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DEVELOPMENT OF A DME ANTENNA TRANSFER SWITCH 

SUMMARY 

This report describes an antenna 
transfer switch developed at the Technxal 
Development and Evaluation Center of the 
Clvll Aeronautrcs Admlmstratmn for “se 
with alrborne distance measurmg equipment 
(DME). This switch operates with two air- 
borne antennas and one Interrogator to 
m~n,mlze the loss of signal caused by mter- 
ruptmn of the lme of sight by a portmn of 
the arcraft structure during turns m areas 
of low field strength The locations of the 
arcraft antennas are chosen so that the lme 
of sight to the groundeq~pment (transponder) 
can be mamtamed with at least one antenna 
while the axcraft 1s m any normal operatrng 
attitude 

The switch was deslgned to operate 
with a modlfled Federal Telecommurucatmn 
Laboratories Model DIA Interrogator, but 
with minor changes It can be made to operate 
with any type of DME mterrogator 

INTRODUCTION 

Experience has mdxated that It 1s not 
feasible to locate a smgle DME antenna on 
an arcraft m such a posltlon that the lme of 
sight to the transponder ~111 not be wholly or 
pa&ally obstructed by a part of the alrcraft 
structure at some twne durmg normal flight 
maneuvers If the composite field-strength 
pattern of the mterrogator and transponder 
antennas 1s relatively strong, the Interrogator 
~111 usually track even though the antenna x, 
“se 1s partially obstructed However, there 
1s a large zone wlthm which the mterrogator 
~111 track under lrie-of-sight condltmns but 
~111 not trackwhen the slgnal path 1s partially 
obstructed by the wr,g durmg a bankmg turn 
or by any other part of the arcraft structure 
It 1s m any of these obstructed zones that the 
antenna switch described m this report 1s 
particularly useful, since 1t a”tomatlcally 
connects the Interrogator to the unobstructed 
antenna. 

The deslgnof an antenna switch toper- 
form this function was mltlated 111 December 
1950 

DESCRIPTION 
ANDTHEORYOFOPERATION 

The switch Illustrated m Fig 1 oc- 
cuples approxxnately 175 cubic Inches (5 by 
5 by 7 Inches) and 1s shock-mounted The 
weight of the switch 1s approximately four 
pounds. 

The clrcut shown in Fig 2 1s deslgned 
to operate a coaxal relay K5 in such a way 
as to select an antenna whxh 1s zn a field 
strength adequate for tracking The coaxial 
relay does not switch antennas to select the 
strongest field but changes antennas only 
when normal trackmg 1s interrupted The 
two antennas are located wltb one above the 
fuselage and one below 

Durmg memory and search 28 volts of 
direct current (dc) are applied to relay Kl 
thereby closmg contacts Nos 4 and 6 whxh 
apply Bt voltage to the plates of tube V3. a 
free-runnmg multiwbrator 1.2 The multi- 
vibrator has unequal time constants which 
result m K2 bang energized for about l/2 
secondand de-energized for about 2 l/2 sec- 
onds Relay K3 was added to the clrcmt 
because the K2 contacts would not carry the 
energlzmg current for the steppmg relay K4 
and because an addItIona set of contacts was 
needed KZ energizes K3 for about l/2 sec- 
ond, durmg whxh time K4 1s energxed and 
rotates one step. Durmg the same trne 
contacts Nos 4 and 5of K3 ground the mter- 
rogator trigger, thus sllenclngthe transmitter 
and preventmg radm frequency (r-f) arcmg 
at the coaxw.1 relay K5 Relay K4 alternately 
energizes and de-energizes K5 and also 
alternately energizes one or the other of 
two pllot lamps m order to mdlcate which 
anttenna 15 Ill use As shovn in Fig 2 the 
lower one 1s 1n use, and Its accompanymg 
pllot light 1s energized by K4-A The pilot 
lights may be seen m Fig 1 below the 
outboard coaxial connectors 

If sufflclent trackmg signal appears on 
the antenna m “se, the mterrogatar removes 
the 28 volts from relay Kl, thereby de- 
energw.lng the multlvlbrator and stoppmg the 
swtchlng action When the power IS turned 
off, relay K5 ~111 connect the lower antenna 
The two ZO-mrcrafarad (mfd) capacitors are 
used to reduce contact sparkmg 

It xv111 be noted that this clrcult changes 
antennas contr,“ously durmg memory and 
search, remaxnng connected to each antenna 
approximately t h 1 e e seconds Another 
method, mvolvmg the addltmn of one relay 
and the msertmn of an addItIona Input from 
the interrogator. would perrmt antenna 

