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This documentcostains o psnoal dscusion f the ISCOVERER

" XIN operation.

Existing reports on the DISCOVERER program have, on a whole,
been either non-classified public information relesses or technical

enginoering evalustion studies with mited distribution. This docy-

ment s intended to fill the gap between thess two by covering the
overall operation in more detail then would be possible in public
relesses, yot oliminsting the discussion of enginesring details.

Photographs and drawings used wers furmished by the Ballistic

Missiles Division (ARDC), The Naval Missile Conter (PMR), and the
Lockheed Missiles and Space Division.




FIRST CAPSULE RECOVERED
FROM AN ORBITING SATELLITE
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A significant “first” in world-wide space technology was

achisved on 11 August 1960 by the USAPF with the recovery
of the capsule ejected from an orbiting sstellite. This operation
involved DISCOVERER XIIT with an Agena satellits and

Thor booster. The launch was made at 1338 PDT on 10 August |

MVMAFB.

Satisfactory Agena injection altitude and velocity resulted
’ hampohr.otbitwlﬂupdoddunimt-.&mhojao-
tion wag initiated on the seventesnth orbit so that recovery
" could be made in an area northwest of Hawali, Recovery by

air wes not accomplished as the capsule and its parachuts were
firat sighted by C-119 crews at about the time of water impact.
Two RADARCs (wnobuoys) and several smoke bombs were
dropped to mark the target area for helicopters dispatched by
parachute were succsssfully retrieved at 1022 PDT, 11 August
1900.
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DISCOVERER
PROG

The DISCOVERER program was established early in 1958 under the direction
of ARPA, with technical management assigned to AFBMD. Full program responsi-
bility was transferred from ARPA to the Air Force on 14 November 1059. The prime
contractor is Lockheed Missiles and Space Division, Overall test control is exercised
by the6584thTest Wing (Satellite) and capsule recovery is the responsibility of its
organizsation in Hawaii, the 8584thRecovery Control Group. '

One of the most important functions of the Wing at present is the training of
officers and airmen for wcnhul full blue suit capability to conduct the complete satel-
lite test operation. |

The Program consists of the design, development and flight testing of Agena
satellites using the Thor IRBM as a booster and the Agena as the second stage.

. The primary test objectives are to:
(a) Develop and flight test the satellite and its subsystems.

e (b) Demonstrate reliable stabilization of the satellite in orbit and response

to programmed reorientation commands.

(¢) Develop proven hchniquu for recovmn. capsules ejected from orbiting
satellites.

(d) Perform space research and engineering tests in iupport of advanced
military reconnaissance satellite programs. |
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LOCKHEED MISSILES AND SPACE DIV.,
SUNNYVALE, CAUF.,
PRIME CONTRACTOR

6594TH TEST WING (SATELLITE) (ARDC),

‘SUNNVYVALE, CALIFORNIA — TEST CONTROL
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DISCUVERER

HI#

| Flight tests started on 28 February 1959 with the launching of DIS-
COVERER 1. Since then a total of thirteen tests have been conducted, placing
eight satellites successfully into orbit. Capsule ejection was accomplished on
six occasions and one of these resulted in the first recovery. Further details are

given in the following tabulation:

DISCOVERER I 28 Feb 59

- 1022/163

DISCOVERER 11 13 Apr 50
1018/170 '

DISCOVERER III 3 Jun 59
1020/174

DISCOVERER IV 25 Jun 59
1023/179

L]

DISCOVERER V 13 Aug 59

1020/182

DISCOVERER VI 19 Aug 59
1028/200

Orbit achieved. Telemetry received for 514
seconds after lift-off.

Orbit achieved. Capsule sjected on the 17th

pass. Recovery not attempted.

Launch, boost, separation and second stage
operation successful. Failed to orbit.

Lnunch.boolt.lepantionandncpndmge
ignition were successful. Failed to orbit be-
cause of premature ignition cut-off resulting
in low injection velocity.

Orbit achieved. Capsule ejected on 17thp_.
All objectives successfully accomplished ex-
ospt recovery.

