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In particular
commtntnr ‘dc mnchtnes cnn nerve aa a hl~h-pw~r
?ner.cy-source for t*ntfnK larRe, pulsed mumeta. 3%ia
paper Ae.qrrlhPs a pulad Dower supply baaed on

trnctfnn motors which will be used to teat the LASL
prototvpp 2fl-14J auperconductl ng tokamak induetlnl

coil.

~ntrodurti.m

Trartton mntors are a clasa of commutator, dc
●lectrical ❑achi ne Il*ed aa propul~lon motors in

locomotives. l%ey are usually ouerat.-d as s~riea
wound machfnt?a, t.e., marhtnen in which the field nnd
armattlrt= Winrllnps a r.- cnnnpct-d el~ctrlcnlly in
aerl ea. in the applicntlrm described her~, thp
wlnrffne.q arp not spr{es connncted hut are .qcparat.-ly

Pxcitrrf. The motors have a mr.chnnicn] rnmmutntor
Cmllpnul=d nf csrhnn hrllshes wipfnp coppt=r s~gmentn
which ~rnvfrlp 141rr?ct current. Commtator flashnver f~

a limit rn tht= mnximurn vnluPs of currpnt mnd vnltape
which the machine 1~ capable Of .quPDIYln R. Rin~l ic
cnr.rpv Ig qtorrd fn tht= apinnin~ rntnr of a tractlnn
mntnr, nnd If the field c!!rrt=nt is flxrd, thr t~rmtnnl
chnrarterl+tlr~ nrr those nf a cRr).qcl tnr. I%P fact
that rractlr)n motorfl. n9 1111 rntntlne PIPctrtrMl
mar\ine9, can hehavm like larpe cnpacltnrs mnkps them
no.~ntfnlly usef.l! In nll19ed powt=r suppltes.

FIP. !

T-m tvm - 16? trartlnn -tnrq rtmflmlrd ‘nr tmtfnp.

Call fnrnla

Yexico 87545

numbers for uae an rlrlve mntorn in dteael ●lectrtc
locrmlot:ves. They are no lon~er manufactured hy
WeacinRhouse hut exist in larRe numbers, and are
rehul I t and exchmnRed nr sold by vurtoua motor
rewtndtng compnnl-n. I?quivalent motors are curr~ntly
mgnufactur~d hy the Electromotive Div-laion of General

f40tora (type D-79) snd the t%nera] Electric Company

(typ~ 752).

A number of characteriaticn make rractlrwr motors
attractive for uae in pulsed power auppltes. Their
mechanical conatruc: ion ia e.. tremely robunt ; they are
normally suspended frnm an axle, withil; a truck
beneath a locomotive. They ar- aubjacted ● frequent

awitchtnz tranaienta, and are used for dynamt c
breaklnu ao their windings are maaaive and WW1I
hrac-d. 3%04 r tcrmitwil chnrnctertaticm, ●nerfly
etora~e cnpn.-i ?v., and avat Iahle ranRe of capacitance
arp reaqnnablv wel 1 matched to many pul~ed pow-r temt
nppllcationn. The rwerrtdinR conalderatlon which led
tn the chotce of n tract inn motor baned pulsed
auppl.+

power
vn ❑ rhet r !rlw Cent: - S3.50/pulsed kVA. whrn

purehnaed .q~ rph.ii It equipment.

Thr chnractertstlcs nf a typical type 362
tract inn mntor arp Ilntwl In Table 1. Stmrly state
ehnrarterfstir.q were provided hv industrial
aourcem, 1! 2 Thege ‘J~l,,~q wrr~ chpcked and tranatent
chnrarter!attcs rlt=tormtnwl hv tp.qt.q performed nt I. ASI..

