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lilulti-Pulse Control Systems
I The pul3c leng:th coodol {.<-. E
usca waliations in tn. €tio d ra- -to ofi time in ach pul* crd. i: .i€
a proportional rudder movsd- r:
vcll ]<nown to most R/C flra r1'+:
populd lor rudder-ooly cotrE.i 7-l
sFtem3 nave been limitcd i. =::-control work by the dimcdty ol .a:3a
exha colt.ob to the basic syne :=t
has b.en true despite ihe lao*l.d6. 5:
t}]. !s of puke rate control, b.-C -variations in the number oI ede N:€
per reond, is a logical meaB of oH-
ing additional controb. But m.tn dr .l
utili,inc rate .ontrot hawe required -siLv.lopmst and only recertry nrvc gor,
t6 ofi thc bench and into re$la. Er.i=

On. ol the biagest single d€v.lopmdi
in rate control was tl'e inhodudion of
the iDductive }i.& principle as a sjopl.
,nd Seible s€thod oI separating pul*
dte skn"r3 {rom the puls€ lelsth srstd.
This p;ocipl. Iostcred the addition ol
independdt ard simultan€ous propo.-
tioral .I*ator controi to th€ alredt
w.ll-proved rudder cont.ol and d.taits
6f this syst€m ws. publish.d in tnc
Alril '55 bsle of this magazine, But
ev€! on a rimrl.r 3cale, the rlte applica-
iom made practical by the inductiwe LicL
p;nciDte arc numerour, includi.g .
m€thod of rdovidg anothe. pr€viou!
objeiion to pul* coDt.ol; nam.ty, lull
ower rudde. position on 3isnal railure.
Yet, a lot of attempk 10 us. this kick
principle hav€ rot t..n suc..sslul, duc
to a lacl of know hov concerri.g th.
lactors atrectins an inductive Lick ard
how component substitutioDc may b.
hade, Thi3 r.rort is inroded to provid€
th€ wo.kins inlormation reeded, with
$plication to rderal r€c.trt control rys-

Fir*, consid.r a convdtional actuator

:iu Yitn a b*ic !ic! cirdit add.d,
- 'lo*a in Fig. 1. The light lin6 sho-

- 
kict circuit, which consisti of 6

::de d auxiliary ..lay and an ectuator
+:e tnat no *tra bait.ri6 ar. r€-
q=:!d! Wjtn on sigel tne reciwd clay
.:.d thc battery to the Pri@ry ac-
-r's. but curr&t doer not a&o dow into

=. auiliary circuit beau.e ol.th€ diod.
r=cn lldk tie tlow. \r/hh ignal otr,
:. €cive. reby opeB and dismects
'r: baricry, cauirg tne maeFetic fierd
r:i.h had built up around th. p.imary

--!tot 
to coUap*. As tlre haAn tic

-s/ 
if, this 6eld co ap*s acros the

a--*tor coil windirgs, it .hanges b.ct
:o ddncal .n.rgy a.d induc.s . high
::l'-:ae c!-dt now momdtarily in tne

Trc lction ir momdta.y b.ca$c it
tft6 orny during the 6€td corhpse dd
$ appa6 as a r.y bri.f 3urse, or Lick
.! dd€nt. In r ndmar circuit. th. kick
-raot has nowhe.e to go exc.pt acros3
.-b. rdciwc. relay contack and is usually
€ thc'e as a sparL, u.l* sulpre$ed,
b?t in tnb ca3. tj'. auxiliary circuit oI-
16 ar casi€r path. A. th. licl curdt
i3 6l raeBed polarity trom the origindr
8ow, inc diod€ no long6 sepa.ate thc
t$o circuits add enerly i. D6vid.d to th.
,uilia.y relay, Not€ th.t tlE tim€ ol
this 3urd. action i3 o{ 6r€d lensth .nd
ifftantdneous, r.g6rdle$ of how long
th. griDary coil might i'sve been ener-
gized previously, During pulsing. 6€
ticts produc. lurctr of €n€.sy which co.-
repond only to th. rat of puking and
rot to any pulse leneth vdnatioft.

