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Calculation # 	NSTXU-CALC-11-05-00	Revision #	00   WP #, if any:  1707
	(ENG-032)
Purpose of Calculation: (Define why the calculation is being performed.)
· To confirm beam source profile fit on NB Armor face

· To calculate beam divergence and armor-incidence effect on beam heat flux magnitude

· To use calculated fluxes to establish fault conditions, testing armor for 1&2 beamline fault cases

· To confirm that the armor cooling system will be sufficient to remove any residual heat from the armor during normal NSTX-U operations.

· To examine stainless steel backing plates in terms of thermal expansion during bake out (@ 150°C) to ensure attached tiles to not interfere with each other.

References (List any source of design information including computer program titles and revision levels.)
· NSTX-U GRD (NB rev. 0 & CS rev. 3) 
· Microsoft Excel
· ALGOR 
· ProE

Assumptions (Identify all assumptions made as part of this calculation.)
· Assumed a 1.5 vertical and .5 horizontal, half-angle divergence from last scraping surface for each beamline source. 

· Assumed a max temp for ATJ tiles of 2600°C. This reflects not a PHYSICAL limit, but rather one which avoids excessive sublimation of the carbon tiles.

· Assumed max tensile and compressive strengths of 26 MPa and 66MPa, respectively, for Graftech’s ATJ graphite, as stated in their material properties sheet. (http://graftech.com/getattachment/800b4a74-3229-4e44-a4ff-7b212ab06e24/GRAFSTAR%E2%84%A2-ATJ%E2%84%A2-Graphite.asp)

Calculation (Calculation is either documented here or attached): Attached

Conclusion (Specify whether or not the purpose of the calculation was accomplished.):

Source fit on armor face: this was confirmed by physically modeling the source profiles after calculating the geometry changes to their shapes due to beam divergence and the smearing effects of the incident angles. It was confirmed that all six sources fit comfortably on the armor, albeit, with some overlapping effects.

	Divergence and incident angle effects on heat flux magnitude: this was calculated and used to convert input powers of 80, 90, and 110 kV into applicable heat fluxes, useful for modeling fault conditions. It was found that the overall area of the beam profile increases significantly from the last scrape-off surface as the beam diverges and smears along the armor. This reduces the overall magnitude of the heat flux. Values were calculated for both individual sources as well as heat flux values for the overlapping areas. Source heat flux was split into “hotspot” and “outer ring” zones, where the power density was 80 and 20% total power, respectively. 

	Beamline fault conditions and testing: it quickly became clear that, in the case of a single BL fault, ATJ graphite was an adequate material to provide protection for the vacuum vessel wall. The surface temperature never exceeded 2000C, much less the limit of 2600C. The internal stresses at the T-bar slot shoulder were found to be sufficiently low, leading to the belief that there would be no threat of critical crack formation in that sensitive zone. The principle stresses in the bulk of the tile and on the surface were also found to be low, well within ATJ’s published properties. If a single BL fault were to occur, the armor would survive without damage, barring any inherent weakness (unseen tile fractures, cracking). It would be recommended to attempt a visual inspection following the event as well as a complete maintenance event during the next outage.
	However, for the double BL fault, the source overlap areas quickly exceeded ATJ graphite’s limits for temperature and stress, generally passing this point after only 1/3 into the length of the shot. The main danger here is not so much the surface temperature, but the stress at the shoulder of the T-bar slot. If the shoulder cracks and detaches, the whole tile could fall from the armor, exposing the stainless steel backing plate to neutral particles and possibly causing damage to other internal NSTX-U fixtures. To remedy this, Carbon-Fiber Composite (CFC) will replace ATJ as the tile material in those zones. CFC possesses tensile strengths 3x that of ATJ as well as better thermal shock resistance. This material change will allow the armor to survive a double BL fault, probably with damage, but will allow the armor to successfully perform its duty as a sacrificial surface. As the fault strikes the armor, the tiles will rapidly heat, passing 2600C in 1/3 of the shot length. The tile surface will begin to rapidly sublimate, but not fast enough to pose any concern about completely eroding a tile. If a double BL event occurs, physical inspection of the armor array is strongly recommended and replacement of one or more tiles will be likely. 

	Between-shot cooling during normal operations: this analysis confirmed that the flow rate and diameter of the present cooling system will be more than adequate for the upgrade thermal loading during normal operations. 

	Thermal growth of backing plates under thermal loading: the ALGOR analysis showed that under normal thermal loading, the greatest of which occurs during bakeout, the stainless steel backing plates grow “up and out” away from each other. Therefore, thermal loading of the plates poses no threat to the graphite/CFC tiles and the array will be able to flex and grow freely as it heats up during bakeout.
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Calculation 

Introduction:
	The Neutral Beamline Injection System (NBIS) Armor serves as a sacrificial protective surface for the neutral beamlines (NBs). With the addition of a second beamline, the armor went through a review and analysis to evaluate its performance with this increase to its mechanical and thermal requirements. 
	The upgrade proposal features the armor’s counterclockwise movement inside the vacuum vessel to allow both sets of neutral beamline (NB) profiles to fit on the armor face. The beamlines overlap, causing areas of considerably increased heat flux, which were then analyzed for normal operations and fault conditions using simple tile shapes in ALGOR. The cooling lines were also analyzed for normal operational cooling with a simple simulation in ALGOR. Finally, the backing plates were analyzed to ensure that thermal growth during bakeout would not cause any interference between quadrants. The armor’s mechanical capabilities were analyzed under a separate calculation.


Explanation of Excel Calculation Sheet:
	This portion of the NB armor calculation covers the NB source profiles, their mapping and the effect of the source divergence and surface smearing on the magnitude of the source heat flux. The heat flux gradients were also calculated in this file.

Sheet 1: Determining Divergence in NBI 1 & 2
	The origin of the source was assumed to be from the last scrape-off surface, causing the source profile to assume a rectangular shape, 4.72 in by 17.32 in (12 cm by 44 cm), with area of  81.84 in2 (528 cm2). The distances between the last scrape-off surface and the face of the NBI armor array was measured via ProE for each BL source. From this, assuming the vertical and horizontal half-angle beam divergence of 1.5 and .5, respectively, the change in overall source profile dimensions was calculated, and the ratio of new area to old noted.

EXAMPLE: Δ in total dimension = distance from scrapeoff(tan (2*halfangle))



	This is then added to the original dimension, resulting in the final horizontal and vertical size.

Sheet 2: Source “Smear”
	As the beamline sources encounter the face of the armor, the incidence angle acts as a “smearing” surface, horizontally enlarging the source profile area. The diverged values from sheet 1 were run though this calculation which produced a new, “smeared” number for the horizontal dimension. The incident angle causes no vertical “smearing”. 

EXAMPLE: “smear” width = original width/sin(incidence angle)



	This sheet also contains the calculation which created the inner zone to the source profile. Rather than model the power distribution as a double Gaussian curve, a 20% reduction in size was estimated to contain 80% of the beam’s power, and was thusly modeled.
	
Sheet 3: Source profile confirmation via photo data
	In order to confirm the mathematical assumptions up until this point, the data from the sheets 1&2 were coMPared with photos taken of the NB armor, post-run. By measuring the areas where lithium was NOT deposited, we can get an idea of the total size and dimension of the source profile. Lithium evaporates at around 600 C, a number which coordinated to the hottest part of the source profile (or the 80% of the source). CoMParisons showed that the mathematical assumptions were ~8% larger than the photograph. 

Sheet 4: Ellipse Conversion
	The true shape of the source profile as it encounters the armor is an ellipse, caused by divergence. Up until this point, the calculated dimensions have been simply the vertical height and the horizontal width of the profile. To properly represent the source shape, these values needed to be converted into an elliptical shape. Sheet 3 showed that ellipses created with these values will be 8% larger than in reality, which will affect the ultimate outcome of this analysis.

Formula for the area of an ellipse: 

	By taking a ratio of the area of the source profile at the last scrape-off  surface (81.84 in2) and the elliptical area of the source profile as it encounters the armor face, after it has experienced divergence and smearing, a value was obtained to manipulate the magnitude of the beamline’s heat flux. 



	This sheet also addresses the issue of when a source strikes the intersection of the two armor halves. This would cause the source profile to encounter two, different, incident angles, smearing the profile accordingly. To model these shapes in ProE, each portion of the source, or remnant, was treated as an entire unit, and smeared as per its respective angle. The profiles were applied to a global model of the NBI armor and the excess beam source trimmed away. The final width of each portion of source was recorded on this sheet. 

	At this point, the source profiles were applied to an armor model to confirm fit. Apart from some source overlap, all six profiles fit comfortably on the armor’s face.

[image: F:\TOFE Documents\Armor Pics\Armor power densities 11.10.png]
Figure 1. Confirming source profile fit on armor face



Sheet 5: Heat Flux Magnitude
	This sheet contains the calculation to apply the changes to the beam source profiles to the magnitude of the heat flux. At the last scraping surface, the heat flux per source is the equivalent to the source power (as defined by the shot parameters) divided by the area of the source.  This heat flux was further broken down into 80% and 20% portions, to represent the hot spot and outer ring of power densities.

For a 5 sec, 5MW shot:





 



	From sheet 2, it was found that the source profiles experience both divergence and smearing, meaning that the source profile, when applied the face of the armor, increases in size. By taking a ratio of A0/A1, we can use this to modify the source profile’s heat flux at the last scraping surface, and attain the at-armor-face heat flux.



(80%)  
(20%)  

	Once these numbers were calculated for the hot spots and the outer rings, the overlap areas were identified using the ProE model of the armor and their respective heat flux magnitudes were computed. An area of particular concern is #7, where three hot spots converge: BL2 B, BL2 A2, and BL1 C2. 


Explanation of ALGOR analysis: 
	Once the heat fluxes for the armor were determined, it was then possible to construct scenarios for normal operations and possible fault conditions. During normal operation, the armor would see the same level of heat deposition as the rest of the First Wall devices, approximately .06 MW/m2 average with .13 MW/m2 peaking. This is very low-level heating and the armor would be under no threat of damage. 
	The fault conditions were split into two cases: single beam and double beam. A single beam fault would be the event in which a single beam fired into the armor in the absence of plasma in the vessel. The duration of such an event would be anywhere from a fraction of a second to 5 seconds. The magnitude of the applied heat flux would vary widely, with worst cases of 7.6 MW/m2, 9.1 MW/m2, and 13.6 MW/m2 for 80, 90, and 110 kV, respectively. A double beam fault could see heat flux magnitudes of up to three times these values in areas of source overlap. 

Assumptions:
	Default nodal temperature: 20C
	Ambient Temperature (for radiation): 60C
	Element: Brick
	Modeled with bricks and tetrahedrons
	Material: ATJ graphite (material data file attached to Armor Analysis Excel file)

	A single armor tile was modeled in ProE and, due to surface requirements of ALGOR, its top surface was sectioned to allow different heat flux values to be applied to different areas. This allowed the use of a single model for both single and double BL fault analyses. In ALGOR, the heat flux values generated in sheet 5 of the Excel analysis. For a single beamline fault, the entire surface of the tile was applied with the heat flux from source BL1 C2 (highest heat flux of the six), for 80, 90, and 110 kV shots, for 5, 3, and 1 seconds long, respectively. This represented the “worst case” of the single BL faults.  Radiation was enabled on the top surface as well (emissivity of 0.3). Each shot was allowed to run for the full time length and the max temperature and subsequent stresses recorded. 


Table 1. ALGOR Single BL Fault Results
	
	time to 2600C
	VonMises @ 2600C (T-bar slot) MPa
	Max Principle @ 2600 (overall) MPa
	Time to 26 MPa
	Related Max Principle MPa
	Temp at 26 MPa (VM) C

	1 BL
	
	
	
	
	
	

	80 kV
	5.05s: 1781.40
	15.88
	13.19
	x
	x
	x

	90 kV
	3.08s: 1581.25
	16.66
	12.48
	x
	x
	x

	110 kV
	1.05s: 1285.10
	18.43
	11.29
	x
	x
	x




	A double BL fault utilized the sections cut into the surface and focused attention on the armor tile which was exposed to the greatest heat flux: tile C4. The heat flux applied to this tile corresponded with the overlap heat fluxes 4-9, listed on sheet 5 of the Excel analysis. Each of these heat fluxes were assigned to a section on the tile surface, with radiation enabled across the top surface as well (emissivity of 0.3). Runs were made of 80, 90, and 110 kV heat fluxes, in an attempt to see how long before the tile surface a) reached 2600C and b) the internal stresses reached the limit of 26 MPa (tension). 


Table 2. ALGOR Double BL Fault Results
	
	time to 2600C
	VonMises @ 2600C (T-bar slot) MPa
	Max Principle @ 2600 (overall) MPa
	Time to 26 MPa
	Related Max Principle MPa
	Temp at 26 MPa (VM) C

	2 BL
	
	
	
	
	
	

	80 kV
	2.44s: 2610.55
	31.91
	20.02
	1.63s: 25.90 MPa
	15.59
	2083.65

	90 kV
	1.73s: 2616.67
	34.9
	20.59
	.978s: 25.82 MPa
	14.47
	1944.84

	110 kV
	.740s: 2601.23
	37.53
	21.36
	.383s: 25.16 MPa
	14.77
	1804




Cooling Line Evaluation
	In order to evaluate the efficiency of the cooling lines imbedded into the stainless steel backing plates, a simple test piece was constructed to find the thermal time constant (Tc) of the system, or, rather, to find the time it took for 63% of the heat in the system to be removed by the cooling system. A test piece was assembled in ProE which was a slice of ATJ tile, stainless steel backing plate, and embedded copper tube. In ALGOR, an initial temperature significantly higher than any the system would see during normal operations was applied to the entire assembly (1000C). The conditions of the cooling system were applied to the copper tube (3/8” dia., 3.6 GPM per backing plate) and the system left to run. The resulting graph was created and the time constant easily found: ~50s. 

