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Memo To 

From . 

Subiect ... 

Inter-Office Correspondence 

LEAR AVIA INC. 
AVIATION INSTRUMENTS & ACCESSORIES 

. J .. . M ... .Roberts . 

. .. . ... . ... .. . ..... Date . . . . J anuacy 12, 1944 . 

. . Branch .. .. . 

SOME t.tETIDDS OF STABILIZING ELECTRONIC RELAY MOTOR CONTROLS 

~ 

(Referring to photostats~f sketches by j!A M. Roberts, dat_,§.d August 10, 1945, Septem­
ber lY, 1943, October 1, 1945, October 21, 1945, November 10, 1945, November 17, 1945, 

· November 50, 1945, and a sketch by Oswald Aria.gno, dated December 15, 1945.) 

The following is a brief explanation of some of the methods of stabilizing these 
circuits: 

(A) n.Anticipation Effect Due to R and C in Grid Circuit: Referring to one of the grid. 
circuits of the sketch of 

September 11, 1945, the parallel combination of a 0.5 megohm resistor and a 0.05 micro­
farad p~ndenser in series with a grid of the twin-triode tuoe has very little effect 
for tia1e1"'signals" from the Selsyns (Autosyns), corresponding to small angular dis­
placement of the "master" and "slave" ·Autosyns from the "null" position, since the 
grid is held nega.ti ve under these conditions b-.r the voltage ·drop in the 500 ohm cathode 
resistor. However, for strong signals, corresponding to relatively large angular dis­
placements of the Autosyns (near 90° from the "null" position for example) the grid is 

· driven positive a.nd therefore conduc-ts eu.rrent through the 0.5 megohm resistor during 
pa.rt of each cycle. The 0.05 microfarad condenser is therefore charged (with the

1 polarity indicated) to a voltage equal to the peak voltage drop across the resistor 
(perhaps 100 volts or more since the voltage between grid and cathode and the voltage 
across the 500 ohm resistor will be only a. few vol ts, so the condenser voltage will 
be nearly equal to the peak voltage across a grid transformer secondary.) Then as the 
motor drives the "slavett Autosyn quickly back to the "null 11 position the condenser 
charge slowly leaks off through the 0.5 megohm resistor, so that the grid is held more 
negative than normal and therefore reduces the plate current below normal, thus . causing 
the relay to open before the "null" position is reached. This "anticipation". effect 
compensates for the inertia of the movir.ig system and for the time delay in the operation 
of the relay and gives the "slave11 Autosyn an opportunity to coast into the "null" 
position rl thout novershooting. 11 Note that both grids are similarly affected by the 
Rand C combinations so that both relay coil currents are held below their normal or 
"null" value for a short time after the signal reaches its very small normal or "null" 
value. 

The 2 megohm resistor and O.l :microfarad condenser in the sketches of November 10, 1945, 
and November 17, 1945, have the same effect as described above except that both grids 
conduct current at the same time during a half cycle of signal voltage, ivhile the 
grids in the first circuit described conduct during alternate half-cycles. The Rand C 
combin£tions in some of the other sketches~ have an equivalent effect, though the 
explanation of the method of charging the condenser is slightly different for each 
different circuit arrangement. 

~ Two 2 megohm resistors -and one 0.2 microfarad condenser in sketch of 10/1/45; 
Two 1 megohm n 

11 11 o.s n tt n u n 10/21/ 43. 

