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AZSTRACT

The results of a program to study, svaeluaate and recommerd the mogt feaaihle
tecimigues and equipment Jor an alr lamncaed rocket sounding system compat-
1bl= with the AN/AMG-19 Meteorolagical sysiem ars presented in this rstort.
The purpese of the rocketaounding system i3 to extend the metacrological
dats envelope to anr altitude of 120,0C0 fzet and te provide a growih caps~
2llity for fuinre expansion to 250,000 exd the sres tetween 300,000 ard

€00,000 feet. a!

Zeveral apgproaches %o air launched metecrologizal soundings have teern studied.
Thege {nclude varicus airframe inatsilacion zonfigurations, rockest propelled
flight vehiclea, and a gun lasinched meteorclogicsl prote. The varicus factors
Invelved In the program; Alrcraft Flighs Sefety, instailation, rockst vekicle
canfiguration, metecrological inatrumens peckage, and syastem growthn potentisl
have resulted In the recommerdzticn of one configurstion as the optimmm.

These vehicles, carried in underwing external stores, are read{ly adsptable
to efther the W-LTE or XC/CI3SE aireraft.

The sourding vehicle will te dropped from the sireraft, parachnte stabii{zed
and gsequence ired {o attain the desired 126,000 foot level. 4L spoges,

the Instrument pscikage w1ll separate frcm the vehicle and transmit pressurs,
temperafture and humldity data. A control pregasure capsule within the sonde
will terminste the EF signel when 1t has descendsad 4o afrersft flight lewys],
This cut-off permits optimization of instrument descent rate snd precindes
alrcraft maneuvers to medntain data reception from the sonde. The vertical
profiie mey be comtinued tc ground level with an AN/MT-13 Radioscnde which
is an Intsgral part of the AN/AMR-19 system. Density of the air tarcugh
witlch the sonde passes may be calculated by ude of the temperature, pres-
gore and sltitude data cbtained for the 120,000 and 250,000 foot systems as
air may be considered as having a constgnt molecular weight at these altitudes.
Functional descriptions of the AN/AMR-1S snd AN/GME-4 systems have been in-
cluded fn this report, along with g deacription of the compatibility of tae
rocketscunding system. The incorpsration of an agvailable aircraft gqualified
rocket motor in the flight vehicls will comtribute to reduction of cost
duriag development and qualification of the system.
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SECTION I

INTRCDUCTIOR

Tre W-5TE Weather Recomnaissance Alrcraft is equipped vith the AH/AMQ-19
Heteorological Systez for tbe collection of wepther and flight dsta at afir-
craft altivede (35,000 feet) and betwveen flight level snd the ground by drop-
sonde. The eddition of an upper atmosphere rocket scunding capability, of
the type investigated during this study program, will incresse the vertical
dsta ¢ welope to an altitude of 120,000 feet. Meteorologicel Data obtained
at these levels will greatly enhance the scope of deta collection and will
have application to the problems of optimizing the performance of ballistic
=igsiles, boost glide vehiclesg, and airburst probes. It vill also enadble
further study into the performance of trecking end search equipment and allow
an expanaion of existing studies on the high sltitude atmospheric processes
and their effects on stratospheric and tropospheric veather conditions.

Bince the sounding rocket is gircraft launched, instead of balloon or ground
fired, vast areas of the atmosphere not covered by present systems can be

sexpled.

This report presents the results of the study progra= and recommendations
for the system to be employed. It also includes investigations of several
unusual approsches tovard obtalning the desired goal. The sounding systes,
recommended as a result of this detailed study (PAULA I), consists of an
truzent package, a proven rocket motor (Falcon ¥M584A2), amd a flight
vehicle configuration. The complete sounding system includes externally
installed stores each containing two sounding vehicles which are dropped
individually from the aircr €t, parachute stabilized, and sequence fired to
a8 135,000 foot apogee. At apogee, the ogive nose section comtaining the
scunding instruments separates from the flight vehicle, is parachute-deployed,
and proceeds to transmit humidity, pressure, temperature and reference data
to the sircraft during descent. The external store concept vas utiliged,
after careful consideration of the various methods stulied, so that mndifica-
tion to the two aircraft concerned (W-37E and KC/C-135B) would be held to a
minizrs, aircraft flignt safety considerations wouid be maximized, and the
pod containing the sounding rockets loaded asboard either sgircraft without
further harndling. A detailed discussion of this and the other approaches
stadied i3 included in this report.

A rocket motor presently qualified for aircraft use vas selected from those
studied in an effort to reduce the total cost of the air launched rocket
sounding program. BSeveral other motors vhich cculd deliver the desired
thrust vere investigated during the progra=z but were downgraded on this
basis since the program %0 qualify a rocket motor for use aboard aircraft
i3 extremely expensive. The flight vehicle and pod contain &ll components
for the firing sequence. The pod, sounding vehicle, and aircraft usbilical

1-1
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connections have been carefully plannsd for fail safe operation. A strip
heater 1s utilized to maintain the solid state circuitry, batteries, and
hypsozeter fluid at acceptable temperatures prior to release from the air-
craft. B8ince the "cost-per-shot” of the sounding vehicle will bte higher
than that of an AN/AMT-13 Radiosonde, careful study has been msie of all
components to assure a very high degree of reliability.

The syetem prezented is completely compatible with the exieting AB/AMR-19
system currently in use by the Air Weather Service. Consideration hss been
given to the expansion of the vertical envelope to 250,000 feet and to the
region between 500,000 and 600,000 feet when eppropriate sensors sre avail-
able. It 18 anticipated that these future investigations may be accomplished
vith only minor modifications to the flight vehicle and aircraft equipment.

In tbe following seci‘ons of this report the flight vehicle, instrument pack-
age and each meteorological sensor is discussed in detail and calculations
supporting the orerating parameters of the system, including rocket propelled
flight vehicle characteristics, are presented.
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SECTION II

PROGRAM OBJECTIVES

Certain features, characteristics, and performance must be incorporated into
the design of an air launched high altitude meteorological sounding subsystem
to assure compatibility with the AR/AMQ-19 System and the W-4TE and KC/C-1358
aircraft. These criteria also include flight safety counsiderations, reliable
daia collection and the anticipated operatiocnal environment. In initiating
the study program, the first problem considered was the locaticn of the sound-
ing vehicle, its components, and its ultimate method of release from the air-
eraft. Operational safety precludes the possibility of firing the rocket
motor while mounted within the aircraft. It is necessary to consider fuselage
mounting with horizontal separation, and external stores with a dovnward
separation. A careful study was made of each possible method with aircraft
safety and consideration of cost per shot being paramount in selection of the
final system.

The program objectives which were primary considerations during the study
progrem can be summarized as follows:

1. Aircraft Flight Safety must be considered of paramount
importance.

2. The system must be readily adaptable to both the W-ATE
and the KC/C-135B aircraft with a minimum of structural
rodificgticn to the sircraft.

3. The telemetering equipment must be compatible with the
AN/AMR-19.

L. fThe rocket motor used for propulsion of the flight vehicle
should be aircraft qualified and an Alr Force stocked item.

5. The rocketsounding system should consist of state-of-the-
art techniques for use at altitudes of 120,000 feet and be
readily expandable to 250,000 feet with future development
to the region between 400,000 feet and 600,000 feet as
applicable sensors become available.

The objectives presented in the following paragraphs were carefully con-
sidered in evolving a final selection of sourdin~ system components and
aircraft installation.
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FLIGHET SAFETY

The method selected for separation of the sounding vehicle from the W-4TE
apd KC/2-139B must assure absolute safety of the sireraft. "Fail-safe” pro-
visions must be incorporated in the subsystem to assure that the rocket
motor and any Jettison system will not function inadvertantly aboard the
aircraft in flight or during any required ground handling.

CCST PER SEOT

The air launched rocxetsounding system recommended must offer a cost which
is not prohibitive to operational use after acceptance. To fulfill this
objective the study was directed toward investigation of not only the rocket
motor, flight vehicle, and handling costs, but also the major areas of air-
craft retrofit, system qualification and logistics support in operation, all
of wnich mist ultimately be amortized into the cost of each sounding taken.
In an effort to assure that thege problems were all considered, a variety of
state -of ~the-art hardware was investigated with careful consideration being
given to existing AN/AMT-13 experience and to aircraft qualified rocket
motors.

ATRCRAFT INSTALLATIOH

The aircraft position selected for the installation of sounding vehlcles
mst be consistent with other systems aboard the gircraft, assuring that
damage will not result during launch due to debris or malfunction. Further,
the location selected must minimize the environmental conditioning (heating)
required for tne instrument package and assure that transmitter operation
can be confirmed prior to launch. The location choser should result in a
minimim of modification to either of the specified aircraft. The panel pro-
vided for control of the sounding subsystem must be consistent with those
presently used in the AN/AMQ-19 Systen in information display and electrical
functioning. Interlocks mst be provided so that during the launch sequence
only the desired package may be armed and released. This will assure that a
dropsonde canno: be released when a rocketsorde is desired and that the
converse could no% occur.

ALTITUDE PERFORMARCE

The rocket motor selrcted to propel the flight vehicle to altitude must be
of 8 type available from Government stock or at least be a proven if not
quslified mutor, and of sufficient performence (thrust and burning time) to
assuae that the instrument package reaches the desired altitude.

2-2
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IN-FLIGHT STABILITY

The rocketsounding vehicle configurstion must be designed 0 assure amsola,
stable flight from launch %o apogee. zgble, erratie, flight sanm result

in damaging sccelerations to the instrument package and in fallure %to reach
the desired altitude and position relative to the launch alreraft.

INSTRUMENT PACKAGE

The instrument packsge must be designed to accommodate sensors for deteciing
pressure, temperature, oumidity and to allow calculatilon of density to ax
altitude of 120,000 feet. The design concept of the packsge must allow for
simple substitution of alternate semscrs for higher altitudes and provide
sufficient power for their operstion. The electronics section of the pack-
age mst be designed to transmit the weather data collected over s carrier
frequency of 403 megmcycles at a pulse repetition rate compatible with the
Receiver in the AN/AMR-19 System. The data transmission format zust be simi-
lar with that used in the AN/AMI'-13 Radiosonde although differences in dats
sequence are permissible.

GROWTH POTENTTIAL

The system will be designed to permit expansion to 250,000 feet with s min-
imum of modification in the lsunching sequence of the flight vehicle. The
primary concern for this phase, PAULA II, will be the use of a more powerful
transmitter. Additiocnal development in flight vehicle and semsors will
provide a system, PAULA III, for data collection in the k00,000 to 600,000
foot level. Requiremeits for the type and quantity of data needed must also
be generated prior to this phase in the logical development of an expanded
system.
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A8 a result of the efforts expended in this stndy program, zoeducted ander
the provision of Jontract APL9(-28).326h, the following cosclusions and

recommendations are presented:

1.

2.

8.

The concept of su sir lspmched setecraloglcesl sourding
vehicle, compatible with the AN/4¥R-19 System, ascending
to 120,000 foot apogee from either the W-ATE or the
EC/C-135B aircraft is feszible with state-cf-the-art
hardware.

The sir launched sounding syutem should carry the sounding
vehicles gnd their deployment mechanism ss an extaznal
store of the sgireralt.

An upwaxd locking receivirzg antenna should be mounted in
the aft fuselage of the aircraft and an additional con-
trol panel sdded to the AH/AMA-IQ Syatenm,

The sounding vehicle should be installed in a pod,
denloyed from the sircraft by a thruster, parachute sta-
bilised and fired to apogee via timing mechanisms with
inherent safety devices.

The radiosonde should be deployed at apogee for parachute
descent. The data transmitted shall be completely compat-
ible with the AN/AMR-l9 System.

The rsdicsonde shall transmit analog signals representa-
tive of the temperature, humidity and pressure environment
through which it is passing. In addition, reference data
will be supplied at regular intervals. The data obtained
may alsc be used to calculate density.

The sensors shall be a ten mil diameter thermistor, a
carbon or aluminun oxide type humidity element, and a
hypsometer.

The rocket motor shall be a Falcon M-58A2 for the 120,000
foot altitude, an M-60 for the 250,000 foot altitude. It
is possible that aa M-60, plus a booster, may be used for
the 500,000 foot altitude. Thase shall require only minor
chenges within the flight vehicle and require no changes
to the dispensing system.



3. The gurn launched probe shouwld not be considered.

10. The sft =mounted dispenser shonld not b2 considered.

32
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SECTION IV

BATIA T

(Alr Launched Upper Atmosphere Probe)

The result of the detailed investigatioms outlined in the preceding gecticn
was the concept of PAULA I presented in detagil in this sectiom. This final
design was mede possible through close cocperation between the Thickol Chemd -
cal Corporation amd The Benmdix Corporastion. The Thicknl Chemical Corporaticn’s
extengive background in rockst motors, flight vehicles, and rocket handling,
coupled with the Bendix Corpsration's background in upper stmnspheric sound-
ixg technigues, instrumentation, and senscrs, as well as the design and in-
stallation of the AN/AMR-19 System, made thils an idesl combination of talent
to lnvegtigate the rocketsounding system.

The recomwerded system is completely compatible with the existing AN/AMR-19
Metearclogical System, and sounding equipment as presented in Section VI, and
represents gteate-of -ths-art technigues which can be applied with a minimam

of sircraft modification and system qualificaticn problems. This system is
readily adaptabls to both the W-47E and the KU/C-1338 aircraft. Msximum use
bas been mzde of existing AN/AMT-13 Rediosonde components and operational
tecimigques. This, together with further advances in scunding vehicles and
ingtrument pacitages, requires g minimum of ground hendling pricr to oper-
xtionel deployment. This sdvance i3 possible since the sounding vehicle
rocket motor is of a proven design, presently qualified for mamned aircraft
use. Meteorological sensors and probe components have been chosen so that
baseline checks need consist only of setting the desired trznsmitter radio
frequency andi charging the battery power supply. The flight vehicle zonfigur-
aticn utilized i1s a further result of the cooperative effort between the Friez
Instrument Division of The Bendix Corporation, and the Astro-Met Division of
Thicknl Chemical Corporation. The payloasd capability of this motor, the M58A2,
permits the incorporation of many existing AN/AMT-13 components, amd a proven
Bendix rocket-horne hypsometer, into the meteorslogical probe, wilth optimum
potential for future growth. This hypsometer is similsr to the V3T and
AN/IMQ-9 types developed under Alr Force Contracta: AF33(600)-41821,
AF19(628)-1655 and AF19(A0k)-8433. Anctber major advantage of the Falcon
M58A2 rocket motor 1s its qualification for use abosrd aircrsft in accord-
ance with MIL-E-25534. Qualification and production of this motor were
accomplished under the provisions of Cantract DA~OL-021506 Ord. Over 4G,000
of these motors have been msmifactured. In sddition to providing 12.5

per cent overperformance for this 120,00C feet altitude sourding requirement
(which permits changes in payload and configuration), the published perfor-
mance data show an expected relighility (expressed as the ra .o of successes
to total trials) of 99.99 per cent for flight testing. Consequently,

oy
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iSilization of tndis reliable, jualified, rocie motor representa a jubstantiasl
Savings in the Time apd -cst required <o design, develop and gualffy <he syutem.

A detalled study nas bHeen mede of hoth the £lignt venicle stilising this motor
and the meteorological package. Th'ls sounding vehicle i3 described in detatl

in the following paragraphs. The metecrclcgical package and sensors are
covered in subsegquent paragraphs.

DESCRIPTICK CF THE SOURDING SYZTEM

The sounding system recommended ag a result of tne goudy program 1tilizes the
¥5842 Falcon rocket motor im a six inc. diameter fixzed fin flight vehicle, as
illustrated in Figures 4-1 and 4-it, This rocket venlecle 1s capsble of pro-
pelling 2 nine snd one-nplf pound payloed te an altitude of 135,000 feet when
ignited at an altitude of 31,50C feet. The W-U4TE normsl cruise slticude 1s
35,000 feet. The flight vehi:le, PAULA I, i3 contained in a pod 24 inches in
dlameter and 72 inches long, as illagtrated in Figures i4-2 apd 4-5. This pod
contains <he necessary firing circuitry So launch <he scurding vehicle ex-
ternally-powered atrip aeaters %o msinsain paylcad rond!tioning cemperatures,
2 flight safety interlock sysiem, and a two-6tage peracaute gyasem. The first
parachute glage 13 a three-foot iiameter drogue designed %o maintain pod 3za-~
bility after jettison from the aireraft. The gecond stage is a 24 fcot
diameter parascimte intended <o maintaln vertical altitude stability of the pod
for lannching of the M58AZ povered sounding vehicle.

