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Abstract

The work reported spans a period commencing 1% June 1965
through 15 February 1967. An experimental buoy was constructed,
capable of launching sounding rockets automatically and re-
motely. Firings are controlled to assure that the guadrant
elevation of each launch is never less than 80° despite the
buoy motions. The rocket used during the tests (2.75" FFAR)
is capable of projecting the rocketsonde payload to 22,500
feet. BAs the rocketseonde commences its parachuted descent,
receivers aboard the buoy automatically acquire the signal and
record the data. Although rocketsondes were not available
during the pericd covered, simulation testing was performed
by substituting balloon launched radiosondes (AN/AMT-11).
Tests were ccadncted at the Tniversity of Michigan Keweenaw

Rocket Range on Lake Superior and at the contractor's facility.
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I. INTRODUCTION

The research program has been directed toward proving
the feasibility of launching metecrological rockets from remote-
ly located ocean platforms. Ultimately an operational system
would be capable of automatic operation over long pericds with
replenishment of projectiles and routine maintenance being
scheduled to occur every six months. For purposes of identi-
fication the program was unofficially designated "Project
WEBROCK," the term being an acronym for Weather Buoy-Rockets.

More specifically the prcgram effort nas been oriented to
prove feasibility of the following hypothesis:

A, That sounding rockets stored aboard unmanned buoys,
located in the oceans, can ke launched regularly and automati-
cally at preset intervals:

B. That the rocket head instrumentation will sense and
transmit pressure, temperature and humidity information from
the surrounding atmosphere during the parachuted descent; and

cC. That the transmitted rocketsonde data can be received
aboard the buoy, processed and retransmitted to a monitoring
shore station automatically.

Proof of the first part (A) of the hypothesis was under-
taken during the initial phase of the program. The second part
(B) is presently being tested at the Naval Air Development Cen-
ter, Johnsville, Pennsylvania. The third part (C) was investi-
gated, in part, during the closing portions of the contract
effort. All three parts of the hypothesis are vital to success
of the overall program.

Initially the contract was for a period of nine months
commencing 15 June 1965 through 15 March 1966. During this
time feasibility was to be determined of parts (A) and (B) of
the hypothesis. It was necessary to construct an experimental
buoy in which to house a cluster of rockets and the supporting
electronic equipment. Subsequently, during the first test per-
iod (November/December 1965), since instrumented rocket heads
were not available, dummy heads were substituted. The program
was due to conclude during March 1966 with demonstrable evi-
dence of the feasibility of parts (A) and (B) of the hypothesis.
Part (C) was to be the subject of a subsequent study phase.
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However, due to the inconclusiveness of the preceding tests,
the contract was extended and the effort revised so that parts
(B) and (C) could be tested simultaneously. The program was
completed 15 February 1967. Tests were undertaken curing Jan-
uary 1967 but since the rocketheads were still under develop-~
ment, radiosondes had to be substituted for rocketsondes.

Thus, the balloon launched radicsonde (AN/AMT-llc) was released
adjacent to the launcher tubes and the receiving equipment

aboard the buoy switched on.

An ancillary test was undertaken during the same period
to determine the feasibility of a closed breech firing. Nor-
mally a rocket launcher tube is open at both ends and hence
the rocket exhaust during firing cannot generate high pressures
within the tube. However, since a closed breech design offexs
some important advantages, tests were carried out t determine
feasibility and detrimental effects, if any, of this type of

launch.

The autnomatic launch technique, as described in Section
IIB, could not be adhered to because of Federal Aviation Agency
(FAA) requirements. Despite the issuance of NOTAM's it was
ne:zessary to have positive control on the firing circuits at
all times. Therefore, an additional circuit was introduced
overriding the automatic sequencing, but not the mercury
switches. A 1000 foot electric cable, supported by % inch
diameter steel mooring cable, ran from the shore to the buoy.
By this method negative control of the test launches was exer-
cised; that is, the rockets could be prevented from firing by
onshore controcl. However, the rocke: firing circuit would
only energize (even with the onshore circuitry closed) when
the mercury switches sensed a correct buoy attitude. There
were further complications due to the continuing bad weather
during the test period, but these are discussed in the Test

Procedures, Section IIC.

1Ix. DEVELOPMENT
A. Equipment Description

The present WEBROCK Buoy was not designed for U.S.
Navy operational use; it was constructed only to demonstrate
feasibility of the concept. Therefore costs have been mini-
mized where possible to develop an adequate but utilitarian

unit.
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For the test rocket the 2.75" FFAR (Folding Fin Aircraft

Rocket) was selected. Some of the reasons for this choice were:

availability; reliability; and ease of handling. Also, the
Navy has developed a rocketsonde primarily for use with this
rocket motor. Presumably the rocketsonde will adapt to other
types cf sounding rocket.

A prototype buoy was constructed, see Figure 1, incorpor-
ating eight 55 gallon o0il drums arranged around the periphery
in an octagonal configuration. One additional drum is located
at the center of the buoy with its long axis vertical. The
central drum contains the instrumentation, batteries, and four
rocket launching tubes. The buoy is assembled by use of eight
aluminum beams radiating from a pair of circular plates situ-
ated below the central drum. One inch thick wood flooring par-
tially covers the outer drums allowing the central drum to pro-
ject through. The buoyancy of the floating platform is approx-
imately 3750 pounds; the total weight of the structure includ-
ing rockets is 1140 pounds. The assembled bpoy has a 12 inch
draft and appears to ride guite stably.

Equipment contained in the central drum for the first
test series (November/December 1965) consisted of the follow-
ing: a radial array of eight mercury (N.O.) switches connected
in parallel to sense buoy attitude; a timer and selector switch
to complete the firing circuit to a specific rocket at a given
time. A pair of 12 volt automotive batteries coupled in paral-
lel supply the power and a special skyward facing camera was
installed to record buoy motions during the test launches.
The me rcury switch array allows the floating buoy to deviateu
only within prescribed limits during a rocket launch; if the
buoy motion exceeds 10° the mercury switch array will deacti-
vate the firing circuit.

