
There'r morg thon one woy
gl "skirning c cqt" (qs the
old soying goes) qnd there
ore lotr of wqys of ochiev'
tng multi-conFol utilizlng
gome of lb€ newer devel-
opmenls in the neld oa
r.rdio control, Hero q noled
cxPsfi b.lng5 You uP lo
dolo on the "ttil-P" Pqrade.
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Multi-Pulse Control Systems
I In th€ rre.cdin8 s.crio. ol this r€por.,
w. tra.ed the beginnirAs of the in
ductive Lick" rrin.iple as a simple and
,exibl. mclhod oI separatiig pulse rate
si3nals Irom the pulse I€nsth syslem.
This scrica ol two articl.s is inl.nded
to provide the sorkins inlorm:tion
needed. with appli.ari.n ro s.v.ral r.
ce.tly dcvcloped cont.ol sy*enE.

Fis. 5 shovs s kick relay cncuit vhich
pravidca moic co.trol with 3 \insle chan
nel outfit than is prcsendy b.i.s ob-
tain€d with many multi tone sy*emsi
In this systcm thc re.eivcr relay merety
switch€s the 6 V. batt.ry supply on and
off throush the kick 'elay 

(this po.lion
ol .i.cuit shovn in hcavy lin.s) Th€
ki.k .elay then provides th. kick Io.
the delsy .€lay 3nd also acts 3s a polar-
ity .eversins swilcb lor rhe actuators,
using cach 3-wolt half oI the baitGy
supply altc'nately. Th. dclay rel3y is
adju$cd so that it pulls in and holds
du'ing any pulsine 3bove apploxiDstely
2 .rs. so that the switchinA action oi the
kick r.lay is di.ectcd th.ough the on
contact oI thc dclay .elay t. tlic rudde.
pulse actuator. Notc th3t only a si.3lc
coil acnEtor is .equircd-dunl coil types
may br wi'.d with both .oils in seri€s

Sincc rh€ kick relay lolloss the .e_
c€iver .elay €ractly, thc rudd€r d.ttrator
sm,l.rly responds .s i{ di'tcrly switch€d
bv the rcr( ver r<l.v 3nd !o is .on_
trcll€d pr.tortionally by puls€ tenAth
sisnals. Full sig at on or ofi results in
no ed.rgy f.om the kick .€lay, causine
the d€lay rclay to .lrop olt ard discon-
n..t power t.om thc rndd€r actuato. Thc
power ther lra'slers throush the or
contact ol th. dclay 

'elav 
to thc s€cond

actuator which is a s.rvo typ€ .onlected
to an .lc';ator, The polarity oI this
row€r,s dlterm'n€d by *hEther th.
k'.k 

'€l3v 
is 

'n 
or out (sLpnsl on or off).

Thc obvious choic€ oI hookup ir to havc

sisnal on driv€ th€ seryo tovard dovn
€levator antl sisnal off to d.iwe it to-

Elevator movemeDt contitu€s lor 6s
lona as soljd sisnal is maintain€d, untit
thc travel limit is res.hed, R€sumption
of Ful(ins at any rim€ pull! tl,e delay,
or eansfer, relsy in sa.,n and s*itch.e
pow€r back to the .udd€r actuato.,
l.avi.g the se o jn wnatcvcr tosition
it has reach€d vhcn the full siAnal on
condition endt Th€.eforc, the €lemto.
servo .an b. trimmed to any losition
desircd by jnterrupting the rudder .on-
tror puke with a solid 3isnal in the ap-
propiiat€ dircction, th€n resuming puls-
ing to resto.c rudder .ont.ol, Duri'g the
elevator hovemelt, tne ruddc. spiinss
back to neutral. Sisnal tail&e would
thus result in n€uhal rudder ald €le-
vator moving toward up position. Not.
thdt limit switches a.e rut Bed .n th.
servo. as breaking the circuit pr€w€'ts
thc r$to.ation of cont'ol. Instead of
switch conta.t3, bump.rc or sp.ilss may
hc ,rovid€d to lidit th. trav.l. Ralhc.
tlran being tiDked to el.vator cdnhol,
th€ servd hdy 6150 bc used to op.ratc
a f.immabre cqin€ control. Wit! this ar-
.ansement, the engine speed i variEblc
ss dcaircd 3inc. ary s€tting can bc ob-
tain€d and beld. Other variatiori oI thc
circuit o'e po$ible. Fo. iNtance, the
pulse lcnsth rudder conhol ald lull ot
.r oft control ol ensiDe spee.! may bc
.etained and pul* .ate oI .levator .on-
t.ol add€d' The basic .ircuit i shown