External aercdynamic gtores will be inssglled on pylons bheneath the wing of she
weather reconnalisance aircrafs. The external stores will be used %0 house the
sounding vehicle pods. Two vehicles Fill be carried in each atore. The ex-
ternal store will be based ipon the aercdymami: snspe presently ised with the
B-U4TE aircraft as an auxiliary fuel cell. This unit is 47.25 iaches in
diameter and 260 inches In length a8 shown in Figure 4-6. Tge of thls proven
it 18 recommended since iza flight cnaracteristics and effect apon aircraft
performance nave bheen egiablished. Thege effacts are noted in a3 subsequent
paragraph. Arrangemeat of <ae scunding venicle pods within the external store
i1s shown in Figure 4-3. On command, the external store ejection porta are
opened and the drop pod 1s ready for Jettison. The pod is jettiacned down-
ward with a velocity relative o the airerafs of approximately 5C feet per
second which will be sbtained snrough the mechanism of a folded plston and
cylinder operated by either a gas generator or a dry zas storage system.

Break links will ce i1sed %o ~ongtrain the ped antil the Jsattison system pres-
sure 13 at the proper operating level. After pod jettison, the e jection ports
are closed upon ccommand.

SQUNDIC SYSTEM ~ERFCRMANCE

Alreraft flight safety ts 3f paramount importance duriwg =he aircraft flighs,
pod jetiison, and scunding rnciet launch phsses of the mission. A safersy



|
|
|
[

[

-

-~y

g™

AR

SERCNSNRIRANS

systenm recommended for tne alrborne pyrotecinics wouwld inelcde timer inascti-
vation, firing current interrupst, and pyrotechnic shors zirwuiting. These
functiors can be asccomplisned by relays activated oy alrersft ower, bty con-
tget gwitcnoss between pod ard alrecrseft, apd by sccelsraiion swilches seusing
pod Jettison screleration or paracaute copeaing snocks.

The operzticnal seguence of the sounding system i3 sncwn {1 Pigures 4-7
strough 4-17. Subsequent to pod jettison, z tarze-foot diameter rizleaas
gulde surface drogue paracmute will e deployed from <ae zounding vehfcle
pcd by meang of a blast bag system. Thils system congists of s parschuate
packed in a keavy duck bag which i3 turned inside out by zu3 pressgre car-
tridges, forvesbly deplaoying the perschute into cbe relstive wind. After toe
drogue parachute inflates apd stebilizeg the pod, it Jecelerates the pod to
a velgeity of 275 feet per gecond at an alsitude of 32,750 feew. At thds time,
the drogue parachrte is used to pull a swenty-four foot dizmeter ring-e¢lot
paracmute from tae pod. The ring-alct parachute was gselected for itg extireme
gtability. This mein parachute, comgtructed itk a large cemtzral 7ext %o
facilitate lammching of the acunding ruocket through 1t, is attached to tie
pod with a gecdetic suspension Iline syatem 3o further enhance stahlilizy and
to minindze the pendulam effect. The pod is siowed <o z vertical welselity
cf 35 feet per second by thfs perachute when the pod 2ms reached the rocike?
launck altitude of 31,650 feet. The laumch sugle can te peld to within +5°
of the vertical, with a figure of +2 1/2°teing within <he limfta of existing
parachute technology. -

The M53A2 motor accelsrates the sounding wehicle te a velocity of approz-
imately 2,560 fest per second st an altitude of 37,100 feet, whereupon the
rocket cgeate 5o its zpogee altitude of 135,5CC feet. AL apogme, a2 timer
within the sounding rockst payloed jettisons the nose cone and depioys the
descent parachute attacned to the metecrcloglical measurement package. The
Instrument paciage then collects snd Srausmlss metecrological informmcion <c
the launch afreraft while descending to an altisude of 35,000 feet, an in-
ternal barometric switeh turme off the telemetry transmitter.

During the 111 seconds of elapsed time from pod jettison to apogee, as
detelled in Appemiix IT, the aircraft will cover a aorizontal distance of
approximetely 595,000 feet from the point of launch. The estimsmted three
slgma dispersion radius of She rocket zt apogee is 13,5CC feet, produced by
the following factors:

1. 5 Degree/secord pitch rate at launca.

2. 10 Feet per gecond horizontal wind relative $Sg the rocies.
3. Q.1 Degree thrust gxis misaligpwent.

k. Q.1 Degree mans impalance.

5. 2 1/2 Degree lmuach sngle error.

A& combinagtion of aireraft travel and this disperaion at apogee resgul®a in a2
winimum sugle from the afreraft zenith o the scode of spproximately 35°.
This dispersicn is mresented in graphical formet in Figure i4-18. PFerformance
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of tke sopding rericle is preserted in Figsrres .19 through 5-23 sd im
Appemdfiy TI1.

Simce smpay 5542 motars are coeremily I 3ir Forse stock sai aratishis from
the Cgden Ar Mzteriel irea, it fz sxticipmied that tkesz motors would be
araiiable ax B, Utilization of this reliaxls gualified motor vill resumit
in 2 subgtantis] ssvings of time and ~ggt requirsd iz syztem dsegigz == quali-
Pication. It iz axticipsted that B-47F extermal auxiliary fuel ftaxis wouid
also e zvailahle az 7Y for nodification dorizng tbe prograsm.

Timers, switcoms, gperachictes, ami other components %o bz atilized iz the alr
M sod fng rocket system are azrzilable s35 off-Lhe-e2elf items wihich
will zusrantes sircrzft ssfety without degradaticos of reliszbility or perfor-
mence . and at tke game time mainteim 2 low system copt. in additiomal sdvan-
sege gaired throcugh the use of tae stardard vimg fuel tazmks fs that ia tke
erent of afror=ft malfmicetion the o tasks mey ke jetiisseed. The vimg zank
separstion peraciirte asd sssocizted zardwars will te It ixtget. Comsulte-
tion wita tee alrerzft memufaconre comlirmes tast tofs soxilisry tamy oz te
mounted on the ¥-47Z zirtrafc with zo afrframe modificatiom. The modifficatism
required o moumt stores om I0/7-13353 afreraft involves imstallziiom of hard
pointa iz the ving for sttachment. The wing iz sfeguetely stiressed for tie
loads fnvalved. Croumd ngmdlimg of the taiks msy te accowplisted with exist-
ing eqxipment as ac change In exiersal confizmration Is axticipsted. The
same externgl store will be uzesble abogrd eftesr the TZ/T-135B or $-47E.

EFFECT O ATBCRAFT FERFCEMARICE

The extermal stores sontaizing tae foxr PROLA I Eochetsonies viil welgh
approxizetely 29CC pourds god are baded on medificstisce of tie extermal oaier~
#ing fuel sicres presently used wita the E-47Z. The exterual swefigmratiom of
tae rucket atores will te exactly like tue present it but tze imtezmal
strictare will te gomeehat differsmi. The F-472 13 eguipped for the insigllia-
tion of tae external stores pylon st present. Tee wisg desigs of the EC/T-135%
is ~ompatisle witha o= imstallatiom of pyloms tut suck ax Imstallatioe hgs =2ot
as yet teen nade according o tae Spelsg jirplazme Tompaxy.

The inatallation of extermal ztores dces =o% 2gre z greal effec:, aprox-
imately 7 per =e=t losa, on Sae perforuzmace of eitzer afreraft. Zxamples of
tze perfarmmsce of the 3-47Z are presemted {2 the Ylight Zawdzcok,

T.0. 13-47E-1. JAsauming a Salte-off groas welight of 172,700 pooxis, zad s
constant operaticnal sir speed af Mack ©.7C, tiae ramge of tae sfirereft i3
gtated 33 1,000 miles with tae wisg tamits Installed (0.0, Figmre As-2R).
During operztice 3t 33,7LC feot aliitude, mer cthe abore f1ight ccodifions
vithont wing tasks (T.0. Plgure M-L), tke operatiomal rasge would e 430G
alles, {mdiexting s range loss of 30C miles repregemtiisg sioat a sevex per ceat
Perfornence logs. The spxiwoe sir spesd of tae $§-4T7Z vwill be decreased gpprox-
{mezaly 10 tmots (35 per cems EFM) with e rocke pods imgtalled.

Bdt
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AIRCBEAFY VLIGHT SATRTY

A faetor of paramocnt importence during W-BTE sad C/C-135B operations, par-
ticalgrly with regsrd o the air lammened sounding rockets, is the fiight
gsfety of the sirerafi. Safety of the aircraft will be assured during all
FEsges of the somdierg operstica. Toe PAUIA I System will imcorporste
fegtures to assare tiat posiiive separstion occurs between the alrcraft usd
a2 rocket pod 2% lamnch, and imterloeks to poeitively prevemt fumcticning
or rocket igniticm until tae proper operatiomal seguencing regquirements have
beea fulfilled. Svalnations kave teen mede of the relative position of the
girergft, pd, znd flight vehicle during the scunding operatios. Trhese evsal-
zatiozs show that poeitive clesramce will exist between the vehicies through-
oat tie lagmex and Tlight segmemce. Toe additional sivantsge of a pruven
gystem for the jetilisom of the vimg tamks further emhgnces the gafety fectars.

Tre following flight safety interlocks will be incorporsted im the rocketsonde
sl ite pod to preclimis premiure rocket firimgs or firings vwita the flight
vekdele in a2z izcorrect altituie:

8. Izterlocks valck prerest rocket {gaition and tixing segquence
actigtion in the event tkal tre scunding vebicle pod should
Tall to sepmrate from the external siore.

v. Imterlocks wiich prevemt rocket ignitiom srd timing sequence
actuaticn in the event the pod drogue parachute or =zain stabili-
zatiom peracihxgte Zail o deploy.

c. Time imterlock to prevent rocket ignitiom umtil the pod kas
reacihed the point at vkich stablilized vertical desceat begins.

d. Attitade interlosk %o prevent rocket ignition if the rocket is
ot stabilized vithin +10° of the vertical for a preset time
pericd.

e. Provisices for Jjettison of the extermal stores in the evemt of
az in-flight emergency or systex malfurction.

¥RYPCROLOGICAL INSTRMENT PACEACGE

The Meteorclogical imstrument package is similar in configuratiom to the AX/DIR-E
aad K5/RR rocketscade imstrumenmt packages vhich pave been desigred and built
by Bemdix for use with the ASCAS soxdlimg rocket. The experience gained in these
Fogram is directly spplicable vith regard to acceleratioms, "g” loeding, and

descent profile in tie range ve sve comsidering. The Iresgure semsor used is the
Zeadix hypometer, Part ¥o. B-1153G67. This hypsometer is insemsitive to the

attitule changes experienced durimg kasdiimg and ascent. No significamt amount
of Liguid is lost durisg rovmml bamdlierg smd flighnt attitudes. Tos liquid chosen
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has g relsgtively lov vapor pressure 50 that explosive boilimg dozs pot occur
during ascent. EHesat is constantly added to the liquid durisg both vehicle
ascent and somde descent to keep the 1iquid boiling. Relative mpmidity will
be measured with either the carbon mmidity element or an sluxinum oxide
sensar, vhile temperstures will be determined by & ter mil rod thermistor.
These sensors are presented in detail in subszequent paragraphs of this section.

¥eteurological imstrument psckages, to date, have beer designed so that a base-
line check 18 required for proper reduction of flight data. Tais "pormal”
baseline procedure will be eliminated in the PAUIA I imstrumeat packsge. This
vill be accoxpiished by selecting electromic components such that the frequency
versus resiztance curve is held to close tolerances. The PAULA I noxminal sndio
characteristics vill be idemtical to those of the AK/AMT-13 Radiosomde. Pres-
sure versus resigtance snd temperature versus resistance sezmsors that fall with-
in parrov lizmits vil! alsc be used. Toe instrument package serial numder can
be coded so as to imdicate the particular semnsor response chuyracteristica. The
introjuction of tnis “stsedard radiosomde” procedure will have the following
sivantages at a coaparatively small increase in cost.

a. The ability to store exact geneor amd ralicsonde charscteris-
tics for computer date reduction.

b. Elimination of baseline check eguipmsent.

c. Klixination of long preflight procedures.

d. Elimingtion of a procedural step and its associated probabliliity
for error.

e. FRase of use in tectical situatioms.

Toe hraidity semsors presently available vill not lend themselves to being
categorized like pressure or teapersture sensors. It is suggested that the
hraidity sensor be used as a relative indication of the moisture content of
tee sir.

A. J¥eteorological Package Configuration

Tee basic comfigurstion of the metecrological package is shown inm
Pigure -2k, The temperature sensor is located in the forward section
of the instruzent packsge protected by its own radiation shield and
coxpletely exposed to the air streaz. The hmidity sensor is located
in the s2ir peth behind the temperature radistion shield. The next
coxpart=ent aft houses the hypsometer. The actual location of the
static pressure port of the hypeometer will be deterxined in vind
tunmel tests. Previcus vork of this type was accomplished during the
AS/RMQ-15 development program under Air Force Comtract AF33(600)-37984
and 1s presented in Bepdix technical =memorsedux F8-59-1 "Wind Tunnel

-6
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Ixvestigation to Determine Favorable Static Pressure Orifice location
on AK/AMA-15 Rocketsonde ard Dropsopde Packages”.

The commitator vith its corstent rate of rotation drive motor is
locsted in the compartment aft of the hypsometer, followed by the
battery pack and the 30021 nillibar pressure cut-cff switch. This
cut-off pressure can be established at other pressures if desired.
Tre compariment in the base of the instrument package houses the
moiulator packege, transmitter, antemna coupler, desceant parachute
and perachute anchor.

Eatimated weights of ¢the rocketsonde instrument packasge are as follows:

TABLE I
Bypsometer (with ligquid) 4.0 ors.
Electromics Scanner and Sensors 58.0 ozs.
Batteries 34,0 ozs.
Relay and Mounting 3.0 ozs.
Aneroid T-0 ogs.
Hardware 21.0 ots.

327.0 ozs. (7.93 1lbs.)

During ascent this weight iz increased by the ogive nose cone ard separ-~
ation sequencing comporents of the flight vehicle. The cozplete instru-

ment package payload weight is approximately 9.5 pounds.
Electronic Circuitry

Every effort has bteen made to utilize components from, and functions
similar to, the existing AN/AMT-13 radiosonde. Sonde differences,

a8 recommerded in this report, are attributable to one of three rea-
sons and in each case are discussed in detail as they appear in this

report.

a. System relisbility as governed by aircraft environment and
flight vehicle characteristics and the higher "cost-per-shot"”
in comparison to AN/AMP'-13 Radiosonde drops.

b. Distance between instrument package and aircraft during sonde
descent and the resulting transmitter powver requiremsnts.
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¢, Sequence of verticel data collection (amount of each sensor's
intelligence collected based on the altitude envelope and
rate of descent of the instrument package).

The besic schkematic for the electromic packages is shown in Figure
L-25. The physical layout of the package is shown in Figure L-2b.
Inspection of the schematic diagram shows tkat the frequency of the
blocking osciliator, Q1, is dependent on the value of Cl, C3, Rl,
and the resistance placed between Rl and ground. R2 and R3 deter-
mine the "between segment frequency". The motor driven scanner
ckooses tke sensor intelligence or reference resistance to be trans-
mitted. The oscillator operates st frequencies between 250 and
6110 pulses per second, the same frequencies ueed in the AN/AMT-13.
Tkese pulses are then amplified by Q2, which drives the triggered
blocking oscillator Q3. Q3 and its amsociated circuitry produce a
nceminal 16 microsecord pulse .or eack trigger pulse received. Qb

iz a current switch with a pulse transformer T2 which has a large
step-up ratio (1:28), providing approximately LTS5 volts at the
secordary. This positive voltage pulse is gpplied to the plate cir-
cuits of tke push-pull r.f. oscillator V1 ard V2. The r.f. oscilla-
tor develops 16 usec. pulses of 403 mc energy which, in turm, are
coupled to the one-half wave length end fed antenra through the RFI
filter. This filter reduces the harmonic emanations tc a level

60 db below the fundamental. The nominal peask radiated power is
approximately 30 watts at apogee and will not be less than 18 watts
at fligkt termination.

Reisy K1 is a magnetically lstched relay which may be reset to "off"
position electrically. This relay circultry allows access to the
battery to provide for external chkarging. External power may also
be applied for long term operation amd checkout prior to flighkt.

The battery pack consists of three six-volt nickel cadmium batteries
connected in series. The rated current capacity of this battery
pack is 750 milliampere hours. In the case of this package the
cwrent drain will be:

TABLE II
Motor Scanner 30 MA
Tubes and Oscillators 200 MA
Pulser 650 MA
Hypsometer 250 MA
Total 1,150 MA

k-8
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For thke purpose of proving the safety factor applied te the batteries,

a very comservative calculation is presented below taking intoc account

our high rate of current drain, flight time, and the cold envircmment:
1. 750 MAH X 4 = 3,000 MA for 15 minutes of useful pattery life.

2. 3,000 MA derated by 50 per cent = 1,500 MA for 15 minutes of
useful battery life in cold enviromment.

3. Flight time will be:

TABLE III
Turn on ard packsge drops 0.5 min.
Chute Stabilization 0.5 min.
Rocket Ascent 2.0 min.
Meteorolcgical packaging descent 10.0 min.
Total 13.0 min.