Four open breech launch tubes are welded into the central
drum and project through the drum at the ends. Both ends of
the launch tube are taped to preven: moisture entering prior
to firing and the central drum has a 12 inch diameter water-
proof access panel bolted into the top. Contained in the drum
are three tiers of equipment; the hatteries at the bottom, the
camera at the top with the lens projecting through a sealed
aperture in the access panel, and the middle layer contains
the mercury switghes, timer and electronic gear.

B Ty T
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B. Auvtomatic Launch Technique

The basic eguipment employed to energize the firing
circuit for a selected projectile consists of a battery powered
sequence timer, a thirty position rotary selector switch, and
the attitude sensing mercury switches.

The timer has a single cam with three lobes spaced six
hours apart in their operation. Each lobe controls a separate
switching function. The first lobe energizes tne stepping
switch for 2 rocket selection; six hours later the second lobe
energizes the firing circuit to that rocket. After ten minutes
the lobe releases the switech deactivating the circuit. The
final loke reactivates the firing circuit via a separate switch
six hours later. At that time the rocket either does or does
not eject from the launch tube. In either event the lobe mo-
tion causes the circuit to be deactivated after ten minutes.
The sequence recommences in twelve hours whan the first lobe
causes the rotarcy stepping switch to move on to the next con-
tact point for a different rocket.

lobes 2 and 3 also activate the skyward viewing camera fecr
a sixty second period. The camera has a pulsing unit that
causes an exposure rate of one frame per second. Figure 2
shows the circuitry in detail. The rotary stepping switch can
accommodate up to thirty projectiles. The original intent was
to fire two rockets and then allow the equipment to simulate
rocket launches for twenty-six days during which time the sys-
tem would be exposed to the environment. On the twenty-ninth
and thirtieth days two more rockets were to be launched.

The 1000 foot shore line is extraneous to the needs of
the circuitry for an automatic launch, therefore the connect-
ing-lines have been in dotted form rather than solid.

C. Rocketsonde Operational Techunique

The rocketsonde development forms no part of the study
and is referenced here, briefly, only for purposes of continuity.

The rocketsonde instrumented package, as shown in Figure
3, monitors the temperature, humidity and pressure of the sur-
rounding atmosphere during descent. At peak altitude the in-
strument package is ejected from the rocket head and transmis-~
sion commences while an attached parachute controls the descent
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rate. The rocketsonde operates on a noaminal freguency of

403 mc. and contains an audio oscillator operating on a range
of 25 to 225 cycles per second. A mechanically operated com-
mutator continually monitors the three sensors (pressure, tem-—
perature and humidity): interspersed with the sensors are
three reference resistors. The rotation of the commutator is
held tc between 2 and 3 rpm and the resulting transmission
pattern is as shown:

Reference signal............0.....53 t3 cps
Pressure sensing neasurement......5 to 1060 mb
Reference signal..................175 -9 cps
Temperature sensing measurement..-+50°g to -60°C
Reference signal........c.c.......110 =Si.cDs
Humidity sensing measurement...... 10% o 95% R.H.

AUV b WN

The proposed rocketsonde is currently under development
by the Naval Air Develcpment Center, Johnsville, Pennsylvania.
The XADC rocketsonde is the only unit, currently under devel-
ovment, caparvle of operating in the desired manner and suit-
eble for integration with the WEBROCK concept.

D. Receiving and Recording Apparatus

For the initial study (June 1¢65-March 1966) the
eqgquivment installed on the buoy was sufficient to prove feasi-
pility of Hyvothesis "a", Pcllowing the contract extension
(Me2rch 1965-FPebruary 1967) it became necessary to supplement
the electreonics contzined in the central drum. To validate
Hypothasis “C" in its entiraty was considered impractical and
uneconoric at the time. Therefore it was decided to concen-
trate on raceiving the transmitted rocketsonde signals and re-
cording the informaticn aboard the buoy. The justificaticn for
this approach was based on the premise that eventually the sys-
tem will be integrated with the NOMAD buoy. The latter is al-~
ready edquipped with a powerful transmitter and is considered
adeguate for retransmission of the rocketsonde signals to a
monitoriag shore station. Pigure 4 indicates the modified
Clrcuitxy.

The skyward fzcing camera was removed from the central
run and a ragceiving unit pilus a small portable tape-recorder
substituted. Trke copening in the drum top (for the camera lens)
was sealed off and an antenna mount was welded to, and slightly
above, ¥o. 4 Rocket Launch Tube in such a manrcer as to ensure
water tighktnees of the installation.




JuswdTnbm BUTpIoOs/BUTATOO9Y TRBUOTITPPY 2Y3 HUTMOUS AIJTNOATD PITFITPOW * oInbTd

Ax3T0aTd
e

TOIJUOD aI0oYsuQ

) P
1 Q@
=
Arddns | Aoty — ]
xamod Xetay (| Te13u00 T _ «
‘qur — xamod ()
A —_— : : . ]
ve N , &
O...IIO/_/ |
= 151\5|l
i sl sadt _ m _
um>ﬂwﬂmm = HmuuM>cH —] o
lﬁ . |
. T - ON ‘&
. s — —_
— |Z°°N ‘e
_ _ AHV AHV-VHH “ ) £°ON Y&

QUuU2j3 Uy xopxooay adey,

[v- oN~sood 4




-10-

1. Receiver Installation

Rather than incur the exrense of designing a
completely automatic receiver, it was decided tc investigate
the availability of suitable equipment. After examining several
alternatives it became apparent that the most suitable was the
receiving unit incorporated in the AMQ-19 system. This systen,
designed for the USAF under contract ¥o. AF30(635)-35029, is
used for airborne weather surveys, and it operates in conjunc-
tion with the AN/AMT-13 radiosonde. This radiosonde op=rates
on a nominal freguency c¢f 403 mc. and contains an audio oscil-
lator with a range of 2450 to 6050 cycles per secdHnd a2néd pulse
widths of 14 to 18 microsaconds. t was necessary to adapt
the unit to operate with an AN/AMT-11( ) series radiosonde,
which for all practical purposes is very similar in character-
istics to the rocketsonde ultimately to be used. The AN/AMT-
11{ ) radiosonde produces a 403 mc. signal and is modulated
with a repetition frequency of 8 to 225 cycles per second.

