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FOREWORD

Classified material has been removed in order to make the information
available on an unclassified, open publication basis, to any interested
parties. The effort to declassify this report has been accomplished
specifically to support the Department of Defense Nuclear Test Personnel
Review (NTPR) Program. The objective is to facilitate studies of the low
levels of radiation received by some individuals during the atmospheric
nuclear test program by making as much information as possible available to
all interested parties.

The material which has been deleted is either currently classified as
Restricted Data or Formerly Restricted Data under the provisions of the Atomic
Energy Act of 1954 (as amended), or is National Security Information, or has
been determined to be critical military information which could reveal system
or equipment vulnerabilities and is, therefore, not appropriate for open
publication.

The Defense Nuclear Agency (DNA) believes that though all classified
material has been deleted, the report accurately portrays the contents of the
original. DNA also believes that the deleted material is of little or no
significance to studies into the amounts, or types, of radiation received by
any individuals during the atmospheric nuclear test program.
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ABSTRACT

The primary objectives of this project were to fabricate and prepare instrument-carrying
pods, together with their associated stabilizatlon and recovery systems. These pods
were carried by the Thor on Star Fish, Blue Gill, and King Fish events in the Fish Bowl
Series. :

The pod and recovery system utilized by this project was designed and manufactured
by General Dynamics/ Astronautics (GD/A) and consisted basically of a 30-inch-diameter,
80-inch-long cylindrical pod with an aluminum inner structure and a refrasil heat shield.
Pod welght was 1,200 pounds. Pods were designed to withstand the most severe thermal
and X-ray impulse loads predicted. Pod placement and the related pod release equipment
were designed by Douglas Alrcraft Company (DACO). Gyroscopic stabilization was em- -
ployed to provide proper orlentation of the pods at detonation time. Between Blue Gill
Prime and Blue Gill Double Prime, minor modifications were made to improve the stabl-
lization system.

All weapons effects instruments for these events were passive; therefore, re-entry
and recovery of pods was necessary. The pods were equipped with a re-entry heat shield
and a recovery system utilizing parachutes.

Results from Tiger Fish proved that the Thor/pod configuration was compatible and
that pod placement accuracy could be satisfied. Because of an inadequate flywheel motor,
two pods were unstable, and the third did not meet the desired + 7%¢ attitude stabilization.
More powerful motors were used on later events.

During the Blue Gill flight, two of the pods were not released from the missile as pro-
gramed because of a malfunction within the missile. The warhead was destructed prior
to burst time. All pods were recovered, exhibiting only normal re-entry effects.

The Star Fish missile was destroyed prior to pod release. The pod and one re-entry
vehicle impacted on the island, incurring extensive damage.

Star Fish Prime was successful with the exception of prelaunch fatlure of one flywheel,
the tumbling of one pod, and excessive pod look angles on the other two pods (40 to 45°).
Re-entry and recovery were normal on all three pods.

The Blue Gill Prime booster burned on the pad; thus, no data was obtained. Subsystems
from the pods were salvaged for later use.

Because of an early in-flight fallure in the Blue Gill Double Prime Thor missile, little
pod performance data was obtained.

On Blue Gill Triple Prime, the Thor/pod system was mostly successful. Pod locatlons
with respect to burst were within the 20-percent tolerance. Orlentation of the pod contain-
ing the Sandia transponder was very good and indicated orlentation of the other two was
only slightly over the design limit. Two pods were recovered in good condition. The
third pod, because of a recovc:y system malfunction, had extensive impact damage.

Only two of the King Fish pods were recovered; one in good conditlon, the other se-
verely damaged. Only the nose cone and flotation bag of the third was located, and it s
presumed to have been destroyed on impact. This pod had to fly with a faulty recovery
system because of Insufficient time to accomplish repair of the faulty unit. Indicated
orientation of the pods was marginal. Pod placement was good.



The overall performance of the Thor/pod system on this operation 18 considered mar-
ginal. The basic pod structure is excellent; however, placement, stabilization, and
recovery systems did not perform as rellably as required.

Stabilization can be achieved by further modification In the direction of maintaining
flywheel velocities above a critical level. This can be accomplished elther by keeping
power on the wheel at all times, or by putting the wheel In an evacuated capsule and in-
creasing the wheel velocity at 1ift-off.

Recovery system improvement will require changes {0 make the unit a simple, rellable,
field-serviceable recovery unit.
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Chapter 1
INTRODUCTION

The Pod Program in the Fish Bowl Series was initiated by the Chief, Defense
Atomic Support Agency (CH/DASA) at the request of the U.S. Army and the U.S.
Alr Force (USAF). The experimental requirement originated from the need to
measure the close-In weapon effects of scheduled high-altitude bursts. These ,

weapon effects measurements include blast effects, nuclear radiation, thermal

radiation, and X-ray impulse.

1.1 OBJECTIVES
The mission of this project was to provide and prepare pods and associ-

ated support equipment for the Fish Bowl events. The main objectives of the

project were to provide and prepare:

a. Pods which could carry an adequate amount of sclentific instrumentation
and which could survive a detonation and re-entry environment.

b. Pods which, with all instrumentation, could be carried by the Thor and
be positioned at designated ranges from the burst.

c. A system for pod stabilization so that desired pod orientation with respect
to the burst could be maintaired.

d. A system for recovery of pods and instrumentation in good condition.

1.2 BACKGROUND

Prior to selection of pods to carry sclentific instrumentation on the
Fish Bowl Series, studies were made of other systems such as sounding
rockets. Due to normal dispersion of unguided sounding rockets, the neces-

sary placement accuracies of £20 percent in burst-to-instrument separa-



tion distance could not be satisfied, Based upon a feasibility study
by Douglas Aircraft Company (DACO), which concluded that the Thor
system could place pods designed by General Dynamics/Astronautics
(GD/A) with this accuracy, this pod was selected to carry the weapon

effects instrumentation.

GD/A had previously designed, fabricated,and flown scientific
passenger pods on the Atlas Research and Development (R&D) missiles.
Alr Force Special Weapons Center (AFSWC), over a four-year period,
bhad also been using Atlas pods as a primary technique of space
experimentation. These pods were used as carriers for experiments by the
USAF, Atomic Energy Commission (AEC), and others, primarily for the
measurement of charged particles and electromagnetic phenomena in the
lower regions of the Van Allen radiation belts, and for the determination of
re-entry characteristics for certain materials utilized in the Satellite Nuclear
Auxiliary Power (SNAP) Program, To date, in other programs, GD/A has
built 21 non-recoverable pods and one recoverable pod. Thirteen of
the non-recoverable pods and the one recoverable pod have been flown,
with more flights programmed in 1963. The sub-contract for a nuclearly
unhardened pod was awarded 8 January 1962 to GD/A by DACO, which at
this time was prime contractor to Space System Division (TU 8.1.5)
for the Thor boosters and the basic pod. A short time later, AFSWC
was given the responsibility of contracting for a pod to meet ell

design criteria for the Blue Gill and Star Fish events.
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8ix pods were built to support Blue Gill and Star Fish with three
additional pods as backup for either event. Five pods were bullt for
testing and certification of the pod and the Thor/pod configuration
(two environmental and three for Tiger Fish, the certification test
flight)., After the unsuccessful Blue Gill and Star Fish events, four
pods were refurbished for use on repeat flights. After fallure of
Blue Gill Prime, two Star Fish Prime pods were refurbished and four new
pods built to provide pods for Blue Gill and King Fish events,plus back-

up for either event.
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Chapter 2
PROCEDURE

The pod developed by GD/A for this project was a
modification of an existing pod design originally developed for use as
a passenger vehicle on Atlas missile re-entry tests., The pod was approxi-
mately 80 inches long with a central cylindrical section 30 inches in diam-
eter, a spherical nose, and a flared aftersection whose maximum diameter
was 46 inches, Figure 2.1 shows the basic pod configuration and gives
the dimensions of the various pod components. The basic construction
consisted of an aluminum inner structure covered by a refrasil outer body
that served as a heat shield, the two being bonded by silicone rubber.
All vacant cavities in the cylindrical section of the pod were filled with
polyurethane foam to increase water buoyancy. A flat aluminum bulkhead
provided closure for the rear and served as a mounting surface for the
instrumentation of the effects projects. A recovery system was mounted
.in a 15-inch-diameter tube that extended down the longitudinal axis of
the pod. The total pod weight was 1,200 pounds including about 150 pounds
of scientific instrumentation.
2.1 SPECIFIC DESIGN CONSIDERATIONS
The pod was designed to carry passive instrumentation to the vicinity of a
high-altitude nuclear burst and return it intact for examination. To successfully

accomplish this mission the following criteria had to be met:
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a. The pods had to be at the proper distances from the burst at detona-
tion,

b. The pod's instrument-carrying backplate had to be oriented toward
the burst at zero time.

o. It had to survive the burst environment and atmospheric re-entry.

d., It had to have the capability of being recovered without damage to

the exposed instrumentation.

2.1.1 Pod Placement. The proper placement of the pods with respect

to the burst point was the responsibility of the Douglas Aircraft Company
(DACO) . The pods were carried aloft by the Thor missile containing the
nuclear warhead. Three pods were located at 120° intervals around the
boattail of the missile, Figure 2.2 shows schematically the pod locations
on the Thor in relation to the flight path. The pod was oriented in a nose-
down position with the backplate facing forward on the missile, Each

pod was mounted beneath an external fairing (Figures 2.3 and 2.4) and
attached to this structure by two explosive bolts contained within fittings
on the pod backplate., A metel band around the cylindrical portion of the
pod cinched the pod into a saddle on the Thor. The band was attached to
the saddle with explosive bolts. The- pod was released from the Thor by

firing four explosive bolts on each pod.
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DACO!s original design concgpt was to release all pods during vernier
engine solo (after mein engine cutoff), giving the pods a differential
velocity to obtain separation with respect to the warhead, On Star Fish
and King Fish this method was used, However, due to the distance require-
ments from the burst,it was necessary on Star Fish for DACO to release
the first pod after Main Engine Cutoff (MECO) but during main engine thrust
tailoff. The signal to release each pod originated in the guidance system.,
when the missile attained one of the three predetermined velocities, the
guidance system triggered the pod release syster, thereby determining war-
head and pod velocity for proper position.