Inspection of tkese figures, which are very conservative, indicates,
that applying heavy safety correctioms, we will have approximstely
13 per cent of our battery life still aveilable when the flight is
terminated under the worst corditions. In practice this figure will
more realistically approack 40 per cent.

The battery is assisted in the delivery of the required five ampere
gurges by tke storage capacitor C8 and the battery supply to tke Ql
circuitry is voltage regulated by the zenmer diode VR1. The cholce

of nickel cadmium over other possible types of batteries is based

upon a compromise of relisbility, size, cost, maintenance, and shelf
life. More exotic batteries are available which are lighkcer in weight
but their cost is significantly greater. The nickel cadmium cell
recommended for use in this design offers a minimum shelf life of
three years with no maintenance other than a charge cyecle prior to
intended use. The battery may be shipped and stored in tke instru-
ment itself and charged through an umbilical connection. Nickel
cadmium batteries have excellent low temperature characteristics mak-
ing the 50 per cent derating for cold environments an extremely con-
servative figure.

The Altitude Termination Switch consists of a snap-action aneroid
which closes an electrical circuit on descerding to a specific alti-
tude. This device will actuate at 35,000 feet (250 millibare) amd
terminate tke flight by turning off the transmitter. This circuit

4=
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operation is inhibited by the nose cone switchk, S-1, which prevents
the altitude termination switch from performing its functiocm until
nose cone geparstion has occurred. The termination of transmission
will define the pressure sltitude at 250 + 1.0 millibars. This point
may te used a8 a refereace point for data reduction purposes. It is
possible to ad just the Altitude Terminagtion Switch to provide for
cut-off altitudes other tham 35,000 feet.

The motor-scanner system wiil be similar to that used in the present
AN/AMT-13 Radiosonde in that the sensors will be scamnned on a time

sharing basis. However, since the initial descent velocity is approx-

imately 500 feet per se~ond and the terminatiom velocity iz 64 feet
per second (which is a somswhat faster rate than the AN/AMP-13) some
change in the scan rate is required. The scammer will provide one
scan every three seconds. The AN/AMT-13 scan date at a rate of once
each six seconds. The commtator patternm used in the instrumsent
packag= will be changed from that of the AN/AMI‘~13, to provide the
aecessary switching time required to maintain compatibility with the

AN/AMR-19 system. The scan rate of the instrument package will comsist

of 200 milliseconds of "“on" contact time apd 50 milliseccnds of "off"
contact time. The scan sequence in tiae AN/AMT-13 consists of a kigh
reference, a low reference, two pressures, four temperatures, and
four humidities per scan. Since most interest centers on preagure
and temperature in the upper atmosphere, the scan sequence will be
chenged to provide four pressures and two humidities per scan in the
following manmer: High Reference, Temperature, Pressure, Humidity,
Temperature, Pressure, Low Reference, Temperature, Pressure, Humidity,
Temperature, Pressure.

This system will allow accursate determination of density by the
method outlined later in this repor+

Transmitter Design Considerstions

The transmitter is designed to be effective inder even the most
adverse conditions. Power requirements ngve beem carefully studied,
both at Apogee and through flight termination. In the case of o2
transmitter located at apogee taking the basic radlated power equa-
tion and using tke minimum transmitter radiated power af 12 watts:

1. Transmitter at Apogee

fad ~ 2
P, = T Sr Gp A
(477 R)=
P, = Power at Recelving Antenns
Pp = Transmltter Power

3-10
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- Gain of Receiving Antemna cver an Isotropic Radistor

Gp = Gain of Transmitting Antenna over an Isotropic Rediator
7\ = Wavelength in Meters
R = Distance in Meters

Gain of half-wave dipole, Gp, is equal to 1.68 of isctropic radiator.

At apogee assuming worst conditions, grestest angle of Trsgjectory im
directicn of the alrcraft gives an angle of 4L1° belcow the horizomtal
plane of the transmitter. A typical 403 me pulsed tranmsmzitter entemns
pattern shows this angle to be the malf power points.

Assuming half-power for both transmitting santennn snd receiving an-
tenns, and distance from Figure 4-18 tike resulting 2guation is:

1.642
5 . {18) (TZ) (0.75)°
BT (40036 x 10%) 2

- T =
(12.5664) (4.0036 x 1¢*) ©

la¢]
]
[t}

Pp = 2.5806 x 107H vatus

To :alcuiate the power in terms of microvelis at the receiver, we ase
Okms lgw:

?:?rermiamaanmmeim
B = “ower in Microvolta at tiwe receiver

3 = 30 skms Receiver input impedance

a-Ll
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J 26.896 x 1072 x 350

)
1}

7.07 \/;6.896 x 10°12

]
(]

7.0T x 5.19 x 1¢%

2]
H

E = 36.69 uv %o receiving antenns at apoges

2. Transmitter located at Terminstion point.

2
?r = PT G‘:‘ GT A
(b7 8)°
Pr = Fower at receliving antemma

Pp = Transmitter power

]

Gp = Gaim of receiving antennz over gn isctropic redistor

]

Gp Gain of transmitting asntenma over an isctropic radiator
>\ = Wavelength in =eters
R = Distsnce in meters at flight termination

Assuming an aircraft speed of 430 imots T.A.S. and 2 nine minute
descent time to flight level plus three minutes frum drop to apogee.

R = 168,965.6 meters.

A corner reflector receiving sntennas will be used. This antenns has
a 3 db gain over a regular dipole.

Gr = 2(1.6h) = 3.28.

(18) (3.28) (1.68) (.75)2

P
r (47 ) (1.6897 x 109)2
P, = S5h. L6k

(21.2335 x 100)<

h-12
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450.862 x 1040

Pp =

Pr = 12.08 x 10712 yatts

There signal level in microvolts at the receiver:

P o= B

B
B =Vm
P=Pr

B = 50 chwms

oT ‘flz.ce x 1012

]

(T.07) (3-475 = 10°6)
= 2.8 uv gt the receiving sutenme at flight termimation.

] i)
]

te

3. Calculation for Meximus Rsnge of Trapsmitter:

E = IA uv at receiver, minimum sensitivity of Receiver
B-1196/AM8-19

B = PR R = 50 chms
196 x 10712 = p. (50)

3.2 x 1072 = g,

By = Ba“r‘}zgxz g2 - _ITCGrGT AZ
T B

| Bp . Gp A
- 2as

3 J 5., 5l
(157.9136) (3.92 x 10-12)

4-13
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j Shh. 56
" = |
5.1902 x 10™%0

R = gé.Tgehea z 10640
R = 296,600 meters
R = 18k.338 miles statuta

Antenna patterns from a Sypical (3 me pulsed umit using s 2alf-wave,
end-fod, dipole anterms sre shown in Plgures 4-26, 2T, snd 4-38.

Tae three db polnts were gelected from these typlcal pabterns for
uge in the range calculabtions shown earlier in this gection.

Witk the radiation angles that will be encountered hy the rocket-
sonde paciage the nalf-wave dipole autenna i3 definitely the bess
suited for this aspplication.

Careful study of these caglculstions imiicate that the t{ransmitier
design allows ample power for this requirement. It is aaticipxted
that the upsard locking receiving dipoie antemna and its reflectize
ahateld will be mounted as shown in Figure bL-29.

Another cnsnge from the AN/AMT-Ll3 Radicsonde is the upe of the push-~
pull carrier ascillator rather than the single-ended ggeiiistor
comiguration. Twe reasons Zor this change are:

g~ Suppression of uniesirgble radic frequency interference in
accordance with the requiremencs of MIL-I-GL8L, requires
the use of filtering tetween the oscillstor and the anterma.
Such filters introduce losses, reauiring a higher inftigl
level of power.

b. UJse of the push-pull coscillator of proper dealgn results in a
lower level of even narmonic radiscion.

The radilo frequency interference filter used in this design is con-
gtructed in the sell lnown strip-line filter coanfiguration. It will
congist of a double layer of etched prizted circuit board wivich pro-
dnceg 3 miform design at an eccnamical price.

Jenears

AfSer a careful study of the envirvmsmental profile throughk shich the
rocketsonie must descend during “ransmissiom of data, a selection of

4-1h
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gensors was made. The Zendix aypsameter Zart ¥o. B-L183GA7, similsr
to that currently ised in ke Mi/TMR-C rucketsonde, will te 1sed far
pressurs messurement. This instrumsnt iz idesgl for this applicacion
and will furnish more pressure dats of zreaster accuracy iz the rangs
we sre considering than a conventional radicsonde type tarcewiich.

It dces 1ot require temperature corrections o tae dzta obtained or
bageline check prisr to the use of tze instrumens. Huorddity senging
7ill bte accomplisbed with either a nintature carbon aumidity elswment,
ar the nEwer siawinue sxide elemsnt still under developmens. Tamper-
abizre 7111 be measured with 2 ten mil (dismeter) ceramic rof therm-
istor. Zach of these genscrs is discussed in detail in following
paragraphs of tais repars. Since cthe developmsnt and testing of new
senging Sechnigues for tae msagurement of stmoe .eric perareters is
& costly and time consuming project, state-cf-the-grt gensing tech-
zigues are recommended for age with PAOTA T. Slight modificstions
2ave teen mede in zome caseg to better adapt these sensors w3 Lae
syecific problems gssociated with rocket somdirg at the regqufred
slticudes.

1. Temperasture

Vsricus types of tewmperature sensors (Seermiszters, wire somsd
resistors, taermocouples) can ke uged to zollect apper stmosphere
datsz. The problem of measuring tempersture duriag descem: from
ktgh altitude is toc mount the temperature genging elesment In 2
murner whick will pesrmit proper sensing of amhisnt conditicns aznd
%o minimizge sensing ervors due to sglar radiacion iwmpgiaging on
th» senscr. Zare must zlsc be tahen ¢ eliminste she conduction
cf heat between the gengor and ke sounding vehicle. In additionm,
errors may te introduced in the gensed temperzture Ty stagnstica
aeating of the seungoy by the measuring current gassing Shrocugh
tke sensing elemsnt, and by tae time lag of the senscr.

Certain requirements suggest contrazdictory sclutions. For ex-
ample, an inmersicn Sype tempersture germncr siaould te larger
than the mean free path of a molecule in corder to properly
sernge the enviromment, alsc tae lsrger the gensor tke less the
self-heating caused by the messuring current. Howevwer, the
larger the sensor the longer che time lag error that w11l e
Introducesd into tae system. Where such contradictory criteria
affect the final sensor shape, z detalled study of the effects
of eschk error source is needed in order to desermine the fingl
senasor cenfiguraticm. Problems of tals Sype were encountered
erd zalved in the development of the AN/AMR-15 axd AR/DMR-S
Bocketaondes. PFendix Friez hsa developed =2 sensor ve belisve
to Bmrye the best combinaticn of charscteristics for agper stmos-
pheric scundings. This zemsor, aa alumimme cogied C.CL0 imch

v,..,,..
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dizmpter rod Saermiztar, 1s sogpested for zze =S e tepperalTe
sepzar fa thiz sygtem.

e PATLA I ifnstrument package vil1 operate ower lze allitode
range of 30,000 to 122,700 feet. Ower tals eltftmde rexge, the
temmerature Tariztion to te expected will b2 gpprucisstely 4°C
piet 7. The temperatiure sezsar in szfes 7exicle can te de-
sigred g sake sdvamtage of tafs falirly samil tempersiure rxege.
The resistance versus temperature chgrzcleristiecs of the Tz~
istor vill te contrulisd so taat ke complete zlin freguesey
gpecirun of the sorde wiil te zaed <o oover s lemperalure ravge

af aprrorimately +10%7 tg -850%C. Tkis will result iz grester
temperatnre regalotior snd, taerefare, grester ease ool scoTracy
af data reductim. This renge 2as been fredicted thooughk zse of
Imoun atmospheric temperatiore rmags=s.

%o

¥oorting - The sevnsor mommting configsnration 2gs teew
erolved azz the remzlf of carefal considsration of esch of
the sorreeg of errurs memtiored in the recedisg peragreji.
This configorziion i3 skaownm im Fignre 2-30.

In gorder So remove 211 doukt 23 to ke udisturted natipre of
<ze air sample, %ae Temperaiore sersar vas placed x5 the
Zrant, oz descemiing erd, o the fmstrusext peckeage. Thers
iz zo poezinle w2y for ke eir zzmple to became comtaminmatsd
&y contact vita nessive portions of e packege before
imfirgimg spom tae tezermtator.

In prericus configuracions (such g3 ke AN/3T-6 Radinsomde)
the temperaiure sensgr Aa2 teem located fm the proxivdty of
Sae r.f. gection, where congiderahle distoriamce of tie sir
sanple wvaz possible. Thermistor locaticms otker thaz the
forward end of Ske Instrumenmt pucksge 2zrye been wzed, but
they f2il tc meet all of tke reqzireme=ts for comsistext
femperatire messurensws. Por imstamce, the possible heatizg
effecs of Interrupted r=ifo frequemcy radistion could e
been signiftcans (f.e., for 100 mv srerage power edazatimg
faotrogically fram a2 pofnt source 2 em distast, =z Zypoiket-
feel 10 ndi diameter spherical shscrier would ghsort four
merawstts of power,. This quaxtity, could imtrodoce a
sixeat]e error iz She tead tkermistor peasurensat avd s BOTS
redical errar in a2 rod thermistor placed fm tae saee [TOX-
imity. For shfis rexacm, a2z well as to cbtalz 2 tetler
racdiscicr patiterm, e zztemsa om tke IzstTrumewt peciagze has
teen placed ai the resr of tre i,

lomrective aeal trznsfer zas teem maxiwmiged by glivimg the
sengar exposure o sfr low Iz tke forvard moaxting lsocationm.

4-18
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roxinetely 55 per cent vizihle gad nltreviolet and 50
wmmmm&m Ter aluwirge shield reflects
some 90 per cemt of the visidle radigtion and 55 per cent
of the izfraved radistica. Witk radistion mormelly isping-
ing opoz only a portion of tke omter suwwface of the come,

s o comgplete comicel surfeces being conled comvectively,

the tempergtrnre rise of this siield is small. Reradisiled
esergy is reflected from the aluwinized thermistor (G5 per
cent reflective to this rediation), producing negligible

Beatizgz of the Lerwistor.

RBsdiation from beloy (earth's surface, cloud tops, and ailr)
is 311l eacther factor. Tals rodiation iz assumed ¢ be
effectively timt from a blsckbody st approximately 235°K.
The gpwelling radiation reachirg the therwistor is re-
flectel by the slmwimm comting. Thal radiation reaching
the eomical shield i3 adsorbed by the tleck inmternal sur-
face end dissiputed mray by the comvective ezt removal.

Tee raiiatiocnal meat costribution from tke rocketsonde body
ie reduced to pezligible proporticms by the conical skield
gni the disc shield sbore it.

Eeat conducticn from tke structure is ept o a miziwes Ty
usisg comstariam support legs (comstantan kas a taerreal
conductivity of spproximstely coe-tentk that of copper).

The therwistor is atizsched to constantan lesds vhich are
extended xd curved in a naomer o expose a large Peat
onmducticn path to the comvectiive cooling of the eir
stresn. Toe thermistor leads (plotinoe-iridim alloy)
also Bzve low thermal copduciiviiy ad very small cross
gectl zal ares.

Hlectricsl meatimg is 2 function of the resgistance beimg
measared , and is mever greater %hen wwenty-five (25)
wierowatts.

Trtel serodymasric beating at the highest expecled descenmt
velocity is spproximately 5°C. If a recovey faclor {R)
af C.9 £ 0.1 18 used, it wvill cover the I tical ramge of
recovery factors and yet most of tEe error will be removed,
wsing:

B7e
T o keating) = ——
{ serodyoazic irg)
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Tnis reduces the uncertainty to approxizately 1.5°C at
the nighest altitude at the descent velocity of this in-
gstrument package.

The time lag error will be a function of vertical tezper-
atire gradient, descent velocity, and the time constant of
the sensor. Toe thermistor time comstant is 1 1/2 seconds
at 100,000 feet. The error due to lag vill be the product
of tke therwmistor time constant apd the temperature grsiient.
Por exa=xple, if the descent velocity is 500 feet per second
end the tempersture gradient is constant at 1 degrese per
1,000 feet, the error due to lag would bve:

1°c/1,000 ft. x 1.5 sec. x 500 ft./sec. = 0.75°C

Exrror Analysis - Certain assusptions can be made to perxit
an esti=mate of the accuracy anticipated withk this sensor.
Tre factors in the heat balance vill be considered first.

A broad estimate of the convective heat transfer will be
used. Laborstory tests at 106,000 feet density altitude,
amd 37 feet per second air speed, yielded a convective heat
removal of one williwvatt per degree Centigrade temperature
difference between the air and the therxistor. This test
vas performed vitk the thermistor mounted in a specially
comstructed Bousing, such that conductive and radiated heat
transfer vere reduced to a p2gligible magnitude. The mner
vall of two inch diameter by two feet lomg, plastic tube
vas lined with slu=imm f0il. A fan vas installed at one
end of the tube to imnduce air flov. The thermistor under
test vas placed toward the opposite end of %the tube (air
intare erd) within a concentric one inch diameter card-
board tube three inches long. The tkhermistor was supported
across the air flov path by its leais vhich vere approx-

izately 3/8 inch long.