The &MQ-~19 receiver autcmatically and repetitiously scans
between 400 to 406 mc. until a signal is detected. Upon ac-
guisition the receiver "lcocks on" to the incoming sigpal. It
was necessary to modify the low pulse repetition rate injec-
tion circuit so that the unit would accept (not reject) the
low audio frequencies emitted by the AN/AMT-11{ ) radiosonde.
Some relatively simple changes to the circuits were made and
it was possible to track audio frequencies down to 25 cps.
Below that value, however, the receiver tends to reject and
recommence scanning. To effect the complete acceptance of
all audio freguencies (down to 8 cps) would have entailed:a
major modification. Th.is was considered unnecessary since,
in actuality, the minipum audio frequency of the rocketsonde
is 25 cps.

The power input regquirement for the receiver is 115 V.

single phase 400 cps. It was therefore necessary to install

an inverter for conversion of the 24 vdc power supply. Nomin-
ally the receiver/inverter equipment may be switched on approx-
imately fifteen seconds before operation if the ambient temper-
ature is not too low. (For aircraft operation, where presum-
ably the ambient temperature can ke -60° F, the handbook re-
commends a thirty minute warm-up period.)

Due to the heavy dem2and on the batteries when the invert-
er is in operation it was decided to have onshore control.
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Thus, if PR3 recquiremgents dictzte 2 last =minute Gelay in
lzunching, the inverter can be switched of:Zf.

The tape recorder is a saa2ll self-contazined pat-
tery powered iz capable of accepting 5.0 inch reels. OCne =il
magnetic tape at a recording speed cf 3.75 T

second
aliows a recording time of approximately 80 =inut per side.
An cnshore conirol for the tape recorder w2s desigmed into the

system to conserve power anc tape. Ficure 5 indicates the
onshore control panel schematic.

-

Closed Bresch izuncher

v

2s 2 independent study it wa2s cdecicded to cGetermine
the feasibility o launchinc & 2.753" FPRR from a tebes wWith the
£t end sealed. Since this (apperentiy) haé mever been 2t-
espted, it was 2ol Xown what fhe result would be.

Prigarily it was unkmown 1I the comfined hezt at the
base of the rocket motor wulé@ demace the folding fins prior
to ejecting from the launch tub2. The reason for comsidering
2 closed treech launch, rather than the conventional open
tube, was the possibiiity of dzmzaging surrounding ecuirment

) I

if the rocket tubes were inscaeiled in a confinsé space. Even
if the rocket blast did »0t czuse damzge, after ejection tae

open tube cculé alliow water to enter and this might present
worse prodlems. The closed dDreech configuration is shown in
Pigure 6. The outer fubse wes primarily 2 safety precantion in
case the inner tube burst. 2Analysis indicated tha inmer tubse
would be sudjected to a tensiie stress of 30 kips. In actual-
ity the ocuter tube provad o De unnecessary.

3

e Keweenazw Rocket Research Range is located at the
eastern tip of the Keweenaw Peninsula in Upper Michigan. The
site is immediately adjacent to iake Superior and sufficiently
remote (See Pigure 7) from populated areas to permit hazardous
operations. By road it is approximatelyv 550 miles from Space/
Defense Izboratories.

TN R S W s oy~ e e
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The Range is owned and operated by the University of Mich-
igan with assistance available from Michigan Technological Univ-
ersity. There asre no permanent installations at the range and
no utilities although plans have been prepared for future devel-
opment. The site is accessible by traversing six miles of log-
ging road.

Rir surveillance is accomplished with the assistance of
the 665th Radar Squadron of the Air Defense Command which is
located at the nearby Calumet Air Force Station.

Twenty-four hour advance notice of each launching was fur-
nished to the Minneapolis Air Route Traffic control (ARTC) Cen-
ter through the FAA Fligh Service Station at Houghton Zirport,
Michigan. The Center then monitored the countdown and issued
a final clearance ten minutes before launch time. Communica-
tion with ARTC was relayed through Calumet Air Force Station. .
Communiication between the launch site and Calumet Air Force
Station was by two-way radio. On subseguent tests it was found
to be more convenient to use a portable telephone and tap into
the Coast Guard pole-line. The pole-line carries a single pair
of wires to the Coast Guard Station on Manitou Island (see
Figure 7) and is usually availakle upon request.

B. Rocket ILoading Preparations

Prior to inserting the rockets in the launcher tubes
of the central drum, certain checks are undertaken. A dummy
rocket is placed successively in each of the four tubes and
the firinag circuits tested against a small test lamp. If the
power is insufficient the lamp will not light:; conversely,
excessive power would destroy the fuzed circuits. With the
firing circuits deactivated the system is again checked to
ensure no power at the contacts. A master safety switch,
water-tight, mounted on the outside of the central drum, and
coupled directly to the batteries, must be cn before the fir-
ing circuitry can be energized.

The preceding checks are made with the safety switch cn;
the circuitry is again tested with the master switch locked-
off. For this test the contacts should not energize despite
the activation of the firing circuit switches. After verifi-
cation of the circuitry, and with the master switch still in
the locked-off positior:;, the rocket motors together with rocket
heads may be inserted in the launcher tubes.
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In retrospect, it would have proven advantageous to have
checked to determine that the rocket motor was seated firmly
on the positive contact at the base of the launcher tube.
This check is performed by use of a circuit igniter tester
and is a special piece of equipment expressly designed for
that purpuse. However, it was not possible to obtain this test
apparatus prior to the first test firings.