Orbit achieved. Capsule ejected. Success ex-
cept for recovery.

Lo Lo Lo
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DISCOVERER VI1 7 Nov 59
1051/206

DISCOVERER VIII 20 Nov 59
1060/212

DISCOVERER 1X 4 Feb 60
1052/218 '

'DISCOVERER X 18 Feb 60

1054 /223

DISCOVERER XI 15 Apr 60
1085/234

DISCOVERER XII 29 Jun 60
1053/160

DISCOVERER XIII 10 Aug 80
1057/231

Ol;bitachiavod. Meychmhﬂumpn-
vented stabilization while in orbit and acti-
vation of the recovery sequences.

Orbit achieved. Excessive injection velocity
produced a highly eccentric orbit resulting
in early control gas depletion. The capsule
was ejected but not recovered.

On lift-off the umbilical mest did not retract

nndtheAmqmckdmnectfailodaw
ing loes of helium pressure. The THOR shut
down prematurely.

THOR flight control malfunction caused .

Range Safety officer to distruct 56 seconds
after launch. '

Orbit achieved. Capsule sjected on 17th pass.
Re-entry trajectory was high and beyond the
predicted recovery area. ‘

Launch, boost, separation and Agena engine

operation were successful. Failed to orbit be- -

cause of a pitch down attitude at injection.

Orbit achieved. Capsule ejected on the 17th
pess and recovered from the water. Little
damage to the capsule. All objectives success-
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SATELLIT

In order to conduct the flight test of the satellite extensive and widely separated facilities

were required. The most obvious of these were, of course, a launch facility, tuckingmdeontml
stations, a rwoveryforeeallhedtogethubya control center. The specific units involved and their

SYSTEM  rime tmcos ve = e

STC — Satellite Test Cenfcr. Sunnyvale, California — overall
control of the flight test.

VCC — Vandenberg Control Center, VAFB, Calif. — moni-
tored satellite and booster checkout and launch oper-

ations. During final countdown activities STC was .

connected directly to the blockhouse.

VTS — Vandenberg Tracking Station, VAFB, Calif. — track-
ing, control and telemetry readout.

MTS — Mugu Tracking Station, Pt. Mugu, Calif. — tracking,
control and telemetry.

KTS — Kodi Tracking Station, Kodiak, Alaska — tracking,

control and telemetry readout.
HTS — Hawaii Tracking Station, Kaena Point, Hawaii —
’ tracking, control and telemetry.

NBTS — New Boston Tracking Station, N.H., was active for
station checkout and training.

Telemetry Ships — AG 161 and PRIVATE JOE E MANN

~ located 80 as to cover telemetry during orbital injection
and recovery phases, Furnished by PMR (with instru-
mentation readout equipment manned by LMSD).

WV-2 — Telemetry Aircraft furnished by PMR to cover cap-
sule separation and re-entry functions.

HCC — Hawaiian Control Center, Hickam AFB — controls
the recovery operation,

Air Recovery Force — Eight C-119J and one C-130 aircraft
of the 6584th Recovery Control Group. Four RC-121
Radar aircraft of the 552nd AEW&C Wing, McClellan
AFB, Calif. '

Surface Recovery Force — Two Victory Ships (Dalton & Haiti)
with Helicopters. One Telemetry Ship (PVT JOE E
MANN) supplemented the water recovery capability
for this operation.