On Blue Gill pods a different release design was required due to the
closeness of the pods to the burst. To obtain the required differential
velocity, each pod was ejected from the missile by a spring, each of a
ditferent spring constant. The pods were released simultaneously after
vernier engine cutoff. The signal to release orginated in the guidance

systen.

Proper positioning at burst time was verified by the tracking of
pod-borne transponders. Cubic Corporation (cC) provided a transponder
in each pod to determine relative and absolute pod position during the
flight. In addition,Sandia Corporation (SC) provided transponders in
the warhead and in one pod to give relative pod/warheed position., An

entenna designed by GD/A was located in the extreme nose of the pod to
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receive and transmit all transponder signals. The Cubic and Sandia track-
ing systems were located on Johnston Island, Transponder frequencies
assigned to the pode for each flight are listed in Table 2.1.

In order to operate the transponders, part of the weapon effects in-
strumentation,and the added instrumentation on the Tiger Fish event, an
electrical system was installed on the pods. This system consisted of a
28-volt electrically activated battery with a 9.5-ampere-hour capacity.
The electrical system also contained a  power change-over switch, The,
change-over switch was used to select from two sources of dc power for
the pod, the first being a dc power supply in the ground support equip-
ment (external) and the other being the battery (internal). Both the
battery and power change-over switch were located in the nose section of

the pod. (Figure 2.5 shows location of pod components.)

2.1.2 Orlentation and Stabilization. Experimental instrumentation

carried aboard the pods required orientetion toward the burst. Since
the Thor missile had a near-vertical trajectory, orientation was accom-
plished by mounting the pods with the rear end forward on the nissile and
releasing them in this attitude (Figure 2.4). Approximately the same
attitude was maintained by means of a gyroscope within the pod. Per-
turbations expected during release, such as vernier, mein engine, end

retrorocket flame impingement, spring thrust misalignment, explosive
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bolt impulse, and missile motion, were estimated by DACO. Using these
estinates, GD/A designed a flywheel to limit the maximum coning angle to
& 7-1/2 degrees at burst time, This flywheel was 15 inches in diameter,
weighed 65 pounds,and was designed to rotate at a speed of approximately
4,000 rpm at pod release, The flywheel motor was powered through the
ground umbilical until lift-off. After umbilical separation,the flywheel
coasted with no additional power. The flywheel was originally powered
by & 1/7-horsepower direct-current motor. Because the dc motor had a
relatively high drag compared to the flywheel assembly, a clutch was used
between the motor and flywheel. In this way the motor would drive the
flywheel, but when the dc power was removed from the motor (at lift-off),
the clutch would disengage the motor from the flywheel. In the first
Thor/pod shot (Tiger Fish) it became apperent that the dc motor was too
small, so a larger three-phase 400-cycle motor was installed. At that time
the clutch was still used., Tests run at GD/A showed that the clutch had
more drag than the new ac motor and consequently did not disengage at
all. Because the clutch also had a history of failure (shearing under
high starting loads), enother modification was performed on the flywheel
Jbefore the Blue Gill Double Prime event, This modification consisted
simply of replacing the clutch with a direct coupling. At the same time,
the thickness of the flywheel cover was increased so that it would not
warp under pod stresses., It had also been deterwined that warping was

imposing additional drag on the flywheel assembly.
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2.1.3 Burst Environment and Atmospheric Re-entry. Nuclear environ-

mental data was provided by Projects 8A.3 and Project 8B for the Fish Bowl
Series. This data indicated that the pod closest to the burst on the Blue
G111 event would experience the most severe environment of the series.

This environment consisted of a

for the re-
naining surface of the pod. This loading was the result of thermal blow-
orf. All pods were designed to withstand this loading. Impulse loed
tests indicated that the flare section of the pod would mot withstand
this loading, A redesign of the aft section and the nose cone attachment
bolts on Pods Bl, B3, BSl, BS2,and BS3 was then accomplished, Because of
the limited amount of time available, Pods Cl, C2, C3, Sl, S2, S3,and B2

were not modified.

In addition to dynamic impulse loading, the pod vas designed to with-
stand a radiation flux of
Units that were required to function after the event, especially the re-

covery system, were designed to survive without damage.

For ease of post-flight examination, pod materials were selected to
minimize induced radioactivity. (See Table 2.2 for material welght break-

down.)
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To permit proper atmospheric re-entry, pod shape and center of gravity
limits were established to provide a stable asrodynamic configuration at
hypersonic and supersonic velocities. The flywheel stabilization provided
a nose-first attitude at re-entry, thus shielding the rear bulkhead instru-
mentation from direct re-entry heating. All portions of the pod except the
rear bulkhead were covered with a re-entry heat shield, The shield was fab-
ricated with spiral-wrapped refrasil phenolic cured under heat and pressure,
Heat shield thickness at the nose was 1.00 inch, Along the cylindrical sides
and flare, the heat shield was 3/8 inch, Design provided for ablation of this
shield during re-entry to carry away heat, while insulating properties of the
material maintained an ambient internal temperature.

2.1.4 Recovery System. Experimentel instrumentation carried aboard

the pods was passive and required recovery of the pods to secure the exposed
instrumentation and its contained data. To accomplish this} GD/A subcontracted

Northrop Ventura to develop and build a recovery system.

The predicted radiation environment made the use of nylon parachute
material undesirable on most pods., Northrop Ventura selected DuPont HI-1
material for all fabric applications because of its superior resistance to
radiation. Due to short supply of HI'-l, it was necessary to fly some of the

pods with nylon meterial.
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A two-stage parachute system was designed to lower the pod after atmos-
pheric re-entry and to reduce its water impact velocity to 80 ft/sec. The
first stage served to stabilize the pod at subsonic velocities, Actuation
of the stages was accomplished by a nitrogen gas system rather than by
standard pyrotechnics because of the burst environment to which they would
be exposed. The recovery unit was housed in a canister 15 inches in diam-
eter and 49 inches long, and installed in a well from the aft end of the

pod (Figure 2.6).

Bottled gas, valves, relays,and associated equipment were nounted in
the forward end of the can. Parachute fittings were located at the aft
end and bolted directly into the pod structure. To prlovide support for
shock loading and make & smooth cavity for housing the parachutes and
balloon, the fittings, plumbing,and gas bottles were potted with polyure-
thane foem. The recovery system rear cover was attached with bolts that
were designed to be broken by the parachute ejection system. Thres bolts,
each with a 1,300-pound breaking strength, were used. A separate internal
cover was used to retain the parachutes if the outer door bolts broke due
to burst impulse loading., Figure 2.7 illustrates schematically the deployed
recovery system., Figure 2.8 is a bloc;‘k diagram showing the functional

sequence of the recovery system.

21



As designed, the operationsal sequence of the recovery system was as
follows: During the increasing deceleration at re-entry, an inertia switch
armed the recovery sequencing system when 22.5 g was exceeded for 0.75
second. The arming sequence was scheduled to start at about 84,000 feet of
altitude, When the g level decreased to 7.5, an inertia switch ini-
tiated thruster or actuator operation which ejected the aft cover of the
recovery system. This occurred at about 29,00C feet. The rear cover
extracted a 2.25-foot-diameter pilot chute, which in turn deployed a 4.5-
foot-diameter conical ribbon drogue parachute, at a dynamic pressure of
approximately 750 psi. This was designed to maintain stabillity at sub-
sonlc velocities. At the time the inertia switch initiated the cover
removal, it also initiated & 30-second thermal time delay in the drogue
perachute disconnect circuit. After 30 seconds, the drogue parachute re-
leased and extracted a 20-foot~diameter conicel ribbon parachute at an
altitude of approximately 13,800 feet and a dynamic pressure of 96 psi.
At the start of the main parachute deployment, a 9-second thermel time
delay was initiated. This delay disabled the main parachute release
system until after the main parachute opening shock was felt by the

pol.

At impact, a 5-g inertia switch actuated the rain perachute disconnect
system. As the main perachute released, a reccvery aid flotation balloon
was ejected by spring from the pod. After 9 seconds it was inflated by a

gelf-contained nitrogen system. It was attached to the pod by a 40-foot
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riser, During inflation,a Sarah radlo beacon antenna on the bag ejected.
The beacon and a battery-operated gas discharge flashing light, also on the
bag, started operating, Shark repellent and dye marker attached to the 40-

foot riser activated upon contact with the water.

Two 10-inch-diameter webbing loops were attached to the L0~foot riser
at the recovery aid flotation balloon for helicopter or boat pickup. The
40-foot riser allowed a safe separation distance for personnel to retrieve

the radioactive pod.
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2.2 POD PROCUREMENT F(R FISH BOWL

This project participated in eight events: Tiger Fish, two Star Fish,
four Blue Gill, and King Fish. For the initiel phases of the operation,
fourteen pods were built, twelve for use at Johnston Island and two for
environmental testing at Stanford Research Institute (SRI). Because of
failure of Star Fish and Blue Gill Prime, it was decided that nine addi-
tional pods were required, five to be previously used pods that had been
refurbished and four pods to be newly menufactured, ‘Table 2.3 gives the
designation of the pods and indicates those that were reused, Table 2.3
in conjunction with Figure 2.2, indicates the positions on the Thor in
which the pods were flown during the various events,

To insure the quality of the pods that were to be reused, the pods
were refurbished by GD/A in their Sen Diego, California,plant. In the
refurbishment, the following tasks were accomplished:

1., Inspection of each pod to determine extent of damage.

