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OBJECTIVES

• Build an ideal cylindrical model of the reactor space and apply the in house electromagnetic 
script (provided by Sri Avasarala).

• Compare the contoured results to the classical theory for B field using the Curl operator.

• Outline the derivation and assumptions used for this Electromagnetic analysis scripts 
currently in use.

• Compare one MATLAB output file provided by Sri with the data supplied by OPERA data 

from R. Hatcher.

• Compare the B field and B dot calculations resulting from ANSYS to the OPERA data at the 

same locations for the Outboard disruption on the Neutral Beam Armor model.

• Update the Electromagnetic script to account for the revisions

• Generate conclusions and recommendations

• Identify alternate analysis methods to be investigated for comparison.
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ASSUMPTIONS

• The dell operator on the vector potential can be defined as zero
• Variation of A in theta are zero due to symmetry (See slide #11)
• Variation of A in vertical Z are zero due to symmetry  (see slide #12)

• Variation of A in the radial are defined inversely as a function of radius r
• Note: R. Feynman equation 18.23 does not make this assumption for Transient   analysis

• The assumption of a long straight wire with a steady current applies for applying transient boundary 
conditions as provided in Volume II Lectures on Physics (R. Feynman) Equation 14.21

• The B Field in ANSYS is calculated based on the reduction of the Curl Operator as:
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Script from Sri

Ay from Opera Tables

Az from assumption of infinite wire see 

derivation in slides below

Ax assumed = 0

Electromagnetic Ansys Command Script

The script applies only one value (Ay) from the Opera tables

Other values are calculated or assumed as zero
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DERIVATION OF EQUATION
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Curl Operator Assumptions

The theoretical B field from the Curl Operator

Is inconsistent with the resulting ANSYS contour plots
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TYPICAL MATLAB DISRUPTION FILE

Radius   r =

A     Opera 

4Height  Vertical4 +=− z
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TYPICAL DISRUPTION FILE 

           MATRIX IN ANSYS

Radius   r =

A     Opera 

4Height  Vertical4 +=− z

.14-      Z1.577 rat       432..45-     Opera ==− A
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FE Model For Field Result Comparison

Outer radius = 2.0 m

Inner Radius = .854 m

A simplified model of the Reactor space as a cylinder for comparison of 

the field calculations using the Electromagnetic Script

Solid 97 for 3-D

Magnetic Fields

z

r



NSTX

EMAG CHECK

5/7/10

L. Bryant

Script Input Vector Potential AX 

Note:  Ar  is assumed uniform, constant and zero with the script
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Script Input Vector Potential AY

Values taken from OPERA program 
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program Opera from                                                          

 profiles  symmetricfor    )( fA : since    
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Assumes Infinite Wire
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ANSYS  BX  FIELD 

Calculated from Script Input 
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Bx is symmetric about the Z=0 plane



NSTX

EMAG CHECK

5/7/10

L. Bryant

BY  FIELD

Calculated from Script Input   
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BZ  FIELD

Calculated from Script Input 
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B Field vs Time

Ideal Cylinder   r=1.77   y=-153   z -.133
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The  Flux rate (Bdot) from the Ideal Cylinder shows Bz dot is the largest contributor

By from the infinite wire has a very small relative impact 
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B Dot vs Time

Ideal Cylinder   r=1.77   y=-153   z -.133

    

2

)()(
)ln(

2

2

 

0
dt

 )d(

  
)()(

2rLnBR
r

BR
A

r
z

A

dt

XAd

dt

Bd

z ==




−

=


= 

The  Flux rate (Bdot) from the Ideal Cylinder shows Bz dot is the largest contributor

By from the infinite wire has a very small relative impact 
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ARMOR MODEL DATA RESULTS

Comparison to

OPERA
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LOCATIONS on ARMOR FOR 