[image: C:\Documents and Settings\ktreseme\My Documents\NeutralBeam Armor\Armor Design\Armor Pics\Cooling line ALGOR.png]
Figure 2. ALGOR results of cooling line analysis. 

	


	This is simply an estimate in order to gain a perspective on how quick the majority of the heat within the armor can be removed. Since during normal operations the armor will only see a net heat gain of a few hundred degrees Celsius, as well as a between-shot cooling period of nearly 20 minutes, it is safe to deem the system adequate for use in NSTX-U. 




Backing Plate Thermal Growth
	The mounting points for the armor underwent significant design changes, prompting an analysis of the armor’s constraints and the manner in which it would mechanically respond to thermal loading. Since the amor array is symmetric about the horizontal and vertical axes, only a single quadrant’s backing plate needed analysis. The plate was modeled in ProE and uploaded to ALGOR for testing. Since the highest temperatures the armor should ever see in normal operations would be during bake out, those conditions were simulated for the test. Hot helium was flowed through the cooling lines until the whole part reached ~350C and the consequent thermal growth was monitored and recorded. There was a chance that the plates could thermally grow towards one another, causing tile interference and possible fracturing and this needed confirmation.
[image: Bakeout temps ALGOR.JPG]
Figure 3. ALGOR analysis of stainless steel backing plate thermal growth during bakeout: thermal heating


[image: ]
Figure 4. ALGOR analysis of stainless steel backing plate thermal growth during bakeout: mechanical growth



Conclusion

	Source fit on armor face: this was confirmed by physically modeling the source profiles after calculating the geometry changes to their shapes due to beam divergence and the smearing effects of the incident angles. It was confirmed that all six sources fit comfortably on the armor, albeit, with some overlapping effects.

	Divergence and incident angle effects on heat flux magnitude: this was calculated and used to convert input powers of 80, 90, and 110 kV into applicable heat fluxes, useful for modeling fault conditions. It was found that the overall area of the beam profile increases significantly from the last scrape-off surface as the beam diverges and smears along the armor. This reduces the overall magnitude of the heat flux. Values were calculated for both individual sources as well as heat flux values for the overlapping areas. Source heat flux was split into “hotspot” and “outer ring” zones, where the power density was 80 and 20% total power, respectively. 

	Beamline fault conditions and testing: it quickly became clear that, in the case of a single BL fault, ATJ graphite was an adequate material to provide protection for the vacuum vessel wall. The surface temperature never exceeded 2000C, much less the limit of 2600C. The internal stresses at the T-bar slot shoulder were found to be sufficiently low, leading to the belief that there would be no threat of critical crack formation in that sensitive zone. The principle stresses in the bulk of the tile and on the surface were also found to be low, well within ATJ’s published properties. If a single BL fault were to occur, the armor would survive without damage, barring any inherent weakness (unseen tile fractures, cracking). It would be recommended to attempt a visual inspection following the event as well as a complete maintenance event during the next outage.
[bookmark: _GoBack]	However, for the double BL fault, the source overlap areas quickly exceeded ATJ graphite’s limits for temperature and stress, generally passing this point after only 1/3 into the length of the shot. The main danger here is not so much the surface temperature, but the stress at the shoulder of the T-bar slot. If the shoulder cracks and detaches, the whole tile could fall from the armor, exposing the stainless steel backing plate to neutral particles and possibly causing damage to other internal NSTX-U fixtures. To remedy this, Carbon-Fiber Composite (CFC) will replace ATJ as the tile material in those zones. CFC possesses tensile strengths 3x that of ATJ as well as better thermal shock resistance. This material change will allow the armor to survive a double BL fault, probably with damage, but will allow the armor to successfully perform its duty as a sacrificial surface. As the fault strikes the armor, the tiles will rapidly heat, passing 2600C in 1/3 of the shot length. The tile surface will begin to rapidly sublimate, but not fast enough to pose any concern about completely eroding a tile. If a double BL event occurs, physical inspection of the armor array is strongly recommended and replacement of one or more tiles will be likely. 

	Between-shot cooling during normal operations: this analysis confirmed that the flow rate and diameter of the present cooling system will be more than adequate for the upgrade thermal loading during normal operations. 

	Thermal growth of backing plates under thermal loading: the ALGOR analysis showed that under normal thermal loading, the greatest of which occurs during bakeout, the stainless steel backing plates grow “up and out” away from each other. Therefore, thermal loading of the plates poses no threat to the graphite/CFC tiles and the array will be able to flex and grow freely as it heats up during bakeout.













Appendix A: Excel Analysis

Excel Sheet 1
[image: ]

















Excel Sheet 2
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Excel Sheet 3
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Excel Sheet 4
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Excel Sheet 5
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Excel Sheet 6
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Excel Sheet 7
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Appendix B: ALGOR Results

80 kV, 5s 
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80 kV Von Mises Stress
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80 kV Max Principle Stress
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90 kV, 3s
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90 kV Von Mises Stress
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90 kV Max Principle Stress
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110 kV, 1s
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110 kV, Von Mises Stress
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110 kV, Max Principle Stress
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80 kV, 2 BL @ 2600C
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80 kV, 2 BL @ 2600C, Von Mises
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80 kV, 2 BL @ 2600C, Max Principle
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80 kV, 2 BL @ 26 Mpa Von Mises
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80 kV, 2 BL @ 26 Mpa Von Mises
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80 kV, 2 BL @ 26 Mpa Von Mises, Max Principle
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90 kV, 2 BL @ 2600 C
[image: ]

90 kV, 2 BL @ 2600 C, Von Mises
[image: ]

90 kV, 2 BL @ 2600 C, Max Principle
[image: ]

90 kV, 2 BL @ 26 Mpa Von Mises
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90 kV, 2 BL @ 26 Mpa Von Mises
[image: ]

90 kV, 2 BL @ 26 Mpa Von Mises, Max Principle
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110 kV, 2 BL @ 2600 C
[image: ]

110 kV, 2 BL @ 2600 C, Von Mises
[image: ]

110 kV, 2 BL @ 2600 C, Max Principle
[image: ]

110 kV, 2 BL @ 26 Mpa Von Mises
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110 kV, 2 BL @ 26 Mpa Von Mises
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110 kV, 2 BL @ 26 Mpa Von Mises, Max Principle
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I have reviewed this calculation and, to my professional satisfaction, it is properly performed and correct.
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image8.emf
Determining Divergence in NB1 and NB2

Constantsin cm in^2 cm^2

beam w 4.724409 12 Area 81.84016 528

beam h 17.32283 44

Divergence (in deg)

Δ in total dimensions (using 2α)

α Horiz. BL1 (inches) BL1 (cm)

0.5 Dist: scrape to armor Horz. (x) Vert. (y) Horz. (x) Vert. (y)

α Vert.

B

1

A

311.521 5.437 16.315 13.8105 41.43992

1.5

B

1

B

312.359 5.452 16.359 13.84765 41.55139

B

1

C

316.266 5.520 16.563 14.02086 42.07112

BL2 (inches) BL2 (cm)

Dist: scrape to armor Horz. Vert. Horz. Vert.

B

2

A

290.349 5.068 15.206 12.87189 38.62353

B

2

B

297.931 5.200 15.603 13.20802 39.63212

B

2

C

304.572 5.316 15.951 13.50243 40.51553

Final dimensions

A

0

/A

1

A

1

/A

0

beam w beam h beam w beam h

B

1

A

10.162 33.638

B

1

A

25.811 85.440

B

1

A

0.30485 3.280297

B

1

B

10.176 33.682

B

1

B

25.848 85.551

B

1

B

0.304016 3.289305

B

1

C

10.244 33.886

B

1

C

26.021 86.071

B

1

C

0.300168 3.331463

B

2

A

9.792 32.529

B

2

A

24.872 82.624

B

2

A

0.327138 3.056811

B

2

B

9.924 32.926

B

2

B

25.208 83.632

B

2

B

0.318884 3.135941

B

2

C

10.040 33.274

B

2

C

25.502 84.516

B

2

C

0.311908 3.206078

Current Beam Line

inches cm

α

Beam

Mid

-

line

Armor Face


image9.emf
Determining Beam Smear On Armor Face

Constantsin cm

beam w 4.724 12 in^2 cm^2

beam h 17.323 44Area 81.84016368 528

inches cm

beam w beam h beam w beam h

B1A 10.162 33.638 B1A 25.811 85.440

B1B 10.176 33.682 B1B 25.848 85.551

B1C 10.244 33.886 B1C 26.021 86.071

B2A 9.792 32.529 B2A 24.872 82.624

B2B 9.924 32.926 B2B 25.208 83.632

B2C 10.040 33.274 B2C 25.502 84.516

Beam Line

Incidence Angle (θ)

smear widthheight A

0

/A

1

smear widthheight

BL1 B

1

A

68.7 10.91 33.638 0.284 27.703 85.440

B

1

B

64.7 11.26 33.682 0.275 28.590 85.551

B

1

C

1

60.7 11.75 33.886 0.262 29.838 86.071

B

1

C

2

94.3 10.27 33.886 0.299 26.094 86.071

BL2 B

2

A

1

25.6

22.66 32.529 0.141 57.562 82.624

B

2

A

2

39.4 15.43 32.529 0.208 39.185 82.624

B

2

B

43.4 14.44 32.926 0.219 36.688 83.632

B

2

C

47.4 13.64 33.274 0.230 34.645 84.516

Adjust number for a 20% reduction in size to represent inner "hotspot" (80% total power)

Beam Line width height smear widthheight

BL1 B

1

A

8.725 26.910 22.162 68.352

B

1

B

9.005 26.945 22.872 68.441

B

1

C

1

9.398 27.109 23.870 68.857

B

1

C

2

8.219 27.109 20.875 68.857

BL2 B

2

A

1

18.130 26.023 46.050 66.099

B

2

A

2

12.342 26.023 31.348 66.099

B

2

B

11.555 26.341 29.351 66.906

B

2

C

10.912 26.619 27.716 67.612

*We assume that power density falls off at the edges of the beam 

line due to divengence in the beam. A 20-80 division has been 

accepted as a model of power density.

Current Beam Line

inches cm

inches cm

Beam line

θ

beamw


image10.emf
Photo Confirmation of Beam Spread

From Smear Page:

beam h 26.91021

From Photo:

beam h 24.84243

% Difference:

7.990997

 (About 8% too large of an ellipse)

Tile Height

Beam height 27.872inches 

24.84243inches

in photo

in photo 5.75inches

5.125inches


image11.emf
Ellipse Conversion

*If a source hits TWO of the armor faces, the beam experiences different smearing effects, depending on the incident angle. 

Sources needed to be split into two pieces, one for each armor side, and analyzed separately. 

Constantsin cm

beam w 4.724 12

beam h 17.323 44

Beam Linewidth height smear widthheight

inches cm

BL1 B1A 8.725 26.910 22.162 68.352

B1B 9.005 26.945 22.872 68.441

B1C1 9.398 27.109 23.870 68.857

B1C2 8.219 27.109 20.875 68.857

BL2 B2A1 18.130 26.023 46.050 66.099

B2A2 12.342 26.023 31.348 66.099

B2B 11.555 26.341 29.351 66.906

B2C 10.912 26.619 27.716 67.612

Beam Line Incidence Angle (θ) beam dimensions after diverg Remnant Width (measured)

beam w beam h width height

BL1B

1

A

68.7 10.162 33.638 10.907 33.638

B

1

B

64.7 10.176 33.682 11.256 33.682

B

1

C

1

60.7 10.244 33.886 11.747 33.886 6.739

B

1

C

2

94.3 10.244 33.886 10.273 33.886 4.236

BL2B

2

A

1

25.6

9.792 32.529 22.662 32.529 13.612

B

2

A

2

39.4 9.792 32.529 15.427 32.529 6.379

B

2

B

43.4 9.924 32.926 14.444 32.926

B

2

C

47.4 10.040 33.274 13.640 33.274

Current Beam Line

Smear Dimensions

Remnant

θ

beamw
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Heat Flux Per Tile

A

0

/A

1

HS power OD power 1 8.617E+06 2CHS + 2BOD

12345678 BL1 B1A 0.284 8.607E+06 2.152E+06 2 1.360E+07 2CHS + 2BHS

A Time (sec) B1B 0.275 8.329E+06 2.082E+06 3 8.379E+06 2COD+ 2BHS

B 0.75 B1C1 0.262 7.932E+06 1.983E+06 4 8.212E+06 2BHS + 2A2OD

C B1C2 0.299 9.070E+06 2.268E+06 5 8.617E+06 2BHS + 2A2HS

D FAULT 6 1.520E+07 2BHS + 2A2HS + 1C2OD

E q (heat flux W/m^2) BL2 B2A1 0.141 4.283E+06 1.071E+06 7 2.200E+07 2BHS + 2A2HS + 1C2HS

F 3.79E+07 B2A2 0.208 6.292E+06 1.573E+06 8 1.702E+07 2BOD + 2A2HS + 1C2HS

HotSpot (80%) B2B 0.219 6.639E+06 1.660E+06 9 1.536E+07 2A2HS + 1C2HS

3.03E+07 B2C 0.230 6.957E+06 1.739E+06 10 1.222E+07 2A1HS + 1C1HS

OuterRing(20%) 11 1.430E+07 2A1HS + 1C1HS + 1BOD

7.58E+06 12 1.460E+07 2A1HS + 1C1OD + 1BHS

13 6.366E+06 2A1HS + 1BOD

14 1.261E+07 2A1HS + 1BHS

15 9.400E+06 2A1OD + 1BHS

16 1.048E+07 1BHS + 1AOD

NBI Power to Plasma/Beam line 17 1.069E+07 1BOD + 1AHS

Pulse Length (s)Power to plasma (MW)2 NB power/source (MW) q (per source, W/m^2)