After the rockets were installed, the open end of the
launcher tubes were sealed using thin polyethylene film and
adhesive tape. Finally, the master switch is unlocked,
switched~on, and relocked in that position.

C. Test Histories

In those tests where it was necessary to launch roc-
kets, FAA regulations dictated the use of a hardline control
to, when necessary, prevent rocket ignition. Thus, as pre-
viously described, an electric cable ran from the buoy to the
shore.

The time mechanism was set to activate the rocket selec~
tor switch circuit at 04.30 hours and the initial launch time
was scheduled six hours later at 10.30 hours. The same circuit
would reactivate six hours later at 16.30 hours allowing the
rocket motor (if still in the launcher tube) a second attempt.

As a safeguard it was decided to incorporate four onshore
switches to bypass the timer mechanism. Since FAA regulations
stated cloud cover could not exceed 50% for a launch, it was
considered somewhat restrictive to limit the potential launch
time to ten minutes in the morning and afternoon. In the
event that nominal conditions prevailed at some time other
than the selected firing periods a launch could still be at-
tempted. Therefore, referring to Figure 2, three additional
firing switches were included in the buoy to snore cable and
jumper wires installed in the central drum to bypass the timer
and selector switch. The complete series of tests undertaken
are as shown in Table I. The first test series were those
tests undertaken for the initial contract phase (June 1965
to March 1966) and the second test series resulted from the
contract extension. The account of the first test (Test 1)
is described in some detail; the remaining tests are covered
more selectively relating only the nonrepetitious facts for
each test.
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1. Test 1

it was initially planned to perform the test
during late summer-early fall of 1965 before the onset of :
winter, since the logging road to the launch site is not kept

open. A University of Michigan truck was loaned to Space/

Defense Corporation to transport the equipment dncluding the

dismantled bucoy to the launch site at Keweenaw. The buoy was

to be assembled at the site, slid inte the water and anchored

in High Rock Bay about 300 feet ouffshore.

The truck, which is equipped with electric heaters, would
sexrve as launch headquarters, containing the telemetry receiv-~
ers and other ancillary equipment. A communications van (four-
wheel drive carryall) suppiied by the ONR Field Office, Minne-~
apolis, would supply the two-way radio link to Calumet Air
Force Station.

An FAA waiver was issued by Minneapolis ARTC allowing
launch attempts for Mondays, Wednesdays, and Fridays up to
mid-December 1965. Added stipulations required the launches
to be attempted in the hours of daylight and with no more than

50% overcast.

The test plan was delayed until mid-November awaiting
delivery cf the NADC rocketsondes. At that time it was thought
inadvisable to delay further since the weather was becoming

less favorable.

The rewvised test plan required the four rockets to be
launched with dummy payloads in place of the rocketsondes.
This would serve to check the buoy equipment and complete
tests would have to be postponed until a later date (after

Winter).

Accordingly, the truck was loaded during the second week
of November and left the Space/Defense facilities on Sunday,
14 Novemker. Remaining Space/Defense and University of Michi-
gan personnel departed the next day in a station wagon with
back-up communications equipment. The unexpected onset of
heavy snow, high wiads, and hazardous driving conditions
delayed the arrival and consequently the entire group did not
reach Copper Harbor (temporary headguarters) until Wednesday.
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It wss n»t possiblis to dxive the truck to the lsunch site
because of deep snow on the last three miles 2f the logging
road, and also a waskhout at Schiatter Creek (ref. Fig. 7), al-
though the four wheel drive vehitles (the GRR truck and a Mich-
igan Terhnological University Jeep) were zble to peneirate all
the way to the site. It was therefore decided to assemble the
buoy at a launching ramp at Lac La Belle, on the south side of
the Xewsenaw Peninsula, and tow it from there t¢ High Rock Bay.
with the assistance cof the U.S. Coast CGuard. The bucy was not
intended o be towed over long distances, but it was beli=zved
that it conld withstand the twenty mile journey without ill
effect.

On Thursday, 18 November, a snowplow of the Xeweenaw County
Highway Comaission cleared the parking area at Lac Ia Belle and
assembly of the kbuoy ccmmerced, University of Michigan and ONR
personnel proceeded to the launch site and erected a guyed mast
for the aremcmeter and wind vame. 1Initial tests on communica-
tion links between the site and Calumet Air Force Station were
checked and appeared satisfactory.

The Minneapolis ARTC was acdvised through the Houghton Air-
port Flight Service Station that a launching was scheduled for
Priday, 139 Movember, since the weather prediction indicated
broken overcast. The U.S. Coast Guard cutter, a 44 foot ves-
sel, left Portage Coast Guard Staticen at Hancock Thursday
afternoon and arrived in Copper Harbor four hours later.

On Friday morning assembly of the buoy was compieted at
Lac La Belle while the Coast Guard c¢utter made the run around
the Keweenaw Feninsula. The buoy was slid down a ramp into
the water and a channel chopped through the ice toc deep water.
The cutter arrived at mid-day, breaking ice to reach the buoy,
and departed an hour later with the buoy in tow Space/Defense
personnel remained aboard the cutter to determine the effects
of the tow. It was observed that the bucy could not be towed
at speeds in excess of about four knots since at that speed
it t2nded to plane undex; although structurally there were no
vrcoblems. Communications with the Coast Guard cutter were
maintained via the ONR carryall and Calumet Air Force Station.

