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Feedback Control of Plasma Equilibrium
with Control System Aided by Personal Computer
on the JIPP T-11U Tokamak

T.Tsuzuki. K.Toi., and K.Matsuura®’

National Institute for Fusion Science,
Nagoya 464-01, Japan
*Daido Institute of Technology,

Nagoya 457. Japan

Abstract

A feedback control system aided by a personal computer is developed
to maintain plasma position on the required position in the JIPP T-11U
tokamak. The peréonal conputer enables to adjust various control
parameters easily. In this control system, a control demand for driving
the power supply of feedback controlled vertical field coils is composed
to be proportional to a total plasma current. This system has been
successfully employed throughout the discharge where thé plasma current
substantially changes from zero to hundreds of kiloamperes, because the
feedback control can be done, being independent of the plasma current.
The analysis of this feedback control system taken into account of

“digital sampling agrees well with the experimental results,

Keywords:JIPP T-1 U, personal computer,position control, PiD control,
Bode diagram, transfer function,Basic progranm, assembler program
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vE—FBTEHORELAMBLELACEE L, ThzIEBECED TITE, BHE
HOMRTAH (400ms) BEEFREOBERET 5, aBI-VIDOHER .
X=%%%, Y=%%*%ERFTEND, I—VAD1AT vy 7OBBBET v ¥ — %
WY EZDZ EREHFRS,
modify | 75AOMNEBEOHEREEE, VA 1 —-Vvdx—%BT LD H—
YALRBEORERFEORERALXEBC MLV —AL TP, BEEXEZEELLVHE
R —VARBEEE, VE—VF—%HT L IOARHFLOREREE D, &
h%ﬁ%ﬂﬁoutﬂxbﬁﬂﬁ%%%ET%ctﬁ&%éo
Rsave  BHEFERO—7, 20ae vy F»BIRTIEEGETRAC ITile:
bbbb] OfvEbLENRBTRENR, Dbbb ] BRI AZE AR T -V F
— 2T, 774 NREESTELUN,
Rload  BEFEREOoR—-F,
file | F—2774NMDYVAMNP YT,
list  BEFEREOREANLISHEBTI Y TENhDB,
time ! 2AROREMOEFERUVCFHLHBORE, 02wy P2 BIRT3 L
[<mm:sec or sec>time= | ¢ERFRENI—VIDIFTEHE
EExohTya—vEr—5#T, TOHBERNC Tt ime= J EERIhAERNCE
WP hBE, REMEZI—VIOHKEBCALD, VX — V3 —%2#HLAEBRAT
CORBEHNID ATV ITI, EERARGhEFDEE VX -V —% BT,
last:—2HOF—2EETR,
para . BOEahRE-T7IAROERRUVHEBHOYF A V2 EET3
scope .MENUa=ryFA$3,
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TMENUza<wY¥F]
current; RMENUa<>YF~%3%,
next,;starté&fmMli,. DPLAY=146Et—73hhiko7F—2%% %R,
Dsave . Hffi¥F—20t—7, 727 A VERBEODERRBRRUVERES
dump ; LT —7 L AF—2%20—-FLEVYTIT 3,
copy . nNn—FaE—,
note; &B&,
letter BT OBE,
timer:time&RL,
call {RAMAEVRIEHDIT—2OHERTR,
reffer ! RMENUaxYFAB3,

5.3 a2—¥ARAFGA—-RF-TLLETOREFE
NFA—ZBHBFAODLOESI LT FAV AP THOTF—TACEEDHTHD,
ThZhOF—7 0N (F5—-%F10. PF-10R4EK) OXTRELLRTLICPF
F—WRHOYETTHD, o TAFA—-FDEERLEREBES, 705 ARETRET
BEIRLET VI —CTOYSLARBESY, DERF—TARPFRH—THRTE 4
R—vw s 7nlS5) A DERERALFRETTI. FT—TACHOTVWEZ 5 Tk
Ol BNO., T1)BRYES®E%T 5,