5.00 5 10 1.67 3.16E+0780 kV

4.00 5.4 10.8 1.80 3.41E+07

0.0528 3.00 6 12 2.00 3.79E+0790 kV

2.00 6.8 13.6 2.27 4.29E+07

1.50 7.5 15 2.50 4.73E+07

1.25 8.2 16.4 2.73 5.18E+07

1.00 9 18 3.00 5.68E+07110 kV

MSE power/source (MW) q (per source, W/m^2)

1.67 1.40E+07

2.00 1.90E+07

3.00 2.80E+07

(W/m^2) Overlap heat fluxes
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ALGOR results

time to 2600C 

VonMises @ 2600C 

(tbar slot) Mpa

Max Principle @ 2600 

(overall) Mpa Time to 26 Mpa

Related Max 

Principle Mpa

Temp at 26 

MPa (VM) C

1 BL

80 kV 5.05s: 1781.40 15.88 13.19x x x

90 kV 3.08s: 1581.25 16.66 12.48x x x

110 kV 1.05s: 1285.10 18.43 11.29x x x

time to 2600C 

VonMises @ 2600C 

(tbar slot) Mpa

Max Principle @ 2600 

(overall) Mpa Time to 26 Mpa

Related Max 

Principle Mpa

Temp at 26 

MPa (VM) C

2 BL

80 kV 2.44s: 2610.55C 31.91 20.021.63s: 25.90 Mpa 15.59 2083.65

90 kV 1.73s: 2616.67C 34.9 20.59.978s: 25.82 Mpa 14.47 1944.84

110 kV .740s: 2601.23 37.53 21.36.383S: 25.16 Mpa  14.77 1804
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Temp © kx ky kz Sp

0 116 116 116 711 k = thermal conductivity (W/mk)

27 116 116 116 711

127 106 106 106 975

227 95 95 95 1185

527 75 75 75 1600

1027 50 50 50 1865

1527 43 43 43 1975

2027 42 42 42 2050

2627 40 40 40 2060

3027 40 40 40 2075


image15.png
=181]

@ £ Selcton Yiow Bosis Resus Qtions [nque Diley Opions rination Kifes Toos Window o =151
[osH|8n||s8.|urstlannooacs @en|zx=8% meMnais|zvrece | [aus|reeees
[ <zrm m\‘;»HJWIﬁl@X\‘QVHJK'&’.Q‘
x
[ 1< MSE shot, 30KV > Temperature
() 20 s, me tep 13> deg C
£ 3< B0 KV. 5 seconds. time to 2600C, 7.559E +06 MW/m"2 >
E2 Urits < Metric mks (1)
g E::Ly;s e Tt Hea Tarotors 1(75?;:23
ER—
O st 1455.65
2 Pt 1292.78
o NG
Erbmtios s Sley/duies)
5y Saved Fesetatons 804.162

& HeatFlue
= Temperature
€ Filer Modules
& & Coodnate Systems
2 Global
1+ Element Local
(5] 8¢ sess, Free espansion,time step 31, 15.88VM @b, 13.13MPa ma
(5] 5¢ 30KV, 3 seconds, 30706408 MW/n°2 >
5] ¢ sess, Free espansion,tie step 22, 208 MPa v, 12.43mi>
(5] 7¢ 110KV, T seconds, 1.386E +07 Mw/m'2>
5] 5¢ sess, Free esparsion,time step 7, 1,055, 16.42 VM, 8.77 MPaMas
(5] 5¢ sess, Free esparsion,tine step 8, 1.2 5, 15,36 VM, 818 MPa Mas>
(5] 10 stres, Free expansion, tin step 12, 2.5, 25.4 VM, 16,59 MPa M
(5] T1<B0KY, two source @ overlap, e to 2600, 1.68¢ >
(5] 12 stres, Free expansion, tin step 14, 1685, 366 VM, 18.70MPa ma
(5] 13¢ stress, Free expansion, tine step 8, 965, 25.6VM, 12.67 MPamax
(5] 14< 0KV, two source @ overla, i to 2600C >
5] 15 stres, Free expansion, tin step 10, 65, 2.1 VM, 14.76 MPamax
5] 16¢ stress, Free expansion, tin step 18, 1.085, 37.88VM, 197 MPama
(5] 17< 110KV, two souce @ overlap,tine to 2500C >
5] 18¢ stres, Free expansion, tin step 13, 6755.37.16VM, 22.02MPamq
) 19¢ stress, Free expansion, tin step 10, 6755, 25,44 VM, 15.33 MPam

]

& FEAEdior @Resuts [€1Report

Ready

1 start| (@) Gmai - Inbox - kelsey.tr.. | [ Inbox - Micrasoft Outook | /] Armor Anlysis Aug 2011... | 5] stress strain curve muli .. | 1] TRESEMER 7_27_11b.x... | ] armar Cakulation docx -.. | [ @ FEMPRO v21 - [Resul

Time: 5.055
Time Step: 30 of 40
Maximum Value: 1781.39 deg C

Minimurn Value: 152.673 deg C

o000

o

oore 0114

— =

641.29

4

1] resentationt [Compati.. | £ NET Armor FOR Presenta. . | 5 Lease

)

[ i |

2 [l A5 2s0mm





image16.png
=181]

Dt SHectin Uy Ress Resks ptons e Dy Optns et Ules Tods window il ~lalx]
028k |28z usrtaenaeess Ben|zr 8w mrmnais|prroce|mns|creeee |
famrrn[sr|[+asvs v w5
[ 1<MSE shot, 80KV > | Stress
B S 3 ot O, 7SO0 e r— u von Mises
=50 4¢ sross, Foo expansion, tme stp 26, 16.16 VM 13.31 WP N/(m~2)

E2. Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@ Sice Planes
=B Presentatons
B® 1< Stess>
© Sice Planes
A favotsions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
4 Element Local
() 5¢ S0V, 3 seoonds, 32366 06MW/°2>
(5] ¢ stess,Fiee expension,lne tep 22, 208 MPa v, 12.43mx>
() 7<110KV. T seconds, 1.386E 07 MW/n2>
(£ ¢ stes,Fiee expansin,lme tep 7, 1.055, 1642VM, 377 MPa M
£ 5¢stess,Free expansion,lime step 8,125, 1536 VM, 318 MPa Max >
(£ 10¢ stess, Free expansion e sep 12, 245, 25 4VM, 16,53 MPa Mo
(5] 118KV, two surce @ ovelp,fme o 2600C. 163 >
(£ 12¢ stess, Free expansion i sep 14,1685, 35.6VM, 13.70 MPama
(£ 13 stess, Free expansion tie sep 8, 965, 256 M. 1387 MPa max>
(5] 14¢ 0KV, two sorce @ ovelp,fme (0 2600C >
(£ 15¢ stiess, Free expansion i sep 10, 65, 26 1 VM. 14.76 MPa max>
(£ 16¢ tiess, Free expansion tie sep 18, 1,085, 37.98YM. 137 MPama
(] 17 110KV, two source @ overlap, time to 2500C >
(£ 16¢ stess, Free expansion tie sep 13, 675,37 16 VM, 23,02 MPam:
15 stiess, Free expansion time sep 10, 675, 25,44 VM. 1533 MPam

| i

‘

Node # 45 ( X =
Displaced Position : X

Curzent Load Case = 1

0568417, ¥ = 0.704976,
151882,

Displacement = DX: -151882

appears.
Part: 3
Part: 3
Part: 3
Part: 3
Part: 3
Curzent

in & Element(s)
Element: 6012

Elensnt: 13758
Elenent: 18304
Elensnt: 18546
Elenent: 18549

Result Value: 15880371.49 N/(n°2)

0.0112206

)
b4

211999z

of!

Suma [re

| |

19" Include resulsfrom Hicden elerents

i Coins |

sovevates |

Specly.

e |

Maxirmurm Valle: 2.18229e+007 N(m2)

0048

o0s

Minimurn Value: 159477 N/(m*2)

& FEAEdior @Resuts [€1Report

) start| (@) Gmei - Inbox ~keley... | [ Inbo - Mirosoft Out.. | E21) Armor Anelysis Aug 20.. | K51 stress strai curve mul.. | 65 TRESEMER 7_27_t1h... | ] armor Caleeton.doc... [ FEMPRO V21 - [Resu.. K] Presentationt [Compa . | 1] PFC FOR Presentation... | £ Bl Armor FOR Presen. .. | (5 Lease

2.18229e+007
1.96566e+007
1.74902e+007
1.63239e+007
1.31575e+007
1.09912e+007
8.82485e+006
6.6585e+006
4.49216e+006
2.32582e+006
159477

4

[ i |

2 [ Aty 2P





image17.png
=181]

Dt SHectin Uy Ress Resks ptons e Dy Optns et Ules Tods window il JETRY
[osH|8n||28.e|uristennooass Ben|sx=8%|weMnais|zprece | [aus|reeees
[o azrwrnzph+otm |8y |[~5a5a
[ 1<MSE shot, 80KV > | Stress
B S 3 ot O, 7SO0 Maximum|Brincipal
B 4¢ sres, Fow expansion, time sep 25, 16.16 VM 13.31 WP Ni(m"2)

E2. Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@ Sice Planes
=B Presentatons
B® 1< Stess>
© Sice Planes
A favotsions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
4 Element Local
() 5¢ S0V, 3 seoonds, 32366 06MW/°2>
(5] ¢ stess,Fiee expension,lne tep 22, 208 MPa v, 12.43mx>
() 7<110KV. T seconds, 1.386E 07 MW/n2>
(£ ¢ stes,Fiee expansin,lme tep 7, 1.055, 1642VM, 377 MPa M
£ 5¢stess,Free expansion,lime step 8,125, 1536 VM, 318 MPa Max >
(£ 10¢ stess, Free expansion e sep 12, 245, 25 4VM, 16,53 MPa Mo
(5] 118KV, two surce @ ovelp,fme o 2600C. 163 >
(£ 12¢ stess, Free expansion i sep 14,1685, 35.6VM, 13.70 MPama
(£ 13 stess, Free expansion tie sep 8, 965, 256 M. 1387 MPa max>
(5] 14¢ 0KV, two sorce @ ovelp,fme (0 2600C >
(£ 15¢ stiess, Free expansion i sep 10, 65, 26 1 VM. 14.76 MPa max>
(£ 16¢ tiess, Free expansion tie sep 18, 1,085, 37.98YM. 137 MPama
(] 17 110KV, two source @ overlap, time to 2500C >
(£ 16¢ stess, Free expansion tie sep 13, 675,37 16 VM, 23,02 MPam:
15 stiess, Free expansion time sep 10, 675, 25,44 VM. 1533 MPam

& FEAEdior @Resuts [€1Report

1.31868e+007
1.10364e+007
8.886e+006
6.73559e+006
4.58519e+006
2.43478e+006
284379
-1.86603e+006
-4.01643e+006
-6.16683e+006
-8.31724e+006

Load Case: 1 of 1
Maxirmurm Valle: 1.31868e+007 N(2)

Minimum Value: -8.31724e+006 N/(m*2)

12 start| (@) Gmai - Inbox - kelsey.tr... | [ Inbox - Mirasoft Outook | K5/ Armor Analyss Aug 2011... | K51 stress strain curve muli

o000

0048 n o0s 0134 z

| 50 TRESEMER 7_27_11b.d... | 1) Armor Calcuation.docx -,

I [ o |

2 [ A5 2eemm

& FEMPRO V21 - [Result... 4] Presentationt [Compatis.. | (5 Lease |





image18.png
=181]

@ e Et selecton Yow Resuks Resuks gptons [naure Dsply Opbions_nnation Lles Tods Widow el =181
[osH|8n||s8.|urstlannooacs @en|zx=8% meMnais|zvrece | [aus|reeees
(watrmwgr [ca00@ |87 [[ansia
x
[ 1< MSE shot, 30KV > Temperature
() 20 stes, me step 13> deg C
(] 3¢ BOKY, 5 seconds, time to 2600C, 7.559E +06 Mw//m"2 >
R 5 S et STOE A Wy 2
2 Unks < Wetio ks 5> 1431.45
& E /;::Lysws Type < Transient Heat Transfer > 1281.64
® 3 Unmaned> 1131.84
(4 et iy
S8 1< Tempersue» 832,224

© Sice Planes
A favotsions
Embedded Presentaons

-3y Saved Presentatons

= Heat Flux

= Temperature

€ Fiter Modules

& Coordinae Systems

2 Gkl

1+ Element Local
(5 ¢ stess,Free expansion,lme step 22, 208 MPa v, 12.43me>
(5 7< 110KV, T seconds, 1.366E 407 M/2>
(5 8¢ stess,Free expansion,lme step 7 1.055, T642VM, 977 MPa M
(5] 8¢ stess,Free expansin,lme step 8,125, 15 36 VM, 818 MPa Ma >
(5 10¢ stess, Free eupansion tie sep 12, 245, 25.4VM, 16,59 HPa M
(5] 11< 80KV, two saurce @ avelp,me 1o 2600C. 168>
(5 12¢ stess, Free eupansion tie sep 14, 1.685, 8.6V, 1870 MPama
(5] 13¢ stess, Free expansion tie sep 6, 965, 256YM, 1387 MPa ma>
(51 14 0KV, two surce @ ovelp, lne o 2600 >
(5 15¢ stess, Free eupansion tie sep 10,.65, 26,1 YN, 14.76 MPa ma>
(3 16¢ tiess, Free eupansion tie sep 18, 1,085, 37.88YM, 197 MPama
(5 17 10KV, wo source @ ovelap, e to 2800C >
(53 18¢ stess, Free expansion tie sep 13,.6755.3716 VM, 23,02 MPam:
(3 15¢ stess, Free eupansion tie step 10, 6755, 25,44V, 1533 MPam

]

& FEAEdior @Resuts [€1Report

Ready

1@ start| (@) Jessica says...- Mozl Fi... | [ Inbox - Mirasoft Outook | K5/ Avmor Anlysis fug 2011... | 1) stress strain curve muli .. | 1] TRESEMER 7_27_11b.x... | ] armar Calulation docx -.. | [ @ FEMPRO v21 - [Resul

