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SUMMARY

An analysis is performed of the velocily and altitude data derived from the
AN/GMD-2 rawin set track of four flights of the densify probe {DENPRO) vehicle
made at San Nicolas Island in May and December 1964, Data from AN/FPS-16
radars are available for two of the flighits and are used as a basis for evaluating

the AN/GMD-2 data.

Siant ranges and vehicle velocities derived from the AN/GMD-2 compare
favorably with those derived from the AN/FPS-16 data. Vehicle altitudes de~
rived from the AN/GMD-2 are consistently lower than those derived from the
AN/FPS-16. This was due to AN/GMD-2 rawin—deterinined elevation angies being
iower than AN/FPS-16 radar-determined elevation angles by varving amounts,
though the reason for this has not yet been determined.

It has been concluded (1) that the modified AX/GMD-2 is capable of tracking
a rocket probe, (2) that AN/GMD-2 rawin-determined velocities may be expected
to be within I per cent of AN/FPS~16 radar-determined velccities, and (3} that
AN/GMD-2 rawin-determined altitudes are about 1 per cent lower than AN/FPS-
16 radar-determined aititudes, up to an altitude of 430, 000 feet.
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INTRCDUCTION

The purpsse of this repert is 10 present an analysis of the veiocily and alii-
tude datz derived from the tradk by the AN/GMD-2 rawin set of density probe
{DENPRQ]) vehicles launched {rom San Nicolas Island during May and December

¥

1964. BSix flights were made with a transponder telemetry system which provided
daia for the computation of vehicic velocity and aititude when iracked with a mod-
ified AN/GMD~2. There are no da'a availabie from one of these flights because
of the failure of the telemetry system fo function properly. One flight, flight
operation 411176 of 1 May 1964, was 2valuated by the U.S. Army Electronies
1aboratories. Fort Monmouth, N¥ew Jersey {reference 1}. The remaining four
ilights were evaluated by the Pacific Misasile Range {PAMR}) and form the basis of
this repori. Of these four flights, two were fracked by AN/FPS-16 radar a5 well
as by the AN/GMD-2, and the velocily and 2ititude data derived from these btwo
sources are compared.

The DENPRO system consists of a pitot fybe and a telemetrv assembly pay-
load carried aloft by a two-3iage solid-propellant vehicle which consisis of a SPAR-
ROW booster and a high-velocity ARCAS sustainer, During ascent, pitot-tube
pressures are telemetered to the AN/GMD-2 which serves zs the ground talemetry
and iracking station. Minor modifications were performed on the AN/GAMD-2 to
permit the recording of data on magnetic tape and to permit the {racking of the
DENPRO vehicle and the determination of its velocity and altitude.

The DENPRQO system is fully described ia references 1 and 2, and the reader
is referred to them for the details of system theory and operation.

VEHICLE ACQUISITION

In order {o permit the use of the DENPRO system in locations where only
limited space is available, the system has beea designed to operate with the AN/
(GAID-2 antenna located as close as possibie to the vehicle launcher. As a result
of the proximity of the antenna fo the laumcher the vehicle cannot be tracked from
lift—ofi, because the aniennz slew rates required to foiiow the vehicle are much
greater than the slewing capability of the AN/GMD-2 anienna.

This problem is circamvented by aiming the antenna at a point along the ve-
hicle's flight path and delaying the energization of the antenna drive circuits until
the vehicle reacheg a point where the antenna siew rates reguired do not exceed
the capability of the AN/GMD-2. The time delay required will be smaller the
more closely the AN/GMD-2 antenna can be placed to the vehicle Iauncher.

For the flight operations conducted {rom San Nicolas Island the AN/GMD-2
antenna was located 430 feet from the launcher at a bearing of 140 degrees. For
this particular relationship of antenna to launcher, the antenna slew rates required

at any time io track the vehicle were determined trigonometrically, by the use of

3% %

predicted flight trajectory data. The time delay required afier launch untdi the
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- squired anienna slew rates would 3] within the capabilit

was deiermind {o be § seconds, at which time the vehic
of about 10, 506 feel.

Angpuiar setfings required for the AN/GMD-2 antenna fo intercept the vehicle
at this 6-secend point were compatled with the zid of predicted fligh: trajectory
data. The experience gained from these fiighis has shown that the az:f nz ook
angles should be based vpon the predicied resultant elevation rad as Jﬁ* angic
for the {light. That is to say, lasuncher seitings could be csn,pie- ely ig!} red in
compuiting the 6-second position of the vehicle.

