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A COMPUTER CIRCUIT ANALYSIS OF INDUCED CURRENTS 
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Summiry 
4n analyst was maae of ifi» -ncatec Jarre-: w a . i o r or :-# '.JrT^-S 
magnet system Although the magnet system ;;ns:s:s c 22 CMS 
secause 01 its symmetry we ccnsicereo on./ ' ' csus r me anai/s* 
Var ci;s combinations ot tne :oes were curate eifer s.n; , sr r 
grcucs Aith the current palaver .n ail rcagr-ets calculates as a -action 
si :••»* after initiation of the sumo 

As expected, results snow mat tre efect.e ;urrei; s e a , :r-e 
constant si thoit magnets dumped «larger wan tne t r e ccnsarn an
ticipated m the dump of a solitary magnet, cue to mutuai csuawig *ne 
increased time constant leads to a sngh:ly ftcner aciaoatc temperature 
•rse n re conducior Curing tne oump csnt'astec : j :*e : : - ' :ara: e 
'H ?^c.ncuctcrtemperatureounngcu™:'asc :a~. ~?.-',e' - : *? * • 
3~ce niseffect .« me MFTF-8 magne: s,s:e": « = 5 •: li'i'Zr1 

--s-e' loncuctortemperature cesendir; .est- ---e ^a: -e : 2 - ; ; . - s 
; r c : n ; T i e peak inducedcurrentgenera,, scs^rssc-e i : • ; ; " 
5r:;":s =-:er dump imraticn m sc~e-as-e'5 - e - s - t e : . . " " ' ; 
i'ii ^cucn - acout 20'-- - t o sueic- - e : : • : - : : : • • - r ; . - T -

solenoifl csils |S1 thtcugr- 5 ' ransiran cc.i -Ti j . t,vo coiis of tne 
y-c/yan; car iMl ana M2 s-s r e A-cen sc» .Mj : 

CompiiHr-Aided Circuit Analysis 
Our ana.is of tne ,r3ucec ™"ent iena/ic cf r e W~F-3 rnagne: 
system used a commercial circuit analysis program 5»$c->> 5»sc<= is 
a systerr :r .-ncuii anaus.i or:^rai-s "-at cencrms s:a:>c cyn2m>c ano 
linear I-C"Inear r*osai c -\%,% ;i ^ectronic c";j'i5 

Incucea current i -JVCI ,vas calculated using the transient 
THACM operating mcdtr y s»se*? Each of tne f 1 magnets was 
moaeies py tne circuit snowi .n ngure 2 Ail 11 orcuits were similar 
ony : r e ;smscneni ;a:i,e:> '••*: 

-VWr-

InirwJuction 
• - ~- ." : stnp of one magnet ;r ; r : ^ s : ' ~2S"e'; • 

•*.•::e-^agnet system currents 'nd-cec r -cse - a : - * ' 
- . - s e c cs-s cossiciy «ao TO ssas:r:*s csrsece-ses • •--
5 ; r.r-erts are large tne eiecirsmacretc ;a;s ; ; . ; :e 
ei:essi>e easing to ;.tructu'ai ' awe -\ ; « • - e r ; . ; ^ ; 
~ --• etcess trie cnticn current iim,:s - •-» -:-s.-'~s-;: ^a 
:«i .s- : a saensn and smsesuent sun-; ;• •'- - s s - f j 

- s :r reres: mereiorj 'o r , -es : ; i : * - r - e ~ . - " : :~"*: 
-s.ces ru^ents n tiie dump :t sr-e ;r - ; • » -a;--?:! - = ; : . 
muitsie-magnetsystem Tnissacerceais.-.:- -es.ts;:•= - e ; -
v,r:-3 -tagnet system 

: ;^-e ' « a scnematic « • > 22 v s ~ - 3 -»--«:» "-- " 
:c-*sc='es i* cur anarysis a.-e h-z.:- .-.*" - f ; ? « : ' ; ' ; - : 
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The power supply. E. was used simply to provide the initial 
operating current for the magnet. The power supply series resistance. 
RS. was chosen to be 9.9977 x 1 0 ' * ohm so that the total resistance 
that the power supply sees is exactly 1 0 ' 3 ohm. In this way. the power 
Supply voltage is simply the operating current divided by 1.000. 

