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MODIFICATION OF COLLINS 51R NAVIGATION IIECEIVER 
FOR IYZROVED PHASE LOCALIZER FLAG ALARM PERFORMANCE 

At present, the operation of the course line deyvlatlon lndlcator 
flag alarm 1s unsatisfactory when the navlgatlon receiver 1s operated as 
a phase comparison locsllzer receiver The flag posltlon 1s determined 
prlmarlrlly by the output of the refelence phase channel so that a" oper- 
aflonal failure I" the vsr~3le phase channel c,tuses a" o"-course lndl- 
CatIOn wlthout notIceable change I" the flag posltion. 

Several methods have been suggested for obtaining satisfactory 
flag lndlcatlons I" caee of operntlonal fnllure I" the varlablc phase 
channel or loss of reference phase sqnal at the transmitter or I" the 
recelvfr . It was suggested thnt a porkon of the 30-cps output of the 
reftrence phase chvlnel be fed u-&o the variable phase channel after the 
phase was shifted 90° to prevrnt devlatlon lndlcator deflectlo". The 
flag posItIon WOQM then be controlled by the outpkts of both the ref- 
erence and variable phase charinels. This method 1s not satisfactory be- 
cause phase slxft I" either chan"el, eve" though very small, causes a 
lesge cour4e error. 

Other nethds uwolce the lntroductlo" of a signal having a 
freqwncy of approximately :4-cps I" the var~zble phase channel by means 
of an oscillator I" the receiver or by modulztlo" of the carrier at the 
trmsm1tter. The flag posltlan depends upon thr oJtpJt of both channels 
and lndlcates loss of signal I" elthcr chnnncl. The cucut that con- 
trols the flag must be modlfuxl I" elthor cast to obtnu satlsfdctory 
d1fferent1E.l act~ozl. Mixture of the 24-cps signal and reference chan"el 
slgnnl before rectlflcatl?n does not provide sztlsfactory alfferentlal 
action. By modlfylng the Input clrcult so that the signals are combined 
after rectlflcatlon, it 1s possible to obtain iz flag-down indlcatlon 
from the combined 24-cps and reference channel rectlflcr outputs, and a 
vlslble flag when either slgnal 1s lost. If the reversible phase 30-cps 
signal 1s equal to or less than the 24-cps slgnzl, the flag posltlon 1s 
practxxlly unchanged since these signals ?rre added before instead of 
after rectu?lcatlon 

Several dlsadvantcges occur when the 24-cps signal 1s added by 
modulation at the tranolrltttr In order to obtal" adequate charges I" 
fl?g posltlon for loss of slgnal In elthcr charnxl, the 24-cps modulotlo" 
must be zpproxunstely 30 per cent. This me-sns that tne voxe modulation 
perccnkge must bc reduced. The 24-cps modulntlon pcrcentagc cnn be re- 
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duced to 10 or 15 per cent If 3 filter 1s add& m the variable phase 
channel flag Input clrcut to attenuate the 30-cps reversible phase 
signal approxunately 9 db with respect to the 24-cps signal level. The 
filter must be added to prevent the 30-cps slgnsl from holding the flng 
down when the reference chnnnel falls uld the 30-cps modulztlon 16 30 
per cent. It ~8 bellwed that EL simple filter having smell components 
c?ncl the desired cttenuatlon of the 30-cps ssgnal wlthout strlous 24-cps 
mscrtmn loss is alfflcult to obtam. Propeller modulctlon cffzcts 
n?y be uxreased when the 24-cps s~gr&t 1s added at the trulcmltter 
61nce a lager comblnatlon of lntermodulatlon products 1s possible. A 
flight test of rl tr,msmltter having the 24-cpo moc?ulation hea not been 
made. 