2. Sandblast or file a thin layer of charred refrasil from the body
of the pods.

3. Peel the damaged layers of refrasil from the nose cones and patch if
necessary.

4. Completely rewire the pods,

5. PRebuild the flywheels and install new or rewired motors.

6. Recovery systems were refurbished except for a few new parachutes,

(Table 2.4 shows the position of the recovery system flown on all

events) .,
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2,3 INSTRUMENTATION

The pod instrumentation consisted of those instruments necessary to
obtain veapon effects data on Star Fish, Blue Gill, and King Fish, and
instrumentation nacessary to measure pod performance on Tiger Flsh.
Performance instrumentation on Star Fish, Blue Gill, and King Fish was
not used due to space and weight limitations and austerity of the program.

The Star Fish instrumentation was primarily furnished by Project 8B.
Project 8B instruments were mounted on the backplate where some 50 holes
ranging from 1.5 to 3 inches in diameter were drilled  (Figure 2.9). Tol
protect the backplate from X-ray damage, a carbon layer supplied by GD/A
was installed around the instruments. To install the carbon sheets around
the instrument holes,it was necessary to machine them in an intricate jig-

saw pattern and then glue them to the backplate.

Blue Gill instrumentation was primarily furnished by Project 8A.3.
The majority of instruments on Blue Gill were mounted internal to the flare
section on a beam structure, The instrument faces projected through holes
in the rear bulkheads. Other instruments.were mounted directly on the
backplate (Figure 2.10). Blank bulkheads weres furnished to Project 8A.3
for drilling instrumentation holes and spplication of a refrasil layer on

the exposed side of the backplate.

Two of the pods for King Fish wers instrumented primarily by Project
88. The installation of instruments was very similar to the technique used
on Star Fish. The third Xing Fish pod was instrumented mostly by Project

8A.3. This installation was quite similar to that used on Blue Gill.
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The instruments furnished by Project 1.1 were mounted in the nose of
the pod on all flights, Several of these were mounted on the back side
of the pod ballast plate (Figure 2.11).

Projects 2.1 and 2.2 also participated in all flights. One set of
their instruments was mounted on the backplate, and an additional set
on an inner structural member approximately 18 inches forward of the back-

plate.

The weapon effects instrumentetion is discussed in detail in the

experimenters’ respective reports and will not be discussed here.

The instruments necessary to verify the pod performance on Tiger Fish
were of both active and passive types. Pod instrumentation is listed in
Table 2.5. Pod instrumentation is shown in Figure 2.5. The measurements
1isted are for Pods Cl and C3. The functions of these instruments are given
in the description column of the table, Pod C2 was not instrumented, be-
cause it was to fly without a recovery system. However, Pod C2 did carry

both Cubic and Sandia transponders to obtaln pod tracking data.

‘ Besides the listed instrumentation in Table 2.5, a Milliken DBNM-10
camera was installed in both Pods Cl and C3 to provide photographic cover-

ege during release. The cameras were supplied by DACO. The two careras

had different focal lengths, 50 and 10 mm.
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An /M Interrange instrumentation group (IRIG) telemetry system
vas used to transmit pod performance data on Pods C1 and C3. The telem-
etry transmitters had 3 watts of RF output with carrier frequencies
centered at 256.2 and 258.5 Mc, respectively. Power input was 3.5 amperes
at 28-volt dc. Channels 10 through 16 and E were the IRIG subcarrier

oscillators used,

The USS Range Tracker instrumentation ship was used for primary
telemetry reception and recording of the pod data for Tiger Fish,

A standard Bendix telemetry trailer from AFSWC was provided for
checkout and backup. Figure 2,12 shows a block diagram of the receiv-

ing statiocn.
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2., GROUND SUPPCRT EQUIPMENT AND PCD CHECKOUT PROCEDURES

2.4.1 Electrical Croupd Support Equipment. The original Thor launch
pad that was used for early Fish Bowl tests was destroyed on 26 July 1962.

Before Blue Gill Double Prime,the destroyed pad was rebuilt and an addi-
tional Thor pad constructed on Johnston Island, The rebuilt pad was desig-

nated Pad 1; the new one, Pad 2.

The pod ground support equipment installed at each pad consisted of
two general types, In the launch control trailer (LCI‘), GD/A supplied a
launch control monitor panel and a flywheel rpm monitor (Figure 2.13).
The pod launch control monitor panel was used to determine mode of opera-
tion or status of the pods and to control the external-to-internal power
change-over switch, transponder power, flywheel motor power,and internal-
power or battery activation. The flywheel rpm monitor was used to deter-
mine flywheel motor speed or rpm by converting motor current used into an
equivalent rpm. In the missile checkout trailer (MCOI‘)} five GD/A chassis
were installed (Figure 2.14), Three of these chassis were dc control re-
lay panels for controlling all the dc functions on the pods. One relay
panel was used for each of the three pods. 4n additional panel was an
‘ac control relay panel and was used to control the 400-cycle ac power to
the flywheel motors., This chassis also hal the capability of sampling
the motor current for the rpm monitor. The final GD/A p@el was the cir-
cuit breaker panel for the three~phase 400-cycle power, Douglas Aircraft
Company (DACC) furnished, for each pad, a dc power supply for external
power, all land lines between LCT, MCOT, and launch ped, and 115-volt

ac power to GD/A equipment.
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2,4,2 ¢ 6 ent. Ground support equipment
for shipping and handling pods consisted of pod pallets, rear bulkhead

handling pallets, and vertical and horizontal pod pickup slings.

2,4.3 Pod Checkout Procedure. In order to insure reliable operation
of the pods, a complete electricel and mechanical check was performed on

all systems both before mounting on the Thor and also after mounting, but

prior to Thor launch,

To insure proper performance of the tracking systems and their pod- -
borne transponders, pre-flight checks were conducted. The Cubic track-
ing system employed two ground tracking stations, a distance measuring
equipment (DME) and an angular measuring equipment (AME). The Sandia
Corporation used a IME system for pod tracking. To verify performance
of the transponders, their reception and response was checked from the
ground station., The Cubic IME system was checked, also, by checking the
response from the pod transponders while the pod was located over a sur-

veyed point.

The gyroscope stabilization of the pod was checked by verifying ro-
tational speed of the flywheel, since degree of stabilization was a func-
tion of flywhsel rpm. The check involved a run-up test, plotting motor
current and rpm both with respect to time. Abnormal operation was easily
{dentified. A further verification of proper flyvheel performance was
obtained by plotting a run-down curve, to ensure that the flywheel would
not slow down too rapidly during pod flight, thereby lessening its stabi-

1lizing effect.
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2.5 ENVIRONMENTAL TEST

2.5.1 Impulsive Load Tests.

To determine the structural capability to withstand the predicted
impulse loading, AFSWC contracted Stanford Research Institute (SRI), Menlo
Park, California to test Pod El to simulate expected loads of the Star
Fish event, and Pod E2 for Blue Gill loads.

Since Pod E2 would not be available until a late date, it was decided
to proceed with testing of Pod El, subjecting it to the higher Blue Gill
impulsive loads. Four shots were made at

Table 2.6 summarizes these tests.
The lower loads were applied by an oxyacetylene explosive in a gasbag
as shown in Figure 2.15. The higher loads,  and
higher, were applied by EL506D sheet explosive with neoprene foam atten-
uator to chenge impulse duration., Figure 2.16 shows the pod with the
attenuator and sheet explosive in place. Data was obtained photographi-
cally and by strain gages mounted in areas of interest,

The first three tests simulated Star Fish loads and were 10 to
20 microseconds in duration. There was no damage to the aft bulkhead,
except for the breaking of the blowoff door bolts. (This was expected.)

The fourth load the Blue Gill load, caused sub-
stantial damage to the aft end of the pod and the nose cone. (See Figures
2.17 and 2,18) Post-test analysis revealed the following failures:

1. Brittle fracture of the aft ring on the 15-inch barrel in short trans-,
verse bending.
2. Sheer failure of the attachments of the ring on each end of the aft

30-inch barrel.
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3. Bond failure of the fiberglass reinforcing ring on the aft end of
the heat shield.
4. Shear failure of the bolts holding the heat shield nose cone.

Deteils of these tests can be found in Reference 1.

The following design changes were incorporated in Pods E2, Bl, B3,

BSl, BS2, BS3, and all new BS pods:

1. Material in the rings at the aft end of both barrels cha.nged‘ from
7075 aluminum alloy to annealed 321 stainless steel. The latter is
more ductile and will bend without fracture.

2, Doubled the strength of the ring-to-barrel attachment at end of the
aft 30-inch barrel, '

3. Added an aluminum liner inside the aft end of heat shield.

4. Increased the number of nose bolts to obtain five times the original

shear value,

Pod E2 was modified as described above and was subjected to the
following tests:
1, Impulsive loads of’
on the aft bulkhead.
2. Impulsive loads of

on the aft bulkhead.
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These tests were to demonstrate effectiveness of the design changes,
and to show the ability of the recovery system, flywheel,and battery to
survive Blue Gill loal environment, The pod including recovery system,
battery,and flywheel assembly satisfactorily survived both loads with
minor damage to the flare and nose cone (Figures 2.19 and 2.20). This
damage was not considered significant enough to affect re-emtry or récovery
capability.

2,5.2 Pod Vibration Tests. Vibration tests were conducted at Wyle
Laboratories under supervision of DACO during the period 7 to 13 April
1962, The pod-missile attachment fitting with a 1/4-inch flange thickness
failed when vibrated at a booster resonance of about 18 cps. A new fitting
was then designed with 5/8-inch flange thickness. Further tests proved
that the redesigned flange would withstand expected loads,and it was
accepted for flight.