The dump resistor, RD. has the appropriate value to give a max
imum dump voltage of 1 .000 volts for an magnets but the solenoids. 
The solenoid dump voltage is 200 volts 

The resistor. R. functions as a switching resistor to divert the cur
rent in the dumped magnet to pass through the dump resistor. The 
mit* value of R was 1 0 ' 9 cnro. As s explained later, ths resistor.; 
switched from 10"" to 1 0 7 ohm when : s cesired to oumo tr.at car-
iicular magnet 

\ t eyw, rauciance >s representee :y the .rtcuctcr. . Tr« 
resistance ot each magnet was sei at if l"' onm. which seems a 
reasonaoie value for a large superconducting magnet with a ^--e 
numoer ot spaces within me winding 

Mutual inductance effects were moseieo 9y current-dependent 
voltage sources. JV. with one source ler eacn pair pi C O W M B magnets 
The mtemil resstance ot eacn source was 1 0 ' a otm The voltage of a 
g..en. source, m tne az*i ot one ?. a :a:t e: cctoiea r.a;-e!s. s 
ceceicen: . ; : n tne current n r e :es,s::' RU ? the seccrcary;: "i 
cne-:c*cne transformer ~\*. r. tne c . " - t : ' trte otner magnet s: r e 
ccustes car Further tne -citage is a$c srectly cecencent „ocn :-e 
mutual incuctance oetween r e pair ;r j c o i e c magnets Tne c-rren: n 
RM .vas seiermmec oy r e .oi:a;= _ ; . c e c n tie se::n;a-v :' 
transtcrm-' ~'.t This ;c ta^T /.as : ^ ' ~ ~~- "•- -"? "5"s e": ;;•:---' 

: - "e 1 - , - - $-=>. 
•r r e ; r - 2 - , : ' T V . v r ; - s - e rs-= e -
T r j -c^cs-ice of r e ; — a - . : i " v .-.3 
e - c . ; - : : - " a ' 1 ?" r e C :• - » - a : - - -
can, arc rmary ;o ;;s r "V .-.is " J : ;• 

A 3".er tragnet. cr - iggres .vas : . -
Jccn :u*s •riiiai.cn a.i cc.ve r =-:c. •;$ : 
nsta"! tne s.vtcr-inc -esis::^ ;• r e - i ; - « ;~ pg o.reeo r^ s.-. •-
ZK1 " : r •;•- :; • ; " ; — --,5 • : - : = ; ~ e : _ - « • • r •-* ; . - : = ^ 
~a- -s:s :; cass r . ' c u ; - - e - J L - ; = ; ; - ; • ; ; - ; r e - ; : - e t 3 r e 
c 5C-ar ;= : - a: ::. S.v:: -r ; -?s.s , : -= • - : ; - * • ; - a : a - e - c : : _ - : : e : 
'sma.n jn:-2ngeo *h„s t v e ' t s r - i - = ; - « ! » :,r:.,at5 :-?:»;•> ~a 
cuter ice: c F-gure ; a r j :eg,n 3 .**, =:o» ttacas - - e :o ™ 
1 C ' 3 ; n n -esistance n n s :;r:t,it 

* * e .-aiue of RM was ;=:err n e ; : . ^ - : ; , - ; j . : ; ; = : : j - i . ; e ; 
sro.e rwo-ccii case rat ;;^iore t"?;t»; =-=i-.:ra:>• * - - .a-_e :• -'.' 
was .ar:ec jnn me 'rc„:ec :swsr z-->. •• :a:c^ia:ecc-. : • ; ; - = * • • 
acti'.-atcrec-tieresets j 'T-eara. - . - j ;afflia:on * i s - . aue : i 'M 

Risulti 
Operating current values for magnets within the MFTF-B magnet 
system are listed in Table 1 for the operating mode where the cenral. 
on-axis magnetic field is 1.0 Teste. The table includes values of tne 
operating currents. Table 2 presents the setf- and mutual mouctarces 
of all magnets of the MFTF-B magnet system. 