Time: 3.085
Time Step: 22 of 35
Maximum Value: 1581.25 deg C

Minimurn Value: 83.194 deg C

o000

o

oore 0114

— =

682.418
532.612

4

1] resentationt [Compati.. | £ NET Armor FOR Presenta. . | 5 Lease

)

[ i |

2 [l A5 2s0mm





image19.png
tress]]

D Ele Edt selection Vew Resuls Resuls Options Inquire Display Options Animstion Utities Tooks Window Help

=181]
=8|

J

0=2H|8k |8z usataenatess Ben

[2==eln]cmemnais|zprece||ans

[recas]

J

[ 1<MSE shol 0KV >
(] 2¢stess, ime tep 13>
(5] 3¢ B0V, 5 seoonds, time to 2500C, 7 559 +06 MW/"2>
(5] 4 stes, Free expansin, lme step 31, 1588 VM @ibar, 131 MPa ma
() 5¢ 0KV, 3seoonds, 3070605 MW/m2 >
- 6 stress. Free expansion, time step 22. 20.8 MPa vm. 12.4%
E2. Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@ Sice Planes
=B Presentatons
B® 1< Stess>
© Sice Planes
A favotsions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
s Element Local
() 7< 110KV, T seconds, 1.386E+07 MW/"2>
(£ ¢ stes,Fiee expansin,lme tep 7, 1.055, 1642VM, 377 MPa M
£ 5¢stess,Free expansion,lime step 8,125, 1536 VM, 318 MPa Max >
(£ 10¢ stess, Free expansion e sep 12, 245, 25 4VM, 16,53 MPa Mo
(5] 118KV, two surce @ ovelp,fme o 2600C. 163 >
(£ 12¢ stess, Free expansion i sep 14,1685, 35.6VM, 13.70 MPama
(£ 13 stess, Free expansion tie sep 8, 965, 256 M. 1387 MPa max>
(5] 14¢ 0KV, two sorce @ ovelp,fme (0 2600C >
(£ 15¢ stiess, Free expansion i sep 10, 65, 26 1 VM. 14.76 MPa max>
(£ 16¢ tiess, Free expansion tie sep 18, 1,085, 37.98YM. 137 MPama
(] 17 110KV, two source @ overlap, time to 2500C >
(£ 16¢ stess, Free expansion tie sep 13, 675,37 16 VM, 23,02 MPam:
15 stiess, Free expansion time sep 10, 675, 25,44 VM. 1533 MPam

I

& FEAEdior @Resuts [€1Report

12 start| (@) Secand Hand - The Awes... | [ Inbox - Micrasoft Outlook_| 5/ Armor Analyss Aug 2011... | 551 stress strain curve muli

famrrn[sr|[+asvs v w5
x|

Curzent Load Case = 1

Node # 45 ( X = —0.568417, ¥ = 0.704976, Z = 0.0
Displaced Position : X = -151882, Y = -i5i

appears in 5 Elenent(s)

Part: 3 Element: 6013

Part: 3 Elenent: 13758

Part: 3 Elenent: 18304

Part: 3 Elenent: 18546

Part: 3 Elenent: 18549

Curzent Result Value: 16664339.22 N/(n"2)

‘ |

Displacement = DX: -151882, DY: ~15833, DZ: -1.999%

112206 )
8323, 7

of!

Sumay: [iors =
¥ Include resils from hidden elements

| | Srecs || Hob

| e |

Load Case: 10f 1

Maxirmurm Vale: 2.11592e+007 Nm2)
as0 000 n

08 0121

Minimurn Value: 111404 N(m2)

| 5 TReSEMER 7_27 _11b.d.. | 5] Armor Calclation.docx -.. |

Stress
von Mises

Ni(m*2)
2.11592e+007
1.90544e+007
1.69496e+007
1.48449e+007
1.27401e+007
1.06353e+007
8.53053e+006
6.42575e+006
4.32097e+006
2.21618e+006
111404

Z

1] resentationt [Compati.. | £ NET Armor FOR Presenta. . | 5 Lease

)

[ i |

2 [l Kig anzem





image20.png
=181]

Dt SHectin Uy Ress Resks ptons e Dy Optns et Ules Tods window il JETRY
[osH|8n||28.e|uristennooass Ben|sx=8%|weMnais|zprece | [aus|reeees
[o azrwrnzph+otm |8y |[~5a5a
[ 1<MSE shot, 80KV > | Stress
B S 3 ot O, 7SS M2 Maximum|Brincipal
D 4¢ s, Free e, e sep 31, 15.60M @, 1319MPa ma Ni(m"2)

() 5¢ 0KV, 3seoonds, 3070605 MW/m2 >
- 6 stress. Free expansion, time step 22. 20.8 MPa vm. 12.4%
E2. Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@) Sice Plnes
=B Presentatons
B® 1< Stess>
© Sice Planes
A favotsions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
s Element Local
() 7< 110KV, T seconds, 1.386E+07 MW/"2>
(£ ¢ stes,Fiee expansin,lme tep 7, 1.055, 1642VM, 377 MPa M
£ 5¢stess,Free expansion,lime step 8,125, 1536 VM, 318 MPa Max >
(£ 10¢ stess, Free expansion e sep 12, 245, 25 4VM, 16,53 MPa Mo
(5] 118KV, two surce @ ovelp,fme o 2600C. 163 >
(£ 12¢ stess, Free expansion i sep 14,1685, 35.6VM, 13.70 MPama
(£ 13 stess, Free expansion tie sep 8, 965, 256 M. 1387 MPa max>
(5] 14¢ 0KV, two sorce @ ovelp,fme (0 2600C >
(£ 15¢ stiess, Free expansion i sep 10, 65, 26 1 VM. 14.76 MPa max>
(£ 16¢ tiess, Free expansion tie sep 18, 1,085, 37.98YM. 137 MPama
(] 17 110KV, two source @ overlap, time to 2500C >
(£ 16¢ stess, Free expansion tie sep 13, 675,37 16 VM, 23,02 MPam:
15 stiess, Free expansion time sep 10, 675, 25,44 VM. 1533 MPam

Load Case: 10f 1

Maxirmum Value: 1.24801e+007 N{2)

I

Minimur Value: -6.98166e+006 N/(m-2)

& FEAEdior @Resuts [€1Report

12 start| (@) Secand Hand - The Awes... | [ Inbox - Micrasoft Outlook_| 5/ Armor Analyss Aug 2011... | 551 stress strain curve muli

o000

0040 n

08 0121

| 50 TRESEMER 7_27_11b.d... | 1) Armor Calcuation.docx -,

& FEMPRO V21 - [Result.

1.24801e+007
1.05339e+007
8.58777e+006
6.64159e+006
4.69541e+006
2.74923e+006
803052
-1.14313e+006
-3.08931e+006
-5.03548e+006
-6.98166e+006

1] resentationt [Compati.. | £ NET Armor FOR Presenta. . | 5 Lease

[
2 [l Kig anzem





image21.png
=181]

i et SHectin Uy Resks Resks ptons e Dy Optns et s Tods window il JETRY
[osH|8n||s8.|urstlannooacs @en|zx=8% meMnais|zvrece | [aus|reeees
(watrmwgr [ca00@ |87 [[ansia
=
[ 1< MSE shot, 30KV > Temperature
() 20 stes, me step 13> deg C
(] 3¢ BOKY, 5 seconds, time to 2600C, 7.559E +06 Mw//m"2 >
[ 4 stress, Free expansion, time step 31, ar, 'ama
3 b e e W e e 1265.1
D ¢ s, o e, e sep 2, 208 MPa v, 123> 1159.1
7<TI0RY. 1 soconds, 1.361E+07 MW/m'2
= L{ Units < Metic mks (1) > ? 1033.09
[2] Anabsis Type < Transient Heat Transfer> 907.085
OB R s 8108
) Sice Planes 655.075

5B Presentatons
50 1< Temperatre>

@ Sios Plnes
A bovatsions
Enbeced Presentaons
-3y Saved Presentatons

= Heat Flux

= Temperature

€ FiterModudes

& Coordinae Systems

2 Gkl

2 ElementLocal
(53 ¢ stess,Free expansion,lme step 7, 1,055, T642VM, 377 MPa M
(5] 8¢ stess,Free expansin,lme step 8,125, 15 36 VM, 818 MPa Ma >
(5 10¢ stess, Free eupansion tie sep 12, 245, 25.4VM, 16,59 HPa M
(5] 11< 80KV, two saurce @ avelp,me 1o 2600C. 168>
(5 12¢ stess, Free eupansion tie sep 14, 1.685, 8.6V, 1870 MPama
(5] 13¢ stess, Free expansion tie sep 6, 965, 256YM, 1387 MPa ma>
(51 14 0KV, two surce @ ovelp, lne o 2600 >
(5 15¢ stess, Free eupansion tie sep 10,.65, 26,1 YN, 14.76 MPa ma>
(3 16¢ tiess, Free eupansion tie sep 18, 1,085, 37.88YM, 197 MPama
(5 17 10KV, wo source @ ovelap, e to 2800C >
(53 18¢ stess, Free expansion tie sep 13,.6755.3716 VM, 23,02 MPam:
(3 15¢ stess, Free eupansion tie step 10, 6755, 25,44V, 1533 MPam

]

& FEAEdior @Resuts [€1Report

Ready

Time: 1.055
Time Step: 14 of 25
Maximum Value: 1285.1 deg C

Minimurn VValue: 25.0493 deg C

1 start| (@) Google Reader (1) Moal.. | [ Inbox - Micrasoft Outlook | /] Armor Analyss Aug 2011... | 551 stress strain curve muli

o000 o

077 o1

| 5 TReSEMER 7_27 _11b.d.. | 5] Armor Calclation.docx -.. |

1] resentationt [Compati.. | £ NET Armor FOR Presenta. . | 5 Lease

[ i |

2 [ Ky awem

)





image22.png
tress]]

D Ele Edt selection Vew Resuls Resuls Options Inquire Display Options Animstion Utities Tooks Window Help

=181]
=8|

J

0=2H|8k |8z usataenatess Ben

[z==eln]+mrvmais|zpre ce|[ans-ecee]

J

[ 1<MSE shol 0KV >
(] 2¢stess, ime tep 13>
(5] 3¢ B0V, 5 seoonds, time to 2500C, 7 559 +06 MW/"2>
(5] 4 stes, Free expansin, lme step 31, 1588 VM @ibar, 131 MPa ma
(] 5¢ 0KV, 3 seoonds, A 070E05 MW/ 2>
(5] ¢ stess, Fiec xpansin,me tep 23, 16,67 MPa v, 12.48 mx>
(9 7<110KV. T seconds, 1. 361E+07 M/n2>
[ 8¢ stress. Free expansion, fime step 7. 1.05s. 16.42 VM. 97
E2. Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@ Sice Planes
=B Presentatons
B® 1< Stess>
© Sice Planes
A smotaions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
1+ Element Local
(£ 5¢stes,Free expansion, fme step 8,125, 1536 VM, 818 MPa Max >
(£ 10¢ stess, Free expansion e sep 12, 245, 25 4VM, 16,53 MPa Mo
(5] 118KV, two surce @ ovelp,fme o 2600C. 163 >
(£ 12¢ stess, Free expansion i sep 14,1685, 35.6VM, 13.70 MPama
(£ 13 stess, Free expansion tie sep 8, 965, 256 M. 1387 MPa max>
(5] 14¢ 0KV, two sorce @ ovelp,fme (0 2600C >
(£ 15¢ stiess, Free expansion i sep 10, 65, 26 1 VM. 14.76 MPa max>
(£ 16¢ tiess, Free expansion tie sep 18, 1,085, 37.98YM. 137 MPama
(] 17 110KV, two source @ overlap, time to 2500C >
(£ 16¢ stess, Free expansion tie sep 13, 675,37 16 VM, 23,02 MPam:
15 stiess, Free expansion time sep 10, 675, 25,44 VM. 1533 MPam

L | L]

& FEAEdior @Resuts [€1Report

12 start| (@) Gmai - Conor Thomas ad... | [ Inbox - Mirasoft Outlook | 5/ Avmor Analyss Aug 2011... | 5] stress strain curve muli

famrrn[sr|[+asvs v w5
x|

Load Case: 1 of 1
Maxirmum Valle: 2.1357e+007 N/(m-2)

Minimurn Value: 78516.5 N/(m?2)

Curzent Load Case = 1

Displaced Position : X = -151882, Y
Displacement = DX: -151882, DY: ~15833
appears in 5 Elenent(s)

Part: 3 Element: 6013

Part: 3 Elenent: 13758

Part: 3 Elenent: 18304

Part: 3 Elenent: 18546

Part: 3 Elenent: 18549

Curzent Result Value: 18425672.2 N/(n°2)

‘ |

DZ

Node # 45 ( X = —0.568417, ¥ = 0.704976, Z = 00112206 )
-15832.3. Z

211999z

of!