A complete summary cf the vibration tests and results is found in

Reference 2.

lacove tem Drop Tests. The objective of the drop test
progran was to insure functional reliebility of the recovery system in-
cluding parachute operation, rate of descent, stability, operation of com-

plete location aid,and water retrieval system.
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The first drop, made from a B-66 aircraft at El Centro, California,
on 2, March 1962, vas an overland drop using the modified T-1 vehicle shown
in Figure 2.21, Programming actuator and deployment systems worked satis-
factorily. The recovery parachute did not open because of twist in the
shroud lines induced by wehicle rotation during deployment. Adverse air-
flow behind the vehicle possibly had an influence on chute performance ,
Camera coverage of the drop showed a spin rate of approximately 40 rpm

at recovery parachute deployment, caused by instability of the vehicle,

A second drop, to prove that the main parachute would meet design
requirements under no-spin conditions, was made with a weight bomb vehicle
from the rear door of a C-13C aircraft, on 27 March 1962, A statie line
deployed the drogue chute, which in turn, immediately deployed the re-
covery parachute, No damage was sustained by the recovery parachute, which

opened satisfactorily.

The third drop was made from a B-66 aircraft at El Centro, on 3 April
1962, from 27,000 feet, and closely simulated the actual aerodynamic condi-
tions of pod recovery. The drop was made using a T-l vehicle, a modified
perachute attachment system incorporating swivels in both drogue and re-
covery parachute risers (since the pod would rotate), and a revised recovery
parachute riser harness configuration (Figure 2.7)., To expedite testing,

a pyrotechnic rather than nitrogen-actuated system was used,
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Objectives of the test were:

1. To essess drogue chute performance at maximum atteinable Mach number.

2. To determine drogue and recovery parachute performance with revised
attachment configuration.

3. To obtain recovery parachute load and structural integrity data at

10 percent over design dynamic pressure. (This was achieved by weighting

the vehicie to 1,300 pounds.)

All systems and components functioned satisfactorily, and the above objec-
tives were achieved.

The next drop was Pod El into the Salton Sea, using a B-66 eircraft,
and dropping from 25,000 feet. The test was successful, from a deployment
and parachute standpoint. However, at impact the recovery aid balloon
system did not eject or inflate, After the pod was retrieved by boat,

a study of the system showed that the failure was due to rigging of the
balloon release and inflation initiation system,

In the final test, Pod El was dropped from a B-66 aircraft, 6,000
feet, to check new recovery aid balloon system rigging procedures. They
were successful in all respects.

Teble 2.7 summarizes the recovery system drop tests.

2,5.4 Stebilization Wheel Vibration and High-Altitude Testg. 4
series of tests wes performed on the pod stabilization flywheel assembly.
The purpose of these tests was to determine what effects vibration and

high altitude had on the flywheel spin rate.
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Two high-sltitude runs were made with the pod flywheel assembly. In
the first run,the flywheel motor was turned off as soon as the chamber
door was closed and the vacuum pumps turned on, Consequently,the test
started at sea level and reached 175,000 feet in 3 minutes. In the
second run,the whole test was conducted at a simulated altitude in excess
of 146,000 feet, In the first run the flywheel spin rate decayed 7 percent
and in the second run 2 percent in 3 minutes (24 percent was normal decay at sea
level)., From these tests,it appears that windege or air pressure had a
lot to do with flywheel spin rate decay,and because the flywheel was out
of the atmosphere during most of the operational flights,the spin rates

vere faster than originally estimated.

The tests showed that a 10-g vibration in the range of 5to
500 cycles caused the flywheel to slow down faster than it does normally
in air. While being vibrated in the Z-axis,the flywheel spin rate decayed
27 percent of the initial spin rate in 3 minutes. (Normal decay in air was
24 percent.) When the flywheel was vibrated In either the X- or Y-axis, the decay

rate increased to 40 percent.

The vibration test indicated that the flywheel rpm could be retarded
up to 10 or 15 percent during the first 2 or 3 minutes of flight (powered flight),
if the pod was subjected to a heavy horizontal vibration for this total

period, -

A complete summary of the flywheel high-altitude and vibration tests

with results is found in Reference 3.
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TABLE 2.1 FREQUENCY ASSIGNMENTS

gandig
Pod Receive Transmit Receive Transmit TIM
Mc Mc Mc Mc Mc
a 310 270 47 235.5 256.2
c2 310 273 417 237.0
c3 310 279 417 242 .0 258.5
Bl 310 270
B2 310 273 417 22,0
B3 311 279
S3 310 273 47 2.0
S1P 310 279
S2P 310 273
83P 310 270 47 22 .0
B1P 310 270
B2P 310 273
B3P 310 279 417 242.,0
B1DP 310 270
B2DP 310 273
B3DP 310 279 JAYj 242 .0
B1TP 310 270
B2TP 310 273 417 242.0
B3TP 310 279
.o 8 310 270
K2 310 273
0 310 2719 Ay, 22,0
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TABLE 2.2 POD MATERIAL WEIGHT BREAKDOWN

MATERIAL POUNDS
Fiberglas phenolic (35% resin content) 102
Refrasil phenolic (35% resin content) 149
7075 aluminum alloy 268
2024 eluminum alloy 103
Steel 2,1
Carbon 33
Epoxy resin 22
Polyurethane foam 33
Hl-1 cloth 2
Rubber 3
Copper 2L
Instrumentatfon weight * 150
Total Weight 1,150 *

* Instrument weight varied, and sufficient ballast was added to each pod
to bring total weight up to 1,200 £ 25 pounds.
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TABLE 2.3 POD FLIGHT CONFIGURATION AND NOMENCLATURE

FLIGRT POSITION 1 POSITION 2 POSITION 3

Tiger Fish 1 c2 c3

Blue Gill Bl B3 B2

Star Fish AL S2 (83) R/V*

Ster Fish S1P (S1) S2P (S2) S3P (BS2)
Prime

Blue Gill B1P (BSl1) B2P (BS3) B3P (B2#¥)
Prime

Blue Gill BLDP (B3%*) B20P (Bl*#)  B3DP (C3#%)

Double Prire

Blue Gill B1TP (BS4) B2TP (BS2%#)  B3TP (S2%%)
Triple Prime

King Fish KL (BS5) K3 (BS7) K2 (BS6)

C Certification pod

B Blue Gill designed pod

S Star Fish designed pod

BS Blue Gill or Star Fish designed pod

P Prime

DP Double Prime

TP Triple Prime

* Project 8C AVCO Re-entry Vehicle

() Indicates original MNomenclature

(#%) Indicates refurbishea pod
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TABLE 2.4 POD RECOVERY SYSTEM CONFIGURATION AND LOCATION

g - ®

FLIGH? POSITION 1 PCSITICIH 2 POSITIW 3
Tiger Fish 3 ilrne 4
Blue Gill 5 7 6
Star Fish R/V 11 R/V
star Fish 9 3 130

Frime
Blue Gill 8 10 12

Prime
Blue Gill 5R én¢ TR

Double Priwe
Blue Gill 1051 13R 2¢

Triple Prire
King Fish 9rf 4R8 1CcRh
R Refurbishea Recovery System
a  S/N 13 Parachute and Floatation Systems (HT-1)
b  S/N 2 Parachute and Floatation Systems (Nylon)
¢ 5/N 10R Floatation Systenm
d  S/N 6R Floatation System
e  S/N 9R Parachute and Floatation Systenm
f  S/N 2R parachute end Floatation System
g  S/N 3 Perachute and Floatation System (new Nylon systems)
h S/N 10R was not refurbished after Blue Gill Triple Prime but just

dried out and reused.
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TABLE 2.5 POD INSTRUMENTATION AND MEASUREMENTS

Measurement Title and Channel and
No. Description Sequence &
FBFl-1 Pitch Rate: Gyro to measure 10 Cont.

pod pitch rate in degrees/
second, (Maximum of 12,5%/sec.)

PBF1-2 Jav Rate: Gyro to measure pod 11 Cont,
yaw rate in degrey second ,
(Maximum of 12.5°/sec.)

PBF1-3 L-Acceleration: Accelerometer 12 Cont,
to measure acceleration in
X-direction during re-entry
Transducer No. PAL-5245.
Range * 20 g.

FBFl-4 Y-Acceleration: Accelerometer 13 Cont.
to measure acceleration in I-
direction during re-entry,
Transducer No., PAL-5245.
Range % 20 g.

PBF1-5 Z=Accelergtion: Accelerometer 1, Cont.
to measure acceleration in Z-
direction during re-entry
Trensducer No. PAL-5246.
Range -10 to 50 g.

PBF1-6 10° Nose Temp: Thermocouple to 16-1

measure temperature of nose dur-

ing re-sntry. Chromel/constantan

26/gauge wire cemented in skin 1/10

inch from outer surface. Cement to

be same as that used in fahrication

of ablative skin., Range 100-1540°F,
Comrutated at 2.5 rps. STA. -16,

X-Axis,
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TABLE 2.5 CONTINUED

Measurement Title and
No. Descripticn

Channel and
Sequence

PBF1-7 15° Noge Temp: Same as
PBF1-6 except locatlon
is STA- 15 07’ X-AxiS.

PBF1-8 30° Noge Temp: Same as
PBFl-6 except location

13 STA. 1308, X’Mis.

PBF1-9 45° Noge Temp: Seme as
PBF1-6 except location
is STA. -11, X-axis,

PBF1-10 60° Nose Temp: Same as
PBF1-6 except location

is STA. -7.5, X-Axis.

PBF1-11 90° Nose Temp: Same as
PBF1-6 except location
18 ser OO, X-A.XiS.

PBF1-12 Upper Cylinder Temp: Same
as PBF1-6 except location
is STA. 6, Y-Axis,

PBF1-13 Middle Cvlinder Temp: Same
as PBFl-6 except location
is STA. 20, Y-Axis

PBF1-14 Lower Cylinder Temp: Same
as PBF1-6 excapt location
is STA. 38, f-Axis.

PBF1-15 Upper Flare Temp: Seme
as PBFl-6 except locaticn

1s STA. 52, Y-Axis.