Remaining project personnel proceeded to the launch site
preparing tc carry out wind-weight procedures for the scheduled
launch. HKowever, the predicted break in the weather d4id not
materialize and the rocket-firings had to be postponed. The
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Coast Guard nutter znd buoy arrived at High Rock Bay at 1700
hours and, in view ¢f the deterioratiang weather conditions, it
was thought prudent not to anchor the buoy. Therefore, it was
decided to continue the tow and fetch-up in Copper Harbor until
the weather improved. The cutter arrived in Copper Harbor
after dark at 2200 hours and the buoy was moored between two
adjacent docks. Subsequently the cutter departed for Portage.

A logging company was operating west of the launch site
at a distance of about 3% miles. There are no other personnel®
east of Copper EHarbor except the Coast Guard Station on Maritcu
Island (sitvated six miles east of the launch area) and that
station is abandoned during the Winter months. Since the buoy
was to be towed to the launch site, it was decided to control
the firing from the Coast Guard cutter. Accordingly, permis-
sicn was sought ané granted by the Commanding Officer of the
iocal Coast Guard unit to proceed as stated. If the firing is
conducted at least a mile off.shore and to the northeast of the
5ite there is no possibility that a rocket can impact near the
logging crew or the Manitou Island Coast Guard Station. Wind-
weight calculations could, therefore, be omitted. For this
reacson during the Saturday forenoon the quyed mast at the site
was dismantled and stowed in the University of Michigan truck
at Copper Harbkor.

In view of the strong possibility of continued bad weather
with very short intervals of clearing, FAA authorities at Chi-
cago were asked to modify the waiver restrictions. This was
granted verbally so that launchings could be scheduled any day,
and if necessary, with more than 50% overcast, provided it was
possible to ascertain visually no V.F.R. aircraft were in the-
area. A policy was initiated of issuing daily notices to air-
men from Houghton Airport Flight Service Station and these were
cancelled only when it was obvious the weather was not suitable.

The weather remained formidable through 29 November with
frequent gales and snow. Clearing was predicted for 30 Novem-
ber, so arrangements were made for the Coast Guard cutter to
tow the buoy to the selected launch area. Meantime the rockets
were removed from the buoy and the system checked out (as des-
cribed in Section IIIB). Everything appeared in order and the
rockets were reloaded aboard the uoy. The cutter arrived and
took the buoy in tow; at that time gale warnings were in exist-
ence and it was estimated there was a sea state of 6 to 7. Wea-
ther conditions were marginal, with a broken cloud dechk at

Latern
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12,000 feet and a high thin overcast. Direct radio communica-
tion from the cutter to Calumet &ir Force Station was possible
once the vessel cleared Copper Harbor. However, as a back-up,
the ONR carryall was stationed at Point Isabelle to act as a
relay 1if reqguired.

At 1530 hours when the cutter arrived at the designated
launch area, vapor trails of high flying military aircraft were
wvisible through the thin cloud cover. It was therefore consid-
ered that acceptable iazunch conditions prevailed despite the
overcast at 12,000 feet. Final clearance was obtained from
ARTC at 1645 hours and the firing switches actuated. The launch
was unsuccessful and the buoy returned to Copper Harbor. On
subsequent examination of the systems it was determined that
tne electric cable betwee.a the buoy and the vessa2l had parted.
The electric cable was taped to a steel cable at about six foot
intervals, but due to the violence of the Lake conditions had
worked loose and formed a2 loop. The lcop had caught on the
buoy during the passage out and the subsequent strain caused
the cable to part.

The weather appeared to improve during the evening, so the
cutter remained at Copper Harbor overnight. The electrical
cable was repaired and tiéd again to the steel cable. The fir-
ing system was rechecked and everything appeared satisfactory
as before. Next morning, 1 December, the weather deteriorated
once again and the projected launch had to be cancelled. The
cutter left and returned to Portage.

The weather remained overcast until Saturday, 4 December,
when broken overcast was predicted, although gale warnings re-
mained in effect. The Coast Guard cutter was not available at
this time, but a commercial fishing boat operating out of Copper
Harbor was. The owner of the vegsel, the "Charles J" agreed to
tow the buoy, if it was possible in the high waves. After a
trial run outside the harbor it was determined conditions were
no worse than on 30 November when the Coast Guard had towed the
buoy. However, during the subsequent preparaticns for depar-
ture, the weather again closed in with blizzard conditions pre-
vailing and it became necessary to cancel out.

On Monday, 6 December, there was a broken overcast which

was predicted to improve during the day with clear skies remain-

ing through Tuesday. Unfortunateély gale warnings were still in
effect on the western part of the Lake and this prevented the
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Coast Guard cutter from leaving Portage; therefore, the "Charles
J" was prevailed upon to rerform the tow which, after a trizl
run outside the harbor, the owner agreed to do.

The operations got under way at 14060 honrs with Space/
Defense, University of Michigan and Calumet Air Force Station
personnel onboard. A heavy layer of ice cozted the entire sur-
face of the buoy, but this was nct considered detrimental to
the launching. At 1620 bours the tow had reached the designated
area and final clearance to launch was granted by Minneapolis
ARTC. Mone of the rockets ignited when the firing circuits
were actuated. It was subsequently determined that continuity
existed throuyh the entire circuitry down to the actual contacts
on which the rocket motors rested. The buoy was returned to
Copper Harbor, the rockets unloaded, and the central drum was
removed for examination. Some water had feund its way inside
the drum, but this 4id not effect the operation of the relays
or the circuit continuity. On examination of the positive con-
tact at the bottom of the launcher tubes a layer of ice was ob-
sexrved. At the time this was incorrecctly interpreted as the
reason for the misfires. The real reason was subsequently deter-
mined to be more basic. The rocket motor casing has three
spring loaded ground contacts installed around the upper rim of
the case. When each rocket was loaded into its tube, the spring
loaded contacts were binding on the lip of the launcher tube.
This held the rocket away from the bottom contact by approxi-
mately one half inch, Inability %“o check continuity with the
actual vockets installed nad prevented this condition from being
detected prior to making the attempt to fire the rockets.