Recovery Supporting Elements — Tracking stations at Bark-
ing Sands, South Point and Christmas Island. WV-2
Aircraft for frequency intesference control. C-54 air-

PMR — Pacific Missile Range — the joint service west coast’

missile range operated by the Navy Missile Center at
Pt. Mugu, Calif. Responsible for range scheduling,
range safety, frequency interference control on all mis-
sile firings over the Pacific Ocean. Furnished down-
range instrumentation and recovery ships and pro-
vided ground based instrumentation common to several
programs. : '
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DISCOVERER XIII
CONFIGURATION

DISCOVERER XIII was composed of Thar Booster #231 and Agena #1057,
one of the last of the “A” models, The satellite was 19.5 ft. long, 5 feet in diameter
and had a gross weight of 8,662 pounds. Its liquid rocket engine had a nozzle ratio
of 20:1, used UDMH and TRFNA, and had a single burn capability of 120 seconds.
Attitude control during the launch phase was maintained in pitch and yaw by swiv-
dlhg the engine; in roll through the use of gas jets. During the orbital phase attitude
wucontmllodbyg'ujehildmOnboudmﬂdmcagndmmand functions were
handled by the horizon scanner, and guidance programer (D-timer). The orbital pro-
grammer (H-timer) controlled the periods during which beacon and telemetry signals
were transmitted. Itmmﬂnnﬁmwhkhhwmmm the various
recovery sequéences.

The capsule was essentially composed of two sections, the retro rocket assembly
and the recovery package. The latter contained diagnostic instramentation consist-
ing of an “S” band beacon and a five channel telemetry unit. These resulted in more
adequa_u imtmuienhﬁon coverage of the separation and recovery sequences and im-
proved the capsule tracking capability.
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MODIFIOAM
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0neofthemnjorpmblemsinapr6mm6fthisoortau
the many equipmantv modifications that are generated by the
information gained with each firing.

Modifications on Agens 1057 were accomplished at the
Sunnyvale Plant, the Santa Cruz ;hﬁc firing facility, and the
Missile Assembly building at Vandenberg AFB, System and
subsystem checks followed each of these operations and upon
satisfactory completion the vehicle was passed on to the next

. Phase.

On 29 June 1950 assembly had been completed and the
vehicle was sent to MODIFICATION and CHECKOUT with-
in the LMSD, Sunnyvale Complex. During the next five weeks
engineering changss were followsd by functional, alignment
and calibration checks on all subsystems. The Final System
mnwumplehdonlSAumt.Wai(htmdmurofmvity
checks completed the plant activities and the satellite was made
ready for transfer to Santa Crus.

L. ..
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The Agena reached the static test facility on 21 August. It was
acheduled for hot firing on Test Stand No, 2 but ss this stand was
being used a temporary installation was made on Stand 1. Here the
Oridizer food aystem was fiushed, Helium regulator leak and Electrical
continuity checks were made. The unit was transferred to Test Stand
#2 on 2] September where after power, tank pressurisation and pre-
liminary system checks, the hot firing countdown was started. During
thhopmﬂmhmmhdﬁt&omdﬂmﬁdmmd
and oxidizer tanks started rising; venting the fuel tank had no effect
and it was necessary to dump the UDMH. The trouble was located
and rectified within a fow hours and the countdown resumed. A

static firing was successfully completed, except for low turbine speed,

at 2245hmon29809tanba.'l‘hm.daynhhrnneondlhﬁcﬁﬁng
was made. Post-fire servicing, propulsion system flushing and elec-
trical continuity checks were followed by the USAF acceptance in-
spection and preparation for shipment to Vandenberg AFB.

— L— L L L. L
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VAFB
ACTI

- 'When Agena 1057 arrived at the missile assembly building on 23 Novem-
bez, it had a rather low work priority as five Agenas were scheduled for launch