44

In practice,. zcguisiiion of the DENPRO vehicle has posed no problems. Even
with some large errors in predicted resuliant azimuth angles, the {ieid of view
of the AN/GMD-2 antenna has been largc enough to acquire the telemetry sigaal
and to initiate tradking. Attempts to initiate track on ARCAS veohicles at about
6, 000 feet {6-second time dei..y) have resulted in some failures. Even though the
ARCAS vehicie is moving slower than a GENPRO vehicle at this point, apparently
the smaller {ield of view requires a more precise prediction of vehicle position
than can aiways be achieved.

SLANT RANG

The range-change signal produced by the phase comparator in the modified
AN/GMD-2 during a flight is recorded on magnetic {ape at 60 inches per second.
At the completion of the flight the tape is played back at a speed of 15 inches per
second in{o a muitichannel recording gaivanonmeter with the paper syeed setat 1
inch per second. Figure 1 is a sampie of the range-change record obfained from

a flight.

Each complete electrical cycle of range change represen:s a disiance of 2, 600
yvards. The slant range is the {otal number of cycies muliiplied by 2, 600 vards,
plus the original distance between tracking antennz and vehicle launcher.

A spin rate ai sustainer bomout of about 7 revolutions per second is induced
on the sustainer to help maintzin iow angles of attack during the flight. Since both
the transmitting and receiving antennas ure linearly po:arzzed a signal loss i
suffered twice during each spin. And since the amplitude of the output of ﬁk ;
comparator is sensitive to the sirengih of the received signal, the an‘p
the range-change signal is, in effect, modulated with a frequency twice ﬁzai of {he
rocket spin rate.

Wu
m
]
=

The recorded range-change signal requires the least smoothing as it passes
through ¢lecirical zero. These zero crossings give the mosi easily identifiable
poinis for deiermining increments o
way bebwern an approximately sc‘ai ¢
peaks and an approximately siraight he riza:mta iine connecting the negntive peaks
of the range-changs signal.
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Figure 1. Sample of Ronge.Change Signal,
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Trint pulses {as shown in figure 1) are generated and recorded on the mag-
netic tape each time the AN/GMD-2 prints outf antenna azimuth and elevation an- .
gles, These are used fo establish a time correiation between the angular dais
and the range-change data.

Table 1 presents a comparison bebveen the values of slant rangse versus time
as obiained from galvanometer records and as determined by the AN/FPS-16.
Flight operation 417104 shows good agreemeat between the AN/GMD-2 rawin-
determined and AN/FPS-16 radar-determined slant ranges, with a root-mean-
square difference of +180 feet. The AN/GMD-2 rawin-determined slani ranges
obtained for flight operation 417158B average 473 fect less than the AN/FPS-16
radar—determined slant ranges, with a root-mean-square difference of +516 feet.
However, the largest difference at any given time would account, in the first
flight, for less than 500 fect of error in the alti*ude computations and, in the scc-
ong flight, for less than 1, 000 feet of error.

The galvanometer record for flight operation 417104 {figure 21) shows a siow,
smooth increase in range during the first 2 seconds of the flight. Tke record for
flight operation 417158B (figure 2b) indicates a decrease in the range during the
first 0.3 second of flight, which is not consistent with a reasonable flight path,
Apparently, the effects of lift-off reduce in some way the time constant required
by the airborne telemetry package to process the range-change signal, thus giving
a false indication of 1 decrease in range. The galvanometer records indicate that
this effect is temporary, with the time constant of the {light telemetry package
retuming to its original value as the stresses of lift-off decrease, thus re-estab- :
lishing a proper range value.

all flights except £17104. However, since the effect on the indicated range is ap--
parently temporary, it does not provide an explanation for the systematic error
observed in the slant ranges for flight operation 417138B. lowever, it is noted
that the maximum range decrease of the anomaly is within about 50 feet of the
value of the systematic error observed. Nc other source of systematic error of
this magnitude is obvious within the DEXPRO system.

VELOCITY DATA

Velocity comnputations were made using distenices equivalent to a full range-
change cycle. The velociiy computed is the average valve during the time incre-
ment required {o travel tiis distance and is considered to have been the instanta-
neous value at the midpeint of the time increment. This assumption is valid since
the acceieration of the vehicle is 2 smooth and very nearly straight-line function
during the data-gathering portion of the {light {156, 000 to 300, 000 fcet).

