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PPPL Calculation Form 

 
Calculation #  NSTXU-CALC-12-01-01    Revision #  00  ____ WP #, 1672 

(ENG-032) 

 

Purpose of Calculation: (Define why the calculation is being performed.) 

 

The purpose of this calculation is to evaluate bake-out strategies for NSTX upgrade that will produce 

acceptable temperatures at the tile surfaces, i.e.temperatures approaching 350 degrees, and not damage 

insulation or structural components, particularly near the PF1b mandrel/case. We are doing structural and 

electrical tests on the winding packs at 225 and 250C and these are included in this calculation. Heat 

balance calculations are included that address heating/cooling flow temperatures in PF1b, as well as vessel, 

passive plate heating and cooling; and centerstack Ohmic heating. . The extra radial motion of the hotter 

PF1b coil is less than a mm, and is e4valuated for the bake-out condition.  The peak PF1b coil temp from 

the design point spreadsheet is 43C The mandrel is assumed at 30C for normal operation. This is the basis 

for the outer centering steel shells. If we allow the coils to go to 150C for bakeout, the  mandrel 

temperature should be close to this and should not stress the centering shells beyond nominal design.The 

outer bus supports are on the PF2.support clamp and remain at 20C even during bakeout so with 150C 

PF1bL the stress due to differential motion of coil and bus support will go up, but during bakeout there is 

no Lorentz force or joule heat. The upper PF1b support has a rubber clamp that allows 8mm relative 

vertical displacements and should allow the extra <1 mm displacement. The calculations of record are from 

Art Brooks, Larry Dudek[2], Ali Zolfaghari, Andrei Khodak, and Len Myatt and these are cross referenced 

appropriately.  

 

References (List any source of design information including computer program titles and revision levels.) 

 

 These are included in the body of the calculation, in section 6.3 

 

Assumptions (Identify all assumptions made as part of this calculation.) 

 

The number of planned equilibria that use the full PF1b current is limited. This is shown in figure 8.0-1,  

For design and analysis it will be assumed that each normal operating pulse heat the coil to 100C.  

 

Calculation (Calculation is either documented here or attached) 

 

 These are included in the body of the following document 

 

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

 

PF1b should be initially run at 70C during the bake-out. The new thermal control system will be 

capable of going up to 110C during the bake-out if the tile temperatures are not high enough . At 70C 

inlet to PF1b, the G-10 shim between the ground wrap and the winding turn-to-turn insulation  goes to 

____ at 110 C the shim goes to ___ and the tile surface goes to____ 

 

Cognizant Engineer’s printed name, signature, and date 

 

 __________________________________________________________________________  

 

I have reviewed this calculation and, to my professional satisfaction, it is properly performed and 

correct. 

 

Checker’s printed name, signature, and date 

 

 

 __________________________________________________________________________  
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4.0 Executive Summary 
    This calculation is a collection of analyses relating to the bakeout behavior of NSTX Upgrade. It 

includes the heat balance analysis that predicts temperatures and heat fluxes at various tile locations , 

structures and coils connected to the vessel. In addition, bakeout analyses performed throughout 

calculations qualifying NSTX Upgrade are collected and referenced or models are exercised with bakeout 

temperature distributions. The goal of this calculation is to support the content of the bakeout procedure, D-

NSTX-OP-G-156.[16]  

 

4.1 Cross Reference to Other Bake-Out Structural Requirements: 
Input to the bake-out procedure [16] was collected by Neway Atnafu and appears in the table below. In 

addition to these items. A large number of diagnostics require special attention. The needs of these pieces 

of equipment were collected by Atiba Brereton and are documented in a separate spreadsheet and 

procedure.  

, Pre-Requisite to Bakeout of the NSTX-U 

Water Systems 

No. Type Description 

1 Upper and Lower Inboard Diverters (IBD) Disconnect the IBDs from the water systems 

2 Inner 3 Layers of the OH Coils which are OH-7 
(O-P), OH-1 (K-L), OH-2 (M-N), OH-3 (I-J), OH-
4 (G-H) and OH-5 (C-D) 

Turn off water supply valves for the inner 3 layers 
of the OH Coils 

3 Upper and Lower CS Casing Disconnect the upper and lower CS Casing from 
the water systems 

   

   

   

Coil Supports 

4 TF Coil Support to VV Clevis  Loosen the rods between the TF coil supports and 
the VV clevis   Pins at the TF outerleg clamp can be 
replaced with temporary ½ inch bolts to allow 
clearance for vessel growth 

5 ALL (old modified) PF4 & PF5 Column 
Supports 

Loosen column between upper PF4/5 coil clamps 
and Lower PF4/5 coil clamps. Clamps on the new 
columns that are not attached to the vessel do not 
need to be loosened 

 PF 4 and 5 terminals and bus connection 
between the upper and lower coils  

Loosen the Phenolic block clamps on the flex 
cables, and loosen the G-10 blocks supporting the 
bus connection between upper and lower coils to 
allow possible radial and vertical motion with the 
vessel grow 

 Coil Sliding supports Scribe or mark with aluminum tape  the initial 
locations of the slide blocks to allow checking that 
the slides return to nominal positions after the 
bake-out 

 Umbrella sliding feet.  Scribe or mark with aluminum tape  the initial 
locations of the slide blocks to allow checking that 
the slides return to nominal positions after the 
bake-out 

 Main Machine Column Slides Scribe or mark with aluminum tape  the initial 
locations of the slide blocks to allow checking that 
the slides return to nominal positions after the 
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bake-out 

Bus Bar Supports 

6 Lower CHI bus bar supports at the lower 
umbrella.  

Loosen CHI upper clamp support of the Lower CHI 
bus connected to the Umbrellas. Loosening the 
upper clamp provides enough flex length of the 2 
inch square bus to allow the vessel growth 

 Upper CHI Bus Bake-out Jumper These connections are flexible enough as-is  

 
In rev 4 there isn’t a reference to the PF 4/5 columns. They should have been loosened in the original 

NSTX bake-out procedure. At the original PF4/5 support locations, the new columns need to be 

disconnected. These heavier columns have a flange in the middle of the column, and the bolts should be 

loosened at least to allow 1/8 inch growth.  Six  new columns have been added between PF4/5 U&L  that 

don't connect to the vessel. These should also be loosened, but there is a possibility that the coils could flex 

to accommodate the vessel growth. Analysis can be performed to determine if they could be left un-

loosened .There are two locations where the PF4/5 slide supports are locked and fixed to the vessel. These 

are near the terminals. This makes the terminals fixed to the vessel and the terminal supports (at the bus 

tower?) will fight the vessel growth -  the terminal supports need to be loosened.  