Tilkte 1. Gi>erj;;nt: current nfmaztwls in MFTF-B mzw SK.V"; '•'' 2 .v—v: 
• mid til; 11 Tain. 

Coil Opwiting Cumnl |A) 

M3 5.416 
V2 5.207 
Ml 5.207 
T1 6431 
S7 2.589 
S3 2.631 
S5 2.668 
5» 2.663 
53 2.663 
SJ 2.668 
St 2.668 

We ra.e analyzed we emergency Cumo ;t r i - y j.r'erer: 
mgs :t tne M?~-3 r.agnet system aoace iinaato's ore::i.:e 
ail results cctam.ec In some instances le g.. cumc c V3 " .-
duces currents n r,e -emammg magnets are .rt^jy ncr-e 
oecause ;t r e snail coupling oerween M3 anc r e crer ~ a : ' 

Taoies 3 :rrz„;r. 5 summanie 'SSults ;f : . " - ; • .5 :• 
"agre: ;r:~.n;s "".e tacies j .er.ecoera'.r; zs--,". - "^ 

Soitnaid 
Crpupmg Coil 

htductd Current (A) 
'. - i :'ii 

:3tlR 

S' -57 
37 

«J3i 233 
3.589 5C2 

2 '2 '•} 

Indue* Curttnl Ml - M J 
Cai l >3 41 I'M 

'•;: ? " 6 54 •2 
35 HV 52' -3 = 
35 2H6 34 3 ; 
54 io63 32 •; 

Magnet Coil 
moucunci 

1H1 M3 M: 

V3 •0 = 
V3 : -62 
V 0 0962 • 15 

"" 3 3'57 3 -3 -

; ^0* z - 34=5 
55 0 S0S53 -.33=' 
35 C 30552 ; c i s : 
54 3 0 0 4 " 3 - ' 3 ' 

5 3 525 
43 32-3 

: 3343 
4 33 
: 533 4 35 
3 231 3 5C3 
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Table S. Induced currents due to dump of Tl only. 

Inducad Current (A> J», •p«t 
Coil t i\ 11*1 IIKI 

M1 5,207 140 2.69 60 
M2 5,207 30 0.53 40 
57 2.589 771 29.0 80 
So 2.631 100 3 60 6C 
S= 2.563 20 0 75 60 

15S8--; 

T.-iiP d. Induced currents due to mtfartfmi cutr.p <y \ll. .1/.', ir,d US. 
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Indtwai Currwit (AI JW, 
l„ il KM 

6 431 37-i 
2.589 31 

5 32 
12 

'p»> 
IMCI 
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1538-13 

en increase in current. Jl; ttie percentage increase ol oceratng currert 
that :ie i l represents; ana the lime at nrncti tne ceak current occurs 
after Mason of flump. Any percentage Krene ol less tfian 0 5 ]> .-s 
r.c: -eccc-ec 

"a:« 3 cresents results oi Curcr; v . : ; w ? - : ;rc-u:ings :i 
sc-e-j.s "us In cumjing ail sciences a: : - :e ;ny :"e trarst.on col 
s s"«:es. is <nauced curen; rec-ress-ts : - , acou; a "t .ncrease 
o.e- !s r.crmaicceralingcurrent. F:g„ra 3 ; i r c: C Ire current .rT" 
s; i ' . - ; : c- oi lire alter iwaicn :' "-? : . - : ; • » 5:-*rc a cc-is 

' ; : e ; a o s n e v s t n e r e s . i t : : j r . : ; - • = : . > . : . - : - ; j ; .er:cs 
5' — :_:'- 56 in THIS case :r-iy s : - - ; c : ; ~~ j d"?c^3 c ; : 
5-c. i -e 'est- .eiy ia-;e rcsase i i c . i ";•• : . ~ * - : r - a ccsratr; 

