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Tuning of a resonant loop with stubs RDL Tuning-8

7/3/98

Define constants for use in calculations

*Model of R&D ITER antenna, with improved loss formulas in

Ytransf function, etc.
*Solves for d1 and d2.

f =30, Frequency (MHz) *Added stub feeder sections, length df and impedance Zf
between strap ends and tuning admittance.

R =.04 R= plasma loading resistance (ohms/m) *Added line feeder sections between tap point and the coax line.
*Changed to include losses in stub tuners

Z qyac '~ 58 Strap impedance (ohms) *Changed definition forf Q calculation 7/3/98

bya =1 phase velocity on strap with no Faraday shield

Cpe =55-10 2

Additional capacitance added by Faraday shield (F)

h =115 full strap height (m)

a. =5 Fraction of distance along line that tap is

dg =.297 Zg —26 Rg =R Section between strap and tuning stub
Zg:=-30 R g3 :=.08 Shorted stubs (lengths individually adjustable)

dj =.25 Z =58 R =.0 Feeder between strap and start of coax

dgg:=.21 Z39 —28 Rg =0 30-ohm section of feedline

df =0 Zg =32 Rg:=.0 Vacuum feedthrough (if present)

Z |ine \— 50 Char. impedance of transmission line

Calculate effect of adding capacitance of Faraday shield to strap impedance and phase velocity

_ Zwvac ‘, 1 . _ |Lvae ‘, 1
Lvac — o Cvac‘*si C =Cyact CFs Zs — c L —
3-10 3:10%Z gyc 3108, /L vac-C
Lyac = 19333°10 ' Cge = 57471010 ™ C=11247"10 © Z ¢ = 41.4603 b = 0.7148
kolf) = f Free-space wavenumber in m for freq in MHz
47.75
_kolf)
k (f) T Wavenumber on strap

Define Functions

L i -R Complex prop constant for lossy line with
gk, R, Z) =i ke 1 7 wavenumber k and loss R
Zglk,R,Z) =2 [1— Ik—R Impedance of line with losses
-Z
Chf(f,R, X, Z) Iicosh(g(ko(f),R,ZO(ko(f),R,Z))-x)

Shf(f,R,x, ) \=sint[g[k olf), R, Z o[k g(f), R, Z] | -]

General transformation of termination
impedance distance x along line w.
She(f, R, x) ‘=sinh(g(k ¢(f], R, Z o[k ¢f], R, Z ¢} }X) char. imp. Z | and losses R (ohms/m)

1 Zo[kglf), R, 21} Yin-Chf(f,R,x,ZI) + Shf(f,R,x,ZI]
Z o[k O(f),R,ZI)' (Chf(f,R,x,ZI) + Z gk glf], R, ZI}-Yin-Sf(f, R, X, ZI) |

Chs(f,R,x) .= cosh(g(k <f),R,Z O(k <f),R,Z s) )x)

Ytransf(f, R, x, Yin, Zl) .=

Y<(f,R) ‘:;
Z 0( kslf),R,Z 5) Complex char. admittance of strag
cosh(gk g(f),Rs3,Zglkqlf),R3,Z -X
Ystbf (f, x) .= 1 — (g( ol .Rs3 O( olf).Rs3 53)) ) Admittance of top and bottom stubs
Zolkolf),R3,Z s3] sinh(glkqlf),Rs3,Z(kqlfl,Rs3,Z3)]X]
hli =a-h h2 ' =h— hl

Y 1af (f, d1) I:Ytranst(f, Rg1.dg, Ystbf(f,dl),Z sl) Admittance at top of strap
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Y2af (f,d2) = Ytrans((f, Rg. dg, Ystbf(f, d2),Z sl) Admittance at bottom of strap
Yai(f.R.d1) - ve(f, R).| YIEf. AL -Chelf, R, h1] - Ys[f,R).She(f, R, h) _ _
Ys(f, R)-Chs(f, R, h1) + Yiaf(f, d1) Shs(f, R, hl) Admittance of top line at T
Y4f(f,R,d2) = Ys(f,R)- Y24 (f, d2)-Che(f,R, h2) + Ys(f,R)-Shs(f, R, h2) Admittance of bottom line at T
Ys(f,R)-Chs(f, R, h2) + Y2af (f, d2). She(f, R, h2)
YT (f,R,d1,d2) ‘= Y3f(f,R,dl) + Y4f(f,R, d2) Admittance at T
YIf(f,R, d1,d2) = Ytransl(f, Rs, dif, YTf(f,R,d1,d2),Z |f)
Y30f(f,R, d1,d2) = Ytransl(f, R 30, d 30 YIf(f,R,dl,d2),Z 30)
Yinf(f, R, d1, d2) Ithransl(f, R ¢, df, Y30f(f,R,d1,d2),Z ft) Admittance at coax line
L 1

