v —— - e - - Lo

Jormat or Grormysicat Reavascn Votuse 64, No. 1} Novasrrn, 1958

'—’J f—‘\ -
Application of Meteorological Rocket Syp s

Wirtis L. Wess anp Kenwurs R. JEN KINQP JUL 39 19e5

1 U. 8. Army Signal Missile Support Agency ;'
X Whkite Sands Missile Range, New» Mezico

ot

Abstract—A serics of test rocket firings has been conducted during the past 18 Trroathe 15~
egtablish the operational feasibility of numerous rocket systems for-meteorclogieal observa-
tions. As might be expected, the most desirable systems from the point of view of instrumenta-
tion are generally not the moet desirable from that of the rocket-firing problem. It has been
demonstrated, however, that & ressonable observation schedule can be accomplished by the
judicious application of currently available rockets and sensors. The most variable of high-
stmosphere meteorological parameters is the flow. Chafi was used initially for rocket wind
meamirements because it cculd be expected to provide a suitable indication of the wind in the
atmosphere above balloon sounding levels. It is easy to packsge and deploy. Most of the
available high-atmoephere wird data have been obtained through uae of s chaff sensor, and it
is atill moet applicable for point measurements and at very high altitudes. _

The need for 8 more coherent sensor and a vehicle capable of transporlifig a telemetry
system to provide for the messurement of other parameters has resulted in the development
of & parachute system. Although an altitude range problem will always be encountered, it is
possible to obtsin data from spproximately 200,000 ft. to the surface through the application
of a single parachute and balloon combinstion. Launch and flight charactenstics of the tested
rockets are preaented for use in spplying this new observational technique. Careful adherence
to the design and operational restrictions indicated by these data will result in savings in the
effort required for development of the varicus desirable messuring techniques. Experience to
date indicaics that it is poesible, with available equipment and a reasonable expenditure of
effort, to obtain profiles of aeveral meteorological parameters from the surface to sltitudes of
the order of 200,000 ft. .

Introduction—The lower reaches of the at-
mosphers have received a grest deal of atten-
tion during the past 30 years as a result of ex-
ploration by belloon techniques, A large amount
of data hae been accumulated between the sur-
face and 50,000 £t by these methods, but the duta
are asually morc sparse at higher altitudes and
are generaily not considered satisfactory above
75,000 ft [Mervill, 1949]. It is possible to in-
crease the maximum altitude obtained by bal-
loons, but a significant amount of data will
probably not be obtained above 100,000 ft
through balloon systems.

The application of satellite vehicles to me-
teorological obeervation problems-is opening a
new era for meteorologists. Although the earih
satellite performs a function of which no other
system is capable, it is limited in that it cannot
operats in the regions of the atmosphere below
100 miles. The interim region of the stmosphere

above may produce significant information it is
not likely that the necessity of direct observa-
tion can be avoided. The only available system
for systematically probing the region from 20
miles to 100 miles is the meteorological rocket
[Stroud, 1958; and Spencer, 1958]. A rocket
technique i3 neither simple ncr easy, but in view
of the complete lack of other methods of obtain-
ing data, the details of such an operation are
presented for the edification of the profession.

The U. 8. Army Signal Missile Support
Agency, White Sands Missile Range, New Mex-
ico, has initisted observational studies of the
stmosphere by rocket systems to complement its
activities in support of the missile program
[Jenkins and Webb, 1958). The effects of the
atmosphere on the flight of s missile cover a
wide range of physical phenoinena. The ballistic
efiects of drag and wind must be considered, as
well as the propagation effects involved in ..o
is, therefore, largely unprobed by direct observa-  transmission of varicus forms of energy ihat the
tion. Although obeervations from below or from  missile communicates to the atmosephere, either
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F1o. i—Configurations and performance characteristics of tes.>d meteorological rockets.

as desired or as inadverient radiation. A mete-
arological rocket launching installation has been
set up, ard a total of 120 rounds has been fired
in support of various experiments requiring in-
formation about the state of the upper atmos-
phere, The following data are presented to show
the metecrologist the scope of problems en-
courtered and to indicate the present state of
the meteorolcgical rocket art.

General performance characteristics of tested
neteorological rockets—A. large variety of rock-
ets aas been utilized in atmospheric studies in
the past 10 years [Haig and Lally, 1958]. This
aiscursion will be devoted to the smaller types
useful in a synoptic svstem. They range from the
8¢ Loki rocket to the Nike Cajun coafigura-
tien. The choice of a rocket for use in a particu-
Iar case rests largely on tbe payload require-
ment and the peak altitude desired. The small
rocitets are mnore easily handled and are desirable
wherever they can meet the experimental re-
quirements.