Introduction of the 24-cps signal by rner~~ of 2n oscillator 
eliminates or reduces the dlsadvatages noted regarding the ad&tion of 
motilztlon -tt the trnnsmltter However, the rccelver modlflc?tlon 18 
more complex su-xe a 24-cps signal source must be obtnmed. The flng 
alerm input clrcut modlflc&tlon 1s the wme except that the 30-cps 
attenuation filter 13 not required sx-xe the 24-cpz olgn?l level can 
be mzdc the equvalcnt of th?t obtzinod from 30 per cent modul&.tlon nt 
the transmitter 

Fig. 1 shows the modlflcatlon msde to n Collu~s 5lR navlg&tlon 
receiver. The connectIons end components that were added use shown by 
heavier lines. Thu rccelver hue been flight tested to determine the 
detrlmentnl effects, if any, from the stadpolnt of cleuulce, propeller 
modulation, a-d chnracter of course. The switches were not added m th18 
receiver, but the conncctlons were mzde 21s shown. Tht changes are listed 
es follows: 

(2) 
b) 

(e) 

(f) 

(9) 
(h) 

Disconnected c233 from ~265 and C234 from ~266 
Connected C233 through 750,000-&m resistor to bottom 
control grid and ~234 through 750,000-ohm reelstor to 
upper control grid of v207. 
Added .004 mfd ceppcltor In par-J101 with C23l. 
Broke connection from top of R257 to junction of C226 
zna Fi2"76 
Broke connection Prom R253 to tcrznnal 19 of plug at 
rear of the receiver 
Comcctcd termln;ll No. 2 0f ~203 t0 junction 0f m32, 
R133, wd C131through EI 220,000-okm resistor. 
DIsconnected tcrmlnal 9 of T204 from terminal 9 of T205. 
DIsconnected junction Of R237 ala ~223 from Junction of 
R220 ana R229. 
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(I) DiscoMsctod ternnnal 8 of T204 from rectifier E206 and 
connected terminals 8 mnd 10 to the new rcctlfler with 
54,000~ohm reel&or III sales with the 1e:d from termmal 
a. 

(J) Connected ternuals 8 rwd 10 of ~205 to new rectlflcr 
with 24,000-ohm resmtor in series with the lec,d from 
terminal 8 

(k) Comectod output of new rectifier to flag clam movement. 
(1) Added 17,000~ohm resistor In parallel with R205. 

Six resistors, one rcctlfler and one czpycltor are the only ad- 
dltlonnl components requred besldcfl the switches. Tube V207 is already 
a pzrt of the recelvtr. Normally, this tube is used only when the re- 
celver 15 operated 9 311 oruna-ange rccelver. The swltchmg problem 1s 
complex but would be accompluhed autonatxally by thr frequency selector 
system and the relay that 18 now used to select elthcr tone or phcse 
locallzcr mode of operation. Further study might ix&he it possible to 
sunplify the swltchlng problem considerably. For example, the addition 
of another winding on transformers T204 and T205 to operate ths flcg 
would elxalnate the need for the switches XI the lerds to terminals 8 
and 9 of T204 and In the lead from the Junction of X237 uld C223 to R228 
and R229.., The wlndlngs between termlnnls 8 and 10 are normally used to 
operate the TO-FROM meter during operattlon as 2n onnlrangc receiver 

The flight tests showed that the modlflcatlon did not cause 
dctrlmental effects. F]g 2 shows clezznces obtained with the 24-cpo 
osclll~tor on md off. The clearances are n~arglnel In each case auxe 
the antenna cpxmgs at the transmitter do not conform to newer standards. 
For the never sp-clng, the mux?um reversible phase modulntlon percentage 
exlstlng at low clezxxt pouzts 1.6 approxlnately 16 per cent zs compared 
to 13 per cent for the older spacing. Fig. 3 lndlcatcs f1z.g alarn per- 
formvlce du-lng the fl@,t. Addltlon of the 24-cps sl@al does cause a 
reduction of cppproxun>tely 25 ptr cent III cour~c sensltlvlty. The 17,cOO- 
ohm reslstor wan added In p~?llcl with RPOj to compensate for this 
rcdxtlon. 