 

George Labik's special one near the Thompson scattering system, and s simulated cooling only the outer 

layer of the OH - rather than feeding 12C water to all layers, and there is some advantage to this to keep the 

temperature/strain gradients down. 

 
Figure 4.1-1 Stress and Displacement Results With and Without Loosening the Upper Clamp 

 

The CHI bus connection to the CS through the CHI bars was analyzed in calculation #NSTXU-CALC-54-

0[13] for the bake-out condition and is OK. The CHI Bus connection to the outer vessel will grow with the 

vessel. The analysis I did, assumed all the end points were fixed. I re-did the model with ~2mm radial 

growth of the vessel imposed on the CHI vessel Lug. The stresses are qualifiable, I think,  with more 

modeling of the bolted connection and braze joint. If the upper clamps on the outside of the umbrella 

structure are loosened the stresses drop substantially. It should be easy enough to do this and have less 

disturbance of the CHI vessel electrical connection. I think this will be enough to adequately off-load the 

vessel lugs.  
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Figure 4.1-4 

The new PF2/3 terminal reinforcements are of two types. Brackets have been added that connect the two 

terminals to cancel the local loads at the leads. These don't connect the PF2/3 coils or terminals to the 

vessel. The second type of reinforcement is a G-10 clamp that supports the flex cables. I have a question in 

to Neway as to the load path of these supports. If they are tied to the vessel, they will need to be loosened.  

 

4.2 Monitoring During the Bake-Out 
 

There are a few places that we would like to verify are sliding properly - like the PF2,3,4,and 5 support 

pads umbrella feet, and main support columns. Aluminum tapes were applied to locations at the slides 

where they would be deformed or crumpled as the slide grows. After the bake-out the tapes and slides will 

be inspected to make sure the slides have returned to their pre-bake-out positions.   

 

4.3 Protecting the OH from Tensile Strains 
 

Removal of one layer of the Microtherm insulation, adds heating to the outer layer of the OH during bake-

out. This increases the outer layer temperature vs. the inner layers causing the cooler inner layers to 

develop axial tension, and the outer layers axial compression.  .  A. Brooks simulated cooling only the outer 

layer of the OH - rather than feeding 12C water to all layers, and there is some advantage to this to keep the 

temperature/strain gradients down. Around September 10, 2015, the cooling in the inner layers was restored 

at a reduced rate because the outer layer was approaching 90C 

 

4.4 Achieving Desired Divertor Tile Temperature 

 
The goal of the bake-out is to raise the temperature of the graphite tiles to a sufficiently high temperature 

over a sufficiently long time to eliminate any volatiles that will contaminate the plasma during operation.  

The need for a contaminate free plasma begins with start-up in which the initial plasma breakdown requires 
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a specific density of Hydrogen or Deuterium gas and minimal amounts of heavier atoms, particularly water.  

Figure 4.0-1 is intended to emphasize the advantages of getting the tiles to 300 to 350 degrees C. The 

higher temperatures substantially reduce the require time for the bake-out to feasible time scales.  

 

 
Figure 4.0-1 Slide from Dennis Mueller’s Operators Class Showing the Temperature 

Sensitivity of the Bakeout OutGassing.  

 Unfortunately there are a few temperature sensitive components that limit the ability 

to get the divertor area up to temperature. Since this is an area that has strong plasma 

interactions, it is important that it be baked out at a high temperature, but the 

proximity of PF1b makes this difficult.  

 

Problems Associated with Elevating the Bake-Out Temperature of the Divertor 

Tiles: 

 

PF1b Ground wrap temperature 

PF1b G-10 winding shim between the ground wrap and the turns. 

PF1b turn to turn insulation temperature 

PF1b to Casing weld Shear Stress  

Excessive temperatures in the PF1b Hysol centering band 

Higher temperature in the OH due to the loss of one layer of Microtherm Insulation 

Higher temperature differentials in the OH layers due to higher heat gain resulting 

from the removal of the Microtherm insulation.  

Maintain acceptable temperatures in the O ring seal 

 

There are a number of “knobs to turn” to achieve the highest divertor tile temperature 

while meeting the temperature limits of the various components near the divertors. 

 

“Knobs to Turn” 

 

Raise the temperature of the cooling water inPF1b 

Emissivity – Remove uncertainty 

Actively heat the horizontal divertor flange of the casing with hot He gas 

Actively heat the vertical inner Divertor Casing Shell – on the air side 

Increase the temperature of the secondary passive plates by routing the Helium gas  

to the secondary passive plates first 

 Add air circulation in the area below the inner PF coils 

 
Figure 4.0-1 Excerpt from NSTXU-

CALC-133-01-01[9]. Showing 

HYSOL band   
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One task that was accomplished was  to install bakeout compatible connection tubes/hoses  which are 

accessible from outside the umbrella structure for the vertical and horizontal divertor sections.   

 

.  Through realistic thermal modeling and on-going material temperature testing, a bakeout heating scheme 

will be chosen if any before the bakeout.  Risk-benefit assessment for PF-1B will be performed in deciding 

the heating system if any before the bakeout.  The cause of the CHI leads discoloration will be determined 

prior to CD-4. 

 

 

Actively heating the horizontal divertor flange had to be abandoned because the tubes are copper, are 

limited to low pressure at the desired operating temperature and were found to leak anyway. Additionally 

the copper tubes were laid in a groove with an end loop with no allowance for thermal growth – even to 

accommodate  the thermal expansion differential between the 625 and copper materials. Higher 

temperature compatible feed tubes tubes were installed.  This modification enables the divertor tiles to be 

heated to desired temperature of 350°C.  However, a leak was discovered in the upper horizontal divertor 

cooling tube which preclude the use of helium-based heating.  " The present plan is not to actively heat the 

upper divertor horizontal tile sections.  The copper tubes used in the Centerstack casing divertor flanges 

and shells may have to be operated at a pressure lower than 200 psi if they are supplied with 350C gas. and 

the temperature differential between the flange and tube will have to be limited" This is discussed in more 

detail in section 12.0. 

The modeling calculations indicate that the PF1b coil being cooled at 12 °C will cause unacceptable level 

of stress on welds attaching the PF 1b coil to the horizontal divertor plate.  This will also cause the divertor 

tiles temperature to be well below the required 300 °C.  The suggested remedy is to use 150°C water for the 

PF 1b coil cooling which solves the weld stress issue while increasing the divertor tile temperature to 

300°C.  In order to make this elevated temperature operation for the PF1b coil possible, a new set of 

cooling water hoses must be replaced while the area is available for the hose replacement.   The 

replacement of the PF 1b hoses is pursued presently at high priority. 
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 Actively Cooled/Heated?       

