculations
Document Number: TGT-CALC-103-002
Revision: Original

Author: Dave Meekins Date: 8/13/2014
Code(s) of Record:

ASME B31.3 2012

Reference Codes and Sources:

» ASME BPVC VIII D2 2013

« Antonetti, V.W., Whittle, T.D. and Simons, R.E., An approximate thermal contact
conductance correlation, ASME J. Electronic Packaging, 115 (1993) 131-134.

« Helicoil TB 68-2 Tensile Strength of Threaded Insert Assembly

e TGT-CALC-103-007 Elastic plastic analysis of cell with covers at 3000 psi

Description:
General target cell calculations
Reference Drawing(s):

TGT-103-1000-0013 Cell assembly with shipping covers
TGT-103-1001-0000 P&ID







General:

Temperatures:

Typi=45-K operating temperature

Troom:=300K Room temperature
Pressures:

P;y:=200- psi assumed fill pressure
Helicoils:

The tensile strength of a single threaded insert assy is given in Helicoil Tech Bulletin 68-2. The
aluminum 7075-T6 base metal has a higher shear strength than that of Al 2024 which shall be
used. The strengths given below are for inserts that are 2x nom bolt diameter

T'164:=6000-1bf tensile strength for 8-32 assy

T,5:=11000-1bf tensile strength of 1/4-28 assy







To accurately model the effects of the beam heating in the entrance and exit windows the
thermal contact resistance at cell block to heat sink interface must be modeled. The heat
generated in by the beam in the cell is conservatively estimated at 15W. The model for

contact conductance is from Antonetti et. al.

By = 2.788 +im

2
Acont =Weont ® hcont =0.005 m
Npoy =4

T:=150-in-Ibf

dbolt :=0.25. in

T

T —(3.10°) Ip
0.2« dyp ( ) iof

Frop =

Ny F
P, = tolt’7bolt (1 435.10°) psi

Ryyypi=1.6
w
b =400
w
K apum =77+ ﬁ
k = 2. kcopper * kalum
L=
kcopper + kalum
H,,,:=878-MPa

con

Wepnt =3 * N

Area of contact
number of bolts fixing
torque on bolts
nominal diameter

force per bolt

total pressure on contact area (avg)

surface roughness in microns

cond of copper

cond of 7075 AL

mean harmonic cond

hardness of contact surface

Contact conductance is shown below to be high s.t. we need not consider it in the thremal

model

h,

con

~0.257 I( P cont\l

,:=4200-k,-R
\Hcont}

surf

0.95

—(6.78-10%) W _
m-K







Pressure design of the tritium cell:

The design pressure of the tritium cell assembly is determined below:

Given the geometry and materials of cell the most applicable ASME Pressure Code is ASME
B31.3 2012. The geometry is abnormal and Section 304.7.2 shall be applied. This section
requires that the design be substantiated through one of several methods. The methods
chosen for the tritium cell are as follows:

1. extensive experience

2. proof test meeting the requirements of ASME BPVC D1 VIII UG-101

3. detailed analysis consisting of both hand calculations and FEA.
The cell material with the exception of the fill tube assembly is frabricated from ASTM B209
Aluminum 7075-T651 Plate. This material is unlisted; thus, an allowable stress must be
determined. All cells shall be made from a single billet (with MTR). This material conforms to

a listed specification as well. The allowable stress is determined below using values from B209
where applicable:

Si=T2+kst B209 listed minimum ultimate tensile

S,:=61-ksi B209 listed minimum yield 0.2%

Note that from material certification (MTR):
Sut =77.6ksi and Sy = 65.6

Material is domestic from Kaiser Aluminum Lot#107954B0

SutMTth 77.6 'ksi SyMTR = 65.6"987:

S, =min .( %-Sut,g-sy} =24 ksi max allowable stress AL7075 T651

The shear strength assumed for AL 7075-T651 is

S

shear *

=0.65-S,, shear of Al 7075







Main Body:

For simplicity we assume that the cell main body TGT-103-1000-0101 is a cylinder with a
hemishperical end cap with a thinner section. The design wall thickness is 0.018 for the
cylinder and 0.011 for the endcap. The machine tolerance is +/- 0.001 inch which is verified
by measurement for each cell on entire body.

teap=0.010-in endcap min thickness

twari=0.017 «in wall min thickness

D,,:=0.5-in inner diameter of cell
D,=D;,+2-0.020+in OD of shell with max wall thickness
E:=1 quality factor for machined tooling plate
W:=1 weld factor (no welds)

Y:=0.0 Factor Y=0 for conservatism

The maximum design pressure for the cylinder part of the main body is:

z'twall°Sa'E'W
P —

3 .
o =(1.511-10") psi
main D0_2.t

wall ©

The endcap may be treated similarly; stress in hemi is 1/2 that of cylinder

Aoty +S,-E-W
N B =(1.778.10%) psi
Do_2°twall'Y

cap

Note that the thickness of the head increases to the wall thickness of the cylinder. See figures
below for ref.
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Entrance Window:

The entrance window TGT-103-1000-0100 is machined from a single piece of B209 7075-T651 AL from
the same billet as the cell main body. A number of windows of this type have been used successfully for
10 years. A proof test was performed on this design. The entrance window thicknesses are measured
carefully using a MagnaMike (accuracy < 0.03 mm). Windows that are below the required thickness of
0.010 in are discarded or tested to destruction. Entrance window is shown in the figure as it is
machined. The window is hydrofromed such that a dished head has a radius of 0.75 inch as shown in
the second fig.

010—=f=
B
R.063
; B !
©.500 — — 750
: :
Z
050
500 —=—+
SECTION A-A
SCALE1:1

R.750

window after forming







Method of analysis for the thin section of the cell is from VIII UG-32

Thickness of section as tpre:=0.010-2n
machined
Thickness after forming t:=t,,+0.97=0.0097 in

From ASME BPVC VIII D1 UG-32 for dished toraspherical heads

R;,:=0.75-in inner radius of head
E:=1 quality factor for machined
window

maximum design pressure:

_ 2.5,-E-t
© 0.885-R,+0.2-¢

=699.425 psi

win*

Entrance tube:

The entrance tube is made of 7075 with properties given below. Analysis follows VIII D2 4.4
using a tangent modulus of 0. Entrance tube is under external pressure.

E,:=1.02. 10" - psi lesser of tensile and flexural modulus
E,:=0-ksi tangent modulus (see below for torlon)
Vi i=0.33 poisons ratio

E,:=0-ksi tanget modulus assuming bilinear model
D,:=0.75-in OD of tube

Ry:=0.5.D, outter radius of tube

Stepl : unsupported length and thickness
L:=3.329-in Length of tube (unsupported)

t:=0.125+in wall thickness of tube







step 2: predicted eleastic buckling stress

M ::L: 15.376 elastic moment

© Ryt

[ 0.94
D
I i szz-{—‘)}

I \t)

I
I return 0.55-i

|
D,
|l 9

Chi=

|

|

|

| (D0\0494
|| else if 13<Mm<2-|\—}|
I i

Il Hreturn 1.12.Mm, "%
|

|

|

|

|

|

|

I 0.92
| ||return — 1
| I M,—0.579
|else
I Hreturn 1.0
C}1,=0.092

The predicted elastic buckling stress is

_1.6-Cy+ Bt

=(2.493.10°) psi
WE(a493:10°) i

Fh:

e







step 3: buckling stress

. Fhe
F,=if ~">2.439
S
s,
. Fhe
elseif 0.552 < <2.439
n :
0.4
F
l0.7.5,{F1e)
1 S
I \ Sy
else
HFhe
F,=(6.1-10") psi

step 4: design factor

FS:=if F;,<0.55-S,
|2
elseif 0.55-5, <F;.<S,

F.
||2.407—0.741-|{ \|

I \ Sy )
else
H 1.667

FS=1.667

step 5: allowable pressure

Fh =

0]

?S =(3.659-10") psi

Predicted buckling stress

Required design factor

maximum allowable pressure for the entrance tube (not thin part)

t

Ptube::Q-F,w-F:(1.22-104) psi

0







This is more than adequate given the very conservative assumption of an elastic plastic
model.

CF flange stress:

The entrance window CF flange is a 2.75 in CF design. The material is AL7075. This is an unlisted
material. The minimum tensile and yield strengths are given below. The gasket is aluminum The
tensile and yield strengths of AL7075-T6 are both larger than that of SST 304. The values for SST 304
are assumed. The flange is 2.75" OD with a 0.75" diameter tube. The thickness of the flange is 0.43".
Bolts - 6 each are1/4-28 A286 Alloy. To determine the suitability of this flange, we will use the rules of
BPVC VIl D1 Appendix 2. Load on single bolt to seat the gasket was measured to be 340 Ibf.

Nyoi:=6 The number of bolts is
Fy,;:=340-1bf Load on each bolt

P:=1000- pst The pressure is

A:=2.74+in The outer diameter of the flange is
1,:=0.495. in The thickness of the flange is
C:=2.312-in The bolt circle diameter is
B:=0.5.in The inner or bore diameter is

The diameter at the gasket load reaction is chosen to be the knife edge of the flange
G:=1.65-in

The relevant moment arms for this flange are (notation same as Appendix 2)

e (C=B) . (0=6) . (C=6)
2 2 2

The total hydrostatic end force is
H::%-Gz .P=2138.246 Ibf

H_p:=Nyop* Fpor







The hydrostatic end force and the inside of the flange is
H_d::%# .P=196.35 Ibf
H_tis the difference between Hand H_d

H_t:=H—H d=(1.942.10") Ibf
The gasket load is

H _g:=H p— H=-98.246 Ibf
The total moment acting on the flange
M o:=H t-h t+H d-h_d+H _g-h_g="788.141 in-lbf
The ratio of outside to inside diameter is
A

K,=2=5.48
B

The factor Y is given

log (K
L -(0.66845+5.7169-Ka2- g( 'i\|:1.124

Ka_l \ Ka2_1}

Y =

We are assuming that the CF flange meets the conditions of sketch 4a of Fig 2-4
For loose type flanges of this type we may use 2-7 formula (9) for the stress in the flange

Y-Mo _ 793y ksi

S T:i=—"
()" -B

This is less than the maximum allowable stress the design is acceptable







Flange Bolt Stress

The bolt material is A286. The max allowable stress is unlisted and must be determined:

S,1:=130-ksi listed UT for A286

S, =85-ksi listed Yield for A286

\.
’)

S, =min .(%-Sut,é-s =43.333 ksi max allowable stress for a286

The root bolt area is
A ::% .0.205" +in’

The tensile stress in the bolt is

H
Foo+

S,i=— "M —91.098 ksi

root

This is less than the max allowable

Helicoil pull out:

7:=140-in - lbf specified torque on 1/4-28
K;=0.19 measured coef
d:=0.25-in nom diam
T 3
F:=F, .+ = (3.287-10 ) Ibf Force on bolt
Kf‘d
Ty 3
Fa::T: (3.667- 10 ) Ibf Max Allowable force

F<F,=1 acceptable







Valve stem assy:

The assembly is described in TGT-103-1000-0011 and is shown below. The valve is a
Swagelok SS-4BW-BW4-C5-SC11 with the handle replaced with a nut for more acurate torque.
The stem has a VCR fitting and is but welded to the valve. The mini CF fitting is machined
from ASTM A240 with an integral tube stub.

rf;\
\—"I\\ —TORQUE TO 20 in-Ibf
b TO SEAL VALVE
5
GTAW /
JLAB WPS 15
ER 316L FILLER
FULL PENETRATION .
)]
A
FoN
3
I(D"“—- | //L/
— .
.
I L |-
\ L}
\ T
\ RO)

4 AW
\ JLAB WPS 15
- ER 316L FILLER
FULL PENETRATION

Swagelok has mad available testing documentation and calculations showing justification
(using ASME B31.3) for the catalog pressure ratings of their valves and fittings. Some of this
documentation is available on JLAB DocuShare. The catalog working pressures shall be
accepted without further calculations.

Valve:

Jefferson lab has successfully used the BW series valves in cryogenic conditions for many
years. These valves were not cycled in the cryogenic environment only at room temp. The
same will be true of the valve on the stem assy. The catalog rating is 1000 psi and shal be
accepted.

VCR fitting:
These fittings have been used for many years at JLAB in cryogenic service. The catalog rating

of more than 3000 psi working pressure shall be accepted. Nikle gaskets shall be used in this
assembly.







S, :=20.ksi max allowable stress

E:=1 Casting factor
W:=0.9 weld eff factor
d:=0.25+in diameter of tube
tyomi=0.065«in nominal wall
t:=t,,m(1—0.125) wall with mill toll
P jesign=1000- psi design pressure of fill station
Y:=0.4 factor fot SST

trin = Pacsign-d =0.007 in

T 2. <Sa°E'W+Pdesign'Y>

The tubing is clearly adequate as is the butt joint with a 0.9 eff factor. The joint is 100% in
process VT and 100% RT.

CF flange stress:

The entrance window CF flange is a 1.33 in CF design. The material is SST 304. The gasket is
aluminum. The flange is 1.33" OD with a 0.75" diameter tube. The thickness of the flange is 0.43". Bolts
- 6 each are 8-32 A286 Alloy. To determine the suitability of this flange, we will use the rules of BPVC
VIII D1 Appendix 2. Load on single bolt to seat the gasket was measured to be 203 Ibf.

Npoi:=6 The number of bolts is
Fy,;:=180-1lbf Load on each bolt

P:=1000- pst The pressure is

A:=1.33-in The outer diameter of the flange is
14:=0.235- n The thickness of the flange is

C:=1.062-in The bolt circle diameter is







B:=0.125-in The inner or bore diameter is
The diameter at the gasket load reaction is chosen to be the knife edge of the flange
G:=0.72«in

The relevant moment arms for this flange are (notation same as Appendix 2)

panlC=B) . €=6) . (©=0)
2 2 2

The total hydrostatic end force is
H::% G’ .P=407.15 Ibf
H_p:=Nyoip* Fyon
The hydrostatic end force and the inside of the flange is

H_d::%# .P=12.272 Ibf

H_tis the difference between Hand H_d

H t:=H—H_d=394.879 Ibf
The gasket load is

H g:=H p— H=672.85 lbf
The total moment acting on the flange
M _o:=H_t-h_t+H_d-h_ d+H_g-h_g=188.331 in-Ilbf
The ratio of outside to inside diameter is
A

K,=2=10.64
B

The factor Y is given

log (K
L -(0.66845+5.7169-Ka2- g( 'i\|:0.684

Ka_l \ Ka2_1}








We are assuming that the CF flange meets the conditions of sketch 4a of Fig 2-4
For loose type flanges of this type we may use 2-7 formula (9) for the stress in the flange

_Y-M o

(t) B

S T: =18.655 ksi

This is less than the maximum allowable stress

Flange Bolt Stress

The bolt material is A286. The max allowable stress is unlisted and must be determined:

S,1:=130-ksi listed UT for A286
S, =85-ksi listed Yield for A286
INA! 2 Y .
S, =min '\E S5 3 Sy}. =43.333 ksi max allowable stress for A286

The root bolt area is
Al ::% .0.1257% «in’

The tensile stress in the bolt is

H

Fyo+
Syi=— " —19.973 ksi

root

This is less than the max allowable

Helicoil pull out:

T:=50+in-lbf specified torque on 8-32

K;=0.19 measured coef







d:=0.164+in nom diam

F:=Fy;+ 1 :(1.785-103) Ibf Force on bolt
Kf‘d
T
F,:= ;64 =(2.10%) Inf Max Allowable force

F<H =1 acceptable







Pressure testing:
Proof testing of the entrance and main body was performed in compliance with UG-101.

Sui=T2+kst B209 listed minimum ultimate tensile

S,:=61-ksi B209 listed minimum yield 0.2%

Note that from material certification (MTR):
Sut =77.6ksi and Sy = 65.6

Material is domestic from Kaiser Aluminum Lot#107954B0

SutMTth 77.6 'ksi SyMTR = 65.6"987:

Entrance window:

Pyrs:=2950 ¢ psi Lowest burst pressure of entrance window

From UG-101

P S . . .
p=_bust,  Tul _684.278 psi maximum design pressure for window

Main body:

Piyrsi=3500 - psi burst pressure main body

From UG-101

P S . . .
p=_bust,  Tul _811.856 psi maximum design pressure for main
4 Sutyrg body

These are higher than the design pressure needed for operations (in beam) but not for filling
which is 1000 psi. A removable support has been developed that shall be installed when filling
and shipping. The calculations however do indicate that the design is acceptable for filling with
a design pressure of 1000 psi. The conservatism built into the Code for proof testing
addresses the uncertainties of that method. Proof tests with the shipping covers installed have

also been performed an the full assembly (without valve stem). The lowest burst pressure for
the assy was 5646 psi.







Py,,s:=5000 « psi conservative assy burst pressure

S ) i .
w | = (1.16- 103) psi  maximum design pressure for main body

P
P = burst

a

With the shipping covers even the more conservative proof testing requirements indicate a
design pressure above the fill line design pressure.







Cyclic loading screening criteria:

These criteria follow the method given in ASME BPVC VIII D2 5.5.2. The cell will be in place
no longer than 12 calender months; 4 months are consecutively inactive. The period is
assumed to have shutdowns for holidays and maintenance as well. The target system has a
number of solid and 4 gas targets of which only one will be in the beam at any given time.
Thus the duty factor for the tritium cell is not 100%. The experiment group has 75 approved
PAC days. The maximum current allowed on the tritium cell is 20 A .

N o =T5-day number of PAC days for T2 experiments

N,

C

' =2°Npge number of calendar days

The cell will experience several beam trip cycles per hour. The following is a conservative
estimate of the number of cycles.

€:=0.33 duty factor for T2 cell
15 !
Rmp::h_ expected number of beam trips per hour
T
Niip=Neg* € * Ry, = 17820 total estimated number of trips

The beam trip will result in a temperature cycle from the beam heating effects on hte
entrance and exit windows and the heat sink temperature maintained at 50K. The target fluid
will also cool reducing cell pressure. The beam heating for the steady state was calculated
using ANSYS (see TGT-CALC-103-004).

AT, =68 K see TGT-CALC-103-004

The target will operate for 8 to 9 months of calendar time. Assuming 1 ESR trip per month
and scheduled downs for holidays and maintenance a conservative estimate for the number of
full cryogenic temperature cycles is.

N eryo =20 conservative estimate for number of full
temperature cycles from 300K to 50K
AT,,,,:=300 K—50 K=250 K full temperature cycle







allowable stress for AL7075 -T651

S

;="T2-ksi B209 listed minimum ultimate tensile

u

S,:=61-ksi B209 listed minimum yield 0.2%

Note that from material certification (MTR):
Sut =77.6ksi and Sy = 65.6

Material is domestic from Kaiser Aluminum Lot#107954B0

SutMTth 77.6 'ksi SyMTR = 65.6"987:

S:=min (%-Sut,é-sy} =24 ksi max allowable stress AL7075 T651

The following curves are from the MPDB as the fatigue curves for aluminum alloys are not
available in Anex 3-F of Div 2.

Maximum Stress (psi)

Fatigue S-N curve for 7075-T6 at 68 F

1.03e+005
9.55e+004
8.81e+004
8.06e+004
7.32e+004
6.57e+004
5.83e+004
5.08e+004
4. 33e+004
3.59e+004
2.84e+004

Log(Cycles)







Fatigue S-N curve for 7075-T6 at -321 F

1.10e+005
1.04e+005
9.85e+004
9.28e+004
8.70e+004
8.13e+004
7.56e+004
6.99e+004
6.42e+004
5.85e+004
5 28e+004

Maximum Stress (psi)

Log(Cycles)

The S-N curve for 68F shall be used for conservatism and Code compliance.

Screening method from Div 2: 5.5.2.4

Step 1:
N ppp:i=20 number of cycles for full warm up/cool down
Nypip=1.782- 10" number of beam trips this has both temperature
and pressure load cycles
step 2:

we have integral construction with loading away from nozzles etc.
from table 5.10
C,=3 pressure screening factor

Cy:=2 temp screen factor







step 3:

from S-N curve

NClS :=5000

step 4:

step 5:

Napp<Ncig

NAP::Ntrip
Say:=60-kst
APy =175+ psi

P:=675.psi

true

The following must be true

APNSszl

number of cycles for 3xSa

number of pressure cycles from trips
Stress for cycles from S-N
pressure swing assumed is full load

design pressure

The pressure cycles are not deep enough to require fatigue analysis

ATy :=50-K

T =170.-K

mean *
7 .
E,,=1.-10 -psi

S, :=88-ksi

a=1.8:10 "L
K

max temp difference

mean temp between points
Ey at 74K

allow stress for N cycles

coef therm expan







step 6

AT = ¢ 24444 K
i Cy-Ey, -
ATN<AT,,,.=1
ATy :=68-K
Tmean =74.-K
7 .
E,,=12-10 -psi
S,:=60-kst
ai=1.8.10"- L
K
Se
AT, . i=— %  —138.8890 K
Cz'Eym°a

ATR<AT,,..=1

step 7 and step 8

these do not apply

Max temp difference for
startup etc.

max temp difference

mean temp between points
Ey at 74K

allow stress for N cycles

coef therm expan

Max temp difference for
startup etc.

Based on the screening analysis, a detailed fatigue analysis is not required.







Shipping Covers and Bolt loads:

The shipping cover and cell analysis is given in TGT-CALC-130-007. This uses an elastic plastic
model of the cell and covers with bonded connections in place of bolted connections to speed
computation. The reaction forces on the bonded (bolted) connections shall be used to
determine the bolt loads at each of the connections.

Reaction forces from TGT-CALC-103-007 (3) times the design pressure

F,, .:=539-lbf end cap to main body at bolts
Fiep:=3950-Ibf left cover to main
Fignt=3950-1bf right cover to main
F,,,:=6411-1bf entrance window to main
Fpp,g=363-1bf plug to entrance window

The bolt material is A286 for all connections. The max allowable stress is unlisted and must be
determined:

S,1:=130-ksi listed UT for A286
S, =85-ksi listed Yield for A286
al 2 o) ,
S,=min .\ g'Sut’g'Sy) =43.333 ksi max allowable stress for a286

minor diamters and root areas of the bolts

d25 = 0.205 L in
0.25-28 screws
s 2
Ags ’:Z' dys

d164 = 0.127 "in

8-32 screws

T 2
Ajpa ‘:Z' dy64







d112 = 0.083 "in
TT 2
A112‘:—'<d112 >
4
Case 1: End cap to main body

F
Spi=—"1 =4.083 ksi
*{325

Case 2: Side cover to main

F
Sy=— ' —14.173 ksi

Case 3: Entrance to main body

F
S,:=— " —392.373 ksi
* 425

Case 4: Entrance to plug

F
Sp=—"" —16.773 ksi
112

4-40 screws

stress in bolt from 3x pressure load

stress in bolt from 3x pressure load

stress in bolt from 3x pressure load

stress in bolt from 3x pressure load







Conclusions:

Based on the above analysis and testing a design pressure of P, ,:=675+psi is considered
acceptable and conservative. The cyclic screening analysis shows that cyclic loading need not
be fully analyzed. Shipping/filling covers installed on the cell shall be used when at SRS filling
and recovering (if recovery station has a similar design pressure to the fill line). These covers
are not needed for normal operations.
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Reference Drawing(s):
TGT-103-1000-0012 Cell assy

Units and constants:
eV:i=1.602-10 " J
MeV:=10° .eV

r,:=2.817- 10 %.cm classical radius of electron







Collision energy loss of elecron beam on target material. The method is from Leo. The shell
correction is neglected.

Beam properties:

Lo i=20-pA beam current
m,:=0.511- M‘;V electron rest mass
C
E,_:=11000.-MeV Beam energy
2
E,—m,_,-c o . .
T:I%:2.153‘ 10" kinetic enervy of e- in units
me-C of mec2
1 \/ 2 2\
P, ::z- E, —<me-c > momentum of e-
2
P, .
Vpi= ) [—— & velocity of e-
2
2 Pe
me +—
(&
v
Bi=_1 beta
C
7::; gamma
1-8°

X:=log(B-v)=4.333

n:=B-y=2.153-10"







Aluminum entrance window
7075 aluminum is treated as pure aluminum for this calculation with the higer density of 7075.

L,:=0.010+-in=0.254 mm length of absorber material
Z:=13 Atomic number
A:=26.98. 9™ Atomic weight
mol
p:=2.69-. gm density
cm
I:=if Z<13
H (12:Z+7)-€V Ionization potential
else

H (9.76.2+58.8.2 ") eV

hv,:=28.816- \/ﬂ -eV-\| M _32.807 eV plasma energy
A mol

Cyi=—l2.m{ L) 1) =_4.206
\hv,) )

0:=1if X<3

I s/}
|| 4.6052 - X+Cl+§ (83— X)
|

else
H 4.6052-X +C,

—(2:74+1)-1n(2)
F,:=1-8"+ 8 . first function of 7
(t+1)








Qent =dE- La: °

e

(¢

I
beam _ _3 062 W








Aluminum exit window

7075 aluminum is treated as pure aluminum for this calculation

Properties of the absorbing material

L,:=0.011-in=0.279 mm
Z:=13

A:=26.98. 9™
mol

am

pi=2.69-
cm

I:=if Z<13
|(12-2+7)-ev
else

H (9.76.Z2+58.8.2 ") eV

length of absorber material
Atomic number

Atomic weight

density

Ionization potential

hv,,:=28.816- \/ﬂ -eV-\| M _32.807 eV plasma energy
A mol

Cy:=—|2-In (L\ +1)=—4.206
\

hw,) ")

0:=1if X<3

else
H 4.6052-X +C,

—(2:74+1)-1n(2)

| C,
|| 4.6052 - X+Cl+§ (83— X)

Ft:zl_ﬁ +

(7'—l—1)2

constant

first function of 7







dE-L,=—0.165 MeV

Qe:m't :=dE - Lcc °

I beam __

€c

3.302 W








A:=3. gm
mol

p:=0.003.-9™

cm

I:=if Z<13
|(12-2+7)-eV
else

H (9.76.2+58.8.2 ") eV

ho,:=28.816-A[2°Z eV A[ ™ —0.911 eV
A mol

RN

|+ 1) =—7.075
hvy, )

|
)

Q
Il
|
—
l\')
)—‘
=]
—

0:=1if X<3

I c,
|| 4.6052 . X+Cl+§ (83— X)
|

else
H 4.6052-X +C,

—(2:74+1)-1n(2)

F,:=1-08"+ .
(t+1)

Energy loss in the T2 gas. Average density of the gas is considered. local variations along path
are ignored. Properties of the absorbing material

length of absorber material
Atomic number

Atomic weight

density

Ionization potential

plasma energy

constant

first function of 7







dE-L,=—0.141 MeV

. Ibeam _
Qro:=dE-L,- =—2.829 W
€

C

Total energy lost in the target is then:

Qo1 =Qro+ Qo+ Qupir=—9.194 W







Energy Density:

For a 2x2 raster with 20 pA beam current the power density in the aluminum is

Ayoster =2 MM raster leg size
2
Ai=d, ger raster area
t:=0.01+in thickness of entrance window

’ Volume of material impacted

by the beam

Vi=t-A=(1.016-10") m

w

3
m

~3.014-10’ volumetric heat density from beam

q:= Qent —
%

This result is applicable to the exit window as well. It shall be used in the thermal FEA.

With no raster the beam is assumed to be 150 um in diameter. While there are safegaurds to
prevent running in this condition, they take some time to implement. The power density for
this case shall be used to model the raster off conditons for the cell.

Apeam :=0.150 -mm

iy 2
Abeam = Z T dbeam

Vbeam =t Abeam

w

3

Qent =_6.823.10"
Vbeam m

Qveam *=







In the target gas

draster =2.mm
2

A= draster

t:=25.cm

Vi=t-A=(1-10"") m

Qr =_-2.829.10°

q::

3

w

m

3

raster leg size

raster area

thickness of entrance window
Volume of material impacted

by the beam

volumetric heat density from beam
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* Dose to exposed worker at pivot

» Time for air in Hall A to recover to acceptable levels
» Response time of fixed tritium monitor

Reference Drawing(s):

TGT-103-1000-0013 Cell assembly with shipping covers
TGT-103-1001-0000 P&ID







Units and constants

Ci=3.7-10" -Bgq one Curie
rem:=0.01-Sv definition of rem
M :=6.032 g Molar mass of T2
mol
ty5:=12.32.yr=(3.888.10") s Half life of T2
t
=25 —(5.609-10°) s mean lifetime
In(2)
1 -0\ 1
Ai=—= (1.783- 10 ) L decay const
T S
5% .
Ryro= Conservative est for T2 -> HTO
day
Viani=4.2+ 10" .m’ volume of Hall A

Maximum allowable derived air concentrations (DAC). These are derived from a max does per
worker of 5 rem per year and a 2000 hr working year.

DACy;:=0.2-10"° _C% DAC for HT gas
cm
DAC yp=2-10""" Cz DAC for HTO vapor
cm
rem
DE,, .:=5" max allowed does per year to RAD worker







N,..:=1100-Ci=(4.07-10") Bq

N,
Nrp:= )‘\wt =2.283.10"

Nrp
=0.019 mol
'NA

Npg =

mT2 ::nTz'MT220.114 gm

L

VSTP:: 24.2 .
mol

. nT2 = 0.459 L

Scattering chamber volume:

ID,,, :=41.in
ID,,;;+=40+in

R, ;q:=46.313in
hypw =46 -in
Volume of chamber:

\%

Inner surface area of chamber

Ascat I=Tre <IDlow‘ h’low+IDmid' mid) = <1174 * 104) iln’z

The cell is assumed to contain 1100 Ci of tritium. The molar and mass quantities and volume
this occupies are:

total target activity

total number of T atoms

mols of T2

total mass of T2

Aprox volume gas occupies at STP

ID of lower section of chamber
ID of middle section of chamber
height of middle section of chamber

height of lower section of chamber

scat ::%' <I‘l)low2 * h’lo111+‘[‘l)rrlz'd2 * hmid> = (1949 . 103) L







The concentration at the breach of the chamber assuming that the contents of the cell
occupies the chamber volume first:

_1100C% | (5.644-107")
Vv

scat cm

Ci

(O]

The assumed time for a person near the pivot to exit hall once the alarm
sounds is:

tersit i =10-min

Assuming a 5%/day conversion to HTO. Note that this is a conservative estimate for
conversion.

Cyr:=1.00-C= <5.644 . 10_4> Ci concetration of HT
cm
Curo=Ruro*tesir*C = (1.96 . 10_7) Ct concentration of HTO
cm
c
Xpypi=—2T  —2.822.10° DAC multiple for HT
DAC
C
Xppperi= 10 | —9.799.10° DAC multiple for HTO
DACyr0
(X1 +Xp70) * DE 100 * tegi=1.2 TEM Dose to worker at pivot

This assumes that the exposed worker breaths air directly out of the scattering chamber for
10 min prior to exiting the Hall. Thus, this estimate is conservative especially considering that
the concentration is rapidly dropping with distance from the pivot area. This, none the less,
indicates that the thin sections of the scattering chamber should be protected when personnel
are in Hall working near the pivot.







A breach of the scattering chamber while under vacuum is loud and and should indicate to
workers in the area that there is a problem. However, tritium is colorless and odorless thus,
workers may not realize that a release has occured. In this case, the fixed or portable tritium
monitors will have to alarm to notify personnel to evacuate and turn on the exhaust system.
The fixed monitor is an air monitor (Technical Associates PTG-7L4) which draws air from the
hall. It is assumed that the time for the monitor to alarm is negligable once the T2 reaches the
detector. The response time of the fixed T2 monitoring system is estimated below:

Qsp1 =40+ L Sample rate of air (flow)
mwn
ID:=(0.5—2-0.035) - in Tube ID
s 2
Aube ::Z-ID cross area of tube
L Qspl 1 m P
vi= =7.116 — velocity in tube
Atube s
Ly =250 ft Length of sample tube
o Ltube _ .
tres = =10.709 s response time of detector

v







The time to restore the air quality in the Hall to acceptable levels for a release of the entire
cell contents to the Hall. We assume that the exhaust system is fully functional and is stacking
the air from the Hall.

The initial concentration:

N = .
Cyim et —(2.619.10°%) _&*
Vhall cm

Note that this is about the limit for the DAC for HT.

Qfan=12000 cfm fan speed on exhaust system

The DAC for HTO shall be considered the required activity concentration

C;=DACyro= (2-107") 023 required DAC for HTO
cm
-V C
t:= _QM-ln (_f\| =14.786 hr Time required to reach HTO DAC
fan \ O}

For 1/100 of DAC

1 < Ci
Cjpi=——+DACpro=(2-10"")

The time for the air in the hall to reach 1% of the DAC for HTO is:

—V C
ti=— Ml (_f\| =24.272 hr
\Co)

Q fan
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Collision energy loss of elecron beam on target material. The method is from Leo. The shell
correction is neglected.

Beam properties:

Lo i=30-pA beam current
m,:=0.511- M‘;V electron rest mass
C
E_:=10000.-MeV Beam energy
2
E,—m,_,-c g . .
T:I%: 1.957-10" kinetic enervy of e- in units
mgeC Of m,
1 \/ 2 2\
P, ::Z- E, —<me-c > momentum of e-
2
P, .
Vo= [—— & velocity of e-
2
2 Pe
m, +—
C
v
Bi=_1° beta
C
7::; gamma
1-8°

X:=log(B-v)=4.292

ni=B-y=1.957-10"







Energy loss in the Be isolation window

L,:=0.008-in
Z:=4
A:=9.012. 9™

mol
pi=1.85- gmg

cm
I:=if Z<13
|(12-2+7)-ev
else

H (9.76.2+58.8.2 ") eV

—
p'Z-eV- cm

hv,,:=28.816-
A mol

~
——

0:=1if X<3

” C1 3
|

else
H 4.6052-X +C,

L —(2-7+1)-In(2)
F,:=1-08"+ 8

(7'—l—1)2

=26.112 eV
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Be isolation window properties

L,:=0.008-in thick of window material
Z:=4 Atomic number
A:=9.012 Atomic weight in gm/mol
p:=1.85. gm3 density

cm

Multiple scattering angle

2
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am
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e

pe ::P .
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F:=0.9
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X = 0.0045 3 .\/1+3,34.(Z.%} =7.153-10"°
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Assuming the distance from the cell entrance to the Be window is 6 inch the beam spread is at
30 given below

Az,,;:=15-cm

Ax:=Az,,-tan(6-0)=0.027 cm

At the exit of the cell we have

Az i i=40-cm

Ax:=Az,,;,+tan(6-0)=0.072 cm

Note that the expected raster size is 2 x 2 mm square. Thus, the multiple scattering is not
expected to be an issue.
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Model and assumptions

Geometry
TABLE 2
Model (A4) > Geometry
Object Name Geometry
State Fully Defined

D:\Meekins\GoogleDrive\Vault\Hall A

Sl TGT_100\T2_103\Cell_1000\ship full.iam
Type Inventor
Length Unit Centimeters
Element Control Program Controlled
Display Style Body Color
.~ bBoundingBox
Length X 13.908 in
Length Y 2.7884 in
Length Z 3.in
. Properties
Volume 80.071 in3
Mass 7.8671 Ibm
Scale Factor Value 1.

Bodies 6
Active Bodies 6
Nodes 155862
Elements 89083
Mesh Metric None
.~ BasicGeomewyOptons
Solid Bodies Yes
Surface Bodies Yes
Line Bodies No








Parameters Yes
Parameter Key DS
Attributes No

Named Selections No
Material Properties No

Use Associativity Yes
Coordinate Systems No
Reader Mode Saves Updated N
File °
Use Instances Yes
Smart CAD Update No
Compare Parts On Update No
Attach File Via Temp File Yes
Temporary Directory C:\Users\David\AppData\Local\Temp
Analysis Type 3-D
Mixed Import Resolution None
Decompose Disjoint Geometry Yes
Enclosure and Symmetry Y
Processing es
TABLE 3
Model (A4) > Geometry > Parts
Object Name TGT-103- TGT-103- TGT-103- TGT-103- ship ent plug:1
1000-0100:1 | 1000-0106:1 | 1000-0110:1 | 1000-0110:2 | main:1
State Meshed
.~ CGraphicsPropertes
Visible Yes
Transparency 1
. opefinion
Suppressed No
Sllinness Flexible
Behavior
Coeitinzie Default Coordinate System
System
Teif:rraetrllj c;g By Environment

Assignment 7075 (UNS A97075)
Nonlinear Effects Yes
Thermal Strain
Effects es
Length X| 3.3291in 1.in 10.15in 12.668 in 3.569 in
Length Y 2.75in 2.788 in 2.7876 in 1.251in
Length Z 2.75in 15in 0.77315 in 3.in 1.25in
Volume| 3.2739in3 3.8426 in3 11.516 in3 49.155in3| 0.76653 in3
Mass| 0.32167 lbm | 0.37755 Ibm 1.1315 Ibm 4.|113)$ng6 7'53|1b3rﬁ'°°2








Centroid X, 5.4163in | -7.1505in -2.3754 in -2.375in  |0.85932in| 5.0194 in
Centroid Y 0.10779 in 0.10797in | 0.10761in |0.10779in| 0.10711in
Centroid Z 2.2556 in 1.5138in 2.9974in | 2.2556in | 2.2563in
Moment of Inertia,  0.25305 0.30753 - 6.0769 | 6.5238e-003
Ll lbm.in? lbm.in? 0.52256 lom:in lbm-in2 | lom-in?
Moment of Inertia|  0.32957 0.10232 - 66.038 0.10213
2| lbm.in? lbm.in? 9.1141 lom:in lbm-in2 | lbm-in?
Moment of Inertia|  0.32957 0.26824 - 67.691 0.10212
3| lbm.in2 lbm-in2 9.5517 lbm-in lbm-inz | lbm-in?
Statistics
Nodes| 14764 8203 52152 13415 15176
Elements 8533 4810 29830 7459 8621
Mesh Metric None
Coordinate Systems
TABLE 4

Connections

Model (A4) > Coordinate Systems > Coordinate System

Object Name

Global Coordinate System

State Fully Defined
Definition
Type Cartesian
Coordinate System ID 0.
Origin
Origin X 0.in
Origin Y 0.in
Origin Z 0.in
Directional Vectors
X Axis Data [1.0.0.]
Y Axis Data [0.1.0.]
Z Axis Data [0.0.1.]
TABLE 5

Model (A4) > Connections

Object Name

Connections

State | Fully Defined

Auto Detection

Generate Automatic Connection On Refresh | Yes
Transparency
Enabled  Yes
TABLE 6

Model (A4) > Connections > Contacts

Object Name Contacts
State Fully Defined
Definition
Connection Type | Contact








Sc

ope

Scoping Method | Geometry Selection
Geometry All Bodies
Auto Detection
Tolerance Type Slider
Tolerance Slider 0.
Tolerance Value| 3.6246e-002 in
Use Range No
Face/Face Yes
Face/Edge No
Edge/Edge No
Priority Include All
Group By Bodies
Search Across Bodies
Statistics
Connections 10
Active Connections 10
TABLE 7
Model (A4) > Connections > Contacts > Contact Regions
Left | og right | "gnt
cover end cap cover |end cap entto
o o cover | ain | cover to t0 main entto | entto olug entto
ject Name .| to main to main : main plug . plug
main body body body main body bolted | bolted side window
body bolted bolted bolted body shell support
shell | P°"¢ oA shell
State Fully Defined
Scope
Sl\jgmgg Geometry Selection
Contact 1 Face 2 Faces 1Face |8Faces| 1Face
Target| 1 Face | 2 Faces | 1 Face | 2 Faces 1 Face
TGT- TGT- | TGT-
Contact| TGT-103-1000- | 103- | TGT-103-1000- | 103- 103- ent plug:1
Bodies 0110:1 1000- 0110:2 1000- | 1000-
0106:1 0106:1 | 0100:1
g ;;?;St ship main:1 TGT-103-1000-0100:1
Definition
Type Bonded
Scope Mode Manual
Behavior Program Controlled
Trim Contact Program Controlled
Suppressed No
Advanced
Formulation Program Controlled
Di}gﬂgg Program Controlled
Penetration

Tolerance

Program Controlled








Elastic Slip Program Controlled

Tolerance
Normal
Stiffness Program Controlled
Update
Stiffness Program Controlled
Pinball
Region Program Controlled
Contact
Geometry None
Correction
Target
Geometry None
Correction
Mesh
TABLE 8
Model (A4) > Mesh
Object Name Mesh
State Solved
Display Style Body Color
Physics Preference Mechanical
Relevance 0
Use Advanced Size Function Off
Relevance Center Medium
Element Size Default
Initial Size Seed Active Assembly
Smoothing Medium
Transition Fast
Span Angle Center Medium

Minimum Edge Length 6.9052e-002 in

Use Automatic Inflation None
Inflation Option|  Smooth Transition
Transition Ratio 0.272
Maximum Layers 5
Growth Rate 1.2
Inflation Algorithm Pre
View Advanced Options No

Triangle Surface Mesher| Program Controlled

Topology Checking








Number of CPUs for Parallel Part Meshing

Program Controlled

Shape Checking

Standard Mechanical

Element Midside Nodes

Program Controlled

Straight Sided Elements No
Number of Retries Default (4)
Extra Retries For Assembly Yes
Rigid Body Behavior | Dimensionally Reduced
Mesh Morphing Disabled

Defeaturing

Pinch Tolerance

Please Define

Named Selections

Generate Pinch on Refresh No
Automatic Mesh Based Defeaturing On
Defeaturing Tolerance Default
Statistics
Nodes 155862
Elements 89083
Mesh Metric None
TABLE 9
Model (A4) > Named Selections > Named Selections
Object Name | Problematic Geometry
State Suppressed
Scope
Scoping Method| Geometry Selection
Geometry No Selection
Definition
Send to Solver Yes
Visible Yes
Program Controlled Inflation Exclude
Statistics
Type Manual
Total Selection No Selection
Suppressed 0
Used by Mesh Worksheet No

Static Structural (A5)

TABLE 10

Model (A4) > Analysis

Object Name | Static

Structural (A5)

State

Solved

Definition

Physics Type

Structural

Analysis Type

Static Structural

Solver Target| Mec

hanical APDL

Options








Environment Temperature 71.6 °F

Generate Input Only No
TABLE 11
Model (A4) > Static Structural (A5) > Analysis Settings
Object Name Analysis Settings
State Fully Defined
. sepControls
Number Of Steps 1.
Current Step Number 1.
Step End Time 1l.s
Auto Time Stepping Program Controlled
. solerContols
Solver Type Program Controlled
Weak Springs Program Controlled
Solver Pivot Checking Program Controlled
Large Deflection On
Inertia Relief Off

Generate Restart

Points Program Controlled

Retain Files After Full

Solve No

Newior-Repsen Program Controlled

Option
Force Convergence Program Controlled
Moment Convergence Program Controlled
[C):Igrr:\llaeﬁgg]fcnet Program Controlled
Rotation Convergence Program Controlled
Line Search Program Controlled
Stabilization Off
. ouputControls
Stress Yes
Strain Yes
Nodal Forces Yes
Contact Miscellaneous Yes
General Miscellaneous Yes
Store Results At All Time Points

D:\Meekins\GoogleDrive\JLAB\Hall A\Trtium\Calculations\ANSY S\Shipping\full

Selver HlEs SiEdEn; ship_ files\dpO\SYS\MECH\

Future Analysis None
Scratch Solver Files
Directory
Save MAPDL db No
Delete Unneeded Files Yes

Nonlinear Solution Yes








Solver Units Active System

Solver Unit System Bin

TABLE 12
Model (A4) > Static Structural (A5) > Loads

Object Name Pressure|Pressure 2 | Fixed Support
State Fully Defined
Scope
Scoping Method Geometry Selection
Geometry 3 Faces | 4 Faces | 5 Faces
Definition
Type Pressure Fixed Support
Define By Normal To
Magnitude | 3000. psi (ramped)
Suppressed No
FIGURE 1
Model (A4) > Static Structural (A5) > Pressure
1.
3000,
2800, —
2400, —
2000, —
1600, —
1200, —
E’D’D. -
200, —
0.

FIGURE 2
Model (A4) > Static Structural (A5) > Pressure 2








2800

2400,

2000,

1600,

1200,

Solution (A6)

TABLE 13

Model (A4) > Static Structural (A5) > Solution

Object Name | Solution (A6)

State Solved

Max Refinement Loops 1.

Refinement Depth 2.

~ staws| Done |
|

Calculate Beam Section Results No

TABLE 14

Model (A4) > Static Structural (A5) > Solution (A6) > Solution Information

Object Name

Solution Information

State

Solution Output

Solved

Solver Output

Newton-Raphson Residuals 0
Update Interval 25s

Display Points All
Activate Visibility Yes








Display

All FE Connectors

Draw Connections Attached To

All Nodes

Line Color

Connection Type

Visible on Results

No

Line Thickness

Single

Display Type

Lines

TABLE 15

Model (A4) > Static Structural (A5) > Solution (A6) > Results

Object Name

Equivalent
Elastic Strain

Maximum
Principal Stress

Maximum
Shear Stress

Total
Deformation

Equivalent Stress

State

Solved

Scoping Method

Geometry Selection

Geometry

All Bodies

Tvpe Equivalent Maximum Maximum Total Equivalent (von-
YP€!| Elastic Strain Principal Stress | Shear Stress Deformation Mises) Stress
By Time
Display Time Last
Calculate Time Yes
History
Identifier
Suppressed No
Display Option Averaged Averaged
Average Acrqss No No
Bodies
Minimum 0. inf/in -4918.9 psi 0. psi 0.in 0. psi
Maximum 1'70; ‘/‘i‘f]'°°3 19583 psi 9972.8 psi | 1.5768e-003in | 17477 psi
Minimum =~ . . .. | TGT-103-1000- ship main:1
Occurs On P main. 0100:1 P main.
Maximum =~ . . .. |TGT-103-1000-| . . .. |TGT-103-1000-| . . ..
Occurs On P main. 0100:1 P main. 0100:1 P main.
Minimum 0. infin -4918.9 psi 0. psi 0.in 0. psi
Maximum 0. infin -985.86 psi 0. psi 0.in 0. psi
Minimum 4'43#]%?]'004 53923 psi | 2367.2psi | 3.1725e-004in |  4160. psi
Maximum 1'7°i7n ‘/‘if]'°°3 19583 psi 9972.8 psi | 1.5768e-003in | 17477 psi

Number

Time 1.s
Load Step 1
Substep 4
Iteration 6








FIGURE 3
Model (A4) > Static Structural (A5) > Solution (A6) > Equivalent Elastic Strain

1.7074e-3

1.5e-3

1.25e-3

[infin]
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0. 0.125 0.25 0.375 0.5 0.625 0.75 0.875

[s]
1

TABLE 16
Model (A4) > Static Structural (A5) > Solution (A6) > Equivalent Elastic Strain
Time [s] | Minimum [in/in] | Maximum [in/in]

0.2 4.4311e-004

0.4 0 8.86e-004

0.7 ' 1.5483e-003

1. 1.7074e-003
FIGURE 4

Model (A4) > Static Structural (A5) > Solution (A6) > Equivalent Elastic Strain > Figure
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FIGURE 5

Model (A4) > Static Structural (A5) > Solution (A6) > Maximum Principal Stress
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TABLE 17
Model (A4) > Static Structural (A5) > Solution (A6) > Maximum Principal Stress
Time [s]|Minimum [psi] | Maximum [psi]

0.2 -085.86 5392.3

0.4 -1971.6 10781

0.7 -3447.5 18836

1. -4918.9 19583
FIGURE 6

Model (A4) > Static Structural (A5) > Solution (A6) > Maximum Principal Stress > Figure








86934
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FIGURE 7

Model (A4) > Static Structural (A5) > Solution (A6) > Maximum Shear Stress
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TABLE 18
Model (A4) > Static Structural (A5) > Solution (A6) > Maximum Shear Stress
Time [s]|Minimum [psi] | Maximum [psi]

0.2 2367.2

0.4 0 4734.8

0.7 ' 8287.5

1. 9972.8
FIGURE 8

Model (A4) > Static Structural (A5) > Solution (A6) > Maximum Shear Stress > Figure







0.000 5,000 (in)
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FIGURE 9
Model (A4) > Static Structural (A5) > Solution (A6) > Total Deformation
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TABLE 19
Model (A4) > Static Structural (A5) > Solution (A6) > Total Deformation

Time [s]| Minimum [in] | Maximum [in]

0.2 3.1725e-004

0.4 0 6.3439e-004

0.7 ' 1.1076e-003

1. 1.5768e-003
FIGURE 10

Model (A4) > Static Structural (A5) > Solution (A6) > Total Deformation > Figure
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FIGURE 11

Model (A4) > Static Structural (A5) > Solution (A6) > Equivalent Stress
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TABLE 20
Model (A4) > Static Structural (A5) > Solution (A6) > Equivalent Stress

Time [s]|Minimum [psi] | Maximum [psi]
0.2

4160.
0.4 0 8321.1
0.7 ' 14565
1.