TABLE 1

TYPF 362
TR,V:”r[ON MOT(IR CIIARACTFRISTICS

Ffaxi mum ~peerl (rpm) 2500
Mnxlmllm terminal \onltace (V) Ptlo
Cnntlnllou.q trrmlnfll cllrrent (A) 52rl
~tsrtlnp dutv rurrent (A) I rlt-lo
Rotor mnment nf Inertia (NmsJ) 21.2
Armnturp ri-ml~tnnr~ (roil) 19.4
CnmmutatlnR field rcnl~tqnce (IrIil) 11.0
Serlem ffrld rr!!lstqncn (ml)) 12.7
Arm,qrllr~ Irrd,,rtnnro nt ?0 Nz (ml!) J4.8
FirlII Indurtanrn. dr (roll) ?5.0
Field mrmnruro nwrunl !ndl,ctance (MN) 31.4
Arrmt,arp rnnrtlon mlltll.~1 indtl,. tan,-~ (nllA-l) I Rq
Flnrk lrntl tlmt, ,nnstnnt (s) n. 7
Armnturr cnllm:

Wfro ~lzr (rnppmr) (In) O.Inn M rl.s6rl
Turnn nrr I-I.I 1 I
Hllrrhmr of rnl Is 155
Nllmh,,r nf rmnrmlr.ltnr h.lrs 155
Nurnhrr of nnlrm &
Wtnrlln~ rvpr Urlvr.

Mnln f(pld rnll
Wlro PI?I. (rnpr,, r)(ln) 0.2P I . I.rtn
Nllmhvr of tllrnn ~:

lntf. rpnlr ‘Inld rri)
Wlro q[?v (ropn~r) ([n) n.1~~,1,50
Ttlrn~ prr roll 25



?fl-u.l Iqof 1 Tr,q~—— .-. .. —.-

A rlrrl:fr fnr tPqtlnp the ?n-v.l ?rn?lr.vpw qUrnrr-
cnnfiurr!ne lndllctfrm en+ 1 is qbnwn In F!x. ?.
Prlnc! pal rnmnnnmntq arr. : .? r$n V. 5fl kA dlr~rr rllrrent
rpvrrqnhle rrnwer sitIIrIlv: a slln~rrnnrf!lrrln~ crril . whoqr.
properties arp l!~rd in “?ahl,. 11: n dlqcl,nrgo

r.?si~tnr: n hank nf trartfnn mntorq ftlnrtfrinlnv .nq ,?
Iarpe canarltnr! a pnw=r quprrlv tn hrlnp thI= mntnrq IIIT
to Rpl=Pri : and flnallv, qwl trhrq .nr ~nrh nf th~ Dnwor

SMDC1lI=S and hcrwi=pn Fho ! rarrlnn mntnrq nnrf tl}p rnl 1 .

TARI F 11

CHARACTFP1 STIrS OF ?p-M.J Crl; [.
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FIF.. 7

Teqr rlrrl!ft rnr LASI. ?0 ‘1 rnl I , Ilqfnp .7 tr.nrtlmn
rnmt,, r hlnb.

m.n ~llrnnqp n! FIT* tm%t fe tn rheck all mspectq
** :!,,. rnf l-q pmrfnrma”rr. when qi!hipcted to a current
pll !-(. roprr. q,. nrntl,:n nr fin Ilnasqlqtt.ti gtmrt-, im nf n
r~bflma!i. Tho rrartfnn mnrnr hanb wi 11 prn.~fflp a hle~
peak -tww~r pulsr. fnr -annvric flr.lrl rk=.w.rqal.

n,- rtjrrrnt Wn.)r. -’nrm Ilscd tn rl=~t tbr Cni! is
shnwn In Fin. 3. ‘rho nff Pct nf thp circllit is tn
rharpr th” roll to 50 kA, r~.lmrs~ the current tn
-fn kA 1“ “np cm twn .qPI--ndq, hold the current at
-50 kA rn .:nrf Fy thmt th - cm! 1 hag rematned ‘iupercon -

rhlrtlnp, and thpn fn al lnw tht= rt!rr~nt tn decay. This
wn..,pfn;m I-IOPS ““t sfr.,,lntm tho nrc=qt=ntly prriDoqorf FTF

tnfrarrmk induct Inn rnf 1 cllrrpnt wavrfmrm but iq In fnrt
a morp severp tP.7t rrf th~ cl-l! 1. By !mfcahlc
altt=rntinn of the cirrllit, wavpfmrms r.~nfcal of an FTF
tnknmnk nr orhrr fut,lro riesfms can ho simul,qtprl.

