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OUTLINE
HELIAC CONFIGURATION.
EFFECT ON THE EQUILIBRIW OF A RESONANCE NEAR THE
PLASHA

THE FLEXIBLE HELIAC:

CONTROL OF THE TRANSFORK AND SHEAR

REDUCTION OF THE TOROIDAL SHIFT:

i) HIGH ASPECT RATIO
ii) LARGE NUMBER OF FIELD PERIODS
iii) TOROIDAL MODULATION OF THE COIL CURRENTS
iv) TILTING OF THE COILS



HELIAC CONFIGURATION

® STABILITY RESULTS FOR THE STRAIGHT, HELICALLY SYMMETRIC
HELIAC MAKE THIS CONFIGURATION VERY ATTRACTIVE.

® MAIN THECRETICAL CONCERN IS THE PGSSIBLE EQUILIERIWM
LIMITATION, BY MAGNETIC SURFACE 8REAKING FOR FINITE ASPECT
RATIO CONFIGURATION.

e IT IS VERY INPORTANT TO FIND THE RIGHT ¢-WINDOW FOR THE
CONFIGURATION, KEEPING THE TRANSFORM AWAY FRON LOf m

RATIONAL SURFACES.
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THESE DISTORTIONS INCREASE WITH INCREASING B
Bo = B4
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o THE DISTORTIONS TO THE FLUX SURFACES ARE CAUSED BY NEARLY
RESONANT HARMONICS, IN THIS CASE TI'IE‘ (-3,4), (-2,4) AND
(-5,8) HARMONICS.
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® FLUX SURFACE DESTRUCTICN FOR LOW ASPECT RATION HELIACS IS
PROBABLY DUE TO THE NCNLINEAR INTERACTION BETHEEN TOROIDAL
SHIFT AND VACUW HELICAL FIELD HARMONICS (REIMAN AND
BOOZER) . '

® THEREFORE, TO IMPROVE THE CONFIGURATION WE NEED:

1) REDUCE THE SHEAR AND CONTROL THE TRANSFORM
2) REDUCE THE TOROIDAL SHIFT



FLEXTIBLE HELIAC

1 HELICAL WINDING TO THE CENTRAL

® THE ADDITION OF AN 2

CONDUCTOR

PERNITS TO CONTROL ¢ AND TO REDUCE THE SHEAR.



FLEXIBLE HELIAC

- THE PROPERTIES OF THE FLEXIBLE HELIAC WMAY EASILY BE
UNDERSTOOD IN THE INFINITE ASPECT RATIO, HELICALLY SYMMETRIC
LINIT

$=Z+Alnrs+ 0281 (r)«b K ()] sin (6-2)

HELICAL TOROIDAL CENTRAL  HELICAL  2=1 WINDING
POTENTIAL FIELD CONDUCTOR  MOTION
OF T.F. COIL
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- THE CENTRAL CONDUCTOR CURRENT (aA) DECREASES R:PIDLY AS THE
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HELICAL CURRENT SCAN
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HELICAL CURRENT SCAN
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TOTAL TOROIDAL CURRENT SCAN
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HELICAL CURRENT SCAN
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- ADOITIONA L £ = 1 CENTRAL WIRDIRT GIVES

o INDEPENDENT VARIATION OF SHEAR AND TRANSFORE OVER A
WIDE RANGE

e DEEPER MAGNETIC WELLS

® SIMILAR CONFIGURATIONS WITH LESS TOTAL CURRENT
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REDUCTION GF THE TOROIDAL SHIFT