Ail w.w. dot. i. include ,noth.r rat.
relav in s€.i6 with the .ne shown in
Fig.- s and coD€ct€d to thi! .econd
rd.y 6 puk€ t}?€ el€vaior s.ruator
wh'ch oDeratd.xactly a3 jn th. pr€-
viousty d.s&ibcd dual proportional stt-
tem. The rroper delay action is obtain€d
by me(hanical ,dJustm.nt of thc two
rate relayr. The trsnllcr rel.y it ad
just.d to puu if, and hold during all

pursins, the elevator iate relay i ad-
iusted with stron(er tension and/or hor.
armature cle.iance to !!U in ald dro!
out durins cach .ycle of pulsins. Sevdal
unusudl circuit leatur€s are wo.th notirg.
Only or€ condense. is ls€d ac.o$ both
rclays. This is satislactory altlbush thc
value may be a litrle mo.e c.itical silce
it must be .d€quate for both ielays .ven
thoush they ope.ate dif€rently. The gen-
cral idea is to cxperiment with as low a
capacitance as possiblFz5 mf, o. IesF
to permit pulsirg of tlre €levator relay
while allowing suficicnt delay time to
ke€p tle transfe. relsy pulled in. Spring
t€nsion sndlor armature cleararc€ on the
transl€. rclay may have to be i.d&ed
to bare minimum to p.event dropping
out at lowest Dulse rates-

Thc lse ol difle.€nt resistdnces in th.
rst€ rclays wilr help sepa.ate the action-
with the more sensitive relay used as the
transfer unit, its adjustment is usuaUy
simple and attention may then be .on-
ce't.5red on th€ rate ietay which re-
quircs mo.e fussitrg for proper adjust-
n€nt- With .nly a sinele battery sulply,
this circuit should Bc reasorabl€ drait
aciu.to.s, such as Southwestern com-
m€r.ial u.its Ior rudde. and elewator and
a M;shty Midect or Distler motor lor
the servo type rnainc cont.ol-

Due to the complcx hooLu! ol this
svstem an unusual siEnd on a.d sisnal
o'a .ondition .€sults. As shown, with
6isnal oF all actuato6 so to IUrl ex-
trcm€. In our lrookup. this i3 ar.arged td
provid€ full up wrh Iow speed cneine
.nd lull ov€r rudd.r oppoqjte the mod.l's
.atrral tdm terd€ncy. This i3 a compara
tivcly safe failurc condition and prcvents
a fyaway very €trectively, Howev€r, not
much rudder action should bc Bed as it
is mo.e €ftcctive than th€ etevator and
6 lot ol rldde. causes a st€ep spi.al
dcspite the courterirs ellect of the up
elcvato.. With lull siAnal on, th€ rudder
and el€vator actuato.s nettralize and th€
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can be mad. ai any time, .lthoueh it
should Lic N1.d $ir cu.irnt d.ain is not
exrcssive L,ut about the same 5s in most

The lran\isto' is ih€ cncapest kind
availabl., ihc pnl) junction typc. The
Raytheoa CK722, cE 2N107 ard the
2N122 halr all sivcn excclleot rcsult3
and th€y a.€ availabl. lor about $1
f.om most (adio suprly houses. Yo! can
expr.t co$idcablc varistioD from one
transnto. to anorhrr cve! within the
ranre rypc and tiakc .arg.. The pot3 it
th. .ncun takc ..r. ol this and eliminate
thr need Ior sp€ial selcction snd t.stin8
oI transi\iors. Th. m.jor difier€nc€ i.
t.rnsistors lhat nlay b. noted i3 thar
tl! idlin! current ditsfis corsid.r.tlv,

t n.. anorh.. idl.d .t .3 n,.: a ?Nlo7
idl(d at .Lout 1..1 ma., another idl.d at
.l ma.l -{ll kicked up ro 3 na. o. mo.e,
drpcndin! upon ttrc .elays used and tie
vohaqc in tr'. rel:v circuit.