~vP.r r-,ind+ul •h.,.+ lives will be deoendent on the auali+v of the work we do t0rl.,,.y. 
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(B) !Wlotor Feedback to Cathode Circuit. ("Kick-out" effect due to feedback of motor 
voltage to cathode circuit): Referring to the sketches of October 21, 1945, 

November 10, 1943 and November 17, 1945, a 1000 ohm 
resistor is connected from each motor field terminal (or the corresponding relay ter­
minal) to a common junction. From this common junction a connection is made to the 
cathodes of the tube, preferably through an adjustable resistance (shown as a 1000 ohm 
rheostat in sketches of November 10, 1945 and November 17, 1945.) Between the catho'3e 
and the "groundn (or nega~ive battery terminal) a fixed or adjustable resistance of 
500 to 2000 ohms is com1ected. 1he operation of this circu.i t is as follows: At nnull" 
or for very small volta6e signals, correspondi:,g to small an;ular displacement of the 
"master" and rt sla·ve" Autosyns or 'Potentiom9ters'; ~ all relay contacts are open and 
the total plate current (cathode c-urrenc) of the twin-triode tube divides between two 
parallel paths from cathode to "ground". The first path is merely the usual cathode 
resistor of 500 to 2000 ohms. The second path includes the 1000 ohm rheostat in 
series with the series-parallel combination of the two 1000 ohm resistors, the motor 
fields, and the motor armature. 

~ 
1rPotentiometer'1 Control 

The sketch of October 21, . 1945 shows a method of getting a "sign3.ln 
vol~age from a pair of "potentiometers" or voltage dividers instead 
of from autosyns. One "potentiometer" serves as the n1Vlaster 11 con­
trol) and the other, driven by the motor, is the "Slave" or "follow-up. n 
The 50 ohm resistor is intended to protect the 11potentiorreters'' from 
excessive current supplied to the grid transformer for large displace­
ments of the "Master" and "Slaven from ttnull". 

When the signal voltage is sufficient to cause the relay contacts to close, the1circui t 
from the positive terminal of the b3.ttery is connected to one of the motor .fields and 
thus to one of the· lOJO ohm resistors. This causes a reversal of current ~rough the 
1000 ohm resistor and the lOJO ohm rheostat, so that the current through the first 
path (the cathode resistor of 500 to 2000 ohms) is quickly increased. The corresponding . 
increase of voltage drop from cathode to 0 ground" makes the grids nore negative than 
normal, thus causing the plate currents to decrease and open the relay contacts after 
giving -the motor a very brief impulse of power. This "kick-outtt or motor feedback 
effect compensates for the inertia of the moving :,.rstem and for the time delay in the 
operation of the relay and allows the nslave" and the associated actuator to be moved 
in very small "steps" or "nibbles", for precise positioning. Ideally the smallest 
"step" should be just sufficient to retl;U'n the II slave" to the "null rt position, assuming 
an initial displacement of fJ mas tern and n slave" just sufficient to cause operation of 
the relay. The "dead zone" or "inactive zone" or nnull zonett under these conditions 
would correspond to twice the smallest "step" of the moving system. 

I ..,. .. IJt' dailv c:tr:v,,, for 00 rfec+ior ~'-'Ar riind+ul •hrit lives will be deoendent on the aualitv of the wor~ we do torl.o,v. 
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Note that the "kick-out" (motor feedback) effect permits stable operation with a much 
narrower dead zone than would be possible otherwise. Also, the nkick-out" effect is 
useful for stabilizing the system after very small displacements of the nmaster" and 
"slave 0 , while the Rand C in the grid circuit require a much larger displacement 
before th 

1
condensers acquire enough charge to give an "anticipation" effect. Thus 

the combination of the two circuits as in the sketch of November 17, 1945 is quite 
effective for stability after both large and small displac~ments. 