- :~s r;.r:Jjr,D',vs:"e:.-s:e-3.c': '-r : -~T ' : - : ; : 57 aitsr 
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Fifufe <* Tempom behavior of currtnt tn soUnoid 5" after imitation of a 
dump of itienoids SI through S6. 
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Simultaneous dump of M1. M2, and M3 is summanzed in Table 6. 
Only transition coil T i and solenoid S7 are affected. The Bansition coil 
suffers the largest current increase, but even that surge amounts to 
only 6°o over normal operating current. Rgure 7 illustrates the temporal 
behavor of the current in T1 alter initiation of the dump. 

I.M0 . . I 1 ; t 

/ • ' > i i 

MM / ! \ : : ; 1 i MM t ! \ : 
« 1 

i i 
M • I 1 

« i i 1 
h> 

* • , j 

t 1 

I t M t ! 
I i v : I 1 • i V ' 

1 . ' V i i • 
5.400 », 

0 100 200 300 400 500 600 7 N 10* 900 1,000 

f..*;.v * hwpi'zMKJUII'•>• ...r\<:- :t:--'"/... 1 . . .'.'-'.vr:r:.':-':.i r •• 

Cice-inguccnsie-nagrB: ; • : . : • - : • = : . - : e : :.:-e-:s . - c : e c -
:-e -«-a.nn; ra j is -s 5: i : :se . ::.:?: - » : - e : ;.a:e~ : r ce 
:ar:e As/ .e-a .eseer V r " 5 - : ; - « • ; . = e~ ;_r-=r:s r s c r e - -

stances, show increases of 2 0 : ; or 25!b over the normal operating 
current. Trvs large induced current can have two deletenous effects. 

First, rne induced current may lead to a total current in the coil that 
exceeds tne critical current of the conductor, leading to a quench ot 
the conouctor and. consequently, to an emergency dump ol the 
magnet ariected. In MFTF-3. exactly this scenano can take olace m 
safenois S7 Steps to reouce the induced current that can be taken 
are: n 1 increase the r.umcer ot turns in S7 to lower the operatng cur
rent. |2: recuce the dump voltage ot S7 and the other magnets closely 
couoleo 10 •! or (3) a combination ot mese methods 

The secc^o deleterious consecuence of sucr. large mouced cur
rents ;s ra t siectromagie: c loacs on the magnet ana conductor .-nay 
oecorre e<cessive Trs CCJ'C cose a serious threat to either Tie struc
tural ;n:e;-.:,- st Ti ^a;net ;r r e state of strain or tne ccncuclcr Ot 
course " ;-5.ve' 'uiiv r e auestion of whether tne electromagnetic 
caes a 'e : : : sr;e : te A-CUIO -ave to calculate the total magnate f'eis 

at tne i r e :• cea» :urren; 

Anotne' consesuence ot mutual coupling is that the current decay 
time consars 01 the Cumpeo magnets tend to increase. This lengthen-
ng 3' tre cscnarge twe results in a small ncrease m conauclcr 
aaaca:; :e-se'at«re • ;e 01 sr :re rise to be exaected m dumping a 
ss;.ta-, ~i"H i" V F ~ - 3 T S inrease s cetween 3 arc ?0K 
cecerc- ; :- vie Tag.-e: 2na ^mp grouping. 

'.Vs -a.e crese^tec m ~ s cacer :ne results cf a computer st^cy " 
nccec :.--**;s n ' - e V ~ - 3 - ! a g n e t system Tr.styoecr.nves:,ga-
• : - = " : - : :e :<:"ec : . ; -• ai> -lagnet system consisting ot cc^ce: 
•"a;*e:s:: ;s3i.r? r e r-ac-e: :es,gner mat mcucec currents : : -;• 
ea: •: i f : .5 st - .cva ™ e r - i :r eiectrcai r a w * "icces 
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