 nothd chara.t.rGtic is that when
pulsj.s oI the tarsisto. circlit stops
llrc idhrR c,ir..nr may bc quit. low-
any*herr Ircm about .2 to .3 ma, lower
tlLaf, thc nrilial scady sisnal walue.
AIr.r pulsn{ stoDl the cu"e'r slowly
&rps u! nnd (3l,ili;es at th. o.iainal
nllir* v.luc. wl'arcve. curcnt ranse is
obtained, lrom hisl,.st idling to aver4e
!i.k ea\ic, tl'c lchys sbould be adjusted
tu op€ratr *.ll u.irl,i. th€ spread Since
thc kick vrluc ,s so much higher thar
the highr$ idlinr v.lue, .clay .djust-
m,nt is quitc conscrwativ.:, with pnll,in

) m.. or mor.-t1etfur than most
rcriver .clf,y adjustm€nts. Witlt rhis
kn,d of DoJ.rmon.., th. veigl't cost
oI thc lrnrsistor ci.cuit is surrrisingly
Il,tr-a li(lc ow.r on€ orncci usii8 sub,
ministu.c comroncnts-and well worth

In chLrkins tran\i{or ki.k cncuit op-
c.ation, th. idlins .ur.nr *iti be $osn
on rhe n)(cr whcn dre rct,y is Lcld in
ttu sian3l.off nosition. Whrr the arma
ntrr br..ks contacl, the currcnt 3hould
momentarily licl hish.!. If the *icL
r.sults in lcss cu(cnt, r.vrrse :hc o.lar-
ity oI 60rr orc D.nn3ry blrlcry .nd the
diodc. -rhc transislor p.l.rity, how€ver,
6rst be as sh.wn-witn 

'ninrq ro ihe
collect.. r(Tnrhal. Thr colh.tor tc'minet
is id..!iJ,ed diftert{ly o,' various rran-
si{ors. lr is usually spac.d lurth€r away
Irom tht .thcls nnd it mly also b. in
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t.ansisto. .l..Ln is shosn in Fis. 3 3nd
i\ appli.nbl. ro all th. trcvioul circui6,
as indicaled by s tyDical l,ooluP in Fi(.
9. Cood prima'y circuit pra.ti.c far ob-
birn,s a st!.n* *ick i5 still n(.essary.
blt wnlr much mo.e lccway nr thc.hoicc
ol cohDonenh, .nablins .€lay sel..tion
and adjL6l-.ni to bc nrade nntrr Ireely.
Th€ d!l.y.ond{Dser valL,c n€Ld hc only I
or s nrl, which p€rmits the us. of sulJ-
miniarure clr.1'olylic .ondens.r. such
as th( IEI or 8:..o makcs, Ior st,ac. ..d

A lok or 25k pot is usrd ioll,,sirs r1,c
cond.ns.r and this al$ may l). a v,l)
n:nrisrrrc iyr(. The rot providc! tuo
attions. lt p.rs€nts a bias rtrntan.c
D€.rs\nrv I.r rroDer a.tjo! ot th. t..n-
nno!-.acl, rransi or is sliglilly dil',.r(rl
and by varyina the pot s€ttinR adjusr
ment is casily 

'nad€ 
f.r g...r.st !ick.