The lrobln in thtu t}?e of hte cir-
cuit is to sct 3ufici.nt tick 6.rgy for
reiisble operatior ol the aunliary, or
rct€, relay. It taL* a comunation ol
factoF wtrkins tocctne. b Droduce .
hrkrbl. t ict ard th. compl€te sFt6

mu.t bc coftidered rather than jun in-
diwidu.l coDponenb, There are maly
variabl€s. which d€t€.mi.. how much
ki.k 6.rsy can be obtained 6nd u!.d
Ptidaty.it rit voltaE is tbe 6Ft factor

-with more voltage, md€ kick is €vsil-
abl.. Wh€re 3 volt. may !. su6ci6t,
6 o. more will provide sreater tol.@e
in emp@dt seletion. ric& @it r.-
{i,lrsru i! also impo.t.rt Ia g€tr641,
Ies ki.t is obt.incd eith hish.r r.-
sistance. Bctw.cn 5 and 30 ohms it
Iaworable to a good ticL !n<l host @m,
mercial a.tut6 are in thir ra.!e Ac-
tstlr it is not s much th. re.istanc.
th.t .oo.t3 .3 it i3 thc am!€re tuh:
valu. of th€ coit. Tli3 simply relerr to
th. {act that the more cur€lt th.oush
th. coil or the mo.€ trru or wir€ in the
coil thc areate. will b€ the }icl, Havirg
more turtu, hN.v.r, heaft that mo.e
wire i3 u.d vhich results iA les ol16t
due to increased resistsnce, Sinc. th6.
are opp6i.g fsctoB in .oil deian, it
wo.l6 out that th. cdil resist6nce i3 a
good bugh guide lor $timating tow
.iifttir a kic! c6n b€ olt.ircd, wh.n
compa;ns coils oI similar ddisn and

rai.& @it @,srrucr'o, is probauy tne
m6t important sinsl. factor to be con-

' 3ider€d. A masn.ticaly emcient coil .an
produce an ample kicL while retaining
hiah resistan€ fo. lowe. batt.ry .liaiF
up to 50 ofim3 may b€ 3uitable il the
@il is of exc€llot doign and cofttruc-
tion. Ar iil€al eil would hwe a. iror
core atrd b. .nclGed in an i.on cylind.t
with iron dd prat6--+he Bor. itud th.
h.ttd, and pr€lerably in * complcte .
magnetic path ar pGsibrc. Th€ iron
con..nbates the Fagrctic fi.td md prc,
ilucca . m:imum en€.gy kict. Fi& 2
3how. .eve..l erampl.. ol @il corrt u.-
tion and ir in aar.mdt with t*! .r-



Prodr. ldhD oI c6pt i. roat r a/C .r'
bD Lonrdlq 'ttcLPc." Edr rhtd-.!.
cbL! dly h..tr.r to E ond. tlhulto.ou
Dlo9.ddol rulr. cdhol ol Ed.Li .!d
.LvcLr Dlu .!Ein. .F..1 .o.troL

amples of pulse actu.tor! which provide
a ged kick: th€ .ommc.cial Adam3 unit
and th. Mactuator (Nov. '5a i$u.). on
th. othcr hand, romc pulse a.tuators
haw€ vcry little i.on and e ofi€r poor
inducriv. tick, even with ldae i.c.cr.e3
in D.imary voltagc. Conlusing thc pictu.e
Iurther ii the la.t thrt 3malt D.C,
motors, l.cqueltly conwrt.d lor B€
as pulrc sctuatorc, slso t.odu.. a poor
Lick d.lpite ha;ns conrid..able iron b.-
cau* ol difi.mt i.tcrnel Dag!.ti. and
.Lctrical cncritry- gow.v6, mcaB ol
obtoinida satislactory Lick wn.n using
tfiee actuato.s is <tcacrib.d latei