PF1b Temp No, Yes to 100C or 150C       

Horizontal IB 

Divertor Flange 

HYSOL Limit is:        

Vertical IB 

Divertor Casing 

Shell 

       

        

        

 

4.5 PF1b Epoxy Temperature Limits 
There are a number of areas around the machine that require adherence to temperature limits. Globally the 

machine is to have the vessel internals limited to 350C and the vessel limited to 150C. Interpretations of 

these temperature are needed to adjust for the natural gradients from the heating/cooling systems and for 

variations in the calibrations of the thermocouples. This is discussed in section 6.1 The coils are protected 

by running normal cooling water through them during the bake-out  



Bake-Out Evaluations 11 

 
We are doing structural and electrical tests on the winding packs at 225 and 250C and these should be 

documented in a calculation.  

 
 
From the Design Point Spread Sheet (DPSS)The PF1b coil operates at 2026 V. The voltage per turn is 

63.3V. The DPSS specifies 13103 V as the highpot voltage. The area of concern is at the top of the lower 

coil and at the bottom of the upper coil. These locations are 

midway between the applied voltage at the terminals. The 

largest voltage possible in service at the insulation that will be 

thermally challenged will be  

1013V and a 2*E+1 voltage criteria would set the test limit to 

be 3 kV. The 13 kV was specified to be consistent with the 

DPSS, but voltage increments 3, 6, 9 and 13kV for 3 minutes 

each were specified to be able to evaluate the lower service 

voltage.  

 

Art's heat balance calculations need to be documented. The 

extra radial motion of the hotter PF1b coil is less than a mm, 

Thermocouples

 
Figure 4.0-3 Figure from Stefan Gerhardts 

presentation on the potential for flux lines 

intercepting the corner of the pF1c case 

outer shell 
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but needs checking.  The peak PF1b coil temp from the design point spreadsheet is 43C The mandrel is 

assumed at 30C for normal operation. This is the basis for the outer centering steel shells. If we allow the 

coils to go to 150C for bakeout, the  mandrel temperature should be close to this and should not stress the 

centering shells beyond nominal design.   The outer bus supports are on the PF2.support clamp and remain 

at 20C even during bakeout so with 150C PF1bL the stress due to differential motion of coil and bus 

support will go up, but during bakeout there is no Lorentz force or joule heat. The upper PF1b support has a 

rubber clamp that allows 8mm relative vertical displacements and should allow the extra <1 mm 

displacement. The calculations of record are from Art, Ali, Andrei, and Len Myatt and we would at least 

have to cross reference these. Probably a separate bake-out calculation is in order.  
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The Bake-Out Task have/will include current efforts to find the right combination of cooling and heating of 

various components in the  divertor area.  

 

This has included: 
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    Baking, and Mechanical tests of the PF1b winding pack (Steve Jurzynsky) 

 

    Electrical Tests after Baking and Mechanical loads (Mike Anderson and ?) 

 

           One set of test is complete at 225C (passed) - Tests are being repeated at 250C 

 

    Contacts with CTD to verify Chemistry of CTD-425 can survive high temp - Answer was in the  

affirmative up to 300C 

 

   Analysis of the heat transfer during bake-out ( Art is doing this and has run many cases) 

 

  Benchmark with mini-bake earlier this year, Art and Stefan are working on this 

 

   Analysis of PF1b mandrel to casing weld for various PF1b/casing temperature differentials (Art is doing 

this) We are basing the weld strength on previous tests.  

 

   Analysis of the loss of  a layer of microtherm and assessment of time available to connect service water 

to the OH if the water supply fails during bake-out. 

 

  Consequences of having the OH outer winding layer warmer than the rest of the coil if  cooling all 4 

layers is retained. Tensile strain assessment is planned.  (P Titus is doing this)  

 

Reassessment of the water supply fault time to mitigate if we run the OH at a higher temp during bake-out ( 

Art  

 

 

 

 

   Mechanical tests of the HYSOL after exposure to 150C if we choose to run PF1b at 150C. PF1b employs 

a HYSOL "belly band" as a part of its centering feature. 

 

Hose replacement to allow PF1b to run at 150C 

 

Water System reconfiguration to allow PF1b to  run at 100C and 150C 

 

Hose replacement to allow the horizontal divertor flange to be heated with Helium Gas 

 

Stress due to expansion differentials of the cooling loop tightly fit in the groove.  

 

Abandonment of this option because of vacuum leak 

 

Investigation of low pressure helium heating or the horizontal divertor plate 

 

Investigation of low pressure (copper refrig tubing can't take high pressure at temperatures around 300C 

 

System reconfiguration to support heated Helium or air if these options are chosen 

 

Re-evaluation of PF1b terminal buss bar connections for PF1b operation >100C 

 

 

 

 

As of today, the most attractive option is to run 100 to 150C water through PF1b,  This will 

 

get us close to 300C on the divertor tiles (with some analysis uncertainty)  We would retain an option to 

run low pressure air or helium in the IB horizontal and vertical divertor cooling pipes.  
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So far much of the analysis and test needed to support a preferred approach is in place or in process. Hoses 

are being installed. The water and gas systems to support the new cooling/heating have yet to be designed 

and purchased.   When the preferred option solidifies we can have a design review. 

 

4.6 PF4/5 Column Bake-Out Behavior.  
 

 
Figure 4.0-4 Comparison of stresses for various column connections  

 

    Stress analysis doesn’t show a significant difference between the column restrain cases.  Part of the 

vessel stress shown in the figure is the result of the cold clevis on the hot vessel shell. Stresses from the 

column tensile load were superimposed on the thermal stresses the vessel would be locally above yield and  

plastically deform 

 

In the bake-out procedure[16],  the instruction to disconnect the " coil turnbuckles". is included in section 

5.8. This should probably say " TF coil support truss links or turnbuckles". The clevis pins at the TF clamp 

were removed and temporarily replaced with ½ inch bolts to hold the pieces loosely in place. 

  

    The original vessel insulation 

was replaced for the bakeout. 

Altered components and added 

structures were reviewed for 

insulation consistent with the 

original insulation approaches  

used on NSTX.  The new Bay J-K 

cap had not been insulated and this 

was corrected just prior to the Sept 

2015 bakeout.   

 

 

5.0 Digital Coil Protection 

System.  
 