A thermistor one centimeter long by 0.030 cm in diameter

bas a projected area of 0.030 sq. ca. This intercepts 3.8 mv
of direct solar radiation. This radiation consists of 55 per
cent visible plus ultraviolet epergy, aed 45 per cemt infra-
red energy. Por sizplicity, use 50-50 erergy distridbutiom,
axd compare vhite versus aluwinum costed tkermistors. Table
I¥ presents a su=zzary of the analysis:

5-18
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TABLE IV
Aluminum White
Visible Absorption 10% 2%
Infrared 5% 100%
Viaible Power Absorbed (uw) 190 38
Infrared _9 1900
Total Power Absorbed (uw) 285 1938

This result demonstrates the usefulness of the sluminum coating
on the thermistor and the improvement over the normal white
coagting.

Bovever, the direct solar rays never reach the sensor. They are
received on a second reflecting surface {the come) and later re-
ceived at the thermistor as long wave radistion. Therefore, only
& maximum ten per cent of the solar radiation will reach the
thermistor, apd this will be infrared. With 0.38 millivatts
reaching the thermistor and reflected at 95 per cent, the solar
energy input is reduced to 0.02 mw (or 20 microwatts, maximum).

It is estimated that the projected area will receive radiation
from below of approximately 1600 microwatts. However, with the
reflectivity of aluminum equal to 95 per cent, only 95 microratts
of this energy are absorbed. The energy absorbed on the conical
shield is lost to convection ard reradiated at a tempergture
very near ambient temperature and is thus neglected.

Tae structure is isolated from the sensor by triple radiation
shielding and contributes a negligible heat input.

The constantaa supports to the thermistor are isolated from the
shields by the epoxy glue used to affix them. Therefore, using

8 double conduction path (two supports), we find s possible

beat conduction of orne milliwatt per degree of temperature differ-
ence batween the two ends of the constantan. This has eight
centimeters of conduction path in which to dissipate itself by
convective couling.

The 0.003 inch diameter platinum leads are typically 0.5 inches
long. They {both together) can conduct 50 microwatt per degree
of temperature difference between their epds. This is greatly
reduced by coanvection, vhich is of the order of 50 microwatts

b-19
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per centimeter per degree above gmbient in the high gltitude case.
These two factors will very nearly cancel each other, contributing
only a negligible conduction input to the thermistor. If we use
50 microwatts, for conduction error we shall be conservative. In
addition, an error will be cauged by the dissipation of slectrical
pover in the thermistor. The maximum electrical power input is

25 microwvatts.

Tne summary of these errors may be seen in Table V.

TABLE V
Solar Radlation: 20 microwatts
Radiation from bvelow: 95 microwatts
Conduction: 50 microwatis
Electrical: 25 microwatts
Radiation from structure: Negligible
Total 190 microwatts

Convection will remove heat at the rate of approximately 1,000
ricrowatts per degree of temperature difference between the
sensor and the air. The 190 microwatis inserted therefore inm-
plies a corresponding 190 microwatis to be removed by convection,
requiring a sensor temperature elevation of 0.190°C (or 0.2°C)
above the ambient air temperature. This figure represents the
maxirmum predicted error due to heat balance.

The other errors, as diascussed earlier are aercdynamic heating
(0.5°C error after correction), time lag, and calibration.

The Bendix Friez calibrations can be shown to be accurate to
£0.1°C, and the stability maintained high by artificial aging
before calibration. The time lag error is a factor which must
be handled by computation. Generally, at eight seconds lag, or
2,000 feet in the high altitudes, this will not introduce more
than 1°C of error. These errors are summarized in Table VI.

RUNS
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TABLE VI

Heat balance +0.2°C
serodynamic heating +0.5°C
Time lag +1.0%C
Sensor calibration +0.1°C
Total possible error +1.8°C
Probable error (RMS) 1.4°C

This value represents the total probat’2 error contributed by
the gensor and its ~ounting.

Bumidity

The humidity sensors presently used in synoptic sounding are not
used to measure humidity at temperatures below -40°C. Originally
this cut-off was not considered a seriocus handicap. BHowever,
meteorologlists have learsed with the advent of satellite and
rocket meteorclogical data that smsll changes in the constituents
of the upper atmosphere cam have a profoumd e“le:t on the surface
veather patterns. For this reasca, it was comsideved desirable
to include the capsbility of measuring humidity in this instru-
ment package. The humidity seasor i1s located in clips directly
beneath the thermistor at the forward end of the instrument
packsge, as shown in Figure 4-30.

In this location an unobstructed flow of air will pass over the
gsensor. The clips holding the seascor in place prevent slippage
of the semnsor during maximum acceleration comditions. The
sensor will be smaller amd lower in mass than the stamdexd
gsensors presently in use to improve its low temperature oper-
ational characteristics.

a. Cerbon Element - For this application, where cost and avsil-
ability are majlor considerations, a modified carboz humidity
element is suggested for use as the humidity sensor. The
regponse of this semsor at low temperatures leaves much to
be desired but it is the best proven humidity semsor svail-

able Tor use in an lnexpensive expendable package.

b. Aluminum Cxide Element - Amother pogsible element for use in
this esounding applicaticn is the Aluminum Oxide Humidity

h-21
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Element. Sensors of this type are sder develspment &%
Bendix Priez and possess attributes that sait it for skb
particular applicstior where ihe expected =pisture on-
centration is low.

The aluminurm cxide mumidity element gives indicstions of
relative mmidity with chang=s in the elesctrical ropertiss
of an sacdized aluminum oxide layer. The need for a sizpls,
stable, hygrometer wiich is capable of indicating spd record-
ing relative mmidity over a vide range sf comditions nss
long been recoguized. The feasibility of the sensing eiement
has beer demorstrated by test elements manufsctured at Bendix
Friez.

Mary indirect measuring instruments suffer from dissdvantages
such as hysteresis, long time pericd 4rift, large temperature
coefficients, or high sensitivity to contsmination. Although
absolute methods such g3 chemical or dewpoint determinations
avold these defects, they are not alwgys sultable for =zon-
tinuous recording or instrumentation. It is, therefore, very
desirsble that the ipdicagtion of humidity be presented
directly in the form of an electrical parameter without the
need for complex ancillery squipment, Tun sdditione]l featives
required for successful instrumentation are that the spred of
response be rgpid, and that no temperature measurement te
additionsally required. The Aluminmwe Owdide elemsnt fulfills
many of these necessary requirements. I% behaves as an elec-
trical transducer responding to changes in Relative Jumidity
by variation of its capacitance and resistance. The addi-
tional parameters of impedance can also be correiated to
direct megsurement instrumentation. The temperature range
through which we have tested the capabilities of the sensor
have been from -100°F to +125°F, and a pressure casnge from
1,000 mb to below 2 mb. During all of these changes, che
element is capable of indicating from O to 10C per cent
changes in relative mmidity, even though it frequently could
encounter rain or snow during flight.

A porous oxide layer (formed by ancdizing with an acid elec-
trolytic) provides by virtue of its structure, a large sur-
“ace area for absorption. In general, the capacitance of a
candenser formed between two conducting layers would vary
with the absorption of water vapor into the dielectric. The
humidity sensing element consists of a base of aluminum, gn
oxide mede by anodizing the base material, and an evgporated
conductive coating of sluminum metal. An increase in relastive
hunidity canses a decrease in impedance, and the reverse being
true when the relative humidity decreases. The resistance and
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rager Lnases arw reconded asd ralculated o terma f relanive
smumddicy sl wnter vgpor copteni.

2% s hesm sbgerved, ond we gave gubstantiated tals phenom-
eum in the laboralory, Last g Syszeresls sffent dees gemur
with ke slogiwme ogdde sumidisy elewment on exposure o sumid-
Ities above & per et relgtive susmidivzy. We would like %0
suggest a pesaibls resgon for tie exdistence ST “his xooditiom.
The seusor cemswriction, elither dize ur rod Sype. ls easen-~
sislly depnedsm ipon ke ancdizing process. This process of
sudliling the sewsors is the oxidimirg acid scluticn, temds to
apEn the oeny suwireds of sinuse pores in the surface of the
sermor. Thews peres are, Julve lagleslly. sow extremely
semeitiive to zny kamge in scistwre oxtent.  3ince ke pores
axe s0 seogitive, sy are ewtremely relactant %o give ip any
shaoribed soisture. 4 mpisod 57 forced wigration of these
aimate waler vagor purticles <o " surface will permit g om-
glate range of relative mpddity sessurement. hdis nes heen
verified such “Ba% guee the ssisture nzs 4een driven off,
eitimr by alr or & best sourte, ke eloment will imeediately
ratnn Yo %8 mwiginal resistence and capacitesce inlue tall-
braniom.

Tre slowimom axide mumidtity elsment tan 7€ canstructed eltner
in ilzec v rod “ype constriction.  doda mave ceen axie in the
Friez Emgineerimg _aboraary as 2zell es me-aalf inca in
Llemgin st approcimsiely me-gixteentn inen ir fiaweter. The
dise type mmstracticn ans "een grepared spproximstely sne-
Guartey izch in dimwter spd one-sixteentn inchkes (o “hick-
weas. Both “ypes ¥ ometracticn an e fabricated such %aat
the resistaguce amd capacitance neminal valies :an vary in
sceordance with the ancillary electroni: instrumentation. 3e-
sistance mlue elemewts ngve Seen wrepared in che aominal
range of seven %housand o thirty-five -nousasd nms 4% -7,
azd 33 per en* relative mumidity. The elementa can aisc %e
aecurgtely slibrated to measure super sa“uratics i iev -cn-
tent ize enslly.

T senzor will sperate in s range 3f ° %o L3¢ par ent relsg-
tive munddity. The senmsitiviuy taz e incressed in the aigh
ar low porticn of the relative meridity 3y proper design.

The long term stability, life expecaucy, and aging effects
of toe sensor sre all zot rampletely dzfined. The speed f
respogse L heen dbsarved at Pries g e less tasn o
gsecorxls for a change in mumidicy from ~ % 3 per emt rels-
tive numtdity ac 35°7. lonsidersble lata is ceing rompiled
cn the e«flfects on response of warying low -emperatiures. o=
edditiorel stventege %o the alusinua oxdide sensor {8 <kat it
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does not nmve to be baselined prior to rocket flight, since
s nomingl resistance capacitance value could be specifisd and
saintained.

Pressure Altitude

The Bendix “arporation has recently perfected a small, lightweight,
expendable nypsometric pressure semnsor suitable for use where the
rate of change of preasure with time is positive or varying im sign.
It has been designed primmrily for use in descending radicsondes in
the pregsure range of 2.2 mb to 300 mb but mmy be adapted for other
applications and different pressure ranges. In operztion, a therm-
istor is used to measure the boiling temperature of a pure liqudid
in phase equilibrium with its vapor. From this temperature measure-
ment, and nown physical properties of the liquid employed, the
pregsure environzent in which the instrument is located msy be
accurately determined. This unit, upnder laboratory coniitions,
offera the sccuracles shoun in Table VII.

The aypscmeter ezmploys s percolstor column - totael] reflux system of
such configuration that virtually no vorking fluid is lost, even

when tumbling. During 1ts period of operstion hosever, the nypscmeter
met be essentially upright. The "spill-proof’ design is g ley
festure of the init resulting in smail physical size sxd low thermal
mass which s:e necesaary requirements for minimum power consumption.
The instrument 15 alvays srmed and ready to operate, requiring omly
the sctuation of the seater zircult just pricr o the Uise [Eessure
obgervations are to be made.

This nypasometer nas been mede clectrically compatihle with most exist-
ing meteorclogical scunding systems zand can be installed within the
vehicle by any convenient means %hat will result ir proper orientg-
tion during 18 aoperating period. The presgure sampling tube can bhe
apened %o tShe atmosphere wvherever ~he aserodynamic features of the
vehicle and tne needs of tpe jser pernlt.

TABLE TII

Hange: 2.0 =b %o 350 mb

Accurecy: 2 mb %o 20 mb: + 0.25 mb

' Laboratory conditions) 2C mb to 3CC mb: + 0.5 =b

Jeater JZower: Approximately 5 watts (sny con-
venient voltage)

¥eaguremsnt Jower: Tp o 70C microwatts dissipmtica
through the tShermistor

sutpgat Fora: Resiatance analog of boiling liguid
wapor equilibriun temperature

Envelaope: Jylindrical, 2" digmeter by 4" high

2t
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4. Hypsometer - A nypsometer has heen chosen for the pressure

gengor in this roctket soumdimg vehicle beczuse it offers a
wide aperzbing rasge, high accurscy, amd low cost s an ex-
pexiable mressure semsor. It 1s a fairly aimple device apd
is resgdily adaptable to radiosomde circuitry.

The hypscemeter vapor asd the subject medium sre allowed to com-~
tact esnch other so that pressure egquilibrium iz aaswed. Diffu-~
8lox mixiag is prevested at the temperaturs sexsor hy the flow
of vapor frum evaporating fiuid. The vapar msy be loat or it
myy be comdenssd aad returmed to the boiler. The design problem
may best be illustrsted by discussing the heat trazmsfer ia g
nypeoreeter.

- . 88 _ dm . dm

- k(e - &) - {e - &) = O
where: Qix 1s power output

Ch 18 uo the total nest capacity of the boiler and

fIuid
e is the boiling goinc
1y 18 the l1gtert heat of vaporizatiom
g—‘% ia the mass evaporation rate
ey 18 the gpecific heat of the fluid
Sn is the comienser tempersture
iy 1s the thermal comductanmce betu=men the boller

ard the comdemser
Ce 1s the total heat capacity of the condemser

The last term expresses loss directly to the envirommswat at
temperatire 8 through comductance ko im parallel with kj

If comdewsatiom refluxing i3 aot -ised, the fourth amd fifth
terms are zerg. Whew a comdemser is used, G¢ cam be coarsely
progrzomed by the proper chaice of k3.
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g—% i3 determined by <he fluild =narsc<eristics snd tne przegsure-
time profile. 1y 98 i3 Iimited %o valies less than snese at
7hich liquid loss Gfcurs shrough wiciens beiling. s s resuls,
a particular aypscmster design, fluid, and boilar power mst be
18ed in a pressure-time regime agving rather nerrow limtts.

This last pecessity ig the scurce of the mogs difficulzy In
hypsometer design.

If the power 1= cops=ant, variscticms in the remsining terms mus<
balapce. In an ascending aypscmster 4e 44 negative 3¢ that the
che second term acts as a power scurcg? and very little extermal
power is necesaary. In a constant pressure-gliitude scunding,
‘é% is very smell snd, over long pericds, aversges near zero.
Only encugh power is necessary for fcllowing the expected fluc-
tugticns in pregsure. In a descending sounding, all these

terms ngve sizable values and It is of tne essence g cptimize
for a maximum 40 gnd a minimum . MosT of the boller power is
expended in raﬁ.ing the cemperzture of the thnermsl mmases Ty

and Ze-

In practice, the heat <ransfer equaticn serves as a design guide
rather than ss s precise crizerion. The difficulties of zschiev-
ing smocth toiling over large pressure ranges of simulating pre-
cise presgure-time profiles for testing and of scquiring precise
reference data In design tests isually cutweigh the prublems
directly impiied in tne aest sransfer equation.

The scale law for the nypsome=er msy he developed by utilizing
cthe lapeyron-Clausius equation as follicws:

T _ 7 {7‘3 -‘Tz}
- T

dp
where: T i3 <he absnlute <emperaure
2 is =ne molar neat of 7nporization
Tg is she molar volawe of Sae vapor
7- i3 <he molar wclume of tne liquid
p 13 sbsclute pressure
47T -
i is 3 megaure of thoe gypecmetric sensd tivity
Stnce Tz Sp Tr
d; = }‘g_&
£-26
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nder the canditicons of inerest, the 7apor mey bBe trested as
an ldegl zas so that,

jriid
T = 2=
g )
and :
T _ TR

i3

It is seen then that opersting “smperature should be ndgh gnd
molgy heal of vaporization should te small in order to schieve
aigh hypsometric sensitivity.

The temperszture will te meessured in this hypecmeter by mezns of
& thermistor. The vzriaticon of the reaistance of the therwdistor
vith temperature is described 5o the first approximation by the
following equaticn:

r AE'B/T

W

when: r registapce
A and B are coonatsnta
e iz the base of natural logarithms

T is the absclute emperaiure

differentiating gives:

r &t
ombining the fourth snd sixth equaticns above gives:

A N
r ‘L P

This equation shows that tne fraciicnal casnge in the resigstance
of <he shevmistor is prowortional %o “he fractional ciaenge in
she pregmrre neagired. This type of scale lzv preserves tone
gensizivity of <ne measuricg device shroughors the Large renge
af preggure.