17477

FIGURE 12
Model (A4) > Static Structural (A5) > Solution (A6) > Equivalent Stress > Figure
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TABLE 21
Model (A4) > Static Structural (A5) > Solution (A6) > Probes
All - Force Al —_Force Al . Forc_e All - Force All - Force
. Reaction - left Reaction - right . .
Reaction - end cover to main cover to main Reaction - ent to | Reaction - ent to
Object| cap to main body bodv bolted - bodv bolted - main bolted - plug bolted -
Name | bolted - Contact y y Contact Contact
: Contact Contact : .
(Underlying . : (Underlying (Underlying
Element) (Underlying (Underlying Element) Element)
Element) Element)
State Solved
Definition
Type Force Reaction
Location .
Method Contact Region
Contact| end cap to main | left cover to main| right cover to ent to main ent to plug
Region| body bolted body bolted main body bolted bolted bolted
Orientation Global Coordinate System
Extraction Contact (Underlying Element)
Suppressed No

Options








Result

Selection Al
Dlsplay End Time
Time
X Axis 538.54 |bf 92.73 Ibf 98.525 Ibf -6410.5 Ibf -363.06 Ibf
Y Axis -1.85 Ibf -5.9204 Ibf 1.6408 Ibf 2.1938e-003 Ibf -1.8433 Ibf
Z Axis 1.7583 Ibf 3912.2 Ibf -3933.7 Ibf 9.6987e-004 Ibf 1.8011 Ibf
Total 538.55 Ibf 3913.3 Ibf 3934.9 Ibf 6410.5 Ibf 363.07 Ibf
X Axis 538.54 |bf 92.73 Ibf 98.525 Ibf -1282.8 Ibf -73.219 Ibf
Y Axis -0.3696 Ibf -0.99439 Ibf 4.0622 Ibf 2.1938e-003 Ibf | -0.36054 Ibf
Z Axis 1.7583 Ibf 3912.2 Ibf -782.08 Ibf 9.6987e-004 Ibf 1.8011 Ibf
Total 538.55 Ibf 3913.3 Ibf 3934.9 Ibf 6410.5 Ibf 363.07 Ibf
X Axis 107.63 Ibf 18.494 Ibf 19.597 Ibf -6410.5 Ibf -363.06 Ibf
Y Axis -1.85 Ibf -5.9204 Ibf 1.1673 Ibf 9.2625e-005 Ibf -1.8433 Ibf
Z Axis 0.33475 Ibf 777.31 Ibf -3933.7 Ibf 3.1852e-005 Ibf 0.35586 Ibf
Total 107.63 Ibf 777.53 Ibf 782.32 Ibf 1282.8 Ibf 73.221 |bf
Time 1.s
Load Step 1
Substep 4
Iteration 6
Number
FIGURE 13

Model (A4) > Static Structural (A5) > Solution (A6) > All - Force Reaction - end cap to main body
bolted - Contact (Underlying Element)
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TABLE 22
Model (A4) > Static Structural (A5) > Solution (A6) > All - Force Reaction - end cap to main body
bolted - Contact (Underlying Element)
All - Force Reaction - | All - Force Reaction - | All - Force Reaction - | All - Force Reaction -
end cap to main body | end cap to main body | end cap to main body | end cap to main body

Tg]]e bolted - Contact bolted - Contact bolted - Contact bolted - Contact
(Underlying Element) | (Underlying Element) | (Underlying Element) | (Underlying Element)
(X) [Ibf] (Y) [Ibf] (2) [Ibf] (Total) [Ibf]
0.2 107.63 -0.3696 0.33475 107.63
0.4 215.31 -0.73881 0.66991 215.31
0.7 376.92 -1.2919 1.1735 376.92
1. 538.54 -1.85 1.7583 538.55
FIGURE 14

Model (A4) > Static Structural (A5) > Solution (A6) > All - Force Reaction - left cover to main body
bolted - Contact (Underlying Element)
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TABLE 23
Model (A4) > Static Structural (A5) > Solution (A6) > All - Force Reaction - left cover to main body
bolted - Contact (Underlying Element)
All - Force Reaction - | All - Force Reaction - | All - Force Reaction - | All - Force Reaction -

Time left cover to main body | left cover to main body | left cover to main body | left cover to main body

[s] bolted_ - Contact boIted. - Contact bolted. - Contact bolted_ - Contact
(Underlying Element) | (Underlying Element) | (Underlying Element) | (Underlying Element)
(X) [Ibf] (Y) [Ibf] (2) [Ibf] (Total) [Ibf]
0.2 18.494 -0.99439 777.31 777.53
0.4 36.991 -1.9885 1554.7 1555.1
0.7 64.742 -3.4818 2720.9 2721.6
1. 92.73 -5.9204 3912.2 3913.3
FIGURE 15

Model (A4) > Static Structural (A5) > Solution (A6) > All - Force Reaction - right cover to main body
bolted - Contact (Underlying Element)
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3000,

2000.

1000,

[1bf]

-1000.

-2000,

-3000

-3933.7
. 125 0.25 0.375 0.5 0.625 0.75 0.875 1.

[s]
1

TABLE 24
Model (A4) > Static Structural (A5) > Solution (A6) > All - Force Reaction - right cover to main body
bolted - Contact (Underlying Element)
All - Force Reaction - | All - Force Reaction - | All - Force Reaction - | All - Force Reaction -
Time right cover to main right cover to main right cover to main right cover to main
[s] body bolted - Contact | body bolted - Contact | body bolted - Contact | body bolted - Contact
(Underlying Element) | (Underlying Element) | (Underlying Element) | (Underlying Element)

(X) [Ibf] (Y) [Ibf] (2) [Ibf] (Total) [Ibf]
0.2 19.597 1.1673 -782.08 782.32
0.4 39.195 2.33 -1564.2 1564.7
0.7 68.594 4.0622 -2737.6 2738.4
1. 98.525 1.6408 -3933.7 3934.9
FIGURE 16

Model (A4) > Static Structural (A5) > Solution (A6) > All - Force Reaction - ent to main bolted -
Contact (Underlying Element)
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TABLE 25
Model (A4) > Static Structural (A5) > Solution (A6) > All - Force Reaction - ent to main bolted -
Contact (Underlying Element)
All - Force Reaction - | All - Force Reaction - | All - Force Reaction - | All - Force Reaction -

Time | ent to main bolted - ent to main bolted - ent to main bolted - ent to main bolted -
[s] Contact (Underlying Contact (Underlying Contact (Underlying Contact (Underlying
Element) (X) [lbf] Element) (Y) [lbf] Element) (2) [Ibf] Element) (Total) [Ibf]
0.2 -1282.8 9.2625e-005 3.1852e-005 1282.8
0.4 -2565.2 3.6999e-004 1.2723e-004 2565.2
0.7 -4488.2 1.0907e-003 2.9168e-004 4488.2
1. -6410.5 2.1938e-003 9.6987e-004 6410.5
FIGURE 17

Model (A4) > Static Structural (A5) > Solution (A6) > All - Force Reaction - ent to plug bolted -
Contact (Underlying Element)
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TABLE 26
Model (A4) > Static Structural (A5) > Solution (A6) > All - Force Reaction - ent to plug bolted -
Contact (Underlying Element)

0.875 1.

All - Force Reaction - | All - Force Reaction - | All - Force Reaction - | All - Force Reaction -
Time | ent to plug bolted - ent to plug bolted - ent to plug bolted - ent to plug bolted -

[s] Contact (Underlying Contact (Underlying Contact (Underlying Contact (Underlying

Element) (X) [lbf] Element) (Y) [lbf] Element) (2) [Ibf] Element) (Total) [Ibf]
0.2 -73.219 -0.36054 0.35586 73.221
0.4 -146.44 -0.72105 0.71141 146.45
0.7 -255.25 -1.2668 1.2512 255.25
1. -363.06 -1.8433 1.8011 363.07

TABLE 27

Model (A4) > Static Structural (A5) > Solution (A6) > EL = 0.069*2.72"(-2.06*(S1+S2+S3)/(3*SEQV)-

0.333)

EL = 0.069*2.72(-2.06*(S1+S2+S3)/(3*SEQV)-

Delta = EL-

ClafRet i 0.333) EPPLEQV_RST
State Solved
Scope
Scoping Method Geometry Selection
Geometry All Bodies
Definition
Type User Defined Result
Expression| = 0.069*2.72/(-2.06*(S1+S2+S3)/(3*SEQV)-0.333) | = EL-EPPLEQV_RST

Input Unit System Metric (m, kg, N, s, V, A)

Output Unit








By

Time

Display Time

Last

Coordinate System

Global Coordinate System

Calculate Time

History Yes
Identifier EL | Delta
Suppressed No
Display Option Averaged
Average Across

Bodies No
Minimum 2.5636e-007
Maximum 7.9966e+085

Minimum Occurs On

TGT-103-1000-0110:1

Maximum Occurs On

Minimum

ent plug:1

2.5132e-007

Maximum

2.5636e-007

Minimum 7.9966e+085
Maximum 1.0807e+112
. mformaton
Time 1.s
Load Step 1
Substep 4
Iteration Number 6

FIGURE 18

Model (A4) > Static Structural (A5) > Solution (A6) > EL = 0.069*2.72"(-2.06*(S1+S2+S3)/(3*SEQV)-

0.333)







1.0807e+112
1.e+112
T7.5e+111
Se=111
2.5e+111
2.5132e-T
0. 0.125 0.25 0.375 0.5 0.625 0.75 0.875 1.
[s]
il
TABLE 28
Model (A4) > Static Structural (A5) > Solution (A6) > EL = 0.069*2.72" (-2.06*(S1+S2+S3)/(3*SEQV)-
0.333)

Time [s]| Minimum Maximum
0.2 |2.5199e-007|9.7389e+111
0.4 |2.5167e-007|1.0807e+112
0.7 |2.5132e-007|1.5653e+110
1. |2.5636e-007|7.9966e+085

FIGURE 19
Model (A4) > Static Structural (A5) > Solution (A6) > EL = 0.069*2.72"(-2.06*(S1+S2+S3)/(3*SEQV)-
0.333) > Figure







A: shipp full

Figure

Expression: EL = 0.069%2, 72 (-2 06%(57 + 52 + 530/ (3 SEOW)-0.333)
Tirme: 1

8/31,/2015 1:14 &AM

. 71.0066e85 Max
7108785

— 6.2196e85

— 5.331
4,442
— 3.554

— Z.66855e85

— 1.777e85

I 8.9852.54
2.5636e-7 Min

0.000 5.000 (i)

2,500

FIGURE 20
Model (A4) > Static Structural (A5) > Solution (A6) > Delta = EL-EPPLEQV_RST







1.0807e+112
T.e=112

T7.5e+111
Se=111
2.5e+111
2.5132e-T
0. 0.125 0.25 0.375 0.5 0.625 0.75 0.875 1.
[s]
il
TABLE 29

Model (A4) > Static Structural (A5) > Solution (A6) > Delta = EL-EPPLEQV_RST
Time [s]| Minimum Maximum
0.2 |2.5199e-007|9.7389e+111
0.4 |2.5167e-007|1.0807e+112
0.7 |2.5132e-007|1.5653e+110
1. 2.5636e-007 | 7.9966e+085

As can be seen from above the local collapse criteria have been met.

FIGURE 21
Model (A4) > Static Structural (A5) > Solution (A6) > Delta = EL-EPPLEQV_RST > Figure







1.3415e85

6. 707754

1000
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100

100
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Material Data

7075 (UNS A97075)

TABLE 30
7075 (UNS A97075) > Density

Density Ibm in”-3 | Temperature F
9.9505e-002 -459.67
9.9504e-002 -446.94
9.9503e-002 -434.22
9.9503e-002 -421.49
9.9505e-002 -408.76
9.9503e-002 -396.03
9.9498e-002 -383.31

9.949e-002 -370.58
9.9479e-002 -357.85
9.9465e-002 -345.12
9.9449e-002 -332.4








9.9431e-002 -319.67
9.941e-002 -306.94
9.9388e-002 -294.22
9.9363e-002 -281.49
9.9336e-002 -268.76
9.9308e-002 -256.03
9.9278e-002 -243.31
9.9247e-002 -230.58
9.9214e-002 -217.85
9.918e-002 -205.12
9.9145e-002 -192.4
9.9109e-002 -179.67
9.9071e-002 -166.94
9.9033e-002 -154.22
9.8994e-002 -141.49
9.8953e-002 -128.76
9.8912e-002 -116.03
9.8871e-002 -103.31
9.8829e-002 -90.579
9.8786e-002 -77.852
9.8742e-002 -65.125
9.8698e-002 -52.397
9.8654e-002 -39.67
9.8609e-002 -26.943
9.8564e-002 -14.215
9.8519e-002 -1.4882
9.8473e-002 11.239
9.8427e-002 23.966
9.838e-002 36.694
9.8334e-002 49.421
9.8287e-002 62.148
9.824e-002 74.875
9.8192e-002 87.603
9.8145e-002 100.33
9.8097e-002 113.06
9.805e-002 125.78
9.8002e-002 138.51
9.7954e-002 151.24
9.7905e-002 163.97
9.7857e-002 176.69
9.7808e-002 189.42
9.776e-002 202.15
9.7711e-002 214.88
9.7662e-002 227.6
9.7612e-002 240.33
9.7563e-002 253.06
9.7513e-002 265.78
9.7464e-002 278.51








9.7414e-002 291.24
9.7363e-002 303.97
9.7313e-002 316.69
9.7262e-002 329.42
9.7211e-002 342.15
9.716e-002 354.88
9.7109e-002 367.6
9.7057e-002 380.33
9.7005e-002 393.06
9.6953e-002 405.78
9.69e-002 418.51
9.6847e-002 431.24
9.6794e-002 443.97
9.674e-002 456.69
9.6687e-002 469.42
9.6632e-002 482.15
9.6578e-002 494.88
9.6523e-002 507.6
9.6467e-002 520.33
9.6412e-002 533.06
9.6356e-002 545.78
9.6299e-002 558.51
9.6243e-002 571.24
9.6186e-002 583.97
9.6128e-002 596.69
9.6071e-002 609.42
9.6013e-002 622.15
9.5954e-002 634.88
9.5896e-002 647.6
9.5837e-002 660.33
9.5778e-002 673.06
9.5719e-002 685.78
9.5659e-002 698.51
9.56e-002 711.24
9.554e-002 723.97
9.548e-002 736.69
9.542e-002 749.42
9.5361e-002 762.15
9.5301e-002 774.88
9.5241e-002 787.6
9.5182e-002 800.33
TABLE 31

7075 (UNS A97075) > Tensile Yield Strength
Tensile Yield Strength psi| Temperature F

18130 -321.07
17998 -310.78
17864 -300.49

17730 -290.2








17594 -279.91
17458 -269.62
17320 -259.32
17181 -249.03
17041 -238.74
16900 -228.45
16758 -218.16
16614 -207.87
16470 -197.58
16324 -187.29
16178 -177
16030 -166.71
15881 -156.42
15731 -146.12
15579 -135.83
15427 -125.54
15274 -115.25
15119 -104.96
14963 -94.67
14806 -84.379
14649 -74.088
14489 -63.797
14329 -53.506
14168 -43.215
14005 -32.925
13842 -22.634
13779 -12.343
13779 -2.0518
13779 8.2391
13779 18.53
13779 28.821
13779 39.112
13779 49.403
13779 59.694
13779 69.985
13779 80.275
13779 90.566
13779 100.86
13779 111.15
13779 121.44
13779 131.73
13779 142.02
13779 152.31
13779 162.6
13779 172.89
13779 183.18
13779 193.48
13775 203.77








13764 214.06
13742 224.35
13708 234.64
13660 244.93
13598 255.22
13520 265.51
13426 275.8
13316 286.09
13188 296.38
13043 306.68
12880 316.97
12699 327.26
12501 337.55
12287 347.84
12055 358.13
11808 368.42
11546 378.71
11270 389
10982 399.29
10681 409.58
10376 419.88
10132 430.17
9883.6 440.46
9630.9 450.75
9374.7 461.04
9115.9 471.33
8855.2 481.62
8593.5 491.91
8331.4 502.2
8069.9 512.49
7809.6 522.78
7551.4 533.08
7296 543.37
7044.3 553.66
6796.9 563.95
6554.8 574.24
6318.6 584.53
6089.2 594.82
5867.3 605.11
5653.8 615.4
5449.4 625.69
5254.9 635.98
5071 646.28
4898.6 656.57
4738.5 666.86
4591.4 677.15
4458.1 687.44
4339.5 697.73








TABLE 32
7075 (UNS A97075) > Tensile Ultimate Strength

Tensile Ultimate Strength psi| Temperature F
47918 -321.07
46755 -310.78
45660 -300.49
44631 -290.2
43666 -279.91
42762 -269.62
41916 -259.32
41127 -249.03
40393 -238.74
39710 -228.45
39077 -218.16
38491 -207.87
37950 -197.58
37452 -187.29
36995 -177
36575 -166.71
36192 -156.42
35841 -146.12
35522 -135.83
35232 -125.54
34968 -115.25
34729 -104.96
34511 -94.67
34313 -84.379
34133 -74.088
33967 -63.797
33814 -53.506
33672 -43.215
33537 -32.925
33409 -22.634
33283 -12.343
33159 -2.0518
33034 8.2391
32906 18.53
32771 28.821
32629 39.112
32476 49.403
32311 59.694
32130 69.985
31932 80.275
31715 90.566
31476 100.86
31212 111.15
30922 121.44
30603 131.73
30253 142.02








29869 152.31
29450 162.6
28993 172.89
28495 183.18
27954 193.48
27369 203.77
26686 214.06
26003 224.35
25293 234.64
24560 244.93
23808 255.22
23041 265.51
22263 275.8
21477 286.09
20690 296.38
19904 306.68
19126 316.97
18361 327.26
17613 337.55
16889 347.84
16193 358.13
15532 368.42
14913 378.71
14340 389
13822 399.29
13490 409.58
13189 419.88
12885 430.17
12578 440.46
12270 450.75
11960 461.04
11650 471.33
11340 481.62
11030 491.91
10721 502.2
10415 512.49
10111 522.78
9809.9 533.08
9512.8 543.37
9220.1 553.66
8932.5 563.95
8650.6 574.24
8375 584.53
8106.3 594.82
7845.2 605.11
7592.3 615.4
7348.3 625.69
7113.7 635.98








6889.3 646.28
6675.5 656.57
6473.2 666.86
6282.8 677.15
6105.1 687.44
5940.6 697.73
TABLE 33
7075 (UNS A97075) > Isotropic Secant Coefficient of Thermal Expansion
Coefficient of Thermal Expansion F*-1| Temperature F
7.9029e-006 -459.67
8.1015e-006 -446.94
8.3002e-006 -434.22
8.505e-006 -421.49
8.7421e-006 -408.76
8.9684e-006 -396.03
9.1842e-006 -383.31
9.3898e-006 -370.58
9.5857e-006 -357.85
9.7722e-006 -345.12
9.9496e-006 -332.4
1.0118e-005 -319.67
1.0278e-005 -306.94
1.0431e-005 -294.22
1.0575e-005 -281.49
1.0712e-005 -268.76
1.0841e-005 -256.03
1.0964e-005 -243.31
1.108e-005 -230.58
1.119e-005 -217.85
1.1294e-005 -205.12
1.1392e-005 -192.4
1.1485e-005 -179.67
1.1572e-005 -166.94
1.1655e-005 -154.22
1.1732e-005 -141.49
1.1806e-005 -128.76
1.1875e-005 -116.03
1.194e-005 -103.31
1.2001e-005 -90.579
1.2059e-005 -77.852
1.2114e-005 -65.125
1.2165e-005 -52.397
1.2214e-005 -39.67
1.226e-005 -26.943
1.2303e-005 -14.215
1.2345e-005 -1.4882
1.2384e-005 11.239
1.2421e-005 23.966








1.2456e-005 36.694
1.249e-005 49.421
1.2522e-005 62.148
1.2553e-005 74.875
1.2583e-005 87.603
1.2612e-005 100.33
1.2641e-005 113.06
1.2668e-005 125.78
1.2695e-005 138.51
1.2722e-005 151.24
1.2748e-005 163.97
1.2774e-005 176.69
1.28e-005 189.42
1.2826e-005 202.15
1.2852e-005 214.88
1.2878e-005 227.6
1.2904e-005 240.33
1.2931e-005 253.06
1.2958e-005 265.78
1.2986e-005 278.51
1.3014e-005 291.24
1.3043e-005 303.97
1.3072e-005 316.69
1.3102e-005 329.42
1.3133e-005 342.15
1.3165e-005 354.88
1.3197e-005 367.6
1.323e-005 380.33
1.3264e-005 393.06
1.3299e-005 405.78
1.3335e-005 418.51
1.3372e-005 431.24
1.3409e-005 443.97
1.3447e-005 456.69
1.3486e-005 469.42
1.3526e-005 482.15
1.3567e-005 494.88
1.3608e-005 507.6
1.365e-005 520.33
1.3692e-005 533.06
1.3735e-005 545.78
1.3779e-005 558.51
1.3823e-005 571.24
1.3868e-005 583.97
1.3912e-005 596.69
1.3958e-005 609.42
1.4003e-005 622.15
1.4048e-005 634.88








1.4093e-005 647.6
1.4138e-005 660.33
1.4183e-005 673.06
1.4227e-005 685.78
1.4271e-005 698.51
1.4315e-005 711.24
1.4357e-005 723.97
1.4399e-005 736.69
1.444e-005 749.42
1.4479e-005 762.15
1.4517e-005 774.88
1.4554e-005 787.6
1.4589e-005 800.33
Reference Temperature F
67.73
TABLE 34
7075 (UNS A97075) > Specific Heat
Specific Heat BTU Ibm”-1 F~-1 | Temperature F
0.13665 -250.87
0.14014 -240.25
0.14351 -229.63
0.14676 -219.02
0.14989 -208.4
0.15291 -197.78
0.15582 -187.16
0.15862 -176.54
0.16132 -165.92
0.16392 -155.31
0.16642 -144.69
0.16883 -134.07
0.17115 -123.45
0.17338 -112.83
0.17553 -102.22
0.1776 -91.597
0.1796 -80.979
0.18152 -70.361
0.18337 -59.743
0.18515 -49.125
0.18687 -38.506
0.18852 -27.888
0.19012 -17.27
0.19165 -6.6518
0.19314 3.9664
0.19457 14.585
0.19596 25.203
0.1973 35.821
0.1986 46.439
0.19985 57.057








0.20107 67.675
0.20225 78.294
0.2034 88.912
0.20451 99.53
0.2056 110.15
0.20666 120.77
0.20769 131.38
0.2087 142

0.20969 152.62
0.21066 163.24
0.21162 173.86
0.21256 184.48
0.21348 195.09
0.2144 205.71
0.2153 216.33
0.2162 226.95
0.21709 237.57
0.21798 248.18
0.21886 258.8
0.21974 269.42
0.22062 280.04
0.2215 290.66
0.22239 301.28
0.22327 311.89
0.22416 322.51
0.22506 333.13
0.22597 343.75
0.22688 354.37
0.2278 364.98
0.22874 375.6
0.22968 386.22
0.23064 396.84
0.23161 407.46
0.23259 418.08
0.23359 428.69
0.2346 439.31
0.23563 449.93
0.23668 460.55
0.23774 471.17
0.23882 481.78
0.23992 492.4
0.24104 503.02
0.24218 513.64
0.24333 524.26
0.24451 534.88
0.2457 545.49
0.24692 556.11
0.24815 566.73








0.2494 577.35
0.25068 587.97
0.25197 598.58
0.25329 609.2
0.25462 619.82
0.25597 630.44
0.25735 641.06
0.25874 651.68
0.26015 662.29
0.26158 672.91
0.26302 683.53
0.26449 694.15
0.26597 704.77
0.26746 715.38
0.26898 726

0.2705 736.62
0.27205 747.24
0.2736 757.86
0.27517 768.48
0.27675 779.09
0.27834 789.71
0.27994 800.33

TABLE 35

7075 (UNS A97075) > Isotropic Thermal Conductivity

Thermal Conductivity BTU s”-1 in®-1 FA-1

Temperature F

1.0373e-003 -250.87
1.0695e-003 -240.25
1.1005e-003 -229.63
1.1303e-003 -219.02
1.1591e-003 -208.4
1.1868e-003 -197.78
1.2135e-003 -187.16
1.2392e-003 -176.54
1.2639e-003 -165.92
1.2878e-003 -155.31
1.3108e-003 -144.69
1.3329e-003 -134.07
1.3543e-003 -123.45
1.3749e-003 -112.83
1.3949e-003 -102.22
1.4141e-003 -91.597
1.4328e-003 -80.979
1.4509e-003 -70.361
1.4684e-003 -59.743
1.4854e-003 -49.125
1.502e-003 -38.506
1.5181e-003 -27.888
1.5339e-003 -17.27








1.5493e-003 -6.6518
1.5645e-003 3.9664
1.5793e-003 14.585
1.594e-003 25.203
1.6084e-003 35.821
1.6228e-003 46.439
1.637e-003 57.057
1.6512e-003 67.675
1.6653e-003 78.294
1.6795e-003 88.912
1.6938e-003 99.53
1.7081e-003 110.15
1.7226e-003 120.77
1.7373e-003 131.38
1.7521e-003 142
1.7673e-003 152.62
1.7828e-003 163.24
1.7986e-003 173.86
1.8147e-003 184.48
1.8314e-003 195.09
1.8484e-003 205.71
1.866e-003 216.33
1.8841e-003 226.95
1.9028e-003 237.57
1.9222e-003 248.18
1.9422e-003 258.8
1.9629e-003 269.42
1.9843e-003 280.04
2.0065e-003 290.66
2.0296e-003 301.28
2.0535e-003 311.89
2.0784e-003 322.51
2.1041e-003 333.13
2.1309e-003 343.75
2.1587e-003 354.37
2.1876e-003 364.98
2.2175e-003 375.6
2.2486e-003 386.22
2.2809e-003 396.84
2.2937e-003 407.46
2.3017e-003 418.08
2.3091e-003 428.69
2.316e-003 439.31
2.3224e-003 449.93
2.3283e-003 460.55
2.3337e-003 471.17
2.3385e-003 481.78
2.3428e-003 492.4








2.3466e-003 503.02
2.3499e-003 513.64
2.3526e-003 524.26
2.3548e-003 534.88
2.3565e-003 545.49
2.3577e-003 556.11
2.3583e-003 566.73
2.3585e-003 577.35
2.3581e-003 587.97
2.3572e-003 598.58
2.3557e-003 609.2
2.3538e-003 619.82
2.3513e-003 630.44
2.3483e-003 641.06
2.3448e-003 651.68
2.3407e-003 662.29
2.3362e-003 672.91
2.3311e-003 683.53
2.3255e-003 694.15
2.3194e-003 704.77
2.3127e-003 715.38
2.3055e-003 726

2.2978e-003 736.62
2.2896e-003 747.24
2.2809e-003 757.86
2.2716e-003 768.48
2.2618e-003 779.09
2.2515e-003 789.71
2.2407e-003 800.33

TABLE 36

7075 (UNS A97075) > Isotropic Resistivity

Resistivity ohm cmil in”-1| Temperature F
1.3838 -452.47
1.3854 -443.34
1.3871 -434.22
1.3887 -425.09
1.3926 -415.96
1.3984 -406.84
1.406 -397.71
1.4152 -388.59
1.426 -379.46
1.4383 -370.33
1.4521 -361.21
1.4674 -352.08
1.484 -342.95
1.502 -333.83
1.5212 -324.7
1.5416 -315.58








1.5632 -306.45
1.5858 -297.32
1.6095 -288.2
1.6342 -279.07
1.6597 -269.94
1.6862 -260.82
1.7134 -251.69
1.7415 -242.56
1.7702 -233.44
1.7995 -224.31
1.8294 -215.19
1.8599 -206.06
1.8908 -196.93
1.9221 -187.81
1.9538 -178.68
1.9858 -169.55
2.018 -160.43
2.0505 -151.3
2.083 -142.18
2.1156 -133.05
2.1483 -123.92
2.1809 -114.8
2.2134 -105.67
2.2457 -96.544
2.2779 -87.417
2.3097 -78.291
2.3413 -69.165
2.3725 -60.038
2.4032 -50.912
2.4335 -41.786
2.4632 -32.659
2.4923 -23.533
2.5207 -14.407
2.5484 -5.2805
2.5754 3.8458
2.6015 12.972
2.6267 22.098
2.651 31.225
2.6743 40.351
2.6965 49.477
2.7176 58.604
2.7376 67.73
TABLE 37

7075 (UNS A97075) > Isotropic Elasticity

Temperature F

Young's Modulus psi

Poisson's Ratio

Bulk Modulus psi

Shear Modulus psi

-459.67 1.1431e+007 0.32387 1.0817e+007 4.3172e+006
-445.62 1.1432e+007 0.32391 1.082e+007 4.3174e+006
-431.56 1.1429e+007 0.32398 1.0822e+007 4.3162e+006








-417.51 1.1423e+007 0.32407 1.0822e+007 4.3138e+006
-403.45 1.1415e+007 0.32418 1.0821e+007 4.3102e+006
-389.4 1.1404e+007 0.32431 1.0818e+007 4.3056e+006
-375.34 1.139e+007 0.32446 1.0814e+007 4.2999e+006
-361.29 1.1374e+007 0.32463 1.0809e+007 4.2932e+006
-347.23 1.1355e+007 0.32481 1.0803e+007 4.2857e+006
-333.18 1.1335e+007 0.32501 1.0796e+007 4.2773e+006
-319.12 1.1312e+007 0.32521 1.0787e+007 4.2682e+006
-305.07 1.1288e+007 0.32543 1.0777e+007 4.2583e+006
-291.02 1.1262e+007 0.32566 1.0766e+007 4.2478e+006
-276.96 1.1234e+007 0.32589 1.0754e+007 4.2366e+006
-262.91 1.1205e+007 0.32613 1.0741e+007 4.2249e+006
-248.85 1.1175e+007 0.32637 1.0727e+007 4.2126e+006
-234.8 1.1143e+007 0.32662 1.0712e+007 4.1999e+006
-220.74 1.1111e+007 0.32687 1.0696e+007 4.1867e+006
-206.69 1.1077e+007 0.32713 1.0679e+007 4.1732e+006
-192.63 1.1042e+007 0.32738 1.0661e+007 4.1593e+006
-178.58 1.1006e+007 0.32763 1.0642e+007 4.1451e+006
-164.52 1.097e+007 0.32788 1.0623e+007 4.1306e+006
-150.47 1.0933e+007 0.32813 1.0602e+007 4.1159e+006
-136.42 1.0895e+007 0.32838 1.0581e+007 4.101e+006
-122.36 1.0857e+007 0.32862 1.0558e+007 4.0859e+006
-108.31 1.0819e+007 0.32885 1.0535e+007 4.0707e+006
-94.252 1.078e+007 0.32908 1.0512e+007 4.0553e+006
-80.197 1.074e+007 0.32931 1.0487e+007 4.0399e+006
-66.143 1.0701e+007 0.32953 1.0462e+007 4.0243e+006
-52.088 1.0661e+007 0.32974 1.0436e+007 4.0088e+006
-38.034 1.0621e+007 0.32995 1.041e+007 3.9931e+006
-23.979 1.0581e+007 0.33014 1.0383e+007 3.9775e+006
-9.9245 1.0541e+007 0.33033 1.0355e+007 3.9618e+006

4.13 1.0501e+007 0.33052 1.0326e+007 3.9462e+006
18.185 1.0461e+007 0.33069 1.0298e+007 3.9306e+006
32.239 1.0421e+007 0.33086 1.0268e+007 3.915e+006
46.294 1.038e+007 0.33102 1.0238e+007 3.8994e+006
60.348 1.034e+007 0.33117 1.0208e+007 3.8839e+006
74.403 1.03e+007 0.33131 1.0177e+007 3.8684e+006
88.457 1.026e+007 0.33145 1.0145e+007 3.8529e+006
102.51 1.022e+007 0.33158 1.0114e+007 3.8375e+006
116.57 1.018e+007 0.33171 1.0081e+007 3.8221e+006
130.62 1.014e+007 0.33183 1.0049e+007 3.8067e+006
144.68 1.01e+007 0.33194 1.0016e+007 3.7914e+006
158.73 1.006e+007 0.33205 9.9828e+006 3.776e+006
172.78 1.002e+007 0.33216 9.9493e+006 3.7607e+006
186.84 9.9795e+006 0.33226 9.9156e+006 3.7453e+006
200.89 9.9393e+006 0.33236 9.8817e+006 3.7299e+006
214.95 9.8989e+006 0.33246 9.8475e+006 3.7145e+006

229 9.8584e+006 0.33257 9.8132e+006 3.699e+006
243.06 9.8176e+006 0.33267 9.7787e+006 3.6835e+006








257.11 9.7766e+006 0.33278 9.7441e+006 3.6678e+006
271.17 9.7353e+006 0.33289 9.7094e+006 3.6519e+006
285.22 9.6935e+006 0.33301 9.6746e+006 3.636e+006
299.28 9.6513e+006 0.33313 9.6397e+006 3.6198e+006
313.33 9.6086e+006 0.33327 9.6048e+006 3.6034e+006
327.38 9.5652e+006 0.33342 9.5699e+006 3.5867e+006
341.44 9.5212e+006 0.33358 9.535e+006 3.5698e+006
355.49 9.4764e+006 0.33375 9.5002e+006 3.5525e+006
369.55 9.4308e+006 0.33394 9.4654e+006 3.5349e+006
383.6 9.3842e+006 0.33416 9.4307e+006 3.5169e+006
397.66 9.3365e+006 0.33439 9.3961e+006 3.4984e+006
411.71 9.2877e+006 0.33465 9.3616e+006 3.4795e+006
425.77 9.2377e+006 0.33493 9.3272e+006 3.46e+006

439.82 9.1863e+006 0.33525 9.293e+006 3.4399e+006
453.88 9.1334e+006 0.33559 9.259e+006 3.4192e+006
467.93 9.0788e+006 0.33598 9.2252e+006 3.3978e+006
481.98 9.0226e+006 0.3364 9.1916e+006 3.3757e+006
496.04 8.9645e+006 0.33686 9.1582e+006 3.3528e+006
510.09 8.9044e+006 0.33736 9.125e+006 3.3291e+006
524.15 8.8421e+006 0.33792 9.0921e+006 3.3044e+006
538.2 8.7776e+006 0.33852 9.0595e+006 3.2788e+006
552.26 8.7106e+006 0.33918 9.0272e+006 3.2522e+006
566.31 8.6411e+006 0.33989 8.9952e+006 3.2245e+006
580.37 8.5688e+006 0.34067 8.9635e+006 3.1957e+006
594.42 8.4935e+006 0.34152 8.9321e+006 3.1657e+006
608.48 8.4153e+006 0.34243 8.9011e+006 3.1343e+006
622.53 8.3337e+006 0.34342 8.8704e+006 3.1017e+006
636.58 8.2487e+006 0.34448 8.8401e+006 3.0676e+006
650.64 8.1602e+006 0.34563 8.8102e+006 3.0321e+006
664.69 8.0678e+006 0.34687 8.7807e+006 2.995e+006
678.75 7.9714e+006 0.34819 8.7516e+006 2.9563e+006
692.8 7.8709e+006 0.34961 8.7229e+006 2.916e+006
706.86 7.7659e+006 0.35114 8.6947e+006 2.8739e+006
720.91 7.6564e+006 0.35277 8.667e+006 2.8299e+006
734.97 7.5421e+006 0.35451 8.6397e+006 2.7841e+006
749.02 7.4228e+006 0.35636 8.6129e+006 2.7363e+006
763.08 7.2982e+006 0.35834 8.5867e+006 2.6864e+006
777.13 7.1682e+006 0.36045 8.561e+006 2.6345e+006
791.18 7.0325e+006 0.36269 8.5359e+006 2.5804e+006
805.24 6.8908e+006 0.36507 8.5113e+006 2.524e+006
819.29 6.7431e+006 0.36759 8.4875e+006 2.4653e+006
833.35 6.5889e+006 0.37026 8.4642e+006 2.4042e+006
847.4 6.4281e+006 0.37309 8.4418e+006 2.3407e+006
861.46 6.2603e+006 0.37608 8.4201e+006 2.2747e+006
875.51 6.0855e+006 0.37925 8.3992e+006 2.2061e+006
889.57 5.9032e+006 0.38258 8.3793e+006 2.1348e+006
903.62 5.7132e+006 0.38611 8.3604e+006 2.0609e+006
917.68 5.5153e+006 0.38982 8.3427e+006 1.9842e+006








931.73

1.9047e+006

|

5.3092e+006 | 0.39373 | 8.3262e+006 |
TABLE 38
7075 (UNS A97075) > Multilinear Isotropic Hardening
Stress psi| Plastic Strain in in*-1 | Temperature F
16249 0 67.73
19107 4.7368e-003 67.73
21701 9.4737e-003 67.73
24046 1.4211e-002 67.73
26154 1.8947e-002 67.73
28039 2.3684e-002 67.73
29714 2.8421e-002 67.73
31193 3.3158e-002 67.73
32488 3.7895e-002 67.73
33612 4.2632e-002 67.73
34580 4.7368e-002 67.73
35405 5.2105e-002 67.73
36099 5.6842e-002 67.73
36676 6.1579e-002 67.73
37150 6.6316e-002 67.73
37533 7.1053e-002 67.73
37840 7.5789e-002 67.73
38082 8.0526e-002 67.73
38274 8.5263e-002 67.73
38429 9.e-002 67.73
TABLE 39

7075 (UNS A97075) > Alternating Stress R-Ratio

Alternating Stress psi Cycles |R-Ratio
50442 4000 -1
49352 4677.6 -1
48261 5469.9 -1
47166 6396.4 -1
46067 7479.9 -1
44962 8746.9 -1
43853 10229 -1
42739 11961 -1
41620 13987 -1
40499 16356 -1
39375 19127 -1
38251 22367 -1
37129 26156 -1
36010 30586 -1
34896 35767 -1
33790 41826 -1
32695 48910 -1
31612 57195 -1
30546 66883 -1
29498 78213 -1








28471 91461 -1
27468 1.0695e+005| -1
26492 1.2507e+005| -1
25546 1.4626e+005| -1
24632 1.7103e+005| -1
23753 2.e+005 -1
22911 2.3388e+005| -1
22108 2.7349e+005| -1
21346 3.1982e+005| -1
20627 3.7399e+005| -1
19953 4.3734e+005| -1
19325 5.1143e+005| -1
18744 5.9806e+005| -1
18210 6.9936e+005| -1
17724 8.1782e+005| -1
17285 9.5635e+005| -1
16894 1.1183e+006| -1
16548 1.3078e+006| -1
16247 1.5293e+006| -1
15989 1.7884e+006| -1
15771 2.0913e+006| -1
15590 2.4455e+006| -1
15442 2.8598e+006| -1
15324 3.3442e+006| -1
15230 3.9106e+006| -1
15155 4.5731e+006| -1
15092 5.3477e+006| -1
15035 6.2535e+006| -1
14976 7.3128e+006| -1
14816 1.e+007 -1
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Units
TABLE 1
Unit System |Metric (m, kg, N, s, V, A) Degrees rad/s Kelvin
Angle Degrees
Rotational Velocity rad/s
Temperature Kelvin
Comment

TGT-CALC-103-008
Entrance window temperature while in beam. Conditions are:

e beam current 20 microA

e raster 2x2

e heat from beam 3W

e heat flux 3E+9 W/m"3

e Matl model is from MPDB

Model (B4)








Geometry

TABLE 2
Model (B4) > Geometry
Object Name Geometry
State Fully Defined

D:\Meekins\GoogleDrive\JLAB\Hall A\Trtium\Calculations\ANSY S\cell

SOED beam heating\Assemblyl.iam
Type Inventor
Length Unit Centimeters
Element Control Program Controlled
Display Style Body Color
.~ BoundingBox
Length X 0.33416 m
Length Y 7.0806e-002 m
Length Z 7.62e-002 m

Volume 5.3774e-005 m3
Mass 0.14624 kg
Scale Factor Value 1.

Bodies 4
Active Bodies 2
Nodes 165099
Elements 109581
Mesh Metric None
.~ BasicGeomewyOptions
Solid Bodies Yes
Surface Bodies Yes
Line Bodies No
Parameters Yes
Parameter Key DS
Attributes No
Named Selections No
Material Properties No

Use Associativity Yes
Coordinate Systems No
Reader Mode Saves No

Updated File
Use Instances Yes
Smart CAD Update No
Compare Parts On Update No
Attach File Via Temp File Yes
Temporary Directory C:\Users\David\AppData\Local\Temp
Analysis Type 3-D
Mixed Import Resolution None








Decompose Disjoint Yes
Geometry
Enclosure and Symme_try Yes
Processing
TABLE 3
Model (B4) > Geometry > Parts
Object Name| main body:1 entrance:1 exit beam:1 ent beam:1
State| Suppressed Meshed Suppressed Meshed
Visible No Yes No Yes
Transparency 1 1
Suppressed Yes No Yes No
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature By Environment
Assignment 7075 (UNS A97075) 7075 (UNS A97075)
Nonlinear Effects Yes
Thermal Strain Effects Yes
Length X| 0.32146 m 8.4557e-002 m | 3.5536e-004 m | 3.0437e-004 m
Length Y| 7.0806e-002 m 6.985e-002 m 2.26e-003 m
Length Z| 7.62e-002 m 6.985e-002 m 2.26e-003 m

Volume | 8.0156e-004 m3| 5.3773e-005m3 |1.2217e-009 m3| 1.0189e-009 m3
Mass 0.14624 kg 2.7711e-006 kg
Centroid X| 1.2664e-002 m 0.12855m -0.19035 m 6.0903e-002 m
Centroid Y 8.7826e-002 m
Centroid Z| 3.3853e-002 m 3.3854e-002 m

Moment of Inertia Ip1

7.4106e-005 kg-m?

1.7625e-012 kg-m?

Moment of Inertia Ip2

9.6097e-005 kg-m?

8.9668e-013 kg-m?

Moment of Inertia Ip3

9.6097e-005 kg-m?

8.9668e-013 kg-m?

Nodes 0 164609 0 490
Elements 0 109520 0 61
Mesh Metric None
Coordinate Systems
TABLE 4

Model (B4) > Coordinate Systems > Coordinate System
Object Name | Global Coordinate System
State Fully Defined
Type Cartesian
Coordinate System ID 0.








Origin X 0.m

Origin Y 0.m

Origin Z 0.m
X Axis Data [1.0.0.]
Y Axis Data [0.1.0.]
Z Axis Data [0.0.1.]

Connections
TABLE 5

Model (B4) > Connections
Object Name | Connections

State | Fully Defined

Generate Automatic Connection On Refresh Yes

Enabled Yes

TABLE 6
Model (B4) > Connections > Contacts
Object Name Contacts
State Fully Defined

Connection Type

Scoping Method | Geometry Selection
Geometry All Bodies
.~ AutoDetecton
Tolerance Type Slider
Tolerance Slider 0.
Tolerance Value| 8.7494e-004 m
Use Range No
Face/Face Yes
Face/Edge No
Edge/Edge No
Priority Include All
Group By Bodies
Search Across Bodies
. sttisties
Connections 1
Active Connections 1
TABLE 7

Model (B4) > Connections > Contacts > Contact Regions
Object Name |Bonded - entrance:1 To ent beam:1
State Fully Defined

Scoping Method Geometry Selection








Contact 1 Face

Target 1 Face
Contact Bodies entrance:1
Target Bodies ent beam:1

Type Bonded
Scope Mode Manual
Behavior Program Controlled
Trim Contact Program Controlled
Suppressed No

Formulation Program Controlled

Detection Method Program Controlled
Elastic Slip Tolerance Program Controlled
Thermal Conductance Program Controlled
Pinball Region Program Controlled

Contact Geometry Correction None
Target Geometry Correction None

Mesh

TABLE 8
Model (B4) > Mesh
Object Name Mesh

State Solved

Display Style Body Color

Physics Preference Mechanical
Relevance 0
. sizng
Use Advanced Size Function Off
Relevance Center Fine
Element Size Default
Initial Size Seed Active Assembly
Smoothing High
Transition Slow
Span Angle Center Fine
Minimum Edge Length 4.9873e-003 m

Use Automatic Inflation None
Inflation Option| Smooth Transition
Transition Ratio 0.272
Maximum Layers 5
Growth Rate 1.2
Inflation Algorithm Pre

View Advanced Options No








Patch Conforming Options
Triangle Surface Mesherl Program Controlled
Patch Independent Options
Topology Checking | No
Advanced
Number of CPUs for Parallel Part Meshing| Program Controlled
Shape Checking| Standard Mechanical
Element Midside Nodes| Program Controlled
Straight Sided Elements No
Number of Retries Default (4)
Extra Retries For Assembly Yes
Rigid Body Behavior | Dimensionally Reduced
Mesh Morphing Disabled
Defeaturing
Pinch Tolerance Please Define
Generate Pinch on Refresh No
Automatic Mesh Based Defeaturing On
Defeaturing Tolerance Default
Statistics
Nodes 165099
Elements 109581
Mesh Metric None

Steady-State Thermal (B5)

TABLE 9
Model (B4) > Analysis

Object Name | Steady-State Thermal (B5)
State Solved
Definition
Physics Type Thermal
Analysis Type Steady-State
Solver Target Mechanical APDL
Options
Generate Input Only No
TABLE 10

Model (B4) > Steady-State Thermal (B5) > Initial Condition
Object Name | Initial Temperature
State Fully Defined

Definition
Initial Temperature | Uniform Temperature
Initial Temperature Value 40. K
TABLE 11
Model (B4) > Steady-State Thermal (B5) > Analysis Settings
Object Name Analysis Settings

State Fully Defined








Number Of Steps 1.
Current Step Number 1.
Step End Time 1l.s

Auto Time Stepping

Solver Type

Program Controlled

Program Controlled

Solver Pivot Checking

Program Controlled

Heat Convergence

Radiosity Solver Program Controlled
Flux Convergence 1.e-004
Maximum lteration 1000.
Solver Tolerance 0.1 W/m2
Over Relaxation 0.1
Hemicube Resolution 10.