A tpgt cyrlt= l,~Rinq hy eharRinp the CmIl with th,.
511 frA pnwr. r q,lpplv !rnd chnr,=l np th~ tract inn mntr. r
hnn~ rn thm nppnslt - rrnlarltv ,lqlnP, 15P mntor charuin R
qllpplv. n[lrln~ rhiq phnse nf th~ CVCIP, th - rnp

hnttnm
and

~Wl trhrs fn FiP. ? nrt= closed and rhr mirlrllr
opnn. Tn Inttfntp thr rpsl~tive dtscharg- phaq.-, the

tnn switch 1~ i>pt=ned. At thf~ pnlnt the hntc,mi swftr4
Is alsn nponed and the tnntnrs allowed to coast. Al
the .apprnpri ate time thp middlt= switch is closed n.Irl
thr ,.llrrr.nt fq r,, vrrsrrl hv rffsrhmrulnp thn tractlnn
rnntnr har?~. Thr wn.~r.fnrm iq cnmpl~te,f hy n flat top
pnrrlnn and a rm~lqtl.~- rllsrllarpc.

Cmpp,lr,Vrnr d,. MnrhfnPq as ranarlcnrq—..-_. . . . . . . . ...__-— . . ..__ -——. . . . .

A rnmwttqtn;. rlr mackf nfz whnq.- qhaft lq nor
rnnnmt-t-d to an r.nmr~y rjhqorhlnp nr nrnd!lrf nP ‘+P”.’f~@

~xt*rnnl rn thr marhinr can he mndfi rn fl!nctlnn aq .I
canarltnr In an r.lfirtr, r rirruft, Tl!lq ran ho shnwn
qllirr ~!mp:., Irql nr t’).- (-lnqqlcnl Pquar !c.nq uhf rh
rr. nreqenr thr rIporr4t Inn rrf ,an iln9.arllrat..rl dr -arl)l no.

Th P trrmlnnl Vnlrnpr of an nnen rf r~llir,,d,
uns,lr!lrarf. rf, romrmjtnrnr dr varhlno IS prn[]nrvlonn] r~

in Flp. h.

\_:. 0,,:“”1.——
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..~,?,~,;

I
I



-

‘o

WP. 4
Fqlll...nlent rlrrllit n~ trn.. l.fnn n m-ttnr.

hy the Intprncr!r+n nf thr field

cnunen an acc~lerntinn “f the

(7)

.1
r . .— .-_.. fh}

(U, ,1~ :’

Trnmqlnnt ?-qrq----- . . . .

mfmllnr tri thnt ❑hnwn In PfR. 2 Was ml Ov=d du? “--
rho t~st. ‘kt trnrtinn mntnrn rnnntftutml thp
~lrrtrnmmchmrtl ral ranncf tmr, and a prmrfrmqlv t~mtml
S4n kJ ourwr:fmductirw Cnt I urns
{nl!urrrw.3’4

URPII an th~

A merien nf trntm wrr porformpd tn d~tprmfnp tht=

rnngm of validlt~ nf Pq. (4). Thrw #f fect# Iimit th~
unr?ulnemq of thfn mlmpl P relatlonnhim: rement=nce,
nmturntfnn, and Armature r~nctlan. Theme effects can
b- arrnunt~tl for lr:~ rcrnstfrru Pq. (4) in tema nf the
tenntnnl \-!llt ~p \,er uni t nprod aa a functtnn of n
rrduced field rurrwlr whlrh la y@t to b- drfined:

l%- ntmn cirrufr voltnr~ ppr unit rntntfnnal
snrwti can hp nhtnf nt=rt frrw rhe t-pen rircu[t snturat [on
rur.w, Fia.
261.8 m-l.

