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How to change the template color theme 
You can easily change the color theme of your poster by going to the 

DESIGN menu, click on COLORS, and choose the color theme of your 

choice. You can also create your own color theme. 

 

 

 

 

 

 

 

You can also manually change the color of your background by going to 

VIEW > SLIDE MASTER.  After you finish working on the master be sure to 

go to VIEW > NORMAL to continue working on your poster. 

 

How to add Text 
The template comes with a number of pre-

formatted placeholders for headers and text 

blocks. You can add more blocks by copying and 

pasting the existing ones or by adding a text box 

from the HOME menu.  

 

 Text size 
Adjust the size of your text based on how much content you have to 

present. The default template text offers a good starting point. Follow 

the conference requirements. 

 

How to add Tables 
To add a table from scratch go to the INSERT menu and  

click on TABLE. A drop-down box will help you select rows 

and columns.  

You can also copy and a paste a table from Word or another PowerPoint 

document. A pasted table may need to be re-formatted by RIGHT-CLICK > 

FORMAT SHAPE, TEXT BOX, Margins. 

 

Graphs / Charts 
You can simply copy and paste charts and graphs from Excel or Word. 

Some reformatting may be required depending on how the original 

document has been created. 

 

How to change the column configuration 
RIGHT-CLICK on the poster background and select LAYOUT to see the 

column options available for this template. The poster columns can also 

be customized on the Master. VIEW > MASTER. 

 

How to remove the info bars 
If you are working in PowerPoint for Windows and have finished your 

poster, save as PDF and the bars will not be included. You can also delete 

them by going to VIEW > MASTER. On the Mac adjust the Page-Setup to 

match the Page-Setup in PowerPoint before you create a PDF. You can 

also delete them from the Slide Master. 

 

Save your work 
Save your template as a PowerPoint document. For printing, save as 

PowerPoint of “Print-quality” PDF. 

 

Print your poster 
When you are ready to have your poster printed go online to 

PosterPresentations.com and click on the “Order Your Poster” button. 

Choose the poster type the best suits your needs and submit your order. 

If you submit a PowerPoint document you will be receiving a PDF proof 

for your approval prior to printing. If your order is placed and paid for 

before noon, Pacific, Monday through Friday, your order will ship out that 

same day. Next day, Second day, Third day, and Free Ground services are 

offered. Go to PosterPresentations.com for more information. 

 

Student discounts are available on our Facebook page. 

Go to PosterPresentations.com and click on the FB icon.  
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DES IG N  G U IDE  
 

This PowerPoint 2007 template produces a 36”x48” 

presentation poster. You can use it to create your research 

poster and save valuable time placing titles, subtitles, text, 

and graphics.  

 

We provide a series of online tutorials that will guide you 

through the poster design process and answer your poster 

production questions. To view our template tutorials, go online 

to PosterPresentations.com and click on HELP DESK. 

 

When you are ready to print your poster, go online to 

PosterPresentations.com 

 

Need assistance? Call us at 1.510.649.3001 

 
 

QU ICK  START  
 

Zoom in and out 
 As you work on your poster zoom in and out to the level 

that is more comfortable to you.  

 Go to VIEW > ZOOM. 

 

Title, Authors, and Affiliations 
Start designing your poster by adding the title, the names of the authors, 

and the affiliated institutions. You can type or paste text into the 

provided boxes. The template will automatically adjust the size of your 

text to fit the title box. You can manually override this feature and 

change the size of your text.  

 

TIP: The font size of your title should be bigger than your name(s) and 

institution name(s). 

 

 

 

 

Adding Logos / Seals 
Most often, logos are added on each side of the title. You can insert a 

logo by dragging and dropping it from your desktop, copy and paste or by 

going to INSERT > PICTURES. Logos taken from web sites are likely to be 

low quality when printed. Zoom it at 100% to see what the logo will look 

like on the final poster and make any necessary adjustments.   

 

TIP:  See if your school’s logo is available on our free poster templates 

page. 

 

Photographs / Graphics 
You can add images by dragging and dropping from your desktop, copy 

and paste, or by going to INSERT > PICTURES. Resize images 

proportionally by holding down the SHIFT key and dragging one of the 

corner handles. For a professional-looking poster, do not distort your 

images by enlarging them disproportionally. 

 

 

 

 

 

 

 

Image Quality Check 
Zoom in and look at your images at 100% magnification. If they look good 

they will print well.  
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Background 
Solenoids 

HTS Sample 

• Calculate magnetic field 

configurations due to varying designs 

of high-TC superconducting coils 

• Use magnetic field and current data 

to calculate Lorentz forces on coils 

due to self and external fields 

• Analyze effect of inductively coupled 

Cu disc inserts on quenching events 

of high-TC superconducting coils 

OBJECTIVES 

• High-TC superconductors (HTS) are promising candidates 

for future fusion reactor designs due to their low power 

loss and high operation temperature 

 

• Superconducting magnets are subject to quench events 

during which the material suddenly enters the non-

superconducting (normal) state 

 

• Quenching can cause rapid temperature increase from 

Joule heating, boiling-off of cooling fluid, massive 

voltage spikes, and in worst case, permanent physical 

damage due to melting and/or mechanical stress 

 

 

 

 

 

 

 

 

 

 

• Intensity of quench events can be mitigated by installing 

large external dump resistors and inductively-coupled 

inserts to divert stored magnetic energy 

 