£
e

Table 2 presenis AN/GMD-2 rawin—defermined velocilies and {he differences
bevween them and AN/FPS-16 radar-delermined velocities. Tabie 3 presents
AX/GAD-2 dain for flight operations for which no radar track was obiained, and
the differences are those about a2 smooth curve {it to the data points visvally, With
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Taobie 1. AN/GMD-2 Rowin-Determined Slant Ronges Compored With
AN-FPS.16 Radar.Determined Slont Ronges
Ticne After AN/FPS-15 AN/GMD-2
!: j Rodar-Determined | Rawin-Determined ASiont Renge ®
aunch - i
(Seconds) Slant Ronge : Slant Ronge {Feet}
(Feet) z {Feet)
A. Flight Operation 417104, 17 December 3954*'
58.83 200,609 % 200,709 291 :
60.86 209,525 , 209,590 -33
51.84 213,800 : 213,900 ; 100
54.88 226,919 i 227,900 +81
7.54 239,810 | 239,560 -210
71.85 255,894 § 255,960 -
73.50 264,121 264,000 -121
77.89 279,829 ; 279.200 -7 :
31.85 294,856 ; 295,300 444
B. Flight Operation 4171588, 17 Decembe: 1964 ;
45.68 126,121 i 125,750 371
51.63 155.077 i 155,000 =57
59.78 193.018 . 192,500 -518
67.87 | 228,662 228,500 -152
7282} 249,451 ; 249,000 —461
78.79 273,524 272,250 -274
84.77 296,576 295,000 -576
89.76 314,943 314.500 13
97.75 342,344 342,100 -744
103.75 362,495 351,800 -695
109.77 381,232 380,750 182
115.82 398,853 ' 298,300 -553
119.88 410,042 409,250 -793 =

® AN/GMD-Z radar-determined slant range minus ANFPS-15 redar-determined siant ranwe

'
Y The root-mean-square difference for this flight is 2180 feer

€The root-mean-square difference for this flight is 2316 feet.
one exception the root-mearn-square variations of velocity for the four flights cwal-
unated were between 25 and 35 feet per second., Flight operation 417158A of 17

December 1964, was by far the pooresti fiight, Mth a roci-mcan- qus.re diffcrence
of nearly 82 feet per second. On this flight the [nilure of the nose cone to f:j;c{‘i
kept the 403-megacycie (Mc} receiver aniennas stowed and caused —¢dy
signal of small amplitude. A major portion of the roul-mean-square

all four flights can probably be attributed to the mouuiation imposed on fhe rango-
change signal because of rocket spin,
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Figure 2. Galvanometer Records of First 2 Seconds of Flight Operations (o) 417104 ond (b) 417158B.

When a curve that is {it visually to the data points is compared to AN/FPS-16

radar-determined velccilies, root-mean-square differences on the order of 10
to 20 feet per second are obtained.




Toble 2. AN/GMD-2 Rawin-Daterminad Velazitias Comparad
With AN,FPS-16 Radar-Determined Yelocities

AM/GMD-2
Time After Launch Rowin-Determined A Velocity®
{Seconds) Yelocity {Feet Per Sacond)
(Feet Per Second)

A. Flight Operation 417104, 17 December 1964°
46.0 4,838 -24
46.7 4,837 +2
47.3 4,820 0
47.9 4,780 =20
48.5 4,820 +35
49.2 4,780 +25
49.9 4,705 -30
50.4 4,705 -11
51.0 4,725 +27
51.8 1,705 «35
52.4 4,670 +18
52.9 4,650 +15
53.7 4,600 -10
54.3 4,580 ~-11
55.0 4,580 +8
55.6 4,580 +27
56.2 4,580 +45
56.9 4,580 265
57.6 4,528 +33
58.2 4,460 -15
58.9 4,480 125
595 4,460 223
60.3 4,410 0
60.9 4,365 -27
61.6 4,318 -57
62.3 4,300 =52
63.0 4,318 -17
63.8 4,225 -82
64.5 4,270 -18
65.0 4,333 +64
65.9 | 4,315 +80

2 AN/GMD-2 radar-determined velocity minus AN/FPS-16 rader-determined
velocity.

o

b The root-mean-square difference for this flight is £33.7 feet per second.
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Toble 2. {Continued)