Program Controlled

Calculate Thermal
Flux

Temperature
Convergence Program Controlled
Line Search Program Controlled

Yes

General
Miscellaneous

No

Store Results At

Solver Files Directory

All Time Points

D:\Meekins\GoogleDrive\JLAB\Hall A\Trtium\Calculations\ANSY S\cell beam
heating\beam heating_files\dpO\SYS\MECH\

Future Analysis None
Scratch Solver Files
Directory

Save MAPDL db No

Delete Unneeded

Files Yes

Nonlinear Solution Yes

Solver Units Active System
Solver Unit System mks

TABLE 12
Model (B4) > Steady-State Thermal (B5) > Loads

Object Name | Internal Heat Generation| Temperature

State Fully Defined

Scoping Method Geometry Selection

Geometry 1 Body 1 Face

Internal Heat Generation| Temperature

Type

Magnitude | 3.e+009 W/m3 (ramped) |40. K (ramped)








' Suppressed | No |

FIGURE 1
Model (B4) > Steady-State Thermal (B5) > Internal Heat Generation

J.e+0

2.8e+9 —

24e+0 —

2.e+0 —

1.6e+0 —

1.2e+%9 —

d.e+d —

4e+3 —

FIGURE 2
Model (B4) > Steady-State Thermal (B5) > Temperature
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Solution (B6)

TABLE 13

Model (B4) > Steady-State Thermal (B5) > Solution

Object Name | Solution (B6)
State Solved

Max Refinement Loops 1.
Refinement Depth 2.
~ staus| Done
Calculate Beam Section Results No |
TABLE 14

Model (B4) > Steady-State Thermal (B5) > Solution (B6) > Solution Information

Object Name

Solution Information

State

Solution Output

Solved

Solver Output

Update Interval 25s
Display Points All
Activate Visibility Yes

Display

All FE Connectors








Draw Connections Attached To

All Nodes

Line Color

Connection Type

Model (B4) > Steady-State Thermal (B5) >

Visible on Results No
Line Thickness Single
Display Type Lines
TABLE 15
Model (B4) > Steady-State Thermal (B5) > Solution (B6) > Results
Object Name| Temperature 2
State Solved
Scope
Scoping Method | Geometry Selection
Geometry All Bodies
Definition
Type Temperature
By Time
Display Time Last
Calculate Time History Yes
Identifier
Suppressed No
Results
Minimum 40. K
Maximum 119.05K
Minimum Occurs On entrance:1
Maximum Occurs On ent beam:1
Information
Time 1.s
Load Step 1
Substep 1
Iteration Number 2
TABLE 16
Model (B4) > Steady-State Thermal (B5) > Solution (B6) > Temperature 2
Time [s]| Minimum [K] | Maximum [K]
1. 40. 119.05
FIGURE 4

Solution (B6) > Temperature 2 > Figure

Temperature of Exit window








B: Steady-State Thermal
Figure
Type: Ternperature
Unit: K
Tirne: 1
8/28/2015 1:08 &AM

. 110,05 Ma:x
110.27

— 101.48

—{ 9.7

—{ 23.917

— 75,133

— 66,35

57.5687
I 48,733
40 Min

0.000 0.030(m)
I 000 ]
0.015
Material Data
7075 (UNS A97075)
TABLE 17

7075 (UNS A97075) > Density
Density kg m”-3| Temperature C

2754.3 -273.15
2754.3 -266.08
2754.2 -259.01
2754.2 -251.94
2754.3 -244.87
2754.2 -237.8
2754.1 -230.73
2753.9 -223.66
2753.6 -216.58
2753.2 -209.51

2752.7 -202.44







2752.2 -195.37
2751.7 -188.3
2751 -181.23
2750.4 -174.16
2749.6 -167.09
2748.8 -160.02
2748 -152.95
2747.2 -145.88
2746.2 -138.81
2745.3 -131.74
2744.3 -124.67
2743.3 -117.59
2742.3 -110.52
2741.2 -103.45
2740.1 -96.382
2739 -89.312
2737.9 -82.241
2736.7 -75.17
2735.6 -68.099
2734.4 -61.029
2733.2 -53.958
2732 -46.887
2730.7 -39.817
2729.5 -32.746
2728.2 -25.675
2727 -18.605
2725.7 -11.534
2724.4 -4.4631
2723.2 2.6076
2721.9 9.6783
2720.6 16.749
2719.3 23.82
2718 30.89
2716.6 37.961
2715.3 45.032
2714 52.103
2712.7 59.173
2711.3 66.244
2710 73.315
2708.7 80.385
2707.3 87.456
2706 94.527
2704.6 101.6
2703.3 108.67
2701.9 115.74
2700.5 122.81
2699.2 129.88
2697.8 136.95








2696.4 144.02
2695 151.09
2693.6 158.16
2692.2 165.23
2690.8 172.3
2689.4 179.38
2688 186.45
2686.5 193.52
2685.1 200.59
2683.6 207.66
2682.2 214.73
2680.7 221.8
2679.3 228.87
2677.8 235.94
2676.3 243.01
2674.8 250.08
2673.3 257.15
2671.7 264.22
2670.2 271.29
2668.7 278.37
2667.1 285.44
2665.6 292.51
2664 299.58
2662.4 306.65
2660.8 313.72
2659.2 320.79
2657.6 327.86
2656 334.93
2654.4 342
2652.8 349.07
2651.1 356.14
2649.5 363.21
2647.8 370.28
2646.2 377.36
2644.5 384.43
2642.9 391.5
2641.2 398.57
2639.6 405.64
2637.9 412.71
2636.3 419.78
2634.6 426.85
TABLE 18

7075 (UNS A97075) > Tensile Yield Strength
Tensile Yield Strength Pa| Temperature C

6.56e+008 -269.15
6.3812e+008 -260.98
6.2069e+008 -252.81

6.1153e+008 -244.63








6.029e+008 -236.46
5.9478e+008 -228.29
5.8716e+008 -220.12

5.8e+008 -211.95
5.7329e+008 -203.78
5.67e+008 -195.6
5.6111e+008 -187.43
5.5559e+008 -179.26
5.5041e+008 -171.09
5.4557e+008 -162.92
5.4103e+008 -154.75
5.3676e+008 -146.57
5.3275e+008 -138.4
5.2898e+008 -130.23
5.2541e+008 -122.06
5.2202e+008 -113.89

5.188e+008 -105.72
5.1571e+008 -97.544
5.1274e+008 -89.372
5.0986e+008 -81.201
5.0704e+008 -73.029
5.0427e+008 -64.857
5.0151e+008 -56.685
4.9876e+008 -48.514
4.9597e+008 -40.342
4.9313e+008 -32.17
4.9022e+008 -23.998
4.8721e+008 -15.827
4.8407e+008 -7.6551
4.8079e+008 0.51667
4.7735e+008 8.6884

4.737e+008 16.86
4.6985e+008 25.032
4.6575e+008 33.204
4.6138e+008 41.375
4.5673e+008 49.547
4.5177e+008 57.719
4.4648e+008 65.89
4.4082e+008 74.062
4.3479e+008 82.234
4.2835e+008 90.406
4.2148e+008 98.577
3.8152e+008 106.75
3.3689e+008 114.92
2.9467e+008 123.09
2.5601e+008 131.26
2.2171e+008 139.44
1.9223e+008 147.61








1.6771e+008 155.78
1.4794e+008 163.95
1.324e+008 172.12
1.2022e+008 180.29
1.1018e+008 188.47
1.0141e+008 196.64
9.3918e+007 204.81
8.7157e+007 212.98
8.1071e+007 221.15
7.5603e+007 229.32
7.07e+007 237.5
6.631e+007 245.67
6.2384e+007 253.84
5.8876e+007 262.01
5.574e+007 270.18
5.2935e+007 278.36
5.042e+007 286.53
4.8157e+007 294.7
4.611e+007 302.87
4.4247e+007 311.04
4.2537e+007 319.21
4.095e+007 327.39
3.946e+007 335.56
3.8043e+007 343.73
3.6676e+007 351.9
3.5341e+007 360.07
3.4019e+007 368.24
3.2695e+007 376.42
3.1357e+007 384.59
2.9994e+007 392.76
2.8597e+007 400.93
2.716e+007 409.1
2.568e+007 417.27
2.4154e+007 425.45
2.2584e+007 433.62
2.0972e+007 441.79
1.9324e+007 449.96
1.7646e+007 458.13
1.595e+007 466.3
1.4245e+007 474.48
1.2548e+007 482.65
1.0874e+007 490.82
9.2425e+006 498.99
7.674e+006 507.16
6.192e+006 515.33
4.8221e+006 523.51
3.5922e+006 531.68
2.5322e+006 539.85








TABLE 19
7075 (UNS A97075) > Tensile Ultimate Strength

Tensile Ultimate Strength Pa| Temperature C
7.65e+008 -269.15
7.6245e+008 -260.98
7.5936e+008 -252.81
7.4368e+008 -244.63
7.29e+008 -236.46
7.1529e+008 -228.29
7.0251e+008 -220.12
6.906e+008 -211.95
6.7953e+008 -203.78
6.6925e+008 -195.6
6.5973e+008 -187.43
6.5093e+008 -179.26
6.4279e+008 -171.09
6.3528e+008 -162.92
6.2836e+008 -154.75
6.2198e+008 -146.57
6.1611e+008 -138.4
6.107e+008 -130.23
6.057e+008 -122.06
6.0109e+008 -113.89
5.9681e+008 -105.72
5.9283e+008 -97.544
5.8909e+008 -89.372
5.8557e+008 -81.201
5.8221e+008 -73.029
5.7899e+008 -64.857
5.7584e+008 -56.685
5.7274e+008 -48.514
5.6964e+008 -40.342
5.665e+008 -32.17
5.6328e+008 -23.998
5.5993e+008 -15.827
5.5642e+008 -7.6551
5.527e+008 0.51667
5.4873e+008 8.6884
5.4446e+008 16.86
5.3986e+008 25.032
5.3489e+008 33.204
5.295e+008 41.375
5.2365e+008 49.547
5.173e+008 57.719
5.104e+008 65.89
5.0293e+008 74.062
4.9482e+008 82.234
4.8605e+008 90.406
4.7656e+008 98.577








4.3469e+008 106.75
3.871e+008 114.92
3.4111e+008 123.09
2.9795e+008 131.26
2.5859e+008 139.44
2.2374e+008 147.61
1.9383e+008 155.78
1.6904e+008 163.95
1.4931e+008 172.12
1.3428e+008 180.29
1.2335e+008 188.47
1.1565e+008 196.64
1.0933e+008 204.81

1.03e+008 212.98
9.7132e+007 221.15
9.1691e+007 229.32
8.6652e+007 237.5
8.1988e+007 245.67
7.7674e+007 253.84
7.3684e+007 262.01
6.9995e+007 270.18
6.6583e+007 278.36
6.3426e+007 286.53
6.0502e+007 294.7
5.779e+007 302.87
5.527e+007 311.04
5.2923e+007 319.21
5.073e+007 327.39
4.8674e+007 335.56
4.6738e+007 343.73
4.4905e+007 351.9
4.3161e+007 360.07
4.149e+007 368.24
3.9879e+007 376.42
3.8316e+007 384.59
3.6787e+007 392.76
3.5282e+007 400.93
3.3791e+007 409.1
3.2302e+007 417.27
3.0808e+007 425.45
2.9301e+007 433.62
2.7772e+007 441.79
2.6215e+007 449.96
2.4625e+007 458.13
2.2997e+007 466.3
2.1326e+007 474.48
1.961e+007 482.65
1.7845e+007 490.82








1.6029e+007 498.99
1.4162e+007 507.16
1.2244e+007 515.33
1.0275e+007 523.51
8.2565e+006 531.68
6.1907e+006 539.85
TABLE 20
7075 (UNS A97075) > Isotropic Secant Coefficient of Thermal Expansion
Coefficient of Thermal Expansion C"-1 | Temperature C
1.4225e-005 -273.15
1.4583e-005 -266.08
1.494e-005 -259.01
1.5309e-005 -251.94
1.5736e-005 -244.87
1.6143e-005 -237.8
1.6531e-005 -230.73
1.6902e-005 -223.66
1.7254e-005 -216.58
1.759e-005 -209.51
1.7909e-005 -202.44
1.8213e-005 -195.37
1.8501e-005 -188.3
1.8775e-005 -181.23
1.9035e-005 -174.16
1.9281e-005 -167.09
1.9514e-005 -160.02
1.9735e-005 -152.95
1.9944e-005 -145.88
2.0142e-005 -138.81
2.0329e-005 -131.74
2.0506e-005 -124.67
2.0673e-005 -117.59
2.083e-005 -110.52
2.0978e-005 -103.45
2.1118e-005 -96.382
2.125e-005 -89.312
2.1375e-005 -82.241
2.1492e-005 -75.17
2.1603e-005 -68.099
2.1707e-005 -61.029
2.1805e-005 -53.958
2.1898e-005 -46.887
2.1985e-005 -39.817
2.2068e-005 -32.746
2.2146e-005 -25.675
2.222e-005 -18.605
2.229e-005 -11.534
2.2357e-005 -4.4631








2.2421e-005 2.6076
2.2482e-005 9.6783
2.254e-005 16.749
2.2596e-005 23.82
2.265e-005 30.89
2.2702e-005 37.961
2.2753e-005 45.032
2.2803e-005 52.103
2.2851e-005 59.173
2.2899e-005 66.244
2.2946e-005 73.315
2.2993e-005 80.385
2.304e-005 87.456
2.3086e-005 94.527
2.3133e-005 101.6
2.318e-005 108.67
2.3227e-005 115.74
2.3276e-005 122.81
2.3325e-005 129.88
2.3374e-005 136.95
2.3425e-005 144.02
2.3477e-005 151.09
2.353e-005 158.16
2.3584e-005 165.23
2.364e-005 172.3
2.3697e-005 179.38
2.3755e-005 186.45
2.3815e-005 193.52
2.3876e-005 200.59
2.3939e-005 207.66
2.4003e-005 214.73
2.4069e-005 221.8
2.4136e-005 228.87
2.4205e-005 235.94
2.4275e-005 243.01
2.4347e-005 250.08
2.442e-005 257.15
2.4494e-005 264.22
2.4569e-005 271.29
2.4646e-005 278.37
2.4724e-005 285.44
2.4802e-005 292.51
2.4882e-005 299.58
2.4962e-005 306.65
2.5042e-005 313.72
2.5124e-005 320.79
2.5205e-005 327.86
2.5286e-005 334.93








2.5368e-005 342
2.5449e-005 349.07
2.5529e-005 356.14
2.5609e-005 363.21
2.5688e-005 370.28
2.5766e-005 377.36
2.5843e-005 384.43
2.5918e-005 391.5
2.5991e-005 398.57
2.6062e-005 405.64
2.6131e-005 412.71
2.6197e-005 419.78
2.626e-005 426.85
Reference Temperature C
19.85
TABLE 21
7075 (UNS A97075) > Specific Heat
Specific Heat J kg"-1 C~-1 | Temperature C
572.12 -157.15
586.75 -151.25
600.86 -145.35
614.47 -139.45
627.58 -133.55
640.21 -127.66
652.39 -121.76
664.12 -115.86
675.41 -109.96
686.29 -104.06
696.77 -98.16
706.86 -92.261
716.57 -86.362
725.92 -80.463
734.93 -74.564
743.6 -68.665
751.94 -62.766
759.98 -56.867
767.73 -50.968
775.18 -45.069
782.37 -39.17
789.3 -33.271
795.98 -27.372
802.42 -21.473
808.64 -15.574
814.64 -9.6753
820.44 -3.7763
826.05 2.1227
831.48 8.0217
836.74 13.921








841.83 19.82
846.78 25.719
851.58 31.618
856.25 37.517
860.8 43.416
865.23 49.315
869.56 55.214
873.8 61.113
877.95 67.012
882.01 72.911
886.01 78.81
889.94 84.709
893.82 90.608
897.65 96.507
901.44 102.41
905.2 108.3
908.92 114.2
912.63 120.1
916.33 126
920.01 131.9
923.7 137.8
927.39 143.7
931.09 149.6
934.8 1555
938.53 161.4
942.29 167.29
946.08 173.19
949.91 179.09
953.77 184.99
957.68 190.89
961.64 196.79
965.64 202.69
969.7 208.59
973.82 214.49
978 220.39
982.25 226.28
986.56 232.18
990.94 238.08
995.39 243.98
999.91 249.88
1004.5 255.78
1009.2 261.68
1014 267.58
1018.8 273.48
1023.7 279.38
1028.7 285.27
1033.8 291.17
1039 297.07








1044.2 302.97
1049.5 308.87

1055 314.77
1060.5 320.67

1066 326.57
1071.7 332.47
1077.5 338.37
1083.3 344.26
1089.2 350.16
1095.2 356.06
1101.2 361.96
1107.4 367.86
1113.6 373.76
1119.8 379.66
1126.2 385.56
1132.5 391.46

1139 397.36
1145.5 403.25
1152.1 409.15
1158.7 415.05
1165.4 420.95
1172.1 426.85

TABLE 22

7075 (UNS A97075) > Isotropic Thermal Conductivity

Thermal Conductivity W m”-1 C~-1| Temperature C
77.555 -157.15
79.962 -151.25
82.281 -145.35
84.514 -139.45
86.664 -133.55
88.735 -127.66

90.73 -121.76
92.651 -115.86
94.501 -109.96
96.284 -104.06
98.002 -98.16
99.659 -92.261
101.26 -86.362
102.8 -80.463
104.29 -74.564
105.73 -68.665
107.13 -62.766
108.48 -56.867
109.79 -50.968
111.06 -45.069
112.3 -39.17
113.51 -33.271
114.69 -27.372








115.84 -21.473
116.97 -15.574
118.08 -9.6753
119.18 -3.7763
120.26 2.1227
121.33 8.0217
122.4 13.921
123.46 19.82
124.51 25.719
125.57 31.618
126.64 37.517
127.71 43.416
128.79 49.315
129.89 55.214
131 61.113
132.14 67.012
133.29 72.911
134.47 78.81
135.68 84.709
136.93 90.608
138.2 96.507
139.52 102.41
140.87 108.3
142.27 114.2
143.72 120.1
145.21 126
146.76 131.9
148.36 137.8
150.03 143.7
151.75 149.6
153.54 155.5
155.39 161.4
157.32 167.29
159.32 173.19
161.4 179.09
163.56 184.99
165.8 190.89
168.13 196.79
170.54 202.69
171.5 208.59
172.09 214.49
172.65 220.39
173.17 226.28
173.64 232.18
174.08 238.08
174.48 243.98
174.84 249.88
175.17 255.78








175.45 261.68
175.69 267.58
175.9 273.48
176.06 279.38
176.19 285.27
176.28 291.17
176.33 297.07
176.34 302.97
176.31 308.87
176.24 314.77
176.13 320.67
175.99 326.57
175.8 332.47
175.58 338.37
175.32 344.26
175.01 350.16
174.67 356.06
174.29 361.96
173.87 367.86
173.41 373.76
172.92 379.66
172.38 385.56
171.8 391.46
171.19 397.36
170.54 403.25
169.84 409.15
169.11 415.05
168.34 420.95
167.53 426.85
TABLE 23

7075 (UNS A97075) > Isotropic Resistivity

Resistivity ohm m | Temperature C

2.76e-008 -269.15
2.7632e-008 -264.08
2.7665e-008 -259.01
2.7697e-008 -253.94
2.7775e-008 -248.87
2.7892e-008 -243.8
2.8042e-008 -238.73
2.8226e-008 -233.66
2.8441e-008 -228.59
2.8687e-008 -223.52
2.8963e-008 -218.45
2.9267e-008 -213.38
2.9599e-008 -208.31
2.9957e-008 -203.24
3.034e-008 -198.17
3.0747e-008 -193.1








3.1177e-008 -188.03
3.1629e-008 -182.96
3.2101e-008 -177.89
3.2593e-008 -172.82
3.3103e-008 -167.75
3.3631e-008 -162.68
3.4174e-008 -157.61
3.4733e-008 -152.54
3.5306e-008 -147.47
3.5891e-008 -142.4
3.6488e-008 -137.33
3.7095e-008 -132.26
3.7712e-008 -127.19
3.8337e-008 -122.11
3.8969e-008 -117.04
3.9607e-008 -111.97
4.025e-008 -106.9
4.0896e-008 -101.83
4.1545e-008 -96.764
4.2196e-008 -91.694
4.2847e-008 -86.624
4.3497e-008 -81.554
4.4145e-008 -76.483
4.4791e-008 -71.413
4.5432e-008 -66.343
4.6068e-008 -61.273
4.6697e-008 -56.203
4.7319e-008 -51.132
4.7932e-008 -46.062
4.8535e-008 -40.992
4.9128e-008 -35.922
4.9708e-008 -30.852
5.0275e-008 -25.782
5.0828e-008 -20.711
5.1365e-008 -15.641
5.1886e-008 -10.571
5.2389e-008 -5.5009
5.2874e-008 -0.4307
5.3338e-008 4.6395
5.3781e-008 9.7096
5.4203e-008 14.78
5.46e-008 19.85
TABLE 24

7075 (UNS A97075) > Isotropic Elasticity

Temperature C

Young's Modulus Pa

Poisson's Ratio

Bulk Modulus Pa

Shear Modulus Pa

-273.15 7.8813e+010 0.32387 7.4577e+010 2.9766e+010
-265.34 7.8818e+010 0.32391 7.46e+010 2.9767e+010
-257.53 7.88e+010 0.32398 7.4612e+010 2.9759e+010








-249.73 7.8762e+010 0.32407 7.4614e+010 2.9742e+010
-241.92 7.8704e+010 0.32418 7.4606e+010 2.9718e+010
-234.11 7.8626e+010 0.32431 7.4589e+010 2.9686e+010
-226.3 7.8532e+010 0.32446 7.4563e+010 2.9647e+010
-218.49 7.842e+010 0.32463 7.4528e+010 2.9601e+010
-210.69 7.8293e+010 0.32481 7.4485e+010 2.9549e+010
-202.88 7.8152e+010 0.32501 7.4433e+010 2.9491e+010
-195.07 7.7997e+010 0.32521 7.4374e+010 2.9428e+010
-187.26 7.7829e+010 0.32543 7.4306e+010 2.936e+010
-179.45 7.765e+010 0.32566 7.4231e+010 2.9287e+010
-171.64 7.7459e+010 0.32589 7.4148e+010 2.921e+010
-163.84 7.7259e+010 0.32613 7.4058e+010 2.9129e+010
-156.03 7.7049e+010 0.32637 7.3961e+010 2.9045e+010
-148.22 7.683e+010 0.32662 7.3857e+010 2.8957e+010
-140.41 7.6604e+010 0.32687 7.3746e+010 2.8866e+010
-132.6 7.6371e+010 0.32713 7.3629e+010 2.8773e+010
-124.8 7.6131e+010 0.32738 7.3505e+010 2.8677e+010
-116.99 7.5886e+010 0.32763 7.3376e+010 2.8579e+010
-109.18 7.5635e+010 0.32788 7.324e+010 2.848e+010
-101.37 7.538e+010 0.32813 7.3098e+010 2.8378e+010
-93.564 7.5121e+010 0.32838 7.2951e+010 2.8275e+010
-85.756 7.4858e+010 0.32862 7.2798e+010 2.8171e+010
-77.948 7.4592e+010 0.32885 7.2639e+010 2.8066e+010
-70.14 7.4324e+010 0.32908 7.2476e+010 2.796e+010
-62.332 7.4053e+010 0.32931 7.2307e+010 2.7854e+010
-54.524 7.378e+010 0.32953 7.2134e+010 2.7747e+010
-46.716 7.3506e+010 0.32974 7.1956e+010 2.7639e+010
-38.908 7.3231e+010 0.32995 7.1773e+010 2.7532e+010
-31.099 7.2955e+010 0.33014 7.1586e+010 2.7424e+010
-23.291 7.2679e+010 0.33033 7.1394e+010 2.7316e+010
-15.483 7.2402e+010 0.33052 7.1199e+010 2.7208e+010
-7.6753 7.2124e+010 0.33069 7.0999e+010 2.71e+010
0.13283 7.1847e+010 0.33086 7.0796e+010 2.6993e+010
7.9409 7.157e+010 0.33102 7.0589e+010 2.6885e+010
15.749 7.1293e+010 0.33117 7.0379e+010 2.6778e+010
23.557 7.1016e+010 0.33131 7.0166e+010 2.6671e+010
31.365 7.0739e+010 0.33145 6.995e+010 2.6565e+010
39.173 7.0463e+010 0.33158 6.973e+010 2.6458e+010
46.981 7.0187e+010 0.33171 6.9509e+010 2.6352e+010
54.789 6.9911e+010 0.33183 6.9284e+010 2.6246e+010
62.597 6.9635e+010 0.33194 6.9058e+010 2.614e+010
70.406 6.9359e+010 0.33205 6.8829e+010 2.6035e+010
78.214 6.9083e+010 0.33216 6.8598e+010 2.5929e+010
86.022 6.8806e+010 0.33226 6.8366e+010 2.5823e+010
93.83 6.8529e+010 0.33236 6.8132e+010 2.5717e+010
101.64 6.8251e+010 0.33246 6.7896e+010 2.5611e+010
109.45 6.7971e+010 0.33257 6.766e+010 2.5504e+010
117.25 6.769e+010 0.33267 6.7422e+010 2.5397e+010








125.06 6.7407e+010 0.33278 6.7183e+010 2.5288e+010
132.87 6.7122e+010 0.33289 6.6944e+010 2.5179e+010
140.68 6.6834e+010 0.33301 6.6704e+010 2.5069e+010
148.49 6.6543e+010 0.33313 6.6464e+010 2.4958e+010
156.29 6.6249e+010 0.33327 6.6223e+010 2.4844e+010
164.1 6.595e+010 0.33342 6.5982e+010 2.473e+010
171.91 6.5646e+010 0.33358 6.5742e+010 2.4613e+010
179.72 6.5338e+010 0.33375 6.5502e+010 2.4494e+010
187.53 6.5023e+010 0.33394 6.5262e+010 2.4372e+010
195.33 6.4702e+010 0.33416 6.5022e+010 2.4248e+010
203.14 6.4373e+010 0.33439 6.4784e+010 2.4121e+010
210.95 6.4037e+010 0.33465 6.4546e+010 2.399e+010
218.76 6.3692e+010 0.33493 6.4309e+010 2.3856e+010
226.57 6.3337e+010 0.33525 6.4073e+010 2.3717e+010
234.38 6.2972e+010 0.33559 6.3839e+010 2.3575e+010
242.18 6.2596e+010 0.33598 6.3605e+010 2.3427e+010
249.99 6.2209e+010 0.3364 6.3374e+010 2.3275e+010
257.8 6.1808e+010 0.33686 6.3143e+010 2.3117e+010
265.61 6.1394e+010 0.33736 6.2915e+010 2.2953e+010
273.42 6.0964e+010 0.33792 6.2688e+010 2.2783e+010
281.22 6.0519e+010 0.33852 6.2463e+010 2.2607e+010
289.03 6.0058e+010 0.33918 6.224e+010 2.2423e+010
296.84 5.9578e+010 0.33989 6.202e+010 2.2232e+010
304.65 5.908e+010 0.34067 6.1801e+010 2.2034e+010
312.46 5.8561e+010 0.34152 6.1585e+010 2.1826e+010
320.26 5.8021e+010 0.34243 6.1371e+010 2.161e+010
328.07 5.7459e+010 0.34342 6.1159e+010 2.1385e+010
335.88 5.6873e+010 0.34448 6.095e+010 2.1151e+010
343.69 5.6262e+010 0.34563 6.0744e+010 2.0906e+010
351.5 5.5625e+010 0.34687 6.0541e+010 2.065e+010
359.3 5.4961e+010 0.34819 6.034e+010 2.0383e+010
367.11 5.4268e+010 0.34961 6.0143e+010 2.0105e+010
374.92 5.3544e+010 0.35114 5.9948e+010 1.9815e+010
382.73 5.2789e+010 0.35277 5.9757e+010 1.9512e+010
390.54 5.2001e+010 0.35451 5.9569e+010 1.9196e+010
398.34 5.1178e+010 0.35636 5.9384e+010 1.8866e+010
406.15 5.0319e+010 0.35834 5.9203e+010 1.8522e+010
413.96 4.9423e+010 0.36045 5.9026e+010 1.8164e+010
421.77 4.8487e+010 0.36269 5.8853e+010 1.7791e+010
429.58 4.7511e+010 0.36507 5.8684e+010 1.7402e+010
437.39 4.6492e+010 0.36759 5.8519e+010 1.6998e+010
445.19 4.5429e+010 0.37026 5.8359e+010 1.6577e+010

453 4.432e+010 0.37309 5.8204e+010 1.6139e+010
460.81 4.3164e+010 0.37608 5.8054e+010 1.5683e+010
468.62 4.1958e+010 0.37925 5.7911e+010 1.521e+010
476.43 4.0701e+010 0.38258 5.7773e+010 1.4719e+010
484.23 3.9391e+010 0.38611 5.7643e+010 1.4209e+010
492.04 3.8027e+010 0.38982 5.7521e+010 1.368e+010








499.85

3.6605e+010

0.39373

| 5.7407e+010 |

1.3132e+010

|

TABLE 25

7075 (UNS A97075) > Multilinear Isotropic Hardening

Stress Pa | Plastic Strain m m”-1| Temperature C
4.9711e+008 0 19.85
5.1103e+008 5.7895e-003 19.85
5.233e+008 1.1579e-002 19.85
5.3415e+008 1.7368e-002 19.85
5.4377e+008 2.3158e-002 19.85
5.5236e+008 2.8947e-002 19.85
5.6009e+008 3.4737e-002 19.85
5.6711e+008 4.0526e-002 19.85
5.7356e+008 4.6316e-002 19.85
5.7956e+008 5.2105e-002 19.85
5.8521e+008 5.7895e-002 19.85
5.9061e+008 6.3684e-002 19.85
5.9582e+008 6.9474e-002 19.85
6.009e+008 7.5263e-002 19.85
6.0589e+008 8.1053e-002 19.85
6.1081e+008 8.6842e-002 19.85
6.1566e+008 9.2632e-002 19.85
6.2043e+008 9.8421e-002 19.85
6.2509e+008 0.10421 19.85
6.296e+008 0.11 19.85

TABLE 26

7075 (UNS A97075) > Alternating Stress R-Ratio

Alternating Stress Pa Cycles|R-Ratio
3.4779e+008 4000 -1
3.4027e+008 4677.6 -1
3.3275e+008 5469.9 -1
3.252e+008 6396.4 -1
3.1762e+008 7479.9 -1

3.1e+008 8746.9 -1
3.0236e+008 10229 -1
2.9467e+008 11961 -1
2.8696e+008 13987 -1
2.7923e+008 16356 -1
2.7148e+008 19127 -1
2.6373e+008 22367 -1
2.5599e+008 26156 -1
2.4828e+008 30586 -1
2.406e+008 35767 -1
2.3297e+008 41826 -1
2.2542e+008 48910 -1
2.1796e+008 57195 -1
2.1061e+008 66883 -1
2.0338e+008 78213 -1








1.963e+008

91461

1.8939e+008

1.0695e+005

1.8266e+008

1.2507e+005

1.7614e+008

1.4626e+005

1.6983e+008

1.7103e+005

1.6377e+008

2.e+005

1.5796e+008

2.3388e+005

1.5243e+008

2.7349e+005

1.4717e+008

3.1982e+005

1.4222e+008

3.7399e+005

1.3757e+008

4.3734e+005

1.3324e+008

5.1143e+005

1.2923e+008

5.9806e+005

1.2555e+008

6.9936e+005

1.222e+008

8.1782e+005

1.1918e+008

9.5635e+005

1.1648e+008

1.1183e+006

1.141e+008

1.3078e+006

1.1202e+008

1.5293e+006

1.1024e+008

1.7884e+006

1.0874e+008

2.0913e+006

1.0749e+008

2.4455e+006

1.0647e+008

2.8598e+006

1.0566e+008

3.3442e+006

1.0501e+008

3.9106e+006

1.0449e+008

4.5731e+006

1.0406e+008

5.3477e+006

1.0366e+008

6.2535e+006

1.0325e+008

7.3128e+006

1.0215e+008

1.e+007
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TGT-CALC-103-009

Be Isolation Window
Dave Meekins

Model description and assumptions

The following beam parameters were used:
e Beam current is 30 microA

e Raster 2x2 mm

e Heat deposited by beam is ~3 W

The flange is directly attached to a heat sink that is cooled with chilled water at 10 C
The face of the flange in contact with the sink is held at 10 C

Geometry
TABLE 2
Model (B4) > Geometry
Object Name Geometry
State Fully Defined

D:\meekins\Google Drive\JLAB\Hall A\Trtium\Calculations\ANSYS\Be

Source window\TGT-103-1002-0003-beam.stp
Type Step
Length Unit Meters
Element Control Program Controlled
Display Style Body Color

Length X 6.9088e-002 m
Length Y 6.9088e-002 m
Length Z 1.27e-002 m

Volume 3.8239e-005 m3
Mass 0.10847 kg
Scale Factor Value 1

Bodies 3

Active Bodies 3
Nodes 33161
Elements 14564
Mesh Metric None








Solid Bodies Yes
Surface Bodies Yes
Line Bodies No
Parameters Yes
Parameter Key DS
Attributes No

Named Selections No
Material Properties No

Use Associativity Yes
Coordinate Systems No
Reader Mode Saves No

Updated File
Use Instances Yes
Smart CAD Update No
Compare Parts On No
Update
Attach File Via Temp File Yes
Temporary Directory C:\Users\meekins\AppData\Local\Temp
Analysis Type 3-D
Mixed Import Resolution None
Decompose Disjoint Yes
Geometry
Enclosure and Symmetry
Processing Yes
TABLE 3
Model (B4) > Geometry > Parts
Object Name | TGT-103-1002-0002-beam |TGT-103-1002-0002-soIid | TGT-103-1002-0001
State Meshed
Visible Yes
Transparency 1
Suppressed No
Stiffness Behavior Flexible

Coordinate System

Default Coordinate System

Reference Temperature

By Environment

Assignment Beryllium 2219 (UNS A92219)
Nonlinear Effects Yes
Thermal Strain Effects Yes

Volume

Length X 2.24e-003 m 2.7546e-002 m 6.9088e-002 m
Length Y 2.24e-003 m 2.7546e-002 m 6.9088e-002 m
Length Z 2.032e-004 m 1.27e-002 m

8.0077e-010 m3 1.0216e-007 m3 3.8136e-005 m?

Mass

1.4813e-006 kg 1.8899e-004 kg 0.10828 kg








Centroid X -4.8307e-003 m | -4.8311e-003 m

Centroid Y -3.3873e-003 m
Centroid Z -9.1583e-003 m -3.1593e-003 m
Moment of Inertia Ip1 4.5908e-013 kg-m? 7.5067e-009 kg-m?2 3.6538e-005 kg-m?
Moment of Inertia Ip2 4.5908e-013 kg-m? 7.5067e-009 kg-m?2 3.6543e-005 kg-m?
Moment of Inertia Ip3 9.0808e-013 kg-m? 1.5012e-008 kg-m? 7.0397e-005 kg-m?
S statistes
Nodes 342 10477 22342
Elements 42 1446 13076
Mesh Metric None

Coordinate Systems

TABLE 4
Model (B4) > Coordinate Systems > Coordinate System
Object Name | Global Coordinate System
State Fully Defined
Type Cartesian
Coordinate System ID 0.
Origin X 0.m
Origin Y 0.m
Origin Z 0.m
X Axis Data [1.0.0.]
Y Axis Data [0.1.0.]
Z Axis Data [0.0.1.]
Connections
TABLE 5

Model (B4) > Connections
Object Name | Connections
State | Fully Defined

Generate Automatic Connection On Refresh Yes

Enabled Yes

TABLE 6
Model (B4) > Connections > Contacts
Object Name Contacts
State Fully Defined

Connection Type

Scoping Method | Geometry Selection








Geometry | All Bodies
Auto Detection
Tolerance Type Slider
Tolerance Slider 0.
Tolerance Value| 2.4632e-004 m
Use Range No
Face/Face Yes
Face/Edge No
Edge/Edge No
Priority Include All
Group By Bodies
Search Across Bodies
Statistics
Connections 2
Active Connections 2
TABLE 7
Model (B4) > Connections > Contacts > Contact Regions
Object Name Contact Region | Contact Region 2
State Fully Defined
Scope
Scoping Method Geometry Selection
Contact 1 Face 2 Faces
Target 1 Face 2 Faces

Contact Bodies| TGT-103-1002-0002-beam

TGT-103-1002-0002-solid

Target Bodies| TGT-103-1002-0002-solid

TGT-103-1002-0001

Definition
Type Bonded
Scope Mode Automatic
Behavior Program Controlled

Trim Contact

Program Controlled

Trim Tolerance

2.4632e-004 m

Suppressed

No

Advanced

Formulation

Program Controlled

Detection Method

Program Controlled

Elastic Slip Tolerance

Program Controlled

Thermal Conductance

Program Controlled

Pinball Region

Program Controlled

Geometric Modification

Contact Geometry Correction

None

Target Geometry Correction

None

Mesh

TABLE 8

Model (B4) > Mesh

Object Name | Mesh








State

Physics Preference

Solved

|
Display Style Body Color

Mechanical

Relevance

0

Use Advanced Size Function Off
Relevance Center Coarse
Element Size Default
Initial Size Seed Active Assembly
Smoothing Medium
Transition Fast
Span Angle Center Coarse

Minimum Edge Length

3.5415e-003 m

Use Automatic Inflation None
Inflation Option| Smooth Transition
Transition Ratio 0.272
Maximum Layers 5
Growth Rate 1.2
Inflation Algorithm Pre
View Advanced Options No

Triangle Surface Mesher| Program Controlled

Topology Checking
|

Number of CPUs for Parallel Part Meshing

Program Controlled

Shape Checking

Standard Mechanical

Element Midside Nodes

Program Controlled

Pinch Tolerance

Straight Sided Elements No
Number of Retries Default (4)
Extra Retries For Assembly Yes
Rigid Body Behavior | Dimensionally Reduced
Mesh Morphing Disabled

Please Define

Generate Pinch on Refresh No
Automatic Mesh Based Defeaturing On
Defeaturing Tolerance Default
Nodes 33161
Elements 14564
Mesh Metric None

Steady-State Thermal (B5)







Model (B4) > Steady-State Thermal (B5) > Initial Condition

Model (B4) > Steady-State Thermal (BS) > Analysis Settings

TABLE 9
Model (B4) > Analysis
Object Name | Steady-State Thermal (B5)

State Solved
Physics Type Thermal
Analysis Type Steady-State

Solver Target Mechanical APDL

Generate Input Only No

TABLE 10

Object Name
State

Initial Temperature
Fully Defined

Initial Temperature | Uniform Temperature
Initial Temperature Value 10. °C

TABLE 11

Object Name Analysis Settings
State Fully Defined
Number Of Steps 1.
Current Step Number 1.
Step End Time 1l.s

Auto Time Stepping

Solver Type

Program Controlled

Program Controlled

Solver Pivot Checking

Program Controlled

Heat Convergence

Radiosity Solver Program Controlled
Flux Convergence 1.e-004
Maximum Iteration 1000.
Solver Tolerance 0.1 W/m2
Over Relaxation 0.1
Hemicube Resolution 10.

Program Controlled

Calculate Thermal
Flux

g il SEID Program Controlled
onvergence
Line Search Program Controlled

Yes

General
Miscellaneous

No

Store Results At

All Time Points








Analysis Data Management

. . D:\meekins\Google Drive\JLAB\Hall A\Trtium\Calculations\ANSYS\Be
Sraliver (RIS PiEEeg Wir?dow\Be_window_files\de\SYS\MECH\

Future Analysis None
Scratch Solver Files
Directory

Save MAPDL db No

Delete Unneeded

Files Yes

Nonlinear Solution Yes

Solver Units Active System
Solver Unit System mks
TABLE 12

Model (B4) > Steady-State Thermal (B5) > Loads
Object Name  Temperature | Internal Heat Generation

State Fully Defined
Scope
Scoping Method Geometry Selection
Geometry 1Face | 1 Body
Definition

Type| Temperature | Internal Heat Generation
Magnitude | 10. °C (ramped) | 2.94e+009 W/m3 (ramped)
Suppressed No

FIGURE 1
Model (B4) > Steady-State Thermal (B5) > Temperature
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FIGURE 2
Model (B4) > Steady-State Thermal (B5) > Internal Heat Generation
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Solution (B6)

TABLE 13
Model (B4) > Steady-State Thermal (B5) > Solution
Object Name | Solution (B6)
State Solved
Adaptive Mesh Refinement

Max Refinement Loops 1.
Refinement Depth 2.
Information

Status|  Done
Post Processing
Calculate Beam Section Results | No

TABLE 14
Model (B4) > Steady-State Thermal (B5) > Solution (B6) > Solution Information

Object Name | Solution Information
State Solved
Solution Information
Solution Output Solver Output
Update Interval 25s
Display Points All
FE Connection Visibility
Activate Visibility Yes
Display| All FE Connectors
Draw Connections Attached To All Nodes
Line Color| Connection Type
Visible on Results No
Line Thickness Single
Display Type Lines
TABLE 15
Model (B4) > Steady-State Thermal (B5) > Solution (B6) > Results
Object Name Temperature
State Solved
Scope
Scoping Method Geometry Selection
Geometry All Bodies
Definition
Type Temperature
By Time
Display Time Last
Calculate Time History Yes
Identifier
Suppressed No
Results
Minimum 10.°C
Maximum 36.346 °C
Minimum Occurs On TGT-103-1002-0001








Maximum Occurs On| TGT-103-1002-0002-beam
Information
Time 1.s
Load Step 1
Substep 1
Iteration Number 3

FIGURE 3
TABLE 16
Model (B4) > Steady-State Thermal (B5) > Solution (B6) > Temperature
Time [s]| Minimum [°C] | Maximum [°C]
1. 10. 36.346

FIGURE 4
Model (B4) > Steady-State Thermal (B5) > Solution (B6) > Temperature > Temperature Profile
Temperature profile with 30 microA beam current 2x2 mm raster.