'fypa ol .1ioae u!.d har a bie effdct
on tb. &i.!. as th.y vary @ruidcrably
in th. andunt of int.m.l .€sist.ncc.
'ltie mct common typ., th. lN34 (cqui-
valmt to a CK70s), i! a .h.ap sencral
Du.posc uniti havins what can be con
lid€red as medium relistanc€, but a
much bcttcr choice is . high condu.tivity
tDe, ru.h $ tne lN56 o. lN9l. ah.s.
p.6dt vcry loy rc3i3tance and !o let
as much ol the ki€k act th.ough 'spossiblc. A rN64 (CK706) js al3o con
moDly available, but has een hish.r
rei*anc. than th€ 1N34 ,rd is not a
ddirablc typ. lor kick ci.cuib. It pays
to Ec lhc highet conduclivity type
diodc po.ti6le e that no.e ol th€ kick
ir w.!t.d. It is posiblc to use diodcs in
rarall.l to rcdn.e the cF.ctiv€ r€sirtarce
through theft, much as with iwo re-
sistorc if, p.railel, but this i.cns ro h.
a limit.d sain dd wc 6nd it bctte. to
use onc lN56 tnaD two lN34's,

Sehsitivity ot th. hr. .elay atro dcr.t
mir$ how much kick i3 n€cessary. In
gendal, hish resistancc in a relay tu.k.3
it more scnsitive sincc th€ r$istanc.
.oo$ a.om fiaung mor€ tu.B of wnc
which in.r.a*3 thc pos€r and .nable
th. rl6y id sorL on w.ry low cu.rcnts.
But thcr. i! a pojrt or dinilishins rc-
tum3 wn.n too hish a r.dstance in itr.lf
r.duce thc curr€nt !o mu.h that not
.noush i3 awailable to. r.lay oe..ation.

Thr hiAh limit ot rcaistanc. d.p.nds
upon the mechanic.l .nd masn.tic con-
3truction oI a p.ni.ular relay. An 3000
ohh Siam 4F or sF cs bc .djusted
to op.rate reliably on much lowc. cur-
rents thsn m@t oth€. rerays of th. rame
.ontan . b.caur. of p..ci3. adjlitmot
l€atur.: and c6cidt ma8netic d.!ie!.
Thcac SigmEs, plu. th. nescr typ. 26
Sigma whicn, thoush it des not have
adju.tabl. cont.cts, pulli in at wery low
curr.nt!, are pref.rrcd as r.te r€lsys in
kick ci.cuits, Otnc. Siema r.laF are
avail.bl. as 3orplus itcc in rdirt..c6
waryine lrom 2000 to 5000 ohm! ard
they makc ewen b.tt.r rate relarr 3ince
they hsv€ lesr reristan.c to ili$ipqte the

It ir inponant to h.v. enoush Lick
cur.nt to work vith md uing a lov
r€i3taoc. r.lay L o!€ way of g.ttiDg
it. provid€d the rcl6y is ol dcclldt
desigq $ that it will operatc .cliably
even thoush not a! sensitive a! hiah.r
rdiit.nc. relaF of th. sm. typ€, Ir
g.n nl, a rate r.lay m.y b. .nywh@
froD 1000 to 8000 6hft3, but should b.
c.p.bl. oI being .djuted to opcrat
reliably 6t 1 milliamp of .uffit. To
obtain mo.e lre€dom of reray .hoic. and
l.ss critical adjuutm.nt. . tranri*or f-
r5na.m.nt tnat m.y t us.d to bod

rh. r.i.k ir rta.;tl.d rab
The bqucr ol chccLing Licl outDut

in thc non-tranrirtor cirquitr ir .ihpl..
Conrcct a 3 or 5 mil m.tcr .nlvhd
in s.ri€s wiih th. rate r.hy, thcn hold
rhc rft.iv.r r.lay in th. lignd oo pori-
tion (ki.L .oil .n€rgi,.d){o or.nt
should show on thc m.td. Il .urot it
indicated, .ev.F. the batt.ry poldity
or th. diod., Diodc Doldity ir indic.t d
by a paint.d or p.intcd b.r or bod at
onc enil ol thc body of th. diod.. 'thi.
.nd ie tn€ c.rhodc aDd $ould .leay3
b. co6et.d to rh. pla 3id. ol t!. cir-
cuit. wh.. th. hdLup i. .uh that no
clrr.nt i3 indicat.d on I!. m.t r shilc
thc prima.y circuit i. @rait.d. rcta3.
or movchent of tn. l@i6 rcl.y .dq
tur. to tne tri3id od p.Fd@ rnou&t r.-
3ult in E.t6 Gd. lnL Th. Dedl.
should ti.k up a t5. .ffturc bi.5l<3
contact dd bt ..9ati!€ rrir 3r.p s€w-
..al tim6 d .v6.a. par M.nt valu.
c€n b. obtri*d AdlEIty, thc pe.l it
hiSh.. tib r.rE -d- cd rhow .nd *il
vrry $rh .b,A€r rd6. but ior .l1
pftic.t Frro..! tL cur.lt show!
eiU t. rn r6lir\s s.1!.. A LicL cur-
Et E&* oa :d tbd r ma. ir gen-.
.r.Ily b ret urs a v€ry r€nsitive
rc.r .dj*.a: is us.d. Alm$t any
ti* ir:: r'iU produc. ,bout .s m,.,
tr:t . g:al cdit *ill produc. morc tnao
I -. a.d *. considc thi! a mirtimum
e::f,'-.::r' raluc lor rclbbl. op€ratior