(C) Transient or Inductive Feedback from Motor Circuit: Referring to the sketch of 
Novemoer 17, 1945 the circuit 

can be arranged so that a small D-C voltage is inserted in series with one of the grid 
input transformer leads marked ttinput from Autosyntt when the relay contacts close and 
is remved when the relay contacts open, so that a transient voltage is produced in 
the secondar/ of the grid transformer when the motor circuit is made or broken by the 
relay. The transformer connections can be arranged so that this transient voltage 
will increase the grid voltage (rrake the grids momantarily more positive than normal) 
while the direct current is increasing in the prillt:i~J of the grid transformer just 
after the relay closes, and will decrease the grid voltage (make the grids momentarily 
more negative than normal) while the· direct current is decreasing in the primary of 
the grid transformer just after the relay opens. Assuming an input signal just strong 
enough to cause the relay to close, the transient increase of grid voltage causes the 
plate currents to increase momentarily, thus closing the relay contacts more firmly 
just after the contact is ma.de. This transient effect quickly becomes negligible as 
the direct current becoID3S steady in the grid transformer primary, so the motor feedback 
previously described under (B) then causes the relay to "kick outn. Then the transient 
decrease of grid voltage causes the plate currents to decrease momentarily below the 
normal value, thu giving the relay a strong tendency to open the contacts fully just 
after the contact is broken. This transient effect again quickly becomes negligible 
as the direct current approaches zero in the grid transforner primary . The circuit 
then regains its normal sensitivity. 

The sketches of November 50, 1945 and December 15, 1945 show means b-~ which the small 
D-C voltage discussed above Jn9Y be inserted in series with the primary of ~i... ? 
transformer. In these circu.i ts one of the wires of a cable connecting th "master" 
Autosyn rotor to the grid transformer primary also carries the motor curren when the 
relay is closed, so that the voltage drop in the wire (corresponding to the motor 
current) is then in series with the Autosyn rotor and the transformer primary. For 
example, in sketch of November 50, 1945, the voltage drop in the wire marked 
0Yellow" has the polarity indicated by the marks+ and - while the relay is closed. 
This causes a direct current to build up in the grid transformer primary, as previously 
described, when the relay closes. In the .sketch of December 15, 1945 the required 

I ~+ 'J" dailv c.+r:VC> for 00,fec+io r. ~'-'P.r r-iin,::itul +h"'t liv~s will be denendent on the aualitv of the work we do to~"'Y-



I Inter-Office Correspondence 

LEAR AVIA INC. 
AVIATION INSTRUMENTS & ACCESSORIES 

Memo To . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . .. . .... .... , Date . . . . . January 12,. 1944 ........ . . . . 

From J •. • .Roberts .. Branch . .. 

Subiec:t .. . 

- Page 4 -

D-C voltage is provided by the voltage drop in the "Pink" wire No. 7, carrying the 
notor current when the switch and relay are closed. 

If it is desired to provide t~is D-C voltage without depending upon the cable length 
it can be done b".f inserting a verJ lov, resistance in series -Pi th the motor circuit 
and connecting this resistance in series with the grid transformer primary. 

I p.f. ,_. ... dailv ctr:VP for Dorfec+ior. ~vP.r l'""'in':.l-fu! •h-'\t liv~s will be deoendent on +he aualitv of the work we do tocl.,,y. 
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Memo To 

From 

Mr • . A • . E • . Page ...... _., ....... . .......... . .. . ..... Date . . . . .r anuary 12, 1944 ...... ) ... . 

J •· .M~ Ro.berts. . . Branch .. .. 

Subiect ... . . $~ .. B~J;,~~_I)~~-~~crf~q~up_ -~~AY ;vp~q~_ -~q~R9.~~ _ ............. _ .................... ... _ 
cc: Mr. R. A. Marsen 

Dear Mr. Page:-
/ 

Attached are photostats of sketches by nvself, dated August 10, 1945, September 11, 
1943, October 1, 1945, October 21, 1945, November 10, 1945, November 17, 1945, and 
November 50,V 1945; as well as a sketch by OswaJd Ariagno, dated December 13, 1943, 
as you requested a few weeks ago. 