5. 4 BT

QI Vv—2%— /A5 =T *—%bF, Q2—FRFA-BRLEEND>T, £—7
OLBRSIESE SAVE " FEEDBACK. BAS” | #82%k35, @Qa<wv ¥
I SYSTEMJ] #Ah3, @7owb45FA04%h<l, @BHRE*Y3.,

§68 Moo= . |
CCTRHFHHEBREERCAALAERBEREACBAEETBERY BT S,

8. 1 HBER .
HEOTSSAITHREBEBWT, Ro7F7n7EHAHZroETMHRBCBIITT I,
T, ROFBARTT S X<HEETO, ZFHRCLELESORLPIDAAK, KK,
ZFHEROHBEAATA—2ZHEL T, REOHFHHAROHE N EBERLHEHC R > HEX
TEHERCUOME A, RBY VYTV Y ITAALOHUEHERRZH0. 8msTH- 7,
REHHERHAC O OTHERSE, Fig., 10A,=0LLTTERIFAOHESL BN
Eb0TH B, '
(a) BHIBELZTVHETHEA I A -2 0REMFR
Ci=1. 29, C2=9X107% ."C3=0.45, C4=3.8X10"%, Cs=0
(b)) WHEHSENRDIBET

_12..



Ci=1. 55, C,=9X10"% C3=0. 32, C4=0, Cs=92
THd. MALLVKANL T0—-27T0ms oMBARCLIIMBE BTV,
(a) OFE, I, DULERDBTCRKESHARMEREL 2, —EDOM® (0. Scem) &
BOLECH, MALTWIHEB. 0L LD, HEX 1l cmBPLriAE{oTwd, ¥
LERDBECOVWTR, Co,oE AU BS IR IDSIBERERNE(TEIER
HEDS, FFAI150msDEZA2TR, BERREELEZ2TEL (20) KRAXFHHKRZ O
T, I,=160kA, Bva=104G. R¥JIPPT-IUDQBEXKODOTS5 XTIk B,
50,5, 1:1=1. 5 680hkk,=1. T2 Y0fE*®RATALEx=0. 95
cmERNEEOT -2 BE—HTS, (b) OBER. 1.0 b LRI BCREEMN
FACAECEHTILOD. 20 HEFRCMBATBERERSLELZ> TV S,

Fig. 11&, BEMA.?HERDPTCERRESL LI CTIHERELH LTS 3,
(a) BEPEARCBECHEAS A -2 OBEHER

Ci=4. 5. C=9. 0X10™% C3=0. 82, C4=0., C5=92
(b)) BEAELRDIBETHEATA—S20BRER

Ci=4.5.C,=9. 0X107% C3=0.82, Ca=2. 1X10"%, Cs=92
THD. MOHEEMAT LI I, 0TS EROVBOEHRNEL ) EERBERT S
BB KR DISEERRBER TV L B,

Fig., l123MPBCRUIBIHECs* Vay VEETLE B THBEROLEM LT~
BT D,

(a) OHPAST A —2OBREHER
Ci=2. 1, C3;=3.686X10"% Cs=0. 82, Ce=1. 1 X104, Cs=184
(b)) BCLu=0&, LARBATEOMOBEATA—2ER (a) OBESELRLTH 5.
(b)) BIOVTRETHY (24) ROFEAKKH>TVWS, & (b) OFEE, Byea 4
NMNBBCEL, 'S AR TRKELIEHTAREL, By :RBa L ROBENLESH
o |

KOBELT, Pig. 13T TI . #*2RE2-BEoFHERNT (a) AV Y
HETHD., (b)) RF—FZUEBRTROLDOLAAEARTH-> T, SIHGIEBCTFHLATVS
CEMNME, Fig. 1432 (=8:+1:/72-1) HBRPTHLrREDASSTILT
SBRTHY, REFERA . 2HEHPA.=0BELTHI20brhbbF,. 20k 3
—FRRERLOREVHUATh TP {BERS IR, (6) ROB2FOEHUBELY T3
el ONAHRE,

