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New micro -compu( er prof(l'ClTn 0 r D('vi cp InLerface 

ModLlle (DIM) is developed Lo control quiddy mu/(n<,t 

<currents in the RIJ(EN I'ill[( cycin\n>l1. When n mini--

computer contr-olled sixty eil(hL kinds of mngnel PO'vPL-

suppl i es through l.he CH1s 'lIld D ltvls, i I. Look mor-c' than 

LO minutes to set all magnl'l (~urTenLs to d<c,tenllined 

values. 

The 

language 

nelv program, whidl is wrLLten wi Lh ","s('mh_lel­

and finnwar-ed i.nl.o lII~1, enabled the DlM to 

con t 1'0 I a 11 the power sUl'r>Li p" i II I ('ss Lhan 3 minu tes. 

Ther-erore, the load of lllf' mLni--computc'r- culd 'be 

decreased effectively. 

Tlte con I rol sys tem of tllP n IKEN rinf( cy('lotl-on 
1) 

ll~-;e!; CAMAC ('(j11ipmcnt cllld iwo lypes of intelligent 

Other crates 

/ Optlcal fiber .", r \ntoroller 
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i IIter-fau-, modules (ClM And DIM) to link between a 

(,Ollt n)J computer and controlled instruments. These 

modules consist mainly of a micro-processor (CPU Intel 

BO;!I), a random access memory (RAM) and a read only 

memory (110M). The CPU hus such functions as a timer 

illLerrupl ion i-\Jld comrnulIlcation in addition lo datu 

procC'ssing. The RAM is used for storing a block data, 

lVir i J t' Ill(' 110M is used for r i rmlvaring a system program 

and sequential conLrol programs. Ins t.ruet LOIIE; are 

operating the 

instructions ar-e classified 

CIM/D[M system. 

int.o five types: 
The 

1) 

LfiS truet Lons for ini ti a I iz ing 2) and for checking the 

elM/DIM system, 3) for sending out/fetching a single 

data ("rom/to the contro_l computer to/from the ClM/DIM 

system, Ij) for transferring a block data from/to the 

control computel- to/from aCIM'smemoryor a DIM's 

memory, 5) for sending out/fetching a message from/to 

the conln,] computeT to/from the elM/DIM system. 
2) 

Details of Lhese modules were described 
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Blocl, diagram of mHf(net currellt. conLrol system. 
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are llIany power supplies for exciting 

electrical magnels in the instruments. It is re(luired 

to vary lens hinds of llIagnet CUlTents as a linear 

rune l ion or i t:s jump fUllc t i on \-1 il h respect t (l time. 

Although sllch a curt'ent contrul can hp 
3) 

the contr'ol computet' 

pcr'funned 

in it is not effective 

by 

the 

control system because it increases the loael of the 

control computer. On the other hand, the D 1M can 

perform many sorts of sequential controls independently 

of the control computer by firmwaring r'espcctive 

programs into it. 

Therefore, \,'e decided to make the filM per form 1 he 

control and developed a pt'ogram for it. 

Fig. 1 shows a block diagram of a ,nagnet current 

control system. There are a mini -computet' (M:350/50, 

made by MfTSUBISlll ELECTRIC Co., 

computer. The computer. conulluni.cates with each CAMAC 

crate through a serial high way made of oplical fiher'. 

A cOlmnunication interface module (ClM) is mounl('d in Cl 

CAMAC crate, whl.le a DfM is set in a group of 

supplies: a pail' of plastic cables ar'e used fot· 

connecting between them. The DIM gi v'es in forllla l i all 

such as DA.C select and set current to each pow"r 

>upply, and fetches the stat.us inl"unna1.ion unci ('llrn'llt 

)f each coil. 

Fig. 2 shows t.he configurat.ion of a ma ill co i 1 

power supply. It consists mainly of a l'!"('.-r'et{nlator 

and a main curn:nt regulator. The pre'-rq(u I at,,,, is 

used fOl' decr'easing the power dissipation of control 

element:; in the main cm'l'ent regu.l uler. It det.ects a 

voltage drop across the elements and helels the drop 

Pre-Regulator --- --- Main CUrrent Regulator 
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Fil(. 2. Configuration of muin coil power c;upply. 