5. hv dfvidirrE th- vnltaRt= at 251V rpm by
Sntr thnt Fq. (1) !m valid tn akut 1.2 kV
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ThP npmt cireult aaturatlmn curw flattenn out ma
field curr~nt la Incr-aa-d an a rmault nf nmturmtfnn
of portions nf th- Iron Mmn@tic cirewit. I%lq lfmltn

th~ nmelleat Vmlu- of capaeltauce wfrirh can be
ohtainnd.

Aa ita name Implf@a, th~ open e~rcult mnturatlnn
curwn amllea to a mechitw whoe- tr=lnala are opon
circuited. ?f armtur~ currpnt flrmn, this
rPlatlnnahf D in alt~r~d. For ●~ture curr~ntm up tn
th ● rntmd vnlu-, th- slt~ratfmn Is a;lnht. UhPn
curr~mtn In •c~mn of thla valu~ flow. the magn~tlc

fiald ~roducd hy :hm armmtur~ currmt heplna to
inerean- ch~ m~anetlr fl-ld In ❑ nm~ portlona of the
field pmI ● a nnd dmrr=ane it in others. ?Ield

distortion lowra t!,r terminal voltage. 71te ●ffert la
nrm!in-nr and r,ot nmenshlm to calculattnn. Acr@pted

oractfe- fn to ~en-rat~ n famllv nf cIIr\wm much aa th-
Cur#* of PIP. ~ with armeturp currmt an a parmmet~r.

Th- ~en~ratfon o? anturntion curvpa under load
rquiren np~rf #lized ●qulprmnt, and thm rmaultn mmv

nnt nmmfy tn trnnnient cmwfitlona no an alt~rnnttv~

apprnerh to th~ prohl@m wan d?vl.qed.

It Wnn ●anumed th~t th~ nwn tircuft maturation
curva enu!d he npplled Fn all op-rntlng cnndltlnn~ if
th~ ffeld current Wre reolacerl hy nomp nuitnble
functfon of th- field nnd armnturp currmtm.
?~crfm~ntml ●Vl tlmnce Inrlfcmtes thmt ,1 euftmhl-

functlc:. coIIld he d~fin~d:

lfe- If-h

(6)

(7)
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REDUCED FIELD CLRRENT(AI

FIR. 6
Capacit#nc@ nf nne tyme 362 mntnr as a functlnn of
r-duerd fi~;.! ~urrmnt.

prmtf[ctinn nf the capacitmncm nf a tractlnn mntnr with

■ufflciant ,Iccurac? fnr dpmian of the 20 t4J teat
facility.

~P Iaat nlpnificanr circuit pnrametmr whleh was
decrrmind hy thie st=rl~a nf exper!mmta uaa th-
intrrnal irhfuctanc~ nf th~ nrmaturc clrcuir. l’hle
parametm (Ln) waa m~anur~rl aa a function of field
curr.-nt and fn ahnwn fn ?iE. 7. Th@ meanurpment uas
~d- at 20 Hz ●nd x~rn nrmeturp rurrpnt. An thp field

curr~nt ia increnn~d thr armaturt= indurtmcm deer-aaes
aa ● rpeult nf naturatlnn of th~ iron mannetlc
cl rcul t. lhe ?ffect of armeturp currpnt nn this
Irrtfuctanw la ❑eaaured by cnmparing the armnture
cur?pnt followfnR a ❑witching tran~fent with the
lnirinl coil cmrrpnt. lhe cner~:? Iosa durlnR thr
ewftchfnp trmnalpnt tm chieffy determinrwf hy th~
armaturp Inductance. Tho r~!arfonnhlp bptw~~n the
armntur~ and rnll eurr-nt Ic Ie:

: 10
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FIELD CURRENT (A)

Hp. 7

Armarure intfurtnnrm nf nn~ tvnm 362 nmtnr nn n
funrtlon nf Flelff rurrivt, mw+qurmf hl lndurtnnro
hrfrlpn at 2fl Ilz.
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