As is indicated in the configuration and per-
formance data (Figs. 1 and 2), the Loki Phase
1 can be fired with a total rocket weight of only
24 1b to carry a 2-1b paylvad to approximately

Spr e

140900 ft at White Sands Missile Range. The
Loki Phase IIA can deliver the same payload to
280,000 ft. The stress on the Loki Phase ITA
system is such that an alternative vebicle has
been develeped. The system consists of the Loki
Phase I booster and an enlarzed dart which
carries a 2-lb Naka motor. This system is ex-
pected to provide adequate altitudes without
the excessive speeds that result in gross aerody-
namic heating. The Arcas rocket was developed
by the U. 8. Navy, Office of Naval Research, to
meet the nieed for an scocnomical, easily handled,
meteorological rocket with an adequate payload
[Webb, Jenkins, and Clark, 1959]. As can be
seen from the performance characteristics, the
Arcas delivers 2 124-lb payioad to peak alti-
tude with a total lift-off weight of 77 Ib. It
can also be classed as an easily handled vehicle.

If additional payload in weight or volume is
required, the Asp offers a reasonable sciution.
It3 total weight of 237 1b makes the launching
operation more difficult. Although the Asp’s
payload capability is advantageous, its perform-
ance and cost rule out ita application o synoptic
observationsi programs.

The final meteorological rocket svetem dis-
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Fro. 3—Idealixed trajectories of tacted meteoro-
logical rockets.

cussed is the Nike Cajur configuration. This
vehicle is composed of a Cajun motor and a
Nike Ajax booster, provided with suitable fin
modifications. The bonster is used to propel the
second-stage Cajun rocket to an altitude .f ap-
proximately 50,000 ft, where the sustainer motor
can operate efficiently. A payload of 60 Ib con-
tained in 465 cu in cen be lifted to sbor. 100
miles with the Nike Cajus. Ths rocket’s total
weight when ready tc leave the rail is 1566 Ib.
The spplication of the Nike Cajun rocket is
limited by the coet and the magnitude of the
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Fo. 3—Veloeity distribution for selected meteoro-
logical rockets.

problems associated with preparation and firing.

Ideslized trajectorics are presented, Figure 2,
for the Loki Phase I, Ioki Phase IIA, Super
Loki, Areas, and Nike Cajun. The Loki Phase 1
reaches a peak height of approximately 146,000
ft when fired from the 4000-ft al’itude of the
White Sands Missile Range. Cire Loki Phese
1IA coasts to approximately 28),000 ft, which
is similar to the planned performance of the
Arcas. The Super Loki is designed for a peak
altitude above 200,000 ft, and the Nike Cajun
reaches well above 500,000 ft. As ean be ob-
served from these graphs, the time of sensor
exposure on board the rocket is limited at any
sititude with any of the vehicles. The maximum
period of observation is obtained near peak and
thus provides opporiucity for more extended
observations at that altitude.

Figure 3 indicatex the velocity distribution ex-
pected during the burning phace, or phases, of
the several vehicles. The Loki series is seea to
experience largs accelerations during tbe initial
phase of the flight, and thus the structursl
stressez aud thermal inputs are at a maximum.
Accelerations are in exress of 200g, requiring
relatively rugged instrumentation. The Nike

Fro. 4—The Loki launcher in firing position.
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F1o0. 5—Chafl snd parachute wind sensor fall ve-
Jocities.

Csjun iz & short-burning rocket with accelera-
tions of the order of 50y during boost phase and
second-stage burning. The provision for sn ex-
tended coast phase in the Super Loki and Nike
Csjun permits second-stage ignition at s high
altitude, taking advantage of the low drag at
that stage of propulsion. The Arcas, on the other
hand, uses a slow-burning motor which pro-
vides low acceleration over a long peried of timw
to achieve a reasonabie burnout velocity at an
altitude where the drag is relatively low. Re-
liable instrumentation in this rocket is relatively
easy to schieve, owing to the iow accelerations
involved.