    There is no input to the DCPS planned for bake-out 

  

6.0 Design Input 

 

 
Figure 4.0-5  Photo taken Sept 4

th
 2015 
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6.1 Criteria 

 
Posted in the control room is the safety certificate that describes in a succinct way, the operational limits 

imposed on NSTX, including bake-out. This is a simplification of the more detailed requirements in the 

GRD, SAD and this calculation. An important pointer in the safety certificate is the requirement that the 

bake-out be performed in accordance with the approved bake-out procedure Figure 6.1-1 includes photos of 

the safety certificate as it hang on the control room wall.  

 
Figure 6.1-1 Safety Certificate hung in the Control Room. 

From the GRD: 

"b. All materials utilized within the primary vacuum boundary shall be designed to withstand the 

anticipated temperatures during plasma operation. Note that the vacuum vessel shall be baked out at a 

temperature of 150
o
C, and internal plasma facing components including the CSC, IBD, OBD, and PPs shall 

be baked out at 350
o
C. " 

 

The Safety analysis document (SAD) quotes the 350 bake and acknowledges that the input to the helium 

system must be 420C to get the 350
o
 C tile surfaces. Also the SAD allows temperatures greater than 350C 

for the centerstack. : 

 

"3.2.3.3.4 Center Stack Casing 

The center stack casing is electrically isolated from the outer vacuum vessel and is compatible with 

operation in high vacuum conditions. Electrical breaks are provided between the vacuum vessel and the 

center stack casing to support coaxial helicity injection (CHI) during startup. The electrical isolation 

isvrated for 2kV DC CHI operations (upgradable to 4kV), 5kV DC hipot. The center stack casing includes 

suitable terminals for electrical connections for CHI, and accommodates the passage of a current in the Z 

direction for the purpose of resistive heating as a source of heat during the bakeout mode. The center stack 

casing is bakeable to a temperature > 350°C." 
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Note the greater than sign. I think a +/- tolerance on the 350C is implied and the 370C would be acceptable, 

especially on the centerstack casing. 

 
From the bake-out procedure [16] 

7.1 Start Taking data immediately after the heating systems are brought on line: 

 

   a. Monitor and record Center Stack thermocouple temperatures  

    (TC-CSC), maintain 350° average.  

 

   The Safety Certificate (see appendix C) states that the 350C PFC limit, and the Vessel 150C limit shall be 

"per OP-G-156, "NSTX Integrated Machine Bake-out Operation". This procedure provides guidance and 

an interpretation of the 350C limit as being the average of the centerstack thermocouple measurements 

(section 7.1). One key element in the guidance is the word “average” Appendix D has a calculation of the 

average centerstack temperature which meets the requirements of the procedure, even though there are 

temperatures in excess of 350 degrees.   Similarly, the 150C limit is the set point on the vessel heating and 

cooling system. Local temperatures above 150C are allowed, and anything over  175C is to be reported to 

the ATI. 

 

Clearly, the Safety Certificate is a shorthand version of the more complete bakeout procedure requirements 

 
    Stress Criteria are found in the NSTX Structural Criteria Document. Disruption and thermal 

specifications are outlined in the GRD -Ref [7] and are discussed in more detail in section 6.5. Cyclic 

requirements for  the PF1c mandrel shell shall be 20,000 full power operating pulses. These are assumed to 

develop the full 100  C temperature which imposes a full radial deflection on the coil centering 

components. Actually looking at figure 6.3-1, the number of planned equilibria that use the full PF1c 

current is limited. For design and analysis it will be assumed that each normal operating pulse heat the coil 

to 100C.  
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[14] On Wed, Oct 22, 2014 at 10:31 AM, William Blanchard <wblancha@pppl.gov> wrote:    All,  

http://nstx-upgrade.pppl.gov/Engineering/Calculations/1_Torus_Systems/General_Torus_Systems/CALC-10-03/NSTXU-CALC-10-03-00_Signed-1.pdf
http://w3.pppl.gov/~neumeyer/NSTX_CSU/Design_Point.html
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The majority of leaks are on the inside of the can in the 10-7 t-l/sec range.   We recommend these be sealed 

with leak sealer (good to 450 C).  There appears to be one leak on the outside corner that will have line of 

sight to the plasma.   S. Vinson is localizing and measuring the leak rate.   If it is in the 10-7 range, we 

recommend using leak sealer for that leak also.  Bill Blanchard  Joseph Winston 

[15] Viton Seal Properties http://www.row-inc.com/techspecs.html 

[16] NSTX Integrated Machine Bakeout Operations, D-NSTX-OP-G-156. M. Cropper, Rev 4 August 28 

2015 

 

6.3 Photos and Drawing Excerpts   

 
 

Figure 6.3-1  Divertor Flange Details 
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Figure 6.3-2  Divertor Flange Cooling Tube Details 

 
Figure 6.3-3  Divertor Flange Cooling Tube Details 
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Figure 6.3-4  Centerstack Case Showing upper Inner Divertor Cooling Loop (That Leaks) 

 
Figure 6.3-5  PF1b Case Details 

6.4 Materials and Allowables 

6.4.1 Stainless Steel Fatigue Allowable  
    The fatigue allowables have been collected from a few sources below: 
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RCC-MR     30000 cycles  483 MPa        70 ksi 

NSTX Criteria   30000 cycles  275 MPa 40 ksi 

ASME (corrected for R=.1) 30000 cycles  400 MPa 58 ksi 

ITER in-vessel Components [18] 1e6 cycles  351 MPa 51ksi 

The choice of a S-N allowable is made somewhat moot by the inclusion of fracture mechanics assessments 

of the expected life of the case welds.  

 
Table 3.8.2-1 316 Allowable Fatigue Stress – 483 MPa is 70 ksi 

 

 
Figure 6.4.1-2 (NIST) 
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Recommended Strain Range (%) Values from the 316 SST section of [18] (structural Design Criteria for 

In-Vessel Components, Material Section) 

 

 
The allowable fatigue stress for 1e6 cycles from [18] is .00190*185e9=351 Mpa, or 51 ksi.  
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Figure 6.4.1-3 ASME Design SN curve with R=0 Correction by L. Myatt [81] 

 

 
Figure 6.4.1-4 RCC-MR Design Design Fatigue curve Total Strain Range 

 

 
Figure 6.4.1-5 Fracture Mechanics Properties of Stainless Steel 
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6.4.2 Copper Refrigerator Tubing Properties 

 

Below is some data on the  pressure capability of the 3/8 refrigerator tubing. The allowed pressure  beyond 

200C is dropping off quickly. From the properties I have for annealed copper, at 350C, the allowed 

pressure would be ~297 psi - differential thermal stresses between copper and Inconel 625 should be 

minimized, but we might be able to heat the vertical inner divertor section.  -Peter 