The basic design of the ypscmeter proposed for this rociestsonde
ves established mder Zontract Fo. AFII(A0C)-4lf21, Wy <he Bendix
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3egegreh Laborwioriss Division. Thig desizm iz shown in Figoe
4-31. Twe comtaliner ased f3 2 small Dewwr flask which {s wmed
<0 provide tre mawiman dsermal isclation tetween a ypeameler
and {28 emviromment. The pressuce port is of a2 zo-epill design
and iz very effective. With tais desigr the myraomeer comtain-
ing fluid msy ke Tznbled quite vioclemtly without spiliing amy
Hguid. The -ypecmeter amy te losded with liguid pricr o
flight vendcle installstion sbowrd the sircrsft acd oo Sortker
gl is regquired. The tgke 1zed <o supply commection to ke
Fregsure to e measured must be larpe encugh 3o that the flow
of toiling wapor dces aot sreate a3 back-pressure whicn is Ilerge
in comparisop with the pressure beling measured. The =zp oo the
ypscreter i3 z rgther rfesyy netal pisce which fms 2 nigh keat
capacity amd wiich serves to condense same of the vapor zzd re-
nrm ke liguid to tze beliling zhember. This featnre i{s zeces-
gary to minimize <he smoumt of liquid required o keep tce
aypscneter gperating <hroughount the fligni. The heater ard
pereolastor are Zdesigred <o promote smooth, even hoiling of the
ligeid apd <o supply 2 miform flow of ligaid to wet the <hern-
istcr. In actusl practice <he ligudd will ?low scmewhat mnewenly
en%o tbe thermistor apd for tals reason s smsll smount of felsn
is pleced on the thermistor <o prevent sharp flactuations in tike
tenperztnore megsured Ty the thermistor.

The nermistar (s a2 small nesd <hermisior and is chnsen to hare
3 registance ralus suitable for the Semperature range of tie
h

Lingliq:m ard the charscieristics of tae telemetry used.

¥5r she PAOLA I rocke=tacrde #= plan %0 is2 Syo taermistors
conneciad in seriss and o selsct ke Twp ttermistors so than
she resistance rersus empernture czasracteristiics of the com-
tination will te exactily the same from cone Sypscmeter o zmother.
By iz msana, tze peed for beseline srechks or for identificsction
of the psricular sypesameter ted will ot te required in order
%0 reduce ke data.

4 agpscmeter Ligaid ¥ill te zelected s taal {t= bolling
zenmrm- as soe pgximm aliiude of the rockelgocde will he
tetween 2C and 33°C. This iz dore so tazt the liguid will not
mm@myo%avmmmmmu
lapnczed. Thiz is one of the most (nporiant characteristics
e 1igadd must aave. Jtlger imporiant tasgacteristics are its
prisy, Lt%a sighdlicy sod storeanility, its viscoasity, surface
cension aod it 2bility to Zisacive air. Afr dissolved in tze
“iguid will moake 15 2oil srevenly ard tomp viclemtly sxd <zus
entertaln & fresi deal of liguid in tze vapor.

n op=ration, congtent power vill be sipplled to zhe zester from
e wime the mcistgorde is lauresed. ¥Yoen o2 rockemtsorde stgrs
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its degcent, the liguid wiil surrowd ize zester erd toiling
will tegin povided a 2izh enough sltitirde Zas teex reacked.
2 %8 expecied altimde, the

trze zeaser will —ave o

g1pply meat for some period of tine tefore tihe toiling temper-
sture i3 reacred. I the rockes rescheg or exceeds its desiz-
nxted zitivgde, toilimg vill tegin vhen toe descent glarts.

Frpscometers of tzis pemersl desigm zave beexz Jlowm itz
AX/TM-S rocxetsomde wita zood results. It is anticipated
that eren hetler resulig vill e schieved oy ting operation
of the aypsometer %o s range of 120,700 feet o 30,000 fee:.

k. Densicy

0“
u

PRULA I AYD TOR AN/AMR-1S METELROLOGIZAL STSTEM

The PAULA I Bockmisonde is compazinle vitz tze AYAMG-15 Meeornlogical Systen
erd the AX/ME-L Date Analysis Jextral, ¥itz the additicn of the PAUDA I
system, seversl sidfitions vill te made o tze AN/AM-19 System. A block dia-
Zen of <his systen {s presenced im Figre :-33. There are Txree major oper-
atiomal differences beweezn oo ?A.'.KAI azd tne ANAMT-13 HBadicsondes. These
are scan rate, commutator contact time and Zata caoliection seguence.  Zach

of these items 2ms teen 4iscussed quantitatirTely elsevhere i1 tais repors,
These tihree rediosorde outpit chsracteristics sre completely compatinle wita
the 2%/2¥G-13 System data inpit reguiremsnts.

-2



To achieve optinun data collection performance from= the PAULA I Rocketsonde,
geveral siditions are required in the airborne launch platform. 8ince the
rockescrde ascends to altitudes far above the launching altitude, and trans-
rits from these altitudes, izmproved reception of weather data is accomplished
oy utilizing an antenma locagted in the &ft seciion of the aircraft. This
anterns, as shown in Pigure 5-29, is activated and the present ATE96/A antenna
/lpocated beceath the aircraft) deactivated, by a svitch located on the Rocket
Control Fazel a8 showm in Pigwre 5-32. The Rocket Control Prael is required
<o maick the stardard control parels associated with the AN/AMQ-19 System in
order o select, arm and dispense the rocketsondes. Separate jettison controls
are required since tne rocketsondes are contained in external stores leocated
renesh the vings apd are a separate subsystem from the dropsonde operation.

Tre PAULA I Rocketsonde differs from the AN/AMP-13 Rciiosonde in another im-
portant respect, rawely, the sensors used for detecting weather conditions.
Toe PAUIA I Rocketsorde utilizes a hypsometer for sensing pressure, a theram-
istor for sensing temperature and a carbon-type electrical hygrometer for
sensirs relative mr=idity. T:e resistance curves for thege sensors are differ-
ent 2rom the resistance curves for the sensors used in the AN/AMP-13 and the
correct transfer funciion mst te known in order to reduce the collected data
accuragtely. In sddition, the advanced design ¥ PAULA I Rocketsonde has msde
possitle tre eliwination of baselire correction for each sensor of every
sozde. T2 electrosics, transmitter, and sensors of each PAULA I rocketsonde
vill e assembled and adjusted o coxply vith the charscteristics of one of
several groups of calibration data. The particular group of calibration data
vhick appliegs to a specific PAULA I instruzent package will be indicated by a
code mmder proxinently displayed on the package, ogive nose cone, and pod.
AT the tiwe toe pod {8 iosded into the external store, this identification
vill be noted in the Systex= Operations Log. Prior to jettison the operator
vill ad fust svitches 10, 11 and 12 as skown in Pigure 6-5 on the AM/AMQ-19
(tserver Iznput Prrel so that tkhe rocketsonde is identified in subsequent
data zardling operations. Tee identification will be processed during the
wo scans of morirontal 3ata preceding the start of vertical data storage.
Aéditional information on the data handling process in the AH/MQ—19 Systen
is presented in Section VI. +n manual reduction and cozputer prograrming
tecaniques for the reduction of date ¥ill require the group of transfer func-
tions ard sensor baseline curves sssociated vith the code identification of
tze PAULA I Rocketsonde.

Tee AN/3MI-A Data Analysis Central is in every respect cozpatible with the
PATIA I Rockeisorde data. Tee AK/GMH-4 System receives data directly from

the airvorne meteorological system and reproduces it in teletype printout form.
Tre date it receives 18 that vhich is recorded by tape on the Recorder-Repro-
ducer uni: of <he airborne AN/AM3-19 System and it is necesgary only that the
Hecorder-Reproducer be capable of recording the rockelsonde data in order for
toe ground data sysiem to receive and repreduce it. The AN/AVR-19 Systen is
capable of recording tre rocketsonde data and, therefore, the integration of
the FATJIA I Rocketisonde witz the AN/AM(-19 Meteorologicsl System and the
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AR/GME-%4 Ground Data Hamiling System can be accomplished without difficulty.
The AK/AMQ-19 System is presented in Section VI of this report.

PAULA II AXD PAULA III

The PAUIA 1 instrument package and f£light vehicle are almost directly applicable
for the measurement of temperature and pressure to 250,000 feet (PAULA II). In
this vehicle the M60 Palcon rocket motor is substituted for the M58. The .010
inch digmeter rod thermistor end the hypsometer have been shown to provide
accurate neasurements to 200,000 feet in the AN/DMQ-S tests performed in 1963
by AP(RL. The hypsometer may require a different fluid because of the extension
to lower pressurea. The measurement of moisture in the PAULA II vehicle, how-
ever, should not be attempted using the humidity strip sensors suggested for
use in PAUIA I,

More sophisticated techniques are required Lo measure the minute quentities of
vater vapor in the atmosphere at these high altitudes. The use of improved in-
strupentation along the lines of a mirror, or slpha absorption dewpoint hygrom-
eter, or an infrared hygrometer is required. Until an adequate moisture mea-
suring instrument for use in a rocketborme instrument packsge is developed, it
is recommended that the measurement of moisture be eliminated in the PAUIA II
package. In place of a molsture measurement in PAULA II, a measurement of
ozone concentration may bte more appropriate over this altitude regime. Ozone

sensors have bheen developed based on spectrometric methods (Paetzold Ozonesonde),

chemical methods (Regerer Ozonesonde), and by the detection of the effects of
czone reactions (Regener "dry” luminescent method). The amount of ogone con-
centration on a synoptic basis has been postulated for use as an indication of
verticel transport in the stratosphere. Ogzone data would also be useful in
other atrmospheric studies. To date, little effort has been avplied to sensing
ozone concentration from rocketsondes. However, there seems 1o be nc reason
vhy the ozone sensors could not be adapted to this type of deployment.

The PAULA III irstrument package will of neccessity be completely different than
its tvo predecessors. The philosophy used in atmospheric sensing of meteor-
ological parameters must be altered considerably when considering extension of
the measuremenis to altitudes at 400,000 feet and above. The measurement of
pressure in a region vhere the pressure is approximately 2 x 10-0 mb becomes a
problex in counting molecules. Measuring temperature in an atmosphere where
the mean free path is approximately 1k feet becomes a problem of defining

temperature.

The most important meteorological measurement that can b2 made over this alti-
tude regime 18 density. Density measurements in the pressure range below

2 x 10=5 b can be made using ionization geges (Alphatron) or Redistion scatter
techniques. Measurements of the composition of the atmosphere at these aglti-
tudes can be mede using a mass spectrometer. In general, sny measurements made
at these high altitudes require very sophisticated measuring techniques. This
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fact, in combinstion with the possible need for longer transmission iisisnce
(larger transmitter and larger power supply) will probsbly limit this vehicle
to a maximum of two senaore. The purpose of the PAULA III vehicle should be to
fi11l the void bLztween present rocket measurements and satellite messurements.
Therefore, in PAULA III measurement of parameters concerning the environment in
the vicinity of the vehicle should be given preference rather than those such
as solar and terrestrial radiation which can be more completely determined
through the use of satellite deta. The possibility of other parameters such

as the determination of atmospheric composition, electron and ion demnsity and
local megnetic field sre some of the messurements which could be considered.
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PAYLOAD PARACHUTE INFLATION AND STABILIZATION
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SECTION V

_SUMMARY OF TNVESTIGATIONS . c- .

In the course of this study program many sppraoches to the problem of
deploying a meteorological probe from a moving aircraft to 120,0C0
feet were considered. In the course of these considerations, careful
attention was given to establishing certain basic objectives for the
study. Certain encoureging approaches, vhich are presented in this
report were abandoned since they did not fulfili these objectives.
The program objectives which were primary considerations are:

1. Alreraft Flight Safety must be considered of paramount
importance.

2. The system must be readily adaptable to both the W-LTE
and the KC/C-135B aircraft with a minimm of structurel
modification to the aircraft.

3. The telemetering equipment must be compatible with the
AN/AMQ-19.

. The rocket motor used for propulsion of the flight
vehicle should be, perferably, aircraft qualified and
an Air Force stocked item.

5. The Rocketsounding System should consist of state-of-
the-art technigues for use et altitudes of 120,000
feet and be readily expesndeble to 250,000 feet, and
the region between 400,000 feet and 600,000 feet as
applicable sensors become available.

Investigation of the configuration of the W-47E and the KC/C-135B air-
frames indicates three possible areas for installation of upper
atmosphere sounding vehicles, these areas are:

1. The fuselage center sectlon.

2. The empannsage.
3. External stores under wing pylon.
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An iniernal arrangement may be possible in the fuselage (space per-

rdtting) or oxdornal packages wigil ve attached to the fisélage’. ) :
These investigations of areas for storing the flight vehicles aboard i
the alrcraft resulted in study of three methods of initial sounding

ingtrument deployment. These methods can be summarized as followa:

1. Release of the vehicle in a downward direction from the
aircraft, followed by an operational sequence to stabi- -
l1ize the wnit, then propulsion to the desired ajtitude. ‘
This is the recommended method.

2. Ejection of the vehicle horizontally aft in the manner
used with the AN/AMP'-13 radiosonde, followed by &
stabllization phase and propulsion to altitude.

3. Direct vertical (upward) injection tc the desired alti-
tude.

Internal sounding vehicle installation in the W~-4TE is limited by
equipment located in the former bomb bay ares and the fuel cell
installations. In the case of the KC/C-135B, there are inherent
problems in providing openings in & pressutrized fuselage. External
packages volted to the fuselsge are & possibility with either adr-
frame.

Several additional airframe installations and methods of deploying
a sounding instrument into the upper atmosphere were investigated.
These investigations are summarized in the following paragraphs.

VERTICAL INJECTION METEOD

A very interesting, and somewhat wnusual, approach was considered for
injecting a probe into the upper atmosphere. 8ince the ingtrument
peckage must be deployed vertically, it wes considered very desirable
to deploy directly to altitude without the necessity of any additional
sequential steps. To accomplish this, the application of the proven
ground-based gun-launched probe principle to an aircraft was studied.
In the final analysis it would appear that the extremely high breech
pressure, very high accelerations, and need for extensive aircraft mod-
ification to absorb recoil, result in a conclusion that this method

is impractical for a state-of-the-art operation system.

The gun-launched probe system studied, which does offer many benefi- 1
cisl attributes, is illustrated in Figure 5-1 installed in the W-47B
alrcraft. Launch and deployment of the meteorological packege is

FRpg——y
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gshovn in Pigure 5-2. The most critical characteristics of the system
are discussed below and are supported by data in graphs snd figures.
. Scme of the information presented hevein was estgblished through rgther |

liberal extrapclaticn of existing gun-laumched probe data. The following
paremeters have been assumed for this discussion.

1. Projectile apogee: 125,000 feet and 250,000 feet.
2. Barrel length: 10 to 15 feet.

3. Projectlle diameter: 1/2 barrel diemeter.

L. Aircraft forward velocity neglected.

Inspection of the date presented in Figure 5-3 shows the muzzle
velocities reguired to reach the desired altitudes with a gun vhose
bore is three to six inches. Figures 5-4 and 5-5 show the muzzle
velocity capabilities of ten and fifteen feet gun barrels assuming
an operating breech pressure of 47,000 pounds per squsre inch.

Based on the margin of velocity between the muzzle wvelocity capa-
bilities and muzzle velocity requirements, the following assumptions
car be made to determine an spproximate breech pressure lower than

47,000 psi. These regults are shown in Figures 5-6 and 5-7.
1. Ten foot gun operating to 125,000 feet. (Figure 5-8)

2. Ten foot gun operating to 250,000 feet. (Not possible
below 47,000 psi.)

3. Pifteen foot gun operating to 125,000 feet. (Figure 5-9)

L. Fifteen foot gun operating to 250,000 feet. (Operating at
47,000 psi, the following sre feasible.)

&. Fowr inch gun with five pound projectile.

b. 8ix inch gun with twelve pound projectile.

-nom T -
In the casse of the fifteen foot mum cperating to 250,000 feet, accelera-

c
tions and muzzle velocities experienced by the projectile are:

1. PFour inch gun muzzle velocity 5,500 feet per second
(15 pound projectite), pesk acceleration 63,000 g.

2. Six Inch gun muzzle velocity 5,100 feet per second
(15 pound projectile), peak acceleration 54,000 g.
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Inspection of this data indicates that extensive changes are necessary

in present radioscnde circuitry and meteoroiogical semsors due to the

high gecelerations {nvQlyrd.. As it is the aim of this system tc be
operational within the limitations of state-of-the-art hardware, fiis * *
approach was eliminated from consideration early in the gtudy program.