In view of the long delay experienced due to weather con-
ditions and the continuing uncertainty it was decided to adopt
a different approach. The bucy and associated equipment had
survived a fairly vigorous three week period and was still in
good worsking condition. Simulated rockeuv launches had been
made during this period with the buoy moored in Copper Harbor;
each time the equipment performed satisfactorily. To obviate
further delays, it was decided to haul the central drum, con-
taining the electronic instrumentation, rocket launching tubes,
and the rockets to Keweenaw Pcint by Snow~Cat. Since by this
time more than twc feet of snow was on the ground, this was the
only practical means of reaching the Point. When in pcsition
all was in readiness to fire in the event breaks occurred in
the overcast. (A boat towed launch took approximately seven
hours advance nctice.) Once in position at "the Point" it was
possible to wait for suitable conditions with a finger on the
fire button.
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trip was made *0 e Point on 7 Decswmhar and adgsguate
conditicons exasted. After firing Lo rockets in snccession the
£ lzunching tubes decame angied slightliy beyvond the i0° cupi-

~ .

Off. fThe central drem with the launcher tubss was jostied
13

s htly £rom :1is Zaixad Dosition by the reaction o the Lwo
lz2unches; ccnsecuentiy there was ire on Yo. 3 rockei, com-
firming the operzticnai adeguecy oF the i5° cuc-0ff comstraint.
The can wes then repositioned so that the izunching tube angle
was reduced t¢c si:chily less than 10° and the remaininc two
rockets were fired w:ithout incigent.

v
b
v
h

After firing, tThe flctaztion pari o the Doy was beached
Copoer Ez2rbor and the central can containing the instrosen-
on was returned to the Space/Defense Corroraticn lzbora-—

The second fsst comprised 2 curation tesz 0f the
autcmaatic secuenc:ing apgararus contained in the centrzl dro=m.
The 1000 foot land i:ne was drscomnecied ané the intermal el=c-
trenic gear returned to trely auvtometic secgoencing. The skv~

iz € 1n Dizce and the w0 12 voll bat-

€ ]
recharged prior o the cosmencement of the test. The

Y 2t to Xo. 1 contact point angd the
simniatzd launches were set to occur at 1030 kmours and repeat-
ing six hoers izter a2t 1630 hours. Tpe rotary selector switch
secuenca@ to the nexi contact at 3430 nouwrs each day.

2 of snu i e unloaged
camera, which commenced simultaneously with the aciuvation of the
firing circuit. The camsra wouid continue to operzte for sixty
seconds until auicmatically timed out. EBach day the rotary
selector switch was visvally checked to ensure it had progres=s
sively sequenced to the next contact.

The rotary salector sw:itch contacs numbers i, 2, 29 and 3C
control the firirg circuits to the rocket launcher tubes num-
bers 1, 2, 2 and 4 respectively. On 3days when the selector

i
switch was contacting any of those numbers a dummy rocket with
the test lamp was inserted in the appropriate launcher tube.
This was a positive check on the circuitry and available power
at the rocket conta:ct.
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On a randos basis the central drum was sometimes placed out-
side the laboratories znd other times left inside. The test was
continuous f£rom 15 December 1965 throughk 15 April 1966; thus the
electronic equipment was exposed to temperature variations be-
tween 75° P to 00 F.

£ conclusion of the test the timer was actuating the fic-
ng circuit 4.5 minutes later than the original setting. The
drift was approximately linear during that time, although days
of severe temperature change did produce greater variation than
the nominal drift rate.
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3. Tests 3 and 3A

Test 3 was intended to be similar to, though more
cozprenensive than, Test 1. The electronic eguipment contained
in the central drum was modified to include a 403 mc. receiver
and a2 small portable tape recorder (See Section IiD).

The buoy equipped with four rockets and rocketsondes was to
be anchored in High Rock Bay (Lake Superior) and the rockets
launched via the land line. Just prior to launch the inverter
(and receiwver) would be activated and just subsequent to launch
the tape rececrder would be switched on.

In this manner it was intended to acquire a recording of
the transmitted signals from the descending rocketsonde. How-
ever, since it was not possible to obtain the rocketsondes, it
was impractical to proceed. Therefore, the test was abandoned
arnd Test 4 introduced as a partial substitute.

Test 32 was a separate experiment to be undertaken at
Keweenaw Peninsula during the same period as Test 3 was in prog-
ress. It consisted of firing four rcckets with dummy payloads
from the closed@ breech launcher tube (ref. Figure 6).

The entire unit was comprised of the launcher tube, a 75
foot length of two-conductor stranded wire cable, a toggle ac-
tion firing switch mounted in a small weather-proof metal box,
and two 12 volt batteries coupled in parallel to supply the 24
vdc power supply.

Aftexr the decision was made to abandon Test 3 it was decided
to prcceed with Test 3A immediately. Accordingly, on Monday,
17 October 1966, the equipment was loaded into a small panelled
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Chevrolet truck lcaned by the University of Michigan, and the
drive to Copper Harbor was completed in one day. The launch
crew consisted of twc Space/Defense personnel and one Univer—
sity of Michigan representative. At Copper Harbor on Tuesday
morning it was apparent that the weather was not suitable for a
launch that day. Therefore, the test was cancelled, but ar-
rangements were made for the following day, Wednesday. During
the remainder cf Tuesday, Space/Defense personnel borrowed a
pportable telephone unit from the U.S8. Coast Guard at Portage
and drove to the launch site at Keweenaw Point.

Permission was prewviously cbtained to tap into the existing
telephone line adjacent tc the site. It was possible to dial
Calumet Air Force Station and thus communications were estab-
lished. All other arrangements regarding communicztions and
necessary clearances were as descrated in Test 1.

The empty rocket launcher tube was set up on the beaclh at
the University of Michigan launch site and left in position over-
night. ©n Wednesday mcrning the weather was good and the launch
crew drove to the site with the four rockets. The radar station
at Calumet supplizd one of their personnel to act as the commun-
ications link at the launch site.