Sumay: [iors =
¥ Include resils from hidden elements

| | Srecs || Hob

e |

o000 0048 n

| 5 TReSEMER 7_27 _11b.d.. | 5] Armor Calclation.docx -.. |

Stress
von Mises

Ni(m*2)
2.1357e+007
1.92292e+007
1.71013e+007
1.49735e+007
1.28456e+007
1.07178e+007
8.58993e+006
6.46207e+006
4.33422e+006
2.20637e+006
78516.5

ooz 0134 z
[ ca [om [
1] resentationt [Compati.. | £ NET Armor FOR Presenta. . | 5 Lease | 0|7 [« K75 zaeem





image23.png
=181]

Dt SHectin Uy Ress Resks ptons e Dy Optns et Ules Tods window il JETRY
[osH|8n||28.e|uristennooass Ben|sx=8%|weMnais|zprece | [aus|reeees
[o azrwrnzph+otm |8y |[~5a5a
[ 1<MSE shot, 80KV > | Stress
B S 3 ot O, 7SS M2 Maximum|Brincipal
D 4¢ s, Free e, e sep 31, 15.60M @, 1319MPa ma Ni(m"2)

(] 5¢ 0KV, 3 seoonds, A 070E05 MW/ 2>
(5] ¢ stess, Fiec xpansin,me tep 23, 16,67 MPa v, 12.48 mx>
(9 7<110KV. T seconds, 1. 361E+07 M/n2>
[ 8¢ stress. Free expansion, fime step 7. 1.05s. 16.42 VM. 97
E2. Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@ Sice Planes
=B Presentatons
B® 1< Stess>
© Sice Planes
A favotsions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
1+ Element Local
(£ 5¢stes,Free expansion, fme step 8,125, 1536 VM, 818 MPa Max >
(£ 10¢ stess, Free expansion e sep 12, 245, 25 4VM, 16,53 MPa Mo
(5] 118KV, two surce @ ovelp,fme o 2600C. 163 >
(£ 12¢ stess, Free expansion i sep 14,1685, 35.6VM, 13.70 MPama
(£ 13 stess, Free expansion tie sep 8, 965, 256 M. 1387 MPa max>
(5] 14¢ 0KV, two sorce @ ovelp,fme (0 2600C >
(£ 15¢ stiess, Free expansion i sep 10, 65, 26 1 VM. 14.76 MPa max>
(£ 16¢ tiess, Free expansion tie sep 18, 1,085, 37.98YM. 137 MPama
(] 17 110KV, two source @ overlap, time to 2500C >
(£ 16¢ stess, Free expansion tie sep 13, 675,37 16 VM, 23,02 MPam:
15 stiess, Free expansion time sep 10, 675, 25,44 VM. 1533 MPam

L |

& FEAEdior @Resuts [€1Report

12 start| (@) Gmai - Conor Thomas ad... | [ Inbox - Mirasoft Outlook | 5/ Avmor Analyss Aug 2011... | 5] stress strain curve muli

1.12887e+007
9.72454e+006
8.16037e+006
6.5962e+006
5.03202e+006
3.46785e+006
1.90367e+006
339498
-1.22468e+006
-2.78885e+006
-4.35303e+006

Load Case: 10f 1

Maxirmurm Value: 1.12887e+007 Nm2)

oo 0015 n oos0 0.3
Minimum Value: -4 35303e+006 NA(m*2) Z
T [cap fum |
| £ TResEMER 7 27 11b.xl.. | ) Armor Calcuation docs ... || FEMPRO V21 - [Result... K] resentationt [Compti... | & NBI Armr FOR Present . | (5 Lease | 0|2 [« %15 wmeem





image24.png
ssm : Temperature]]

e Edit Selection View Results ResulsOptions Inquire Display Options Animation Utiities Tools Window Help =18 x|
[osH|8n||s8.|urstlannooacs @en|zx=8% meMnais|zvrece | [aus|reeees
[ <zrm m\‘;»HJWIﬁl@X\‘QVHJK'&’.Q‘
x|

[ 1< MSE shot, 30KV > Temperature
() 2¢ stess time step 13> deg C
(5] 3¢ 80KV, 5 seconds,tie to 2500C, 7.550E 406 MWw/m'2>
(5] 4 sess, Free esparsion,time step 3, 15.88VM @, 13.13MPa ma
(5] 5¢ 30KV, 3 seconds, B.070E+08 MW/m°2> 261055
[E) 6¢ stress, Fiee expansion, tine step 23, 16,67 MPa vm, 1248 mx > 2356.18
(5] 7¢ 110KV, T seconds, 1.361E+07 Mw/m'2>
(£ 8¢ stes,Free expansin, lme step 15,1255, 18.43VM, 1,28 MPa e 2101.82
& [31 11< 80 kY. two source @ overlap, time to 2600, 2.44s > 1847.45
E2 Units < Metic mks (31] >
(51 Anlpsis Type < Transient Heal Transter> 1593.09
IS 1338.72

1084.36
829.99
575.625
321.26
66.8946

Sice Planes
5B Presentatons

50 1< Temperatre>
@ Sios Plnes
A bovatsions
Enbeced Presentaons
-3y Saved Presentatons

= Heat Flux
= Temperature

€ FiterModudes
& Coordinae Systems

2 Gkl

2 ElementLocal
124 Sess, Fee expansion, ime slep 24, 245, 3,31 VM, 2003 MPam
13¢ e, Freeexparsio,tme tep 5, 965, 25 6VM, 1387 MPamas »
14¢ S0V, wo source @ overap ime 1o 2800C >
15¢ sess Fee expansion, ime <12p 10, B, 28.1 VM, 1476 MPa mas
16¢ stess Fee expansion, ime slep 18, 1,085, 37.88VM, 197 MPa mal
17 TOKY, two scurce @ overlap, i to 2600C >
18¢ sess, Fee expansion, ime slep 13, 6755, 37.18 VM, 2302 MPa m
19 sess Fee expansion, ime slep 10, 6755, 2544 VM, 15,93 HPami

i

Time: 244 5

Time Step: 24 of 35

Maximum Value: 2610.55 deg C
| oo 00z n ooss 0.25
Minimum Value: 66 8346 deg C z

& FEAEdior @Resuts [€1Report

T [cap fum |
12 start| (@) Gmai-Next Week's .. | [ Inbox - Micrasoft Outlook | /] Avmor Analyss Aug 2011... | 51 stress strain curve mut .. | 15 TRESEMER_7_27_11b.xl.. | 1) armor Calclation.docx -.. | [ FEMPRO v21 - [Result... 1] Presentationt [Compatis... | 51] NBI armor FOR Presenta. . | (5 Lease | 2 [« %<5 ausPm





image25.png
=181]

@l sokction Y Gesus Resuks Cotons {pure Dy Opens nnain Likies oo oyt TR
[osH|8n||28.e|uristennooass Ben|sx=8%|weMnais|zprece | [aus|reeees
[o azrwrnzph+otm |8y |[~5a5a
[ 1<MSE shot, 80KV > | Stress
S . firaureinesuns von Mises
v s o e 1 TS o, 113 Nim"2)

53KV, 3 seconds, 907006 MW/n2>
5 stess. Fiee capansion i step 23,16 67 MFa vm, 12.48 me >
7CTIOKV. T seconds, 1 3516407 /2>
8 tess, Fee cxpansion tim step 16, 1,25, 18.43VM. 11.28 MPa M
(] 11<B0KV. two sorce @ ovep,fme o 2600C. 2.4 >
B 12¢ stess. Free expansion. time step 24, 2 44s. 36.6 VM. 1
E2 Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@ Sice Planes
=B Presentatons
B® 1< Stess>
© Sice Planes
A favotsions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
1+ Element Local
(£ 13¢ stess, Free expansion e sep 6, 965, 256 VM. 1387 MPa max>
(5] 14¢ 0KV, two sorce @ ovelp,fme (0 2600C >
(£ 15¢ stiess, Free expansion i sep 10, 65, 26 1 VM. 14.76 MPa max>
(£ 16¢ tiess, Free expansion tie sep 18, 1,085, 37.98YM. 137 MPama
(] 17 110KV, two source @ overlap, time to 2500C >
(£ 16¢ stess, Free expansion tie sep 13, 675,37 16 VM, 23,02 MPam:
15 stiess, Free expansion time sep 10, 675, 25,44 VM. 1533 MPam

i i

|

& FEAEdior @Resuts [€1Report

Load Case: 1of

Maxirmurm Valle: 3.95004e+007 N(m2)

Minimurn Value: 173286 N/(m*2)

12 start| (@) Gmail-Next Week's Sh.. | [ Inbox - Micrasoft Outlook_| /] Avmor Analyss Aug 2011... | 551 stress strain curve muli

urrent Load Case = 1

Node # 45 ( X = —0.568417, ¥ = 0.704976, Z
Displaced Position : X = -151882, Y
Displacement = DX: -151882, DY: ~15833, DZ
appears in 5 Elenent(s)

Part: 3 Element: 6013

Part: 3 Elenent: 13758
Part: 3 Elenent: 18304
Part: 3 Elenent: 18546
Part: 3 Elenent: 18549
Curzent Result Value: 3191372506 N/(n"2)

‘ |

-0.0112206 )
-15832.3. Z -

211999z

Sumay: [iors =
¥ Include resils from hidden elements

| | Srecs || Hob

Close.

o000 0040 n

08

| 50 TRESEMER 7_27_11b.d... | 1) Armor Calcuation.docx -,

0121

3.95004e+007
3.55677e+007
3.16349e+007
2.77022e+007
2.37695e+007
1.98368e+007
1.59041e+007
1.19714e+007
8.0387e+006
4.10599e+006
173286

y 4

& FEMPRO 21 - [Result... 5] Presentationt [Compati... | £5/] NBI Armar FOR Presenta... | (5 Lease

[cap fum |

2 [ KiG swm

)





image26.png
=181]

Dt SHectin Uy Ress Resks ptons e Dy Optns et Ules Tods window il JETRY
[osH|8n||28.|uristlenneoascs @em|sx=8%| - aMnais|zvrece | [aus|reeees
[o azrwrnzph+otm |8y |[~5a5a
x|
[ 1<MSE shot, 80KV > Stress
() 20 stes, me step 13> Maximum Principal
(] 3¢ BOKY, 5 seconds, time to 2600C, 7.559E +06 Mw//m"2 > b
D 4¢ s, Free e, e sep 31, 15.60M @, 1319MPa ma Ni(m"2)
[ 5¢ 90KV, 3 seconds, 9.070E +06 Mw//m"2 >
D ¢ s, e evpanin, e ep 23, 1667 MPa v, 12485 2.00258e+007
[ 7< 110KV, 1 seconds, 1.361E+07 Mw/m"2>
[ 8¢ stiess, Free expansion, time step 15, 1.255, 18.43VM, 11.28 MPa Mz 1.69208e+007
D T1<E0KY, o sunce © v, i 1 600, 244> 1.38158e+007
=8 E“?f(u:z:t:r}:::m::r[‘sa\r:m"' time step 24, 2.44s, 31.91 VM, £ 1.07107e+007
[5) Anslsis Type < Static Stess with Linear Mateial Models > 7.60568e+006
N
[ TT—
Sion Plnes

&8 Presentatons
B0 1cStess>
© Sice Planes
A favotsions
Embedded Presentaons
53y Saved Presentatons
2 Deformed Shape
=y Displacement
= Stain
= Stiess
€ Fite Modules
& Coordinae Systems
2 Global
1+ Element Local
13¢ stess, Fee expansion time step 16, 965, 25.30VM, 15,59 MPa ma
14¢ S0V, wo source @ overap ime 1o 2800C >
15¢ stess, Fee expansion time step 10, 62, 28.1 VM, 14.76 MPa mas >
16¢ stess, Fee expansion time step 18, 1.085, 3788 YM, 197 MPama
17¢ 110KV, o saunce @ overep, ime to 2800C >
18¢ stess, Fee expansion lime step 13,.6755,37.16 VM, 23,02 MPa m:
193¢ stess, Fee expansion time step 10, 6755, 25.44 VM, 15.93 MPam

i i

L | L]

& FEAEdior @Resuts [€1Report

Load Case: 1 of 1
Maxirmurm Value: 2.00258e+007 Nm2)

Minimum Value: -1.10245e+007 N/(m-2)

12 start| (@) Gmai - Inbox - kelsey.tr... | [ Inbox - Mirasoft Outook | K5/ Armor Analyss Aug 2011... | K51 stress strain curve muli

o000 o037 n

o7 0112

| 5 TReSEMER 7_27 _11b.d.. | 5] Armor Calclation.docx -.. |

& FEMPRO V21 - [Result...

1] resentationt [Compati.. | £ NET Armor FOR Presenta. . | 5 Lease

[ i |

2 [« K5 asem

)





image27.png
=181]

D Ele Edt selection Vew Resuls Resuls Options Inquire Display Options Animstion Utities Tooks Window Help

18]
[osH|8n||s8.|urstlannooacs @en|zx=8% meMnais|zvrece | [aus|reeees
Ju<w>um\1~»‘ﬂf b VHJ’:’“‘Q‘

[ 1< MEE shot, 30K | Temperature

£ 2¢stess, me tep 13> deg C

(] 3¢ BOKY, 5 seconds, time to 2600C, 7.559E +06 Mw//m"2 >

B s s SuE oy e 208365

(B 6< stress, Free expansion, time step 23, 16.67 MPa vm, 12.48 ms >
v o i, 8 5 2 16,990,126 P ‘ ‘ ‘ “\\ \\

879.07
eliaho

E2 Units < Metii ks (51) > \
] Anabsis Type < Tensient Heal Transter > ‘ “

I w‘ | {1
i , i W \l\\\lu.m i

Sioe Planes
5B Presentatons
5 1< Temperatue>
© Sice Planes
A favotsions
D Enbedied Preseniations
-3y Saved Presentatons
= Heat Flux
= Temperature
€ Fiter Modules
& Coordinae Systems
2 Global
1+ Element Local
(51 12 stress, Free expansion, tin step 24, 2,445, 31.91 VM, 2003 MParm
(5 13¢ stess, Free expansion tie sep 16, 96z, 25.90VM, 1553 MPama
(51 14 0KV, two surce @ ovelp, lme 1o 2600 >
(5 15¢ stess, Free eupansion tie sep 10,.65, 26,1 YN, 14.76 MPa ma>
5] 16¢ stress, Free expansion, tin step 18, 1.085, 37.88VM, 197 MPama
(5 17 10KV, wo source @ ovelap, e to 2800C >
(53 18¢ stess, Free expansion tie sep 13,.6755.3716 VM, 23,02 MPam:
(3 15¢ stess, Free eupansion tie step 10, 6755, 25,44V, 1533 MPam

