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EXECUTIVE SUMMARY

INTRODUCTION.

The Federal Avia t ion  Admin i s t ra t ion  ( FAA) has been engaged d u r i n g  the pas t
several years in eva lua t ing  var ious  a i rborne  collision avoidance systems (ACAS).
One system concept is a t i m e/ f r e q u en c y  (T/F)  fami l y of equipments  designed by
McDonnell  Doug las Co. The two a i r—der ived  coll ision avo iuance  system (CAS) or
ACAS systems reported herein are the advanced Model 2000 CAU (collision avoidance
unit) and a general aviation unit , designated a Mini—GAS . In addition , a
development model T/F CAS ground station was used throughout the evaluation.

The Federal Aviation Administration (FAA) was directed by the U.S. Congress
to report GAS progress arid to arrive at a decision for a national CAB p lan.
In support , the flight test program conducted at the FAA National Aviat:ion
Facilities Exçerimental Center (NAFEC) was on the T/F ACAS family of equipments.

By midy ear 1973 , McDonnell Douglas Electronic Co. (MDEC) was under FAA contract
DOT—FA 73WA—3239 (reference 1) to design , fabricate , and deliver a development
mod el T/F CAS ground station and associated airborne equipment complying with
Engineering Requirement FAA—ER—240—0l6 , based on ANTC 117 standards ( reference
2). A factory acceptance test of the T/F GAS system was made in September 1974.
The field test which demonstrated that all subsystems , ground and airb orne ,
were operable , optimized , and comp lied with the specifications was made in
October 1974 at NAF2C. Acceptance flight testing was conducted during November
1974 and demonstrated that the T/F concept was ready for a complete flight
evaluation. Acceptance test results are reported in appendix A. Final flight
evaluation was started in January 1975 and comp leted in October 1975, whereby
a total of 65 flights were made (appendix B).

OBJECTIVES.

The overall ob jec t ive  of this test  program was to evaluate  the MDEC fami ly of
CAS equi pments to pe r fo rm the col li s ion avoidance f u n c t i o n  as descr ibed in
ANTC 117 ( re fe rence  2 ) .  An impor tan t  program goal was to assure that a compari-
son of results could be made with other candidate systems competing in the
evaluation. This was accomp lished with test data gathered in laboratory and
f l ight testing which included received sensitivity and output power. Flight
tests determined:

1. Communications range , reliability, and synchronization accuracy of the
radiofrequency (RF) link as a function of range and antenna aspect angles ,

2. Range , range r ate , and warning—time accuracy ,

3. The display reliab ility , (the ability to give correct threat information
to the pilot),

4. The conformance with ANTC 117 TAU zone and altitude zone boundaries , and

I
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5. ftc ab i l  i t .  ot t he  g round  s t a t  ion  to  transfer t iWo synchronization IL ) the
a i r b o r n e  e q u i p m e n t

The added t’u i i c t  i o n s  and c ap a b i l i t i e s  w h i c h  i n c l u d e d  t h e  ( a )  [I  v — h  s u e  (EBS)
( I  or a i r — t o —  r o u n d  sy n c h r o n i z a t i o n  of t i l e  g round  s t a t  i on )  and (b )  e x t  t - i o i e d
l a n g e  sy n c  ( or doub 1 ing t h e  s t a r t u p  and r e sy n c  r~1n g t ’ from L O t -  g r  a n d — i  0— a l  r
link) were lo t  t e s t e d  during t i le  f l i gh t  e v a l u a t i o n , bu t  were  br l e t  l v  dt -m r i s L  ra-
ted d u r  log  t i l e  a c c e p t a n c e  t e s t  . The t e s t  r e s u l t s  can be founu in a p p en d  i :~ A

SI ’MMARY OF R E S U L T S .

Th e CAP and -l i n i —L\ 5 pr ov ided  suIt i c i en t a vo i d a n c e  w a r n in g  t o  a ssu r e  so I
v e r t i c a l  s ep o r a t  ion  as per  t h e  r e q u i r e m e n t s  of AN I C  117. N e c e s s a r y  avo  I d a n  e
warn ing  was g iven even if one aircral t d id  not  r e spond  to t i l e  m a n eu v e r  command .

Peso It s  i n d i cat e d  tha t the r e q u i r e d  c o m m u n i c a t i o n s  r a n g e  was more  t h a n  a d e q u at e
fo r  a l l  encoun te r  ang les f l o w n . C o m m u n i c a t i o ns  rd i a b il  i tv  was  over ~U c r e d I t
f r o m  r a n g e  po in t  of establ ishment to L i i t  C l o s t - s t  a p p r o a c h  f o r  all e n c o u n t e r
angles f lown .

The range  and range r a t e  a c c u r a c  los  w e r e :

Range E r r o r  (nmi  ) Range  R a t e  i : r r o r  ( K n o t s )
t y p e  of E qu i pment  Mean S t d .  Dcv .  M~cl n St d .  Dcv .

N i n i — C A S  — 0 .  004 0 .036 See G r a p h  13. 1
Fi g. 7—3

CAP 0.019 0 .032  See G r a p h  14 . 9
F i g .  7—3

l’he w a r n i n g  t inc me an and s t a n d a r d  d c v i  a t  ions  t ’~~ p : essed a~ dcv l o t  io ns f r o m
t h r e s h o l d  and p e r c e n t a g e s  of th e  Tan 2 and i , i u  1 t t i r e sh i o  Ids  were :

Dcv i i  t ion f r o m  AN’i C 117 0ev l ot i o n  f r o m  ANTC 117
Thire  si l o  Id IL Tan ( S e con d s )  Thresho I cI~ Tan ( P e r cen t )

i’au 1 Tan 2 ‘iou  I T,ni 2

= -4.4~~~ A = —l.bL~~ = -15 .0 ~ = — i .7
CAL

SD = 2 . 0  Si) = 2 .8  SD = 7 . 0  SI) = 1.0

= ~~~ ~~ — l . 6~~~ = — 7 . 1  = — i . °
“1 m i—LAS

SD = 1.7 SD = 3.1 50 = 6.7 SI) = 3 . 5

E x p e c t e d  ~~ 
= — ‘i . seconds , dut to ep o c h  p il~m s i m l g  (.3 sec) lila 2 ti~m &-a ts 3 a~ ’~

2 1 tri e s
Exp ec ted ~ = —l . 5 sec onds , due  t o  t ’p c L l  1 1 11 , 1 1 1 1 1 ’ , . 
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*Excep tion — Threshold Tau 1 for the Mini—CAS was determined from the Tau 1
threat line incorporated in the equipment , which has a zero—nmi
offset and reciprocal slope of 25 seconds.

The display reliability, which relates to giving correct threat information to
the pilot in an uninterrupted sequence from the start of a threat in the Tau 2
zone until the end of a threat , is given below.

Percen t Disp lay Reliab ility

Type of Equipment Tau 2 Tau 1 Tau 1 & 2

CAU 98.9 99.0 98.9
vs.

CAU

Mini—GAS 99.8 99.5 99.7
vs.

Mini—CAS

Mini—GAS 97.0 100 97.5
vs.
CAU

In order to participate in the T/F CAS community, an aircraft must initially
obtain a synchronization and process as many resync updates as possible.

COl’QIUN I CATIONS SYNCHRONIZATION RE L IABILIr AND ACCURACY

Synchronization Accuracy—Difference Statistics in us

Percent
Type of Comriznunications Sync

Equipment Chances Processed Received Maximum Minimum 
~~~ 

Mean

CAU
vs. 22,420 20 ,807 92.81 0.55 — 0 . 3 5  0.70 0.0165 0.1007
CAU

Mini—GAS (Ac?) 2,578 1.984 76.96 .45 — .25 .70 .0460 .1022
vs.

Mini—GAS (Waterloo) 11,842 10.000 84.45 .45 — .35 .80 .0929 .0865

CAU
vs. 22,7 11 19,676 86.64 .75 — .75 1.50 .0542 .1214

Mt ni—GAS

From the above , the lowes t percen t sync rece ived upda tes were from a local
fl ight over Atlantic City (ACY) very high frequency omnirange radar (VOR) at
NAFEC using Mini-GAS vs. Mini-GAS where a 77-percent update rate was received .
A comple te analysis of the results are contained in chapter 5.
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CONCLUS IONS.

From time resul t s  it was concluded t h a t :

1 . The MDEC CAB equi pments p e r f o r m  the  c o l l i s i o n  avoidance  f u n c t i o n  as
desc ribed in ANTC 117.

2. The Tau 2 communications range for both CAU and Mini—CAB was sufficient
for ent ounters based on the range rates tested and extrapolated to 1,200 knots.

3. There was satisfactory communications range for Tau 1 warnings .

4. The range and range rate accuracies were sufficient to establish an
accurate track on the intruder.

5. The warning—time deviations f r o m  thresho ld Tau were considered adequate to
avoid a collision under ideal conditions .

6. The disp lay reliability gave a high reliability of correct threat informa-
tion for pilot action .

7. The synchronization accuracy and reliability were more than adequate ,
with tIn’ exception of local flights using Mini—CAB versus Mini—CAS , where
antenna shielding using the top antenna in proximity to the ground station
presented problems .

4
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CHAPTER I

EQUIPMENT DESCRIPTION

GROUND STATION.

The ground station (figure 1—1) consists of two functionally identical channels.
While the two may be separated , with each retaining most of the major time-
keeping , time dissemination, communication , monitoring , and ~test functions of
the dual—channel system, the normal mode of operation is the dual mode , in
which one channel assumes the role of master channel, and the other , the role
of slave channel. The functions of the master channel can be found in
reference 3 and are the following:

1. Accep t synchronization from a primary source by portable clock , satellite
synchronization system , fly—by clock , ground—wave radio , etc.;

2. Maintain synchronization within ±0.5 ~.m s between synchronization intervals
with said primary source standard;

3. Synchronize all CAB—equipped aircraft within range, up to maximum of 1,936
aircr af t (2 ,000 less 64 which are used for special purposes);

4. Radiate test signals for ground—based preflight tests of airborne GAS
equipment ;

5. Monitor time agreement between “internal” (i.e., own ) and “external” (i.e.,
the slave channel ’s) cesium clocks and the ground epoch start triad. (Epoch
start is received by slave channel via radiofrequency (RF) from the master
channel , demodula ted and ver ified by the slave channel , and hardlined back to
the master channel.) Time comparison is also made between cesium clocks and
other independent sources such as Loran—C ground—wave reception ;

6. Monitor performance of synchronized aircraft;

7. Monitor performance of slave channel functions ;

8. Monitor own performance through a series of built—in test (BIT) functions;

9. Inhibit transmissions when indicated and transfer the master channel
function to the other working channel; and

10, Provide appropriate alarms when a failure is detected .

Functions of the slave channe l are the following:

1. Accept initial t ime synchronization from the master channel;

2. Independentl y maintain synchronization to within ±0.5 ps of the master
channel between updates;

1— 1 
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3. Independe nLly monitor time agreement between the online cesium clock
and the standb y clock; and , if used , another time source such as ground—wave
Loran—C.

4. Receive and demodulate ground epoch start triads from the master channel
and send hard line verification back to master channel ;

5. Display test signals received from the master channels;

6. Display ground—slot transmissions;

7. Detect aircraft operating asynchronously or skewed in time ;

8. Monitor performance of all slave channel func tions through BIT functions
and inhibit all slave channel transmissions (e.g., in terroga tions of skewed
aircraft) when a failure is detected;

9. Provide suitable alarms in the event of failure ; and

10. Automatically assume the master channel functions in the event of a master
channel failure .

A block diagram of the system is shown in figure 1—2. System timing is
provided by two digital clocks driven by cesium—beam frequency standards .
Only one clock is “online” at any one time , the other being kept as a hot
standby . A third independent standard , such as a Loran—C receiver , may be
emp loyed as a check. A two—out—of—three situation prevai ls , with  at leas t two
of the time sources having to agree within 0.5 us before the logic will
activate the transmitters. Only a cesium—driven digital clock is ever used to
control station timing; the third (Loran—C) is used solely for reference.
The logic also controls the transmitter , exciter—receiver; and it is an integral
par t of the station ’s self— check feature , which is summarized in table 1—1 .

The transmitter , which has a nominal peak power of 1 kilowatt (kW), is driven
by the exciter. The exciter generates the biphase modulation (under logic
control), local oscillator frequencies for the double—conversion receiver , a
reference sig r al f or cal ibra ti on of the rece iver ’s Dopp ler measurement circuits ,
and a pulsed , gated 25—megahertz (MHz) reference signal used by the transmitter
to test the receiver subsystem.

The receiver , in addition to its usual functions of HF amp lification , conver-
sion , and demod ula tion , also demodulates nonreturn—to—zero (NRZ) biphase data
and discriminates the intermediate frequency (IF) signals for monitoring the
Doppler frequency shift.

The transmitter and receiver , wh ich are isola ted by a cir cula tor , share a
common antenna which consists of a vertical array of collinear—mounted dipole
elements . The sections have an electrical length of one—half wavelength , and
have their inner and outer conductors transposed at each junction. An inverted
choke , one—half wavelength below the first gap , eliminates the need for a
ground plane and prevents unwanted RF from traveling back down the feed cable.
The top section contains a quarter—wavelength short , wh ich is ex tended for
lightning protection .

1—3 
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TABLE 1—1. GROUND S’I\TI ON BUILT—IN TEST (BIT) (REFERENCE 4)

Test Name Description of Test Result/Indication in Failed Channe l

channel ~O/NO—GO All BIT failures except RECEIVE R also cause
channel NO—GO indications .

Internal Frequency Lamps
Standard GO/NO—GO .A 0 . 5 - s  pulse based on each frequency sta n—
(lot Freq Std) dard and a 0.1—us pulse based on the Loran Comparison Loran Tnt Freg Std Ext Freg St d

receiver are compared for overlap. In the ABC 
— GO Go GO

External Frequency table , “A” means the frequency standard 
— ABC GO GO GO

Standard GO,NO— ~~0 pulses overlap . ‘A ’ means no overlap ; “B ’ ABC GO GO GO
(Ext Freq Std) means overlap o~ the internal standard and ~BC GO GO GO

Loran pulses . “B” means no overlap ; and “C” AS~ — — NO—GO GO GO
LORAN GO/NO—GO means overlap of externa l standard and Loran — — ABC GO NO—GO GO
Standard GO/NO—GO pulses , “C” means no overlap. ABC GO GO NO-GO

ABC NO—GO NO—GO NO—GO

High Voltage (NV) Power to the high—voltage (MV) power supply The “NV DELAY” light is ON until the delay
DELAY iii transmitter is inhibited until after has timed out.

filament power is applied and tubes are
wormed up to operating temperature.

Modulator ON Tite pulse—modulation signal from the logic The “NO D ON ” lig ht is on whenever the
(MO D ON) t~- the transmitter can be enabled/inhibited switch is in the ON position.

by the MODULATION ON/OFF switch on the
panel.

Modulation Transmitter modulation can be self—inhibited 1. NOD INtl light turned ON.
Inhibit (MOD INH) by the modulator for any of the following

reasons: 2. If fault condition (2) thru (5) exists,
(1) MODULATION ON/OFF switch in the OFF logic will sense absence of forward

posit ion. power and cause “LOW FWD PWR” and
(2) Transmitter high—voltage supply senses “CHANNEL No—GO ” lights to turn ON.

overvoltage condition.
(3) MaLfunction in receiver monitor 3. Pulsed audio alarm .

sect ion or the t ransmit ter .

4) Reflected RF power exceeds 300 watts.
,5) ,‘jlse modulator monitor detects excessive

duty cyc le .

Low Forward Power Transmitter PS power is supp lied at the coup ler (1) Channe l NO—Go light ON.
(LOW FWD PWR ) in the antenna line. Transmitter monitor ( 2 )  Transmitter LOW P140 PWR light ON.

detects forward power and passes signal to (3) Transmission inhibited .
logic if power exceeds threshold (approx. 300 (4) Pulsed audio alarm.
watts), logic checks for presence of signal
each time range pulse is transmitted . Absence
of signal (low forward power) four times in
succession causes BIT to jail.

High Reverse Reflected RF power is sampled at coupler in ( 1) Transmit ter  RI REV PWP. light ON.
Power (HI REV antenna line, If reverse power exceeds (2) Transmitter NOD INN light ON.
‘W R) threshold (approx. 300 watts), transmitter (3) Channel NO—GO light ON.

monitor causes immediate lockout of pulse (4) Transmitter “LOW FWD PWR” light ON.
modulator to protect transmitter and receiver. (5) Transmission inhibited.
Resulttng loss of transmitter power also (B) Pulsed audio alarm .
causes FWD I’WR alarm .

Hi4h (UI) Duty Pulse modulator circuit continuousl y monitors (1) Transmitter HI DUTY light ON.
input logic modulation signal. If duty is (2) Transmitter NOD INN light ON.
excessive (pulse width or repetition rate), (3) Channel NO—GO and transmitter LOW
high—power modulation is inhibited. Resulting P140 PWR . Light ON and transmissio n
loss of transmitter power also will cause logic will be inhibited if excess duty
to sense P140 PWR failure , if excess does not persistS.
return to within normal maximum duty in severa l (4) Pulsed audio alarm .
seconds.

1 —5
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TABLE L — L .  - & c l N l  ~~~~ icO. S Y t i . i — I N  ~iNi (hI~ t t ~~~ ER Ll,CL a) ( ru i t t i nued)

Riug e Pulse Ronge po i s e  nod u ja t  i o u  - -~~ s i g i t a  3 S (1)  Channe l lu—i, - I t , tut tN .
passed thru range ver rfica tio n i~ g ic, E o n  ( 1)  og r ~ RAN,) PULSE ~a il u re li gru t tN.

onSecut  ive ta r lures or any or tue no r ruat  (3) It ac l smrss ruu  tut u bi t e l .
pulse—width c hecks  result- , in a BIT r a l l u t r o .  (- , i Pulsed audio alarm .

:.poch S t a r t  Ground epoch u’t i t t  t r i ad  rodulat ion (log ic (I) u ai tr~~l NO—Cit lIght
iNastor  Channel s ignal) ix passed thru pro iso  Jecod~~r to ( 2 )  l o g i c  EPOCH ~TAR I t o ilur e lrgri t ON.

u uu l v )  chec s tor reat .  Four c o i t S o c - , t j v O  t x u l i r u -s  - uf ~~) T rj ns o iss io n  i n r t i b i t 4u ,
anx’ oi the format t es t s  r e s u l t s  in BIT ,) Pulsed a~ Jj, ilOtti ,
fa i lure .

i losycic Triad Ground res ync  t r i o .  l o g i c  s i g u l is i ssed  (1) Channel NO—GO l igu t 1,.
(Master Channel thru prec ise . tec .u d ut  to h~~c s  for Or per (2) Nog ic RESYNC ~~~At) i u l u u r o  l i g ru i  Cu ,
. r t lv ~3rm at and j o t  pr oc ise ir.e or  r~~plv . F o i- ( 3 )  Tru ruxu ission inh ib i ted

cc’n sec-ut js e errors result in a BIT t a i l u re . (3) Pul l audio alarm.
In t es t  slots , correc t transmi s;ion t i e  t S

also ver i f ied .

l o gic  cont inuous monit utrx (1) dropout of (1) Channe l Ni t— i lt 1 ig u r IN.
, l~ 1c from selected freq uency .s t a n d a r u , ( 2 )  Functional BI PHASE fai re l i g u
( 2 )  ta i l u re  of  own bos i~ t l u r r u i g  coun te r , (3)  T ransmission u I l i t ~~d .
(3) coinc idence of ‘~ and ouul  l ut e  r r ~~qcon~~-.- (- ‘ ) A isilo ( lo r u -  ~ ill be a s t o o l I re .
-i:aurdar~ Lp urs , coincidence of  r O s t e r  and
slave channel

Receiver Nogic commands exci ter  to gen e ra te  2 5— ~5iu ~l) Functional RECEIVER l ight etc 3
signal in test slot 1 n 1 2.  i lgoal causes s tep  seconus  f o r  co c a SIT r a r l u r e .
r e co v e ry  diode in receiver -uuonrto r to produce (2 )  i l o s h i r g  l ight i n d t c u t , c s j ’- - - u u i c .
1600—MH z pulse (level approx — 77 dBM which is (3) Steady li ght t u t i t c i t e s  I, uo, . e c - : e r
co u p led into receiver front end. Log ic tests sensitivit y .
normal receiver threshold video o u t p u t  ~o r  weak j I )  Transmission i - i  NI Y) inh ibuteur .
signal sensitivi ty . (Test may also t t i l  in (5) Pulsed audio alarm .
presence of strong “ in— i req uer tc ~~’ ~.immIutg si g—
nai from ex terna l  source , or II exc i ter  gener-
ates incorrect transmit or local oscillator
f requency.)

:Liste r S I ts - c  Transmitted epoch s tar t  t ri t i  ~ron ra s t e r  (1) Master c luauuuuc l r u u r c t r n I I A r l ( R
1oop Fail - -Can ne l  is rece ived  by s lave  channel t i r i  SLAVE LOOP FAiL 1 t e ) u t  ON .

antennas) .  Thresholded v ideo in slave channel ( 2 )  Othe r  BIT fa i lure t o u t  ray ii’ ON ,
is ver i f ied  and a single pulse is ret ~ rn~d .lepeeding s~ nature r f  - r u ,  l e n
t~ the mao tsr channel. Single failure ri-sc Its i cop .
in BIT failure indicat l.o r t ;  h owever , tr an suuiss ion (3) P- lsoJ audio lara .
is not inhibited until one or more specific
channel BIT failures (e.g ., roster channel
transmitter , slave channel receiver , etc.).

IV lIe lay l ower  to the ut ign— vo l  t a g O  power ~upplv in The NV D E l A Y  ight is C, O t t  he
transmitter is inhibited until after f i l . uuu’ iu t  delay has t t uoc ut .
power is applied and tubes are warrus’d op to

u (-er l t ing temperature.

- Ilui lator ~N lice pulse modulat ion si gna l from he log i~ t ’  The ~tli ON 1 i 4 )  is ‘ n wiu ,-uu , -- ,- e  t r u e

~ IOD -ON ) the transmitter can be ena )ut,’ ul , i n h i b i t - i  by switch is f r  the u )N ~~u s t t i . ur .
the R ~i u i I \ i iOh )N!u)PF s w i t c h  un the p a n - i

t c . hj i t  i- it lr . insmf t  ter  modulation can be s e l f — i u t ) t i  ii ii 1. ~E’D INN l ig h t  t u r u o l  ON,
i u u ihit by the modulator f o r  rn ‘f the Ic  ilowing

reaso ns:  2 . It  t i lt -:. ‘ndit ion ( 2 )  t h r u  thI
(I) MODULATION ON /OFF s w i t c h  in the OFF ex i s ts , logic w i l l sense abse tu .-e

position, ‘f tor ward power and ca ts,. I.
( 2 )  Transmitter high—voltage supply s. u t s o s  I’WR and channel NO— ic) li ghts to

vervoltage cond iti on , turn ON.
(3) Malfunction in receiver m onitor ~oc ti uu

‘f the t ransmi t t e r .  1 . ‘uuise d . iud i’  ,i l.i 

:oT ~ ’. BIT t a t  u t  -- ,  i ,au- ,e- i  ‘I I ) v by the l u g  u Jo not turn ‘N t i u ~ lUll 1)) l t , ) u t  ; u -c- -i- ,, , o l u i l a t  r u t  input to
t r u - s r i i t t , ’r t i  inhib i t, — ) ‘a  p r v . - I t t  ,-r r tr,.- o u s  t ransmrs si ’n-i , ut-i r u e  . ,ppt -p r u - ~~,- . 1  r o u l  i I c . t t s t

- I h, turned

-
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‘Ihe nomina l  g a in  in t i l e  h o r i z o n t a l  p lane is 8 dec ibe l s  (dB ) , measured b y
MDEC . The s t a t i o n  also has a frequency synthesizer and a Loran—C receive r
which  a re  p hy s i c a l l y mounted  in the channe l  1 rack and which are  f u n c t i o n a l l y
shared  by b o t h  channe l s .  The s y n t h e s i z e r  is used to g e n e r a t e  f r e q u e n c i e s  W i l i C l i
are used by tilt’ master channel in s i m u l a t i n g  D op p l e r  s i g n a l s  f o r  use d u r i n g  ram~r
tests, t i e  Doppler capabilit y , which was t he  ori g in a l  r a n g e — r o t e — d e t e r m i n i n g
p a r a m e t e r , has been retained in t h e  Irt - sent system , w h i c h  also has the capa—
b i l i t v  for discrete dR/dT ((delta R over delta 1) range—rate determination .
The L o r a n — C  r ec e ive r is i n t e n d e d  Ii ’ be an i n d e p e n d e n t  t i m e  sou rce .

The stat ion ,u l so  has t h e  capab  i i i  tv  t o  a c c ep t  s y n c h r o n i z a t i o n  f rom a f l y — b y
cesium clock , and this capabilit y was evaluated as part of the field acceptance
test and reported in appendix A.

All of the station ’s vital parameters may be monitored by the operator by
means of the power control/monitor panel (figure 1—3), display panel (figure

and test point panel (li gure 1—5).

SYNCHR ONIZATION SCHE .~~~ Because T/F CAS is time—order ci.i (time—division
mu1tip 1~~xcd) , it is necessary that all participants be synchronized to sub—
microseco nd accuracy . Th is is the primar y role of the ground station . The
CAl , but not the £ ‘lini—CAS , a l s o  ilas the capabilit y of air—air synchronization
of another CAt or Mini— (~AS not in contact with a ground station. Except for
mino r differences , this process is essentiall y the same as via a ground station
and will :1o t be discussed further. Note that even a CAU must initiall y receive
syn c h r o n i z a tio n  f r o m  a ground  s t a t i o n  b e f o r e  i t  can s y n c h r o n i z e  o the r s .

As men t i o n e d  in the s e c t i o n  on a i r b o r n e  u n i t s , t h e  t i m e — d i v i s i o n  m u l t i p le x i n g
scheme consists of 3—second intervals (epochs) during which partici .ants may
be updated (figure 1—6). Eve r~- other epoch is reserved for the air— air
s y n c h r o n i z a t i o n  process; t h e r e f o r e , the  g round  s t a t i o n  may fulls’ synchronize
p a r t i c i p a n t s  on ly  onc e e v e ry  h seconds , unless addressed during an a i r  epoch .

Every epoch is divided into 2,000 t i m e  slots (CAS message slots) of 1,500 i.i s

each. S i x t y — f o u r  a re  reserved f o r  sp e c i a l  purposes , such as transmission of
t e s t  s ignals  f o r  equipment checkout , ohsttic - le  avoidance , and i anding—a iii
messages , leaving 1 ,936 available for CAS participants.

The s y n c h r o n i z a t i o n  process  occurs in two stages , coa rse  synchronization and
fine synchronization . T i e  fo r m e r i s  cn a h i e d  by t i le  f a c t  t h a t  the g round
station transmits a p r e c i s e l y  t i m e d  u n i q u e  group of t h r e e  pu l se s  c a l l e d  a
ground e~t och s t a r t  t r i a d  ( f i g u r e  1— 7 )  in CAS message s lo t  0000 d u r i n g  a l l
odd—numbered  epochs .  Tile a i r b o r n e  u n i t  a l i g n s  i ts  c l o c k  to t h e s e  t r i s d s
( t h i s  may take  severa l epochs)  and is then  c o a r s e — s y n c h r o n i z e d  ( f i gure  1 — 8 ) ,
w i t h  ti t ime—base  er ro r  e q u a l  to  the one—wa y p r o p a g a t i o n  t ime (T o ) .

Once tile a i r b o r n e  uni t. i s  in c o ar s e  s y n c h r o n i z a t i o n , i t  selects a v a c a n t
message s lo t  (determined by monitoring) and t r a n s m i t s  a CAS message ( range
pulse)  back t o  t h e  g round  stat ion . the g r o u n d  s t a t i o n  compute s  t he  range to
the  a i r c r a f t  based on the one—way propagation t i m e  T~~, b ut  s i n ce  t i le  a i rb orn t ’

me )tir.c is lit t h is poInt s low by ‘l’~.,, t ile i n d i c a t e d  range will cor respond  to
tI tw ice tiit ’ i i t i i , i l  r an g e .

1— 7  
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The ground s t a t i o n  then  t r a n s m i t s  a f i n e  sy n c h r o n i z a t i o n  t r i ad  ( f i gure  1 — 9 ) ,
which  is p r e t r i g g e r e d  to occur  2T~ p r i o r  to a s p e c i f i c  r e f e r e n c e  t ime (t 5)
( n o — e r r o r  syn c h r o n i z a t i o n  t ime r e f e r e n c e )  w i t h i n  the GAS message s lo t .  The
airborne unit compares the time of receipt of this triad to its own clock’s
ts, the time difference being equal to twice the synchronization error , and
rea l igns  i t s  own c lock  a c c o r d i n g l y .  I t  is then in f i n e  s y n c h r o n i z a t i o n .

I. (NO.) )MO R
SYNCHR ONIZA TION

4 4 . .S— _— T M I ~ kl ER)~NC))
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(F’ ) F l y ) )  111111

FIGURE 1-9. INITIAL FINE SYNCHRONIZATION

Referring to figure 1—9 , an aircraft in coarse synchronization has a time base
that is late by Tp (1). It t ransmits range pulse in selected slot (2). The
ground station therefore receives range pulse 2Tp after the correct start of
slot (t0) and transmits back fine synchronization triad (3) which is pre—
triggered to occur 2Tp prior to no—error synchronization time reference ts.
The airborne unit measures arrival time of triad relative to own reference
time t ’s, The difference is equal to twice the synchronization error , and th e
airborne unit realigns its clock according ly to achieve fine synchronization .

‘ihe fine synchronization process continues indefinitely (figure 1—10), every
epoc h for the CAL! and every other (i.e., every ground) epoch for the Mini—CAS .
In either case , the fine time—base error c that has accrued in the airborne
clock since the las t resynchronization is reflected in the t ime that the
range pulse is received by the ground station , and hence in the position of
the fine synchronization triad that is transmitted back to the airborne unit.
Since the airborne unit again compares the arrival time of the fine triad to
its own t5, It detects an errcr of 2i and realigns its clock according ly.
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FIGURE 1—10. C O N T I  N UOU S F! NE SYNCURONIZAf i O N

In regard to figure 1—10 , the aircraft transmits r ange  p u l s e  ( 1)  w i t h  i n t e r n a l
time base error c. The ground station r ece i v e s  pu l se  T~ +- si ft e r c o r r e c t  h - t a r t
of slot to . file f i n e  s y n c h r o n i z a t i o n  t r i a d  is p r e t r i g g e r e d  T , + c  p r i o r  to
r e f e r e n c e  time t5. The 5j rh o rne  u n i L  r e c e i v e s  t r i a d  2c p r i o r  to  ovn t ’s and
makes a p p r o p r i a t e  c o r r e c t i o n  to own ( iine base.

AIRB O RN E EQUIPMENT.

iN T R O D U C t I O N . This section contains a brief description of t h e  a i r b o r n e
T I E  GAS e q u i p m e n t .  Tile 1/F is a cooperative tine—division multipl ex RF
sys tem designed to p r o t e c t  equ ipped  a i r c r a f t  a g a i n s t  the  t h r e a t  of  co l  1 I s  i i i
w i t h  any o the r  s i m i l a r l y  equ ipped  a i r c r a f t .  In dense t r a f f i c  a re - i s , t h e  TI E
concept  provides  i n t e r f e r e n c e — f r e e  data exchange for nearly 2 , 001) participants.
The technique requires precise time synchronization and control lel I r t - q u c n c v
switching of air and ground equi pment.

A network ground station sy n c h r o n i z e d  to a single source of maste r time prt)—
vides I irst—order synchronizat ion support t o  a l l airborne unit s wi tli in L’omm i l—
n teat ion range . l-~xteIls ion o f  ground St it I n time is p r o v i d e d  t h r o u g h ti me—
hierarchy relay chains to all user-s equipped with Aeronaut i c a l  Had i t ’  Inc .
(ARINC) Characteristic 587 CAU ’s. Provisions are made in AR1NC Ch aracteristi c-.
590 and ANTC report No. 117 for limited—level classes of cooper ativ e equl I)men t
intended for use by sma l 1 c o m m e r c i a l  ,i i ri joe , g e n e r a l  av jOt ion , and mu I t i  rv
tosers. One of the major simplificat ions in limited— l evel systems is t h e  omis-
sion of t h e  time—hi erarchy function. l ilt-se systems can Ibt ,ii n T/I-’ s v n c h r o n i —
zation from hierarchial systems , but cannot re lay it t i  o t h e r s .  I n  less deflse
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traffic areas , not covered by ground stations and beyond the reach of the
aircraft sync relay , CAS protection is provided by a secondary asynchronous
mode (backup mode).

AIRBORN E EQUIPMENT. The airborne equipment supplied for the T/F GAS evaluation
consisted of two CAU ’s, two dR/dT units , one set of FBS equipmen t , two Mini—CAS
units , and associated maneuver indicators.

COLLISION AVOIDANCE UNITS. Two identical airborne CAU F’s were provided.
These units are refurbished Engineering Model 2000 equipments which conform to
ARINC Characteristic No. 587. The logic of both units is new and has been
redesigned to  incorporate new functions required for the evaluation program .

The new functions include (1) FBS (for air—to—ground synchronization of the
ground s t a t ion) , ( 2 )  extended range sync ( f o r  near l y doub l ing  the s t a r t — u p  and
resync range of the ground—to—air link), and (3) dR/dT unit instead of internal
Doppler measurement). All previously tested functions are retained , with a
few improvements , in the new logic design.

dR/dT UNITS. dR/dT units were provided as “add—on ” boxes f or ea ch CAU and are
intended for use in evaluation of the dR/dT concept. The CAU w i l l  opera te
normally (using Doppler—derived range rate) without the dR/ dT  u n i t .  When the
unit is interfaced with the CAU and dR/dT mode is selected (switch provided on
u n i t) , the CAU u t i l i z e s  the  di g i t a l ly der ived  range  ra te  fo r  Tau ( range  d iv ided
by range r a t e )  computa t ions . The di g i t a l  range rate  is computed by d i f f e r e n c in g
successive range measurements  (dR) and d i v i d i n g  b y elapsed time (dT) .

FLY—BY SYNC EQUIPMENT. One set of FBS equi pment is provided for evaluation of
the air—to—ground FBS technique. The equipment is designed to obtain master
time by means of a portable clock from the U.S. Naval Observatory , maintain
time while enroute , and transfer time to CAS ground stations via an RF link.
Since the equipment utilizes one of the CAU ’s , it also operates cooperatively
in the normal CAS environment with other CAS—equipped aircraft. Timekeeping
is pr ovided by an HP “flying clock” which consists of a cesium beam frequency
standard and clock (with an improved beam tube) and a standby power supp ly
(with nicad batteries). The FBS equipment is packaged on a special pallet and
cabine t which includes a FBS Control Panel (simplified by contract modification
to FAA Engineering Requirement).

MINI—GAS. Two identical airborne Mini—GAS units were provided for evaluation
of limited—level CAS concepts for general aviation users . These units are
modified versions of MPEG Micro—GAS feasibility models . Tile log ic has been
redesigned to inc l ude Tau threat logic based on the dR/dT range rate concept.
The new log ic was packaged as a f l i gh t — w o r t h y  breadboard in the  Mini—CAS
assembl y.  No attempt was made to miniaturize the desi gn for fligh t test and
evaluation of the Mini—CAS concepts .

CAS INSTRUMENT. Two sets of instrumentation were provided on loan by MPEG for
the FAA GAS fli ght test. Each set is provided with cables to interface with
either the CAP or Min i—CAS . The instrumentation contained digital displays
and status li ghts for real—ti lle monitoring of system performance. 

-~~~~~~~~~ - -  - ~~_ I_____~ _ -



A 35—mi l l ime te r  (m) camera recorded the  d i s p l ay  p anel  i n f o r m a t i o n . I h i e  e a r ly - c ,

was synch ron i zed  and pulsed by t he  CAS e q u i p m e n t  such t h a t  one frame was
r eco rded  each 3—second GAS epoch.

MANEUVER iNDICATOR. This unit is a combination GAS maneuver  i n d i c a t o r  and
vertical speed indicator (VSI) . The GAS command/advisory i n f o r m a t i o n  is dis—
p i~ ved to tile pilot along with the aircraft vertical speed . Conmland informa—
Lion consists of flashing red s y m b o l s , wh i le a d v i s o r y  in t o rn ta t i o o  i s  p r o v i d ed
in  t u e form of yellow bands which establish vertical speed restrict ions.

BASIC P R I N C I P L E S  OF ’ OPERATION AND FUNCTIONS.  rh -~ p r i m a ry  f u n c t i o n s  of the
a i rbo rne  CAS a re  to de tec t  and e v a l u a t e  p o t e n t i a l  co l l i s ions  and to i n d i ca t e
to the p il ot a t ime l y evas ive  m an e u v e r  ( c l i m b , l e v e l — o f f , o r descend ) or
r e s t r i c t i o n  ( l i m i t  v e r t i c a l  speed and n o — t u r n ) .  Secondary  f u n c t i o n s  i n c l u de
(de p en d i n g on the class ot ~ a i r bo rne  ( ACAS ’) FBS s e r v i c e  fo r  the ground  s t a t i o n ,
Eiierarclials ’~nc service to other GAS ’s , o b s t a c le av o ida n ce , s t a t i o n — k e e p i n g ,  and
distance measuring—equipment (liME) range to CAS ground stations.

All  ground and air equipments employ the same basic time division multiplex and
frequency switching techniques essential for T/F CAS operation. For a dis-
cussion on the terminology introduced t h e r e o n , such as t ime s l o t  s t r u c tu r e ,
signal—in—space , pulse and message formats , syncllronization techni ques , test
lnt- s s ag t- -A , and other technical cilaracterist ics of the equi pment r ’fer to ANTC 117
(reference 2).

The i n s t r u m e n t a t i o n  e q u i p m e n t  op e r a t e s  w i t h  the ACAS to provide r e a l — t i m e
m o n i t o r i n g  and p h o t o g r a p h i c  r e c o r d i n g  01 a l l  d i s p l a y e d  i n f o r m a t i o n .

MODEL 2000 GAS OPERATION/FUNCTION.  The N c i h u l l l c l l  Doug las  Mode l  2000 GAS s h i , s n
in  f i gu re  1— 11 may be operated with or without the FBS equ i p m e n t .  On t he  FBS
a i r c r a f t  t h i s  is a c c o m p l i s h e d  s i m p ly by s e l e c t i n g  c i t hor  CAS/ F BS or CAS— ’n l v
mode on the  cont ro l panel  . In t i l t ’ GAS! FBS mod e , t he CAL u ses  the  p r e c i s i o n
f r equency  (5 ~.ffiz) of t he  f l y i n g  c l o c k  t o  m a i n t a i n  t ime and is i n i t i a l l y
sy n c h r o n i z e d  to t i le  e p o c h  t ime of  the c l s - k  . The (‘AU rem ains  in tinie—hlii’r ~irci iv

01 th roughou t  i t s  FBS miss  ion . In  t ile [AS— cu i y  mode , t h e  CAl ’ c o n t i n u es  t o  use
the ’ p r e c i s i o n  f r e q u e n c y  of t he  l i v i n g  c l o c k  ( s i mu l a t i n g  o per a t i on  01 t h e  A R I S (
587 p r e c i s i o n  f r e q u e n c y  unit ( P E P )  ; i l o w y - v e  r , t ile epoch t Inc of the  c lock  is
Lb t used • Ins tead , the CAt’ mus t achi i eve t i mt.’ sy n c  v i a  the  llorma I g r o u n d — I  0—
a i i  or ~i i  r — t  o— i i  r ii i e r a r c h a l  r - s v n c  p r ’  ~-ss . In th  i s  mode , the CAt ’ demo t e s  il l
11 i e r , i r c h y  it  the  normal  ‘‘ s low ” r a t e  of  one s t ep  per  834 e p o c h s  ( -a l . 7 m i n u t e s )
iii t ii. ’ ab sence  of a resync u p d a t e .  On t h e  a t  rc ra f t  w i t hoot F’l S e q u i p m e n t  , t he’
[AU a lways  operat  e s  in the  n o r m a l  CAS mod e us log i t s  i n t e  m l  c c y s t  a t  usc i i  I i —

or • I l l the  I l i t s e n c  e of r e sync  up d.-i t e , t h e  h i e r a r c hy  dem o t e s  i t  I. he norm a l
“ l a s t ” r , l  t o  o f one s tep  per two epochs (b  seconds)

Fli t ’ CA P ’S are  i n to  r c h a n g e 5 i  i t I~ 
- and p e r t  o rm t h e  I o 1 l o w i n g  iden t i cal  [AS tu n e  Li (‘sI)S

I .  To encode and t r oosm i t [AS s i gn i l  i s  t i i  con vev range  , r ange  r i t e  , a I t  it t ide
and t 11110 sy i i  h i r on 1 Za t 1011 i n  f or m i t i i i  to  i ‘ct - I V I I I)’- s t a t  i o n s .
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FIGURE 1—li. COLLISION AVOIDANCE UNIT (CAP ) AND MANEUVER INDICATOR
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2. To receive and decode GAS signals transmitted by part icipating stations .

3. To provide two basic modes of CAS operation : Sync mode , using time—
hierar ch y ,  four frequency—multiplexing, and one—way threat evaluation ; and
Backup mode (BUM), using special interrogate—respond threat evaluation tech-
niques when operating asynchronously . Obstacle avoidance is also provided ,
since it is an integral part of the existing design , bu t was no t evalua ted
during this fligh t program.

4 • To determine the extent of the collision hazard with respect to coopera-
ting aircraft and to generate maneuver and advisory inf orma tion (vis ual and
aural) fo r  the pilot.

5. To maintain t ime synchronization with respect to the most accurate source
of time within communication range.

6. To trans fer accurate time synchronization to other stations requiring
such seroice.

7. To ,~i rovide for automatic selection of the ARINC 587 PFU 5 MHz, when avail-
able , b c  tile generation and protection of a more accurate time base , permitting
longer operation in the sync mode in the absence of time update from other
stations (not required when the “fly ing clock” is used).

8. To provide continuous integrity monitoring (BIT); to provide outputs to an
airborne integrated data system (AIDS), when available; to provide data to a
flight data recorder (FDR), when a’iailable; and to send commands to the maneuver
recorder and FBS panel to indicate status , degrada tion , and failure.

9. To provide outputs for automatic test equipment (ATE) for use in fault
isolation in the maintenance shop . These signals are used also for interface
with the instrumentation.

CAU OPERATION AND dR/dT UNIT. The operation and functions of the CAU , when
connected to the dR/dT unit , are unchanged from those described in the previous
paragraph. The only diff erence is the technique by which range rate information
is derived .

In the basic CAP, range rate is obtained by measuring the Doppler shift of the
radio carrier frequency . This requires highly acc ura te and stable frequency
generation throughout the entire transmitting and receiving subsystems (in
addi t ion to preci se timekeep ing log ic for ranging and resync). Using the dR/dT
concep t , in wh ich range ra te is di gitally der ived by range d i f f e r enc ing, the
requirements placed on the RF subsystems are greatly relaxed . For this
evaluation program , no change had been made to the RF hardware. H~~ ever , in
the dR/dT mode , t u e  CAP u t i l i z e s  the di g i t a l ly  derived range rate instead of
the internal Dopp ler measurement for Tau—threat computation . When connected
to the Instrumentation , both types of range rate data are displayed for simu l-
taneous comparison and evaluation . Threat disp lays and man euver commands ,
however , will be the  range rate (dR/dT) measurement technique in this test
eva luation.

1—18 



MINI—CAS OPERATION/FUNCTION. ANTC 117 and ARINC characteristic No. 590 pr ovide
for limited—level CAS ’s that omit as many comp lexities as possible while
permitting use by aircraft flying at jet altitudes and speeds. The Mini—CAS
provides a compatible system for subsonic aircraft whose performance constrains
them to an altitude below 10,000 feet and altitude rates less than 1,000 fee t
per minutes (ft/mm ).

The Mini—GAS uni t  shown in figure 1—12 provided for the evaluation program is
a modified version of earl y model Micro—CAS equipment . Micro—GA S threa t logic
was based on range and altitude computations only; however , the transmitted
signal was controlled to the extent that receiving aircraft equipped wi th
Doppler measurement circuits could compute Tau threats based on both range
and range rate information . The modified Mini—GAS retains this so—called
“coherent” transmission feature for use with the GAP which can process either
Dopple r or dR/dT range rate.

Mini—GAS incorporates the new dR/dT concept permitting it to use full Tau
computations in the threat decision logic. Functionally , the Mini—GAS provides
the essential characteristics of the PINTC 117 Limited—Level 2 system. Speci-
fications for the Level 2 system have been revised slightly to reflect the
performance of the Mini—GAS . The revised specification can be found in
(reference 1) Mini—CAS specifications .

CAS/FBS THEORY OF OPERATION

MAJOR UNITS ANI) INTERFACES. A functional block diagram of the CAS/FBS
airborne configura tion is shown in f i gure 1—13. The d iagram is arranged to show
the line replaceable units (LRU ’s) as well as the major electrical interfaces.

LRU ’S. The major LRU ’s of the GAS equipmen t are the f o l l ow ing:

1. Collison Avoidance U n i t  (CAU) ,

2. dR/ dT U n i t ,

3. Upper and Lower Antennas , and

4. Maneuver Indicator.

The additional LRU ’s which provide the FBS function are :

5. Frequency Standard/Clock ,

6. Standby Power Supply ,

7. FBS Control Panel ,

8. 5—MHz Phase Shifter (Resolver), and

~,. 5—MH z Buffer Module

1—19

-- ~~~~~~~~~~~~~ —‘. ---- --



7e- .23—I—1 2

I- ’ 11:1 51-: i — i  . ~1 I N I—C,-\S

I— ‘ ( )

____ 
— -— -—.—‘-- ------ - - -  — - — -~~—— - —-- - ---— --- -



_ -  _  _ _

~ m , , -

_ _ _  ~~~
p 

_ _ _ _ _ _ _ _ _ _

~o ~~ °~~~ I ~ ZH 0017 Açn
o —. N 

~

_ _ _ _  
~ 

~ ~~~~~~~~ ‘~~

Sci NYWWoO /S[LLVLS
_

sv ’
~~~~~~~~

N~. sw~ -iv oiu nv
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _  LI

~ 11U117V s~~~.tv
0 xgasvj .s .‘.PA 9Z

ZH OO~ ‘Act!

~~~~ 

I__~
_
~_ J~ Z}~ ~~~~ 

‘
~ cti

—~~~ 
.3

~~Pt~RZ



L i e c o m b i nat i o n  of the  f r e q u e n c y  s t a n d a r d / c l o c k  and s t a n db y  p ower  s up p ly

is soIble t imes r e f e r r e d  to by the  manufacturer , Hewl ett—Packard , as the  “Ilying
c l o c k . ’ I n s t r u m e n t a t i o n  is also shown on t i e  diagram to indicate interf aces.

[ i -N E i ~~L }- L’NC ’l I ONS OF LRIJ ’ S.

I. [At . Tills u n i t  C o n t a i n s  a l l  of t h e  CAS logic  and RE a s s e m b l i es
ich p e r f o r m  t h e  t i m i n g ,  t h l r e a t  c o m p u t a t i o n , and c o rn mu n i c a t  ion  f u n c t i o n s  of

t h e  a i r b o r n e  sy s t e m .  —

i .  dR/d T  U n i t .  C o n t a i n s  exper imenta l  di g it a l  c i r c u i  t r y  w h i c h  pro—
v i . dcs  t h e  CAL w i t h  an a l t e r n a t e  means ( t o  D o p p l e r )  f o r  d e r i v i n g  r a ng e  r i l e .

3. Upper and Lower A nt e n n a s .  A n t e n n a s  a r e  s w i t c he d  in accordance
W i t i l  AN U C — 1 1 7  ru les  to p rov ide  o m n i d i r e c t i o n a l  c o v e rag e .

4. Maneuver  i n d i c a t o r .  A [AS i n d i c a t o r , n o r m a l l y i nt e  r a t~~d w i L t ~
t i l C  ‘;e r t  i c i  1 Speed I n d i c a t o r  (\‘Sl  ) , p r o v i d e s  GAS mode s t a t u s  ( OF I - ’ , R h ~ - i , Si~~~)
and ev~o i v c m a n e u v e r/ a d v i s o r y  i n f o r m a t i o n  to  the  p i l o t .

5. Frequency  S t a n d a r d / C l o c k .  Tile “ I ly ing c l o c k ’ ce n t a i t ~s a e 5 iU l l b
beam f r e q u e n c y  s t a n d a r d  w h i c h  g e n e r a t e s  an u l t r a s t a b  ic and a c c u r at e  —~hih z o u t p u t
f r e q u en t  y .  This  f r e q u e n c y  is cou n t e d  down b y d i g it a l d i v i d e r s  ii t h e  c l o c k  t o
p r o d u c e  an o u t p u t  o c c u r r i n g  at one p i l s e  per b seconds  ( l p / b s )

b .  S ta ndb y Power S u p p ’)v A lso p a r t  t ’ I ~ t Ile ‘ f l y i n g  c l c c k , ’ t he
su p p ly  a l l o w s  t i l e  f r e q u en c y  s t a n d a r d/ c  l o c k  t o  o p e r a t e  f r o m  v a r i o u s  t y p e s  of
p r i m a r y  power (115 V , 400 Hz is issued in t h i s  i n s t a l l a t i o n ) .  The s u p p l y a l s o
con ta ins  nicad b a t t e r i e s  w h i c h  p r o v i d e  or c o n t i n u o u s  i t l ) e r , l t  i on  n i  t i l e
s ta ndard  and c l o c k  d u r i n g  i n t e r r u p t i o n s  of a i r c r a f t  power .

7. FBS C o n t r o l  i’ atiel . A tit rec -- Icos 1 t t e n swi t c h  011 the  l’ l ne  i a l l o ws
the o p e r a t o r  to s e l ec t  TEST , ( A S — O N L\ , or [AS /FBS o p e r a t  t o n a l  modes .  A
swi t ch  on the  pane  I a l l ow s the ope ra t  or  t o  s el e c t  the  \ ‘ar I e n s  [ c o - i n C  s t a t  t on
te s t  me s.iage s t or di sp l iy  Wilell t i l t’ mod e s w i t c h  is in t i t t  TEST p o s i t  ion . A
seco nd CAS M a n e u v t - r In d i c a t o r  ~ I I)  is m o u n t e d  on ti le pane l  f o r  c on v e n i e n c e  01
t I l e  o p e rat o r . Tes t p o i n t s  and a ‘‘ FBS FAI L ’’ l i gh t  , lr c  also l o c a t e d  on t h e  p mel

8. )— ,“ l l is  Ph ase  ,S h i i  I t o m .  A sma l l  i i e c h , i n i c a l  r e s o l v e r 15 used t o
a d j  ist t he  I t h ise  of t i l e  5—MH z o u t p u t  f r o m  t h e  s t , i n e i , i r d  to  t i l e  ( ; AU ~-;o t h , i t
I m a  1 sui ai c rose’cond a g r e em e n t  can he o b ta i n e d  b e t  t e e  11 t I l e  [Al I i r e ’ It ,i~,t ,illd

that c i t  t h e  c l o c k .

5—MI-h z B u f f e r .  ‘l’h is modu i i ’  r oy  i d e s  u n j -  l i t  i c i t  ion  .ind b u f  f e -c  ing
of t i le  ~— i l l I z  si gna l f rom t h e  s ta nd a r d  t o  the  ( - -‘cU

A l l  of t ile  m aj o r  ~~~~~~~ ,t r e  t i i s i ,’ t,i~ sed in  ‘re d o t - u  1 :1) t I l t ’ I 0 1 lot  i n g  par  - r i j ’ i l ~~.

c A l ’ . A f u n c t  i o n u l  b l o c k  d L a g r a m  c i  t h e  [Al ’ is shown in  i gu r e  1— 1 - . The
I i  i g r a m  is a r r an g e d  to  show t i l t ’  I t l , i  1) ! ’ I s s e llIb l i e ’s us w e- i l  is t h e  mci j - o r  ~- i  ~

- r i —
c i i  i n t e r f a c e s  w i t h i n  t i e  [Al and L e t  tile ’ o t h - r  , i s - ~~’ c i a t e d  ( A S / i l l S  C c t u i p m e n t .

1—22

— — - — ‘— ~~~~~~~ ~a



ANTENNAS

_
TI 

_ _ _
RECEIVED RF ________________RECEIVER -_________________

_____ 
IF + DOPPLE R

T RAN SMITTER
DUPLEXER 1st 2H0 REF

to ~ DISCRIMINATOR

RF DRIVE

5 ~~~~~ 
EXC ITER

PULS E
MOD

MOD
PHASE PEE FREQUENCY

MOD GATE CONT ROL

_________________ 
TIMING

RANGE RATE
LOGIC 4

A TENN A SWITCH CONTROL 
— 

BIPHASE DATA

TH RE SHOLD VIDEO
LIMITER CONTROL 

—
I ALTITUDE FROM AIRC RAFF

I OLEO STRUT SWITCH FROM AIRCRA Ft

5 MHz INPUT _
~

1 ’
~~~~17 ~~ TO AIDS RECORDER

FROM P .F .U.  BUFFER I GEAR /FLAP SWITCH FROM AIRCRAF T
OR FLYING
CLOC K ~~ TO FL I GHT DATA RECORDER

~~~TO MANEUVER INDICATOR

~~ AUDIO TONE TO AIRC RAFT

~~~FLY -BY-SYNC INTERFACE SIGNALS

5-MH z FREQUENCY
OSCILLATOR ADJUST 

TO ALL ~~~~~
{

~~~~~VOL~~~~~]__~~. 115 VAC 400 Hr

ASSEMBLIES 
j~~~~~~~~~~~~~ _J_.ø. STAN DBY BATTERY

7 6 - 2 3 - 1 - 1 4

FI GUR E 1-14. CAU FUNCTIONA L BLOCK DIAGRAM

1 — 2  ~

- --

~

- - - -  ~~~- -  - - -  - ~~----~~~~~~~‘ -_ - - - - - -- -_ _



~~~~~~~~ -~~~~~~~~~~~~~ ~~~~~~~- - -

[A l i l x t e r > i , i l  l i t t e r  f , i c c s .  ‘Flu e i n pu L s  anJ o u t p u t s  a r e  l i s t e d  he-l et ,lu,i
e l e c t r i ca l  c h a ra c t e r i st i c s  ore given in r e t e r e n e  c- 4 and table 3— i. S i o n e l s
List ed below a re  used f o r  bench  t e s t in g  and i n s t r u me n t a t i o n .

[At L i i j u t s

1. kece ived [AS RF s i g na l  ( till enn .i m c c l  - it e )

2.  Oleo  strut switch——closed/open (ground air h -rne si gnal),
3 . ATCRBS d igital altitude si g n a 1~~ ( a i r c ri i t  p r e s s u re  a l t i t u d e ) ,
. ATCRBS (uncorrected) tailur u warnings 1 and 2 ( i i i  l u r e  si s i c i l ) ,

3. RF t r a n s m i t  in h i b i t  ( s L o p  t r a n s m i t  H u g )
6. PFU 5—MI - i z (flying clock i—MHz rep  I aces ~i i  r h  c e — t y p e  PFU)
7. Standby power  (28 V d . c . ,  L i n e k e - t - p l n g n e t t e r )
8. I d e n t i f i c a t i o n  da t a  (18 p a r a l l e l  data h it s  le e r aircr a ft ident ),
9. 115 V i . c .)  , 400 Hz ( p r i m e  [ U l c e r )

10. A u d i o/ v i s u a l  t e s t  s i g na l  ( f r o m  i i i )
11. A p p r o a c h / d e p a r t u r e  s w i t c h — — c l e c-ce d/open ( t e r m i n i l  r ca l e g i

si g n a l ) ,
12. [AU enab le  ( [At ’ O N / O F F  r o t a ’  t e  cent  c c l )  , and
13. Bri g h t / d i m  si gna l  ( c l a n / n i gh t  c o n t r o l  f o r  i n d i c a t o r  i n t e n s i ty ) .

- i i  p I L L s

I .  CAS command/caution aural warning (to p ilot ’s audio system) ,
2.  M a n e u v e r  commands  ( c l i m b , d e s cen d , l ev e l  o f f , no t u r n ) ,  and

GAS ON (Sync  or t I N )  te fli ght dat a r e c o r d e r  a n d / o r  a u d i b l e
w a r n i n g  s y s t e - ri ,

3. Maneuver commands ([AS st , i t u s , and caution signals (to M l ) ,
4 . 28 V d . c .  to MI ( a u d i o / -~- i s u a 1 t e st  O u t p u t )
I .  Power Amp i i f  i c - c (PA)  [ ‘ c - e r  o u t p u t  (PA s i f t  f a i l  a n a l og  to  ‘, i i ) S )
b .  Sync  ea r l y ( t o  A I D S )  ,
7. Sync l a t e  ( t o  A I D S ) ,
8 . l A N  ( t o  A I D S ) ,
9. I n t e r n a l o s c i l la t o r  i t i j u s t u e n t  limits ( t i m  hu g  t o  A I D S )

10. t r a n s m i t t e d  ( A S  RF s - i - n i l  (antenna i i u ter i act,-),
i i .  i —V d . c .  I de - c u l t ’,- ( I D )  p u l l — u p  ( v o l t a g e - f o r  O~~Oil I I )  i l p l i t s )
12. A’l ’CRBS a I  t i t  t i e  t i u t a  OK ( v o l t a g e - I o r  s i m u l a t e d  CO c o n d i t i o n  W i t  t u

f i l liii - , - warning inputs ai- e n e i l  , ivi j l , ihle )
13. Ob s t a c  It :  a v o i d i u l l t e / , l i r i ’ t r t  a p p r e t ue Ii  W a r i l i n [  ~- u g n a 1  , ClId
1-i . 115—V i .e .  switched ( i i  o t t - h Il l l~ ld\ i n  dua l i - t I l t i o n ) .

[Al Ins t r u m e n t a t  ion it ch dR /cl F [n i  I l u t e - c t  l e e s .  The CAl ’ ‘ ci I i i  ye s  lie
b u i l t — i n  AlE i n te r l a c e  c o n n e c t o r  t e . ’r  ( c - r a t  i n  w i  I i i  t i e  M, l l t t t l i l e l  I ‘ c ’u g l a s
I n s t ru m e nt a t i o n  and the c x l  t r i l l !  d R / d l i i  i t .  i i t  A l  eS’ i UIt , 1 0 !  i c - c i t e d  it

t I l e  r e ci r cC ( - ‘ c l  -

In  the McDonnell Doug l a s  Mode l 2 ) 1 1 ) 1 )  A l , i 1 ’ 1 I i ’ - X I f l l , I t e - l V  l~() s i g n i I s , i i l c l u d i ll g
seven RI  s a m p l e d  s i g n i  I s , ir e  I t  ,-j I t >  t h e ’  ,‘c i  i .  ti l i l i e e t - -i ,i- ~ 1 f l l i i l t e I l , u i l  C

a i d  i i i  ben ch L e St  i n 1 . - ‘ e u ’ LIit ’ i A,\ 1 1  g u t  t e - t i l - . the s i i ’ n , i l s  d v i  l a h i e ’ iii

t i c  A l l - I  c i  t u t o r  d l >  - u se -el n i  I ’ e ~ i h i  I l i e ’ d U -‘ 1 F ni l  it il l t - i  I - i c e  and t l i e  1 D i e t  cc  - I
l ) e u g l , i c c  l i u c — c t r i t t i ; , n t c , t i , i c  ~ l l I t l b e .



[.e t ’  i nt e r n a l  Ac , s e uiu i  l i e - s  and I n t e r f a c e s .  CAU internal assemblies and
interfaces are dep icted in the functional block diagram , fi gure 1—14. The CAl’
c o n t a i n s  eight principal assemblies. The major functions of each principal
assembly  are d e s c r i b e d  in the  f o l l o w i n g  pa rag rap hs .

______ 
The [AU l o g i c  assembly consists of eigh t

p lug—in cards , a mother i t - c u r d  and a c a r d  r a c k .  As shown in f i g u r e  1— 14 , t he
log ic i n t e r fa c e s  w i t h  al l  o t h e r  a s s e m b l i e s  of the  CAU as well  as var ious  o t i u e r
CAS/ FB S u n i t s  and t u e  e i r c r  i : t .  A s i m p l i f i e d  fu n c t i o n a l  block diagram of the
log ic is shown in f I gu re  1— 15.  The m a j o r  f u n c t i o n a l  b locks  are d e s c r i b e d
below :

1. B a s i c  t im i n g  B l o c k. i ’his b l o c k  r ep re sen t s  a c o u n t e r  w h i c h
keeps t r a c k  of a i r/ g r o u n d  e p o c h s , m e s s age  s l o t s , and s p e c i f i c  t imes  w i t h i n  a
s l o t .  th i s  t iming  i n f o r m a t i o n  (t 0, NS000 , e t c . )  is used in a l l  of t u e  remaining
lu n c t i o n a l  blocks . The t i m e  base is u p d a t e d  by t ime of a r r i v a l  of v e r i f i e d
ground or air resync ( SI N [  REC ’D). Resync time of arrival is al so used  to
a d j u s t  t h e  f r e q u e n c y  of the  i n t e r n a l  CAU o s c i l l a t o r  by means of an e i g h t — b i t
code (OSC ADJUST). In FBS mode , the  t ime base is i n i t i a l ly a l igned  by the
lp/6s input t ronl the  “ f ly i n g  c lock . ” T h e r e a f t e r , t h e  t i m e  base a l ignmen t is
maintained by counting down the  same 5 MH z used by the  clock . lp / 6 s  f r o m  the
clock and lp/ 6s from the GALl logic are continuousl y compared for agreement.
(A n FBS FAI L light provided on the FBS panel indicates when a time error
exists.) In FBS mode , received air and ground resyncs do not adjust t h e [AU
time base , or frequency , or the internal oscillator , because the ‘ flying clock”
is the master source.

Modulation signals for epoch start triads , in all sync modes , and own—range
pulse are encoded directl y by the basic timing counter.

2. Mode Con t ro l  Block.  The mode control determines tiirc- e
principal modes of operation :

1. B a c k u p  mode (BUM ) ,
2.  S ync  mode ( i n c l u d i n g  l i m i t e d  sy n c ” and  I u i e r a r c l c v

sy n c ”) , and
3. Tes t  mode (used only  on t l-ue g round to process  ground

s t a t i o n  t e s t  m e s sag e s ) .

CAS f r e q u e n c y  and antenna switching con t ro ls a r e  d e p e n d e n t  ciii t h e  mode of
op e r a t i o n  and Ir e  o u t p u t s , r e sp e c t i v e l y ,  to  t h e  e x c i t e r  an d  t r a I l s - m i  t t e ’r /
dup lexer a s s e m b l i e s .  F r e q u e n c y  and a n t e n n a  swi t c h i  log  i r e - in  , l e c o r c l c i l l c e -  wi t h u
A N I  C 117 sys t em log ic.

Sign-il Decoding . Thres hold video from t i t e  r e c e ive r a s s e m b l y  i s
p r o c e s s e d  by decode r s  in this bl oc - k which c l,e-,si I ‘,- l i l t , 1  v a l i d a t e  incoming [AS
signals and rejec t  i nte’ rferen cc- and no i s e .  l i e ’ ve- r i t  j~~d o u t p u t s  (Rec ‘ d r in g e
a l t i t u d e , BUM s i g n a l s , and t r i a d s )  i re  l > c l - i s t c l  t o  t h e  m d  h e  i t e ’ el b l o c k s  t - ’ r  t i m i n ( ’
and t h r e a t  c u m h u t  a t  ion .

1—2’
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~,~j i.~,i ,a~~e L nc o d e - r / i c - c o d e r .  l i c e  en c o d i n g  c i r c u i t s  c o n v e r t  N R Z — l e v e l
data Inputs (own— hi er ire II’,’, identity, slot No . , e t c . )  to N R Z — s p a c e  b i p l ia se

— m o d u l a t i o n  cen t  r ol  c f  t h e  ex c  i I c r .  Own—slo t  number  is i n c l u d e d  in the biphase
t r a ns n u is s i on  t o i i i th ic ’ g r o u n d  s t a t i o n  in d e t e c t i n g  skew. T h e  decod ing  c i r c u i t s
o l e - r a t e  on t h e  d e m o d u l a t e d  bi p h i ase  da ta  f r o m  t h e  r c -c e iv c ’r .  The da ta  are
c o n v e r t e d  ron N R / — ~- 1’a ~ ~ - t e e  N R Z — l e v e l  f o r m a t  b y the  r e c e i v e r  d e m o d u l a t i o n
pr oces s ;  t h e r e f o r e ’ , t h e  p r i m a r y  f u n c t i o n  of the  log ic  decod ing c i r c u i ts  is
to i d e n t i f y t i l e  m a r k e r  h i t  and clock t h e  d a t a  b i t s  p r o p e r l y  f o r  use in the
hierarc h y and resvnc logic . ‘Flue encoder and decoder a lso g e n e r a t e  p a r i t y
bits 1-hr tran smitted dat i and checks  the  p a r i t y  of t i l e  r e c e i v e d  da t a .

H i e r a r c h y and R esv n c .  Th is log ic keeps  t r a c k  of own—lu e r a r ch y
s t a t u s , d e m o t i n g  and u p d a t i n g  as a p p r o p r i a t e .  Incoming  da t a  ( r e c e i v e d
h i e r a r c h y  and sync  a d d r e s s - )  are used to d e t e r m i n e  w h e t h e r  to reques t  sync’
( sy n c  from address  s t r o b e )  or s u p p l y  sync (~un it  r e s y n c )  t o  t h e  a i r c r a ft
occupy ing the  t ime s l o t  . T h e - h i e r a r c h y and resync  logic ope ra t e s  in a c c o r d a n c e
with t he  general rules ot AN l’C 117 , including the optional provision for
extending startup range by advancing own—station time . (See ANTG 117 ,
paragraph B—2.c(3).)

NOTE : 1he CAL’ logic w h i c h  permi ts extended startup range should  not  be
confused with the ground station log ic implementation which increases the
r e sync  range of t h e  g r o u n d — t o — a i r  l ink .  Th is t e c h n i q u e  cal led “Extended
Range Resync ” r equ i res  spec ia l res yn c d on or l ogic in t h e g r ou nd s t a t i on
and special processing logic in the airborne unit.

Altitude Encoder. The altitude encoder logic transforms tile li—bit
ATCRBS input (from the aircraft) Into a time positioned pulse transmitted
a f t e r  the ranga pu l se  in acco rdance  w i t h  the  CAS message  f o r m a t  of ANTC 117.
It  also d e t e rm i n e s  the  a l t i t u d e  ra t e’ by monitoring the time between cha gcs on
the ATCRBS input. o w n — a l t i t u d e  and a l t i t u d e  r a t e  I r e  s u p p l i e d  to t h e  t ir ea t
c o m p u t e r  log ic’ .