HORIZONTAL EJECTION METHOD

A careful study was also made of the problems involved in installing
a sounding vebicle dispensing system in the tail of the aircraft.
With the W-LTB, this concept appears to be encouraging as the
MX-LT68/AMQ-19 Radicsonde Set Dispenser is installed in this ares and
severel possible methods can be used. The most promising smong these
was to nest four "Judi" type rockets, equipped with meteorological
instrumentation, in the space available around the dispenser. This
rocket motor provides much of the required performance, although
primarily used for DART transport and not presently quelified for
aircraft use. It has been established that four of these vehicles
could be mounted around the dispenser in the W-4T7E as shown in Pig-
ure 5-10. The sounding vehicles would be contained in s tube which
also provides storage for the stabilization -~=rachute and timing
devices.

Tae metecrological sownding packege would be contained in en ogive-
shaped nose cone designed to be deployed at apogee, allowing the
meteorological package to descend by parachute. Due to the extreme
turbulence experienced at the after end of the asircraft during flight
it was felt that the rocket vehicle rmst be deployed from the air-
craft with a "pogo stick" type of launcher rather than a drogue para~
chute. PFigure 5-11 illustrates the rockets and payload packages in
their dispenser. Wnen used in this application, the Judi would
provide a vehicle displaying the approximate characteristics listed
in Table VIII.

TARLE VIII
Weight B pounds 38 pounds
Iength (approximate) 90 inches 90 inches
Payload Diameter 3 inches L inches
Apogee {approxdmete) 257,000 feet. 20€.000 feet
Peak Acceleration 120 ¢g's 120 g's
Payload g pounds 9 pounds

Selection of this configuration would preclude the use of many exist-
ing AN/AMT-13 assemblies due to the small volume available in the nose,
and, also, probably due to electrical power requirements, the proven
hypsometer for the measurement of pressure altitude.

5-1



Additional research and development would be required to support the
design of a suitable transmitter. This effort removes the Judl from
the reslm of state-of-the-art hardwsre. The major problem involved
in the use of this method is the extensive rework to the airecraft and
" regultant non-interchengeudility of the sysiem between ithe two afr-
eraft (W-LTE and KC/C-135B). It is enticipated that PAULA I will
require only minor modification to the aircreft involved, the W-4TB
and the XC/C-135B, to utilize the system presented in Section IV of
this report. In addition, a Judi-powered sownding vehicle and
dispensing system does not eppear to lend itself readily to modi-
fication for soundings at 120,000 feet, 250,000 feet, and the area
between 400,000 and 600,000 feet. Additional flight vehicle and
aircraft modifications would eppesr necessary to achieve this desired
extension to higher altitudes.

EXTERNAL STORES

Following the consideration of various fuselage mounting techniques,
study effort was concentrated on the concept of external stores.

As the aircraft involved, W-47E and KC/C-135B, are, or can be, equipped
to carry external fuel tanks, this offered an ideal location for the
mounting of instrumented rocket vehicles. It is highly desirable to
have a package which would fit either aircraft, and be readily adspt-
gble to additional types of sircraft. External mounting permits this
option. The final configuration of the PAULA I system is presented
in the preceding section of this report. Several configurations
congidered during the evolution of the final package are briefly
discussed below. One design parameter established for the program
was that four sounding vehicles must be carried aboard the air-
craft. One configuration studied is shown in Figures 5-12 through
5-15. The external fins on the pod, as well as the rocket vehicle
fins projecting through the pod, were used in combination as & spin
stabllization device for the pod to assure separation from the air-
craft prior to parachute opening. This finned pod arrangement does
not lend itself to side-by-side wing pylon mounting due to the
extreme serodynamic interaction (turbulence) generated. To preclude
turbulence affects the pod remained attached to the sircraft and the
sounding vehicle deployed aft with its parachute as shown in Figures
5-16 and 5-17. This presented a emooth aerodynamic shape to the air
flow but still left the exposed vehicle fins aft. Even though this
is an improvement over the previous concept, it still was not =
desirable solution to the problem. The concept was mcdified by
installing two wing pods side-by-side with a door which could be
opened in the after end for vehicle deployment. This configuration
is shown in Figure 5-18. While this represents a usable solution,
the cost of design and fabrication plus the resultant loss of air-
craft performance, makes it appear undesirable. The step leading to
evolution of the PAULA I system was the use of a large pod containing the
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sounding vehicle. This pod would be dropped and act as a launching
platform for the sounding vehicle after parachute stabilization.

This system utilized the PAULA I sounding vehicle but represented a
-3ifPerent deploymant tenhnique. The seguence of this deployment is L
illustrated in Figures 5-19 through 5-23. This particular configuration
showed sufficient promise to warrant analysis in the IBM TOLO computer.
Canted fins were used on the drop pod for spin-up. An integriting
accelerameter, mounted on the periphery of the pod and, therefore,
actuated by rotation during deployment, was used as the final safety
device in the flight safety program. This was considered one type
acceleration which could only be experienced after releese from the
aircraft. Although this system appeared to offer s workable solution,
the problem cf installing twe pods on a common external stores pylon,
their large frontal arerm and proximity to each other, had & deleterious
affect on aircraft performance.

The last concept evolved prior to the final PAULA I system consisted
of & vehicle powered by the Falcon M-S58A2 motor and utilizes a
rotary dispenser made from a modified W-4TB external fuel tank.

This is very close to the final design which is discussed in Bection
IV. The dimensions and launch sequence are shown in Figures 5-2L
through 5-30.

The background information evolved from the configurations presented
in this section lead to preparaticn and study of the final recommenda-
tions necessary to assure that an operationsl state-of-the-art system
could be provided. This final PAULA I deployment configuration is
presented in Section IV of this report.

5-6
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SECTION VI

THE AN/AMR-1G AUTOMATIC METECROLOGICAL SYSTEM

The AN/AMY-19 Meteorological System, produced by Bendix Friez, includes three
subsystems. These are Vertical, Borizontal and Data Handling. In addition,
a Ground Data Handling system 18 used to process the data transmitted by the
colliecting aireraft. A Functional Diagram of the AN/AMQ-19 System is shown
in Figure 6-1,
The following components are contained in the AN/AMQ-19 system:

Radiosonde, AN/AMT-13

Redic Dispenser, MX-4T68/AMQ-~19

Antenna, AT-896/A

Receiver, Radio, R-1196/AM3-19

Converter-Scanner, Signal Data, CV-1523/AMQ-19

Generator, Control Signal, 0-1113/AMR-19

Power Supply, PP-3768/AMQ-19

Control Panel, Vertical Subsystem Control-Indicator

Control Panel, Observer Inputs Selector

Control Panel, Data Handling Control-Indicator

Contrcol Panel, Voltage Monitor Control-Indicator

Recorder-Reproducer, Signal Data, RD-253/AMQ-19

Frequency Shift Keyer-Multiplexer, KY-4Ol/AMQ-19

VERTICAL SUBSYSTEM

The vertical subsystem consists of those components (Radiosonde, Dispenser,
Antenns, and Receiver) needed to collect, process, and provide vertical sound-
ing inputs to the data handling subsystem. This equipment can be described

as follows:
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AN/AMT-13 Radiosonde

The AN/AMT-13 Rediosonde is a meteorclogicel sensing and telemeter-
ing packsge designed for ejection from high performance aircraft
flying at speeds up to Mach 0.85 ard at altitudes up to 50,000 feet.
The radiosonde senses the characteristics of the atmosphere (pres-
sure, temperature, and humidity) through which it passed during
parachute descent from altitude. The meteorological data measured
during descent are encoded into analcg pulse repetition rgtes in
the nominal range between 2450 and 6050 pulses per second. The
encoded data is transmitted to g radio receiver aboard the aircraft
by a 403 megacycle carrier.

The AN/AMT-13 Radiosonde, as shown in Figure 6-2, consists of a
cylindrical instrument package containing the sensors, electronics,
and power supply which is supported during descent from altitude

by a parachute. The cylindrical instrument package is 3.5 inches
in diemeter and 18 inches in length. The covering tube is open and
slotted at the forward end to permit the free flow of sir to temper-
ature and humidity sensors. Ports for the barometric pressure
sensor are located around the cylinder at the midpoint in length.

A compartment for storage of the parachute is locsted st the aft
end of the unit. The descent parachute is a nylon hemispherical
canopy 12 inches in diameter, which is attached to the instrument
prackage by nylon risers. This paraschute configuration resuits in
deacent from 40,000 feet in nine minutes, from 35,000 feet in seven
minutes, and from 10,000 feet in 2.5 minutes. The radiosonde
weighs 4.75 pounds.

The AN/AMT-13 Radiosonde, together with the R-1196/AMR-19 Radio
Receiver aboard the aircrsft, provides a reliable communications
link of approximgtely 210 nautical miles with the aircraft flying
at 40,000 feet (1line of sight transmission limi.a%ion). The
radiosonde transmitter operates in the 400-406 mipecycle meteor-
ological band with a peak power output in excess of 18 watts. The
active elements in the sonde electronics are so.id state devices
with the exception of the carrier oscillator which uses an electron
tube. The transmitter antenna is a flexible half-wave dipole which
is extended upright and rigid at parachute deplcyment. The antenna
is attached to, and supported by, the parachute canopy.

The sonde electronics is powered by three 6 volt nickel-cadmium
rechargeable batteries. This typ: of power supply permits charg-
ing to maximum capacity Just before use for maximum efficiency and
reliagbility.

The sensors used for data collection are sampled during descent by
a programmer asrembly. The programmer consists of a flush type
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commutator board, rotating contact arm, and motor and gear assembly.
The DC motor, with its attendant gear train, provides a commtation
rate of 10 scans per minute (one commutator sweep each six seconds).
Twelve conducting segments are provided on the commutator. The con-
tact arm dwells on a segment for a period of 450 milliseconds and 1is
interrupted for a period of 50 milliseconds between segments. Date
is avallable at the segments in the following order during one scan
of commbtator: 1) High Frequency Reference, 2) Bumidity, 3) Temper-
ature, 4) Pressure, 5) Humidity, 6) Temperature, 7) Low Frequency
Reference, 8) Humidity, 9) Temperature, 10) Pressure, 11) Humidity,
12) Temperature.

e e A A =

The pressure sensor is also & part of the programmer assembly. This
design feature permits the progremmer motor to drive the programmer
contact erm and also to actuate the pressure contact arm at preset
vime intervals. The pressure sensor consists of an aneroid capsule
which drives a contact arm through an appropriate linkage and provides
motion across a wire-wound resistance card, providing a pressure
versus resistance relationship. Humidity measurements are obtained
with an ML-GT6/AMT carbon humidity element. An ML-LO5A/AMP-11 rod
thermistor is used for measuring temperature. An internal view of
the AN/AMT-13 radiosonde is presented in Figure 6-3.

' The technical characteristics of the AN/AMP-13 rsdiosonde are as
follows:

l. Range of Measurement

a) Atmospheric Pressure; 100 millibars to 1060 millibars

b) Temperature: +55°C to -90°C

c) Relative Humidity: 5% to 100%
2. Dimensions

a) Diameter: 3.5 inches

b) Length: 18 inches

c) Weight: U4.75 pounds

3. Transmitter

a) Preset R,F. Frequency: U403 + 2 megacycles

b) Signal: Pulse time modulated

6-3 .-
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c) Pulse Repetition Frequency: Varisble between 2400 and
6100 cycles per second

d) Pulse Width: 16 + 3 microseconds
e) Peak Pulse Power Qutput: 18 watts minimum

Dispenser, Radiosonde Set, M{-4T68/AMR~19

The dispenser is designed to carry and eject nine rajiosondes at
altitudes up to 50,000 feet, from an aircraft flying at speeds up
to Mach 1. The ejection path is aft and psrallel to the axis of
the aircraft. Exit velocities between 20 and 30 feet per second
are obtained.

The dispenser is a drum-shaped aluminum alloy assembly approximstely
48 inches long by 22 inches in diameter. It weighs epproximately
180 pounds. It hss an ejection port at one end and a dust-and mois-
ture-proofing cover at the other. An access cover, running longi-
tudinally on the drum, provides means for visual inspection and
space for adjusting the indexing motor and arming mechanisms.

Nine individual tubes (barrels) house the radicsonde sets. Thermo-
staticelly controlled heaters maintain the temperature of the radio-
sondes at approximately 25°C when the ambient temperature is below
this level.

The tubes are held in position by two rigid end plates and stainless
steel braces to form a cylinder. This assembly, which resembles the
cylinder of a revolver, rotates within a housing to position a radio-
sonde for ejection when the operator depresses the eject button.

A specisl pneumatic actuator ejects the radiosonde. The actuator
conslsts of a free piston which moves in a slotted cylinder. A
shoulder on the piston extends through the slot and provides a
means8 for taking out the power of the piston. The slot 18 sealed
by a thin metal ribbon threaded through the piston and fixed at
each end of the cylinder. Air pressure, moving the piston through
the cylinder, forces the ribbon against a flat surface beneath the
slot. As the piston moves, it contacts the radiosonde, accelerates
and thrusts the radiosonde aft.

The special features of the actuator are:
1. A slow approach to the radiosonde.

2. A momentary hesitation upon contact with the radiosonde,
then, full line pressure ejection of the radiosonde.

6=l
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3. Automatic piston return, which readies the actuator for
the next stroke.

The pneumgtic power is supplied from a rechargeable air or gas
bottle {100 cubic inches volume, 2500 psi pressure) mounted on the
outside rear bulkhesd of the dispenser.

Access to the dispenser is through the W-4TE tail compartment door
or by removal of the tail dome cover. Radiosondes are loaded in
the dispenser through the radiosonde eject port. A solenoid-
powered linear gctuator rotates the cylinder one position at e
time. An indexing mechanism automaticelly aligns the barrel with
the eject port.

Controls and indicators for the dispenser are located on the Ver-
tical Subsystem Control-Indicator at the observer's operating posi-
tion. These& are:

1. Sonde Number meter (identifies the barrel aligned with the
ejection port, 1 through 9).

2. Index switch (rotates the cylinder one position).

3. Arm switch (turns on the radiosonde).

4., Drop switch.

Antennsa

The AT-896/A Antenna is a 403 megacycle (nominal) stub antenna de-

signed for aircraft use. The antenna operates in conjunction with

the radiosonde receiver and is located on the lower aft fuselage in
close proximity to the receiver.

Radio Receiver

The radiosonde receiver is g double-conversion superheterodyne with
& bandpass RF amplifier, a crystal-controlled first local oscillator,
a bandpass first IF amplifier, a voltage-controlled second local
oscillator, a narrow bandpass second IF amplifier, and a detector
section. The detector section contains a pulse or intelligence
detector, a peak detector for automatic gain control, and a fre-
qQuency discrimingtor for automatic frequency control.

The controls and indicators for the receiver are located on the con-
trol panel. Prior to arming a radiosonde, the frequency meter will
sweep as it follows the AFC circuit in seeking a signal. The
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AN/AMT-13 radiosonde is armed by depressing the switch in its forward
end {as shown in Figure 6-2). At this  .e the frequency meter will
indicate the radiosonde transmitting frequency. The signal strength
meter should indicate a strong signal due to its proximity to the
receiver and antemna. After the radiosonde is ejected from the dis~
penser, the frequency and signal strergth meters will continue to
indicate until the end of the flight at which polnt the frequency
meter will again begin to sweep. Audio monitoring will also indicate
flight termination.

If at any time during the radiosonde flight the signal becomes too
weak for the receiver to remein locked on, or if g fault occurs in
the AFC circult, the Autometic-Manual switch may be thrown to the
Manuel position and the receiver tuned with the Manual Tuning Control.
It may also be necessary to tune the receiver manually if it has
locked onto an unwanted signal, such as that from an AN/AMT-13
launched by another aircraft. After the desired signal has been
tuned in, the switch may be returned to the Automatic position.

Receiver characteristics:

1. Tuning Range: U400 to 406 megacycles

2. Input impedance: 500 ohms

3. Sensitivity:
a) Automatic Tuning: 10 microvolts at 403 me
b) Manuel Tuning: 8 microvolts at 403 mc

c) Performance Monitoring: Frequency, Signal Strength,
Audio

The output of the receiver is fed to the Frequency to Voltage Con-
verter (data handling subsystem) and processed. This operation is
described in a subsequent paragraph.

HORIZONTAL SUBSYSTEM

The horizontal subsystem includes the data inputs from the various aircraft
systems and meteorological sensors selected to provide a complete flight level

history.

These inputs, and their effect upon the basic AN/AMQ-19 System, can

be described as follows:
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A. Wind Speed and Direction

The outputs of the AN/APN~102 Doppler Radar, the N-1 Compass, and
the other navigational instruments are used by the Wind Vector

. Computer, CP-T2L/AM-19, to provide wind speed and direction as
Potentiometer outputs.

B. Position (Latitude and Longitude)
The outputs of the AN/APN-102 Doppler Radar and the N-1 Compass
are used by the AN/ASN-6 Dead Reckoning Computer to provide lati-
tude and longitude data. The synchro outputs of the AN/ASN-6 are
converted in the Synchro Assembly into outputs across potentiometers. |

C. Radar Altitude

This is given by the AN/APN-42 Radar Altimeter, used in accordance
with present military practices. The output of the AN/APN-&Q set
is converted to a potentiometer output in a Bendix supplied Synchro
Assembly, CV-1393/AM3-19.