'befouit. It was not until June that work got underway seriously on modifi-

cation and checkout of its various subsystems. Before the end of the month

_ thevehidommth?ad-syhdepmptﬂsionmmluktuhmcon-

ducted. In July it was again transported to the pad for Electrical Compatibility

checks. By 19 July all MAB building checks were essentially completed and

Countdown and Flight System checks were started at the pad. This operation
was plagued by seversl malfunctioning components and it took three weeks
to satisfactorily complete checks which under normal conditions should have
taken two days. The last MAB All-Systems tests were accomplished on 3
August. On the following day #1057 made its last trip to the pad. Readiness
Minus 4 Day activities were started and the schedule proceeded without
further incident. The Agena/Thor mating and other preparations for the
final countdown mcomphhd on 9 August.
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AGENA MAB SCHEDULE
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ACTIVITIES AT THE PAD AREA INCREASE AS DAY OF LAUNCH APPROACHES
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Though the DISCOVERER XIII launch pad activity was the most critical and com-
plex portion of the final countdown, it was by no means the only element involved, for at ‘ N
SA ~ this point the over-ll system began to function as a team. Each dlement had specific tasks to
perform and upon each rested some measure of responsibility for the success of the over-all
| H.IG , flight test. The system countdown started at 0600 hours (PDT) on 10 August with each
L station reporting to the Satellite Test Center. During the next six hours at prescribed inter-
cou vals, communications checks were conducted on voice and data li'nh; periodic weather studiea
were made; the equipment status and readiness were sent in. HCC reported on the status of the J

recovery forces. And launch pad activity was monitored continuously through direct voice
communications with the blockhouse. | _l
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SATELLITE/BOOSTER
| COGNTDOWN

'I“he Satellite/booster countdown schedule was essentially the same as ihat
shown in the attached block diagram. One important change was the elimination of
Task 2 as mating had already been accomplished. Shelter removal and vehicle erec-
tion occurred at 0614 hours (T-361 minutes). R-F checkout took 53 minutes longer
than planned because of the beacon and telemetry additions to the capsule. An
additional 22 minutes delay was caused by the replacement of a faulty Destruct Re-
ceiver. Bocause of these schadule slippages a 76-minute HOLD was called, Subsequent
operations Propellant Line Fill, Tunking and Pressurization were conducted without
incident, Checks on Range R-F equipment as well as Guidance and Flight Control
Units were also conducted as planned. Before coing into the 'l‘enmnll Count, an 11-
minute HOLD was called to resclve a train schedule conflict. During the Inst 12
minutes of the countdown, excitement rose to considerable heights as two additional
difficulties developed. Fortunately these proved to be minor. A circuit breaker had
to be reset i;n the THOR powervtniler resulting in & six-minute delay; and the other
HOLD turned out to be based on a milundetstandiu betwoen MTS and the Range
Safety Officer and was immediately cancelled. The Terminal Count resumed at Phase
b and Lift-off occurred thruminutaht&at 1337:54 hours (PDT).
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Shortly after lift-off, the missile rolled to a deperture azimuth

of 174° (172° intended) and started a programmed pitchover.
THOR main engine cutoff was approximately 1.5 seconds early but
within tolerance at T+ 163. Separation was successfully completed.
Position data fed to the Reeves computer at MTS during ascent
and coast phases indicated that the programmed AGENA engine
start time and velocity to be gained would have to be corrected.
Commands extending D-timer hold and reducing the integrator
velocity setting were sent to the vehicle. Engine start occurred at
T+ 302.45, nominal thrust was obtained for 119 ne_ondo when the
engine was shutdown by the integrator.

Burnout occurred at T+ 421.42 seconds at an altitude of 139.7
nm and an inertial velocity of 25,786 feet per second.
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VTS ACQUIRED T. M AND RADAR
! MTS ACQUIRED T/M AND RADAR

VTS FADE RADAR
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ORBITAL

PHASE
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After i:_\jection into orbit the Agena was slewed in Azimuth 180° so that it
would continue to circle the earth with greater stability (back to front) in a position
horizontal to the earth’s surface. It was maintained in this position by a 4° per
minute programmed pitch; its attitude (pitch and roll) monitored by the horizon
scanner and its yaw alignment by the sun position indicator.

Based on data from the trackinig stations it was determined that the near
polar eliptic orbit was actually inclined at 82.87° from the equitorial plane, had an
apogee of 370 nm, a perigee of 187 nm and a period of 94.1 minutes. With subseqent
passes this and other information was continually reviewed by STC and formed the

.basis for estimated station acquisition times, orbital programmer commands, and

predictions of the time and location of parachute deployment.
Some of the planned and actual orbits are shown in the attached figures.
Each orbit (pass) was numbered consecutively starting with the first northbound

" crossing of the equitorial plane somewhere over Africa. .