The launcher tubz circuitry was testad with a dummy rocket
and operated satisfactcraily. Communications were then estab-—
lished with Minneapclis ARIC via Talumet Air Force Station.
After final clearances was granted the first rocket was loaded
itno the tube and la.nched without incaident.

Before each subsequant launch, the lanncher tube was in—
spected for signs ¢f damage {(none were apparent) and the cir-
cuitry retested., After =ach launch it was necessary to up-end
the tube tc =ject tle contact ignition cap released by the rocket

motor.

All four rockets were fired in guick succession and all four
trajectories, as indicated by the smoke trails, appeared normal.

The launch crew perscnnel returned to Birmingham on the
following day. Thursday, 20 October 1966. Upcn subsequent de-
tailed examination of the launcher tube no damage could be de-
tected. It may reascnably be concluded that neither the rockets
nor the launcher t-.be were adversely affected by the closed breech

launch technigie.
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4. Test &

The purpose of Test 4 was to replace, in part,
the cancelled Test 3. A& hand-launched balloon carrying an
AN/AMT-11 (Dx) radiosonde was used in placs of the NADC Rocket-
sonde.

A test of this nature may be conveniently performed at
Space/Defense Laboratories, since the inflated balloon and sus-
prended payload are sufficiently small not to be considered a
hazard to aircraft.

The test was undertaken in the parking lot adjacent to the
Space/Defense Laboratories and the apparatus was as shown in
Figure 8. On the day of the test, 18 January 1967, the temper-
ature was 69 F. and it was necessary to allow the egquipment an
ample warm-up period. A monitoring station, the Radiosonde/
Receptor AN/SMQ-1A was set-up adjacent to the test receiving
apparatus contained in the central drum.

Simultaneously with the balloon inflation, the battery
powering the radiosonde was water activated. With the para-
chute, radiosonde, battery and antenna suspended from the bal-
loon there remained approximately 0.5 pounds of free 1lift.

Before releasing the balloon with its payload a check was
made to ensure both pieces of ground equipment were receiving
the transmitted signal (i.e., the receiver/recorder in the cen-
tral drum and the monitoring radiousonde/receptor). No adjust-
ments wa2re required for the receiver/receptor unit although it
was necessary to move the receiving antenna a greater distance
from the drum. The antenna was pdcking up noise from the in-
verter and this tended to conceal the signal. For the monitor-
ing unit it was necessary to tune in initially and thereafter
to periodically readjust the controls as the balloon ascended.

The tape recorder was set in motion and the balloon re-
leased. B8oth units continued to receive the signal until
switched off 45 minutes later. Figure 9 indicates the pre-—
dicted horizontal distance covered by the balloon during as-
cent. The prediction was based on a wind data plot for that
day obtained from the U.S. Weather Bureau at Flint, Michigan
(40 miles distant). The altitude plot was obtained by counting
the number of reference signals emitted by the radiosonde dur-
ing the ascent and comparing with the calibration sheet.




Boen oy .- 3 & et

[ T )
v

. a—— g

-27-~

Central Drum from
Buoy Containing
Receiver/recorder

Receiving
Antenna
,‘//AT-775/SMQ-1

—fr=1

S—

e, eI

Figure 8.

Transmitting
Antenna

110 vac

Power _u~
Supply

300 gm Weather
Balloon

Wax Paper
Parachute

Radiosonde

/ AN/AMT-11 (Dx)

Radiosonde/Receptor
BN/SMQ-1A

I
1829
@

NHES
L
R |

R

—~

[

O omme O

[

Test 4 Apparatus

Naw




-y

» Ay

._N "’”“"" b—u—i M L3

o —y

.

-28-

4 //"
$30
m -
X 4
O g
~
S
% -
ST
85" /
e,
- 5 E
I % N
%-4 )/ S
3w ocke,
ool
H R0 A LN\
% X
i ///// 7
& ©
ol
O
i
L r
0 10 20 30 40 50

Elapseg time in minutes

Figure 9. Physical Displacement of Radiosonde
to Receiver

Some difficulty was encountered when the radiosonde was
entering the troposphere. The rapid decrease in temperature-
caused the audio frequency to drop below 25 cps and for a
brief period the receiver/recorder unit rejected the tempera-
ture signal and returned to the scan cycle. However, when
the temperature increased shortly thereafter, the system re-
turned to its normal output. A similar condition occurred at
around 35,000 feet altitude when the data started to generate
audio signals below 25 cps. From there to the cut-off point
five minutes later the signal gradually deteriorated.

The test illustrated the ability of the receivex/recorder
unit contained in the central drum to perform as regquired.
When the NADC rocketsonde hecomes available (with its stronger
transmission signal) no problems are anticipated for the re-~
ception.
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Iv. CONCLUSIONS AND RECOMMENDATIONS

As a result of work performed under the contract re-
guirements, an experimental buoy has been developed. ILabora-
tory and field tests have indicated adequacy in most respects.
flowever, FAA regulations prevent the testing of a truly auto-
matic system without override contrcl. The deviation from
truly automated sequencing 1s considered a minor perturbation
and the effect can be discounted when assessing the overall
system feasibility.

The azimuth at launch can be selected to within precise
limits. Automatic launch and signal reception are also both
feasible and practical. It remains to develop a system of con-~
verting €he data aboard the buoy and retrasmitting to a moni-
toring shore station. Since there ares buoys presentlv in ex-
istence equipped for handling data in a similar manner it iz
necessary only to adapt rather than develop. The retransmisg..
sion of the signal will present no difficulties since this is
presently standard procedure.

It is therefore recommended that the next steps in devel-
opment of the Upper Atmosphere Automatic Weather Station be:

A. Integrate WEBROCK with an existing NOMAD buoy plac-
ing as many rockets on board that vessel as may be conveniently
handled without incurring major modifications.