D. Total Temperature Measuring System

The temperature sensor is a probe which utilizes a resistance ele-
ment connected in one leg of a self-balancing (motor-driven) bridge.
The error voltage, sensed at the bridge is applied through a servo
amplifier which operates the balancing motor, and drives the output
potentiometer. The temperature indicator is geared to the poten-
tiometer shaft. The range of temperature measurement is plus 40°C
to -85°C, with an installed accuracy of plus or minus 1°C.

E. Observer Inputs

The meteorological operator inserts observed weather data in RECCO
Ccde by means of the controls on the Observer Inputs Meteorological
Data Selector.

F. Pressure Altitude and Air Speed

Both Pressure Altitude and Air Speed are measured with standard
pressure-sampling probes, which position potentiometers as inputs.

G. Time of Day

Time of day is recorded as part of each horizontal datas scan. The
clock provides analog signals on two channels representing time of
day from zero to 2400 hours.
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DATA HANDLING SUBSYSTEM

The data handling subsystem of the ﬁH/AMQ-l? Meteorological System receives
the information generated in the vertical and horizontal subsystems, provides
for conversion to digital form, and relays the digitized data to a buffer
storage unit. This subsystem glso provides frequency shift kxeying of the sir
to ground radio transmitter. The weather informstion collected is stored in
this subsystem in eight parallel channels in field dats code format, The
transmission of data to the ground is accomplished over the aircraft single
sideband rsdic as a multiplexed audio signal. These components can be des-
cribed as follows:

A. Signal Data Converter Scanner

The signal data converter scanner is a comjonent from the data
ing subsystem. It receives inputs frcm both horizontal and
ical subsystems, processes the information and converts from
slor '~ a digital signai. A two-deck commtbator receives
& . 'rom the horizontal subsystem, vertical subsystem
t8 are received in a frequency to voltage converter. The
hree sections of the converter scanner can be described as follows:
M
4. Horlzontal Input

The horizontal subsystem input consists of up to 30 channels
of analog DC voltage signals whose level ranges between -2.5
and +2.5 volts. The 30 channels sre gcanned by a commutsgtor
at a rate of 15 channels per second. The analog voltages are
not distorted by more than .0l volte during scanning. The

- second deck of the commutator adds timing pulses and teletype
carriage return information signals to the data. Commutator
output is applied to the Analog to Digital Converter portion
of the converter scanner.

2. Vertical Input

The vertical subsystem input 1s the pulse repetition rate be-
tween 2450 and 6050 pulses per second relayed from the radio-
sonde receiver. The frequency to voltage converter transforms
the pulse repetition rates received into voltage signals whose
level ranges between -2.5 and +2.5 volts DC. These signals are
also applied to the Analog to Digital Converter. The A to D
converter will not receive signals from the commutator and

F to V converter simultaneously.
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3. Anslog %o Digital Converier

The analog to digital converter receives input voltsges rang-
ing betyeen 2.5 and 2.5 volts DC from either the borizontel
¢r verticsl subsystem. The converter utilizes s capacitive
charge trapsfer technique to accomplish a successive gpprox-
imation conversion process. The outpud of the analog to digital.
converter is a ten bit serial binary number which includes a

parity bit.
Converter Signal Cenerator

The Control Signal Generator's function is to convert the binary
information suppiied by the analog to digital converter into a
binary coded decimal signal in £ield dats format for storage in an
eight channel tape recorder.

This is accomplished by interplay of the following three sections:

1. B to BCD Conversion

The binary to binary coded decimal converter takes the fen
bit serial binary worde and converts them to a three decimal,
bivary coded decimgl signal. The information is reed in at
a 250 ke rate end is read out at 83 cps in KRZ code.

2. ILoglc Comtrol

The logic control provides the necessary switching and timing
signals for resding the information in and out of the BLD con-
verter. It also generates the characters which converts the
binary coded decimal information into the field data code form
as well as special characters such as line feed, carrisge re-
turn; space and data identification signals.

All buffer storsge control signals such as read, write and
reverse are also genersted in this section.

3. NRZ to NRZI

The NRZ information coming from the BCD converter, four logic
contrcl sections, must first be converted to NRZI form before
the recorder can use it., This is accomplished with a flip-
flop in each of the eight channels.

6-9
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Fower Sugg&z

Tre components cowprising the data handling subsystem portion of
the meteorclogical system receive the voltages required for their
operation from a central supply.

This power supply uses 115 VAC, 3 phase, 40O cycle as its primary
source of power and supplies -18 vDC, -12 Vpe, -6 VDG, -2.5 VDG,

+1% VDC, +12 VDC, +6 VDC and +2 VDC tc the various components in

the data handling portion of the system.

These voltages are regulated by temperature stable transistoriszed
regulators which have built-in over current protection.

The power supply i1s turned on at the control panel which is used
s8 the distribution point for the +28 VDC and 115 VAC 4CO cycle
pover used by the dats handling instruments.

Control Parels

Four control panels are used to monitor and control the system.
They are as follows:

1. Vertical Subsystem Control-Indicator

This control panel includes those functions needed to monitor
and comtrol radiosoade receiver performance, as noted above,
and the main power switch. The control panel also includes
the horizontal and vertical subsystem power controls.

2. OQObserver Inputs Selector

This control penel includes provisions for the obhserver to
manuslly insert weather data in RECCO code.

3. Data Handling Control-Indicator

The data hardling control panel contains the controls and
selectors necessary for operation of the Signal Data Recorder-
Reproducer. The operator can select the interval at which the
horizontal data inputs are scanned and the rate at which data
is recorded. The selector for determining which subsystem's
data is tc be recorded, horizontal or vertical is also located
here. Atop the panel are located the recorder-reproducer
command controls (Write, Reverse, Ready, Transmit).

6-10
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4. Yoltage Monitor Control-Indicator !

This control penel provides g means for monitoring the various
voltage outputs of the power supply. This panel also contains
the time-of-day &snalog clock.

E. §Silgnal Dats Recorder-Reproducer

The Signal Data Recorder<Reproducer has a capacity of at least
600,000 vorde of eight parallel bits each (8 channels). It re-
cords the digital words at a rate of 45 bits per channel per
second. When commanded to transmit, the storage unit automati-
cally reads out, withouit gape between words, at a rate of 75 bits
per second per channel. The output of the Recorder-Reproducer is
in non-return to zero form and is used to drive the Keyer-Multi-
plexer. The output is O or 11 volts, representing binary O or 1.

F. Frequency Shift Keyer-Multiplexer

The Keyer-Multiplexer accepts inputs from the Signal Data Recorder-
Reproducer on eight separate channels. The output for each channel
is either of two frequencies, depending on whether the input is O
or 1. The converter is capable of switching frequencies at a rate
compatible with the 75 word per second per channel transmission
rate. The output of the Keyer-Multiplexer is compatible with air-
craft single sidebend transmitters. Reception and processing of
the multiplexed sudio signal transmitted from the aircraft is des-
cribed in the following paragraph.

GROUND DATA FROCESSING

Processing of the weather data transmitted from the aircraft as a multiplexed
audio signal must be accomplished through equipment installed at a communica-
tions ground station. This equipment, a ground data handling system, providec
an automatic processing link between the communications single sideband re-
ceiver and a teletype system used to display the data and relay the informa-
tion to other locations. The ground data handling equipment is the AN/GMH-U
Analysis Data Central produced by Bendix Friez.

The receiving set used with the AN/AMR-19 and the AN/GMH-% systems must be

capable of accepting single sideband type signals in the frequency range from -
* two to 30 megscycles. The detected sideband must have a three kilocycle band-

pass to accommodate the eight parallel channels of the frequency shift tone

keyer controlling transmission from the aircraft. The receiver must also have

the necessary sensitivity to receive the signals of the airborne transmitter,

which has peak output of approximately 400 watts.
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The ocutput of the single sideband ground receiver must be demodulated (de- .
miltiplexed) prior to further processing. This demodulation involves s

Trequency shift converter snd an KRZI to NRZ converter. The signal is then

passed to a Code Converter and Adapter for additional processing wherein

conversion from field data to serial Baudot code is accomplished. The

salient features of the AN/GMHE-I system are as follows:

1. Demodulates, converts, and presents the raw weather dats on d
a teletype psge printer.

2. Provides for storage of the received data at the ground station

for processing or re-transmission at a later time (up to a maximum {
of six transmissions).

e,

3. Provides for conversion of the digital messsge format from parallel
NRZI field data code through parallel KRZ field data code to serial
Baudot code format.
The AN/GMH-4 System is shown in Figure 6-k. i

The components used in the AN/GMH-Y4 Data Analysis Central and the functions -
they perform are presented in the following paragraphs: I

A. Frequency Shift Converter

The ground single sideband receiver output signsl is a duplicate 1
of the signal developed by the Frequency Shift Keyer-Multiplexer

which is used to modulate the aircraft transmitter. It is a l
miltiplexed signal consisting of a number of modulated audio fre=- ‘
quencies. This signel contains eight (8) parallel channels of

information. When demodulated, the frequency identifies the in-
formation as a binary O or 1. The function of the Frequency Shift
Converter is to detect each frequency and convert it to its
original DC voltage form of O or =12 volts. In this form the

ground signal corresponds to the information output of the air-
borne buffer storage unit.

B. NRZI to NRZ Converter

In NRZI (non-return to zero - IBM format) code, a logic “"one" 1is
defined as a change from one voltage level, in either the positive
or negative direction, and a logic "zero" 1s defined as no change
in level. NRZI code is the same as NRZ(M). In NRZ (non-return to
zero), "one" is defined as one of two voltage levels, and a logic
"zero" as the other level. To convert from NRZI to RRZ format, a
timing pulse will be derived from the cutput of the Frequency Shift
Converter. This pulse, delayed to preclude skew error, is used to
control the temporary storage. The temporary storage consists of

L .
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a bank of flip-flop circuits, each corresponding to a psrticular
channel of the Frequency Shift Coaverter. The fiip-flops corres-
pording to channels that contain logic "ones"” are triggered "ON"
and those corresponding to channels contalning "Zercs" are flipped
"OFF". In addition, another pulse is generated by the outputs of
the channels, and it provides the system with two control pulses,
which are utilized in the Code Converier.

Power Sugg&x

The power requirements for operation of the NRZI to KRZ Converter,

the Adapter and Control Unit, and the Code Converter are spproxi-

mately 4O watts {nominal). The output of the Power Supply is i
+6 VDC, -6 VDC, and -12 VDC. fhe Fower Supply has a voltmeter and

selector mounted on the panel so that cutputs may be monitored.

The Buffer Storage units have internal power supplies.

Code Converter and Adapter

The input to the Code Converter and Adapter in NRZ field data from

the NRZI to NRZ Converter. Conversion from NRZ field data code to

Baudot code is performed by means of decoding gates and a matrix

consisting solely of solid state devices. The output of the matrix {
is five parallel channels of Baudot coded information. A strobe

pulse 1s gererated to time the output of Baudot coded information

to the buffer storage unit in the Write mode. It 1s necessary to P
differentiate numbers from letters by upper and lower case on the
teletypewriter keyboard. In the case of meteorological data, upper
case signal is actually initiated when the frequency selector switch
on the Control Panel is depressed. A parity error counter is pro-
vided to count the erroneous date that may be received during a
transmission, and the percentage of error will be indicated by the
setting of the selector switch, an indicator light, and an alarm
buzzer at the Control Panel. 1in addition, a question mark is
transmitted whenever an error is detected.

Buffer Storage Unit -

The buffer storage unit consists of two Digi-Store units. Although
each individual unit has Read/Write capability, the two units will
be mounted side by side in the rack with one operating in the Write
mode and the other in the Read mode as required. Provisions have
been made for the difference in read and write speeds. The buffer
storage units utilize magnetic tape which is perforated for a
sprocketed wheel, and stepping motor is used for positive indexing.
The unite use 100% transistorized circuitry and a minimum of moving
parts. The input and output speeds are asynchronous to 300 charac-~
ters per second, and the units are compatible with the teletype

6-13
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machines with no externsl sdaptation.

Utilization of two complete Digi-Store unite as & buffer storage -
enables faster transmission of messages and less time lost in
maintenance, if one uzit malfunctions. In sddition, if cre unit
does go out, the other unit can be utilized for recording and
transmitting. However, under normal cdnditions one unit will
alvays be in write mode and the other unit in read mode. The
buffer storage receives the input signal from the Code Converter
ard Adapter as five parallel bits of Baudot code at & rate of 75 -
characters per second and produces sn output in serial Baudot with

a start and stop pulses edded. The resdout of the tuffer storage

units is compatible with standard teletype machines, .

F. Control Panel

The Control Panel of the Ground Data Handling System will be placed "
at an operator's console in the single sideband Communication Center.

The Control Panel includes frequency selector switches, a pover en-

able switch and indicator light, an error imdicator light and per- -
centage error selector switch, an error alarm switch, and a system

reset switch and indicator light.

G. Self-Test Equipment

The Self-Test Equipment consists of a tape transport, an NRZI Con-
verter, and a Frequency Shift Keyer. The output of the system will -
be fed into the Frequency Shift Converter. The equipment will be )
mounted in the rack with the Analysis Data Central equipment. A

pre~programmed test tape will be provided to test each channel of -
the Analysis Data Céntral System individuelly, and to check the
effectiveness of the parity check circuitry, percentage of error
counters, percentage of error alarm, and the system reset function.

]

g~

Operation of the AN/GMH-4 equipment is essentially automatic; however, certain
switches, panel lights, and monitoring circuits are provided at the Control
Psnel. A power control switch and an indicator light permits energizing the
system from the console position. The power to the system is supplied through
a main circuit breaker at a power distribution panel.

8ix frequency selector switches are provided at the Control Panel to permit
the operator to select the single sideband receiver to receive the trans-
mission. Although six switches are provided, it does not necessarily mean
that six receivers will be connected. When a transmission is to be received,
the operator will push a switch corresponding to the single sidebvand receiver
or frequency desired for the transmission, and an indicator light which is a
part of the switch will be illuminated, The buffer storage units should

6-14
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already be set in the write and read modes of operation, so that when
the power is turmed om the system will be ready to receive the input
signsal.

The system reset switch 1s provided to enable the operator to return
the 8ystem digital devices to a pre-determined state befor: operation
or before a self~test check-out. This feature improves the perform-
ance of the system and eliminates the possibvility of miamleading oper-
stion during a system check-out. The reset indicator light functions
in conjunction with the s;stem reset switch and the parity error cir-
cuitry, and, the light is i{lluminated whenever the first erroneous
data is received. The system should be reset after a transmiasion,
if the reset light is i1luminated, even though the error light may
not have come on.

A selector switch and error indicastor light are provided at the con-
trol panel to enable the operator to monitor the quality of the
transmission. The operator will probably be listening %o the incom-
ing mignal also. A counter is provided in the circuitry to count the
errors received in the transmission. The percentage of error as
indicsted by the selector switch is defined as the number of erron-
eous characters expressed as a percentage of 6000 characters (con-
sidered to be the length of un aversge transmission). The operating
principle is simple in that the selector switch is preset at the
predetermined level of permissible error, and when the counting
circuit receives sufficient error counting pulses the indicator light
on the Contrcl Panel will light.

A tuzzer-type alarm works in conjunction with the error detecting
circuitry, and it buzzes when the preset percentage of errors is
received. A switch is provided to disable the alarm buzzer if the
operstor so desires, either after it sounds or to prevent it from
sounding. The error light (not the system reset light) illuminates
coincident with the sounding of the alarm buzzer. The normal setting
of the alerm switch permits the buzzer to operate upon receiving a
signal from the error counters.

6-15
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FIGURE 6-4

THE AN/GMH-I ARALYSIS DATA CENTRAL
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rRAJECTORY EQUATIONS
AND
) C . . COMPUTER PROCEDURES

- - ] .

The trajectory data included in this report were obtained from a

digital computer program. ;The equations used in the program are given below
in vector form. /

1. Coordinate Systems Definitions
1.1 Launcher coordinate system, 1

i
origin .at launcher
l1 axis east
12 axis north
13 axis up

The earth forces, the wind, and the atmosphere are defined in the 1

system. The trajectory position and velocity data are computed in this sys-
tem.

1.2 Principal axis system, P;

origin at rocket c.g.
121 along long axis of recket
Pys Py normal to 12

» Py» Pq are along the principal axes of inertia. The differential
equations o% translation and rotation are expressed in the principal axis system.

1.3 Reference axis system r

i
origin the geometric center of the motor exit plane
r, along long axis of airframe
Ty ¥y normal to oF defined by fin positions

The thrust force vector, the center of gravity and the inertia tensor
are defined in the reference system.

1.4 Airframe axis system a,

origin at rocket c.g.

21y 3y, 3, parallel to Tys Tos T,

The aerodynamic forces and moments are functions of the angles of
attack and the angular rates of the aitframe axis system.