L~ L i ± ± 1 n uu u t e r .  l ’h i s  is an ana log  c i r c u i t  w h i c h  d e t e r m i ne s  range
d i v i d e d  by r ange  r a t e  ( T an )  l’or c ’;lcil  a c t  ive  d a t a  s l o t .  The rc- cc-ived r ange
f r o m  t h e  slg n c i l  d c - c o d i n g  log ic is , in e f f e c t , d i v i d e d  by the  r ec e i v e d  r c:nge
r a t e  to p rov ide  two o u t p u t s , “Ta u — 25 seconds ” and “Th u — 40 seconds ’ I or use
i n  the  t h r e a t  c o m p u t e r .  ‘l’ au t h r e a t  l i n e s  w i t h  r a n g e -  of [s e t s  are  used p e r
ANT C 117 and shown in f i g u r e  1—16.  Range  r a t e  i n p u t  mciv  he  s u p p l ie d  f r om
c i  t i l e r  t h e  i n t e r n a l d i s c r i m i n a t o r  a s s e m b ly  (l)opp le r  m e a s u r e m e n t )  c u r the
e x t e r n a l d R/ d T  u n i t  ( r a n g e/ t i m e , d i f f e r e n c i n g  m e a s u r e m e n t ) .

Threat GompuLer. Gumbinatori u l decisiem l o g i c  in this block gener ate’s

~l I ) b ) r e ) l ) r i~i t e  commands and adv i so ry  si gnals  te e drive th e’ Ml un it . T h r e a t  log ic
is in ,icc ord cini - e’ w i Ui AN’l’ C 117 cr 1 t e r  i a I or ho t  Ii BU M and sy n c  mode.  As shown
iii I i  g ui  e’ 1— .I 7 and f i g u r e  1—18 I or  l o w — a l  L i t  udc’ t h r e a t  (be ’ l o~ 10k f e e t )  and
u g h .ilt itud e h u e - i t  e’v c i l i i a t i c n  o u t p u t  ( a b o v e - 10k f e e t )  i n  f i g u r e  1— 19 .

I r  n s n u i  t M o t h t i l - i  t i on  C o n t r o l  . ‘I ’hi i s  is c ’ s - s c - n t  i a l i v  iii ‘‘CR ’’ I u n ct  j t i n
w h i c h  ic c - p t a  t h e ’  v a r i o u s  log ic si g n a l s  ( range p u l s - c ’ , a l t i t u d e ’ , t r i i d s , e t c .)

m d  ; ‘ r i t h u e - e ’s t he’ p r o p e r l y  t i m e  c i m o d u l a t  i o n s ign c l  is I e t c  t b i t - t r a n s - m i t  t - r .  I n
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FIGUR E 1-17. TH R EA T EVALUATION ALTITUDE AND ALTITUDE RATE
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INDICATED DIGITAL
ALTITUDE DIFFERENCE :
OThER - OWN (FT. )

+3400 ______________________________________________________
+3300

2000 FT ./MIN .
+1900 ___________________________________________________

+1800
1000 FT ./MIN .

+1400 _________________________________________________________
+1300

500 F T ./M 1N .

LEVE L OFF
DO NOT TURN

4 +900 ________________________ _________________________

+800 
DIVE /\ /\ DO NOT CL IMB

DO NOT TURN ~~~~ ~~~~ DO NOT TU RN
0

DO NOT TU RN A A DO N OT DESCEND A
CLIMB L. L~~~~~~ DO NOT TURN

A -800 
_______________________ ________________________

-900
DO NOT TU RN

LEVEL OFF

500 F T ./ M IN
-13 00 ________________________________________________
- 1400

1000 FT . / M IN.
-1800
-1900

2000 F T . / M I N .
-3300 __________________________________________________

-3400 I
TAU ZONE I I TAU ZONE 2

NOTE : PREDICTE D COA LTITt ’DE = 800 + 30 SEC. X OWN H

A DO NOT EXCEED CLIMBING H VALUE SHOWN .

A DO NOT EXCEED DESCENDING ñ VALUE SHOWN .

A THESE VALUES ARE DE CREA SE D 200 FEET WHEN AT 10 ,000 FEET
ALTITUDE OR BELOW .

A COCKPIT DISPLA Y OF A VERTIC AL SPEED I,IMIT WIT h IN THE RANGE cu t-

0-400 FEET PER MINUTE IS ACCEPTABLE.

A RE STRICT BAN K ANGLE TO +10 ° (1k LESS

FIGUR E 1-18. LOW -ALTITUDE THRh ~~’r /EVAL UA TI ON OUTPUT , NO-AIR CRAFT ENCOUN TER

1— b U t
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INDICATED DIGITAL
ALTITUDE DIFFERENCE :
OTHE R OWN (FT.)

+3400 _____________________________________________________

+3300
2 2000 FT./MIN .

+1900 _______ ____________________________________ _______

+1800
2 1000 FT./MIN.

+1400 _______ _____________________________________ ________

+1300

500 FT./MIN.

LEVEL OFF
+900 DO NOT TU RN

+80: 

L~ DO 
DIVE A DO NOT TURN 

—

DO NOT TURN
3 CLIMB 3 DO NOT TURN

-800 ________________________ _________________________

-900
1 

DO NOT TURN
LEVEL OFF

500 FT ./MIN.
-1300 _______ __________________________________ _______

-1400

1000 FT. /MIN.
-1800 ______ _________________________________ _______

-1900

3 2000 FT. /MIN.
-3300 

_______________________________________________________

-3400 
TAU ZONE 1 TAU ZONE 2

NOTES : 1 LEVEL OFF IF EXCEEDING H VALUE SHOWN.
2 DO NOT EXCEED CLIMBING H VALUE SHOWN.
3 DO NOT EXCEED DESCENDIN G H VALUE SHOWN .

76—23-1—19

FIGURE 1-1 9. HIGH-A lTITUDE THREAT/EVALUATION OUTPUT , NO AIRCRAFT ENCOUNTER
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addition a pregate signal , which starts sli ghtl y ahead of and lasts t h r o u g h o u t
each modulation pulse train , is produced to gate “on” t h e  exciter. This is
done to ensure that the transmitter drive- from the exciter is stabilized be io r i-
pulse modulation is app lied to the hi gh—powe r amp lifi er in the transmitter.

THREAT EVALUATION.

1. Tau Threat. GAS w a r n i n g  logic is based upon t h e  q u a n t i t i e s  Thu
(range/range rate), altitude difference ~delta h), and minimum range (Rni).
Selected values oi~ Tau and minimum range and differe nt ial altitude define ‘I au
and altitude zones. An intruding aircraft , on entering into a specific -ul t it ude
or Tau zone, initiates an advisory warning or avoidance maneuver comman.i to be
displayed to the pilot by means of an indicator, in response to the maneuver
command , the pilot executes an avoidance maneuver.

Values of Tau and Rm which d e f i n e  the Thu Seulie S ar e ’  as follows :

Tau Zone Rm (nmi)  R 0 (nih ) 1/ Slope (see ’)*

1 0.5 0 .2 5  25

2 — 1.8 40

Rn-i = Minimum range R0 = Offset range

*R}i ( r i gh t — h a n d )  edge of t h r e a t  zone as shown in figure 1—16. Th is is t h e  sl op e
of the line , not the linear time to collision. The m i n i m u m  ran ge zone is adde d
as an extension of the Tau threat zone to insure sale separation at low closi ui~
rates , to provide protection against turning maneuvers , and to accommodate
errors in range and range rate  m e a s u r e m e n t s .

No threat condition exists when the  range  and r a n g e  r a t e ’  p o i n t  i s  to  t h e  r I gir t
of Tau zone 2.

2.  Altitude Threat. The CAC e v a l u a t e s  t h e  re - c ’ e- i ve O  a l t i t u d e ’  c l u t d
relative to own—altitude data. A received range pulse mus t be v e r i f i e d  p r i o r
to an a l t i t u d e  pu l se .  U n i v  a l t i t u d e -  p u l se ’s w h i c h  a r r i v e  52 ) )  kS  a ft e r the
leading edge of the range pulse are processed (i.e., re ce i ved al titude t i
—1 k feet to 50k feet are p r e c c e s s e d )

On t he basis of this e v a l u a t i o n , the ’ ( At’  cLe-c~~i l i e ’ s t h e  a l t i t u d e  t i l e  u t
status accord ing to ,u it it u de ’ d i I t c r c - i c c , - hands as shown in f i g u r e ’  1— 1 7 .
C oal t i t ud e  ha n ds include all values Iron zero L u ,  +~~c L c  when ,it l i i  c c  i i  t i tui de’s
and from zero to -1—600 t cc’ t wh en ‘ i t  low a1 t i t  ci ~h i - s  . A l c o v e —  c I ow h an d s  e x t  c i , )  u n
a d d i  t i o n i l  2 , 500 I e ’et beyond  t h e  C U t e  I ed ge ’ cc l  t h e -  c c c i i  t i t  u c l e -  )c , i n d ’, m c i  i t ,

subdiv ided  as shown in f i gure  1 — 1 7 .  T hu ’  p re - ul i h e e l  ~‘ u c i  I t  i t u d e ’ t c , in d  , x t  e nds

from the  ocit€’ r ed ge’ o t ir e ’ e e l  i t  i t  i d e  u n c u t  i n  t lie’ d i r e  i t e n  - ,m I t  ~ t u u c ~ , i t e -
when the r’ate is gr e -u t e r than )O() c - c t  ; c : - i u c c c t ~~- . t h e - u e - c , -: c t c i  t h i s  h a n d  i s
eq ua l to  own—a It it uu d e ’ rate ’ t h o e - ’ , 30 se con ds .  ~

-. - a i t  i t  c o n  U c i  u t  ~~c - - t S  ~~f i c - i c

t he’ o t h e r  , i i r u - r a t  t Is ou t s i d e ’  U b , e - - e ’  h an d s .

1 — 1 2



Using t h e  tiir,,’at evaluati on criteria , the equipment provides conunand
outputs in accordance w it h - i tire log ic shown in fi gures 1—18 and 1—19 for two—
aircraft encounters arid ti gure’ 1—20 tor three—aircraft encounters . To assure
complementary maneuvers in all threat e n c o u n t e r s , t he t r ansmi t t ed a l t i t ude
si gnal  is biased when certain output commands c u r e  formulated and 400 fee t or
less of altitud e separation is indicated. The b ias  is 200 feet in the direction
of the f o l l o w i ng  c ommands :

Command Bias

Climb . Do not turn . +200
Dive . Do n u t  turn . — 2 0 0
Do not turn. Don ’t descend. +200*
Do not turn . Don ’t climb . _200*

*Thu is  bias mus t not  be used unless  aL compan ied  b y a d i sp l ay  to the
pilot showing t he  direction of the imminent maneuver. At all o the r  times ,
unbiased altitude data shall be transmitted. “Own ’ unbiased altitude data
are always used on board for input into the th rea t  eva lua t ion  logic.

Maneuver indicator Display . This unit is a combination GAS , MI , and VSI
(figure 1—21). ru e MI disp lays CAS status (OFF , BUM , Sync) and cominand/
advisory in to r cuc ,u tion to L i c e p ilot. The VSI portion is a standard instrument
current l y used h~’ airline’ s and meets the requirements of FAA Techn ica l
Specification Order TSO C8b .

The three—position t lag mechanism indicates CAS operational status. Red
and black diagonal stripes indicate GAS OFF. Yellow indicates BUM. Black
i n d i c a t e s  sync mode o p er a t i o n .

Commands c o n s i s t  of f l a s h i n g  red symbols  wh ich  i n s t r u c t  the  p i l o t  to
climb , descend , or l e ve l  off. Red “no—turn ” commands accompany each-i maneuver
instruction. Advisor y information is provided in the form of yellow bands
which establish vertical speed restrictions if a target is Tau 2 or Tau I.
There are four li ghted bands for climb restrictions , and four for descent
res t r i c t i e) n s . ‘i’huese l i m i t  v e r t i c a l  speed to 2 , 000 f e e t  per  m i n u t e , 1, 000 fee t
per minute , 500 feet per minute , and 200 feet per minute. The pilot is
instructed to keep t h e \‘S I needle out of any yellow band. For the case of
noncoaltitude target , either one , two , or three yellow bands are energized
depending upon t h e altitude diff erence, if the target is coaltitude , the
fourth yellow band , limiting vertical speed to 200 feet per minute , is
energ ize d.  This  also ene rg izes  the  n o — t u r n  l i g h t s .

The commands are red— lights (arrows) which instru c t the p ilot to climb ,
i t v e  e)r l evel  o I l .  T ir e  cl imb and d ive  commands are e n e r g i z e d  i f  a t a rge t  is
coaltitude and Tau I. There arc two ways te , energ ize the level—off command .
First , there’ is the case’ of two eoa It jtude t cu rg e ’ t s , b o t h  Tao 1, where one is

~i b u c v c  , and t h e  e i t h e r  is be low . Second , t h e r e  i s  t he  cas e’ ecf a predicted co—
- i l t i t u d e  l a r g e - I  Ta o I r T,ici 2.

1— 33
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Five maneuver commands used by th e CAS are as follows :

1. Vertical Maneuver (Climb or Dive). This requires a rotation in the
direction specified at an acceleration of not more than 1/4 g, but not less
than 1/8 g up to a terminal climb or descent rate of 2,000 feet per minute or
more u n t il  the  maneuver command is t e rn inat ed .

2.  Elold  Al t i t ude . This r e q u i r e s  r e m a i n i n g  in level flight.

3. Level Off. This requires decreasing vertical speed to zero in not
more than 10 seconds.

4. Do not turn. This requires return to linear flight in no more than
4 seconds;  if not turning , a t u r n  w i l l  not  be initiated . “No turn ” means
do not exceed a bank angle of 10°.

5. Vert ical Speed Restr ,:tion (limiting vertical speed to either 200
ft/mm , 500 ft/ mm , 1,000 ft/mm , or 2,000 ft/ m m ) .  If the aircraft vertical
speed exceeds the res t r i c t ion , i t  must  be reduced in not more than 10 seconds.

dR/dT UNIT.

This LRIJ operates wi th  the Model 2000 CAS . Its function is to compute range
rate (dR/ dT)  based on range data and timing inputs from the CAU . The dR/dT
o u t p u t  is fed back to the CAU for use in the Tau threat computer logic and
to the instrumentation for display and recording . A simp lified functional
block diagram is shown in fi gure 1—22.

The unit is capable of tracking and computing range rate for up to 256 active
CAS—equi pped a i r c r a f t  w i t h i n  15 nmi of own aircraft. The CAL log ic checks each
of the -2000 CAS time slots for valid range signals. Range data fed to the
dR/dT are screened fo r  R — 15 miii . This range boundar y encompasses all potentia l
40—second Tau threat intruders at relative range rates up to 1,250 knots. It
also includes adequate range to establish the first 3—second track (a 6—second
track is used initially if 3—second data are not available) . After the track
is established , 6—second data c~ re  used when available 1c provide approxuniatelv
20—knot resolution. Otherwise , 3—second data are used to provide approximate l y
40—knot resolution. The output to the CAL is an analog voltage scaled at 250
knots/volt , linear from ‘-5 V (1,250 knots , opening range rate) to +5 V (1,250
knots , closing) . This voltage instead of the discriminator output , is used
by the CAU when the dR/dT mode is selected (switch provided on dR/dT unit).
A d ig ital output provides closing range rate data to the instrumentation for
disp lay and r e c o r d i n g .

UPPER AND LOWER CAS ANTENNAS. The CAS antenna radiate’s and receives  s igna l s  in
t h e  assigned band f rom 1592.5  ~~1z to 1622 .5  MHz. Two a n t e n n a s  are  used w i t h
the  cAU , one on top of t h  f us e l a g e  and one mounted  on t he  b o t t o m  to p r o v i d e
o m n i d i r e c t i o n a l  coverage b r  large aircraft. Normall y, the antennas are
connected  via  c - o a x i~~ l c a b l e  to t he  uppe r  and l ower  a n t e n n a  inpu t po r t s  c,c 1  t h e
CA L .  ‘l’he logic  s w i t c h e s  t h e  rece iver  and transmit te ’r t c  t he  proper  an t enna  in

1—37 
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accordanc e w i t h  AN ’I ’C 117 r u l e s .  For test purposes , a togg le swit ch is p r o v i d e d
in the CAL to enable “lock—up on the upper antenna onl y.

Loch a n t e n n a  has the  ic c b lowing characteristics:

1. RF 1 c , w v r  h ian d i j o g :  2 — k , ~’ peak , 6—k average
2.  l i :cped ~~nc e :  50 ohms at CAS frequency band
3. VSl- .’R: 1.3 . axj u u r n , at CAS frequency band
-. . P o l a r i z a t i o n :  \ e r i i c a l

. Pattern: ~ ithi in I dB at a matched quarter—wave stub.

‘[he an t e n n a s  have a b u i l t — i n  d .c. short which is sensed by BIT circuitr y in
t h e  d u p l ~ ’x~’ r assc ’f h i y c d l  ih e  CAL . T h i s  p rov ides  a s imple  method of d e t e r m i n i n g
t h at  t he  o n t e n n a c~ a re  c o n n e c t e d  and tha t no open c i r c u i t s  e x i s t  in the  t r a n s —
mlssion  l i i i , ’ . A ‘, a c ~~eJ “ope n ” au t a r . ~i t i c a 1l y causes the  CAU to i n h i b i t
t r a n -, L i  s~-’io n , d i a 1 t h ~ “LAS— oFF” f l o g  on the  MI , and l a t c h  up t he  ANT BIT FAIL
in d i c o t ~~r on the  t rant of I c e  CAL .

t~c)[ LP.-1f- .,\l IM~’eR~~~SHL j 1.

~ l-~N ER.-\l. 1~~l- ’ b ) R ~’L-\ l 1 O~

L~ c :j~ .ea t type .  A i r b o r n e  C o m m u n i c a t i o n , Na v iga t ion , and I d e n t i f i c a t i o n .

1 i~~c . e l c t c c c n c t i o n . A i r p l a n e  Co l l i s ion  Avo idance .

~ i i t c - L ~~* ~se.  FAA Test and Lv a lu a t  ion .

i4 r o c u r e i c c n t  Sp e c i f i c a t i o n .  Depar tment  of Transportation , Federal Av iation
A d m i n i s t r a t i o n  E n g i n e e r i n g  R e q u i r e m e n t , “C o l l i s i o n  A v o i d a n c e  Sy s t e m  Ground
st a t i o n , ” FA A— E R — 2 4 0 — 0 1 6 , October 1, 1971 (includes partial specifications for
a i rb o r n e  equ i pme n ts , m o d i f i e d  by changes  to c o n t r a c t  DOT—FA73 ’W A — 3239) .

Major Equi pment Items.
McDonnell Douglas Model 2000 CAS (modified)
H e w l e t t — P a c k a r d  “ I’ly ing  c lock ” (n.c ~d i f ie d )
Fl y — b v — S v i o -  co n t r o l  panel  ( s i m p l i f i e d )
M in i—CAS (m o d i f i e d  M i c r o — C A S )
I n s t r u m e n t a t i o n  (p h o t o p a n e l )

~~~ i’iied F~~~ju€’ncy Band. l~~9 2 . 5  MHz to l~~2 2 . 5  MHz.

a t in ~~~Fr~~~~encies . 1600 Mhz , 1605 MHz , 1611) MHz , and 1620 MH z ,
normall y time division multiplexed .

Frecj~~’u - ’: Contra I .  Ces ium beam or cr stal

h c d c j l , j t  f c c .  Pu I s , ’  (1.6 ps to 200 ‘ 5 )  and bi phase ( N R Z  space  at 500
ki bold it/s e c on d burst r i t e  for 120 s w i t h i n  t h e  2 U U — -~ pu l s e ) .

1— P) 
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Moduhi t ion  i~ c1. One 200 ~is pul -- .e per 3 sec ond s m i i i  i : : c d 1 c . ;  0 .0002 ty p  i~ a l
- - a x n c 1 i c ~~; 0 .003 lockou t

S U L C I F I L  ~~~Il~~! NT IN ] R M A T I O N

1. t f c b ) u c i i c e  11 Dou~~las M o d c - ]  2000 CA S ( M c d i i  i ed ) .

~~Jot  It ~~~~s.

Co l l i s i o n  avo i  -1 ~~i ,~ e u n i t  (L ,\~

U p p e r  and l o w e r  OUL c i a i , c s
Maneuver  i n d i c a t o r  c : ] ) 0
d R/dT u n i t .

F U l i c t j c cii . Comm er cia l ~ i i l 1 n e  CA S.

A i r l i c c e  ~c~~ t’c 1 1  I c - a t  j a n .  ,\eia ii,jcit j~ L i d i o  L a r p o r a t i o n  ( A C I N C )
(N ,~i r , i c  t a c i s t i c  N a .  I .

~j~e c i a 1 M o d i t  [ca t  ions .  F l y — b y sync , extended range resync , dR/d ’1
u n i t  f o r  d i g i t a l  range  r a t e , and ins t r u m e n t a t  in n  i n t e rl a c e  o u t p u t s .

S\’ St c -m F j~1eI~,c i e~~ Used . A l l  ( t r an s m i t  nc ]  r e c e i v e ) .

v r e ~j uency__C o n t r o l .  x t e r c i a l  c e s i c c l , c  be a t , ,  ar  i n t e r n a l c r y s t a l

M ,d ul a t i ,n . Pul se  and h i

Powe r O u t p u t .  1, 000 w a t t s  j W )  + 1  dli .

Ccc t ’ i v e r  I \j cc -  . Doubi c - c  U t I V E . ’ I s i o U  superhet c - I  -C v i l e

Cc - -c  c ’ i v e r  Sen~- l t i ~ i t v .  —B8 U c - (  [be t s  a t 1 milliwatt ~dbiv) , i i a i c j n al  -

Ce c i c ’ ,  C - ~- e  j ,~~u r e.  b— ’ d 13 , t~c 1x I , c U j U

A c t  c U I S I .  \ t - i  t I -  , c I Iv Po1 cr j.~ed S t u b , .

- - . -AS St , it us F c c  and (AS - : . , n cai i l - ‘ \ , ] v  isor  I

C ‘~~c- I cj  i t  d l  - t  - . 11 5 vo t ~. ( V )  , ..UU ‘ c c - i t  ~ l i z )  , I l i _ p c  rc-
l , , , i x l I c , u I ; c  c i l t ib  ‘ 1  ,~~~~c C  - - . J Ii  - r I ’ I  .,C- , V ~l . c . .~ , c i ; d h - t ’ r e . ~ , l;I O X I I : , u i : c  (L A ] )

C O I l - , :  1 0 c l i  c u l t  I c ’ q d I t l t ’  1)  \‘ , - . ‘ j j c l , I . i l c . ; c 4 - r f - , : , , j X i i u l . , .  

~~~~~ - - -



2. hewlett—Packard (HP) “F’ly ing Clock” (Modified)

i~lajor Items . )

Standby power supply model K02—5060A

Cesium beam frequency standard model SO6lA , with Standard
opt ions 002 (30 minute battery) and 004 (improved beam tube , and special option
h59 (001 clock opt ion  wi th  special  1PP6S o u t p u t . )

Function. Master clock for for fly—b y—sync service

hP Speciuications. (Also see liP manuals)

A c c u r a c y :  ±7X lQ~~
2

Settabi lity: +lXlO’ 13

Long—Term Stability: ±3Xl0 12 (for life of tube)
Warmup Time : 30 minutes
Standby Battery Operation: 30 minutes without main standb y

supp ly, 6 hours with main supply.

Ou t p u t s .  5 MHz , 20 mi l l iw a t t s  (mw) , minimum , in t o 50 ohms l p/6s ,
4.7 V ±5 percent (GAS epoch pulse).

Power Requirements. 115 V , 400 Hz , 1.5 amperes , maximum .
(Aircraft input to standby power supply)

3. ~J~y, b y— S ync C o n t r o l  Panel (Simp l i f i e d ).

Function . Mode c o n t r o l  and d i s p l a y  f o r  f l y — b y  sync (FBS) CAL

Mode Selection. Test , CAS— only, and CAS/FBS

~4,~~ Ia s .  GAS MI and FBS “FAIL ” l ight.

Interface. CAt’ and Instrumentation .

Power R e q u i r e m e n t s .  Provided by interfaces (aircraft power inpu t
not required.)

4. Mini—CAS (Modified Micro—CAS with dR/dT).

Function. General aviation GAS .

Specification. McDonnell p roposal , March 18, 1974 .

1—4 1 
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i~j c t’ c i a l M u d i i i c a t i o n s .  dR/d i and Tau threat logic .

S’c’s ten,  F r e qu e n c i e s Ustid . Transmit 1605 M h z ;  receive a l l .

~~~ii~’i ~~~~( -o n t r o 1.  In t e r n a l  c r y s t a l .

Modul atio n . P u l s e  au l  \‘ (no biphase )

I’uwer  O u tj c u t .  1 u  R +3 d l i .

Re~~t’ i v e r  l ype. Si ng le c c c r i v e r s i o n  su p e r h e ter o d v n e .

keo e ’i v c - r  Cc: ,~~i ti v it 1 .  —7B dliii, nominal.

Receiver ,\ , c j , , c- f -i ~~ure . 13 dli , maximum .

An tenna . \ e ~- i t i c a 1 l y polarized stub .

l)isplays. Standb y/svIlL li ght and CAS command/advisories.

Po wer ,,,~~ q~i i re m en t s .  13 ± 1 V d . c . , 5 amperes , maximum.

5. I n s t r u m e n t i t  ion ( P h i o t o p a n e l )

F u n c t i o n .  I~eol t i m e d a t a  d i sp lay and ph o t ogc ap hic  r e c o r d i n g .

ln terfoe -es . CAL ~c r  M i n i — L A S , and aircraft.

I Ij ) t c L 1 . wa data slots (own a i r c r a f t  and i n t r u d e r )

) i sp l i v  ~~~~~~~ R a t e .  Once per GAS 3—second epoch .

I c c - c  ‘ i  1 I I I ~~ R a t e  ( C , i i e r c .i )  . One t rame per epoch .

I )  I .~j c I  - c ~~

Own Ii t’sSdge slot number.
Own I ,  i c r a r c l iy  st ,ctus
Own s y n c  a d d r e ss .
Own t I c I t i s l U  I t t e d i i  t i tude

( S - l i  I c- c  e ive ’d  l e s y l I c  time .

B o g e y  mc - ss , lg t ’  s l o t  n t ,icc b ,ec (nonsel  cc ted s l o t )
h u t ,ider lange.
h u t  r u d e r  t c u s t c c  I t t ed  a l t i t u d e .
I n t r u d e i  ii iei a r c - b y  s ta t u s .
I n t r u d e r  l)o 1 j c l e r  r ange  r a t e .
I n t r u d e r  do ,’ c l i  r~ln ~ . t ’ i ,cte .

I u t  i’i id ~~t S V f l c  address .
I ,-\ S i n p u t / o u t p u t  - , t , i t  ‘ , ~ c 1 i g f i t o  -

- - - - - - - - —_-- - - -_ - -- ---- ‘ - -



Controls.

Da ta s lo t  se lector  switches .
Oleo swi tch  (s imulates  a i r c r a f t  s t ru t  s w i t c h ) .
Approach/departure switch (simulates flap switch).
Transmit inhibit switch.
Camera ON/OFF switch.

Power Requirements. 28 V d.c ., 2 amperes , maximum.
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CHAPTER 2

AIRCRAFT INSTALLATION AND FLIGHT TEST INSTR UMENTATION

AIRCRAFT EQUIPMENT INSTALLATION.

The three NAFEC a i rc raf t  used in the f l i ght test  evaluation were the Gulfstreams
G159 (N376 and N377) and Convair CV880 (N42).

The N42 equipment installation (figures 2—I, 2—2 , and 2—3) carried the
following contractor—supplied equipment :

1. Collision avoidance unit (CAU),
2. dR/dT unit for the CAU ,
3. Maneuver indica tor (p i lo t  and r e m o t e ) ,
4. Antenna (upper and lower), and
5. ATCRB S alt itude simulator .

The N377 installation (figures 2—4 , 2—5 , 2—6, and 2—7) carried the sane
equipment as N42 except  as shown in figure 2—7 , when a photoinstrunientation
station was installed.

The N376 instilLation (figure 2—8) carried the following contractor—supplied
eq uipmen t :

1. Mini—CA S (General Avia t ion u n i t )
2. Maneuver indica tor——p ilo t ( f i gure 2 — 9 ) ,
3. Antenna (upper),
4. Photoinstrumentation uni t , and
5. ATCRB S al t i tude  simulator

Aircraft equipment configurations were usually as the test dictated ant:
usually followed these patterns :

Two—Aircraf t  (A/ C)  F l ight

Aircraft: N377 (A/C 1) N376 (A/C 2)

Equi pmen t : CAU CAU
Mini—GAS Mini—GAS
CAU Min i—CAS
Mini-CAS GAU

Three—Aircraft (A/C) Flight

A ircraft: N377 (A/C 1) N376 (A/C 2) N42 (A/C 3)

1’~quipment: CAU Mini—CAS CAL

2—1
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Throug h out  t i t .- L a t a l  t e s t  p r o g r a m , N 3 7 6  (A/ C 2) was th e photoinstrumen iation
co l l ec t ion  a i r c r a f t , and all d a t a  were  provided  by 3 5 — m i l l i m e t e r  (rn) camera
p u l s e — a c t u a t e d  f r o m  the GAS ha rdware . The data  col l ec t ion  was accomp l ished III
the f o l l o w i n g  m a n n e r :

PHASE I. F li gh t s  1 t h r o u g h 26 wc -r e  t w o — a i r c r a f t  f l i g h t s , and c o l l e c t ion  was
by pliotoinstrumentation using the pulse—actuated camera.

PHASE 11. F l i gh t s  27 t h r o u g h 39 w e r e  a mix of two— and t h r e e — a i r c r a f t  f l i g h t s ,
and da ta  c o l l e c t i o n  was by photoinstrumentation and magnetic tape interface
w i t h  a di gi t a l  r e c o r d e r  on the  t h i r d  a i r c r a f t .

PHAS E I I I .  F l i g h t s  ~+O th rough  65 were  a l l  m a g n e t i c  t ape  i n t e r f a c e , except
when a t h i r d  a i r c r a f t  was involved u s i n g  p h ot o i n st r u m en t a t i o n .

The an tenna  l o c a t i o n s  and s t a t i o n  l e n g t h s  are l i s ted  in t a b l e  2 — 1 .  The l eng ths
are broken  down b y e q u i p m e n t  used aboard each a i r c r a f t .  Se lec ted  a i r c r a f t
locations for the GAS and Tac t i ca l  Air Nav iga t ion  (TACAN ) an tennas  are
shown in l i gu r e s  2—10 , 2— 1 1 , and 2—12.

FLIGHT TEST INS’1Rt~1I-NTA l’ION.

NAFEC provided and operated the following instrumentation on board the aircraft:

I . GAS m a g n e L i c  t a p e  i n t e r f a c e  and i n s t r u m e n t a t i o n  d i sp lay ;
2 . Ke nnedy Model  1708 di g i t a l  tape r e c o r d e r ;
3. Data  r e co rd ing  35—rn camera used on the photoinstrumentation panel;
4. AN/r \  — 5 4 V  a i r b o r n e  ‘l ACAN set  and f o r m a t t e r/ d i g i t a l  tap . - r eco rde r
(Kenn ed y sIc 1 1708) ;
5. NAFEC Range A i r — C r o u n d  S v n c -h r o n i z e d  T i m i n g  u l t r a h i gh f r e q u e n c y  ( V H F )
t r ansmiss  tons ;
6. Onboard pr .’cision clock sv s t c -m  c o n s i s t i n g  of a D a t a m e t r i c -s model
SP—3 05 — S E t i ne  cud .  g e n e r a t o r , K i n e m e t r i c s  mod e l  t im e  f r e q u e n c y  s t a n d a r d
r e c e i v e r  M ark  I V r i c e  iver  , and a Mode l  1710 FtP Hewl ett—Packard usc -i lioscope
7. AI’GRBS di gital barometric altitude encoder .

GAS ~t\GN ET I C TAI’E I N - l - ER FA C F ;  AND I N S T R U M E N T A T I O N  D I S P L A Y .  The GAS magnet i c
t a p e  i i i t e r f i n - e  and instrumen t at i o n  d i sp lay  ( f i gu re  2 — 1 3 )  was  desi gu t-u and
hu i  I t  I t  N A I l - C .  I t s  f u n c t i c n  was  to  d i s p lay i n f o r m a t i o n  t r a m  MMII  (

e q u i p m e n t  d iu r  i ng  I l i g h t  test s , by ri-cord i ng all t i  r~;.- t and own —p 1 a l l . ’ in I orma t i OTt -

I l i e  ins t r u m e n t a t  ion and i n t e r  I ac- .- inpu t a r i  r e c e i v e d  I rom i h.’ t a I  l o w i n g :

I .  1 i rn. ’ code c ’iit - rat  or
2 .  Sc l i i i  w 1 t ’ h c  -s an the I itti ’ r 5 u c e
3 . t t\] or M i n i—CAS , and

A l (‘RItS d.- 1 0(11 r —
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As shown in block diagram (figure 2—14), the GAS magne t i c  tape i n t e r f a ce  and
d isp lay inputs synchronized time from a time code generator , to record time
in each aircraft to one tenth of a second . A CAU/Mini—CAS switch is used to
set individual presets , w h i c h  allows for different signa l verification t imes
in the GAU or Mini—GAS . Data from these units are grouped into 3—second t ime
intervals called epochs. Each epoch is divided into 2,000 time slots on GAS
message s lo t s . The i n f o r m a t i o n  associated w i th  each ta rge t  a i r c r a f t  is
assigned a p a r t i c u l a r  s lot .  As the i n f o r m a t i o n  range , a l t i t u d e , h i e r a r c h y ,
and resync are received , they  are encoded in time relative to that message
s lot .  The GAS da ta  are then processed in to  mean ing f u l  p a r a m e t e r s  f o r  disp lay
a nd m a g n e t i c  tape r e c o r d i n g .

A c o n t r o l  sequencer  is used to t r a n s f e r  da ta  f rom i n p u t  s t o r a g e  to the  1024
b y t e  s h i f t  reg i s t e r , which  is used to ser ia l ize  the  da ta  by tes  fo r  m a g n e t i c
r eco rd ing .  1)ue to t iming  cons ide ra t ions , it was necessary to multi plex the
data. ‘ihe tape interface and con t ro l  does the transferring of data to the
Kennedy recorder. Inputs to the recorder are six—bit characters. An odd
parity is generated internall y in the magnetic tape unit and recorded on th e
seventh t a l c . - t r a c k .  Data  are s t o r ed  in v a r i a b l e — l e n g t h  records , w i t h  the
recorder insert ing gaps between t h e  r e c o r d s .  l,~ cIi record c o n t a i n s  the
i n f o r m a t i o n  in one epoch of all data received by a CAl ’ or Mini—GAS . Data are
then recorded f o r  s lot  0 , own message slot (O H S) ,  own message slot plus 4
(O M S+4) ,  and a l l  s lo ts  con t a in ing  intruders in addition to an end of epoch.
The test  s lo t s  are also recorded within the epoch.

A record l e n g t h  is determined by the number of intruders that occur in a
p a r t i c u l a r  epoch.  The r eco rd ing  f o r m a t  fo r  the da ta  is shown in table  2—2 ,
along w i t h  ti le F ie ld  con ten t  l i s t  shown in tab le  2—3 and Field c o n t e n t
d e f i n i t i o n s  shown in table 2— ’+ .

On the d i sp lay , l i gh t em i t t in g diode (LED) readouts  arc c o n t r o l l e d  b y the
disp lay con t ro l  and are up dated every 3 seconds .  When the SELECT ~U DE s w i t c h
is e n gaged , a da ta slot is determined by the dialed—in data message slot (IEIS )
number w h i c h  is d i s p l a y e d  along w i t h  the OMS i n f o r m a t i o n .  I f t h e  sw i t c h is in
boge y mode , t h e d isp l ay  w i l l  sequence t h r o u g h  all intruder s l ot s , ow! epoc h at
a time - A d e t a i l e d  d e s c r i p t i o n  of the d i s p l a y  instrumentation and magn etic
tape interface will Is- tound in referenc e 5.

DATA RECORD INC CA MI :R A .  The 35—mm da ta  record  lug  c a m er a  was used in t h e
c o l l e c t i o n  of GAS i n f o r m a t i o n  I r om t h e  in s t r u m e n t a t  ion pho topan e l  shown in
f i g u r e s  2 — 1 5  and 2 — 1 6 .

I n fo r i n a  lion  d i sp  I ~iy.-.! t V L -  ry epoc h ( 3 scc~~n d s  ) was re -orded  . the i-am era was
a c t  i v a te d  by a p u l s e  d e r i ved  f r o m  the GAS i u s tr u m e n t i t  100. I h i  i s  pil l Si’ W O S

t r a n s m i t t e d  ~i l  t e r a l l  GAS i n l o r n i i i t  ion was I r czen on t I l i ’ d i i ’-p l av , I l s u a l l v  i t
Li i i -  end of i - a c - l i  c - p l c - l I  ( s l o t  1 4 0 . l’ r i - c a u t  io ns were  t , i k e n  t o  av o i d  0 T l \ ’  s lot
number  g r ea t e r  t h a n  i o ) 4 g

, w h i c h  would have  o f t  set the  d a t i i n to  t h e  t e x t  ic I c o i ~~I i .

A f t e r  ‘ i c - h  l i g h t  t he  f i l m  was  developi’d and r i - v i ew e d  f o r  e q u i ] I ’ l c ’ i i t  I i i  l u r e s
or opera t b u t t  1 d cli c ic-nc ies - A pr in I was t lien I- Il l , ’ an d ri- i eased to  ~],i t a

pr ep ar a  I ion II I  r r e d i i c  t i o n .  The in f o r m a t  Ion WOS read , and t h e  dci I i  w. ’ I i ’
r in s!t rr -d t o  punch card s . For i -a c - li a i r c r a f t , t h e  c u t  ] ‘ -

~ wi- ri - ussemhh-d liv
l i g h t , r u n , cin~l ti tus! erred on tap .- in b i n i r v  c o d e d  dec i l c i l  (li _ i l )  I c t i ’ c . A

t ’c ’ ] l l i S I I  s a mj l . ’ p r i n t o u t  i’an I .e s. c-li Ill Chap ! i-r h , i i i , ]  1 p l ’ c c ( I l ’ , i f l i  ,h-s ~’ u i 1 c t  t i ii

ciii 1w 1 oiind n ri-f ,’ u i-w e

2— 17 
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TABLE 2-2a . MAGNETIC TAPE DATA FORMAT

Iden t i f i e r  Bytes

Consists of 9 bytes. The first 3 bytes are all l’s. The last 3 bytes are
all l ’s. The 4 t h  by te  wi l l  i d e n t i f y the da ta  t h a t  f o l l o w  as shown below:

Bit  6 Bi t  5 Bi t  4 bit 3 Bit 2 Bit 1

1 0 0 0 0 0 — — Start of Epoch
0 1 0 0 0 0 — — Data Message Slot
O 0 1 0 0 0 — — Own Message Slot
o 0 0 1 0 0 — — Unselected Intruder

Slot
o o 0 0 1 0 — — OMS+4 Slo t
O 0 0 0 0 l — — M l Data

Each record  of da t a  wi l l  c o n t a i n  one epoch.  The record  wi l l  beg in w i t h  an
Epoch I d e n t i f i e r  which  wi l l  be f oll owed by ~~~ytes of data. During the test - c

of the  record each c l a s s i f i c a t i o n  of data wi l l  be preceded by i ts  own
identifier . The number  of by t e s  in each classification are listed below:

Data i-Iessage Slo t  — 18 by tes  (one or none slots/epoch)
‘c-n se lec ted I n t r u d e r  Slot — 18 b y t e s  (any  number s l o t s / e p o c h )
Own Message Slot — 15 bytes (one slot/epoch)
0145+4 Slot  — 4 bytes (one slot/epoch)
~il Data — 2 bytes (once at end of epoch)

Byte Definitions for each C l a s s i f i c a t i o n

For each by te  shown the most  s i g n i f i c a n t  bit wil l  be at the l e f t .  The most
significant byte of data for each type of data listed will be the left—most
byte. tiata will be stored on tape most significant byte first. As represent ed
below , data will be stored left to right , then top to bottom in the sequence
shown.

Much of the data will be represented by 4 b i t  binary coded decimal digits .
The four bits will be weighted 8421 f r o m  l e f t  to  r i g h t .

O - — - — 0000
1 — — — — 0001
2 — — - - O 0 1 0
3 — — — — 0011
4 - - - - - O l 0 O
5 — — — S - °l°l

6 — — — — 0110
7 — — — - O l l l
8 - - - - 1 000
9 — — — — 1001

c_H- 19
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lAW L 2-2b. NAGNETIC TAPE DATA FORMAT

S T AlL ’! OF E POC H (9 BYTES)

BYT E 1 BYT E 2 BYT E 3 BYT E 4
DATE DATE E POC H COUNT EPOCH COUNT

E 1~ I~1 I 1 ~~~ 1 m [i i i i i i
DAY DAY YEA R MO NTH BCO O-’--9 BCL) O- -9 BCD O-.-9
BCD 0 - 3  BCD 0-.-7 197~ — 00 JAB — 0001

1976 — 01 FEB — 0010
1977 — 10 MAR — 0011
1978 — ii ~~~~ — 0100

MAY — 0101
JUN E — 0110
JilL? — 0111

AUG — 0000
SEPT — 1011
OCT — 1000
NOV — 1001
DEC — 1010

HYT F 5 BYT E 6
F I I € E I  I ,clU lc’r TIME

I I I 1~ 1 T] ~ ~~~~~~~1
~~~~~~~~~

BCD I) • ) U N U S I c _ i~ hiII I .( S Il0i ,,S
BCD 0 - 2  BCD 0~~~~ lc

BYT E 7 FrI F B BYT E 9
L I S t  TItlE TIME

~~~~~t_I~ Li .1 ,J, J ~~ 1 1 1 1 1
~~ --_- ‘~~~~~~~~~~~~~~~~~~~~ - - - - -- - -~~~ - ‘~~~~~~ - ‘

M I l l i l t  ‘ M I i l c - L F c ,  SF L c c N I c S  s H , L I N I I I c  .1 SECONDS
BC L) c - -  BCD (c —’ c BCD )• ‘c B e D  0—’9 BCD 0 ”

~ SF U c i  F -  Ll, T t4l Ic i I l  SI . cl’ ( IF BYTES)

YOIIIIAT c l i -  DATA 1 1 ci’ N i  O A I  I I I
0-A ’ ! OF DATA I’S U AG F .  c O I l

‘Sc’ ‘SN I ’ l l  NEXT PAC t. .

‘ — 2 1
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TABLE 2-2c. MAGNETIC TAPE DATA FORMAT

DATA MESSAG E SLOT (18 BYTES)

BYTE 1 BYTE 2 BYT E 3 BYTE 4
SLOT COUNT SLOT COUNT SLOT COUNT ALTITUDE ALTITUDE

1 1 1 1 1  I I  l i i i  I l l  l i i i  I I I  1 1 1 1 1 1 1
~~~~~~___~~___~ ____J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -

BCD O.—2 BCD 0- -9 BCD 0—9 BCD 0-.-9 ALTITUDE BCD 0— 9 BCD O -.- 9
SLOT SLOT SLOT SLOT SIGN (xlO ,000PT) (x 1000 PT.)

BIT ALTITUDE ALTITUDE
(1 — MINUS )

BYTE S BYTE 6 BYTE 7 BYTE 8
ALTITUDE , HIERARCHY HIERARCHY , SYNC ADDRESS SYNC . ADDRESS SYNC ADDRESS

I I  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1 1  I I I  1 1 1 1 1 1 1
_ __ ~_~

_____J L~~~~~~~~~~~~~~~~~~~~~) L~~~~~~~~~~~~~~~~~~~~~~~~~~ 1
BC!) 0—9 BCD BCD BCD BCD BCD BCD

(x 100 PT) 0 --7 0- -9 O—2 0-.-9 0— ~--9 0 — 9
ALTITUDE tIlER tIlER SA SA SA SA

BYTE 9 BYTE 1C) BYTE 11 BYTE 12
ATCRB S ATCRB S , OSC , FBS MODE MISC. DATA RANG E

I I I I I I I I I I I I I I I I I I I I I I I  I I I I I
I 

C4 C2 Cl B4 82 81 A4 A2 Al D4
1
OSC FB S 

/ 
DISC SX A S/  ,~,,., i _ _ _

_______________ _,j 
MODE

/ 
AR/I\ T / CAU/M INI

FB S LINE /
ATCRBS 

FAIL SELECT

BYTE 13 BYTE 14 BYTE 13 BYTE 16
RANGE DOPPLE R DOPPLE R DOPPLE R

I I I I I I I I I I I I I i  I I I I I I I I I I I I I ]
~~~) ~~~~ ~~k______ _____A ______ ______- - ~-‘~ ,_ —5---— —~~~~~ ~—S-•---———

RANGE (12 BIT BINARY) / BCD BCD 0—- 9 BC !) 0-9 BCD O-.-9 NOT
N U M B E R  DOPP LER (1 —2 - KNOTS I0~OTS KNOTS USED

2048 INCRE MENT S DIGN 
KNOTS (x100) (xlO) (xl)

EACH INCREMENTS (x1000) FAILED PU LS E

EQUALS 0.2 M I CR O S E C O N D S . WI~~FH TEST

CONVERT TO N A U T I C A L  M I L E S  I F  I DATA IN
I n~ct  — 6.18 MICROSECONDS) SUiT IS

I N V A L I D

PYTi - 17 BYTE 18

I I I I I I I I I I I I I  I 1 I I I I I L I  I I I I I
~~~~~ 

__
*~~~~_~~~~~~~~_)

/ BCD BC!) I I .-4 IICD O’— S

~ 51,1 ’ \ii / \ T ( I  .‘~ FI ’- c ”l ‘ -

\ i / \ ’ r  aca F M ’ T  , (x100 ) ( x l O )

u- 1 (1. — )  (.1 000)

-

~~ 2-21
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TABLE 2-2d. MAGNETIC TAPE DATA FORMA T

c - SN SESII AG E S LOT (15  B Y T E ’ )

BYT E 1 BYTE 2 BYTE 3 BYT E S

SLOT C l I NT SLOT C, L’IIT SLOT COUNT AL TITUDE A L l  IT’ I F

L I I  I I 1] I I  I I  I~~~ I I I I I I] ~~ I I I Fl
• L ~~~~~~~~~~~~~~~~~~~~~~~~~

BCD 0—2 BCD 0 -.--9 BCD 0-.-9 BCD 0 - 9  ALTITUDE BC !) O’.-9 SC!) 0-9

SLOT SLOT SUiT SLOT SIGN (, 10 .000 ‘1) (x 1 ,000 FT.)
BIT A c r I T U D E
( I  — M i M I - )

BYTE 5 BYT E 6 BYT E 7 HIT S 1

ALTITUDE , Hi ERA R CH Y i~ il  ~J~SC~ ”~ • ,/ct.c ,SLI D II L SS SYNC A L I O R I S S  SYNC A O l ’  ESS

L I  I l L  I H I  I~~~ ~~~I I I L
BCI) O.-~9 BC !) BCD BCD BC !) BC !) BCD

(x 100 NT ) 0—. i 0 - 9  0- .- 2 O-.- 9 0~~~9

ALTI TUDE t I l E R  11155 SA SA SA SA

BYTE 9 BIT S I c .I BYTE 11
ATC icJI S ARC RB S , USC . PBS MODE MISC . DA T A

H I  I I~~~ LI I JIl [ H  
_ _

I C4 C2 Cl B4 82 81 AS A2 Al i~ c 1 Ill PBS 0 UI ~.C S X A N F

NIL IF. M(/ ,~~t C A U , c S I N I

FB,~ 
L I N E

ATC R B S FAIL

BYT E 1 BYTE 13 BYT E 14 1cVT F 15

c c v c c  R E S’ (S C RCVD l i - S Y N C  M ”O~ R E  ~ Y N C

LI 1 1 1  ~~ ~~~~~~~~ [ I  I I  I U ~~~1 I I Li
- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

BC !) BCD BC !) BC !) IcC Ic  Sc ’T 11 51 I 
511’!

0, 1 0 9  0 - 9  0 ‘I 1 ’  ‘S F 1  :
1 ER t’si - F ’(x 10 , 000) ( x  1 , 000) ( x  100) I x  10) (x 1) TR I TE

! ! ‘ IN F L A I
I c  NOT

V A L I D

BYT i- 12 BYTE 13 BYT I 1- . B’fl~ 1~
R CVD F l - S Y N C  ‘Ic VI ’  H E i c Y N I  R C V D - I  ‘S N .

~~~~~~~~~ LLJIJJL 1 1 1 1 1 1 ]  LLUJ Th
— A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ t i R ~~~

Pc : 1 B I’! c BC !) PCI ) i-ft 1 ’  ‘ LI c T I F  Ni -  I T T  R ‘ L I

0,1 Q - 9  0 ‘ ‘  ‘c U • I S I - I ’  AR cIT GI I ’ S i ’  1)

( i i  10 ,000) t .  1, cc ll T ~~ ‘SI) I x  ill) (‘ 1)  IS T E L l
1’! 15 - c c 5 l -
SI- N Y)- ’ I L ,  NOT
VA LI II
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TABLE 2-2e. MAGNETIC TAPE DATA FORMAT

MI DATA (2 BYTES)

(MANEUVER INDICATOR)

BYT E 1 BYTE 2
MI )lI~ EVEN , ES

L I I I I I i L I I I I I I
NT C 500 1K 2K 11) B 500 IX 2K P S

_ _  _ _ __ _ _  
JEV EN

TOP
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‘I’ABLE 2 — A C .  D E F I N I ’r I o N s  FOR FIELD CONTENT LIST

FIELD ID= 5: OHS + A S LUT (OWN MESSAGE SLOT) .

The CAL s tops  t r a n s m i t t i n g  and l i s t e n s  f o r  one epoch  in i ts  OWU message slot ,
on a r a n d o m  bas i s , tor a coslot occupant. hc interruption of the CAU
transmission does not occur  d u r i n g  s u cc es s i v e  epochs  and only a f t e r  all
th r e a t s  have been c leared  d u r i n g  an e n c o u n t e r .

FIEI .D ID=6: N I DATA ( MANEUVER INDIC ATOR) .

I n d i c a t e s  the  t h r e a t  s t a t u s  d i s p l a y e d  on own (OHS ) a i r c r a f t  v e r t i c a l  maneuver
i n d i c a tor .  The following definitions apply :

N’I ’ — No Turn
C — Climb
500 — Limit Vertical Speed to 500 ft/mm ascent c l i m b
1K — Limit Vertical Speed to 1,000 ft/mm ascent climb

~~ — Limi t Vertical Speed to 2,000 ft/mm ascent climb
LU — Level  O f f
I) — Dive
500 — L i m i t  V er t i c a l  Speed to 500 f t / m m  descent
1K — L i m i t  V e r t i c a l  Speed to 1,000 ft/mm descent
2K — Limit Vertical Speed to 2,000 ft/mm descent

EVEN.  Ep och l ;t a r t  t r i a d — — o d d  f o r  ground epoch and even fo r  a i r  epoch.

ES . Indicates epoch start triad , ground or air received and verified .

_ _ _ _ _ _ _
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I A T A  LOG REM OTE T IME DISPLAY
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010,i Uo  , I L I c ”, l  , I I l o l  1( 1 (1W tIc I I l  i b r L I L e  and  o ’ i i e c k  a n y  d i i  f er on o e s  I l l  10011 ai  r c r , i f t
5 \ ’ St t O f l I . F i i i s  c l i I ’o r . l ! t  .‘ i v s t e ni check , a l so  a l l owed L i l t ’ CAS oj I c r ~~i t  c c r s  L C d  i n — I  1 I g l I t

t’ I l e O k  1 I I ~~- i r  I ’ c l C I i p f l IL’ n t  1 1 j ) & .- r a t  io ns .

Al t~’r C i ’  L I  I ’ I 1 1 0 1 L , t I I ’  I tin or t a p e  was logged in  b y t eam p t ” r s o n n i ’  1 an .i del  i ’.’ r o d

‘ 
t o  L i l t  i 1p p I L d~ d r i , 1 L , - [1 l ’o u-eSs i n g  ~a ’ i l  i t v •  ‘Ihe f i l m  was d e l i v e r e d  t o  t h e  p h o t o —
g r a p hic I IIII Ir.I I I I , ,  , C - ’ .’ e l op e d , re -v t ewe d , and released to film roduc t ion and

- 
- p r L - I ) c t I ’ a t  1 1 1 0 1 . - ! N C ’ L c c [ I l ’  I r o n  the K e n n e dy  r e c o r d e r , w h i c h  is a l so  an i n p u t  t o

th e  GAS 1, is I I ’ I c  l o r c I l i l  ( i ’ d,- I C’L t ’ f lC C  8) ~ 5 a l ow—dens  i tv  (200  bi, is pe r  i n c h )
bina ry  (odd - I  ~ 

) O’ e . Cn:ount or r u n s  were separatea by s i n g l e  end  01 i los
w ith the C I I A I  c c l  1 , 11 .1  I o i L ’  a t a pe  I l u t c u  b c c’ f i ve  end of I i les  b a c k  to  hock .
R e c o r d s  W,,’i ’o v r i . i 1 c L’ i t c n g t h  c o n t a i n i n g  a m a x i m u m  C d f  l , 02~ s i x — b i t  1’ i i a r o i c t t ” r o
or 171 10>1 7(01 0 c l d n o p u t e r  words . E a c h  r e~-o r d  s t a r t e d  wi tk i  ~ ~ ‘l AR I — O F — 1 - ,l ’OCI i
message .10(1  t,’I I JC ’d  - c i  t O a m a n e u v e r  ind i ,’ a to r  (I’ll) message . l h ~~rt ’  was one
S T A R T — O F — i - P O C H  , o I ~’0’ , i i > l ~ ’+’4 and Ml message , and at l eas t  one DATA NI SSAGI’, SLO’l
message  L I I  01000 I C - c o c a .  A l so  the  UNS LLEC ’I ’E 0. ’ IN TR U DER message  t r a i~sm i t t e d  by
t h e  GAS g r c ’unu  5 1C , lt  i o n  I C ’~~ t t r a n s m i s s i o n  on odd epochs was r t  coruCi c , 5 C C ’

tab le .i— . I S  L o g e  11.05 r e lea sed  fo r  p r o c e s s in g  by a IBM 7(Cc U c o m p u t er , and
an o u t p u t  l i s t  i ng  C 1I u n p a c k e d  b i n a r y  CAS d a t a  was a v a i l a b le  I or “ q u i c k — b o ok ”
an a ly s i s  .1~ the s am p l e  shown in f i gure  2 — 2 1 .  ‘fable 2—3 is a C O f l L c I l t  l i s t
alon g w i t h  d o t  initions ( t a b l e  2 — 4 )  f o r  t h e  message printout dc cod i n 1, 1 .

~lie ( - ‘cS 1, 1st [1 r I 0 0 . i a m  t a p e  and derived samp le- printouts shown in f i gures 6—19
and 6— 2 0 we ro  f t c r n i a t  suitable and used in p r o c e s s i n g  ot n er  a n a ly s i s  p r c o g r . c m ,

— such as C O O N  N i  ( R ange , R e l i a b i l i t y)  and COM SYNCRO as shown in fi gure 6—21 ,
6—23 , and b — 2 - ~ , ,ui d GAS ~lerge , s1io~ n in f i g u r e  7—2 .
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CHAPTER 3

LABORATORY TEST

The measurements of transmitter power and receiver sensitivity on both the CAU
and Mini—CAS were taken during aircraft inspection “down time.” This time
period usually occurred after a 2—month period of flying . Measurements were
conducted by NAFEC technicians and IIDEC contractor personnel.

Wi th the completion of the flight program , the overall receiver sensitivity
was constant, with the exception of ilini—CAS 1 which had a deterioration of
about 4.3 dB (chapter 10, note 1).

A noticeable deterioration was observed on both CAU and ~-1ini—CAS power output
readings, which may be explainable by the visual judgment used in measurement.
Although power output deficiencies were apparent , analysis of the RF l ink
communications (range, reliability, and synchronization) were more than
adequate.

1~~THOD OF MEASUREMENT.

RECEIVER SENSITIVITY. The receiver sensitivity measurements were accomplished
with the ~AU in backup mode (BUM ) and the Mini—cAS in stand—by sync . In the
case of the FUnI—CAS , it was necessary for it to receive an epoch—start triad
from the ground station or CAU before measurements were attempted . Figure 3—1
was the physical setup used for determining the receiver sensitivity of a CAU
or Mini—CAS. As can be seen, the upper antenna was the RF feed—point for each
equipmen t, with the lower antenna being dummy loaded. This affected only the
CAU, since the Mini—CAS uses only one antenna.

Only slight differences exist in the procedures. When inhibiting the CAU , an
X—MIT and INHIBIT switch must be engaged on the back of the Model 2000
instrumentation.

An outline that was followed consisted of tile following :

1. Triggering the UHF signal generator and scope from test point t0;
2. Power setting and zero setting the signal generator;
3. Setting the frequency control switch to Fl;
4. Setting the frequency dial on the signal generator to Fl (1600 MHz);
5. Setting the output attenuator dial to about 250 mV for 60 dB;
6. Setting the sync selector for Xl; and
7. Adjusting the scope so that at least eight successive time slots can be
seen on the sweep (1.5 ms per time slot). Note the presence of receiver
switching transients in both DET VIDEO and THRESH VIDEO on vertical channels
of the scope. Test points are located on the instrumentation panel. The
switching transients occur slightly ahead of t0 of each slot and should be
stable on the scope when properly triggered .

3—1
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NOTE: Ignore pulsed signals which appear in receiver during OHS and TEST
SLOTS. These are due to exciter pregate , which normally saturates the
receiver.

8. Adjust the signal generator for a pulsed output (pulse width , approxi-
mately 10 us with a delay of 10 us) and a PRF of 200 to 300 at —80 dBm
(1600 MHz).

A signal shou ld be obse rved in every fourth tine slot on both DET VIDEO and
THRESH VIDEO scope disp lays as shown in figure 3—2 . Adjust the frequency
slowly throug h 1605, 1610, and 1615 MHz. The signal should be observed
to progress in steps through the t ime slots , appearing in every fourth slot
corresponding to the ~roper “fr equency—of—the—moment. ”

+5 VOLTS

THRESHOLD VIDEO

NOISE

DETECTED VIDEO
76-23-3-2

FIGURE 3—2. DETECTED VIDEO AND THRESHOLD VIDEO , SCOPE ADJUSTED TO 5.0
uS/DIVISION WITH OUTPUT ATTENUATOR ADJUSTED FOR CLEAN
WAV ES HAP ES

3—3
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TH R ESIIO L I) s E N S i T I V I T Y .  On each of t u e  f o u r  f r e qu e n c i e s , a d j u s t  th~ signal
level so t h a t  si gnal threshold envelope disp layed on THRESHOLD VIDEO becomes a
solid pulse  w i t h  less than 1—percent  b reakup  (dropout  be low t h r e s h o l d  as
a sce r t a in e d  by v isua l j u d g m e n t ) . This is the minimum usable  s e n s i t i v i t y  of
the  roco ivcr. ( N o t e :  The t h r e s h o l d  is a c t u a l l y  set a t  the p o i n t  w h e r e  t h e
pu l se  is Seet) to obtain threshold 50 percent of the t ime , and it should occur
near the t a n g e n t i a l  s e n s i t i v i t y  l e v e l .  If the  threshold is set t o o  c lose  to
the re~ cive r peak noise , excessive threshold triggering on noise will occur;
so—called h i g h  “false alarm” rate. This may tie—up the logic signal veri fier
to the extent that valid signals cannot be decoded . It will never generate a
“false a l a r m” in the sense of permitting a false range pulse to be ver il led .
Receiver threshold may be Set to any desired level by an adjustment in the
Video/Biphase Demodulator module).

Record the output attenuator d i a l ;  t i l l s  is the  rece iver  s e n s i ti v i ty  f o r  t h e
frequenc y selected . For finding the tone signal level at the antenna port
subtrac t ,ill known cable losses i ron the signa l generator readings. Examp le:
i: ,ihlc loss is 2 dB . Signal generator reads dlfm . True signal at antenna port
is —88 dhm .

Repeat the procedure f o r  the o t h e r  t h ree  f r equenc ies :

F2 = 1605 MHz
F3 = 1610 MHz
F4 = 1615 MHz

In measuring the receiver on the Mini—GAS , the threshold video is taken
(lirectly out of the equipment test points. To inhibit transmission , a
shortening plug is placed in the MOD INHIBIT connector on the instrumentation
panel. This procedure for testing is identical to testing the CAU with one
exception , the frequency control dial on the signal generator initi ates the
f r c ~~u e n c v  change. The receiver measurements are shown in table 3—1 .

OUTP[T l’OWI-,E

In the  o u t p u t  power measurement , the test procedures are identical for both
equipments. [he )~11T INHIBIT switch is activated in power c h eck i n .  t h e
range and altitude pulse , which should be within ±1 dB of each other.

1 igti rc i — I  is t u e  setup used for t i l e  power measu remen t s .  The v a r i a b l e
attenuator is set tor 60 dB . A trigger from the OHS equipment test point is
used b r  sync . [he two pulses are then disp layed on the scope , a nd by
ad j u s t i n g  t h e  v a r i a b l e  a t t e n u a t o r  a re  broug ht to w i t h i n  ±1 dB of each other.
At t el the p u l s e s  are set , using the peak power m e t e r  with a buil t—in calibra-
tor md dot ector , observe tile range and altitude pulse on the scope .  (C a nt  ion:
approximat clv 40 db of calibrated attenuation must be connected between the
upper in I celia [of i and the peak—power meter (or detector) to prevent damage
to the meter or detector ,) Tile variable attenuator was then read , and adding
19.5 dli [or coupl er 1o~ s, and I dB fo r  upper  an tenna , t h e t o t a l pow er I igii r e
was I mind . t h e  power in watts was then computed from dBm and recorded in
t~I l ) I e  3 — 2 .

.3—4 
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TABLE 3—I. R1-: c i- ;JVI:Ft SI NSITIVITY (I~ dB)

______ Frequency

Before Equipment Fl F2 F3 F4
F I ig lit
Test CAIJ 1 —88.1 —88.6 —88.6 —88.4
8—27—74 CAU 2 —89.3 —90.0 —90.0 —89.3

to ~Iin i—CAS 1 —79.6 —79.6 —79.6 —79.6
9/13—74 ~l in i— CAS 2 —80.5  —80.5  — 7 9 . 6  — 7 8 . 7

Fregue~~~~

tidway i~ieiit LI F2 F3 F4
Thr u
Test CAF 1 — 9 0 . 5  — 9 0 . 5  — 9 0 . 5  — 9 0 . 5
6—26—75 CA t 2 —89.0 —88.5 —89.5 —89.0

to dini—CAS 1 —78.8 —78.8 —78.8 —78.8
6 — 2 7 — 7 5  M ini— GAS 2 —81.8 —81.8 —81.8 —80.8

Frequency

9 — 1 7 — 7 5  L Quipment  Fl P2 F3 F4

CAC 1 — 8 9 . 0  —88.5  —89.0  —88.0
CA[ 2 — 8 7 . 5  —88.0  — 8 7 . 5  — 8 7 . 5

i’lini—CAS 1 —76.0 —75.0 —75.0 —75.0

~- I in i —C AS 2 —80.0  —80.0  — 7 9 . 5  — 7 9 . 0

Frequency  
—

Final Equipment Fl P2 P3 P4
10—20—75

CAP 1 —89.0  —88.5  —89 .0  —88.5
CAt 2 — 8 9 . 0  —89.5  —91 .0  —90.0

- I i n i — C A S  1 —75.0 —74.0 —75.0 —76.5

~t iiii — CA S 2 —79.5 —80.0 —81.5 —81.0

3— ~
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TABLE 3—2 . POWER OUTPUT (WATTS)

Before F4uipment ~pper Antenna Lower Antenna
Flig ht
Test CAP 1 1,622 863
8 — 2 7 — 7 4  CAU 2 2 , 000 —

to M in i—CAS 1 108 —

9—13—74 M ini—CAS 2 155 —

M idway Equipment  ~pper Antenna Lower Antenna
Through
Test CAP 1 708 447
6—26—75 CAP 2 1,413 1,122

to Flini—CAS 1 339 —

6—27—75 Mini—CAS 2 269 —

9—17—75 Equipment ~pper An tenna Lower Antenna

CAU I 446 —

CAU 2 831 —

Mini—CAS 1 224 —

Mini—CAS 1 200 —

Final Equipment Upper Antenna Lower Antenna
10—20—75

CAU 1 224 200
CAU 2 724 282

M ini—CAS 1 107 —

Mini—CAS 2 191 —

3—7
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N o m i n a l  an t en n a  losses used in c o m p u t i n g  t u e  dBm reading were:

CAL on upper  = 1 dB
lower = 2 dB —

M ini—CAS u p p e r  0.8 dli

t u e  combined f l i g h t  and l a b o r a t o ry  t i m e  of o per at  ion was recorded  as f o i l  os’s

t A b  I = 1, 134 hours , CAL 2 835 hours . b R e c o r d i n g  of cac t i  equ i pme nt
w as b~ an i n t e r n a l  p o w e r — a c t u a t e d  t ime  m e t e r . )

Starting with the  accep tance  in October  1974 , w h en t h e app roxim ate oji~~ra tional
t i m e  was 200 hours. S u b t r a c t  i ng  out  t he  a c c e p t a n c e  t i m e  w o u l d  leave an elapsed
t im e  of 9 34 h our s  f o r  CAL I and 635 hou .  s f o r  CAL 2 . The d i f f e r e n c e  of
300 hours is ac c ou n t a b l e ;  d u r i n g  the des ign  c h e c k o u t  on s e r i a l  numbe r 01 and
02 tape  i n t e r f a c e , CA tI 1 wu~s used e x c l u s i v e ly  by ANA—1 4 0 per sonnel. M i n i—
LAS itn i t op e r a t i o n , based on f l i gh t  logs and l a b o r a t o ry  t os  t i  ng, to taled
4Db ) operating hour s .

3—8
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CHAPTER 4

FLIGHT TEST PLAN SUNMARY

INT RO DU CT1 ON .

‘[lie details of the flight test outline are found in reference 9.

FL I GH T CONSIDERATIONS. Due to l imited sophisticated airborne navigation and
communication ’s equipment , procedures were imp lemented to assure that desired
airspace was available for use during live testing .

The following areas and associated controlling agencies were used throughout
t i l t  t e s t ing :

Co nt r o l l i ng  A ge n cy F a c i l i t y  Airspace

N.Y . ARTCC AC? VORTAC 35—nmi Radius
Sea Isle C i t y  5 ,000 — 15,000 ft
Waterloo (ATR)
VORTAC

N.J. A ir Nat iona l  Guard (ANG) Warren Grove Range Surface — 10,000 ft
Lak e h u r s t  Naval A i r  S ta t ion  Warning Area 107 Su r f ace  — 15,000 f t
P a t u x e nt  Naval Air  Station Warning Area 108
ACY Approach Control ACY VORTAC 60 nini to 5,000 ft

COORDINATION. Early in the program , appropriate agencies were contacted by
th e flight operations specialist and missIon coordinator and were given a
b riefing of the overall program w ith associated plan views of the desired flight
p a t t e r n s  and airspace requirements. Direc t contac t with the appropriate
c o n t r o l l i n g  agency was mad e f rom 3 to 7 days pr io r to a spec i f i c  f l i g h t .
Final coordination was effected J. day before the flight. Any change in
fli ght patterns , airspace requirements , or departure or arrival times was
accompl i shed  by phone to the  app rop r i a t e  agency mission coordinator  pr ior  to
the  proposed departure time .

COMNUN I CAT IONS. Three separate  con~ unication c .annel. s were req ui red f or
e f f e c t i v e  mission accomplishment. This initially presented a minor problem
due to aircraft configuration.

A / C  Type No. Cockpit Equipment

i;159 N376 2 VHF , 1 UHF
N3/7 2 VHF , 1 UHF

CV BBO N42 2 VHF (an additional VHF transceiver
was installed in the cab in area)

4—1
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W h e n  i t s  i n g  ~ 3 iu  a n d / o r  N 3 7 7  , the follo w ing commun i~ i t  ions ’ pr ocedures
.ip i )Ii cd one VHF , air— t o—ground for Air 1’ r a f t  ic Lontr ol , one V H F  a i r — t o — t i  i
and air—to—ground for te St personnel , one UHF channel f r  i li ght crew coordi tia—
t i o n , cock p i t  to cock p i t

W l i ~ - iu us jug ~‘. - - + 2 s’ i t h u  c i the r or bet u N 376 or N 317 • t i e f o 1 l o w i n g  c o i r mu n i c a—
t i o ti s ’ p r o ~ t’dtut e~ a p p l i e d :  N 3 7 6  and N 3 7 7  , one VHF f o r t li ghi crew coordina—
Li~~u, cock p it to c o c k p i t ;  one VHF , a i r — t o — g r o u n d  and a i r — t o — a i r  i c r  t e S t
p e r s o n n e l ;  i n c  l i i i  a i r — t o — g r o u n d  I or  a i r  traffic contro l , N ‘4 2 , o nt - V H F ,
ai r — t o — g r . . ’u n d  l o t  ai F tra t t I c c o n t r ol ;  one VHF f o r  flig ht crew coordin ation ,
c oi -kp it  to cockpit ; cite VIII-’ r e a r  cab in) , air— to— ti r and a i r —  to—ground for
t e s t  p er s o n n e l

S 1 ’ E C I A I .  i- , i~L 1 l ’NLN I . A l  1 a i ry  r a t  t wer e equ ipped with a - ‘ 4UYh transpond er wit 1
.1 I t  i t  O d e  en c o d e r ;  d i s c r c t c se t t  ings  w e r e  used  as r c q i t e s t c d  by a i r  t r i f t  I c
cent r o ]

PREFI.l t ilL. Severs 1 days p r i o r  to any schedu 1 cii f 1 i g l i t  , the f l i g h t  ope r a t  i , -n ‘ s
special 1st presented a detai le d p lan of f li g h t  requirements to the pro je ct
p i lo t . A l l  apparent p r o b l e m  a reas  were  d i s c u s s e d  and reso L e d , r . .’su  I t iug i n
a f i na l b r i e f i n g  g u i d e .  Iwo h o u r s  p r i o r  t o  s c he d u l e d  b l o c k  t i m e , t h e  f t  ig:it

cp c r t t  ~~~~~~~~~~~ s p e c i a l  is t  r e v i e w e d  a i r c r a f t  s t a t u s , c rew a s s i g n m e n t s , and
o b t a i n e d  f r o n t  t h e  n a t i o n a l  w e a t h e r  s e r v i c e , a w e a t he r  b r i e f i n g .  Th is  m t  o r u n a —
t i o n , t o g e t h e r  w i t h  do t a  i l ed  f l i g h t  pat  t . .’ rn s  , wa s  i n c o r p o r a t e d  i n to  s e p a r at e
b r i e f  lu g  pa - k i g e s  f o r  each  f l i gh t  c r e w .  One h o u r  p r i o r  to scito du ltd b l o c k
t i m e , t h e  a s s i g n e d  p r oj  oc t  p i l o t  p r e s e n t e d  a lo r in a  I b r i e f i n g  t o  a l l  p i l o t
pe rs on n e  1 , e n c o m p a s s  i ng  the fol lOW rig:

F l i g h t  P l a n information/W aivers ,
2 .  A / c :  N i u m l i e r ( s )  , Fue l  Load ,
. El i ght  / Proj cc t c rew A s s i g n m e n t ,

~~~. Block t imes ,
5. l ead :\ ,‘ C — Tax i / Fakco I I S e q u e n c e ,
6. Pat It ’ r i u ~ and l o s  i t i n n i n g  P r o c e d u r e s ,

A l t  1 t n d e s / A i  rspeeds — Calibration ,
S. Conun ti ni ciL ion I t c i t t i e n . ’ ies and I s o
9. Re st  r i c t e d / W . t r n i n g  -‘i i  e m ,
10 . GAS i n d i c a to r  ( ‘ om m an d s
11. b e r t i ca l  A v o i d a n c e  M , t n . . -u ~’ . .-r  L i m i t s ,
12 . Track i n g  Requirements ,
I . f /ea  t he r , and
1-4 . A l t , Con rd i na t  ion .