AN/GMD.2 |
Time After Launch Rowin=Determined A Velocity®
(Seconds) Velocity {Feet Per Second)
(Feat Per Second)
B. Filight Operation 4171588, 17 December 1964°
48.2 4,909 ~-11
49.1 4,902 22
49,7 4,858 +7
59,2 4,842 <7
50.7 4,800 -17
51.4 4,761 -34
52.0 4,79 +18
52.6 4,762 -5
53.2 4,713 =22
53.9 4,754 +39
54.6 4,745 50
55.2 4,665 -1i0
35.8 4.625 =27
6.5 4,646 +16
57.2 4,615 15
57.8 4,648 +56
584 4,580 10
58.2 4,494 =54
507 41,485 45
60.5 4.483 =25
$1.2 4,477 -11
61.7 4,501 +26
62.4 4,486 I
63.2 4,423 -3
63.7 4,330 -20
643 4,340 -44 i
63.2 4,360 -2
65.7 4,375 =25
66.5 4,355 -29
7.2 4,260 1 -42 i

2 AN/GHMD.2 radar-detemined velocitly minus AN/FPS3-16 radar-determined
velocity.

€ The ruot-mesn-square difference for this flight is 224.6 feet per second.




Toble 2. {Concluded)

Yime After Lounch
{Seconds)

AN/GMD.2Z
Rowin-Dutermined
Yelocity
{Fee* Per Second)

8 Yelocity®
{Feet Per Second)

B. Flight Cperati

on 4171588, 17 December 1964° {(Cont'd)

58.0
68.7
69.3
70.2
70.5

78.3
78.5
86.3
81.1
8i.8

82.5
82.4
84.3
85.1
85.8

4,250
4,285
4,246
4,222

4,263

4,165
4,165
4,135
4,067
4,055

4,083
4.029
4,022
4,616
3,930

3,907
3,15
3,895
3,895
3.865

3,855
3,823
3.780
3,753
3.725

-30
~10
+12

+8

-5
-13
<10
-33
=25

~11
-13

1]
+16
—44

~44
~-13

-2
24
-10

<15
=8
~1C
-7

-10

R AN/GMD-2 radar-determined velocity minys AN/FPS-16 radas-determined
velacity.

T The root-mean-square difference for this flight is £24.6 feet per second.
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Table 3. Voriotion of AN/GMD-2 Rawin-Determine ! Velocities
About Curve Fit
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AN/GMD.2

Time After Lounch Rowin-Determined & Velocity®
{Seconds) Velocity {Feet Per Second)}
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353 4,48¢ 223
56.2 4,466 29

4,405 <23
58. 4,388 -39
59. 4368 12
60.2 3347 234
60.8 1322 =35
61.5 4.305 210
62.2 4285 31
52.5 4265 .23
63.6 4,240 6
64.3 4.220 220
65.0 4.196 -3
85.7 4,180 -5
66.4 4,158 .6
67.2 4137 -11
67.9 4115 iy
aR.7 13 20
9.3 07 6
0
5

2 nifference between the AN GMD-Z data pomnts and the smacth curve
the data coinis.
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Toble 3. {Cencluded)
i " AN/GMD.2
Time After Launch Rowin-Determined A Velocity®
{Seconds} Yelocity {Feet Per Second)

{Feet Per Second)

B. Flight Operstion 417158A, 17 Decamber 1954°

46.1 5,506 -37
46.5 4,980 -1
47. 4,950 =40
47.9 4,930 -121
484 4,916 g

48.9 4,850 260
495 4,866 -125
50.3 4,831 -121
50.9 4,807 2157
51.4 47 2100

521 4.7 -120

52.7 4731 -53
53.4 4707 52
53.9 4,690 -52
54.7 4,655 31

55.3 4548 +239°
5.9 1,623 -3
56.5 4,609 -7
57.2 4,589 241
579 4570 =155

W
x
'S

4,53
532.3 4,530 -76
599 4512 =143
603 4,497 22
61.1 4,477 -38

61.9 4,455 39
62.5 4,438 it
63.3 4.41 4

63.9 4,397 591
645 4,37 27

65.3 4,354 =28
63.9 4. 0

Z Difference between the AN/GMD.2 dats points and the smooth curve it 1o
ihe data points.
T Not used in computation of ror “-mean-square variation.

9 The root-mean-square variation for this flight is =B1.2 fe2t per second.
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ALTITUDE DATA

The altitude of the DEXPRO vehicle was determined using smoothed siant
range and e*ev'*mm angies measured by the AN/GMD-2.  As wiih velogiiy, AN
¥FPS-16 radar-deiermined aitifudes were used as a basis {or comparison,

‘m .

AN/GAMD-2 rawin-measured elevation :z:zg‘ics were piotied and graphicaiiy
smoothed fcr use in the aliitude C{}Iﬁ{ﬁji‘.ﬁ{}-’}a. Figure 3 shows 2 typical piot of
. .