Temperature Profile
Type: Temperature
Unit: °C
Time: 1
8/27/2015 10:00 &AM
. 36.346 Max
33.419
{30,491
| 27.564
| 24.637
—{ 21.709
— 18,782
15.855
12.927
10 Min

0.030 {rn)

0.015 "")&\ :

P4

Material Data

Beryllium







TABLE 17
Beryllium > Density

Density kg m™-3

Temperature C

1857.1 -273.15
1857.1 -260.29
1857.1 -247.43
1857.1 -234.57
1857.1 -221.72
1857.1 -208.86
1857.1 -196
1857.1 -183.14
1857.1 -170.28
1856.9 -157.42
1856.7 -144.56
1856.4 -131.71
1856.1 -118.85
1855.8 -105.99
1855.4 -93.13
1854.9 -80.271
1854.4 -67.413
1853.9 -54.554
1853.3 -41.695
1852.7 -28.837
1852 -15.978
1851.3 -3.1197
1850.6 9.7389
1849.8 22.597
1849.1 35.456
1848.2 48.315
1847.4 61.173
1846.5 74.032
1845.6 86.89
1844.7 99.749
1843.8 112.61
1842.8 125.47
1841.8 138.32
1840.8 151.18
1839.8 164.04
1838.7 176.9
1837.7 189.76
1836.6 202.62
1835.5 215.48
1834.3 228.33
1833.1 241.19
1832 254.05
1830.8 266.91
1829.6 279.77
1828.5 292.63
1827.3 305.49








1826.1 318.34
1824.9 331.2
1823.7 344.06
1822.4 356.92
1821.2 369.78

1820 382.64
1818.7 395.5
1817.5 408.36
1816.2 421.21
1814.9 434.07
1813.7 446.93
1812.4 459.79
1811.1 472.65
1809.8 485.51
1808.5 498.37
1807.2 511.22
1805.8 524.08
1804.5 536.94
1803.2 549.8
1801.8 562.66
1800.5 575.52
1799.1 588.38
1797.8 601.23
1796.4 614.09

1795 626.95
1793.6 639.81
1792.3 652.67
1790.9 665.53
1789.5 678.39

1788 691.24
1786.6 704.1
1785.2 716.96
1783.8 729.82
1782.3 742.68
1780.9 755.54
1779.5 768.4

1778 781.25
1776.5 794.11
1775.1 806.97
1773.6 819.83
1772.1 832.69
1770.7 845.55
1769.2 858.41
1767.7 871.26
1766.2 884.12
1764.7 896.98
1763.2 909.84
1761.6 922.7








1760.1 935.56
1758.6 948.42
1757.1 961.27
1755.5 974.13
1754 986.99
1752.4 999.85
TABLE 18

Beryllium > Tensile Yield Strength

Tensile Yield Strength Pa

Temperature C

2.73e+008 19.85
2.7205e+008 25.709
2.7107e+008 31.567
2.7007e+008 37.426
2.6904e+008 43.284
2.6799e+008 49.143
2.6692e+008 55.002
2.6582e+008 60.86
2.647e+008 66.719
2.6356e+008 72.577
2.6239e+008 78.436
2.6121e+008 84.294

2.6e+008 90.153
2.5877e+008 96.012
2.5752e+008 101.87
2.5625e+008 107.73
2.5496e+008 113.59
2.5365e+008 119.45
2.5233e+008 125.3
2.5098e+008 131.16
2.4962e+008 137.02
2.4824e+008 142.88
2.4684e+008 148.74
2.4543e+008 154.6

2.44e+008 160.46
2.4255e+008 166.31
2.4109e+008 172.17
2.3962e+008 178.03
2.3813e+008 183.89
2.3662e+008 189.75
2.3511e+008 195.61
2.3358e+008 201.47
2.3203e+008 207.32
2.3048e+008 213.18
2.2891e+008 219.04
2.2733e+008 224.9
2.2574e+008 230.76
2.2414e+008 236.62
2.2253e+008 242.48








2.2091e+008 248.33
2.1928e+008 254.19
2.1764e+008 260.05
2.16e+008 265.91
2.1434e+008 271.77
2.1268e+008 277.63
2.1101e+008 283.49
2.0933e+008 289.34
2.0765e+008 295.2
2.0596e+008 301.06
2.0427e+008 306.92
2.0257e+008 312.78
2.0086e+008 318.64
1.9915e+008 324.5
1.9744e+008 330.36
1.9573e+008 336.21
1.9401e+008 342.07
1.9229e+008 347.93
1.9057e+008 353.79
1.8884e+008 359.65
1.8712e+008 365.51
1.8539e+008 371.37
1.8366e+008 377.22
1.8194e+008 383.08
1.8021e+008 388.94
1.7849e+008 394.8
1.7676e+008 400.66
1.7504e+008 406.52
1.7332e+008 412.38
1.716e+008 418.23
1.6989e+008 424.09
1.6818e+008 429.95
1.6647e+008 435.81
1.6477e+008 441.67
1.6307e+008 447.53
1.6138e+008 453.39
1.5969e+008 459.24
1.5801e+008 465.1
1.5634e+008 470.96
1.5467e+008 476.82
1.5301e+008 482.68
1.5136e+008 488.54
1.4971e+008 494 4
1.4808e+008 500.25
1.4645e+008 506.11
1.4483e+008 511.97
1.4323e+008 517.83
1.4163e+008 523.69








1.4004e+008 529.55
1.3847e+008 535.41
1.3691e+008 541.26
1.3535e+008 547.12
1.3381e+008 552.98
1.3229e+008 558.84
1.3078e+008 564.7
1.2928e+008 570.56
1.2779e+008 576.42
1.2632e+008 582.27
1.2486e+008 588.13
1.2342e+008 593.99

1.22e+008 599.85

TABLE 19

Beryllium > Tensile Ultimate Strength

Tensile Ultimate Strength Pa

Temperature C

4.54e+008 19.85
4.5313e+008 25.709
4.5215e+008 31.567
4.5108e+008 37.426

4.499e+008 43.284
4.4864e+008 49.143
4.4727e+008 55.002
4.4582e+008 60.86
4.4428e+008 66.719
4.4264e+008 72.577
4.4092e+008 78.436
4.3912e+008 84.294
4.3723e+008 90.153
4.3527e+008 96.012
4.3322e+008 101.87

4.311e+008 107.73

4.289e+008 113.59
4.2663e+008 119.45
4.2428e+008 125.3
4.2187e+008 131.16
4.1939e+008 137.02
4.1684e+008 142.88
4.1423e+008 148.74
4.1155e+008 154.6
4.0882e+008 160.46
4.0603e+008 166.31
4.0318e+008 172.17
4.0027e+008 178.03
3.9731e+008 183.89

3.943e+008 189.75
3.9124e+008 195.61
3.8814e+008 201.47








3.8499e+008 207.32
3.8179e+008 213.18
3.7855e+008 219.04
3.7528e+008 224.9
3.7196e+008 230.76
3.6861e+008 236.62
3.6522e+008 242.48
3.618e+008 248.33
3.5835e+008 254.19
3.5487e+008 260.05
3.5136e+008 265.91
3.4783e+008 271.77
3.4428e+008 277.63
3.407e+008 283.49
3.371e+008 289.34
3.3349e+008 295.2
3.2986e+008 301.06
3.2622e+008 306.92
3.2256e+008 312.78
3.1889e+008 318.64
3.1522e+008 324.5
3.1154e+008 330.36
3.0785e+008 336.21
3.0416e+008 342.07
3.0047e+008 347.93
2.9678e+008 353.79
2.9309e+008 359.65
2.8941e+008 365.51
2.8573e+008 371.37
2.8206e+008 377.22
2.784e+008 383.08
2.7475e+008 388.94
2.7112e+008 394.8
2.675e+008 400.66
2.639e+008 406.52
2.6032e+008 412.38
2.5676e+008 418.23
2.5322e+008 424.09
2.4971e+008 429.95
2.4623e+008 435.81
2.4277e+008 441.67
2.3934e+008 447.53
2.3595e+008 453.39
2.3259e+008 459.24
2.2926e+008 465.1
2.2598e+008 470.96
2.2273e+008 476.82
2.1952e+008 482.68








2.1636e+008 488.54
2.1325e+008 494.4
2.1018e+008 500.25
2.0716e+008 506.11
2.0419e+008 511.97
2.0127e+008 517.83
1.9841e+008 523.69
1.956e+008 529.55
1.9285e+008 535.41
1.9017e+008 541.26
1.8754e+008 547.12
1.8498e+008 552.98
1.8248e+008 558.84
1.8005e+008 564.7
1.7769e+008 570.56
1.754e+008 576.42
1.7319e+008 582.27
1.7105e+008 588.13
1.6899e+008 593.99

1.67e+008 599.85

TABLE 20

Beryllium > Isotropic Secant Coefficient of Thermal Expansion

Coefficient of Thermal Expansion C”-1 | Temperature C
4.3702e-006 -273.15
4.5673e-006 -260.29
4.7881e-006 -247.43
5.0324e-006 -234.57
5.3003e-006 -221.72
5.5918e-006 -208.86
5.9603e-006 -196

6.325e-006 -183.14
6.6767e-006 -170.28
7.0156e-006 -157.42
7.3422e-006 -144.56
7.6568e-006 -131.71
7.9598e-006 -118.85
8.2517e-006 -105.99
8.5329e-006 -93.13
8.804e-006 -80.271
9.0656e-006 -67.413
9.3181e-006 -54.554
9.5623e-006 -41.695
9.7987e-006 -28.837
1.0028e-005 -15.978
1.0251e-005 -3.1197
1.0469e-005 9.7389
1.0681e-005 22.597
1.089e-005 35.456








1.1096e-005 48.315
1.1299e-005 61.173
1.1501e-005 74.032
1.1696e-005 86.89
1.1888e-005 99.749
1.2077e-005 112.61
1.2265e-005 125.47
1.245e-005 138.32
1.2632e-005 151.18
1.2812e-005 164.04
1.2989e-005 176.9
1.3163e-005 189.76
1.3333e-005 202.62
1.3498e-005 215.48
1.3657e-005 228.33
1.381e-005 241.19
1.3941e-005 254.05
1.4073e-005 266.91

1.42e-005 279.77
1.4323e-005 292.63
1.4442e-005 305.49
1.4557e-005 318.34
1.4669e-005 331.2
1.4778e-005 344.06
1.4883e-005 356.92
1.4985e-005 369.78
1.5084e-005 382.64
1.5181e-005 395.5
1.5275e-005 408.36
1.5367e-005 421.21
1.5457e-005 434.07
1.5545e-005 446.93
1.5631e-005 459.79
1.5716e-005 472.65
1.5799e-005 485.51
1.588e-005 498.37
1.596e-005 511.22
1.604e-005 524.08
1.6117e-005 536.94
1.6194e-005 549.8
1.6271e-005 562.66
1.6346e-005 575.52
1.642e-005 588.38
1.6494e-005 601.23
1.6568e-005 614.09
1.6641e-005 626.95
1.6713e-005 639.81
1.6785e-005 652.67








1.6857e-005 665.53
1.6928e-005 678.39
1.6999e-005 691.24

1.707e-005 704.1
1.7141e-005 716.96
1.7211e-005 729.82
1.7281e-005 742.68
1.7351e-005 755.54
1.7421e-005 768.4

1.749e-005 781.25
1.7559e-005 794.11
1.7628e-005 806.97
1.7696e-005 819.83
1.7765e-005 832.69
1.7832e-005 845.55
1.7899e-005 858.41
1.7966e-005 871.26
1.8032e-005 884.12
1.8097e-005 896.98
1.8161e-005 909.84
1.8225e-005 922.7
1.8288e-005 935.56
1.8349e-005 948.42
1.8409e-005 961.27
1.8469e-005 974.13
1.8526e-005 986.99
1.8582e-005 999.85
Reference Temperature C

19.85
TABLE 21

Beryllium > Specific Heat

Specific Heat J kg™-1 C”-1 | Temperature C
0.56717 -257.56
3.1422 -241.98

18.35 -226.39
38.773 -210.81
82.632 -195.22
159.34 -179.63
269.04 -164.05
400.4 -148.46
544.35 -132.88
694.42 -117.29
845.33 -101.71
992.91 -86.12
1134.2 -70.534
1267.3 -54.948
13915 -39.362
1507.4 -23.776








1616.4 -8.1904
1721.4 7.3955
1811.2 22.981
1891.7 38.567
1963.8 54.153
2028.6 69.739
2087 85.325
2139.6 100.91
2187.4 116.5
2230.9 132.08
2270.8 147.67
2307.7 163.25
2342 178.84
2374.1 194.43
2404.4 210.01
2433.2 225.6
2460.6 241.18
2486.9 256.77
2512 272.36
2536.1 287.94
2558.9 303.53
2580.6 319.11
2598.4 334.7
2617 350.28
2635.4 365.87
2653.8 381.46
2672.1 397.04
2690.3 412.63
2708.4 428.21
2726.4 443.8
2744.3 459.39
2762.2 474.97
2779.9 490.56
2797.6 506.14
2815.1 521.73
2832.6 537.31
2850 552.9
2867.3 568.49
2884.5 584.07
2901.6 599.66
2918.6 615.24
2935.6 630.83
2952.4 646.42
2969.2 662
2985.8 677.59
3002.4 693.17
3018.9 708.76
3035.3 724.34








3051.6 739.93
3067.8 755.52
3083.9 771.1
3100 786.69
3115.9 802.27
3131.8 817.86
3147.6 833.45
3163.2 849.03
3178.8 864.62
3194.3 880.2
3209.7 895.79
3225 911.38
3240.3 926.96
3255.4 942.55
3270.5 958.13
3285.4 973.72
3300.3 989.3
3315.1 1004.9
3329.8 1020.5
3344.4 1036.1
3358.9 1051.6
3373.3 1067.2
3387.6 1082.8
3401.9 1098.4
3416 1114
3430.1 1129.6
3444.1 1145.2
3457.9 1160.7
3471.7 1176.3
3485.4 1191.9
3499 1207.5
3512.6 1223.1
3526 1238.7
3539.3 1254.3
3552.6 1269.8
TABLE 22

Beryllium > Isotropic Thermal Conductivity

Thermal Conductivity W m”-1 CA-1

Temperature C

177.84 -272.15
2699.5 -258.02
4496.2 -243.89
4498.9 -229.76
3242.8 -215.62

2057 -201.49
1388.6 -187.36
991.82 -173.23
762.72 -159.1
604.33 -144.97








495.99 -130.84
421.9 -116.71
370.27 -102.57
332.79 -88.443
303.95 -74.312
280.51 -60.18
260.86 -46.049
244.42 -31.918
231.03 -17.786
220.4 -3.6551
211.42 10.476
201.64 24.608
194.04 38.739
187.72 52.87

181.87 67.002
176.46 81.133
171.46 95.264
166.83 109.4

162.55 123.53
158.59 137.66
154.92 151.79
151.53 165.92
148.38 180.05
145.46 194.18
142.75 208.31
140.23 222.45
137.87 236.58
135.67 250.71
133.6 264.84
131.66 278.97
129.82 293.1

128.09 307.23
126.43 321.37
124.85 335.5

123.34 349.63
121.88 363.76
120.47 377.89
119.11 392.02
117.77 406.15
116.47 420.28
115.19 434.42
113.93 448.55
112.68 462.68
111.45 476.81
110.23 490.94
109.02 505.07
107.82 519.2

106.62 533.33








105.43 547.47
104.24 561.6
103.06 575.73
101.88 589.86
100.72 603.99
99.556 618.12
98.405 632.25
97.266 646.39
96.138 660.52
95.025 674.65
93.927 688.78
92.847 702.91
91.786 717.04
90.746 731.17
89.729 745.3
88.736 759.44
87.769 773.57
86.829 787.7
85.917 801.83
85.034 815.96
84.182 830.09
83.359 844.22
82.566 858.36
81.803 872.49
81.068 886.62
80.361 900.75
79.679 914.88
79.021 929.01
78.384 943.14
77.763 957.27
77.156 971.41
76.557 985.54
75.962 999.67
75.363 1013.8
74.755 1027.9
74.129 1042.1
73.477 1056.2
72.791 1070.3
72.058 1084.5
71.269 1098.6
70.412 1112.7
69.472 1126.8
TABLE 23

Beryllium > Isotropic Resistivity

Resistivity ohm m

Temperature C

3.32e-010 -272.15
3.341e-010 -257.01
3.4708e-010 -241.87








3.9004e-010 -226.73
4.8622e-010 -211.58
6.8278e-010 -196.44
1.0433e-009 -181.3
1.6312e-009 -166.16
2.5098e-009 -151.02
3.7424e-009 -135.88
5.3973e-009 -120.74
7.5481e-009 -105.59
1.0017e-008 -90.453
1.2784e-008 -75.312
1.5827e-008 -60.17
1.9125e-008 -45.029
2.2657e-008 -29.887
2.6403e-008 -14.746
3.034e-008 0.39545
3.4449e-008 15.537
3.8708e-008 30.678
4.3097e-008 45.82
4.7593e-008 60.961
5.2176e-008 76.103
5.6825e-008 91.244
6.1519e-008 106.39
6.6237e-008 121.53
7.0958e-008 136.67
7.5661e-008 151.81
8.0324e-008 166.95
8.492e-008 182.09
8.9747e-008 197.23
9.4591e-008 212.38
9.9453e-008 227.52
1.0433e-007 242.66
1.0923e-007 257.8
1.1416e-007 272.94
1.191e-007 288.08
1.2406e-007 303.22
1.2905e-007 318.37
1.3406e-007 333.51
1.3909e-007 348.65
1.4415e-007 363.79
1.4923e-007 378.93
1.5434e-007 394.07
1.5948e-007 409.21
1.6464e-007 424.36
1.6984e-007 439.5
1.7506e-007 454.64
1.8032e-007 469.78
1.856e-007 484.92








1.9092e-007 500.06
1.9627e-007 515.2
2.0165e-007 530.34
2.0707e-007 545.49
2.1252e-007 560.63
2.1801e-007 575.77
2.2353e-007 590.91
2.2909e-007 606.05
2.3469e-007 621.19
2.4033e-007 636.33
2.46e-007 651.48
2.5172e-007 666.62
2.5748e-007 681.76
2.6328e-007 696.9
2.6912e-007 712.04
2.7501e-007 727.18
2.8094e-007 742.32
2.8691e-007 757.47
2.9293e-007 772.61
2.99e-007 787.75
3.0511e-007 802.89
3.1128e-007 818.03
3.1749e-007 833.17
3.2375e-007 848.31
3.3006e-007 863.46
3.3642e-007 878.6
3.4283e-007 893.74
3.493e-007 908.88
3.5582e-007 924.02
3.6239e-007 939.16
3.6902e-007 954.3
3.757e-007 969.45
3.8244e-007 984.59
3.8924e-007 999.73
3.961e-007 1014.9
4.0301e-007 1030
4.0998e-007 1045.2
4.1702e-007 1060.3
4.2411e-007 1075.4
4.3127e-007 1090.6
4.3849e-007 1105.7
4.4577e-007 1120.9
4.5312e-007 1136
4.6053e-007 1151.1
4.6801e-007 1166.3
4.7555e-007 1181.4
4.8316e-007 1196.6
4.9084e-007 1211.7








| 4.9859e-007 |

1226.8 |

TABLE 24

Beryllium > Isotropic Elasticity

Temperature C

Young's Modulus Pa

Poisson's Ratio

Bulk Modulus Pa

Shear Modulus Pa

-180.15 2.949e+011 0.33 2.8912e+011 1.1087e+011
-170.76 2.9455e+011 0.33 2.8877e+011 1.1073e+011
-161.36 2.942e+011 0.33 2.8843e+011 1.106e+011
-151.97 2.9384e+011 0.33 2.8808e+011 1.1047e+011
-142.57 2.9349e+011 0.33 2.8774e+011 1.1034e+011
-133.18 2.9314e+011 0.33 2.8739e+011 1.102e+011
-123.79 2.9279e+011 0.33 2.8705e+011 1.1007e+011
-114.39 2.9244e+011 0.33 2.867e+011 1.0994e+011
-105 2.9209e+011 0.33 2.8636e+011 1.0981e+011
-95.605 2.9173e+011 0.33 2.8601e+011 1.0967e+011
-86.211 2.9138e+011 0.33 2.8567e+011 1.0954e+011
-76.817 2.9103e+011 0.33 2.8532e+011 1.0941e+011
-67.423 2.9068e+011 0.33 2.8498e+011 1.0928e+011
-58.029 2.9033e+011 0.33 2.8463e+011 1.0915e+011
-48.635 2.8997e+011 0.33 2.8429e+011 1.0901e+011
-39.241 2.8962e+011 0.33 2.8394e+011 1.0888e+011
-29.847 2.8927e+011 0.33 2.836e+011 1.0875e+011
-20.453 2.8891e+011 0.33 2.8325e+011 1.0861e+011
-11.059 2.8856e+011 0.33 2.829e+011 1.0848e+011
-1.6652 2.8821e+011 0.33 2.8255e+011 1.0835e+011
7.7288 2.8785e+011 0.33 2.8221e+011 1.0821e+011
17.123 2.8749e+011 0.33 2.8186e+011 1.0808e+011
26.517 2.8714e+011 0.33 2.8151e+011 1.0795e+011
35.911 2.8678e+011 0.33 2.8116e+011 1.0781e+011
45.305 2.8642e+011 0.33 2.8081le+011 1.0768e+011
54.698 2.8606e+011 0.33 2.8046e+011 1.0754e+011
64.092 2.8571e+011 0.33 2.801e+011 1.0741e+011
73.486 2.8534e+011 0.33 2.7975e+011 1.0727e+011
82.88 2.8498e+011 0.33 2.794e+011 1.0714e+011
92.274 2.8462e+011 0.33 2.7904e+011 1.07e+011
101.67 2.8426e+011 0.33 2.7868e+011 1.0686e+011
111.06 2.8389%e+011 0.33 2.7833e+011 1.0673e+011
120.46 2.8353e+011 0.33 2.7797e+011 1.0659e+011
129.85 2.8316e+011 0.33 2.7761e+011 1.0645e+011
139.24 2.8279e+011 0.33 2.7725e+011 1.0631e+011
148.64 2.8242e+011 0.33 2.7689e+011 1.0617e+011
158.03 2.8205e+011 0.33 2.7652e+011 1.0604e+011
167.43 2.8168e+011 0.33 2.7616e+011 1.059e+011
176.82 2.8131e+011 0.33 2.7579e+011 1.0576e+011
186.21 2.8093e+011 0.33 2.7543e+011 1.0561e+011
195.61 2.8056e+011 0.33 2.7506e+011 1.0547e+011
205 2.8018e+011 0.33 2.7469e+011 1.0533e+011
214.4 2.798e+011 0.33 2.7432e+011 1.0519e+011
223.79 2.7942e+011 0.33 2.7394e+011 1.0505e+011








233.18 2.7904e+011 0.33 2.7357e+011 1.049e+011
242.58 2.7865e+011 0.33 2.7319e+011 1.0476e+011
251.97 2.7827e+011 0.33 2.7281e+011 1.0461e+011
261.37 2.7788e+011 0.33 2.7243e+011 1.0447e+011
270.76 2.7749e+011 0.33 2.7205e+011 1.0432e+011
280.15 2.771e+011 0.33 2.7166e+011 1.0417e+011
289.55 2.767e+011 0.33 2.7128e+011 1.0402e+011
298.94 2.7631e+011 0.33 2.7089e+011 1.0388e+011
308.33 2.7591e+011 0.33 2.705e+011 1.0373e+011
317.73 2.7551e+011 0.33 2.7011e+011 1.0358e+011
327.12 2.7511e+011 0.33 2.6971e+011 1.0342e+011
336.52 2.747e+011 0.33 2.6932e+011 1.0327e+011
345.91 2.743e+011 0.33 2.6892e+011 1.0312e+011
355.3 2.7389%e+011 0.33 2.6852e+011 1.0297e+011
364.7 2.7348e+011 0.33 2.6811e+011 1.0281e+011
374.09 2.7306e+011 0.33 2.6771e+011 1.0266e+011
383.49 2.7265e+011 0.33 2.673e+011 1.025e+011
392.88 2.7223e+011 0.33 2.6689e+011 1.0234e+011
402.27 2.7181e+011 0.33 2.6648e+011 1.0218e+011
411.67 2.7138e+011 0.33 2.6606e+011 1.0202e+011
421.06 2.7096e+011 0.33 2.6564e+011 1.0186e+011
430.46 2.7053e+011 0.33 2.6522e+011 1.017e+011
439.85 2.7009e+011 0.33 2.648e+011 1.0154e+011
449.24 2.6966e+011 0.33 2.6437e+011 1.0138e+011
458.64 2.6922e+011 0.33 2.6394e+011 1.0121e+011
468.03 2.6878e+011 0.33 2.6351e+011 1.0105e+011
477.43 2.6834e+011 0.33 2.6308e+011 1.0088e+011
486.82 2.6789%e+011 0.33 2.6264e+011 1.0071e+011
496.21 2.6744e+011 0.33 2.622e+011 1.0054e+011
505.61 2.6699e+011 0.33 2.6176e+011 1.0037e+011

515 2.6653e+011 0.33 2.6131e+011 1.002e+011
524.4 2.6608e+011 0.33 2.6086e+011 1.0003e+011
533.79 2.6561e+011 0.33 2.6041e+011 9.9855e+010
543.18 2.6515e+011 0.33 2.5995e+011 9.968e+010
552.58 2.6468e+011 0.33 2.5949e+011 9.9504e+010
561.97 2.6421e+011 0.33 2.5903e+011 9.9326e+010
571.37 2.6373e+011 0.33 2.5856e+011 9.9148e+010
580.76 2.6325e+011 0.33 2.5809e+011 9.8968e+010
590.15 2.6277e+011 0.33 2.5762e+011 9.8786e+010
599.55 2.6229%e+011 0.33 2.5714e+011 9.8604e+010
608.94 2.618e+011 0.33 2.5666e+011 9.842e+010
618.33 2.613e+011 0.33 2.5618e+011 9.8234e+010
627.73 2.6081e+011 0.33 2.5569e+011 9.8048e+010
637.12 2.6031e+011 0.33 2.552e+011 9.7859e+010
646.52 2.598e+011 0.33 2.5471e+011 9.767e+010
655.91 2.5929e+011 0.33 2.5421e+011 9.7479e+010
665.3 2.5878e+011 0.33 2.5371e+011 9.7286e+010
674.7 2.5827e+011 0.33 2.532e+011 9.7092e+010








684.09 2.5775e+011 0.33 2.5269e+011 | 9.6897e+010
693.49 2.5722e+011 0.33 2.5218e+011 9.67e+010
702.88 2.5669e+011 0.33 2.5166e+011 | 9.6501e+010
712.27 2.5616e+011 0.33 2.5114e+011 | 9.6301e+010
721.67 2.5562e+011 0.33 2.5061e+011 9.61e+010
731.06 2.5508e+011 0.33 2.5008e+011 | 9.5896e+010
740.46 2.5454e+011 0.33 2.4955e+011 | 9.5691e+010
749.85 2.5399e+011 0.33 2.4901e+011 | 9.5485e+010

2219 (UNS A92219)

TABLE 25

2219 (UNS A92219) > Density

Density kg m”-3| Temperature C
2873.1 -251.15
2873.2 -243.18
2873.3 -235.21
2873.2 -227.24

2873 -219.27
2872.7 -211.3
2872.3 -203.33
2871.8 -195.36
2871.2 -187.39
2870.6 -179.42
2869.9 -171.45
2869.1 -163.48
2868.2 -155.51
2867.3 -147.54
2866.3 -139.57
2865.2 -131.6
2864.2 -123.63

2863 -115.67
2861.9 -107.7
2860.6 -99.726
2859.4 -91.756
2858.1 -83.786
2856.8 -75.817
2855.5 -67.847
2854.1 -59.877
2852.7 -51.908
2851.4 -43.938
2849.9 -35.968
2848.5 -27.998
2847.1 -20.029
2845.6 -12.059
2844.2 -4.0894
2842.7 3.8803
2841.2 11.85








2839.7 19.82
2838.2 27.789
2836.7 35.759
2835.2 43.729
2833.7 51.698
2832.2 59.668
2830.6 67.638
2829.1 75.608
2827.5 83.577
2826 91.547
2824.4 99.517
2822.8 107.49
2821.2 115.46
2819.6 123.43
2817.9 131.4
2816.3 139.37
2814.6 147.33
2813 155.3
2811.3 163.27
2809.6 171.24
2807.9 179.21
2806.2 187.18
2804.5 195.15
2802.8 203.12
2801.1 211.09
2799.3 219.06
2797.6 227.03
2795.8 235
2794.1 242.97
2792.3 250.94
2790.5 258.91
2788.7 266.88
2786.9 274.85
2785.1 282.82
2783.3 290.79
2781.5 298.76
2779.7 306.73
2777.8 314.7
2776 322.67
2774.1 330.64
2772.2 338.61
2770.4 346.58
2768.5 354.55
2766.6 362.52
2764.7 370.49
2762.8 378.46
2760.9 386.43
2759 394.4








2757.1 402.37
2755.2 410.33
2753.2 418.3
2751.3 426.27
2749.4 434.24
2747.4 442.21
2745.5 450.18
2743.5 458.15
2741.5 466.12
2739.6 474.09
2737.6 482.06
2735.6 490.03
2733.6 498

2731.6 505.97
2729.6 513.94
2727.6 521.91
2725.6 529.88
2723.6 537.85

TABLE 26

2219 (UNS A92219) > Tensile Yield Strength

Tensile Yield Strength Pa| Temperature C
7.5291e+007 19.85
7.4996e+007 24.922
7.4695e+007 29.995
7.4389e+007 35.067
7.4078e+007 40.14
7.3761e+007 45.212
7.3439e+007 50.285
7.3111e+007 55.357
7.2778e+007 60.43
7.2439e+007 65.502
7.2094e+007 70.575
7.1745e+007 75.647
7.1389e+007 80.72
7.1029e+007 85.792
7.0662e+007 90.864
7.0291e+007 95.937
6.9913e+007 101.01
6.9531e+007 106.08
6.9142e+007 111.15
6.8749e+007 116.23
6.8349e+007 121.3
6.7945e+007 126.37
6.7534e+007 131.44
6.7119e+007 136.52
6.6698e+007 141.59
6.6271e+007 146.66
6.5686e+007 151.73








6.4866e+007 156.81
6.4084e+007 161.88
6.334e+007 166.95
6.2635e+007 172.02
6.1969e+007 177.1
6.134e+007 182.17
6.075e+007 187.24
6.0199e+007 192.31
5.9685e+007 197.39
5.9211e+007 202.46
5.8186e+007 207.53
5.661e+007 212.6
5.5119e+007 217.68
5.3706e+007 222.75
5.2366e+007 227.82
5.1091e+007 232.89
4.9874e+007 237.97
4.871e+007 243.04
4.7591e+007 248.11
4.651e+007 253.18
4.5462e+007 258.26
4.4439e+007 263.33
4.3434e+007 268.4
4.2442e+007 273.47
4.1455e+007 278.55
4.0467e+007 283.62
3.947e+007 288.69
3.8459e+007 293.76
3.7427e+007 298.84
3.6367e+007 303.91
3.5272e+007 308.98
3.4136e+007 314.05
3.2952e+007 319.13
3.1714e+007 324.2
3.0414e+007 329.27
2.9046e+007 334.34
2.7604e+007 339.42
2.6081e+007 344.49
2.4469e+007 349.56
2.2763e+007 354.63
2.0956e+007 359.71
1.9041e+007 364.78
1.7012e+007 369.85
TABLE 27

2219 (UNS A92219) > Tensile Ultimate Strength

Tensile Ultimate Strength Pa| Temperature C
1.7067e+008 19.85
1.6999e+008 24.922








1.6931e+008 29.995
1.6864e+008 35.067
1.6796e+008 40.14
1.6729e+008 45.212
1.6661e+008 50.285
1.6593e+008 55.357
1.6526e+008 60.43
1.6458e+008 65.502
1.639e+008 70.575
1.6323e+008 75.647
1.6255e+008 80.72
1.6187e+008 85.792
1.612e+008 90.864
1.6052e+008 95.937
1.5954e+008 101.01
1.5734e+008 106.08
1.5487e+008 111.15
1.5209e+008 116.23
1.4901e+008 121.3
1.4559e+008 126.37
1.4183e+008 131.44
1.377e+008 136.52
1.332e+008 141.59
1.2829e+008 146.66
1.2298e+008 151.73
1.1723e+008 156.81
1.1104e+008 161.88
1.0438e+008 166.95
9.7247e+007 172.02
8.973e+007 177.1
8.7017e+007 182.17
8.4356e+007 187.24
8.1755e+007 192.31
7.9223e+007 197.39
7.6767e+007 202.46
7.4394e+007 207.53
7.2109e+007 212.6
6.9918e+007 217.68
6.7822e+007 222.75
6.5826e+007 227.82
6.393e+007 232.89
6.2136e+007 237.97
6.0444e+007 243.04
5.8852e+007 248.11
5.7357e+007 253.18
5.5958e+007 258.26
5.465e+007 263.33
5.3428e+007 268.4








5.2286e+007 273.47
5.1217e+007 278.55
5.0214e+007 283.62
4.9268e+007 288.69
4.8369e+007 293.76
4.7506e+007 298.84
4.6668e+007 303.91
4.5842e+007 308.98
4.5015e+007 314.05
4.4172e+007 319.13
4.3298e+007 324.2
4.2376e+007 329.27
4.139e+007 334.34
4.032e+007 339.42
3.9148e+007 344.49
3.7854e+007 349.56
3.6416e+007 354.63
3.4812e+007 359.71
3.302e+007 364.78
3.1014e+007 369.85
TABLE 28

2219 (UNS A92219) > Isotropic Secant Coefficient of Thermal Expansion

Coefficient of Thermal Expansion C”-1 | Temperature C
1.4313e-005 -251.15
1.4837e-005 -243.18
1.5331e-005 -235.21
1.5798e-005 -227.24
1.6238e-005 -219.27
1.6652e-005 -211.3
1.7042e-005 -203.33
1.7408e-005 -195.36
1.7752e-005 -187.39
1.8075e-005 -179.42
1.8378e-005 -171.45
1.8662e-005 -163.48
1.8928e-005 -155.51
1.9177e-005 -147.54
1.9409e-005 -139.57
1.9627e-005 -131.6

1.983e-005 -123.63
2.002e-005 -115.67
2.0198e-005 -107.7
2.0364e-005 -99.726
2.0519e-005 -91.756
2.0664e-005 -83.786

2.08e-005 -75.817
2.0927e-005 -67.847
2.1047e-005 -59.877








2.116e-005 -51.908
2.1266e-005 -43.938
2.1366e-005 -35.968
2.1462e-005 -27.998
2.1553e-005 -20.029
2.1639e-005 -12.059
2.1723e-005 -4.0894
2.1804e-005 3.8803
2.1882e-005 11.85
2.1959e-005 19.82
2.2034e-005 27.789
2.2109e-005 35.759
2.2187e-005 43.729
2.2267e-005 51.698
2.2347e-005 59.668
2.2428e-005 67.638
2.251e-005 75.608
2.2592e-005 83.577
2.2674e-005 91.547
2.2756e-005 99.517
2.2839e-005 107.49
2.2922e-005 115.46
2.3006e-005 123.43
2.3089e-005 131.4
2.3173e-005 139.37
2.3257e-005 147.33
2.3341e-005 155.3
2.3425e-005 163.27
2.3509e-005 171.24
2.3594e-005 179.21
2.3678e-005 187.18
2.3763e-005 195.15
2.3847e-005 203.12
2.3932e-005 211.09
2.4016e-005 219.06
2.41e-005 227.03
2.4184e-005 235
2.4268e-005 242.97
2.4352e-005 250.94
2.4436e-005 258.91
2.4519e-005 266.88
2.4603e-005 274.85
2.4686e-005 282.82
2.4768e-005 290.79
2.4851e-005 298.76
2.4933e-005 306.73
2.5015e-005 314.7
2.5096e-005 322.67








2.5177e-005 330.64
2.5257e-005 338.61
2.5337e-005 346.58
2.5417e-005 354.55
2.5495e-005 362.52
2.5574e-005 370.49
2.5652e-005 378.46
2.5729e-005 386.43
2.5806e-005 394.4
2.5882e-005 402.37
2.5957e-005 410.33
2.6031e-005 418.3
2.6105e-005 426.27
2.6178e-005 434.24
2.6251e-005 442.21
2.6322e-005 450.18
2.6393e-005 458.15
2.6463e-005 466.12
2.6532e-005 474.09

2.66e-005 482.06
2.6667e-005 490.03
2.6733e-005 498
2.6798e-005 505.97
2.6862e-005 513.94
2.6926e-005 521.91
2.6988e-005 529.88
2.7049e-005 537.85
Reference Temperature C

19.85
TABLE 29

2219 (UNS A92219) > Specific Heat

Specific Heat J kg™-1 C”-1 | Temperature C
76.253 -240.15
125.77 -232.29
173.68 -224.43
219.93 -216.57
264.5 -208.72
307.34 -200.86
348.44 -193
387.77 -185.14
425.31 -177.28
461.07 -169.42
495.02 -161.56
527.18 -153.71
557.56 -145.85
586.16 -137.99

613 -130.13
638.11 -122.27








661.52 -114.41
683.25 -106.55
703.36 -98.695
721.89 -90.837
738.89 -82.978
754.41 -75.12
768.52 -67.261
781.29 -59.403
792.79 -51.544
803.1 -43.685
812.31 -35.827
820.49 -27.968
827.76 -20.11
833.13 -12.251
837.79 -4.3924
842.41 3.4662
847 11.325
851.54 19.183
856.06 27.042
860.53 34.901
864.98 42.759
869.38 50.618
873.75 58.476
878.08 66.335
882.38 74.193
886.64 82.052
890.86 89.911
895.05 97.769
899.2 105.63
903.31 113.49
907.39 121.34
911.43 129.2
915.44 137.06
919.41 144.92
923.34 152.78
927.24 160.64
931.1 168.5
934.92 176.36
938.71 184.21
942.46 192.07
946.18 199.93
949.86 207.79
953.5 215.65
957.11 223.51
960.68 231.37
964.21 239.22
967.71 247.08
971.18 254.94








974.6 262.8
977.99 270.66
981.34 278.52
984.66 286.38
987.94 294.23
991.19 302.09

994.4 309.95
997.57 317.81
1000.7 325.67
1003.8 333.53
1006.9 341.39
1009.9 349.24
1012.9 357.1
1015.8 364.96
1018.8 372.82
1021.6 380.68
1024.5 388.54
1027.3 396.4
1030.1 404.25
1032.8 412.11
1035.5 419.97
1038.2 427.83
1040.8 435.69
1043.4 443.55

1046 451.41
1048.5 459.26

1051 467.12
1053.4 474.98
1055.8 482.84
1058.2 490.7
1060.5 498.56
1062.8 506.42
1065.1 514.27
1067.3 522.13
1069.5 529.99
1071.7 537.85

TABLE 30

2219 (UNS A92219) > Isotropic Thermal Conductivity

Thermal Conductivity W m”-1 C*-1| Temperature C
44.794 -225.15
47.431 -219.85
50.012 -214.54
52.538 -209.24
55.01 -203.94
57.428 -198.63
59.794 -193.33
62.108 -188.03
64.372 -182.73








66.587 -177.42
68.752 -172.12
70.87 -166.82
72.941 -161.51
74.965 -156.21
76.945 -150.91
78.88 -145.6
80.771 -140.3
82.619 -135

84.426 -129.7
86.192 -124.39
87.917 -119.09
89.603 -113.79
91.25 -108.48
92.859 -103.18
94.431 -97.877
95.967 -92.574
97.468 -87.271
98.933 -81.968
100.36 -76.665
101.76 -71.362
103.13 -66.059
104.46 -60.756
105.77 -55.453
107.04 -50.15
108.28 -44.847
109.5 -39.544
110.68 -34.241
111.84 -28.938
112.97 -23.635
114.08 -18.332
115.16 -13.029
116.21 -7.7258
117.24 -2.4227
118.25 2.8803
119.23 8.1833
120.2 13.486
121.14 18.789
122.06 24.092
122.95 29.395
123.83 34.698
124.69 40.002
125.54 45.305
126.36 50.608
127.16 55.911
127.95 61.214
128.73 66.517
129.48 71.82








130.23 77.123
130.95 82.426
131.67 87.729
132.37 93.032
133.05 98.335
133.73 103.64
134.39 108.94
135.04 114.24
135.68 119.55
136.31 124.85
136.92 130.15
137.53 135.46
138.13 140.76
138.72 146.06
139.31 151.37
139.88 156.67
140.45 161.97
141.01 167.27
141.56 172.58
142.11 177.88
142.65 183.18
143.19 188.49
143.72 193.79
144.24 199.09
144.76 204.4
145.28 209.7
145.8 215

146.31 220.3
146.82 225.61
147.32 230.91
147.83 236.21
148.33 241.52
148.83 246.82
149.33 252.12
149.83 257.43
150.33 262.73
150.83 268.03
151.32 273.33
151.82 278.64
152.32 283.94
152.82 289.24
153.32 294.55
153.82 299.85

TABLE 31

2219 (UNS A92219) > Isotropic Elasticity

Temperature C | Young's Modulus Pa|Poisson's Ratio | Bulk Modulus Pa|Shear Modulus Pa

-273.15 8.1033e+010 0.32387 7.6678e+010 3.0605e+010

-265.34 8.1038e+010 0.32391 7.6701e+010 3.0606e+010








-257.53 8.102e+010 0.32398 7.6714e+010 3.0597e+010
-249.73 8.0981e+010 0.32407 7.6716e+010 3.058e+010
-241.92 8.092e+010 0.32418 7.6708e+010 3.0555e+010
-234.11 8.0841e+010 0.32431 7.669e+010 3.0522e+010
-226.3 8.0744e+010 0.32446 7.6664e+010 3.0482e+010
-218.49 8.0629e+010 0.32463 7.6628e+010 3.0435e+010
-210.69 8.0499e+010 0.32481 7.6583e+010 3.0381e+010
-202.88 8.0353e+010 0.32501 7.653e+010 3.0322e+010
-195.07 8.0194e+010 0.32521 7.6469e+010 3.0257e+010
-187.26 8.0022e+010 0.32543 7.6399e+010 3.0187e+010
-179.45 7.9837e+010 0.32566 7.6322e+010 3.0112e+010
-171.64 7.9641e+010 0.32589 7.6236e+010 3.0033e+010
-163.84 7.9435e+010 0.32613 7.6144e+010 2.995e+010
-156.03 7.9219e+010 0.32637 7.6044e+010 2.9863e+010
-148.22 7.8995e+010 0.32662 7.5937e+010 2.9773e+010
-140.41 7.8762e+010 0.32687 7.5823e+010 2.968e+010
-132.6 7.8522e+010 0.32713 7.5703e+010 2.9584e+010
-124.8 7.8276e+010 0.32738 7.5576e+010 2.9485e+010
-116.99 7.8024e+010 0.32763 7.5442e+010 2.9384e+010
-109.18 7.7766e+010 0.32788 7.5303e+010 2.9282e+010
-101.37 7.7503e+010 0.32813 7.5157e+010 2.9178e+010
-93.564 7.7237e+010 0.32838 7.5006e+010 2.9072e+010
-85.756 7.6967e+010 0.32862 7.4848e+010 2.8965e+010
-77.948 7.6693e+010 0.32885 7.4686e+010 2.8857e+010
-70.14 7.6417e+010 0.32908 7.4518e+010 2.8748e+010
-62.332 7.6139e+010 0.32931 7.4344e+010 2.8639e+010
-54.524 7.5859e+010 0.32953 7.4166e+010 2.8528e+010
-46.716 7.5577e+010 0.32974 7.3983e+010 2.8418e+010
-38.908 7.5294e+010 0.32995 7.3795e+010 2.8307e+010
-31.099 7.501e+010 0.33014 7.3602e+010 2.8196e+010
-23.291 7.4726e+010 0.33033 7.3405e+010 2.8085e+010
-15.483 7.4441e+010 0.33052 7.3204e+010 2.7974e+010
-7.6753 7.4156e+010 0.33069 7.2999e+010 2.7864e+010
0.13283 7.3871e+010 0.33086 7.279e+010 2.7753e+010
7.9409 7.3586e+010 0.33102 7.2578e+010 2.7643e+010
15.749 7.3301e+010 0.33117 7.2362e+010 2.7533e+010
23.557 7.3016e+010 0.33131 7.2142e+010 2.7423e+010
31.365 7.2732e+010 0.33145 7.192e+010 2.7313e+010
39.173 7.2448e+010 0.33158 7.1695e+010 2.7204e+010
46.981 7.2164e+010 0.33171 7.1467e+010 2.7095e+010
54.789 7.188e+010 0.33183 7.1236e+010 2.6986e+010
62.597 7.1597e+010 0.33194 7.1003e+010 2.6877e+010
70.406 7.1313e+010 0.33205 7.0768e+010 2.6768e+010
78.214 7.1029e+010 0.33216 7.0531e+010 2.6659e+010
86.022 7.0744e+010 0.33226 7.0292e+010 2.6551e+010
93.83 7.0459e+010 0.33236 7.0051e+010 2.6442e+010
101.64 7.0173e+010 0.33246 6.9809e+010 2.6332e+010
109.45 6.9886e+010 0.33257 6.9565e+010 2.6222e+010








117.25 6.9597e+010 0.33267 6.9321e+010 2.6112e+010
125.06 6.9306e+010 0.33278 6.9076e+010 2.6001e+010
132.87 6.9013e+010 0.33289 6.8829e+010 2.5889e+010
140.68 6.8717e+010 0.33301 6.8583e+010 2.5775e+010
148.49 6.8418e+010 0.33313 6.8336e+010 2.5661e+010
156.29 6.8115e+010 0.33327 6.8088e+010 2.5544e+010
164.1 6.7808e+010 0.33342 6.7841e+010 2.5426e+010
171.91 6.7496e+010 0.33358 6.7594e+010 2.5306e+010
179.72 6.7178e+010 0.33375 6.7347e+010 2.5184e+010
187.53 6.6854e+010 0.33394 6.71e+010 2.5059e+010
195.33 6.6524e+010 0.33416 6.6854e+010 2.4931e+010
203.14 6.6186e+010 0.33439 6.6609e+010 2.48e+010
210.95 6.5841e+010 0.33465 6.6364e+010 2.4666e+010
218.76 6.5486e+010 0.33493 6.612e+010 2.4528e+010
226.57 6.5121e+010 0.33525 6.5878e+010 2.4385e+010
234.38 6.4746e+010 0.33559 6.5637e+010 2.4239e+010
242.18 6.436e+010 0.33598 6.5397e+010 2.4087e+010
249.99 6.3961e+010 0.3364 6.5159e+010 2.393e+010
257.8 6.3549e+010 0.33686 6.4922e+010 2.3768e+010
265.61 6.3123e+010 0.33736 6.4687e+010 2.36e+010
273.42 6.2682e+010 0.33792 6.4454e+010 2.3425e+010
281.22 6.2224e+010 0.33852 6.4223e+010 2.3244e+010
289.03 6.1749e+010 0.33918 6.3994e+010 2.3055e+010
296.84 6.1256e+010 0.33989 6.3767e+010 2.2859e+010
304.65 6.0744e+010 0.34067 6.3542e+010 2.2654e+010
312.46 6.0211e+010 0.34152 6.3319e+010 2.2441e+010
320.26 5.9656e+010 0.34243 6.3099e+010 2.2219e+010
328.07 5.9077e+010 0.34342 6.2882e+010 2.1988e+010
335.88 5.8475e+010 0.34448 6.2667e+010 2.1746e+010
343.69 5.7847e+010 0.34563 6.2455e+010 2.1494e+010
351.5 5.7192e+010 0.34687 6.2246e+010 2.1232e+010
359.3 5.6509e+010 0.34819 6.204e+010 2.0957e+010
367.11 5.5796e+010 0.34961 6.1837e+010 2.0671e+010
374.92 5.5053e+010 0.35114 6.1637e+010 2.0373e+010
382.73 5.4276e+010 0.35277 6.144e+010 2.0061e+010
390.54 5.3466e+010 0.35451 6.1247e+010 1.9736e+010
398.34 5.262e+010 0.35636 6.1057e+010 1.9397e+010
406.15 5.1737e+010 0.35834 6.0871e+010 1.9044e+010
413.96 5.0815e+010 0.36045 6.0689e+010 1.8676e+010
421.77 4.9853e+010 0.36269 6.0511e+010 1.8292e+010
429.58 4.8849e+010 0.36507 6.0337e+010 1.7893e+010
437.39 4.7801e+010 0.36759 6.0167e+010 1.7477e+010
445.19 4.6709e+010 0.37026 6.0003e+010 1.7044e+010
453 4.5568e+010 0.37309 5.9844e+010 1.6593e+010
460.81 4.4379e+010 0.37608 5.969e+010 1.6125e+010
468.62 4.314e+010 0.37925 5.9542e+010 1.5639e+010
476.43 4.1848e+010 0.38258 5.9401e+010 1.5134e+010
484.23 4.0501e+010 0.38611 5.9267e+010 1.461e+010








492.04 3.9098e+010 0.38982 5.9141e+010 1.4066e+010
499.85 3.7637e+010 0.39373 5.9024e+010 1.3502e+010
TABLE 32

2219 (UNS A92219) > Multilinear Isotropic Hardening

Stress Pa | Plastic Strain m m”-1| Temperature C
5.1428e+008 0 19.85
5.349e+008 3.1579e-003 19.85
5.5378e+008 6.3158e-003 19.85
5.7102e+008 9.4737e-003 19.85
5.8673e+008 1.2632e-002 19.85
6.0102e+008 1.5789e-002 19.85

6.14e+008 1.8947e-002 19.85
6.2577e+008 2.2105e-002 19.85
6.3644e+008 2.5263e-002 19.85
6.4612e+008 2.8421e-002 19.85
6.5492e+008 3.1579e-002 19.85
6.6295e+008 3.4737e-002 19.85
6.7032e+008 3.7895e-002 19.85
6.7713e+008 4.1053e-002 19.85
6.8348e+008 4.4211e-002 19.85
6.895e+008 4.7368e-002 19.85
6.9529e+008 5.0526e-002 19.85
7.0095e+008 5.3684e-002 19.85
7.0659e+008 5.6842e-002 19.85
7.1233e+008 6.e-002 19.85

TABLE 33
2219 (UNS A92219) > Alternating Stress R-Ratio
Alternating Stress Pa Cycles|R-Ratio
2.1695e+008 800 -1
2.162e+008 935.51 -1
2.1533e+008 1094 -1
2.1432e+008 1279.3 -1
2.1318e+008 1496 -1
2.119e+008 1749.4 -1
2.1046e+008 2045.7 -1
2.0888e+008 2392.2 -1
2.0715e+008 2797.4 -1
2.0526e+008 3271.3 -1
2.0321e+008 3825.4 -1
2.0101e+008 4473.4 -1
1.9866e+008 5231.1 -1
1.9615e+008 6117.2 -1
1.9348e+008 7153.4 -1
1.9067e+008 8365.1 -1
1.8771e+008 9782.1 -1
1.8461e+008 11439 -1
1.8137e+008 13377 -1








1.7801e+008 15643 -1
1.7451e+008 18292 -1
1.7091e+008 21391 -1
1.6719e+008 25014 -1
1.6337e+008 29251 -1
1.5947e+008 34206 -1
1.5549e+008 40000 -1
1.5143e+008 46776 -1
1.4733e+008 54699 -1
1.4318e+008 63964 -1

1.39e+008 74799 -1
1.3481e+008 87469 -1
1.3061e+008 1.0229e+005 -1
1.2644e+008 1.1961e+005 -1

1.223e+008 1.3987e+005 -1

1.182e+008 1.6356e+005 -1
1.1418e+008 1.9127e+005 -1
1.1025e+008 2.2367e+005 -1
1.0642e+008 2.6156e+005 -1
1.0273e+008 3.0586e+005 -1
9.9183e+007 3.5767e+005 -1
9.5811e+007 4.1826e+005 -1
9.2634e+007 4.891e+005 -1
8.9676e+007 5.7195e+005 -1
8.6803e+007 6.6883e+005 -1
8.4748e+007 7.8213e+005 -1
8.2758e+007 9.1461e+005 -1
8.0857e+007 1.0695e+006 -1
7.9063e+007 1.2507e+006 -1
7.7399e+007 1.4626e+006 -1
7.4546e+007 2.e+006 -1
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Description:
General target cell calculations for tritium quantity, pressure in cell, permeation, and
fugacity from beam disassociation.

Reference Drawing(s):

TGT-103-1000-0013 Cell assembly with shipping covers

Units and definitions:

Ci=3.7-10" -Bgq one Curie

My, :=4- gml molar mass of He
mo

Myy:=2 g_mf molar mass of protium H2
mo

eV:i=1.602-10"-J electron volt

MeV:=10° -eV







General properties of tritium:

ty5:=12.32.yr=(3.888.10") s

ri= 09 (5.609.10°) s

In(2)

a1 7831070 L
T S

Mpy:=6 Jie
mol
tiay=1-day
“A-ty,
Ry =1 "=0.015%

General properties of aluminum 7075

M, =26.98. 9™

mol

am

Par=2.7-
cm

Half life of T2

mean lifetime

decay const

Molar mass of T2
time = 1 day

Decay rate per day

molar mass of Aluminum

Density of Al







Dimensions of the cell

Volume estimate for the cell including fill valve:

D1=:0.5°i’n
L,:=9.52+in
2
D D
Vltzﬂ‘o 1 'L1+i7r'|(—1\|
3 \2)

D,;:=0.775+in
Dyiy:=0.125+in
Lyy=1.063+in
L,;:=2.83+in

D, i=0.75+in

3

0.001 L

D2
Vy=me M [ p=(2.138-107") L
V3:: Z T <Det2 _Dwin2> 'Let:

Vin:: Vl + V2 +V3 = 0.033 L

stem 1= (106 1 505).in
\ 2 )

L

D, ..:=0.125-in

stem *

2
D stem

v

stem * stem *

.
4

bore of main body

length of main body

volume in main body

entrance window bore in main body
ID of fill tube section in main body
length of fill tube on main body
entrance window bore in main body

OD of entrance window

vol of active length of main body

volume in re-entrant window bore

total volume in main body

eff length of valve stem

ID of stem

Volume of stem







total volume in cell:

\%

C

ell *= Vm+Vs =0.034 L

tem

This will have to be measured for a more accurate result

Area:

The surface areas of the thin sections of the cell will be required to determine the permeation
through the cell. These are determined via the CAD model.

A, pini=2+3.331+in” +0.438-in” =0.005 m’ Main body

main *

2 .
Entrance window

A,,:=0.196-in" =(1.265-10"") m

Apve=Lep+ 7D,y =0.004 m’ area of ent window tube

A=A maint Aent + Avupe = 0.009 m’ surface area of cell wetted







Cell Pressure:

To estimate the cell pressure at room temp, we assume a fill of 1090 Ci of T2 at 100% purity.