IN — i 1 l ( H l  . l)ur i ng  a c t ua l  f l i g h t , tb . .  f l i g h t  o per a t ion ’s sp e c i a l  ist occupied
t h e  ‘‘ h ilT ’’ seat in t h e  de s igned  ce n t i - e l  a i r c r a f t . T h i s  was d e t e r m i n e d  h~’ w h i c h
ai r . .’ r i u  t du r i n g  t h e  [ l i g h t  w o u l d  be iii a p o s i t i o n  t h e  i i i t x i n i t i n t  / t ’r c n n t . l g t ’  ‘ f

im . . ’  to ob s e r v e  the  of her a i r c ra f t  d u r i n g  m a n e u v e r ’~ and i ’rosso\’er~ . i/c i t  i v . .
p o si t i o n s  i t  i l l  p r oj e c t  a i r c r a f t  w i t h i n  t h e  a ir s j/ i .. s or e  c en t  i n t t o u s l v
do t e r m  I ned by t h e  spec  ía  I i s  t / c ’  o ut  r o t  I er  by  B1I )n i t  or i t i g  t h . .  - b I G  t r e q l l t -t l cv • I l ie
eu. ’k p i t t o  t ’ is ’ k p i t  I r t - q t i e n c v  , t h e  test I r e q t l e n c v  , t a d  o b s e rv i n g  na \ ’  i g a t  101)
i n s t ru m e n t s  i n  t h ~- c t , f l t  r o t  a i r c r a f t , t h i t  l i g h t  op t r st  i o n ’ s spe. ’ ia l i n t  
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t r an s m i  t t in g  ‘n t b . .  ..-s t arid cock p i t . f r e qu e n c  in s  , c’s 11 ..‘d t h e  ‘-. t a r t  , c rossov..- r
(when appl i ’ ,tbbl.. - )  and t h e  end of ..‘a.. h run . I n . . ’  s t a r t  and  tin — u i  —ru n c l o t - c m  i n s —
t i o n  so rc  accom p I i s l i . .-d b — v  ohs..’ r v  i ng DM1 - ’ d i s  l a n e . . -  to  t i c  f i x , r .. ’ 1 a t  i v..’ h i - s r i  n c
.0 t u b  i/N I s t i l t ’ s t o  t b t . . ’ f i x , an d  r a d i i .  L r , t n s n n i s s u o n s  of  t h u . . -  d e s i e : ’ , t r , -d
a ii’ c r , t t  I ( n i ’ n n I u . l n . . ’ u n v . .’r i n g )  i n d i ’at  j u g  distance and  p o s i t  ion  t o  t h e  t i x , in
1—m i 1.. ’ i i n c r . .- r nu . . - r r t s .  ( ‘ ross ‘i’ .’rs w. . ’r e  d e t e r u n n i n n d  in  t h e  f o l  l o s i n g  n u n - m u i r :
1) b~’ visua l lv o b s e r v i n g  i - i - l i  a i rcra t t i i  I i . .  ins  L a n t  ci t he  a c t u a l  r ’ -~~~v..- r ;

( 2 )  i .h ~s..’ cv ~~~ t h e  , t  i r — t 0—a 1 r ,-\C ,-\N i b i s  t a n ce  r ..’ : t i h i u u  t f or  i m l  n i rn nuni d i s  t a f l c’e
t o  t h e  oth ..’r ,.ir crat ’ t ; ( 3 )  o b s e r v i n g  t h e  Gi ~ l l  i n s  ,- \ L l O l  r a d i o  , i l t i n u e t . . - r s  v i m - n
p o s i t i on . . - d  5.. is to  i ’ r o n s . ’v e r  a no t h e r  a j r - r a t t  . V u n . . ’n t r u e  a c t u a l  c r . n s o v . . ’ t’

a nu .cnn c ni t ui rv “ b . i u ) g ” s u n  shown on t h e  i n d i . .’a to r , d i s p l ay  ing alt I tu d . . -
f r o m t h t . .’ l o s er  .l ic - c r a t  I ; ( ‘ 4 t  ob s e r v i n g  tb  two Ccl l i n s  5 1X 2  radio m a g n e t i c
i n d i c a t o r s  s h o w i ng  r t - I a t  iv . .  p o s i t  ion  in  r , ’ l u m t  ion to t h e  p r i n u a r  f i x .  ‘l’hr. ’ nrebt
c o c k p i t / c o c k p i t  c o u u u u : u i u i ’u i c a t i o n s , t he  a i r c r a f t  m a n e u v e r e d  a f t e r  v i s ua l s i g r i t  i n g
so as t o  .iccoin p l ish ‘‘st .it ion p a s s a ge ’’ s i m u l t a n e o u s ly  as i n d i c a t e d  b~- h t M l  l S t ~
need 1..- ss’ i ngs ; and ( i oh n . .  rv  i ri g the  t w o  C o l l i n s  S tn l ) 1, 3  d i  st  111. ’ ..- h u t - i - ’  i n c  t r i g

ind i c at o r s . c ’ nni t unuo un s - a l l . ’ t it  n t  mu h a g . .  to  t h e  crossover i n  I — m i t e  i t  ,, ‘rc ’, ui..-:it.- ,
by t h e  c n o n t u u u n n . .- t i v ..’ r i n g  .i i r e  r . i  f t  , c n n a b  led t h e  m a n e u v e  ring a 1 re ri  I I t o  ma I f l t  a m t he
desired pos it i on  so is t o  e f f c c t  s i m u l t a n e o u s  crcissov. . ’r a t  t h u . . ’ l i x .  J im-
p r l n i a r v  ob j ec t iv es of t i n..’ f li ght test~; wet..’ Li .’ determin.. the [allowing:

1. Cemmuni.’ n it i.’ns ’ rang . . ’  and rel i , i b ’ i l l tv of the RF link ,ts a function of
ails b e  h..’ L’ -,’ ..-c ’ n t hi.. ’ 1 1 i gh i t  p a t h .

2 .  ( :onimu n i c , i t i . .~ns synchronizat ion r..’ l i u i ’ i l  itv and a c c u r a c y  of the  RF gr i ’ u t n r u /
ai r transn un i ss ions

I / a u g . .’ , i :u  ..u r .i t u g . .’ r a t . .’ C rat ..‘ 01 i i  o s n i  re be to ’ ..’ Cri j u t  m d  or a i r e  r i  t t ) o ecu r a cy

-~ . The ab i t  I tv to p r o v i d e  t la te  lv and  ..‘or roe L a d v i so r i e s  a n d  un ~i u i c u v . . -t -
commands or w i t  n i n g — t  ime ~ic c u r a e ’~’ m d  ii i s p i a v  rd ij b  i l  i ty .

COMMUNiCAT ION ’S RANGE AND RELIAI3ILI [‘1

‘l’n ..’ objective of th c  RF l i n k  (..‘oniniufl ica t ion ’s r ange  and r e l i sh  i I i  tv) tests s- is
t o determine t he  r a n g e  at w h i  cli l i n k  pa ram . . ’t er s  were ..‘s t a h I i she d  as .1 f n m n ’ t  ion
of f l i g h t  geo nie t r ~’ . For instance , at w h a t  d i s t a n c e  could  t h e  t a r g . .’t air c raf t
be ide n t i t  it ’d and t r a c k e d  f o r  ru ing . .’ , r ange  r a t . .’ , a l t  i t  ide , an d o t h e r  data
rnessa i~..- ,s .

,\l 1 sIre r,i ft t nat cons u t  u t e  a t h r e a t  t , ..‘a. - n ..‘t h e r  ntis t ..‘x c i t i n g . . ’  t I n e  req u i  r . .  d
eommunic ,it io n s  or coil ison a v o i d a n c e .  For  two aircraft ,ibi ’~’..’ 10 ,000 t • et
with , t  c l o s u re  r a t e  of 1 ,200 knots , the reliable connmuni ..’,tt ictn rang..’ ‘I 1~ t ia t i
is ..‘ otis Ide red .udeq ua to  . ‘ t h e  t h r o a t  range for L ox’ iii r c  t i t  t b e l o w  10 , 000 f . .’ ..
s - i t  i n  . t  c l o s i n g  v e l o c i ty  o f  600 knots is 8. 5 nmi . ‘[‘l ies . .’ ra nges app l’.- on Iv to
t h e  h e a d — o n  . . -n c o u n t e r  ease , r e c o g n i u u l n g  t l n , t t  f o r  d i  t f . . ’r e n i  ang l ..’s a nd i i  r ..- r a l  t
n p c . .’ds , ti m’ tie .. ..‘ssary con imu t i  i c a t  ion  rang . .-  i s  p r . ’p ort iona t el y le ss . I s t i a l iv j..‘O mfl iun i c at  j (~ )~ s c-xe h t a n g e  was mad.. ’ we 1 1 b ey o n d  t i n . . ’ t h r  ..‘ , r  t range. ‘lb I s ..‘x c  his r i g . . ’
p r o v  i d..’d m l  t i t  t ide , r u n g . . ’, and s\-nchi ron i c i t  i on  (lii. ’ r , i r . .-h v  s t  i t  i t s )  m t  , ‘ r n r , i  I j o i n
to l I t . . ’  o n b oar d  ‘ ,v n t  em f r o m  t b . .  m t  r u . . h . .’r .  ( t ~ . - . . ’ GAS ~~~~~~~ 

I : , , ‘ c u r t  I iota ’. h— 2 2 . n )
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A lter lii i  t ial c on t . ic t  was e s t a b l i s h e d  ~‘it h  t h i n  d e t e c t e d  a i r c r a f t , and r a n g e
dc-cre ased ic (L/~~~l5 miii), a log ic s c r e e n  was I i t t . . ’ d  , all owing for compu tati uti
of il /u di g i t i l  range r a t e .  As the  range envelope decreased , h it ’ mane uv er
disp luv presented in indication ot  p o t e n t i a l  t h r e a t s  to t hic ’ onboard  s~’ st e m.
L i m e  d j s t , i m i c e s  wh ic h enabled the pilot to e v a l u a t e  the  h a z a r d  and d e t e r n u i n e  t h e
..‘c’as ice tt t at neri v ..- r to is i n t a in  s a t e  o p er a t i o n  var ied a c c o r d  ing to c l o s i i n g  ve loc i  Lc

Iii.. ’ RF link and detection a b i l i ty  is d i r e c t l y dependen t  on a n t e n n a  p a t t e r n s ;
althoug h , protection must h e  p r ovided to a ll equ i p ped a i r c r a f t r e g a r d l e s s
of rcldt i’.’e bearing mind relative altitudes using the system . The flig ht tests
incl uded all geome tries encompassing a 3600 coverage around the p a rti c ipati uug
aircraf t to Lesh adequate hazard detection n0 r all angles .

The f l i gh t s  s-crc run with time CAU equipment above and below 10 ,000 ~~~~~ wi t h
various al titude separation and aircraft vel o citie s . In sonic c as u~~, t e n t s

were run to ext’r.. ize the above/below 10,000 feet logic mode ot operation ,
which involved three aircraft pattern situations . T i e  Mini—CAS equi pm ent n- .- a ,s
tested below 10 ,000 t e et , with aircraft velo .. i t h u n  rang ing I ron t~~il chas..’s
(below 1 00 knot approaching) to head—on closure rate 1 600 knots.

‘lii..- pa tt e m s  wh iebi were shown , ansisted of L t ne “sing le daLe.’” (shi own in - ‘

f i gure 4—1) and “double daisy ” (figure 4—2 and table ~..—1).

‘ I A S I , h c  4 - I .  C0~II’1UN 1CA Tl0N S RELiABILITY-—DOUBLE OA1SY
ENCOUNTER CHART

Encou n t e r  D a i s y  Daisy ‘.ng l e
(20 °) 

- 
n , i J i , i 1 ’~ - - --

1 90 270 I S ’
2 2 ’ U  7 5  175 - -

3 240 170
2 W  4 /)

lu  21 0 160
S 17/ 15 1 5
/ 330 180 1 50
8 130 ‘14 5  l A S

150 )-~s

10 90 3 1 5  1 3 5
11 250 120 130
12 50 dii ) 125

13 2 10 90 120
14 10 255 115

15 170 so 1 10
lb 330 22 105
17 1 1 0 30 100
[5 200 195 95
19 90 360 90

2oo 105 1 7 5
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1 \ t \  SFAC O’.

( F  f F R

L~~Ci ) t ’ N T E t t  I~~DL\LS rt ,ow ANGLE BETWEEN
N L I-lif ER

RADIALS
A c—I A / C — 2 (DE G)
(DEG I j D m n ; 1

90 2 70 180
2 255 75 180
3 90 240 150
4 2 5,  4’ , 150
5 90 2 10 120
6 225 15 120
7 90 180
8 2 5 5  i- ’.S ‘iii

9 90 i ’ l l  60
10 25 5 315
11 90 120 30
12 255  285 30
1’) 90 0 / ’  0

7 6 - 2 1 - - .- 1

:~ ;1 Rl- 5—1. . C (fI>ht lN I CATIONS RFLIABTL1’l’Y . SINGLE DA iSY OVER A l”l G LEE EIGLI ’l’
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The f l igh ts wer e flown wi th coaxial line att enuat ion in the an tenna cable
for bo th upper and lower antennas . The amount of attenuation (table 3—1)
varied from a low of 1 dB to a high of 3 dB in each aircraft and was determined
by equipment station location relative to the antennas (upper and lower) .

Primary da ta derived from the flights were as follows :

1. Range between aircraft after first detection of each encounter ,
)

2. Range versus angle plot between encounter , and

3. Communication link reliability from each encounter——number of lost data
communica tions during each epoch .

a. Before Tau 2,
b. During Tau 2,
c. During Tau 1,
d. Combination of total Tau 1, Tau 2 , and all the above.

The CAS equ ipmen t should be able to de tec t and evalua te a po ten t ial hazard
si tua t ion in a t imely manner to enable safe separation assurance. This
necessi ta tes the ex trapola t ion of the da ta when necessary to “worst—case ”
combina tion of aircraf t veloci t ies to de termine precisel y when targe t s ar e
de tected and evaluated in terms of t ime to collision. Ideall y,  the system
should detect and evaluate , as a minimum , all Tau 2 and Tau 1 situations
nearly 100 percen t of the time. The results of these tests are in chapter 6
under COMMUNICATIONS RANGE AND RELIABILITY .

SYNCHRONIZATION RELIABILITY AND ACCURACY.

The synchroniza tion accuracy and percentage of comp let ion req ues ts in the
air/a i r  and ground/air RF link were the data derived from these tests. Air
Nav igational/Traffic Control Division (ANTC) 117 specifications are as follows :
synchroniza t ion shall be accomplished wi th respec t to the synchroniza t ion donor
with an accuracy of 

~~ 
ps with a probability of 0.995.

COLLISION AVOIDANCE UNIT SYNC MODES AND JOIN—UP FROM BUM. The process of
join—up (achieving synchroniza tion) is initiated b y the reception of the
epoch start triad from either the ground station or another synchronized
airborne CAU , general rules are as follows :

1. Align time base (coarse adjust) and listen for second—epoch start
triad approxima tely 6 seconds af ter first.

2. Con tinue operation in BUN on 1600 MHz (Fl) in vacant Fl slot ,
until first fine resync triad is received in response to an “all—call ” .

3. Valida te sync and begin operation in the LIMITED SYNC node.

LIMITED SYNC MODE. Pro tection against false sync acquisition is provi ded by
the following sync logic rules which introduce an intervening mode , ca l l ed
“LIMITED SYNC ” node b etween BUM and HIERARCHY SYNC mode:

4—7



I. A minimum of two sync replies mus t be validated prior to assuming
hierarchy status . The first sync shall -fall within a sync time “window ,”
open from t5 (1419.2 his) minus 600 i.~s to ts p lus 2O )Ps, and shall resul t from
an all—call request. The sync used to assume hierarchy status must fall
withi n a “deadband ,” t5 ±0.2 u s , and must be either a ground sync in the odd
( grou nd ) ep oc h or an addressed sync rep ly in the even (air) epoch.

h IERARC HY SYNC MODE. This mode can be entered only by the following steps :

1. Sele cting CAS/FBS mode on the aircraft equipped with the “f l y ing clock ”, or

2. Properly validating sync at t5 +0.2 us as described in limi ted sync mode.

Af ter entry in to HIERARCHY SYNC mode , opera tion is in accordanc€ with ANTC 117
“SYNC hl ode ” rules with the following modifications and additions :

SYNC DONO R SELECTION. The CAU employs the following adJitional rule to
ens ure the requestor does not “lock—up ” its sync address log ic or a donor
that cannot respond or cannot be heard for some reason (e.g., weak receiver ,
weak transmi t ter , biphase decoder malf unc t ion , poor RF link , etc.):

Rule: Th e logic shall use 0.5 probability in selec ting a sync donor
for address.

h ie rarchy Upda te. The CAU employs the following additional rule to ensure
the hierarchy status is upda ted only when the time base and oscillator
f requency (which generates the time base) are in good agreement with those
of the donor:

Rule: h ierarchy shall be up da ted only by valida t ing proper received
sync in the “deadband ”, t5 +0.2 us

If sync is received within the sync window, t~ ±20 is , bu t outside the ±0.2
ps “deadb and ”, the CAU corrects its time base (and frequency when using the
in ternal oscillator) .

M INI—CAS SYNCHRONIZATION MODES. 1-hini—CAS opera tes in either of two modes :

S tandb y Mod e. After turn—ON and warmup , the L’hini—GAS remains in this
mode until synchronization is attained. Upon receipt of two epoch start triads ,
approximatel y 6 seconds apar t , the uni t begins reques t ing sync by t ransmi tt ing
a range pulse only. If sync is not attained within 64 epochs , the uni t rever ts
to standb y.

~,ync Mode. After two resync rep lies are received and verified , the uni t
operates in sync node and transmits both range and altitude pulses. Hierarch y
log ic is not emp loyed , and biphase is nei ther transmitted or processed. Sync
was received either from the ground station or from the CAU which emp loy ed
a 1/N sync log ic for  responding to “limited” sys tems .

4—8
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NOTE: 1 /N sync rep ly ru les  f o r  the CAU or e  as follows ; during even
(airborne) epochs , the synchronized GAO on a random duty cycle , fine
sync repl ies  to a l l  a i r c ra f t  which  (a) transmi t hierarchy 63 and a
2047 “ a L l  c a l l ”  or (b)  do not t r ansmi t  b iphase  data  such as the  ( m i n i —
CAS). T h e  average duty rate shall be 1/N when N is equal  to t h e
number of synchronized CAS w i t h  h i e r a r c h y  s t a t u s  better than 63
within communication range. (Ow n aircraft counts as 1. The 1/N response
is appr oximated as follows:

No. of [hierarchy A ir cra ft Value of N

1 — 3  2
4 — 7  4
8 — 1 5  8

16 and up 16

The i l i gh t s  h er e f l o w n  in c o n j u n c t i o n  w i t h  t he  c o m m u n i c a t i o n  r e l i a b i l i t y
ev a lu a t i o n , and consis ted of long range 50—60 nmi) and short range (0-20 ami)
f r o m  t h e  CAS ground s t a t i o n .

The r e s u l t s  of these tes ts  are in c h a p t e r  6 under  CO~~1UNI CAT I ONS S Y N C H R O N I Z A T I O N
RELIABILITY AND ACCURACY .

RANGE, RANGE RATE, AND WARNING TIME ACCURACY TESTS.

The objective of these tests was to eEtimate the accuracy with w h i c h  toe CAS
can measure  range and range ra te  to other a i r c r a f t  and provide Thu 1 and
Tau 2 a la rms to the  p i lo t  as s p e c i f i e d  in ANTC 117.

Tests were conduc ted  w i t h i n  a l0— nm i r a d i u s  of NAFEC us ing the  NAFEC photo-
theodolites and the Extended Area Instrumentation Radar (EAIR) for independent
p o s i t i o n  m e a s u r e m e n t .  A detailed description of these measurement ~vst, ems
is contained i.n reference 10. The layout af the NAFEC Instrumentation Range
is shown in  f i g u r e  4 — 3 .

Radio communications were utilized to coordinate test activities on a
continuous basis including synchronization of CAS t ime with Range Control
time. Prior to the EAIR I l i g h t s , the EAIR beacon on the aircraft was a l  i b ra t e d
aL a specific point on the runway ramp . Visual limitations and [~cncra1
operability oI the phototheodolit cs were a!so checked prior to takeo ff.
I’ t of l ight c a l i b r a t i o n  of the CAS equipment is d i scassed  in c h a p t e r  2.

The i n s t r u m e n t a t i o n  used i n i t i a l l y  to measure CAS range and record CAS ran ge ,
range rate , and warning times was the phot opanel described in chapter 2 .
‘hi /Iw av throug h i the t es t  program , a magne t i  tape r e c o r d i n g  sy s t e m  was a d d e d .
This system is also de scribed in chapter 2.

[h e  m a n eu v e r s  a s s o c i a t e d  w i t h  t h e  two— and t h r e e — a i r c r a f t  e n c o u n ter s  a r c  sb io ~,’n
in I i g u r e s  4 — 4  and 4—5 , r t - s p e c t l v e l v , and d e s c r i b e d  in tabl es 4—2 and 4— i ,
r e sp e c t  i v e l y .  l ’he results ol the accuracy t e s t s  ar e  f o u n d  in chapter 7.

- - - - ~~~~‘--- *~~~~~ - - - -~~~~~ 



-- -- -
~~~~
-

~~~~~~~
-—-,- - -

~~~~~~~~~~~
------ - - -

~ 
-

~~~~~~~~~~ —----

O~~. Ui I
o c._,
o~~ 

— Cs

U

It

—

1/
- 

4/

LU 7~~~~~~j ~~~~~wa

-‘4 - 1 0

L - - -_ - .- ~~---- -~~~~- -~~ 
- - -~~~~~~~



-- 
..- -

~~

-- -

~~~~~

.~ M LI)
1-’ I-.
0 0

LIP. 1
~ j  ~ _ _ _

.081

.09t .09t

I .~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~:

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ 

~~

‘I)

- ~~~

- . 

~ !~ .. 

ci .i

4- 11

__  _ _ _ _ _  — --~ 
__



~-- -~~

THREE AIRCRAFT HEAD-ON

c~~ ~~~~~~~~7 , 9OOFT

150 KTS ~~~~ ‘ ~~~~~~- 
7.500FT

7, lO 0FT~~~~~~~

~~~~~~~ 

~~ - TACAN BEACON
N AF E C

1- ~. C O U N F E R  NO. 4

THREE AIRCRAFT HEAD-ON/90

N 4 2  411J
250 KT

7, 900FT

7,5O0FT~~~~~~~ ~~ ISO KT

~~~~~~ 6 , 5ooFT

-
~~~ T:\CAN BEACON

ENCOUNTER NO. 15 NAFEC

T H R E E  A I R C R A F T  T A I L - C H A S E

250 KT )*’
~~~~ 

— ~~~ ~~~~~~~8,500FT

L 7O KT ~D ~~~ 7. 500FT

150 KT+ 
~~~~~~~~~~~~~~~~~7,1O0F T

- TA C A N  BEACON
}~ N C X ) U N l E R  N O . 18 N A F E C

76— 2-3—4~~

FT (;IIRE 4.—S . hl h Rl - h- — A IRC I;AI I [N(;OEN1h- h—~

- * —  1:



LI)
a
C)O ~J 0 C C N- ~f )  C C C C C

C’~ N- Cs Ca a~~ C s’ -4

0
a -i
~U ~-‘ .-4 C C C C Cc a ~~ —~ -~~ —i —t —~ —4 —~a — i c I I I I

4-. ‘—~ NJ NJ Cs Cs NJ CS NJ
a . . . .
> C O  C C  C C C

C
C C

0

‘~~~N- O OC C C C C C C C
N- -Lt — t —1 4 -1 N. — C -0 ~~ C-~ - - —4 Cs 4 —~ 4 NJ

0~
LI)
u~~C C C C C C C C C CC
.-4 N- —t -T -r —t —~~ -1 —LI ‘0 ~C CO
<~~~~ ~-4 -~~ - —~ -4 -l .—4 4

— 0
-~

4-’o a
u
0

5—

0
a

= 4-’
0

—
‘-4
‘-4

:-~

4-4 N- o O : C C C CC O C
UN. C CC C 0 0 0 C C OC
~j - ~~~ 0 0 0 0C C C C C O Cz -i —1’ —LI- —t —1 —t —1- -1 -~~ -~~ -1

-r
-n
0
‘-4
-4 ~O C C C C C C C C C 0 C

N- C C C C C C C C C C C
—1 N’) —

~~ — t —1 —1 —1 -1 —LI -LI -LI -LI —t
-
~~ Z —1 —1- -1 —LI -~~ —t —1- —LI~ —1- —LI —LI

5-’ -~~~
-~ ~~~~~ Csc c

.4 . 4 )J~~ (fl
5-~~~LI) ~-4 (f l u )  a a - 4
D i-J - U c o o  ,~~~0 a 0 ~~~~ 0c - 4Q - 4 --4 O L ) — 4 C O C
U 0  —~~~I 0 0  - - 4 t h
n. 0 a -

~~ —4 —~ a -o -0 0
> 0  ~~~a a  0 0  --4 --4~~~~a c a a
— 0  O a C C L ” ) a a a a o ) a(a

4—
U

4-)
C
0 0 —4 Cs C”) -~t 0’) sO N. CO 0~ C
0 9~0
C
(a

4— I I

----- -.

~

-- -----—-- -—



- ,

0 0 0 00 0 0 0 0 0
4_I 4~i 4~J 4.1 4-i 4_I 4.1 4.1 4--i 4~i 4-4 4.1 4.4 4-4

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
IC’) LI’) L/’) 41’) LI’) LI’) u’) LI’) L/’) LI’) LI’) IN IN) IN) LN)

c N’) C”) L/’) N’) )“) Cs -LI (N) Cs -~ N’) C”) C”) (N) (N)
0 Cs N-I C NJ Cs ,

~N) .—1 CS (N) ‘-4 Cs N-LI (S NJ Cs
“-4 II II II H II II I I II II II II II II hi II
4-i ~~~~~~~ .L I - L I (a ( a ( a( a ( a ( a
a
0
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-LI C C C C C C C C C C C C C C C

N- N. LI’) N. N- sO LI N- sO -~~ N- N- N- N. N-
U C C Cs C C ~~~ c-i C —4 C”) C C C C C

ii ii ii II H H II hi II ii II II ii h i ii

‘-4
a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

- 4  LI’) L/’) LL’) LI’) LI’) LI’) s/ ’) LI’) IC) L/’) C C C C C
4_I (N) (N) If’) (N) (N) NJ 1 C”) NJ ~~ N- N- N- N- N-.
~.4 N-J CS C N-LI NJ (N) ,—4 NJ C”) ,-4 C C C C C
C II ii it it ii i i i i Ii Ii II ii ii ii ii ii

4-4 Cl’) (I’) Cl’) C/’) (I’) Cl’) C/’) C/’) C/’) C/’) LI’) C)’) Cl’) C/’) Ci’)

H5 S0 C C C CC  C C CC C  C C C C C
(a 4_ IN - LI’) Lf’) LI’) LI’) L/’) I ’) L Lf’) Lt’) LN-

0 C”) ,-4 -4 —4 ,- —4 ‘ l  ‘-1 4 ‘ 4  — 4 ‘-~~
—4 C z

(a N-
0 N. C C C C C C C C C C C C C C C
U C”) LI’) LI’) I/

j
’) 4$’) L/~’) IC’) L/’) LI’) It’) L/’) N- N- N- N- N-

U Z ‘—4 —4 —1 —1 ~“4 —4 —4 ‘- ~—4 ~—4 —4 —4 ‘- ~ “iH
a
4-i NJ C C C C C C C C C C C C C C C

,—4 -,-4 —Zf N- N- N- N- N- NJ 1-’) IN) LI’) If’) LI’) (N) If’) If’) LI’) LI’) LI’)
H < Z  (N) C”) C”) N’) C”) NJ N-I Cs Cs Cs 

- 
NJ NJ NJ NJ Cs

(a (a (a
(a H H 1—4

H H H
‘-4 — -~~ ‘-4

sO C C C a C 0 C) C C ci C ~~ C C C a C
U N- C C C 1- C C C C > C C C C > C
-~ 

,—~ (N) LI’) LI’) —i a S’- ~ LI’) LI’) ~—4 U LI’) LI’) LI’) ‘—~ a If’)
4-~ Z IN) ‘C N. (a SO LI’) SO N- (a SO IC) sO N- (a sO

C 1)
C.) C.)
C.)

-4 —4 -.4 -4 ~-4 - 4  —4 ‘—4 ,-4 -4 -, -4
a N -  C a a a a  C a a a a
O N -  ~~~~~~~~~~~~~~ C 1 - > > >
O N’) LI~’ ) a a U a  LI-’ ) c ia a a  LI’) C j a U cJ

(N) 4-J~~~~~ N - ( a ( a ( a (a  N- (a.a..-LI (a
‘-I

—.1~ -4
(a —-4 _-4 --4 — -4 -4
(a C C a C U C C U C a C C a o -U

NJ C C~~~~ C~~~ C C ~~~~~C~~~ C C ~~~~~C >
41’) IN a o~ a LI~) LI”) a o~ a If’) If’) a a~ U1-’ Z 0~~C O - L I N- -LI 0~~~~( a r — (a

0 0 0 0 0
C C C C C a a C.) a ci
0’) 0’) 0’) 0’ 0’) C)) H) H) H) a

-‘-‘ a —. —. — — — a a a a
C C O C CC  C C C CC  0 U L) O U

a m  I I I  h i  1 1 1 1 1  h I  I I I
n. 0 -o -o -o ‘o -o -o -o -o -o O —4 ,-4 —4 ,—4 ,—4 LI’)

~-, u  a a a a a  a a a a a  -H --4 --4 --4 -.-4a a a a a
~~~H H~~~~~H a