AN/GMD-2 rawin-measured clevation angles, ﬁzc smooth curve drawn through
them, and the corresponding AN/FPS-16 radar-measured clevation angles,

An exiremely long smoothing period was used io eliminate e i0- {0 15—
second-pericd oscillations in the elevation angle dain. Coppola ireference 1},
suggesis thai ihese oscillativns may be due to the effecis of the 1685-3c pream-
plifier on the sensitivity of the sine gain gsifﬁﬁamfzier in the AN/GMD-2. These
osciliations are such as {¢ require a somewhat subjeciive Smoothing, which is
a possible source of error.

The angular differences obtained on both flighis for which radar datz are a-
aziab‘e are ai such a magnifude as %o ?xa}ﬂ‘u”z.. significant differences
AN/GAD-2 rawin-derived and AN/TPS-16 radar-derived alfitudes. Tabic £ pre-
senis the elevation angle differences and the resulting altitude difie F
the resulis of the siant range dain it is evident thai the alBitude differences are
due primarily fo differences in the anguilar data.

The elevation angle differences appear io be due {0 an imyg
of the antenna, which resulls in a sysigmatic error, and some éi siurbance in he
fracking circails, which resuils i X T :
thut there is some variabie wh.ch causes the angular dificrence o vary as the

flight progresses.

The introduction of a systematic error
as a resuit of the physical r‘oﬁ“gumﬁ i
orientation. Preilizht orientation of ¢
by locking onio a 1680-3c radicsonde
from the anienna. A survey had established an eleva
and an azimuth of 349. 98 degrees {rom antenna o i nmz:v an
anpular readings of the AN/GRID-2 werce adjusied to these 1&;3{3‘5. Howsover, op-

tical sighiing of the tmasmzizer was not possible through the profeciive dome in

A laier check performed with the AN/GAID-2 showed that the orientation trans-
; > .

mitier signal was sufficiently strong to permii the AN/GAD-2 antenng 0 ok,
with several side iobes. These lobes surrounded the elecirical axas of the o
e : the

na, ium. g a cone x.t:ii:h a ceszira i angle of behween 2 ang 4 degrewe. Since
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in magnitude with ime, as can be seen In figure 3. Allempis sore made o deter-

mine the source of ihis variatisn in the eisvadon angis difisronces,
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varizbie diffcrence
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the Inllowine
e WpicwWINng:

i, The slew rates of the ANSTPS-16 and the AN/GAID-Z aniennas, oonsidersd

separately and in combinafion,

2. AN/GAID-Z aniennz elevaiion angie.

2 Iihreioh + T fho va—rine 3550 . £, I aprmrni IF = =F
31;5235’-353; O SGuUree ¢ ihe t-x_ia..g SRICTERTES V23S AOERE, SEYTIALD 1iSInS &4

interesi were nsied:

1. The znguiar difflersnce increassd rapidly as the ackaal siew tale of the radar
anienna changed from positive {increzsing elevaticn angies} o negative ide-
creasing eisvetion angies).

2. The angular differences decreased afier =pogee, =hich colncided with 2

marked increase in both AN/FPS-15 zand ANSGAID-2 negaiive siew rafes.

Since the source ¢f the anguizy differences Is wimoewn, i is ool possibic is

appiy any correciions io the ANSGMD-2 daia. 1§ is reasonable, therefore, &=
assume that what is true for the twp Bights {or which rzdar daiz ave ayziizhic s

aiso true for the two flighis for which radar dala are nof 2vailable: That AN GMD-

2 rawin-determined zlittudes are about 1 per cent Iowaer thas radar-deisrmined

altitudes.

Two major sources of error were preseni on 2l flights and must be elimi-
nated belore the DENPRO sysiem can be considereg operaional. One was the
disturbing effect of et spin on the range-chenge signal. This
fesied iiself in & larger rost-mean-square yariaton in the velodiy
erwise would have occurred. The other was the clevalion anguinr differences
winch resuited in aliftude differences 5 io 10 times greater af 380, 840 fect than
shouid be expeciced.
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1. The ANSGMD-2, as medifisg for the DENPRO syzicm, is cepabic of {radiin
2, ANGMD-Z rzwin-determined veiocitiss may be expecics o be within |
cent of ANSFPS-18 mdar—determingd velocities.

3. ANSGAMD-Z in—gefermined aliiiudes are shout 1 per cont lower than

FPS-is6 zasar—éﬁa,!—iséz‘ 3 altitrdes up ip an alfitude of 400, 860 fecl.
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