'fhc Dot is nlso us.,l in$cid ol thr
relay rcsistan.e to coml)ine rvith the ..n
d€nsc' to dLtQnine rhc tine dclay 3c-
lion. Widi th( r)ot, tl'. delay is vari.l)lr
so thar tnc c.p3citarc v.l i, is n.t
c.tticll. we havc us.(l valuc5 kom 3 ro
20 nf $ith similar.n.uit artir)n. c.!r.
rensarnrs for dirfercnr valrrs !nh rtr(
rot. ln,wcler, if too much con,t)cn$tion
is r.quir€d tl,. kick is grc.tly rcduc.d
du€ io cic€ssiv. resntrnce so ir is i).!
lcral,l. to us. rhe pot t;* io or{ain irL.
sreaert kick, tlr.r ro txperinnnt $n1l
capaciranc. valu€s l.r d(sir.d rrlay ..
tion, *,irh llrnl trirh)ins by .r3.s !f
rlight l,ot rc.djustmut so lorr as tl).
kic* .ction is not lillld.

A sc.ond pot is slrrln in rl( cj!.uil.
3lih.!sh it is not nerJc ii thr rr:nn{.r
batt.ry voltas.i is kct{ to 6 vulls .r Ie\\
lve p'clcr tlc rse of r(o rot ar rl,t
.ircu;r is w.'y ltexiLlc and lrirnnr !r.
sa't rdju*ndr 10 compen\rle Ior a
wid. variation in compor€nts rnd volr
3s€s. Thc !. r,y in rl'c rransnror ci.cun
dav h as to* is l volts. brr r|e n.rt
bcnrfit oI thc .ircuir is obtiii.d wirh
about 6 to 22,5 V. A.ruilly, wL don,r "nltht l,,ll 22 5 volls. bur .u1 i (1.!,r \iiri
rht k.ond r)ot ro 36.nr ri volrs or L\5.
J.D.n.lins upon ho! n) .h kic! ivr n(n.
Ont .. l)n)irinrure hmrirs ryDc cett mnv
b. !yd \Lliicl' is IiIhier th.r 1t,. r$o
pcnln( ..lls ir t3kes b gcr 3 volts. Wr
lil. thc Brr((s! Y15 htt.ry whi.h rls
d. dan&rt o.c prnc€ll A.n..nsl.
Wirh rhir por and brlcry combination,
d!orrr)ing ot volrasc .s the haire.y ascr

's 
nor rcrious as ihh.diate adjustnert

.rFin. c{tr rol st.vo driv(\ to*.i(l in
c', r\cd strad. Thc ditrcrJr(r in dnr r*.
silnrl corditi.ns is causcd Ly thc facl
lhll r;tl, sAnal .ff the *ick rclay tro
vnl(s a c.n,mon 6 V. .ir.!n rhrotrsh th.
pulsc acrralors, bc\id€s ih. normal 3 V
.n(uit tnroush thc scrvo. lnrt *ith signal
on ih. !nk .elay disconn(.ls thr com
don.ircLir. Trsrin! throu(h thc cit.uit
is r'ic*y, rs indicat.d by d,c small arrowe
in Fig. 6 shoxirs thc c.nnnon ci'cuit

In usc, tlrc diffc(cnt full signal condi-
tions wo'k ort lnnly wcll. Whcn in-
.r.ascd.n(ine srn.d conrror is rivd
(solid sigMl on.) thc ruddrr .'d elevrtor
surlaces ncut.alizc. vhi.h is d.siral,l.
sin.e tlris.ondilion wolld lJc cnconnr{J€d
on tak.oft,.limb or1 of slalls. louch
and so landinss, ct.. On ihc othcr hand,
Iow ensin. speed is nsullly not sivrn
Dnrcss n! pl.n,: n h n ..lc annnde.
such as atr!' a cli,nb fron) takeoff o.lov
allitude, rrepa.ins for laidi.s, €tc.
1l'rr.lot,:, tl,. ur Llcvator and fDll'ov€r
rudde. tl'at results vhd low sp.cd en
aiDc conb.l is (iven $ould mt h. a
drnacrous .ondili(r, .