i-4
0rio —

o
U ,—I N’) Lj’) “-4
4-) • N - C O0 0  —

~~~
-- S O N -  C O 0’ C ao Z —4 C’-) (N) -1 LI’) sO 0 C NI -~~ —4 ‘—4 —4 ‘— Cs a

0 -IC l ,—4~~ -4 -5 CI)
4-) -5 -IC
C
(a

4—1 4

-

~ —



- —- -- -- -- — -- - - —‘- r -

I.

•
1

OPI-~RA T 1ONAL TEST (ZONE BOUNDARY ).

t h e  o p e r a t i o n a l  [l i gh t t e s t i n g  was p e r f o r m e d  to d e t e r m i n e  the altitude and
Tao zone boun d a r i e s  in addition to equipment capabilit y in generating v - t r o u t 4 -, !
a d v i s o r y  inf ormation against A N L C  117 s t a n d a r d s .

There arc five maneuver commands generated by the CAU and Mini—CAS : v e r t i c a l
Maneuver (climb or dive), hold altitude , level off , do not turn , and t h e
\e rti~-al Speed Restr iction. A desI - r i p t i on  of the m a n e u v e r  comlflal’)ds c an  be
found in chapter 1 under DISPLAY . A discussion on the maneuvers arid
advisor ies  are descr ibed  in chapter 1 THREAT 1-VA I.VAf ION (RANGE ANI ) ALTITt DE).

A l t i t u de  zone boundar ies  are shown in f i g u r e  1—18 and 1—19. Tests  w e r e
p e r f o r m e d  to d e t e r m i n e  the  CAl and Mini—GAS ability to define the  bands.
Aircraft were f lown in figure—eight patterns in v a r i o u s  o v e r t a k i ng  r u n s  to
determine the c o a l t i t u d e , a i r c r a f t  a b o v e/ b e l o w , and p r e d i c t e d  c o a l t i t u d e
bands .  I n i t i a l  c o n d i t i o n s  and c o n f i g u r a t i o n s  are shown it ’) t a b l e  4— -. .

Add itional flig hts were to define the ‘I au Zone boundaries and generat e warning

and advisory indications in avoidance maneuver t e s t S .  The CAS threat log ic
processes , du r i n g  each s lo t  o t h e r  than  own , q u a n t i t i e s  of r a n g e , r ange  r a t e ,
and a l t i t u d e  da t a  received [ rem an a i r c r a f t  t r a n s m i t t i n g  in  that slot. The
altitude threa t and Tau—range threat status of the other aircr ai t a t  ~

- evalua-
ted and produce the appropriate log ic output . The CAS compare s  t h e  d a t a  ~j 1lII

f o r m u l a t e s  a maneuver  command and an advisors’ output for t h e p i l o t  d i s pl ay  i i
a Tau zone is violated. At the end of  t h e  s l o t , a l l  log ic is c l e ar t -d a nd
readied to evaluate threat dat.i in the ccxi s1~’t  . The v a l u e s  ci Tau  and
minimum range w h i c h  define the zones are found in fi gu re 1—lb.

The f o l1~~ ing cases were e x a m i n e d : cast- A is for levt 1 flight , l’)onturning,
where  two a i r c r a f t  flew a s ing  h e — d a i sy  , i g u r s —c i gii t p a t  t t - rn  w i t h  in it i i i
aircraft separation ci 400 feet . Each ii rc rat t obeyed t h e  (A .’-~ command ~wu
a f t e r  c r os s ov e r  f o r  cacti e n c o u n t e r , r e s u m e d  i t s  f o r m e r  altitude. Similar
e n c o u n t e r s  were  f lown  w i t i t  three a i r c r a f t , w i t h t w t ’  a i r c r a f t  I lying op [ttts 1 t c
h e a d —  to en cout’) te is from a I I gu re —e i c i i i  , and the third a I r~- ra I t  e xec U t  i ng t i e
daisy pattern . On t h e s e  tests , the - i ir ei - oi t W s - F s  st -p i rat ed by  J ( i  l e s t tHu d
maneuvers were  u n d e r t a k e n  at a ny  tIme. [h is -~c r it-s ci t i- st was a 151 U t  ii 1 .~ed
in providin g d a t a  for the c o m m u n i c a t io n ’ s range , re l i a b i l i t y , and s v n c h i r 1 n i —
1c- it  ion p o r t i o n s  of the  program .

( :a s~ - B is [ o r  level f l i gh t , t u r n i n g .  These  studies d e m o n s t r a t e  t h a t  loss ci
warning time between two aircraft , I or i ll uig h i s  ci approach , eati be
su[ fic I e i i t i y reduced by stopp ing the turn (s) immediate Iv upon rt -ce i j’t c i an
- [ I t )  r . j  r I a t e  a I a  rm . These maneuve r s  in t he  h er  i zen t a I p l a n e  i re - prote cted

h g t i i n s  t by nieans of the n o — t u r n  command .

Ii i  i i i  is  L e s t  a i r c r . h  I t we re  f l o w n  in par a l i e  1 I 1 ig lI t s ega rated by 500 I tet in

a 1 t i tull e , and on command , we - r e  i t t  rued in t o  one t i n o t  he r  , [ g O t )  ring t h e  Li i ‘Ia
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con uuau ’) ds.  I n c  encounters were repeated , and the N O — l L k N  command o b e C e d , and
thit - airc raft retur ne d to parallel l i n e a r  fl  ig h i t s .

— 
( : ast - C is f c c  t w o — a i r c r a f t  encounters where t h - generat ion of a warning ~-r
advisory intornja tis’n is received with t he  a i r c r a f t  a s c e n d i n g  or descend  ing .
~\ LEVEL OFF or L I M I T  VERT ICAL S1’[ED command Is u t i l i z e d  to s top  the climb or
desc ent  when  t he  pt - t e c te d  a l t i t ud e  ba nd , w h i c h :  possesses a Tau or U i n i mu m
r u n s~t- t h r e a t , ins  b c-en v i o l a t e d .

i n t h t e  CAS , t h i t -  LE\ ’ EL OFF command i:~, gene ra ted  b y use- of own a l t i t u de  r a t e  ( i’i)
and a comparison ci a l t i t u d e  d i f f e r e n c e  ( d e l t a  h ) ,  wi t h the predicted coalti—
t u de  zone ( f i gu r e  1—1 7)  . l i t e  log i~ w i t h i n  the GAS f i r s t  examin t - s  t h e  a l t i t u de
t it r ent by comparing transmitting aircraft altitude data relative to own a i n c r i f t
alt itude data. On the basis of this eyiluat ion , the equipment classif it- s tu e
;i~~~~:ude t h r e a t  ( f i g u r e  1—17 )  as f o l l o w s :

1. Coaltitude minus delta hi = /~c~~I to +bOO feet ;>10 ,000 f~-~ t
2. A d v i sor y  a b o v e / b e l o w  m i n u s  delta h = ± 9 1 ) 0  to ±3 , 300 l e er ;
3. PredIcted coaltitude onl y e- :ists in the  d i r e c t i o n  of ch ange w h e n

own—altitude rate is greater than 500 ft/mm . Delta 1~ = ±90(1 feet to ± ( i i K i U ) ,
where h is own altitude rate in f t/ s e c .

Below 10,000 feet altitude the  8 0 0 / 9 0 0 — t o o t  boundary is reduced to 600/700
feet as seen in figure 1—18. Wheui an iuitruder is within the pr edicr1 -d coa l t i —
tu de  zone bouj i~h a r ”  and w i t h i n  Tau zones  I or 2, a Lh -X EL OFF command s i gna l
is genera ted .

The encoun te r s  were flown in the fai:iliar fi gure— . i ght pattern with initia l
a l t i t u d e  s e p a r a t i o n  of 3 , 000 f e e t .  A i r — A i r — T - \ C A N  was u s ed  fo r  v e rt  ic~i l posi-
t i on i ng  wi th  3 ,000 f e e t  e q u a l i n g  0. 4 9 nm i , 2 , 000 f ee t  e q u a l i n g  0 . 3 3  nmi , and
a i r c r a f t  were  not p e r m i t t e d  to p e n e t r a t e  to  less than  500 f e e t . W i t h  t i l e

upper  a i r c r a f t  descend ing  fo r  t he  c l o s & - s t  a p p r e i - l j , t he comma nd s nc-re ob ey ed
to p rov ide  a saf e -  s e p a r a t i o n .  An example  of th i -  o u t p u t  d a t a  p r i n t o u t  u sed  in
eva lua t ing  these encoun te r s  can he found  in c h a p t e r  9 , A L T I F L i ) l -  BOL ~4ft\RY .

EXTENDED RANGE RESYNC.

The o b j e c t i - i e of the  st a r t u p  sync and rang l - e xt e n s i o n  was t o  r i - sy n c  a l o n g — r a n g e
s t a r t u p  t rc r : I  t he  ground s t a t i o n .

S T A R l i l  — R A M (  h - ~ - X F b - ~N S ION . W i t h o u t  us ing  spe c iai  i s -ch i n  iqui -s , the startup rail-u s
I or acq u i r i n g  i n i t i a l  f i n e  s yn c h r o n i z i t  ion  i s  l i m i t e d  to  a p p r ox  i c i tt i - ly  -~~~‘) nm i
b y t he pr s ’ i - t - d u r e  d e s c r i b e d  in ANTC 117 ( i - x c c p t  f o r  Spec i al  ca st -s it’) w i i i ~ I )
co a rse  a 1 i ii~ en t has bc-e n a c q u i rt -d f rom a n i - ar b y  syn c  hr on i z e d  ‘‘ t h i r d  ‘ i t  tv ’ I

S t a r  t u g  r an g e  i _s no t  1 u n i t e d  by t h i t - EF powe r bud get  , wit I c i’) p r t ’v i d s  5 i non in i 1
link , l~-eil ((vi r 101) nrri t , b u t  l i t  h e r  b t h e  z e r o  s V f l s  e r r o r  r e l  t r i o s - C t i n e-

(t 5 = 1, 4 i 9 . 2 i s  a f t e r  s t a r t  ci  s lo t )  r s -qu  i r e -il t o  v e r i f y  thiI.i r ange  and r s - s v n s
pulses , - m d  by r o u n d — i  r i p proju g it tot’) t ime  • wit ie h imposes a log ica I rest r i ~ t i o n
on st ir  tilt ) r i  ice
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l i e  i A h  inc-i rp orates log ic which extens h s s t a r t u p  r ange  to a p p r o x iu u a t c- ly 80 nni i .
In geas -t al , this is accomp l ish ed b y having the CAL transmit early ii ’) t i me
( p r i o r  t o  own R P M  s l o t )  if  i t  f a i l s  to r e c e i v e  n ormal  sync  a f t e r  coarse
alignment to received epoch start triads. The donor (ground stati c or
o t h e r  airborne CAR ) r ep l i e s  n o r m a l l y to t i l e  r eques t  and need not  be aware  s,f
the s i t u a t  i i i .  Ih i c requestor , however , can achieve fine sync if  the  r e p l y
a r r i v e s  w i t l i i u ’ )  i t s- ’i o rt ’ia l t ime s l u t .  T ht ~- e a r l y t r a n s m i s s i o n , ahead of own
RLN s l o t , al  liiiv s mor e t i m e  f r  t h e  r e - q i r i - s t o r  ‘s range pulse  to read the
svticlt roni zed 5loas r who mus t v e r i f y  the  e n t i r e  pu l se  and transmit a sync
rep l y h e fore t h e end of slot time .

h-lxIh-:ND hID—RANCL RESYNC . ~~~~~~ I s a g — r a n g e  s t a r t u p  and I n i t i a l — s y n c  a c qu i s i  t i o n
ii ~ s 5 5  d e s c r i b e d  above cannot be used to ex tend  t i l e  r e sv n c  rang i- . (Se r ious

r a n g e  s r r or s  s~~i I d  o c c u r  if s y n c h r o n i z e d  CAS t r a n s m i t t e d  ea r l y . )  T h e r e f o r s - , a
second ne ’ : 3 is used to extend t h e  r e s \ -n c  range of t h e  CAt ’ h i -v ia t h e  R O — a t s i
L i m i t  imp oseu h s lo t  l e n g t h  (1 , 500 u s )  to .p p r s s x i m a t e  lY 150 nmi t s r  g r o u n d — i  it—
air s l i t - r a t i o n .  \ir—t c—:ii r resync range remains at  the  80—nmi l i mi t .

l ie d iv e  1tpuie n tat model ground s t a t i o n  i n c o r p o r a t e s  ex t e n d e d — r a n g e  r e svnc
ion ic which is c o m p a t i b l e  wi th i  t h a t  imp l emented  in t h e  CAP . In geni- ral ,
c x t  e n d e d — r a n g e  resync  s ip s - r a t e s  as f o l l o w s :

I .  L i m e - node is used on iy  by C A L— e q u i p p e d  a i r c r a f t  above 20 , 000 fei - t , since
l i n e - c i  si ght  o t h e r w i s e  l i m i t s  i t s  u s e f u l n e s s .  The CAL’ mus t  be in f u l l
HIERARCHY SYN C -n i d e .

2 . ~I c:-: :i s 5s s l o t s  on Fl I r e que r !c \ ’  (1615 tUiz) ire- r e ser v e d  f o r  these ai rcrar t
hl J M anti lIMITEI) SYNC mode a i r c r a f t  a lway s  t r ansmi t on Fl (1600 i l l -h z ) .

I . Iw o s u c ce s s i v e  F3 slots per aircraft are used ; one for normal range/
a l i  i t ud e  c i m i s m i s s  i o n , and the second ror tl’)e ground res\-ns - r ep  ly. (This
reduces  L i l t ava i l a b ] 4 - P3 s l o t s  f r o m  500 to 250 and total system sls ’ts to 1 ,75 tt .)

4.  lir e i r o und s t a t i o n  r ep l i e s  uor n al lv to rang i -  p u l s e s  r i - e e ived  W it I ’) i t l
80 ~ l i i  in the f i r - s t  1 3 si t ,  i t  r i - p l i e s  in the  second F3 sI ttt to range g u i  s-~~ -s

r ece iv eil from 811 nmi 1 :  200 n m i  in ih e  f i r s t  F3 s l o t .

Tho ii rho rn t -  (lAS n o r m a l  lv  does not t r a c k  r a n g e  to  th e  gr nin1i station ; i t
i rs t I ooks I or I rm:i 1 ground repl I c - s  in  t h e  f i rs t F i slot . I f  none s ’ s  c u r s

i t i i r c i i  looks f o r  long— r a i r  s ground resvuc in t h e  second F 3 slot

An i s - s - i - p i o u s - c- i s - s t  w as  t [ c~~n and ct - s u i t s  w er e  r . - p s r t s - s h  in a Ie -t t er t o  t l i i -
p r g r : i t - 1  a r c . m  I c - u s h e r .  ‘i h i -  lett e r rc -p t ’r t is i r i s - l u d e d  in a p p e n d i x  \ .  -\ flight
5 i : : t : , , i ( y  i s  in clud ed in - ippc-nsli x B of all fi i gl i t s.
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CH APTER 5

FLIGHT TEST RESULTS AN1 ) C ON C L [S I O N S

INTRODUCT ION.

l i e  r~ sul t s re~ o r t  ~-d in t h i s  f i n a l  r e p o r t  w e r e  d e r i ve d  I r n  l a b o r 5r . i c - . - and
h i g h i t  L~-s is h e r r  ‘rmed on a lanu I ~ of CAR equi l i :~int built br Mink. liii

a i r b o rn e  u n i t s  consis  t e d  s i f  a >1o~1s 1  2000 CAL ( f u l l  conmie rc i a l  v i -r - - i s ’n )  m d
Mini—CAR (an  up d a t e d  ve r s i o n  .11 t i l e  o r i ~~i nal  g e n e r a l  av i a t i o n  M i c r o — t AR )
In a d d i t i o n , a dc v e lopm ent  mod e- i T/ F  GAS ground s t u t l o n  b ase-d Ot’) AAT (l 117
standards n- sin used in the  e v a l u a t i o n .

The t light ti -st pr ogr iiis w is cond sic ted in such a lash ion , t h a t  cs ’ : )  r a t  i v~
re sult s with oth5-r candidate GAS sy s t e m s  cou ld  be made .  M i s t  I I i g a t s  iss r e
f lown  in the  ~iltitud e—encod inn mode , u s i n g  availab is- onbuard i i  r c r a r  t A l t  S i t S
e n c o d in g  equi p m e n t .  W h e r e  t h r e e — a u  r c r a f t  e n c o u n t e r s  w e -re  I i o w a , alt i t u : c -  l s~~ c i
we re s i m u l a t e d  b y an a l t i t u d e- s w i t c h i  box located  at each  CAR t l ) l e r i t  or pc ’s i t  I s r i .
( E a r l y i li gh t s  were  f l o w n  w i t h  s e p a r a t i o n  oil 400 fe s- t , and p i l o t s  w5 re i n s t r u c —
t ed to  obey co m m a n d s . )  I t  was f o u n d  d u r i n g  t he se  f l i g h ts t h a t  t h i s  avoidance
maneuvers  and r e l a t i v e  c l e a r a n c e  s e p a r a t i o n  were more than  a d e q u a t e .  Enc o u t ’) —
t e r s  were f l o w n  f l y i n g  l a t e r a l  t u r n — i n  w i t h ’)  a l t  i tude ss-p~m ri ti o t i s or 500 t e e - i

and adv i so ry  and command w a r n i n g s  were  more t h a n  a d e q u a t e .  C o l l i s i o n  e- r i c o u n —
ters i n v o l v i n g  either climbing or diving with initial separation outside- ti re
altitude boundaries , warning times were more than adequate. The il 11 1 1 1 1  t i - st

area chl~’se-n for cornnrunicat ions  range , r e l i a b i l i ty ,  svnc l i r o n i z a t  ion , d i s p l ay
reliabilit y and warning time (obs-y maneuvers) was t he  R a t  e rl o o , \ i ) R  At .  n e a r
Dover , Delaware. The area si-le cted for alti m d c  boundary , Tan warning c c l i i - ,

and lateral t u r n — i n  maneuver ’ s , c l i m b  and d i v e , v m s  in  t h e  v i c i n i ty  or  tl’)e
Sesi I s-ile VORTAC. A l l  range , range  r a t e , and warning time accur acy e i i c s ’ t i f l t e r s
were flown near NAFEC at A t ial ’) t i t  C i t y , New Jersey , r i s ing  p h ot s ’tiie ~’5js l i t s — ,
and E A I R  ( l n s t r u r r r e l ’ ) t a t i s n  r a d a r)  f o r  i n d e p e n d e n t  P o s i t i o n  f l h e - : l s u r e m i - t i t .

SF CUiIMtN ICAT IONS RAN(;h •l

Cotnmuni c m t i t ’ r i s  r a n g e -  clai m w e r e  d e r i v e - t i  u s i n g  the JA LAN a i r — i — m i  r n h i - a s m s r  a i l s - s i t
as a ret ere l i i  e , ar id  t i r i i i - — e o m p a r i i l g  i t  a g a i n s t  t he  lI A R I s r  r a n g e  t r r ’ r s .
Rang e-  was i c - c o r s i c i l  throughout t h e  11 i g h i t , w i t h  oil t p u t  s ta r t  i t ’)g an d st  s t j ’ j ’  lug
t t i n e - s se l e c te d  f rom t h e  I I ighi I log s l I c e  t s . Fli ght is i rrv. ’lving c i t  i s  r CAP or
M i f l i — Cs\S equipnre nt s-i or a cOmb i rla t il ’r i .‘f ea ch , had s u f f  i s i e t i t cotnniun L - i t Ions
rang e to dccl b r  m T i n  2 warning it i l l  coil isb n i - u s - - u n i t - c  o r g I e s - . W h e n

e xt r l i l l l L m t i -d t o h i g h i s - r  speed encounters ib,’vo 10,001) t e s t  involving t n ’
, O h ) — k r i ,t  i i  r c r m t  t , t h e  power niargiris r m r r g m ii between 3 and  I ’ dB t s r  t h is - CAl ,

I or t hi- I Ii p hi I pat t e r m s  I l own

i - o r  il ig li ts i u i v s l l y i n g  t h u -  M i n i — L A S  b e l o w  10,000 l i s t , it a l s ’  had s t i l t  i c i s i i i

C i u i l l i t i  m - i t i t )  r a n g e -  f o r  a bud get marg in e- xse eding tha t r e - q u l  r t -d t - i - l i i i  2
w i  ru i up
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I is  lAS , ar c e hiving s-stab Ii sh i ed  a d e - s lu m t e comnniui ic at i sn range- , is r e qu  n s : - -

n a v e - , m i i i g h u  l i n k  r4 - l m u h t i i i t v . l o i s  r e l i a b i l i t y  i s  air i I ’ ) d i s t t s - u l  s it S L I t  e - - s t u l
i i e S S. i ~~ s I l o s s  t e r n  s~~~~i m  e~ t ’ c h i  , l e t w e e u u  t h e  CAR p a r t  i ci  P e i l i t s .  l i e  r~- l  ~ ili I 1 i t ’-

c a t  ~~
- 

~g ’  m I c ’S Ise r e b t t ~ i are  I i t t  2 (a point ms’h5 -rs- i t ’)  i t  i al t u m u l t s -  c~tur t i - t wcs s t a r  t e s i )
l a s  1, l i i i  1 , l iii I and 2 ( w h e r e  c s - r u b  i ned l i n k  t o ta l s~ ~ e r e  c o m p u t e d )  , and over—
a l l

ke c i l i s b r  t h e - l u r k  r e l i a b i l i t y  i r s -  slie wn j U  t a b l e - i— I , w i t h  s i t e - c r i e s  m r
c c li u - i  l i S a )  e I v I l e  a h t s yc  I I I  p e r c en t t c r  i l l  e n c ou n t e r  i s u g l e~ r l os-i s . T b i~
t s u l \ - s i s  was isi : i rorr r  2 3  t l i g h t s  I r s i u s :  t i m e  Corn M i s t -i -  y e - S .  i t t I l i C t i t S

I tR’ s 1 i L t g  the Mi n i — t AR h~- low 111 ,01)0 i i - et  , i t  also had suit f Ie it i t c :s:n:~ori i5 i t  I s u l
r a m m u s - i c r m i m 5 l g s - i  : l , i l  c in c x se s - t i i i g t h u  requ i r e -s i t s t r i o u  2 s i t  a i n p .

l~~t~~i b  I I Al I elNS RSNt iRON i/AL Il l S RI - I L !  A B I L I  15 550 At (LR-\Ci .

l i m e  ( r\ S , ~m i , i s i d j t i s t m i  t o  h a v I n g  t h i g h  [<F l i n k  n e I i ~ m b s i l i t ’  t i r  r ;ues s , t s : c  t r a n s  er
each ep och , is  r e qu i r e d  to  i t ’) i i  iails - ’ o b t a i n  si -ni chi ron iz it i s o  and p r o s  etc  sy n c

ep l ie s  e m -h  eps t s ii t o  part ii ip s it e  It ’)  t i l e  I / h CAR e- onunun I Lv . Ihe c m  t s r h i S
iii r m u — I t -  — 2  - m r ~ - s’ v e r a l  1 h l s - r c e - l r L t g e -s ic r b t i s  g r o u n d  ar id  r r  c itn un u n i - m t i c

c i m u u l  en  I r a n sm i  t ted and p r o s  es se d  b y toe -  o n i ’ s - m  rd CAR . Results s u it ’ nni tar
(A l ‘ 5~~ s t  p c i  - e n l a c e  c i  sync re- ce -iv ed /prc ce - ssed , si rs ai ’sive 9~ perce n it . A I Al
r c s j s i i m c s  1 r e s v r ’)c e v e r - :  0 s e c o n d s  t m i  rs -n: ,ir n in syn c , U s : s s t i n g  to b i e ir - ir I - :

N o . 4m ) i n  t h e  ab se nce ‘ 1 i c s yn C  i n  -~ flnin u les . ‘l ie N i s s i — t -\S ’s 5 , s - i s  m i ’ s - n  i , ’ :
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St i i l s i i ~ -~i I  ana l y sss s  indicated t ha t  range er ror  did not  va ry  si gni ficant l y
w i t h  r~m m l g o - , c l o s i n g  range  r a t e , s/ r  m a n e u v e r  t y p e .  Ove ral l  e s t i m a t e s  of
M i n i — ( AS and CAU range error means and s t a n d a r d  d e v i a t i o n s  a r e  g i v e n  in
tab le C— -s . A t t i l y s - ; t s  d id  i n d i c a t e , however , a s t r o n g  l i n e a r  r e l a t i o n s h i p
hi _ - t w os --n 1105111 r a t t ~~u- - r a t e  e r r o r  and c l o s i n g  range r a t e .  The s lope s  s’f the  —

e st  illICi t ed rs --gress ion l ines shown in f i gure  1—3 w e r e  a p p r o x i m a t e l y 3 .  5 pe r c e n t
r or b o t h  t l t e  t - t i n i — CAS and the CAU . This  r e s u l t  is close to the  3 p e r s on s

exl )ei -tL d due t o  the  des ign  use of 200 f ee t  per c lock  coun t  i n s tea d  of t h e  t r u e
ls )-+ t O o t .  Estimates of mean range rate error for closing range rates front 0
to 700 knots are given in tab le  5—4 . The r ange  r a t e  e r r o r  s t an d a r d  d e v i at  t o n s
were  f o u n d  ~o be independent of maneuver or closing range rate. Overall u - -st i—
mat s-s s - s t  the range rate error standard deviations art- also given in table )— -4 .

‘FIB LI-I 3—)~ RANGE ANI) RA N G E RATE ERROR ESTI M AF FS

F sC’s i pme m’)t Range Erroi tnm i ) Range Ra ts - Fi r r~’r ( knots)

— 
t y p o

M t -a u Std. Dcv . M o m  Stsd. Dcv.

~1 i t  i — G A S  — 0 . 0 0 4  O . 0 3 h  0 t o  ~~~ 13.5

L I I  0 , 0 1 9  0 . 0 3 2  — 1  to 22* 1 s ,9

c I o ~- i n g  I Ci ng s - -  r a t e  in c r e a s e s  frotn 0 t o  700 k n o t s  ( 0  t o  21 k I l 5 t S  s ’Xl’ t - s t e d ) .

W A R N  L~~~— I IME Am ’ L [ ’ R A C l  ES.

l~a r u  ing— Lime s li t ,i at - re I c r  i vesi u s i n g  pho t ’t I t s - s ’do l 1 I s -  ~1lld III ! R I ) O r  i t  i 011 d.I t - m  - I t

t he i n s t a n t  01 l im e  m f i r s t  d a r m  o c c u r r e d  in ~i ‘l’au Z s I I ’) C .  15111 1 5111(1 Fau 2
a - i r n i n g — t i n t e  s t I :  i s t  i - s  we r e co m p i l ed for both mA i ’  Si l l s1  Mini — I -\S 1 - s l u i l ’ : n s - I I t .  l i i i
ru - -s a l Is - m I s - - s u in m .i i  j zed in t ab  it’ 3—5.

A s t e v i a t  i o n  t m ont t t i r u - - s-0s1 ’I d  1(1 tS  the u - l it ft-i u- - l I s t -  i , s - I a u - - s - - C l  Il ls - - ~~s t  us_l i l , m u
l, m n g._ - d i v i d e d  isv  I C i n g s -  r a ts-- )  and t i t .  t i m r s - - s-, l u s  id L m t i  in st ’~~i - ts ds . A p is it lvi

d i - v i m I  I ‘ I )  ms-- . i i i s  the warn i Ig is s-’ i r i \ -  , - i l l s 1  1 l I t  g i t  l~~ il s i e V i it  I si l l  ~~C I l l S  t s t

w a r n i ng i s  1, i t c .  tu e me~ iu  du -- v i a t i o n V  X )  in  table 5—5 ar s -- in ~~O i ’ sI m g r s - s- - I S s ( I t

W I  ft L i m o — s u-- s-- x i s -- s t ed , I . e . ,  3 .3 s e c o n d s  l a t e  i or  I A l Tau I , v t - r s I m 5 - -  - i l l  s ’ ips- s’ t s  I I

-4 . 5 se i s / l i d s  l~i ls -; and 1. n , 1.8 , 1. h seco nds I , i t i ’ vt -r s u s  1. s ss - s s C I l i t S  l,i t u -- i _ - , i~~ I t

t s r  (AG 1 111 2 , M i m m i — L u \ S  Tau I , and M i n i — L A S  1,115 2 . No t 1 - that t h u -  151( 1 1
h i s slti i Id t sr  N i l l  i—GAS 11,15 Sifl o f  I s~~ - t i ’ t  Z s - -  I I ’ n m i  and si ru - - c i prsss -~I 1 si ops- of

2 3  se s u ds  is l C I c I I l 1 ’ i ’r a t e d  in t h u -  M i n i — C A S  eq i s  I 15 1 5 - n t .  O t he r w i s e , t i m e  1-i t t

i m r t - ~~r i s - 3 d s  ~l r t -  I ‘ss - spec  it ltd in AN I C 117.

-~ r~-r ~ s- - 1 s i s ’ v i  - i i i  on I ron I s r  ~ ‘ — ~ I I I  d I an i nd 1 ~i t i _ -s  t he ps --r i _ - I t t  ~- I  t i mt to
s O  1 1 i s  l o l l  l o s t w l m c n  1 I i r a t  ar m  i - s  l i t s - , an d  I h e ps- - r c e - n t  o f  t l ine ga I I l l _ s i  t. ’ i i s n
s - m r  I v .  i ’he p t - i  c s - n t  d cv i  a t  i o n  ~- l i t  i s  t i~ a g i  v s--n in t al ’  le )—s a, - i s - ’ c o n s  i d t - r s - - sl

i s - p m - i t t ’  f o r  both i - i t t  2 an s I  l i t  I w a r n i n g  t i m e s .
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Adequa te  Tau 1 warn ing—t ime  accuracy is most important;  for  wi thou t  i t , there
would be insufficient warning time to avoid a collision. In this respect ,
tile results in table 5— 5 imply (with 99—percent confidence) that at least
99.9 percent of CAU Tau 1 warnings are not later than —53 percent , and at
le ast 99.9 perce nt of Mini—CA S warnings are not later than —39 percent .
A 53 p ercent late warning for Cau Tau 1 corresponds to a loss of 16 out of
30 seconds , leaving 14 seconds to avoid a collision. A 39—percent late warning
f or M ini—CAS Tau 1 corresponds to a loss of 10 out of 25 seconds , leaving
13 seconds to avoid a collis ion,

DISPLAY RELIABILITY.

Di splay reliability measures the ability of the CAS system to provide an
uninterrupted sequence of expected display advisories and commands to the p ilot
fr om the  start of the threat at the Tau 2 zone to the end of the threat.
All th reats were treated as either Tau 2 advisories or Tau 1 commands.

Results for disp lay reliability are shown in table 5—6. The smallest reliabil-
ity f or Tau 2 was 97.0 percent (Mini—CAB vs. CAD); the 3.0—percent loss being
caused , primar i ly , by the slot—checking fea ture of the CAB equipment . For
Tau 1, the leas t reliability was 99.0 percent (CAU vs. CAU) ; the 1.0—percent
loss being ca used by low CAB range ra te measurements , and on a lesser scale
by missed RF communications. All display reliabilities for the CAS equipment
were well above 90.0 percent.

ALTITUDE ZONE BOUNDARY,

Fli gh ts were flow n to determine the ability of each equipment type to correctly
pl ace the target in the ~sropcr altitude threat tone . Both CAU ’s and Mini—CAB ’s
operated satisfactorily , wi th boundary zones either at the indicated level , or
+100 foot  hi gher , due primarily to clock phasing. Fligh t evaluation was
carried out over 10 individual fli gnts.

CONCLUSIONS.

Fr om the results it was concluded that:

1. The MDEC CAS eq uipments perform the collision avoidance function as
described in ANTC 1117.

2. The Tau 2 communications range for both CAU and Mini—CAS was sufficient
f o r  encounters based on the range rates tested and extrapolated to 1,200 (knots).

3. There was satisfac tory communication s range for Tau 1 warnings.

4 . The range and range rate accuracies were sufficient to establish an
a c c u ra t e  t r ack  on the in t ruder .

5. The warning—time deviations from threshold Tau were considered adequat e to
avoid a collision under ideal conditions.

5—8
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b.  it i c d i s p lay  r e l i a b i l i t y  gave a h ig h r e l i a b i l i t y  of cor r L!ct  t h r e a t  i n f o r r u a —
t i u t i  f o r pi lot  ac t i on .

7. H I e  synchronization accuracy and reliability were more than adequate , ~ iti ~
the  ~-x - i_ -pL ion of loca l  f l i gh t s  us ing N in i—CAS versus  N i n i — C A S , whe rc a n t en n a
s h i e l d  i u g  using t h e t op  ant enna in proximity to the  ground  s t a t i o n  p rosi _ -nrcd
p 1 s -h l  1 ems .

5’- io
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CH~~~TE R 6

COMMUNICAT IONS R.ANCE AND RE LIABILITY AND SYNCHRONIZAT ION
ACCURACY AND RELIABILITY

A t o t a l  of 31 f l i gh t s  were selected f o r  process ing communica t ion  d a t a  for
analysis. Out of these , only 25 , or 80 percent , were eventuall y used in r u e
analysis .  The remaining f l i g h t s  were c a r e f u l ly reviewed and w h er e  i n s trum en-
t a t ion  or accountable  equipment  m a l f u n c t i o n s  were p resen t , these  f l i g h t s  were
not  included in the ana lys i s .  The equipment  c o n f i g u r a t i o n s  t h a t  w e re  e v a l u a t e u
were as foll ows:

1. CAU vs. CAU (Full vs. Full)
2 . Min i—CAS vs. Mini—CAS (Level  2 vs.  Level 2 ) ,  and
3. CAU vs. Nini—CAS (Full vs. Level 2).

The f l i ght  l is t  breakdown (appendix  B) indicates  f l i gh t o b j e c t i v e s  and tv 1 e

of equi pment and pa t t e rns  employed d u r i n g  the  t e s t .

The main o b j e c t i v e  dur ing  th i s  phase was to de t e rmine  the range at which the
required RE link parameters are established as a function of flight geometry .
In addition the reliability and synchronization data message transfer between
a i r—to—ai r  and a i r—to—ground links were also inves t iga ted .

COMMUNICATION RANGE.

The fo l lowing  pa t t e rn  was emp loyed in the inves t i ga t ion  of w a r n i n g  t ime  and
BY link between a i r c r a f t  on a comparison basis  w i t h  o ther  CAS sys tems  p r e s e n t l y
be ing  evaluated .  This pattern was developed by NAVAIRDEVCEN and was c a r r i e d
f o rward in the NAFEC f l ight program (reference 11 and 12) .  The s i n g l e — d a i sy
figure—ei ght fl ight profile (figure 6—1) IE unique , in that it maximizes  t S R
da ta  collected for  f l i ght  tes t  hours  f lown .

In a two—aircraft encounter , one aircraft flies a daisy pattern , while the ot h er
f l i e s  a f i g u r e — e i gh t  p a t t e r n .  The a i r c r a f t  f l y i n g  the da i sy  p a t t e r n  comrni_-n c s - - s
f l y ing  f rom east of a TACAN ground s t a t i o n  to west  of the TACAN station.
While  inbound to the s t a t i on  from the east , h is  TACAN bearing is 270°, which
is the course f rom magnetic n o r t h  t h a t  he must  f l y  to reach t h e  s t a t i o n .
A f t e r  passing the  TACAN s t a t i o n  and c o n t i n u i n g  w e s t w a r d , h i s  TACAN bearing
is 900. Upon r each ing  a p r e d e t e r m i n e d  d i s t a n c e  west  of the l ACAN s t a t i o n , the
pi lo t  executes  a 1800 l e f t  t u r n  to pos i t i on  the  a i r c r a f t  inbound on a r a d i a l
d i sp laced  15° f rom the previous radial traveled. His TACAN bearing is now 75° .
A f t e r  each t r ave r se  of the  TACAN s t a t i o n , at  the  p r e d e t e r m i n e d  d i s t a n c e , t he
p i lo t  e x e c u t e s  a 180° l e f t  t u r n  to  assume a TACAN hea r i n g  d i sp laced  15° f r o m
the  p rev ious  one . This process con t i nues  f o r  a t o t a l  of 24 t r a v er s e s  o f t i e

!ACAN s t a t i o n  to  form a da i sy  pattern. l ’he aircraft f l y i n g  the  f i gu r e i _ - i g h t
commences fly ing from west of th e TACAN s t a t i on to  i_ -a- -~t of the Station. W h i l e
inbound to  t h e  station from the  west , h i s  TACAN bearing is 900 , w h i c h  is tile
course he must  f l y to  r e ac h  t h e  TACAN s t a t i o n ,  Af ti ’ r p a s s i n g  t i l e  TA( AN
S L i t  ion and c o n t i n u i n g  e a s t w a r d , h i s  h A C A N  hea r i to g d I S h  i _ s  1 o 270 ° . i ’ ps sn

r e u - h i i i o g  a sdo t s r ni ined d i s t a n c e  east s- s t th e  s L it  ion , t h e  p i hot ex e s -u t 
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150° li _ -f L turn to p s - s it ion t h e  a ire r a f t  i n b o u n d  on a rod ia 1 di sp I i  s - d 15° t r s -  ‘us -
tile [‘rs-R- io~is rod Ia L traveled , His [ALAN bear ing Is now 2 5 ° . l-a1 I s- s-s Isp this
course inbound he traverses the ‘ [ALA N s t a t  ion , w h e r e u p o n  his T,s(AN b e i r i n g

d l i i f l i_ Se S  I s - I 75° . A f t e r  r e a c h i n g  th e  pr edeL er nsin e s - i distance outb s-lun i frs - :s: Inc
stat is-~n , the p ilot exes - utes a 180° right turn an~~~l

s- esuI:,es i l ls o r i g i n.  1 s--as t - -ir c
us - u t se S’l tP i t S  TALAN reading 90°. [ w i  t r a v e r s es  di thc_ - TACAN 510 t ion e s - I n s t  i—
tut e s - s  f i g u r e  eight. ThIs pilot r e p e a t s  t i l e  f i g u r e — c  i p i s i  p a t t e r n  u nt i l  the
other pilot is -is completed his d a i sy  p a t t s - - r i i . The r i_ - s--oi l t , wi th prs - ps --r si _ - I c _ c t  ~ s - ) ( )
of s - i i r c ra t  t y e - l e e - i t  l e s  and predet ermined starting and turnin g dist ances , is a
Sc)  ies - -. s - s - f  2 - s  c o l l i s i on  e n c o U n t e r s , meet ing dir ect 1 y ov e r  the [.-\LA .N s l i t  i s - f l ,
but d i s p L i c e s - i  by  -s O O to  800 1 e i _ - L  irs a l t i t u de  f o r  sos  etv ot i 1 . I I e
en c o u n t e r s  o c cn r  in pairs , each pair being disp lac c_ -d 30° f r on  t h e  prey i s - I L l S

p a i r , s - i t  h h i_ - s d — o n  e n c o u n t e r s  c o n s i der e d  to he 180° encoun ters , and tail
chases c o n s i d e r e d  to be zero—degree e n c o u n t e r s .  u s e  encounter It(5les (f i s- ,os -r s -

u—i ) ~i r e  thi _ - angles be tween the TALAN rod ials flown by t h e  t~~o s-u r s- s r s- if t
[ l i e  c o n ven t  is - s - n  chess--n f or  posit lye  and ne-got i v e  e n c o u n t e r  s - s p it-s woo os
i o i lows

N 3 77 Los-s-ks left to see N 376 —

N 377 Looks right to si_ - s- N 3 7 6  +

1.os - lk s  left to sos- N 3 7 7  —

Looks r i g h t  to  S i _ c  N 377 +

An encounter angle of —90° involving N377 and N37tu Wi_lu Id mean that t s-c s -Oi~~~ I
be twes --n the l A C A N  rod ial flown is 90° and t hat s- s -J 3 7 7  w ou l d  l ook  l i _ f t  to See

N 37u s-l ien bo tis ar- c approo c- lung the Is- CAN st s - i t  ion

Th e predeterm ined starting and t u rn  Isp distances 5-ens -- chosen as foi lows:

(S\L’—s. -\ t N377 250K l5nmi +2.6 N-~2 370K 22 .2 n m i  + 3 ..  TA( AN S l i t _ i t h -n o s e
Nm i—LAS— N37b 190K 12.7 +1.3 N377 i 5 o} ~ 10 ±1 3 -\C.-\N Slant Lanes --
I-tin i—s.\S
CA 1’—~’hiui— N 37h 200K 9.2 +1.2 N 177 150K 7 +1 \ t s - N  Slant - i .Sf l ~~ e

LAS

l i i i _ -  t r u e  a i r s p e e d s  sore s e lec te d  in the s i m s -  r a t i o s  s - i s  t h e i r  St ir l ing d Ist.~~o i_ -s
from ths -- T s -\ CAN s t a t i o n  ~ 0 t h a t  the- a i r c r a t  I a r r i v a l  s-~s-~er the [‘I i  AN st , it i s -~n
s’s- s- u l d  h. s - s -  i i ~~s- i den t

l yp i s - a l airspi_ -ed vs - - ion s mileage i n c r i _ - m e n t s , as s h i s - s -~~n in table s— i , wi _ - r u  enip I 0\ s - s - I
i _ b r i g  the c_ ’ i_ in s t l i u n i c s - l t  i ons  r a n g e , r i _ i  ial’i i l  i tV , and S\ i ) d l t . i s- s- n  i Z a t  1s-~ i_i I I  i p s l S.
I- s - i r examp I s - - , th e - s-u it - s- -raf t i _ Is --s i gna t i _ i _ h t lit cant rs - ’ 1 s - i i r i_- r i f t v i  s act-t ip is -Sd by a
fli ght op t-r at ion ’s spec i s - i l i s t  i s - i s o  c o o r d h i o s - s t s -- s- h l i i i - s t a r t i n g  and  stopp in g s-m i_h
h i t i s - i n i n g  of c i c _ ~h r u n ,  A ny  ito—fl ii_~h it c h ; in gi_- s ws - - r s - - coordinated by t i le
s~ s-- c is- i l jut.. A ft i_ - r m i t  i i l  ren s-levo us and lin e u p ,  t h i s . st - l r t  of the run was
ad cs - iiip llS hes -l hr the spc _ -cial jot obseru ras -~ the [[N i f I :-: dis - s - tan c s -- , rs-- h s t i v e

(i _ s - I r iug Of  t h e -  r.-u:o s- n il L I  u s -- m d  [c s - i ts - sr L~-[ 1) s-hI s I I 0 t lie f i x  , and r u  I j F s -  a I
in fornta t i s - s -n  f r om t h i s -  i tu i p i t  I ns -~ 1 j rs - - r s - l  f~ t . L’hen e ac _ h s - i i t s -  r i f t  wis i i i  [( i s O  i t  I s - l i ,
a run 0 5 - i t t  w i t S  m i t  i s i s - s - I, and m i l o s u e  i s -~- - i - inp l i x  h n l o r n - s t l o n  s i s s- ’ S-s - s - h O l i t i s _ S e s - i

lie - I Wi _ e l) s- i irs -- F i t t i _ I l l  i lug t t i  s- r u n .  Usual lv a ( l i s t  i n s - - u c i i  10(11 Wa ~ ((hid t~ c _ v s -
m i l e  t o t u i h i  s- t i c l i  i i  rur a l t to i s - h  [ n o t  i or w i n s - i  ~ t_ i&h other tic t o r i - s - .

1— 1
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FAb LE b—i. RATIOS OF STARTING DISTANCE
FR OM IACA N STAT I ON

Control Air eralt
Speed ‘art i s -  ip a t i ug  A i r c r a f t  Speeds  (Kno ts)
150 K n o t s  191) 230 250 265 275 300

Nautical I-tiles f r o m  ONE

1 1.20 1.5 1.7 1.74 1.82 2 .0
2 2 . 5  3 .1  3.3 3.5 3. 65 4 .0
3 3.8 4.6 5.0 5.2 5.5 6.0
4 5.1 6.15 6.7 7.0 7.3 8.0

5 o . 3  7 . 6 5  8 .3  8 . 7 13. 2 10 .0
i_s 7 . 6  9 2 10,0 10.5 11.0 12 .0
7 i~. 85 10.7 11. 65 12 .2  1 2 .h  14.0
8 I O . 1 12 .2  13.3 14.0 14 .6 16 .0
9 11.4 13.8 15.0 15.7 16.5 18 .0
10 12.7 [3.3 16.0 17.4 18.3 20 .0
11 1 3.9 16.8 18.3 19.2 20.2 22 .0
12 15 .2  18. -S 2 0 . 0  2 1.0  2 2 . 0  24 .0
Ii l b . .  20 .0  2 1 . 6  22 .6  2 3. 8 26 .0
14 17.8 21.4 23.3 .24.4 25.6 28.0
15 1s-~.0  2 3 . 0  2 5 . 0 3 6 .5  2 7 . 5  30.0

This  p r o c e d ur e  W ,L S us - s - i l s - s t a i n e d  so - i s  to e f f s - - u t  a s i m u l t a n e o u s  o r e - s o l v e r  at  t h e
fixed stat i s - o s - .  s - ; e e u i l [ . - 

, t i s - s -  s-u i ss- s distances were of the order from 400 t o
800 ted f o r  most  c s - s l l iSi on encounters.

P b s - s i  t i s r - s e  . I i i c r , i t  t s-i re simult s - sti es - usly flown in co l lision encoun ters , L w s - ’  s - s - t

tue al n cral t I 1ev t i g s l r e — e - i y i s t  p a t t e r n s  d i s p i i ce d by 180 ° in spacs--, wiu l Ic t i s - s -
t i i i r s - l  a i r 0 r s - i t t  u s --v a d a i sy  p a t t e r n .  Thus t h s -- third a i r c r s i t  g e n e r s - i t e d  a
3b 0 ’ d~~i 5 pat ti _ - r n  w i  til e icli 01 t ile o the r  two s - s - i  r e - r a f t  , wh i l e  t h l e v  f l e w
repeat e-5 i I i s - - a d — o n )  on e -nu n  Ic - r s with e s - i c i s  u t l i s - -  r . For I I _ i s - - S t  e n c o u n t e r s
b e t w e e n  N - ~2 and N 3 1 7  r N 376 , the t r u e  a i r speed r inged f r o m  190 to 2-0 ) knots
for N 377 or N 376 and up to 170 k n o t s  f r  N 4 2  .

IL hs-is aine apparent , t h a t .  ev i_ - fl wi thi longer m i t .  i~ I ( i s - - i _ I — i_ i )  s I art. i tip i _ hi ~ t it i s - i _  S

geom et ry iimi Is -i t i s- i ns  of tIme olin ! low s-nip, leO (Ii i 1 C h l d S c S )  won 1 d not  a i l s - s - s
sut iii i c _ s i t  p i t  t e l l s -  r au g s .s- s to  hi_ i e s t a b l i s h e d .  i s - i  ex snt p [e  , t i l t ’  conimutiics -i t ion
range r s - -i h sii r c _~d f o r a t a i l chase  i n v o l v i n g  1 300 —I- n o t  s i r s -  rat t by 1 000— elI t
s - s i r s - - i - i t t  it s-y e 10 ,000 I t s- c t  dec r ea ses to 5.13 nail . Pith t I l t - 0. s- s - f lS  t i  s - f  1 1  i p I i t

chosen I s - s - i  op m u m  (minimum f l i g h t  t ime)  , de t e r m  i no I i  s- sn 01 cs - smmcmn i s - i t  ion r i
i i i  en coun t - r  n ipit- S t ej s - s  s - s f  30° , t he s e  p t s - ’ ) 5 o - t  I~v I l ls: i t i-i h s a s - i  t o  he t o l s - - r a t  c _ s - I .

A n o H o r  t~~~ s - i m i i j s - I e , with an hil t i a l  s t i r t  i i l v s - l v i t i p  N 3 7 6  at I_ i.? nm i  arid N 3 7  it
iO tOn i , 15 5  maximum measurs -- ch range w i -  2 ._ . 7  m u .  This s i - . ‘tiers- th .iti is - I s - q ua t
I s - i  t ) s - c _ s - s - - i d — s - l i ) , but wi th this -- s a l l e - r n  limit i t  ion , t h i s  s - h . 1  s - s - t c _ - d  dos-it t o  . . 8  n nui I
for this - - I i i  h — s - h i S s -  encou nts --r . This pr a b l e ( S )  5 5 5  [l int l i i  lv solvs--d by .id d i n p
at tc _ - t o i iit i s - i l  i n  the RF line (t.ihle 2— 1 ,)  w h i s - l i  it s rs --i: c_ h t i l t -  iss - -ili C it - t ri s - lit _ u I : - .

h — - s 
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S l~~ce L u e  i s - I — I  si_ -y e - re  a tug le s-i i s -  I s - i s - s  t a i l  o h s - i t - s -c , s - i  se p i i r s - I t e  f i  i g o t  W i s  1 s - s - w~s- f s - l

i s -  i_’ I s - i S  -. s- I c_ - s j u i  pmne t i t  ~ i th  in i t  i s - i  1 Si_-p a r s - i t  ion on a r a d i a l  rut _ i  id 10 nt_il
Li t.: s -  this -- is -i s-i t ’d s i l t s - - S t O a t  is-i n in t u s - - lin t- (6 dii ) b r  a i r c r a f t  i i t v s - lv s - - s - i  i n  I n s - -
e n c s - s -u n t e l  s--, , t h i s  s - a s - I  [ l i t -  s - - I  ft -ct of doub l ru g t u e  p , e s - s - i i i s - - t r i c  l i m i t  i s - - l i t  s - s -  t O e

ir ,i : s - - t c _ - r i _ i f  sign s i st r s- -n gt io S’s - i s  s - O i l s -  s - m e d .  h u h  I dii added in Ins -- l i n s - - -, , i t
s - i d  i i i  s - I  f e - c t  s - b  incri -as - - i uig t i l t  s-5 s-- s - ’ i , s - s -- t r i s -  limi t I s -  o n ly  ons -- halt s - i s - .  i i l u c i l .

A I s -- s - i r s - i t ,- t i g h t , tiu ui _ ihe-r , w a s  t l aw n  with 3 i_ lb , i t tc _,-n toa t l s - ns . the en i_ s - ’ s - s - s i t s - - r s - - -

S i t u s - - i s - t  t ns -- us iis v— ~~.Lte rn lisiti tat ic _ su i , cs - i s s - l : s c _ - n c s--d w i t h  s - s [ U — s r i  L i i  i — i _ i s - IS S i _ p s - r s - —

t i n t _ i ; w i t h  I, i s - s -  3 dii , t i s - i s  i n c  r s - -  s - -s - ed  I l l s -  p s - - n m e t r i c  l i s t s - i t  I s-) 15 nI t_ i  , s - i n s - i  s- s -is - . i i i  r

t h ou s u f f j c i t - t _ i t  f i r  - i  t a t  [ — c h a s e  f l i g h t .  A n o t h e r  s t - I s - m i l e  f l i g h t , h o . 32 u s i ng
N4_ i , used St  , s - r  L i s - i p  d i s t i t i s -  s- - s - -  s - f  10 nt_i l , s - l i t  w i t h  t s - u i _  b—d R d c _ i s - i h l l u g  .- f i t , t i t s -

g e - o u u i e t r i c  l i u l t  was 1 ri_ -as ed t i _ I  20 timi. A l t i i s - ’ngii s - u s - i s - H - r u  w i t h  thi s - - s i t s - s - - s - r d
da t s - s  c o l [ s .s - u t i t s -  p reven ted t h e  s - i i i s - i l ’ s i s  t I  be  i r r i s - -i_1  s - u t  t o  t h e  nu i x i u s u : s ,  r a s i p e .
Ii ows --v s -- r , t h i s - -  P r o b l e m  was i t s - I t  p r i _ -~~i _ - n t  i n  t i m e  c n. c_ - i u i ’ s - s - s - lv i t i g  N - s - 2  and s - 3 7 . I i i
l i n ui t s  us i ng a i x - t r i l l  h- . 2 , s t m r t i t l g at 22 .3 nail s-nd h 3 7  s - u t 13—s - i ::. i a i r — i s - — s r
se- [’ U It l i t  - s-- i t h i  t i l e  s t i r l i n g  s- - n e - s - I s - I n te r , W e n s -- m o r e  th at_ i iidcs- j s - s - i t .e whi ~ s l - t s - h i t u p
at t h i s - s -  t a i l — i i s - a s s -- ramps.- i l l  7.2 nmi .

In  ins  t i n e - e s  wi s e - re two a i r c r a f t  are f l y ing  above 10 , 000 f s- -s - - t s- i t  d i i )  r O t s - I t S  c u _ i l ,

the max imum s- uu r t iu i i  I ca t  ion range  r e q u i r e d  is 15. 1 nmi for s- i . U — s e c i ns-I Tiu 2 ,
1 .~~— n nsi Ri__i r u i s p e  of  f se t  f r o m  ze ro  c loses t  a p p r oa ch  poi u _ i t )  , r ings -- equals s- no .

h i l t -  :-[Ln I — i _ A S  ‘ s - e r s i s - s - -, M i n i — G A S  , or le -v s-s - l  2 equ i l s - i s s - e n t  , h i s  in ts.-nded I i _ s r  i m o s - - in
g e n e r a l  av i at i o n  ii  rcra ft. T u e  cable l e n g t h  a d d i t  ions on t ue u l s - l er antenna oni:
inc ne-s-toed the- l i n k  by a p p r s - l x i m a t e  l i  3 dli in t h e  s-N 376 and N 377 s - si rs - u aft . Phi _ -n
N-i 2 s-s-i s i n v o l ved , l i n k  r a n g e  v s - is  doub led  L i s  +6 dli . For Mini— GAS , the- m l  t H a I
st - mm - L L u g  d is  t u i _ i c e s  we us- - mo r e- than suf f Ic i s - s t  f s- r c o mt i iU m l i  c i t  i on  range- . I n t h e
cat -i s- - of the tail ci lass -- , w i t h  an - i i  r e - r a f t  t r s - v s - - i i n g  s - i t  150 kis ts e m _ i c c l n n t s -- r  1 I L - .

dn a i r e - r i f t  i _ s f  .~(i0 kno t s  be low 10 , 00(1 f s - -s - - t , t h i s -  colt_it_un i c a t  ion range- f o r  a

‘fan 2 indi es-star r i _ s - i _ h i _ m e t -s t o  4 . 5 7  nt_l i I or od e - quits - RF l i n k  w irn iup . ,\s-i as-Is-s- I t h i n s - i l
l i i  l c h m ise t l i g h t  s-as flown to tixere i - s - s- Lb  i s  sup Ic.

The ges- m e t n i s - s I i l i u l t a t i s - I n s  f s - s r  t h s - -  comn u u n is - ition Fmn i _ S e I l i g l i 1~ s - i r s -- p h i _ s -L t d  in
f i g u r e s  I s - — h , h —- 3 , and o— 4 f o r  N 3 7 7  v s - - r s i i s  E s - h , N 3 7 7  v e r s u s - —  N 3 7 i s -  ( i - i l  ) , an d
N377 vs--rSuu s-N 3 76 t o n  a ( I - t m _ i — G A S ) s - - q u i p m t - i _ it . flue -o s-- s’s - - r u  s i-s - s - - s- i s- is s-i g u i d i _ - i i i

detern ii nit _ ig wi t s - t h i _ - r  the c o m m s i t _ i i c , i t  ion  r a i l - s- - s - -- f r  t s - s - c _- \ ‘ s u r l o t i s  i i  i gli t s f s - [  1
W i th in t h e -  exile-ct es-h ge-ems --In I in i I s - it i o t i s .  s-S I I i _ m i s - s - h  , i l l s - - W I  s - u  ld n- I t s- -x ~ s - i _  c
t i m e  i - o m n u u i u m i c s i t  is --in r an g i _ -  t o  i _ - x s -- - s - - s - l t i _ i s .  t l l i - s- r s - - t  i s - s - i l  , ‘ i_ s- ’ s -~. L r  i s - s - i l I 0 5 t h  l i t  i s - m i s , I s - I  h O

di d ut - c u r  o c u o ; i s - s - u i i [  L y ,  due t o  i u s t j s - e r f  s - s - c t  I s - i l ’ , ln t his -  I 1 i g i u t  s - i ’ u r s e  I l o w s - i
- r i m s - I n  ly I rein w ind  t i n  one p i l o t  t u r n i n g  s-o s u l s -  r or I - o r t o  - ‘ r i o - s - I  I ’ m  s- i

[ i r s -- v i ~ I us c _ - l i e - o u S t e r  w i t h  a [ i r ) s s - - miss chis t uiue . to ns - i l lv , t h u - -- ~ 
s - I h i s -t i_s- I S

m i n i m i z e d  by a ssi g n i n g  s - l i l t -  s i r c _ - i - i f t to i - a l l  s - s ii t t i _ ic  uti i h c _ - I g s - - i s - i s -  n - S - i s -  s - s - t s  I s  [ i i . -

I i t - s - s- - s - i  pain t. ‘hue - i ’s t u e  s- - t s m m t i n j c s - i t  i s-_ in r s - u n g s -- i_s- is  I i t _ o ils - s - I hr p c _ - s - ins - - I t v  or a i r s -  a l t
turnin g to get on cow’ s-i s-- , t i l t s -  e l i c o u n t e r  s t s - i r t  t i n s - - u  ( s - - j s - ’ h S )  s - S I  ‘ l s - s - i l i s - i  [ i v
n-- i - i nch s-i in i- as - -h  ii re - raft. Th s--u s-- epoch time s w i_ -m s - l i s t - i _ I  t i _ s - i l  i p t o t h i s - -  (m s - p r i n t

t s - s [ s - s -- fur s si t_ l i is - i -c’ r u i pc _ - comparison . i) lhierwise t h i s - - r u i p s S . I I ’ s- i s - i ’ m  , - s - . s- - u i t , s t  j~~ s--
s - C f  t n c _s I s - s -~t _ i t _ t i  ni - i t  I ofl r u m  1501) to lit m X j s - e s - t s - - s - h I or t lie p ly  i i i  e u m e s - s t i i i l  i - i i i  g h
[os-i s I h r t i e - l i  s i_i gle s-l u st y I I i g h t  t i s il two rui s - s - c _ - s  t c _ i r s- - ne - hi s- - i t s -  s - u n i t s - - n  s-u_ ig h- .
[ l i t  i s - t m - i t s - S i n  i l l s - S e  i i i  1 w s - — t s - s - — s s i u e , i r e- s - S l i t  [ s - s  v s - i r i i t  i s - s - u s - s -  i t s -  c_ - r u - i  r ight I h ’ s-s- tO

i s - —  a 
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F
agains t the I’ACAN radial going in the oppos i t e  d i r e c t i s -s- s i s - .  : 1  Ic al points
are p l o t t ed , the communicat ion range curves  are drawn t l m r o u g h i  t~~~e ap, r i _ s -o h , s - l I e
mean of the da ta  points  fo r  each e n c o u n t s - - r .

The communicat ion ranges shown in f i g u r e s  6 —2 , 6—3 , a u _ i d ( s - _ ’Ss- i r e  1~~~~s - t  t e -d
individually ,  where one aircraft is acquiring au_id t r a c k i n g  t h e -  s- s - t i l t s - n i l L s - s r a
s t a r t i n g  point  was i n i t i a t ed  by t he  I lip ls - I t s - s I  c i s - s - s - r d i l l a t  s- ’m .

On screening of in format ion , the  CAL measured  rs - s u _ i g s - -, rs - ln gs-- r u t s -  , d t i t  s - s - c _  , s in ]
accepted h i e r a r c h y  synch ron iza t ion  i n f o r r n a t  ion can t  i i i i i s - s i i ~~ 1 ‘: I s - r o n 1 S s -  I s - ’ t i e

encounter . ilowever , the Mini—GAS was screens - -U f r :  do i i  ~s-- r I up r . u s - s - s - : e  t S i t
i n fo rmat ion  un t i l  tI_ ie l6—nmi a i r — t o — a i r  ss-- p s - u r , i t i o t u  p o i t ot  s - - i - r e - s - i s - s - c s - I. s - s - 1 t hi _ s -~i s - , l s -
each equi pment was allowed to communica te  t h m r o u g i u o u t  i s o  I - u - s - I  I i i - .1  , J u t s
collect ion was s topped at each t u r n i t _ ig  p o i n t  and t i l e - i t  ri _- s - - s t a r t  e s - i  ~~ t s -  A i l s- h i i i

aircraft line up.

in examining the individual flights in d e t a i l , t he rs - -s - - i ihts - - m d i  ale wI - i t

communicat ion range margins  can be con ip u ted  l’ i ’ s- s t : I  P u s - s - on  s - I s - u t  - s -  us - ’ s - - s-..t r i s- so I s - i t s -

f o r  maximum 1, 000— and 1, 200—knot  c los ing  r i t e s .

Fi gure  6—5 is a graph d e p i c t i n g  c o m m u n i c s t  io iu rs - u i s 5t- as -s- s - i l u m u c t  i s - s -n s - I  Is - u s -- at_ i g he

between ‘mACAN radials  (encounte r  ang les) f o r  I l i g h t  57 ut _ i Ss -- [ s - t s --: ’ : i e r  hS , 1975.
The a l t i tude  s e p a r a t i o n  ranged between 60(~l at_ id b I O S s - s - I , oi th i - 42 s- i t 1 i , 7 01u
fee t  and N 377  at 11,000 f e e t .  This  f l i gh l t  was a t e s t  s- s t  t i m e  u s - s - i  s- ’ s - j t i i h l : s- i i t s

above 10,000 fee t, wi th modera tely high closing rates, with i initial ut t -icoun tc_ -:
head—on being 560 kno ts. Viewing the points on t Ime g rap h c o n t a i ne d  i n  t u e
±1200 angle , it is seen that 14 values had a mean value of 29.s-l n i . ~.ws- ’
range po in t s  at 12 nt_ui were deleted f rom the computat is - n , d u e  t o  a [ s - i t t  t ap e
recorder  s t a r t , which fa i led  to acqu i r e  the  t r u e  range I’ ig uns - - . In  ei_ s i t ! ~ s - u n i i _ i g

th is  mean value  w i t h  the head—on encounte r  o f ’ a c los ing  r i t e -  s - i f  1 , 200 k u u i _ s t s ,
where the required communication range wou’d be 15.1 its - t i , an o v e r a l l  h — i l l S
marg ii_i e x i s t s ;  and where  the t rue  a i r c r a f t  speed s - uvs -s - r s - ugs- - i _ i  ,nd I k n s - t s  d n m  [u p
the encounter , the  communicat ion  range requi red  was o m _ i l y 8 . ( l h  t_ inu i , t h i s -  mar g in
was 11.4 dB. As i nd i ca t ed , fo r  the  speeds f lown tl _ i e ps - ’ \-.en  n i s r g i u _ i s  s- s- - r e  s - y c _ ’ n
g r ea t e r . Inspec t ing  the tail—chase nmean 01 ’ 5 .5 nt_i i , L i i i  s n u a r g  h i_ i was u h s - s - s s -  I s - s

9 dB . I Ii e ri _ in was s t a r t e d  w i t h i n  the g e o m e t r i c a l  l i m i t , w i t h i  N 4 2  a t  5 .7  i t _ u i
at epoch 3240 ove r t ak ing  N377. True aircraft s j l e s - - s - Is w i _ - r e  360 kn ot s - Ii s r
N 42 and 200 kno t s  and N 377.  T I m e  f i r s t  Tau 2 warn  t n g  ace s-i rres -h at eb l s - s chi 1252
at 3. 1 nmi .  The d i f f e r e n c e  of 42 o p u s - h i s  ( 12 6  seconds)  b e - f o r e  iio i t i s i l au 2
warning was given provided a marg in  ot wh iat is it_ idi cat ive in tue ~s - i s - s - n I l i l i _ s -~~ c _ t

l igure . Examining ti_ ic indlvis-Iua l tracks , it becomes lp ~l s- i m s - - u l t  t l _ i u L  g s - s s -, s s- l c s - s - u  m s -  I i —
Lion of d a t a  can be extracted I ro t_ i t h i s  I l i g h t,  s-S5 I s - i r  t h e  t I i g h i t  \ s - - r s u i - i  t : s - i’

geomet r ic  l i nu i t a t i o n s , a l l  da t u went- well w i t h i n  the lim i t s  of I I h i _ s - l i t  i _ a n si I s - i n .

i s -li g h t s  -~9 and 50 (figure 6—6) on St i p t en i b er  2 ans -h 1 , 1975 , a t e  c o t s - i t : s - i i n i e - u t  i s - s - i l

ra t _ i ge v s - i I s -t e s ob Lath ed in I li ght  L o s t  lug tWs -) ~h i i _ i i  - ‘-(-hi is  s-nun l b s - i  c _ -u I s lit is - s - ’ i ~~s- l I s - s -

f ee t  . The alt i tude sepa r a t  iot _ i f o r  t he  s - -I _ i e - s -’iilli I s -  r at_ i g I m s  f i s - s - un ws-- r c _ - sOt) I c_ - s- I
A i r c r a f t  N 3 7 7  was s - i t  8 , 100 f s - - s- - t  and N I l l s  w i — u  a t  8 , h O u I  f s -- s - -t . h u h  t i - i l s - i s -~’s u u p

H i s - s - i _ i  01 400 k n o t s  was uses -I in I c _ - s - s -I im i g tim e - N j f l j — ( - s - \5 , wh i ch i s  u s-~~ l s - - m a i

i s - — i)
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COMMUNICATIONS RANGE AS A
F U N C T I O N  OF THE ANGLE DATA SAMPLE: )

BETWEEN RADIALS FLOWN 
22 COLLISION ENCOUNTERS

FLIGHT 57, SEPT. 28. 1975 ~ TRACK OF N377 BY N42
N377  BELOW N42 0 TRACK OF N 42 BY N377
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COMMUNICATIONS R A N G E
AS A FUNCTION OF THE ANGLE
B E T W E E N  RADIALS F L O W N

D A r A  SAMPLE: F L I G H T  49 , SEPT. 2 , 1975

21 COLLISION ENCOUNTERS 
FLIGHT 50 . SEPT. 3 , 1975

~ TRACK OF N377 BY N376 N377 ALTITUDE = 8. 1K
C TRACK OF N376 BY N377 N376 ALTITUDE = 8. 6K
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a v i a t i o n  t y p e -  of e q u i p m e n t .  The t r ack  da ta  f r o m  N 3 7 6  — (N — da s b u e d  l i n e - )  to
\177 (0— os - s- l i d  l u t e - ) i nd ica te  tha t  range dropout  was o c c u r r i n g  in N 3 7 7  d u r i ng
the - initial lie-ad—on and thru—e t_ icounter angles +60° s- - i  t i t e r  side. Th ie - grout_id
rules ts - s tab l ishs -- s-i in analyzing the range dat a were  t h a t two  c o n s e c u t i ve -  r A n g e
verif icatio :us should be establisned b e f o r e  a r ange  comniui ’u i c s - s t i u s i i  track is
initiated.

M in i— C s-\ S I had a h i s t o r y  of communica t ion  d i f f i c u l t i e s  at t he  ext re - is - s- c ranges -~
(a bove - 20 n m i ) .  In most  i n s t a n c e s , a range message was r e c e i v e d , b u t i t f a i l ed
to  r e c e i ve  the  second , the reby  n e g a t i n g  the s t a r t .  This p r o b l e m  was no t  due
to  the  s - u i r c r a f t ;  Mini—CAS 1 was transferred d u r i n g  t h u s -  e - v s - u l u a t i o t _ i  to t h e  u t h i s - - r
s- s- i r e - r a f t , and i t  to exh ib i t ed  similar range s t a r t u p  d iffi s --n i ties . Out- e x i - [ a n a —
Lion tumi ght be the s low deterioration in r ece ive r  s e n s i t i v i ty  t h a t  o c c u r r e d  on
th ts -s - unit throughoti t the flight program , as shown in t a b le  3 — 1 .  [s ing c s - s - n r c —

sponding  range da ta  f rom N376 Mini—CAS 2, the data stradling ±600 f r o m  t h s -s-
180° (h e a d — o n )  encoun te r  show a mean of 20 . 8  (N=b). In s-’omparing this with -s
c l o s i n g  rate of 1,000 knots , where  the maximum e-s -min un ic dt  i ou _ i r s - u n pe r e q u i r s - - d
was 12 .9 umi , an ove ra l l  4—dB marg in  was a p p a ren t .  As in t h e  p r e v i o u s  cs-i_ se- ,
e x t r a p o l a t i n g  aga in s t the t r u e  a i r c r a f t  speed f lown ( h e a d — o n )  s-if ~+ IIO k i t s - i t s ,
the  marg in was much g rea te r , sli g h t l y  over 10 dB .  The f l i g ht p s- -onu s--try was
flown s- i—i planned , with the data collected well within tbm e limits of experi-
mental f l i ght variation . The data point at 8.1 mmm i (N376) was excluded froiss-
t he a n aly s i s , s ince a l a te  recorder  run s t a r t  was execu ted  on t h i s  e r i c o u n t e - r .
[‘h is e nco u n t e r  was r epea ted  in the  f l i g h t .

F li gi_ i t s  15 and 16 ( f i g u r e  6 — 7 ) ,  f lown on June  3 and 4 , 1975 , were  sing le—
d a i sy  p a t t e r n  f l i gh t s  of a CAU ( f u l l  system) versus a Mini— s-s-lAS (limited Is --v s - i
2)  to g s - s - t h e r  a d d i t i o n a l  i n f o r m a t i o n  on c o mmu n i c a t i o n  ranges , warning times ,
au_ i d to  t u r t h e r  i n v e s t i g a t s - s -  the c o m p a t i b i l i t y  s - f  t h e  two e q u i p m e n t s .  The
a l t i t u d e  s e p a r s- i t i o n  on the  e n c o u n t e r s  r anged  f rom 400 to 500 feet , w h e r s -- A /C I
(N377) > li n i —CAS s’s-is at s , 500 f e e t , and A/C 2 ( N 3 7 6 )  [AC was a t  8 , 100 fs -- s - - t .

Initis-il c losing speed of 340 knots was pl an i_ ie d and f l o w n  in s- ’rde r  Is-u simulats --
a terminal s -u rea  encoun te r  of below 400 k n o t s .  W e a t h e r  c o n d i t i o n s  I s - i r c t- s-s-

c a n c e l l a t i o n  a f t e r  the  s i x t h  en e o u t _ i t e r  on June 3, and t i m e  I li ght s~us cc _ ut _ p i t - I  es - s-
t he  f o l l s - w i t _ ig day . Aga in , t h e r e  was good corre la tis - sm i betws --e-n conim unicati i_ ’ii
t r a c k  r ange .  The M in i—GA S 2 in N 3 7 7  is shown by t O t -  c i  rs --le , and t h m c  PAl  2 in
N 3 7 6  is shown by t h e  dashed l ine —X . The lower range -  p o i n t s  s - i t  + t s - I I ° s - i t _ i d — 1 ,0 °
s -ur is - due to pattern adj u s t m e n t  to  c o r r e c t  fo r  s - r a h  aug h t -  d e v ia t  is - i n s .  i s - s r  t h i s -’
da t a  + reP s- f r o m  the  180° (h e a d — o n )  e n c o u n t e r , .u mean s- i t  1 . 3  nt_ t i (12  p s - i i n l s
wa s no t  s-- s - h )  . [ - x i  r a p o l a t  im _ i g to  a m a x i m u m  r a n g e  I s - s r  a h e a d — o n  c u e - o s - i n t e r  a t
1,000 k n o t s , the  e s - sm n i u n i c a t i o n s  r e q u i r e d  was 12 . s-J n m i .  l I m e -  m e -au _ i I s - s r  the lit t

wins -law u _ i d  i s - - s t  ed a marg in s - s - f  1 . S dB • l ’ s ii ’ug t h e  sa m e s- ’x t rap s -’ l i t i c _ s t _ i a t_ id i_ - s - s - n i b s - i r—
ing  a g a in s t  L h i e  i s - - s - m d — o n  mean of 16.35 nmi (4  poi n t s )  , a m t_ u n p in c _ s f 2 . 2  dii w i t —
present. At-s in m i s - c previous case , comparing a p i  l i _ i s - i t t i m e  true - i i  r e - r a f t  s-s - I s - s- es - I
f Iowi_i c_ sf b - 3 I I  knots he-ad—on (s-sommunications requi  r i _ s - s - h  w~is 5. 38 nit _ i) , I l i e  s a m e -  in
w as 9 dli . Ni 1L Le - nm p t was made - i c _ I an alvzs -- th ie - srnall c_ - m umi g i s - - s-’n s-’s - i u f l t s - t  ~~, s i n s -  s-
range- wa s- ; l i m i t e s - 1  b y the- g e o m et ry  s-s f L u _ i s -- d a i  s~- p i t  I s -- n t _ i  I I s -  s- i _ s - t s - .  Al m i s - u i _ s - h i Itm
r e ’ s - i c _ w i n g  t h u s - -  t a i l  s- - h i s - i s s - ’ , t Ot - t i n g c _ - s  r e c o r ded  w i_ - n t- m ar s -  t i m ~~u i I s i s - s -  th i- 1 .8— n it_ i

l s - i v i s c _ s r -s-s- , wh uis --h wi _ is - mid i t_id i s -- u i  s- s- a margin rs-lngi ng I t ’ s- s - i t s-  I Is - s 6 dli .
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COMMUNICATIONS RANGE
AS A FUNCTION OF THE A N G L E
B E T W E E N  RADIALS F L O W N
FLIGHT 15 , J U N E  3, 1975

25 - FLIGHT 16 , JUNE 4, 1975
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F i g s - i r e -  n — S s - l e h s -  id s- t h us - i  d s - s - u b l e — d a i s y  p a t t e r u t  I s - i n  f l i g h t s  10 t h u r u  I t’l own s-in
M s - u v  , 20 , .Y~) , s - tt m d I i s - s - i c  2 , 1 9 7)  , r t - s pe ct i v e iy . The f i r s t  19 i_ -n c o u n t c r s
s t a r t i n g  s-i t h u  t s i s -  i u _ i i t i s - ul head—on , ss- s-s - r s -- f lo wm _ i at l o n g e r  rangs - s -s  in s - s - t ’ d e r  t o
e - sts -ub l ish a m ,s -  s-ge f i gs-ire of iu u en it hetwes--n a CAIs- and s-u M fh i— CA S . [ l i e  s-u i rcrs - sft
I lea s - u t  s-u - ‘+s - IO— l i _ s - u t  alt I s- us-I t s-  se-par s-it iom _ i witlu A/C 2 (N 376) s -uI 10,11110 i s - - s - i  s - m d
A / I l  I ( N 3 7 7 )  s - s t  9 , s 0 t )  l e t s - i  . ‘I’hi s t e s t , in a d d i t i o n  to  b e i n g
s- ’ s- s i i t [ s - s - u r i s s -s - u l  t u u i x , , u [ s i _ s -  s-- s-’s- s -’ r s -’ i s c u h  t i m e ‘‘ l o w — a l t i t u d e ’’ ( 9 , 600 f e s-s - t )  at _ id ‘‘ hi g h —
a l t  i t s - i s - h t- ’’ ( l ’s , 8 I O I I s- s - ct  ) c u t o f f  of t h e  t h r e a t  log ic  a l t i t u d e  bands . [iv des i gn ,
s - i _s i  I t i t u d e  b a n s - I s  a b s - s - v s - i  9 , 800 f e e t  e x t e n d  to  s - s i _ s - v e r  ±800 f ee t  a r o u u _ i d ti_ ic bs - u s s -
a l t i t u , I e — i n , ~i c u t e d  d i f f e r s - s - n c e  of two a i r cr a f t .  At  9 , 600 f e - e - t  s - ui _ i d  b e low , t i m e
c s - i s - u t  I i n s - h e -  bat_id c_ -x tc _ -nds somiue ±600 f e e t  a r o u n d  base a i r c r a f t  a l t i t u d e .  T h u s - ’ —

2 1 ) 1 )  f s - e t  Is s - s - v s - ,’u ’ l u p p e d  when transi tiot_ iing f r o m  Of le  l og ic  t i _ i r s - -s - s t  ZO l_ iC to t i_ic
i _i t [or t u e - s - h  i t ’ s-’ s hi iisu i it_ i fi gures 1—18 at_ id 1—19.

( s-
s- i n s - s- s - i t  r i m  L u g  on [hue blOcked inset of figure  6—8 , wi _ i t ch rs -- p r e s e - u _ i t s  tile ~n

ciI s-’ s - s -~u i I s- ro , a hi is t u gr am  ws - i s  p l o t  Is-ui s - u s  shown it_ i f ign rs - - n—9 . In th us - s hi SI s - s - ge - a lu m,
a i u u u g c _ s - ’ s - u l s - s -s-- ct-s - I s -s-ns - [s f ro t us  s - i low of 21.5 nni i to a i _ u g h _ i of In .h ut_t i , wi t h a
pt s- s - t i p s - s - i  i_ s - s - i _ s - r i _ i  it_ i at s -s- rne mn s - _ i t’ 30.9 i_mu . [-lx i r aps - sla t  it_ i g data ts - s a 1 , 2 0 0 — k n s - t e u _ ui ’ s - s - u i _ i—
icr , t I u s - - i s - I _ I L - g in IS  gu s - - s - t i e r  t h is - i t _ i 6 dB .  Whe t _ i  c o m p a r i n g  t h e  I_ i e a d — o n  r s - i n g s -s- v a l u e s

s- s t I s .-. and 35.1) m i mi , t h e  umiarg in  is f u r t h i e r  iu_ ic res -j sed  t i _ i  7 . 5  dB .  s-So can Os-i

S i t s -- f l  1 I’ s-tutu [ l i e  t o t a l p l o t  of f i gure  b— S , s-- Is - s os-- cs - s-m respo n d ci_ ic e s- N i sis betw ce -t_ i
t I s - . Is’ s- i t _ i s - t i  s - u i  t r a c k s  f o r  t u e  72 e n c o u n t e r s . In t i _ ic  s n i a l l e r  c u l c o u t _ i t s --r  ang h s -s- s ,

as s - s - i  i is - - Is - u i Ici us - us s -- , t h e -  r s - s u l g e  I i pn r t s - s  a r e  not  reprs-s-s s -s-n tative au _ id do t _ iot
m e - t  [ s - s - I  t h u s -- I i n s -  cs - s - s - t u n i s - l i  c u t  i s-il_ i rat_ige , o i nc  s- h is - it t i _ - r i _ i  geomet  rv 5 ’s-s-s thus - ’ limi t i  up
I s - s - c  i s - s - i .

As s s - s - t  s - s - - i  I li g h t  w h e r e  t h e -  i n i t i a l  c s - iui~~tuilui -a t iou_ i rai _ i g s -- ws-us s-s - x e - c e - s - l e d  in  o r d s - ’r t s-s-

i t i v c s - - t i ’,~, u t e  t i m e  l o u i s -s - i r s - I  u i _ i t s -- n m _ i s [ s - i s- ’ , s - t i O n  e s -us  a d o u h l e — d a i s ~ p a t t e r n  of a P s- SC—
V e r s u s - s — C A l  ( f u l l s y s t e m  I l i g h t ) . F i gs - i re 6— 10 , f l i g h t  20 , 23 , s-u s- d 20 , f 1s-awi_i

s- s - u  i s- i t _ ic i s , 2(1 , s - i t s - i  2 s - , l~~~~7 5  , ws -s- r s - - s- u m u i u s - m t _ i i n s - it ion  r~ u u i g s - s -  fli gh t s  t o  g a t [ i c _ t r
i _

s- - l i _ s - i s - i  1 i t s -.’ , ~~v s - s -  u s - s - u i - s - u i i _ n~, am_ i d w s - l r l _ i u u _ i g —t L ine- s- 1 s - ’  s - _ i . this - i i s - u s - i t a s - m s  m o d i f i e d  t o
s - i “ i u p p e i  i i t s -  s- s - u s - s - i  s - s - n h u ” u s - s - u ’  t ime -  PA ) s - s - i u  A /C  I ( N 3 7 7 )  . The a t _ i i e i i u i a  t s - s - g g le  os - s - l ie - li
s - us p I s - l c s -- s - h i i i  t i m e  “ is - s - - k — np ” pus i l l s - i t t , w h i c h i s - m ’ s- s- v i d s - - s- i f o r  t r s - i t _ i s i i i i s - — s i a t _ i  s - it _ i d
r e - c s -- u i  Li i s - i l  s - s - I  s - l i t  s-i s - s - s - s - - s - a s - s - s - C  I s - i  s- S - - s - I 1 s- it_i s-upp e r s - h i t  em_ in s-i s - l i _ i l v . [ ‘ h i s -  ob ,~ ts- i_ ’t IVs-’ S it - i

t s - s  s - s - s - I s- rt ul iL _ ie si i s - - t i - s - - r  s- u sin g le a u m t s - - t _ i t _ i a  ( up p e r )  had s - m u ss- ’ e - f I’e-ct s-sn l i u _ i k r a u _ i g c _ - ,
rs - - li ,uIs - j l [Lv , is - id - v n c h i s - s - s - i i s - s -~it ion . h i s s -  s-,- q s - u i pnien l s  ss- c_ s - u ’ e f u l l  s ys t s -s-n us , f l y i n g
abovi- 1 0k Ic c _ - I , with ii m ’s- ’ ra l t si_ -p i r a t e d  by - s - O i l  I s - s- s - i , w i t h  A / ( , l I l, N 3 7 7 )  ~ut
iO , s - s - u u l  f e - s -- t  u s - s - h  s-S s- 2 (h37h1 st 1 1 ,1)01) I s - s - ’ t .  E x a n i i u m i n g  f i g u m s - - h — l U  b l s - ick s -_s-d

h i u s s - - t , , m n i h  ) i h u ’ u t s - s p t ’~~m I i p s - u i’ c _ - l i — I l , w h i c h  r e p r e s s -s - u _ i t o  h i s - - f i r s t  1~ . s - i i s - s - - t i t i u s- ’ t s , s- i t ’

a s-W 0 
s-s- s- hI s - s - s - el i I , u- s -u m _ igc is- . u lim es s- x i  s- r id I i’s - s t _ i 32 . s- I t_ im i t s - i  2 1 . 7 u r n i  , wi  t h  a f l i es - mt _ i  s- s - I ’

Th . 1 i _ i t _ ui  ( I s - s r  35 p c _ s - j u t s )  . B ot h  , u i r s - ’ r s - i f t  rs - uui gs - ’s e m s - -  p l o t t s - ’ t  i n  t is - ’ h i i s - -s- t s - s [r a f l m .
s -\ :  h e - t u s - u c _ , c _ - N t  i g s - s -s - !  s t i n g  s - i u , s - - i j u _ i 5 t ~i .1 ,201 )— ki_iot s- i _ i s - s - s - n u t  s - i , Il_ ic is~ s - u g iu_ i was
s- ti ’ s- - m i s - - u  I h s - , u m u  0 s - i l l . P s - i um u l s - e mn it _ i 5 wi tO the us - _ u s - I — s - i n  vs-i l mit _ s s - s - I 12. s-i u _is-I 3 2 .  5 mii i
t h e -  s - l m i r g iu  is s -s . I i  s-Ill . Ii iii d o t i b  I e — d s - u  isv f I i gl it a s - u’ s- s - s -s -n ip l c _- t s - - d in t h ree-
1 l y i n g  p e m ’ l s - s- s - h o .  Si_ - s - i  i n , p s - -s - hu t - t r y  1 u s - s - i  t e u l  I l _ ic  sm _ is - i l I s - u ’  u ui g lc s - i _ i i l i i i l i i i  m s - s - i t  i s - s - u _ i

i i i _ i 1;t-s , s - u p s -’ ’ f u l l y s - s - s - s i  this - ’ l i i  I—c h aos-- s - u u _ i g } s - ’ , w h i c h  w ,us -~ c,w cs-’ lies - I.

s-S ~I ii u i’- (AS —v s - - r siu s - s --M i i ui—mhSS s - l s - s -m m h s -  Ic—dais y I l i gh t  ( I  i g i u r c _ - s — [ 2 , 7 ( 1  em _ i e s -s - m u u _ i t s -’ m s )

s-i_ is- ’. l s-s’..’iu s - s - vs -’ t ’ I s - i s - .’ I lig h t i s - m i s - s -s - i s - i . — s - I s - i t t j u g  w i t h _ i  1 l i gh t  1 ) , t in_i c h i , 1q 73 ,
s- s - c U t -  p l u s -  s-~ s - s - i  s - u s - ,  I m u s - s - s - s - - i s -  1 - s t  i s - s - u i  was  m i S c _ - s - I  f s - s- m s - i s - i t  a r t - cs - s rd  i u i p ,  and ct_id iui ~s- on

I i r s - i t  ‘. i a i ms - I 8, A t m g m i s  1 5 i s - h 29 , 1 1 ) 7 - , , u s--i i ng  1 i s - m I s - s - inter I s - u s -  s- mapticl is --

b —h

_ 
- - ‘- -~~~~~~~~~ ‘~~~~~~~~--~~~~~~~~~~~~ ‘ - - - -

~~~~~~~~~~~~~ - - 
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i’ s- - s - o d e s - . l i i i ’ I l i g i s - I s  r s - - c s - s r d s -s- s-h coun t_ tunics -st is - s -ti r ange  am _ i d r e l i ab i ii t~ i s - i t s - - u s - i s - s - u t  i s - s - n
I i i  ~s - I s - LI l  i s - s - s - i  I s - s- ‘-. u _ i s -’hr onlz s-lLIon I rou t _ i t ime  ( lA g ground s t a t  i o n  , s t  slier t at_id long

o s - s - 5e . g i i s - s - r  I — r , u i I 1 ’c d i u  t s-l u t e - s -s -S we re  I’ rom z er o  i s - i  20 nmi , am_id lois -g— rs - s-ui p e d Is l iii—

O s - s - I s- i s -  s - s - i R  4(1 o 011 n t m u i  to the grout_id st s - ut l o t _ i .

A ~l i ‘ s - i - s -  A~ c s - s - l i  o n l y  accep t a sync :;ignal , and does not  i u ; i v s - -  t h e  c a p a b i l i t y  of
s c _ is -  r s - i _ i s - - . u i u j u u  i o n .  Fl i gh t 19 , was - ’. a short—range I l ig h t  s - s - f  2 11 c t _ ices - s - i_ it crs

I h i )  ° t I s - r u  +70 0 ) s s - s - h s - s - r e -  c r o s s - - i s - _ i s ’s-’ r - s- w e - r e  ins-s-dc over  t h u s - -  g r ou n d s t a t  jo t_ i . Al Ii its - s - i s --
l i _ s- s e - Is - . s-ss-s - m e -  A/C I (N i77) Mis -ii—t1S~i .7 s - i t  8 , 500 Is- -ct and  A/C 2 ( s - \ 3 7 6 )  Mimui— (IAS I

‘ s - i  5 ,1 1 - i l )  I s - s - c t  . [ h u e -  t rs-uc k c o r r e s p s - s - u s - s - i e i m s - : s - ’  a-as ais-s-ceptab ls-- t i i r s - i u p , s - s -  all c s - n -  o u t _ i l c u s - ’ .

s - X s - s - s -p t s - l u s - r h i m p  t h i e s- - u u s - - s - i u u l t e r  ang les of 1750 , 1 5 50 , 145 ° , and 120° , w h e t _ i  A / I  2
~- [ i n i — ( ’ A$ Is -u i led  t i _ u a c h i e v e  ha rd  comimunic a t i ot _ i  at Is-h_ic saut_ie rs-urige as A / C  1
~i [ u i j — CAS . Rs -_ i v i s -s- w i ng  p r u i s - s -- s-s - s s ed  d a t a  a t  the  155° e - n c o u n t s - s -m , i t  was f o u n d  t b u , u I

- - ‘ i s -  u s - u s - u p s -  s e - r i  I i i ’s - u t  ion was p resen t  at epoch 100 4 a t  13. 8 n t _ ui and s - ups - s - in s - s - i ep o ch_ i
lUll s-i , ~ t 2 . 6  ut_ ti ). (iotmrniunication c o n t a c t  was no t  resumed ui_ u i this - s - 10.0—i_i t_ u i

- , s- s - s - us e - p s -  s - s - l i  102 7. For t ime e n c o u nt c r  speeds f l o w t _ i , Tau 2 w s - u l d  h is’ s- s - s - s -’c u r ms - - s - i
s - s I  t i me -  )_i . 2 s -s- utn i . Reviewing  tb _ i c da ta  l i s t i n g ,  it w s -u o see n th at no advisory i s - u

c o uii s - s - u s - .cs - s - s - -, i g m i s - i l s  we re  los t on this  r u n .  S i m i l a r  iu_ istan ce-s s- i l l a t s -  r u n e - s -  is- c r i -
t i c  s - u t i s - s - s - i  s - s - s -’c u s - rr ed on fli gh t  48, Augus t 29 , 1975 , w i t i_ i  the- comp letion s-il the-

s-L u i s - \ . liurit _ ig I light 43 , w her e  s h a l l o w e r  at_ i gle and s i u s - r t e r  a i r — t o — a i r  l in k
r u s t s -  ‘s-s- s - - r e  s - s - a U e , M in I—C A.S  1 exh ibited no range  difficu luie-s . It is nor ri s-ui d u r i n g
r ut _ i gs - s  s - - s--u L I  I , s - stion be -le e- s--n aircraft at ex t r eme  ranges  to miss  a f ew  epochs ;
s- s - s -ws-t v s-s-r, e l i - s - s -c it_ i s - s - r  near  Tau 2 p r s - - s s - - n t o  a n o th er p r o b l e m .  For s- sxa t i i p l e , b r  s - i

t r i o s  s- u~ - s - s - i I u i u iinls - a tion of two epoch _ i s  in the  OMS a i r c r a f t , w i t h _ i  e n c o u n t e r  spe c s - i s- ’ .
als-~ i r s - s -s - icl s - l u g  600 knots , a range d r o p o u t  of 1.0 nmi is poss ib  I s - ’ . S[_ iould s - I n s - -

r e - r a f t  s-c uu_ iar_ ieuveri ng and shielding i t s  si gnal , and t h e  ot h ic _ r s - u ir cr , ut t
i ’ s- lu g  s l s - w — -i eu i is - itivity receiver , adequais -s- ‘ I s - u s - i  2 adv lss -ri e s could i ’s--

s- - i _ l i _ i s - i  u ’ s-i I s-s-cd

F t s - s - s - i r c _ s -  i — h i  dep s- s- is  a s im i l a r  p a t t e r n  as p r e v i o u s ly  shown in I i 1s-, urc ms—lU ins -I
- [ I . S e - s - i  l y i i t _ i g A/ C  2 (N376) only, from encounter s-s-m_igle s-P1 0 t h u r u  [ i s  s- ° , s I m s - s - e s-

a s-s - iri s - ut Li _ s i _ i from _ i_ i s-u low s - _ il’ 10 .2  nmi to  a m a x i m u m  of 2 2 . 0  nnu i , a s - f i l m  a me -in
u I  17 . 5 u s - i l  . O d e  I s - s --i [ro om _ i t h e  s-unal o is were ang les fr e t _ i_ i  170 ° t s - s -  180° , s - i n s -- I

s- ’ ’ ’ s s - u p s - ’ s - n - u s - L i o f l  s - s r  w i t _ i s - I  on t he  end of the f l i g h t .  ~I u r ~s-i ns Is - s r t in e- us - s -t _ is -- ounIs - r
s- -_ing Is - -s s - s - s - _ i ng u nu ll—knot bs -us s- I inc , wh ere ti_ic comm ui_ iica I j o t _ i  r am _ i 1’ c _ ’  rs-’q tii u s - - s - i  e s - s

‘s - t i i l l s - s - i  - w e - r e  6. - s do .

h ’Iut l s - iI s - i s- s - t i _ i r i s -  ‘ s - s - c _- s - i s -u s m r s -~m e n t s  (tabl e 3— 1 o f  Nlu _ ij— CAS 1 u’s - - ce-its-er) imi d i s -  s - t e d  s - i

s l o w  m i s - s s - if s - I s - ’ t s -s - r i s - s u ’ i t i o n  s-us the ti - st program prs - s- p m s --sss-’d . Also i t _ i ms - -s - s- - i s -  wi ng
u s - s - s s - s - i i s - l l -. C , i i  s-~~s u m  I s - . -  s s- s - en  thi s- i t Mim _ i i—CAS 1 h a d  a b _ i i s t c _ s r y  s - i t  s - u l u i t u d c _  log i s -

j u r s - s - h  s - - i s - i s - .  ps-_iso i b l y  e - s -i i _ i t r i h u t i i _ i g  t i _ i  i t s  f a i 1u r e~ L i_ i s - hi s -it’s - i s - u t _ i  i t _ i t r n d s - - i  s- s - i  thus --
s- - N I  res -s - I~’ t -uu ipes . I h u s - s -  Ps -F l i n k  s - h e - s  ( gm_ i f o r  H i n i — P A S  is 2 1) u _ i t _ u i .

I ig )u t s 1$ s-md s - i ( I  1gm _ ire - 6—13) P A l l  v er sus  ( ‘A ll f l own s- in A pr 11  2 3  s - i t t s - ] Aui )s - i s - s - h  I - s- ,
I s - i l - , s- u Isis - l s - s -- s-W s - s - s - s - s - i d  u n n u n i s - i t u i s - s - u r i s - sfl rang e ’  c o r n s - I s - i t  i c _ i n .  A l t i t u d e s- st s-

~ s- s - u m .il I c_ s - t i

- i s - s - s - s - s - i  s- s - l U )  u uis - l 6 5 ) 1 1  l et-I, c_ - N i _ r i  u s c _ s -s - h  tim e ui ’ s - s u I t  i i u d e  I s - h g _ i s -  ~ l _ il us - I s - o h s -s- i ’ s- h i ) , s - s - s - ss- s- I s -  I
- -e s- s - i s - s - s - u  i s - i l  i s - s - m u  t u u m p i s -  nu t - s - i t _ i  s - u t  i b i s - ’ 180° e u u s - s- i u s - u s - t s - ’ m  s - iui g le- w . u s - s - 19 . 7 5  nit_ i .

I s - s - i  I l l s - s  I s- i 5s - li t , ths- u s - i t g iu _ i  t i _ s r  l i i i  h i s - a d — i s - I _ i  s- - s - l o s -- a u ’ s -  2 . 3 d O .
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COMMUNICATIONS RANGE
AS A FUNCTION OF THE ANU LE
BET WEEN RADIALS FLOW N
F LIGHT 8, A P R I L 2 3 , 197 5
FLIGHT 41 , AUG . 12 , 19 75

UPPER ANTENNA ON N377 FOR FLIGHT 8
N377 ALT = 11 ,000 - 10 , 600
376 ALT = 10,600 - 10 ,100

25
F LIGHT 41 DATA SAMPLE:
N377 ALT = 11 ,000 26 COLLISIONS ENCOUNTERED
N376 ALT = 10 ,400

~ TRACK OF N377 BY N37 6
— 0 TRACK OF N376 BY N377
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)
i gus re- n— l4 ( F l i giu t  ii on Ju l y 19 , 1975) was the i n i t i a l  t i _ i r e e — s - o l r e r s - u u  I

cu i co u t _ i t e - r  t l i ghu t  f lown . Each a i r c r a f t  was pos i t i oned  as sh own in I i gu rc ‘.— 5
(I l i r s - s- s-’—A / C  h u e a d — o t _ i / 9 0 ° )  . One except ion  was t h a t  A/C 2 f l ew a s t a n d a r d  d~u i s - s - v
s- lgs - s i m_is l A / C 1 am_ id A / C  3 , w i t h  a l l  encounte r ing  a c ro s sove r  at i i u s -  s s - i s - s - i e  t i s - s - s - c .
t r u e  a i r c e - a i t  alt iiudes were A/C 3 (N42)  at 11,000 [e s--I , A/C 1 ( N 3 7 7 )  s - ut

s- s- ,I s - )5s - t e e - I  , s-ut_ id A/P 2 (N376) at 7,000 feet. An ATCRBS a l t i t u d e  s i m ul a l o r  h s - s-x

s-s-s - i s- ss - s s - - d o n l y  on A /C 2 (8 , 500 f e e t  s imula ted  a l t i t u d e )  to a l l o w  i t  to  t h _ i r e - , t on
\ s -  1, a l s - i c h i  f l e w  i t s  t rue  a l t i t u d e .  T i_ is f l i gh t  be ing  the maid et_ i f l i g h t  Is - s - u
NAI - ’EC u s - s - _ i g n e t i s -  tape i n t e r f ace , serial number 2 on A/ C 3 , which exper i enced  prob-
lems s- - s - i t h  r edundant  range and other data messages , and made the data u n u s s - u b i c .
~lse t s - i~ s-s-’ s - j u t s - u  f r o m  A/C  1 were used in the analysis  and p lo t ted  in f i g u r e  1 ) — h - i .

s - S I I s - b - i t s - i  t rom_iu A /C 2 , whii chi used photoinstrumen tation were usable , at_ id a’ e u s -

e-’SSeuu i i , i  l i v  r c [ i c a t s  of ri _ s-s u i t s  o bt a i n e d  p r e v i o u s ly .  The ram _ i ge  d s - u i s - i  of A/C I
on thus - ’ histogram shows variation [ron_i a low range of 30. 4 nt_l i to a n_iaxinmum s - s - I

-.1 u mu u _ i i , w i L t s -  a u s - i e s - u u i  of 37.2 i_i t t_ i . T u e  sp r ea s -I  of the  d a t a  is , as b e l o m s -- , i i s - s - u i n [ ’s-

d s - s - e -  t o  s- ’ s - s - : I s - s -- u u s s - i i l i _ i s - i  t s -s- s - i~ wind made by ea ch _ i pilot during th u s - s e - i_ ic out i it-r . i _ Is - i s - s - s - s -~ i u —

ing s-og ai ims t t h e  maximum comtununication required a +8—dB margin is it ’m di c - i I s -s-d I s - s - u -

i t s - s -  i 2  c_ s- u_ icount ers .

A m _i t s - s - u t _ i s - i  p s - s - t u e - r n  s h a d o w i n g  f r ont the  rear  s u r f s - i c e s  of an s - u i  r e - r a f t  is  w e l l  kuis - s - a ui

P i t h  the g e o m e t r i c  l i m i t s  tha t  were imposed by the  sirm g l s -s - — and d o u b l e — d a i s y
p s - i t is- r s - s - s -, esp t s c i a l lv  at the  shal lower  ang le ( t a i l  c i _ i s - i s e - ) ,  add i t i o t _ i s - s - ul f l i ght

is - ivestlg s - uliou _ i was p e r f o r m e d .  A spec i a l f l igh t se r ies  01 radial “ovs-’rI s - s-ks-

runs were I I - -a- n to exe rc i s e  the  t a i l—chase  angle .