Time: 162667 5

Time Step: 16 of 35

Maximum Value: 2083 65 deg C V
00 e o oors o112
Ll | Minimum Value: 378682 deg
Y FEAEditor @Resutts [€]Report
Ready

I [ o |

& FEMPRO V21 - [Resul... &/ Presentationt [Compatis... | 1] NBI Armor FOR Presenta... | (5 Lease 2 [« K5 ssrem

) start| (@) tessica says.. - ozl Fi... | [ Inbox - Microsoft Outlook | /) Armor Analyss Aug 2011 .. | 5] stress strain curve mul . | /) TRESEMER 7_27 11, | ] Armor Calulaion.docx -





image28.png
=181]

@t £ seection Yo Besls Rsuks Qotons ko Dily Oplons.inain Lk Tods ot JREDY
[osH|8n||28.|uristlenneoascs @em|sx=8%| - aMnais|zvrece | [aus|reeees
[o azrwrnzph+otm |8y |[~5a5a
[ 1< MSE shot, 30KV > | Stress
SR ot et 50 7 W2 e —— Fl von Mises
st e cxpnon, tne e 1. 1565 VM Gl 1313MPaima N/(m*2)

53KV, 3 seconds, 907006 MW/n2>
5 stess. Fiee capansion i step 23,16 67 MFa vm, 12.48 me >
7CTIOKV. T seconds, 1 3516407 /2>
8 tess, Fee cxpansion tim step 16, 1,25, 18.43VM. 11.28 MPa M
(5] 11<B0KV, two sorce @ ovelp,fme o 2600, 244>
£ 12¢ stess, Free expansion tie step 24, 2445, 31.91 YW, 2003 MPa m
- 13¢ stess. Fre expansion, time step 8. 96s. 25,6 VM. 138
E2 Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@ Sice Planes
=B Presentatons
B® 1< Stess>
© Sice Planes
A smotaions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
s Element Local
(5] 14¢ 0KV, two sorce @ ovep,fme (0 2600C >
(£ 15¢ stiess, Free expansion i sep 10, 65, 26 1 VM. 14.76 MPa max>
(£ 16¢ tiess, Free expansion tie sep 18, 1,085, 37.98YM. 137 MPama
(] 17 110KV, two source @ overlap, time to 2500C >
(£ 16¢ stess, Free expansion tie sep 13, 675,37 16 VM, 23,02 MPam:
15 stiess, Free expansion time sep 10, 675, 25,44 VM. 1533 MPam

i i

| L]

& FEAEdior @Resuts [€1Report

Time: Not Available

Time Step: 1 of 1

Minimum Value: 137242 N/(m*2)

1 start| (@) Jessica says...- Mozl Fi...| [ Inbox - Mirasoft Outlook | 5/ Avmor Analyss Aug 2011... | 5] stress strain curve muli

| 5 TReSEMER 7_27 _11b.d.. | 5] Armor Calclation.docx -.. |

urrent Load Case = 1

Node # 45 ( X = —0.568417. ¥ = 0.704976
Displaced Position : X = -15188:
Displacement = DX: -151882, DY
appears in 5 Elenent(s)

z

v
5

= -0.0112206 )
-15832.3. Z -
833, DZ: ~11399:

BERETS Hlemente1s
Bnt 3 Elonent 13760
It 3 Elonent. ios0d
Rt 3 Elonent iones
Bt 3 Elonent 1oais
Current Result Value: 25897656.1 N/(n"2)
. |
Sumay: [iors =

19" Include resulsfrom Hicden elerents

| | =]

Help Close.

Maximum Value: 3.38155e+007 N/(m*2)

o000 003

n o7

3.38155e+007
3.04477e+007
2.70799e+007
2.3712e+007
2.03442e+007
1.69764e+007
1.36086e+007
1.02407e+007
6.8729e+006
3.50507e+006
137242

= z

& FEMPRO V21 - [Result... ] Presentationt [Compatib.. | 1] N8I Armor FOR presenta... | (£ Lease |

I [ o |

2 [« %5 smm





image29.png
sm : Stress]]

e Edit Selection View Results ResulsOptions Inquire Display Options Animation Utiities Tools Window Help =181 %]
[osH|8n||28.|uristlenneoascs @em|sx=8%| - aMnais|zvrece | [aus|reeees
[o azrwrnzph+otm |8y |[~5a5a
T<MSE shot, S0KV > | Stress
5RO 5t 80 7B OS2 Maximum|Brincipal
¢t Free e, tne s 21,1556V G, 1315 WPar Ni(m"2)

53KV, 3 seconds, 907006 MW/n2>
5 stess. Fiee capansion i step 23,16 67 MFa vm, 12.48 me >
7CTIOKV. T seconds, 1 3516407 /2>
8 tess, Fee cxpansion tim step 16, 1,25, 18.43VM. 11.28 MPa M
T1<BOKY, two source @ overap, i [o J500C, 2445 >
12 sttss, Fee expansion,time step 24,2 45, 31.91 VM, 2003 MParm,
- 13¢ stess. Fre expansion, time step 8. 96s. 25,6 VM. 138
E2 Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
Sioe Planes
=B Presentatons
B® 1< Stess>
© Sice Planes
A favotsions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
s Element Local
14< 0KV, two source @ overep, time o 2600C >
15 stess, Fee expansion, time step 10, 65,261 VM, 1476 MPa max
16 sttss, Fee expansion, time step 15.1.095, 37 8VM, 197 MPa ma)
17¢ 110KV, o saunce @ overep, ime to 2800C >
18 sttess, Fee expansion, fime step 13, 675,37 16 VM, 2302 MPa m
19¢ sttess, Fe expansion, ime step 10, 6755, 25.44 VM, 15,33 MPam,

i o

i i

| L]

& FEAEdior @Resuts [€1Report

Ready

1 start| (@) Jessica says...- Mozl Fi...| [ Inbox - Mirasoft Outlook | 5/ Avmor Analyss Aug 2011... | 5] stress strain curve muli

Time: Not Available
Time Step: 1 of 1

Maximum Value: 1.55921e+007 N/(m*2)

003 n o7 01e

Minimum Value: -7.89485e+006 N/(f%2)

1.66921e+007
1.32434e+007
1.08947e+007
8.54603e+006
6.19733e+006
3.84864e+006
1.49994e+006
-848759
-3.19746e+006
-5.54615e+006
-7.89485e+006

| £ TResEMER 7 27 11b.xl.. | ) Armor Calcuation docs ... || FEMPRO V21 - [Result... K] resentationt [Compti... | & NBI Armr FOR Present . | (5 Lease

[ i |

2 [ %5 smem





image30.png
emperature]]

=181]

Embedded Presentaons
-3y Saved Presentatons
= Heat Flux
= Temperature
€ Fiter Modules
& Coordinae Systems
2 Global
1+ Element Local
15¢ stess, Fee expansion time step 10, 65, 28.1 VM, 14.76 MPa mas >
16¢ stess, Fee expansion time step 18, 1.085, 3788 YM, 197 MPama
17¢ 110KV, o saunce @ overep, ime to 2800C >
18¢ stess, Fee expansion lime step 13,.6755,37.16 VM, 23,02 MPa m:
18¢ stess, Fee expansion time step 10, 6755, 25.44 VM, 15,93 MPam
20< [RUN 13 stress, Free expansion, time step 15,1.63s, 25.9VM, 15.¢

i i

K1l | |

& FEAEdior @Resuts [€1Report

Time: 1.725 s
Time Step: 30 of 45

Maximum Value: 2616.66 deg C

0w n oore

014

Minimum Value: 43.1875degC ~ °°2

1 start| (@) Gmail- Inbox - kelsey.tr... | 5] Armor Analyss Aug 2011... | /) TRESEMER 7_27_11b.4... | 5] Armor Calculation.docx -.. | 151 armor calc sides.patx

| 551 N armar FOR Presenta... | [+ nbax - Mcrosaft Outiock || FeMPRO ¥21 - [Result...

Jo Gt Seecin Yew Gesuks Resks Qotons {paurs iy Opns nnain Likies oo oyt ~lalx]
[osH|8n||s8.|urstlannooacs @en|zx=8% meMnais|zvrece | [aus|reeees
[« <mrwwitr[toovs /gy [waia]
x|
[ 1< MSE shot, 30KV > Temperature
(] 2¢stess, ime tep 13> deg C
(] 3¢ BOKY, 5 seconds, time to 2600C, 7.559E +06 Mw//m"2 >
[ 4 stress, Free expansion, time step 31, ar, 'ama|
B g e e o 2616.66
3 6¢ s, Fre exparn, el 231667 MP3 v, 12485 2359.31
[ 7< 110KV, 1 seconds, 1.361E+07 Mw//m"2
D B¢ s Fre rpandon tne o 15,1 25, 1643V0 1128 MPati] 2101.96
[ T1< B0V, two source @ overlap,tine o 2800C, 2.44¢ > 1844.62
[ 12¢ stress, Free expansion, time step 24, 2.44s, 31.91 VM, 20.03MPam|
< B0 15 3049, g s @ ovp. i o 7500 1.72505 1587.27
E2, Units < Metric ms (51) > 1320.92
& E /;::Lysws Type < Transient Heat Transfer > i 'Vy H‘ ‘H‘” 1072.58
@ 3<Unnamed > il
© Sice Plnes v” v,, i Sio220
E% Peision ni 557.882
o gl HH 300535
A trrotatons 43.1875

Y 4

[ i |

2 [ K tam





image31.png
=181]

@l sokction Y Gesus Resuks Cotons {pure Dy Opens nnain Likies oo oyt TR
[osH|8R||s8.|ursstlannooass @rh|zx=8%|aMnais|svrece [mns|raeee
[o aarwrmzp+optm |8y |[~55a

T<MSE shot, S0KV > | Stress

2 suoss e sep 120 . finaurerresues | von Mises

v s o e 1 TS o, 113 — Nim'2)

5¢ 30KV, 3 seconds, S070E 40 Mw/m 2>
B¢ stiess, Fiee expansion, i step 23, 16,67 MPa vm, 1248 ms >

< 1IDKY, T seconds, 1.361E+07 Mw/m"2>

8¢ stiess, Fiee expansion, tine step 15,1.255, 18.43VM, 11.28 MPa M
11 8OKY, two source @ overlep, ime to 2600C, 2445 >

12¢ stess, Fee expansion, ime step 24, 2445, 31.91 VM, 20.03MPam
14¢ 30KV, two source @ overlap, time to 2600C: 17255 >

o |

&[] 15¢ stress. Free expansion, ime stop 10, 6s. 26.1 VM. 14.7

E2 Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@ Sice Planes
=B Presentatons
B® 1< Stess>
© Sice Planes
A favotsions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
1+ Element Local
(£ 16¢ tiess, Free expansion tie step 18, 1,085, 37.98YM. 137 MPa ma
(] 17 110KV, two source @ overlap, time to 2500C >
(£ 16¢ stess, Free expansion tie sep 13, 675,37 16 VM, 23,02 MPam:
] 15¢ stiess, Free expansion tine step 10, 675, 25,44 VM. 1533 MPam
20 (RUN 13)stes,Free expension,lme tep 15,1635, 25 9VM, 15.

| L]

& FEAEdior @Resuts [€1Report

Node # 45 ( X = -0.568417, ¥
Displaced Position

Displacement = DX: -151882, DY: ~15833, DZ: -1.999%
appears in 5 Elenent(s)

= 0.704976, 7
¥ = -151882, Y

-0.0112206 )
-15832.3. Z -

3489704034 N/ (n"2)

| o

BERETS Hlemente1s
Bnt 3 Elonent 13760
It 3 Elonent. ios0d
Rt 3 Elonent iones
Bt 3 Elonent 1oais
Bt ooy b

.

Sumay: [iors =

19" Include resulsfrom Hicden elerents

| |

sy | Hep | owe |

Time: Not Available
Time Step: 1 of 1
Maximum Value: 4.39351e+007 N/(m*2)

Minimum Value: 177385 N(m"2)  °°%2

o037 n 074

0am

) start| (@) Gmoi - Inbox - kelsy tr... | £5] Armor Anaysis fug 2011... | /] TRESEMER 7_27_11b.x... | ] Armr Calelation,docx -.. | &1 Armor coe sides.pptx | 1] Ne1 armor FOR Presenta... | [ Inbox - Microsoft Outiook._|[@ FEMPRO v21 - [Result...

4.39351e+007
3.95593e+007
3.51835e+007
3.08078e+007
2.6432e+007
2.20562e+007
1.76805e+007
1.33047e+007
8.92892e+006
4.55315e+006
177385

Y 4

[ i |

2 [ %G reom





image32.png
sm : Stress]]

e Edit Selection View Results ResulsOptions Inquire Display Options Animation Utiities Tools Window Help =181 %]
[osH|8n||28.e|uristennooass Ben|sx=8%|weMnais|zprece | [aus|reeees
[o aarwrmzph+otm |8y |[~55a
T<MSE shot, S0KV > | Stress
5RO 5t 80 7B OS2 Maximum|Brincipal
¢t Free e, tne s 21,1556V G, 1315 WPar Ni(m"2)

53KV, 3 seconds, 907006 MW/n2>
5 stess. Fiee capansion i step 23,16 67 MFa vm, 12.48 me >
7CTIOKV. T seconds, 1 3516407 /2>
8 tess, Fee cxpansion tim step 16, 1,25, 18.43VM. 11.28 MPa M
T1<BOKY, two source @ overap, i [o J500C, 2445 >
12 sttess, Fe expansion, time step 24,2 45, 31.91 VM, 2003 MParm,
14< 0KV, two soutce @ overep, i [o 2600C. 17256 >
[ 15¢ stiess. Free expansion, time step 10, 6s. 26.1 VM. 14.7
E2 Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@) Sice Plnes
=B Presentatons
B® 1< Stess>
© Sice Planes
A smotaions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
1+ Element Local
(£ 16¢ tiess, Free expansion tie step 18, 1,085, 37.98YM. 137 MPa ma
(] 17 110KV, two source @ overlap, time to 2500C >
(£ 16¢ stess, Free expansion tie sep 13, 675,37 16 VM, 23,02 MPam:
] 15¢ stiess, Free expansion tine step 10, 675, 25,44 VM. 1533 MPam
20 (RUN 13)stes,Free expension,lme tep 15,1635, 25 9VM, 15.

o |

Time: Not Available

Time Step: 1 of 1

Maximum Value: 2.05924e+007 N/(m*2)

o037 n 074

0am

K | I Minimum Value: -1.02916e+007 N/(H2).