ZTHf,R,d1,d2) =——— =

YTf(f,R, d1, d2)
. L 1
zinf(f,R,dl,d2) =—

Yinf(f, R, d1, d2)
Do fast freq sweep to get first guesses for d1 and d2
fwant .= 58.5 Input frequency for antenna resonance
al . =.36 a2 . =.23 dl =159 — al d2 = 1.603— a2

dl = 1.23€ d2 = 1.372
Nj =100 j =0.Nj al + a2 = 059
= i - —_—
fv, . =56+ 5 ——
i T ZT = ZTf(fv, R, d1, d2) Zin = Zinf(fv, R, d1, d2)
100 150
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List parameters for given frequency
ft = fwant
g(k O(ft) Rg3.Z O(k O(ft) yRx3.Z 33)) = 1.3333° 1073 + 1.2251i
Z 0(k O(ft) 'Rg3.Z 33) = 30 — 0.0326i
Ystbf (ft, d1) = 5.7162°10 ° — 1.8863°10 °i Ystbf (ft, d2) = 5772810 ° +3.7258°10 °i
Ylaf (ft, d1) = 6.3621°10 ° + 0.0125i Y2af (ft, d2) = 7.3121°10 ° + 0.0191i
Y3f(ft,R,dl) = 5.2249° 10 3 +0.2259i Y4f(ft, R, d2) = 7.9108" 10 ° - 0.2867i

Y3f(ft, R, d1) + Y4f(ft, R, d2) = 0.0131— 0.0608i
ZTf(ft, R, d1, d2) = 3.393 + 15.7096i
Zinf(ft, R, d1,d2) = 11.2154 + 67.671i

Find d1 and d2 to match. aiven f and R
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d2rootf (d1g, d2g, fwant, Rwant) | = root(104- Im(YTf (fwant, Rwant, d1g, d2g) ), dZQ)

Given

10*

10* Re(Yinf(fwant, Rwant, dig, d2g) ) = 10* Im(Yinf(fwant, Rwant, dig, d2g) ) =0

Zline
Reslengths(di1g, d2g, fwant, Rwant) | = Find(d1g, d2g)

Bﬂ '= Redlengths(d1, d2, fwant, R) Make this active to find d1 and d2 that make resonant AND match to freq fwant

Make THIS active to find d2 that makes resonant for specified value of d1,

d2 = d2rootf(d1, d2, fwani, R) ¢ but doesn't match

Zinf(fwani, R, d1, d2) = 50 Check to see that solved d1 and d2 give correct result
al ‘= 1596 — di a2 '~ 1.603— d2 dl = 1.2622 d2 = 1.3606 fwant = 58.5
al = 0.3338 a2 = 0.2424 al + a2 = 0.5762 al — a2 = 0.0914

Do tighter frequency scan to determine freq. width and Q —
fresf(fg) := root|10* Im(Yinf(fg, R, d1, d2) ), fg)

fres | = fresf( fwant)

. fres = 58.5
fv, . =fres— 1+ 2-J— Do freq scan 1
] NJ Y | e
Rv; =R Z line
_— _—
Y3v = Y3i(fv, Rv, d1) Yav = Y4i(fv,Rv, d2) YT = Y3v+ Ydv
langle . = 180 (arg(Y3v) — arg(- Y4v)) . |Y3v| ?
p Iratic . =———- 7T =—
'ZN YT
—
Yin = Yinf(fv, Rv, d1, d2) 1
Zin .= ——
Yin
] Y | — Yin Y| — YT — —
rin = ———— r7.=—— rhoabs = |rin| rhoTabs = |r T|
Y |+ Yin Y|+ YT
Calculate frequency half-width of resonance
r min = min(rhoabs) rmin=0 rhalf =.707-(1+ r min) Changed definition 7/3/98; coeff was 0.5
jmin = 1 -
Jmin = S . ihl = | for j1 0..jmin
jmine— e i) i <
for i1 O.Ni (anse—j) if rhoabs; Zr half f half = 0.707
; ans
errst«<— (rmin— rhoabfj ]mln =50 rhoabsjmin =0
jmi j if tst< jih2 = | f i1 jmin..Nj
jmine—7j 1 .err err ] or | J.mln. ] ihl = 45 rhoabsjhl = 0.7613
er— ertst if emrtst<er (anse—j) if rhoabs; <r half
jmin ans jh2 = 54 rhoabsjh2 = 0.6845
fvi o
df =ty — fypy  df =018 Q. -—mt

df
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Current strap/Far. shield Stub feeders Feedline
R = 0.04 h=115 Zg4 =26 Z s =58
Z gyac = 58 a=05 dg = 0297 djf=025
bya=1 hl = 0.57& R g = 0.04 dgg =021
Cpc=55'10 h2 = 0575 Z30= 28
Z ¢ = 41.4603 Main line dft=0
b = 0.7148 Z |ine = 50 Zg =32
1
//_\\
0.5 /
Im(rT.
iy
g
-05
-1
-1 -05 ¢ 05 1
Re(rTj) , Re(rlnj)
80
60 /
Re(Zin-) 40
] L
-
Im|Zin; /< —
— 20
0 Hﬂ'ﬂﬂé
-20
575 58 585 59 59.5
fv,
j
1
e /
. -
Re(rin
TR

