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MODIFICATION OF COLLINS 51R NAVIGATION RECEIVER
FOR IMPROVED PHASE LOCALIZER FLAG ALARM FPERFORMANCE

At present, the operation of the course line deviztion indicater
flag alarm 1s unsatisfactory when the navigation receiver 17 operated as
2 pPhace comparison localizer receiver The flag position 13 determined
primarily by the output of the reference phaase channel so that an oper-
a%ional failure in the varisble pthase channel caudes an on-course indi-
caticn without noticeable change in the flag posation.

Deveral methods have been suggested for obtaining satisfactory
flag i1ndications in case of operational failure in the variable phase
chamnel or loss of reference phase signal at the tramsmitter or in the
recelver, It was suggested that a portion of the 30~cps output of the
reference phase channel be fed into the variable phase channel after the
thase was shifted 90 %o prevent deviation indicator deflection. The
Flag position wonld then be controlled by the outputs of both the ref-
erence and variable phaee channels, This method 18 not satisfactory be-
cause phase shift in cither chanmel, eveh though very small, causes a
large course ercor,

Other methods involve the introduction of & signal having a
frequency of approximately cl-cps in the varisble phase channel by means
of an ogciliator in the receiver or by modulzticn of the carrier at the
transmitter. The flag position depsnds uwpon the outpat of both channels
and 1ndicates loss of signal in either channel, The circuit that con-
trale the flag must be modified 1n either casc to obtein satisfactory
differentisl action., Mixture of the 24-cps signal and reference channel
sighal before rectification does not provide satisfactory differential
action. By modifying the input circuit so thet the signals are combined
after rectification, it 15 poesible to obtein 2 flag-down indication
from the combined 24-cps and refercnce channcl rectificr outputs, and a
visible flag when either s:gnal 1s loat. If the reversible phase 30-cps
signal 1s equal to or lecss than the Ph-cps signol, the Fflag position 1s
practically unchanged since these signals zre added before i1nstead of
alter rectifacation

Several disadvanteges occur when the 24-cps signal 1s added by
modulation at the transmittcr In order to obtain adequate changes in
fleg position for loss of signal in either channel, the 2Lh-cps modulation
must be epproximetely 30 per cent. This means that tne voice medulation
percontege must be reduced, The 2b-cps modulation percentagc can be re-
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duced to 10 or 15 per cent if a filter 1s added in the variable phase
channel flag input circuit to attocnuate the 30-cps reversible phase
signel epproximately 9 db with respect to the 2U-cps signal level, The
fialter must be added to prevent the 30-cps signel from holding the flog
down when the reference chammel fails and the 30-cps moduletion as 30
per cent. It 18 belicved that a simple filter havang smell components
and the desired ettenuation of the 30-cps signal without scrious 2h-cps
insertion leoss is dafficult to obtein. Propeller modulction cffccts
nyy be incrensed when the 24-cps signal 1s added at the iransmitter
51nce a larger combination of intermodulation products is possible, A
flight test of a tranam:tier having the 2k-cps modulation has not been
made.

Introduction of the 2k-cps signal by means of an oscillator
eliminates or reduces the disadvantages noted regarding the addition of
modulation at the tranemitter However, the receiver modificstion 1s
more complex since a 2U-cps 81gnal source must be gbtained. The flag
alerm input circuit modification 1s the same cxcept that the 30-cps
attenuation failter 1s not required since the 2h-cps si1gnol level can
be made the equivalcnt of thet obtezinced from 30 per cent modulation at
the transmitter

Fig. 1 shows the modification made to a Collins 51R navigation
recelver, The connections cnd components that were added are shown by
heavier lines, This receiver hos been flight tested to determine the
detrimentnl effects, if any, from the standpoint of clearance, propellcr
modulation, and character of course. The switches were not added in this
receiver, but the commections were made as shown. The changes are listed
ag follows:

2) Discenmnected €233 from R265 and C234 from R266

b) Connected €233 through 750,000-chm resistor to bottom
contrcl grid and (234 through 750,000-ohm resistor to
upper control grid of V207,

(c) Added .00L4 mfd capscitor in parallel with €231,

(d) Broke connection from top of R257 to junction of (226
end R2T76

(e) Broke comnection from R253 to terminal 19 of plug at
rear of the receiver

(f) Comnccted terminal Wo. 2 of T203 to junction of R132,
R133, =nd C131 through a 220,000-chm resistor,

(g) Disconnected tcrminal § of T204 from terminal 9 of T205.

(h) Disconnected Junction of R237 and (223 from junciion of

R228 and R2209,
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(1) Discomnceted terminal 8 of T204k from rectificr E206 and
connected terminals 8 and 10 to the new rectifier wath
54,000-ohm resistor in series with the le:d from terminal
8.