 

 
Figure 6.4.2-1 Copper Refirgerator Tubing Pressure Rating vs. Temperature 
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6.4.3 Viton Seal Temperature Limits 

 

From the Web, reference 15, http://www.row-inc.com/techspecs.html: 

Temperature Range 
  FEP PFA  
Silicone -75° to +400°F -75° to +500°F 
  -60° to +205°C -60° to +260°C  
Viton -15° to +400°F -15° to +400°F 
  -26° to +205°C -26° to +205°C  
EPDM -65° to +300°F -65° to +300°F 
  -54° to +150°C -54° to +150°C 
6.4.4 G-10 Shim Limits 

 
 

6.5 Heat Sources 

6.5.1 Ohmic Heating 
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The centerstack is heated by passing 8 kA  through the centerstack. The resulting temperature and tile 

heating is calculated in [2] but this calculation concluded only 3.5 kA was needed. Based on experience this 

was increased to 6kA by Raki Ramakrisnan and to 8kA later by Mike Williams. A Brooks used the 8 kA in 

his heat balance simulations. 

 

6.5.2 Passive Plate Heating 

 
    The outer divertor and passive pates can be actively heated with helium gas. Anecdotally, the gas is 

heated to 400C to 420C and exits the plates around 325C during past bake-outs. Some sections of the plates 

are at or slightly above the 350C target temperature.  

 

6.5.3 Vessel Heating/Cooling 

 
The vessel is insulated with blankets, and is supplied with 150C water that acts to either heat the vessel or 

maintain the 150 C temperature as the passive plates and centerstack approach the 350 degree target 

temperature.  

. 
Figure 6.5.3-1 . 

 

6.6 Design Currents and Lorentz Forces 
 

. 

The only current that need to be considered during bake-out is the 8kA current running through the 

centerstack casing. 

 

6.8 Thermal Expansion Cycles 
 

    Thermal stresses in the outer shell of the case result from the PF coil heating and radially expanding. In 

addition, the case can be heated by the plasma through the CHI gap.  Thermal  loading of the case due to 

radiation from the plasma occurs each shot.    Thermal loading on the PF1c coils and the outer shell of the 

case due to direct plasma impingement and from the largest of the coil Joule heating is relatively in-

frequent. In figure 6.6-1, the PF1c currents are plotted and the number of equilibria that use  PF1c 

significantly are a small percentage of the total.  CHI operations are a small percentage of the total and 

operations which place the X point near the CHI gap are supposed to be avoided. So the number of thermal 

cycles applied to the case wall should be a fraction of the 20,000 planned full power shots.  

 

7.0 Models 

7.1 Structural Model 
 

The structural models are swept from a 2D mesh. The last one (p1cz.dat) analyzed, Shown in figure 7.1-1 

includes a new annular plate  that places the close-out weld away from the O ring detail and allows a much 

larger weld cross section. 

 
 

. 
Figure 7.1-1 Inner Horizontal Divertor Flange Cooling Tube Model 

 

This model went through many evolutions of corner/close-out weld details and inclusions and deletions of 

thermal shields. The thermal shield is still included in the model in figure 7.1.  

 

7.2 Divertor Flange Cooling Tube Model  
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. 

 
 

 

 

Figure 7.2-1 Horizontal Divertor Plate Cooling Tube Model 

 
Figure 7.2-2 Horizontal Divertor Plate Cooling Tube End Crush 

Figure 7.2-3 ANSYS Model 



Bake-Out Evaluations 28 

8.0 September 2015 Bake-Out Experience 

 
 

9.Heat Balance (A. Brooks)  
 

    The heat balance calculation employed for the bake-out is an extension of the model used for the heat 

balance during normal operations. [6] “Global Thermal Analysis of Center StackHeat Balance”,NSTXU-

CALC-11-01-00. This simulation employs a 2D axisymmetric ANSYS model of NSTX. 
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9.1 Mini Bake-out Benchmark 

 

• Initial predictions of the April 15

th

  Bakeout over estimated the temperature the IBDhs would 

reach 

– 127 C predicted, 94 C (max) measured                                       

• See next figure for more detail 

• Assumptions of heat losses from PPP, SPP and OBD found suspect 

– Analysis assumed radiation heat loss primarily thru radiation to VV from back surface 

– This was a reasonable assumption for the components at 350 C but not at the ~150 C 

without helium heating as during April 15
th

 bakeout 

– At low temperatures conduction thru supports is not insignificant 

– Also, emissivity values used (.27 from Cu and SS) may be low due to prior darkening of 

surfaces during operation 

• Model modified to include supports with equivalent axisymmetric conduction 

 

 
After adding conducting supports from the PP & OBD to the VV the agreement is fairly good even without 

change the surface emissivities: 
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) 

 

9.2 Bakeout with PF1b at 150C 
The  bakeout has been run with the new supports and keeping PF1b at 150 C. The heat loss would raise 

water temperature ~20 C going thru the coil. The resulting temperatures are plotted below for the PP at 350 

C and also at 400 C to show the benefit. The turn insulation is about 200 C.8.2 Bake-Out Simulation 
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9.3 Impact of Convection from Tubes and Bolts at IBD Flange 
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10.0 PF1b to Casing Weld 
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PF1b Temperature

PF1b-CS Weld Shear Stress vs Temperature

 
 

 

 
11.0  PF1b  Winding Pack Thermal/Elecrtical/Mechanical Evaluation  
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From the Design Point Spread Sheet (DPSS)The PF1b coil operates at 2026 V. The voltage per turn is 

63.3V. The DPSS specifies 13103 V as the highpot voltage. The area of concern is at the top of the lower 

coil and at the bottom of the upper coil. These locations are midway between the applied voltage at the 

terminals. The largest voltage possible in service at the insulation that will be thermally challenged will be  

1013V and a 2*E+1 voltage criteria would set the test limit to be 3 kV. The 13 kV was specified to be 

consistent with the DPSS, but voltage increments 3, 6, 9 and 13kV for 3 minutes each were specified to be 

able to evaluate the lower service voltage.  

 

 
 
It is assumed that the G-10 shim will be cooked and ruined. The turn to turn insulation must stand-off the 

layer to layer voltage which at the end of the coil is only the turn to turn voltage. If the ground insulation is 

cooked and ruined, the turn to turn insulation has to take the voltage standoff as “ground wrap”. 