Hov.vc., for tl,osc who trould r)r€fer
rl,c rudd.: .nd rLv.ro. son,s to ntut..l
*h.n c!!inc sp.cd n .l,angcd cith.r
hio or low. n Doubl. Pol€ Double
Tl,row n nsld nilay n.y Le usld, to
rliminatc rhc comn)on cir.uil by isolati.s
rhr .lev:tu acn,ator, as sho*n i. Fig. 7.
Onc :alisfrctory rclay for this tyDr cir
run is nrdc 6y lrri.. lnrl is gtr\rrally
3va,lrbli n, a r.sisian.e of 8500 ohms. It
,\ srnnri!( enor(h tor ljn. sdju{lncnr
in i.criv0 or ra1(: 1vD€ .i.cuils, if thc
stnins nisior is .onsid.rrbly rcdtr.ed,
yrt is rnrlltr ard lishter rl,nr rhr Sj(ma
r!l:ys. Tlr.rc is ri\o a SiBma 2l relay
wl,i.h i{ suitalilr, but tl,.y a( ha.d
r!) llnd j'r surplus stock .nd an. xsually
qnitt .xr)rnsive. Anotl,er lorsibihly is a
rt...nrty .,mounc.d B.nisl' DPDT rclay
trl,i.h rlrN to l)c ..asonihly s.rliriv.

When tso r€!ay\ arc uscd in rlr' rale
.ircuit, if on. is .f |icl' r(sist3nc. (ove.
5000 ohnrs) th. .rhcr slnnrld be lower,
(, rlr.r rl)c torrl 1.sis1r!.c is Lcld ro
rr)out r0.000 0rnns. This nruch ror't .c
sin.nce t' tIc kick cn."it re.luir.s a
k.rlly lr.f1y kick ind !.|ss slt conrp.n.
uns ar. opiimunr ur. rrlsy adjusrmenl
problem c.n be .riri.al. A ffood $olution
l'.\ b..D fourd I)y.mrloying. trans
si\tor ro loost tlrc kick a.tion. Thc Dasic
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dicai.d by a real doL Wtd numb.dd,
it i! the 6Bt termin.t. Th. 6.a ir tll.
rc:t leail to th€ colt.cto., or No. 2, 6<l
tn. .mitter is thc thi.d ttuiml. Tran-
3tutors and diod.c lhould b. h.ndlcd ar
tu!.s. W. prcl.. to uc n€ ctOs ot sub-
miniature tube s@ke$ dtt:6 thn.old..-
ins lea&, blt th.y may t€ .olddcd il
carc it taken to avoid ovdhcating. A
rimpl. pr.v.ntion metlDal is to teaw th.
lea.b abort d inch long, or mor., and
hold tn. l€ad b.ing iolald.d *ith plicd
pnil. applyin8 h.at, Use a w.ll-tim.d
dd well-heated nm $ that d. joint
Mv !€ mad. quiclrly yet wcll fqseil.

Ncrcr t.t you .otdering iDo 1i!96
whd joiring cohrDrcnt3,

Once , puke stc rFt€m i. ch..*cd
out satirlactorilr donrt b. alaqcd il thc
n.xt tim. it i3 switchc<t on tnc op.EtioD
i .[atic. Let the 3yrt€m pul.. a whilc
ed riomal ope.stion sD be rqto..d
snortly. It taLes an initial waftup p..iod
lor xhc deray codemeB to ..td. dom,
panicularly aft€r a I.w houB or &yr of
ioadivity. Ar a 6nal qote, it .hould b.
r.atiz.d dat qny rate 3yst€m d.p.ndg
ulon a g@d puber for consbtdt olcra,
tion, ODe ryith lirea. pukc ledst}l and
rate variation i3 nee&d. Ou. b€rt rc5ult3
hav. b.6 obtained with Walt Aood'g
circuit, originally prcmtcd in 3chematic
form in thc Jaa '55 ,{,.}I and h a fin-
i!n.d v.r.ion by Howdd McEnt e in th.
O.t. '55 Yoube M6r. a!€ cituit t't
Al Diem in the Je '56 Yount M.h6 y
al$ b. a sooil one to try. M6t of th.
m.cfianical motor-d.ivd typ* .an b.
u*<t i{ a pot is us.d in tlE tutor ci.dit
to .ont6l th. hoto. !pe.d.