Fi gure is - — 1 5 (tli gh _ i t So , Sep tember 8, 1975) was a Mlni— cAS—vers us— Mit _ ii—CAS
equ i p s - s ue - u t en c o u m _ i t e r .  A/C I ( N 3 7 7 )  was at 7 , 000 f e e t  and s- \ / C  2 (N I / o )  at
5 , s - ) U u  m eet . This was s-u r ad ia l  “ i s-ve r t a k e ” run , w i t h_ i a i r c r a f t  s t a r t i t _ i g
r e s~is - s-c t i -.- e l’,- a t 18 nt_m i and 6 nt__ i l f r o m  a known I ix. A/C 1 s i t s - s- s- s- s- i , 25U k u _ i s -s t

s - s - s - us s - l s -s - s i s - ,, i at e d  t I m e  s - s - t e n s-ike s - u i r e r s - u l t  with A/C 2 ut _ i a intain h i_ i g 15 0 ku _ i s - i t ”.. [lii
‘ i s -  r t s - u k s - s -  crossove r encounter occurred s - u t  the 12—nmi ps-si t_i t beyond ti_ ic l i x , m~u kiu _ i g
it s -_ i run s - i l  10 i_inn Is-sr A s -s- s- C 1. R a u _ i g s - .’ v a l u e s ws-s -r s - _ i g r e a t e r  in sounc instances , d ue-
i s - u w i t_ i d and tfmim ig encounts -s-rs - - d by the s - s i r e - r a f t .  Ti_ic I _ l o t s - s - g u s - u r n  (fi gur es- is— j s - i )

i s - s - s - i i Cd t e S  s-s I s - s - a  s - it 10 .5 nut_i l i s - i s - i t _ i _ iax imu m s - s - I  15 .5  u_ i t_ ti , a- it l _ i a u s - s -- sit s - s - _ i 12.6 s - u s - u i .
hI s - s -  u s - s - i _ l u i i s - -s- I s - : o n m u i _ i u m _ i l s - s - i t j o i _ i  r s - i t _ i g s -- f o r  h s--low 10 ,000 I s - c t , w i t h m s - i t _ i  s - i i r s -  r u t  I

s j s - e s - s-I i __ i l  00 k n o t s , w o u l d  he 7 . 5  n r n i .  [ u s -  nmar g it _ i s - ich i e i s - ’s - i h s - s - r  t i _ i f s  I i i  l — c i s - , i
e s - _ i s - : s - s - u i u m t e i  was 6 dB.  For i h _ i s -s- s-u c t u a l  o v e r t a k e -  speed I l o w t _ i  ( d i l l  s - r c _ - u u e - c _  A s-

s- C 1
vs . A/C 2) , i l s - c _ -  us - lamp it_ i ext rap s-i I i ts --s t o  1 3 dO

F l i g h t 12 , J u l y 2 1 , 1975 , was t i m e  last t I _ i r e - c  a i r c r a f t  s- ’u u c o u n t s --r  1i 1 s - iii o s - -s - 11mm s - i

I s - u i I — s - b u s - ms - se -  is s - - t ws -’ s- n ( I s - \ t — v e t ’ O i t O — M i f l i — C A S  c’ s - t i m i l_ in s -s - I _ i l I \ ‘ ) s - s - ’ s-S . H i s - s - - . ’ Wcf s - s - s - t _ i Cs -. _ i i t _ i t i _ - u

s - i l _ i s - s - y e s -  mt _ is - h h e - i s - - s - s -  I i) , 000 I s- s- s- s - i  a b s -  rs -s- A /C  1 (N 3 7 7 )  ( 1, -S t w s - u s  s-_ it I I  , 000 I s -- s--i s - it _ i s-I

2 , 0011 I s - s - I  below was A / C  2 (N 176)  M i n i — P s -’s-S i t  9 , 000 s - c t .  [ ‘ I u i ~~ t I u 1 s - u i t  a- i - ,

part s- s t  s - i  t s - iri ,- s- -’~~i~ rs--ra ft s-s- i_ icoun l s - - r, wi th _ i t- s-- i_ ’ i_ srdt- r d ai s -_ i Is - s i - s i-s i__in h i s - - i l _ i i rs-I
- s i r s - - r u t  I. (s-\,’ C 3 w s - i s s -  ni s-s--ord ing A/C 1, s - u i _ i s - h  2 , s- ut _ i d s - S ’

s- P 2 s - ui _ i d 1 n’s- u s - ’ u s - - s - s - s - i  s - I  i t _ i p
s - u s - I s -  o I l _ i s -  r .  ) l i m e  r s - - s -- s- s-rde-d s--ommut _ i i c s - I t  ion ranges s . c _ - i ’ . - I 5. 5 , 1 , at_i d 1 (1 . 1 i_ it _ui
w it I s  no m’ s- i t _ i ) s - c _’ s’ s- m r  i at i s - s - u i  bt- t C s - - s - t i  - u i ri -r ut t_ • s-S uute s-in vs -i l its - s- s - I  ~~] ‘~ u_ mi I s- s- t I i s -  s-s-

l u r s - -s -  s- - u i -  s - u i m m _ i I c r s i n d i c , u m s - s- s i m i f h s - I s - t _ it s - s - s - u r g i t i  I s - s- i I l l s -  u s - i l l  c h u s - s - - s -- .

5 s 2  .1 
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TI_ic fol lowir_ ig fli ght , I l igh u 38 , fl owm_ i eu_i s - J u l y 26, 1975 (li gurs -s-s s s — I b , 15—1 7 ,
and 6— 18) c o m _ i t a i m _ i s  add i t  lona l  I n f o r m a t  i s - s - s - u  c _ it ’  a t_ io t  h i s - -  r t i _ i r e - c — s - u  i r s - - r u t  t s - -ne - s - u s - i t _ il s- r .

A/C ~3 ( N 4 2 )  s - u t _ id A/u ;  2 (N 3 7b)  were  s - u _ i g s - u g s - -s - i it _ i rs -- v s -- r s --.s - - f i g u r s - - — e  i u’s- h I b u s - s - i s - I — s - s - u s -
ei_ i c o unt e s - r s  , w h i l e  A / C  1 (N 3 7 7 )  f l e w  ti_ ic s in g ls-s- d a i s i - s -  • h I s s - - j u t  I e - r t _ i  a- so s I s - i t  s - s - I
wi th A/C 1 and A/C 2 in a tail chase- s -i t _ i d  head—on w i t h_ i A /C 3 . Fl _ is -- Im u e a l l i t i u d s - s

a’s- - m s- as f o l I ~ ws ~ . A / C  3 (11 , 000 f e e t )  , A / P  2 (9 , 000 i s - - s- i ) ,  s- it _ i d A / P  1 ( 7 , i ) i ) ( i  s - e - e - u ) ;

l_ i o w s - _ i v e r  A / P  2 at_id \ s- ( ; 1  ATCRBS a l t  i t u de s  s,s- s- - r s - -  s i r n u l s -u t e d  t i _ i 5 . 5k , am _ id . u t k  I s-s-ct ,
r s - - sp e s -’ t i vs - Lv  . I - lead—ut _ i  c 1 us ing  speed was 41 )11  kt _ i s - i t s  b e -t a ’s- - c _ - u i  t l ie lie s - s - i — s - s - s - _ i  c_ ’ u s - s -  s - s - s - i s - i t s -- i ’ •
[‘Is -is a’s- us u s - u s - u i m i t a i n e d  t h r o u g h _ i s - u t  t i _ i s - -  I l i g h t  . h i s - c  d a t a  t m - u s - -k ( I  ip u s - m c  i i —  i s - )  s - i l  A / P  3

s’ s- ’ r s u s-s A/ C  2 s-s-- s - u s  b roke -n  i t _ i t s - s  las- i_ i u t _ c a n s .  TI _ it _ i 10 e u _ i s - : s - i u m m t s -- r — s- , St - u r t i s - u p  w i  h I m  t h i s - -
tuia xi ul _ i Im n _ i ram _ ig e  , s h u s-iw s-i flu e-at_ i ol 30 .o i_ in~i , c li i  i t _ i  t h e  s - i t s - s t  c r i i _ i g  s - s - b  t h u s - - l s - s - a ’s - r  I i i ’ s-’

s- s - _ ic  s - s - m u t t e r s  s l u i _ s - a -  i nue -an v a l u e  s- if  15 t _it _ iu i . ‘l im e - sc  d i  t I s -- r e - u u e - s - s  s - ic s- s - s - r u e - s - I  ‘s-s-s - i s - s - u_ i I ic
a i r c r a f t  t r a v e r s s - - d  one leg a t  Li _ i c  l o t _ iger  d i s t a i _ i c e  - m d  r e - s - 1 s -s- m i r c _ - d  u _ is --c ~ t s- ju t in s- s
P s - s i t _ i t s  t o  c o r r e c t  fs -i r wit _ i d (i _ ’r a h  a n g l e -  cs - s - r r c _s- s- t i o t _ i ) g s- s - i u s - g  i t _ i  i s - i s - -  s - i p p s - s - s - s - i u e  d i m s - , —

t iot_i . Figure 6— 17 g i v s -’s t h u s _ i  d a t a  r e - c o r d e d  u _ i  s - S/ P  1 which i s - s - - us - ’ .  I r a t e - u s - ’ .  i s - s - p  t i m e
lig I s-t in s - s  s i t _ i g lc—s - I s- u i s y  p s - i L l s - r u _ i. TI _ i s-s cot _ i_ imu t _ ii c s - I t i s - s - u _ i  r s - u s - _ igs - -  s’ s - [ s - u c _ ’ s -’ - s - ut t h u s - ’  [ s -s - I s rs

-

sum icou nts-s-r a’s-- ri_ s- w e l l  abs -_ iv e  t i_ i c l i u u t l is I’ i _ u i - s- s - s s - u x  i fl_ iU fli s-- s- s-t_ i_ it t_u t _ i  i s- I I  i c _ _ i t _ i ‘ 0 i- _ s - s - i - - s- s- i’ s- s- s - s - m i _ i  Is -

[ h _ ic r ange  at  t i_ ic sha i l s - i t s --e r  ang l s -s - s , s- _ i s  s l u t  s - s - h i_ id _ i r e - , i s - gs-’ s- s- uss - et r’s - 1 i i ~s - i t e s - I . I t _ i
i p t i r e  6—18 ano t i_ ie r  p ar t  ot t h is u l i gh t  s-s-- I s - e m s -’ t u e  ‘l u i_ i i Ps -’s -N s-s--as  s- ’ u s - s - o u u _ i l c r i u lk th is - -

PA t , ~s [ s s - ,  i t _ i d l e - s - i t s -s-s s -u lies - u s - I—s - s - ui lim _ i k s- sh u t - c 15 u _ mu . M u m g i u u s - s -  - s - m  l bs -. l a r p s - - r  u s - s - s - s - u n  i t

f i gur es - 6 — l b  are 6 dB .

A n a l y z i n g  e a c h  of t i_ i c  c o m m s - m n i c s - i t  i s - u s - _ i  r u u _ i g s -’ f l i g i u t s  i t _ i  d e t a i l  is- s - s -- , u t t s - s - s -~ - t e s - i .
rh _ i c power bud get  marg  u _ i s cs- r e I s r o s -u g i s - t s - s - u t  s - i t _ id  s- - s - -s - t  r . i  i _ i s - i l s - s - ts - - i I  t o c I s- s- s-s- i u s - p  i’ s- s - s - s- i i  i s - s
of  1, 1 ) 5 )  and 1 , 200 kno t s  u n l e s s  s- s- t l u s - ’r s - s - iss -’ i _ i s - i t s - c _ i. As s i u s - s a - m u  f m _ i  is - us - s - s -s-t I l i p s - i t s ,
il _ i c n _ i s - _ im p i n s  s-s-s- s- rs-s- s-s- xc s -s-c de-d , s-ui _ id ot_i ly p s - i t t  ct - I_i li t_ li I u t i s-it_i p u s - - s - - c_ -s - s t s - s - I  t h i s - - t s - s -l s- 1

s - u i r t u s - , u i r  r s - u u _ i g s -s- s - u t  s - i l l  angle- s I r on_ i i c i n g  ins’ c_ ’ s-’s- t i g s t s - ’ s - s - . E ms - s - us - s t i _ i s - s -  , u s - s- e u s - I u i u s - s -
t s -_ - ’.t  f l i gh t s  c o t _ iduc i s - - s i  i t _ i N s - s-s ’ s - ’ u s - s - l sc_ - t ’ am_ id l)s- e- emher 1 s -~ ,e-+ , u p _ i s -s - a r - s-is s - s - i s - s 7 _ m _i n u j  PP
l i t _ ik  a i r — t o — a I r  r s - u i _ i g s -s-s ws - ’r s - - rs-s-s--o rd e s -h I s - sr thu s -’ Cs-\t e q imij sm e - i_ its. ‘H u h s  I i s - s - s - i L i t  i s - s - u i

i t _ i  r s - u u i p s - ’  w i_ _ is s- ,Iue to  i u _ i s t r t m n s s -’ u _ i t s - t  is - n _ i d s - s --s - i gi  s - s m _ i s - I  c o u l d  s s - s s s i i s l . s- - l u _ u s _ s- i - s - - s - i_ i t _ i _ i s - m s -’ l m

h i  g h u s - - r .  N s - ’vs - ’ r t h i e l  c_ -os , us i t_ ig i b i s  r s - i t _ i s - s t -  s ’ s - s - t i m e  s - i t _ i s - h  c _ - s - -s - t r a p s- s H u t  i s - s  I s - s - r  I s- s - s-

l , 80 0—kns - st  a i r s - m s - I t  s- s- u _ i c s -s u l u _ i u s - r i n g  ( 3 , 0110 k n o t . -’.) l i e - a d — s -- i _ i , w i u e - r- s- - t h u s - -  ms- - m i m s - - s - I

con_imunic ution r u i t i - s-, s- - is - i i )  i_ i t _ ui a s - i t h i  this - s -s - l i —nt _ i _ if l i u s u i t  s - s - i  s ’ i h t i s -s- , t h i s ’ s -  a’ s- s - s i  I s - h  s - i b i s -s-a

I s - s r  a / , I — s - i n  s - s - . ur gi n s - s p u j n s t  N sc i_ i— 2 sulm t-r ss-i i _ iic s- u i m s - ra b I

( IO Ms-’ht N I P A T  I ONS R h .  t I A ll I l _ I ‘l~Y

Cc_)mt_iIun lcs -u ti om _ i s u s - I  i s - t h i  1 i t v  i s - - ’ - s - u u s - s t h m s -r i t t _ p s - u r I s - u t _ i t  k s - ’ iii itu u~u l s - ’ s - i s - c _ u _ i t  it _ i g H i s -  s- Si-

s- v s t s - - i s - u , s i _ i _ i c c  c_ - i d _i s- u i rs- r s - u i  t u s - s - u s - s t  u s - s- - i  i s - i s - h i s - i l  i v  ( s - i ’ s - m v  s- - u s - s -
~ s - 1~~

) e - x s - s - u , u i u s - e  s - I s - I s- s - s - i l ,

s - m i _ic t i m e r  s- ’ s - i s -~ I Ph  - s- - s - I s - u i  r i _ - u -
~u I t w i  is - t m it _ i s- ’otuu tiui i i_ i i c - i t  Is - s i _ i u~, u u u ps - . I l I is - s - i ’ s- I i s i s - i I i t  —

I igm irs - ’ i s Ic_ a ’ , cl_ i s-ui _ ic es--s s- i t s - Is l es - I i m _ i g  s -iti it _ il r u s - h i m _ i g  i i i ’ - i s - I l  s - u s -- u’ s- - s-i u i ~~s- ’ s - l , t h u s - ’ .
1 m u  L i m _ i g  th i s - -  c _ s - I  I c - C l  lV e t l c _ -s s-. i _ il L i ms -’ ( I AN c c _ i t _ i _ s -- p t

s i ’ s - s - s - s - s - us - s - u i  i c - s -t j u l _ i s  m e - i  i s - m i s - i l  i t v  a- u s ’, s - h e - I  em u t _ l i _ i s -s-d hi ’ i_- h u e s -  s - — i m i c  s c _ s e - m i t  i i m o s - s - ’ - , s - s - su  ms - - s- s - - c —

I i s - i _ i s  i _ _ i t _ i s - h  t r s - u s - s - -’ . s - s - , i s-s- u-u i s - i l l s-’. I u s - s - u s -  two— u s - i s - i  I s - u  e s - — u  i r s -- l i l t  e s - u s -  s- s - u u u i l  c _ r n . Sv s i s - - h u u  s - i _ i  I—
zat i s - s - t i  i s - ’ l i - u t i j l i l v  w e - .  u l - s - s - s -  s - i s -s - t s - r t u u i s - u s - s - l, s- I s  is-s - u i - ,  u e - m m r u s -  ‘s- s - I s - s - u  l u g  t h i s - ;  I I i p h u l

- s  u t s - - s , s-it_ id u s -  t c _ - i’ s -s - m ’ t s-s i_l it _ i t h i s - -  -s - s - i t is - s -n I s - i l l s - s-s-s-i j u m p .  [ h i s - ’ I s - - s - i  1- s - i t -  t I s - s - s - -,‘ l s - s - t
s- s- c _ s - I. l l i _ i t _ i h ) -  is- is s - l a s - i s -  t s - s - r i s -s -d i s- - i l l ’ s- ’ h ’s- t h u s - -  ( I s - S I  _ uuuc _ i N h _ i — i  - ‘s-i’ - . Pl us - i _ i  t h i s  s- I _ i s - s - k  is- u s - —
i s - s- i s - m g  n _ i s - u s - b e - , t h s -  s- s-uN s - s - I s - s - I  u s - i L l  a- s - - i s -’ s u p p r s -s-s s - - s-’.d s- s - u  u s -  t u , u u s - s u u u h  I s - c _ s - h  i t _ i  s -l i i i  u s - i s -
S l o t  . H i s - - se i s - ’ ’ i n  I is- - I  S I s - . t  s - - i t  ‘ 5  i 5 1  c_ ’ m r u i j i t  i s - s - u s -  s - s - s  -- u s- i s - i  c _ u s - t  I I i t s - I  s- i t _ i c _ I s - i s -  I t t e s - i

r u m  t h u s ’  s - i t _ i s - i  s- - s - u  i s--s . Tb i s - -  a ui -i ds - t _ _ ic_ li _ i s - - I  i s - ’r t s- s s-~ e t u t rims - ’ I m unsu uu l I — u s- - s- I - s- s- -

i s  -- I i i i i  1 1 i s-s -I I s - u  it s- - s - il ‘ s - t i t . 5 r - os- • u - I  s- s-n t b it s- s - i I s -  - I —‘ s - i s - i  - s - i ’  i t i g  s- s- s - u - s - s - u  u s -u s- m , s- I s-

s- i t _ i h i s  -I s- s-u jn d i u_ i c _ l u  - m j s - I  s- - r 8 . 

- ---—— ---,--— --~~---
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cs- s - i s - s -s- s - s - I t ’ l —s- 1u~~- -s- i l _ i — s - S  s- e--\ i”s-s- s- i- s - s - s  -A
F l : ’ s - s - u s - s - s - i -~ OF’ s - li E ?s- ii - s - s - 1 5  i s - i  -i s-- i .
Im A l ) I A L S  l s - s - u s  N F I . s - s -  s - I t t  -‘., U l . ) ~i - s - , 1 s- s-

A / C  I ( u s - - s  !) i s -, A/u I s -s- i s - i ’ s -  -~ s- -i s- 1)

-t I-t is -bi -E A I n C R A F - I i ’ s - C C _ i s - s - i s -  I I i i  s-i l i t  i d E
N 4  ( ‘m i l l - F ,  A s - l i u c t u -  -s- AS i i .- i-s- F F i  5 )
Sss -u )’LA s- i-l i i s - )  s - s -  Os - is - , ( T i s - t i A L I i t  s - l u
s -s - i ’ ) Si i s - i t.s -L A I F . t )  l i i  s.5u-: 1 - i s -  I .- \ s - s-u s- \ i 77
( I  is- i l- A l ,  ml m I n i .  71—i 1 - E L m )  is-s- ’s - t i b ._ ~s- i s - i s -
ro 8s-i u u s- i s-

i C _ A s - A  s,\ s-. s - i L }..:
15(05 -s - i s — ’  is -’- )  (s - us - u I S ’  i s -  u’ i—s - u, 01 s- - . s- - u- is- s

s - i. s- i l l s - i _ -  -
~~ i ’ s -  is- ,s 105 ’ U I  ,s - s-(s Is (i i - b  T

( - i t s - - u s - i -  As - N I )  i s -F ,LC uV 5 .  , s- s - s - u s -  r i - i- i )

~ m s - s - i i’ s- s - u i~ A / C_ _i ( ‘ s- s - _ i ’s - )  u s -- s  A / C s -  3 : - -u’~
-

i s - ’ 5-~ l’ s - )  s --

a F - is- i’ u s - , b h ’ I s - N s - s - -~s - s -  *E~~
’5 is - s - \ s - s )~~~~l . \s - S I i s - s - i s - tb- k~~~~~~~s-~ s- s - s i s - . s- u- u-  s - 5  s - s - s -- i i s -s- S F is I *

s-,’. 1 - s - _ i l ,  s - i  ‘0 - 5 -ii .s - s - s - i. ’ \ t ’ i  iSO

~~~~ 

- ~~~~~~~ , --~~~~~~- 
_L - - - I - h - I - .  - ~~~~

(1 — i s - )  — s - s - s - _ i  _ s -s - s - s - I _ i f s -  ‘— IS ’ is - ’ . I Si’ I s - u  s- s-
~ 5 s - s - s-~ s- s - i s - Ci

‘s - O s - s - I F  t s - u - s- s - s - - F F N t s -. i i s - .-\ l _S 1- I i ’ s-s- - . - Is -F - l i m o  
—

F1(;IJRE IS—lu . ( I u ’ N i I N J i . s -’i i ’ t u s - N P  P ’ s - N u l l-I F L i i s - I I I  Ii ’ s- , - r H R E F — A I R P I - I A E - t  F N u  i s - i  ‘ I t i  h-i

hi- lb

- - -  



)

I

30

25 —

COMMUNICATIONS R A N G E
AS A FUNCTION OF THE ANGLE
B E T W E E N  RADIALS FLOWN
F LIGHT 38 JULY 28. 1975

H 20 -

0

DATA SAMPLE:
~ Z 15 - 

15 COLLISION ENCOUNTERS

ALTITUDE SEPARATION = 4,000 FEET
H 0 TRACK OF A/C 1 (N377) BY A/C 3 (N42)

A/C 1 (CAU 1) VS. A/C 3 (CAU 2)
0

0

I I I I0 
~~~~ -60 -90 -Is -b -150 180 150 LiP s-~~ 60 30 0

A N G L E  15 }I T W E EN  RA D lA 1~~ F L O W N  - D E G R I - .1- .S

7 6 — 2 3 - h -  1 7

~1s - :i s -R E I S 1 7 . ( l l ( M N t J N t (IA t ’ [ s - ) N~ RAN P F I  F~s- 1 G H i  38 , ‘ F h l R i I I H A I  R P R s - \ F !  I Ni ’ s- ’ l - ~c I I  k

i s -— 2 7 
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T H R E E  A I R C R A F T  E N C O U N T E R ,
W H E R E  N377 A L T I T U D E  7,0K FEET
WAS A T CR I 3 S  TEST S IN I U L A T E I )  TO
8K AND N 376 SIMULATED TO 8.5K F E E T .

C O M M U N I C A T I O N  R A N G E
AS A F U N C T I O N  OF T HE  A N G L E

B E T W E E N  R A D I A L S  F L O W N
FLIGH’I’ 38 J U L Y  28 , 1975

25 - 

~~~

oJx V
‘2 * x
H 0
ks -s-b )) —

‘C

15s- -

~ 0

9
Z U 10 -

o D A I ’ s--\ S A M P L E :
U 15 COLLISION E N C O U N T E R S

~ T R A C K  OF N 3 7 7  BY N~~ 76 (MINi-GAS 1)
o T R A C K  OF N 3 7 6  BY N 3 7 7  ( C A U  1)

0

0 I I ._L I I I
C) —30 —60 s-~() 1s-i O 150 180 150 Lilt ~0 OP in 0

ANH [,F, 15s-E’fls-%’ 1- 1- - N  R A I ) 1 ’\ I , S  F L O W N  — DEGR1II’lS

7b - .~ 4 — I s - - t i”

FIGI)RI. h 1 8  . COMNIJN I i I A T I O N S  R / i N i  I F  I L  IGII  1 38 , I ’ H t - d F — -\ I RCRA F1 ‘N i  - u ~1 N I  h R  

, ‘~~,- -. : . -~~~‘- “ “ ‘



i’hic s--omm_ iuui unic atio n ruliab i i  i t v  da ta  was r e c o r d e d  during t u e  s i m s - p l s-s- and d o u b l e —
dals u - f li gh t  set -ies . As b e f o r e , this  series  also p r ovid ed ti -me range , s u ’s - s - s - i uroni—
zat ion , and warn ing  time data for analysis. Additiorm al flig h ts wer s-- tuuade ov e r

the  N A I s - E C  i n s t r u m e n t a t i o n  range , w h i c h  p r s - u i s - i d e d  r e l i a b i  lily data  fo r  s h o r t —
range t e s t i n g  in the vicinity of ti_ ic grout _ id statiot _ i .

i ’hi e n i a t e r i a l  provided on Li_ i c p r i l_ i t o ut  of f i g u r e  6—19 ( i t _ i p u t  d a t a  A / C  1) s - u s - s - i
f i g u r e  6—2 0 ( i n p u t  da t a  A/ C 2) is an i n d i c a t i o n  of the quality of tlue r cc s - s -r s - i cJ
d a t a .  These p a r t i c u l a r  da t a  san_ ipie p r i n t o u t s  f ro l l u  f l i g i _ i t 15 ( J u t _ i c  3 , 1975) we r e
recorded f rom t i_i c  i n s t ru m e n t a t i o n  p i_ io topane l .  T u e  f i l u s - s -  was read a_ i_ i d L r s - u u u i - s -s- c u r e d
f r o m  ca rd  to uu_iagnetic tape f o r  e n s - s - s - p a u l s o n  ~_ i r s - ) c e s s i t _ ig s - s i t u  I s - s - c  0th_ i cr a i r c r s - i f t .

The fol lowing is a desc r ip t ion  of each co lumn and oth _ ier necessary detai ls-,:

I. Type of input ;  I3CD indicates  p ho tograp h _ i c  f i l u s u  was used to u s - - c o r d  d at a .
B inary  would ind ica te  recording b y m agne t i c  tape  t h r u  tape i t _ i t e r f a c e .

2. Progran _ i type :  Input  da ta  fo r  Cot_u ~I s - u d  prograu _iu .

3. Task Number: evaluation of MDEC \CAS equipu uuents.

4. Date , Flight No: the date and fligi_i t nutnber assigned.

5. RI_in Number , P a t t e r n  Type , Aircraft equi pment conf.igur~.it is - sn: u _ i s -s was r i _ i l l

I of a single—daisy  f i gure—ei g l _ i t  f l i g h t , w i t l _ i  A / i l  2 s t s - i r t i m _ ig a t  270 ° and A/ c  1
starting a t  90° , w i t h  an angle  of 180° be tween t i_ ie in (head—oti encoutiter) . ‘l’hue
equi pment  under  t e s t  A/C 1 ( N 3 7 7 , N i t _ i u l — P s -’s - S )  and A/C  2 ( N 3 7 6 , CAl ).

6. Input data  f o r  A/C 1 — — — — p s - u p s - s  1.

7. T in_ ic : hours , nuir_ iutes , secot_ids , ar_id t s - s - u u i I u s  of second ; code i n p u t  i r s - s s - :  In c
synch ron i zed  ot_iboard time s--lock.

8. liftS : Data n_ ies sage slot nuu_ iuI_ ier of the it _ itu u us - I s -’r.

DATA s-
~ 1S SAGE SLOT IN B) R~IAT ION.

I l l :  DM8 h i e r a r c h y  s t at u s  ( 00— 6 3 )  s - I s - - e n s - I s - -s-I i’ron_i t l _ i s-s- s s - u s -s - s s - s - s - lgs-’ us - - ce i i s -  s - s .

d R / d t  : range rate ( d u s - / i _ h i )  i s  t h i e  I’s-s is - it is- c  \ s - s - s -  i c _ s - c _ i t  i’s- h_ is - s Is - s -- s--s -_ u 
s-’s - s -s - s -- s - u s - s -u rc u - _ i I ~u u s -  s - s

it_ itruder “DM8” aircraft.

A: s ign i_ sf d R/ d T  ‘‘1 ” i t_ i d  u s-i Is - - s s - m i  u s -  r i f t  u s - i l _ i g e  rats - is posi t i v c _ -  s - _ i t _ i s - i  s - u i  rc r i  I I

u c _ ’  s- losing oi_ i s - s -ac t_i  ot h _ i c r .

5 : i t _ i d i c _- s - i t e s  u s - - s - v u _ i s -- i r i u s - l  s - s - u - us  t r s - l u _ i s t l u i I I s - s - I  t s - s -  t i m e  Pl1i -~ by thus - - 0 1 _ i s - s - s -s - i l  s - s -  C s - S t

11 , 1 , :  t u e  s i _ a n t  t - s -u _ i y ,e h e t w s - - s - - u _ i  s- s -am _ i  s - i  rc ra ll s- Il _ i s - I P15 u s  u s - l i l t  t m _ i  u _ i s - s - s i .

s - s - I t :  s I t  i t s - u s - I s - -  of h is -- P I P  in  b u m t m m d r s - s - d s  s - i t  I ’ s--s- - I .
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A /C (NI;!), shown In ti gure t o — 2 U , s - i s - s - e s  “s-_- o i l y  tO t e computed slot at  s - i ’~~:5~ - :  39 ’ ’o
f s - , r  ep o c h  ~~~~ on s-s-s - / C  ~l , 1 ! u i , ~ s - , s - s - s - t h~~u a t  s- s-,s - r r e s - t i s - i5 s-/as - i l  a ll ’ s - i ’ s - s - I t  S l U t  i s - s - s  - i s - )

t h e  c o r re s p o n d i n g  c p u s - s i t  number  ss- ,Is s - s - o s - e  s - e t luo d used to u r r e la t e  - l a i d  I rum s - i l l
5~~ St O ’ t s - i 5  i n  s-c p a r t  i cs - s- i s-ir 11 i~ , l s - t .  ,-\ sis - s s - ila r tec hn is~s- s- s -vs-s-s e-is-spl ove d wEocto U S l i l l ”
tajs-i’— to—tape corr s-,s - l s - s- tion it  re s - s- u i t e d  in  t h e  ‘ s - s - s - s -i -  t v p i -  s - s - i  s l u t  h_v c s - s - r n ’ s- h i s - s - i .

1911 e - : s - a i S I i n H s -~.s- the slut check l os - its - ire, s-i 1 1 i g l i t  s - f  s - i CS’s -U s- - s-_- r su s  s - i I - i i n i — t  s-
s-
s-S s- s - s - s - s

chosen. l ’ i i e -  CAl ,’ doe s w E s - , t t  i s  c s - s - li e - h s-i I u t u r e  s lo t  c h e -  k , I s - : s - s -- r e -  I r , s -n sm i s si un  ~.i t

d a t a  message-s  are -  i n i s - i b i  ted in i t s  p o e s a,s - t l t  a ct  I s - e -  s l o t  ( UM S) I n s - b i s- t  s -,ot ’iss-’, s l  t ted
in a t u t u r e  s lo t  (IR s-I S s- ,

~~~ 
, ftc h _ n i — S ’s - b’ s- - b es-s- s-i c o s l s - s - t  5, e-s-, t  , s - s - iso -re - it i nh ib i t s

i ts a l t  i t u d e -  pu l  so- tr- irs - sn. iss ion I s - s - I -  s- s - o l a -  s - ’ p s - . s -  I i .

Vi es ’ f r og t h e  A/C 1 M i t i l — C A S  pr i t o t s - s - s - i t  i n  t he  b e - f o r e  ‘I s - s -u 2 s-s-- s - s - s e , I s’ s- is s. i-I s - u s -  ii 950
to 986 , i t  can  b e s--s- s-- e - n  t h a t  h _ s - u _ s  (a h is -m is - k I I e ld f u s s - b i o s- Is-’ s  s- )V 1 ~ ,t 5 ‘‘- - - , i s - ’ s s--S ar t
m i s s i t i g  Ot s-s-pos-’ l s  1o60, 9 7 1 , and 9 7 7 .  I n  r e v i e w i n g  L i l t - s - u i ’  t ’ a,,- - ~~1 s - u , s - d I s s s -- 1 5 l ’ l s I t s - ’ l s - t
of A / C  2 , go ing y e - r I  is - s - t i  j ~~ dow n t t i e -  SiMS s-,’o lurn n , t i le (C-iS i s - i s - s - h e r  i n s -. s - s -’,I St’s-, L i ,)

72 4  a t  b o t h  opu s - h ‘mu and 971. Is - s - ese two cp u s- Is -s are  s - s - s - s - o r e -  hI s - i’ CAl ’ s-s-s i i s - s - s - o ld
its-s pre sont  s lot  t r a n s m i s s i o n  s-.s-ns-l Ls -’ i i i ’ s - i ;  itt es i s - c  t ic s - ’ I u t  . s -  s - s l u t .  l i t i s  r e - s - s - s - s  - I t s - s - b
in a loss of Jj t s -j  s - s - s - t - s sa ge, in t O o t ’  > I i n i — ( , s -’s - f i - - i- s- 1u i p 1s-o-s - s - n i t ,  i s - m I t .  l b s - v  f l t i s s - - s - i O i g  d s - i t , o
ti s-e-s--sss -s -gs-c s in s--pooh 977 resulted in s-i coflonsutlic s - i t ion f a i l s - u - c it the- M ini—Cs - s- S out!.
Using the s-i s - i s - s - s - c  p ros - os-lure -, b y viewing I igu s- ’ a_- s-i — Sn , A/C 2 input d , s - t  - ! pr s - s - i - ,iut it
cs-in Sos-Ic tha t epoch 957 and 9 2 0  c o n t a i n  is- l s - s - n k  s - s - s - e - s s s - s - g e  d a u , i  ( r , m n 5e- , s- m i t  i t , s - s - i s -.,

is - I C . )  . hs-.5 I s - s - I  o s - s i n g  I s - s e -  s- urresponding printout I or ,\/C 1, s s - i p p r o ’ - - s - m i s - s -s- i it ths -s-

~~L t i t u d e -  pu lse-  t r , c s s s - -s - s - s s - i s s i o n  is apparent in s- /wi i s - . e .-~s--s - s -.ige I s - s - i  I i o e - s , c  o pus- Es’-
A vs -i’ll js - s s - m t i o s l  of  t h i s -  two  e p och s  i t ’ s d i s -’ , it s-,s- s--s- tie-s t r . i t l u e r  t o s s - i n , m  cs - ’ s o o s - s s - l o n s - ,  - s - l i on
f a i l u r e - , a slut check wa s  be i i u ~; p e r t u s ’ ss-s-t ’s - b . The-re- ‘s - o r e -  no t ’ s - i i l u r €,’’ i n  t b s - s  -t o-t ore
Tau s-s-I -d on e  a b s - i - I t ’ d  A/C  s - b .  U s - o -  s- s - -_s- us-s - p l e s -  j s - l  j i l t ’ s - s - I t s  s - P t  I l o s - i r s -- b—2 0  i n d i s - ’ . u t s -  s - i

hi gh r e l i a t s - i l i t y  fo r t h i s  r u n .

A s o i t ’ s - i t o  o r y  o f  I i i , ,,- l s - s-- r s - ’ en t , sn s -s- s - s - t  i s u m p l e t i s m i c s  E s - - I s - r i -  ‘rsiu 2 , T s - n s -  2 In t l  F - i n  I s- , s-t os-E

o v e r a l l  s - m r s  - f o u n d  in I i gu re i, ’-Sl T E s - i  s samp le  p r i n t - . - - I i i  l u s t  r a t s - - -  s- l s - ) s -s’ t b , ,
, s - i r — f s - s - —,iir [l ick s- s s - s - ; s - I ’s - ii n i s - - ,1 t ions o’s - s - st iabili uy 1 ,1’ , s - s - s - i s s - p s s t a ,’ s - t  b r  s- i - I ’s- c i i ’ . r i t t .

A pps - s - s - s’uiss -s,itely 80 p i -r i -en ts  s - s - f  l i e  ros-s-du ,- u m s - s - t i  w , m s --s- s - t i c s - i s -_ i j O  ogr,lsr c s - s - i s , j s - I I t s -’ O  s-’ s - in t l  ‘~~I , .
s-ft s-’ s -  s- r e - d l l l t d , i n t  d a t i i x  l s s - t e i j  , or s-in ~- p s - m ’  It ‘sc,s - s-~s -s- o l l , ’-s- l s - s - e -t es-I q u e s t i o n a b l e - , t lts - -s -

-- ‘ s - i s -’ s - is- - I s - t e d  I r s - s - r n  any ri -liability L ’ - s ’ s - j s - i s - t~~i t  i s - i n s -  I t s - t i l l s - I l ! ‘ru g rm s - si rs - I - i i t  ,s- ’ , i s - -s-

u se -c l  I i ’  s - i s -.’ s- ’r cu me  t O t e  o b v i ou s  s- ’ r s ’ s - , r s .  l i i s-’ b l I s s - W i l l s - i  t i e  s - le - s -s- s-’ o ’ i p t  i s - o t i s  i,s - t  ‘ s - s - I l

c o l u m n  s-cu d l i n e s - is - i  t i m e  sample C s - o I l s -  I t s - u pt j u t s - s - s - s - i ,  Os - hIs - s - t s - i s -’ t , o i  l s --s- di ’s-’ t l l r n i s i s t , - s -i
in  or ds-- u  to i l i o s - h - t ’s t , s-n d  i s - - -~~0 ’ s -  - s - i s - s - i s - .

1 n s- I) s- _i s- s - I  S ‘i s--s -s- i t U s -  s-i i~~ m d  I m t t i s- -s- tO te u t l j s - s - s - t  s - I  s- s-i r I i ,  Ii t o  d t r o o t s- s I S S s - I  I

s-’X I r s - i s -  lo s-d I r s - s - s - s s - i is - s - i t I’ s - I t s - s - e l I  t , t  t i s - s - o s -  j s - s -  so , t s -  - s- s - i s - c  I ) s - Is O I h o - s - I  s s -S i s  1 us  I I t o ’ s - - ’ , I s-’

. s - s - u i~~~I I s - ’ 1 Is-’ 1 - i  Es-s-.

I s - s i s -  I - i s - i s - h  i n  the p r s - s - g r c l n  s i ’ s - - s - I  o r  l i m e  t a o s- ,, - ,i s-s , l t o - I  l a b i l i t y  sis ~,s- Ivsl s.

I s -  I’ s - I  s - 1s- 3 i t hsinil,, s-r i s  t h e -  t i ’ s -  o ’  j~~~s - s - I I s - a ’ s- i s-i 11 I 5s- i t t  S i t  I ’: O i l s -  i i ’ I I i g l s - t
- i s I I s - o w - - ,

- ,- i s - h ’ ’  s s-,s- S s -  I i n s - h  i s -  s-t t o ,- - I s -~s - t t i s - I  fl t Y E s - s-
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5. Run  N o . g i v e s - —  i t s - o s -  n u m b e r  I d e n l l l  l o s - I t  l O f l .

~~~ . I ) i m i t ’ i ’ s-~
s- in dis -’s-it s-’s t h e -  ang le hs -,’ twi’euo t’ ,sdia l s i n  ds-’ g r c - s - ’ s--s - c s - f  s - s - u s -’ a i  s - s - s - s - ti

WI t O o  rs-s-s ps--c I to the o t i s - is- r

7. [poch ,o t  St s - s - i t es-s- i ab I i  she-s i n  i t  Ia 1 1 rmi i- k cotsmiun i s - - ‘ s - i  i on , s - t  t O i l s  i s- s - s  I i

E p o c h ’ s-i a long s-i t l i  t l ine of s - E s - c s - ’  W as used I s - u  c U r  o s - - l a Is-’ dat ,o ft’ s- s - o s - ,  s - i 1 s--s -i ts-- is s--s-

i, s - i L r  and ground).

~~‘ I - ;poe - i s -  s - i t  Lt ~d is w h e n - t h e  c l u - i i’s-i t s - i p p r s - s - s s -’h r i n gs-- o c c u r l - s- s - I , ,I j i~ s - t ’ si X i O s - I , i t e 1 V

I ) . 55 nin i .

s - s- . ‘t o t al  Nss . Epoch s is  the  numb er  ~s - I  s-’p o c E i  s - i s -’c s -s - trr s -- s - s - s - -~ - - in t h u  r un .

10 . E p och s  [lot Rs-’ s- ’ o rded  s - u ’,, i - p s - i s- - i i ’ s Cons i d e - I’s- - s - I  q s l o - s - -~t I s - s - s - I s - i  s - i s - , - or  0 0 ’ s - s - s - o s -  tist n t —

l s s - s -s - n t ,I t  i s - s -u t fs - s - l lure t h i s - i t w e u ’ s- - n o t  p r s - s s -- s-s- i-sse d .

11. I’ j ic ,s - s - s - E o s  - s-s-- s- ’ s- o r s - i , ,- d  s- s-i’s-’ l E o , , ’ revi ss--d i - ; s - s - s - s - : s - i  d i a ne , ,- i s - t a l

iS . S l o t  Glos - s- ~~~~~~~ ( s - s  h e r  Sys t e m  is  s I s - i t  ‘ i s - s -- o k  L u g  i v  s - s - I l t e  iii I s- u ’ s-i l I s-s-’~ i t ’ s-

t t ’- i L ’i S f l h l S S i s - ) n  s - s - o  s l s - s - t  i ,nf oni soso ti on is s u p p i ’ - ’ s--s- s--so ’ s - E .  I - I s - s  s i - s - I  s- ’h e c k i t i g is ps - s- i s - I t t , , s - i

d u r i n g  0 ‘1’ s - s - s - I 2 or I s - m u  F s i  t c i s - s - t  ion .

I I . C s - s - s - s - s - i s i s - i i i i s - ,’ , s - t i on  C O t s - o n - os , L n d i s ’ s - i t , e t h i s- ns-ixim oon s jsiiss i b i s -s- nios ohe r s - s - S  m ’Eiuns -’r_-s

from the ‘-s t ,o rt s - s -f t h e  r u n .

s- . I -E t s-s- s-s- s- ’ s-E E~ s - u i ~j~~~ h’bo’ s- ’ s-’ p I i o fls are- rs-s-ngs-- tr ,o o s— s-soo i s--,s i s - on j i o u l  S i’s s - os - it i s-’ s- ’ ,,’ i v s - ’ii

1 5 .  ~~s s-n ge  s- I f- I  Miss - s-s -’ s- i R s - i n s , s s -’ / , \ u t  i t o i d s -’ - m i ’ s - -  r s - l oigs-’ s- o i h s s - s -’ s-s o s  -I- ’,,’IV o ’ s - i , h o ot 1 1 t h to ss -is --

p u lses ’s- we r e u s i s s i n g s -  s - \ i r c r s - i h t  s - os ’s-- i to I s - u t s -  i - I s - l O s - ’, no c o i l l p o i t s - o t  E s - s - s i  s- s - I  h o t ’ s - i t  i s - v

ouohucird s - , s- ,- s--i I em .

I t s - . S l o t  C h i t ’ s- ks-i h i , u t i u s--r  System i i ’ c ’ s--s- , o o i o s  -s - os  t i - s - o s - I E o s - ’ r o  I s - s  - g o - I  s- ’ s- s - t . t ’ s - s - i s - s - i

l o s - i s - p t  I O n  va l ue - . C A L ’  Eiis--s I s i t u re  s I t  - s s - ’ c k u o i g  s-s-- h o s - t ’ s - -  t r , I o s , - s - i s o i s s - - s - i s -s - t o  - I s - E s - i t o

o oo s - - s ss - l g e s  ~~‘ s - i n h i b i t  i- s- h i n  s - i s - - t i  is-s -c  s l ot s - s - s - s - i  l s - s - t  I ’ s - l t i s - - i [sO i t i - U i n  b u t t  U r i s -  s - s - E s -s - I

I - t o n i — Cs-s-m S s - is-is--s s - o s s i s i t  s- - E s s  -s-’ k l o o g ,  w l o s-- r s - - i t  i i s h s i b i o  - s - s - I l  i t o i d s -- pu lse tr , ii s so s - s i ss ’ s - is -s -ts - .

1 7 ,  i s - s - i  ,o I I - I s - ‘ --s- -d k s- s - i g o - , A I t i L t ,u d ms -’ . < , 0 0 i  s-
’
s- &’ / s -\  It u I s - i s - i s -  s - t o  a E s - - s t  is-s-t I or 1 its-’ s ink’ 0 I ts - s - s --

c s - I ’ s- - s - u i  i’ s- -it s - i’ . l ) s - i t , s -  i i ’ s - I  I t o s-il 1 t ’, l i is ls -’Ii t i t ’ s ’ s- ‘ c ’t i u l i i l s - t l  i s - o h  i s - s - l i  I . o I  E s - s - i ’ i’~ otis-1 i i  1’ ‘s - O l E  - —

i t s-ic I s - ’ s - i

l i t . s-o f_ P s - s  s-15,,I s - I s - ’  Rm _ s-s- ’ ept  h i s - i i i’s I s - i r  t h i s - i t  s - - t o t s -  u s - I s - l I E s - s - t

I s - s -• . s- - i s - . k s - I  11 / 2’, ~ hOt) is s- ’s’n u t t o u tt o I o ’ , i t  i s - i n l ’ s- ’ I E m I s -  I I i s  v I s - a r  , o I i s - o s -  , I s - s i ’ s- s - I s -

, i i i ,  I- S I •

5 (5 . ( s l i t s -  ~~s - s - t ± s - s - t s’ ’-s- k o i s - j s - 2 s -- s- - s - s - I  0 1 ) 1 h s lio ,s  , m  - s - s i ’ s - u - s - s - s t  o i l  I i n k  s-s-- i l  l o iss -’ - o ’h , m s - o -  s-s-

i n  s- i r ow . 
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.2 1 . ( I s- nuun t t in  i s- - s - i I ions n i  j a b  i 1 1 ty  p e r c e n t a g e  w s - s - s - -s s- ’ s-) fllI ) s - l t s-’ s - i  f u r  t O t e  Is - s  I .1 s- s-is ’ I h g  :

,u . B eto r s - ’  ‘lao 2: data computed s-ofter the initial turn i n  a t  t h i s -  st ,m r l
of each new run  ott i t i i  ‘i’ s - s - oi 2 po in t.

1’ . I s - o n  2 :  s - i s - i t s - i  va l cis-- c o m p u t e d  I rota I s - i s - s  —, Lii i t i s - u L  1’s- s - i s -  s - s - u s- - - s- o s - I

o . h ’ s-s-u 1,: s- O s - i t s - i  value c s - s - u i s - i s - s - i t o s - d  I r u m  I s - s - t i I to - t ’ s- s- s--s s--s ssi , ’ o r p oi nt  i c,luss-’s-— t

app roach)

d .  ‘l’au I , Tao 2 :  c o m b i n a t i o n  of Ps - s i l t .

e .  A l l :  overall  c o m m u n i c a t i s - u u i s  r e l l a b i l i l I - -  f o r  t i u e -  t o t a l  ruts- .

f _ l i e  t o t a lized st a t i s t i c s - s - i  sun ~~arv  s - s - I c ommunis-’ s- s- ti otis reliabili i v  p er s -  c l o t  W i 5

comp u t s-’d t or each run/flig ht/air craft and res- s- s - r s -,1s-s-d ito ta b l e  6 — S .

s-- \dd i t iona l i n l ’ si r u u s - s - s L  ion on h o e -  I s - s - h a l  n u m b e r  s - s t  s - s i  r — I  s - s - — a i r  dim s - isi s - s--s - ,ins -- I ot t ui d l o s
this- ’ s yn c h r o n i z a t i o n  ss-- c t i s - o n  s - i f  t h i s  c h a p ter .

A suuw.u.s-ry of the air—to—air co~~ uni cat i o n s  roliabililv S t i r  t i l e  Cs --\I ’ ‘ S k’ , i~
ab ovi s- 95 percent , and above 98 percent Is - sr  this-’ M i n i — C s -s-m S .  F s - r  the ~onthis - u ,s - t ion
of  s-i (AbS ‘iei’sus a Mit i , i—CAS , t h i s  v a l u e  ks- s-ms s - t l u s - s - v ’i’ 9 Ps-s -I’ s- i s - n I  . A i s  ri - i  k s - I s - o wss s - s - i’

the cotsomun ications irt summary f o r n o  is f o u n d  in  c h a p t e r  5.

(‘i~~NI’Nh (’s-\ 1’is-)NS SYNCH R O N I Z A T I O N  R E J s - I A B I L I T Y  A N I )  AC (’i’RACY

s - s - u I - h i i h i ’ t O l S l 7 , A 1’ 1 O N s- Sy n c h r o n i z a t i o n  can  bs-- d i v i de d  i s - s - s o t o ~~s- ’ - , s - o ’ i s--i :

I • The s - r s -s - c c ’ s s  of obt ,s - i n i t o g  s v n s -- h r o n i s - o s - o t i o n  ( s v s s s - ’)  to  I s - r h  I C  s - s - o s -

in  l O i s - - C,\S cmvi i ’ s - s u s n s - s -.-fl  t , and

2. I b i s  - p r iu c e - s s  of respond itog I t s  -d i r i s - c t  s - O i l s - I  i s - s - i t s  -u’s 1 l ’ s-’ s - j U i’s-’-  t 5  1’ s - I ’ S’s- ’ i l s - ’

I t  s- s -n i  other partis-’ i 1s - ,ont s

l b s - c  s - ’ I V S L ’ i l s -  p r - s - s - -i d e - s i s - s - r  .2 ,III s - - s  time slots whole - Es ocs-’ - . i  ,uI I t s - s  - r a s -  s- s - s E  otis-’ s-’s - ’ s--r s-
1 , )I)O s- s-i s- 1 E 5 s - ’ ’ s-s-s -t i l t o e -  s l u t  s rs-s- s-cp p e a r  s - s -~~~s- ’ s-’ s-’’s-’ s-s - r s -s- ’ 3 s-so s - u ’ s - s - l id s  and s - i i ’ s-- s- o h  i s - s - i

epochs . ‘is-- s- lOg h !s ,o t t h e -  i / F  i.AS i s-i tiss - s s-’— s- s - t ’ s-Is--red o s - s - H i s -- so s - , i t  i s-s- i s -  s - s - s-s- s - s - t \ ‘ t h i s - s - t

- s - I l  ç s - t t ’t i t ’ I m -~ m i t l s  - i i i -  s y o s - c s - l l ’s- ’ s u i s - s s -’ s - E f t ’ s- us-s , o  i’oitonboti t u s - s - i -  s- s - u o r s - ’ ,,- . I s - u s ’ s -  b u s - s - s - s -  s - - s - - i s i s - C

con  is- - s-- i t i u s - - r  s - i  gi ’ s- s -c o t i d  ~i t s - i t  lött  or - m o i s - s - t h t , ,- t ’ C s - \ I s -  t h i s - il l o is  , I O l  s - s - r d s -’ i  s- s - I  tiIs -’t’, o t s- s u e
h i  gE m s- r t l o l l  t hus- ’  i s - - s - I l l s - s - s - i s - s r.

A gritun ci u - s - t I L L s - s - L i, s-m c s - - s- - s- - l i t  i s - s - t i  c s - I  .0 l A S  t r , o s u - - s - s s - i s s  i s - ’ s - s - , Irs - mt - - i t  s-is a s - s - v t t c

re- s - h u t s - ’s - - s t in  t im s-’ o s - s-lit i’~s - o s -s- ’lu . liii ’ groutiil s-o t Ii t s - on i n t L  i s - o hs--s--s 1 I ’ s- - s - s - I s - ’  wh u i s - l u  Is’s
I’s-’s -s -g u i . s- ’ s - t  by th i s - ’ m I , - \ I s -  

~~~~~~~~~~ d~ - s- - s- i s - l i uog iog i s - ’ , - m o o s - I s - i  s- ’o i t l p s - i n i s o ’ u l  0 - t it s i s - I s -  W i  t O t  this-
, Nh I j t n a . s  -. Ft ’ s - s  I h is - -i s- - s - u r s s - p i r  1 5 -u s - O I l , s - I S I s - t i c ’ s -  I i s - s -s - i  1 - s - s - s - s - I ts- I . )  0 s - s  ‘ ‘‘s- v ’ ’ ’ j s - u ts i s-

I s - I ss- ’ t ’ l s - s - t’ 515 i ti g s yt i e l i r s - ’s - u t i s -’ u t i o s - n  w i t h  - o t i s - s - t I t e r  s - s - i r h t s - t  is - - ,-i s-s- ’ st  ‘ : 5 , ,  this-’ S’s-’ t I s - ’ i t ’ i ’ h \

1 s - s - g i s -  is-’ s - a ’  Ivu’ s - -u s- lit’ is - Is - It’s-’s— s l u g  s t s - u t  cs - I s - o s - is  s--i ’s- t Ot ’ t ’i ’ s - I s - O o s - - s - t s -  E s - o u u — s  s - i o h d t  s-’ ’ , s-s- 1,0

S o s -  s -flOp- Irs--cl w i t  li I I s - i ’  Ols-IS , , o s o d  s ’ l ten - s- - i ’ t ’ s -- l o t  i s -  ‘to s-s-o c us - t ’ - ‘ , ths-- sy n c  r e - I s -  l v  s-t

E s - m i ’  j u t  s - - s - h .  los-n s-s -r i , s - l  i- s - ’ rr s -’s-’t l o s -ti i s--s t s s - - s - s -  s s u , u s - E s - - I s - s - his u ’ s - s  -‘ ‘ , s ~~ s- - s l s - s - t  • ,\ h s - i m 5 ’ s- ’r

i s - -  18
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l’he l i u i i t e d — I ~’veI , S Y S t e - m , l a c k i n g  bi i u l m s - m - i s -- , p r s - s - s -- s-,’ s-s-s-mi’ s os-s-o r e  m e ss - s -~ u g s - - as a sv si c
reques t  in s-vs-ii s- ’~ s- s - i c I u s  ( i i i  s-idd i ’r o c l o s  , bot h f u l l  and I imi  t s-’ s - u Is-- s -s - s  -s- svs-u t s- is - ,

r s-s - c s - i v s - s -  g round r e p l i e s)  . s- s - Jt b t o ug h  , t he - l im i t e d  s s - s - s t  i-sos du s s - s - s  n o t  p r u s - v i s - i s - -  I s- s - r

s y n c h r o n i z a t i o n , i t  r s- ’ s - ogni zes the  ground  s - s - nd  a i r  s t a r t - i  s - t h is- s \ ’ s sc  rep i i s - - s  u s-- -

in s-i f u l l  SY S L i ’ s l s s-

‘rIo t s s e c t i o n  u,) t ~ t l s e  l ’ s-’ l s s - s r t  w i l l  lor o v id s-- i n t s - i r s -u I , I i  i s - s- u s  on syt l s-,s l i r s -,) t i i z L i h i s - ) s - s -  s u s - c s s - i ”s - s - s -’ s - , ’

and the ri h l ab i l  I t ‘s- vu hue k’ !ss-’il r e s p o n d i n g  t o  s- s t  o c r  I s - a r t  I c i p a n t ’ s

h’~N C l 1 h s - I N i  ‘S’ s - I  I s - I t s -  s - s - s - s  -ss-’u ( , s- . s - tn  s \ - o s c h r o n i z s - s - I i s - ) n  a c c s - s - r s -,u c v  , h I t s -  , o i r bou r t’s e e q u i  i s - s- Is- I
s-— s - d~ s- i s -  s - u s-’ s- ’ c s - r s - i t i -  t O + s ) .~~~5 is w i t i s -  o’ i- spee’t to  this-’ syti c s-,E s- s - s -’i s - s - r  w i t u s  s-o p r s - s - s - s , s - i s - i l i —
t y  of  . 99 s- s - ms - u sh iowt i  In t h e  ACAS s - s - s -s-’s ~ s - s - s-gs-- I s - s - i  m a t  ( f i gur o’ b— S S , us- s t e  5) . I I o s - s - s i
re c e i v i n g  a s - s - y i i s -  i l r s - s - n i  e s - s - s - L i o n  r e - s - l a s -s - s t  a t  t it i ie t r r i -Is - i t j s -,s-o’ t o  donor  T , , l i e -
s s -, n s -,si lr cm u I s o t  ion donor  shal  1 t r s-ins isui I i t s  s--s~~’ s i s - s - i i u’ s- s - o s - i s - s  - ml  ion r i - t i  l v  ,o t  1 - i 0 5 - s -  . S

s l i t s - i s - i s  ‘ r ‘s-~~ rs-’ i s - s - t i \ c  t o  s - i s - s - s - u s - s r  h ’ 0 ,  w i t h  an a c c s - l r , s - c v  s- s - I  O . 3 ~ s-- ’ s- , U . s - i l  s- p r o s - i u , u E s - i ? i —

t y s -  ( l o s s - ’ i ’ f l o - c t  s - i t  i s - I s -’ S V i ic t ’ s- ’ s - h u s - i - s t c s r  i,-i t l s - s -’ Ofl s -_ s 1 o / _ s I \  h is - s - s - i  I l o s s - i - , or s - s - . I 7 s-,, .)

A 5” i i 5 l h s -  1 s -i s, i~Sv s - I  t h e  s t a t  is t l c d  pr i nt ou t  i - s - i i s - s - w s o  in I I gu r o  6 2  3 I s-s-r i ’ u iu i  1
, s - o i U f i g u r e -  U — S - i f o r  r u n  S . T h i s--s -b ir d s - t o u t  shi s - s - s - i  t h e  nu s- : ss - s-’ t ’ I s - s -m l  c s - s - n u l l  ‘ s - s - s - s - s -

p e r s - o - s - u t ~ u s - _ s s- , - wi_s i  g u t around th s -s- n o — c o r n s -c t Is-ito t i s - u s - s-’. i uo dea dls-, s - s s - s - l (os - s -s- co n ’ s -‘1 i s - o n )
s-m s-v ’ic t I s - s i s -,s -t5 s - s - f I J , l ’ 5m . 2— l 4 1 9 , 3  ,uS was  d i s p lo v e d  to  l b s  - i s - o s - - s h r s s - s - s s - s -- ss - s-s - a t i u on ( p l u s - s- i s - s--

i s - s - s - s- l i - I  or  s - s - s - s - o g s u s -’t  Ic  I s - u j o s-- )  Ir s -os - o s tiu i GAS e q uip t t i e n t  , s - m d  rs  - c s -i r s - l i d  ds i rin g o , i c ’ , I -t i e - Is - .
g o i s - ’si r s-s--:- - r s - I i n g  on u t s ag n e t i c  taps-- t h i r s s - u gi s  l b s - i’ tapo’ i n h i - r I s - o c s -- u n i t , il ‘c u s-s-

s-is-ceSSaFV , t i s - r s - s - s - s - s - : t s -  a p r s - s g r m s - s i  c s h o t i o n , to  r s - - s - l ign LEo o t O O  c rr s --~ u s - s-Il h i s - O s-’. h b i i s
t ime  ( i s- ) s - o s- ’ , ssrs s-it h i t s -  1o ~’ s - i d i t i g  s-s-dgc- of bbs-’ s~’ ncE mr s - s -suis -s s - i t i s - u n  t r i p  I s - I  u s - - u- Oos - -~’s - o
i o s -  t h e  CAS I O n s - S o t ,  i n  p r s - s c c - i s i s u,g l i i i ’  hat s - i , 05s-i l s s - O s - i n g  bl ue - fl Os- s - O i l  01 0 i ar g s-s- u s - s - 1 s -  I s - c t’
cs - f r:us s-dom S~ i s - i s - j ’s - l c.’S ~ s- s - s - s - u l d  b s-s- 1,4 19 . 2 5  k s - s , a nd s- ,m s s u u i s o i u u 5~- s - s - s - s - r u -- m I  (ch t ii’ s - s - is - i n) d i o t r i —
hut is - s - u s  , the u s - o s - s - l i  s-s-nd s-, tat’s-dard s- h as - ’,’ i , s - t  i on  wers-- s- ’ s - s - i s s - is - u t s - s - ’d o s - s i  u i g  i c s-i c I s- s- I — s - s - I s- is- i
i , 0s - 1 9 s - 2 5 g o .  s - o i lie r clo ts - i froits liii ’ d i - i t n i b u t i s - i n, s u c h  s-is oss - , us-s - Is s - s s - u s - s - , s u s - s - i s - s . iss i rs - s -oil s-
disios-’rs -’s- ’i s o n , p r o v i d e  ~os o indic ation of t h e -  m ’uscl [I , o t s - -r st s - i h i l  i t s -- ’ ~~s u r i u s - g  I s - o s - -  I s - s o t

p s-sr iod .

s-\ s o s- si g hs - lis t h is - s - s  c s - f  the b i t s - s i t  s - I s - i t - i  i s - s - s - u i  s-~s- ,- s ’
s- ’ t r s - m u i s f s -- r r s - - s-~ I r u : ,  s -s- C s -  - s - o s -  it ’s - s - I s--

I s - o h s - i’ f o r  r u n  1 at ioi  2 ol  f l i g h t  15 s - mr - I s - i t I t i d  i s - f j s - s - s - ir ’i -s s - ’”  i s - i  s - t 5 5 s - s -  i s - — s-, - . i s - s- s -- (s- ri

“ I s -~ s-I s r s s - g  i’ s-n o ut lb  I zed I s - c  - s - I l , I )  in p i s - I  C , \ R E )  !I’h_ s’o t  i’ s - - s - h i s - I i s - s - s - i  I’ s-i s - i l ~~t io , s- I s - I  t s - s  - - s - p s - l i t

s - s - 1o b 1 s - s - s u  s- s - s -s - s - L r o l  Is - or , s h s s -,o c i s u t p i t t h i s - u -g I s - s - c- s s - ”, s - s - s - s - s - s - iIiic , s t I s - s - I s -  I , i s - l , : s - - o i l s -i r s - ’ h i s - s - h i l t t v  no
s - i d s - I m t  io n to t i c  s v s i c u ’ s s t , i t i st i c:’s .

h u t s -  m aj s - s - r i t v ’  s-s-~ m u  f i i s - s - b u t  s - l o t  s- i , o s - P s - - I  s- s - s - i ’  j s - l s - ~~s 0 , s- s j s s - m s - i s- ’ I  or s - s - s- s - s d  s - s -  I _ o h s-’ s - i s - - i - I -  ‘0 ,

Ws-’re 10 t ’ s - s - C i s s s c d  b y  i’ m s - i i s -~ s - s - s - t  s-r I t ’ s - s - s - s - r o s s -  c s - s - s - s t  n i l  . s- s-’ s - s - c r c ’ s - r oh s - i s-’ti i s-’s -s-os-
_
i_ oi l  rs-- s-i s-- u s - s - u s -  t s- s - t o

Is - t~ .s - ’ s-ir t o  hs - s - , s - i s - , u s - I s - s - - l  
s
-

s
-e- s-, i b is - i l 1” t - ~ s - s - c s - s - - s i n g  s’ s- s-.-tnp ? s - s - v s -’ s -I , s - s - u s - I t i u u s - s - h  s I - s - I  i,s-o t I c , t

V s - i  so s- ’s-- s - i c lo r i s - s t tied E u v  s O  is-1s-- r u t s -’ i ’ s -  I c o i  1 , o tons

A s ,i tus ls s - s -,trv c s - i  tlts-’ s-; s-s-’t ic  s - h i s t r i h ’ i o i t l s - u i t  ( u c c c i l- s - c y )  s - - I  I ! s -c s-’ s -I u l i ; s - s -, , s -s- s- s--s i S  g i v e - s i  s - i s -

l i i >  Is- ’ I s - — ~, CAl ’ V S .  ( I s - a’s - I ’  Cmm ~h S v n c h i r c u i i  I s - s o t  i s - s- u i  ( I  - P s -  Is-’ (~— -s - ) M i ii i s  s-\5 vs . N i s - i  i — L ,\5s-

C o I N  S’v i u c  I t o s - s - n  I s - u  I l o o t s  , (Is - tb I s-i— . ’s- ) m ’Ah ’ v- i . i ii h — m s-- s-oS C t s - N  h ’s- - s - i s -- h o r s - s - i s  s- ,‘ s- I I s - s - i s -.

w , t s  is - o s - i s - -  t s - u  s- hisI it s - g c iis - s - ho h i s - t w o t t i  I l l s- ’ m r s - - s I l l s - i  5 ‘ s- i C I O  h s - s i s - - s - s - i s - s u ’s- - i n s-- s - i

sync ’s) s - uo s-i , mi i s--~s-o s- E s -  ( , t c I s - b t ’~ - — s - - i s--d s en t ’s)  I t ’ o t s - s n i t i t s - - s - s  b y  l~~i s - -  s’ i s - s - u i t i s - b  s--s t it s s - s - s -~ , u uu sl

s-- s - s - s - s- h l os-,’ t b o s  -I ,\ i ’ ’ s - .  h i s - s-s-s- s- - ’ = s - - r , t h u s  g r o s - t I n d  - i u is - E i t t  s- h i s - i s- ’ l l  cos h s u r i ’ s - s -s - l o k -u-

uio s l o , I s - i t s  (, s - s - nt rs u u i t i  i s ’ s - i t  i s t i  0 - i y i i o ’ F s - - I I o h s  -I I i t  -:



BEST f~/~ ;;,.,:~~±: coPY

C s - s - s - s - s 

- 

~~~~~~ 

s
-

- , s - -  
-5

’ 

~ s-s
-

‘C 
-

N - -

s - s - s  s- s - I

J C s - ,  , s - .  
-

Os-

- s  p s - , s-

- -  
s -JL,__. —- 

- ‘

-. s - s -, — ‘ —

I- IGURI- : (i 2 2 s -i . s - \ I ’
~\h  ‘-I E - :~~S s - \ o I i .  Fs s - i t” IA T



‘s9 a s-’ s-
~~

s-

—~~~ s~~

S - s - .  Cs-

‘- -“ 
~ -‘s- ‘C

~~~~ t~~~ h 1

so’; 
~~~ 

I

~ 3

_ _ _ _ _ _  

‘

~~~~ ~~~~ I
___________ “s- s-s-s - s-s- ’~ so ’~~~’- -~~~ s-c ,. _________

LIi~
:

‘C 

CT T ’
~~~~~

’
~

’-
~~~~

’
~~~~~~~~~

s 

-

_ _ _ _

j

~~~~~~~
’H  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - 

s-

’

,
’
~ 

-

- i s -  

- 

J ~

I 1 ~______ 
P ~~~

,, 

5

’ ’ , 
-~~ - I~~~~~~i

-‘. 5 - .- C , -

S O S  -s-u- _s-s .‘5 0

-s- - -~~~~~- -



‘ - - “-~~~~~~~ - --‘-~~~~~~~~ --- - - ‘- -- ‘-~~~~~~~~~~~~ -

s-Al

-Ia.

1’

.3
00 0s-C (’-

p - 
~~~~~~~~~~~~~~a 4 o r’ s-’s .-s- to 0, s-’s- S’s-

~~ .,s -0 Q~~~ 3s-4 4 s-”~~~s-a ’s-3000 O ooo-do

t Z C  s-s-,o s-3
- C’ Li’s-
Vs -s-- s- ( (“ 0~~~~~ C t . ,  C - C C  ( - (  aN t  C s-’s - , ’ ,  C’ U
s-al - - ,s-a s-s-I ’3 _s- s--s-C -‘s- s--. —

s-as- —

s-i:

H

Al 
As-s

‘C U
‘1 a’ Li
s-
~

- 
~~-

- 
..-“ z

Ill ‘4 0 0 0 0 00 0 0 0 0( 4 0 0  0 0 0 00  U
‘4 a U

U
H

a’ s-I—
CA- -~~ - —— P- n C l 0 0 0 0 t T h 0 0 0 0n f l  or  n o o n  -— z -

1, (1 s-n’
Co

0 s-il
t’f

o Z H
s- -C Li
s-f s-Al

C CS - C C C s-fl ‘~ s-s -flN s-c - cco o’f’s- —
Os -s--C I’- s-I’ C C s-ta S’s -C C —s-I_s- C —  ‘-‘ a ~~~ -s-oos- ~~~~~~~~~~~~N C r Us-

s-S ‘Al o~~~~~~~” -ro I”0 ooG C s  - O C CO O  - s -
ta (a a — s-4 5f — I - I -
a’ C — ala -
C I” I_ a t

a’? C’ (li
sa’ .3 4

Al a’ C 0 Cs- (4 4 ‘4 3’ 4 0 0 (4 (4 0 (4 (35 5 0 1-1-.
4 CC . ‘4 I_n — N C N N s-/a’ C

I s - N —  1 ‘) 0
C 7

ua t  -a ‘~ C,
‘4

S — —I —
OS,,” — s-fl
a’.P P’ 0
A-I s-fl a in
7.7 s-C a—s-

— c’s-I3(70  5
5 0 0 0

• s-’ s--a P” (U ts-J~~ I’d Sn U- en 5 0 , s  - U
Z I I 7 55  s-n s-44 0 s-~ o. g — s-_sC5,,0 lAs - -

— 1 7 o 00. 0.3’ Ps- 000000 s-al 00000
( - A l  ~~ 4 ‘34’ .-. I’s- I —a us -. s-s-
c) (4 “Ia 7 s-j o
O U

a • ~~ z
a C CO I’ Cl 0 0% .O P- 51 4 0 0 0 C) 0 0 4 • 0 4 4 0

ON N II, 7 s-I 0% 0 I_I 10
4 l a l  5~ ‘

~ 
—. a

‘4 (4 ‘4 0’s-s-s-
I’, t~ (“-I

04 31 -4
— Ca’ s-s-i C’
‘4 OZ  7 — ‘C

C 0000000000000 ‘4 )‘ .3 N
0 s-i, (4 a a ffi a”.I .4 Os-I ~~ 0% a 515 Al Al — .3 ‘U

s--n I ~ , C 5 7 4 I”
.4 .” I” 0000000000000 I 7 0 II~ C’
.34 ‘4 1 1 1 1 1 ( 1  74

s - ’a . .  ‘s-I 0 Al Si . 3 — a s — -
I’ I .5 .-s- 7 — 0.. ’-’ 0 ‘4 1 2

• 7 0.440 Z ~~s-D -
5 5 (4 0 S s a w s-5 1 5 5 5 5 a 5  I_is-Al X.n 2  — W a _ I  .4
707 4 SI 4 1 ” 4 4 0 % Si . ’ I O S S P ”S’ s-n ’s 4
— r ~ — SO P- I’- a.q ss- s a zr . o

s-s-IZ ‘4 Al ~~ •• 5 5 5 0 % 5•s- •5~~~ — Z  00 aaa S
r s- . 3~~~~7 7 .4 fl 4,s-~s,4 .4 .4 .3 ..4 .4 .’4 -t .’4 fl s- San  a . S .W  0,
I.as-s-~~~~~ 5- 5- • • • •• 4 • • •4 4  —
S — SI Al~~~~~~~.3.4 ..3 .4 .s-3 .’I .’3 ..4 fl

- + 5

‘-- ‘--‘s- - - ~~~~~~, - - -“ --~~~~~~~~ ‘~~~~~~~~~ --~~~~---- - - -



-
~

C
— a :1

)

- J

- I— - t t C C s C  C a  C s-’.~~~
C “‘3 5’ a’s- s-, “s- - - “  a’s -o —

~ s-Al 0 0 ( U 5 3 ’Cs-,’.aN O O O O O  C ,C,000 U
s-Il :-. ~~

—

.3 7 a I’:
s-a’ C r s - f ’ r , s - a ’ s - s ’,~~ C s - ’ s - ’ ’ s  - C a ’  C s - s  - “4
-. — s-’
-C S U

5
%

3 
> 0/0

I’-

‘4 o 000000(400000(4 O C 0 0 0 0

CC ala “C
‘4 lOt  s-Al
a ‘-a :5,

U. C
—‘ a’ Cl’s - C  Cs- O rs-,fl(s- rs-c’ Ca n CI Of, C s - n c r  .2

5- — z
C’ C Cs- --. 0

0 - s-fl —
C) - .

