


US-KSTAR workshop Apr. 15 ‘09
2

Contents 

I. Installing and adaption of EFIT for KSTAR

II. Attempts to reconstruct KSTAR first plasma equilibrium

III. Incoloy908 effects



US-KSTAR workshop Apr. 15 ‘09
3

 Needs reconstruction of plasma equilibrium from experimental data.

 To understand the plasma equilibrium property such as plasma 
current profile, plasma pressure profile, magnetic field quantity, etc. 

 To be used for plasma shape control and for supporting plasma 
operation and data analysis.

 To be used for calculation of plasma stability and particle transport.

 For KSTAR, we installed EFIT code as standard equilibrium reconstruction 
code.

 EFIT solves Grad-Shafranov equation in (R, Z) coordinates. 

 Advantages using (R, Z) coordinates : 

– new experimental data can be easily included.

– no singular point in solving Grad-Shafranov equation.

EFIT is chosen as standard equilibrium reconstruction code
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MDSplus : KSTAR Data Acquisition System (1)
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MDSplus tree for 
experiment data
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Linked to an independent tree of diagnostic 
data for plasma control system

Linked to an independent tree for diagnostic 
data storage

Node for recording EFIT results (EFIT results are 
also treated as same as diagnostic data)
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• SCS (Supervisory Control System) automatically run the EFIT, which should 

be pre-compiled appropriately, using a script file after each shot (between-

shot analysis).

• For the between-shot analysis, EFIT uses the diagnostic data in the 

PCS_KSTAR tree, which sampling rate is lower than RDATA and stored quickly,

and the results are stored in the EFIT0 node.

• Requirements for automatic analysis

– Shot number

– Snap file

– Number of frames and interval between each frame

• For more precise analysis, every researcher can run the EFIT using the 

diagnostic data in the diagnostic tree (RDATA tree).

MDSplus : KSTAR Data Acquisition System (2)



US-KSTAR workshop Apr. 15 ‘09
6

• Data needed for equilibrium reconstruction is imported directly from 

MDSplus data acquisition system. 

• Data being varied with each shot such as ‘goodness’ of each magnetic probe 

(fitting weight in EFIT code) also be imported from MDSplus system directly.

• Data being varied in long time such as structure information also be read 

from MDSplus system, even though these are not varied with every shot.

• The eqdsk files will be temporarily stored in hard disk. eqdsk files can be 

used as input file of another calculation, for example, GATO.

• Several supplement codes are made

– As an example, d2mds.f is a fortran code writing eqdsk data to 

MDSplus system

Adapting EFIT to KSTAR system
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Ip = 97.1 kA

coil
Current 
(A/turn)

PF1 693.9

PF2 9.535

PF3 2.689

PF4 -0.0781 

PF5 172.9

PF6 594.5

PF7 -1258.1

Attempts to reconstruct equilibrium for a shot #1127 @ 545 ms (for 
this time, Steve already reconstructed the equilibrium)

 For this case, PF1, 5, 6, and 7 
coils are important
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Steve’s reconstruction results (presented @ 08’ APS)
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For vacuum test shot (# 899 @-2 s), Incoloy908 effects reduce the differences 
between MD signal and EFIT prediction

 These figures show the EFIT result (red), MD signal (green), and OPERA/TOSCA results 

(blue) considering Incoloy908

 When we consider Incoloy908 effects, the differences become smaller (especially in 

flux loop signals), except MP signals presented in circle.
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Norm square calculation shows that disagreement between calculation and MD 
signal can be reduced when the Incoloy908 effects is considered

Exp no. EFIT Bm(air) Bm(inc)

899 (PF 1) 1.01738E-02 1.03026E-02 3.07682E-03

922 (PF 2) 1.11187E-02 1.12312E-02 2.98956E-03

944 (PF 3) 5.54401E-03 5.58857E-03 1.32241E-03

945 (PF 4) 4.61810E-03 4.68534E-03 7.92198E-04

946 (PF 5) 2.73852E-02 2.83623E-02 1.26519E-02

963 (PF 6) 3.50005E-02 3.95085E-02 1.31540E-02

900 (PF 7) 1.86324E-02 1.74380E-02 1.20323E-02

 For quantitative comparison, we calculate ‘norm square’

 norm square≡∑((cal. value - exp. value)^2) : sum along MP’s and FL’s

– norm square = 0, when perfectly same 

 Considering Incoloy908, norm square are smallest
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 Step 1 : reconstruction equilibrium w/o considering Incoloy908 using EFIT

 Step 2 : simulation the MD signal for 2 cases, including and not including 

Incoloy908, using OPERA/TOSCA module

 Step 3 : calculation difference between above 2 simulation results

 Step 4 : reduction this difference from original MD signal

 Step 5 : re-reconstruction equilibrium using above compensated MD signal

 Step 6 : iteration (step 2 ~ 5) till convergence; we hope that only 1 iteration 

is enough, because the difference calculated in step 3 is very small to 

original MD signal.

How to count the Incoloy908 effects in equilibrium reconstruction
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 The re-reconstructed equilibrium very differ from other’s results including fast CCD 

camera. The re-reconstructed equilibrium does not reflect Incoloy908 effect. Thus this 

is not correct equilibrium. How to add up the flux/field from Incoloy908? Or, is there 

another strategy to count Incoloy908 effect?

 Remained works when Incoloy908 does not be considered are :

– Serror estimation : should be calculated…

– Equilibrium reconstruction in time series

– Storing the results into MDS+ system

– Improving vessel model using Fourier series representation

Future works

24
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젂류 모멘트1)

1) Hiroshi Aikawa et al., Japan. J. Appl. Phys, 15, 2031 (1979)
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z 축대칭성이 있는 토로스 구조에서 경로 l에
접선 방향 자기장 B와 수직 방향 자기장 Bn 은
경로 l 이 둘러싼 면적 S 에 흐르는 젂류 밀도
j 와 다음 적분식이 성립한다.

여기서 f 와 g 는 다음 식을 만족하는 임의의 함수이다.
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0차 젂류 모멘트

B 를 균일하게 선적분하면 플라즈마 젂류 IP 가 구해짂다.

선적분을 하드웨어적으로 구현한 것이 로고프스키 코일 (RC01-03)이다.
이것은 자장 탐침 (BZ01-42) 측정값을 수치적으로 선적분한 것과 같은
결과를 준다.
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두 방법은 약 5%의 차이내에서
서로 잘 일치하는 것을 볼 수 있다.
이 차이는 적분기가 없는 자장 탐침
측정값에 비선형적인 잔류 편차가
졲재하기 때문이다. 잔류 편차는
그라운드 루프에 의해 PF 코일의
젂류나 젂압이 디지타이저에 영향을
주는 것으로 추정된다.
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1차 젂류 모멘트

플라즈마 젂류의 위치 (XP,ZP)의 평균값을 구할 수 있다.

KSTAR 에는 Bn 탐침은 짂공 용기의 위와 아래쪽에만 (BR6-16, 27-37)
설치되어 있다. 따라서, 1차 젂류 모멘트의 오른쪽 선적분을 구하기
위해서는 안쪽과 바깥쪽에서 Bn 을 유추할 수 있는 알고리즘이 필요하다.
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