1) ASPECT RATIO
2) TOROIDAL FIELD PERIODS

3) TOROIDAL MODULATION OF THE COIL CURRENTS

4) REDUCTION OF THE fdQ/B VARIATION
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""REDUCTION OF THE TOROLDAL SHIFT

o- TO STUDY THE EFFECT OF ASPECT RATIO (A.) AND NUMBER OF
FIELD PERIODS (M) ON THE TOROIDAL MAGNETIC AXIS SHIFT {Ay)
TWO TYPES OF CONFIGURATION SCANS HAVE BEEN MADE
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Increasing the aspect ratio at constant pitch lowers
toroidal shift (A)
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HELIAC EQUILIBRIW
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For M =R=12 Heliac, good equilibria up to at least
ﬁo:lm.
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e THE SPECTRA OF THE M = A, = 4 CONFIGURATIONS COMPARED
TO THE M = Ac = 12 SHOWS MUCH GREATER BROADENING WITH (.

M=A=12
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Increasing number of number of field periods at constant €
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HELIAC EQUILIBRIW

By = 5% Bo = 107
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For 8 =16, R=8 Heliac, good equilibria up to at least
ﬁo:lm.



. Gy TS S T R T T ’-'g""".",1""“7}"2"-‘7’13'”.:""'.-“- ;

TOROIDAL MODULATION OF THE COILS CURRENT

e MODULATING THE COILS CURRENT HAS LARGE EFFECT ON RIPPLE
{n=0, n=V) BUT VERY LTTTLE DN {m = 1, n = 0).
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TOROIDAL MODULATION OF THE COILS CURRENT

® THE DONINANT EFFECT IS TO ALTER THE (n=0, n = )
COMPONENT.  THE BEATING OF THIS WITH THE (n=1, n = K)
COMFONENT  NDNLINEARLY MODIFIES THE (w=1, n= 0)
COMPONENT.  (TORDIDAL SHIFT)

© AT LDW ASPECT RATID (Ac ~ 4) THIS NONLINEAR EFFECT IS
DOMINATED BY THE 1/R TOROIDICITY.

® AT HIGHER ASPECT RATIO (A. ~ 20) THERE IS SOME REDUCTION
OF THE TOROIDA.. SHIFT.
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TOROIDAL MODULATION OF THE COILS CURRENT

N=4, A.= 4 HELTAC EQUILIBRIWM Bo = YA
CF =0 CF =0.4

¢/" = 0.38 ¢ = 0.41
= 5% A2 = 7%
i3 = 4.2% A3 = 3.3



REDUCTION OF THE ]dQ/B VARIATION

o BY TILTING THE TOROIDAL FIELD COILS THE IdQ/B VARIATION IS
REDUCED.
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REDUCTION OF THE fdQ/B VARIATION

e BY TILTING THE TOROIDAL FIELD COILS THE fdQ/B VARIATION IS
REDUCED.
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REDUCTION OF THE [d2/8 VARIATION
M = 4, A HELTAC EQUILIBRIVK By = B%

VERTICAL CDILS : TILTED COILS
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CINCLUSION

1) THE ADDITION OF AN 2 =1 HELICAL WINDING TO THE HELIAC

2)

- CENTRAL CONDUCTOR ADDS A SIGNIFICANT ODEGREE OF

FLEXIBILITY TO THE ¢ ONFIGURATION BY MAKING IT POSSIBLE TO .
CONTROL THE ROTATIO-AL TRANSFORM AND SHEAR. SUCH CONTROL
IS ESSENTIAL FOR Ai: EXPERIMENT BECAUSE THE PRESENCE OF
LOW-m RESONANT SURFICES IN OR NEAR THE PLASHWA CAN CAUSE
BREAK-UP OF THE EQUILIBRIUN MAGNETIC SURFACES.

TO FURTHER IMPROVE THE EQUILIBRIW [ LIMITS FOR LOW
ASPECT RATIO CONFICURATIONS, IT IS NECESSARY TO REDUCE
THE TOROIDAL MAGNETIC AXIS SHIFT. THE RESULTS INDICATE
THAT AN INCREASE TN ASPECT RATIO AND NWMBER OF FIELD
PERIODS IS THE MOST EFFECTIVE MEANS OF IMPROVEMENT.