PASS 1. KTS tracked by radar and the CWAT (continuous wave acquisition
tranamitter) and also recorded telemetry. The 65°N and 60°N reference latitude

. mmmmmuwmmdmsmd:mmmmm
opeuﬁc commands to bring the onboard orbital programmer into synchronization

mththeutdhtumckwuthourth.OnIymnndeonhctmmdebyVTS,
HTS and USNS PVT JOE E. MANN.

PASS 2. KTS and HTS tracked the vehicle with all equipment. Each station
sent one command. '
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PASSES 3 thru 7. Were not monitored because the satellite did not pass in the
vicinity of the tracking and control stations. | ' |
PASSES 8,9 and 10. Were northbound passes. A command was sent by VTS on
Pass 9 but was not required for Passes 8 and 10.

PASSES 11,12,13 and 14. Did not pass close to the tracking stations. * .
PASS 15. KTS acquired the astellite at near the predicted time, and seat a com-
mand. VTS and MTS had diffculty in obtaining continuous radar lock-on, owever,
programmer functions were observed by both stations to have occurred within 6
seconds of expected time. Real-time telemetry readouts were all normal.

PASS 16.. KTanmndupmpnmmdlndhudum\huttn&lu.Onom-
mndmlwtmlndmlhotrlchdwitbouttmubhonthhmﬂlpln
nntuumnomll

PASS 17. mmcyopmmhdbnnorumﬂymmmmdﬁorthup‘-
nndunﬂmndntwmmmnnﬂmcbnnpmwmmdedhomthcmmm
starting of the D-Timer which not only initiated the separation and recovery
sequences But activated the capsule “S” band beacon and telemetry. KTS acquired
this beacon and monitored all the capsule separation sequences. These events were
also later verified by the telemetry tapes made by the WV-2, located beneath the
Agena at capeule separation.
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HAWAILAN TRACKING STATION (HTS)
ACTIVE DURING ORBITAL AND RECOVERY PHASES.
EQUIPMENT SHOWN INCLUDES TRI-HELIX,
TLM-18 AND VERLOAT ANTENNAS.




IWlM TRACKING STATION, ALASKA (XT$)
SHOWING mmmv AND RADAR ANTENNA INSTALLATIONS AND TRACKING DPERATIONS
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began with the starting of the D-timer, which, either directly or indirectly determined
when each event took place. In 5 seconds it started repositioning the Agena to a 60°
pitch down attitude. 75 seconds later (at T —0) the capsule separated from the vehicle.
Retro-Rocket fire occurred at 1613:28 PDT (T + 4.38 seconds) and was preceded by spin-
ning the capsule to avert abnormal thrust vectors due to misalignment of the nozzle.
De-Spin was initiated about 11 seconds later and was immediately followed by Thrust
Cone separation. This last of the separation sequences set the stage for the capsule re-

covery events by expasing the parachute container and other essential recovery gear.
With the firing of the retro rocket the capsule lost orbital velocity and the resultant

force vector directed it towards the earth. As the atmosphere became more demse an ion-

ization sheath blanketed the capsule causing a blackout of telemetry and beacon trans-
" missions. Deceleration reached the 5 G level at 1622:48 Hrs (T'+ 513 seconds) throwing

nmwhhmnthumhnwvmnqumdtualzamnddﬁy.ﬂwmu
took place in quick succession and included, (1) removal of the parachute cover;
(2) parachute deployment; and (3) the jettisoning of the ablative shell.




V/////77//A YHE BEACON COVERAGE

RADLRIANLA CAPSULE TELEMETRY COVERAGE
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The 6504th Recovery Control Group had full responsibility for the
recovery operation. Conhnlyﬁgxuchadthmughthbﬂnnﬁnn Control
Centar (HCC). The air recovery foroe consisted of eight C-118J and one
C-130 aircraft directly supported by four RC-121 radar aircraft. Two
Victory Ships, the Haiti and Dalton, each carrying two HRS-3 heli-
copters, formed the surface recovery force. Supporting elements included
the ground stations (Kaena Point, Barking Sands, South Point and
Christmas Island), a telemetry ship PVT JOE E MANN located south

of the primary recovery area and telemetry and frequency monitoring

sircratt (four JC-54s and one WV-2).