OPERA COMPARISON

Three Locations Identified for B OBD Field Comparison 

Weld Interface

Bolt Stress 

Plate Support
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ANSYS 

B  FIELD  COMPARISON

Three Locations Identified for B OBD Field from ANSYS program

Data shows BZ is the largest contributor during disruptions

Highlighted Data Graphed & Compared to OPERA next Slide

  NODE        R           Y           Z

   29680    1.5776     -151.95    -0.14623 BOLT WELD
   38971    1.5388     -153.70    -0.17847 PLATE

  103492    1.5703     -171.92    -0.39053 PLATE SUPPORT
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OPERA FIELD & FLUX RATE For OBD R. HATCHER 5-3-10 

(r=1.5776 m Z =-.014623 m )

ANSYS FLUX RATE  FROM OUTBOARD 4-30-10 

OPERA Vs ANSYS 

FIELD & FLUX RATE COMPARISON
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OPERA VS ANSYS

FLUX RATE COMPARISON
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 By field is added field from the infinite wire assumption

Bz is the largest component during disruption – based on Opera Ay
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OPERA VS ANSYS

FLUX RATE COMPARISON
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ANSYS disruption is primarily controlled by Bz dot which is derived from 

the Ay input from Opera – The relative contribution of By is small
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CONCLUSIONS

• The Electromagnetic script used for processing the ANSYS models has been checked and 
evaluated for input and theoretical values.

• The ANSYS Field calculations for Bx is similar to OPERA, however, the ANSYS Bz is significantly 
different from the OPERA values for the disruption file provided by Sri for the OBD disruption.

• The previously undocumented equation for Vector Potential AZ was reverse engineered and 
shown to match the assumptions of an infinite wire.

• The results demonstrated that changes to the script were necessary in order to assure 
consistency with the OPERA electromagnetic data. 

• An APDL script (ESYSTEM-MODIFY) was constructed to include an automatic generation of an 
element system that corresponds with the cylindrical nodal coordinate system 5. The script selects 
the users defined element types and modifies each one separately while maintaining the 
previously define values for Real, Mat, and Type numbers.
– Each user will need to independently verify that their all of their FE model elements have this 

element system defined and that each element has been rotated into this system.
• With the changes to the script we determined for the OPERA field results:

–  Br are close and differences could be explained with small position differences.
–  Bz results are significantly different due to differences in the theory and perhaps some 

mistake in the generation of the disruption profiles.

– ANSYS   Bz is calculated based on input of AY from Opera and is the largest rate contributor.
– OPERA   Bz is calculated based on additional coils that we do not model or include.
– ANSYS   By is a constant as input from the script (Infinite Wire) Opera does not have By 

value

• Without adding the rotated element coordinate system the BY and BZ filed values are switched in 
the result output.
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RECOMMENDATIONS

• Previous runs using the in house Electromagnetic script should be re-

checked to verify that results are consistent with the new element 

coordinate system addition.

• The attached APDL script (ESYSTEM-MODIFY) can be used to generate 

the proper cylindrical coordinate stem and change all of the elements in the 

model to include this change.

• Consider evaluating the influence of discretization error by investigating Ron 
Hatchers mesh.

• Given that the Bz and Bz-dot field calculations are significantly different, we 

need to establish a more robust central data base for cataloging the 

disruption files. 
– Text Headers should be added to each disruption file to assure that we have a traceable 

record for each data set.

• Every disruption analysis data set evaluated by the stress group should 

include or have added a side by side comparison of the OPERA filed and 

rate comparison along with the analysts results.


	Slide 1:  Electromagnetic Disruption Analysis  Methodology and Theoretical Evaluation & Update  
	Slide 2:  OBJECTIVES 
	Slide 3: ASSUMPTIONS
	Slide 4
	Slide 5: DERIVATION OF EQUATION
	Slide 6: Curl Operator Assumptions
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16: B Field vs Time Ideal Cylinder   r=1.77   y=-153   z -.133
	Slide 17: B Dot vs Time Ideal Cylinder   r=1.77   y=-153   z -.133
	Slide 18
	Slide 19: LOCATIONS on ARMOR FOR  OPERA COMPARISON
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25: CONCLUSIONS
	Slide 26: RECOMMENDATIONS