I: :Ekins into th€ mealr oI rctdnc
.fl*h kick enqgy, the lact r.mairc tnat
-. :ction is so bricl that it i. rot v..y
:r.hl silce a mo.. lastilg ..tio! i! r.-
qrir.d for moll apDlicatioD. Thir @n
5. obtsined by codbininA thc d.ray
tiom a numbcr of kicks, urins a con-
de.ser acos! th. r€lay to !to.€ th.
cncray and rclca.. it as call.d lor ty
nE circuit. Th. .aD&ibncc valu. of th.
.ond.n.er d.t.rmin€s how lolg th. r.tay
hold3 in alt r th€ Li.k cur.nt .toF. By
s.l.ctins thb w.lu. in acco.dancc eirh
th. .€3ictanc. ol the 'rte .elsy a ipeific
tim. delay action i3 a..urat.ly obtsi@d,
.nd this tift. .l.m€rt will d.t.rmi!. th.
typ. ol au:iliary conkol op€r.tion tf
th. '.te cdtrol sysd r.quirc. a .om-
par.tiv.ly lona d.lay pcriod, high.r
crpacn.nc. ir ur.d. Sno't dcley. ned

(Contint.d M pa4 62,

'tlcLPac Eo.l 6!t.rr. @t 6D.cL@
Dl MIrr to Dd{€lbd rta t@dd.r
b.dd Dd.. lat ltctl@i. &.{ll 1106r.
lrql d Eod.l [d or ccdlrr ldb.d{
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less capacitance. A look into th. wor&-
ins3 oI an actual ci.cuit wit indi.ate
how th€ capeotancc .onirols the action.
For instance, €o4ider e salety cirsit
fo. pulse lensth rudder 3ystems, a3 shown
ir Fig, 3. Thi3 .ircuit perhits nomal
puking cotrol ol rh. rudden but pre-
v4t3 the rudde. from goi4 tu ov€. it

The rat€, or de16y, rclay tulls it dur-
ils 6ny pubine and the @ndetu r actioD
*€eps it pulled in b.twen pub€s so a3

to maintain a complete primaty actuator
circuit to the batt€ty through th. re-
c.ive. .elay. With sistal failure, pulsing
stop3 and the receiwer r€lay di*onnect!
the signal on side .{ th€ actuator circuit,
afte. which the d.lay t€lay drops out
and dtucoN€ts the Jisnal-ofi 3ide. With
no pow.r, the rudder actuator ths i3
cert€.ed in ncuksl by a lisht sprins
Th€ r.spor$ of th. d.tay relay is ilitial-
lv det.rmin.d by it3 mechanical adj$t-
meqt, The sprina t mion gdvem3 how
much .n.rgy i3 required lor pull-in, ..
do.i rh. .lea..n e betued thc armatur.
snd the relay pol€ l.ce, The t$ion
and/or tn€ cled6nc. should 6t* be rd
duced as rov as po$ibl. 3o that ?un-in
of th. arm,tu.e at the lN.si lrick
c$r€nt ii assured. Thetr the capacitancc
valu€ is e4eriocnted with to detnminc
thc ptop€r hold-in tim€. Sos.whd. b€-
tv.d 10 and 50 ml,, dependins lpon tn.
delay relav rcsistanc., is required for tnit
type circuit. Starting with thc tish varu.,
..v€.al succesiv.ly low.r valuca may
b. tned to obtain the bet circuit rc-
.pome. Too low a carocitance will show
up ai a t.nd.ncy lor th€ relay to drop
out iotedittentty durin3 lulsins; too
fiigh a vatu. wiU result in ex.essiv. lag
bdor. drcp-out. Lag js mo.e desirabl.
dd a 3lishtly hishei tha, n€c€ssary
cgpacitance is not obj€ctionable.