Briefing of the surface force elements, including representatives from
the Victory Ships and PMR tracking stations, took place on 8 August.
Air elements were initially briefed on the following day and received

ﬁnalhntn:cﬁomnndbuieﬁuontbehhtm;befombpﬁorto'
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THE PRIMARY mrsommmmmmmm FORCES: C-119, RC-121
AND VICTORY SHIP WITH ONE OF ITS TWO HELICOPTERS VISIBLE ON THE FANTAIL
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Al recovery and support elements were “on station” considerably before para-
chute deployment (see attached illustration). Chaff had been released and the capsule
was transmitting telemetry and beacon signals. The Haiti Victory was the first to
report a Class A bearing on the beacon at 000° to 015° (1620:15 PDT). 45 seconds
later Barking Sands Tracking Station had a similar bearing at 340° to 345°. Reliable
bearings were reported by C-119 #3 and 2 at 1623:45 and 1624:15.

At 1624:25 C-119 #1 received a signal which saturated its scope — a condition
which could not be alleviated by reducing receiver gain, The control RC-121, not having
been informed of this sent #1 towards a possible “‘chaff” target to the west. This turned
out to be a cloud and the C-119 raced back towards the capsule which was then
strongly pinpointed at a position between 16 and 20 miles northeast of its original
station, :
The first visual sighting was made by C-119 #2 at 1705:30 PDT shortly after
capsule impact on the water. Its position was immediately flashed to HCC and the
nearest recovery ship, the Haiti Victory, about 100 nm away. Within a few minutes
C-119 #3, 4, and 1 bad arrived on the scene, Two radarcs (sonobuoys) and several
smoke bombs were dropped to supplement the capsule’s flashing light, radio beacon
and dye marker systems,

As it would be about two hours bofomthoﬂnhVictotymxldbocluomh

to release its helicopters, one of the C-119s and an RC-121 were assigned to the watch
detail. ' _
The helicopters were released about 50 miles from target position. When they
arrived, Helicopter #2 dropped a frogman into the water to secure the capsule to the
hoist cable. The capsule was safely aboard at 1922 PDT and immediately taken to
the Haiti Victory. Meanwhile the frogman was recovered by the second helicopter.
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HELICOPTER RETURNS TO VICTORY SHIP
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THE HELICOPTER CREW THAT MADE THE WATER RETRIEVAL
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654TH TEST WING, WHO ESCORTED CAPSIAE
~ BACK 7D THE MAINLAND
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AIRCREW PRESS CONFERENCE AT HICKAM AF.8.
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] On the following morning (Friday, 12 August) when the Haiti Victory
was ahout 50 miles south of Pearl Harbor, a courier from the 6594th Test
Wing arrived aboard to take charge of the capsule, and fly it immediately
to Washington. At Hickam AFB it was transferred from helicopter to C-130,
and a brief stop was made at LMSD, Sunnyvale, so that certain instrumenta-
tion could be removed for evaluation. , |

General White and General Schriever were on hand to view the capsule
when it arrived at Andrews AFB on Saturday moming. The tentative plans
for a White Howmyandmthlanmmtmwwy
scheduled for 1100 hours on Monday.

The stage was vet. Behind the capeule stood the President, the Secretary
of Defense and their top Air Force advisors, as well as military representatives
from ARDC, AFBMD, and the 6594th Test Wing. The announcement of the
historic capsule recovery was made to the nation through press, radio and
placed in the instrumentation package prior to launch.

| m“ﬂndhntxofthow-mﬂulﬁhcyde.mmbﬁc

interest continued to run high and for many weeks, it was placed on display

thmuhoﬁtthemtry.lnbaamhu,itmummedwthephntforﬁml
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