3
3

-1
575 58 58.5 59
fv,

59.5

Stubs

Z5 =130
dl = 1.2622
d2 = 1.360€

dl+ d2 = 2.6228
d2 — d1 = 0.0984

§)|(§
33

al = 0.3338
a2 = 0.2424
al + a2 = 0.5762

al — a2 = 0.0914

Output

fres = 58.5

df = 0.18

Q=132

rijin = —0.11 +0.051i

Zin]-min =50

0.5
Q
57.5 58 58.5 59 59.5
fv.
I
40
20 !
0
-20
575 58 58.5 59 59.5
fv.
J
05
o] / /
-05
-1
57.5 58 58.5 59 59.5
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Calc. current and voltage along current strap, for specified f and R -

fc = fres fres = 58.5 Input frequency for calculation V and | curves dl = 1.2622 d2 = 1.360€
VT =1 PutlkVatT

Y3c (= Y3f(fc,R, d1) Y3c = 0.0126 + 0.3532i

Y4c = Y4i(fc, R, d2) Y4c = 0.0122 — 0.3558i

I3ctr . =Y3c-VT I3ctr = 0.0126 + 0.3532i

l4ctr .= Y4c-VT l4ctr = 0.0122 — 0.3558i

IT = 13ctr + l4ctr IT = 00248 — 2. 103

PT iié-Re(VT-IT)

PT = 0.0124 Power inputto T
V3f(x) = VT-Chs(fc, R, x) — Z ¢ 13ctr- Shs(fe, R, X) V and | along top half of strap
13f(x) = I3ctr- Chs(fc, R, x) — ﬂ-Shs(fc, R, Xx)
_ Zs L V and | at top end of strap
Vila = V3f(hl) lla = I3f(h1)
Viaf (x) 1:V1a-Chf(fc, Rg.x— hi,Z 51) -z S1-I1a-S|"n‘(fc, Rg.x— hl,Z 51) V and | along top feeder

I1af(x) = 11a-Chf(fe, R g, x — 1, Z 1) — %-Shf(fc,R X~ h1,Zg]
s

Vis 1:V1af(h1+ d sl) I1s Iillaf(hl+ dsl) V and | at end of feeder

Vif(x) 1:V1s-Chf(fc,R§,xf hl— d51,233) — ZQIls-Shf(fc, Rgg,x— hl— d51,253) V and | on top stub

11f(x) ‘= 11s-Chf(fc,R g, x— hl—dg,Z 3] — ;/15

-Shf(fC,ng,X* hl — dSl'ZQ)

3 V and | along top part of strap, feeder,
Viopt(x) = if(x<h1, Vaf(x] , if(x<hl+ d g, Via(x), V1i(x] || 9Topp P

and stub
Itopf(x) = if(x< h1, 13f(x), if(x< hl+ d g, 11af(x), 11f(x) ))
Rtopf(x) = if(x< hi, R, if(x< hi1+dg,Rg. R 33))
xvy = (hl+ dg+ d1)- -
Nj

—_— _— —_—
Vtop = Vtopf(xvl) Itop = Itopf(xv1l) Rtop ' = Rtopf(xv1)
V4f(x) = VT-Chs(fc, R, x) — Z ¢ l4etr- Shs(fe, R, X) V and | along bottom half of strap
14f(x) = l4ctr- Chs(fc, R, x) — ﬂ-Shs(fc, R, x)
V2a = V4af(h2) ) 12a = 14f( h2) V and | at bottom end of strap
V2af (x) 1:V2a-Chf(fc, Rg.x— h2,Z 51) - Zgl2a Shf(fc, Rg.x— h2,Z 51) V and | along bottom feeder
12af(x) = 125-Chf(fe, R g, x — h2,Z 1) — \Z/—Za-Shf(fc,R @ x—h2,Zg]

sl

V2s =V2af(h2+ d g | 12s = 12af(h2+ d g | V and | at end of feeder

o V and | on bottom stub
V2f(x) ‘*VZS-Chf(fC,Rg,X* h2 — dsl,zs3) — ZQ-lZE-Shf(fC, Rg3, X — h2 — dsl,zsg)