Tke Loki system—The Loki meteorological
recket, a modification of the Loki tactical mie-
sile, is launched from the extruded-rail tubular
launcher shown in Figure 4. Burning time for
the Loki Phase 1 is 8/10 sec, at which time the
dart is travaling in excess of 4409 ft sec. The
Loki has two major components. The first stage
contains solid propellant and provides the total
thrust for the rocket flight. The initial accelera-
tion causes the second-stage dart to tum in a
J ot and free the locking pin.-Secaration is
achieved 15 burnout through the force of 2
spring-losded piston and differential drag. The
initial acceleration caumes a weight in thbe tip of
the dart to shear a safety pin, igniting a percus-

pared for beacon performance test.

sion cap, and initiating a pyrotechnic train which
is set for the desired time of payload expulsion.
The dart coaste to peak altitude and the wind
sensor is ejected. Tie sensors that have been
tested extensively consist of an 8-t mylsr para-
chute, metalized for radar tracking, for use
with the Leki Phase 1 vehicle, and radar re-
flective chaff [Thaler and Masterson, 1956; and
Vaughn, 1957]. The parachute has provided an
excellent point source in the regica from 140,000
ft down to 75,006 ft. Chafi hss been used ex-
tensively in the Loki Phase JIA {0 obtain wind
measurements in the altitude range from 250,000
ft down to 140,000 ft. As can be observed in
Figure 5, the fali rate of s sensor which is ac-
ceptable in ore of these ranges wili generally
not be accep.able in the other. The parachute
represents an excellent tracking target jor the
radar and provides a point source throughout
itz descent. Comparisons of the wind measure-
ments with radiosonde values in ballocn-attained
levels indicate teat the parachute provides a
reasonabie means for evaluating the winds. Con-
versely, the chafl load disperses with time after
ejection and the wind determination becomszs
more difficult [Anderson and Hoehne, 1956;
Anderson, 1957; aufm Kampe, 1857; Baitan,
1938; Cine, 1057].

In addition, the strong winds freguently en-
countered sloft make it difficuit to track one

sensor through & 190,000-ft stratum. Consider--

able research will be necessary to achieve a
suitable sensor for the entire wind profile.
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Fo. 7—Telcmetry instrumentation for an Arcas
performance teet.

The Arcas syrtem—The Arcas iocket was
given initial flight testing at White Sands Mis-
sile Range, New Mexico, during the winter of
1958-1959. A series of 5 rounds was fired to es-
tablish the feasibility of the Isunching system
and to determine the serodynamic stability of
the rocket. A view cof the rocket duting beacon
checkout is shown in Figure 6. The initial fring
incurrad & stroctural failure which caused de-
viation from the planned trajectory at 15,000 ft.
The nose cone was equipped with a DPN-43 radar
beacen which {ailed at 15 sec, but skin tracking
of the rockel by radar was possible. The second
Areaz rocket was instrumented with a telemetry
system in an stiempt to establish the cause of
toe initial {ailure. The rocket vas equippsd with
8 2265-Mc/s 2-watt transinitter which was
modulated by five subcarrier oecillatorz (Fig.
7). The subearrier oecillators were in turn con-
irolled by sensors which measured the pitch,
yaw, combustion-chamber pressure, and 2 mingle
component of the earth’s magnetic field. The
pitch and yaw were desired for evaluating
serodynamic stresses on the vehicle; the cham-
ber pressure was needed to determine the thrust
developed; and the magnetometer was included
to measure the roll rzte of the vehicle and to
evaluate the attitude of the misdile near peak
where the parachute would be ¢jected. Figure 8
indicates the data obtained from the telemetry
system during the burning pbase. As can Le
observed, the combustion-chamber pressure be-
haved somewhat sporadically during the initial
phases, operated smoothly through most of the
buming phase, acd was slightly unstable at
burnout. The angic between the flow about the
tions during the early phasee which were proba-
by due to the relatively =mall aerodyramic

nxtllﬁﬁﬁfw-ni
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Fio. 8—Performance characteristics of an Arcas
test round.

loads on the sencor at these speeds. The large
excursions observed as the rocket appreached
the speed of sound were verified through re-
duction of ballistic camera data obtained in
support of the firing. The large accelerations
involved 1n the roll mate of the rocket as it
bacame supersonic are not clearly understood.

The third Arcas test round was fired, with
an AMT-4 radiosonde transmiiter as payload,
to check the possibility that the extra drag
resulting from the telemetry antennas and the
performance sensors were the causes for the low
peak latitude of 73,000 ft oblained with round

2. As round 3 rezched a peak altitude of 93,000 -
ft, it was assumed that a furtber reduction in -

the drag was required. ‘The roll rate of the
rocket is presented in Figure 9. These data were
obtained by recording the signsl strength of the
AMT-4 antenna locsted ir the side of the nose
cone. The signal strengt™ - —odulated as the
rocket rolled and the antenna was tarned tcward
and away from the receiver. The first few
seconds of flight were unrecorded as a result
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1860 WEBB AND JENKINS

of acquisition problems resuiting fiom the
GMD-1s failure to trxck in sutomatic position.
The GMD-1 was 6 miles from the Isunch point.
After manual acquisition at approximately 15
~=c, automatic tracking was mairtainad through-
out the flight.