N,.,:=1090-Ci=(4.033-10") Bq

N,
Nrp:= )‘\wt =2.262.10"

Nr
Ny 1= =0.019 mol
*INg

mT2 ::nTz'MTQZO.].lg gm

m _
proi=—2 = (3.383-107") I
in cm
Lyyi=pro+25-cm=0.085 I
cm
N,
Moy =~ = (2.147.10") B2
Ny mol
Toom =295 K
T,,=50-K
T,,=150-K
107
zT2(P) ::1+P'8.32‘
torr
Z =2z, (200-psi)=1.009
Ny Z T ‘R
P =—2 room " —199.766 psi
Vcell
— TOP — 4
P, = +P,.;=101.576 pst

op T

room

total target activity

total number of T atoms

mols of T2

total mass of T2

target density

nuclear target length

activity of T2 per mol

assumed room temp
assumed operating temp of gas
assumed operating temp of cell at beam

compressibility

assumed compressibility of T2

Total absolute pressure in
cell at room temp

normal operating pressure







At STP we have
Ty,=273.15-K

Pg,:=760-torr

2 BTy o0 g,
P

stp

stp

Stored energy in the cell: pressure and chemical

Epres =Ll Vcell =46.463 J
J
Hipop = 242000 -
mol

EHTO ::HH20'nT2: (4.545 . 103> J

Eipyi=Eppo+E, e =(4.592-10%) J

pres

Etot'lbm
TNT:= =0.001 kg
1488617 - ft - Ibf
R :=50- ft

S

1
3

b

1

R:=R,-TNT"’ =2.004 m

pressure energy

heat of formation H20

stored chem energy in cell

total energy

equiv energy in Ib of TNT

consequence factor

Safe keep out zone for no
bio effet at all







Permeation:

Diffusion rate from the cell at room temp shall be determined from the estimated hydrogen
permeation rate and scaled by the square root of the mass ratio.

tngin=0.018 «in cell wall thickness
ten:i=0.01+4n ent window thick
tiupe :=0.125 40 wall thick ent window tube
P, :=14.7 - psi atm pressure
m2
Doyrsi=6-10" .2 Diff coef conservative
S
Copmi=1-10"" conservative estimated solubility of H in Al alloy
at 25C and 1 atm.
XAz = Aarl_ (1.001 . 105> tiol molar density of Al
MAL m

AH :=1500- Jl assumed heat of solution for H in AL 7075

mo

C I
Cor=—"0"_—1.843:10" Coef
R+ Troom
e
—AH

P .
Clooi=CoeA|—2 e T Solubility H2 in Al7075 at op

Patm conditions

—AH
P .

Croomi=Cly || = o @ T Trom solubility H2 in Al 7075 at room T







Hydrogen permeation rates through various parts of cell at room temp

D -13\ mol
Q1:=XaL*Croom* 0 *Aain= (2218' 10 >
tmain s
D -
Q2 = XAL > Croom = 4074 2 Aent = (1 .102-10 14) mOl
tent s
D -14y mol
Qs:= XAL'Croom'ﬂ‘Atube: (2999 -10 >
ttube s

The leak rate through the two CF flanges is estimated from the leak rate for He which is
scaled for H2. Note that these are conservatively very high.

3
Lye=2-10".atm. "
S
M — T 3
Lyyi=Ly,-\| —2£ = (2.828-107") atm - <=
My, s
1 -14y mol
Qui=Lpy——=(1.168-10")
room * s

The leak rate through the valve stem and seal is listed by Swagelok

3
Lyo=4-10".atm. "
S

M — T 3
Lyyi=Ly-\| —2£ = (5.657-10"°) atm. <2

My, s

1 -13\ mol

Qsi=Lpy-——=(2.337-107")

room * s

The total leak rate is scaled from the estimated leak rate for H2 for T2

M
Rypyi=A\|—22 =0.577 scale factor
MT2








i (Q+Qy+Q5+2-Q4+Qs) :<3 001_10—13> mol

\/g s

TT:=Q+1-yr=(9.471-10"°) mol

QT’

The total activity released in one year is then conservatively estimated at:

Nact ::TT' nact: 0.55 Ci

Note that many of the above assumptions are very conservative and the true leakage is
expected to be much less. None the less the valve represents the dominant leak and the
possibility of pinch welding should be considered.







Fugacity of tritium gas in cell during beam operations:

The beam will dissociate the T2 to T+T which will recombine on the walls of the cell.

T,.;:=150-K assumed temp of cell wall
Tyos=50 K assumed temp of gas
myp:=5.006 - 10" kg mass of triton
dE;:=2.83-W beam power in T2 from collision loss
TGT-CALC-103-003
E,,,=13.595.eV ionization energy
E;:=4.591-eV Dissociation energy
dE
ngi=— T —(9.714.10") 1 rate of dissociation atom/sec
Eion+Edis S
Njisi=Ngise 18 number disin 1s
Ny Ty
Nyl mbe L ldis 4fa.p. g0 kinetic theory wall bounce #/ (area *s )
4 Vi my for all species

Niounce = Mbounce * Acenn = (4.171 . 1022) K total bounces
S

Nggr:=10000 number of atom bounces to recombine
on ave
i Nbounce | 1 : .
Pt =4.294 — recombination rate per atom
Nais*Npr S
r=_ ' —0233s mean lifetime for T atom

nrec







Nypi =T ong=2.262+ 10" total T atoms in cell with
beam on

Ny, 1 .
Ryp:= ]\';”t =10.10"° fraction of T atoms
T

Under normal conditions we assume the probabilty to dissociate T2 is 1 ppm.

10 ratio of number of T atoms in cell
no beam

There is an estimated 10 times more atomic T when beam is then when it is
off

10

norm

this implies that the ratio of T atoms to aluminum atoms may be a factor of 10 larger for
beam conditions. The higher concentration/diffusion rate may be considered to result from an
effective pressure (temperature) or fugacity. This fugacity is determined below:

solubility is 20x higher

R _
Cpyi=—~ .Cy5y=1.455-10"
norm
( Cp \ B
Pgpi=| B P, =(3.114.10%) psi
| R+ Troom |
\Co-e )

A test in compliance with ASTM E399 shall be performed by SRSTE/SRNL with pressures in
excess of 1000 psi. Samples shall be exposed to 4,8,12 months of T2 at room temp and more
than 3000 psi. This exceeds the fugacity available by beam on conditions.







Concentration of He3 in aluminum:

The above analysis mayh raise concerns regarding the amount of He3 trapped in the
aluminum alloy. A study at SRS indicates that the threshold concentration for blistering is
C,:=0.0045 He/Al.

Cy=1.455. 10°° our cond beam on Tritiu atoms

C =3.686-10" our cond room temp tritium atoms

room

our conditions are ~ 6 orders of magnitude lower even if we assume all
T atoms convert to He immediately

C
_ b —1.221.10°

room







Estimated Error in Fill

The exact quantity of tritium in the cell is important to the target lentgh determination. The
cell is filled at SRS. The fill quantity shall be determined from the real gas law.

Z:=1.01 compressibility of T2 at
temp/pressure

Ti=2954 K| assmed fill temp

pP:=P,, assumed fill pressure

Vi=V_.u assumed fill volume

nzz%:omg mol expected fill quantity

6T:=0.025-K reported error on temp

0P:=0.2.psi reported error on pressure

§V:=0.5.-cm’ estimated error on volume

5n::\/( V. .sp +(L.5\.+(i-5ﬂ —(2.786-107") mol
\R-T-Zz ) \R-T-Z ) \R.z.T® )

5_”’:0.015 estimated error in fill quantity
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Description:

This calculation uses Hot Spot to predict the maximum expected dose to workers
and public. Two scenarios are discussed
e Full release of tritium target in acute 10 min interval at the top of the Hall
A truck ramp
o Full release of tritium target in acute 10 min interval through the stack.

Assumptions include:
e Target load of 1100 Ci of T2
Release is immediately converted to HT(90%)+HTO(10%)
Topography is “city”
Weather is class F
DCF is FGR-13
Inversion layer is enabled at 500m
Resuspension is allowed (velocity is 0.05 cm/s)








1 Truck Ramp Release

The conditions assume for the release at the top of the truck ramp are:

1.1

Target load of 1100 Ci of T2
Release is immediately converted to HT(90%)+HTO(10%)
0 This should be very conservative based on work given in references.
Stability class “F” calm (conservative) and city.
Wind speed at 10m height is 1 m/s
Stack height 2m (average for truck ramp exit and HT will be released at the top of the ramp)
Stack diam is 5m
FGR-13 Dose conversion factor
1 day exposure time

Hot Spot results

The results are summarized in the Hot Spot output file below:

HotSpot Version 3.0.2 Tritium Release
Sep 01, 2015 11:19 AM

Source Material : Tritium

Material-at-Risk (MAR) : 1.1000E+03 Ci 10 % Tritium Oxide
Damage Ratio (DR) :1.00

Airborne Fraction (ARF) :1.000

Respirable Fraction (RF) :1.000

Leakpath Factor (LPF) :1.000

Respirable Source Term :1.10E+03 Ci

Non-respirable Source Term : 0.00E+00 Ci

Physical Stack Height :2.0m

Stack Exit Velocity :0.00 m/s

Stack Diameter :5.0m
Stack Effluent Temp. :0.0deg C
Air Temperature :0.0deg C

Effective Release Height :2.00 m

Wind Speed (h=10 m) : 1.00 m/s

Wind Direction : 340.0 degrees Wind from the NNW
Wind Speed (h=H-eff)  :0.38 m/s

Stability Class (City) :F

Respirable Dep. Vel.  :0.05 cm/s
Non-respirable Dep. Vel. :8.00 cm/s
Receptor Height :1.5m

Inversion Layer Height : 500 m
Sample Time :10.000 min
Breathing Rate : 3.33E-04 m3/sec

Distance Coordinates : All distances are on the Plume Centerline







Maximum Dose Distance  :0.010 km

MAXIMUM TED :1.5rem
Inner Contour Dose :0.100 rem
Middle Contour Dose :0.080 rem
Outer Contour Dose :0.010 rem

Exceeds Inner Dose Out To : 0.056 km
Exceeds Middle Dose Out To : 0.064 km
Exceeds Outer Dose Out To : 0.20 km

FGR-13 Dose Conversion Data - Total Effective Dose (TED)
Note: Dose Results Include HTO Skin Absorption

Include Plume Passage Inhalation and Submersion
Include Resuspension (Resuspension Factor : Constant Value) 1.00E-05 1/meter
Exposure Window:(Start: 0.00 days; Duration: 1.00 days) [100% stay time].

RESPIRABLE
DISTANCE TED TIME-INTEGRATED GROUND SURFACE ARRIVAL
AIR CONCENTRATION DEPOSITION TIME
km (rem) (Ci-sec)/m3 (uCi/m2) (hour:min)

0.010 1.5E+00 4.3E+02 2.2E+04 <00:01
0.100 3.6E-02 1.1E+01 5.4E+03 00:04
0.200 1.0E-02 3.0E+00 1.5E+03 00:08
0.300 4.8E-03 1.4E+00 7.2E+02 00:13
0.400 2.9E-03 8.6E-01 4.3E+02 00:17
0.500 2.0E-03 5.8E-01 2.9E+02 00:21
0.600 1.5E-03 4.3E-01 2.1E+02 00:26
0.700 1.1E-03 3.3E-01 1.7E+02 00:30
0.800 9.1E-04 2.7E-01 1.3E+02 00:35
0.900 7.5E-04 2.2E-01 1.1E+02 00:39
1.000 6.3E-04 1.9E-01 9.4E+01 00:43
2.000 2.3E-04 6.7E-02 3.3E+01 01:27
4.000 8.9E-05 2.6E-02 1.3E+01 02:55
6.000 5.4E-05 1.6E-02 7.9E+00 04:22
8.000 3.8E-05 1.1E-02 5.6E+00 05:50
10.000 2.9E-05 8.7E-03 4.3E+00 07:17
20.000 1.4E-05 4.0E-03 2.0E+00 14:35
40.000 6.6E-06 1.9E-03 9.7E-01 >24:00
60.000 5.4E-06 1.6E-03 7.9E-01 >24:00
80.000 4.6E-06 1.4E-03 6.8E-01 >24:00

1.2 Total effective Dose







The following plot shows the total effective dose from this release condition:

HotSpot Version 3.0.2 Tritiom Release Sep 01, 2015 11:15 AM
Plome Centerline TED [rem}, A= 8 function of Dosmwind Distance

1E+01

1E-05
1E-0&
0.01 D.1 1 10 100
Em
Source Material :Tritiom

Total Tritiom Release]l . 100D0E403 Ci {10 ¥ Tritiom Oxide)

Eff. Belease Height :2.00 m

¥imd Speed {(h=10 m} :1.00 mf/= B 340 deg

Stability Class [(CityF (Sample Time:z 10.00 min)

Deposition Velocity 0.1 onfs

Beceptor Height 1.5 m Inversiom Layer Height :500 m

1.3 Map Overlay

A map overlay from Google Earth:

i

image Landsat > Og]c’?ea‘rthrj

eye alt








1.4 Case Summary

The model indicates that even for this worst case scenario with extremely conservative assumptions
regarding the amount of HTO converted at release time that the maximum offsite dose to a member of
the public is about 10 mrem (the EPA limit for routine exposure to the MEI). The dose to a worker
positioned at the top of the ramp is expected to be about 1 rem (for 1 days of exposure time).







2 Stack Release

The second case considers a full release through the exhaust stack. The stack is assumed to be 20 m
higher than the site boundary and positioned at the Northeast smoke removal blower on the Hall dome.
The conditions assume for the release through the stack are:

e Targetload of 1100 Ci of T2
e Release is immediately converted to HT(90%)+HTO(10%)
0 This should be very conservative based on work given in references.
e Stability class “F” calm (conservative) and city.
e Wind speed at 10m height is 1 m/s
e Stack height 20m
e Stackdiamis 0.5 m
e FGR-13 Dose conversion factor
e 1 day exposure time

2.1 Hot Spot results

The results are summarized in the Hot Spot output file below:















2.2  Total effective dose

The following plot shows the total effective dose from this release condition:

HotSpot Version 3.0.2 Tritiom Release Sep 01, 2015 11:30 AM
Plume Centerline TED [rem}, az a function of Dowvnwind Distance

1E-0%
1E-10 i
o.01 0.1 1 140 100
m
Source Material :Tritiom

Total Tritiom Release]l . 100D0E403 Ci {10 ¥ Tritiom Oxide)

Eff. Belease Height 20 m

Wimnd Speed {(bh=10 m) :1.00 m/= @ 340 deq u (=20 m) :1.52 mfs
Stability Class [(CityF (Sample Time:z 10.00 min)

Deposition Velocity 0.1 onfs
Beceptor Height 1.5 m Inversiom Layer Height :500 m

2.3 Map Overlay

A map overlay from Google Earth:

9.00E-04 rem

Image Landsat








2.4  Case Summary

The model indicates that even for this worst case scenario with extremely conservative assumptions
regarding the amount of HTO converted at release time that the maximum offsite dose to a member of
the public is about 1 mrem (10% of the EPA limit for routine exposure to the MEI). The dose to anyone
positioned on the ground is expected to be less than 1 mrem (for 3 days of exposure time).
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Units
TABLE 1
Unit System | Metric (m, kg, N, s, V, A) Degrees rad/s Kelvin
Angle Degrees
Rotational Velocity rad/s
Temperature Kelvin
Comment

TGT-CALC-103-012
Assumptions are:

e beam current 20 microA

o pressure in cell is 400 psi even when cold (more conservative than operational plan)
e raster 2x2 mm

e beam heat 3W

e power density 3 W/m"3

« material model is from MPDB

Model (C4)








Geometry

TABLE 2
Model (C4) > Geometry
Object Name Geometry
State Fully Defined

D:\Meekins\GoogleDrive\JLAB\Hall A\Trtium\Calculations\ANSY S\cell

SOED beam heating\Assemblyl.iam
Type Inventor
Length Unit Centimeters
Element Control Program Controlled
Display Style Body Color
.~ BoundingBox
Length X 0.33416 m
Length Y 7.0806e-002 m
Length Z 7.62e-002 m

Volume 5.3774e-005 m3
Mass 0.14624 kg
Scale Factor Value 1.

Bodies 4
Active Bodies 2
Nodes 165099
Elements 109581
Mesh Metric None
.~ BasicGeomewyOptions
Solid Bodies Yes
Surface Bodies Yes
Line Bodies No
Parameters Yes
Parameter Key DS
Attributes No
Named Selections No
Material Properties No

Use Associativity Yes
Coordinate Systems No
Reader Mode Saves No

Updated File
Use Instances Yes
Smart CAD Update No
Compare Parts On Update No
Attach File Via Temp File Yes
Temporary Directory C:\Users\David\AppData\Local\Temp
Analysis Type 3-D
Mixed Import Resolution None








Decompose Disjoint Yes
Geometry
Enclosure and Symme_try Yes
Processing
TABLE 3
Model (C4) > Geometry > Parts
Object Name main body:1 entrance:l exit beam:1 ent beam:1
State Suppressed Meshed Suppressed Meshed
Visible No Yes No Yes
Transparency 1 1
Suppressed Yes No Yes No
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference :
Temperature By Environment
Assignment 7075 (UNS A97075)
Nonlinear Effects Yes
Thermal Strain Effects Yes
Length X 0.32146 m 8.4557e-002 m 3.5536e-004 m 3.0437e-004 m
Length Y| 7.0806e-002 m 6.985e-002 m 2.26e-003 m
Length Z 7.62e-002 m 6.985e-002 m 2.26e-003 m

Volume | 8.0156e-004 m® | 5.3773e-005 m® | 1.2217e-009 m* | 1.0189e-009 m?
Mass 2.1799 kg 0.14624 kg 3.3224e-006 kg | 2.7711e-006 kg
Centroid X| 1.2664e-002 m 0.12855 m -0.19035 m 6.0903e-002 m
Centroid Y 8.7826e-002 m
Centroid Z| 3.3853e-002 m 3.3854e-002 m
: 1.7753e-003 7.4106e-005 2.2426e-012 1.7625e-012
Moment of Inertia Ip1 kg-m2 kg-m?2 kg-m2 kg-m2
, 1.9153e-002 9.6097e-005 1.1487e-012 8.9668e-013
Moment of Inertia Ip2 kg-m2 kg-m? kg-m2 kg-m2
, 1.9637e-002 9.6097e-005 1.1488e-012 8.9668e-013
Moment of Inertia Ip3 kg-m2 kg-m?2 kg-m2 kg-m2
Nodes 0 164609 0 490
Elements 0 109520 0 61
Mesh Metric None

Coordinate Systems

TABLE 4

Model (C4) > Coordinate Systems > Coordinate System

Object Name | Global Coordinate System
State Fully Defined








Connections

Type Cartesian
Coordinate System ID 0.

Origin X 0.m

Origin Y 0.m

Origin Z 0.m
X Axis Data [1.0.0.]
Y Axis Data [0.1.0.]
Z Axis Data [0.0.1.]

TABLE 5

Model (C4) > Connections
Object Name | Connections
State | Fully Defined

Generate Automatic Connection On Refresh Yes

Enabled Yes

TABLE 6
Model (C4) > Connections > Contacts
Object Name Contacts
State Fully Defined

Connection Type

Scoping Method | Geometry Selection
Geometry All Bodies
Tolerance Type Slider
Tolerance Slider 0.
Tolerance Value| 8.7494e-004 m
Use Range No
Face/Face Yes
Face/Edge No
Edge/Edge No
Priority Include All
Group By Bodies
Search Across Bodies
. sttisties
Connections 1
Active Connections 1
TABLE 7

Model (C4) > Connections > Contacts > Contact Regions







Mesh

Object Name

Contact Region

State Fully Defined
Scope
Scoping Method | Geometry Selection
Contact 3 Faces
Target 3 Faces
Contact Bodies entrance:1
Target Bodies ent beam:1
Definition
Type Bonded
Scope Mode Automatic
Behavior  Program Controlled

Trim Contact

Program Controlled

Trim Tolerance

8.7494e-004 m

Suppressed No
Advanced
Formulation | Program Controlled

Detection Method

Program Controlled

Penetration Tolerance

Program Controlled

Elastic Slip Tolerance

Program Controlled

Normal Stiffness

Program Controlled

Update Stiffness

Program Controlled

Pinball Region | Program Controlled
Geometric Modification
Contact Geometry Correction None
Target Geometry Correction None
TABLE 8
Model (C4) > Mesh
Object Name Mesh
State Solved
Display
Display Style Body Color
Defaults
Physics Preference Mechanical
Relevance 0
Sizing
Use Advanced Size Function Off
Relevance Center Fine
Element Size Default
Initial Size Seed Active Assembly
Smoothing High
Transition Slow
Span Angle Center Fine
Minimum Edge Length 4,9873e-003 m

Inflation








Use Automatic Inflation

None

Inflation Option| Smooth Transition

Transition Ratio 0.272
Maximum Layers 5
Growth Rate 1.2
Inflation Algorithm Pre
View Advanced Options No

Patch Conforming Options

Triangle Surface Mesher| Program Controlled

Patch Independent Options

Topology Checking |

No

Advanced

Number of CPUs for Parallel Part Meshing

Program Controlled

Shape Checking| Standard Mechanical

Element Midside Nodes| Program Controlled

Straight Sided Elements No
Number of Retries Default (4)
Extra Retries For Assembly Yes

Rigid Body Behavior | Dimensionally Reduced

Mesh Morphing

Disabled

Defeaturing

Pinch Tolerance

Please Define

Static Structural (C5)

Generate Pinch on Refresh No
Automatic Mesh Based Defeaturing On
Defeaturing Tolerance Default
Statistics
Nodes 165099
Elements 109581
Mesh Metric None
TABLE 9

Model (C4) > Analysis

Object Name | Static Structural (C5)

State Solved
Definition
Physics Type Structural

Analysis Type| Static Structural

Solver Target, Mechanical APDL

Options
Environment Temperature 40. K
Generate Input Only No
TABLE 10

Model (C4) > Static Structural (C5) > Analysis Settings

Object Name

Analysis Settings

State

Fully Defined








Number Of Steps 1.
Current Step Number 1.
Step End Time 1.s

Auto Time Stepping

Solver Type

Program Controlled

Program Controlled

Weak Springs

Program Controlled

Solver Pivot Checking

Program Controlled

Large Deflection

Off

Inertia Relief

Generate Restart
Points

Off

Program Controlled

Retain Files After Full
Solve

Newton-Raphson
Option

No

Program Controlled

Force Convergence

Program Controlled

Moment Convergence

Program Controlled

Solver Files Directory

Displacement
Convergence Program Controlled
Rotation
Convergence Program Controlled
Line Search Program Controlled
Stabilization Off
Stress Yes
Strain Yes
Nodal Forces No
Contact
. No
Miscellaneous
_ General No
Miscellaneous
Store Results At All Time Points

D:\Meekins\GoogleDrive\JLAB\Hall A\Trtium\Calculations\ANSY S\cell beam
heating\beam heating_files\dpO\SY S-2\MECHA\

Future Analysis None
Scratch Solver Files
Directory

Save MAPDL db No

Delete Unneeded

Files Yes

Nonlinear Solution Yes

Solver Units Active System
Solver Unit System mks








TABLE 11
Model (C4) > Static Structural (C5) > Loads
Object Name Pressure |Fixed Support
State Fully Defined
Scope
Scoping Method Geometry Selection
Geometry 5 Faces | 1Face
Definition
Type Pressure Fixed Support
Define By Normal To
Magnitude | 1.379e+006 Pa (ramped)
Suppressed No

FIGURE 1
Model (C4) > Static Structural (C5) > Pressure

1.379e+6

1.25e+6

1.e+6

7.5e+5

S5.8+5

2.58+5

1
0.
1,
TABLE 12
Model (C4) > Static Structural (C5) > Imported Load (B6)
Object Name Imported Load (B6)
State Fully Defined
Definition
Type Imported Data
Interpolation Type | Mechanical Results Transfer

Suppressed No
Source B6::Solution








Model (C4) > Static Structural (C5) > Imported Load (B6) > Imported Body Temperature

Model (C4) > Static Structural (C5) > Imported Load (B6) > Im

TABLE 13

Object Name

Imported Body Temperature

State Solved
Scope
Scoping Method Geometry Selection
Geometry 2 Bodies
Definition
Type | Imported Body Temperature
Tabular Loading Program Controlled
Suppressed No
Source Bodies Automatic
Tolerance 1.%
Source Time Worksheet
Settings

Mapping Control

Program Controlled

Mapping Profile Preserving
Weighting Shape Function
Transfer Type Volumetric

Rigid Transformation

Mesh Alignment

Use Origin and Euler Angles

Origin X 0.m

Origin Y 0.m

Origin Z 0.m
Theta XY 0. degree
Theta YZ 0. degree
Theta ZX 0. degree

Graphics Controls

Display Source Points

Off

Display Source Point Ids

Off

Legend Controls

Legend Range

Program Controlled

Minimum Source

40 K

Maximum Source

119.05 K

Named Selection Creation

Unmapped Nodes Off
Mapped Nodes Off
Outside Nodes Off

ported Body Temperature

Source Time (S)

Analysis Time (s)

End Time

1

Model (C4) > Static Structural (C5) > Imported Load (B6) > Imported Body Temperature > Imported
Load Transfer Summary

Target
Body

Source
Material Id

Volume
Difference (%)

Distance Between

Centroids (m)

Bounding Box
Diagonal (m)

Distance Between Centroids/Bounding
Box Diagonal (%)








entrance:1

1.

2.1227e-008

2.7317e-005

0.13003

2.1008e-002

Fri Aug 28, 2015 01:13:50

Using multiple cores: [Yes]
Number of cores requested: 8

Number of source nodes: 164609
Number of target nodes: 164609

Number of nodes mapped : 164609
Number of nodes not mapped : 0

Number of nodes outside : 0

Percent nodes mapped: 100%

Weight calculation time: 1.214 (s)

Interpolation time: 1.e-002 (s)

Target
Body

Source
Material Id

Volume
Difference (%)

Distance Between
Centroids (m)

Bounding Box
Diagonal (m)

Distance Between Centroids/Bounding
Box Diagonal (%)

ent
beam:1

2.

3.6056e-007

1.0283e-006

3.2106e-003

3.2029e-002

Fri Aug 28, 2015 01:13:52

Using multiple cores: [Yes]
Number of cores requested: 8

Number of source nodes: 490
Number of target nodes: 490

Number of nodes mapped : 490

Number of nodes not mapped : 0

Number of nodes outside : 0

Percent nodes mapped: 100%
Weight calculation time: 2.3e-002 (5s)
Interpolation time: 0. (s)

Solution (C6)

TABLE 14
Model (C4) > Static Structural (C5) > Solution
Object Name | Solution (C6)








State Solved
Max Refinement Loops 1.
Refinement Depth 2.

TABLE 15
Model (C4) > Static Structural (C5) > Solution (C6) > Solution Information

Scoping Method

Geometry Selection

Object Name | Solution Information
State Solved
Solution Output Solver Output
Newton-Raphson Residuals 0
Update Interval 25s
Display Points All
Activate Visibility Yes
Display| All FE Connectors
Draw Connections Attached To All Nodes
Line Color| Connection Type
Visible on Results No
Line Thickness Single
Display Type Lines
TABLE 16
Model (C4) > Static Structural (C5) > Solution (C6) > Results
. Total . Maximum Principal | Maximum Shear
Object Name Deformation Equivalent Stress Stress Stress
State Solved

Geometry

All Bodies

Minimum

0.m

Type Total _ Equivalent (von-Mises) | Maximum Principal | Maximum Shear
Deformation Stress Stress Stress
By Time
Display Time Last
Calculate _Time Yes
History
Identifier
Suppressed No

1.1879e+005 Pa

-1.7508e+007 Pa

62058 Pa

Maximum

1.5349e-005 m

6.8451e+007 Pa

6.7025e+007 Pa

3.5228e+007 Pa

Minimum Occurs
On

entrance:1








Maximum Occurs
On

Minimum

ent beam:1

0.m

23788 Pa

entrance:1

-1.7508e+007 Pa

12437 Pa

Maximum

Minimum

0.m

2.5865e-006 m

1.1879e+005 Pa

1.3361e+007 Pa

-3.2002e+006 Pa

1.3035e+007 Pa

62058 Pa

6.8668e+006 Pa

Maximum | 1.5349e-005 m 6.8451e+007 Pa 6.7025e+007 Pa 3.5228e+007 Pa
Time 1.s
Load Step 1
Substep 4
Iteration Number 8

Display Option Averaged
Average Across N
. o]
Bodies

FIGURE 2

Model (C4) > Static Structural (C5) > Solution (C6) > Total Deformation

1.534%e-5

1.25e-5 —

1.5 —

T.5e-6 —

S5.e-6 —

2.5e-6 —

I
0125

I I
0.25 0.375

I
0.5

[s]

I I
0.625

0.75

0.875 1.

1

TABLE 17

Model (C4) > Static Structural (C5) > Solution (C6) > Total Deformation

Time [s]| Minimum [m] | Maximum [m]
0.2 0 2.5865e-006
0.4 ' 5.4465e-006








0.7 1.0168e-005
1. 1.5349e-005

FIGURE 3
Model (C4) > Static Structural (C5) > Solution (C6) > Total Deformation > Figure
total deformation

C: Static Structural
Figure

Type: Total Deformation
Unit: rm

Tirme: 1

8282015 1:41 A

. 1.534%9e-5 Max
1.364de-5
| 1.1938e-5
| 1.0233e-5
| B.5273e-6
L | 6.8218:-6
L | 5.116de-6
3.410%:-6
1.7055e-6
0 Min

0.000 0.030 (rri)
[
0.015
FIGURE 4

Model (C4) > Static Structural (C5) > Solution (C6) > Equivalent Stress







[Pa]

2.e=7

23738

0,125

0.25 0.375 0.5 0.625 0.75 0.875

[s]
1

TABLE 18

Model (C4) > Static Structural (C5) > Solution (C6) > Equivalent Stress

Time
0.2
0.4
0.7

1.

[s]| Minimum [Pa] | Maximum [Pa]
23788 1.3361e+007
47561 2.6914e+007
83193 4.,7512e+007

1.1879e+005 | 6.8451e+007

FIGURE 5

Model (C4) > Static Structural (C5) > Solution (C6) > Equivalent Stress > Figure

Equivalent stress








C: Static Structural

Figure

Type: Equivalent fuan-Mises) Stress
Unit: Pa

Tirne: 1

B8 2075 1:41 AkA

. 6.8451e¥ Max
60859 7

L | 5.3266e7
| A.567de7
| 3.8081e7
| 3.048%:7
| 2.2806e7
1.530de7

711366
. 1.1879

Q.000 0.0300(m)
I 0000
0.015
FIGURE 6

Model (C4) > Static Structural (C5) > Solution (C6) > Maximum Principal Stress







6.7025e+7

G.esT

3.75e+T

2.5e+7

[Pa]

1.25e+7

-1.7508e+7
0. 0125 0.25 0.375 0.5 0,625 0.75 0.875 1.

[s]
1

TABLE 19
Model (C4) > Static Structural (C5) > Solution (C6) > Maximum Principal Stress
Time [s]| Minimum [Pa] | Maximum [Pa]
0.2 |-3.2002e+006| 1.3035e+007
0.4 |-6.5985e+006| 2.6284e+007
0.7 |-1.1931e+007| 4.6463e+007
1. -1.7508e+007 | 6.7025e+007

FIGURE 7
Model (C4) > Static Structural (C5) > Solution (C6) > Maximum Principal Stress > Figure
Max principle stress







4.824e7
3.8847e7
2,9455e7
2.0062e7
1.0669: 7
| 1.2768:6
-8.1158=6
-1.7508g

Q.000 0.0300(m)
I 0000
0.015
FIGURE 8

Model (C4) > Static Structural (C5) > Solution (C6) > Maximum Shear Stress







3.5228e+7

2.5e+7

1.5e+7

l.e+7

12437
0. 0.125 0.25 0.375 0.5 0,625 0.75 0.875
[s]
1

TABLE 20
Model (C4) > Static Structural (C5) > Solution (C6) > Maximum Shear Stress
Time [s]| Minimum [Pa] | Maximum [Pa]

0.2 12437 6.8668e+006

0.4 24861 1.3837e+007

0.7 43473 2.444e+007

1. 62058 3.5228e+007
FIGURE 9

Model (C4) > Static Structural (C5) > Solution (C6) > Maximum Shear Stress > Figure

Max shear stress







C: Static Structural

Figure

Type: Maxirmurm Shear Stress
Unit: Pa

Tirne: 1

B8 2075 1:41 AkA

. 3.5228e ¥ Max
3132e7

| 2.7A3e7
| 2.3506e7
| 1.9508e7
| 1.5691e7
L 1.178de7
T.8706e60
3.9693 6

. 62058

0.000 0.030¢m)
I 0000 ]
0.015
Material Data
7075 (UNS A97075)
TABLE 21

7075 (UNS A97075) > Density
Density kg m”-3| Temperature C

2754.3 -273.15
2754.3 -266.08
2754.2 -259.01
2754.2 -251.94
2754.3 -244.87
2754.2 -237.8
2754.1 -230.73
2753.9 -223.66
2753.6 -216.58
2753.2 -209.51

2752.7 -202.44







2752.2 -195.37
2751.7 -188.3
2751 -181.23
2750.4 -174.16
2749.6 -167.09
2748.8 -160.02
2748 -152.95
2747.2 -145.88
2746.2 -138.81
2745.3 -131.74
2744.3 -124.67
2743.3 -117.59
2742.3 -110.52
2741.2 -103.45
2740.1 -96.382
2739 -89.312
2737.9 -82.241
2736.7 -75.17
2735.6 -68.099
2734.4 -61.029
2733.2 -53.958
2732 -46.887
2730.7 -39.817
2729.5 -32.746
2728.2 -25.675
2727 -18.605
2725.7 -11.534
2724.4 -4.4631
2723.2 2.6076
2721.9 9.6783
2720.6 16.749
2719.3 23.82
2718 30.89
2716.6 37.961
2715.3 45.032
2714 52.103
2712.7 59.173
2711.3 66.244
2710 73.315
2708.7 80.385
2707.3 87.456
2706 94.527
2704.6 101.6
2703.3 108.67
2701.9 115.74
2700.5 122.81
2699.2 129.88
2697.8 136.95








2696.4 144.02
2695 151.09
2693.6 158.16
2692.2 165.23
2690.8 172.3
2689.4 179.38
2688 186.45
2686.5 193.52
2685.1 200.59
2683.6 207.66
2682.2 214.73
2680.7 221.8
2679.3 228.87
2677.8 235.94
2676.3 243.01
2674.8 250.08
2673.3 257.15
2671.7 264.22
2670.2 271.29
2668.7 278.37
2667.1 285.44
2665.6 292.51
2664 299.58
2662.4 306.65
2660.8 313.72
2659.2 320.79
2657.6 327.86
2656 334.93
2654.4 342
2652.8 349.07
2651.1 356.14
2649.5 363.21
2647.8 370.28
2646.2 377.36
2644.5 384.43
2642.9 391.5
2641.2 398.57
2639.6 405.64
2637.9 412.71
2636.3 419.78
2634.6 426.85
TABLE 22

7075 (UNS A97075) > Tensile Yield Strength
Tensile Yield Strength Pa| Temperature C

6.56e+008 -269.15
6.3812e+008 -260.98
6.2069e+008 -252.81

6.1153e+008 -244.63








6.029e+008 -236.46
5.9478e+008 -228.29
5.8716e+008 -220.12

5.8e+008 -211.95
5.7329e+008 -203.78
5.67e+008 -195.6
5.6111e+008 -187.43
5.5559e+008 -179.26
5.5041e+008 -171.09
5.4557e+008 -162.92
5.4103e+008 -154.75
5.3676e+008 -146.57
5.3275e+008 -138.4
5.2898e+008 -130.23
5.2541e+008 -122.06
5.2202e+008 -113.89

5.188e+008 -105.72
5.1571e+008 -97.544
5.1274e+008 -89.372
5.0986e+008 -81.201
5.0704e+008 -73.029
5.0427e+008 -64.857
5.0151e+008 -56.685
4.9876e+008 -48.514
4.9597e+008 -40.342
4.9313e+008 -32.17
4.9022e+008 -23.998
4.8721e+008 -15.827
4.8407e+008 -7.6551
4.8079e+008 0.51667
4.7735e+008 8.6884

4.737e+008 16.86
4.6985e+008 25.032
4.6575e+008 33.204
4.6138e+008 41.375
4.5673e+008 49.547
4.5177e+008 57.719
4.4648e+008 65.89
4.4082e+008 74.062
4.3479e+008 82.234
4.2835e+008 90.406
4.2148e+008 98.577
3.8152e+008 106.75
3.3689e+008 114.92
2.9467e+008 123.09
2.5601e+008 131.26
2.2171e+008 139.44
1.9223e+008 147.61








1.6771e+008 155.78
1.4794e+008 163.95
1.324e+008 172.12
1.2022e+008 180.29
1.1018e+008 188.47
1.0141e+008 196.64
9.3918e+007 204.81
8.7157e+007 212.98
8.1071e+007 221.15
7.5603e+007 229.32
7.07e+007 237.5
6.631e+007 245.67
6.2384e+007 253.84
5.8876e+007 262.01
5.574e+007 270.18
5.2935e+007 278.36
5.042e+007 286.53
4.8157e+007 294.7
4.611e+007 302.87
4.4247e+007 311.04
4.2537e+007 319.21
4.095e+007 327.39
3.946e+007 335.56
3.8043e+007 343.73
3.6676e+007 351.9
3.5341e+007 360.07
3.4019e+007 368.24
3.2695e+007 376.42
3.1357e+007 384.59
2.9994e+007 392.76
2.8597e+007 400.93
2.716e+007 409.1
2.568e+007 417.27
2.4154e+007 425.45
2.2584e+007 433.62
2.0972e+007 441.79
1.9324e+007 449.96
1.7646e+007 458.13
1.595e+007 466.3
1.4245e+007 474.48
1.2548e+007 482.65
1.0874e+007 490.82
9.2425e+006 498.99
7.674e+006 507.16
6.192e+006 515.33
4.8221e+006 523.51
3.5922e+006 531.68
2.5322e+006 539.85








TABLE 23
7075 (UNS A97075) > Tensile Ultimate Strength

Tensile Ultimate Strength Pa| Temperature C
7.65e+008 -269.15
7.6245e+008 -260.98
7.5936e+008 -252.81
7.4368e+008 -244.63
7.29e+008 -236.46
7.1529e+008 -228.29
7.0251e+008 -220.12
6.906e+008 -211.95
6.7953e+008 -203.78
6.6925e+008 -195.6
6.5973e+008 -187.43
6.5093e+008 -179.26
6.4279e+008 -171.09
6.3528e+008 -162.92
6.2836e+008 -154.75
6.2198e+008 -146.57
6.1611e+008 -138.4
6.107e+008 -130.23
6.057e+008 -122.06
6.0109e+008 -113.89
5.9681e+008 -105.72
5.9283e+008 -97.544
5.8909e+008 -89.372
5.8557e+008 -81.201
5.8221e+008 -73.029
5.7899e+008 -64.857
5.7584e+008 -56.685
5.7274e+008 -48.514
5.6964e+008 -40.342
5.665e+008 -32.17
5.6328e+008 -23.998
5.5993e+008 -15.827
5.5642e+008 -7.6551
5.527e+008 0.51667
5.4873e+008 8.6884
5.4446e+008 16.86
5.3986e+008 25.032
5.3489e+008 33.204
5.295e+008 41.375
5.2365e+008 49.547
5.173e+008 57.719
5.104e+008 65.89
5.0293e+008 74.062
4.9482e+008 82.234
4.8605e+008 90.406
4.7656e+008 98.577








4.3469e+008 106.75
3.871e+008 114.92
3.4111e+008 123.09
2.9795e+008 131.26
2.5859e+008 139.44
2.2374e+008 147.61
1.9383e+008 155.78
1.6904e+008 163.95
1.4931e+008 172.12
1.3428e+008 180.29
1.2335e+008 188.47
1.1565e+008 196.64
1.0933e+008 204.81

1.03e+008 212.98
9.7132e+007 221.15
9.1691e+007 229.32
8.6652e+007 237.5
8.1988e+007 245.67
7.7674e+007 253.84
7.3684e+007 262.01
6.9995e+007 270.18
6.6583e+007 278.36
6.3426e+007 286.53
6.0502e+007 294.7
5.779e+007 302.87
5.527e+007 311.04
5.2923e+007 319.21
5.073e+007 327.39
4.8674e+007 335.56
4.6738e+007 343.73
4.4905e+007 351.9
4.3161e+007 360.07
4.149e+007 368.24
3.9879e+007 376.42
3.8316e+007 384.59
3.6787e+007 392.76
3.5282e+007 400.93
3.3791e+007 409.1
3.2302e+007 417.27
3.0808e+007 425.45
2.9301e+007 433.62
2.7772e+007 441.79
2.6215e+007 449.96
2.4625e+007 458.13
2.2997e+007 466.3
2.1326e+007 474.48
1.961e+007 482.65
1.7845e+007 490.82








1.6029e+007 498.99
1.4162e+007 507.16
1.2244e+007 515.33
1.0275e+007 523.51
8.2565e+006 531.68
6.1907e+006 539.85
TABLE 24
7075 (UNS A97075) > Isotropic Secant Coefficient of Thermal Expansion
Coefficient of Thermal Expansion C"-1 | Temperature C
1.4225e-005 -273.15
1.4583e-005 -266.08
1.494e-005 -259.01
1.5309e-005 -251.94
1.5736e-005 -244.87
1.6143e-005 -237.8
1.6531e-005 -230.73
1.6902e-005 -223.66
1.7254e-005 -216.58
1.759e-005 -209.51
1.7909e-005 -202.44
1.8213e-005 -195.37
1.8501e-005 -188.3
1.8775e-005 -181.23
1.9035e-005 -174.16
1.9281e-005 -167.09
1.9514e-005 -160.02
1.9735e-005 -152.95
1.9944e-005 -145.88
2.0142e-005 -138.81
2.0329e-005 -131.74
2.0506e-005 -124.67
2.0673e-005 -117.59
2.083e-005 -110.52
2.0978e-005 -103.45
2.1118e-005 -96.382
2.125e-005 -89.312
2.1375e-005 -82.241
2.1492e-005 -75.17
2.1603e-005 -68.099
2.1707e-005 -61.029
2.1805e-005 -53.958
2.1898e-005 -46.887
2.1985e-005 -39.817
2.2068e-005 -32.746
2.2146e-005 -25.675
2.222e-005 -18.605
2.229e-005 -11.534
2.2357e-005 -4.4631








2.2421e-005 2.6076
2.2482e-005 9.6783
2.254e-005 16.749
2.2596e-005 23.82
2.265e-005 30.89
2.2702e-005 37.961
2.2753e-005 45.032
2.2803e-005 52.103
2.2851e-005 59.173
2.2899e-005 66.244
2.2946e-005 73.315
2.2993e-005 80.385
2.304e-005 87.456
2.3086e-005 94.527
2.3133e-005 101.6
2.318e-005 108.67
2.3227e-005 115.74
2.3276e-005 122.81
2.3325e-005 129.88
2.3374e-005 136.95
2.3425e-005 144.02
2.3477e-005 151.09
2.353e-005 158.16
2.3584e-005 165.23
2.364e-005 172.3
2.3697e-005 179.38
2.3755e-005 186.45
2.3815e-005 193.52
2.3876e-005 200.59
2.3939e-005 207.66
2.4003e-005 214.73
2.4069e-005 221.8
2.4136e-005 228.87
2.4205e-005 235.94
2.4275e-005 243.01
2.4347e-005 250.08
2.442e-005 257.15
2.4494e-005 264.22
2.4569e-005 271.29
2.4646e-005 278.37
2.4724e-005 285.44
2.4802e-005 292.51
2.4882e-005 299.58
2.4962e-005 306.65
2.5042e-005 313.72
2.5124e-005 320.79
2.5205e-005 327.86
2.5286e-005 334.93








2.5368e-005 342
2.5449e-005 349.07
2.5529e-005 356.14
2.5609e-005 363.21
2.5688e-005 370.28
2.5766e-005 377.36
2.5843e-005 384.43
2.5918e-005 391.5
2.5991e-005 398.57
2.6062e-005 405.64
2.6131e-005 412.71
2.6197e-005 419.78
2.626e-005 426.85
Reference Temperature C
19.85
TABLE 25
7075 (UNS A97075) > Specific Heat
Specific Heat J kg"-1 C~-1 | Temperature C
572.12 -157.15
586.75 -151.25
600.86 -145.35
614.47 -139.45
627.58 -133.55
640.21 -127.66
652.39 -121.76
664.12 -115.86
675.41 -109.96
686.29 -104.06
696.77 -98.16
706.86 -92.261
716.57 -86.362
725.92 -80.463
734.93 -74.564
743.6 -68.665
751.94 -62.766
759.98 -56.867
767.73 -50.968
775.18 -45.069
782.37 -39.17
789.3 -33.271
795.98 -27.372
802.42 -21.473
808.64 -15.574
814.64 -9.6753
820.44 -3.7763
826.05 2.1227
831.48 8.0217
836.74 13.921








841.83 19.82
846.78 25.719
851.58 31.618
856.25 37.517
860.8 43.416
865.23 49.315
869.56 55.214
873.8 61.113
877.95 67.012
882.01 72.911
886.01 78.81
889.94 84.709
893.82 90.608
897.65 96.507
901.44 102.41
905.2 108.3
908.92 114.2
912.63 120.1
916.33 126
920.01 131.9
923.7 137.8
927.39 143.7
931.09 149.6
934.8 1555
938.53 161.4
942.29 167.29
946.08 173.19
949.91 179.09
953.77 184.99
957.68 190.89
961.64 196.79
965.64 202.69
969.7 208.59
973.82 214.49
978 220.39
982.25 226.28
986.56 232.18
990.94 238.08
995.39 243.98
999.91 249.88
1004.5 255.78
1009.2 261.68
1014 267.58
1018.8 273.48
1023.7 279.38
1028.7 285.27
1033.8 291.17
1039 297.07








1044.2 302.97
1049.5 308.87

1055 314.77
1060.5 320.67

1066 326.57
1071.7 332.47
1077.5 338.37
1083.3 344.26
1089.2 350.16
1095.2 356.06
1101.2 361.96
1107.4 367.86
1113.6 373.76
1119.8 379.66
1126.2 385.56
1132.5 391.46

1139 397.36
1145.5 403.25
1152.1 409.15
1158.7 415.05
1165.4 420.95
1172.1 426.85

TABLE 26

7075 (UNS A97075) > Isotropic Thermal Conductivity

Thermal Conductivity W m”-1 C~-1| Temperature C
77.555 -157.15
79.962 -151.25
82.281 -145.35
84.514 -139.45
86.664 -133.55
88.735 -127.66

90.73 -121.76
92.651 -115.86
94.501 -109.96
96.284 -104.06
98.002 -98.16
99.659 -92.261
101.26 -86.362
102.8 -80.463
104.29 -74.564
105.73 -68.665
107.13 -62.766
108.48 -56.867
109.79 -50.968
111.06 -45.069
112.3 -39.17
113.51 -33.271
114.69 -27.372








115.84 -21.473
116.97 -15.574
118.08 -9.6753
119.18 -3.7763
120.26 2.1227
121.33 8.0217
122.4 13.921
123.46 19.82
124.51 25.719
125.57 31.618
126.64 37.517
127.71 43.416
128.79 49.315
129.89 55.214
131 61.113
132.14 67.012
133.29 72.911
134.47 78.81
135.68 84.709
136.93 90.608
138.2 96.507
139.52 102.41
140.87 108.3
142.27 114.2
143.72 120.1
145.21 126
146.76 131.9
148.36 137.8
150.03 143.7
151.75 149.6
153.54 155.5
155.39 161.4
157.32 167.29
159.32 173.19
161.4 179.09
163.56 184.99
165.8 190.89
168.13 196.79
170.54 202.69
171.5 208.59
172.09 214.49
172.65 220.39
173.17 226.28
173.64 232.18
174.08 238.08
174.48 243.98
174.84 249.88
175.17 255.78