1 Memory 1s here defmed as the con- 
tmuat1on of axborne dxtance mdlcatlon 
durmg short perlods of signal loss 

2 Search mdxates a progressive and 
contmuous trne sampling of receiver video 
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Fig 1 Transfer Switch 

swltchmg durmg memory only Search then 
could be accompllshedon either the lower or 
the upper antenna alone ‘Ihe average search 
trne for the two methods of operation IS 
about the same Antenna swtchmg during 
searchtends to reduce search-time extremes. 
thereby mcreasmg the relriblllty Flight 
tests have mdxated the method m use to be 
completely satisfactory 

PRELIMINARY FLIGHT TESTS 

In order to record mstantaneously the 
presence or absence of sufflaent signal for 
proper trackmg, an external clrcut was 
deslgned to o p e 1 ate an Esterlme-Angus 
recorder Thrs clrcut 1s shown m Fig 3 
The clrclut 1s deslgned so that the relay 
tube V2 conducts when the Interrogator 
decoder output 1s below traclung level 
and so that the relay tube 1s cut off 
when normal traclung output 1s present 
The pulse transformer 1s used for lso- 
1at1on The relay applws a voltage to the 

TABLE I 

COMPARISON OF SIGNAL CONTINUITY 

Distance Altitude Signal Below 
Above Trackmg Level 

Tl-.3lM- (Amount of Turn) 
ponder 

Bottom Antenna Switch 
(rmles) (feet) (degrees) (degrees) 

26 400 70 20 

38 1,000 40 15 

55 1,800 180 15 

recorder when the slgnal falls and applies 
ground when the signal 1s normal By 
markmg the recordmg durmg a turn every 
900, the headmg of the axcraft and the 
amount of slgnal loss can be determrned 

Flight No 1 
The purpose of tis flight was to ex- 

plore the usefulness of the switch. Turns of 
360” with banks of 30’ were made over known 
ground pomts at altitudes of margmal- 
trackmg slgnal level, and the results are 
shown m Table 1 

These figures lndlcate that a substantial 
xnprovement m contmuty of slgnal may be 
accomplished by the use of the switch The 
signal loss while usmg the swatch was due 
entirely to the txne requred for the mter- 
rogator relays and antenna-switch relays to 
operate The slgnal was never absent or 
low m both antennas at the same tune The 
weaker the general slgnal level, the longer 
the time durmg wiuch the lower antenna 
received an madequate signal The “out” 
tune for the switch (the time when the switch 
1s unable to find an adequate signal) does not 
increase apprecmbly until the unobstructed 
slgnal 1s below the trackmg level, at whxh 
txne the useful distance of the eqrupment 
has been exceeded 

Flight No 2 
The purpose of this flxght was to deter- 

mme approxnnately how much the switch 
would mcrease the practical workmg distance 
of the DME dumg turns It 1s recognized 
that several variables affect the results, but 
they are averaged over three trials The 
field pattern of the transponder could dxstort 
the results, but If transponder field patterns 
are sxmlar, the same effect can be expected 
at the same distance and altitude. regardless 
of which ground statmn 1s bang used 



Fig. 2 Transfer Switch Cmcult 

Fig 3 Recorder Clrcult 

All &stances listed in Table II could reasonable signal level m order to mcrease 
have been mcreased by extendmg the tune the rellablllty of the results It IS shown by 
durmg which the mterrogator was m memory the data In Table II that for the same amount 
durmg the turn Smce rt was not the purpose of below-trackmg slgnal level durmg a 360’ 
of these tests to determme maxunurn cover- turn at 30’ bank, the antenna switch improved 
age, the flights were made m areas of the traclung drstance apprecmbly. 
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TABLE II 

COMPARISON OF PERFORMANCE 
WITH AND WITHOUT THE SWITCH 

Altitude Slgnd Distance 
Above Below 

TrSE- Trachng Bottom Antenna Switch 
ponder Level 

(feet) (degrees) (mles) (Irules) 

1,000 30 40 47 

2.000 30 55 61 

3.000 30 61 69 

CONCLUSIONS 

1 A small, llghtwelght. antenna transfer 
switch has been developed for autom&cally 
connectmg a DME Interrogator to an 
unobstructed antenna 

2 The transfer switch ~111 mprove the 
contmuty of distance mformatmn durmg 
normal aIrcraft InanenYers 

3 The swltchmg of antennas qute often 
reduces the length of trne durmg whxh the 
mterrogator rema~-,s m the memory mode of 
operatmn. Smce It 1s mposslble to display 
accurate mformatmn durmg memory, the 
switch effectively contributes to accuracy as 
well as to relmblllty 