VZ Shf(fe,R gz, x— h2 — dg,Z g
Zg3

12f(x) '=12s-Chf(fc,R g3, x— h2— dg1,Z s3) —

Vbotf(x) = if(x< h2, V4f(x), if(x< h2 + d g1, V2af (x), V2f(x) ) ) V and | along bottom part of strap, feeder,
and stub
Ibotf(x) = if(x< h2, 14f(x) , if(x< h2 -+ d g1, 12af (x) , 12f(x) ))

Rbotf(x) = if(x< h2, R, if(x< h2+ dg,Rg R 33))
- j
xv2 = (h2+ dg + d2}-—

—_— _— —_—

Vbot = Vbotf (xv2) Ibot = Ibotf(xv2) Rbot = Rbotf(xv2)

hl+ dg + dl = 21342 Total length of top

h2+ dg + d2 = 2.2326 Total length of bottom

in =0_2-Ni
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h2 — hl
2

P = if(jp< Nj, - XV2pj _ jor XV1jp NJ-) + Voltage and current along RDL

Vpje = if(ip<Nj, Vboty; _ i, Viop, _ ;)

Ipje = if(iP<Nj, - Iboty; _ i, Itopj; _ )

el . _h
Rpj. = |f(]p< Nj, Rboty; _ i, Rtopj, Nj) feedpt e h1
— —

la = |l Va = |V
a = [ipl a = |Vpl feedpt = 0
jimax := Nj — ceil(.3-Nj) ..Nj + ceil(.3-Nj) 1aIMaXjimax = 18jimax
Imaxstrag | = max laimax) Maximum current on strap (NOT max anywhere)
Vmax = max(Va) Maximum voltage anywhere
Vmax = 13.5545 Imaxstrag = 0.3568
Normalize to 1 kA strap peak current —
Viop =P Vbot ‘=Pt ltop =P lbot =100t

Imaxstrap Imaxstrap Imaxstrag Imaxstrag
Vpiiivp |p;:7|p

Imaxstrap Imaxstrag

180 |13ctr| PT =P
dpPhi 1 == (arg(13ctr) — arg(- l4ctr)) Iratic | = ———- ‘ 2

p |1 4ctr| Imaxstrap
I3ctr = 0.0126 + 0.3532i I3ctr] = 0.3534

' ! 13t Vimax = —/max_ Vimax = 37.991¢

l4ctr = 0.0122 — 0.3558i ll4ct| = 0.356 Imaxstrag

arg (13ctr) 180 _ 87.9634
p

Calculate power dissipated in circuit —
jipl ‘= 1..2-Nj

dPaXjo; -~ Rpjpp- | |Idissjpy| )2

L 2N
Pdiss -y Y Py
pl=1

180

arg(- l4ctr)- == = 91.9668
p

dijl = ‘ijpl - ijplf l‘

— "Pip1 1P 1

2

dPjp1 -~ dPdXjpg - X5

XVb1:h2+ d51+ .19
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R = 0.04

Z g = 41.4603

h =115

b = 0.7148

a =05
rhoTabs;
——
rhoabs;

Voltage (kV)

Power/unit length (MW/m)

Zg =26 fres = 58.5

dg = 0.297 df = 0.18

dl = 1.2622 dl+ d2 = 2.6228
d2 = 1.3606 rmin=0

20

10

0.15

0.1

0.05

58 58.5

o
Distance (m)

o
Distance (m)

Zg3 =30
df =025
Z s = 58

Z |ine = 50

1Y%

Z < [lPyg

Current (kA)

07/08/98 15:57

_ Vtopf(x
fc = 585 Pixvt)| _ 36.6235
dPhi = —4.0034 Imaxstray

Lo Vbotf( x
Iratic = 0.9929 XV g 1600
PT = 0.0973 Imaxsiray
Q=325 Pdiss = 0.0973
60 | !
—_h h
,2, 2 , -~
| |
| | /
| ~ |
40 A /I
| I\ ‘ )
) \ /
| i
20 (SR Vo
Co v
L Y
\\ | i\ '
' | | 1
. | L
1 0 1 2 3
Fip
15 I !
_h h
727 72 -
| |
| |
| |
1 ‘ ‘
| |
| |
| |
| |

05 !
| |
| |
| |
| |
| |

0 ‘ ‘
0
Distance (m)
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Calc max. voltage and current as function of input power
Vmax1kA = |max(Vp)| Vmax1kA = 37.969

PKkW1kA = 1000-PT PKWI1KA = 97.3284

] L Pp;
Pp; |~ ——400 Vp = Vmax1kA. |———
TN ! PKW1KA
80
60
2
&
§ 40
20
0
0 100 200 300 400

Power input (kW)
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—
Ipa .= |Ip| Imax1kA = max(Ipa) Imax1kA = 1.2665
Pp; Pp;
Ip; = 1.0- — Ipmay; = Imax1kA- —
PKW1kA PKW1kA

Peak current (kA)

0 100

200
Power input (kW)
On stran
— At shorted ends

300 400