Als- Z
• (4 s- -‘

1.3 U
7 “a
C C C) C C C  s - t a O
I” a C C C O ’ 10
0, j,s- - I” - s-- .3. 4 .-‘ .‘ r C

52 — — CC — O s - S — — ‘- 0 ,  00 —
N C I Als- , s - • • ’
a’ -.3 o 0000.-’4s-0,.-.00000 C CO ’O O  A’
0% s-i CC a — N .-s- ‘ I  I
a’ C — All
4 s- Ps-

10 5 ‘4 -
7 Ui a’

5% .3 .3
- ‘ I- - 0 0 0 0 C ‘0 0’ 0 0 0 0 0  C, — 0 0 — s-10

• 4 - 2  Va’ SIn S C  C’
~~ Co 0

Cs - 2  -
S0% Z Si LI C - ‘7.,. I s-C

a — —
0511.” — s-a’s - 0 —

0/:
7.7 ‘.5

— —
‘570 3 f l O O r s -s- a-a
I 5 00000 5 ’

- I I” — I-’ 5 4 4 ‘.10 4 — s’s -a -5 0’ s--I,,,
711 2 - O0I - C C N 1 0  0
005  us s- . . .

VI Z Is-) 005 • —~~ 00000 C’ 0 0 0  0 0
I” ,J I’S Co 4 (‘4 — V ’s-fl I’ I

4 5a —
Co 0 .5 7 -
O • s-Al Co

4 I 4 ‘4 7
V s - S  0 Is- 0 Cl SI (U -‘P 4 V d00 0 0 0  ~~ s-U 0. 0’ C’s-

s-S N P’ 5, 2 ‘4-. -e — SIN VS S’l
‘4.1 Co 5’
X is -4 (4 I,,1
a ’ s - >  P I) -

5 4 5  ‘4 - —
4 0 0
.407 7 —
‘40.. 2 0000000000000 .4 5- -3 —
0 SI 0 0151410 I%I “30 .4 04 0( 4 515% Al -3 .’. ‘4 ‘U

58  74  I’- U
‘4’. P 0000000000000 I X  O s-I’ C’
Li. .4 - I s - I l l  I I I  7.4 a’

SitS Pd C Al 5 4 . 3  ‘455 iii
I — I  .4 . 3  2 5 0 . 0 CI 1 2 ‘.1
Co 55 7 0.4.40 2 Co Co U
SiSiS fl 551 51 VI es- Sn Vs- U’ Sr Vs- SW — ‘.0.3 ~ ~~• a a 151 •
707 ‘4 — 44’4514~~~~N -IO *0s-s- 4.4 4

I Co 5 0 I’ P’ SI Z Z . 4 0
57 ‘4 “4 >4.~~~4# 4~~~~•4 • Z 00 5 55 5  — 4 . 4 _ I

0.4 Co 7 7 .4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Co I-Is- . 5 5 0, . a a ~ aULI_ 4 Co 5’ ~~ s- a 4 a n a ds - 4 4 4•

• a — ~~~~~~~~~~~~~~~~~~~~ .5 0

i s - —  +- ‘o

_ _ _ _ _ _ _ _ _ _  



I s-s -Si I.E 0” 3. Cii i SY N E I I R I J N I NA I I s - ) . .-O~ i,-l t-~,A CY ( C s-s-C \ S  , s - C )

A s - C  I CAL k s - s. A/ C 2 CAL ’

~-Lixi :::us-:s- l i f l i ) s o u t : :  E s - i i~~’ c s - , ‘ ; s -~3fl ‘:1 ~~0 ’ ~ i

(p s )  _ ..(~~~~~ ) L~ ). -

8 0.25 —0.25 0,50 —0.026o 0.1377
20 0.35 — 0 . 2 5  0.60 — .00 56
23 0 .2 i  0.25 0 ,50 .0040
26 0.3 5 0 ,35  0 .70  .0008 • [097
41 0 ,25  —0, 15  0. -s - 0 • OO uS
57 0 ,55 — 0 , 3 5  0 .ou . O l o s - 7 .0861

s - s - I C 2 CAL Vs . A/C I CAL

8 0 .25 — : s - .15 0, -s -U — O , 0 2 ( s - j  Q~ Qjs-
20 0. -~+5 —s - ) . 2 5  0.70 — .0Os-j7

23 0. 35 — 0 .25  0.60 — .0080 •0 88~
26 0 .35 —u.1 5 0.50 — .0211 •075s-~
41 0 ,25 — 0 .0 5 0.30 .0880 .089~
57 0.35 — i . 2 0, 1-s - U .09 o~ s - u 57~s-

I-ABEl-; 6—4 . CON .$‘i ’ N CH RON 1. ZA T I s -  ii ACc L’R~\o S ~~~ I N I—CAS VS . N1NI—Cs -\3

A /C 1 . I in i — CAS Vs. A/c 2 11 u i— L A S

lax inuun i  l in imunu  R3ng t s- -L an S I s o ,

} l i s - 4 h t  N u m b e r  (p s )  ( i s )  ( s - , s )  ( o s )  ( , s)

Cs - 0 . 3 5  — 0 . 3 5  0 .70 0.00i-L 0. 1035
43 0.25 —0 .15 0.40 .0U~~2 .0882
-+8  0 .35 — 0 . 0 5  0 .4 0 .0o3 8 .osl€ s-
-+0 0 ,25 —0.15 0.-~-o .000 4
50 0 . 2 5  — 0 . 2 5  O s - S o  .uU’3 4 .07-s- i

4 0. 45 — 0.15 0.~~U . 1u 54 ~~~
s- s-7

5 0 . 3 5  — 0 . 2 5  0 ,00 .00 3 5

A/ C 2 lini —LAO k’s s -A / C  1 -t in i— L A S

10 U. - ’s- 5 — 0 . 3 5  U . s - i s - )  — s - ’ ,00 05 .19 (3

+3 0 . 2 5 — 0 .15 0 ,- C ) .u S i s - u  .0,  i 3
- 3  0 .35 —0 , 15 0 . 5 ))  , - s - - s-

-‘+ 1  1) .25 —O . 15 0. + s -  , ‘s-  s- -a s -

50 0 ,25 ~~O s- 1 5 (1 .40 .00 i s - • s- ) s-~ 55

- ‘i 0 ,2 5  — (I . 25  (1 , 5)) — • ( ‘2 ’- •
s - .  5 0 ) , 1 5 (1 .25 0. — .1 )05 . 0 8 1 1

I s - ) s - ’O I s-~s-C (’ I ig l u t  ~s-s-’s-, -~~ N s - \ I ’ I C i ns trt i i s - c - n t  rs-on)U ’ s-HiLl (:As-- 1~r c u o i n d  s i - i t _ i n n .

0 5 — - s - S  

,.~~~~~~~~ ,s- —A” ~~ - --‘ - - . - - -



- - --—--~~~~~~~~~~~ ‘ ---- -~~~~- -s-—--’-A ’--- -- - ---- ~~~~~~~ - . - - -  ‘ - - -- -A’- ’ - -,. ’—~~-_ -~~~~~~~~~~~~~~

Ts-\Il 1,1-; 1- s -— i. CON S I N E ) )  RON [N A i 11) 5 A CC I ’RA CY ( N I  N 1—CA S VS . C A L )

A / C  I ‘- ; i u u L — ( ~\S V - . .-\ / C  2 CAL

N:ixi mum s-s- a 1 n i n s - u r n  k , s - o u 0 s -_ - N~- a i u  S 1s-0s- I f l ) (

l’ 1i~ I I t  N s -~ s o s - o s - s- -~~ (s- ,s) ( o s )  (i-s) 
~~~~ 

( s - , s )

0. 50 — 0 . 7 5  1.25 0 .Oo-s - s - I . l ’s - 4 I
10 0.75 — 0 , 5 5  1 . 3 0  •00o1 . l2os
11 Os - - s - S  — 0 . 3 5  C . 80 .C lUu .1051
12 0, 55 — 0 . so (‘ .80 .0910 .13 3 1
13 0, n5 —O. ~~5 1.10 .1035 . 1 3 0 3
14 0 .55  — 0 . 2 5  0 .5 ( 1  .00 05 . i t s -  3
15 0. 3 6 — 0 . 1 5 0 .60 .1001 . 3 2 8 3
lb 0.~~ — 0. o-’ s- 0.hn . 0 - 2 3  . 1277

A / C  2 cAl ; Vs . A / C  Mi n i — C A S

s-I 0.65 —0.1 5 0 .80 0 .0081
10 0.35 — 0.2so O. s - s - o — .1380 .0785
11 0.15 —0 .2 - s- o , 50 .0101 , Cu - a ,

12 0 .25  — 0 .2 5 - ‘ .50 — .01 70
13 0 ,25 —0.15  0 ,- s - U .Ou - ,i5 , s- s- os - s - s - s-

14 0 ,25 — 0 . 2 5  0.50 — .0008 .09 03
15 0 ,55  —0.15  1 ,70 — .0282 .0~~;8
11-c 0.25 —0.25 - • 51) — ,0177 .080 ’

l ’lic CAl i ’ c-qu j u a, -~ - a r  s - s o s v n c  s- - v s - u ’ s- so 6 ss-,’L’ L’ :uc Is (wi, i i )  in  i i  . 2 — s - s - s  s - I c  , s - s -~ ls and  , i

r s-sonus - iin l U  l i i  r a r c  s- ’, 1 . ) It s- s - n  rc,”s- s - s - s- s - u u i ill S V I S  C uu s - s -s -uLs - , d s -~- i o s - -  t 1 0)3 Is-i ) s- 1 o u ’ s - s - r s - liv -s-i )

in t n c ’  a h a e n c o i -  o l  - s - n ’s- Sv us - s- - b r  ;s -I l ) i f l u t s- ,s- 5. IC s- I I n  N m i — l A S  15 Li 0,-C ) 3 u l L L I  I s - ’

o p e r s o s - L i -  ta r  3.2 minut s-~’ s - s - i u s - the absens -,- c of , s - rosvulL -

EOMNUNIC , -\ 105S SV NCH RONIZAL iON iiL L AS Iso , lfl’ . - ‘s-s - s -  isi s - il - , u t t ~O narl is-, : , in c s - u - i c -I ’ [a)

~s- au ’ t s - o’ip ,s- Le Lu t h s -,’ Cs-s-IS L-omrnuni t v , it iS  1s - s -,- s- ’ L’ Ss --s- O u  - ‘ I s -  i n i t i - i i l s -s- - s- s - I s - L s - i j ii , s - s y s - us -,’
s - s - u s-I p rocess  s- I s  n o s - n v  L o s -  ‘s-’-nc s - s -~ s -d - i t  Is-S s- ) :~i p uss i b is - ’  . ,\ 1 t is - cus - g ii - I rL - svuus -’ 1 I n K

u t - i t _ a b i l i t y  s - s - s o )  I s - o s -’ os - s 5(1 s- s- ’ u ’c i ’ u u t  ~s- s- s - : s - i d  rosul ) os - - s -  L I  i s - s - I  :s-)3c’ u s - 1 s - d : s - t c  r o t _ c -  s- s-i ~s - l s - s -

r s-i — s - v n c  s-~ s- ’ s - ’ r y  12 second -

i s  c i s - -~s io n i ~ [hi a scoOt  i o n w i 11 ho c s - i )  t i c -  u u i s i o s - I s - s - -r  s - s - I  C I u . s - l 1 s - s -, -s -, Vi’  I s - ’  US I ( I s -,’ f lU  s O s - - u

~~ L’ s- s-- - I s -  i s - s - s -is - - , n u~ dc - I or t l s - c -  sos- s- u’ s-C I I ig I u t S I I s  -s-s - s -~l i  c- s -J r  1 ( o r  111 th i s s - ha 1 ’ [ c r .
‘s - t i  os-,s lot ~Iii,i’c ’k s ,mnd nonro,s-s - soo u ’ s - is - - s - I i’ ) s - s - s - s -’ t t S  W s - - I i ’ L i ’ s- I s - s - s - l c d  I u s - s - i n  [ t i c  sc n u m be r s .

A s - I s - l a ’s ‘ - a s - , i s - — / , s - u u d  h — S  - s - ri- a 5 s - u ! ’ s - I s o J r y  s-, - I  ( 0 - i s -  i s -  s - i r s -  I s - i ) t — s - , n ) U i p I i L c - i : t  ) c o r n s - s - s - s o :  i s -
s - s - I )  s V f l s - ’’s - s - I’ s - - i : I Z , s - I  i s - u n  r e l i , s - I s - i l i t v. I s- i I s - r s - u~~- ss1u s - - t dis d o s - I s - i , us - s - a l  ( o w l i u g

i s - t i ’ s- , u L 11)115 - s - u  ~~
‘ ; t s - ’ s a, fl t s-_ C  f s - i  r ~~s- i s -  s- s - s - u s -  I I :‘ s - s - s-~ s- an

s- lot ’ - s o s - s - - os-s ( ‘s-~~ - — t  hs-- J s - s- s-55 i 6 I s -  s-,’ s - s - u l s - I i i u s - , u  I s -  - s - I I s-i s - C s - s - t i c  s - s  I s- a r  - s -  
‘
s-’ I  - i t s - .’ l o I s - i

u - s - i s - I - s - I t I s - ’  ,‘ r ’ s - i s - ti s - I  s_ s - s - s-c I i  t r , I u s - o , s - u s - L -  - s - i s -s - i s - i—, .s - uus - I ) - s - s - )  t s -  O s - ) )  ( S i r s - c  i t  1 s- s - i  t _ ( i s -  - s - i l

s- s - s - I ’s- , ( l s -’ct ’ - s - s - s - I r s - - s - -u sc-s I t l ’ s - ) I i f l d  t s - T I ‘- s - V f l s -  l i i  s - s - i t  s - _ p s - s - s - i s -  w i t i s - - s - 0. - s - i s -s - I s - o s - i  I t ’ . .  0 

-- - - _ -- - -- ‘ -
~~~~~~~~~~~~~

- ----- .
~~~~~~~~~~-



- -  - -
~~~~~~~~~

—-
~~~~~~~~~~~~~

- - 0’- 0-0 “5 - -s- 0 ~~s- s - _ i  s--i ‘s-~1 Jo’ a)
0,) s- ’ T 0 ~~~~~~_ i J ) -s- ‘ s - s - ’, so 0 - c s”.

s--u s-. .
0 “ ~J’s- 1 ‘1 N- ,0 _ i s - N- Os- i

- :_ - Os- Jo’ 0’ C ,O’ 0’ 0’ o s-” 0’ “~

JO

O s-

__ C s_is- s-_ i ‘ s -  a’— - -a’ _0- — - is--i s--s- s--’i
s-”, ’C, ‘~~~‘C 0 ” s -  C s-s-_ i

a a”— T ’ s - T O ’ s - ”-i ,-’, N - ’~” ” ’~” ” s - ’
‘0- - N. 0’)  ‘5 - -~ —, ‘- s- “- I “ I  —

-0 a
00

s-JO

0- ‘—‘ TO r ’-- ‘i’-s-_i
s-—a ,,, N - —~4 s -  - “ ‘ i ’ s - ’ -”
0 0  “I s-_ i 0 T 0 ” i -0”l :0 - t 0 , - a __i ’s -
‘-‘0  C ” i T’i ,—s- ----s- 0 ’i
0

3-4

-~~ 0 2 -  00 TO :0 - s- -C -0’ ~s-’0 0 s-~ - —
- o  s- :s- —1- T O J ’ s- --— -i TO ---- 0 ’ s ° ’ ”-
~~ s-
TO s--s- i 0 i ’— 0 ’r ’-s - .~ - -r ’ s -  _ i 2  ‘ s i O

a , 0 ’ C . 0’- ’i’ ,0’ 0 ’ 0 ’ s -0 0 ’  C

s -f -s 0_s-

CC 
-
~~~~ s-f

s--i 0 ’ N — -O , r s - 0 ”  i”s- o’- c_i s- ---s- -’ s - s - _ ’s- — i  ~~
0.s- N- 0’ ‘ -‘s-’s ‘-a N- N— C N- ‘ Os-

0 - I N - -  0 ’ s - N -  0 s - ’-t :0

0—I
On :0

00 0 0
0 s-to ’ ~‘ s-U_i - s- N- --a a os- - - c’s- 0

0-s - 0  TO s-”- :-”s- i s - -” ,O’ - “ - .~~- “ s - O s - _ i ’ 0.
0-s -‘~~ ‘-a 0 00 s - _ i I N- “a /_i ‘ F”- Os-

-s -

5-4 --
s-_s-i -

s-—s- ,‘—s- N~ s - s - s -— - - - I 0’s- C” s- s-- 5’ ‘s--i 0
s - _ i TO ‘-I a) TO -~ TO C’) 0’ ) r— TO - —

‘
‘ s-j ”- ” s - ” s - - - s-- c”s- ----, (s- 0 u ’ s - ,s-0- o’s - s -~” ‘a

“ - 0 0 0 , 0 0 0’ ”  0 0 0 ” ’ 0 0 ”‘ C  0

‘C cO

0-0 Lu
— LI
‘i’s On -—

Co -soo ‘LI ‘ s -C s - - I N -  (s-s- ’-~ —‘ C ’  0- ‘C - I s --s- 1 
- 0 / 0 - s- s--s- -- s-—~~~s-’- .: C J O N - i --

s- - s- _ c - _ i, s - s -  ‘s- s-t’- ’ 0 0 ’ s- Ti
.0 os- - -- ---s - . ‘ 00 —‘. —--s- ‘--a Lu

s-i -s- —
‘ “is-:

U Lu ~s-

- 
,,_ s- 0,,

) -r
-s-  -_ s-ru s-,’

—‘0 “j s-~E -00
so : -) 00 0 s-C’s -‘js- is-i s-J r- ~~ -~~ “ “s- r ‘s-i

Os- s - i ’  r - - ’-’i 0
s-s -i 0 ’ -  - ‘ i  0 a ) s -”, ’(’- Ci s-JO t a 2  - s-f o s - s - i  -‘

Lu O s- 
~‘~~~~~~-C s-_ s- _ - -s - s-

s--i: s- I

a’ ‘ ‘-‘s - c - s - I -  s-’, — ‘ - - - -
- i - i  I- - -

~‘ - - s- - s- - i  - -

L - o s -  - —~~~~~~~~~



--~ --_, .  ~~~~~~ -~~~~~~~~~~~~~~ - -

‘-C
O 0’ 0 ‘-1 0’ -0 00 ‘0’ s-s-_i , 00 i_i 0’ - r 0-)

s - ’ a a ‘ i s - ’  0 ’- s - ’s - s - _i - r 0 0 s -s-0
~0 0  .
s-u Lu N. iN 0- -0 -0 s-_i - I ~—s- N. N- ‘1’ 0 s-I_i “C’

o a N. N- 1 0’ Os- 00 0’ 00 N. -0 0’ 0’ 0’ Os

-‘s--I

s--1 F 2 - 0 0 0’  - ‘0 - 0,0 -0 - ’  T’ J — , ,_is- s- C”l N- -o
—4 

s- 
0’ 2 1 - - i s-Ps- 00 00 0’s- s-”i TO - i s-I_ i Os-’ TO

0-0 00 0 0 -0 — ‘Ci N- N- - - C’ -Ci —s- 0’ -2’ 0’
-‘ “C ‘ Js  - ~“ s - - s  s- -4 s - ,

C .

‘0-0

1”— s- - ‘ 1  Os- s-TO N- F’,~ ‘ s- “ ‘5 ‘N
-‘0 0 0  00a) :0 0’ C’_i s-00 _ i i
U .,C -’O s -- T O ,O ---s- - — s - T O ’- 0 0 0

s-~ C C s -  “s- — — — —,

00-0 0- 0
— 0,0~ i s - I l l s - i  i s - s - i l  I I  =-‘s-

0-
O 0.

00 JO

‘J’O -s-
j 

0
:0 :-.s- s- s - s - I s - i  i s - s - I s - i s - i

s--, Lu U,
- --s- s-,, TO

-0-

— -
~~: 

‘0

-
~~ ‘ 

~~~- I I i  I I s- I I i  s - I  s- I i

0 0- 1 00 0’ 0 0. s-_ i s-c- -JO “ 2 ‘0 CC
00 - 0- - s- ,’-’ -0 0 ’ s - 3’-- s-P’ - C s - T O , , -~- i - s - C ’ 0’

N- i~~~ C ~~~ N - N -  —~~~~
0) 1 C’. N- + -‘ 0’ ‘0’ 0 N- - t  - - — “ 0’ -~

— ‘JO ‘C a 
-
~~

U —

s--i :0
if ’s 

- 
0 -  00100 0’ 0 0 ’  0’s- ’—’ 

- 
‘- s - ._a s - , _ i J s - N -00

- s- -0 00 N- ‘s -  s-/_i CC Ta’ —‘ 0’ TO - - I s-s-_i 0’ TO
- ‘ s -—, ,--s- r--- r - - D s - ’ ” —s- : - - is-

O U 0 - , -H ’-s- U _s-~~’s-
0) ‘~~s- i’s- - 

,
~‘1 ‘2 - - —

s-f ‘1
0’—s- 0,—’ ‘s- , -‘ -

I “0 0) N- ‘I s-ri C ’s- 0’ TO N- N. ‘ s -  s -f ’- - I 1’ s- 0”- JOT -—C
O 00 o A  U Y 0 0 0 _ i ’ - ” 0 0 0 0  /0 0 0 - C O O’ s--s - _ i s - ’  --u

-00 :0 C 0- —C —s- -c- -c ‘s-so —i TO — ~—s -5’- - - -C
s-—. —4 —C 0-) ‘- - s —-4 ,—s- -

-s-
TO - ‘s-o

s-_s - - 4  -s-
- 

C- ’
s-—i ,o,s- a

t “ s - i ” ”, - ‘ “ -0’ “5 — - - ‘ 0

~~ “ s - s - - 
s- - C I s - _ i  ,_t 

- Ts-” ,_s-’ ‘ ‘ s - -a

---A’ — - - ‘ _ _ _ _ _ _ _ _ _ _ _ _



- A ”

Co s-t ’a s-Cs- s-ra ‘Ci CC C_i 00 I”. TO N. TO s-TO 0’s- ‘-/0 00 0’s--s -a - 0 0 - r X i _ i4 - u — s - r ’4 - s -  3o’~~~~~ -1 — s - i N T O” i ’

~~~~s- CC ( ’ _ i T O N . ’ 0 O DTO jJ -01 N , X i t i ’ 0 s -s-O T N -
0 0. N. CO N- N. N- a) s-s-_i N- C’s 0” TO’s- s-Jo’ ~0’ 0 s-Os- C’s-

A” 0”

03 --s- I a’- — N. s-ti 00 s- C’ N- - C’ Xi 0’ s-ti “5 JO ~_i s-TO —
s--u [ 0” 00 00 0 s-ri C’s- ‘-“S 00 N-, -1’ - T’ s- A’s- Os 0” 0

• ‘5 ‘0 00 00 00 CC s-N - / ‘N C’s- ‘Cs- ‘s s-Os -‘, i’s -TO
s--ti - s -  ,—s- .-- , , —
>

0 0 - ’
‘13

s-—i 0,s-0 s-J’s - X i _ i/ s-/C’ s-C —s- N. s-s-_ i N - C C- s- C - _ i T O — T O
00 CC -

‘ —- s-f l TO .01 , ‘s - - S N ’ 0  00 0’ 00 N. - )  .0) Xi TO-- ‘0 C Jo’ s-ti ‘0 0 s-f’s -Xi “s-I’ ‘1 2” s-Cs- —01 0 s--C’ TO I Xi
s-~s- ‘0 ‘s- s--C ‘5 ‘_‘ --- — N 

-J O
H

HI C s -  os-) s-s-_i N. s-ti Xi Ti’s- is-_i C_ i  Xi -C’ CC 00 — 00 T- -J i’ -J
00 0) 0’-) 0) Jo’ s-s-_i -s-I s-O) —51 s-Os s-f’s -C’s -s-Os 00 N. - r-~. “5
0-’, 0-
00 s--s -I CC 00 0’ 0” -‘5 0”- N- ‘s-I’ 0) Xi -CC -“5 --C ’ 0’ 0’ CC
‘-0 0) Xi CC Xi s-s-_i ‘0 Xi N. Xi CD 00 C’s C’s C’s 3” s-c- Go’

Oil

0. 0
—4
H s--u - TO N- s-TN N. Os CO C’s- 3’s- -‘0 “4 is- Ti’s- Jo’ “1 Jo’ N.
0. - C’ ‘N 0’) CC 0’ (Ci N- Os 0 - 0  JO’ ‘N 0’ ~~. Ti’ N
00 0) 05 ‘-‘a 000 —a ‘—1 Cs-_i “4 -05 - .C’ -1- 0-_i s- C’s -_i

0-) o H
0,0-
00

‘,-i

C!
0--S ,‘

s 
-N- Os-) “Ci ‘51 00 s-ri ‘-I - ‘si - s- ‘Ci 005 2 , ‘s - s -i -.3

0. 10 s--’ -0’ s-TO ‘-4 Xi CC Os- 0,) /0 ‘i i’s- ‘0 0’ ‘J -~~ TO
0 “0 “s T_i ) ‘Ci-’j’’0’- - t ,s-s- C ’ s - -” :1 -i s-ti

Ti-’
— - - -:

U

-‘s-TI
-‘i C - ‘0 so 015 s-t ’i - -C’ cx) a ’  - -Ci 3’s -0’ N 3’
---a e - — _ o _ J ’ s ”0 :- ’s ,-.s-
SO s-s- i ‘ 5 0 0 s - _ i-~~~~ Os i- Os - I  a ) N ., _ i’ ’ i C i-_ i s---s- rs-.
- 0) TO CC s-~ /3 -1) sO I Cs- Os- Os- Jo’ Os- 2’ Os- is s-_i

‘Cs-
00
0-’-- -Co
al 00 50 , of ’s

0,3 - --- — - z r - Ci as-) - C-~ ‘4) .0 0’ -3 0 N. s-”s- 0-s 00 -us- r
00 - 3 s - s -  f - - C’ - ‘Ci - ‘5 C’ ‘4 i 5-’ ‘Ci - “a ‘s-s-s s-Li so ‘s-s -N.

- 10 0~ - ‘ O5 N’- -s-C 0’s -,_i I Os ‘s--C “5 —‘ ‘
~o’ 3 Jo’ 0” -J 0’s-

- 10 ‘—s- s--s - —s-

10’ s-TI -‘ :  - ‘s-

i s

0’ s-f U
‘Is-

S--S ‘,5 -1) ‘1
‘—I ,f s- 0,, ‘C s-—I s- s - C ’  s- ,) s -j _ i  ‘ - 1’- ) s-_ i -s - s -s-s ‘s -,_,, ‘, - , -‘-s-
00 - ‘ 0  00 50 ,C’ ,C’ , ‘i ” s 0 0 -~~~~_i •
- :  a s-’) t ,10S ”s - s -,TO s-”s - ’ C i s-—” s-f I - -  Ca s ’- ,T Oa s---— ’C’ —,

i~~~TO - s-—s -~~ -- - s- , 
- ‘ ‘ , ,  —

“4 s-a

—i

-‘s -~s- P 35 0 - i - s  s - r ’  s - - C ’ s- ’ TO O s - O s-”' s - _ i  s - C ’ s-’
-‘00

,s- ’4 ‘4



s-s-~ s- Mini ’- Cs-’5s-S vs-’ r s - - sjs ~1ini— CAS——t Iie I s - Cs - si-iibie c on u n u n i c s s - t  i s - s -n s-Thances f o r  a
Nini—CAS arts- s - i l l  the ground epochs onl y .

Example : ~ U ( l  epo ch t o t a l
‘ ( )  g round  epochs

Th e m a x im um  s - h i nes - s - s -s f o r  th is  case s- s - re  50 g r ound s - s - p s - s - c s - i s .

3. N in i — CA S  v e r sus  Cs-’il,’ — — L i ii-s- po s --s ib ls - - conhon un ica t  ion s - i s - s - s - u s - i’s Is - or h is - so ~I i n i — C s -\~-
ar ~ s - mI 1 t Im ~ ground ~‘p s - s- s-,s- s-s and !~f) t s - s - a  60 p e r c e n t  of t h e  a i r  epochs

Examp l e :  100 epoch t o t a l
50 ground  epochs
50 0 ,s- ir epochs

N jul ‘— CAS p o s s i b l e  ch anis - s-sos a re  sill i h i s-  ~~r s - s - u n d  s - s o p s -,s- s- i s - s  and ‘+ 0 I s - s 60 Si - r i ’ C ’ s - s - i
of the a i r  epochs.  Mi n i—CAS a i r  epochs  s - ir i s - r e s e rv e s - i  for disc rs- L a ’  a d d r e s s - -s sync
by tim e CAP is -~~s-s -r s - i r s -- hi ia1 s~s-m ’sc s- s s - ’lii ’nie , and for l/N— tvpi s- a i  r — t s - — a i r  s\’ i i c  of l i_ i l  I s - - c
s\’st,eins b y f u l l  systems . Ti m e final Li-si results for th ~~ s-s-omnm uni cat i s - s - s - i _ i

s v i 0 0 ’ i s - r s -s - n i L s h L  ion reliability are s- - ; i i s - s - W I s -  in v h s - s - il L s - s - I’ 0 .
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2s- S s - i i s - s -~ s - l e s - s - - s p y  s - a l  h i s - I s  t s - s - 1 s -s- s- i s - r i o t s - s - i l  i~~ s O s - s- s - s - i s -  i l l  I L~~u s - i ’ c . i s - s - s - i t s - s -s -it _ i u i s -’ i t i d
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t h e  , ,  
~~, i l l s - i  Z d o t s -  I ’or  ~‘ s-i s- h s - s - j u n ’ s - s - I  t , Cs- s - s - r i - -  ,s -o s -’ ne r a h s - ’d I s - S b ’  I s - s - i  i s - s w — s- s - i s -  s - i s - Cos - ll \-ses

along w i ts-h i t s - i r s - I  i s - s - s - i ’ s~’ I is t j ug s  01 t I l e  1 I r c  ra I t j s - s - s - s  I t i s - s - u s  du r i n g i s - S c S i  r u n  .
The is- r s - s- s- ’ i’S S - a ’ s - I  p h o h s - s -  t h i s - s - u s- s L i he  d a t a  os-~va’ p051 t ion s - s - s - cans - s  r s- sn len ts  s - s - Co ’s- - r i - ’ U . 1 sa’ cs-su d s
A s - I e s - - i cr lp t l o n of  t h i s- p u n t s -  s - t  Is - i - s- s- s-Is - s i I t e  and l - A I R  r c s- i u c  t I s- s - I t p r s - s - g r s s - s - s - s - s  Is g i Co’ s - - I l  I I s -

r s-’ I i- L a , s - L l c a ’  Is - .

s -\ 7 I ) s - ) ( )  Coin pu t as -- ’r p r s - g r s - i i s - s -  0s-’ s-i5 de veloped to merge  , s -s -s - i a t ap e L s - s - — t s - s - ; ’s- b a s i b  , t i l t s-

LAS d at a  , e i t h e r  ph ot  s - S l ) s o I l l a ’  1 or tape , wi  t i b  t h e  s - - s - a ’ s - s - s s - i r s -s -I s - I i ’ n t S’s - S  I r s - O s - ,  or  L r s - s - s --k c- r
da t a  I s - s r  b o t h  a u ’ s- - r a f t  to  p u s - s - i s - i s -  hAS r s - i n g e  a t i d  ra n-ge r s i t c -  s- r r o r s -  . .  I t  CAS
p liO t s - s - t s - s - s -  I s - C  1 s - i s - i t s - i  s - I  u s- ,,’ I lL’  i ng Is-s - i ’  i ’ gi ’d , I l l s - ’  p r o g u - s - s - s - s -  t s- ir s t s- s - s -  t ’ us - -  s- I, 5 1 it e  CAS t i s - s - s - is- I s - ’
a l l o w  b r  t h e  d i f f e r e n c e  b e t w e e n  L i l a , ’  t hs-s-c t h a t  h i s - s -  p i c t u r c  Cs- IS  t a k e n  and h i s - i -

r ime h i s - i l  t he  GAS in f o rm a t i o n  was rece  I s- s- s - s -s - I  s- Us iu g  h i s - is- ’ CAS epoch  t II s - s - c  , h i s - i ’

s - s - s - is - r o t ’ p ro s - s -s - u s - s - s - i s -  sea rches  t h e  tws- s t r a c k i s -r  I i les f o r  th c  t i i s - u e s  c 1 s - s - s i s -~~~t t s - s -  h i s -  i s
t ime . Slant  r ange  s e p a r a t i o n  ea l cu l a t  i c u s  s - i r e  h i s - c H  s - s - s - s - i s - l i’ s - t i - S i n g  t h s - s-  t r s i i ,-k i - r
s- I s - s - t a  I s - s - u  t h is- - i  t ime s- i l l s - I  t s - s -r the  t imes  w i t l l i n  0 .5  ss-’ s-’ s - s - u s - i s -~ ~~s - i s - Ii s id s-’  el i t .
s-

_
I I,east s q s - i s - i r i - s  q u a d r a t i c  is-s - s - s - o s -  u sed t o  t i t  h i t s - - s i  11 r , s - l1 : , : s -- p s - s - i n u~~ a~’, s - i i ns L I l s - s - s -~ ’ .

‘ i s - a ’  r ange  s e l ec t ed  b r  t h e  anaL’s is was c s - s - s - s - s - l ) s - u h s - ’s-I by  s o l v i n g  l i i i ’ Ou s - is - l r soi t S - s o

e q uat  ion us ing  t h e  GAS t I s-~u s - s - . l- s-
r o i s - s -  t hs - ’s i - sis- s - s - s - s - s -  t l ied r , s - I t s- - , c s , t r s - i c k s - -r r a n gs- -  i ’s - s - I  s- - -

w cr e  ca i c ula t e d  s-’sv s -s - r  t h e  sante time per i s - sd t h a t  GAS s - u i - s -  s - s -  . u tah y , t’s-’ar i’ s - i s -’ 11

epoch , L r s - s - s -- I - s- i s - r  r , s -n s - s - e  and r a n s - s - s -s- r a t e  ws-s -rs-,- s u h l r s - i s -- t c ’s-I I r s - s - I ’, k’s-S us-ins -s - i- s - s - u s - i r a i l s - s - i ’
r a t e  to s - s - I s - t a m  CAS e r r o r s .  A sanlp l e  p r i n t o u t  01 th i s- s-i’ s - is - s - I s - i  is shown ~~

s - s - i r s - -  7 — 2 .  An a s tir  isk 1~)~’5i- s - lr iflg in s- s- s - i  umn t h  i c , ’ 01 tI lt ’ pr in t s-s -i t t i it d j s - s - atcs -—
u i i s - u  Is- range rates we us- ’ ca I s - ’ t il a ted s - s - V is- r 3 Si’ s- s - i l l s - i S ill s L i ’ s - i s - I  i s - I  i i  i - s - s - c s - s - lids - —, .

AlSO shown in  t ig ur e  7—2 s - i r s - - Gs-\S and I I’ s - s - O s - - i ’  warning Li cs - s - l o u is - it ions s - s - i s - s - i  hits-

st s - itus s- s t t I s - e  maneuver  i n d i c a t o r . This  i n f s - - r s - s - s - , s - t  i s - s-n was lis t s - -s - i I s -  s-i ss  is - i t is - s -

Ss-~ res-s-ning I l l s - ’  warning t irn e d a t a .  l ’i t s - s- i s -  t’ i s -c s -s- s -iur is- s u s--s-i’d I - s - ins - i  I \ ‘ s - s - i ’  Gs-\S Is-’ s - u l ’ n i s - s -  s-so

t Os-Is-,’ o c c u r s - s - i s -- v  a r e  s - i s - s - - u  s-s-ribed lots-’ r in I l , i  S s ’h s - i p t a ’ r

!-s -ANGI ,  s-’s- N i )  l’5,A S G E  i’i,s-’s-s- ’l ’E ,\~~~A ’k s -’ss - G i  1, 5 .

‘l’lie i ’ s - i s -  s-5 s- s- and l ’, s - i i s - ;s- ’ r s - i t i -  l s - - a - l i r s -s - ts ’ --s- ans - s -  l i - s i’s s-s’i ’i ’is- bs -ised s - s - l i  s - I s - s - I s - I  ob t , s - i l l s - s - i  I 1’ s - s - I s - i

h i s - s - s o  I ir s t  ss -’vs -’fl H k s -is - I s l i s t e d  in I s - i bt i s - 7 I s -  s-\ 1s- s - L~ l s - s t  s- I : 1 i i s - i — ( : A s / u A~
’ , 7

~ i s-tl— CAS /~~h s- s-i--CA S, and 11  ( , s - \ i ’ i L A I ’  r u n s w i t ’ s-’ m i t  i s - s - i  l v  i s - i s - i s- i d es - I i n  L I l a ’  0fl~s- i v s s - s - s - s -s-

s-\ i s - I ’  Ili toLi t s - s - I  t l s - s - -  I s- ,- \ S / t r a c k a r r - m e r i s - s -- p r s - s - s - s -l’s - l s - s - s -, si,ich s-i s t hi s - s - I  s i t s - s - w i t  Iii I Is - s - s - s - i ’s- ’ 7—k ,
s--u ,is s -s - s - ’ s - ts - i r ,iI s--sd for i s - i s - h al rcrs - s - I’ t s - a r  e q u i j s - is - s - s - -s - s - t s - s - n d  i ’ u n .  s - s -n h —’ c s- s - u s - s -- s - s - s - i  s - i s - s -  d s - i t s - i
were ciii’is i s - s - s - ri’s-i jil lIsa , ’ s - i cs -’urs - is - s - y s - u s - i  l V 5 s - s - 5 s -pri nu ari I i - , i-s - i l l s - i ’  r i n g s - ’  s - Il l s - I I’ s - I l i g s -’ l’sII a ’

i s - s - ou rs - i c it’s s- l s - - s- ss -,si’ i s - i t s - s - I  w i t h  d i v s -’r g i n g  I I i g t s t p u i t l i s  do us- s - I  i s - s - i s - s - s - I GAS w s - s - r n  i t t - s-s- h i s - s -us --

s - iCs - CIirs - I c V . ‘ l h s-s- r an g s- ’  Si s - ; s - s - i s - ’s - I  i s - s - u s  s - i s s s - s - a ,s- I s - i l  a ’ s - i  i s - i l l  t I l e  s- I,,rt s - u s - I  a I l s - I  s - s - I  L O s -  111115

‘ s- s - i r i s - s - i  with t i l t -  t y p i s -  of s - ’ I s - s - t I s -- s - I v s -s - r  I l ow n .  u s -  s - s - s - —s- s-~~ i l i n s  I5 s - ’lia ’i’s- iI I s-- s - s - i - I i’s - i Os - tic s- s - l i

-5—11111 1 s-nil 0 . 2 — i s - s - s - s - i  s s - ’ ) s - s - i rs - i tis - s - is - s. i s - s r  h i s - a ,- s - s - I l l s -  r i I s - s - i l I i - u i s -s--’ s- ’ r  I s - s o s - - s - - s. Is- his - ’ s - , s - -~ s- , s - r, uh is - s -Its

s - cs - Is- r . u  1 3y  v a r ie d  hs - - I s - s - s - e n  S n m i  s-Ins-I s - i s- 2 u s- s- u . I is - i’ c I s - s - s i  Is - u s - I s - I I t s -’.c r,it s- S ‘s - i  I~~I s -~ s -i

is - s- -? i s - s - e n  2 1 s - I )  s - I l l s - I  - a  ‘s - I )  kit s -s t Is - sr t ,ii a ’ ill/Os - I—Is - Il i’ s- lOS , his - IS ’s - a l l  I s - s - I s -  s - s - Is - s - I -
- s-o t - i s - s - s - I s  I s - s- i’

t h e  s - ) ( u ~ s- ’ i ~~s - - i s - i i ’ s- ’ r uli s - so , s- in s - I Is- s-s - tW s - s -s- ’Is - (I ,ms-I I11s - kus - sls i s - i -  I i s - a -  s - s - _ s - _ i , ,  l u l l s - p  s - s o s - i s - i s - t I ’s- a l  i-i .
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s- ’ s - s - r  s - s - a i ls - Lbs -i’ ii s - s - f — a s- ’ s-~ ’, / l i n i — 1 ’ , \ h  s - s - s - s - I  Cs-s-s - I / h A l  1 1  icliLs , s - l a s -  s j s - , a s - j t  i s - s - s - i s - I  d i i  s - ’ , - r s -’n s - ’ i s- s

s-~~s-’ r ’ , s -  I s - s - s - s - s - i s - i  b c - t w a - i s-is- t h a -  i s - i
~~s - i i I s - a s - R,s - s - a t  s t , a i s - s - l , s - r s - I  s - s - a v I s - s - I  s- s - a u  c’St i s - C s - l i  i S  I s - a  s - i s - s - V  rs - s - n .

h ’ s- C r  s - s - c  I s - i s -  - , t~ is-o n , a - I - s - s - a s - Is - s - rd s -k s -s-s- i s - il is - s - us os - - ra - ; s -o s -  - I s  -‘ s - I  . I s - i t i ’  - s - va ’ - - a I -

C s - a ’ s-n e s t s - ”  s - I  a ’ s , - ‘ s - i y  - s -  l ’ , w  r u I n s  v h s - s - w a - i l  I s - a  l s - - s -~ ’ s- ’ s - s -  S l~~s - s - s -  i s - a s - i -  s - s - s - I  i c - r i ’ s - s - e s - ’.

O s - s - s - s - s - r a s - s - a s - - a  w i ’ s - a ’  s - s - s - s - s - v s -H I r s - s - s - a s -  U s - c - s - a s - s - s - I ’s-s- s--i I s  - s - s - s - s - I  s- ’ s - s - ’ I s - j a s -~ ’ s- I s - a s - ’ , s - : - s-s- s-- i s -  s- - s - a  i s - s - i  ~ , s - t  s - - s - I
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A gene ra l  de t e r n s - in a t io n  was then made conce rn ing  the  q u a l i t y  of the tracker
(pho totheodolites/EAIR) data throughout each run based on the tracker dis-si gn
s p e c i f i c at i o s- i s . ‘l ’ls-e s p e c i f i e d  1—sigma f i gu re f o r EAI R range e r r o r  is 0.01 uini i ,
w i t h  a f igure  of .01 degrees given fo r  a z i m u t h  and e l e v a t i o n  e r r o r .  I n  o r d e r
to e v a l u a t e  the position measurement a c c u r a c y  of the  p hot o t h e o d o l i t s - -’s , i t  is
necessary to refer to the maximum error curves shown in figures 2—6 and 2 _ 7  of
reference 6. Generall y, these curves indicate that position measuren s-ant
error increa ses as the targe t moves away from t he b a s e l i n e  p r e s e n t e d  by thit .s-

two tracking stations . In addition , as the angle d rawn from t h e  t a rg i  t to
the two tracking stations gets close to  00 or 180° , t h e po s i t i on c’ rr s - s - r
increases  very  rap id l y .  The a c t u a l  GAS f h i g h t p at h s  were checked  a g a i n s t  t he
L A I R  and p h o t o t h e o d ol i t e  p o s i t i on  measur eas - s-ent  a c c u r a c y  c h a ra c t e r i s t i c s , and
only those runs f o r  which good tracker data were  o b t a i ne d  t h r o u g h ’s - o u t  this- run ,
were selected for the ana lysis. The run s-nean and s t a n d a r d  d e v i a t i o n  c’ s t i m a l e s
used in the  f i n a l  Mini—CAS and CAU range - a c c u r a c y  ana ly s i s  a r e s- g i ven i s - i  t a b l e ’ s -
7—2 and 7 — 3 , re s p e c t ive ly .

TABLE 7— 2.  MINI—GAS RANG L ERROR ESTIMATES (n m i ) *

Maneuver  Fli gh t  Run Samp le S t a n d a r d
Type No.  No . Size Mean L)eviation

Head—on 4 2 16 .025,,s- ** .0
4 9 22 — .0103 .0122

4 15 28 .0Ob~ .0 3 .s- 9

3 16 4 1 ‘ .OObb .0 (‘s - 5

5 2 27 .0034 . 1 1 - s - s - s - H
5 Il 27 .006 7

5 i i  28 ‘-- .0037

4 13 28 .0053  .02h  3
Closure 5 3 s-~~ — .002 8  . O I — + - ’s-

30 ° 3 1 1  38 . OHio i  .0 188
Cl osure 5 3 - a~~ .029 2  . a ’ 3  ~ Y

‘ I s - i l l — s - Is- s- is a? 3 7 ii — .0177 .1) I-s - s

5 7 37 s- OO8Y~~~ .033 1

5 14 37 — . 0 0 0 2  .0120

* The Ni ni— LAS 1 anti M i n i — G A S  2 means f s - s - r  i s -s - a s- -h run  we ’re  i- is -mb u s- ed and i l i e  i r
s t s - s - niia rd deviations pooled.

s-~~
s -Removcs-d f r o m  the anal ysi s I ol l o w i n g  s t a t i s t  i s - s - s -I tests s - s - t  h omo ga ’a i c i  I v .
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TABLE 7— 3 .  CAU RANGE ERRO R ES “1’ IMA T ES (n m i ) *

Ma n euve r F l i gh t  Run Sample S t a n d a r d
, _ ~

i1’ )‘~p~c
s- 

,  ,, ,  ,

N,~~. , ~~~ ~~~~~~~~~~~~~~~~ Mean t ) e v ia t i ou ’s-

l I e s - s -c l — c s - i s -  6 2 13 _O.0118** 0 . 0 3 39

7 s-i 26 .0295 .0303
7 11 26 .0199 .0333

90 0 7 12 4 7 .0150 .(J1 1 3

( ‘ I a s u r~ s-

15° 6 5 s -s - h  . 02-s - H . 1( 4 0 8

C l i s - s a i r s - - 7 5 38 . 1(2 3 3  .11322

1 s - s -  i l — a s - i s - s - s - s i- 7 u 39 .0166 . 0 i-~ 7

s-’s- The l~s-\i I and CAl ’ 2 ns -es-in s I or is -s - ic-h  run  were  c on s -b i n e d  and t h e  Ir  s - t , s - s - s - d , a r s - j  d c v  i s - a —
tions i s - c s - as -led.

~~* Sea s- s-a vi d fr i s - m  Il s - as - ’  a n a ly s i s  V s - s - u s - s - s - s -s -is - a g stati~~tlc ’ s - s - I  l i s t s  o f l i c s - s - s - s - I s - g c’ s - s - c ’ l t \ ’ .

S t a t i s t i c al t e s t s  were  p s- s - r a  s- a rmed I s - I  tic s - I  c u ’ s - s - s - i n c  ii Is - s - c’ u ’ s - a s - s - g a -  e r r s - s - r  s- s - s - c ans  o s - s - s - I

st a n d s - i  rd dcv ia t i s - s - s - i s  w i t h i n  c ’ s - s - s - : I s -  c s - I  t h e  s - s - i l  us- i Cs-\ S and Cs-U ’ mas - aa ,’ t s - vc ’ r L o 1s - cs - s  c’ s - s - c s - i s - I

s - I c ’ cot s-s ider ed  r e p r e s e n t a t i v e  of U s-c ’  s , s - s - s - s - c ’  n o r m a l  d i s t r i b a s - t  i s-s- s-n . I u s - c ’  r e s u l t s  c s - a
t I s - c s - s e  Ic’s t s  m d  is - ’ s - i t e d  tha t for c’ s - s - s - is - us - s-as -s-euvc s-r type ’ , liii’ st s - a nci s - s - rd d ev i a t  Is - a lt

e s t i s - s - a s - s - t e s  wcs - r e  n o t  si g n i f i c a n tl y di  f hi s -rc s-n t . i s - is - c rc -Vs - s -r i’ , p oo l e d  c-st i s - s - s - s - a l e s  s- l i

t he s t a n d a r d  d e v i s - s - t  i s -s - u s  we r e  c s - a s - s - s - p s - s - l c d  s - o r  each manc s-uvas -s-r t v p c s -  and t h i s- s-s-c ’ s - s - r e
g iven in toh les - 7— -. . Si g n i  I i c a n t  c i i f f c - r s - ’ n s -’ i - s  l s - c ’ t w i ’ c ’ a s -  th ’ ,s- s - - c-an c’ st i s - a , s - s - t c ’ s
were  t’ound f o r  the he ’ s - c l — s - s - u s -  s - s - nil to 1 1 s - ’ h s - s - s - s c ’ - i i n  I “ ( s - \ S  s - s - s - Os - s - c - s - i t ’ s- ‘5 s - u s - s - i  l b s - c ’  ( A l ’
h e a d — o n  m a n e - l i v e r .  The t e s t s  wer ’,’ r e gi s - o t i s - c l  i s - s - r  t h c ’s i ’  s - s - s - s - s - a s - c- s - ;v s -- r s  w i t h I s - i s -
susp ect va l a s - c - s  removed , s- s -nd nis- si gn is - s - s - at d i i  I c ’ r ’, -n c  c’ s--’ we’ r i  l o s - s - n d .  s-, s- s - a s - s - Is - i  ned
mean i s - S I  i a - s - a l e s  were  t I s - a s - s - i  Co m( s - i ; t s - - s - l i’s - s - r i- s - s - i- I s -  mane uv~s - r  t v p c ’ , s - s - n d  t I s - cs - s i - s - s - r~’ also
g iven i ’ s- t s - ib l c’ 7— -I .

St atist ica l tcs-st s wers-’ t h e n I aa’rf s - s - rs - ’i s - ’ s - i to dct cs - r s - s - s -j li c’ it  t h i s -  r , s - s - s - c e  - s- r r s - s - r  i’ s--i t i s - s - s -s - s - t i ’s- ”
vs-i r i ed sign I I i s - s - s - a n t i  v w i t ha the I s - s - p c’ c s - i  a a s - , s - u a s -’ i s - v s  -r flown. I s-i the s - s - s - s c ’  e a f  t la s--
N i ni—GAS , ii si gn i f  i c - s - m t  ci i f  I i - r i ’ s - s - s -- c ’ s-s-s- s - s - s  s - i s - - I i s - rs - s -a i ned is-c’ tw s - s - c s -n  l b s - i ’  s - s - it ’ s - i s -  c ’ s--s- I i rs-is-i I s - - - .

‘thi s-s- ‘30 ° e i s - s - s u r e  s - s - s t  ins - s - i t is- was r es-nu is-v s-s-’d and the- I i ’s t was rcs - p c ’ s - s - ta ’ s - I w i t h s - is - s - s i  g u s -  i s -  i—
c ’ s - u t d i i  t e - s-’ i ’ nce obse rved .  A l s o , no s i gus- i I I i ’ s- s - t a t  s - l i t  fi n s - s - u s - m o  w s - is Is - s - unit hetw s -’e s-us-

l i i i ’  N i n i — C A S  s t , s - n d s - i r d  d e v i s - i t  i on  ca - i t u s - s - s - s - t r y .  For thi s -(‘At ’ , s - a  s’ig n i l  I c ’ s - s - e a t t i l t  t a r—
CflC c’ was s - s - I s - I  s - s - i t s - e d  h a s - t w s - ’ s -s - s - i  liii’ s t s - s - s - s - d s - s - r d  s- I t ’ v l , i t  i s - s - s - s - s .  ‘li ii’ t i - - s - I  w s - is i’,’1s - s -’ s- i t c s-d

w i t  l a s - s - i s - I  liii’ i S s - ’  i’ i s - s u r e  c s -s t I fls-a t i s -  s - m i s - t i  u s-i’s - i- I gn i I I i’ s - i s - t t i l l  I i ’  r a i s - s - ’ i’ m s - s - s  I ound
‘I ’lie ’ ns-€s-dn c s - st i s -no te s , les s thi s - 1 5 s - s -  

s- ’ l s - s - s s - s - i s  -cs - s t  i s - s - s - s - i t s -’ , w s - r e s -  I s - - - s - t i _s-d as - ui d us-i) s i g f l i l  1 —

c ’ s - s - n t  d i i  f s - s - u ’s- -nce was s how n .  N , s - n a ’ s - s - v a - r  m e ’ s - s - u s -  s - - a - i t s- ai s - , s - I a ’, W i ’ s - s -  I i s - a ’ u i  s - s - s - a s - u s - u s - cs-ti s - s - u s - s - I

- s - va ’ ra I I  s - - i s -  t tunas - t s-’s a s - f  —0 .1)1) 18 us -ni l s - i s - is - i II . 01 0 nni I as-’ - r s - ’ s- ‘ h t s - s -  a s - s - - s - I  I o r  N iii i — i  Ais-

s - u s - u h A l t  i s - s - a s -s- i s - u  r s - s - u i g a -  i ’r r or s , s-~s-’ s - i s - s - - c  I i v i ’ l s -s- ’ . ‘t a i l s -  l i t ’ s-- u ’  s t s - i u i s -, i s - a i ’ s - i dc ’ s -_ i s - i t  i s - s - i s - s  w a - r e ’

l a s - s- s - a  [i’d , and - t a - s - a i l  i -st  i s - s - s - s - a t e ’ s - ;  s - s - i  O , i i  3 6 1  us - us - s - i  and  U. s - I L ’  I i t s -n i W s -t s- - s- s - l a t s - i  m i s - t i  I s - s - r

~I i u s -  I — ( I s - \ S s - s - i s - s - i  ( s - \ L i’ s - it s- ge ’ s - s - r r s - s - s - ’  sts - uuisl s - s - r ui s - I c as - i~~i t  I s - s - i t s , I’ s - - s p a - c t i s -s-/ s - ’ l \ ’ .
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TABLE 7—4. SIJMIs-IA R’s-’ OF THE GAS RANGE E R R O R  ESTI: ’IA ’LL S ( u s - s - s - i l  

- — -  -— - - - -  

Mana’s-is-ver ‘liniCA,S I CAP
Ty pe

- Mean S t - s -ms - la rd  ‘h” s-’in ‘s - t
~ s - s - n - C u r d

fles-ij,s-tion ‘l s- -s - ” is -’s-tion

Hea d—on 
- 

— 0 . 0 0 2 3  0 . 03 h 4  0 . 0 24 7  0 .0 32 2  

i
_
~~~~~~~+ I 

.0002 .032 3  .0 150 .0114
- Cb s- s - s - ir i s - - 

H— 
+ 

30° .0281 - .0164 
-

Clesuro -

a — — — — — - . — 

15 ° 
‘ 

— — . 0 2 4 - s-s - 9  s-! 5

Closure’ 
-

- - — — - — ‘ s -  ,4s-__ -,_ ,s -

~fnll—chase 
- — . n~~~’i . 0 3 7 5  . 0 l ( s -6  . 1s- 13~

(~ver s - ull _
~~~f l f l 3q cs-s -.0101 . f l l ° I s - s-- ’s- . 0 ( “ 3 * s -~

* ‘s - s - a s - s - c ‘ s - s - s - I  i n c ’ l a u s - l , ’ I s- i s - s -flEs- s-in s- ’ stlnat s -
s
- s-- t s - s - . ’  s - I s - .  a s - r .

*s-’s- Does not L s - s - c ’ l u i h c ’  h u e - c y t  s- s - s - s - s - i t s -  i ’ - s- r t l s - i  15 c i s - s-s s - ,- r s - ’
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The reasons for the higher Mini—CAS mean range error estimate at the 30°
closure and the higher CAU range error standard deviation estimate at the 15°
closure mentioned above could not be specifically determined. The design of
these equipments does not sugges t that a difference should occur at these
particula r angles of closure . Therefore , it is concluded that they resulted from
some anomaly associated with the flight tests and not to the design itself.

As men tioned prev iously, the closing range rates associated with the various
maneuvers flown varied from the 0 to 440 knots. The fact tha t general agree-
ment existed between the various maneuver mean and standard deviation estimates
for both the Mini—CAS and CAt) indicates that range error is independent of the
closing range rate.

Comparing the overall Mini—CAS and CAU range error estimates given in table 7—4,
there is general agreement in the standard deviation estimates. The mean
estimates however do show some variation . Since the operational and environ-
mental conditions associated with the flight testing were similar for both
equipment types , it is concluded that the approximately 0.02—nmi difference in
these mean estimates is due to a difference within the equipments themselves.

RANGE RATE ERROR ANALYSIS. In an attemp t to provide homogeneous range rate
error samples , only those errors for which the CAS closing range rates were
within 20 knots of the nominal range rate , were selected in each sample . For
example, if the nominal range rate were 300 knots for a head—on run , then only
the range rate errors associated with 280, 300 , and 320 knot closing range
rates were analyzed . A representative number of histograms were constructed
and these indicated that range rate errors could be assumed to be normally
distributed. Finally , each error samp le was visually examined to determine if
all of the values contained in the sample could be considered from the same
normal distribution. Where certa in errors were ques tionable , a statistical
test for “out liers” was applied . Only a few such values were actually fo und ,
and these were removed from their respective samples.

For each range rate error sample, estimates of the mean and standard deviation
were calculated . As in the case of the range error analysis discussed pre-
viously, only the range rate error estimates from flights 4, 5, 6, and 7 were
included in the analys is , since similar equipments were used for a particula r
f l ight. Again , the equipment mean and standard deviation estimates for each
run were statistically compared , and only those runs for which no significant
differences were found were left in the analysis. Finally, onl y those runs
for which the quality of the tracker (phototheodolites/EAIR) data were con-
sidered acceptable throughout the run were analyzed . The equipment mean and
standard deviation estimates for the runs used in the final Mini—CA S and CAU
range rate accuracy analysis are given in tables 7—5 and 7—6 , respect ively.

As indicated in tables 7—5 and 7—6 , the equipment estimates from each run
were not lumped together as was done with the range error estimates. The
reason for this was that it was observ d that the mean range rate error
estimates seemed to be directly rela ted to the CAS closing range rate. There-
f ore , a simple linear regression and correla tion analysis was performed using
the  32 ftf.ni—CAS means and the 12 CAt) means from the tables to quantif y the

7—10
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TABLE 7-5 . ~‘t1N1— CAS RANGE RATE ERROR ESTIMATES (KNOTS)

l ; ,n euler °ii~’,ht Sun Equ i pn en t  (loiinc~ Sarmie ~‘ean Standard
No. No . No. Range Si ze O e v j a t i , n

S i te
(knots)*

0 1 370 7 i i .  75 6~2 3 13  15 i2 . 4 i .
4 15 1 326 15 5.35

2 330 24 ~~ 2.’.
1 3~ c 21 16 .92  1 3 .5 6
7 3(fl) 21 l~~.52

5 2 1 281 17 11.51 1-. . 25
277 15 4.1.. i4.~~5

5 ~ 1 116 ii in .o~ ‘1.75
2 127 11 5.17 iS . 72

5 U 1 402 10 i°.21 11. 86
2 401 16 11.68 13.05

5 13 1 331 11 8.38
2 331 16 11.24 Q •65

12 1 1Q8 12 5.30 °.i2
‘ ic’sure 2 ‘03 15 ~. .S5 i0 .~~3

1’. 1 213 1’. 11.18 °.12
2 227  15 ~.11 14 .08

5 3 1 182 24 5 . 56  13 .10
2 151 24 S• 60 14 . ‘7

10~ 4 13 1 f l j  74 4.1.’ 0.57
2 5/ , 7 ’ . 1. 71

5 /~ I .58 7 3 1. ”5
2 03 2 .’ 5. 60 13 .26

15 5 5 1 36 iS 2.18 7 . 7 1
~ i o c i r e  2 15 1. 4 2 0 .15

4 7 1 71 17 .Sh

.2 61 16 — 5 . 2 1
5 1 61 24 2. 81 12. ‘1

2 68 ‘1 7 • 77  1 2 . 3 7
~~~~ S 14 1 30 24 — . S1

2 11 ‘1 3.S1 13 .1 7

13 . 5

* \. ‘ ,.r,-,r’e ,~ f ~ (‘ 54 c l o n i n t  ran’~o r~,tos d. ir l nr  the run .

Es timate was not incLuded in the overall estimate below .

~~~~~~ 7—4 r .~r o o t i n o t i ’~ ‘~~ ~‘~in rin ”e it .’ ‘r r . 2 r .
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relationship between mean range rate error and cAS closing range rate.
The coefficients ot correlation were .8 and .9 for the Mini—CAS and CAt),
respectively ,  wh ich are considered h ighl y significant. The estimates of both
regression lines along with their p lots are shown in figure 7—3. Figure 7—3
indicates that mean range rate errors of 0 to 24 knots can be expected for the
Mini—CAS and —3 to 22 knots for the CAt), as the closing range rate increase
from 0 knots to 700 knots.

A visual inspection of the range rate error standard deviation estimates given
in tables 7—5 and 7—6 indicates that these estimates generally did not seem
to vary with maneuver type or CAS closing range rate. A statistical test of
homogeneity was performed on the Mini—GA S estimates and a significant difference
was determined . The test was repeated with two of the suspect standard devia-
tions removed and no significan t difference was found. The standard deviation
estimates were then pooled to provide an overall estimate of Mini—GAS range
rate error standard deviation of 13.5 knots. in the case of the CAt) standard
deviation estimates , no significant difference was determined. These standard
deviation estimates were then pooled to provide an overall estimate of CAU
range rate error standard deviation of 14.9 knots.

The regression line estimates shown in figure 7—3 indicate that both Mini—CAS
and CAU range rate can be expected to read higher b y a f igure equal to approxi-
mately 3.5 percent of the CAS closing range rate. The reason for this error is
primaril y due to the design of these equipments. The time difference between
the internal 5-41Hz clock pulses is 200 ns , which corresponds to 194 feet.
However , the dR/dT logic for both equipments rounds off this time difference
to an equivalent of 200 feet , resulting in a 3—percent hig h range rate
measurement. This design relationship is also shown on figure 7—3.