FEAEdior @ Resutts [E1Report
Ready
1 start| (@) Gmail- Inbox - kelsey.tr... | 5] Armor Analyss Aug 2011... | /) TRESEMER 7_27_11b.4... | 5] Armor Calculation.docx -.. | 151 armor calc sides.patx

| 551 N armar FOR Presenta... | [+ Inbax - Microsaft outiock || FeMPR v21 - [Resul

2.05924e+007
1.7504e+007
1.44156e+007
1.13272e+007
8.23882e+006
5.15042e+006
2.06202e+006
-1.02638e+006
-4.11478e+006
-7.20319e+006
-1.02916e+007

[ i |

2 [ K tam





image33.png
emperature]]

=181]

Embedded Presentaons
-3y Saved Presentatons
= Heat Flux
= Temperature
€ Fiter Modules
& Coordinae Systems
2 Global
1+ Element Local
15¢ stess, Fee expansion time step 10, 65, 28.1 VM, 14.76 MPa mas >
16¢ stess, Fee expansion time step 18, 1.085, 3788 YM, 197 MPama
17¢ 110KV, o saunce @ overep, ime to 2800C >
18¢ stess, Fee expansion lime step 13,.6755,37.16 VM, 23,02 MPa m:
18¢ stess, Fee expansion time step 10, 6755, 25.44 VM, 15,93 MPam
20< [RUN 13 stress, Free expansion, time step 15,1.63s, 25.9VM, 15.¢

i i

K1l | |

& FEAEdior @Resuts [€1Report

Show loads and resuls for the "middle" oad case.

Time: 0.9775 s
Time Step: 17 of 45

Maximum Value: 1944.84 deg C

0w n oore

014

Minimum Value: 24.2198 degC ~ °°2

1 start| (@) Gmail- Inbox - kelsey.tr... | 5] Armor Analyss Aug 2011... | /) TRESEMER 7_27_11b.4... | 5] Armor Calculation.docx -.. | 151 armor calc sides.patx

| 551 N armar FOR Presenta... | [ nbax - Microsaft Outiock || FeMPRO ¥21 - [Result...

Jo Gt Seecin Yew Gesuks Resks Qotons {paurs iy Opns nnain Likies oo oyt ~lalx]
[osH|8n||s8.|urstlannooacs @en|zx=8% meMnais|zvrece | [aus|reeees
[« <> wwisr | [toovm /gy |[waia]
x|
[ 1< MSE shot, 30KV > Temperature
(] 2¢stess, ime tep 13> deg C
(] 3¢ BOKY, 5 seconds, time to 2600C, 7.559E +06 Mw//m"2 >
[ 4 stress, Free expansion, time step 31, ar, 'ama|
Eprrineric e 1944.84
3 6¢ s, Fre exparn, el 231667 MP3 v, 12485 1752.77
[ 7< 110KV, 1 seconds, 1.361E+07 Mw//m"2
D B¢ s Fre rpandon tne o 15,1 25, 1643V0 1128 MPati] 1560.71
[ T1< B0V, two source @ overlap,tine o 2800C, 2.44¢ > 1368.65
[ 12¢ stress, Free expansion, time step 24, 2.44s, 31.91 VM, 20.03MPam|
< B0 15 3049, g s @ ovp. i o 7500 1.72505 1176.59
E2, Units < Metric ms (51) > 984.528
IS E /;::mepe<ryanmenmeamansrem ! it H”H‘” 702,466
@ 3<Unnamed > il
© Sice Plnes v” v,, i GUnALS
E% Peision ni 408.343
o gl HH 216,261
A trrotatons 24.2198

Y 4

[ i |

2 [« K5 vazem





image34.png
=181]

@l Edt Selection Yew Resuts Resuks Options Inauire Display Options Anmation Uties Todls Window Help 18] x]
[osH|8n||28.e|uristennooass Ben|sx=8%|weMnais|zprece | [aus|reeees
[o aarwrmzph+otm |8y |[~55a

x

[ 1< MSE shot, 30KV > Stress
[ 2¢ stress, time step 13> [irguire: RestiEs M— = von Mises
(] 3¢ BOKY, 5 seconds, time to 2600C, 7.559E +06 Mw//m"2 > e
] &< stess, Free expancion, tie tep 31 15.88VM @t 1319MPa ma Ty N/(m*2)
[ 5¢ 90KV, 3 seconds, 9.070E +06 Mw//m"2 >
] 6¢stess, Free expancion, e tep 23, 1667 MPa v, 1248 > ode # 45 (X = 056017, ¥ = 0.704976, 7 = 0 0112205 ) 3.37883e+007
[ 7< 110KV, 1 seconds, 1.361E+07 Mw/m"2 > isplaced Position P - - - E
5] 6¢ stess, Free expansion. e tep 15,1255, 18.43VM, 11,28 MPa Mz pise laces Db, SR g 3.04207e+007
[ 1180V, two scuace @ ovedap, e 0 2800C, 2445 > BERESTS Blements cois 2.70531e+007
[E) 12¢ stress, Free expansion, time step 24, 2.44s, 31.91 VM, 20.03 MPa m| Part: 3 Element: 13758
(5] 14< 0KV, two source @ verla, limeto 2600C: 1,725 > B §Bload T 2.36856e+007
a@ E(uslzess&ilee ponsion. time step 10, .65, 26.1 VM, 14.7) Bt g Hoee S 2.0318e+007

2 Units < Metic mks (31) > Current Result Value: 25818769.75 N/(n"2)

57 Anshis Typs < SttcStes it Linea Mot Modsls > 1.69504e+007
EE T s « | o) 1.35829e+007

@ Sics Flanes Sunmay: [None = [ 1.02153e+007
B Presentations ¥ Include results fiom hidden elements

B et 6.84773e+006

e ClorConterts | SaveVaes. | specit.._| [ | 3.480166+006
Aot
Enbedded Presentations 112589

&3 Saved Pesertations
3 Defomed Shepe
23 Displacement
= Stain
& Stess
& Filer Modues
& Coordinate Systems
2 Global
1+ Element Local
[ 16¢ stiess, Free expansion, time step 18, 1.08s, 37.88 VM, 19.7 MPa ma
(5] 17< 110KV, two souce @ overlap,tine to 2500C >
[ 18¢ stiess, Free expansion, time step 13, .6755,37.16 VM, 23.02 MPa m¢
[ 19¢ stress, Free expansion, time step 10, 6755, 25.44 VM, 15.93MPam

Time: Not Available x
Time Step: 1 of 1

Maximum Value: 3.37883e+007 N/(m*2)

] ey — ol | Minimum Value: 112589 Nim*2) — °°%2 oo n oora s Z
Frerta @resuts [BRaror

[ i |

«[v R 1zosmm

) start| (@) Howtotel  the weathe. . | &) armor Anaysis Aug 2011... | /] TRESEMER 7_27_11b.x... | ] Armr Calelaton.docx -.. | 1] Armor coe sides.pptx | 11 Ne1 armor FOR Presenta... | (. Inbox - Microsoft Outiook._|['@ FEMPRO v21 - [Result...





image35.png
sm : Stress]]

e Edit Selection View Results ResulsOptions Inquire Display Options Animation Utiities Tools Window Help =181 %]
[osH|8n||28.e|uristennooass Ben|sx=8%|weMnais|zprece | [aus|reeees
[o aarwrmzph+otm |8y |[~55a
T<MSE shot, S0KV > | Stress
5RO 5t 80 7B OS2 Maximum|Brincipal
¢t Free e, tne s 21,1556V G, 1315 WPar Ni(m"2)

53KV, 3 seconds, 907006 MW/n2>
5 stess. Fiee capansion i step 23,16 67 MFa vm, 12.48 me >
7CTIOKV. T seconds, 1 3516407 /2>
8 tess, Fee cxpansion tim step 16, 1,25, 18.43VM. 11.28 MPa M
T1<BOKY, two source @ overap, i [o J500C, 2445 >
12 sttess, Fe expansion, time step 24,2 45, 31.91 VM, 2003 MParm,
14< 0KV, two soutce @ overep, i [o 2600C. 17256 >
[ 15¢ stiess. Free expansion, time step 10, 6s. 26.1 VM. 14.7
E2 Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@) Sice Plnes
=B Presentatons
B® 1< Stess>
© Sice Planes
A smotaions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
1+ Element Local
(£ 16¢ tiess, Free expansion tie step 18, 1,085, 37.98YM. 137 MPa ma
(] 17 110KV, two source @ overlap, time to 2500C >
(£ 16¢ stess, Free expansion tie sep 13, 675,37 16 VM, 23,02 MPam:
15 stiess, Free expansion time sep 10, 675, 25,44 VM. 1533 MPam

o |

| L]

& FEAEdior @Resuts [€1Report

Ready

Time: Not Available
Time Step: 1 of 1

Maximum Value: 1.44722e+007 N/(m*2)

o037 n 074

0am

Minimum Value: -6.31736e+006 N/(Hf%2)

18 start| (@) How to el  the weathe. . | 5] Armor Analyss Aug 2011... | /] TRESEMER _7_27_11b.4... | 5] Armor Calculation.docx -.. | 1) armor cale sides.patx

| 551 N armar FOR Presenta... | [+ Inbax - Microsaft outiock || FeMPR v21 - [Resul

1.44722e+007
1.23933e+007
1.03143e+007
8.23537e+006
6.15641e+006
4.07745e+006
1.99848e+006
-80475.7
-2.15944e+006
-4.2384e+006
-6.31736e+006

[ i |

2 [«o % a7





image36.png
=181]

Ele Edt Selection View Resuls Resus Options Inquire Display Options Animation Utiitiss Tooks Window Help. -8 x|
[osH8n||s8.e|uristlannooass Ben||zx=8%| weMnais|zvrece | [aus|reeees
[« <mrwwitr[toovs /gy [waia]
x
[ 1< MSE shot, 30KV > Temperature
(] 2¢stess, ime tep 13> deg C
(] 3¢ BOKY, 5 seconds, time to 2600C, 7.559E +06 Mw//m"2 >
B 4< stress, Free expansion, time step 31, 15.88 YM @tbar, 13.13 MPa ma
[ 5¢ 90KV, 3 seconds, 9.070E +06 Mw//m"2 > 2601.23
] 6¢stess, Free expancion, e tep 23, 1667 MPa v, 1248 > 2343.29
[ 7< 110KV, 1 seconds, 1.361E+07 Mw/m"2>
(B 8¢ stress, Free expansion, time step 15, 1.25s, 18.43VM, 11.28 MPa Mz 2085.34
[ T1< B0V, two source @ overlap,tine o 2800C, 2.44¢ > 1827.4
(5] 12 stress, Free expansion, tin step 24, 2,445, 31.91 VM, 20,03 MParm " "
[ 15 30KV, two souce @ ovedp, e o 2800C: 172665 o 1569.46
() 15¢ stes, Fres expansion, i step 30, 1.7255, 34.9VM, 206 MPa ma ' i l I 1311.51
(5] 16 stes, Fres expansion, time step 17, 5785, 2562VM, 14.47 MPam It ‘ ‘ ‘ | i
£ B 17 110 KV, two souce @ overlap time to 2600C > ‘ \ |\ Ju “ ‘| “ 1053.57
E2 Units < Metric mks (31] > I %
o& ‘ ! y 537.682
3¢ Unmamed>
Sics Flanes 279.738
E-B Presentations 21.7946
5@ 1< Tenperauc>
1 Slce Planes
A Amnctations
Enbedded Presenttons
12y Saved Presentations
2 Heat Flus
=y Temperature
& Fiter Modules
- Coordinate Systems
5 Global
. ElmentLoca
(B 18¢ stress, Free expansion, time step 13, 6755,37.16 VM, 23.02 MPa mé
[E) 15¢ stress, Free expansion, time step 10, 6755, 25.44 VM, 15.33 MPam
[ 20¢< (RUN 13) stress, Free expansion, time step 15, 1.635, 25.9YM, 15.
Time: 0.7395 s
Time Step: 29 of 45
Maximum Value: 2601.23 deg C
K} | | Minimum Value: 21.7946 degC ~ °2 @ z
Freacin @resuts [Blrenn
Ready [ how [

1 start| (@) Gmail- Inbox - kelsey.tr... | 5] Armor Analyss Aug 2011... | /) TRESEMER 7_27_11b.4... | 5] Armor Calculation.docx -.. | 151 armor calc sides.patx

| 551 N armor FoR preserta... |

(i Inbox - Microsoft Outook _|[% FEMPRO V21 - [Result...