B. Utilize the existing power, data handling techniques,
and available retransmission equipment. Install the electronic
processing apparatus capable of handling a six-month operation,
despite the physical limitation placed on the number of pro-
jectiles.

c. Subject the prototype unit to a six month duration
test of truly automatic launches. Because of the limited num-
ber of projectiles that can be presently accommodated on the
buoy, the launch routine will be stretched to fire approxi-
mately one rocket a week. This shouvld nct affect the validity
of the test.

D. After the successful conclusion of items A through C
a new and extended buoy should be designed to accommodate the
total number of rockets desired and a power source developed
other than batteries per se.
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- E. A new and more powerful xocket ghould be sslected tao
obtain greater altitude than the present 2.75" FFAR.

[ F. Finally, studies should be initiated. toward the devel-
opment of a suitable buoy "ground" tracking station which would
vermit the determination of wind data from the descending roc-
i ketsonde to supplement the pressure, temperature and relative
humidity data now acguired.
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i. CRIGINATING ACTIVITY: Eater the ncme and address
of tho coniractor, subcoateesior, grantee, Depertoeat of De-
l2ase activily or other 3r3enizaton fcorpoiets cuthor) issveng
the repont. -

25, (ZUFORT SLCUISTY CLASSIFICATION: Eater the oven
ell sscuaty claseification of the report. Indicate whether
*Restricted Dats” is included  Marking is to be in accord-
ence with cepropriate securits seyulations.

25. GRAUP: Auvtem=ic downgrading is specified in DoD Di-
rective 5200. 10 aand Armad Torcee Industricl Manuval. Enter
the group nurrber. Also, whea epolicable, chow that optiona!
:3:::::-.3: have baen vsed fo: Group 2 and Grovp 4 &3 author-
szed.

3. REPORT TITLE: Esfer the cousplets report title in £l
capata! letters, Tides in 2l ceses should be eaciassified.
1f & mezningful title czanst be seicstad without clossifice-
t:on, chow title classification in 21l czpitals in psrenthesis
immeadiztely foliswing the utie.

4. DESCRIPTIVE NOTES If oppropriais, eater the type of
sepor:, e.g., imeri=, progices, summary, sanull, or final.
Give the 1aclusive dates whea 3 specific reporting pes:od 1s
covered,

5. AUTHOR({SY Enter the nazie(s) of avthexs) as shown on
o7 15 the repost. Exnter jost name, first neme, auddéle :aitial.
7 miltary, shw rark 2nd branch of secvice. The naze of
e orinc.psl avther iz an atsolule cininuz requrement.

¢ REPORT DATE: Enter tze date of the report as day,
montk, year, or momb, year. If =ore than one date 2ppears
on the repost, use date of publication

7a. TOTAr NUMBER OF PAGES: The total page count
shouid foiiow rormal paginat.on procedures, .¢., enter the
mumber of pages conta:ning infcrmation

5. NU¥EER OF REFIRENCES Z:ter the total number of
« references cued :n the seport. .

2s. CONTRACT OR GRANT NUMBER. If sppropriate, enter
ske gaplicadle oumber of the contract or grant under which
the repont was wTillen

35, &, & S¢. PROJECT NUXBER. Eetor the agpropriate
=:intary depantzment idendificatinn, suth as peoject number,
subtp-ciect musher, system numbers, task numbesr, elc

92. CRIGINATOR'S RZPORT NUMBER(S): Enter the offi-

c:al repert number by which the document will de identified
ard coztrelied by the ungiaating activity. This cumber must

be unugre 20 Lhis sepori.

65 OTH=ER REPOPT NUMBER(S): i the report has been
z5s:gned 22y other repent numbers {e1ther by the o-~2inator
or L7 the sponso.), 3iso enter thus numbex(s).
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10. AVAILABILITY/LIMITATION NOTICES: ZEater any lim-
iteticas cn strther disseminatior of the report, other than thoze
imposed by security classification, using standcrd statements
such as: .
{1} ““Quaiified requestars may btain copies of this
report from DDZ.!
{2) *Foreign announcement and dissemination of thts
report by DDC is rot authorized.”’
{3) "‘U. S. Government zgencies may obtaia copies of
“"  this report durectly frem DDC. Other qualified DDC
users shall request through

Ei)
.

(4) *'U. S. miiitary agencies may cbtain copies of this
report directly from DDC. Other qualified users
shall request through

2y
.

(5) ‘*All distribution of this report 18 controlied Qual-
ified DDC users shall request through )

1f the report has besn furnished to the Office of Technicel
Services, Department of Commerce, for sale to the pudlic, indi-
czte this fact and enter the price, if kaown

1L SUPPLEMENTARY NOTES. Use for edditional explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the nsme of
the departmental project office or laboratory sponsoring (pay~
ing for) the research and development. Include address.

13 ABSTRACT Enter an abstract giving a brief and factual
summary of the documert indicative of the report, even though
it may also appesr elsewhere in the body of the technical re-
port. 1If additional space 1s required, 3 continuation shest
shall be attacked.

It is highly desirable that the abstract of classified re-
ports be unclassified. Fach paragraph of the abstract shail
end with an indication of the military security classification
of the information in the paragraph. represented as (7S), (S),
(C), or (U).

There is no jtmitation on the length of the abstract. How-
ever, the suggested length 1s from 150 to 225 words.

14. KEY WORDS: Key words are techaically meaningful terms
or short phrases tha. characterize 2 report and may be used as
1index entries for cataloging the report. Key words must be
selected g0 that no securty classification :s raquired. Iden-
fiers, such 3s equipment model designation, trade name, mihi-
tary project code name, geozraphic location. may b= used 83
key words but will be follawed by an indication of technics!
ccatext The assignment of hinks, rules. and weights is
optionsl.
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