  

11.1.1 Test Results after 225C Bake 
 

The 225C test piece "passed" the mechanical and electrical test. It went to 9kV and then sparked externally, 

and we believe it is a consequence of the flash shield design.  We are going ahead with  250C Mechanical 

and electrical tests, and will do better with the flash shield. CTD says the chemistry of the CTD-425 can 

survive 300C - but they are not accounting for the Kapton and electrical qualification  - So with a 

successful 250C test we should be able to heat the divertor flanges to at least 250C. Or not actively heat or  

cool and  let it float to no more than 250C. 

 

 If active heating is needed , one approach with the tube leak is to flow pure He through a heater at less than 

100psi and with a controlled delta T so as not to disturb the tube. then pull a vacuum on it during operation. 

–Peter 

 

 
To simulate Bake-out thermal effects on PF1b, bake a sample mock-up of the PF1b winding to 250 C for 

24 hrs. in air.   The normal operating compressive stress applied to the ground wrap is 650 psi. 

Mechanically test in compression to 1000 psi. Apply Loctite EA 9395 to the exposed metal surface to avoid 

flash-over and test across the ground wrap to the electrical taps in the conductors in steps of 3, 6, 9 and 

13kV for 3 minutes each. These tests should be performed on the remaining sample which is in the material 

test lab. 

Your desired need date is: 7/10/2015 

 

 

 Work Request(s) status can be electronically reviewed by going to http://www-

local.pppl.gov/techshop/ 

 

 

Lawrence Dudek <ldudek@pppl.gov>   

http://www-local.pppl.gov/techshop/
http://www-local.pppl.gov/techshop/
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4:44 PM (16 hours ago) 

 

to me, FRANK, Stephan  

 

Pete, 

They closed the original work request so I reopened a new one to perform the second 250C test. 

See below. 

 

I spoke with Frank Jones about the failure, he said it looked like the part was arcing around the 

insulation and not through it.  They could see sparks jumping from the screws under the kapton to 

the foil on the edge. I attached two photos, one after the epoxy and screws were installed and one 

as tested.  Probably would have been better to install the screws and the wire first and then 

covered all of the exposed screws and wire with epoxy.  There is only about 3/8” of gap between 

the edge of the ground foil and the screw head at ground. 

 

Test results as follows:  

 

3kv = 0   microamps @ 3 min 

 

6kv =  0.5   “  @  “  “ 

 

9kv = 0.75    “  @  “  “ 

 

13kv = full short, sparks   

 

______________________ 

Larry  

 

Lawrence E. Dudek 

ldudek@pppl.gov 
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Bake-Out Evaluations 39 

 
Figure 10.1-Samples “Cooked “ for 24 Hr. , Peak Temp=225C 

 

 
 

 
Figure 10.1-2 Load deflection of the 225 degree C  sample 

 

11.1.2 PF1b Sample Compressive test after 250C 24 hr Air Bake 
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Figure 10.1.2-1 Photos of the 250C sample 

 

 
Figure 10.1.2-2 Load deflection of the 225 degree C  sample 

 

11.1.3 PF1b Long Term Bake 
 

Work Request: 20142467 

 for the Job: “Long Term Bake Out Survival PF1b Insulation System”    has been submitted for techshop 

review.  Your work description is: Cut the sample provided by Larry Dudek in two (as was done in the 24 

hr tests) Bake the first sample at 225 degrees C for 2 weeks. Concurrently bake the second sample at 200C 

for the same two week. This is intended to support the Sept bake-out, so we need baking results August 31 

to support a decision on the allowed temperature of the insulation system. Bake-out should be in air as in 

the 24 hr tests, and mechanical and electrical tests should be performed as in the 24 hr tests. 

 Your desired need date is: 09/04/2015 

In a August 19
th

 phone call, Steve Jurczyensky called to let me know the two tests can’t be done 

concurrently. We chose to start the test at 200C to have a result that would allow some heating of PF1b. 

After two weeks, we can remove one specimen and run the second for 225 C for as long as we can before a 

decision needs to be made to support the bake-out.  

 

11.2 Hysol Centering Band Bake Tests 

  
     In order to get the divertor tiles near 300C, active control of the PF1b water supply is being investigated 

to maintain the PF1b coil at an elevated temperature. The winding pack epoxy system is being tested 

separately. The PF1b centering system used a HYSOL/glass band wet layup . If PF1b is heated to 70 to 150 

degrees C the hysol/glass band will have to survive the bake-out and still function to keep the coil centered. 

As of August 2015 the PF1b temperature will not be allowed to go above 100C and the mechanical tests 
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were not conducted after the Hysol was baked.  During bake-out, the coil and mandrel or case will be 

maintained near the same temperature and the centering system will not be loaded. Only the survivability of 

the HYSOL/Glass needs to be demonstrated. Hysol and glass should be wound in "hand tension" on a 

cylinder with mold release. 1/4 inch thickness is sufficient. Sample pieces then should be cut from the ring 

baked to 150 C for 24 hrs. A baked and an un-baked sample should then be tested in 5 ksi compression at 

room temperature normal to the glass fabric reinforcing plane.  The force-deflection curves should be 

reported for both. Curved anvils matching the winding mandrel cylinder may be needed. 

 
11.3 PF1b Cooling Water Flow Tests 
 

From: John Desandro <desandro@pppl.gov> 

Date: July 15, 2015 at 7:55:37 PM EDT 

Subject: PF1B-U flow test 

To: Neway Atnafu <natnafu@pppl.gov> 

 

inlet              return          gpm        measured  

pressure psi  pressure psi                water ml pm    

 60                   0              .12                 460ml 

 60                  40             .042               160ml   

100                   0             .145               550ml 

100                  40             .11                450ml 

150                   0              .19                725ml 

150                  40             .165               625ml 

280                   0              .27               1050ml 

280                  40             .24                930ml 

 

 

 

12.0 Inner Horizontal Divertor Flange Tubing 

 
The hose feeding coolant to the Hose replacement to allow the horizontal divertor flange to be heated with 

Helium Gas 

 

Stress due to expansion differentials of the cooling loop tightly fit in the groove.  

 

Abandonment of this option because of vacuum leak 
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Investigation of low pressure helium heating or the horizontal divertor plate 

 

Investigation of low pressure (copper refrig tubing can't take high pressure at temperatures around 300C 
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13.0 Helium Heating/Cooling System 
 

Hoses feeding the divetor tubes were replaced with high temperature, high pressure metal hoses. This was 

in anticipation of using the cooling tubes in the divertor flanges as a heat source for the bake-out. This 

turned out not to be feasible for a couple of reasons. Raising the temperature of the copper refrigerator 

tubes beyond around 200 C. The pressure rating of the tubing is plotted vs the service temperature in Figure 

6.4.2-1 and the allowed pressure is dropping quickly after 200C. This still allowed the tubes to carry some 

pressure, but the Helium system would have had to have a pressure reducer. Additionally the differential 

expansion of the cooling tubes and Inconel 625 flange would stress the end loop tightly fitted in the groove. 