PBF1-16 Middle Flare Temp: Same
as PBF1-6 except 1 :ation

18 STA. 5505, Y"Axis-
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16-3

16-5

16-7

16-9

16-11

16-13

16-15

16-17

16-19

16-21



TABLE 2.5 CONTINUED

Measurement Title and Channel and
No. Description Sequence
PBF1-17 Lower Flare Temp: Same 16=23

as PBFl-6 except location
as STA. 59, Y-Axis,

FBF1-18 Quter Back Temp: Back 16-25
plate temperature,
Transducer No. 27-01287-3
cemented to plate, Range
0~-400°F ccinutated at 2.5 rps.

FBF1-19 Middle Back Temp: Same as 16-31
PBF1-18 except location.
PBF1~20 Inner Back Temp: Same as 16-33

FBF1-18 except location.

FBF1-21 Reference Temp: Thermocouple 16-35
junction temperature, Trans-
ducer No., 55-01142-1. Range

50-200°F,
PBFl-22 Pod Environmental Temp: Ambient 16-37

temperature in forwaerd end of
pod. Transducer No, 27-01282-3
cemented to bracket which is
insulated from other components
and structure, Range 50-200°F.

PBF1-23 Quter Back Pressure: Pressure 16-39

on rear of pod near outer side,
Transducer No, 27-01386-11
Range 0-30 PSIA,

PBF1-24 Inner Back Pressure: Same as 16-41
PBF1-23 except location,

Twelve inches from Z-Axis on
rear of pod.
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TABLE 2.5 CONTINUED

Measurement

No.,

Title and
Description

Channel and
Sequence

FBF1-26

PBF1-27

PBF1-28

PBF1-29

PBF1-30

PBF1-31

FBF1-32

FBF1-33

tions Microswitch
bearing on Thor support
structure, Release will
activate RF switch so the
inboard antenna will radiate,

0% pBridge Calibration:
Calibrator for bridge
circuits.

100% Bridge Calibration:
Calibration for bridge

eircuits.

28 Volt Monitor: Measure
battery voltage.

e Recorder Start: Time
at which power is switched
to tape recorder,

X-Vibration: Vibrations in
X-direction. Uses transducer
No, 27-01277-15. Range *

30 g, frequency 25-2000 cps.
(1/8 rps).

Y-Vibration: Vibrations in

Y-direction uses transducer
No. 27-01277-15. Range *
30 g, frequency 25-2000 cps.,

(1/8 rps).

Z-Vibration: Vibrations in
Z-direction uses transducer
No. 27-01277-15. Rangs *
30 g, frequency 25-2000 cps,
(1/8 rps).
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16-45

16~-27

16-29

16-47

16-49

E‘l‘lB’
43~55

E-15-27,
57-69

2‘29-413
71-83



TABLE 2.5 CONTINUED

Measurement Title and Channel and
No. Description Sequence

PBF1-34 100% Calibration: 2.5 E-87, 90
volt transducer power
supply signal.

PBF1-35 0% Calibration: -2.5 E-85
volt signal.

PBF1-36 Decom Signals: =2.5 E-14, 28, 42,
volt signal, 56, 70, 84, 86

PBF1-37 T-0 Time 12 Blip

a Sequence column refers to commutator position.
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TABLE 2.7 RECOVERY SYSTEM DROP TEST SUMMARY

Test Number
Date

Location

Test Vehicle

Weight
Drop Alroraft
Alt. (£t)

Vel, knots
Mach No,

Drop
Condi-
tions

Time (Sec)
At, (ft)
Mach No.
Dyn. Press,

Drogue
Chute
De-
ployed
Re- Time
covery Alt. (ft)
Chute  Vel. ft/sec
Deployed Dyn. Press,

Inpact Velocity
ft/sec (2)

/ Comments

2, Mar

Centro
-1 (1)

1200

6,510
0.79

1.9

6,400

1.55
365

11.8
4750
290
85

240

Recovery
parachute
not
inflated

2
27 Mar

Centro

Weight
Bomb

1200
C-130
6,230
N/A
No

drogue
chute

1.6
6,150
250

62

80

3 4 5
3 Apr 18 Apr 26 Aipr
El Salton Salton
Centro Sea Sea
T-1 Pod El1 Pod E1
1300 1200 1200
B-66 B-66 B-66
27,010 25,000% 6,000%
345 3,7% 150%
0.89  0.86% N/A
0.95 1.0% No
27,000 25,000%  drogue
0.83 0.80% chute
350 355+ ---
26.8 31.0% 3,0%
20,000 17,000 6,000%
405 360% 250%
105 95#% 624
K 80# 80
Floatation
balloon
operation
mal functioned

(1) T-1 is a Radioplane modified 1,000-1b GFE Bomb.
(2) Corrected from altitude values and for 1200-1b weight,
* These values are nominal,

not measured,
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(GD/A photo)

Figure 2.18 37,500 dynu-scc/cm2 damage, Pod El.



Figure 2.19 Flare damage, P EZ2. (DASA 26-6460~-62)
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Figure 2.20 Nose damage, Pod E2. (DASA 26-6444-62)
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Chapter 3
RESULTS

3.1 TIGER FISH

From the project viewpoint the primary purpose of Tiger Fish was to
yrove that pods could be satisfactorily flown and positioned using the
Thor IRBM as the carrier. Secondary objectives included proper func-
tioning of the pods and a systems check of the ground support equipment.
The GD/A telemetry system was programmed to record such items as stabllity,
re-entry heating, velocity and acceleration profiles, and other data list-

ed under pod instrumentatiod in Table 2.5.

Tiger Fish used two fully instrumented pods, Cl and C3, and one un-
instrumented pod, C2, Pods Cl and C3 contained GD/A telemetry equipment
and recovery systems, All three pods contalned Sandia Cgrporation and
Cubic Corporation transponder tracking equipment. Pod C2 carried steel

ballast in place of instrumentation end a recovery system.

Pods Cl and C2 were progranmed for release so that the placerent

2

simulated Blue Gill Bl end B2 positions. Fx C3 simuleted Star fisk 33

¥

pod position., Thus, the three C pods tested the Blue Gill end Ster Fish
pod placements relative to burst in one test flight. The pod-tc-burst
distances that were required by the experimental project egencies are

1isted in Table 3.l.
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During the pre-flight countdown, the 28-volt dc motors on the C1 and C2
flywheel stabilization systems burned out. These dc motors were known to be
marginal from previous run-up tests. The motor on Cl was replaced. Because
of time limitations, only one other motor could be changed. It was decided to
change the motor on C3 to improve Its chance of success rather than replace
the motor on C2, which had no instrumentation. During the final countdown,

the motor in Pod C1 burned out again.

Tiger Fish launch occurred at 1245 W on 2 May 1962, from Johnstcn
Island. Event times occurred as programmed during the flight. Teble
3.2 presents predicted flight events. Pod C3 was released at an altitude
of 417,028 feet, and Pods Cl and C2 were released approximately 16 seconds
later at an altitude of 598,718 feet, All pods attained an approximate
altitude of 2,300,000 feet at apogee as expected. Table 3.3 presents a

summary of pod-to-burst distances.

Telemetry reception from Pod C3 was excellent with good data avail-
able from 1ift-off to impact. Pod ClL reception was good until re-entry,
at vhich time a temporary blackout occurred due to tumbling and inverted
pod re-entry. Motion pictures taken from Pod Cl reveal that the pod was
in a position to be impinged upon by the blast from the Thor special ret-

rorockets used to move the Thor awey laterally from the pods. When the
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forvard retrorockets were fired 2 seconds after pod separation, the
missile was retarded,and the rocket blast hit the aft portion of Pod Cl,
causing it to tumble.

Drogue chute arming and triggering functioned properly on Pod C3,
and both drogue and main chutes were deployed. Arning and triggering
did not function on Pod Cl, possibly due to the fact that pod attitude

at re-entry was reversed.

Evaluation of pod temperature data indicated that no unexpected dam-
age vas sustained by the external structure due to re-entry heating. (m
Pod C3, the unbilical flange burned off, and & slight amount of heat shleld
charring was sustained as expected. Pods Cl ani C2 sustained structural
damage as well as charring, but most damage ¢n Cl and C2 was due to unre-

tarded water iupact.

A1)l three pods were recovered as planned efter impacting in the ocean
near Johnston Islani. Pods Cl and C3 were equipped with cecovery aids
consisting of Sarsh beacons, dye markers,and flotation ballcons. All
C3 recovery alds functioned, but those of Cl, with the exception of the
ldye rarker, failed to operate. The dye marker cn (2 (only recovery aii

provided) functicned.

Within 5 minutes after H-hour (burst time) two P2V aircraft engaged in

search, located the pods, first by dye markers and then by the C3 Sarsh
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beacon. The pods were in a straight line approximately 1,000 yards in
length and about 1/2 mile off target.

Helicopters were airborne from the carrier within 5 minutes after
H-hour and arrived at Pod C3 at H plus 13 minutes., The recovery aid bal-
loon was floating near the pod, still attached to the 6-foot electrical
unbilical. This connection was broken by the helicopter backwash, and
the flotation balloon was blown to the end of the 40-foot line. This
operation required the helicopter to approach within a few feet of the pf:d ’
which would be unsatisfactory during an operational flight because of the

radiation levels,

Pickup of C3 was accomplished by H plus 19 minutes, and the helicop-
ter proceeded toward Johnston Island, Approximately 7 miles from the
island, the hellcopter developed engine trouble and was forced to return
the pod to the water. A second pickup attecpt was made but also was un-
successful when the helicopter's shepherd!s hook broke. As the balloon
fell back into the water, it was ripped away from the 40-foot line,making
it impossible to make another attempt by helicopter. The pod was then
netted by the Navy tug USS Matako, which had previcusly picked up Pods
Cl end C2 by this alternate recovery cethod (Figure 3.1). The tug then

proceeded to Johnston Island with the pods.
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Pod C3 was recovered with no damage sustained due to impact, Pods
Cl (with recovery system) and C2 (with no parachutes) did sustain damage,
since neither was retarded by parachutes, but were recovered substantially
intact, That the damage did occur at impact rather than re-entry 1s
evidenced by the fact that surface fractures on these pods extended be-
neath the charred layer sustained at re-entry.