Ky
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1.5 Relative wind axis system w,

origin at rocket c.g.

- w1 aiong relative wiud vector ° .- .
vy normal to vy ian the plane defined by vy and a1
Vq normal to vy and Vg

The lift and drag forces are defined in the w, system,

i

2. oordinate Conversion Equations

2.1 The transformation between the 1, and the p; system is

i

_‘TIP = [aijj —“II

[ai j] is obtained in computation by integration of the differential
POLY

equations of rotation, using the components of the angular velocity vector &WJ P,
2.2 The transformation between the Py gystem and the a, system
—p _ - a
v [biﬂ v
The inertia tensor in the a, system is
. a a a |
In T2 I3
a a a a
I g Ioa Ipy
a a a
I3 Taz Ty

and is furnished as part of the input data. The matrix rbi j] is a matrix
L

such that
[biﬂ 1® [bji:l - 1P

bij] will be assumed to be constant, and is pre~-computed and stored

is a diagonal tensor.

for a given trajectory.

2.3 The transformation between the airframe systewm and the wind system

‘;w = [cij] Ve

is

e ¢
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The elements of [_cijJ are computed from the components of the relative wind

- —_—
U = V-W

. . ] I'ci:ln Mrceey] L] ..
3 d J

< Vi

\/U2 + U3

sined = ———-—m-m—
cosol = v

+. 2.4 The transformation between the reference axis system and the air-
frame axis system {is a tranglation

<& . RF .R|T
b3 X P

-
where Rpr is the center of gravity position vector in the T, system.

3. Trajectory Equations

The force equation isc

P - LS uta v )
The moment equation is

P D . EJMP PP P PP 2)

The velocity equation is

=]

R ” [aij] VP (3)

The rotation equation is obtained by using

[a“‘“ - [Rl( M E&2< : )] [} >] O
yielding -_ - -
¢T 1 sin ¢ tan @ cos § tan 6 & 1p_]
é « |0 cos @ - sin @ sz ‘
i }:L‘ f sin @ sec O cos P sec i _ZD; (5)
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Equations (1), (2), (3) and (5) are a set of twelve first order scalar diile.c..-
tial equations which will describe the motion of a rigid body. Equation (4} fi:

a functicnal relationship between variables, The force sum, I ¥° in equation (1)
and the momenc sum, Z W i equation (2) can be described in other functional
squatiens which will complete the mathemstical modal of the simulatica.

4. Yorce znd Moment Equations

6.1 Gravity
Al N
¢ - -|s[ 1,
R
0 2
w g )
H © "x_ + &l
[+ a
..3-? - 1
G [}1;] G
4.2 Thrust
7] = T+ @ -2)
-
™ - |7 ¥
P - [b“] T
8 - 'p-:’tl % —,ia

-
MC
.—)p ‘N —h &
L

4.3 Jet Damping

F . ot o« B
P ’ a
L E’“]ﬁ
- g & -3
H& - 'ﬁ; x J
..Ap - -— g
H; E’zﬂ ¥y
4.4 Drag



4.5

4.6

4.7

2
G = Ghot Gy ©
'Sa - fc 1 ow
1“143]
-*p -8
b= bij} D
S a a - &

- p - b -— 3

Hp iJ'] Mp
Lift Force and Moment
_f,w bt - lq ';:2
-

L

o quCch sin g <08 o

-— 3 - a ey |
My, = Rp X 1
- D

- [b -3

Aerodynamic Damping Force and Mowment

2 - _‘8
-;wa - 99CL, R, *
A

P - - 8
F by T
m a - - quC 1(1)1
1
KA
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Mw38 - . qdzcw 2m3
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Force and Moment Due to Fin Incidence

c-;a -t
F, - F a - 2 o™
8 Zra 1 =Wl y 251“1

- i st o - ————



3.

*

a5 dﬁi KA g2
8

%ﬁi
w2
#

w T2 T
% By

i T 3

TR A

Vi)

e " ) "y &

% gt zﬁm * Py g
3

(5] T

Corpurer Procedures

5.1

3.2

5.3

3.4

5.5

The first step in preparation of the dispersion anzlysis (3 to
compute a standard trajsctory utilizing the anticipated gross
isunch weight ard launcher quadrant elevation

The iedividual dispersion effects are derived as follows:

3.2.1

5.2.2

5.2.3

5.2.4

Oue dispersion inducing péraceter is varied from the
noresl by &n estirited 3 gigwma amount, Al}l other para-
seters aye held constant.

A new trajectory is computed,

The impeact digsplacemsert of this new trajectory relative
te the standard trajectory ie cetermined,

This process is vepeated for each factor that results in
trajectory perturbation.

The total vehicle dispersion is then derived by computing che
square root of the sum of the squares of oll iandividual factors
(Table 5}.

Unit bellistic wind effects as s function of launch quadrant ele-
vation are computed as follows:

5.4.1

3.4.2

53.4.3

5.4.4

A unit wind profile is inserted in the computer and
allowed tc perturb the range plane of the trajectory
from ground level to 100,000 feet altitude, or stage
apogee $f less than 102,000 feer,

A trajectory is run for several launcher quadrant ejleva-
tiong that will envelope the anticipated firing angle.

The resulting impacts are then compared to the no-wind
impact with the same lsunch conditions.

This complete process is then repeatec with the wind
4cting in a plane normal to the trajectory.

Wind weighting factors,f(3), are computed by running a sequence of
trajectories with normal launch quadrant elevation and unit wind
from ground level to an altitude 8c, The resulting {mpscts are
compared to the standard trajectory to obtain impact displace-
ments (Table &},

£(3)

Displacement Due te %Wind up €2 Altitiue -
Displacement Due to Wind up o 130, d0n . e,

[T ReT————




6. Coriolis Eijuation

Coriolis displacement is obtainazd by double integration of the Corislis
acceleration:

R i
26 xE
E
Where values of R are taken from the standard trajectory.

7. Eguation Symbols

A’B Motor exit area

a Axes of alrframe sxXis system

aij Transformation matrix between li and Py
bij Transformation matvix betwaen Py and a
cf-i Transformation matrix between v, and &,
CI} Drag ceefficient

cDo Drag coefiicient at zero angle of attsack
Che Coefficient of induced drag

CLoC_, Lift coefficient slope for entire vehicle
Cu(? Lift coeffi:ient slope for ome f3n

Lot Roll damping coefficient

Cevg Pitch damping coefiicient

9

a- Aerodynamic veference area; diameter squared
] Drag force
3 Force vector
Fw Force due to rotation (damping force)
?g Porce due to fin {ncidence
[ Gravitational force

o Gravitatfonal force at origin of li. system
I Inertia tensor

I(.-J Angular momentum
'f Jat Damping force

1 L Axes of launcher coordinate systea

If Lift force vector

Rocket mass

b 4

{
(4
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Moment vector

Moment due to drag

Moment due to jet damping

Moment due to 1lift

Moment due to thrust

Moment due to fin incidence

Moment due to aerocdynamic damping of rotation
Unit vector normal to ith fin: 1 =1, 2, 3, &4
Axes of principal axis coordinate system
Ambient atmospheric pressure

Sea level atmospheric pressure

Dynamic pressure
Position vector

Radius of earth to origin of 1, system

i

. . th __. . .
Rotation matrix about i axis, gith angle of rotation in

parentheses
’

Position vector of ith fin

Position vector of missile in 1i system

Position vector of aerodynamic center of pressure
Position vector of point of action of thrust force

Unit vector in direction of thrust force
Thrust force

Sea level thrust

Relative wind vector

Wind vector

<l

|

Relative wind magnitude; ‘
Axes of wind axis system

Angle of attack
Orientdtion of angle of attack
Incidence angle of ith fin
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Pitch angle
Standard deviation
Roll angle

Yaw angle

Angular rate vector of rocket

Angular rate vector of the earth

bl
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APPENDIX IX

PAULA I FLIGHT FROM AIRCRAFT JETTISOR TO TERMINATION




BN A A N A TN

TIME
FROM
JETTISON

(Sec}

WO NOIRO VMUV WWIHLMNEEE =~ O2000C0O0000Q0O

MO MO NOMNMOUNOUVNOVMOVMONOUOUMOUNOWNED WL O W O < LB LR

et et ek Pt et Pt b b et b
SEPHLWLUNNN OO

14,
14,
14.
14.
14,
15.
15.
15.
15.

WM OWOoNOhWn

15.5

RANGE
FROM

DROP POINT
(Peet)

93
185
277
369
460
551
642
729
814,
897

1279
1616
1918
2191
2440
2670
2882
3079
3262
3434
3595
3747
3890
4026
4154
4275
4390
4499
4603
4702
4796
4885
4969
5050
5126
5199
5268

5268
5281
5295
5308
5322
5335
5346
5355
5363
5370
5376

&gy — Prieg
ALTITUDE

(Feet)

35000
34995
34989
34984
34978
34971
34965
34958
34951
34944
34936
34898
34857
34813
34765
34714
34659
34600
34538
34473
34403
34330
34254
34175
34091
34005
33915
33823
33726
33628
33526
33421
33314
33204
33092
32977
32861
32742

VELOCITY

(Ft/Sec)

931
928
924
921
917
914
910
893
867
842
819
720
642
581
531
489
455
426
401
380
362
347
334
323
313
305
299
293
289
285
282
280
278
277
276
275
275
275

MAIN PARACHUTE DEPLOYMENT

32742
32718
32694
32669
32644
32620
32598
32580
32564
32551
32539

275
277
280
282
280
260
227
191
162
141
125

MACH

KUMBER

.96
.95
.95
.95
.94
.94
.93
.92
.8¢%
.86

74
.66
.60

.50
A7
A4
41
.39
.37
.36
.34
.33
.32
.31
.31
.30
.29
.29
.29
.29
.28
.28
.28
.28

COO0OCCODOOOCO0C OO COODO0OO0ODOOOCOOLDOO0ODDOODO0OOOLDOOOO0

.28

.28
.28
.28
.29
.29
.26
.23
.19
.16
.14
0.13

COO0OO0OOO0OO0OODOOO0O

.28 ,

TR

DYNAMIC
PRESSURE
(Lb/Fe2)

321
319

317 .

314
312
319
307
296
279 -
263
249
193
154
126
105
90
78
68
61
55
50
46
42
40
38
36
34
33
32
32
31
31
31
30
30
30
30
30

30
31
32
32
32
.27
21
15
11
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TIME RARGE ALTITUDE VELOCLTY MACH DYNAMIC

FROM FROM

JETTISON DROP PUINRT wag massm;z

~ (See) (Feet) (Feet) {Ft/Sec) (Lb/Ft*)
16.0 5396 32492 85 0.09 3
16.5 5409 32456 70 0.07 2
17.0 5418 32425 63 0.06 2
17.5 5425 32395 59 0.06 1
18.0 5429 32366 57 0.06 1
18.5 5433 32338 56 0.06 1
19.0 5435 32310 56 0.06 1
19.5 5437 32283 56 0.06 1
20.0 5439 32255 55 0.06 1
20.5 5440 32227 55 0.06 1
21.0 5441 32200 55 0.06 1
21.5 5441 32172 55 0.06 1
22.0 5442 32145 55 0.06 * 1
22.5 5442 32117 5% 0.06 1

. 23,0 5442 32089 5% . 0.06 1
23.5 5443 32062 55 0.06 1
24,0 5443 32034 55 0,06 1
24.5 5443 32007 55 0.06 1
25.0 5443 31979 55 0,06 1
25.5 5443 31952 55 0.06 1
26.0 5443 31924 55 0.06 1
26.5 5443 31897 55 0.06 1
27.0 5443 31869 55 0.06 1
27.5 5443 31842 55 0.06 1
28.0 5443 31814 55 0.06 1
28.5 5443 31787 55 0.06 1
29.0 5443, 31760 55 0.06 1
29.5 5443 31732 55 0.06 1
30.0 5443 31705 55 0.06 1
30.5 5443 31677 55 0.06 1
31.0 5443 31650 55 0.06 1

SOUNDING ROCKET LAUNCH

31.0 31650 -55 0.06 1
31.1 31650 9 0.01 0
31.5 31827 797 0.81 263
32.0 32469 1792 1.82 1305
32.5 33614 2644 2.70 2729
33.0 35012 2910 2.99 3132
33.5 36495 2995 3.09 3116
33.7 37093 2984 3.08 3003
34.0 37983 2953 3.05 2803
34.5 39448 2905 3.00 2523
35.0 40888 2858 2.95 2301
35.5 42306 2814 2.91 2095
36.0 43702 2772 2.86 1903
41.0 56663 2433 2,51 778
51.0 78526 1967 2.03 180
61.0 96315 1600 1.61 49
71.0 110617 1264 1.24 16




AR

TIME RANGE ALTITUDE VELOCITY MACH DYN
FROM FROM

JETTISON DROP POINT NUMBER FRE
(Scc) (Feet) (Feet) (Ft/Sec) {Lb
81.0 121643 941 0.90 S
91.0 129426 621 0.59 2
101.0 134052 303 0.28 G
111.0 135500 0 0.28 4]
SOUNDING ROCKET APOGEE
111.u 135500 0
117.0 134934 186
131.0 129877 494
149.0 120000 500
170.0 110000 398
198.3 160000 314
234.3 90000 245
280.6 80000 191
339.6 70000 150
414,6 60000 118
510.2 56000 93
630.5 40000 73
782.5 30000 60

oy
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APPENDIX III

CALCULATIONS OF AERODYNAMIC COEFFICIENTS
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The determination of rocket vehicle and parachute aerodynamic
coe{ficients is best made by either wind tunnel or flight testing.
For preliminary design purposes, however, many shapes are well enough
defined as to aerodynamic parameters to allow close e.timates of system
performance to be formed.

The sounding rocket illustrated in Figure 1 consists of six
basic aerodynamic shapes:

1. The nose, an L/D=3 tangent ogive.

2, An L/D=4 cylinder.

3. A 2 1/29 conical step.

4, An L/D=1.59 cylinder.

5. A cruciform tail assembly consisting of 457 swept wings
having a 7.1% double wedge section.

6. The base area, which is aerodynamically equivalent to a flat
based cylinder.

The aerodynamic coefficients of interest during preliminary design
include:

1. The vehicle ccasting drag coefficient.
2. The base drag coefficient.

3. The induced drag coefficient.

4, The vehicle normal force coefficient.
5. The vehicle moment coefficient.

These dimensionless coefficients enable the preliminary designer,
using modern computing aids, to form a very accurate estimate of vehicle
per formance and aerodynamic environment.

Subsonic drag coefficients are determined in general by reference
to voluminous wind tunnel data collected over the years by many agencies,
Supersonic coefficients above a Mach Number of 2 may be calculated using
many available theories. Such methods utilize the equations of gas dynamics
to determine atmospheric properties before and after normal and incident
shock waves caused by vehicle interference with the supersonic airstream.

An example might be the calculation of normal force coefficients
for the supersonic symmetrical double wedge fin shown below:



9’ ﬂ> i
re=

Ry

The theory, derived by Busemann, assumes that the angles < and Cg
are small and that no span wise flow exists (the flow is "two dimensional").
The pressure fields P, Py, Fj, P, are determined by small distrubance theory
to be functions of a power series based on the flow deflection angle. For the
field Pj, the deflection angle isd~ 8, for P2, the dcflection angle is &4—8
for P3, it is =2 § , and for P -2 § .

The normal force may be found by integrating pressure over the elements
of area, dA, in a chordwise direction.

F, = f(P1+P3-P2-P4)dA

Busemann showed the results of this integration to yield:

Fn - 4k, , where
s NN
Fn = normal force

q = dynamic pressure, 1/2 PVZ
S = wing area
M = Mach Number

Similar methods are available for other zexodynamic components.
Figure 6 and the table below sumsarize the principal aerodynamic coefficients
for the M-58 Sounding Rocket.

Mach Number Vehicle Cng Vehicle Cm g
0 33.85 : -22.47
.6 23.85 - 22.47
1.0 13.59 '11067




Mach Number Vehicle Cpe Vehicle Cmee

1.2 8.96 - 7.18
1.4 8.24 - 6,32
1.6 1.76 - 6,09
1.8 7.38 -~ 5.74
2.0 7.00 - 5.39
2.2 6.71 -5.1%
2.4 6.44 - 4.90
2.6 6.19 - 4,68
2.8 5.95 - 4.46
3.0 5.72 - 4,26
where: cn“ -—‘-i-c-?-» = dFn ner radian
de 1!2(>vzskefdcc
Coge =_9C, = M per :adian
dk 1/2(0v2saefm
and: Fh, = Total vehicle normal force.

X = Angle of attack
1/ ZP V2 = Dynamic pressure.
IT . 2 - 2
SRef = “% Dpax = 34.00 ia
M = Moment about vehicle nose.

L = Body length = 58,34 in.

The aerodynamics of the parachute systems discussed in this report
are based on values obtained from the United States Air Force Parachute

Handbook, and are those values recommended for preliminary design.
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