Coil 

constanl even if a change on A.C. power source or coiL 

registor arises. But a power supply used for each trim 

coil consists only of a main current regulator, has not 

a pt-e-regulator, because lite power dissipation of it is 

not so large as that of the main coil 

The matn currenl regulalor consists 

power 

of 

supply. 

con tro 1 

elements, an error voltage amplifier, a standard 

and a 16 bil (b - b ) digital to analogue registor' 

convet-ter 
o 15 

(DAC) for accepting a reference Vref 

digitally. The error voltage amplifier is very high 

gain. 

voltage, 

Assuming the amplifier has not an offset 

and the value of the standard registance is, 

,;,ndependently of a surrounding temperature, constant. 

The output current 1 of the power supply depends on 
o 

ini'unnation coming from the DIM. It becomes nearl y 

15 
10 = Ii L: 2

n 
bn 

n=O 

where b is the value of l'ad, digi tal input (0 or 1) of 
n 

lhe DAC and K is a const.ant. Therefore, all the power 

supp lies can be controlled sequentially by the 

information froHl the IllM. 

The a Igor i thm of a ncIV ly dev,doped program wi 11 be 

explained beluw. ParalIlet'er's used for' the current 

con tTo l are as follows. 

1. The lllunber' uf contt'olled power supplies: NT 

~. A rep(~LLtjon lilll(' 011 varing all references as a 

jlunp function based otl a 1 lneur' function: 6. T 

:1. A 1'0\-1'01' supply nUllIl", ... : Nil 

4. A. t'ef"et'ence for obtaining an initial output current 

or each l'ow(:r supply: 11 

5. A l'<oference for obtaining a final output curn,nt of 

each [lower' supp I y: r]l 

G. A reference s l.el' Oil l hc: increlllel 0 (" each reference: 

6.1 

7. A.llm-lable devial.ion, ,,,hich is an upper- limit of the 

difference between each ,',,[erence and an output CUrTl:nt 

bor'n" by j t.. 

HAM 

data. 

These parameters at'e "l.ured intu a pr'edetermined 

with instructions for transferTing a blu,'l; 

After stol"itlg th('. parumelcrs, the CUlTenL 

cont,'ol is perfonncd i [ an instruct iOIl for sending out 

a messa11e is sent to the 111M. 

Fit{. :3 shows the opet'ation flol-l diagram of initial 

curr'cmt sellings. In fig. :" the nUlllber of cont.rolled 
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power sUl'pjjps NT is cIH'c1",d firstly. When NT is mOI'e 

th,m 1, a vari ah len corTesponci ing to th(' number is 

defined. The DIM l'f'w[s out each !'eterence for 

obtai.ni.ng ;:)11 illit i;:)[ outPllt current 11(11) and each 

power supply llLunbet' ND(n) fl'om the HAM area, and sellds 

t.hcm to ('ach pO\-Icr supply sequentially (n c' 1 Lo NT). 

In this case, a !'efep'nlce 10t(n) for setl ing each 

out.put. current is equal lo t.he 11(n). 

F I a!(s dqJend in?; on Ll'" number NT al'e Pt'OV i ded til 

t.hr' !lIM. When lh" output. '0)' a POWCT supply n,;:)chcs it" 

final value, a flag F(n) being related Lo the power 

supply is sel. Atte!' til(' illiti,'] I'urrpnt sl'ttinf(S, "II 

the flags are resel. 'I'h('Il, t. he n 1M loads a repeL iLion 

time 6T inlo the t.iml'! (")lllltp," of i.ts CJ'II '11Id ('n,,!>!"": 

a limer interrupti.on. 

Fig. 3. 

s(,L tinrrs. 

Operation flow diagram of initial current. 

Fig. 4 shows lhe O["'!',,\'.i on fJ ow di agnw! of t 11(' 

current con tro1. When a Limer interrupt ion dependi ne 

on lhe repetition lime happens, the followinp; 

procedures are perfot'med, The DIM detects each out put 

current IAt.(n) through ullalogue inpuLs, converts it 

into digital contents and stores the converted content.s 

into predetermined data area sequential (n = I t.o NT). 