It is significant to note that all three pods remained intact and
did float as planned despite the damage sustained at impact by Pods Cl
and C2,

Instrumentation was removed from the pods during the night of 2 May
1962, ClL and C2, telemetry tapes, film, and other data were returned
to San Diego, California, by special airlift on 3 May. The results of
this data and a more complete description of the pods are given in Refer-

ence 4,
3.2 BLUE GILL

Checkout and calibration of pod equipment was accomplished on site
vithout difficulty, The new 400-cycle, 208-volt, 3-phase alternating cur-
rent ground suppert equipment for the pod stabilization system was installed

by DACO personnel, The new 40C-cycle flywheel motor was installed in
all pods subsequent to Tiger Fish, (n Dress Rehearsal Day or Full Power
Full Frequency Day (FPFF) minus one, the Blue Gill pod stabilization systems
were successfully calibrated on the launch pad. Figure 3,2 presents the

typical calibration curve,
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The full dress rehearsal was conducted on D—7 and D-6 days with all

pod systems operating ncroelly,

Launch occurred at 2344 W on 3 June, Lift-off was normal, and range
safety radar indicated nominal tracking through main engine cutoff (12c0) .
Flight data indicated MECO at 154,27 seconds and vernier engine cutoff
(VZCO) at 160,87 seconds, which were well within nominal rlight criteris.
Predicted Blue Gill flight events are listed in Table 3.2, ue to diffi-
culties incurred in the renge safety system after MICO, the warhead was

‘

destroyed 180 seconds prior to burst time,

Pods Bl, B2, and B3 were prograrmed to release at 174.8 seconds fron
1ift-off. Jue to feilure of a rissile relay, rods BL and B3 did nct re-
ceive the release signel, Pod B2 was released as programmed, since 1%

was on a different relay which operated properly.

Tracking reception fron Sandia Corporation and Cutic Corporaticn was
cood throughout the flight on Pod B2, 3endia terminated track at warhead
destruction but extrapolated to burst time to check pod positicning.

Table 3.3 contains a summary of positioning data, Cubic track-
ing signal strength records definitely confirmed that Pods Bl and B3 were
still attached to the Thor until re-entry. At re-entry, the Bl signal
became steble, indicating it had broken free. The B3 signal kept fluctuat-
ing, indicating it was still attached to the Thor, but the signal
strength dropped rapidly at this time, and release time of the pod could

not be determined,

73



All three pods had a normal re-entry, which indicates that B3 did
finally release from the Thor, All three recovery systems operated, Pod
Bl main parachute failed to release at impact, and the drogue chute was
entangled in the main chute,

The balloon system was not released from the canister on Bl, due to
failure of the main parachute to release at water impact, The balloon
systems on B2 and B3 actuated but ruptured in the mouth of the canister,
due to weak ejection springs, The strobe lights and Sarah beacons on B2
and B3 did not operate, because the wiring was broken when the balloons
burst, All dye markers functioned,

The pods were located at dawn, and pickup drums were attached to the
pods by ships, This was necessary becanse of the ruptured flotation
balloons, The helicopters then picked the pods up and returned them to
Johnston Island (Figure 3.3).

Pod B2 rear bulkhead showed no abnormal heating. Rear bulkheads of
Bl and B3 were burned extensively., Figure 3., shows the umisual heating
pattern on Bl. Pod B3 experlenced heat damege over the entire rear bulk-
"head,

3.3 STAR FISH

Cne DASA pod was flown on Star Fish with two AVCO re-entry vehicles
(R/Vts) (Figure 3.5)., The S3 pod was to be placed at 10-km separation
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from the burst, Checkout, calibration, and instrumentation were routine.
The Thor was leunched 19 July at 2246 hours local time, The lift-off and
£1ight appeared normal until approximately 30,000 feet, where the missile
and werhead destruct system vere deliberately actuated. A large mumber
of pleces, including Pod S3 and ons AVCO R/V, fell back on Johnston Is-
land, Figures 3.6 and 3.7 shov the damage to the pod. The parachutes
from the recovery system were salvaged for use on a later flight, There

vere also a few scientific instruments salvaged.
3.4 STAR FISH PRDME

On the D—5 day, full-power full-frequency run, the Pod S2P flywheel failed
to operate properly, and the motor burned out. It was removed, and a backup
flywheel was (nstalled and checked out. The remainder of the checkout and instru-
mentation tasks were routine.

This event was scheduled for 4 July at 2300 hours local time. Weatper holds
delayed the launch until 8 July. During these holds a leak in the actuator nitrogen
system of Recovery Unit 10 in Pod S2P grew progressively worse. The unit was
removed and recharged after the first 24-hour kold. With the additional holds,
the unit was finally replaced with a spare unit on 7 July.

During final flywheel run-up at H—20 minutes (6 minutes prior to lift-off),
Pod S1P flywheel malfunctioned. After attaining 2,000 rpm, acceleration prac-

tically ceased, and a final speed of 3,600 rpm was achieved at lift-off.
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The Thor flight was nominal, and all three pods were released., Thor
telemetry indicates events occurring at the following times, T indicates

time of lift-off.
Lift-off 22,6128 ,066 local
MECO T+157.113 seconds
S3P release T+157.360 seconds
S2P release T+157.900 seconds
S1P release T+158.553 seconds
VECC T+163.985 seconds
R/V release T+175,328 seconds
Retro Set 1 T+177.975 seconds
Retro Set 2 T+#179.080 seconds

Pod release times listed are the times when the explosive bolt umbili-
cal plug between the pods and the missile separated. The separation re-
quires 0.2-inch motion of the pod relative to the missile. Consequently,
actual release times are earlier than those listed. Calculations by DACO
indicate Pod S3P was released earlier than prograrmed while the missile

was under full thrust.

Tracking from the Cubic system was rarginal on Pod S1P, becauss cf
tumbling. Pod S2P signal strength records indicaete that it was wobbling.
Pod S3P tracking on the Cubic and Sandia tracking systems was gcod. Track-

ing continued through re-entry after a momentary tlackout at burst time,
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Pod positioning data from Cubic and Sandia tracking data is included in
Table 3.3. This data indicates that Pods S1P and S2P were within the
required tzo-percenf placement accuracy and that Pod S3P was low. Pod S3P
tracking confirms DACO's preliminary report of an early release, Pod

S1P tumbled at release,due to release and flame impingement perturba-

tions.

From the X-ray shaiow effects on the bulkheads of S2P and S3P,

Project 8B determined that the longitudinal exes were at angles of
43° and 41° relative to the burst, Pod S1P vas aimost nose-on to the
burst. The large angle of precession cannct be easily explained, since
there was no instrumentation on the pods to iniicate flywheel speed or
disturbances during release. The early release of Pod S3P was probably
a contributing factor to the large precession., It is believed that the
preblem was related to perturbaticns to the pod during release and pass-

ege through the main engine fleme.

All perachute systens operated successfully. The balloons ani loca-
tion alds in S1P eni S3P operated normally. The recovery aid ballocn in
S2P burst in the well because of weak ejection springs. Stronger springs
were used on subsequent flights (Figure 3.8). The P2V search aircraft
located the pods within 20 minutes after starting search. The 51P and
$3P Serah beacon signals were picked up about 20 nautical miles from the

pols. The flashing lights were spotted from en altitude of 1,000 feet,
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about 2,000 yards out, Reports indicated that three lights were spotted
on some passes, and it seems likely that Pod S2P strobe light was flash-
ing initially just below the water surface. On subsequent passes to drop
marker flares, only two lights were positively identified and marked.
Initial pickup of S1P and S3P was made by ship with transfer of S3P
to helicopter at dawn, Pod S2P was located, picked up, and returned to
Johnston Island by helicopter at dawn.

The condition of Pods S2P and S3P wae normal except for shadows left
by X-ray impingement. The heat shield suffered no damage during the burst,
Pod S1P suffered a circumferential crack in the flare about 3 inches for-
ward of the rear bulkheed, The crack extended around the flare for about
120°, 4 deep gouge in the edge of the rear bulkhead was noted near the
center of the crack, indicating contact with some heavy object. A neutron
gage retaining plate located at the point of the gouge was sheared off,
and the neutron gage was missing, Examination of the char depth in the
crack in the heat shield indicated that it was made after re-entry heat-
ing. It is most probable that the damage was ceused by impact against
the ship during retrieval operations. No other damage was noted in
's1P.

3.5 BLUE GILL FRIME

Due to missile malfunction,the Thor burned on the launch pad. Sume

parts were salvaged and used on later flights,
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3.6 BLUE GILL DOUBLE FRIME

Before the Blue Gill Double Prime flight, the flywheel was improved
by installing a direct motor/flywheel coupling and a stronger flywheel

case,

3,6,1 Checkout. A run-up and a run-down calibration test was
performed on all three pods. Plots of mctor current versus time and fly-
wheel rpm versus time were made on the run-up tests. A similar plot of
flywheel rpm versus time was made on the run-down calibration, Figure

3.2 shows typical flywheel curves.  All flywheels performed normally.

Cubic transponders were installed in all three pods., The pods were
then taken to the surveyed point of known distance from the transmitter
and an RF check made with the Cubic DME Ground Station., All trensponders
operated satisfactorily. Later a Sandia transponder was installed in Pod
B3 and an RF check run with the Sandia Ground Stations. This transponder

also performed properly.

Cn D minus 6 days the pods were hung on the Thor for a fit check and
a full-power full-frequency (FPFF) test., The pod fit was good. The fly-
wheels were not turned on during this test but were tested later during
the FPFF on D minus 1 day. During the D minus 6 FPFF the Cubic Ground
Station hai considerable trouble in receiving signals from the transponders
in Pods Bl and B3. A later test at the surveyed point proved that the
problenm was only RF multipath around the pad area. It was learned that
Cubicts transmitting antenna is normally fixed but can be changed manu-

ally. In a normal operation the antenna is pointed vertically., (o all
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subsequent FPFF tests or flight operations with the pods the antenna was
pointed at the launch pad until the Thor and pods were airborne. This
seemed to reduce the RF multipath problems considerably.