2 [ Ky 1sem




image37.png
=181]

@l sokction Y Gesus Resuks Cotons {pure Dy Opens nnain Likies oo oyt TR
[osH|8R||s8.|ursstlannooass @rh|zx=8%|aMnais|svrece [mns|raeee
[o aarwrmzp+optm |8y |[~55a

T<MSE shot, S0KV > | Stress

2 suoss e sep 120 . ngurecresues | von Mises

v s o e 1 TS o, 113 e T o Nim'2)

5¢ 30KV, 3 seconds, S070E 40 Mw/m 2>
B¢ stiess, Fiee expansion, i step 23, 16,67 MPa vm, 1248 ms >

< 1IDKY, T seconds, 1.361E+07 Mw/m"2>

8¢ stiess, Fiee expansion, tine step 15,1.255, 18.43VM, 11.28 MPa M
11 8OKY, two source @ overlep, ime to 2600C, 2445 >

12¢ stess, Fee expansion, ime step 24, 2445, 31.91 VM, 20.03MPam
14 30KV, two source @ overlp, time to 2600C: 1.7255 >

15¢ stess, Fee expansion, ime step 30, 1.7255, 34.9VM, 20.6 MPa ma
16¢ stess, Fee expansion, me step 17, 9785, 25.82 VM, 1447 MPam
17¢ 110KV, o source @ overlap, time to 2600C >

o o o |

& [E] 18¢ stiess. Free expansion. time step 29, 745,37.16 VM, 23

E2 Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@) Sice Plnes
=B Presentatons
B® 1< Stess>
© Sice Planes
A favotsions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
1+ Element Local
(£ 15¢ stiess, Free expansion tine step 10, 6755, 25 44 VM, 1583 MPa m
20 (RUN 13)stes,Free expension,lme tep 15,1635, 25 9VM, 15.

L | L]

& FEAEdior @Resuts [€1Report

Node # 45 ( X = -0.568417, ¥
Displaced Position

Displacement = DX: -151882, DY: ~15833, DZ: -1.999%
appears in 5 Elenent(s)

= 0.704976, 7
¥ = -151882, Y

-0.0112206 )
-15832.3. Z -

37533861.96 N/ (n"2)

| o

BERETS Hlemente1s
Bnt 3 Elonent 13760
It 3 Elonent. ios0d
Rt 3 Elonent iones
Bt 3 Elonent 1oais
Bt ooy b

.

Sumay: [iors =

19" Include resulsfrom Hicden elerents

| |

sy | Hep | owe |

Time: Not Available

Time Step: 1 of 1
Maximum Value: 4.99921e+007 N/(m*2)

Minimum Value: 112620 Nf(m"2) °°2

00m n 08

0122

) start| (@) Google Reader (23) - M. | £5] armor Anaysis fug 2011... | /] TRESEMER_7_27_11b.x... | 1] Armr Calelation.docx -.. | 1] Armor coe sides.pptx | 1181 armor FOR Presenta...| [ Inbox - Microsoft Outiook._|['@ FEMPRO v21 - [Result...

4.99921e+007
4.50041e+007
4.00162e+007
3.50282e+007
3.00403e+007
2.50523e+007
2.00644e+007
1.50765e+007
1.00885e+007
5.10057e+006
112620

Y 4

[ i |

«[v K5 1ssmm





image38.png
sm : Stress]]

e Edit Selection View Results ResulsOptions Inquire Display Options Animation Utiities Tools Window Help =181 %]
[osH|8n||28.|uristlenneoascs @em|sx=8%| - aMnais|zvrece | [aus|reeees
[o aarwrmzph+otm |8y |[~55a
T<MSE shot, S0KV > | Stress
5RO 5t 80 7B OS2 Maximum|Brincipal
¢t Free e, tne s 21,1556V G, 1315 WPar Ni(m"2)

53KV, 3 seconds, 907006 MW/n2>
5 stess. Fiee capansion i step 23,16 67 MFa vm, 12.48 me >
7CTIOKV. T seconds, 1 3516407 /2>
8 tess, Fee cxpansion tim step 16, 1,25, 18.43VM. 11.28 MPa M
T1<BOKY, two source @ overap, i [o J500C, 2445 >
12 sttess, Fe expansion, time step 24,2 45, 31.91 VM, 2003 MParm,
14< 0KV, two source @ overep, im [o 2600C. 17256 >
15 stess, Fee expansion, fime step 3017255, 34 9VM, 205 MPa )
16 stiss, Fee expansion, time step 17, 5785, 2582VM, 14.47 MPam,
17¢ 110KV, o saunce @ overlep, ime to 2800C >
5 18¢ sress. Free cxpansion, time step 29, 745.37.16 VM. 23
E2 Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
Pas
B 3<Unnamed>
@) Sice Plnes
=B Presentatons
B® 1< Stess>
© Sice Planes
A smotaions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
1+ Element Local
(£ 15¢ stiess, Free expansion tine step 10, 6755, 25 44 VM, 1583 MPa m
20 (RUN 13)stes,Free expension,lme tep 15,1635, 25 9VM, 15.

o o o |

o

L | L]

& FEAEdior @Resuts [€1Report

Ready

Time: Not Available

Time Step: 1 of 1

Maximum Value: 2.13646e+007 N/(m*2)

00m n 08

0122

Minimum Value: -8.24748e+006 N/(Hf%2)

1 start| (@) Google Reader (23) - Mo... | 5] Armor Analyss Aug 2011... | /) TRESEMER 7_27_11b.4... | 5] Armor Calculation.docx -.. | 1) armor cale sides.patx

| 551 N armar FOR Presenta... | [+ Inbax - Microsaft outiock || FeMPR v21 - [Resul

2.13646e+007
1.84034e+007
1.54422e+007
1.24809e+007
9.51974e+006
6.55854e+006
3.59733e+006
636130
-2.32507e+006
-5.28628e+006
-8.24748e+006

[ i |

2 [ Ky tserm





image39.png
mperature]]

=8| x|
Ele Edt Selection View Resuls Resus Options Inquire Display Options Animation Utiitiss Tooks Window Help. -8 x|
[osH8n||s8.e|uristlannooass Ben||zx=8%| weMnais|zvrece | [aus|reeees
[« <mrwwitr[toovs /gy [waia]
x
SE shot, S0KV > Temperature
s, time sip 13> deg C
.5 sconds, e o Z500C, 7559 05 M/ 2>
e, Freo exparsan, i scp 31 1588 VM @t 1318 Pa mar>
KV, 3 seconds, 9.070E+06 Mw/m"2 > 1876.35
e i expancion, e st 23, 1667 P v, 1248 > 1690.72
K0, 1 ssconde. 1 951E 07 M2 >
hess, Free expansion, time step 15, 1.25s, 18.43VM, 11.28 MPa Max > 1505.1
10 KV, two source @ overlap, time to 2500C, 2445 > 1319.48
s, Fco expansn, e sep 24,244, 191 VW, 2003 Pa mar>
0KV, two saurce @ ovelap, lme 1o 2600C: 1.725% > 1133.86
s, Fee expensin, e sep 30,1725, 3 9V, 206 WPa mar> 948.24
e, Froe expancion, e tp 17, 5765, 552 VM. 1447 MPa s>
10KV, two soutce @ overlop, time to 2600C > 762.619
rits < Metic mks [S1) > el
s Type < Tansert Hod Transer> : M]U f 576.998
o e il 391.377
B A 205.756
resentations 20.1346
fo 1< Temperaae>
1 Slce Planes
snmetaions
becded Fresertaions
HeatFlax
Tempasue
o Hockdes
cadide Systons
Giobal
et Local
o5, Flo expansion, e o 28, 745, 37.53YM, 2136 MPa s>
e, Fro expancion, e tp 10, 575525 4 VM. 1553 MPa s>
(RUN 13 stress, Free expansion, time step 15, 1.63s, 25.9 VM, 15.6 MPa max >
Time: 0.408 s
Time Step: 16 of 45
Maximum Value: 1876.35 deg C
K} | Minimum Value: 20.1346 degC ~ °2 @ z
Jrencanor @Resuts [Elrepor
[ om |

) start| (@) Goole Reader (1) - Mo .. | &) armor Anaysis Aug 2011... | /] TRESEMER,7 2

_t1b.x... | 1) Armor Calcuation doc .. | £ Armor cale sides.ppbx | K54 N8I Armor FOR Presenta... | (- Inbo - icrosoft Outlook_|[ 4> FEMPRO v21 - [Result...

2 [ K 2aem




image40.png
=181]

@l sokction Y Gesus Resuks Cotons {pure Dy Opens nnain Likies oo oyt TR
[osH|8R||s8.|ursstlannooass @rh|zx=8%|aMnais|svrece [mns|raeee
[o aarwrmzp+optm |8y |[~55a
[ 1<MSE shot, 80KV > | Stress
2 suoss e sep 120 . ngurecresues | von Mises
v s o e 1 TS o, 113 — Nim'2)

5¢ 30KV, 3 seconds, S070E 40 Mw/m 2>
B¢ stiess, Fiee expansion, i step 23, 16,67 MPa vm, 1248 ms >

< 1IDKY, T seconds, 1.361E+07 Mw/m"2>

8¢ stiess, Fiee expansion, tine step 15,1.255, 18.43VM, 11.28 MPa M
[ 11<BOKY, two souce @ oveilsp, line o 2800, 2.44s >

[ 12¢ stiess, Free expansion, time step 24, 2.44s, 31.91 VM, 20.03MPam
[ 14< 30KY, two source @ oveilap, tine to 2800C: 1.7255 >

[ 15¢ stiess, Free expansion, time step 30, 1.7255, 34.9VM, 20.6 MPa ma
[ 16¢ stiess, Free expansion, time step 17,9785, 25.82VM, 14.47 MPam
[ 17< 11DKY, two source @ overlep, time to 2600C >

[ 18¢ stress, Free expansion, time step 29, .74s, 37.53VM, 21.36 MPa ma

i i

&[] 19¢ strss. Free cxpansion, ime stop 10, 6755, 25.44 VM. 1

E2 Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@ Sice Planes
=B Presentatons
B® 1< Stess>
© Sice Planes
A smotaions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
s Element Local
£ 20¢ (RUN 13)stes,Free expension,fme tep 15,1635, 25 9VM, 15.

L | L]

& FEAEdior @Resuts [€1Report

Node # 45 ( X = -0.568417, ¥
Displaced Position

Displacement = DX: -151882, DY: ~15833, DZ: -1.999%
appears in 5 Elenent(s)

= 0.704976, 7
¥ = -151882, Y

-0.0112206 )
-15832.3. Z -

26214973.16 N/ (n"2)

| o

BERETS Hlemente1s
Bnt 3 Elonent 13760
It 3 Elonent. ios0d
Rt 3 Elonent iones
Bt 3 Elonent 1oais
Bt ooy b

.

Sumay: [iors =

19" Include resulsfrom Hicden elerents

| |

sy | Hep | owe |

Time: Not Available
Time Step: 1 of 1
Maximum Value: 3.60025e+007 N/(m*2)

Minimum Value: 82552.7 Ni(m*2) °°%2

004 n oo

0132

) start| (@) Google Reader (1) - M. | &) armor Anaysis Aug 2011... | /] TRESEMER 7_27_11b.x... | 1] Armr Calelaton.docx -.. | 1] Armor coe sides.pptx | 1] Ne1 armor FOR Presenta...| [ Inbox - Microsoft Outiook._|[@ FEMPRO v21 - [Result...

3.60025e+007
3.24105e+007
2.88185e+007
2.52265e+007
2.16345e+007
1.80425e+007
1.44505e+007
1.08585e+007
7.26654e+006
3.67455e+006
82552.7

Y 4

[ i |

«[v K5 209





image41.png
sm : Stress]]

e Edit Selection View Results ResulsOptions Inquire Display Options Animation Utiities Tools Window Help =181 %]
[osH|8n||28.|uristlenneoascs @em|sx=8%| - aMnais|zvrece | [aus|reeees
[o aarwrmzph+otm |8y |[~55a
T<MSE shot, S0KV > | Stress
5RO 5t 80 7B OS2 Maximum|Brincipal
¢t Free e, tne s 21,1556V G, 1315 WPar Ni(m"2)

5¢ 30KV, 3 seconds, S070E 40 Mw/m 2>
B¢ stiess, Fiee expansion, i step 23, 16,67 MPa vm, 1248 ms >

< 1IDKY, T seconds, 1.361E+07 Mw/m"2>

8¢ stiess, Fiee expansion, tine step 15,1.255, 18.43VM, 11.28 MPa M
11 8OKY, two source @ overlep, ime to 2600C, 2445 >

12¢ stess, Fee expansion, ime step 24, 2445, 31.91 VM, 20.03MPam
14 30KV, two source @ overlp, time to 2600C: 1.7255 >

15¢ stess, Fee expansion, ime step 30, 1.7255, 34.9VM, 20.6 MPa ma
16¢ stess, Fee expansion, me step 17, 9785, 25.82 VM, 1447 MPam
17¢ 110KV, o source @ overlap, time to 2600C >

18¢ stess, Fee expansion, me step 29, 74s, 37.53 VM, 21.36 MPa ma

i o o

&[] 19¢ strss. Free cxpansion, ime stop 10, 6755, 25.44 VM. 1

E2 Units < Metii ks (51) >
] Anabsis Type < Staic Stess it Linear Mateil Models >
o &, pats
B 3<Unnamed>
@) Sice Plnes
=B Presentatons
B® 1< Stess>
© Sice Planes
A smotaions
Embedded Presentaons
53y Saved Presertations
& Delfomed Shape
23 Dispacement
& Stan
& Stess
€ Fite Modules
& & Coordnate Systems
2 Giobal
s Element Local
£ 20¢ (RUN 13)stes,Free expension,fme tep 15,1635, 25 9VM, 15.

L | L]

& FEAEdior @Resuts [€1Report

Ready
1 start| (@) Google Reader (11) - M. | 5] Armor Analyss Aug 2011... | /] TRESEMER _7_27_11b.4... | 5] Armor Calculation.docx -.. | 151 armor calc sides.patx

1.54623e+007
1.34091e+007
1.13559e+007
9.30264e+006
7.24943e+006
5.19622e+006
3.14301e+006
1.08979e+006
-963418
-3.01663e+006
-5.06984e+006

Time: Not Available
Time Step: 1 of 1

Maximum Value: 1.54623e+007 N/(m"2)

004 n oo

0132

Minimum Value: -5.06984e+006 N/ (%2}

| 551 N armar FOR Presenta... | [+ Inbax - Microsaft outiock || FeMPR v21 - [Resul

[ i |

2 [ Ky 2oem





image1.emf