The DIM checks whether all the flags are set, or nolo 

If they are set, it. means that the currenl control is 

completed. Therefore, the !lIM sets an end 

disablcs \.he t.imer illtcrruption and finishes 

curt'~nt conlrol(Helurn). 

flag, 

lhe 

When they arc not. sel, the foIl ow i ng steps 

performed sequentiallY (n = .l to NT+l). Each flag F(n) 

is checltpd. If a flag F(n) = 0, vlhi.ch is not set, is 

found oUl, the difference betl-leen the setting reference 

1Ol.(n) and the detected current IAl(n) is calculated. 

l f the- d i [TerencE' exceeds the uppet' 1 inti tIL (n) , til<' 

!lIM sets an prror flag, disables the Lime interruption, 

and finishes th" current control(Heturn), When lIl" 

d i j'f'cn'll(,l' is less lhnn t h" upper limi l, the DIM acids 

All 
are set? 

Fig. 4. Operation flow diagram of current. control. 
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each setting reference lOt (n) lO its refen"lIce s Lpl' 

6. 1 (n) and checks the amoun tor Lhe added Ie I'e n'IW" 

lOt(n). When the amount exceeds its final value IF(n), 

it is replaced by IF(n) and a flag F(n) is 8e1. The 

setting reference lOt(n) decided in this way and a 

power supply number ND(n) are sent ouL each powpr 

supply. 

The above mentioned procedures are repeaLed every 

when the time interruption happens. When lhe DIM 

finishes the current control (Il"lur"n), it. ch('c:I,,~ the end 

flag and the error falg. When lhese flugs are not set, 

the !JIM wai Ls for an ins L [-UC lion COlli i nl\ from the 

control computer. If one of them is seL, the Dl~1 sends 

information to Lbe DIM. As a resulL, the elM sels i1S 

LAM flag. After searching each LAM sig:nal, lhe cause 

of th" generati.on of the LAM sigllal can b,~ found 0111 by 

fetching a message from the !lIM. 

Sonll~ hinds of curr(~nt controls w(~re ('(:IITicd out. by 

us i ng the progt'am. The nonnal ized OUt.Pllt cut"n,nl 

ch;:.ll'(Jct.eLislLcS of six power supplies an.~ showil ill Fi~~. 

5 us an example. In t.ilis CU1Tent c:ont.n>i, one 111M was 

USh!. Sillce th," n'pel ilion lillie was ,"ol,sl,,"1 1"01';.1 I 

thf: [>OI,'er supplies, it will be found Lh<.lt d POIVPI 

su!'ply ND(2) controlled al a w"id" ["(,j"en'lIe.' slct> 

reached its final value in a short lime, while' tlw cas'" 

of ND(f» at. a narrow refer"en",' sl.e[> tool, Cor" a IOllf( 

time. In the same manner, the curt'ent ,"ont['ol "f sixty 

eight. p0l1er" suppli,c,s could bl' made in I,-,ss th'II' 1111"('(' 

minules with fifleen VIMs. 

As the applicat.ion of the Cllrrelll cOllln)1 10 main 

coil power supplies, reselting paramelec W'lS I""p.,at"d 

to swing t.heir output current levels. 

and fast stabilizing field distribution waS "I>taint.,d" 

The VIM reduced the load of the control ("olnpull'l" 

because it was used not on ly for' inl erfac log bel Ween 

the control computer and inslnlllwllls but also COl' 

cOIllro.llinf~ " those inslnunent.s sWluent ially. 

Fut"tlJerJllore, th" DIM cou I d respund to reques 1 f["{)m t.be 

cuutrol computer even duriug it p"rfol"m"d the l"U1Tent 

control. Such a funclion 01' the TlI~l is sUperiOl" Ihal 

of a general purpose sequential controller. The 

Final ""'k3 value ------- I Initial 
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----

=== --+-
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n,", ,,'"' tz 

Inltlal value ~~----------------------~i---

I 
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""(" ! 

(,,", ""'~ ""PI i 

Initial value ~~~ ______________________ -Ll __ _ 
t t 

Beginning Completion 

~'ig. fj. Nurmaliz('!d OUlPlil C:U1Tent characleristics. 

func1 1011 macl,' th" conll'ol sy<>lcm mor" flexible and 

[)()w{·rl'u1. 
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