Some expansion could be absorbed, however the ____ tubes were found to have a slow vacuum leak. They 

passed the hydro, but the vacuum qualification failed. This raised the possibility that we just use the Helium 

system during bake-put and pump the slow leak, then close off the feed during operation. Mike Kalish was 

concerned about this because: 

 

1: The helium in the takeout system is not purchased with the sufficiently high purity for operations. 

2: The blower can contaminate the helium with oil. 

 

As a consequence actively heating the divertor tubes with helium was abandoned.  

 

14.0 Microtherm Layer Removal 
13.1 Normal Operating  

 
During assembly of the centerstack, the microtherm insulation snagged on protruding edges of the conical section of 

the casing as it slipped over the PF1a and b mandrels. Microtherm thermal data is available in [12]. The updated 

microtherm thickness was included in the heat balance model. The reduced  Microtherm insulation thickness  
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between the CS and OH from 6 mm to 3 mm we will drive the temperature of the OH groundwrap insulation up 

another 5 C or so. We have already driven it up because of the AquaPour fix of running the coils 10 C hotter. That 

puts the G10 at 121 C (our comfort level is 120 C since the glass transition temperature is 130 C), We can argue that 

it is still OK. 

 

 
 

14.2 OH cooling water failure during Bake-Out and time to connect service water. 

 
A bigger concern is the fault scenario during bakeout when we must assume that cooling to the OH is lost. If nothing 

is done, the OH would eventually be driven close to the bakeout temperature of 350 C. However we have time to 

react. With the 6 mm Microtherm we had over 3 hours to reestablish cooling flow. With 3 mm, and the end regions  

modeled the same as the central region of the OH, there would be just under 1 hour.  
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Figure 13.2-1 Time to Reach 120C at the OH Coil Surface During a Loss of Cooling Fault During a Bake-out 

 

14.3  OH Cooling only Outer Layer During Bakeout 
 

With the removal of one layer of Microtherm insulation, the heat flux to the outer layer of the OH goes up during 

bakeout. This elevates the temperature of the outer layer while the inner 3 layers would have been cooled with 12C 

water. The thermal strains that would result would be comparable or worse  than  the thermal strains imposed by the 

cooling wave. This can be readily avoided by turning off the cooling to the inner layers of the OH. This was 

implemented in the bake-out procedure [16]. Around September 10, 2015, the cooling in the inner layers was 

restored at a reduced rate because the outer layer was approaching 90C. 

 
Actively flow water in the outer layer, that is layer 4 of 4. ,Do not cool the inner 3 layers.  This is because the heat 

flux coming from the casing through the microtherm  and through the OH ground wrap is heating only the outer 

layer of OH conductors. Art calculates 40C in the outer layer due to the bake out heat flux, and if the 3 layers are 

cooled they would be close to 12C, and the resulting thermal strain would be worse than the cooldown strains. 

The OH is protected from the bakeout heat at the ends which are covered by PF1aU&L . With this taken into 

consideration,2 hrs is allowed to avoid a peak OH surface temperature of 120C.  
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Figure 13.2-2 Peak Temperature Difference between Inner and Outer Layers 

occur ~ 1 hr after loss of cooling 

After only 1 hour, the peak temperature difference between the outer layer and inner layers reaches a peak of 23 

degrees. This would introduce axial  tensile strains in the inner turns, and it would be good to avoid as much of this 

as possible. 

 

 
Both cooling scheme provides 2 hrs or more to re-introduce cooling before GW exceeds 120 C 

Cooling outer turns only eliminates the 12 C layer to layer gradient while increasing peak conductor 

temperature from 24.5 C to 29.5.   During a fault both schemes develop an inner to outer layer gradient of 

~24 C. 

 

15.0 Nominal PF1B Behavior 
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From [9]: 

“When unrestrained thermal expansion effects are added to the analysis (PF1a at 85C, 

PF1b & 1c at 100C), the radial displacements are as shown in the plot on the right. 

Thermal strains are calculated assuming a 150ºC (zero strain) reference temperature. The 

relative motion between structure and coil WP are: 

 
16.0 PF1b to PF2 Support Clamp Bake-out Bus Motion 
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17.0 PF1b Low Flow Heat Removal Capability 

John Desandro measured the following flows in PF1b for low pressure water 

heating/cooling:  

 

 

 

inlet pressure psi         return pressure psi          gpm        measured water ml pm 

 

          60                                   0                         .12                 460ml 

          60                                  40                        .042               160ml   

         100                                  0                         .145               550ml 
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         100                                 40                         .11                450ml 

         150                                  0                          .19                725ml 

         150                                 40                        .165               625ml 

         280                                  0                          .27               1050ml 

         280                                 40                         .24                930ml 

 

18.0 Ceramic Break O Ring Temperature 

 
The operating temperature limit of the Viton seal is 200C 

 
From the web http://www.row-inc.com/techspecs.html, Viton  should be good to 200C. Mike Kalish sent 

the original NSTX calculations which put the bakeout temperature of the Viton seal at 175C. So NSTXU is 

a bit higher at 182C 
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The working temperature range ifor Viton® is considered to be -15 to +400 
degrees F (-29 to +204 degrees C), but it will take temperatures up to 600 

degrees F (316 degrees C) for short periods of time. 

 
 

19.0 Inner PF Bus – Disconnect? – or Not? 

 

In the bus bar calculation, NSTX-CALC-55-01,  the connections of PF1 a,b,c upper and 

lower are supported at the "tower" terminal supports at one end and the PF 3 sliding 
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clamps at the other. During the bake-out, the temperatures of these support points should 

be  at the coil cooling temperature ~12C and there should be no relative radial motion. 

Now that PF1b will be maintained at 70C there will be a little motion, but no more than 

normal operation for which the coil is allowed to go to 100C. Vertically the upper bus 

bars must allow the CS vertical expansion - which also must be accommodated during 

normal operations. In the calculation, the upper and lower supports for the inner PF's are 

the same. So there should be no need to disconnect the PF1 a,b,c bus bars during bake-

out. 