The following is a brief summary of the methods of stabilizing these circuits: 

(A) "Anticioation" Effect Due to Rand C in Grid Circuit: This resistance and 
condenser combination 

in the grid circu.i t ·desensitizes the control circuit and broadens the 0 dead zonen 
("inactive zone" or nnu.11 zonen) as the "slave autosyn" or s ave potentiometer" 
quickly returns to the "null" position following a large angular displacement between 
the ~ster" and ttslave 11 • This method can prevent "overshootingu following larg~ 
displacements, 'b.1t has no effec·t on the sensi tiv·i ty for szmll displacenents. 

(B) Motor Feedback to Cathode Circuit ( 11Kick-outn effect Due to Feedback of 
Motor Voltage to Cathode Circuit): This connection between the notor fields 

and the cathode desensitizes the control 
circuit and ~ens the dead zone_i_..~t~lY. .aftel: the relay closes, so that the 
relay opens quickly if the closing was due to a ver,1 small angular displacement of 
the "ma.stert1 and nslaven. Howe-v~r, the relay remains closed if the displacenent 
is large enough to counteract the desensitizing effect. This nethod gives stability 
for~ displacements and permits the use of a very narrow dead zone. ---- . 

{C) Transient or Inductive Feedback From the N.iotor Circuit: This transient voltage, 
induced in the grid 

transformer immediately after closing or opening the ·relay, increases the sensitivi~J 
nd increases the relay contact pressure mo~~ntarily after the relay closes, and then 
as a negligible effect if the relay remains closed for an appreciable time. Then, 

when the relay opens as the "slave~ returns near the nnull 11 position, the reversed 
transient voltage desensitizes the circuit and . broadens the dead zone ~mentarily, 
causing the relay to open fully ~1th a n snap" action. The sensi ti vi tor then quickly 
ecomes normal again. 

COMBINA?IOUS OF STABILIZING :METHODS 

(A) and (B) Together: This combination provides stability with a narrow dead zone 
and can prevent overshooting for either large or small dis­

placeIIEnts of the nmaster" and "slave", except when the "mastern is stopped suddenly 

~'-'P.r r,i-,•:Fu! ~h ... t liv~s will be deoendent on the qualitv of the work we do tod,.., 
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after having been turned at a. speed just sufficient to bring the nslave" up to its 
full speed. The slight overshooting in this case is quickly c l'Wected, however. 

(A) and (C) Together: This combination gives stability with a narrow dead zone 
but may allow overshooting under some conditions. (Tests 

not completed on this.) 

(B) and (C) Together: This combination gives stabilitlJ with a narrow dead zone 
but may allow overshooting following large displacements, 

unless some "nibbling11 or "steppingn (rapid opening and reclosing of the relay} 
is permitted as the "slave" returns to "null'.1 following a large displacement. 

(A), (B) and (C) Together: This combination is similar to (A) and (B) in its 
performance, except that nnre "snappy" action of the 

relay is obtained when (C) is used. This makes adjustment of the relay less critical 
than is required for (A) and (B) alone. 

The above su.mmary mere~v describes the behavior of these stabilizing methods. An 
explanation of the principles of operation is given in some detail on the attached 
sheets. If further information or explanation is desired, please let me know. 

Yours very truly, 

~PL -~ 
Jean 1wi. Roberts 

JMR:BM 

~vP.r r-iin-::i+u! ih~+ lives will be deoendent on the auali+v of the wor~ we do +0<4..,v. 
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Air Mail 

llr. w. P. Lear - Leareal 

R. A. Marsell 

lovellber 17, 1945 

II. Y. Office 

Dear BU, J? 
Here ia/,J:cireui t diagraa of the present for• of t,he circuit for the Electric Heed 
which i~escrioed to you last t.ight. 

The el'ffili t works very smothl.:,, giving 10 nibbles per division on scale corree >0nding 
to 0-100 over 180 degree arc, which ans about 6 nibbles per aechanical degree of arc. 
Hald: n. as.id that a. nibble corresponding to 5 RPI is satJ.s:facto.ry. However, the 
nibbles we now have correspond to about 2 RPI or possib].y l RPM, depending upon how the 
thing is set up lfith the governor. An il-016 motor is ueed in our tests. 'lrfe trust 
that tbis will be of sufficient size to actuate the gearing for the extreme teaperature 
conditions. -However, lf this JnOtor is too aull I have no doubt that an AA-100 lk)tor 
will suffice; the cireui t.-, of course, beitlg identical. 