—BEREAE LTI, 74— FA Ay JIACHY T IHMAS A —2Cs, Cqy CsDIE
REYCBREATO RS, FHRACHSYTIHEASA—-XC,. C,OEMNEEL
DFRTOTHERLHESGHEME LR bbbk, LALERSXEHAKED TS £
PRT, BEEBORE (VA —navFsvanvd) R ilhunEe,. C,2Hk3
R 75 ATOFBERECERZRFCOBPREORINDD LEDIEESLF 4 AS5T Y
a VOEFTLRNTH- A,

FECH L TRUHABHE DS, NBIXBOoBEEFEANBCRIIBBHER»S 4L
REEMEBCL>TEAIANINROT Y SAORESOBMBERBEL b, v —
MVERU7—ARBRECTEIZ L LB b EEE,
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8. 2 HBIrERBINLOHK

LEtOERERFBREC>0THET 3, Fig., 15RZERTCRODLAREERF
FOBAL—7E2MY (28) ROA—-FHRERUVEALA-TER (29) ROAHBKEEH
HHETHD, A, B, CREZRFhROFFASA—2CRHEL AWBTH S,

B, A:C3=0. 32, Cas=0, Cs=0,

B:C3z=0. 32, Cs=0. Cs=28,

C:C3=0. 82, Cqsq=2. 2X104 Cs=28
ThH5, BOBE, EECHTEIFNA VABRULEARBIAREAERLVRBTHIAC
hCENEY ChZZ LRI VRBRP12. 5dbRUHERBIHNZ22. 5°
Lk, CORBRFPig. l2000EMERL CHIMNLEDRFC20VTR, KB
EOLBTBOARFEAT A —20BEAREY, COEREBITEREDOTF—BOEL
BHRBIFODELSCREFOERAMEy YTy Y EMPEILCLEEDE, SC
R%Wm%{vﬁﬁ%?ﬁt(ﬁﬁﬁat?nwcos(a)mﬁﬁ%é&tbt%k%
hb,

BA—7E2MBOABERISERECR T, 1 vR1IBECRIHERERBEANE

HETAMBEAD AR 2 — L OHERY, 20V 70685 L3CRPEAVNRSL
Pk ke, BMAB VAR I ECEY ZhMNEBEELhTB), Fig. 1108
RIOERKE>TWD,
8§80 a3IV—LavOETHELEFig. 40REATA-2REOCOFERLT
HD, ABIMO I, 0L RN PTRARKELABAETLEL TSR, HEAT A
— A EBUA,OBEEI TR IIBERADVFOA2S5 cmBARTIZERTAEKTD D,
TOREBCs#0LT3E, ANNRETIREEL., ThIEFALRALTHPORTOR
BRZOBEAETCE-EEDEEDRS,

§7 ¥&®

HBEHaYECa— R EREDAVIVERVWDIEBRLD, KETHR-BOHFHE AT
LAMBETE, BEIEERKCLE>THEARBV TV, FHREFLATLOBHAZ X L
R EERDEI KRB,
®ﬂ@1(8)f%mw%:tw&h*ﬁﬂvaAMﬂMmeﬁﬁﬁa&

D, IpOKEER L>THERHCEERRZ PRV IATALTIIENTE L,
@1AFy 7OHMEER (0. 8ms) #*SCROEGHAM (1. 39ms) &0 b
INELFAENRTER, LALERSZhERBER> TR WAD, 243V
ko THEO 1 ECHMEMERI ISR YD, HESHEN Bibh T3
XD D,
QBUBECO>VWTR, NMAAEABERERD ) 1 ARBBAC Lo, NB
1 0BBHIBRCRETIVY— V> TEABEEREL L, 7T—ARUTY— N
FHEEETIZEC LD ENTE L,
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@QBEHEC2VWTR, +oHETIboMrELR I, -
O EHIEHOBITEREODVWTR A CERBLE—HLBAHOKEHRUATFA— IO
HiLwigiE-1, . '