 
20.0 CHI Bus Bar Bake-Out  

20.1 Lower CHI Busbar Power Connections 
The CHI busbar is an active participant in the bake-out. The current passed through the inner casing is 

supplied by the CHI bus inner vessel connections. The outer connections at the bottom of the machine are 

not used during bake-out, but they are potentially loaded by the thermal motion of the vessel.  Bake-out 

calculations were included in calculation #NSTXU-CALC-54-0 [13] 

 

 
Figure 20.1-1 
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The CHI bus connection to the CS through the CHI bars was analyzed in calculation for the bake-out 

condition and is OK. The CHI Bus connection to the outer vessel will grow with the vessel. The analysis I 

did, assumed all the end points were fixed. I re-did the model with ~2mm radial growth of the vessel 

imposed on the CHI vessel Lug. The stresses are qualifiable, I think,  with more modeling of the bolted 

connection and braze joint. If the upper clamps on the outside of the umbrella structure are loosened the 

stresses drop substantially.  

 

 
Figure 20.1-2 

It should be easy enough to do this and have less disturbance of the CHI vessel electrical connection. I 

think this will be enough to adequately off-load the vessel lugs.  

 

 
Figure 20.1-3 
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Figure 20.1-4 
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20.2 Upper CHI Busbar Power Connections 

 

 
Figure 20.0-1 

 

21.0 PF 4 and 5 Support Columns 

 
Figure 21.0-1 

 



Bake-Out Evaluations 57 

 
Figure 21.0-2 

 
The slides are important to keep the coils from being stressed by the vessel motions. 

Thus the addition of aluminum tapes 

 

 

 
Figure 21.0-3 

 
 Stress analysis doesn’t show a significant difference between the column restrain cases.  Part of the vessel 

stress shown in the figure is the result of the cold clevis on the hot vessel shell. Stresses from the column 

tensile load were superimposed on the thermal stresses the vessel would be locally above yield and  

plastically deform 
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Figure 21.0-4 

 

 
Figure 21.0-5 

22.0 TF Truss Behavior – Loosen or Not 
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Figure 22.0-1 TF Truss,  Peak Contour=117 MPaBake-out Compared with Normal Operating Max OOP 

loading 

 
Figure 22.0-2 TF Truss, Peak Contour -= 315 MPa   Bake-out Compared with Normal Operating Max OOP 

loading 
At many locations, individual stresses are comparable. However comparing the amount of gray area (larger 

than the max value chosen for the contour range) , the bake-out condition is worse than the largest normal 

operating condition. TF coil bending is about the same. The biggest effect is in the vessel, and in figure 

22.0-2 the local stress at the vessel clevis ID > 315 MPa or 46 ksi which potentially could yield the vessel. 

Part of the vessel stress shown in the figure is the result of the cold clevis on the hot vessel shell,  but if the 

stresses from the truss compressive load were superimpoosed on the thermal stresses the vessel could 

“dent”. So the conclusion is to release the trusses during bakeout. The pins at the TF outer leg side of the 

truss were removed, and replaced with ½ inch bolts to retain the shims and washers, and allow ease of re-

assembly. 

 

23.0 Bay J-K Cap Insulation 
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Figure 23.0-1 Photo taken Sept 4

th
 2015  

    The original vessel insulation was replaced for the bakeout. Altered components and added structures 

were reviewed for insulation consistent with the original insulation approaches  used on NSTX.  The new 

Bay J-K cap had not been insulated and this was corrected just prior to the Sept 2015 bakeout.   
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Appendix A 

 

EMAILS 

 
Pat Hipp <Pat.Hipp@ctd-materials.com>   

AttachmentsMay 26 

 

To me, Paul, Arthur, Steve, Lawrence  

Peter, 

Our chemists analyzed the resin characterization results and have come to the following conclusions: 

•             The TGA analysis shows that CTD-425 does not start to degrade until the temperature exceeds 300°C.  The 

onset of weight loss appears to be around 315°C, with 5% weight loss occuring at approximately 350°C.  Thus 

degradation at the proposed bake-out temperature of 225°C is not expected. 

However; 

•             The glass transition temperature (Tg) of CTD-425 is in the 175-180°C range, so the resin will soften 

significantly at the 225°C proposed bake-out temperature.  It should not flow at that temperature if the 

recommended cure profile is used because the resin will be highly cross-linked , but if there is any load at all, some 

deformation could occur since the resin will be in its rubbery state. 

The TGA plot that I gave you is attached for your reference. 

Best Regards, 

Pat 

 

 

Lawrence Dudek <ldudek@pppl.gov>   

  

 

4:44 PM (16 hours ago) 

  

 

 

to me, FRANK, Stephan  

 

 

Pete, 

They closed the original work request so I reopened a new one to perform the second 250C test. See below. 

 

 

 

 

I spoke with Frank Jones about the failure, he said it looked like the part was arcing around the insulation and not 

through it.  They could see sparks jumping from the screws under the kapton to the foil on the edge. I attached two 

photos, one after the epoxy and screws were installed and one as tested.  Probably would have been better to install 

the screws and the wire first and then covered all of the exposed screws and wire with epoxy.  There is only about 

3/8” of gap between the edge of the ground foil and the screw head at ground. 

 

Test results as follows:  

 

3kv = 0   microamps @ 3 min 

 

6kv =  0.5   “  @  “  “ 

 

9kv = 0.75    “  @  “  “ 

 

13kv = full short, sparks   
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______________________ 

Larry  

 

Lawrence E. Dudek 

ldudek@pppl.gov 

 

 

Email to P. Titus, Art Brooks, Larry Dudek from Steve Raftopoulos <sraftopo@pppl.gov>   

 10/22/14 

  

Peter, 

 We should take credit for the woven silica fabric. 

 The butt-lap woven silica is 0.062" thick and its thermal conductivity is ~0.123 [W/(m*K)], which is ~6.5 x 

microtherm.  Note that the thermal conductivity of fused silica fiber is much higher(~50 x microtherm), but as a 

woven fabric it becomes substantially better. Steve 

Steve Raftopoulos <sraftopo@pppl.gov>   

 

Attachments10/14/14 

  

to Arthur, me, Michael, James  

Art, 

 What are the ramifications of removing one of the two microtherm insulating blankets?  I believe that the blankets 

are 3mm in thickness, as opposed to .100" which was the nominal design value. 

 

 

 Attached is a product brochure and MSDS for the Microtherm Blanket. We used the  "Microtherm SG Hydrophobic 

Quilted Panel". 

 

 Thanks, 

 

 Steve 

mailto:ldudek@pppl.gov
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Appendix B 

1/8 inch Fillet Weld Tests 
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Appendix C  

Safety Certificate as Posted in the Control Room 
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Appendix D 

First  September 2015 Bake Data 

 

 