The Areas Launcher consists of an 11-ft tube
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Fro. 9—Roll rate of the Arcas during test lavnch-
ing, obtained by ‘sing AMT-A transmitter and
GMD-1 ground equ. »ment.

which has a larger concentric chamber about
its base. The rocket is mounted on a split
piston and is beld in aliznment with the axis
of the launcher by means of rigid foam blocks.
This equiparent falls away as the rocket leaves
the lsuncher. Initially the exhaust gases are
aliowed to by-pass the piston to reduce lift-off
sccelerations. The pressure thep builds up and
assists in obtaining the desired exit velocity.

A redesign of the nooe-cone configuration was
incorporated in subsequent rockets, and the
fourth round was fired with s dummy load to an
altitude of 178,000 ft. The fifth flight, which
achieved an altitude of 171,000 ft, included an
AMT-4 radiosonde transmitter which opersted
only during the first 15 sec of fiight.

The Nike Caojun System—A series of seven
Nike Cajun firings was conducted at Whita
Bands Missiie Range by the U. S. Army Signal
Missile Support Agency during the summer of
1958. Instrumentation in the Nike Cajun (Fig.
10) nose cones included a DPN-41 radar bescon,
used in cerisin propagation studies. and a
smoke generator, which was being tested os a
wind measurement tectmique. The smoke trail

did not prove satisfactorv in this firing, owing
to payload Iimitations and the high speeds in-
volved in reachipg s pesk altitude in excess of
100 miles.

The Nike Cajun, s reladvely large rocket,
piesents several problerus in handiing and prep-
aration. Switable equipment is required to place
the various compopents on the launcher, and
a great deal of care must be exertsed to assure
proper mating of the ecmpopent parls. 1be
Nike Cajun is launched from a standard Nike
Ajax launcher. The booster s fitted with s set
of four fins which are considerably strengthened
10 $1anu wie WICIeas2) ACCIETAUGD resuiting irom
the smal! load. The booster burns for 3 sec,
attaining a speed of 3200 ft sec. After booster
burnott, asrodynamic drag separates the slages,
and the Cajun coasts ior approximateiy 15
sec. The Cajun motor then ignites, burning for
3 sec and then coasling in a trajectory that
carries it well above 100 miles. The record alti-
tude attained with & 67-1b payload is 121 miles.
Excellent trajectory data were obtainad by ra-
dar tracking cf th» DPN-4: transponder.

Conclusions—The rocket finng crews of the
U. S. Army Signal Missile Support Agency have

F10. 10—The Nike Cajur rocket during launching
preparations.

fired a total of 120 meleorological rockets; 105
of them performed satisfactorily, and data wers
obtained from 73 of the fii _s. The ratber low
percentage of complr 1y successful firings is
partly dus to testing of experimental com-
popents. Instances in which a series of firings
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has been conducted with testad hardware has
tezulted in successful firings in excess of 75 per
cent. Further improvement in rocket and sensor
relisbility can be expected as experience in-
ereases and production problems are minimised

The iraiming of rocket launching crews, con-
struction of jaunchere, perfestion of radar track-
ing techmiques, and selection of data handling
techriques have been purssed by personnel of
the U. 5. Army Signal Missils Support Agency
witk ¢hs intention of obtaining dats at hizh
altitudes on a systematic basis. This aim is now
taking forma in the planned six-station rocket
network first proposed several years ago by Dr.
Hans aufm Kampe of the U. 8. Army Signal
Research azd Development Laboratories. This
network is expected to be composed of stations
at Wallops Island, Virginia; Patrick Air Force
Base, Florids; White Sands Missile Range,
New Mexico; Peint Mugu, California; Fort
Greely, Alaska; and Fort Churchill, Canada.

The initia! test will invelve daily firings from
each of the six stations for 2 period of 1 month
during each season of the year. The data ob-
tained will provide information about the de-
girability of such measurements and wiil point
out seasonil efficets that might prove important
to meteorologists. The data will be reduced in a
{orm compatible with standard balloon obeerva-
tions and will be made avaiiable {0 ali interesied
agencies.

Despite the many disadvantages of the rocket
system, it can be expected to open pew aress of
interest for the metecrologist by obtaining
messutemnents in thig relatively unexplored re-
gion.
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