i
FHREARARC B> T, YNLVHEHBH, AXBCAELEVCLEEIE=HHERTLLD

HEERLET, FHHROER* T I > T, REAEIHBLUONTX IV —T
OEYEBCrEELREREBYETVWEFVEZEY, FLEVEIA Y POERWREZ E
CRLTLEIDMEEZEERELET,

8% W

1)K. Toi, K. Skurai, S. [toh, K. Matsuura,

S.Tanahasi:Jpn.J. Appl.Phys. 19(1980) 2457.

2)K.Sakurai,S. Tanahashi:Jpn. J. Phys. 19(1980)1533.

3)V. S. Mukhovatov, V. D. Shafranov:Nucl. Fusion 11(1971)605.

4)K.Toi,et al.,in Plasma Physics and Controlled Nuclear Fusion Reserch(in Proc.
13th IAEA Conf. Washinton, 1890 )
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%1 JIPPT-IIUZXEARS A—4

E¥& (R

91cecm

TIAX2hE (a)

23cm

TSAXATER (Ip)

320kA (&KX

b A XAE 3T (&K)
HZE | £2%F (b) 40cm
85
AFvAREA AN bms
(’L'k)
AR 1. 2V -+ s
0
75 X BRO
FoAf XLag 1. 1X10"7"H,/m
Cr)
& 2. BMW
iz & Fl
SCR b EHRD 5ms
Eﬁ (Tr)
T2 6 (@A, 1. 39ms)
EBRHEER T o—7 29c¢cm
& (d) (BEEBFEHPLLLOMEEE)

&2 ADZ2100fRFE#HME (g7 HEBER)

BEMSE 1~1000
BEAXEE +10V
%&E%—-F 1012Q
ATER
agvE—F| 5GQ /5 pF
B E 8 20kHz
mAHNDERE "B 15V./5mA




£33 &H—FiLE

(a) KE186B—-202 (A/DZ#E)
(b)) KE1686B —-204 (D/AZTHRE)
(c) KE16B -—-102 (5¥Fv42,1,/0)
AHBE OV~+1V. OV~+5V
-5V~+5V, -b5V~+5V
AR YAy FES 168CH
EBES 8CH
(a)
Sy fRfE 12¥w b
HE +2LSB
A/ DERFFME l10usec
HAOEE OV~4+1V, OV~+5YVY
OV~+10V, -6 V~+5YV
Hh A 2CH
(b)
HhHhER +10mA
o BRHE 12¥w b
e +1LSB
D/ AZE#BRE l10usec
AN—L— b 10V/usec
AH A #8CH
(e) | ABBHE 12V~24V
BEAHEAR ¥
NI A 170usec




x4 PFXx—/NRIFA—257—T1

PF*— 1 5 6
aﬂéx—a equation|operatin channel
PF=%— 7 8 9

NG A—X graph refl ref2
PF*x— 10

NA3A—% | PT, other

#5

1890

equation RAFTA—RF—Tn

FREAOERE, FEAAT A—-2 RTKIEME,

"¢coeff>: kl=-1/2%(d*d+2*a%a)*ganma+t (d*d+a*a) /2/R*log (8*R/d) -a*xa/2/Rx(1-log

(d/a): k2=d/sr(2): k3=-a*a/2: <xp(0)=kl, xp(1)=k2, xp(2)=k3>

1900
1910

#£6

"<delta>:D1=k1+k2#(S1-S2)/(S1+S2)+k3* (rt*Bf+Bd)/Ipl

"<out>: Bel=Ipl*gain*[cl+c2%(Ipl-1p2)/Ipl+c3*(dl-rl)+cd*(d1-d2-r1+r2)
+chb%((d1-rl1)/2+d2-r2) J+abc*Bc2+apn*Pn+apr*Pr