The delay relay opcration must t.
ch.cted not olly to see that it pull. in
and nol& solidly du.irg tn€ lowest ror-
m6I purse rate, btrt also dun,g that ex-
treme in the pllse len3th cydc which has,
the lo.scat ofi to on rEtio, With thi.
type circuit, pulse l.qth iisn.ls lor
maximum rudder position do not go lull
on or ofi, siqce DdsB tuust be con-
tinuo8ly rcp.at€d to maintair the kicL
energy to thc d.lay .elay, In !.actic€,
the ma;mum control pmition b obtain-
.d by going almost fuu on or otr, inter-
rulting lor orly a barc fractid oI a
3econd d!.i'g each cyclFj$t enough
for th. lick coi! to releqle and proud.
tne kick. with the pulse lensth signals
at th€ mximum on .rtrcme ther. is no
qu6tion of ha;ng enough .n.rgy ld
rhe.kick. lut at the maximum od ex-
trefre th. charging of tfie primary coil
i3 limited !y thc vcry short on time in
.ach cycle and the d.lay condeft.r murt
haw enorgh calacitalce to hold tnc
telay in durins this .ondition, Finar ad
j$tmelt of the delay r.lay ir msde by
ind.asins the tecion I much a3 pos-
sibre t6 mak it lds seftitiw€ to vibra-
tio. 6nd $ nrve the .espons d$ired.
si..e r,irlv stable el€ctronic or m.chani-
cal lcvjD; is u*d with Dulse 3y3tems,
th. d.lay t€lay adjustm@t may b€ wery

Thi3 ci.cuit may hclp to.liminat tne
iear ol thNe who 6ave not ticd ruts.
.onkol besuse of the lact that in th.
usual sr€tam th. rudder lails in furl over
po3ition, Actualy, ee 6nd thi. a bl.lsing
at the oi€e cd b. Dicked up and t€-



pair.d, alter a c.ash r.sulting frm 3iglEl
t rre, vherea3 a flraway 8u.[y meaD
the los ol ftodet and eqlipm.nt. But
lo. those who wor't accept tnis, th.
sf.ty ci.cuit ofleB a simple fail-sal€ set_
up- In additio!, it hay b. us€d to pro-
vide another cootrol: by connecting a
.uitable act&tdi .ircuit and battery to
tne oth.r contact of .he delay .elay, at
trsine control or other mechanism may
be op€reted, Any time thi, control is
d*ir€d, th€ t aNmitter i5 simply shtrt
ofr long enough to let the d.l.y relay
drop out, the pllsing is .esumed to pull
th. relay in asain and r$tore cotrtrol to

By selecting a lower capdcitace v6lu.
to !.ovide a minihum d.lay, Protor-
tional elevator control may 6e pbvid.d
in additio to proportional !ul* rudds
lhe d.lay relsy i! this 6ydt.m b a truc
rste lepdnsiw. rel.y silce it is set !! to
lollow each mt pulse that comes
rhroush f.om the pnmary circuit, With a
pulc t}?. actuator controlled by the
rate .eley so that the on rel€y position
gives dom eleletor and ofi gives up
.ldard, the .ffective contrcl polition
varies in a.co.dance *it! the pube .at.,
a3 foUo*: with the re16Y calacit tce
ch6€n lor a dclay time ol ody on.
te n ol a r€cond, a pulsc rat€ of 2 cps
(.yclcr p6 3cco.d) causca th. €l€vator
to b. held down ro. only .2 of .ach
.econd of pulsins, at s .ps, thc elevdtd
tpends .s o( .ach ,econd in th. dom
pdition tor 6n .fi.ctiv. neutret. at 10

.p6. it staF down. The ratd Ecd in
a particular 3Ft.m mey difier but th.
s6sal ida is that by usitrg . very
shoft deray inteNai and wid. .ate vana-
tion a variable control posidon reults,
Tfi. cirtuit in Fig, 1 ir ruitable ld such
a !yrt@ if lpring-loadcd sctuator! ar.