On D minus 2 days,the pods were assembled, weighed, and readied for
f1ight. The recovery systems had been previously checked out and were
then installed. The two pneumatic systems in each of the recovery units
had prassures in excess of 3,300 psi (2,900 and 2,500 minimum) with no leaks.
The system battery voltages were above 30 volts (28 volts minimum) , All
Sarah beacons and flashing lights were working. (There was no Sarah bea-

con available for Pod B3.)

On D minus 1 day,the pods were again instelled on the Thor, A pod
launch control electricel checkout proved that the launch system was
operating properly. Another FPFF was performed. The flywheels were test-
ed and checked satisfactorily. The transponders were rechecked and were

reported good.

3,6,2 Flight. After a 24-hour delay due to bed weather, the terni-
nal countdown was picked up at about 2040 ¥ on 15 October 1962. The count-
down went smoothly to 1ift off et 2114 : 3850. All transponders and fly-
wheels were cperating normally at 1ift-off, Telemetry inforzation inzi-

cated that all Ther engines went herd over, causing the missile to tumble
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while under full power. A destruct signal wes transmitted to both missile

and warhead at about lift-off + 94 seconds.

6, ve on. All three pods were spotted by hell-
copter after sunrise on 16 October. Pod Bl and Pod B3 were returned %o
the hot cell area by helicopter for examining. Pod B2 was considered too
dangerous for helicopter recovery because of an unactivated recovery sys-

tem and was later returned to Johnston Island by boat.

Pod Bl received the most impact damage. Two-thirds of the hardened
flare had been broken off. Ome edge of the reer bulkhead behind the flare
was bent over and partially broken off. The nose was dented to a depth
of 5 inches on the sare side as the rear bulkhead demage (Figure 3.9).
Cn the rear bulkhead,rost of the plston-type instruments were bent over,
A pumber of surface-mounted instruments had been sheared off. One DACO
Thor mounting fitting was sheered off about 1 inch from the bulkhead
(Figure 3.10). The recovery systen actuator had blown the door off and
deployed the drogue parachute, the drogue chute had released and deployed
the main parachute, but the main parachute had not released nor had the

flotation bag deployed (Tigure 3.11). Over 2,800-psi pressure was still
in the release system after recovery., The nain perachute had two splits
when recovered. One was relatively small but the other was from skirt

to crown.
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Pod B2 was severely charred over all of the heat shield, however,
no heat danage was spparent on the rear bulkhead. The area normally
covered with the saddle and saddle band, which holds the cylindrical body
of the pod vhen it is mounted to the Thor (Figure 2.4), vas not charred
(Figure 3.12) . The rear bulkhead had light damage due to a shear force.
A few plston instruments were bent and a mumber of surface mounted instru-
ments broken, A mounting bracket frou the Thor supporting structure was
still attached to the pod when recovered (Figure 3.13). The recovery sys-
tem was not activated during this flight, When checked after recovery,
the system pressures were 2,700 (actuator) and 3,400 psi (release). The
actvator system developed a leak during flight and was about 200 psi be=-

low safe level when recovered.

Because the parachute system on Pod B3 worked properly, the pod re-
celved no water impact damage. The flotation bag was deployed but did
not inflate, Broken wires prevented the inflation of the bag and the opera-
tion of the flashing light. The heat shield was lightly charred and the
nose speckled with white spots, probably melted aluminum fron the burning
missile (Figure 3.14). The rear bulkhead was dama;ged by & shear force
as was Pod Bl, This bent most of the piston~type instruments, danaged
a large number of surface-mounted instrurents, and broke off cme of uhs

DACO mounting fittings, The refrasil covering was also scraped off the
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four Nuclear Defense Laboratory (NDL) back cover plates (Figure 3.15).
The recovery system actuator fired the door and deployed the drogue para-
chute, The drogue released and deployed the main chute.

3.7 BLUE GILL TRIFLE PRIME

3,7,1 Checkout., A1l pod flywheels were tested and the run-up and
run-down characteristics plotted. All curves were normal. A fit check
of the three pods was made with the Thor on D minus 10 days. All pods fit
properly. A Cubic transponder was installed in each pod, as well as one '
Sandia transponder in Pod B2. Checks were made with the Cubic and Sandia
Ground Stations,and all transponders were reported good. The experimenters
started installing their instrumentation on D minvs § days. The pods were
closed, weighed,and readied for flight on D minus .} days. All battery
voltages in the pod recovery systems were 30 volis or more. The pneumatic
system pressures were over 3,150 psi in all units except the actuator system
in Pod B3 which had 3,070 psi. There were no leaks in any of the pressure
systems. All three recovery systems hed operating flashing lights and
Sarsh Beacons. The pods were installed on the missile for the event on
D minus 1 day. On the sare eveu.ing,a FPFF was held, During this test,
two systems malfunctioned. The flywheel in Pod Bl would not run up to

speed,and the Cubic transponder in Pod B3 did not check out with the ground
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station. It was later discovered that the flywheel wes actuating a 400-
cycle ci:cuit-breaker in the missile checkout trailer, which in turn stopped
the power to the flywheel, The circuit breaker was first believed to
be bad but later checked good, The trouble turned out to be an internal
short (inside pod) between one phase of the 400-cycle power and ground.
Since the flywheel motor was delta wound (ground wire not used),the prob-
lem was corrected by discomnecting the ground wire from the 400-cycle power
unit, The Cubic Ground Station reported that the modulation emplitude or
modulation index was much lower on the B3 transponder than the other two
transponders, Since the modulation problem is a function of gain in the
transponder and not related to signal level received at either transponder

or ground station, the transponder was removed and a substitute instelled.

2 ight, The operation was delayed 24 hours because of bad
wveather, but the terminal count started about 2040 W on 25 October 1962,
Lift-off took place &t 2344 : 0564 W, A4ll transponders end flywheels were
operating properly at lift-off, The engine cut-off time and pod separa-
tion times were as follows:
Main engine cut-off T + 156,940 seconds
Vernier engine cut=-off T + 165,579 seconds
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Pod Bl separation T+ 175.702 geconds
Fod B2 separatiom T + 175.622 seconds
Pod B3 seperation T + 175.612 seconds
All times are given with respect to lift-off time,

3.7.3 Recovery and Exgmination. The flashing light on Pod Bl was
sighted by P2V aircraft shortly after impact, A recovery ship picked up

the po.d about 0230 W on 26 October. The pod arrived in the hot cell area
on Johnston Island by about 0600 W. The pod was in very good condition.
It hed the normal amount of charring due to re-entry., Examination of the
rear bulkhead shadowing indicated the look angle (angle between the exis
of the pod and line to the burst point) at the time of burst was gcod.

Later metallurgical examination showed this angle to be 11 degrees * 2 de-

grees.

The instrumentation was in excellent condition, The recovery system
worked very well, The only item that did not function as expected was the
Sarah beacon enterna. The refurbished Sarzn beacon had a cracked antenna
which deployed horizontally from the flotatlon bag insteed of vertically.

Because of this,the beacon was not received by any stations.
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Pod B2 was found and returned to the hot cell area by helicopter. The first
sighting took place about 0900 on 26 October. This pod had quite a bit of impact
damege. The rear flare section was completely broken off and missing.
Most of the bulkhead, however, was in good condition. There was also a slight
dent in the nose section. Pod B2 was refurbished using fiberglass instead of ref-
rasil for Bullding up the nose. Because of the fiberglass, the ablation showed a
different pattern from the normal refrasil ablation. Metallurgic examination re-

vealed a look angle of 7 degrees % 2 degrees. The recovery system was only

partially successful. The actuator fired the door and deployed the drogue
parachute. The drogue chute released and deployed the main chute. The
mein chute did not release, but the flotation beg was out. The risers

on the main parachute were cut between the pod and the cross or point where
the risers come together below the swivel, The cut was not clean but con-
sisted of a number of short cuts or frictional cuts. The rubber flota-
tion bag fell out of its reinforcing tape when picked up by helicopter.

It was concluded that the flotation bag deployed while still airborne,

and the flashing light and Sarah beacon were dansged at this time,

Pod B3 was recovered by helicopter at G900 on 26 October, It wes in
’excellent condition., The level of re-entry ablation was sinilar to Fod

B2, (This also had fiberglass on the nose.) A4ll instruments were in good
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comdition. Rear bulkhead shadowing showed that the pod orientation was
gbout the same as Pods Bl and B2 (11 degrees or less)., The recovery sys-
tem was successful except for the final phase. The actuator fired the
door and deployed the drogue chute. The drogue releesed and deployed
the main chute. The main, however, Jidi not release nor did the flota-

tion bag deploy.
3.8 KING FISH

3,8,1 Checkout. The King Fish Event used thres new pous. The fly-
wheels were tested and the results plotteu. The graphs show t.at these
pods had the best run-down characteristics of any of the pods flowvn. (n
D minus 7 days, the pods were installed on the Ther for a rit check. arl
padis fit properly,but the experimenters wanted a rminirum of one thirsy-
second of en inch clearance between the cdge of the rear bulkhead and ths
Dougles structure ring (the Douglas ring encloses the pod bacinlate uo
prevent charring). This was necessary so as not to Jatage the carbon cn
the reer bulkhead during pou separation. Certein pertions of th rear
bulkheal circumference were grouna to obtain the proper clearance. a4
Cubic transponier wes installed in each pod and a Sandia trausponiesr in-

stalled in Pod K3. All trensponders were reported gooi after ruraing

1
¢

tests with the respective grouni stations. (n D minus 1 uay {inal weigh-

ing and flight readiness functicns were perferved. (f the recovery units
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left for this event, the three best systems consisted of one unit that
checked out in all respects and was placed on the most important pod, K2;
one unit that had a 100-psi leak in 24 hours (the maximum acceptable)
which was installed on the second most important pod, Kl; and one system
that had a 300-psi leak in 24 hours was to go on Pod K3. However, on the
night of D minus 2 days a burst-valve exploded and dameged, beyond field
repair, the recovery system designated for Pod K3. The used recovery sys-
tems In Pods Bl and B3 from Blue Gill Triple Prime were removed and tested.
Neither system passed all tests. The unit thal was finally used for K3
vas good pneumatically (no pressure leaks), but the delay switch which
operates after the main chute deploys and which prevents early release

of the main chute was never observed to cperate with a time more than 2
seconds, where 9 seconds is norral. The pressures in the pneumatic
systems in all recovery units were in excess of 3,200 psi when installed.
All primery batteries in the units had over 30 volts. Pods Kl and X2 had
flashing lights but none hed Sarah beacons. The recovery units were in-
stalled and the pods hung on the Thor, on D minus 1 day. An FPFF that even-

ing verified that all transponders and flywheels were working properly.