P coefficient (HO=8h800) --------------~"c"--——

R!=93: A'=23: D!=29. RT!=.203«5: GANMA!=1.1: DELTAM!=10 '(unit:cm)

C1!=2500: C2!=1000: (€3!=250: C4!'=200: €51=50

ABC!=0: APN!=-0:  APR!=0Q!: GAIN'=1/2: SBIT1=2: SBIT2=2

‘S-min Ip-min. T-adjust &h/delta-max &h/kA &h/gauss

SL!=10: IL!=10: TEQ!=133: HD!=HO/DELTAM!: HAt=H0/754: HB!=H0/6555%5

*EQCOEF ' —----=--mmmmo coefficient arrange --=-=----s-—---—--—vmmm—m-

Z0=(AV¥AV4D %D 1) /2/R1*LOG(8*R! /D) ¢ Z1=At%A!/2/R!*(1-LOG(D!/A!))

Z2=(D!*D!+2xA! %A 1) *GANMA!/2/100

* xp(i) .

XP(0)=C(Z0-Z1-22) xHD!: XP(1)=D!/SQR(2)*HD!: XP(2)=-A!*A!/2«HD!*HA!/HB!/100

XP(2)=.7*XP(2)

XP(3)=C1t: XP(4)=C21: XP(5)=C3!/HD!: XP(6)=C4!/HD!: XP(7)=C5!/HD!

XP(8)=ABC!:XP(9)=APN!:XP(10)=APR!:XP{11)=GAIN!*HB!/HA!1/183.1:XP(12)=RT!

operationsASA—2F—710

ERCEBREELEASA—25—T L, DSAVERUDPLAYRZhZh =

W hZEDF—RE—T, =T TF—RORTOEROISITHN, BHEEODVTRE
HL—F AL,

2640
2650
2660
2670

PT$="PT-1" 'PT-name :
"SIMU:1=no-A/D;d=0, 2=no-A/D, 4=no-cal, 8=cal-Test, 16=control-Test, 32=basic
'size Dclear Tdumy simu-value simulat

SZ=2: DCL=0: TDUMY=0: SVAL=&HAQ0: SIMU=0



2680 'display repeat index X-step T/div(ms) timer T-idle data-size
2690 DPLAY=0: REP=1: IDX=1: STPX=1: TDIV=100: TI=240: TID=10: NDATA=660
2700 'Dsave hcopy rs232c buffer data-drive PT-drive Exp-name
2710 DSAVE=0: COPY=0: NET=0: RAM=1: DDRIV$="1:": PDRIVE="0:": NAM$="FD"
2720 "'note note$

2730 PNOT=1: NT$="position control”

#7 channelAnASA—2F—7N

2070 *PR1S '-----——- reference 1 (channel: R=reference D=reference)--------
2390 chan figure color level gain¥

2400 K=1:N(K)=1: F(K)=1: Q(K)=4: L(K)=4: G(K)=100 'Sl
2410 K=2:N(K)=1: F(K)=1: Q(K)=6: L(K)=0: G(K)=100 'S2
2420 X=3:N(K)=1: F(K)=2: Q(K)=4: L(K)=5: G(K)=100 Ip
2430 K=4:N(K)=1: F(K)=3: Q(K)=6: L(K)=0: G(K)=100 'Bvd
2440 K=5:N(K)=1: F(K)=3: Q(K)=4: L(K)=4: G(K)=100 ’Bvf
2450 "K=6:N(K)=1: F(K)=4: Q(K)=6: L(K)=0: G(K)=100 'Pnbi
2455 K=6:N(K)=1: F(K)=4: Q(K)=6: L(K)=0: G(K)=-100 'Pnbi
2460 K=T:N(K)=1: F(K)=4: Q(K)=4: L(K)=4: G(K)=100 'Prf
2470 K=8:N(K)=0: F(K)=4: Q(K)=6: L(K)=0: G(X)=100