The range rate error regression line estimates in figure 7—3 and the overall
standard deviation estimates given in tables 7—5 and 7—6 indicate that there is
very little difference in Mini—CAS and CAt) range rate accuracy.

WARNING—TIME ACCURACY.

The [au 2 and Tau 1 warning time accuracies were determined from the collisi on
encounters flown. The warning—time data were derived using phototl ieodolite
and FAIR position data at the instant of time a first alarm occurred in a
Tau zone. The majority of the encounters failed to provide usable Tau 2 and
I .iu I warning—time data , due to instrumentation or equi pment problems experienced
during th e early fli ghts, late phototheodolite tracking in the Thu 2 zone , and
bad t r a c k e r  d a t a .  In o ther  words , the  epoch t imes of the  m a j o r i t y  of f i r s t
itarn is were late or ambi guous because of testing problems , and not due to  GAS
ta i lii r , ’s that occurred during fli ght.

A.. a result , only 17 Tau 2 and 39 Tau I w a r n i n g — t i m e  even ts  were’ o b t a i ned f o r
accuracy analysis. These sample sizes were further reduced by the necessity
to  s u b d i v i d e  th e  Tau 2 and Tau 1 groups  in t o  equi pment  (Mini—GA S and CAtI)

l t e g o r i e s . I t  was e s t ab l i shed , however , t h a t  the  r e s u l t i n g  smal l  groups of
wirn ing—t ime data gave v a l i d  e s t i m a t e s  of w a r n i n g  t i m e  acc u r a c y .  The d a t a  w ere

.‘I r. o~~n t a t  ive of l a r g e r  grou3s and the  e st i m a t e s  compared w e l l  w i t h  t h o s e
t x p c . ’tt’d from know n e q u i p m e n t  c h a r a c t e r i s t i c s .

7— I
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WARN ING—TIME EQUATIONS.

The Tau 2 and Tau i w a r n i n g  t ine  da ta  were d e t e r m i n e d  using p h o t ot h e o d o l it e/
EAIR tracker position data as the reference standard . An actual value of
Thu (range ~

- range rate , in seconds) was established by referring to the range
and range rate values derived from tracker position data at the same instant
of t ime tha t  the  t i r s t  Tau a l a rm  was recorded in f l i g h t .  This  va lue  was then
compared w i t h  the t h r e s h o l d  Tau ( t h e  des i red  warn ing  t ime in seconds)  as
computed  f r o m  the c los ing  range r a t e  ob t a ined  f r o m  t r a c k e r  d a t a .  The d i f f er e n c e
between t h e actual Tau and the threshold Tau yielded the number of seconds the
Tau warning deviated from the desired threshold. A positive deviation from
the thre shold meant that the warning was early , and a negative deviation
meant that the warning was late.

Since the [au thresholds  vary as a f u n c t i o n  of c l o s i n g  r a t e  ( f i gure  7—4) , t he
earl y and late  d e v i a t i o n s  from the threshold  were n o r m a l i z e d  by d i v i d i n g  those
dev ia t ions  b y the Tau t h r e sho ld  eva lua ted  at the  p a r t i c u l a r  closing rate
associated w i t h  each w a r n i n g  and m u l t i p ly ing b y 100. This  gave the  Tau 2 and
Tau I warnings as a percen tage  devia t ion  f rom t h e i r  r e s p e c t i v e  t h r e sho lds .
A percentage dev ia t ion  indicates the percent of t ime to  c o l l i s i o n  lost when a
first alarm is late and the percent of time gained when early.

The equations used to obtain Tau warning—tine data , as defined above , were

Tauj i = x 3600, seconds , tracker Tau~
K~ T

Tau~ t = K 1 + x 3600 , seconds , t h r e s h o l d  Tauj at tracker R~ i’
R~ T

Where  j = I or 2
K1 = 25 seconds
R.~l = .25 rumi (CAU) , 0.0 nmi (Mini—GAS)

= 40 seconds
l~~2 

= 1.8 nmi (CAU and Mini—GAS )

DEV~ = (Tau ~ T — Tau 1t ) seconds , dev ia t ion  f r o m  t h r e s h o l d  Tau~

% DE Vj = (DEV ~ / T a uj t )  x 100 , percen t  dev i a t i on  f r o m  t h r e s h o l d  T auj

Note :  R jT is R~~j of f i gure 7 — 4 .

For cxanple , if the  f i r s t  a larm in the Tau 2 zone occurred at point A of the
range threat evaluation diagram (fi gure 7—5) with tracker data , R’ç = 5.0 nmi
and RT = 340 knots , th in the value of Thu 2 at point A is

= 5.0 umi x 3600 seconds = 52 .94 1  seconds
340 k n o t s  hour

7 — l b  
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and the value of t h r e s h o l d  Tau 2 at point  B is

TAL
~ t = 40 sec + 1.8 nmi x 3600 sec = 59 .059 seconds

340 knots  hr )

The w a r n i n g — t i m e  dev ia t ion , f rom th resho ld  Tao 2 , is then

0EV2 Tau ç — Tau2t

And the warn ing  t ime as a pe rcen t  d e v i a t i o n  f rom t h r e s h o l d  Tao 2 is

Percen t  DEV2 = — 6. 118 sec x 100 = — l O . 3 6 ~ ( l a t e ) .
59.059 sec

R e g a r d i n g  f i g u r e  7—5 , note  t h a t  t h e  Tau 1 t h r e s h o l d  fo r  Mini—GAS has an o f f s e t
(R ~,1) of zero  nmi , and a reci proca l  slope of 25 seconds  as i n c o r p o r a t e d  in the
M ini—GAS e q u i p m e n t .  Otherwise , t h e  Tao t h r e s h o l d s  are those  s p e c i f i e d  in 

(~ 117.

~ARNLNC—T [ME DATA.

The data base f o r  w a r n i n g — t i m e  accuracy  was ob ta ined  f rom the co l l i s ion
en c o u n t e r s  f lown in the f l i g h t s  of t ab l e  7— 1.  Each a i r c r a f t  of a p a r t i c u l a r
encounter  was expected to provide  Tao 2 and Tao 1 w a r n i n g — t i m e  da ta  f r o m  the
first alarms in each Tau zone . In many cases , however , an a i r c r a f t  fa i led  to
provide usable Tao 2 and Tau 1 first alarms , due to instrumentation or
equipment problems experienced in fli ght , particularl y during the early
flights I thru 7. These problems were reflected in the CAS data itself as
apparent communication failures which made the epoch times of first Tau ularms
uncertain. Late tracking in the Tau 2 zone and bad tracker data also gave
unusab le  w a r n i n g  t i m e  d a t a .

The GAS/ Tracker  M e r g e — P r o g r a m  p r i n t o u t  (see f i gure  7 — 2 )  was screened to
exclude w a r n i n g — t i m e  da ta  degraded b y the  above t e s t i n g  problems . Tab le  7— 7
shows (by a i r c r a f t , f l i g h t , run , and GAS e q u i p m e n t )  t h a t  52 cases w i t h
p o t e n t i a l l y usable  w a r n i n g  data were  o b t a i n e d .  In t hese  cases , many  warning
t imes we re excluded due to  t h e  va r ious  reasons i n d i c a t e d  in t he  t a b l e .
S e p a r a t in g  the usab le cases i n t o  Tau 2 and Tao 1 c a t e g o r i e s , and f u r t h e r
subd iv id ing  these by GAS equi pment  (Min i—GAS and CAl), gave the  f o l l o w i n g
small  sample s i ze  groups  to be d e a l t  w i t h  in the warning—time accuracy a n a ly s i s :

GAS Tau 2 Tao 1

M i n i — G A S  N = 10 N = 2 3

CAt) N = 7  N 1 6

(N = samp le s ize)

7— 18 
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TABLE 7—7. DATA BASE OF POTENTIALLY USABLE WARNING TIMES

Aircraft No. 1 (N—377) Aircraft No. 2 (N—376)

Flight Run 2/3 EQ Tau Tau Flight Run 2/3 EQ Tau Tau
No. No. A/C CD 2 1 No. No. A/C CD 2 1

3 1 2 M2 NL X 3 1 2 C2 CM X.
2 NL X 2 X X
3 NL K 3 LT X

4 2 2 M2 LC X 4 X NL
9 LT X 4 9 2 Ml LC X

13 X RM 13 CII BT
14 LT X 14 LT X
15 K X 15 K X
16 X X 16 X X

5 3 2 M2 NL X 5 3 2 Ml X X
9 NL X 4 X X

11 NL X 9 LC X
13 NL AS 11 K CM

6 4 2 Cl X X 13 LC ~tS
9 LC K 6 9 2 C2 LC K

7 2 2 Cl LT BT 7 3 2 C2 CM K
3 BT X 4 BT X
9 X K 7, GM X
11 LT X 12 X X
12 X AS 17 10 2 C2 LT K

17 10 2 M2 LT K 34 4 3 Ml AS ~L
34 4 3 Cl K NL 6 X ~L

12 AS x 12 BT X
14 AS K 14 X NL

40 2 3 Ml LT AS
X Usable warning time 59 9 3 Ml NL X
Ml — Mini—CAS 1 60 5 3 Ml NL X
M2 — Mini—CAS 2 7 NL X
Cl — CAt) 1
G2 — CAU 2

NL — No warning light s (M2—bad C3 connector , wrong presets; Ml— IC chip A3 bd.)
LT — Late tracker data (Tau 2 zone)
CM — Amb iguous warning time due to apparent communication failure
LC — Late tracker data (Tau 2) and apparent communication failure
BT — Bad t racker  data
AS — Altitude separat ion precludes warning lights
RN — R mm warn ing  light , not inc luded

7—19 
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A c o m p u t e r  p rog ra m (CAS Model 1) was developed to c a l c u l a t e  w a r n i n g — t i m e
dev ia t ions  and percen t  dev i a t i ons  fo r  both  Tao 2 and Tau I d a t a .  The c a l c u l a te d
values are shown in tab le  7—8 f o r  Tao 1 and table 7—9 f o r  Tau 2. The perc en t
d e v i a t i o n  colum:is . t  each table are ordered f rom e a r l i e s t  to  l a t e s t  v a l u e s .
Ear l y d e v i a t i o n s  lue to h igh  (+) R GAS e r ro r s  and l a t e  d e v i a t i o n s  due to
low (—) R (‘AS e r r o r s  are noted. Tracker R values are shown for each d e v i a t i o n .
lis addition , mean and s t anda rd  dev ia t ion  s t a t i s t i c s  (X , S) for both deviations
and p e r c en t  d e v i a t i o n s  are p r e s e n t e d .

Computer  w a r n i n g — t i m e  p lots ( f i g u r e  7—6 and f i g u r e  7 — 7 )  were made for the
Mini—GA S and CAl Tao da ta . It  should be no ted  t h a t  th i e  scales of e i c h  f i gu re’
are tracker range and range rate. The solid s l a n t  l ines  are Tao t h r e s h o l d s , and
the dashed lines arc bounda ry  l i n e s  fo r  w a r n i n g — t i m e  d e v i a t i o n s  6 seconds J~~ L e
r e l a t i ve  to t h e i r  threshold lines. Except for the  M in i—CAS Tao 1 threshold
l ine , a l l  t h r e s ho l d  l ines  are those spec i f i ed  b y ANTG 117. The threshold l i ne
f o r  Mini— GA S Tau 1 hma ~, an o f f s e t  (R 01) of zero nmi and a r e c i p r o c a l  s lope  of
25 seconds as i n c o r p o rat e d  in the  Mini—GAS equ ipmen t  (see a l so  f i g u r e  7 — 5 ) .
Each symbol was p l o t t e d  at the  t r a c k e r  range and range rate corresponding to t h e
instant )f t ime when the  f i r s t  a larm occu r r ed .  Mos t of the  s y m b o l s  p l o t t e d  l ie
w i t h i n  the reg ions bounded by the  6 seconds ( l a t e )  and t h r e s h o l d  l i n e s .

Assuming a normal d i s t r i b u t i o n  w i t h  pa rame te r s  (~ , S) for  each g r o u p  of
w~i r n i n g — t i m e  dev ia t ions  gave the  f o l l o w i n g  comparison be tween  t h e o r e t i c a l  and
observed p r o b a b i l i t i e s  of d e v i a t i o n s  not  be ing  l a t e r  t han  6 seconds:

lao I Thu 2

Mini—GAS P = .99 P .92
Pohsv = 22 = .96 P obsv = 9 = .90

CAC P = .79 P = 94
Pobsv = 12 = .75 Pobsv = 6 = .86

16 7

Where P = P r ob  (DEV 1 ~~— 6 seconds)  = 1— ~(Z)

Z =

and ‘~~ 
(Z )  = value  of cumulative standard norma l distribution at Z.

WA RNIN G—TIME ANALYSIS.

Ti) c o n f i r m  the  v a l i d i t y  of t r e a t i n g  the n o r m a l i z e d  w a r n i n g — t i m e  da ta  as b e i n g
norma l ly  d i s t r i b u t e d , each group of pe rcen t  dev ia t ion  da ta  on tables 7—8 and
7—9 was s u b j e c t e d  t o  an ana l ys i s  of var iance  tes t  fo r  n o r m a l i ty .  Th i s  t e s t ,
desi gna ted  as a W — t e s t  ( r e f e r e n c e  13) is an e f f e c t i v e  p rocedure  f o r  e v a l u a t i n g
the assumpt ion  of n o r m a l i t y  a g a i n s t  u w i d e  s p e c t r u m  ot non—normal altern ativ es ,
even if onl y a r e l a t i v e l y  s m a l l  n u m b e r  of o b s e r v a t i o n s  are g i v en .  I t s  a p p l i c a -
tj of l  (C) ( hue  d a t a  p e r m i t t e d  each group ( M i n i — G A S  Tau 1 , CAl T ao 1 , M i n i — C A S h i i i  2 ,

7— 2 1) 



‘lAD LE 7— 8 . TAt) ONE WA RN ING TIME DATA AND STATISTICS

CAt’ [au 1 Min i—GAS Tau 1

Dcv . Dcv . Note  R TRK 0ev . Dcv .  N o t e  R TRK
Sec . % No . Knots  Sec . % No. Knots

—1. 3 82  — 3 . 5 3  l (+35)  63 1.830 7 . 3 2  l(+3 6)  324
— 1 . 4 2 1  — 4 . 7 3  l (+20)  178 .717 2 .87 1(+l3) 227
— 2 . 4 9 8  — 8 . 9 6  1(+6) 314 — .148 — 0 . 5 9  2 208
—2.905 —9.59 1(+l3) 170 — .201 —0.80 2 348
— 2 .9 5 1  — 9 . 7 5  l(+ 13) 171 — .599 — 2 . 3 9  2 385
— 2 . 8 8 2  —10 .58 2 403 — .606 — 2 . 4 2  2 83
—4.520 —13.80 2 116 —1 .060 —4.24 2 273
—4.178 —14.24 2 207 —1.139 — 4.55 2 322
— 6 . 0 2 6  — 1 7 . 3 9  2 93 — 1 . 3 4 7  — 5 . 3 9  2 2 2 6
— 4 . 9 5 0  —17.8 3  2 326 —1 .524 —6.10  2 172
— 5 . 2 2 9  —18.79 2 319 — 1.5 2 5  —6.10  2 310
—5.227 —18.84 2 327 —1.532 —6.13 2 387
— 5 . 9 7 2  —21.89  2 394 — 1.687  — 6 . 7 5  2 277
—6.0E4 —22.06 2 350 —2 .002 —8.01 2 315
— 6 . 8 4 4  — 2 4 . 6 1  3(—40)  320 —2. 105 — 8 . 4 2  2 172
— 8 . 0 3 9  — 2 6 . 9 3  3 ( — 5 )  185 —2.301  — 9 . 2 0  2 280

— 2 . 4 0 1  — 9 . 6 1  2 311
246 —2.521 —10.08 2 240
AVG. —3.467 —13.87 3(—l7) 304

— 3 . 5 7 3  — 1 4 . 2 9  2 403
— 3 . 6 0 5  — 1 4 . 4 2  2 326
— 3. 65 3  —14.61 3(—32)  303
—6.120 —24.48 3(—20) 394

286
AVG .

Dcv . % Dcv . Dcv . % Dcv .

X = —4.444 seco nds X = —15.218% X = —1.764 seconds K = —7.056%
S = 1.951 seconds S = 6.95 6% S = 1.673 seconds S = 6.695%
N = l 6  N = 1 6  N =  23 N =  23

N0TES~ 1. F i r s t  a la rm one epoch earl y due to high R GAS e r ro r , ( + x x )  knots .
2. Lpoch number of first alarm u n a f t e ct e d ~ by high or low CA S errors .
3. F i r s t  alarm one epoch l a t e  due to low R GAS e r ro r , ( — x x )  k n o t s .

7— 21 
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TABLE 7—9 . ‘[‘AL’ TWO W ARNING TIME DATA ANt) STATISTiCS

CAt) Tao 2 Mini—GAS Tao 2

Dcv . Dcv . Note R TRK Dcv . Dcv . N o t e  R TRK
S e c .  % No . Knot s  Sec. % N~~. K n o t s

0.688 1.13 1(+6) 314 1.529 2 .52 1(+28) 312
.672 .97 l(+20) 220 1.404 2.45 l(+46) 374
.317 .42 l(+16) 184 .189 .22 2 136
.028 .05 2 336 — .157 — .21 2 186

— 2 . 8 8 4  — 3 . 9 2  2 193 — .378 — .65 2 360
— 2 . 9 1 5  — 3 . 8 8  2 184 — 1 . 2 6 5  — 1 . 7 2  2 194
— 6 . 7 5 8  — 6 . 4 1  4 —1.313 —2.14 2 305

(—20 ,—20) —3.282 —5.7 6 2 382
218 —4.428 —6.26 2 210
AVG. — 8.613 —7.49 3(—3) 86

254 AVG.

Dcv. “ Dcv . Dcv. % Dcv .

= —1.550 seconds T~ —1.660% ~~~~= — 1 .631 seconds x =—l .903~:
S = 2.790 seconds S = 3.016,’: S = 3.087 seconds S = 3.537>,

N = 7  N l 0  N = 1 O

NOTES: 1. F i r s t  a l a r m  one epoch early due to high l~ GAS err or , (+xx) Lnot’s.
2. Epoch number of first alarm unaffected by high or low R CAS errors.
3. Firs t  a larm one epoch l a t e  due to low R GAS e r ro r , (— x x )  k n ot s .
4. F i r s t  alarm two epochs late due to low R CAS error , tw ice in

success i o n , (— xx , — x x )  knots.

1— 2 2
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I

CAL’ Tao 2) of percent deviation data to be treated as normall y distributed.
With th is es tablished , a histogram of frequency of occurrence versus percent
deviation from threshold Tau was made for each group of data. In each case ,
the number of intervals and size of each interval were determined to reflect
the expected normality . Figures 7—8 and 7—9 show the histograms and the
fitted normal distributions .

In addit ion, it was established that each group of warning—time deviation
data (non—normal ized)  may also be treated as normally distributed . Histograms
and the f i t t e d  normal d i s t r ibu t ions  for  these data are shown in f i g u r e  7—10 .

To conf i rm the validity of the statistics (~~, S) obtained for warning—time
devia t ions  (see f i gure 7—10), a comparison was made with the corresponding
expected values based upon kn own equipment characteristics.

In the case of the observed means (X), there was the following agreement :

Data Group Observed X Expected X

CAU Tao 1 — 4 . 4 4  seconds — 4 . 5  seconds , d ue to ep oc h
phas ing ( 3  seconds ~.2) and 2
t h r e a t s / 3  t r i es  (3 seconds)

Mini— CAS Tau 1 — 1 . 7 6  seconds
CAt) Tau 2 —1.55 seconds —1 .5 seconds , due to epoch
Mini—GAS [au 2 —1.63 seconds phas ing  (3 scconds/2 )

where epoch phas ing  r e f e r s  to the a l ignment  of two successive (R , R) poin ts
( 3  seconds apart) w~ th respect to the Tau th reshold  l ine .  On the average , the
f i r s t  of these (R , R) points  wil l  be 1.5 seconds early,  and the second point
(when alarm f i r s t  occurs)  wi l l  be 1.5 seconds late.. Since two threats
out of three are requi red  fo r  the f i r s t  GAIl Tao 1 alarm , where  all  f i r s t
ala rms in the Gau [au 1 da ta  were due to the f i r s t  two success ive threats , an
additional 3 seconds (one epoch) is expected in this group .

In the case of the observed standard deviations(S) , which are measures of
dispersion or spread of the data about their respective N values , there arc two
aspects to be considered . First , the small sample size groups shuou ld he
r ep resen ta t ive  of the  types  of earl y and la te  d e v i a t io n s  e x p e c t e d  in large
samp le size groups . In large samp le size ~ro ups , the  e a r ly  t a i l  of each group ’s
distribution is due to high (+) values of R GAS e r rors  causing ea rlr alarms ,
and the late tail is due to low (—) values of R GAS errors and , on a much
lesser scale , to missed communications . Between these extreme s Lie the

m a j o r i t y  of dev ia t ions , the a larm t ime of which is unaffected b~ either
high or low R CAS e r rors .  Tables 7— 8 and 7—9 show the expected ~ r escnce ol
d e v ia t i o n  values in the t a i l s  of each group due to h ui F li and low R CAS ci ’r or ~~.
And , except for the smallest samp le size (N 7) CAD ‘l’au 2 g r o u p ,  (hue m aj o r i t y
of t h e  deviations are unaffected by either high or low R GAS errors.
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MINJ CAS TAU 1 — -i.o~ .
I S —  6.707.
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FIGURE 7-8. HISTOGRAM S AND FITTED NORMAL DISTRIBUTION S FOR WARNING-TIME
PERCENT DEVIATION DATA (‘h All 1)
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MIN I-CAS ThU 2 X —
I X — -1 ,90%

S —  3.54%
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~ ~~~~~~~~~~~~~ N — 10
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Seco nd , the uuua gn i  tude  of each s t anda rd  d e v i a t i o n  sh ou ld ~ be such that t u u e
sFr~’•u~i of the fitted nornal distribution compares favo rably with an estimate
u t  t h u e  ~Le~ in w a r n i n g — I  inc deviation at the ea r l i e s t  p o s s i b l e  t h r e a t .  A h ig h
R C,\S er r o r u ~ k n o t s , oc , ’as iona liv observed among all hi gh range ra Ic

er c r  d u t a  , was u s e d  to e s t i m a t e  t h i s  mean . In the  Mini—GAS Tau 1 g r o u p ,  fo r

~‘x~uflup It , t uu ~~
’ 

~~~~~~ 
t ed  o r 1 1 t h :  d e v i a t i o n  at the  ear l i e s t  p o s s i b l e  t h r e a t  w as

e s  t iuu c at  ed a s :

E(eDEV) -
~~

-
~~

--

~~ 
x 3600 — 

0 . 3 7 5  x 3600 — 4.72 SECONDS
AVG R.~

+54 KNOTS
WHERE -~

-
~
- — 144 — SLOPE OF TAU 1 THRESHOLD

LINE (SEE FIGURE 7-5 )

. C

AS SHOWN HERE

+54 KNOTS

,/ CR—54/144 — 0.375 NMI

Note that R CAS is 54 knots  g rea te r  than R TRK , such t h a t  a f i r s t  a l a r m  occurs
J R  nmi b e fo r e  t h e  th resho ld  l ine . The e a r l i e s t  d e v i a t i o n  and i ts  mean v a l u e
over the observed RT values  are ,

eDE V = ~R x 3600, seconds
RT

E(e DEV) = L R x 3600, seconds

~~~~~ R’r

E s t i m a t e s  of the mean value fo r  each data group were:

1)ata Gro~~~ Avg RT (Knots )  u R  ( n n u i )  E ( e l ) h . \ )  ( s e c )

i’tiui—CAS [dO 1 286 0 .375  > . 72

CAL ’ l a o  1 246 .3 7 5  5. 4 8
M i n i — C A S  l ao  2 254 - 601) 8.  5 1)
CAL’ ‘lao 2 2 18 .600 0 _

* 2.48 secon(hs (adjusted to second threat)

hi t i ut _ ’ ‘ase of CAL’ Tau 1, the expected v a l u e  was ..~M ~ ‘~ o F- .  tin t , SliuCt’ a

k ’\ ’  [a t ion ha ta in thi is group were d e t e r m i n ed  at t h u e  st ’ . uud I We s u c c e s s  i

H t ’ e a t o  (2 threats o u t  ci 3 t rI e s  r e q ui r e d  t o  a l u m ) , t h e  ‘ . i u I  j e s t  I t  \ h a i  1 4 1 :
at  t h e  : t’ co nd t h r e a t  would have an e x p e c t e d  v • u l u e ’  ci ~~. e8 m i n u s  ) .iI0

2. *8 ~e ’ ’ u idu * . With t h is a d ) u s t m e n t  ujuatbe , .i ,uv ora hlt’ ~~ ‘ ‘p u i  i sc u  Wa s  ~‘ u t . c
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b r  all four data groups. In each case , the fitted normal u!istribution ( f i g u r e
7— 10) covered the in t e rva l  X to E ( e D E V )  w e l l .  If  th is  were not t h e  case in a
particular data group , its standard deviation (S) would be considered t oo  s m a l l .

Having es tab l i sh ed the validity of the statistics (X, and S) for d e v i a t i o n
data , the corresponding percentage deviations were considered ad equate for
b o t h  Tau 2 and Tao 1 w a r n i n g  times . Adequa te  Tau 1 w a r n i n g — t i m e  accu racy  is
most impor t an t ;  for  w i t h o u t  i t , the re  would be i n s u f f i c i e n t  w a r n i n g  t ime  to
avoid a col l is ion. In th :is connec t ion , a one—sided  lower t o l e r a n c e  l i m i t  fo r
pe rcen tage  d e v i a t i o n  da t a  was used to a p p r o x i m a t e  the minimum Lime l e f t  to
c o ll i s i o n .  The resu l t s  of this a p p r o x i m a t i o n  were :

AVG Tau t D E V ( L )  Time L e f t
Data Gr o~~ K * K S ( % )  L ( l i ) (Seconds)  (Seconds)  (Seconds)

CAD Tau 1 5.374 37.6 — 5 2 . 8  29.8 —15.7 14 .1
Mini—GA S TaO 1 4.806 32.2 — 3 9 . 3  25 — 9.8  15.2

* For no nin ium p r o p o r t i o n  of percen t  dev i a t i ons  (P = .999) and c o n f i d en c e
(~~= .99) .

where  ~ = to lerance  f a c t o r  fo r  one—sided  t o l e r a n c e  l i m i t  ( ‘
~~ .99, P = .909).

S = s t a n d a r d  dev ia t i on  ( 7 . 0~ fo r  CAD Tau 1, and 6 . 7  p er c e r .t f o r  mini—GAS
Ta u I)

L = one—s ided lower to l e rance  l i m i t  (L = X—KS , where  X = — h 5 .2 pe r c e u u  t
for CAll Tao 1 and —7.1 percent for Mini—GAS Tau 1)

AVG I’au t = mean value of t h r e s h o l d  Tao 1 in a d a t a  g r o u p .

DEV(L)  = w ar n i n g — t i m e  d e v i a t i o n  c o r r e s p o n d i n g  to L (DEV ( L) = h.  x ,\\ ‘h ‘ l , u u u t  . 1

T i m e  Lef t ,  = w a r n i n g  time l e f t  to a v o i d  a col I ision (‘lime L e f t  = AV i a u u t +b ) h’ .\’ ( I )

These r e s u l t s  imp l y ( w i t h  9 9 — p e r c e n t  c o n f i d e n c e)  t h a t  a t  l ea st  0~~ . 9 o’rcent ‘ 1
GAD Tau I w a r n i n g s  are not l a t e r  t h a n  —52 .8 percent , a nd at l , ’ , u s t  ( t i • Lt p e r c t u u t
of M i n i — G A S  Tau 1 warnings are not later than — 3 9 . 3  percent. - A 52.
late warning for GAD Tim 1 corresponds to avoid a collision . A 34. 3—per ecuit
lat e  w a r n i n g  f o r  M in i—CAS Tao I co r r e sponds  to a loss oh 9 .8  o u t  ci  2 . second s ,
leaving 15.2 seconds to avoid a c o l l i s i o n .

7— 11)
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CH APTER 8

DISPLAY RELIABILITY

INI’ ROl) L’C’ l_ION.

[lovin g e s t a b l i s h e d  adequate  conu muni ca t  ion range and RF communica t i ons  ( r e f c r e u o
c h a p t e r  b ) ,  i t  is necessary to e v a l u a t e  the  ab i l i t y  of the  GAS systenu to
display correct threat information to t h e p ilot.

For purposes  of display r e l i a b i l i ty ,  a l l  t h r e a t s  were  treated as either Tau 2
adv i so r i e s  or Tao 1 commands , d e p e n d i n g  p r i m a r i l y  on the  range—divided—b y—
r a n g e — r a t e  c r i t e r i a.  A scheme fo r  c l a s s i  i v  i ng  d i sp1~~vs in eaL ’ i u  T , iu g roup  was
based on t h e  de f i ni t ion ,

Disp lay Reliability = Total No. Disp lays — No. Lost Disp lays
T o t a l  No. D i s p l a y s

where  Lost  Disp lay  (Tau 2) = No li ghts in Tao .1 zone  when t h e r e  sh :ould
have been ,

Los t Disp lay (Tau 1) = No command l i g h t  in Tau 1 zone when  t l u e r e
should  have  been ,

which measures t h i e  a b i l i t y  of t he  GAS sys tem to p r o v i d e  an u n i n t e r r u p t e d
sequence of expec ted  d i s p l a y  adv i so r i e s  and commands to t h e  p i l o t  f r o m  the
s t a r t  of the threat at the Tau 2 zone to the end ot the  t h r e a t .  A c c o r d i n g l y
the  d e f i n i t i o n  allows fo r  s epa ra te  display r e l i a b i l it i e s ;  one f o r  Tao 2
adv i so r i e s  and one fo r  Tao 1 commands .

WARNING—LI GHT l~LO’l’S.

W a r n i n g — l i gh t  pert o rmance p lo t s  were  g e n e rat e d  by a c o m p u t e r  p r o g r a m  (CA S M o d e
2)  as a g r a p h i c a l  aid fo r  d e r i v i n g  d i s p lay  r e l i a h i  I l i v  d a t a . E x c l u d i n g
e n cou n t e r s  of p a r a l l e l  f l i g h t s , the  p lot f o r  each : e n c o u n t e r  is s i m i l a r  to
t h a t  shown in 1 igore 8— 1. A p lo t  is a record  of t h e  adv i  u-~o r v / c o u um an d s t a t u s
of w a r n i n g  l i g h t s , e p o c h — b y — e p o c h , f rom t h e  f i r s t  h a rd a d vi s or ~ h i g b i t  a f t e r

t h e  s t a r t  of t h r e a t  log ic to the  0. 25 —n mi  c u t  o f f  a t  the  end of the thri’,u t -

D i s p l ;u v  r e l i a b i l i t y  da ta  are readily obtained from this type of plot. Tu e
‘ta I n u m b e r  of d i s p  I a vs  in fi gure 8—1 , start ing  f r o m  the  first h a r d  ad~ ’i so rv

(tu e I i r s t.  ci two s u c c e s s i v e  advisorie s where at I ea st one is in t h e  Tao 2
/ o n , ’) , is 17. two of t h e  17 have los t  li g h t s ;  one w i t h  no 1 i g h i t s  in  th~’ l iii 2
icuu ~’ w h en  t lu cre should  h ave been , and one wi t h u  no command l i g h t  in t lie Tauu 1
.‘.,, no w hen  t h e r e  should luav e’ b e e n .  N o t e  t h u a t  a d v i s o r i  , ‘s i i )  th :e  I’ au 1 /~one
proc ed lug t h u e  f i r s t  command a re c o u n t e d  as ‘l ’ au 2 d i ’u ~ 1 av S ; t luc y uu ’~’ not  l o s t

lumu , uuue [ s - When evas ive  maneuvers  ire  cml) I eyed , ad v i s o r b e ’ s  i n  t bce  ‘i’ auu  h c u l t ’
t o )  l o w i n g  the h a s  t command are c o u n t e d  as ‘l’ iiu 2 d i  sp I av  s a iso. ‘thus  , th e ’ t i  d i e ’
5 ~o, ,h [‘ au I ch 10 h ’  l a y s , a n d 10 good T ao 2 d i s p h •u v s  -

8—I
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(TRK)
RANG E
RATE,
KNOTS TAU 1 ZONE TAU 2 ZONE

FIRST COMMAN D 
/

“ 

FIRST HARD ADV ISORY
COI2IAND LOST \ /  \ ~/i .

i ~ 
x X X • • —

/
SEE NOTE

I • ADVISORY LIGHT ON

/ )< COMMAN D LIGHT ON

I ( — NO DISPLAY LIGHTS

CLOSING

OPENING ° .5 1.8 (TRK ) RANGE , NMI

.:15

TOTAL DISPLAY S 17 , FROM lit HARD ADVISORY LIGHT
GOOD DISPLAYS 15
TAU1GOO D 5
TAU 1 LOST 1 rNo COMMAND LIGHT IN TAU 1 ZONE

1~WHEN THERE SHOULD HAVE BEEN
TAU 2 GOOD 10*
TAU 2 LOST 1 rNo LIGHTS IN TAU 2 ZONE

1~WHEN THERE SHOULD HAVE BEEN

* WHEN EVASIVE MANUEVERS ARE EMPLOYED , ADVISORIES IN
TAU 1 ZONE ARE COUNTED AS TAU 2 DISPLAYS

NOT E :  PILOTS INTENTIONALLY I N C R E A S E D  RANGE 
7e-2 3-8- 1

TO TURN ON ADV I SORY LIG1T.

F L  C U R E  5— 1 - [N ,\Mb’I . [ ’ . WARN I N C — L i  Gil t ’ PERFORMANC E P I L O T  AND RI’ LVI El) D I S P L A Y
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‘l ’hie above ~chiecuie tar classifying displays in e a c h  I~ iu group as either los t or
good SOS bas ed on t h e  de l ’in it i on  of display reliabilit y . Sluice t h e  o v e r al  1
r e l i a b i l it y  r e s u l t s  were good , t he d i s t i n c t i o n s  e m p l o y e d  to  make this
c la s s i i  L o t i o n  had no si g n i f i c a n t  e f f e c t  e x c e p t  to  s i m p l i f y  t h e  c l a s s i f i c a t io n

Sc I ’,’ ’t e d  p lo ts  of a c t u a l  w a r n i n g — l i gh:t. pert ormaulc e are shown in fi gure 5—2
t o  8—7 , with disp lay reliability data entered on eac ’tu t i go r e .  These p l o t s
were made i run  the  da ta  of  s i n g l e — d a i s y  t’ l i ghts ( r e f e r e nc e  c h a p t e r  6) .
si n g h e — d a i s v  fli ght is desi gned to g ive two encounters ,ut each: angle between
r.id i~uls flown I ram 1800 to _ l 50 0  in steps at’ 30 ° - For example , fi gure 8—2
and 8—3 are  t h e  two enc o u n t e r s  of f l i g h t  41 at — 1 5 0 °  b e twe en r ad ia ls f l o w n .
Furthermore , each a) rc r a t  t in f l i ght  41  h a s  CAl ’  equipment. ‘thus , t hu e ’ disp 1 dv
reliabil itv data lot t h e  (‘Al—CAD conf i gur~u t  i o n  at ~150 ° angle b e t w e e n  r a d i a l s
ore obtained by coutub ining thie disp lay data on fi gure 8—2 w i t h :  t h a t  an fi gure
8—3.

Fi gure  8—2 F igure  5—3 Combined (—15 0 °)

To tal  Disp lays 19 19 38
Good Di sp lay s 19 19 38
Tau I Good 7 8 15
‘l’au I l e s t  0 1,) 0
Fau 2 Coe d 12 11 23
Tao 2 l e s t  0 0 0

flue ilisp lay reliabilit y data of t a b l e s  8—1 , 8—2 , and 8—3 were  o b t a i n e d
t h is w a .  In to e t , the combi ne d d i sp l ay  data at —15O ~ abo ve a p p e a r  in t a b le
8— h, .

DISPI,AY Ul: 1 , 1 A l t  IL  1TY DATA.

The d a t a  has ’,  f o r  d i s p l a y  reliability was obtaine d from six selected single —
dais~’ 11 ighits in which each CAD—CAD , (Mini—GAS)— (Mini—CAS ) , CAI’— (M ini—CAS
e q u i p m e n t  c o n f i g u r a t i o n  was  represented by two f l i g h t s  -

GAS E qu i p m e n t  F l i g h t s

Gau vs. Cau 8 , 41
M ini—CAS vs.  t’h ini—CA S 49, 50
CAP vs. Min i—CA S hS , lb

isp Liv u’e Ii oh iii t v d a t a  f o r  t h e se  e q u i p m e n t  g r o u p s  o r ’,’ sh iowi : in table 5— 1 to
5— 3 by  I l i g h t  u i t i mb e  r ~unc h aug les he tweet:  rad i a I . s  wi  t hi in ca’, hi f ii gh’u t - The
ui uinuber of los t 0 isph avs appears in t hu e ‘‘‘fiu 2 los t ’’ and ‘‘Tao I lost ’’ ccl umus ci
c i  ch t ab l e , and n ot  a t  i cii is p r o v i d e d  to  m d  j cate I h ue causes  of l ost  d i  S~~ l dv 5-

8—3
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DI S PLAY R E L I A B  IL I TY A N A L Y S I S .

The causes and number of lost Tau 2 and Tau 1 disp lays are summar ized  by

Cause T hu 2  Tau l

(CS) O t h e r  A / C  (Nh in i — CAS ) coslot  checking 1
6 

0*
(F S)  Oth i e r  A/ C ( CAL )  f u t u r e  slo t checking 7 0*
( LR ’I)  Low (ntg ) LA S range r a t e  er ror  4 2
(L~’l) ~l i s sed  RF c o m m u n i c a t i o n  2 1

LAS l~’signed to preclude slot checking in ‘l’au 1 zone.

which shows t h a t  mos t los t  Tan 2 d i s p l ay s  are caused by slot checking and los t
Tau 1 d i sp lays  are caused by e i t h e r  a low ( n e g .)  GAS range r a t~’ e r r o r  or a
missed [(F c o mm u n i c at i o n .

When t h e  Mini—CAS coslot  checks , it drops  i t s  a l t i t u d e  L r an s l ni s s io n , C a u s i n g
the received altitude in the other aircraft to be b l a n k .  Since  bo th  re c i - i v C ’ J
range and a l t i t u d e  are required to e v a l u a t e  a t h r e a t , t he  o t h e r  a i r c r a f t  loses
i t s  Thu 2 d isplay (one lost  ‘I’ au 2 t h r e a t  tu rns  the  d i sp lay  l i gh t s  OFF) -

When the  CA ll iti tu re  slo t checks , i t  i n h i b i t s  i t s  transmiss iOn 01 do ta  ni~’ ~
in i ts  own s lot  ( ac t ive  one) and retransmits these data i n  a f u t u r e  s lot .
The other airc raft , not being tuned lLltO this future slot , recc ’ives blanks i c r
range and a l t i t u d e , aga in  causing a lost Tan 2 display.

By LAS desi gn , s lot  check ing  occurs on the  average  onco i ’v i ’rv 15 e p o c h s .  For
example , f l i g h t 16 f o r  the CAL 2 in table  8—3 shows that 13 cos  lo t  c h e c k s  w t ’r c ’
i l lOilt ’ by  the  Mini—CAS d u r i n g  206 Tau 2 d i s p l a y s — — a n  ave rage  of onct ’ t’vcrv 1 ~~~~~~

e p o c h s .

A t ew Lost  Tan 2 d i sp lays  were caused by a how (negative) GAS ranLc r a t i ’ crror .
In this case , t h e  ac tua l  threat is m i s t a k e n l y ev a l u a t e d  to be in the zone beloi ’c
Ian 2. Fewer I’au 1 displays were los t due to smut’ cause , b e c au s c  the  r t ’ t e n t i c . ’u
log ic of ‘l’au 1 displays requires two successive misses before the Tau 1 li ghts
go i F i l ’  - And , t h e  least  n u m b e r  of h o s t  d i s p l ay s  were  c ’ , i u s ed  by RF ‘onim unhi ’ati on

t ’ a i  I ar t -S

l’. s t i m a t t - s  at  d i s p l a y  r e l iab i l i t y  were  ob t ~i m e d  I r o n  t he  d a t a  in t a b  h ~‘s 8— 1 t e ’  ~.‘— I .
the i’ca-~ tI ts , shown in f i g u r e s  8— 8 to 8— 10 , were grouped by CAl —CA l, ’ , 1 i n  i— l AS—

1-li n i — CAS , and L A l I — ~- l i i i  j CAS equ i pment  c o n f i g t i  r a t  ions - , ,ich i’t F I )  I i g ur a  t m c c l i  Was

I u r t h e r  d i v i d e d  into Tan 2, ‘Iau 1 , Tau 1 and 2 i ’ ,l t i g e r i L ’S w i t  i i  a b a r  g r a p h
a r t,- l J l 1  r ad i a l  ang le in a Tau i’ at e gory  - ‘l’he r at  io of c.cco d d i sp  I avs 1, .’ t ot ,i 1

d i ~~‘lays is shown in ear  Ii ba r  g r a p h  - ‘1 ~~ sinai l e st  ‘l’~i t i  2 a nd ‘h’ au I di  sp I av
r e l i , d i l  j t l e s  were 9 4 . 2  ( a t  0°) and 96.4 (at —30°), ri-s p t- ctiC’l’l v. Cv e q u i p m e nt

cun f i t ~ i i l ’ , I t  i i , the  smallest display reliabilit y i~’r ‘l’ati 2 was q7_ ) ((.A l’ — :’lilI i— CALI
and t a r  l iii I was 99_ 0 (CAl —CAl ’) • Thus , thisp Liv rd ial’,i l it~’ tar t h e  .‘AS
t! ( l CL!  h ” ' ~ ’°~ was we I I obove F)~ 4 0 . I n  f a r t , a l l  ci isp i iv re I j i b  I h i t  I t ’ s  w er e  g r e a t e r

I i  I c C  4 5 • () exIt- I t to r t h e  GAIT—i-R n I — L A S  at t h c e  zi ,’ I~cc ~~ c lt  Cr e t ’  r i d  hi 1 aug l e .

8—1
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Ch APTER 9

A L T I T U D E  B O U N D A R I E S

‘lice protec t l e n  enve lope  or “ cocoo n ” around two approaching aire rot t a r e
d e f i n e d  b y t h e  a l t i t u d e  and ‘I’au ( t i m e  to c o l l i s i o n )  boundar i e s .  Considering

t i l e  a l t  i t L i d e  b o u n d a r y ,  the  CAS (C AL or ~‘hini—CA S) compares the received
a l t i t u d e d a t a  r e l a t i v e  to  “ own a l t i t u d e  d at , c ” and cla ss ii irs an altitude
t h r e a t  as shown in f i gure  9— 1. A i r c r a f t  i n t r u d i n g  upon the  c o a l t i t u d e zone
are considered p o t e n t i a l  t h r e a t s , prov i d i c i g  L i c e ’  h o r i z o n t a l  i n t r u s i o n  f a l l s
within the Taco zone. For example , if a c e ol t i t u d e  t h r e a t  p e n e t ra t e s  the [au 2
b o u n d a r y ,  an advisory  d i s p l a y  is a c t i v a t e d , m d  ica ting an act  je ll ma r’ he
r equ i r ed  shor t l y .  Should the t h r e a t  c o n t in u e  ~ecii ’trat ion of t h e  coaltitude
band , a Tau 1 maneuver command a c t i o n  is t a k e n .  T h i s  a c t  ion may be a c l imb
or dive depending on the threat situat ion.  T h i s  sequence  is ri’Ui’ c t ed c-ver y
3 seconds (epoch) using the altitud e and ‘l ,iic e rit c u d  to determine potential
t h r e a t s .  C o a l t i t u d e  band s t r u c t u r e  is t h a t  b e l o w  10 , 000 f e e t  t h e  zone is
+600 feet around base altitude , and above lO~ 0OO t e e t  i s  is +800 1~~et .

The a h o v e — b e h  w bands each e x t e n d i n g  an a d l i t  ional 2,500 ret beyond tier
o u t e r  t ’l ge id the coaltitude band s are subd ivided as shown in fi gure 9—1.
The j ’r c ’t e c t i on  envelope (predicted coaititcide ) is increased icy t h e  al timeti’r
rate c c l change when you are climbing or diving, lice extension is I r e in t h e

outer edge of the coaltitude band in the dire ction ol altitud e r / t e , shin the
rate is greater than 500 feet/minute. The hei ght b e i n g  equal to own— i it it ude
rate— t imes 30 seconds. Outside of these b uds no a l t  i t u d e  t h r e a t  ex i s t s .

‘lIce LAS equi pmen t concpares the rec e ived alt it ide d a t a  r i  1 at  lvi’  to “ 1 1,0 ,i It i t  lid i
d ata. On the  has  is ~c f  t l ois evaluation , th u ccc e i v e e l  ,c I t I tude— ’oeled t r i  11s-
111 isa ions f I gu ‘c 9—2) .1 ri s e q u e n t i a l ly bia sed cc determine or c u p a n c \ ’  0 t I ci’

a l t i t u de  t h r e a t —n t at i’~ b a n d s  in f i gure  < 3— 1. lice LAS e v alu a t es  the r i c e  iv1 ’d
a l t  i tu de  l i d  t i  rd at ivi’ t i c  i t s  own alt it cid i’ , o n l y a f t  i c  a l i e  I ved r a n g e  PU i5 i ’

is ver if led. Al titud i’ pulses which arrive 521) ‘5 0 i c c ’ ti fl ’ le ad  i n g  ed ge ‘1 a
r ange  pulse art’ i ’ro i ;es sed  ( i . e . ,  r t ’ c e i v v 1 l  altit u de ( ram —1k to 50k t ret ,/re
process i’d) , as a ic wic  in 1 igu r  e 9—2.

‘[‘ice t1 ’~’t criteri a w i r e  to  determine Liii ’ i ’qc l i ( v c ’ l i t  < ‘ a h e i l i l  it r ’  to d e f i n e  t h e
a l t i t u d e  b o t i n d a r  i r s  wi t h s u i t a b le  c c c u r c c \ ’ . lii i c i ’ i n c  Ii mission , altimet er
cal ib t ’at ion was pc ’rtormtn h in flight , to in i - iitc ’i’ ,c i s i t  ive alt itndt ’ separation
or ,ci r c ra t t sat  i - t v .  ‘l’his clclib r a t i o n  was i l l i c i t ’ in forc’ia tiou I I  l e d i t  ( ~c O— to

l l01 — t t e l ,c’l c c r , c t i o n )  d u r i n g  the  t r o i c a  i t  t muir to I~~~ I est aie ’a . t jc ccii cotn p l e t  ion ,
alt itud e level ( i c ’  and bc -low t h e  hcase u ’orkj loC .il t l t c ~ h t ’ c i  t i l t  dc -s i gcca t ~ c i
air e r ol I was lil ,ceti i c c  recheck cccv d i f t e r t ’ i i c  es . l i c e  t l i g i l t a  S’i’Fe f l o w n  a h i , ’,’ t ’
and b e l o w  10 , 000 1 c i i  I or CAU—CAI ’ mind ic e ow I ic r  u n  i—CA ~’c— M ini— C,-\S. Tici ’ st . inda rd
l o u t ro I l e w t c  was fi gure c’ight e v e r  t h e  VUR I - ’1t - ,\I t u nti e l c ’v e l c ’. ,crc - , ii ’sii

iii i , I  I t F ’ I  — l i i  exam f c c  l ug  t h e  i n c h  iv ldu ,i I cii, it c c c l i ’  ‘ n c  pr  h i t  n e  I a , t i c ’ c c _ i  in
i c i g h c l i o h c t s  s i l l  i c i -  I c c  i n~IL , c l i -  s - li tr e ( C c  l i i i  1 .i~h v i ~~~i ’ ’_ ’ c i ’  1 , 1c c I c ’ ccillcli , iilci - i c n , i l s
W c ’r r  cc ’ I, c V , C t  ed - 
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fi gure 9—3 printout l e er lii gu t 53, run 6 flowcc on Sepiember 6, 1973 , w a s  a
test of ~Lini—CAS in A/C 1 (N 3 7 7 )  aga in s t a n o t h e r  M i n i — LA S  i n  A/C 2 (~‘ 376)  -

This wcms a porpoise pattern , changing +1 ,200 feet (‘ ron A/C 1 wlcich was f 1v i c ~~’, a
base  altitude 01 7 , 400 f e e t .  A i r c r a f t  w e re  h o r i z o n t a l l y  s e p a r a l e c i  b ’e’ 50 0 I c c 1 ,
which was ncalntalned t h r o u g h o u t  t h e p,~t tern by using GAS and ,ci r— t ce—air ‘I A LAN .
Th e p i l o t s  di sp ~av in A/C 1 on epoch  1157 indicated t i l e  o u t s id e  boundccr’-, ’ right
ccc ’, 600 feet. ‘ice c c crr ea 1 lc d c i i i n g  d i~~~1a’1’ indication came on at epoch 1163 in
A/C 2 i n c 1 I ~at  ing A/C 1 was below at 700 f e e t .  B o t h  command si gnals (Dlvi,!
ClIMB ) were re h i-as~’d at Lhic 7 0 0 — t ’ c , c c , c t  alt i L l l d e  s ep a r a t i o n  p o i n t .

Caa u i~c ice ~i t igu r e  9 — L 1 , f l i gh t bi , run 5, sh ows (let’ upper 1 inc it of the’ advia ’cv
b and  above 3,300 ‘ oct. The equi pment in e\ í ’ C 1 w a s  a CAL ; 1\/C 2 0 1 5 c c  h a d  a
CAL , wi th the tes t being flown above 10,000 I ’ c d t  - Cant iliuing with I i i  ‘g u t  61,
f i gu re 9—5 ln d l e ’o tt’s that the 1 , B ( l I 1 /  1, 90 0 — i  e e l — a l c o v e  b o u n d a ry  is shown c t  L ice
top of t i l e  p r i n t o u t , whi le  l i i i ’ lower ha If sh ows Liii ’  1 , 300 / 1  ,4013— f~~ c c  I h o i e i i d ~c cv
Ti cese b- e m i ~~ior y  l e v e l s  ~c r e  disp layed on the pilots ~,1icc ,cve’ r indicator as a
lighted y e  1 i e r ~1 band. Once a band is activat ed , Lice f ilot is a l e  :t c d of an
intruder , and to .1 i i~i t his rate o l clirib or di’seeni as sh own in c’i gnre 1— 5 .

In  the L , 300/1 ,“FOO— fo ut case , it would w ar n  t I l e  u p p e r  a i r c r a f t  ( e i / U  .1) Nc 1 lcd I
v e r t  ica ,~ d escen t  t i c  500 f e e t / d l i n u t e .

Fi gure  1,1— 6 s l i e w s  i ha t  the band above A/C 1 a’aa c’eac ,iu- d dcc i i i i ’  c~ ‘c ’(cI )ri,a [
command si gna l was activated in each aircraft. The ‘lou I ,,o~i~’ . a i c i ~a W e re  i r cef ~
at the bOO—fo ot levi 1 in i-it ch aircraft. Air c r ,mi t I then reeciveL a ci i I ~h)
I cid i c a t  IOn  to clear the c, ’ c c u l n i l c n O  —

Flight 62, October c-c , 1975 , WaS - i f l  e q u i pm e n t  t e s t  o f ( A t — i  :‘cl , u t i  1 i z i c i g  I Ii’

sadie aircraft. Figure’ 9—7 and 9—S c i n L c t s  sh cow A / C  2 dc ’sec ’ n d i c i c  I n t e c  “cj C

i t  ,c r a t e  c c i ’ 1, 100 f e e t  ‘m inute. The ’ adv i a o r i ~~’ -e ((in c 2) in cc c l i  , cir r r ,c: I w e l t

,ict iv ,c L c ,’~l , in acid i tion to t h e  commands (Thu 11 . A/i ’ I l e v i ’ l i ’ ci a t  loll I c - c

t i’j c c c ch  1393 c l i  t h e n  pr e cc ’c ’ e d e c i  t o  l i m b  above A/C I. W h i c h  i s  S ’ I ’ ’C’ I I  i n
fi gure 9-9.

f igu r e  9 - — J O  i s  a 3. 5 — c cn c i l i t e r a l  turn— in , a~ ’ l c ,I c’ , c 1 c ’ e1 by  ‘j O l t  l ee t  i i  d l t j t c e o i
both e\ / C  1 c ici l A ,” (’ I were ( , e \ l ’  e qu i p~’ c ,~~ . A l t  cd ’,cI t we re Il ,icci ’icvi’ri ’~I I or ,c ( 1 1 1 1 1 — I n

10 c’ ,cch ot hi’r ,it 3.8 nnc i • ‘l ice a d v i s o r i es  , c c l e  command d i s i c l a v  w e re  .1 , 1 j \ ’ ,, i h , c ’ c,i

in r i c h  a i r c r a f t , I t  e ’clII)ll a dicIs W e r e  cl o t  cc bc ’v i ’ - i

.‘ h . i t c t ’ n v e r ~ in Lice c i z i c n t . c l  p i c c i i  w i c i  - h i  1 ’i ’ I e l ’ , c t i ’ l a t ’r a  1 c c c  l c ’ c , c t  i c ’ c i ~~ a r e
p r o  i cc  tec5 Iga  in s t  by m ean s  c t ’ LI c e ’  dl— FIIRN co~~ccand . I ’ u rn i’g ~aic i’Lc\’c ra b.c v< ’
Liii’  e ffect of i’ < ’ c l n ~’ i n g w c r l l i c c ’g t i m e  ,cc ,c Ilabl e Li- e f  t i c  t an , c v c ’ i c i , c I , ’ e t ’ ’ , I a l i c - i l \ ’ c ’r .
‘t c c r s t ~~ c a s i ’ ” c ’ e d I l e i l t  i t c n s  c c i  l u r n i u p  I~c i c c ,- c c v e r ,s oc c u r  W i l t - I l  one i c r  c c c l  C i - I  I5’~ ”
a i r c r a f t , i n i u i a l  i v  c c c l  p a r a l l e l  c c l ’  s l l t ’ I I t l V  e ’ c I L c \ ’ c ’ c ’ oc ’n i co u r s e - , tor i, i n t o  h i 1

, c t h c ’r , wi t i c  1)0th , i  i l - c I’, c i ’ t c i t  a p 1 i r c c x i c c c a t e h y  L i i i ’  s ine  api’cd. I l c i ’ c l 1 —  I RN c c i n i ; , , c i c d
is m u  i ’ i t e ’ c h  ,ii t h e  t j I ’ l l ’ ’ ’ I I r l ’ i ’s po n di n g  L I )  t ’ n t c ’ v i n t c c  l O t ’  i a n  2 zcc Icd .

i l e p i r e  ) h 1  is tO t ’ S l i l l i ’  p l t t e r n  as I igu c ’ c ’ 1 ) _ I ) )  , i , c I , i  t ’ x < ’ep i  r l , l l i i ’ c i \ ’ I ’ I ’ c,’ui’:,

— ~1h11  c - , ~, , i c c , I s  S I l t ’ 1’ ’ i’ l v r c l  , l t  i ’pt cc ’ i c 2 1 - 1  011t h ~ b . ’’~’ 1’ d d c c i
c ’pOL ’ h l S  2 g,3 int l  ~~~~ c I ’ ’ i ’ 1 c1 ’ c ’ l  [ v t o l y .  ‘h i l l ’  , / ~~~I ’ c ‘ c ) I wt ’re 5c ’ ( c i ) ’ i t c ’ ci h ’cr ’ 1 ,11 1(1 I t t ’!

i n i l l I t c l c l e , 1- ’. i ’ec ’ c ’ , c i ce l— ;  l i t  I ’ d
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Fi gur e 9— 1,2, I l i gh t  ,4 , S e p t e m b e r  8 , 1975 , is ii later al. crossover t C ’ S t  U 5 1 i l ’~C

M i i i i — C A S  eq u i p m ent  aboard  each a i r c r a f t .  A i r c r a f t  We r C ’ Se raLed b y 500 1 ( “ C t
and pa ra l l e l  to each o ther  at 3.8 nrni .  Each aircraft then man~~iivcri ’u L O ’ , s , I i ’ I l

the other and crossover ot 500 f e e t  was recorded .  A i r c r a f t  m an eu v e r  c o u w I 1 i i d s
and adv i so ri e s  w er e  generated , although no commands were fo.1 lowed.

Fi g u re  ~) — l 3 , f l igh t  64 , run 6 , October 8 , 1975 , was  a dive tes t us ing a M ini—
CAS on each a i r c r a f t .  A/C 2 was a t  8 , 000 I e c’t as t he  m a n e u v e r i n g  a i r cr a lt ,
while A/c  1 remained at 5 ,600 f e e t .  The pattern was a standard figure ei ght—
h e a d — o n .  W i t h  A/C 2 at  2 .8—nmi DME from the station , i t  s t a r te d  a 1,000—
feet/minute descent. At the  same time , A/C I was at t h e  2 . 8 — n m i  DME from t h e
station . A/c I then started its descent with the pi lo t observing the a ltit u d e
limit commands. As seen in t he  p r i n to u t , l i m i t  vertical sp e l d of  500 feet !
m i n u t e  was gene ra t ed , along w i t h  command si gnal  of “d ive ” in A/c  1 and ‘ c i  j a b 0

in A/C 2. Commands were also obi,’vcd , as t h e  closest ap~ r o a c h  p o i n t  Was  400
f e e t  in altitude , with a TACAN air—to—air (TA—A ) range of . 4d u mi .  Figure C3_ 1~~
run  10 was a c l imb  t e s t , w i t h  A/C I c l i m b i n g  t o w a r d  A / C  2 and foll ow ing al l
advisories and commands . The altitude rate in b o t h  cas e’s W aCl  ~~r i ’a t e r  t h a n  t I c

1,000 feet/minute restriction , and all maneuvers were carri ed ou t  s ,il ’ ely .

Maneuvers in the  v e r t i c a l  plane ( c l i m b s  or d i v e s )  a n ’ rC.C g u l a t e d  by means  1) 1’

the “level off ” command or “limit’ ’c~’ rt i ca l speed ” displa y Sigfl1I 1 . In the caC’Sl ’
of the cAll , the “leve l of f” command  is g ’nerat i’d by use at owa alt it ode r.i te
and a comparison of altitude di l ferC -i1I c with t h e  pr edicted co—a ltitude ~llfl C .

i t  exam in es t h e a l t i t u d e t h r ea t  by comparing transmitting aircraft altitud e
dat,i relative to own aircratt altitud e data , on t h i s  basis it classifies a
t h r e a t  as shown in f i g u r e  9— 1.

F i gu re ~~ l5 , f l i ght b4 , run  18, was a continuat ion 01 the t l i g h t , W i  i i i  A 1’ i,, 2

b e i n g  r e c o n f i gu red  I or a CAP. ‘l ’ht ’ .i I t  i tu d e  Z I I O C C S  WI ’ r C ’ probed w I t h  A / C  1
c l i m b i n g  toward  A/C 2 , which maintained a 15051,’ alt i tude of ~ , 700 l e t . t. . A l  t i  t u i l i ’

s( ’ l l , i r , i t  ion  was limit ed to 800 te’ t , and wi t h t h e  l l l c i c  so t  t o ! ’ 60 1) c I t .  B1 l w
10 ,000 feet the commands were not act i Va ted

Fl i ght  l’s , I i g u r t ’ 16 , O c t o b e r 10 , 1q75 , was  a ~ 01 t h e  , i I ) I 1V C I  1 , 1 1 w

a It i  tudi’ threat 1 I I I  i c . (d\ S con f i gur 1it  i on  was a CAl — i At’  , w i t  11 . \ /C 2 desct iid
i n t o  A / i  I a t  i p pr o x i m a t e l y 2 ,000 cet/minu ti ’ . ‘I’h e , i t I v i s I l r i s I C C  ( l i m i t V I !  i i  c i i
speed) a b l ip  w i t h  ii ‘‘leve l ol 1 ’’ comm a n d  WCT C ’ g~_’i i i ’r a t  S C I  . ,\/C 2 i~ ’l I O5’t d , i i  I
commands and  I I ~‘w a It - V C ’  1 1 l i ght  coo rse to r 2 “4 sIC ’ ond s 0 111 t l i e n  ~~l I C ,  ( “ C d l  Cl I C C

c l i m b  t I C  t hi&’ I1 t ’~~, t  i t  ~~‘ rn i ’f l c oun  er .  A R’ve 1 01 C ommand i .  u t  I i i  ~ i ’d t o
command an , l i r c i ’ , i t  t t o  s i s I j I  t h e  c l i m b  or k’SI i’ f lt  in I t ) ~t ’ i ’1 siI d~ 11111 II  t i n.’ I

~\ -~ t em C I C ’ t C C L S  that t h e  ) r l l t i ’ I ted a lt i tudi’ ban d  S I S S O 1 , ’ S S i’s a au  11 1’ m i  1 1 1 , 1 1 1 .

r .Itipt ’ thr i ’,g t . l i i ~ ’ ~ t ’r t  i s ’ , i l threat evaluat i o n  is based CIII th .Isstimpt ion  t li~ t
t h e  ot icr ,i ir e r ; iI t i s  in t i n . ’  p r e d i c t e d  c o , i l t i t u d e  band .

A l t i t u d e  cI l l i t ’ boun d i r v — t v i s i ’ f t  ig hts i n v o l v i n g  ( t a t I , r I I i  t u r n— I n , c l i m b i n g ,
d i v i n g  p a r a l  l s , ’ I  ~l ’ ,u i  Z I l i l e )  on each  e q u i p m e n t  t y p e  W e l t  I l l )wn  I I V C ’ ! ’ 1( 1 I l i g h t
pi ’ i ’ i , ids ;iielessl id ly . A s a m p l e  of  t h e  p r i n t I l l i t o  a r t ’ ini ’lud ed Itsi ’ ~l i 5 1 ’ i I C s S l O i )

in t lii e h i 1 i p  t ‘ r

~1 —  i - s
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C}lAP’iLi~ 10

Nu ’I ’ I - S AND OB SER\ ’A ’l ’ION S

1. MiNI—GAS I DE’I’LR LORA’rlON OF RECLI\’I,i-: ~ :.~~i IV! ‘Y.

l)uring interference testing on ~S c I ) t  C - I : ) 1 1 t ’ r  13 , 1 975 , at I ~: ‘  (A~ /Lr ’oii nd
Sta tion , Mi n i — L A S  1 was left w i t h  an op en W I t  i’ l l l i t  C C I I) IL’ (no  l oad )  and t u e  1 i~ i —
tL ’ r was b lown o u t .  A r e p l a c e m e n t  1 i::~i t er  was installed and a n ew t ’C , ’) ’ t ’i v er
s e n s i t I v i ty  r e a d i n g  Was  r e c o r d e d .  ‘ibis u n i t  I C V C ’ I  d id  C om e  b ac k  to  i t s  o r l c  1:1,1 1

sensitivity figure .

‘I n c  c o m b i ne d  fli ght and laboratory t i m e  L i t  0111 ’ rat ion was reCo rd e d as fol l ) l t s ’~~

LA! I = 1 , 134 b o u t s , CAL 2 IC 835 h o u r S ,

Recording ( I t  e ach  e q u i pm e n t  was by an jut C,’ I’ flO I pout.’ I — l i ’ t 113 1  C d  I. i 31 01 ’ .t’ r

2 .  (AL D ‘,NLII ‘ I [S F

On June 27 , 1975 , CAL 1 had no t ransa i t  ter 1)11
1’ i’ output , an d  the I C  I C I ~‘ r

w o u l d  no t  a c c e p t  sy nc  t r on the  g round  s L a t  11)0 t r an s m i s s  b u s  , I t  L~~I .S 3 1 1  i , C J  I I I

t ha t  the e, \c l  ter  Was at  f au l t and ha d t i t  be rip la c  C d  ( .i;i;it.’nd i :: C) . I ~~~~‘ it 1 ’ r
S/N 01 was rep laced w i  iii spare exciter 51 :1  u 3  (on -~, i n 1i 1 o n e  WO S de li C I )  ‘ .

Oct obt’ r 1975 and sent back for i’epa i r in I -’t.’hi’wt i v 11 ,175

t A t ’  1 dt’teriC ratC’CI I u o m  t h i s  p o i n t  on , p ol sibl v d I l l ’ 1’ ’ :1 S i l t  t t a i l i i .i : in t i t i ’
t l ’ - t n s r i t t e r  utput tube , in a d d i t  ion to c s ’ i , L e l  d r iv e .

r~ i 1 Ct }l’,’I’J< OILI’IN’T t Rol’.

Ptswe r 1 1 ) 1  t p i t t  on t A  1 i ’ ,10 be at t. r I l l  n (‘ C I t i  I t h e  p ’ ‘u’~ - I ’ t, i ibe C O L  ng So t 1 I C , ’ I ’
t he  I ’:s t t’InIt’d op e r at i o n  0 )  110 ( I) t h a n  1 , 100 iiouu ’s . I i s  g u a d u a l 1)1 ’ ) i n C  I i ~
no rn ,  liv ( ‘ ‘ p C ’ L ’ ted. Althou gh the C A l ’  has 110 , l i i  I t I l f l d t i i .’ c u t  11) 1 1 t I C ’  ~~1 t 5 ’1 ’ t’ 11’ )
1 IPI ’) I ’ C I , I I  IlC ’’5 251) C *1 dii . Th is 1c~i t u r e 5 1 5  111 1 1 .ictiv ,tt , i’d during t i l l ,,’ I \ ‘ , I I ! , I , It  i l u C .