175.45 261.68
175.69 267.58
175.9 273.48
176.06 279.38
176.19 285.27
176.28 291.17
176.33 297.07
176.34 302.97
176.31 308.87
176.24 314.77
176.13 320.67
175.99 326.57
175.8 332.47
175.58 338.37
175.32 344.26
175.01 350.16
174.67 356.06
174.29 361.96
173.87 367.86
173.41 373.76
172.92 379.66
172.38 385.56
171.8 391.46
171.19 397.36
170.54 403.25
169.84 409.15
169.11 415.05
168.34 420.95
167.53 426.85
TABLE 27

7075 (UNS A97075) > Isotropic Resistivity

Resistivity ohm m | Temperature C

2.76e-008 -269.15
2.7632e-008 -264.08
2.7665e-008 -259.01
2.7697e-008 -253.94
2.7775e-008 -248.87
2.7892e-008 -243.8
2.8042e-008 -238.73
2.8226e-008 -233.66
2.8441e-008 -228.59
2.8687e-008 -223.52
2.8963e-008 -218.45
2.9267e-008 -213.38
2.9599e-008 -208.31
2.9957e-008 -203.24
3.034e-008 -198.17
3.0747e-008 -193.1








3.1177e-008 -188.03
3.1629e-008 -182.96
3.2101e-008 -177.89
3.2593e-008 -172.82
3.3103e-008 -167.75
3.3631e-008 -162.68
3.4174e-008 -157.61
3.4733e-008 -152.54
3.5306e-008 -147.47
3.5891e-008 -142.4
3.6488e-008 -137.33
3.7095e-008 -132.26
3.7712e-008 -127.19
3.8337e-008 -122.11
3.8969e-008 -117.04
3.9607e-008 -111.97
4.025e-008 -106.9
4.0896e-008 -101.83
4.1545e-008 -96.764
4.2196e-008 -91.694
4.2847e-008 -86.624
4.3497e-008 -81.554
4.4145e-008 -76.483
4.4791e-008 -71.413
4.5432e-008 -66.343
4.6068e-008 -61.273
4.6697e-008 -56.203
4.7319e-008 -51.132
4.7932e-008 -46.062
4.8535e-008 -40.992
4.9128e-008 -35.922
4.9708e-008 -30.852
5.0275e-008 -25.782
5.0828e-008 -20.711
5.1365e-008 -15.641
5.1886e-008 -10.571
5.2389e-008 -5.5009
5.2874e-008 -0.4307
5.3338e-008 4.6395
5.3781e-008 9.7096
5.4203e-008 14.78
5.46e-008 19.85
TABLE 28

7075 (UNS A97075) > Isotropic Elasticity

Temperature C

Young's Modulus Pa

Poisson's Ratio

Bulk Modulus Pa

Shear Modulus Pa

-273.15 7.8813e+010 0.32387 7.4577e+010 2.9766e+010
-265.34 7.8818e+010 0.32391 7.46e+010 2.9767e+010
-257.53 7.88e+010 0.32398 7.4612e+010 2.9759e+010








-249.73 7.8762e+010 0.32407 7.4614e+010 2.9742e+010
-241.92 7.8704e+010 0.32418 7.4606e+010 2.9718e+010
-234.11 7.8626e+010 0.32431 7.4589e+010 2.9686e+010
-226.3 7.8532e+010 0.32446 7.4563e+010 2.9647e+010
-218.49 7.842e+010 0.32463 7.4528e+010 2.9601e+010
-210.69 7.8293e+010 0.32481 7.4485e+010 2.9549e+010
-202.88 7.8152e+010 0.32501 7.4433e+010 2.9491e+010
-195.07 7.7997e+010 0.32521 7.4374e+010 2.9428e+010
-187.26 7.7829e+010 0.32543 7.4306e+010 2.936e+010
-179.45 7.765e+010 0.32566 7.4231e+010 2.9287e+010
-171.64 7.7459e+010 0.32589 7.4148e+010 2.921e+010
-163.84 7.7259e+010 0.32613 7.4058e+010 2.9129e+010
-156.03 7.7049e+010 0.32637 7.3961e+010 2.9045e+010
-148.22 7.683e+010 0.32662 7.3857e+010 2.8957e+010
-140.41 7.6604e+010 0.32687 7.3746e+010 2.8866e+010
-132.6 7.6371e+010 0.32713 7.3629e+010 2.8773e+010
-124.8 7.6131e+010 0.32738 7.3505e+010 2.8677e+010
-116.99 7.5886e+010 0.32763 7.3376e+010 2.8579e+010
-109.18 7.5635e+010 0.32788 7.324e+010 2.848e+010
-101.37 7.538e+010 0.32813 7.3098e+010 2.8378e+010
-93.564 7.5121e+010 0.32838 7.2951e+010 2.8275e+010
-85.756 7.4858e+010 0.32862 7.2798e+010 2.8171e+010
-77.948 7.4592e+010 0.32885 7.2639e+010 2.8066e+010
-70.14 7.4324e+010 0.32908 7.2476e+010 2.796e+010
-62.332 7.4053e+010 0.32931 7.2307e+010 2.7854e+010
-54.524 7.378e+010 0.32953 7.2134e+010 2.7747e+010
-46.716 7.3506e+010 0.32974 7.1956e+010 2.7639e+010
-38.908 7.3231e+010 0.32995 7.1773e+010 2.7532e+010
-31.099 7.2955e+010 0.33014 7.1586e+010 2.7424e+010
-23.291 7.2679e+010 0.33033 7.1394e+010 2.7316e+010
-15.483 7.2402e+010 0.33052 7.1199e+010 2.7208e+010
-7.6753 7.2124e+010 0.33069 7.0999e+010 2.71e+010
0.13283 7.1847e+010 0.33086 7.0796e+010 2.6993e+010
7.9409 7.157e+010 0.33102 7.0589e+010 2.6885e+010
15.749 7.1293e+010 0.33117 7.0379e+010 2.6778e+010
23.557 7.1016e+010 0.33131 7.0166e+010 2.6671e+010
31.365 7.0739e+010 0.33145 6.995e+010 2.6565e+010
39.173 7.0463e+010 0.33158 6.973e+010 2.6458e+010
46.981 7.0187e+010 0.33171 6.9509e+010 2.6352e+010
54.789 6.9911e+010 0.33183 6.9284e+010 2.6246e+010
62.597 6.9635e+010 0.33194 6.9058e+010 2.614e+010
70.406 6.9359e+010 0.33205 6.8829e+010 2.6035e+010
78.214 6.9083e+010 0.33216 6.8598e+010 2.5929e+010
86.022 6.8806e+010 0.33226 6.8366e+010 2.5823e+010
93.83 6.8529e+010 0.33236 6.8132e+010 2.5717e+010
101.64 6.8251e+010 0.33246 6.7896e+010 2.5611e+010
109.45 6.7971e+010 0.33257 6.766e+010 2.5504e+010
117.25 6.769e+010 0.33267 6.7422e+010 2.5397e+010








125.06 6.7407e+010 0.33278 6.7183e+010 2.5288e+010
132.87 6.7122e+010 0.33289 6.6944e+010 2.5179e+010
140.68 6.6834e+010 0.33301 6.6704e+010 2.5069e+010
148.49 6.6543e+010 0.33313 6.6464e+010 2.4958e+010
156.29 6.6249e+010 0.33327 6.6223e+010 2.4844e+010
164.1 6.595e+010 0.33342 6.5982e+010 2.473e+010
171.91 6.5646e+010 0.33358 6.5742e+010 2.4613e+010
179.72 6.5338e+010 0.33375 6.5502e+010 2.4494e+010
187.53 6.5023e+010 0.33394 6.5262e+010 2.4372e+010
195.33 6.4702e+010 0.33416 6.5022e+010 2.4248e+010
203.14 6.4373e+010 0.33439 6.4784e+010 2.4121e+010
210.95 6.4037e+010 0.33465 6.4546e+010 2.399e+010
218.76 6.3692e+010 0.33493 6.4309e+010 2.3856e+010
226.57 6.3337e+010 0.33525 6.4073e+010 2.3717e+010
234.38 6.2972e+010 0.33559 6.3839e+010 2.3575e+010
242.18 6.2596e+010 0.33598 6.3605e+010 2.3427e+010
249.99 6.2209e+010 0.3364 6.3374e+010 2.3275e+010
257.8 6.1808e+010 0.33686 6.3143e+010 2.3117e+010
265.61 6.1394e+010 0.33736 6.2915e+010 2.2953e+010
273.42 6.0964e+010 0.33792 6.2688e+010 2.2783e+010
281.22 6.0519e+010 0.33852 6.2463e+010 2.2607e+010
289.03 6.0058e+010 0.33918 6.224e+010 2.2423e+010
296.84 5.9578e+010 0.33989 6.202e+010 2.2232e+010
304.65 5.908e+010 0.34067 6.1801e+010 2.2034e+010
312.46 5.8561e+010 0.34152 6.1585e+010 2.1826e+010
320.26 5.8021e+010 0.34243 6.1371e+010 2.161e+010
328.07 5.7459e+010 0.34342 6.1159e+010 2.1385e+010
335.88 5.6873e+010 0.34448 6.095e+010 2.1151e+010
343.69 5.6262e+010 0.34563 6.0744e+010 2.0906e+010
351.5 5.5625e+010 0.34687 6.0541e+010 2.065e+010
359.3 5.4961e+010 0.34819 6.034e+010 2.0383e+010
367.11 5.4268e+010 0.34961 6.0143e+010 2.0105e+010
374.92 5.3544e+010 0.35114 5.9948e+010 1.9815e+010
382.73 5.2789e+010 0.35277 5.9757e+010 1.9512e+010
390.54 5.2001e+010 0.35451 5.9569e+010 1.9196e+010
398.34 5.1178e+010 0.35636 5.9384e+010 1.8866e+010
406.15 5.0319e+010 0.35834 5.9203e+010 1.8522e+010
413.96 4.9423e+010 0.36045 5.9026e+010 1.8164e+010
421.77 4.8487e+010 0.36269 5.8853e+010 1.7791e+010
429.58 4.7511e+010 0.36507 5.8684e+010 1.7402e+010
437.39 4.6492e+010 0.36759 5.8519e+010 1.6998e+010
445.19 4.5429e+010 0.37026 5.8359e+010 1.6577e+010

453 4.432e+010 0.37309 5.8204e+010 1.6139e+010
460.81 4.3164e+010 0.37608 5.8054e+010 1.5683e+010
468.62 4.1958e+010 0.37925 5.7911e+010 1.521e+010
476.43 4.0701e+010 0.38258 5.7773e+010 1.4719e+010
484.23 3.9391e+010 0.38611 5.7643e+010 1.4209e+010
492.04 3.8027e+010 0.38982 5.7521e+010 1.368e+010








499.85

3.6605e+010

0.39373

| 5.7407e+010 |

1.3132e+010

|

TABLE 29

7075 (UNS A97075) > Multilinear Isotropic Hardening

Stress Pa | Plastic Strain m m”-1| Temperature C
4.9711e+008 0 19.85
5.1103e+008 5.7895e-003 19.85
5.233e+008 1.1579e-002 19.85
5.3415e+008 1.7368e-002 19.85
5.4377e+008 2.3158e-002 19.85
5.5236e+008 2.8947e-002 19.85
5.6009e+008 3.4737e-002 19.85
5.6711e+008 4.0526e-002 19.85
5.7356e+008 4.6316e-002 19.85
5.7956e+008 5.2105e-002 19.85
5.8521e+008 5.7895e-002 19.85
5.9061e+008 6.3684e-002 19.85
5.9582e+008 6.9474e-002 19.85
6.009e+008 7.5263e-002 19.85
6.0589e+008 8.1053e-002 19.85
6.1081e+008 8.6842e-002 19.85
6.1566e+008 9.2632e-002 19.85
6.2043e+008 9.8421e-002 19.85
6.2509e+008 0.10421 19.85
6.296e+008 0.11 19.85

TABLE 30

7075 (UNS A97075) > Alternating Stress R-Ratio

Alternating Stress Pa Cycles|R-Ratio
3.4779e+008 4000 -1
3.4027e+008 4677.6 -1
3.3275e+008 5469.9 -1
3.252e+008 6396.4 -1
3.1762e+008 7479.9 -1

3.1e+008 8746.9 -1
3.0236e+008 10229 -1
2.9467e+008 11961 -1
2.8696e+008 13987 -1
2.7923e+008 16356 -1
2.7148e+008 19127 -1
2.6373e+008 22367 -1
2.5599e+008 26156 -1
2.4828e+008 30586 -1
2.406e+008 35767 -1
2.3297e+008 41826 -1
2.2542e+008 48910 -1
2.1796e+008 57195 -1
2.1061e+008 66883 -1
2.0338e+008 78213 -1
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1.1202e+008

1.5293e+006
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1.7884e+006

1.0874e+008

2.0913e+006

1.0749e+008
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0 7075 (UNS A97075)

Units
TABLE 1
Unit System |Metric (m, kg, N, s, V, A) Degrees rad/s Kelvin
Angle Degrees
Rotational Velocity rad/s
Temperature Kelvin
Comment

Thermal analysis of main body
Assumptions are:

e beam current 20 microA

e raster 2x2 mm

e beam heat load 3.3W

e heat flux from beam 3E+9 W/m”3
o Material model from MPDB

Model (E4)

Geometry








TABLE 2
Model (E4) > Geometry

Object Name

Geometry

State

Fully Defined

D:\Meekins\GoogleDrive\JLAB\Hall A\Trtium\Calculations\ANSY S\cell

SOED beam heating\Assemblyl.iam
Type Inventor
Length Unit Centimeters
Element Control Program Controlled
Display Style Body Color
.~ BoundingBox
Length X 0.33416 m
Length Y 7.0806e-002 m
Length Z 7.62e-002 m

Volume 8.0156e-004 m3
Mass 2.1799 kg
Scale Factor Value 1.

Bodies 4
Active Bodies 2
Nodes 279855
Elements 163068
Mesh Metric None
.~ BasicGeomewyOptions
Solid Bodies Yes
Surface Bodies Yes
Line Bodies No
Parameters Yes
Parameter Key DS
Attributes No
Named Selections No
Material Properties No

Geometry

Use Associativity Yes
Coordinate Systems No
Reader Mode Saves No

Updated File
Use Instances Yes
Smart CAD Update No
Compare Parts On Update No
Attach File Via Temp File Yes
Temporary Directory C:\Users\David\AppData\Local\Temp
Analysis Type 3-D
Mixed Import Resolution None
Decompose Disjoint Yes








Enclosure and Symmetry

Suppressed No Yes No Yes

; Yes
Processing
TABLE 3
Model (E4) > Geometry > Parts
Object Name main body:1 entrance:1 exit beam:1 ent beam:1
State Meshed Suppressed Meshed Suppressed
Visible Yes No Yes No
Transparency 1 1

Stiffness Behavior

Flexible

Coordinate System

Default Coordinate System

Reference
Temperature

Assignment

By Environment

7075 (UNS A97075)

Nonlinear Effects

Thermal Strain Effects

Yes
Yes

Length X 0.32146 m 8.4557e-002 m 3.5536e-004 m 3.0437e-004 m
Length Y 7.0806e-002 m 6.985e-002 m 2.26e-003 m
Length Z 7.62e-002 m 6.985e-002 m 2.26e-003 m
Volume| 8.0156e-004 m® | 5.3773e-005m3 | 1.2217e-009 m® | 1.0189e-009 m3
Mass 2.1799 kg 0.14624 kg 3.3224e-006 kg | 2.7711e-006 kg
Centroid X| 1.2664e-002 m 0.12855m -0.19035 m 6.0903e-002 m
Centroid Y 8.7826e-002 m
Centroid Z| 3.3853e-002 m 3.3854e-002 m
. 1.7753e-003 7.4106e-005 2.2426e-012 1.7625e-012
Moment of Inertia Ip1 kg-m? kg-m2 kg-m? kg-m?
. 1.9153e-002 9.6097e-005 1.1487e-012 8.9668e-013
Moment of Inertia Ip2 kg-m?2 kg-m2 kg-m? kg-m?
. 1.9637e-002 9.6097e-005 1.1488e-012 8.9668e-013
Moment of Inertia Ip3 kg-m? kg-m2 kg-m?2 kg-m?2
Nodes 279067 0 788 0
Elements 162946 0 122 0
Mesh Metric None
Coordinate Systems
TABLE 4

Model (E4) > Coordinate Systems > Coordinate System

Object Name

Global Coordinate System

State

Fully Defined

Type Cartesian








Connections

Coordinate System ID 0.

Origin

X 0.m

Origin

Y 0.m

Origin

X Axis Data

Z 0.m

[1
Y Axis Data [ 0.
Z Axis Data [0

TABLE 5

Model (E4) > Connections

Object Name | Connections

Generate Automatic Connection On Refresh

State | Fully Defined
Yes

Enabled Yes

TABLE 6

Model (E4) > Connections > Contacts

Object Name

Contacts

State

Fully Defined

Connection Type

Scoping Method

Geometry Selection

Geom

All Bodies

etry

Tolerance Type Slider
Tolerance Slider 0.
Tolerance Value, 8.7494e-004 m

Use Range No
Face/Face Yes
Face/Edge No
Edge/Edge No
Priority Include All
Group By Bodies
Search Across Bodies

Connections 1
Active Connections 1
TABLE 7

Model (E4) > Connections > Contacts > Contact Regions

Object Name

Bonded - main body:1 To exit beam:1

State

Fully Defined








Mesh

Scoping Method

Geometry Selection

Contact 1 Face

Target 1 Face
Contact Bodies main body:1
Target Bodies exit beam:1

Formulation

Type Bonded
Scope Mode Manual
Behavior Program Controlled
Trim Contact Program Controlled
Suppressed No

Program Controlled

Detection Method

Program Controlled

Elastic Slip Tolerance

Program Controlled

Thermal Conductance

Program Controlled

Pinball Region

Program Controlled

Contact Geometry Correction None
Target Geometry Correction None
TABLE 8
Model (E4) > Mesh
Object Name Mesh
State Solved

Display Style Body Color

Physics Preference Mechanical
Relevance 0
Use Advanced Size Function Off
Relevance Center Fine
Element Size Default
Initial Size Seed Active Assembly

Smoothing High
Transition Slow
Span Angle Center Fine

Minimum Edge Length

Use Automatic Inflation

4.9873e-003 m

Program Controlled

Inflation Option

Smooth Transition

Transition Ratio 0.272
Maximum Layers 5
Growth Rate 1.2








Inflation Algorithm Pre

View Advanced Options No

Patch Conforming Options

Triangle Surface Mesher| Program Controlled

Patch Independent Options

Topology Checking | No
Advanced
Number of CPUs for Parallel Part Meshing| Program Controlled
Shape Checking| Standard Mechanical
Element Midside Nodes| Program Controlled
Straight Sided Elements No
Number of Retries Default (4)
Extra Retries For Assembly Yes
Rigid Body Behavior | Dimensionally Reduced
Mesh Morphing Disabled
Defeaturing
Pinch Tolerance Please Define
Generate Pinch on Refresh No
Automatic Mesh Based Defeaturing On
Defeaturing Tolerance Default
Statistics
Nodes 279855
Elements 163068
Mesh Metric None

Steady-State Thermal (E5)

TABLE 9
Model (E4) > Analysis

Object Name | Steady-State Thermal (E5)
State Solved

Definition

Physics Type Thermal

Analysis Type Steady-State

Solver Target Mechanical APDL

Options
Generate Input Only | No

TABLE 10

Model (E4) > Steady-State Thermal (E5) > Initial Condition
Object Name| Initial Temperature
State Fully Defined

Definition
Initial Temperature | Uniform Temperature
Initial Temperature Value 40. K
TABLE 11

Model (E4) > Steady-State Thermal (E5) > Analysis Settings







Object Name

Analysis Settings

State Fully Defined
Number Of Steps 1.
Current Step Number 1.
Step End Time 1.s

Auto Time Stepping

Solver Type

Program Controlled

Program Controlled

Solver Pivot Checking

Program Controlled

Heat Convergence

Radiosity Solver Program Controlled
Flux Convergence 1.e-004
Maximum Iteration 1000.
Solver Tolerance 0.1 W/mz
Over Relaxation 0.1
Hemicube Resolution 10.

Program Controlled

Calculate Thermal

LSO I Program Controlled
Convergence
Line Search Program Controlled

Solver Files Directory

Flux Yes
General
Miscellaneous No
Store Results At All Time Points

D:\Meekins\GoogleDrive\JLAB\Hall A\Trtium\Calculations\ANSY S\cell beam
heating\beam heating_files\dpO\SYS-1\MECH\

Future Analysis None
Scratch Solver Files
Directory

Save MAPDL db No

Delete Unneeded

Files Yes

Nonlinear Solution Yes

Solver Units Active System
Solver Unit System mks

TABLE 12
Model (E4) > Steady-State Thermal (E5) > Loads

Object Name| Temperature |Interna| Heat Generation

State Fully Defined

Scoping Method Geometry Selection

Geometry 1 Face 1 Body








Type| Temperature |Internal Heat Generation
Magnitude | 40. K (ramped) | 3.e+009 W/m?3 (ramped)
Suppressed No

FIGURE 1
Model (E4) > Steady-State Thermal (E5) > Temperature

42,

4.5

FIGURE 2
Model (E4) > Steady-State Thermal (E5) > Internal Heat Generation







J.e+9
2.8e+0 —

24e+9 —

2.e+9—

1.6e+9 —

1.2e+9 —

B.e+d —

4e+8 —

Solution (E6)

TABLE 13

Model (E4) > Steady-State Thermal (E5) > Solution

Object Name | Solution (E6)
State Solved

Max Refinement Loops 1.
Refinement Depth 2.
~ staus| Done
Calculate Beam Section Results No |
TABLE 14

Model (E4) > Steady-State Thermal (E5) > Solution (E6) > Solution Information

Object Name

Solution Information

State

Solution Output

Solved

Solver Output

Update Interval 25s
Display Points All
Activate Visibility Yes

Display

All FE Connectors








Draw Connections Attached To All Nodes
Line Color| Connection Type

Visible on Results No
Line Thickness Single
Display Type Lines
TABLE 15
Model (E4) > Steady-State Thermal (E5) > Solution (E6) > Results
Object Name Temperature
State Solved
Scope
Scoping Method | Geometry Selection
Geometry All Bodies
Definition
Type Temperature
By Time
Display Time Last
Calculate Time History Yes
Identifier
Suppressed No
Results
Minimum 40. K
Maximum 124. K
Minimum Occurs On main body:1
Maximum Occurs On exit beam:1
Information
Time 1.s
Load Step 1
Substep 1
Iteration Number 2
FIGURE 3

Model (E4) > Steady-State Thermal (E5) > Solution (E6) > Temperature







[K]

[s]

TABLE 16
Model (E4) > Steady-State Thermal (E5) > Solution (E6) > Temperature
Time [s] | Minimum [K] | Maximum [K]
1. 40. 124.

FIGURE 4
Model (E4) > Steady-State Thermal (E5) > Solution (E6) > Temperature > Figure
Temperature in main body







E: S5teady-State Thermal
Figure

Type: Ternperature

Unit: K

Tirne: 1

8282015 1:33 AM

. 124 Max
114.66
| 105.33
| 05,003
| 86,665
| F7.a32
| 67.999
| 58.660

Material Data

7075 (UNS A97075)

0.000

0.050

TABLE 17
7075 (UNS A97075) > Density
Density kg m”-3| Temperature C

2754.3
2754.3
2754.2
2754.2
2754.3
2754.2
2754.1
2753.9
2753.6
2753.2
2752.7

-273.15
-266.08
-259.01
-251.94
-244.87
-237.8
-230.73
-223.66
-216.58
-209.51
-202.44

0.100(rm)







2752.2 -195.37
2751.7 -188.3
2751 -181.23
2750.4 -174.16
2749.6 -167.09
2748.8 -160.02
2748 -152.95
2747.2 -145.88
2746.2 -138.81
2745.3 -131.74
2744.3 -124.67
2743.3 -117.59
2742.3 -110.52
2741.2 -103.45
2740.1 -96.382
2739 -89.312
2737.9 -82.241
2736.7 -75.17
2735.6 -68.099
2734.4 -61.029
2733.2 -53.958
2732 -46.887
2730.7 -39.817
2729.5 -32.746
2728.2 -25.675
2727 -18.605
2725.7 -11.534
2724.4 -4.4631
2723.2 2.6076
2721.9 9.6783
2720.6 16.749
2719.3 23.82
2718 30.89
2716.6 37.961
2715.3 45.032
2714 52.103
2712.7 59.173
2711.3 66.244
2710 73.315
2708.7 80.385
2707.3 87.456
2706 94.527
2704.6 101.6
2703.3 108.67
2701.9 115.74
2700.5 122.81
2699.2 129.88
2697.8 136.95








2696.4 144.02
2695 151.09
2693.6 158.16
2692.2 165.23
2690.8 172.3
2689.4 179.38
2688 186.45
2686.5 193.52
2685.1 200.59
2683.6 207.66
2682.2 214.73
2680.7 221.8
2679.3 228.87
2677.8 235.94
2676.3 243.01
2674.8 250.08
2673.3 257.15
2671.7 264.22
2670.2 271.29
2668.7 278.37
2667.1 285.44
2665.6 292.51
2664 299.58
2662.4 306.65
2660.8 313.72
2659.2 320.79
2657.6 327.86
2656 334.93
2654.4 342
2652.8 349.07
2651.1 356.14
2649.5 363.21
2647.8 370.28
2646.2 377.36
2644.5 384.43
2642.9 391.5
2641.2 398.57
2639.6 405.64
2637.9 412.71
2636.3 419.78
2634.6 426.85
TABLE 18

7075 (UNS A97075) > Tensile Yield Strength
Tensile Yield Strength Pa| Temperature C

6.56e+008 -269.15
6.3812e+008 -260.98
6.2069e+008 -252.81

6.1153e+008 -244.63








6.029e+008 -236.46
5.9478e+008 -228.29
5.8716e+008 -220.12

5.8e+008 -211.95
5.7329e+008 -203.78
5.67e+008 -195.6
5.6111e+008 -187.43
5.5559e+008 -179.26
5.5041e+008 -171.09
5.4557e+008 -162.92
5.4103e+008 -154.75
5.3676e+008 -146.57
5.3275e+008 -138.4
5.2898e+008 -130.23
5.2541e+008 -122.06
5.2202e+008 -113.89

5.188e+008 -105.72
5.1571e+008 -97.544
5.1274e+008 -89.372
5.0986e+008 -81.201
5.0704e+008 -73.029
5.0427e+008 -64.857
5.0151e+008 -56.685
4.9876e+008 -48.514
4.9597e+008 -40.342
4.9313e+008 -32.17
4.9022e+008 -23.998
4.8721e+008 -15.827
4.8407e+008 -7.6551
4.8079e+008 0.51667
4.7735e+008 8.6884

4.737e+008 16.86
4.6985e+008 25.032
4.6575e+008 33.204
4.6138e+008 41.375
4.5673e+008 49.547
4.5177e+008 57.719
4.4648e+008 65.89
4.4082e+008 74.062
4.3479e+008 82.234
4.2835e+008 90.406
4.2148e+008 98.577
3.8152e+008 106.75
3.3689e+008 114.92
2.9467e+008 123.09
2.5601e+008 131.26
2.2171e+008 139.44
1.9223e+008 147.61








1.6771e+008 155.78
1.4794e+008 163.95
1.324e+008 172.12
1.2022e+008 180.29
1.1018e+008 188.47
1.0141e+008 196.64
9.3918e+007 204.81
8.7157e+007 212.98
8.1071e+007 221.15
7.5603e+007 229.32
7.07e+007 237.5
6.631e+007 245.67
6.2384e+007 253.84
5.8876e+007 262.01
5.574e+007 270.18
5.2935e+007 278.36
5.042e+007 286.53
4.8157e+007 294.7
4.611e+007 302.87
4.4247e+007 311.04
4.2537e+007 319.21
4.095e+007 327.39
3.946e+007 335.56
3.8043e+007 343.73
3.6676e+007 351.9
3.5341e+007 360.07
3.4019e+007 368.24
3.2695e+007 376.42
3.1357e+007 384.59
2.9994e+007 392.76
2.8597e+007 400.93
2.716e+007 409.1
2.568e+007 417.27
2.4154e+007 425.45
2.2584e+007 433.62
2.0972e+007 441.79
1.9324e+007 449.96
1.7646e+007 458.13
1.595e+007 466.3
1.4245e+007 474.48
1.2548e+007 482.65
1.0874e+007 490.82
9.2425e+006 498.99
7.674e+006 507.16
6.192e+006 515.33
4.8221e+006 523.51
3.5922e+006 531.68
2.5322e+006 539.85








TABLE 19
7075 (UNS A97075) > Tensile Ultimate Strength

Tensile Ultimate Strength Pa| Temperature C
7.65e+008 -269.15
7.6245e+008 -260.98
7.5936e+008 -252.81
7.4368e+008 -244.63
7.29e+008 -236.46
7.1529e+008 -228.29
7.0251e+008 -220.12
6.906e+008 -211.95
6.7953e+008 -203.78
6.6925e+008 -195.6
6.5973e+008 -187.43
6.5093e+008 -179.26
6.4279e+008 -171.09
6.3528e+008 -162.92
6.2836e+008 -154.75
6.2198e+008 -146.57
6.1611e+008 -138.4
6.107e+008 -130.23
6.057e+008 -122.06
6.0109e+008 -113.89
5.9681e+008 -105.72
5.9283e+008 -97.544
5.8909e+008 -89.372
5.8557e+008 -81.201
5.8221e+008 -73.029
5.7899e+008 -64.857
5.7584e+008 -56.685
5.7274e+008 -48.514
5.6964e+008 -40.342
5.665e+008 -32.17
5.6328e+008 -23.998
5.5993e+008 -15.827
5.5642e+008 -7.6551
5.527e+008 0.51667
5.4873e+008 8.6884
5.4446e+008 16.86
5.3986e+008 25.032
5.3489e+008 33.204
5.295e+008 41.375
5.2365e+008 49.547
5.173e+008 57.719
5.104e+008 65.89
5.0293e+008 74.062
4.9482e+008 82.234
4.8605e+008 90.406
4.7656e+008 98.577








4.3469e+008 106.75
3.871e+008 114.92
3.4111e+008 123.09
2.9795e+008 131.26
2.5859e+008 139.44
2.2374e+008 147.61
1.9383e+008 155.78
1.6904e+008 163.95
1.4931e+008 172.12
1.3428e+008 180.29
1.2335e+008 188.47
1.1565e+008 196.64
1.0933e+008 204.81

1.03e+008 212.98
9.7132e+007 221.15
9.1691e+007 229.32
8.6652e+007 237.5
8.1988e+007 245.67
7.7674e+007 253.84
7.3684e+007 262.01
6.9995e+007 270.18
6.6583e+007 278.36
6.3426e+007 286.53
6.0502e+007 294.7
5.779e+007 302.87
5.527e+007 311.04
5.2923e+007 319.21
5.073e+007 327.39
4.8674e+007 335.56
4.6738e+007 343.73
4.4905e+007 351.9
4.3161e+007 360.07
4.149e+007 368.24
3.9879e+007 376.42
3.8316e+007 384.59
3.6787e+007 392.76
3.5282e+007 400.93
3.3791e+007 409.1
3.2302e+007 417.27
3.0808e+007 425.45
2.9301e+007 433.62
2.7772e+007 441.79
2.6215e+007 449.96
2.4625e+007 458.13
2.2997e+007 466.3
2.1326e+007 474.48
1.961e+007 482.65
1.7845e+007 490.82








1.6029e+007 498.99
1.4162e+007 507.16
1.2244e+007 515.33
1.0275e+007 523.51
8.2565e+006 531.68
6.1907e+006 539.85
TABLE 20
7075 (UNS A97075) > Isotropic Secant Coefficient of Thermal Expansion
Coefficient of Thermal Expansion C"-1 | Temperature C
1.4225e-005 -273.15
1.4583e-005 -266.08
1.494e-005 -259.01
1.5309e-005 -251.94
1.5736e-005 -244.87
1.6143e-005 -237.8
1.6531e-005 -230.73
1.6902e-005 -223.66
1.7254e-005 -216.58
1.759e-005 -209.51
1.7909e-005 -202.44
1.8213e-005 -195.37
1.8501e-005 -188.3
1.8775e-005 -181.23
1.9035e-005 -174.16
1.9281e-005 -167.09
1.9514e-005 -160.02
1.9735e-005 -152.95
1.9944e-005 -145.88
2.0142e-005 -138.81
2.0329e-005 -131.74
2.0506e-005 -124.67
2.0673e-005 -117.59
2.083e-005 -110.52
2.0978e-005 -103.45
2.1118e-005 -96.382
2.125e-005 -89.312
2.1375e-005 -82.241
2.1492e-005 -75.17
2.1603e-005 -68.099
2.1707e-005 -61.029
2.1805e-005 -53.958
2.1898e-005 -46.887
2.1985e-005 -39.817
2.2068e-005 -32.746
2.2146e-005 -25.675
2.222e-005 -18.605
2.229e-005 -11.534
2.2357e-005 -4.4631








2.2421e-005 2.6076
2.2482e-005 9.6783
2.254e-005 16.749
2.2596e-005 23.82
2.265e-005 30.89
2.2702e-005 37.961
2.2753e-005 45.032
2.2803e-005 52.103
2.2851e-005 59.173
2.2899e-005 66.244
2.2946e-005 73.315
2.2993e-005 80.385
2.304e-005 87.456
2.3086e-005 94.527
2.3133e-005 101.6
2.318e-005 108.67
2.3227e-005 115.74
2.3276e-005 122.81
2.3325e-005 129.88
2.3374e-005 136.95
2.3425e-005 144.02
2.3477e-005 151.09
2.353e-005 158.16
2.3584e-005 165.23
2.364e-005 172.3
2.3697e-005 179.38
2.3755e-005 186.45
2.3815e-005 193.52
2.3876e-005 200.59
2.3939e-005 207.66
2.4003e-005 214.73
2.4069e-005 221.8
2.4136e-005 228.87
2.4205e-005 235.94
2.4275e-005 243.01
2.4347e-005 250.08
2.442e-005 257.15
2.4494e-005 264.22
2.4569e-005 271.29
2.4646e-005 278.37
2.4724e-005 285.44
2.4802e-005 292.51
2.4882e-005 299.58
2.4962e-005 306.65
2.5042e-005 313.72
2.5124e-005 320.79
2.5205e-005 327.86
2.5286e-005 334.93








2.5368e-005 342
2.5449e-005 349.07
2.5529e-005 356.14
2.5609e-005 363.21
2.5688e-005 370.28
2.5766e-005 377.36
2.5843e-005 384.43
2.5918e-005 391.5
2.5991e-005 398.57
2.6062e-005 405.64
2.6131e-005 412.71
2.6197e-005 419.78
2.626e-005 426.85
Reference Temperature C
19.85
TABLE 21
7075 (UNS A97075) > Specific Heat
Specific Heat J kg"-1 C~-1 | Temperature C
572.12 -157.15
586.75 -151.25
600.86 -145.35
614.47 -139.45
627.58 -133.55
640.21 -127.66
652.39 -121.76
664.12 -115.86
675.41 -109.96
686.29 -104.06
696.77 -98.16
706.86 -92.261
716.57 -86.362
725.92 -80.463
734.93 -74.564
743.6 -68.665
751.94 -62.766
759.98 -56.867
767.73 -50.968
775.18 -45.069
782.37 -39.17
789.3 -33.271
795.98 -27.372
802.42 -21.473
808.64 -15.574
814.64 -9.6753
820.44 -3.7763
826.05 2.1227
831.48 8.0217
836.74 13.921








841.83 19.82
846.78 25.719
851.58 31.618
856.25 37.517
860.8 43.416
865.23 49.315
869.56 55.214
873.8 61.113
877.95 67.012
882.01 72.911
886.01 78.81
889.94 84.709
893.82 90.608
897.65 96.507
901.44 102.41
905.2 108.3
908.92 114.2
912.63 120.1
916.33 126
920.01 131.9
923.7 137.8
927.39 143.7
931.09 149.6
934.8 1555
938.53 161.4
942.29 167.29
946.08 173.19
949.91 179.09
953.77 184.99
957.68 190.89
961.64 196.79
965.64 202.69
969.7 208.59
973.82 214.49
978 220.39
982.25 226.28
986.56 232.18
990.94 238.08
995.39 243.98
999.91 249.88
1004.5 255.78
1009.2 261.68
1014 267.58
1018.8 273.48
1023.7 279.38
1028.7 285.27
1033.8 291.17
1039 297.07








1044.2 302.97
1049.5 308.87

1055 314.77
1060.5 320.67

1066 326.57
1071.7 332.47
1077.5 338.37
1083.3 344.26
1089.2 350.16
1095.2 356.06
1101.2 361.96
1107.4 367.86
1113.6 373.76
1119.8 379.66
1126.2 385.56
1132.5 391.46

1139 397.36
1145.5 403.25
1152.1 409.15
1158.7 415.05
1165.4 420.95
1172.1 426.85

TABLE 22

7075 (UNS A97075) > Isotropic Thermal Conductivity

Thermal Conductivity W m”-1 C~-1| Temperature C
77.555 -157.15
79.962 -151.25
82.281 -145.35
84.514 -139.45
86.664 -133.55
88.735 -127.66

90.73 -121.76
92.651 -115.86
94.501 -109.96
96.284 -104.06
98.002 -98.16
99.659 -92.261
101.26 -86.362
102.8 -80.463
104.29 -74.564
105.73 -68.665
107.13 -62.766
108.48 -56.867
109.79 -50.968
111.06 -45.069
112.3 -39.17
113.51 -33.271
114.69 -27.372








115.84 -21.473
116.97 -15.574
118.08 -9.6753
119.18 -3.7763
120.26 2.1227
121.33 8.0217
122.4 13.921
123.46 19.82
124.51 25.719
125.57 31.618
126.64 37.517
127.71 43.416
128.79 49.315
129.89 55.214
131 61.113
132.14 67.012
133.29 72.911
134.47 78.81
135.68 84.709
136.93 90.608
138.2 96.507
139.52 102.41
140.87 108.3
142.27 114.2
143.72 120.1
145.21 126
146.76 131.9
148.36 137.8
150.03 143.7
151.75 149.6
153.54 155.5
155.39 161.4
157.32 167.29
159.32 173.19
161.4 179.09
163.56 184.99
165.8 190.89
168.13 196.79
170.54 202.69
171.5 208.59
172.09 214.49
172.65 220.39
173.17 226.28
173.64 232.18
174.08 238.08
174.48 243.98
174.84 249.88
175.17 255.78








175.45 261.68
175.69 267.58
175.9 273.48
176.06 279.38
176.19 285.27
176.28 291.17
176.33 297.07
176.34 302.97
176.31 308.87
176.24 314.77
176.13 320.67
175.99 326.57
175.8 332.47
175.58 338.37
175.32 344.26
175.01 350.16
174.67 356.06
174.29 361.96
173.87 367.86
173.41 373.76
172.92 379.66
172.38 385.56
171.8 391.46
171.19 397.36
170.54 403.25
169.84 409.15
169.11 415.05
168.34 420.95
167.53 426.85
TABLE 23

7075 (UNS A97075) > Isotropic Resistivity

Resistivity ohm m | Temperature C

2.76e-008 -269.15
2.7632e-008 -264.08
2.7665e-008 -259.01
2.7697e-008 -253.94
2.7775e-008 -248.87
2.7892e-008 -243.8
2.8042e-008 -238.73
2.8226e-008 -233.66
2.8441e-008 -228.59
2.8687e-008 -223.52
2.8963e-008 -218.45
2.9267e-008 -213.38
2.9599e-008 -208.31
2.9957e-008 -203.24
3.034e-008 -198.17
3.0747e-008 -193.1








3.1177e-008 -188.03
3.1629e-008 -182.96
3.2101e-008 -177.89
3.2593e-008 -172.82
3.3103e-008 -167.75
3.3631e-008 -162.68
3.4174e-008 -157.61
3.4733e-008 -152.54
3.5306e-008 -147.47
3.5891e-008 -142.4
3.6488e-008 -137.33
3.7095e-008 -132.26
3.7712e-008 -127.19
3.8337e-008 -122.11
3.8969e-008 -117.04
3.9607e-008 -111.97
4.025e-008 -106.9
4.0896e-008 -101.83
4.1545e-008 -96.764
4.2196e-008 -91.694
4.2847e-008 -86.624
4.3497e-008 -81.554
4.4145e-008 -76.483
4.4791e-008 -71.413
4.5432e-008 -66.343
4.6068e-008 -61.273
4.6697e-008 -56.203
4.7319e-008 -51.132
4.7932e-008 -46.062
4.8535e-008 -40.992
4.9128e-008 -35.922
4.9708e-008 -30.852
5.0275e-008 -25.782
5.0828e-008 -20.711
5.1365e-008 -15.641
5.1886e-008 -10.571
5.2389e-008 -5.5009
5.2874e-008 -0.4307
5.3338e-008 4.6395
5.3781e-008 9.7096
5.4203e-008 14.78
5.46e-008 19.85
TABLE 24

7075 (UNS A97075) > Isotropic Elasticity

Temperature C

Young's Modulus Pa

Poisson's Ratio

Bulk Modulus Pa

Shear Modulus Pa

-273.15 7.8813e+010 0.32387 7.4577e+010 2.9766e+010
-265.34 7.8818e+010 0.32391 7.46e+010 2.9767e+010
-257.53 7.88e+010 0.32398 7.4612e+010 2.9759e+010








-249.73 7.8762e+010 0.32407 7.4614e+010 2.9742e+010
-241.92 7.8704e+010 0.32418 7.4606e+010 2.9718e+010
-234.11 7.8626e+010 0.32431 7.4589e+010 2.9686e+010
-226.3 7.8532e+010 0.32446 7.4563e+010 2.9647e+010
-218.49 7.842e+010 0.32463 7.4528e+010 2.9601e+010
-210.69 7.8293e+010 0.32481 7.4485e+010 2.9549e+010
-202.88 7.8152e+010 0.32501 7.4433e+010 2.9491e+010
-195.07 7.7997e+010 0.32521 7.4374e+010 2.9428e+010
-187.26 7.7829e+010 0.32543 7.4306e+010 2.936e+010
-179.45 7.765e+010 0.32566 7.4231e+010 2.9287e+010
-171.64 7.7459e+010 0.32589 7.4148e+010 2.921e+010
-163.84 7.7259e+010 0.32613 7.4058e+010 2.9129e+010
-156.03 7.7049e+010 0.32637 7.3961e+010 2.9045e+010
-148.22 7.683e+010 0.32662 7.3857e+010 2.8957e+010
-140.41 7.6604e+010 0.32687 7.3746e+010 2.8866e+010
-132.6 7.6371e+010 0.32713 7.3629e+010 2.8773e+010
-124.8 7.6131e+010 0.32738 7.3505e+010 2.8677e+010
-116.99 7.5886e+010 0.32763 7.3376e+010 2.8579e+010
-109.18 7.5635e+010 0.32788 7.324e+010 2.848e+010
-101.37 7.538e+010 0.32813 7.3098e+010 2.8378e+010
-93.564 7.5121e+010 0.32838 7.2951e+010 2.8275e+010
-85.756 7.4858e+010 0.32862 7.2798e+010 2.8171e+010
-77.948 7.4592e+010 0.32885 7.2639e+010 2.8066e+010
-70.14 7.4324e+010 0.32908 7.2476e+010 2.796e+010
-62.332 7.4053e+010 0.32931 7.2307e+010 2.7854e+010
-54.524 7.378e+010 0.32953 7.2134e+010 2.7747e+010
-46.716 7.3506e+010 0.32974 7.1956e+010 2.7639e+010
-38.908 7.3231e+010 0.32995 7.1773e+010 2.7532e+010
-31.099 7.2955e+010 0.33014 7.1586e+010 2.7424e+010
-23.291 7.2679e+010 0.33033 7.1394e+010 2.7316e+010
-15.483 7.2402e+010 0.33052 7.1199e+010 2.7208e+010
-7.6753 7.2124e+010 0.33069 7.0999e+010 2.71e+010
0.13283 7.1847e+010 0.33086 7.0796e+010 2.6993e+010
7.9409 7.157e+010 0.33102 7.0589e+010 2.6885e+010
15.749 7.1293e+010 0.33117 7.0379e+010 2.6778e+010
23.557 7.1016e+010 0.33131 7.0166e+010 2.6671e+010
31.365 7.0739e+010 0.33145 6.995e+010 2.6565e+010
39.173 7.0463e+010 0.33158 6.973e+010 2.6458e+010
46.981 7.0187e+010 0.33171 6.9509e+010 2.6352e+010
54.789 6.9911e+010 0.33183 6.9284e+010 2.6246e+010
62.597 6.9635e+010 0.33194 6.9058e+010 2.614e+010
70.406 6.9359e+010 0.33205 6.8829e+010 2.6035e+010
78.214 6.9083e+010 0.33216 6.8598e+010 2.5929e+010
86.022 6.8806e+010 0.33226 6.8366e+010 2.5823e+010
93.83 6.8529e+010 0.33236 6.8132e+010 2.5717e+010
101.64 6.8251e+010 0.33246 6.7896e+010 2.5611e+010
109.45 6.7971e+010 0.33257 6.766e+010 2.5504e+010
117.25 6.769e+010 0.33267 6.7422e+010 2.5397e+010








125.06 6.7407e+010 0.33278 6.7183e+010 2.5288e+010
132.87 6.7122e+010 0.33289 6.6944e+010 2.5179e+010
140.68 6.6834e+010 0.33301 6.6704e+010 2.5069e+010
148.49 6.6543e+010 0.33313 6.6464e+010 2.4958e+010
156.29 6.6249e+010 0.33327 6.6223e+010 2.4844e+010
164.1 6.595e+010 0.33342 6.5982e+010 2.473e+010
171.91 6.5646e+010 0.33358 6.5742e+010 2.4613e+010
179.72 6.5338e+010 0.33375 6.5502e+010 2.4494e+010
187.53 6.5023e+010 0.33394 6.5262e+010 2.4372e+010
195.33 6.4702e+010 0.33416 6.5022e+010 2.4248e+010
203.14 6.4373e+010 0.33439 6.4784e+010 2.4121e+010
210.95 6.4037e+010 0.33465 6.4546e+010 2.399e+010
218.76 6.3692e+010 0.33493 6.4309e+010 2.3856e+010
226.57 6.3337e+010 0.33525 6.4073e+010 2.3717e+010
234.38 6.2972e+010 0.33559 6.3839e+010 2.3575e+010
242.18 6.2596e+010 0.33598 6.3605e+010 2.3427e+010
249.99 6.2209e+010 0.3364 6.3374e+010 2.3275e+010
257.8 6.1808e+010 0.33686 6.3143e+010 2.3117e+010
265.61 6.1394e+010 0.33736 6.2915e+010 2.2953e+010
273.42 6.0964e+010 0.33792 6.2688e+010 2.2783e+010
281.22 6.0519e+010 0.33852 6.2463e+010 2.2607e+010
289.03 6.0058e+010 0.33918 6.224e+010 2.2423e+010
296.84 5.9578e+010 0.33989 6.202e+010 2.2232e+010
304.65 5.908e+010 0.34067 6.1801e+010 2.2034e+010
312.46 5.8561e+010 0.34152 6.1585e+010 2.1826e+010
320.26 5.8021e+010 0.34243 6.1371e+010 2.161e+010
328.07 5.7459e+010 0.34342 6.1159e+010 2.1385e+010
335.88 5.6873e+010 0.34448 6.095e+010 2.1151e+010
343.69 5.6262e+010 0.34563 6.0744e+010 2.0906e+010
351.5 5.5625e+010 0.34687 6.0541e+010 2.065e+010
359.3 5.4961e+010 0.34819 6.034e+010 2.0383e+010
367.11 5.4268e+010 0.34961 6.0143e+010 2.0105e+010
374.92 5.3544e+010 0.35114 5.9948e+010 1.9815e+010
382.73 5.2789e+010 0.35277 5.9757e+010 1.9512e+010
390.54 5.2001e+010 0.35451 5.9569e+010 1.9196e+010
398.34 5.1178e+010 0.35636 5.9384e+010 1.8866e+010
406.15 5.0319e+010 0.35834 5.9203e+010 1.8522e+010
413.96 4.9423e+010 0.36045 5.9026e+010 1.8164e+010
421.77 4.8487e+010 0.36269 5.8853e+010 1.7791e+010
429.58 4.7511e+010 0.36507 5.8684e+010 1.7402e+010
437.39 4.6492e+010 0.36759 5.8519e+010 1.6998e+010
445.19 4.5429e+010 0.37026 5.8359e+010 1.6577e+010

453 4.432e+010 0.37309 5.8204e+010 1.6139e+010
460.81 4.3164e+010 0.37608 5.8054e+010 1.5683e+010
468.62 4.1958e+010 0.37925 5.7911e+010 1.521e+010
476.43 4.0701e+010 0.38258 5.7773e+010 1.4719e+010
484.23 3.9391e+010 0.38611 5.7643e+010 1.4209e+010
492.04 3.8027e+010 0.38982 5.7521e+010 1.368e+010








499.85

3.6605e+010

0.39373

| 5.7407e+010 |

1.3132e+010

|

TABLE 25

7075 (UNS A97075) > Multilinear Isotropic Hardening

Stress Pa | Plastic Strain m m”-1| Temperature C
4.9711e+008 0 19.85
5.1103e+008 5.7895e-003 19.85
5.233e+008 1.1579e-002 19.85
5.3415e+008 1.7368e-002 19.85
5.4377e+008 2.3158e-002 19.85
5.5236e+008 2.8947e-002 19.85
5.6009e+008 3.4737e-002 19.85
5.6711e+008 4.0526e-002 19.85
5.7356e+008 4.6316e-002 19.85
5.7956e+008 5.2105e-002 19.85
5.8521e+008 5.7895e-002 19.85
5.9061e+008 6.3684e-002 19.85
5.9582e+008 6.9474e-002 19.85
6.009e+008 7.5263e-002 19.85
6.0589e+008 8.1053e-002 19.85
6.1081e+008 8.6842e-002 19.85
6.1566e+008 9.2632e-002 19.85
6.2043e+008 9.8421e-002 19.85
6.2509e+008 0.10421 19.85
6.296e+008 0.11 19.85

TABLE 26

7075 (UNS A97075) > Alternating Stress R-Ratio

Alternating Stress Pa Cycles|R-Ratio
3.4779e+008 4000 -1
3.4027e+008 4677.6 -1
3.3275e+008 5469.9 -1
3.252e+008 6396.4 -1
3.1762e+008 7479.9 -1

3.1e+008 8746.9 -1
3.0236e+008 10229 -1
2.9467e+008 11961 -1
2.8696e+008 13987 -1
2.7923e+008 16356 -1
2.7148e+008 19127 -1
2.6373e+008 22367 -1
2.5599e+008 26156 -1
2.4828e+008 30586 -1
2.406e+008 35767 -1
2.3297e+008 41826 -1
2.2542e+008 48910 -1
2.1796e+008 57195 -1
2.1061e+008 66883 -1
2.0338e+008 78213 -1








1.963e+008

91461

1.8939e+008

1.0695e+005

1.8266e+008

1.2507e+005

1.7614e+008

1.4626e+005

1.6983e+008

1.7103e+005

1.6377e+008

2.e+005

1.5796e+008

2.3388e+005

1.5243e+008

2.7349e+005

1.4717e+008

3.1982e+005

1.4222e+008

3.7399e+005

1.3757e+008

4.3734e+005

1.3324e+008

5.1143e+005

1.2923e+008

5.9806e+005

1.2555e+008

6.9936e+005

1.222e+008

8.1782e+005

1.1918e+008

9.5635e+005

1.1648e+008

1.1183e+006

1.141e+008

1.3078e+006

1.1202e+008

1.5293e+006

1.1024e+008

1.7884e+006

1.0874e+008

2.0913e+006

1.0749e+008

2.4455e+006

1.0647e+008

2.8598e+006

1.0566e+008

3.3442e+006

1.0501e+008

3.9106e+006

1.0449e+008

4.5731e+006

1.0406e+008

5.3477e+006

1.0366e+008

6.2535e+006

1.0325e+008

7.3128e+006

1.0215e+008

1.e+007
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Units
TABLE 1
Unit System |U.S. Customary (in, Ibm, Ibf, s, V, A) Degrees rad/s Fahrenheit
Angle Degrees
Rotational Velocity rad/s
Temperature Fahrenheit
Comment

TGT-CALC-103-014
Assumptions are:

e beam current 20 microA

o pressure in cell is 400 psi even when cold (more conservative than operational plan)
e raster 2x2 mm

e beam heat 3W

e power density 3 W/m"3

« material model is from MPDB

Model (F4)








Geometry

TABLE 2
Model (F4) > Geometry
Object Name Geometry
State Fully Defined

D:\Meekins\GoogleDrive\JLAB\Hall A\Trtium\Calculations\ANSY S\cell

SOED beam heating\Assemblyl.iam
Type Inventor
Length Unit Centimeters
Element Control Program Controlled
Display Style Body Color
.~ BoundingBox
Length X 13.156 in
Length Y 2.7876 in
Length Z 3.in
. propeties
Volume 48.914 in3
Mass 4.8059 Ibm
Scale Factor Value 1.