YOUNO fDt
!.@idcd dd th. r.l5y i..djqtcd to td!
itr rnd &op out duli.s €.i puL. cy.L
Se tne Ap.il '55 isuc aor morc smplct

Wc've m.ntioqed thc importdcc ol
proper prim.ry coil @nrtru.tion tor
mdimum licl o.r5l .nd wc,a. rus-
gdted tnat tlE rat€ systd m.y b. .sily
add.d to .n .i.tirg pde 1.4ttr c6ttol,
.v.n though mmy of thc lopdd .c-
tu.toF $ed lor ru.h rytt.mr produc. .
v.ry poor Lick. For .rmplc, the aom-
mcll trrpc a.tu6t6 (J.n, '54 isuc) hi.
no ira dd $ prdidB v..y litd. ki.L
d..sy, Th. p.prta. South
m..ci.l .ctlrtor i. ol th. r.d. 6r9a
ShsU D.C, motor typc actuton, luch

th. Mighty Mid3et, .rc .l@ p@r Lick
produc.B. Iloweve!, thd. actuatoE mry
b. G.d thoush tn. mDloreat of .
..Ddat. ldcl coir. A. .hom i! Fig. a,
thir coil i: eircal ir sc.i.! with oE !i&
of thc primary ectu.tor .ircuit. It. t -
litt.n e i! not aough to t lr. much
pow.. Lom th. p.imary .ctu.tor, yct it
ir .bl. in it..ll to piodu.. .U tl& ticl
t..de4 Th. b.lalcitrg rdi.t@ sfl6 to
.qu.liz. taE oplolitc .idc of tbe .ircuit
to haintain cve voltat. to tlE primrry
.ct@tor, Mort of th. R/C rupply 6n.
ofi.. ruit.bL coil. lor Lick llrDda
Control R*ar.fi har rubFi.i.tlE @il
lom. whi.h mry b. Boun<l to sit. Fdl
ol #32 .nahcl.d sir., th.y av@s. b.-
twen 5 .d 3 ohmc, with #34 wn.
th.y av.raa. bctwccn l0 .nd 20 ohmr.
Oyrc Elekonid t$ la.g.r r.ady-yourd
rt otrE coih ehich i.. .l$ crc.U6L
In dy c.r., th. eitditid ol ir6 &.fu,
a. lhown in Fi& 2, FiIl b@t th. LicL
obtdn.d widt these coil. con.id.nbly.

Mort low r.tittanc€ rctrF d& m.!.c
*.tlcdt li.t .oils !im. th€y utldly
n.v. good mqn€tic d6ian od uc .
aoo.t sJad. ol ien. Ao {vc w.ight, ttr
rclqy dy b. s*ippctl of .v.rlthing but
.oil, iron 1..m. end arm.turc. It i. im-
Do.t.nt to reurc tl& .rh.tur. id th.
Dllllcd-in porition er . rt.ong.r Lict ir
Foaluced wtn tn. F.gn.tic ci@it ol
th. coil .$.mbly i! .loE.l. It i. .l&
erectical to u.c th. r.hv in i, oriii.d
fotu lor othcr contror circuit., rct.inina
thc .dvalt.ac of tnc .cp.r.t. Lict coll
in that th. !.. of .ny ty!. .ctu.tor it
Do.iblc rincc tnc lict i. lot t!t6 frc6
thc .ctu.tor wildi.ar Wc'E I'rd .r.l-
l6t rdurtr lring r SiaM aF r.I.y
rcwoud full ol #28 .dm.l€al wirc.
Similarly, oth.r lmalld r.hyr of tn.
N.omatic or P.icc t 'D.r Mlc 6n. li.l
ichyt rhd rcwolnd lo. low cirt.G.
Ttu. ir . s@d qc fd old r.LF wilh
iltdully otd or lhon.d coila

So mlch ld mw. W.1l l.t rbu dig6t
th.t end @ntinuc th. rcpott in . sb-
r.quent i..uc.