%8 graphAiAsA—25—-—F0

2500 'Nfig Nindex line-style color line-length(X,Y)
2510 NFM 4: NIM=4: ZAX=RkHI1111: AQ=4: LMX=0: LMY=0

2520 * - X-right¥ X-left¥ Y-upper% Y-lowerX Y-div scale(X, Y:bitl,2)
2530 K=1:RDX(K)=30: LX(K)=260:UY(K)=40: DY (K)=280:DV(K)=5: SC(K)=3
2540 K=2:RDX(K)=275:LX(K)=505:UY (K)=40: DY (K)=280:DV(K)=5: SC(K)=1
2550 K=3:RDX(K)=520:LX(K)=750:0Y (K)=40: DY(K)=280:DV(K)=5: SC{K}=1
2560 K=4:RDX(K)}=765:LX(K)=995:UY (K)=40: DY(K)=280:DV(K)=5: SC(K)=1

2570 ° X-index¥% Y-index% color ‘index-chr$

2580 K=1:1X(K)=180:1Y(K)=50: I1Q(K)=4: IX$(K)="probe”

. 2590 K=2:1X(K)=425:1Y(K)=50: I1Q(K)=5: [X$(K)="Ip"
2600 K=3:1X(K)=670:1Y(K)=50: IQ(K)=6: IX$(K)="Bd,Bf" .
2610 K=4:1X(K)=915:1Y(K)=50: 1Q(K)=7: IX$(K)="Pn,Pr"

29 reflAsA—a5—70

2080 ’<reference>

2090 'fig-N Gcolor Lcenter Lcolor Tadvance inv-out D/A-out(V)

2100 FR(0)=0:RQ(0)=4:RC(0)=1:RCQ(0)=6: TAD(O) 0:VI(0)=1:YG(0)=10"out (45, -5V)
2110 '<reserve>

2120 '<data display>

2130 'Nfig inverse gain¥k color Y-level data-step channel

2140 FD(0)=0:DIV(0)=0:DG(0)=100:DQ(0)=6:DLV(0D)=-2:PS(0)=4: DN{(0)=3 *Ip
2150 FD(1)=0:DIV(1)=0:DG(1)=100:DQ(1)=5:DLV{1)=-1:PS(1)=4: DN{1)=9 ’M-ref



2160 FD(2)=0:DIV(2)=0:DG(2)=100:DQ(2)=2:DLV(2)=1: PS(2)=2: DN(2)=10"del
ta

2170 FD(3)=0:DIV(3)=0:DG(3)=50: DQ(3)=7:DLV(3)=0: PS(3)=2: DN(3)=11'out
2180 'Yexpand X-right X-width Y-upper Y-width - '
2190 EX(0)=1:RR(0)=40:RX(0)=950:RU(0)=320:RY(0) =500

2200 'Y-div Y-mark-max val-step mark-step T-end T-begin

2210 DIY(0)=10:YV(0)=500: SY(0)=100:SMY (0)=1:TL(0)=400:TB(0) =TADV

2220 ' index (X, Y) color chr$-main chr$-sub

2230 RIX(0)=880:RIY(0)=330:RI1Q(0)=4:RF$(0)="position" :RF$(1)=" rate "
2240 RIX(1)=880:RIY(1)=380:RIQ(1)=2:RF$(2)="delta” :RF$(3)=" rate "
2250 RIX(2)=880:RIY(2)=430:R1Q(2)=7:RF${4)="V-out” :RF$(5)=" y "

%210 ref2RA52A—2F—7Aa

2280 'refer data fer-fig indx coeffi(equ)

2290 NREF=1: DFM=4: RFIG=1: RINDX=3: NPARA=20

2300 'N-D/A N-seg N-point '

2310 NDA=1: RSG=3: REFNP=500

2320 'inv-out end-voltage T-ope. Tadvance rive<ref>
2330 DAINV=0: VEND=&H800: TD=520: TADV=100: RDRV$="1:"
2340 'Qedit Qa
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