The r,odlfled flag Lx-m clrcult could also be used when the re- 
celver IS operated ?e :n omnxnnge recclver If the r.ddltlonal wlndlng wa8 
added In transformers T2OI; ad T2O5. The change In flpg 31~1 lndlcztlon 
obtaIned fro7 the modlfled clrcult when elthx channel becones inoperatIve 
1s greater th?a the cho_nge obtnlned from tne present onnixnge flag alarm 
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circuit. The 24-cpfi oscillator IS not requred for this mode of operation. 
The followmg table shows flag alm-&~urrents .md deflections from? the 
vertlcnl cx13 under various condltmns for r. modx?lcd ?md normal receiver 
r38 EC-surt?d in the lzboratory. The reference and vzr~cblc phxsc mdulatmnn 
wcre 30 per cent. The rf Input signal 11~x1 was 1000 mlcrovolto ct 114.9 
MC ?!d the bxttery volkge was 26.5 V. All cznourcments rere nndo with EL 
two flag alarm lozd. 

Normal Receiver 
Single 

Variable Phcse Reference Ph'hzee Flag Cu-rent Flag 
Chlnnel Condltlon Channel Condltlon NlCPXZlPS DeflectIon 

on On 250 Not Vlslble 
Off cm 165 0 

On Off 190 go 

Modlfled Recclvcr 

On Gil 270 Not Vlslble 
Off on 150 180 
On Ofr 150 180 

To obtnln the oporstlon shown m the above tzbli for the modified 
receiver, It w-.9 necessary to connect a 13,000-ohn reslstor in parallel 
with the 54,000-&m reslritor 2nd a ll,OOO-okm resistor III parallel xath 
the 24,000-hz1 reslstor shown jn Fig. 1. 

The following table shows flzg zlnrn currents and deKtoctions 
from vertlcLfi zx~s when the modlfled receiver 18 operated as o. phase 
locallzer recclver as mcusurod In the laboratory. The rf Input slgnnal 
level wn8 1000 mlcrovolts zt 110.1 MC nnd the battery voltage WRS 26.5 Y. 
411 mccsxcments were made wth a two flag :1x-m lold. 
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Modulation Reference Pkwe 3C$, Rcverslhle Phase 0% (On-Course) 

Revcrslble Reference 24-Cycle Smgle Flag 
Phsc Cnmnel Phase Chvvlel Osclil5tor Current Flcg 

Conclltmn Condltmn Condltmn 141cromps Ikflectmn -- - 

on On On 260 Not vmlblo 
On Oil Off 150 18O 
Off On On or Off 150 180 
On Off on 130 5O 

Modulation Reference Phase 30$, Ficverslble Phrse 30% (loo Off-Course) 

On On cm 270 Net vzslble 
on on Off 260 Not vmlble 
Off Oil On or Off 150 180 
on Off On 140 11° 
on Off Off 125 O0 

The method of lmprovlng phase locallzer recexvtr flag alarm 
performance descrlbcd In thw memorandum 1s the best method lmown zt 
present. No tr7ansmltter modlflcalxon 1s rcqurcd. Th6 receiver modlfl- 
catIon 1s somewhet complex. However, no method of obtalnlng sntrsfactory 
phase local1zcr flag alarm perforczncc throua trawqltter modlfxxtlon 
without receiver nodlflcat?on 1s known or ha been suggested at this date. 
It 1s believed that further study mcy m&r3 It posslblc to slmpllfy the 
receiver rcodx"lcatlnn oonewhat should this method of energxzxg the flag 
cl~arm be sdoptzd. 



FIG I MODIFICATION COLLINS 5lR RECEIVER FOR IMPROVED PHASE LOCALIZER FLAG ALARM PERFORMANCE 
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FIGURE2 FLAG ALARM CURRENTMEASUREDONCLEARANCE FLIGHT CHECK 
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FIGURE 3 PHASE LOGALIZER CLEARANCE MEASURED WITH 24 ‘L 
OSCILLATOR ON AND OFF (6 MILE RADIUS) 