Bodies 4
Active Bodies 2
Nodes 51721
Elements 33104
Mesh Metric None
.~ BasicGeomewyOptions
Solid Bodies Yes
Surface Bodies Yes
Line Bodies No
Parameters Yes
Parameter Key DS
Attributes No
Named Selections No
Material Properties No

Use Associativity Yes
Coordinate Systems No
Reader Mode Saves No

Updated File
Use Instances Yes
Smart CAD Update No
Compare Parts On Update No
Attach File Via Temp File Yes
Temporary Directory C:\Users\David\AppData\Local\Temp
Analysis Type 3-D
Mixed Import Resolution None








Decompose Disjoint Yes
Geometry
Enclosure and Symme_try Yes
Processing
TABLE 3
Model (F4) > Geometry > Parts
Object Name main body:1 entrance:1 exit beam:1 ent beam:1
State Meshed Suppressed Meshed Suppressed
Visible Yes No Yes No
Transparency 1 1
Suppressed No Yes No Yes
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature By Environment
Assignment| 7075 (UNS A97075) 7075 (UNS A97075)
Nonlinear Effects Yes
Thermal Strain Effects Yes
Length X 12.656 in 3.3291in 1.399e-002 in 1.1983e-002 in
Length Y 2.7876 in 2.751in 8.8976e-002 in
Length Z 3.1in 2.75in 8.8976e-002 in
Volume 48.914 in3 3.2814 in3 7.455e-005in®  |6.2178e-005 in3
Mass 4.8059 Ibm 7.3247e-006 Ibm
Centroid X 0.4986 in 5.0611 in -7.494 in 2.3977 in
Centroid Y 3.4577 in
Centroid Z 1.3328in
Moment of Inertia Ip1| 6.0664 Ibm-in2 7.6633e-009 Ibm-in2
Moment of Inertia Ip2| 65.449 Ibm-in2 3.9253e-009 Ibm-in2
Moment of Inertia Ip3| 67.103 Ibm-in2 3.9257e-009 Ibm-in2
Nodes 50032 0 1689 0
Elements 32824 0 280 0
Mesh Metric None

Coordinate Systems

TABLE 4
Model (F4) > Coordinate Systems > Coordinate System
Object Name | Global Coordinate System

State Fully Defined
Type Cartesian

Coordinate System ID 0.







Origin X 0.in

Origin Y 0.in

Origin Z 0.in
X Axis Data [1.0.0.]
Y Axis Data [0.1.0.]
Z Axis Data [0.0.1.]

Connections
TABLE 5

Model (F4) > Connections
Object Name | Connections

State | Fully Defined

Generate Automatic Connection On Refresh Yes

Enabled Yes

TABLE 6
Model (F4) > Connections > Contacts
Object Name Contacts
State Fully Defined

Connection Type

Scoping Method | Geometry Selection
Geometry All Bodies
.~ AutoDetecton
Tolerance Type Slider
Tolerance Slider 0.
Tolerance Value| 3.4446e-002 in
Use Range No
Face/Face Yes
Face/Edge No
Edge/Edge No
Priority Include All
Group By Bodies
Search Across Bodies
. sttisties
Connections 1
Active Connections 1
TABLE 7

Model (F4) > Connections > Contacts > Contact Regions
Object Name | Bonded - main body:1 To exit beam:1
State Fully Defined

Scoping Method Geometry Selection








Mesh

Contact 1 Face
Target 1 Face
Contact Bodies main body:1
Target Bodies exit beam:1
Definition
Type Bonded
Scope Mode Manual
Behavior Program Controlled
Trim Contact Program Controlled
Suppressed No
Advanced
Formulation Program Controlled

Detection Method

Program Controlled

Penetration Tolerance

Program Controlled

Elastic Slip Tolerance

Program Controlled

Normal Stiffness

Program Controlled

Update Stiffness

Program Controlled

Pinball Region Program Controlled
Geometric Modification
Contact Geometry Correction None
Target Geometry Correction None
TABLE 8
Model (F4) > Mesh
Object Name Mesh
State Solved
Display
Display Style Body Color
Defaults
Physics Preference Mechanical
Relevance 0
Sizing
Use Advanced Size Function Off
Relevance Center Medium
Element Size Default
Initial Size Seed Active Assembly
Smoothing Medium
Transition Slow
Span Angle Center Medium
Minimum Edge Length 0.196350 in
Inflation
Use Automatic Inflation None
Inflation Option| Smooth Transition
Transition Ratio 0.272
Maximum Layers 5
Growth Rate 1.2








Inflation Algorithm Pre

View Advanced Options No

Patch Conforming Options

Triangle Surface Mesher| Program Controlled

Patch Independent Options

Topology Checking | No
Advanced
Number of CPUs for Parallel Part Meshing| Program Controlled
Shape Checking| Standard Mechanical
Element Midside Nodes| Program Controlled
Straight Sided Elements No
Number of Retries Default (4)
Extra Retries For Assembly Yes
Rigid Body Behavior | Dimensionally Reduced
Mesh Morphing Disabled
Defeaturing
Pinch Tolerance Please Define
Generate Pinch on Refresh No
Automatic Mesh Based Defeaturing On
Defeaturing Tolerance Default
Statistics
Nodes 51721
Elements 33104
Mesh Metric None

Static Structural (F5)

TABLE 9
Model (F4) > Analysis
Object Name | Static Structural (F5)

State Solved
Definition
Physics Type Structural

Analysis Type| Static Structural
Solver Target| Mechanical APDL

Options
Environment Temperature -387.67 °F
Generate Input Only No
TABLE 10
Model (F4) > Static Structural (F5) > Analysis Settings
Object Name Analysis Settings
State Fully Defined
Step Controls
Number Of Steps 1.
Current Step Number 1.
Step End Time 1.s
Auto Time Stepping Program Controlled








Generate Restart
Points

Solver Type Program Controlled

Weak Springs Program Controlled

Solver Pivot Checking Program Controlled
Large Deflection Off
Inertia Relief Off

Program Controlled

Retain Files After Full
Solve

Newton-Raphson
Option

No

Program Controlled

Force Convergence

Program Controlled

Moment Convergence

Program Controlled

Solver Files Directory

Displacement
Convergence Program Controlled
Rotation
Convergence Program Controlled
Line Search Program Controlled
Stabilization Off
Stress Yes
Strain Yes
Nodal Forces No
Contact
. No
Miscellaneous
_ General No
Miscellaneous
Store Results At All Time Points

D:\Meekins\GoogleDrive\JLAB\Hall A\Trtium\Calculations\ANSY S\cell beam
heating\beam heating_files\dpO\SYS-3\MECH\

Future Analysis None
Scratch Solver Files
Directory
Save MAPDL db No
Delete Unnee(_jed Yes
Files
Nonlinear Solution Yes
Solver Units Active System
Solver Unit System Bin
TABLE 11
Model (F4) > Static Structural (F5) > Loads
Object Name Pressure |Fixed Support
State Fully Defined

Scoping Method Geometry Selection








350.

250,

200,

130,

100

Geometry| 6Faces | 1Face
Definition
Type Pressure Fixed Support
Define By Normal To
Magnitude | 400. psi (ramped)
Suppressed No
FIGURE 1
Model (F4) > Static Structural (F5) > Pressure
1
1,
TABLE 12

Model (F4) > Static Structural (F5) > Imported Load (E6)

Object Name

Imported Load (E6)

State

Fully Defined

Definition

Type

Imported Data

Interpolation Type

Mechanical Results Transfer

Suppressed

No

Source

E6::Solution 1

TABLE 13

Model (F4) > Static Structural (F5) > Imported Load (E6) > Imported Body Temperature

Object Name | Imported Body Temperature

State Solved

Scope

Scoping Method| Geometry Selection








Geometry | 2 Bodies

Definition
Type | Imported Body Temperature
Tabular Loading Program Controlled
Suppressed No
Source Bodies Automatic
Tolerance 1.%
Source Time Worksheet
Settings
Mapping Control Program Controlled
Mapping Profile Preserving
Weighting Shape Function
Transfer Type Volumetric

Rigid Transformation
Mesh Alignment | Use Origin and Euler Angles

Origin X 0.in
Origin Y 0.in
Origin Z 0.in
Theta XY 0. degree
Theta YZ 0. degree
Theta ZX 0. degree
Graphics Controls
Display Source Points Off
Display Source Point Ids Off
Legend Controls
Legend Range Program Controlled
Minimum Source -387.67 °F
Maximum Source -264.46 °F
Named Selection Creation
Unmapped Nodes Off
Mapped Nodes Off
Outside Nodes Off
FIGURE 2

Model (F4) > Static Structural (F5) > Imported Load (E6) > Imported Body Temperature







0.875

0.75

0.625

0.5

0.375

0.25

0.125

Model (F4) > Static Structural (F5) > Imported Load (E6) > Imported Body Temperature

Source Time (s) |Analysis Time (s)

1 End Time

*

1

Model (F4) > Static Structural (F5) > Imported Load (E6) > Imported Body Temperature > Imported
Load Transfer Summary

Target Source Volume Distance Between Bounding Box Distance Between Centroids/Bounding
Body Material Id Difference (%) Centroids (m) Diagonal (m) Box Diagonal (%)
b';‘g)',r_‘l 1. 3.2994e-003 7.5885e-006 0.33787 2.246e-003

Sat Aug 22, 2015 22:05:13

Using multiple cores: [Yes]
Number of cores requested: 8

Number of source nodes: 279067
Number of target nodes: 50032

Number of nodes mapped : 50032
Number of nodes not mapped : 0
Number of nodes outside : 447








Percent nodes mapped: 100%
Weight calculation time: 0.51 (s)
Interpolation time: 1.e-002 (s)

Target Source Volume Distance Between Bounding Box Distance Between Centroids/Bounding
Body Material Id Difference (%) Centroids (m) Diagonal (m) Box Diagonal (%)

exit
beam:1 3. 2.6682e-003 4.5802e-007 3.2158e-003 1.4243e-002

Sat Aug 22, 2015 22:05:13

Using multiple cores: [Yes]
Number of cores requested: 8

Number of source nodes: 788
Number of target nodes: 1689

Number of nodes mapped : 1689
Number of nodes not mapped : 0
Number of nodes outside : 0

Percent nodes mapped: 100%
Weight calculation time: 3.4e-002 (s)
Interpolation time: 0. (s)

Solution (F6)

TABLE 14
Model (F4) > Static Structural (F5) > Solution

Object Name | Solution (F6)
State Solved
Adaptive Mesh Refinement

Max Refinement Loops 1.
Refinement Depth 2.
Information

Status Done
Post Processing
Calculate Beam Section Results No

TABLE 15
Model (F4) > Static Structural (F5) > Solution (F6) > Solution Information
Object Name | Solution Information
State Solved
Solution Information








Object Name

Solution Output|  Solver Output
Newton-Raphson Residuals 0
Update Interval 25s
Display Points All
Activate Visibility Yes
Display| All FE Connectors
Draw Connections Attached To All Nodes
Line Color| Connection Type
Visible on Results No
Line Thickness Single
Display Type Lines
TABLE 16
Model (F4) > Static Structural (F5) > Solution (F6) > Results
Total _ Equivalent Stress Maximum Shear
Deformation Stress

Maximum Principal
Stress

State

Solved

Scoping Method

Geometry Selection

Geometry

All Bodies

Minimum

0.12162 psi

Tvpe Total Equivalent (von-Mises) | Maximum Shear | Maximum Principal
yp Deformation Stress Stress Stress
By Time
Display Time Last
Calculate Time
History Yes
Identifier
Suppressed No
Minimum 0.in 0.60868 psi 0.31634 psi -461.05 psi
Maximum | 4.3498e-004 in 11336 psi 5682.4 psi 11450 psi
il Occgz main body:1 exit beam:1
it Occgﬁ exit beam:1

6.3226e-002 psi

-461.05 psi

Maximum

0.60868 psi

0.31634 psi

-92.362 psi

Minimum | 7.2079e-005 in 2297.9 psi 1152. psi 2320.5 psi
Maximum | 4.3498e-004 in 11336 psi 5682.4 psi 11450 psi
.~ nformaton
Time 1.s
Load Step 1
Substep 4
Iteration Number 8








Display Option Averaged
Average Acrqss No
Bodies

FIGURE 3
Model (F4) > Static Structural (F5) > Solution (F6) > Total Deformation

4,3498:-4
4.e-4

lin]

2.e-4d

0. 0.125 0.25 0.375 0.5 0.625 0.75 0.875

[s]
1

TABLE 17
Model (F4) > Static Structural (F5) > Solution (F6) > Total Deformation
Time [s] | Minimum [in] | Maximum [in]

0.2 7.2079e-005

0.4 0 1.5191e-004

0.7 ' 2.8561e-004

1. 4.3498e-004
FIGURE 4

Model (F4) > Static Structural (F5) > Solution (F6) > Total Deformation > Figure
Deformation







0.00028993
0.000241 66
000019332
0.000714494
0.6662e-5
4.8331e-5
0 Min

0.000 3.000(in
| |
1.500
FIGURE 5

Model (F4) > Static Structural (F5) > Solution (F6) > Equivalent Stress







[psil
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TABLE 18
Model (F4) > Static Structural (F5) > Solution (F6) > Equivalent Stress

Time [s]|Minimum [psi] | Maximum [psi]

0.2 0.12162 2297.9

0.4 0.24331 4575.7

0.7 0.42595 7967.3

1. 0.60868 11336
FIGURE 6

Model (F4) > Static Structural (F5) > Solution (F6) > Equivalent Stress > Figure
Equiv Stress







F: Static Structural

Figure

Type: Equivalent fuan-Mises) Stress
Unit: psi

Tirne: 1

882075 1:52 Ak

. 11336 Max
10077
— 83174
—{ 75570
—{ 62983
— 50358.8
— 3779.2
— 2319.7
12601
. 0.60868 Min

0.000 3.000(in
| |
1.500
FIGURE 7

Model (F4) > Static Structural (F5) > Solution (F6) > Maximum Shear Stress
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TABLE 19
Model (F4) > Static Structural (F5) > Solution (F6) > Maximum Shear Stress
Time [s]|Minimum [psi] | Maximum [psi]

0.2 6.3226e-002

1152.
0.4 0.12648 2293.8
0.7 0.2214 3993.7
1. 0.31634 5682.4

FIGURE 8
Model (F4) > Static Structural (F5) > Solution (F6) > Maximum Shear Stress > Figure
Max shear stress







F: Static Structural

Figure

Type: Maxirmurm Shear Stress
Unit: psi

Tirne: 1

882075 1:52 Ak

. 5682.4 Max
50511

— 4410.7

—{ 37884

—{ 3157

— 2325.7

— 18%4.4

— 1263
£31.66

. 0.31634 Min

0.000 3.000(in
| |
1.500
FIGURE 9

Model (F4) > Static Structural (F5) > Solution (F6) > Maximum Principal Stress
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10000
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= 5000,
2500,
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1

TABLE 20
Model (F4) > Static Structural (F5) > Solution (F6) > Maximum Principal Stress
Time [s]|Minimum [psi] | Maximum [psi]
0.2 -92.362 2320.5
0.4 -184.66 4621.
0.7 -322.99 8046.7
1. -461.05 11450

FIGURE 10
Model (F4) > Static Structural (F5) > Solution (F6) > Maximum Principal Stress > Figure

Max principal stress







F: Static Structural

Figure

Type: Maxirmurm Principal Stress
Unit: psi

Tirne: 1

882075 1:52 Ak

. 11450 Max
1027
—  8803.4
—{ 74734
—{ 61564
— 4832.9
— 35094
— 2185.9
862.44
. -461.05 Min

0.000 3,000 (im
I |
1.500
Material Data
7075 (UNS A97075)
TABLE 21

7075 (UNS A97075) > Density
Density Ibm in®-3| Temperature F

9.9505e-002 -459.67
9.9504e-002 -446.94
9.9503e-002 -434.22
9.9503e-002 -421.49
9.9505e-002 -408.76
9.9503e-002 -396.03
9.9498e-002 -383.31
9.949e-002 -370.58
9.9479e-002 -357.85
9.9465e-002 -345.12

9.9449e-002 -332.4







9.9431e-002 -319.67
9.941e-002 -306.94
9.9388e-002 -294.22
9.9363e-002 -281.49
9.9336e-002 -268.76
9.9308e-002 -256.03
9.9278e-002 -243.31
9.9247e-002 -230.58
9.9214e-002 -217.85
9.918e-002 -205.12
9.9145e-002 -192.4
9.9109e-002 -179.67
9.9071e-002 -166.94
9.9033e-002 -154.22
9.8994e-002 -141.49
9.8953e-002 -128.76
9.8912e-002 -116.03
9.8871e-002 -103.31
9.8829e-002 -90.579
9.8786e-002 -77.852
9.8742e-002 -65.125
9.8698e-002 -52.397
9.8654e-002 -39.67
9.8609e-002 -26.943
9.8564e-002 -14.215
9.8519e-002 -1.4882
9.8473e-002 11.239
9.8427e-002 23.966
9.838e-002 36.694
9.8334e-002 49.421
9.8287e-002 62.148
9.824e-002 74.875
9.8192e-002 87.603
9.8145e-002 100.33
9.8097e-002 113.06
9.805e-002 125.78
9.8002e-002 138.51
9.7954e-002 151.24
9.7905e-002 163.97
9.7857e-002 176.69
9.7808e-002 189.42
9.776e-002 202.15
9.7711e-002 214.88
9.7662e-002 227.6
9.7612e-002 240.33
9.7563e-002 253.06
9.7513e-002 265.78
9.7464e-002 278.51








9.7414e-002 291.24
9.7363e-002 303.97
9.7313e-002 316.69
9.7262e-002 329.42
9.7211e-002 342.15
9.716e-002 354.88
9.7109e-002 367.6
9.7057e-002 380.33
9.7005e-002 393.06
9.6953e-002 405.78
9.69e-002 418.51
9.6847e-002 431.24
9.6794e-002 443.97
9.674e-002 456.69
9.6687e-002 469.42
9.6632e-002 482.15
9.6578e-002 494.88
9.6523e-002 507.6
9.6467e-002 520.33
9.6412e-002 533.06
9.6356e-002 545.78
9.6299e-002 558.51
9.6243e-002 571.24
9.6186e-002 583.97
9.6128e-002 596.69
9.6071e-002 609.42
9.6013e-002 622.15
9.5954e-002 634.88
9.5896e-002 647.6
9.5837e-002 660.33
9.5778e-002 673.06
9.5719e-002 685.78
9.5659e-002 698.51
9.56e-002 711.24
9.554e-002 723.97
9.548e-002 736.69
9.542e-002 749.42
9.5361e-002 762.15
9.5301e-002 774.88
9.5241e-002 787.6
9.5182e-002 800.33
TABLE 22

7075 (UNS A97075) > Tensile Yield Strength
Tensile Yield Strength psi| Temperature F

95145 -452.47
92552 -437.76
90024 -423.05

88694 -408.34








87443 -393.63
86266 -378.92
85160 -364.22
84122 -349.51
83149 -334.8
82236 -320.09
81382 -305.38
80581 -290.67
79831 -275.96
79128 -261.25
78469 -246.54
77851 -231.83
77269 -217.12
76721 -202.42
76204 -187.71
75713 -173
75245 -158.29
74798 -143.58
74367 -128.87
73948 -114.16
73540 -99.452
73138 -84.743
72738 -70.034
72338 -55.325
71934 -40.615
71523 -25.906
71100 -11.197
70663 3.5118
70209 18.221
69733 32.93
69233 47.639
68705 62.348
68145 77.057
67551 91.766
66918 106.48
66244 121.18
65524 135.89
64756 150.6
63936 165.31
63061 180.02
62126 194.73
61130 209.44
55335 224.15
48861 238.86
42739 253.57
37132 268.28
32156 282.98
27881 297.69








24324 312.4
21457 327.11
19203 341.82
17436 356.53
15980 371.24
14709 385.95
13622 400.66
12641 415.37
11758 430.08
10965 44478
10254 459.49
9617.4 474.2
9048.1 488.91
8539.2 503.62
8084.4 518.33
7677.6 533.04
7312.7 547.75
6984.5 562.46
6687.7 577.17
6417.5 591.88
6169.4 606.58
5939.3 621.29
5723.2 636
5517.6 650.71
5319.4 665.42
5125.7 680.13
4934 694.84
4742.1 709.55
4548 724.26
4350.3 738.97
4147.7 753.68
3939.3 768.38
3724.6 783.09
3503.3 797.8
3275.6 812.51
3041.8 827.22
2802.7 841.93
2559.4 856.64
2313.3 871.35
2066.1 886.06
1820 900.77
1577.2 915.48
1340.5 930.18
1113 944.89
898.08 959.6
699.39 974.31
521 989.02
367.26 1003.7








TABLE 23
7075 (UNS A97075) > Tensile Ultimate Strength

Tensile Ultimate Strength psi| Temperature F
1.1095e+005 -452.47
1.1058e+005 -437.76
1.1014e+005 -423.05
1.0786e+005 -408.34
1.0573e+005 -393.63
1.0374e+005 -378.92
1.0189e+005 -364.22
1.0016e+005 -349.51

98557 -334.8
97067 -320.09
95686 -305.38
94409 -290.67
93228 -275.96
92140 -261.25
91136 -246.54
90211 -231.83
89359 -217.12
88574 -202.42
87850 -187.71
87181 -173

86560 -158.29
85982 -143.58
85441 -128.87
84930 -114.16
84443 -99.452
83975 -84.743
83519 -70.034
83069 -55.325
82620 -40.615
82164 -25.906
81697 -11.197
81211 3.5118
80702 18.221
80162 32.93

79586 47.639
78968 62.348
78301 77.057
77579 91.766
76797 106.48
75949 121.18
75028 135.89
74028 150.6

72943 165.31
71768 180.02
70495 194.73
69119 209.44








63047 224.15
56144 238.86
49474 253.57
43214 268.28
37506 282.98
32450 297.69
28112 312.4
24518 327.11
21655 341.82
19475 356.53
17890 371.24
16774 385.95
15857 400.66
14939 415.37
14088 430.08
13299 444.78
12568 459.49
11891 474.2
11266 488.91
10687 503.62
10152 518.33
9657 533.04
9199.1 547.75
8775 562.46
8381.7 577.17
8016.2 591.88
7675.8 606.58
7357.8 621.29
7059.6 636
6778.7 650.71
6512.9 665.42
6259.9 680.13
6017.6 694.84
5784 709.55
5557.2 724.26
5335.5 738.97
5117.3 753.68
4900.9 768.38
4685 783.09
4468.3 797.8
4249.7 812.51
4027.9 827.22
3802.2 841.93
3571.6 856.64
3335.5 871.35
3093.1 886.06
2844.2 900.77
2588.1 915.48








2324.8 930.18
2054.1 944.89
1775.9 959.6
1490.3 974.31
1197.5 989.02
897.88 1003.7
TABLE 24
7075 (UNS A97075) > Isotropic Secant Coefficient of Thermal Expansion
Coefficient of Thermal Expansion F*-1| Temperature F
7.9029e-006 -459.67
8.1015e-006 -446.94
8.3002e-006 -434.22
8.505e-006 -421.49
8.7421e-006 -408.76
8.9684e-006 -396.03
9.1842e-006 -383.31
9.3898e-006 -370.58
9.5857e-006 -357.85
9.7722e-006 -345.12
9.9496e-006 -332.4
1.0118e-005 -319.67
1.0278e-005 -306.94
1.0431e-005 -294.22
1.0575e-005 -281.49
1.0712e-005 -268.76
1.0841e-005 -256.03
1.0964e-005 -243.31
1.108e-005 -230.58
1.119e-005 -217.85
1.1294e-005 -205.12
1.1392e-005 -192.4
1.1485e-005 -179.67
1.1572e-005 -166.94
1.1655e-005 -154.22
1.1732e-005 -141.49
1.1806e-005 -128.76
1.1875e-005 -116.03
1.194e-005 -103.31
1.2001e-005 -90.579
1.2059e-005 -77.852
1.2114e-005 -65.125
1.2165e-005 -52.397
1.2214e-005 -39.67
1.226e-005 -26.943
1.2303e-005 -14.215
1.2345e-005 -1.4882
1.2384e-005 11.239
1.2421e-005 23.966








1.2456e-005 36.694
1.249e-005 49.421
1.2522e-005 62.148
1.2553e-005 74.875
1.2583e-005 87.603
1.2612e-005 100.33
1.2641e-005 113.06
1.2668e-005 125.78
1.2695e-005 138.51
1.2722e-005 151.24
1.2748e-005 163.97
1.2774e-005 176.69
1.28e-005 189.42
1.2826e-005 202.15
1.2852e-005 214.88
1.2878e-005 227.6
1.2904e-005 240.33
1.2931e-005 253.06
1.2958e-005 265.78
1.2986e-005 278.51
1.3014e-005 291.24
1.3043e-005 303.97
1.3072e-005 316.69
1.3102e-005 329.42
1.3133e-005 342.15
1.3165e-005 354.88
1.3197e-005 367.6
1.323e-005 380.33
1.3264e-005 393.06
1.3299e-005 405.78
1.3335e-005 418.51
1.3372e-005 431.24
1.3409e-005 443.97
1.3447e-005 456.69
1.3486e-005 469.42
1.3526e-005 482.15
1.3567e-005 494.88
1.3608e-005 507.6
1.365e-005 520.33
1.3692e-005 533.06
1.3735e-005 545.78
1.3779e-005 558.51
1.3823e-005 571.24
1.3868e-005 583.97
1.3912e-005 596.69
1.3958e-005 609.42
1.4003e-005 622.15
1.4048e-005 634.88








1.4093e-005 647.6
1.4138e-005 660.33
1.4183e-005 673.06
1.4227e-005 685.78
1.4271e-005 698.51
1.4315e-005 711.24
1.4357e-005 723.97
1.4399e-005 736.69
1.444e-005 749.42
1.4479e-005 762.15
1.4517e-005 774.88
1.4554e-005 787.6
1.4589e-005 800.33
Reference Temperature F
67.73
TABLE 25
7075 (UNS A97075) > Specific Heat
Specific Heat BTU Ibm”-1 F~-1 | Temperature F
0.13665 -250.87
0.14014 -240.25
0.14351 -229.63
0.14676 -219.02
0.14989 -208.4
0.15291 -197.78
0.15582 -187.16
0.15862 -176.54
0.16132 -165.92
0.16392 -155.31
0.16642 -144.69
0.16883 -134.07
0.17115 -123.45
0.17338 -112.83
0.17553 -102.22
0.1776 -91.597
0.1796 -80.979
0.18152 -70.361
0.18337 -59.743
0.18515 -49.125
0.18687 -38.506
0.18852 -27.888
0.19012 -17.27
0.19165 -6.6518
0.19314 3.9664
0.19457 14.585
0.19596 25.203
0.1973 35.821
0.1986 46.439
0.19985 57.057








0.20107 67.675
0.20225 78.294
0.2034 88.912
0.20451 99.53
0.2056 110.15
0.20666 120.77
0.20769 131.38
0.2087 142

0.20969 152.62
0.21066 163.24
0.21162 173.86
0.21256 184.48
0.21348 195.09
0.2144 205.71
0.2153 216.33
0.2162 226.95
0.21709 237.57
0.21798 248.18
0.21886 258.8
0.21974 269.42
0.22062 280.04
0.2215 290.66
0.22239 301.28
0.22327 311.89
0.22416 322.51
0.22506 333.13
0.22597 343.75
0.22688 354.37
0.2278 364.98
0.22874 375.6
0.22968 386.22
0.23064 396.84
0.23161 407.46
0.23259 418.08
0.23359 428.69
0.2346 439.31
0.23563 449.93
0.23668 460.55
0.23774 471.17
0.23882 481.78
0.23992 492.4
0.24104 503.02
0.24218 513.64
0.24333 524.26
0.24451 534.88
0.2457 545.49
0.24692 556.11
0.24815 566.73








0.2494 577.35
0.25068 587.97
0.25197 598.58
0.25329 609.2
0.25462 619.82
0.25597 630.44
0.25735 641.06
0.25874 651.68
0.26015 662.29
0.26158 672.91
0.26302 683.53
0.26449 694.15
0.26597 704.77
0.26746 715.38
0.26898 726

0.2705 736.62
0.27205 747.24
0.2736 757.86
0.27517 768.48
0.27675 779.09
0.27834 789.71
0.27994 800.33

TABLE 26

7075 (UNS A97075) > Isotropic Thermal Conductivity

Thermal Conductivity BTU s”-1 in®-1 FA-1

Temperature F

1.0373e-003 -250.87
1.0695e-003 -240.25
1.1005e-003 -229.63
1.1303e-003 -219.02
1.1591e-003 -208.4
1.1868e-003 -197.78
1.2135e-003 -187.16
1.2392e-003 -176.54
1.2639e-003 -165.92
1.2878e-003 -155.31
1.3108e-003 -144.69
1.3329e-003 -134.07
1.3543e-003 -123.45
1.3749e-003 -112.83
1.3949e-003 -102.22
1.4141e-003 -91.597
1.4328e-003 -80.979
1.4509e-003 -70.361
1.4684e-003 -59.743
1.4854e-003 -49.125
1.502e-003 -38.506
1.5181e-003 -27.888
1.5339e-003 -17.27








1.5493e-003 -6.6518
1.5645e-003 3.9664
1.5793e-003 14.585
1.594e-003 25.203
1.6084e-003 35.821
1.6228e-003 46.439
1.637e-003 57.057
1.6512e-003 67.675
1.6653e-003 78.294
1.6795e-003 88.912
1.6938e-003 99.53
1.7081e-003 110.15
1.7226e-003 120.77
1.7373e-003 131.38
1.7521e-003 142
1.7673e-003 152.62
1.7828e-003 163.24
1.7986e-003 173.86
1.8147e-003 184.48
1.8314e-003 195.09
1.8484e-003 205.71
1.866e-003 216.33
1.8841e-003 226.95
1.9028e-003 237.57
1.9222e-003 248.18
1.9422e-003 258.8
1.9629e-003 269.42
1.9843e-003 280.04
2.0065e-003 290.66
2.0296e-003 301.28
2.0535e-003 311.89
2.0784e-003 322.51
2.1041e-003 333.13
2.1309e-003 343.75
2.1587e-003 354.37
2.1876e-003 364.98
2.2175e-003 375.6
2.2486e-003 386.22
2.2809e-003 396.84
2.2937e-003 407.46
2.3017e-003 418.08
2.3091e-003 428.69
2.316e-003 439.31
2.3224e-003 449.93
2.3283e-003 460.55
2.3337e-003 471.17
2.3385e-003 481.78
2.3428e-003 492.4








2.3466e-003 503.02
2.3499e-003 513.64
2.3526e-003 524.26
2.3548e-003 534.88
2.3565e-003 545.49
2.3577e-003 556.11
2.3583e-003 566.73
2.3585e-003 577.35
2.3581e-003 587.97
2.3572e-003 598.58
2.3557e-003 609.2
2.3538e-003 619.82
2.3513e-003 630.44
2.3483e-003 641.06
2.3448e-003 651.68
2.3407e-003 662.29
2.3362e-003 672.91
2.3311e-003 683.53
2.3255e-003 694.15
2.3194e-003 704.77
2.3127e-003 715.38
2.3055e-003 726

2.2978e-003 736.62
2.2896e-003 747.24
2.2809e-003 757.86
2.2716e-003 768.48
2.2618e-003 779.09
2.2515e-003 789.71
2.2407e-003 800.33

TABLE 27

7075 (UNS A97075) > Isotropic Resistivity

Resistivity ohm cmil in”-1| Temperature F
1.3838 -452.47
1.3854 -443.34
1.3871 -434.22
1.3887 -425.09
1.3926 -415.96
1.3984 -406.84
1.406 -397.71
1.4152 -388.59
1.426 -379.46
1.4383 -370.33
1.4521 -361.21
1.4674 -352.08
1.484 -342.95
1.502 -333.83
1.5212 -324.7
1.5416 -315.58








1.5632 -306.45
1.5858 -297.32
1.6095 -288.2
1.6342 -279.07
1.6597 -269.94
1.6862 -260.82
1.7134 -251.69
1.7415 -242.56
1.7702 -233.44
1.7995 -224.31
1.8294 -215.19
1.8599 -206.06
1.8908 -196.93
1.9221 -187.81
1.9538 -178.68
1.9858 -169.55
2.018 -160.43
2.0505 -151.3
2.083 -142.18
2.1156 -133.05
2.1483 -123.92
2.1809 -114.8
2.2134 -105.67
2.2457 -96.544
2.2779 -87.417
2.3097 -78.291
2.3413 -69.165
2.3725 -60.038
2.4032 -50.912
2.4335 -41.786
2.4632 -32.659
2.4923 -23.533
2.5207 -14.407
2.5484 -5.2805
2.5754 3.8458
2.6015 12.972
2.6267 22.098
2.651 31.225
2.6743 40.351
2.6965 49.477
2.7176 58.604
2.7376 67.73
TABLE 28

7075 (UNS A97075) > Isotropic Elasticity

Temperature F

Young's Modulus psi

Poisson's Ratio

Bulk Modulus psi

Shear Modulus psi

-459.67 1.1431e+007 0.32387 1.0817e+007 4.3172e+006
-445.62 1.1432e+007 0.32391 1.082e+007 4.3174e+006
-431.56 1.1429e+007 0.32398 1.0822e+007 4.3162e+006








-417.51 1.1423e+007 0.32407 1.0822e+007 4.3138e+006
-403.45 1.1415e+007 0.32418 1.0821e+007 4.3102e+006
-389.4 1.1404e+007 0.32431 1.0818e+007 4.3056e+006
-375.34 1.139e+007 0.32446 1.0814e+007 4.2999e+006
-361.29 1.1374e+007 0.32463 1.0809e+007 4.2932e+006
-347.23 1.1355e+007 0.32481 1.0803e+007 4.2857e+006
-333.18 1.1335e+007 0.32501 1.0796e+007 4.2773e+006
-319.12 1.1312e+007 0.32521 1.0787e+007 4.2682e+006
-305.07 1.1288e+007 0.32543 1.0777e+007 4.2583e+006
-291.02 1.1262e+007 0.32566 1.0766e+007 4.2478e+006
-276.96 1.1234e+007 0.32589 1.0754e+007 4.2366e+006
-262.91 1.1205e+007 0.32613 1.0741e+007 4.2249e+006
-248.85 1.1175e+007 0.32637 1.0727e+007 4.2126e+006
-234.8 1.1143e+007 0.32662 1.0712e+007 4.1999e+006
-220.74 1.1111e+007 0.32687 1.0696e+007 4.1867e+006
-206.69 1.1077e+007 0.32713 1.0679e+007 4.1732e+006
-192.63 1.1042e+007 0.32738 1.0661e+007 4.1593e+006
-178.58 1.1006e+007 0.32763 1.0642e+007 4.1451e+006
-164.52 1.097e+007 0.32788 1.0623e+007 4.1306e+006
-150.47 1.0933e+007 0.32813 1.0602e+007 4.1159e+006
-136.42 1.0895e+007 0.32838 1.0581e+007 4.101e+006
-122.36 1.0857e+007 0.32862 1.0558e+007 4.0859e+006
-108.31 1.0819e+007 0.32885 1.0535e+007 4.0707e+006
-94.252 1.078e+007 0.32908 1.0512e+007 4.0553e+006
-80.197 1.074e+007 0.32931 1.0487e+007 4.0399e+006
-66.143 1.0701e+007 0.32953 1.0462e+007 4.0243e+006
-52.088 1.0661e+007 0.32974 1.0436e+007 4.0088e+006
-38.034 1.0621e+007 0.32995 1.041e+007 3.9931e+006
-23.979 1.0581e+007 0.33014 1.0383e+007 3.9775e+006
-9.9245 1.0541e+007 0.33033 1.0355e+007 3.9618e+006

4.13 1.0501e+007 0.33052 1.0326e+007 3.9462e+006
18.185 1.0461e+007 0.33069 1.0298e+007 3.9306e+006
32.239 1.0421e+007 0.33086 1.0268e+007 3.915e+006
46.294 1.038e+007 0.33102 1.0238e+007 3.8994e+006
60.348 1.034e+007 0.33117 1.0208e+007 3.8839e+006
74.403 1.03e+007 0.33131 1.0177e+007 3.8684e+006
88.457 1.026e+007 0.33145 1.0145e+007 3.8529e+006
102.51 1.022e+007 0.33158 1.0114e+007 3.8375e+006
116.57 1.018e+007 0.33171 1.0081e+007 3.8221e+006
130.62 1.014e+007 0.33183 1.0049e+007 3.8067e+006
144.68 1.01e+007 0.33194 1.0016e+007 3.7914e+006
158.73 1.006e+007 0.33205 9.9828e+006 3.776e+006
172.78 1.002e+007 0.33216 9.9493e+006 3.7607e+006
186.84 9.9795e+006 0.33226 9.9156e+006 3.7453e+006
200.89 9.9393e+006 0.33236 9.8817e+006 3.7299e+006
214.95 9.8989e+006 0.33246 9.8475e+006 3.7145e+006

229 9.8584e+006 0.33257 9.8132e+006 3.699e+006
243.06 9.8176e+006 0.33267 9.7787e+006 3.6835e+006








257.11 9.7766e+006 0.33278 9.7441e+006 3.6678e+006
271.17 9.7353e+006 0.33289 9.7094e+006 3.6519e+006
285.22 9.6935e+006 0.33301 9.6746e+006 3.636e+006
299.28 9.6513e+006 0.33313 9.6397e+006 3.6198e+006
313.33 9.6086e+006 0.33327 9.6048e+006 3.6034e+006
327.38 9.5652e+006 0.33342 9.5699e+006 3.5867e+006
341.44 9.5212e+006 0.33358 9.535e+006 3.5698e+006
355.49 9.4764e+006 0.33375 9.5002e+006 3.5525e+006
369.55 9.4308e+006 0.33394 9.4654e+006 3.5349e+006
383.6 9.3842e+006 0.33416 9.4307e+006 3.5169e+006
397.66 9.3365e+006 0.33439 9.3961e+006 3.4984e+006
411.71 9.2877e+006 0.33465 9.3616e+006 3.4795e+006
425.77 9.2377e+006 0.33493 9.3272e+006 3.46e+006

439.82 9.1863e+006 0.33525 9.293e+006 3.4399e+006
453.88 9.1334e+006 0.33559 9.259e+006 3.4192e+006
467.93 9.0788e+006 0.33598 9.2252e+006 3.3978e+006
481.98 9.0226e+006 0.3364 9.1916e+006 3.3757e+006
496.04 8.9645e+006 0.33686 9.1582e+006 3.3528e+006
510.09 8.9044e+006 0.33736 9.125e+006 3.3291e+006
524.15 8.8421e+006 0.33792 9.0921e+006 3.3044e+006
538.2 8.7776e+006 0.33852 9.0595e+006 3.2788e+006
552.26 8.7106e+006 0.33918 9.0272e+006 3.2522e+006
566.31 8.6411e+006 0.33989 8.9952e+006 3.2245e+006
580.37 8.5688e+006 0.34067 8.9635e+006 3.1957e+006
594.42 8.4935e+006 0.34152 8.9321e+006 3.1657e+006
608.48 8.4153e+006 0.34243 8.9011e+006 3.1343e+006
622.53 8.3337e+006 0.34342 8.8704e+006 3.1017e+006
636.58 8.2487e+006 0.34448 8.8401e+006 3.0676e+006
650.64 8.1602e+006 0.34563 8.8102e+006 3.0321e+006
664.69 8.0678e+006 0.34687 8.7807e+006 2.995e+006
678.75 7.9714e+006 0.34819 8.7516e+006 2.9563e+006
692.8 7.8709e+006 0.34961 8.7229e+006 2.916e+006
706.86 7.7659e+006 0.35114 8.6947e+006 2.8739e+006
720.91 7.6564e+006 0.35277 8.667e+006 2.8299e+006
734.97 7.5421e+006 0.35451 8.6397e+006 2.7841e+006
749.02 7.4228e+006 0.35636 8.6129e+006 2.7363e+006
763.08 7.2982e+006 0.35834 8.5867e+006 2.6864e+006
777.13 7.1682e+006 0.36045 8.561e+006 2.6345e+006
791.18 7.0325e+006 0.36269 8.5359e+006 2.5804e+006
805.24 6.8908e+006 0.36507 8.5113e+006 2.524e+006
819.29 6.7431e+006 0.36759 8.4875e+006 2.4653e+006
833.35 6.5889e+006 0.37026 8.4642e+006 2.4042e+006
847.4 6.4281e+006 0.37309 8.4418e+006 2.3407e+006
861.46 6.2603e+006 0.37608 8.4201e+006 2.2747e+006
875.51 6.0855e+006 0.37925 8.3992e+006 2.2061e+006
889.57 5.9032e+006 0.38258 8.3793e+006 2.1348e+006
903.62 5.7132e+006 0.38611 8.3604e+006 2.0609e+006
917.68 5.5153e+006 0.38982 8.3427e+006 1.9842e+006








931.73

1.9047e+006

|

5.3092e+006 | 0.39373 | 8.3262e+006 |
TABLE 29
7075 (UNS A97075) > Multilinear Isotropic Hardening
Stress psi| Plastic Strain in in*-1 | Temperature F
72100 0 67.73
74119 5.7895e-003 67.73
75898 1.1579e-002 67.73
77471 1.7368e-002 67.73
78867 2.3158e-002 67.73
80113 2.8947e-002 67.73
81234 3.4737e-002 67.73
82252 4.0526e-002 67.73
83188 4.6316e-002 67.73
84058 5.2105e-002 67.73
84878 5.7895e-002 67.73
85661 6.3684e-002 67.73
86417 6.9474e-002 67.73
87154 7.5263e-002 67.73
87877 8.1053e-002 67.73
88590 8.6842e-002 67.73
89293 9.2632e-002 67.73
89985 9.8421e-002 67.73
90661 0.10421 67.73
91316 0.11 67.73
TABLE 30

7075 (UNS A97075) > Alternating Stress R-Ratio

Alternating Stress psi Cycles |R-Ratio
50442 4000 -1
49352 4677.6 -1
48261 5469.9 -1
47166 6396.4 -1
46067 7479.9 -1
44962 8746.9 -1
43853 10229 -1
42739 11961 -1
41620 13987 -1
40499 16356 -1
39375 19127 -1
38251 22367 -1
37129 26156 -1
36010 30586 -1
34896 35767 -1
33790 41826 -1
32695 48910 -1
31612 57195 -1
30546 66883 -1
29498 78213 -1








28471 91461 -1
27468 1.0695e+005| -1
26492 1.2507e+005| -1
25546 1.4626e+005| -1
24632 1.7103e+005| -1
23753 2.e+005 -1
22911 2.3388e+005| -1
22108 2.7349e+005| -1
21346 3.1982e+005| -1
20627 3.7399e+005| -1
19953 4.3734e+005| -1
19325 5.1143e+005| -1
18744 5.9806e+005| -1
18210 6.9936e+005| -1
17724 8.1782e+005| -1
17285 9.5635e+005| -1
16894 1.1183e+006| -1
16548 1.3078e+006| -1
16247 1.5293e+006| -1
15989 1.7884e+006| -1
15771 2.0913e+006| -1
15590 2.4455e+006| -1
15442 2.8598e+006| -1
15324 3.3442e+006| -1
15230 3.9106e+006| -1
15155 4.5731e+006| -1
15092 5.3477e+006| -1
15035 6.2535e+006| -1
14976 7.3128e+006| -1
14816 1.e+007 -1
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Units
TABLE 1
Unit System |Metric (m, kg, N, s, V, A) Degrees rad/s Kelvin
Angle Degrees
Rotational Velocity rad/s
Temperature Kelvin
Comment

TGT-CALC-103-015 Thermal analysis of exit window cap for no raster case
Assumptions:

e beam current 20 microA

e beam raster off spot size square width = 0.150 mm
e material model from MPDB

e thermal load is 3.3W

e power density is 6.82E+11 W/m"3

Model (H4)








Geometry

TABLE 2
Model (H4) > Geometry
Object Name Geometry
State Fully Defined

D:\Meekins\GoogleDrive\JLAB\Hall A\Trtium\Calculations\ANSY S\cell

SOED beam heating\Assembly2.iam
Type Inventor
Length Unit Centimeters
Element Control Program Controlled
Display Style Body Color

Volume

Length X 1.2954e-002 m
Length Y 1.3614e-002 m
Length Z 1.3614e-002 m

2.435e-007 m®

Mass

6.7063e-004 kg

Scale Factor Value

1.