• HTS are also subject to extremely high stress forces 

caused by the combination of high operating current, 

temperature, and magnetic field 

 

 

 

 

• Exploratory designs of force-balanced coils attempt to 

minimize stress within coil winding packs 

 

BACKGROUND 

• Conducting coils modeled as arrays of infinitely-thin current-carrying filaments 

• Calculation carried out in FORTRAN, using Biot-Savart law 

     and analytic formulas where appropriate 

• Two configurations explored: 

NUMERICAL CALCULATION OF MAGNETIC FIELDS 

• Magnetic field distributions shown above were used to calculate Lorentz force on upper portion of 

NIFS HTS sample coil 

• Modeled assuming current density in sample is uniform over sample length and cross-section 

• Calculation carried out in MATLAB using numerical volume integration 

NUMERICAL INTEGRATION OF LORENTZ STRESS FORCES 

ANALYSIS OF INDUCTIVE COUPLING 

• Inductively coupled Cu discs can improve energy 

extraction from a quenching system by converting stored 

magnetic energy into induced currents in the discs 

• Mutual inductances are calculated using the Neumann 

formula: 

FUTURE WORK 

• Run simulations of fast energy extractions 

with coupled magnetic, thermal, and circuit 

equations to study temperature and current 

behavior of pancakes and discs 

• Compare inductive inserts with varying 

material properties and geometric 

configurations to determine key parameters 

for fast energy extraction 

• Explore different coil geometries for NIFS 

sample to minimize stresses during 

operation 

This work was made possible by funding from the Department of 

Energy for the Summer Undergraduate Laboratory Internship 

(SULI) program. This work is supported by the US DOE Contract 

No.DE-AC02-09CH11466. 

*Columbia University, **Princeton Plasma Physics Laboratory 

Jessica L. Li* , Yuhu Zhai** 

Quench and Stress Coupled Analysis of High TC Superconducting Coils 

REFERENCES 
H. Witte et al., “Reduction of the Hot Spot Temperature in HTS 
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 Critical surface image from: 

https://www.kullabs.com/classes/subjects/units/lessons/notes

/note-detail/3526. 

NIFS diagrams are property of NIFS. 
𝐹 =   𝐽 × 𝐵 ⅆ𝑉 

1. Solenoid composed of 28 HTS pancakes separated by 27 Cu discs 

 J = 450 A/mm2 in HTS pancakes 

 J = 0 in Cu discs 

 All components insulated from each other 

 Pancake cross-section = 48mm x 12mm 

 Disc cross-section = 48mm x 1mm 

 Max. field on solenoid axis is 23.3 T 

 Max. field in winding pack is 23.5 T 

 2. NIFS (National Institute for Fusion Science) Test Design: 

       HTS sample coil placed within the bore of six coaxial 

       low-TC superconducting solenoids 

 Background field produced by coaxial 

solenoids ranges 12 - 14 T vertically 

and -1 to +1 T radially within bore 

 30kA coil current produces -2 to +2 T 

both vertically and radially 

 Average combined field within 

interior of coil sample is ~13.5 T 

 

 

Above, left to right: schematic diagram of solenoid configuration; 
radial and vertical field distributions within solenoid winding pack 

𝐹 =  ⅆ𝑉  ⅆ𝐹 𝑖𝑗𝑘
𝑖,𝑗,𝑘

= ⅆ𝑉  
𝐼

𝐴
𝑛 

𝑖,𝑗,𝑘

× 𝐵 𝑖𝑗𝑘 
o Net vertical force of 37 kN upward 

o Average radial force per length is ~390 N/mm outward 

o Lower portion of coil experiences approximately the same radial force 

but opposite vertical force 

o Net force on entire sample tends to stretch its radius and compress its 

height 

o Conclusion: expected stress is too high; a redesign and subsequent 

recalculation of forces will be necessary to ensure structural integrity 

during operation  

• Self inductances are calculated using the same formula 

with the qualification 𝑟 𝑖 − 𝑟 𝑗 > 𝑎/2 where 𝑎 is 

conductor thickness, plus a correction term 

• HTS pancakes modeled with 640 turns each 

• Cu discs modeled with 1 turn each 

𝑀𝑖𝑗 =
𝜇0

4𝜋
  

ⅆ𝑠 𝑖 ∙ ⅆ𝑠 𝑗

𝑟 𝑖 − 𝑟 𝑗𝐶𝑗𝐶𝑖

 

Above, left to right: diagram of coil upper portion with casing; diagram showing division of coil into one straight segment and 
nine 90-degree segments;  table of Lorentz forces on each segment of  coil  in radial, vertical, and y-planar directions 

Selections from the inductance matrix between: a) pancake 1 and pancakes 1-28; 
b) pancake 1 and discs 1-27; c) disc 1 and discs 1-27. 

𝑎. 

𝑏. 

𝑐. 

Above: vertical field distribution within solenoid bore; note that the five thin 
rectangles at r = 0.212, 0.256, and 0.300 outline the sample coil cross-sections 
Right: schematic diagram of sample and solenoid configuration 

Diagrams in H,T-space and H,T,I-space showing the critical surface above which a 
material is no longer superconducting 

http://www.facebook.com/pages/PosterPresentationscom/217914411419?v=app_4949752878&ref=ts