+ • 1 I’!, )! ND S A l IONs ‘i’ROIJBLI:S

N i l  I , lt ist r ) j ) lilc 1 , i i l u r & ’ s  ( I ’ a i l u u ’i’s u b i  i i , , i (  t e l ’  IL1IIII,iI 11 31 1 , pI ’ C \ ’ C ’ l l t t d

( l i t ’  L t i i t  1 , 1 ) )  ( “ ‘ 1 , 1  l I ’ I ’ I I l l ’ I i ng  ~ t~5 p rim: rv ln fl I ’t 1 1 1 1  i~~( 5V1lI ’ III ’ l l 1 i . ~ing . I  (:,-\ l ’ I l l ’

l i i t i — t  A : )  W I l t ’ 1), Ot e d .  V irtua l I” , i  I t’ ,iI l u i cs ~ S i l l , ’ 1’o i t u i t . ’ c t e d  w i t h  tI,t a l i t : , ,

1 i I ’ I t & ’ ) ) l  l I C ” 5 t L ~ ) I 1  ~l I I I  l I e t C ,’ct  ) 4 t L it  1 01) f, i i I u i ’ t.’s and swi l c D  C - s o C ’n t  i ai ti n 1 ion s L I

t h e  1 1 1 1 1 1 1  ( ( ‘ C ted c l l . ’ l i ) i i i ’ l

l i i i ’ O I C  1 1 1 ’ I ’ t ’p t i n I ’e I - ‘ t i u l g ,  Is’ i r ( ’ l l i  t 1SI , i u ’ d s  ~~,
•
\

I~ 
~~~~~~~ .\lD) 1!) C I I I ’ , )  I h ,I llnl ’ l  11 ,11 !

L + ~ I I I  i n st i l I j e d  to l ’ o i r e l ’t  ‘ i t )  j t 1 i p t , C~~~I ’ l  d i S 1) i , i \ ’  I I I  t i l t  slo t numitt’u ’ ol  I t ’

‘ l i t ’ - F I t ! !  I t ’ 1 i ~~~’ W C ) O 1 I I I I ’ I ’ C I . ) , - \ I i  . i I I I I l t l i , n i l l  Ci t l i t - l i ’ , ’ 11 ’ l l lIlC ’ F ) t~’ t)i ) I i  I l c c i , F I I  I l . l t t .  I

- ! u r : : ~~, ’, t i l l ’ i i  i 1 :h t  I I ”-’ ) ’  W , I ~ t ht I l l S p  l i v  I I )  n ) i I ’ d l 1 ’ ~~t 1 ) ’ r a u r ~~’ t , I ( I ’ C ’  I l l ,’

1 I l l I l t ’  ,~ ‘‘ ,t I n  i ( I I  r .  111 1 j u s t ’  t h I i i  ‘ ,p  l i v  w i ’ ’ u l ’ I I )  esst ’ It t I I  I I t i l t ’  I t ‘i i i 1 p 1  I ’ I

I~~t t i t ~’ s I  ‘I  I I ( I n  , m d  W , I S  i i l t  t ’  \ l  I I )  1 1 1 1 1 1  1 I I - , )  I 1 1 1 1 1 1 ’ )  1 III’ I ( ‘ ( ‘ i l l S  ( I t j ’  “ I ~~1 )  I I t

I U— I
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t e s t i ng  was no t  i n te r r u p t e d  to f i x  i t .) Another ‘hldification C r o l : 1 I C ’C by
I i i ’ L ’ e p t C i I l L ’e l e s t  i n 5 u , i s  :, i ad e  to  both A9 b o a r d s  L I I  p i l ’v e n t  b 1 p h ~~se B1 i I a  I liii I ’ l l

1 , , i li s 1.1! by mii i t ipa l b .

, U I L I L I I C I  pI’olll el:C iiui i ng  I i c C ’ e I ) t a l n ’ e t e s t i ng  W i :, ,l ‘ i I I t d i  t h i n  in  (s’ i l i c l i  t he  ,lll L IInat i t :
swi L ch o v e r  f a  llt’d • C i  th channel I :ic t i ng  as ,:dStei ’ and channt. 1 2 l I e  t i ng as
slave , and boNh ci ,,iunels u s i n g  t h e  c h a n n e l  1 d i g i t a l  c l o c k  as a r e f e r e i i l  e , t I l l ’

clock d e l a y  on I 1 1 t h  ic I I was dec rI lised b y 1 ms , whe r e u p o n  c h a n n e l  1 m o nle n L  , ir  l i v

switched to  t i ’ i~ s l ’ . tv e  I u n c t i o n  and then back  L C C the m a s te r  f u n c t i o n .  (, l,,inn el I
also switched to the m a s t e r  f u n c t i o n , lt ’ :,vin :c b o t h  as Ilcts Ler s . ‘I De three ~ t Eu r

p e r m u ta t  ions of i n  i t ia 1 cond it I i n s  ( c h a n n e l  2 l l l ; i s  I or , channel 1 slave , and
in t e r n a  1/ c loc k )  , a Iso produced t hi s  a b n o rm a l  i’e, i c t  i o n .  s h i n  a 1 i  i lure was r i l~~

duced b I l I c I ’ t ’ i s  I i  t he  do lay , proper t r a n s  I & i ~ of fiinc t i o n s  i i c c u r r 1 ’J
Iii is  a u t o m a t i c s ’ ,’ it c 1 I C I V C ’r cund it jIm was correc ted by modi  f i c a  t i o n s  L i t i e  A .3
io~~ic cord. In I I’ l l r r in g  I l l  t h e  II L i , ~~ : : ia st er s  pr oh ll’ , c a u s e d  by t’n in u ali .
sel e c t i l l [  m a s t e r / s  I . t v c  a u t o  l l lOdI .’ S i f lh i l l t a f l t’ O I ls l V i n  b o t h  l, ’ h I C i 3 l l t ’ l S , I I I  I ’ l l )  l i t  1 , 1 1)

was  n o t  c on  I I  t ed  and u’,is n o t  con s i dt ’i’ ed .1 se r  i n S  t : i u l t  • A t 1 n i i n ~ p r i lc i l i  01

a s i  i g l i t  ly di f i  t ’ i i ’ il t n a tu r e  o c c u r r e d  when v i d e o  : i p j l t ’ 11r1’d it  long tal l - C ,  j i i  t i l t ’
t i l : l e  S I C  t ( 1 , 2 2 7  iS 1 1  1 , 235 s at i cr  slot time v ,ei ll ) .  1 1 1 1 5  tro t ih l , - 1 C , l i l l t t ’ S I C U

i L s e l t  wh ,’n ( I )  t h e  a l t i t u d e  &lc c il r l ’ t.’Il 1 , 2 _ 7  C S t i  1 , 235 ,,s , i f t 1 , ’i ’  Vt. ’ l ’t I i t t  i , I l l

o f  t h e  t o n gc pulse (90 to 100 nnii), and as a r es ult , i , i il e d l i i i ’  1 I l ,~ i t ’ t e S t , t i l l ,!

( 2)  wi ’ien the  1’:ul~~ t.’ pulse was l ’ t . ’ce  ived at I ,2 2 7  C S  tO  1, 2 35 ,.s (20(1 no i ) . ‘l i t
p roh ,Iem WaS cot’ rci Led by niodi f i ci  t I 0) 1,5 L I I  the AO card I I  F t a c i t  c h an l l c  1

C i t  dire ctl y U e llli cd to tu e i - x p l ’i’ li ’ it. ’ u L ,il L 1~~~ l h 1 j C : 1 C L C f l I  wo s a L 1 : : l i l : p r oh il ’’ ! c , i l l s , - Cl

b y a C I I ’ !  ec t iv e  bt C 1im t l l l l i ’ 111 11)11 ’ of t I l t ’ cesium ht’ ,’ i i :  ( ‘ r t q l i e l lc v  l i t , v l I L i t ’ C I s u s t - I l  1

stati on I i w i u ~ , . I t  w i ,”, rep laced Dv the r’-on uf :tcturei ’ lindt’r 1 1 , 1 )  l’ , l f l t \’ .

An irrc ’;iil ari ty t at  w, ,is not corr e cted by t h e  d e s i g n e r , was that t i l e  i i  [ N h
lamp d i d  no t  li ght when the moclul l i t  LITh  was m a n u a l  I m i  h i  t e d .  ‘F lit ’ l u l l di t i

I i~~~l t  115 r t’i i iil red during t I C ’ auto n i t  Ic n l o d i l l , i t b o I )  inhibit cvcl~ tha t I~ cL  lF r~’d

u p o n  stat ion sto i t i l l ’  to p r ~~ ’ t t ’ & - t  tI lt ’ t r : mn s n l i t  t e r  d u r i l L  warmup.

A n o t h e r  1 1 1 1 1 ~ p r l l i l  lu l l)  t h ,i t Is iS  l t .’ V C ’ l ’ l’ or r t ’ t ’ t e d  was t hi , - t in bI’in gille , t I l l ’

s t Il t  L o l l  1,11) f i ’ o~~ t i l l i v  n n s v n l ’h r o l ’ i t / ,od s ta r t  ( 1 . ,’ ., at) m i t  i i i  t i’ s- J i l t- —

C u d , ’ I I I  l i t  th :ui C i I s p r o x L C e I i t t .’ i v  1 second ht ’t wi ’t ’ l i  t i l l ’ t w o  th i 1: it~i l c 1 o c k~ I • i t

WaS llecess ,trv I , ’ 1 , 1  I r r u p t  the l— !IL’i lIne l I ’ , , ~ 1 1 1 1 1 ’  c, ’s i i i t l i s t ! i I l d l l r d  or  ( l i e  o t [ t ’ l ,
and rei - I I n h l i I c t  I t  S I )  t h a t  l i l t ii L’pl lch ~i i l  S I’S  ‘ 3 - I - I’ wi thin , l l l l ( I ’ I l X i h l l C l t i ’ l\ ’  I SC

i i  t. ” .i c i i  o t h e r . F Il l y do lild t h e n  he S\ ’ l s ’ h r O l i i Zt ’d I I I  C ’ l l c I i  ) l t h e l  w i  t i m  a i t  S

i i ,u i i o : 1 1 ’ , ’ o i t d s  Dv it s  tu g L i i i ’ d i g i t i l  del: i~’ 11111 :1 .

[ 1 1 , 1 ’  i i i  t hi t ’ t~~’ s t I i l , ’ , ,  t i l l , ’ I’o i  i~ t w I t i i ~ l o g i c  i~r o b l t ’m  1 ) 1 1 t h ’0 i l l )  I i i  l i i i ’  a l a i i ,

sy s l  I ’ l l .  wh im tht.’ ciiaii ite i 2 e l l I s  5511-) 1 - 0 1 1 ’  ( I l l )  3 +  ) , i h l I I ” 1 t ’ t ’ I ’ l ld s  ,di i  ,i tl 01 t E l , ’

I ’iIhifl(ie l I~ C’ I I I I ’k  , (lime 1 ogi 1’ i n  d Ianne 1 2 1531 1 1- l t d L l i t ’ Ni I — l i  st  , I t t ’  .111,1 1,1 , 111 Id n I

r i ’ u t i r t  I l I l t i  I h o t  Ii  W I l l -  h l ’ I l I i l ’h t  w i t  h i n  , i  I ow n :illI lu( ’cI IIIJS ol I - i l  h t t t l ~~’r , ‘ ‘1

1 1 1 1 1  i i  t l i t ’  C ’ l l , i i l I l ( ’  I I t ’ Inc k (~l j ~~~ b i b  u -i d C ’ i l , ’ l u i t l e  1 1 . ‘l i i i  S p n i t i s  i t ’l l ) , wi t i1 h

I I b s er ’ ;I ’ l I  b y t itt ~ t , I 1 1 t 1 , l c t o r s I i t ,’ I d  e h i O l n e c r , i ’ h 1 ’ , il ’ 1 ’d l j l  t h u  n t ’ ’~.t  I i , i V , I S !  ‘ i ~~ I t

( ‘ 1111111 11 i ’ i l r l ’ i ’ , t i - t i .

I I  1 
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Ap p r a x in i a te l c  2 weeks l a t e r , a n o t hu r  p r o b l e m  o c c u r r e d  in which both chonne]s
i s s u me d  GO status on t u e basis of onl y one e p o c h  p u l s e  ( f r o m  t h e  c h a n ne l  I

c l o c k )  . ‘l ii is was an a b n o r m al i t y  because  t h e  t w o — o u t — o f — t h r e e  r e q u i u ’ t ’ i t ’n L
Was  110 t lee t

f i n a l l y ,  toward t h e  end of f l i gh t  tesLing , a p r o b l e r  o c c u r r e d  w h ich was
, l l l I b ~u r en t  lv  r m ’I a  ted to it ’nlpt ’r 1i t u r e  • [i t h  channe l 1 a c t i n g  as nias tt.’r , a NAS II  is!

S L\ V I - . LOUl> I”~ I L alarm c d i e  up on d ianne I I. ‘-I un a restart was at t 011-p te ll on
c h a n n e l  I ( w h i c h  normally would nave r o d l l n l  i g u re d  the station with chattnel 2
as :, ~is ter anu d ianne  1 1 as s l a v e )  , c h a n n e l 2 had h d d : V R  0110 [ON’ i’W D POl,’ b - ,R
Ia r i  is and n, nimeasurabie I t I  ru’,i nO iC lWi ’  r h i s  i l - i d  I d O  ted Dv t h u  panel meter

Yet , when in time s lavu mode , r ii~mn n e l  2 had r a d i a  t ed  11 I l I ’ I ’ ,, i l l  y . Nhas ter con t no 1
rt C v er t e d  to  c h a n n e l  I .

3 1  tel ’ ,up l l r o u i iila to’l\’ ~(I 1 - i I ) I i t t,’S 0! S t , t t  ion  I l j l t ’ u a t i l b n , the trouble cl~’ ,1i ’ e1i .
‘[he fo i  lowing norn ing, t I C ’ sante  p r i lb l e t l i  r t ’ c i u  r t t . u  , and c b s  r e d  ~i f t  t. ’i 10 1:1 lU  1, - s

0 1  op e r a t i o n .  ‘l’iuis was the Fina l day 0!  t li g h t  I C - s t  i ng  a n d  t he  c o n t r a c to r ’ s
1 icld ung i ( l eer  had h t ’ t , and no at tC ’ II 1l t was mad i ’  to i s l a t  C ’ t h e  I r o ub  le

i’lie ( t I l e r  i tc ei s  of an incidental nature were ( 1 )  L I l t ’  p a t c h  c o r d s  I roe: t I C

5—NUIz outpu ts of the cesium c locks L I I  t h e i r  I’ t ’s p e c  t iv1’ — Nhi t I ’  resolvers ( I C  ci’

C t l I r C s i h l la te lv 2 tec t too short to permit sliding t I l l ’  (‘locks Ou t  JI C ’ ll l t i 1 - i r

s u p p o r t  t r a ck s  t or testing or st’i ’vjc ing whi Ic still i n  I l l t ’ r I u  t ion , anti 2 1 t i’u ’ird
t he  end of tI ll ’ t e s t  p e r i o d , t h e re  was an i n t e r m i t  tent noi so he I I i- t ed Il l

o r ig i n a t e  in I :lie c h a n n e l  1 blower motor bt’arinie s .

The ma] or it y ( I I  t h e  p rob lens wit  ich  o c c u r  i’1’l during t h e  .i  I r hor n i l i v ,  I lull t i on
w e r e  no t  r I C i t C l t a b l e  on a d a i l y  b a s i s , makin G i t  t ’x tr t ’n~t ’ ht’ d i! f i t ’ u i t  to
t m u D  l t ’ sb u 1 ’ot

I t  s h o u l d  he i’nlp ilas i zeth that Lli t’ st’ f~,i j l u re s  WI 1, 0 j u d g e d  t I  be of Ii I i l l l i S t I 1 - t ’ I I t  a I
i i , i tu t ’ e , :11)0 tilt ,’ St a t i o n  i’i’ Ii llh l \’ l l C ’I ’ I ’ i h l ’ f l t d  i t s  p r i i r ~: i t ’ t’ I’unct I l l i S .  I l f t ’ F t ’  ui I I
he son~e e o r r l ’ c t iv e , i c t  i t ’ ll  I ’i cc t ’ s S , i t ’ V  I I )  the ,t rt ’a I l l  t j i t ’ ,u l at ’i:r 5Y 5 1

0— 1
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iu ’;I ’ER L~s C h , S

I. FAA C o n t r a c t  DU ’i’—FA 7 3CA—32 39 and i~ng i n e e r i  n g h e q u i r e l h i en t  l ’ i~
’
~—l,L— 240—ui

2 .  A i r  Nat- ’~~g a t i o n /Tr a f f i c  C o n t r o l  D iv i s ion , AN ’FC R e p o r t  N o .  117 , [et i s  i o n

t e l l  — ‘lay 12 , 1971 , corrected through larch 24, 1972 .

3 .  ~1DE C — In s t r u c t i o n  Manual f o r  Collis ion Avoidance Grout-id Station
I ) e V c lopttiental lodel A 0 3 G 0 0 8 7 — l .

4. NOEC — Instruction :-lanual l’or Collis ion Avo idance  5 1 - s t e I n  A i r b o r n e
~~~~u u i pt l ie n t  — A 12A() 701.

5. i)esign of ACAS Instrumentation D isp l ay  and - l a g n e t i c  ‘[ape ln t e r f a c ~’ ,
Sy s t e m s  E qu i p e ~’l1 t and Eng i n e e r i n g  B r a n c h , ANA — l , 4 0  .

1 . GAS Ca rd /M,ig R e d u c  t ion IICD Computer i’ rogram I i n  I’a’oj t ’c t 0 5 2 — 2 4  i — U t ) U ,
Ilr epa t ’ I’ I i  liv I t t  to  I’ roe C’s s i n g  b r o n c h i  , Eng i n e e r i n g  A pp l i e : :’. ion Sec L i  I l l , \NA— 533 .

7. A i r _ L I — A i r  Rangt ’/ie1ining i’ r oora m , P r o j e c t  0 5 2 — 2 4 1— 0 0 0 , p r e p a r e d  by l O l L ,
Rita l 1 r o c es S i li g B r o n c h i , AN \— 3 ’ I .

5 . LAS I a p e  l i s t  h’ r l l c i ’a n l  — P r o j e c t  N o .  ) ) ‘ 3 2 — 2 4 h — 0 00 ) p r t ’ p a r o C l  by  ,~Ai ’ l , (’ , RIta
0 1 1 1 t ’ss tn g  O r , h l ’ i l , A N 1 \ — 5 5 3 .

9. :~~s t  M a t i  I ’ ro~~ec t  No . 0 : 2 — 2 4 1 — 010 , F l i g h t  l i s t  O u t  l i n t ’ I o n  I t ’ a l u i u t ion ,~ I
,u ) b’:L:  1, 1 1 1 1  i s  ion Av o i d a n c e  S y s t e m, p r e p a r ed  I or L . S . Dt’~~~d i ’ i C . C ’ l l t  of I r~ l t i s p o t ’ t a t  11111 ,
h :A, \ SEWS , Ap r i l  19 7 3 .

I I ) . I 01 l u l l  i i  a 1 i1-ac I 1 i t i e s  Manua l~ Rev ised A p r i l  11)05 , N A I l -  C , ,- \ t  h i n t  ic  L i~ V .

,,t ,”,-,’ , l e ’r s ey  .

11. 11-li g h t  l e st  [v a l u a t i o n  of  St’can t \‘ L’ cas G i l l !  [ S i O t i  ,- \ v i l i d , i I l i - t ’ Sv st e r : , f - i n t l
R e p o r t  l A I R —  7421)7—b) ).

— L I  i~~I i l  I t i val 11 t t  11) 1) o I  Avo i t i  I ( i l l  I 151 On \ \  I I I  i l l  S I t  I i n  i I
[ e h h i l r  t l A I R —  7 0 ) 5 0 — n ) ) .

1 3. H ah n , i~~. ,i . 1’it-id Shop i t ’ l l , S.  S.  , S l u t  I i t  h i  I ‘ l t u l t ’  Is in I iu ~: Ii i ,’ t I’ i n ’ , ,
, i t s h i n  W i l e ’-” m d  Sons , Inc . , N ew York , I l l ,’ , I . e  - ‘ 2~) 5  — 2 ’)  7 .
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I N A T I O N A L  A V IA T I O N  F A C I L I T I E SDATE J a n u ar y  2~~, 1975 , ‘ 
‘i’~

’ 
CE X P E R I M E N T A L  C E N T E R  ‘~~~ -A

,\, NA— 140 I ~~A N  ¶ I c  SI ‘l N E . s  ~ l 1151 S “. ‘ -‘ ~~
‘

‘ H E l l  
Sub program Activity No. 05a-~~4l -010 - C 

r

ACAS T / F , Results of Flight Acceptance Tests ‘
~~ s o

IROM Project Engineer , ANA-140

io Program Area Leader 05-111 , ANA-140

INTRODUCT ION

Tht ’ f inal  acceptance  t e s t  of the  C o l li s i o n  , - \ v u id a n 1  e Sy s t e m  a l r k n l m n t

equipm ent consisted of a series of fx ~- 1 f l i g h t - , st :  r t in i , i  On No\,’ eIri Im’r
14 , 1974 , and concluding wi t h  the D’ ce I l l i l l ’ r  1 ~, 1 )7,!, (‘ l i g ht .

Each f l ig ht was g r e a t e r  than ~ hours dura tio n f o l l t I \ v i ng the  1- t i g [ e s l ed
F ie ld  T e s t  Plan outline .

‘l’he t e s t  s e t u p  u t i l i zed  the Dual Chann~’l Ground Station to ~~~~ 
dim ai r

sy n c h r o n iz a t io n  and moni torin g of Ih ~ t e s t  a i r c r a f t . I n a dd i tion , a
demon s t r a t i o n  of the Fly-By Sync (FBS) t e ch n i qu e  was u e r t o r m e d  o v e r
the a ir- t o - g r o u n d  communica t ion  link .

The airc raft we ri configured as follows:

\ i r c r a f t  No . I N— 377

I . CAS Fl y R ac k  — includes ct siuin beam clock , 1”BS h~~Ln1 1 and
ho h i s  i~ m ,\vot dance Unit (C AU 3.

2. Addi t iona L equi p m e n t  r a c k  con t a ine d the Mini ~~~~~~~~~~~~~~~ R A t  unit

fo r  CAU , McDo nnell  Doug la s  Ele ct  ronics Co rp o ra l  ion ( M D F ’C )  i I \ v f l I -d

x r i s t r u r t i t ’n t a t i o n  photo  panel , ID mm data i a n l l,’r a  and timi ’ — of—day
code g en e r a t o r .

\ i t ’ c r a f t  No. ~ N- 376

I .  E qt t t p m m ’n t  rack  contained (,\ll • Mini  Cas , 4 R / 4 1 un i t  I I I  r (‘, \l ’ ,

XII  )EC 1fl 5I r u r u i m ’n t a t i o n  photo o an m ’  1 , i t  t u r n  da ta  came  r , t  and I inn ’ — o f — d o  y
t ’O( l( ’ g t ’n i ’r a l o r .

:\ i r i r , t I ’t No. 1 w i N  p r m n - i~~r i i y u s ed  lot I c ~~t If  t h e  F’ BS t ’qu i ~ t r n i ’nt I l f l  I ’ C ’l ( )

f l i g h t s  and thea  r ( ’v t ’r t ( ’d  to  i l h t ’ i ’  a (~~\ U  or  M i n i  (lii— t onl’ic r t ’ otlon .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~ ‘‘:-: , ,- ~~~~~~~~~~~
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Aircraft N o .  2 W i S  se t  rip OS t l i i ’  t e S t  d i c t a t e d  liv connec t ing  t h e
ins trun’it ’ fllation m d  ,,t f l t t ’f l f l a s t o  t h e t a  . t ) i f i r o f l t ’ l l t l  i n t i ’r f a c t ’ s .  F u r

i ’i s t a n c m ’  if the atrc raft tva~ ei nttgur&’ci to r Mini (T m  i” op i ’  r a t i on  t h e  C AU
is  no rln:, i ly  ‘o f f ’  I 

~~~ in ‘‘ standby’’ v, it Ii radio f r e q u e ncy  t r a n s m i ss i o n s
i n h i b i te d .  ‘fbi ’ C \J, a nd M in i  ( ,is WI r I  not u l I e  r , t t c d  s i m u l t a n e o u s ly
:n t h e  S O I f l i ’  ~t i r ’ t ’~t f t  d ue  t i t  a n t enna  s t ’ p i r i t i o n  w h u l , ’h w o u l d  h a t e  to be
‘~0 f e e t  or  g r ~ , t t e r .  In ,~c h c l t t i u n  o t h er  no ons w ou l d  h i V e  to  be t a k en  to
p r ev e n t  ‘ ‘c r0  range ’ t h r , ’ , t t s  f r o m  t h e  o per a t i o n a l  equi pm ent.

OBJECTIVES

l’h c p r i n i : a ry  obj ~’ ct  iVi ’ i l l  t h e  f l i ght  p rog  r , t n :  w as  t o  i - X e  r c i S c  t he  (N AU
1-tnd the  Mini Cas in  a f l i g h t  i ’n v u x ’ o n n i t ’n t  l i i  d e te r m i ne  t h e  fo l lowing

1~ ’rformanci’ cha ro cleris ill s :

I .  r )l~1~h~ of a pp r o pr i a t e  r c c i p rocal  uo r ’nnn ind s  and a d v i s o r i e s
by both tlit’ CA L  r ind Mini  Cas Mani ’u vi ’r  I n d i c a t o rs .

2 . Correct i n i ’ t I ’ C u n i m . n t a t i o n  d i sp l a y s .

3 .  Maxim urn I’a ng e to h~’ ground) s I t  l i i ,  n.

4. M t XIll l u i l I ~ i’ , I i U ~ l i t  which C,-’,t ,T’ s s t i r) up ~nd syfli f r r l l n : : l -  Vt ’ l t l i

t h e  g r o u n d  s t a t i o n .

?vlaxi m u  in r , i  n g l  - be twi ’ t ’fl tWo I nope i’ i l l  t I  , u i t ’  t ’ r ;u  f t

b ,  Back Up Ni l d , ’  ( h U M) r l ’ t ’ i } ) r l l I ’ L t y .

‘l EST PROC EDUR E S S L M M , -\R Y

l ’ hu , ’ ground statio n ‘‘. 1 5  broug ht p in t h e  \Li’—t l -r,S la\’ ,’ ( N I ( S )  m ode m I n e

hour h I r E ’  take 1)11, l I f  t h e  a i rcr a ft ‘ A t t ~ ’ r g t ’ l l I i n c h  i ’1 ’u a n n , ’ 1~ and airb orne

‘ qt t i p i n t ’ n I  wi re syn i  I C r  u f l i S ’  0 a r i mp  I t ’ ”  w a s  pt’r fllrmt’ d to vi ’rtfv

h i h i 1 h ’ ~~) I l ’f l t  I I ) l l ’ I’ ? it i O f l .  U pon t o i i r p l t ’ t i o n  of I’l l  t’ i i l l p  t e s t  t h ~ ~n ’~ ’Ii co u n t e r s
of t h e  airborne i n 1 - - t r l t n l t ’ l l t : m t i o n  l t f l h l S  wi re  sv i ’n hronii,t’d b i ’ I l l n l  take off.

\ I ’ t t ’ r t , ’t k i ’  o f f  t h e  ;ur t ’ r r i t ’’ ,; n if l t  ~ up  at  t b ’  1, 51 ~iI t i t u d - t o  i ’ al i l , r , i t , ’
, i [ t i t i i i ’ t e  i’s r i n d  e l i , ’t : k u r ~~ n’ ’u\  I ’m  i n d i l ’ : t t o r s  l i i ’  i p p r l f l r i t t e  n t ’t ’ i 1 ’ r , ’ e , i I

‘ ‘ o t u n ia n d s and  Od ’.’ i ’ , C t ’ l ’ ’ ’  I ) : m r t j ~~ t h ~ i n — f I i~~h t  i ’ a l : ) I i ’ , I t t o n  and  I li - i  k he

g r o u n d  st ,,tio n ( i b I e t ’ l t i l r  ‘.v, i~~- no ti fied I l l  t h ~ n i ’~ sag s l o t  n ’ u m n ) ’  r in
. i j r m ’t ’ t l I  0 , E 1 I I I ’ . ’ .’ him I I )  nionitor the I n U r E ’  fl i ght on I r s  dim’ m j ,l ,i~~~.
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Th e individual fli gh t hi ghli ghts and a i rc r a f t  configuration ar e as fo llows:

Fli ght No. I

Aircraf t  No. 1 - CAU

Aircraft  No. 2 - CAU

The purposes of this flight were: to determine the maximum c o m m un i c a t i o n
range to the ground station for the CAU ; to determine t h e  m a x i m u m  range
at which th e ~~~~~~~ start  up and synchronize;  to determine BUM o p er t t J I l n
when beyond maximum communic ati on range.

Flight No. a

Aircraf t No. 1 - CAU

Air craf t  No. 2 - CAU

This flight  was a repeat of Flight No, 1 with the additional objective of
determining air-air range p e r f o r m a n ce  b e t w e en  the  two a i r c r a f t . A l s o
a FBS s t a r t  -t ip and sync ca l ib ra t ion  seque nc€ ’ was p e r f o r m e d  wi th  the
ground Station.

Flight No. 3

Aircraft No. 1 - Mini Gas

Air craft No. 2 - Mini Gas

Th~ p u r p ose s  of his flight we rim : to d e li ’  m I m e the Mini Gas r i l a x i tn o l l
range pe rformance with the ground st a t ow; to di’temnuni’ the start - I I I )  C

range to obtain syn chroniza t i on :  to d e t e r m i n e  t h e  a i r - a i r  ra nge
p e r f o r m a n c e .

Fli ght No. 4 1 U

Aircraft No. 1 — Mini Gas - Mini h i s

,\i rr’raft No. 2 - Mini  Gas  - CAU

‘i ’h ì i”  f l i g ht  cons i s t  1’d of ‘wo p ar t  5 . ‘Fin pli rpu i — i ’  of P i  r I I was t o  f I  v
- el e c te d  t h r I l l  e f lc l l u f lt e r s  h i t  I W ’ ’ c f l  I wo Min t h I s i q i l t 1 l j l - d  d i r e r - i t t
util i - r u g  sync f ro m  t h e  ground s t , i t  ion.

A — I
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The purpose of Part II was to fly se l e c t e d  t h r e a t  encoun te r s  b e t w e en  a
CAU equipped alt’ t r i ft and a Mini Gas equipped aircraft with the CAU
providing sync h to t h e  Mini Gas Unit.

Flig ht No. 4A

Ai rcraft No . I - CAU/FBS

Airc raft No. 2 - Mini Cas I:

This test utilized a GAU/FBS equipped aircraft as the main synchroni’.a-

IOU s o u r c e  d ur i n i T  i l l  f l i g ht  en c o u n t e rs . The CAU main ta ined  sy n c  f r o t ’i
i t s  C1,’s i , in’i B e a u : i’ I t l i  k , wh ich  has  a d e m o t e  r a t e  of 4 1 t n i n l i t l - -’ p i t’

h i e a r c h y s t ep  in t h e  a b s e n ce  (I f  r t ’ sy r i c  f r o m  a gr o u n d  s ta t i n. The

g round tation , in h i b i t e d  t h r o u g h o u t  the  t e s t  and w a s  u s ed  onl y as  a
monitor,

E n c o u n t e r s  F lown

No Alarm ‘l’t ’s t s  (I t  R/4 t mode)

a. C o - a l t i t u d e , R a n g e)  R nun .
h . Off— Alt i t l j d ~ ’ , r angi ’cR ruin.

Low Altitud e 1h r ~- t t s

a. Linear ‘fl: I ) I i n t t ’ r ( I i t ’ ci d — i i f l ,  s ci s sor s  and t a i l  chasi’ I

b . T ur ning O t t ’  I I  i i f l t: ’ r (pa ra l li ’l  and t i i  r n — i n )
c. Cl lr n I ) ,- l ) iv t ’ (v ertical 5 ,  i s s o r s )

R ESULTS

rh ’.  acci’  ptance ti’ s t on the C AU eq ulp i n i ’  nt ind ic t t 1 d  t h a t  ,t  i i  I n  xi n r um

r a nge  i l f  l (iO i l , I r t j  - I l  t I i l I ’ . ’ S (n.  t O . ) i i  2 1 , 000 l I l t  \V. l5  a t t a i n e d  for  one
radia l  leg from th~ g r lIWd s t a t i o n .  ‘l ’ht ’ r an g e at S t o O  I , ’ , -) w i  s 1 OS n. n i .
At  thi s point , Sy n c  i i i  ‘inn’ sp or td i ,trid tot’ r t l l  p r a e t i c i i  } i i r p i ) s i ’ s  t h i s

‘ ‘ i n be m ” ,n sj de i ’ t ’d  t he IIIwI ’r  , i l t i t i i d t ’  r an g i ’ . ‘I ’ h m ’  t’ , i d i , i ls s t ’le i ’ t t ’ d t o m

the  f l i g h t  p a t h s  i t C h  i ( l & ’d 0 I I i X t  or e  of w , t t t ’ t ’  and land l I t  l - r f l l g h t s .

[ht’ i l I , i x i m I l r n  U O~~’.’ a s  m o n i t o re d  on the } I h l l C t I l  p ane l  d i s p l a y  w as  ‘hi n ,  in .

w h i c h  w a s  h J l l : l t , ’ d  b y t1 ~~- t i n — h i ” a r d  i n —  t r o l l , I t t ,  H u ,  , i  l i m i t a t i o n  i l l r 1 h i i S ( ’ d

b y t h e  l , i t  t o r y  d e s i g n .

—

- ‘  -“-~~~~ ---I- ’~~’I~~--~~~~~~~~~~~~~~~~~~~ -~~~ ‘ - ‘-~~~~~~~~~~~~~~~~~~~*-“ -‘---“-  -- - - r n— ’ I ---—- - - ‘--~~~- “ —‘— - - - —~~~~~~
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In the t e s t  involving CAU ’s regaining sync , v a l u e s  of 60 and 65 n .m .
w e r e  r e c o r d e d .  This is less than the desi gn value of 90 to :;~ n. in.

because the aircraft were in a threat situation until they reached a

range  i ) f  70 n. m.

A communications range air-air between aircraft on diverg ing radials

was 95 nautical miles. This range figure , as explained earli er , was
l imi t ed  by the i ns t r u m e n t a t i o n  photo panel d isp lay. As r e c o r d e d  on the
data log shee t s  FBS ca l ibra t ions  w e r e  p e r f o r me d  with the GAS g r o u n d
s ta t ion .  In each case the s t a t ion  in i t i a l ly  a c q u i r e d  a c o a rs e  sync a round
60 n . m. and p roceeded  to r e s y n c  at 40 n. mn.  The t im e d i f f e ren c e s  u n
the ground station TIME DIFF display as noted are within tolcrninc , s~~

The t e s t  data on Mini Gas may be found in Fi g ur e  1 “Fl ig ht Tc~~t Data ”
and i n t e r p r e t e d  in the same f a s h i o n  as CAU i n f o r m a t i o n .  An e q u i p m e n t
operat ing hour s u m m a r y  (Figuri ’  2) f o r  each a i r c r a ft  is ap p r o x i m a t e
since warm up and t r oub l e  shoot ing  t ime  was not t aken  into a c c o u n t .

The mane uver  indicator opera t ing  in conjunc t ion  with both e q u i p m e n ts
funct ioned p r o p e r l y dur ing  all fli g h t s .

A limi ted  rev iew of avai lable  data  r e d u ce d  f r o m  F l i g h t  No, 4 in d i ca t e s
the threat and adv i so ry  log ic is op er a t i o n a l  and read y for  comp l e te
fli ght testing. C

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

THEODORE J. TURNOCK

2 Enclosures
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CAtJ El i .  No. 1 Fi t No. ~ F i l ,  N I - . 4

Max Range to CAS I GS - Ai r Dm.p iay ~~ ,95 96. 6 ‘11 8 96 4 t I )
9 1 . 3  4 , 819 i 4 K ’

Max Range to CAS/ 0 5 - G r o un d  D iap lay
( Loss a A/C Data on Di~~p tay )  160 16 1 1~~~ t o t

~~~ 105 105 I I I  8K

Range to CAS1GS when CAtJ ’ e Sync ~~~~~5 9 , b 6 4 , 8

Ma x R a n g e  B ,’ta ’ ’i’n At r , r a lt  96. 9 96’ 5

~~~ 7 ’ 4 . 3  78, 4

FBS C a i i b r a l  C i i  ,,i C. 5 R i’~~ y I i 1  No. 1 , A~’q’iir i ’ d t ’ , t .  4 n .  m. in syn c

~~ 4 1 1419.  3 u s e r ,

1. A’ (juOI’( ) 111 , ,y f l I  Ii
1 4 19 ,  3 U S I h I,’ ,

t in , i’  L ) i t ) ,  r n ’ , I ) ”  ~~~ a t  GS I.  Cl-i # 1 ,  -~ O . Di Sos: ,

CU 4,~~, + 0 . 0 I,i~~~~I c .

~, C H w I .  f O . O I i l i l i ,

CU .~ - 0 .  0Z5

t i n  C -

F i t ,  t’,” ’ , I i”1 , ‘,‘~ , 4

M x  Range I ’ ’  c’ \~5 l  c’s Air 1) 4  4 5~

(n .  rn.  1 9~~. i t

M i x  R ,tn ~ , - (n, rn. i OAS CS h ’  ,‘\ C l i  i l

(Cr  un t~ t i i — ;  i v ’  - l ,~ - i i , 7

R i n g ’ ( n  in. I mu C - i ’  - CS Sy l I l  \ l i u u  CAS -I~~, .1 4 1 -
4~~~~ IT ,

‘ O i x  R i n g ’ ’ tn  rn I i i ’  0 5 , - I ,  A i r ’ ,’ I I
19. -

~

xo ’i cs

a .  l n s t r u l , , , ’ f l t , i I I , l f l  0 1 1 1 1 , 1 ‘ ,I’ ‘I t 7  n .  I l l  , ,.h,,,,r d , t r ’  r I O

I, \ I I  - I - I l l  - t ’  r ’  j~~i I i I ’ I l  i n t O  7 ( i  n , i l l ,  ~l l l ~~ I I  ~, I , l I ’ I ’ l l ’ ’ ’ II 1 1 , 1 ’ ’ , , l  ‘-5- - I ’  ‘ ‘,- , ‘k , - , , ,
- \ , r -  r I I I  w , - r , ’ - , r I I’  I)  ~~ i i , - f l  i ( t 4  fl 1 ni f l I l i l  G r , , - , , i d  Sl a l i , , f l .

I I , I , i , , , l l  . d  I i y  t i l l  , , r , , l i f l l i  r u l e ’  \i,tS fl ~ Il  5 i ~ i i i , 0

A l t  ir , , l , - r i  , , l  i t . , ’ ,, i ’i  i , 1 1 ’ t t i ’ , t t  i i i ’  — s - p t a i r i  t I .  r a t s ,  ,, , - ‘ - P .

F 1(0 - Il l- I F I I i ’  I I St  I) , ’. I

— Ai,’i~~~ ‘i!~’.a.C,,s5r- ifl,.,. 
____
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I T E M  FLIGHTS OPERATING TIMEI 

H o u r s

GAS/CS N / A  62
(Ground  S ta t ion)

- A i r c r a f t  No, 1
- CAU/FI3S 6 15 . 1

Mini Cas

Aircraf: No. 2 5 14 , 0
- CAU

Mini Gas

F I G U R E  2. SU M M A R Y V Q I ’ I P M V N ’ l’ OP ! R \ l 1O~~

A — 7
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APPENDIX C

N OTES FROM LOG BOOK ON NAFE C SUPPORT — BY MD EC
FROM MAY TO AUGU ST 1975

, I L I N j I  ‘
.

No il y .  Bad w e a t h e r .  T r i e d  FAA i n s t r u m e n t  c a b l e  a gai n  on A/C  3 7 b .  Can ’ t
operate both FAA i n s t r um e n t s  and MAC i n s t r u m e n t s  a t  t h e  same tim e . ilie

prob lem is the 5 ’- > Uia tha t drive F’AA instruments and MAC inst ,uir re n ts and
dR/d ’l  l o x .  Added pul l  up 1k r e s i s t o r  in bo th  I n st  rio ,,ent s and cut ~~~ z return
,j t , J 7 .  This c leans up t he  5— Mh z , b u t  is  s t i l l  :u , , i r ~.J n , i 1 .

‘[his ‘ l i n i — C A S  mas S /N  I and i n i t i a l ly was used to i C t e r l ,  e w i t h  N ,\ I ’ Eb
instrumentation. Cable return was cut t o e n a b l e  o p e r i t  ion of MAC and ~,\1 i . t

i n s t r u m e n t a t i o n .

JLNF , 9.

5 ~‘I}1z c lock  f r o m  M i n i — C A S  was a b o u t  2—V ‘~ t N A I ’ E L  inotrurien tatiun , so t h e

~4L~ u4 IC driver was repla ced with a 54QL • ,) _ ~l i iz  i ncr e a s e d  to 4—\ ’ m l  b e t  t e r
shape  ot w a v e f o r m .  N A FEC instrumentat ion s-i rked ~~C l F , CE b e t t e r , con ing iJ )
occas iona l l y w i t h  1419.4 on r e s y n c .

C o n t i n u i n g  i n t e r f a c e  t e s t s  w i t h  NAFEC and ~WEC C e r n I e - t e d  in  p a r a l  id and
se 1I~ i r a t e 1y •  M in i—CAS d r i v e r  was r e p l a c e d  and 5— ~-b l z  \s’,iV t’ t cr11 , l e v e l  in- :r ea- - c d
t i  norma l raulge .

I I  N I .  I I

Do u b l e Daisy Fl ig h t  No.  19 , A/C I , Mini— GAS I V S .  ,‘i / C  2 N i n i — C A S

R J ~~ e v e r i f i ca t i o n  c i variations an Miiui— CA S 1 05 1 umpired t o  M ini— bill S 2

,J IJNI- , 12 .

Continuing with M L I I I I . A S  i n t e r I m - c w i t h  NAt - tiC I f l s’ 4 t  L i U i C l I t , i t l l i l l  d o t  iti g t h e  d a y — — — —
M l i i i — I , ’AS t a i l e d  to ,sv ri c , t t  d : O O  P . M .  i r l ob l e  ir a - ed t o  no : l e t s , m ~pe s i t .
c h i p I 4o on t h e  ,\5  card was bad . N A I  t iC h a d  a rep las’i’: ent 1 1 14 0 2 1  w l i h i  ii , l I e d
the problems .

Mini—Ci \ S 1 now has two oddball IC ’s. The ~ U 2  I was , t  M C ’ t , l n i l l , i  ~C- 1’-t t)23 ’? ?

I d i l l  no t  l o ir e  the tempet ’ m t u r c  r ,11h ;&’ i s  t h e  5 1111€ ’ i S  t h e  I - I t ) ,  3,’uI  t t I , l t  511 5 I i i

t e r

i t - N t I i .

, ., which wi  1 110’ 9 w i c  r e p l a c e d  w i t h  ‘i  4o’, wa s  ( i l l , i l  U t ( ,’ ) ‘ t l , r u ’, .
- 

I t !  (‘ii C r C  l I i i O I  s’ 1 r~’ I ron p iR  1 ( i t t  J 7,\ . . • . 
‘
~~+ .~~~)  u ’~~’d t o  di’ ive  5 MH,’, .. . - l i t  I ,~~~ i C i



,1A1’ EC i n s t r u m e n t a t i o n  appears  to work  on the  long l i n e s .  M i n i — G A S  p r o v i d e s  a

good l o c k  a l t h o u g h t h e  s ignal  1~ ve1 in the interface s t i l l  h~ i- p robi c” :-

From June  12 t h r u  Ju ~~w 24 , Mini—CAS 1 remained at  Bld g .  156 , beiny used t ur
intertaci ti g with NAI”EC instrumentation.

I J L N E  27.

Measured transt ititter power and receiver sensitivity of both Mini—CAS ’s. i3oth
OK. Sh owed N AF ’ IiL personnel how to s e t — u p  and t a k e  M ini—CAS measurements.
(Mi ~~j—m/AS 1 power and receiver sensitivity appeared normal at this t ime) .

J I N E  25~~ 1975.

Measured t r a n s m i t t e r  power and r ece ive r  s en s i t i v i ty  on CAb i a nd  CAb 2. Both
eli . (See m e a s u r e m e ut s  in  table 1—1 and table 1 — 2 ) .

CAL I antenna was in u p p e r  position from start of test peri od .

F l ig h t s  w h e r e  CAb 1 was used a re :

Thteodolite 0 , 3—5
Ru ns 7 , 4—1

4—11

(21 6—18 4 runs aborted
CAL vs. 22 6 — 1 9 )  TACAN prob !.”:- I run ,ib l r i ed
CA t,’

J L N I -  2 /
~ 

9

CAL 1 won ’ t sy n c —  su sp e c t  bad cxc it~ 
‘ I e~ O u S e  t r an s m i t  icr hi s no pow er  output

and r e c I ,’ i v e i ’ doesn ’t “see” C/S t r , m n r ~mj s s i o n.  Dis 0011cc 1 ing I ’ i r s .  LO ou t  1 , 1

f rom e xc i t e r  i tas  no e t t  ccl on r e c e i v e r  n o i s e .  I t  should. km’p l m  ed c xc i  i o u
w i t h  s p i r e  e X i - It ~‘u 3 (or  iC i n al  e x c i t e r  del i’ ered t~

- i th CAL i n  Oc t u b e r , 19 7 5 ,
repaired iii t el - r b i r y ,  19 7 5 . 1  CAL 2 now Ilk .

J I V  I d , 97 5.

C t t c c k e d  0111 ~t in i — C Al ” I on N 376 w i t h  MOEC i n s t  r r i l , e i l  t t i  on N O > ~’lI I ALT P t : I H , —

d , ’ n I I I V & ’ d  to C/ S l ab , RId S. 19 6. I c l l 1 , i t e i  p r ob l e m t b ‘I J  u , i rd . Vt r u  it’ 1! liv
substituting -

‘
i -j .‘, i rm i I rem M in i—G ,- \S 2 .  Cr o b 1 o~:: so h t ’ & ’ 5 i .  A 3— C 8 ( 5 4 9 6  IC) l I , i , r

l i lY 19 , 1 9 7 5 .

I I r e e  A / C  I I  i g l i t ~ m is in g  M i n i — C A S  1 i n  A /C  2

~

‘ .- I ~~ 1 9 / ) .

( , l o ’ I k  i ’ &h -l i t -t i — I  -~\S 1 1-,



. ‘JI, V 22 , 1975 .

Checked Mini—CAS 1 OK.

,ILI ,Y 23, 1975.

Cilec ked 7llnj—CAS I OK.

±/LL__24 , 1 9 7 5 .

Chec ked >lini-CAS 1 OK.

J V L l l ’ 2t3 ,_~~h~

l ooked at N 3 6  Mini—CAS is :-LDEC instrumentation iur possibl e ; rub lt-:’ , w I t h
Bogey—Se lec t readout. All OK durLn~ 1—hour te st.

il , ~9i ’ 5 .

.\lts’rnoon studied Mini—CAS altitude (X7IIT) log i l - .

, t L h , l S l  1, 19i i .

I i xed M i n t — C S 1 a l t it u d e  log ic . R e f e r e n 1  e J u l y  lb p r i b l e : , :  Bad I C (A 3— i ’ b — 5 , , 9 1 )
r e p  1 ,~ 5, d w ith type 7496——5496 not av nilab le— 15’ork I l k  n ow on cn l .h .

.‘€l ’IdsI ’ 1~~, 1975.

F l i g h t  - .3  — b in ge  c o n ta c t  l o w e r  on N 3 7 6  than N377.

AL m ,L ’~~l’ 15 , 9 IJ .

l-li 5i t  ~~-. — At  r a m p  t o  c h e c k  o u t  M i n i — G A S ’ s on N 3 7 7  and N l 7 i j . Both ! , i ’,’ e
troub le getting t w o  c o n se c u t i v e  epoch starts . i l k  11 t er  sync js a-I l  I C ’S I ’ l l .

-~~~~~ “ ‘I ’- ”



~\ ! l I . ~~)I X D

MDCC lITTER , COMI’LETI IN tI! ’ I5\(”I I t E l l ’  ,\ t  (i , C I  ,. C , , , I  TEST
WITH A L IST  01-’ FAI L I R E  R1 I’OR ’l S  k I I m C ’ l  R I  RIA ’ I lb . ’

.\NI) EAT \ER APPRO\’AL BY CoM1I5 ’J ’’i 1 N I ; 0l’l-’iC l,\I

h t ( ” I I I I i I , b  9 , 19/-.



aox 42.1, St Ch.,rfr., i i i’  C ’  ~,3,tQ1 J ) , ~ ) 2

9 October 1974
1 163 L)Jll-36233

D e p a r t m c n t  ~f Transport ation
Federal Avi at ic lu P,dinj ni S tra l I cfl

800 1 t td epc r ide nce Avenue , S
Wa s 1 i n ~ ton , D.C. 20591

A t t r t i t  ion: Mt’ . E. M. Ki ink - AL G-- 3 62
Cont m’act ing Of f ice , ’

Subject: Coi ’ t m ’ -,ict DOT_ FA 73 d 1I- 323 9

Attach: -  co ts : (1)  Fai lure Report !d . 05420
(2) Failure Report No . 05123
(3) Fa il ure R e p o r t  No , it b T 2 5
(4) Failure Report No. 05426
(5) Failure Report Mc. 05428
(6) Failure Report t o. 05429

De ar  Sir:

The F~...toi’y Acc e p ta tmce Test for the C I I I I 1I I , t1Ilt  pt ’uv dod ur :dc r
the s i d j o c t  contract has been s a t i s f a c t o r i l y cc : l l e t e - d .
Fol iurc. reports were tin t te n on c l i  di’ c repa nc i os n o t e d
dur ing the Accept a nce Tests wher e 1 m i  ts c p rc i  f i ad in t h e
ap prove d Factory Test Procedure t:cm ~t~ t o t  tIl t by t h e
O9U~~~~i : , t .  Mi th the except ion of T ’ t ’oe las i  c d isc rep anc ies
all l a i l u re  reports noted durino tb1 Factory A c c v p t . c n c e
Tes ts  were resolved , and correct O i C ? ~it l 1O I l  ve r i f ied  by
McDo nn ’l 1 Douglas Electronics Comp any Q ua l i t y  Contro l and
the FAA Qual i ty  Rel iab i l i t y O f f i c e r .

Mc Do’ incl l  Douglas Electronics Company is ask in g for
W~ i V I I ’ - , Ofl th e three discrepanci es not m ’ c so l v e I  inasmuch
as I i , ( ‘ ) j t ( j t ions noted are caused by 1 I C o n S  i s t c n c i e s
wi d:i it TIN [ 6—1 17 or tolerances in i p o s e d  by L N TC— 1 7 on
tbc i t (  ‘ i , Accept a nce Test Proc edur e . MOI C of the
d iSLrm - ’ : f l i  condi ti ons noted i, 11 a - l v ~ rsel y a 1’ t c t t be
I tint I i l - c  of  t h e  e q u i pment or fi iq hm t sa f  — I ‘,‘ , c r
t i l l  i t  aut ’ t t ’se ly restr ic t  in any m-:a y l i t ”  ful l  c ’i p 1 t I i l i t , ’
o f t 1 M ’ ( - l i i  ‘ ( nt
The t i I r ’i - t” discrepant condi t i ont  C S S O L I c i  I l - b :  I-t i th thii’
at  t -tNt ~! 

‘ ci lure Reports are st i l l u I  ied Tom!

A I ’ c I c  I, C\  I II

£ & I) ( , s , ( ; a ,  .‘~~‘i \

L 

b-i
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I ’ i l,ie  2
I 1 U $ — D d F t —  .0, 1 / 33

I tern 1 Fal 1 t i r e  Re~prt O~42O and F a i 1 u r e R p ~~~_ft5~23

Afte r app lyino power to a cold Co l l i s ion
Avoi dance Unit ( CA L] ) ,  the C o l l i s i o n
Avoi  da nce Unit wi ‘11 s ta r t  o pe r a t i o n  in

l i i  k up mode (hi/N ) before at~ o s c i l l a t o r
accurac y  of 1 x 10 is ach ieved .

i t e t i t  2 f a l  lur e Rej-tortO54?~~- Fai1 u re Renort OH28
arid Failure Report 05129

Steady state TAU 1 threats at the
hL’ I U I t J m  es b e t / I , in  a l t i t ude  hands
S I l t ’  t i l e-b shi f t  front onc  band to the
oth er i -e l -en  ta ri  l y 

* 
a lwa ys i n the

direction to provide an ear l y alert
of a potent ia l  th reat .

I tent 3 f a I l  t i m e  Re~~~ t O M  ~?6

On c l iii ’ of the two Coi l is ‘ion Avoidance
Uni ts (CAU) the firs t to third pulse
spacing of the resync triad is out
of tolerance by 20 nanoseconds

I I I  is no s pc c i t  i c c  Lion in A NTC— l 17 or [0 2 4 0—016  for
t isn~— nut or i or to s Ic rt of operat i O n in th e  h a C k —  tip r;ode
( i - L ’ T ) .  Iloth Co l l i s ion  Avoidance Units do not achieve
t bc  t-’ m ’ ’ t i ’i ‘oil osc i  11 a I a - accu rac ies  w i t h i n  the time
s; ’ m e i f I i - d  i n  the Fc~ t o y  Accep tance Test  rrocedure .
ike ’ ‘ - c t ’ , on each t ini t (t- ,-’ i th in  one minute of 51101 i f ic a t ie n)

II osc 1 lot or ac ’;i yes an orde r  of  T O l f l ~ tude I-o tt e r
c I . t i i t ’ . t- , ’ t h a n t  i s  t a - - u i  ii’ -d Iy s p e c i f i c a t i o n .  s i nc e  w a r m

t i p  t i -  C ‘ i t I I I ~~ Sl’ e b; i Ii ed ~nid cons i I COCI a carL t ~‘tl a ct
ii c-i , I’ ‘ ‘ ni r :c ’ ll [0 1 1 : 1 0 5  1le ct i’ I, niics l ,~~~, - i C i y )‘ t - : - ’ . : E - r 111 5
a s m i - n - ~ - c  of the C o l l i s i o n  ,A v c i d a n c e  M u l l  as i~ s i n s o
L i - ’  t I -  t O t  ny i:: i uct l ’dC V u’,’ill h~ vi ito a f f e c t  on sys ie;’ ;
(;[ ‘ I ’d i ~a ! P .

F r c o t  ‘i I - e s  ic diSC!’ou ‘ ‘ ICy is ‘ t i  ~ ted  , ‘ t h e  i c .  h 1 r ‘ c l i  r

(1 L i i  ,, I L ; L l - ! C ’  t h r e a t  l ” I i C  in ;  M a t h  [ I n  C o ll i Si o n / ‘. C - : , ! , t ’

I, i i j  t ~nd M 1 r i — 1 11t , A l  ti I tude i Pg I tt  t o  t i - c  (‘ -‘0, is in a s ; ~~- j i
oi’~.v ro i °  ~e ” ri3 t  t’ ;ith t o  lea st s j i 1 nhfi ~ 1 :i t l i t  u - i  ~
11) - t - “I i t  i l U l l ’  i S  ~ t I i s  L’ il lS  1 1 i t ’ i i  c n c o N ii or  i r , mnn ’ - i ,  s s , - t

, f~ (‘I fl . ’~ O I L  f Ot’ 1011 n . ” m - t  i t i p t i l C 1 ’ , ”' -i nit th i n
t i  1’ ‘ ~ to t h e  l e , m d j t o -  1 1 1 0 ci! t ime l’j mie Sj(incl . ieee
I - 

‘ j ‘ ‘ ‘a’ a it i tudi i ’ , d Ine’ ~~~ “ 1  I t i 1 1’ - e m - i  ‘0’ 1 , 0 I

‘1 : ; -
~~ 

- , ‘ i i i  f t  5111 10 I a t m : ’  t ’  as ~~t -M - m n  i i  ‘ t i’ ,n n i ’ ,i C I

Ii— 2

_ _  
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I f  th u 5 MHz osc i l la to r  in the transmitt ing system is
e>-act iy in phase with the oscillator in the rec eiving
s~ s t Oi l , the A lt i  ttide encoded in one sys tn ’; t’. i ll be per fect ly
d~ codcd in the other syste cu . Hot’ iaver , as the  p hase of one
osc i 1 lotor sh i f ts t-i i th respect to the other the decoded
a id tu de  can vary  by one least  s ign i f icant  bit in the
decoder w h ich  res ults in a change of 100 feet in the
~e coded al t i tude . Therefore , the onl y way AN TC- 117
require :aents incorporated in the Fact ou ’~ Test Procedure
cm be achieved is if the osc i l la to r  of the par t ic ipat ing
w i t s  r’ -- uoa i n perfect l y in ph a s e , which is ioposs ib le.
Nc Lc ’t inel l  Doug las Elect ron ics Company t i ie ref c - re a l lc - .’:c- d
f o r  t h e  sh i f t  of 100 feet f ro t u one hand c~ t~c next at
the a l t  i t d e  band boundry 1 i u c i  ts sc ch t hct they only
occur at the extreme of the phase di f ferences , and  the
majorit y of the threats we re correctl y detected in the
a l t i t ude band occupied by tine TAU 1 threat s.  Due to the
inconsistency in A NTC - l l7  McDonnell Doug las Electronics
Conpany has assure d that threats w i l l  be detected at the
e~ t l i t ’s ’t point in t ime . On this basis LILt re-quests wa ’n’ ’.’er
of f~ i l u , ’e- reports wri t ten on this discre pant  condi tion anJ
~cce 1 It o L e  of the units “as i s ’ .

Dot’ I rig the Facto ry Acceptance Tes t of one of the two
C o i l  i S ~~C,I1 Avoidance Un its provided w d r r  t he subject
con t ra c t , a measure ment of the RF si gna l at the antenna
revealed t e a t  the time between the f i rs t  and thi i’d
pu lses of the resync t r iad pulse trains t’,’as 20 nano-
se c o nd s greater  than the tolerance (50 nanoseconds )
spec i f i ed  in ANTC- 1 l 7  and the Factory Ac cu ’ ; t I n c e Te st

Considering this very t n ht to let ante on
t he t-,ii ’n~ 1 in s pace and the major i’e i t - i  rig a n d  ‘et ork
t e a t  u - c ua i d  have l een required , Vci e u , c i l  i~~C i 1a S E l ectr o - its
Ci’ , am y requests I- ,’ d ivO r  of the Fa i lu r e  0C~ i- - I  I,uve r i ng t h i s
d j ’ c r c  , o i , C i ,f m ast- itch as t fue sys teu : : Of l L I  lit ( t I  is ri tet

ml in any t v  a n-b  t Ie’  co i’ rec l iee o f  th i s  d i s c rn pa rc
( I t  : 5 0  i-.- cu l d  not iu’ p ros- o pe r a t io n :  (H t ao C~ l1 is ion

1\ (l it 1 I .‘ ‘Jni t.

D- 3 
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These di s c m u - p a f l t  cu~nd i dons l a y  be en coordinat ed and
dj ~~c tu ~~~~d ‘il t ru t’ r . U - t m  ru Mc I nti t’c , true T ec l iu i  cal Of f i  cci ’
and  M r . Uo~ B ren : rnmt ; .  It is r ’t’ -aue sted (hat you r e v i e w
tines e Ot r d  I Ii U IS 01 t n t e em and 

~ 
t - o v i  de the r ogues t o ti

appr ’o s ’a ls  for u’.’ im ivl- n ’ .

Ve t 1 t rt i iy y ours ,

MC [Ui~i,1, I 1. LU LO LAS ELLCTR ONI CS C( MPf-,NY

~~~~~~~~~~~~~~ 

‘(
/

1
1
/

~
) ~~~~~

D. d . Hahn
Senior Crr’m tr ac t Coordin ator
Coii u :ot’ci ~ l Contracts  Iidniui nistration

0—
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APPENDIX E

ARD—242 LETTER , DECISION TO TEST ~~ EC GAS IN ID ENTICAL FASHION AS
RCA AND HONEYWELL CAS , NOVEMBER 13 , 1974 
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~ OF TRANSPORTATION
FED ERAL AVIATION ADM INI STRATION

DATE- j  ~ WASHINGTON , DC , 20591

‘N REPLY ‘~~ ~~‘‘
~~R TO ARD-2ti~2 ~~~~~ - ‘ ~~~~‘

.,~J8JECT , Test and h’-~~ u a ti  n , -‘f SCDonne 1~ Douglas T/F ACAS Tlqulus ,er:t 
~~~~~

“ 
~~~

-

F R O M  ‘ e~, Detection ‘ystcn:.s Branch , itRD-22v-.

ro . chief , 3’,rst enss Equioi e1’o~ L’ngireerir~ Branch, AN!- -l~ C

As you are aware, the ‘,C~ -.O decision that t :,e  ab~ - ’ie rc-f’erel.oed ea.,itie en’,t
be tested in as near identical fashi~ n as the  RGA and h ,-net~we1l A CA CT
Equ i jo:,enc resulted in the reauireo,ent for a :o , , -d i f i ca ti en  t a  the

~—~cDonneil Douglas contract .

This contract c-,:dlfioati:n is n-mw nearing fina ization; h~ w e , ’er , i’inar ,ok ’
c,ns idernttions have lioiited it- s ex-tent . As a result , it i~’ i ~l be u:e-aessar :.-
for NAFEC Pers onnel to acees plish the f i t  :w ing :

1. flen:’, ate the ~iINT-o’AS Indicat-~-rs t r it e  the cockpit  of t I t e  test
aircraft .

2. Fabricate the required us. unting c-a.. ~~ s anO wirie1~ 
1 arrieo~’ req:c-H’em

t. allow a three aircraft encounter to be flown . T1u~ ‘l ,Ii’ I airera:”

need not be capable — f handling ‘the :‘ y-by-~ y’ncM .

~~ -alosed is dtscripti’;e ‘ ‘ r en a - supp Lied by -!cflontn:e - I —D - uu ias in reo~
’ - ic

t : -un RFP, relati’:e to t:’u~ above . Tais aster  as been dia ,u : :oseb  v I t ,
t-~eosrs . I~ sewicz and Sc~ -zoafa”a and h i s  t~ em cuncurrenoe . :Tb0utd
n J  - ens arise at an:1 t ic-c r sO U -f this result in :‘ - ur need f :r

ad-liti u~al d o t  tars , o l e a m e  J:t’ l’s. us as so- n as C -colt-Ic .

~~ 
,
, ,  / /~ 

,
~

_
c

~~~~~ c’-ltrnmn’ t t  t”ISE 
-

C~~ t ~ L17/..~ 
/ 

~~~
‘ -“1 (,i t2~ ‘? /
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identical to those being loaned to the Government. A camera will

not ‘be pr ovided. Since commercial practices were utilized in the

manufacture of the units being loaned to the Government , construc—

tion of this unit will be identical. The photo panel will become

the property of the Government.

Item 5. Mounting Pallets and Wiring Harnesses — The contractor will f a b r i c a t e

and deliver , five months from receip t of order , one mounting rack

for a CAU and one mounting pallet for a Mini—CAS , iR/a~T unit and

instrunentation package , p lus the necessary wiring harness to operate

either a CAU or Mini—GAS on the third airplane . In operation , eitoer mm

a CAU or a Mini CAS will be moved from one of the other two airplanes

and Installed on the mounting racks in the third airplane . The

harness and moun ting provisions for  the third airp lane will not

be capab le of handling the FBS rack with the cesium beam frequency

standard and clock . Two GAS blade antennas will be included on

loan to the Government.

I tem 6. RenoLe tt ~~ii tAS Indicator --  

~I -~ o test eng ineer Mini—GAS indicators

will be fabr icated and deliver ed to the Government five months af ter

receipt ot order together ~‘ith harness provisions to move the indica-

tor normally mounted in the Mini GAS to the p ilot ’s instrument panel .

The Test Eng ineer ’s indicatcr ‘~il1 have one 1i~~t m t  f o r  ca~ h cotsii~i~ d/

stattL~, a p wt ’ r switch and a lamp test switch . The lamps will be

mo ir i t m- d oti a Bud aluminu m box a p p r - x i r n ’ i t e l y 4” x 6” x 3’ .

E— 2
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SU bILC I -  Eva lua t i on  of ACAS tau warning accuracy results

~kOM. Analysis Directo r, ACAS, ANA-140
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The r e su l t s  of the McDonne l l -Douglas a i r b o r n e  col l i s ion  avoidance

sys tem (ACAS) tau warn ing  a c c u r a c y  anal ys is  wer e  di s c u s s e d  i t  a
meet ing at NAFEC on Decembe r 10 , 1975 , with Mr .  J . B r enn dn ,
A RD - 2 l 2 . The data was qualif ied by sample size and types of
m a n e u v e r s  f lown.  In addi t ion , i t  was  ment ioned th at the data p r~~sented

was  not in f l u e n ced  by c o mm u n i c a t i o n s  r e l i a b i l i t y  f a i l u r e s .  Sinci
communica t ions  reliabil i ty is g e n e r a l l y above  90~r~. the data \ v O U l d  not
vary  si gni f icant l y even if such f a i l u r e s  were  i n c l u ded .

In the case of the tau 2 warning data , it w a s  emph a s i z e d  that  f o r  t i lL -
Mini  and the Cau , the initial w a r n i n g  li gh t s  ar e  e x p c c t L ’d ti cu-u on about

1. E~ seconds on the average  following t r a n s i t i o n  in t o the  tau  2 o n e  due
to slot phas ing  between two a i r cr a f t . The r e s u l t s  of our  t e s t s  show t h i s
to be t r ue .

In the case  of the tau 1 warn ing  data , the Mini  should aga in  p r o v i d e  .t

li ght a r oan d  1. 5 seconds  cu-n the a v e r a g e  f o l l o w i n g  t r a n s i t i o n  i n t i  t h e

tau 1 zone.  The Cau , howeve r , i n c o r p o ra t e s  a tw o  & i it  i t  t h re e  - Io~iic

to  r educe  the probabi l i ty  of an ea r l y a l a r m . This means  that on t h e
a v e r a g e , the Cau should a la rm around 4. ~ s econds  fo l lowing  t r a n s i t i o n

into the t c’i 1 zone. This spec ia l  log ic ~~~~ p r ov ided  to compensate L i

the relatively hi gh v a r i a t i o n  in the ‘ dopp l e r - d e r i v c ’d  r an~~ - r a t e . ~ i n cc ’
the Cau current l y de r ive s  i ts range r ate f r o m  the delta r/de lta t u n i t .

t h i s  log ic cc’.id be d e let e d  as in the case of t he  Min i .  A g a i n  t h e  r e s u l t s
I f the  t e s t s  ind ica te  tha t  the  Cau and the Min i  p e r f o r m e d  as L ’ X i ’I ( ’ L t ( ’ ( i .

F i n a l l y, i t  was agreed at t h e  me, - t i n ~u- t h a t  s i n ce  t h  t au  2 and t . t u  I zont -
b -wi~ld ry  l i n e s  sp e c - i t i e  d in ANTC 117 p e t l a i n  t i  s t a t i c  t e s t  co ndr  i - -n

ii’- Ii ~ i i t  test dat a i n d i c a t e s  t h a t  the  C a t i  e r y  c l o se l y met the  spL ’ c i t  l C d  -

( 1 11 t) r both l i n e s .  The Mini  a l so  shows comp l i a n c e  t o  t h e  t a u  2 line

I,I t iiic ~~,’,td 1 the ta ct I line passing throug h a range equ a l  t o . 2~u- 1 ( 1 1 ) 1 ,

i t  5 ( 1  i ns  to p a ss  throug h ro range. M D o n ne l l  Dot ig las  i f l ( l i (  , i t e d  th at

t h e y  ‘ 11 ’s i 0 rn - d  it t h i s  w ay  h~’causc it w , i s  u s i i c ~ the (h-I t t r/de h t ,t t u n i t

F- I
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i n s t ead  of the dopp ler range input. This  seems quitc ’  a ccep t ab l e  s i n c e
the - 2~ n ini  c f f s L  t was  put in to  A NI C  117 to  c o mp e n s a t e  fo r  the  dopp le r
r a n ge  ra te  b i a s  of a p p r o x i m a t e ly 30 k n o t s .
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