Bodies 2
Active Bodies 2
Nodes 37225
Elements 18496
Mesh Metric None
.~ BasicGeomewyOptions
Solid Bodies Yes
Surface Bodies Yes
Line Bodies No
Parameters Yes
Parameter Key DS
Attributes No
Named Selections No
Material Properties No

Use Associativity Yes
Coordinate Systems No
Reader Mode Saves No

Updated File
Use Instances Yes
Smart CAD Update No
Compare Parts On Update No
Attach File Via Temp File Yes
Temporary Directory C:\Users\David\AppData\Local\Temp
Analysis Type 3-D
Mixed Import Resolution None








Decompose Disjoint Yes
Geometry

Enclosure and Symmetry Yes
Processing

TABLE 3

Model (H4) > Geometry > Parts

Object Name

main body no raster:1 | exit beam no raster:1

State Meshed
Graphics Properties
Visible Yes
Transparency 1
Definition
Suppressed No
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature By Body
Reference Temperature Value 40. K
Material
Assignment 7075 (UNS A97075)
Nonlinear Effects Yes
Thermal Strain Effects Yes

Bounding Box

Length X 1.2954e-002 m 2.5444e-004 m
Length Y 1.3614e-002 m 1.5001e-004 m
Length Z 1.3614e-002 m 1.5e-004 m

Properties

Volume 2.4349e-007 m3 4.4925e-012 m3

Mass 6.7062e-004 kg 1.2373e-008 kg
Centroid X -0.24622 m -0.26415 m
Centroid Y 0.20961 m 0.20958 m

Centroid Z 3.1476e-004 m 2.0485e-014 m

Moment of Inertia Ip1

1.9907e-008 kg-m?

3.4693e-017 kg-m2

Moment of Inertia Ip2

1.3401e-006 kg-m?2

8.3814e-017 kg-m?

Moment of Inertia Ip3

1.3379e-006 kg-m?2

8.3892e-017 kg-m2

Statistics
Nodes 35784 1441
Elements 17895 601
Mesh Metric None
Coordinate Systems
TABLE 4

Model (H4) > Coordinate Systems > Coordinate System

Object Name

Global Coordinate System

State

Fully Defined

Definition

Type

Cartesian

Coordinate System ID 0.








Connections

Origin X 0.m
Origin Y 0.m
Origin Z 0.m
X Axis Data [1.0.0.]
Y Axis Data [0.1.0.]
Z Axis Data [0.0.1.]
TABLES

Model (H4) > Connections

Object Name | Connections

State | Fully Defined

Generate Automatic Connection On Refresh Yes

Enabled Yes

TABLE 6

Model (H4) > Connections > Contacts

Object Name Contacts

State Fully Defined

Connection Type

Scoping Method | Geometry Selection
Geometry All Bodies
~ AutoDetecton
Tolerance Type Slider
Tolerance Slider 0.
Tolerance Value, 5.8014e-005m
Use Range No
Face/Face Yes
Face/Edge No
Edge/Edge No
Priority Include All
Group By Bodies
Search Across Bodies
Connections 1
Active Connections 1
TABLE 7

Model (H4) > Connections > Contacts > Contact Regions

Object Name

Bonded - main body no raster:1 To exit beam no raster:1

State

Fully Defined








Scoping Method Geometry Selection

Contact 1 Face
Target 1 Face
Contact Bodies main body no raster:1
Target Bodies exit beam no raster:1
Type Bonded
Scope Mode Manual
Behavior Program Controlled
Trim Contact Program Controlled
Suppressed No
Formulation Program Controlled
Detection Method Program Controlled
Elastic Slip Tolerance Program Controlled
Thermal Conductance Program Controlled
Pinball Region Program Controlled
Contact Geometry Correction None
Target Geometry Correction None
Mesh
TABLE 8
Model (H4) > Mesh
Object Name Mesh
State Solved
Display Style Body Color
Physics Preference Mechanical
Relevance 0
Use Advanced Size Function On: Fixed
Relevance Center Medium
Initial Size Seed Active Assembly
Smoothing Medium
Transition Fast
Min Size 1.e-004 m

Max Face Size |Default (5.7833e-004 m)

Max Size | Default (1.1567e-003 m)
Growth Rate Default (1.850 )
Minimum Edge Length 4.7124e-004 m

Use Automatic Inflation| Program Controlled
Inflation Option Smooth Transition
Transition Ratio 0.272
Maximum Layers 5








Growth Rate 1.2
Inflation Algorithm Pre
View Advanced Options Yes
Collision Avoidance Stair Stepping
Gap Factor 0.5
Maximum Height over Base 1
Growth Rate Type Geometric
Maximum Angle 140.0 °
Fillet Ratio 1
Use Post Smoothing Yes
Smoothing Iterations 5

Patch Conforming Options

Triangle Surface Mesher |

Program Controlled

Patch Independent Options

Topology Checking |

No

Advanced

Number of CPUs for Parallel Part Meshing

Program Controlled

Shape Checking

Standard Mechanical

Element Midside Nodes

Program Controlled

Straight Sided Elements No
Number of Retries 0
Extra Retries For Assembly Yes
Rigid Body Behavior | Dimensionally Reduced
Mesh Morphing Disabled

Defeaturing

Pinch Tolerance

Default (9.e-005 m)

Generate Pinch on Refresh

No

Automatic Mesh Based Defeaturing

On

Defeaturing Tolerance

Default (5.e-005 m)

Named Selections

Statistics
Nodes 37225
Elements 18496
Mesh Metric None
TABLE 9
Model (H4) > Named Selections > Named Selections
Object Name beam
State Fully Defined
Scope
Scoping Method | Geometry Selection
Geometry 1 Body
Definition
Send to Solver Yes
Visible Yes
Program Controlled Inflation Exclude

Statistics








Type Manual

Total Selection 1 Body
Suppressed 0
Used by Mesh Worksheet No

Transient Thermal (H5)

TABLE 10
Model (H4) > Analysis

Object Name

Transient Thermal (H5)

State Solved
Physics Type Thermal
Analysis Type Transient

Solver Target

Mechanical APDL

Generate Input Only No

TABLE 11
Model (H4) > Transient Thermal (H5) > Initial Condition

Object Name

Initial Temperature

State

Initial Temperature

Uniform Temperature

Fully Defined

Initial Temperature Value

40. K

TABLE 12
Model (H4) > Transient Thermal (H5) > Analysis Settings

Object Name

Analysis Settings

State Fully Defined
—
Number Of Steps
Current Step Number 1.
Step End Time 1.s
Auto Time Stepping Off
Define By Substeps
Number Of Substeps 4.
Time Integration On

Solver Type Program Controlled

Radiosity Solver Program Controlled
Flux Convergence 1.e-004
Maximum Iteration 1000.
Solver Tolerance 0.1 W/m2
Over Relaxation 0.1
Hemicube Resolution 10.








Heat Convergence

Program Controlled

UEMITSEIIE Program Controlled
Convergence
Line Search Program Controlled

Nonlinear Formulation

Program Controlled

Output Controls

Calculate Thermal
Flux

Yes

General
Miscellaneous

No

Store Results At

All Time Points

Analysis Data Management

Solver Files Directory

D:\Meekins\GoogleDrive\JLAB\Hall A\Trtium\Calculations\ANSY S\cell beam
heating\beam heating_files\dpO\SY S-4\MECHA\

Future Analysis None
Scratch Solver Files
Directory

Save MAPDL db No

Delete Unneeded

Files Yes

Nonlinear Solution Yes

Solver Units Active System
Solver Unit System mks

TABLE 13

Model (H4) > Transient Thermal (H5) > Analysis Settings

Step-Specific "Step Controls”
Step Step End Auto T_ime Define Number Of | Initial Time | Minimum Time | Maximum Time

Time Stepping By Substeps Step Step Step
1 1.s Off Substeps 4.
2 2.s
3 3.s
4 4.s
5 5.s
6 | 6.5 Lrogram 16-002s | 1.e-003s 0ls
7 7.8
8 8.s
9 9.s
10 10.s

TABLE 14

Model (H4) > Transient Thermal (H5) > Loads

Object Name Temperature |Interna| Heat Generation
State Fully Defined
Scope
Scoping Method | Geometry Selection Named Selection
Geometry 1 Face
Named Selection beam
Definition

Type|  Temperature | Internal Heat Generation








Magnitude | 100. K (step applied)| Tabular Data
Suppressed No

FIGURE 1
Model (H4) > Transient Thermal (H5) > Temperature
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FIGURE 2
Model (H4) > Transient Thermal (H5) > Internal Heat Generation
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TABLE 15
Model (H4) > Transient Thermal (H5) > Internal Heat Generation
Steps | Time [s] | Internal Heat Generation [W/m?3]
0. 0.
1 1.
2 2.
3 3.
4 4.
5 5.
. +
6 6. 6.82e+011
7 7.
8 8.
9 9.
10 10.

Solution (H6)

-,

TABLE 16

Model (H4) > Transient Thermal

H5) > Solution

Object Name

Solution (H6)

State Solved
Adaptive Mesh Refinement
Max Refinement Loops 1.
Refinement Depth 2.

Information








Status|  Done
Post Processing
Calculate Beam Section Results| No

TABLE 17
Model (H4) > Transient Thermal (H5) > Solution (H6) > Solution Information

Object Name | Solution Information
State Solved
Solution Information
Solution Output Solver Output
Update Interval 25s
Display Points All
FE Connection Visibility
Activate Visibility Yes
Display| All FE Connectors
Draw Connections Attached To All Nodes
Line Color| Connection Type
Visible on Results No
Line Thickness Single
Display Type Lines
TABLE 18

Model (H4) > Transient Thermal (H5) > Solution (H6) > Solution Information > Result Charts

Object Name | Temperature - Global Maximum | Temperature - Global Minimum
State Solved
Definition
Type Temperature
Suppressed No
Scope
Scoping Method | Global Maximum | Global Minimum
Results
Minimum 100. K 44.041 K
Maximum 205.94 K 100. K
FIGURE 3

Model (H4) > Transient Thermal (H5) > Solution (H6) > Solution Information > Temperature - Global
Maximum
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FIGURE 4

Model (H4) > Transient Thermal (H5) > Solution (H6) > Solution Information > Temperature - Global
Minimum







[K]

100.

0.

50.

44,041

Minimum Occurs On

main body no raster:1

Maximum Occurs On

exit beam no raster:1

Minimum Value Over Time

Minimum 44,041 K
Maximum 100. K
Maximum Value Over Time
Minimum 100. K
Maximum 205.94 K

1.25 2.5 3.75 5. £.25 7.5 875 10,
[s]
2 [ 3 | 4 | 5 | & | 7 | 8 [ 10
TABLE 19
Model (H4) > Transient Thermal (H5) > Solution (H6) > Results
Object Name Temperature
State Solved
Scope
Scoping Method| Geometry Selection
Geometry All Bodies
Definition
Type Temperature
By Time
Display Time Last
Calculate Time History Yes
Identifier
Suppressed No
Results
Minimum 100. K
Maximum 205.94 K







[K]

205594

175,

150.

125,

100.

5.

Information

Time 10. s
Load Step 10
Substep 14
Iteration Number 127

Model (H4) > Transient Thermal (H5) > Solution (H6) > Temperature

FIGURE 5

10.

1.25 2.5 3.75 5. 6,25 7.5 875 10,
[s]
1 |2 | 3 | 4 [ 5 | & | 7 [ [ 10
TABLE 20
Model (H4) > Transient Thermal (H5) > Solution (H6) > Temperature
Time [s]| Minimum [K] | Maximum [K]
0.25 44.041
0.5 51.504 100.
0.75 60.504 128.33
1. 69.585 161.21
1.01 69.941 158.13
1.02 70.296 158.6
1.05 71.353 160.03
1.14 74.372 163.77
1.24 77.492 167.54
1.34 80.374 169.33
1.44 83.025 172.54
1.54 85.456 175.54
1.64 87.677 176.46
1.74 89.7 179.05








1.84 91.535 181.49
1.94 93.19 183.77
2. 94.112 182.97
2.01 94.262 183.09
2.02 94.41 183.26
2.05 94.842 183.86
2.14 96.019 185.63
2.24 97.166 187.48
2.34 98.147 189.21
2.44 98.955 190.82
2.54 99.577 192.33
2.64 99.963 191.41
2.74 192.61
2.84 193.82
2.94 194.95
3. 195.61
3.01 194.91
3.02 194.84
3.05 195.02
3.14 195.82
3.24 196.71
3.34 197.56
3.44 198.36
3.54 199.11
3.64 199.82
3.74 200.47
3.84 201.09
3.94 201.66
4. 201.99
4.01 200.85
4.0156 100. 200.7
4.0212 200.63
4.0381 200.59
4.0887 200.71
4.1887 201.08
4.2887 201.48
4.3887 201.87
4.4887 202.25
4.5887 202.6
4.6887 202.93
4.7887 203.25
4.8887 203.54
4.9444 203.7
5. 203.85
5.01 203.46
5.02 203.39
5.05 203.37
5.14 203.51








5.24 203.69
5.34 203.89
5.44 204.07
5.54 204.25
5.64 204.42
5.74 204.58
5.84 204.73
5.94 204.87
6. 204.95
6.01 204.75
6.0195 204.71
6.0291 204.7
6.0577 204.71
6.1435 204.77
6.2435 204.87
6.3435 204.96
6.4435 205.05
6.5435 205.14
6.6435 205.22
6.7435 205.3
6.8435 205.37
6.9435 205.44
7. 205.48
7.01 205.38
7.0197 205.37
7.0294
7 0584 205.36
7.1456 205.4
7.2456 205.44
7.3456 205.49
7.4456 205.54
7.5456 205.58
7.6456 205.62
7.7456 205.66
7.8456 205.69
7.9456 205.73
8. 205.75
8.01 205.7
8.0197
8.0295 205.69
8.0587
8.1463 205.71
8.2463 205.73
8.3463 205.75
8.4463 205.77
8.5463 205.8
8.6463 205.82
8.7463 205.83








8.8463 205.85
8.9463 205.87
9. 205.88
9.01
9.0198
90295 205.85
9.0588
9.1466 205.86
9.2466 205.87
9.3466 205.88
9.4466 205.89
9.5466 205.9
9.6466 205.91
9.7466 205.92
9.8466 205.93
9.9466
10, 205.94
FIGURE 6

Model (H4) > Transient Thermal (H5) > Solution (H6) > Temperature > Figure
Temp on exit window







Material Data

7075 (UNS A97075)

TABLE 21
7075 (UNS A97075) > Density

Density kg m"-3

Temperature C

2754.3 -273.15
2754.3 -266.08
2754.2 -259.01
2754.2 -251.94
2754.3 -244.87
2754.2 -237.8
2754.1 -230.73
2753.9 -223.66
2753.6 -216.58
2753.2 -209.51
2752.7 -202.44








2752.2 -195.37
2751.7 -188.3
2751 -181.23
2750.4 -174.16
2749.6 -167.09
2748.8 -160.02
2748 -152.95
2747.2 -145.88
2746.2 -138.81
2745.3 -131.74
2744.3 -124.67
2743.3 -117.59
2742.3 -110.52
2741.2 -103.45
2740.1 -96.382
2739 -89.312
2737.9 -82.241
2736.7 -75.17
2735.6 -68.099
2734.4 -61.029
2733.2 -53.958
2732 -46.887
2730.7 -39.817
2729.5 -32.746
2728.2 -25.675
2727 -18.605
2725.7 -11.534
2724.4 -4.4631
2723.2 2.6076
2721.9 9.6783
2720.6 16.749
2719.3 23.82
2718 30.89
2716.6 37.961
2715.3 45.032
2714 52.103
2712.7 59.173
2711.3 66.244
2710 73.315
2708.7 80.385
2707.3 87.456
2706 94.527
2704.6 101.6
2703.3 108.67
2701.9 115.74
2700.5 122.81
2699.2 129.88
2697.8 136.95








2696.4 144.02
2695 151.09
2693.6 158.16
2692.2 165.23
2690.8 172.3
2689.4 179.38
2688 186.45
2686.5 193.52
2685.1 200.59
2683.6 207.66
2682.2 214.73
2680.7 221.8
2679.3 228.87
2677.8 235.94
2676.3 243.01
2674.8 250.08
2673.3 257.15
2671.7 264.22
2670.2 271.29
2668.7 278.37
2667.1 285.44
2665.6 292.51
2664 299.58
2662.4 306.65
2660.8 313.72
2659.2 320.79
2657.6 327.86
2656 334.93
2654.4 342
2652.8 349.07
2651.1 356.14
2649.5 363.21
2647.8 370.28
2646.2 377.36
2644.5 384.43
2642.9 391.5
2641.2 398.57
2639.6 405.64
2637.9 412.71
2636.3 419.78
2634.6 426.85
TABLE 22

7075 (UNS A97075) > Tensile Yield Strength
Tensile Yield Strength Pa| Temperature C

6.56e+008 -269.15
6.3812e+008 -260.98
6.2069e+008 -252.81

6.1153e+008 -244.63








6.029e+008 -236.46
5.9478e+008 -228.29
5.8716e+008 -220.12

5.8e+008 -211.95
5.7329e+008 -203.78
5.67e+008 -195.6
5.6111e+008 -187.43
5.5559e+008 -179.26
5.5041e+008 -171.09
5.4557e+008 -162.92
5.4103e+008 -154.75
5.3676e+008 -146.57
5.3275e+008 -138.4
5.2898e+008 -130.23
5.2541e+008 -122.06
5.2202e+008 -113.89

5.188e+008 -105.72
5.1571e+008 -97.544
5.1274e+008 -89.372
5.0986e+008 -81.201
5.0704e+008 -73.029
5.0427e+008 -64.857
5.0151e+008 -56.685
4.9876e+008 -48.514
4.9597e+008 -40.342
4.9313e+008 -32.17
4.9022e+008 -23.998
4.8721e+008 -15.827
4.8407e+008 -7.6551
4.8079e+008 0.51667
4.7735e+008 8.6884

4.737e+008 16.86
4.6985e+008 25.032
4.6575e+008 33.204
4.6138e+008 41.375
4.5673e+008 49.547
4.5177e+008 57.719
4.4648e+008 65.89
4.4082e+008 74.062
4.3479e+008 82.234
4.2835e+008 90.406
4.2148e+008 98.577
3.8152e+008 106.75
3.3689e+008 114.92
2.9467e+008 123.09
2.5601e+008 131.26
2.2171e+008 139.44
1.9223e+008 147.61








1.6771e+008 155.78
1.4794e+008 163.95
1.324e+008 172.12
1.2022e+008 180.29
1.1018e+008 188.47
1.0141e+008 196.64
9.3918e+007 204.81
8.7157e+007 212.98
8.1071e+007 221.15
7.5603e+007 229.32
7.07e+007 237.5
6.631e+007 245.67
6.2384e+007 253.84
5.8876e+007 262.01
5.574e+007 270.18
5.2935e+007 278.36
5.042e+007 286.53
4.8157e+007 294.7
4.611e+007 302.87
4.4247e+007 311.04
4.2537e+007 319.21
4.095e+007 327.39
3.946e+007 335.56
3.8043e+007 343.73
3.6676e+007 351.9
3.5341e+007 360.07
3.4019e+007 368.24
3.2695e+007 376.42
3.1357e+007 384.59
2.9994e+007 392.76
2.8597e+007 400.93
2.716e+007 409.1
2.568e+007 417.27
2.4154e+007 425.45
2.2584e+007 433.62
2.0972e+007 441.79
1.9324e+007 449.96
1.7646e+007 458.13
1.595e+007 466.3
1.4245e+007 474.48
1.2548e+007 482.65
1.0874e+007 490.82
9.2425e+006 498.99
7.674e+006 507.16
6.192e+006 515.33
4.8221e+006 523.51
3.5922e+006 531.68
2.5322e+006 539.85








TABLE 23
7075 (UNS A97075) > Tensile Ultimate Strength

Tensile Ultimate Strength Pa| Temperature C
7.65e+008 -269.15
7.6245e+008 -260.98
7.5936e+008 -252.81
7.4368e+008 -244.63
7.29e+008 -236.46
7.1529e+008 -228.29
7.0251e+008 -220.12
6.906e+008 -211.95
6.7953e+008 -203.78
6.6925e+008 -195.6
6.5973e+008 -187.43
6.5093e+008 -179.26
6.4279e+008 -171.09
6.3528e+008 -162.92
6.2836e+008 -154.75
6.2198e+008 -146.57
6.1611e+008 -138.4
6.107e+008 -130.23
6.057e+008 -122.06
6.0109e+008 -113.89
5.9681e+008 -105.72
5.9283e+008 -97.544
5.8909e+008 -89.372
5.8557e+008 -81.201
5.8221e+008 -73.029
5.7899e+008 -64.857
5.7584e+008 -56.685
5.7274e+008 -48.514
5.6964e+008 -40.342
5.665e+008 -32.17
5.6328e+008 -23.998
5.5993e+008 -15.827
5.5642e+008 -7.6551
5.527e+008 0.51667
5.4873e+008 8.6884
5.4446e+008 16.86
5.3986e+008 25.032
5.3489e+008 33.204
5.295e+008 41.375
5.2365e+008 49.547
5.173e+008 57.719
5.104e+008 65.89
5.0293e+008 74.062
4.9482e+008 82.234
4.8605e+008 90.406
4.7656e+008 98.577








4.3469e+008 106.75
3.871e+008 114.92
3.4111e+008 123.09
2.9795e+008 131.26
2.5859e+008 139.44
2.2374e+008 147.61
1.9383e+008 155.78
1.6904e+008 163.95
1.4931e+008 172.12
1.3428e+008 180.29
1.2335e+008 188.47
1.1565e+008 196.64
1.0933e+008 204.81

1.03e+008 212.98
9.7132e+007 221.15
9.1691e+007 229.32
8.6652e+007 237.5
8.1988e+007 245.67
7.7674e+007 253.84
7.3684e+007 262.01
6.9995e+007 270.18
6.6583e+007 278.36
6.3426e+007 286.53
6.0502e+007 294.7
5.779e+007 302.87
5.527e+007 311.04
5.2923e+007 319.21
5.073e+007 327.39
4.8674e+007 335.56
4.6738e+007 343.73
4.4905e+007 351.9
4.3161e+007 360.07
4.149e+007 368.24
3.9879e+007 376.42
3.8316e+007 384.59
3.6787e+007 392.76
3.5282e+007 400.93
3.3791e+007 409.1
3.2302e+007 417.27
3.0808e+007 425.45
2.9301e+007 433.62
2.7772e+007 441.79
2.6215e+007 449.96
2.4625e+007 458.13
2.2997e+007 466.3
2.1326e+007 474.48
1.961e+007 482.65
1.7845e+007 490.82








1.6029e+007 498.99
1.4162e+007 507.16
1.2244e+007 515.33
1.0275e+007 523.51
8.2565e+006 531.68
6.1907e+006 539.85
TABLE 24
7075 (UNS A97075) > Isotropic Secant Coefficient of Thermal Expansion
Coefficient of Thermal Expansion C"-1 | Temperature C
1.4225e-005 -273.15
1.4583e-005 -266.08
1.494e-005 -259.01
1.5309e-005 -251.94
1.5736e-005 -244.87
1.6143e-005 -237.8
1.6531e-005 -230.73
1.6902e-005 -223.66
1.7254e-005 -216.58
1.759e-005 -209.51
1.7909e-005 -202.44
1.8213e-005 -195.37
1.8501e-005 -188.3
1.8775e-005 -181.23
1.9035e-005 -174.16
1.9281e-005 -167.09
1.9514e-005 -160.02
1.9735e-005 -152.95
1.9944e-005 -145.88
2.0142e-005 -138.81
2.0329e-005 -131.74
2.0506e-005 -124.67
2.0673e-005 -117.59
2.083e-005 -110.52
2.0978e-005 -103.45
2.1118e-005 -96.382
2.125e-005 -89.312
2.1375e-005 -82.241
2.1492e-005 -75.17
2.1603e-005 -68.099
2.1707e-005 -61.029
2.1805e-005 -53.958
2.1898e-005 -46.887
2.1985e-005 -39.817
2.2068e-005 -32.746
2.2146e-005 -25.675
2.222e-005 -18.605
2.229e-005 -11.534
2.2357e-005 -4.4631








2.2421e-005 2.6076
2.2482e-005 9.6783
2.254e-005 16.749
2.2596e-005 23.82
2.265e-005 30.89
2.2702e-005 37.961
2.2753e-005 45.032
2.2803e-005 52.103
2.2851e-005 59.173
2.2899e-005 66.244
2.2946e-005 73.315
2.2993e-005 80.385
2.304e-005 87.456
2.3086e-005 94.527
2.3133e-005 101.6
2.318e-005 108.67
2.3227e-005 115.74
2.3276e-005 122.81
2.3325e-005 129.88
2.3374e-005 136.95
2.3425e-005 144.02
2.3477e-005 151.09
2.353e-005 158.16
2.3584e-005 165.23
2.364e-005 172.3
2.3697e-005 179.38
2.3755e-005 186.45
2.3815e-005 193.52
2.3876e-005 200.59
2.3939e-005 207.66
2.4003e-005 214.73
2.4069e-005 221.8
2.4136e-005 228.87
2.4205e-005 235.94
2.4275e-005 243.01
2.4347e-005 250.08
2.442e-005 257.15
2.4494e-005 264.22
2.4569e-005 271.29
2.4646e-005 278.37
2.4724e-005 285.44
2.4802e-005 292.51
2.4882e-005 299.58
2.4962e-005 306.65
2.5042e-005 313.72
2.5124e-005 320.79
2.5205e-005 327.86
2.5286e-005 334.93








2.5368e-005 342
2.5449e-005 349.07
2.5529e-005 356.14
2.5609e-005 363.21
2.5688e-005 370.28
2.5766e-005 377.36
2.5843e-005 384.43
2.5918e-005 391.5
2.5991e-005 398.57
2.6062e-005 405.64
2.6131e-005 412.71
2.6197e-005 419.78
2.626e-005 426.85
Reference Temperature C
19.85
TABLE 25
7075 (UNS A97075) > Specific Heat
Specific Heat J kg"-1 C~-1 | Temperature C
572.12 -157.15
586.75 -151.25
600.86 -145.35
614.47 -139.45
627.58 -133.55
640.21 -127.66
652.39 -121.76
664.12 -115.86
675.41 -109.96
686.29 -104.06
696.77 -98.16
706.86 -92.261
716.57 -86.362
725.92 -80.463
734.93 -74.564
743.6 -68.665
751.94 -62.766
759.98 -56.867
767.73 -50.968
775.18 -45.069
782.37 -39.17
789.3 -33.271
795.98 -27.372
802.42 -21.473
808.64 -15.574
814.64 -9.6753
820.44 -3.7763
826.05 2.1227
831.48 8.0217
836.74 13.921








841.83 19.82
846.78 25.719
851.58 31.618
856.25 37.517
860.8 43.416
865.23 49.315
869.56 55.214
873.8 61.113
877.95 67.012
882.01 72.911
886.01 78.81
889.94 84.709
893.82 90.608
897.65 96.507
901.44 102.41
905.2 108.3
908.92 114.2
912.63 120.1
916.33 126
920.01 131.9
923.7 137.8
927.39 143.7
931.09 149.6
934.8 1555
938.53 161.4
942.29 167.29
946.08 173.19
949.91 179.09
953.77 184.99
957.68 190.89
961.64 196.79
965.64 202.69
969.7 208.59
973.82 214.49
978 220.39
982.25 226.28
986.56 232.18
990.94 238.08
995.39 243.98
999.91 249.88
1004.5 255.78
1009.2 261.68
1014 267.58
1018.8 273.48
1023.7 279.38
1028.7 285.27
1033.8 291.17
1039 297.07








1044.2 302.97
1049.5 308.87

1055 314.77
1060.5 320.67

1066 326.57
1071.7 332.47
1077.5 338.37
1083.3 344.26
1089.2 350.16
1095.2 356.06
1101.2 361.96
1107.4 367.86
1113.6 373.76
1119.8 379.66
1126.2 385.56
1132.5 391.46

1139 397.36
1145.5 403.25
1152.1 409.15
1158.7 415.05
1165.4 420.95
1172.1 426.85

TABLE 26

7075 (UNS A97075) > Isotropic Thermal Conductivity

Thermal Conductivity W m”-1 C~-1| Temperature C
77.555 -157.15
79.962 -151.25
82.281 -145.35
84.514 -139.45
86.664 -133.55
88.735 -127.66

90.73 -121.76
92.651 -115.86
94.501 -109.96
96.284 -104.06
98.002 -98.16
99.659 -92.261
101.26 -86.362
102.8 -80.463
104.29 -74.564
105.73 -68.665
107.13 -62.766
108.48 -56.867
109.79 -50.968
111.06 -45.069
112.3 -39.17
113.51 -33.271
114.69 -27.372








115.84 -21.473
116.97 -15.574
118.08 -9.6753
119.18 -3.7763
120.26 2.1227
121.33 8.0217
122.4 13.921
123.46 19.82
124.51 25.719
125.57 31.618
126.64 37.517
127.71 43.416
128.79 49.315
129.89 55.214
131 61.113
132.14 67.012
133.29 72.911
134.47 78.81
135.68 84.709
136.93 90.608
138.2 96.507
139.52 102.41
140.87 108.3
142.27 114.2
143.72 120.1
145.21 126
146.76 131.9
148.36 137.8
150.03 143.7
151.75 149.6
153.54 155.5
155.39 161.4
157.32 167.29
159.32 173.19
161.4 179.09
163.56 184.99
165.8 190.89
168.13 196.79
170.54 202.69
171.5 208.59
172.09 214.49
172.65 220.39
173.17 226.28
173.64 232.18
174.08 238.08
174.48 243.98
174.84 249.88
175.17 255.78








175.45 261.68
175.69 267.58
175.9 273.48
176.06 279.38
176.19 285.27
176.28 291.17
176.33 297.07
176.34 302.97
176.31 308.87
176.24 314.77
176.13 320.67
175.99 326.57
175.8 332.47
175.58 338.37
175.32 344.26
175.01 350.16
174.67 356.06
174.29 361.96
173.87 367.86
173.41 373.76
172.92 379.66
172.38 385.56
171.8 391.46
171.19 397.36
170.54 403.25
169.84 409.15
169.11 415.05
168.34 420.95
167.53 426.85
TABLE 27

7075 (UNS A97075) > Isotropic Resistivity

Resistivity ohm m | Temperature C

2.76e-008 -269.15
2.7632e-008 -264.08
2.7665e-008 -259.01
2.7697e-008 -253.94
2.7775e-008 -248.87
2.7892e-008 -243.8
2.8042e-008 -238.73
2.8226e-008 -233.66
2.8441e-008 -228.59
2.8687e-008 -223.52
2.8963e-008 -218.45
2.9267e-008 -213.38
2.9599e-008 -208.31
2.9957e-008 -203.24
3.034e-008 -198.17
3.0747e-008 -193.1








3.1177e-008 -188.03
3.1629e-008 -182.96
3.2101e-008 -177.89
3.2593e-008 -172.82
3.3103e-008 -167.75
3.3631e-008 -162.68
3.4174e-008 -157.61
3.4733e-008 -152.54
3.5306e-008 -147.47
3.5891e-008 -142.4
3.6488e-008 -137.33
3.7095e-008 -132.26
3.7712e-008 -127.19
3.8337e-008 -122.11
3.8969e-008 -117.04
3.9607e-008 -111.97
4.025e-008 -106.9
4.0896e-008 -101.83
4.1545e-008 -96.764
4.2196e-008 -91.694
4.2847e-008 -86.624
4.3497e-008 -81.554
4.4145e-008 -76.483
4.4791e-008 -71.413
4.5432e-008 -66.343
4.6068e-008 -61.273
4.6697e-008 -56.203
4.7319e-008 -51.132
4.7932e-008 -46.062
4.8535e-008 -40.992
4.9128e-008 -35.922
4.9708e-008 -30.852
5.0275e-008 -25.782
5.0828e-008 -20.711
5.1365e-008 -15.641
5.1886e-008 -10.571
5.2389e-008 -5.5009
5.2874e-008 -0.4307
5.3338e-008 4.6395
5.3781e-008 9.7096
5.4203e-008 14.78
5.46e-008 19.85
TABLE 28

7075 (UNS A97075) > Isotropic Elasticity

Temperature C

Young's Modulus Pa

Poisson's Ratio

Bulk Modulus Pa

Shear Modulus Pa

-273.15 7.8813e+010 0.32387 7.4577e+010 2.9766e+010
-265.34 7.8818e+010 0.32391 7.46e+010 2.9767e+010
-257.53 7.88e+010 0.32398 7.4612e+010 2.9759e+010








-249.73 7.8762e+010 0.32407 7.4614e+010 2.9742e+010
-241.92 7.8704e+010 0.32418 7.4606e+010 2.9718e+010
-234.11 7.8626e+010 0.32431 7.4589e+010 2.9686e+010
-226.3 7.8532e+010 0.32446 7.4563e+010 2.9647e+010
-218.49 7.842e+010 0.32463 7.4528e+010 2.9601e+010
-210.69 7.8293e+010 0.32481 7.4485e+010 2.9549e+010
-202.88 7.8152e+010 0.32501 7.4433e+010 2.9491e+010
-195.07 7.7997e+010 0.32521 7.4374e+010 2.9428e+010
-187.26 7.7829e+010 0.32543 7.4306e+010 2.936e+010
-179.45 7.765e+010 0.32566 7.4231e+010 2.9287e+010
-171.64 7.7459e+010 0.32589 7.4148e+010 2.921e+010
-163.84 7.7259e+010 0.32613 7.4058e+010 2.9129e+010
-156.03 7.7049e+010 0.32637 7.3961e+010 2.9045e+010
-148.22 7.683e+010 0.32662 7.3857e+010 2.8957e+010
-140.41 7.6604e+010 0.32687 7.3746e+010 2.8866e+010
-132.6 7.6371e+010 0.32713 7.3629e+010 2.8773e+010
-124.8 7.6131e+010 0.32738 7.3505e+010 2.8677e+010
-116.99 7.5886e+010 0.32763 7.3376e+010 2.8579e+010
-109.18 7.5635e+010 0.32788 7.324e+010 2.848e+010
-101.37 7.538e+010 0.32813 7.3098e+010 2.8378e+010
-93.564 7.5121e+010 0.32838 7.2951e+010 2.8275e+010
-85.756 7.4858e+010 0.32862 7.2798e+010 2.8171e+010
-77.948 7.4592e+010 0.32885 7.2639e+010 2.8066e+010
-70.14 7.4324e+010 0.32908 7.2476e+010 2.796e+010
-62.332 7.4053e+010 0.32931 7.2307e+010 2.7854e+010
-54.524 7.378e+010 0.32953 7.2134e+010 2.7747e+010
-46.716 7.3506e+010 0.32974 7.1956e+010 2.7639e+010
-38.908 7.3231e+010 0.32995 7.1773e+010 2.7532e+010
-31.099 7.2955e+010 0.33014 7.1586e+010 2.7424e+010
-23.291 7.2679e+010 0.33033 7.1394e+010 2.7316e+010
-15.483 7.2402e+010 0.33052 7.1199e+010 2.7208e+010
-7.6753 7.2124e+010 0.33069 7.0999e+010 2.71e+010
0.13283 7.1847e+010 0.33086 7.0796e+010 2.6993e+010
7.9409 7.157e+010 0.33102 7.0589e+010 2.6885e+010
15.749 7.1293e+010 0.33117 7.0379e+010 2.6778e+010
23.557 7.1016e+010 0.33131 7.0166e+010 2.6671e+010
31.365 7.0739e+010 0.33145 6.995e+010 2.6565e+010
39.173 7.0463e+010 0.33158 6.973e+010 2.6458e+010
46.981 7.0187e+010 0.33171 6.9509e+010 2.6352e+010
54.789 6.9911e+010 0.33183 6.9284e+010 2.6246e+010
62.597 6.9635e+010 0.33194 6.9058e+010 2.614e+010
70.406 6.9359e+010 0.33205 6.8829e+010 2.6035e+010
78.214 6.9083e+010 0.33216 6.8598e+010 2.5929e+010
86.022 6.8806e+010 0.33226 6.8366e+010 2.5823e+010
93.83 6.8529e+010 0.33236 6.8132e+010 2.5717e+010
101.64 6.8251e+010 0.33246 6.7896e+010 2.5611e+010
109.45 6.7971e+010 0.33257 6.766e+010 2.5504e+010
117.25 6.769e+010 0.33267 6.7422e+010 2.5397e+010








125.06 6.7407e+010 0.33278 6.7183e+010 2.5288e+010
132.87 6.7122e+010 0.33289 6.6944e+010 2.5179e+010
140.68 6.6834e+010 0.33301 6.6704e+010 2.5069e+010
148.49 6.6543e+010 0.33313 6.6464e+010 2.4958e+010
156.29 6.6249e+010 0.33327 6.6223e+010 2.4844e+010
164.1 6.595e+010 0.33342 6.5982e+010 2.473e+010
171.91 6.5646e+010 0.33358 6.5742e+010 2.4613e+010
179.72 6.5338e+010 0.33375 6.5502e+010 2.4494e+010
187.53 6.5023e+010 0.33394 6.5262e+010 2.4372e+010
195.33 6.4702e+010 0.33416 6.5022e+010 2.4248e+010
203.14 6.4373e+010 0.33439 6.4784e+010 2.4121e+010
210.95 6.4037e+010 0.33465 6.4546e+010 2.399e+010
218.76 6.3692e+010 0.33493 6.4309e+010 2.3856e+010
226.57 6.3337e+010 0.33525 6.4073e+010 2.3717e+010
234.38 6.2972e+010 0.33559 6.3839e+010 2.3575e+010
242.18 6.2596e+010 0.33598 6.3605e+010 2.3427e+010
249.99 6.2209e+010 0.3364 6.3374e+010 2.3275e+010
257.8 6.1808e+010 0.33686 6.3143e+010 2.3117e+010
265.61 6.1394e+010 0.33736 6.2915e+010 2.2953e+010
273.42 6.0964e+010 0.33792 6.2688e+010 2.2783e+010
281.22 6.0519e+010 0.33852 6.2463e+010 2.2607e+010
289.03 6.0058e+010 0.33918 6.224e+010 2.2423e+010
296.84 5.9578e+010 0.33989 6.202e+010 2.2232e+010
304.65 5.908e+010 0.34067 6.1801e+010 2.2034e+010
312.46 5.8561e+010 0.34152 6.1585e+010 2.1826e+010
320.26 5.8021e+010 0.34243 6.1371e+010 2.161e+010
328.07 5.7459e+010 0.34342 6.1159e+010 2.1385e+010
335.88 5.6873e+010 0.34448 6.095e+010 2.1151e+010
343.69 5.6262e+010 0.34563 6.0744e+010 2.0906e+010
351.5 5.5625e+010 0.34687 6.0541e+010 2.065e+010
359.3 5.4961e+010 0.34819 6.034e+010 2.0383e+010
367.11 5.4268e+010 0.34961 6.0143e+010 2.0105e+010
374.92 5.3544e+010 0.35114 5.9948e+010 1.9815e+010
382.73 5.2789e+010 0.35277 5.9757e+010 1.9512e+010
390.54 5.2001e+010 0.35451 5.9569e+010 1.9196e+010
398.34 5.1178e+010 0.35636 5.9384e+010 1.8866e+010
406.15 5.0319e+010 0.35834 5.9203e+010 1.8522e+010
413.96 4.9423e+010 0.36045 5.9026e+010 1.8164e+010
421.77 4.8487e+010 0.36269 5.8853e+010 1.7791e+010
429.58 4.7511e+010 0.36507 5.8684e+010 1.7402e+010
437.39 4.6492e+010 0.36759 5.8519e+010 1.6998e+010
445.19 4.5429e+010 0.37026 5.8359e+010 1.6577e+010

453 4.432e+010 0.37309 5.8204e+010 1.6139e+010
460.81 4.3164e+010 0.37608 5.8054e+010 1.5683e+010
468.62 4.1958e+010 0.37925 5.7911e+010 1.521e+010
476.43 4.0701e+010 0.38258 5.7773e+010 1.4719e+010
484.23 3.9391e+010 0.38611 5.7643e+010 1.4209e+010
492.04 3.8027e+010 0.38982 5.7521e+010 1.368e+010








499.85

3.6605e+010

0.39373

| 5.7407e+010 |

1.3132e+010

|

TABLE 29

7075 (UNS A97075) > Multilinear Isotropic Hardening

Stress Pa | Plastic Strain m m”-1| Temperature C
4.9711e+008 0 19.85
5.1103e+008 5.7895e-003 19.85
5.233e+008 1.1579e-002 19.85
5.3415e+008 1.7368e-002 19.85
5.4377e+008 2.3158e-002 19.85
5.5236e+008 2.8947e-002 19.85
5.6009e+008 3.4737e-002 19.85
5.6711e+008 4.0526e-002 19.85
5.7356e+008 4.6316e-002 19.85
5.7956e+008 5.2105e-002 19.85
5.8521e+008 5.7895e-002 19.85
5.9061e+008 6.3684e-002 19.85
5.9582e+008 6.9474e-002 19.85
6.009e+008 7.5263e-002 19.85
6.0589e+008 8.1053e-002 19.85
6.1081e+008 8.6842e-002 19.85
6.1566e+008 9.2632e-002 19.85
6.2043e+008 9.8421e-002 19.85
6.2509e+008 0.10421 19.85
6.296e+008 0.11 19.85

TABLE 30

7075 (UNS A97075) > Alternating Stress R-Ratio

Alternating Stress Pa Cycles|R-Ratio
3.4779e+008 4000 -1
3.4027e+008 4677.6 -1
3.3275e+008 5469.9 -1
3.252e+008 6396.4 -1
3.1762e+008 7479.9 -1

3.1e+008 8746.9 -1
3.0236e+008 10229 -1
2.9467e+008 11961 -1
2.8696e+008 13987 -1
2.7923e+008 16356 -1
2.7148e+008 19127 -1
2.6373e+008 22367 -1
2.5599e+008 26156 -1
2.4828e+008 30586 -1
2.406e+008 35767 -1
2.3297e+008 41826 -1
2.2542e+008 48910 -1
2.1796e+008 57195 -1
2.1061e+008 66883 -1
2.0338e+008 78213 -1








1.963e+008

91461

1.8939e+008

1.0695e+005

1.8266e+008

1.2507e+005

1.7614e+008

1.4626e+005

1.6983e+008

1.7103e+005

1.6377e+008

2.e+005

1.5796e+008

2.3388e+005

1.5243e+008

2.7349e+005

1.4717e+008

3.1982e+005

1.4222e+008

3.7399e+005

1.3757e+008

4.3734e+005

1.3324e+008

5.1143e+005

1.2923e+008

5.9806e+005

1.2555e+008

6.9936e+005

1.222e+008

8.1782e+005

1.1918e+008

9.5635e+005

1.1648e+008

1.1183e+006

1.141e+008

1.3078e+006

1.1202e+008

1.5293e+006

1.1024e+008

1.7884e+006

1.0874e+008

2.0913e+006

1.0749e+008

2.4455e+006

1.0647e+008

2.8598e+006

1.0566e+008

3.3442e+006

1.0501e+008

3.9106e+006

1.0449e+008

4.5731e+006

1.0406e+008

5.3477e+006

1.0366e+008

6.2535e+006

1.0325e+008

7.3128e+006

1.0215e+008

1.e+007
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1. TGT-CALC-103-016

Thermal analysis of T2 Gas in beam
Conditions:

1) Beam current 20 microA

2) Raster 2x2mm

3) 2.9W beam heat in gas

4) Cell walls are 40K

5) Cell exits are 100K

6) Solution is steady state only
7) boyancy is included

8) fluid is ideal gas

9) properties are scaled from H2
10) Convection model is laminar







2. File Report

Table 1. File Information for CFX
Case CEX

C:\Users\David\Documents\Ansys models\T2 fluid\T2
fluid_files\dpO\CFX\CFX\Fluid Flow CFX_002.res

File Date 29 August 2015
File Time 05:06:23 AM
File Type CFX5

File

Version

File Path

16.0







3. Mesh Report

Table 2. Mesh Information for CFX
Domain Nodes Elements
Default Domain 171375 697753







4. Physics Report

Table 3. Domain Physics for CFX
Domain - Default Domain

Type Fluid

Location B19, B6

Materials

Tritium
Fluid Definition Material Library
Morphology Continuous Fluid

Settings

Buoyancy Model Buoyant
Buoyancy Reference Density 3.0000e-01 [kg m”-3]
Gravity X Component 0.0000e+00 [m s"-2]
Gravity Y Component -9.8000e+00 [m s™-2]
Gravity Z Component 0.0000e+00 [m s"-2]
Buoyancy Reference Location Automatic

Domain Motion Stationary

Reference Pressure 2.7000e+01 [psi]

Heat Transfer Model Thermal Energy

Turbulence Model Laminar

Domain Interface - Default Fluid Fluid Interface

Boundary Listl Default Fluid Fluid Interface Side 1

Boundary List2 Default Fluid Fluid Interface Side 2

Interface Type Fluid Fluid

Settings

Interface Models General Connection

Mass And Momentum Conservative Interface Flux

Mesh Connection Automatic

Table 4. Boundary Physics for CFX

Domain Boundaries
Boundary - Default Fluid Fluid Interface Side 1
Type INTERFACE
. Location F15.6
Default Domain )
Settings
Heat Transfer Conservative Interface Flux

Mass And Momentum Conservative Interface Flux







Boundary - Default Fluid Fluid Interface Side 2

Type INTERFACE

Location F26.19

Settings

Heat Transfer Conservative Interface Flux

Mass And Momentum Conservative Interface Flux
Boundary - Cell wall

Type WALL

Location F16.6, F17.6, F18.6
Settings

Heat Transfer Fixed Temperature

Fixed Temperature 5.0000e+01 [K]
Mass And Momentum No Slip Wall
Boundary - beam entrance

Type WALL

Location F24.19, F25.19
Settings

Heat Transfer Fixed Temperature

Fixed Temperature 1.0500e+02 [K]
Mass And Momentum No Slip Wall







5. Solution Report

Table 5. Boundary Flows for CFX

Momentum
Locati T Mass Fl
ocation ype ass Flow v .
Cell wall Boundary 0.0000e+00 -8.3292¢-10 9.0613¢-04 -1.0501e-09
?efa“" Fluid Fluid Interface Side 5 1121y 0,00006+00 0.00006+00 0.00006+00 0.0000+00
?efa”“ Fluid Fluid Interface Side g 142 0.0000e+00 0.00006+00 0.0000+00 0.0000e+00

beam entrance Boundary 0.0000e+00 -1.8308e-11 -5.9781e-09 -1.2613e-10







6. User Data

Volume Average of Density on Beam
2.42347 [kg m"-3]
Starting density is 3 kg/m”3

Target density with beam is 80% of density without beam

Figure 1.

Temperature







Density
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