The circuit is esaentia.lly the saae as the ones you already saw here. 'l~e • 25 afd. 
condenBer shunted 1,-y the l megohm resistor in series i t..h the seco~da.r,y of the grid 
transformer •T• gives the anticipation. You will 1.0te a small neon tube "'tlf across 
t-hls secondary to protect the transformer from a possible damaging voltage surge. 

A kickback circuit is provided to give mall nibbles and comprises the two 5,000 ohm 
resistors R1, R1, t,he center of which ia ~ed back to the 10,000 oba grid bias resistor 
P..2,. Thie operates ltben th~ rela,r contacts "re engaged to connect the battery to 
further biae the grid and provide the small nibbles. A 10 af'a. electrolytic is placed 
acroH aacb side or the motor to .make the motor ea ential.ly a r1on-inducti- e lo-ad o 
the relq and circuits -- reducing the arcing. 

The CS relay is adjusted so that one ar11ature a-a coaes in first when ener~ized and 
connects the motor to the battery throu h a s11iall resistor such as ~ ohae. rhie 11111.ts 
he initial current to the relay and protects the contactai imd also liad. -ts t e top 

epeed of the motor tor the small nibble. Th.is permi. tsthe very tine nibble which we 
have finally evolved. When the signal is sufficiently strong the second armature b-b 
com.es in, '9bich short circuits the l ohm resistor and puts the motor directly on line. 

Thus the comoination of the Pntieipation, kiekbaek, and d:l!'ferential relay-reti~tor 
connection eii ves a very smooth eon t.rol which is de::;irable and required for the F-leetric 
Head. In fact, it ie so sensitive of nibble and the null is so n rrov.- that we are 
putting on a vernier type tuning head us is used in radios for the set ing control at 
the translli vter autosyn. 

We have ordered a special ~4!-016 motor from Piqua, designed to operate ~t top speed 
of 6,0UJ Bf, 1th the hope tha~ it would be sufficiently powerful for the jo aDd 
reouire saaller gearing rat.J.o thttn i ... at present used with the bi -h speed ~-otor. 



.; 

Mr •• P. Lear - Lesroal 
I 

R A' Marsen 

/ 

- Page 2 -

loveilber 17, 1945 

N. Y. Office 

Please let • know ether we should •alt the special mo tor and llake the reduced 
gearin6 load before presenting the solution to Ralllil ton; or shall we whip it up 
with what •e h ve and send 1 t up for deaonetra t,1on at this etage? Pleas~ be r in 
llind th t they have other electrical and aecha deal heads under teet for -.bis Job 
and we certainly want to present a solution 'that is far auperior tc arvthing they 
eaw r r this purpoee. 

We re making excellent progress on the Duplex Control and ahould have the actual 
prototype IGOdel a11 coapleted by about Pece•ber l; namely, in two weeks. There are 
lots of parts ~Jld details th~t have had to oe designed and made. 

Best pe~aona.l regards. 

ihBI 
Encl 

Sincerely, 

B. A. llar:sen 
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July 20, 1943 

Immediately concentrate on circuit re s earch usmng 

Selsyn· references, Dual Triode, AC control voltage from 

vibrator and acceleration sensitive device, which can 

be disc generator principle similar to Sperry ADF. 

Disc would be on end of DC motor pinion. Acceleration 

sensitive circuit without moving parts would be pre­

ferable.Require one percent control of actuators position 

but desire one quarter percent if possible. 

Time is the essence of this development. Plea se 

keep me posted daily. 

Signed 

y 

,/ t 
l/ 

W.P. Lear 
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