(3) Connected terminals 8 and 10 of T205 to new rectificr
with 2%,000-chm resistor in seriee with the lead from
terminal 8

(k) Comnected output of new rectifier to flag clarm movement,

(1) Added 17,000-ohm resistor in parallel with R205.

S1x resistors, one rectrfiecr and one caprcitor are the only ad-
ditional components regquired besides the switches, Tube V207 ig already
a part of the receiver. Normally, this tube is uscd only when the re-
celver 18 operated <5 an omnirange receaiver. The gwitching problem 1s
complex but would be accomplished automatically by the frequency selector
sysiem and the relay that 1s now used to select eaither tone or pheose
localizer mede of operation. Further study might meke it possible to
simplify the switching problem considerably. TFor exarple, the addition
of another winding on transformers T204 and T205 to cperate tho flog
would eliminate the need for the switches in the leads to terminals 8
and 9 of T20% and in the lead from the junction of R237 and €223 to R22B
and R229. , The windings betwoen terminals 8 and 10 are normally used to
opcrate the TO-FROM meter during operation as an omnirange recelver

The flight teats ghowed that the medification did nct cause
detrimental cffects. Fig 2 ghows cleorances obtzincd with the 2h-cps
ogcrllator on end off. The clearances are marginel in each case since
the antennas spoeings at the transmitter dec not confornm to newer standards.
For the ncwer sp-cing, the minimum reversaible phase modulation percentage
exigting at low clearance points is approximately 16 per cent as compared
to 13 per cent for the oldcr speacing. Fig., 3 indicatcs flag nlarm per-
formanece during the flight, Addition of the 24%-cps signal does cause a
reduction of epproximately 25 per cent in coursc sensitavity. The 17,000-
ohm resistor was added 1n pars1lcl with RP05 to compensate for this
redaction.

The modified flag alarm circuirt could also be used when the re-
celver 18 operatcd o5 -n ommirange recciver 1f the additional winding was
added 1in transformers T20L and T205. Thc change 1h fleg alari indication
obtained fro~ the modified circuit when either channel beconres inoperative
18 greater than the change obtained from tne presont ormirange flag alarm
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circult. The 24-cps oscillator 1s not required for this mode of operation.
The following teble shows flag alerm currents znd deflections from the
vertical oxis under verious conditions for o modificd and normal recelver

as ne~sured in the lchoratory. The reference and varieble phase rocdulations
were 30 per cent. The rf input signal level was 1000 microvolts ot 114,9
Mc ond the battery voltege was 26.5 v. All mcasurcments were made with a
two flag alsrm lond.

Normal Recelver

Single
Variable Phese Reference Phace Flag Current Flag
Chmnel Condition Channel Condition Microamps Deflection
On On 250 ot Vicaible
Off on 165 30°
on Off 190 L5°
Modified Receiver
On On 270 Not Vaisable
Off Cn 150 189
On Of 150 18°

To obtain the operation shown in the above tzblc for the medified
recelver, 1t w=s neccssary to connect o 13,000-chm resistor in perallel
with the 54,000-chm resistor ~nd a 11,000-okm resistor in parallel with
the 24,000-0hn resistor shown in Fig. 1.

The following teblc shows flag alorm currents and defloctions
from vertical axis when the modified receiver 1s opcrated as a phase
localizer recciver as measured in the laberatory. The vf input signal
level was 1000 microvolts 2t 110.1 Mc and the battery veltage was 26.5 v,
£11 meesarcments were made with a two flag =l-rm lonad.
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Modulation Reference Phose 30%, Reversihle Phese 0% (On-Coursc)
Revcrsible Reference 24-Cycle Single Flag
Phase Cnonnel Phase Channel Oscillator Current Flog
Condition Condition Condition Macroarmps Deflection
On On On 260 Kot visible
On On orf 150 18°
Off On On or Off 150 18°
On ore On 130 5°

Moculation

Rcference Phase 30%, Roversible Phrse 30% (10° Off-Course)

29398

Cn
On
Cn
Cff
off

On
ofr

On or Off

On
off

270
260
150
140
125

Not wviesible
Not vaisible
18°
11°
q°

The methed of improving phase localizer receiver flag alarm
performance described i1n this memorandum 15 the best method known 2t

present,

cation 18 scmewhat complex.

No transmitter modification is rcquared,
However, no mcthod of obtaining satisfactory

The receciver rmodifi-

phase localizer flag alarm perforrance through tranemitter modaficnation

without receiver modification 1s known or hos been suggested at thies date.

=

It 19 believed that further study m-y make 1t possible to simplify the
recelver rodification gomewhot should this method of energizing the flag
clarm be =doptzd.
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FIGURE 2 FLAG ALARM CURRENT MEASURED ON CLEARANGE FLIGHT CHECK
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FIGURE 3 PHASE LOGALIZER GLEARANCE MEASURED WITH 24 "
OSCILLATOR ON AND OFF (6 MILE RADIUS)