3.8.2 Flight. The preliminary countdown began about 200C °! on 31
October 1962, Lift-off occurred at 0154 § 47.6 ' on 1 Noverber, AlL trans-

ponders and flywheels were operating properly. Zngine cut-off tiues, ped
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separation times and retrorocket firing times are as follows:

Main engine cut-off T 4+ 157.783 seconds
Pod K2 separation T + 164.550 seconds
Pod X3 separation T + 165.378 seconds
Pod K1 separation T + 165.809 seconds
Vernier engine cut-off T + 166,579 seconds
R/V separation T + 177.678 seconds
First retro firing T + 180.593 seconds
Second retro firing T + 181,701 seconds

4ll times given sbove are in "I time, that is referenced to lif!-crf.

3.8.3 Recovery end Zxeminstion, Pod Kl was discoversd and returae.
to the hot cell area on Johnston Island by helicopter. The pod was ‘ot

at about C900 W on 1 November. Pod Kl was in very good ccnditicn, Cnly
ncrnal re-entry charring had occurred. Nothing seemed to be deragud on
the rear bulkheal (Figure 3.16). X-ray shadcws indicates & lock angle of
5 degrees * 2 degrecs, The recovery system on Pod X1 workeu properly in
almost all phases, The actuator fired the door and deployed the drogue,
The drogue chute releasei wni deployed the mein chute. The muin perachute
released upon inpact ani ceployed the flotation bag. However, the flaszh-

ing light did not operats.
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TABLE 3.2 PREDICTED FLIGHT EVENTS

Based on Reference 3.

SURFACE
TIME VELOCITY ALTITUDE RANGE
EVENT (sEc) (FT/SEC) (k) (xM)
mco ® 15649 10,375 126.5 3.1
Pod C3 and Star Fish 1571 10,423 127.1 341
Pod release
Pods K1, R, IO relesse 16401
VECO b (except King Fish)  164.9 10,239 151.7 3.6
VECO (King Fish) 165,8
Pods C1 and C2 and 17449 9,937 182.5 4eC
Blue Gill pod release
R/V Separation 17644 9,392 1870 4el
Apogee 53849 195 7192 1645
400-km event 82141 7,540 400.C 29.5
Impact 1012,0 438 0.6 35.3

a MECO, Main Engine Cutoff

b VES(O, Vernier Engine Cutoff
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TABLE 3.3 SUMMARY OF POSITIONING DATA

PROGRAMMED MEAS URED FE.CENT
EVENT PCD SEPARATION SEFARATION DIFFERELCE
Tiger Fish Cc1 2,500 feet 2,300 feot 8
c2 6,000 foet 5,700 feet 5
c3 14 km 1545 lm 1"
Star Fish S2 10 kn Thor blew up prior tc pcd relesce
Star Fish Prime S1P 7¢5 km 8,7 km 16
s2°P 10 lm 12.2 i 2
S3P 14 km 23.4 km 67
Blue Gill » 2,500 feet ---
B3 4,000 feet -=--
B2 6,000 feet 3,800 feet S
Blus Gill Prime B1P 2,500 feet Thor blew up op launch pad.
RP 4,C00 feet
a3p 6,000 feet
Blue Gill Double Prime B1DP 2,500 feet Thor destroyed prior to pod
B2DP 4,000 feet releas.
B3DP 6,C00 feet
Blus Gill Triple Prime B1TP 2,500 feet 3,280 feet 3
BRTT 4,000 feet 4,603 feet 15
B3%7P 6,000 foet 6,760 feet 13
King Fish K1 1.9 km 2.4 km 26
K3* 2.4, km 2.9 km 21
K2* 33 3.8 kn 15

* Pojs 2 and 3 were installed on the Thor so that Pods 2 and 3

were released in reverse order,

93



Figure 3.1 Pod recovery by ship. (DASA 26-6297-62)
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(DASA 26-6719-62)

Figure 3.15 Pod B3DP bulkhead damage.
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Figure 3.17 Pod K2 impact Jdamage, heat shield.
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Figure 3.20 Pod K3 nose impact damage, side view.



114

(DASA 26-6882-62)

Pod K3 nose impact dumage, top view.
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Chapter 4
DISCUSSION

4.1 TIGER FISH

Flight of Pods Cl, C2,and C3 verified the capability of the missile
to carry pods and properly position them at burst time, along with the
capability of the pods to return instruzentation for post-flight examina-

tion.

Analysis of rate gyro data from Pods Cl and C3 indicated significantly
higher disturbing moments during release than were originally estimated by
DACO. Pod Cl and presumably Pod C2 were submitted to a large overturning
force 4 seconds after release., The time of the disturbance corresponded
with the time of the second Thor retrorocket firing and apparently vas
due to this camse. Both Cl and C2 were in a position to be struck by flame
impingement from the seccnd retrorocket package as it pushed the booster

sidevays from the pods.

In addition, the motion-picture camera (looking out the rear of Pod
Cl) showed that the pod support falring almost struck the rear of the pod
as the Thor backed away from the warhead, Rate gyro data indicated that

the fairing did not strike the pods.

To lessen the probability of actual pod-missile contact, as well as
relieve the retrorocket flame impingement, both retrorocket firings were
delayed 2 seconds on all Blue Gill flights, This had the effect of allow-

115



ing Pod Bl to fall approximately 6 feet farther behind the missile, before
the first retrorockets backed the booster toward it, Pods B2 and B3 were
correspondingly farther away because of their slightly greater separation
velooity. Thus, the likelihood of striking the pod was lessened, as well
as placing the second retrorockets farther away, thereby lessening ‘their
effect on pod overturning,

As discussed in Chapter 2 the 1/7-horsepower flywheel motor was changed
to a 1.85-horsepower motor to obtain higher flywheel momentum at pod re-
lease and to increase reliability of the system,

4.2 BLUE GILL
4.2.1 Pod Releagse Failure, The fallure of Pods Bl and B3 to release

from the missile wvas attributed to a random malfunction of the pod release
enable relay in the Thor missile., During powered flight, the enable sig-
nal from the guidance system locked-in two pod release enable relays. (me
enable relay controlled Pod B2 on the down-range side of the booster, and
the second enable relay controlled Pods Bl and B3, Through these relsays,
the release signal from a programmer actuated the explosive bolts. Thor
’telemetry indicated that this latter enable relay did not properly function.
Thus, when the release signal from missile guidance was sent, only Pod

B2 was released,
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( all subsequent flights, the enable circuitry was redesigned by
DACO to improve reliability. No further trouble was encountered.

4,2,2 Pod Orientation. The effect of the 2-second delay in retro-
rocket firing on pod attitude and stability was not determined due to de-
struction of the warhead. No knowledge of the attitude of Pod B2 after
release vas gained. Tracking signal strength was steady, however, indicat-
ing the pod did.not tumble, .

4.2.3 Recovery System. The recovery system parachutes functioned
sufficiently well to return all pods to the water in an undamaged condi-
tion. Cubic tracking data on B3 indicated main chute deployment at 25,000
feet., The improper programeing of the main chute can probebly be attrib-
uted to pod re-entry while still attached to the Thor. This would signif-
icantly change the load factor altitude history during re-entry. Arming
of the system and initial parachute deployment are dependent upon load fac-

tors at the correct altitude and may only be cbtained by proper re-entry.

Tracking data indicating parachute deployment of Pods Bl and B2 was
not obtained, Both systems apparently deployed parachutes as planned,
although Pod Bl was attached to the Thor during re-entry.

The failure of Pod Bl main chute to release was attributed to a mal-

function of the impact switch.
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None of the balloons functioned properly, thus delaying locating the
pods until daylight. The balloon in Pod Bl was recovered intact and was
operated successfully after return to Johnston Island, The malfunction
vas ceused by the failure of the main chute to detach after impact and

vas the indirect result of the impact switch malfunction.

The balloons on Pods B2 and B3 both burst, apparently due to infla-
tion prior to ejection from the parachute canister. Upon rupture, the
wiring to the Sarah beacon and flashing light was broken. The probable
cause was traced to weak ejection springs. For subsequent flights, stronger
springs were ordered and the balloon retalning rigging changed slightly
to permit easier deployment. The stronger springs were not available
until Blue Gill Prime. Star Fish and Star Fish Prime pods were flown with

the strongest of the springs available on site.

4.2,4 Rear Bulkhead Heating. The refrasil coating on the rear bulk-

head of Pod Bl showed charring over about two-thirds of its surface. The area
left uncharred was near the pod umbilical on the side opposite the Thor.
Shadows left by protruding instruments indicated the heat flow was from

the side of the pod nearest the Thor.
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No particular significance vas teken of the burn pattern because of
re-entry while attached to the Thor. After recovery of pleces of the Star
Fish missile and after determination that the probable cause of failure
vas the recirculation of hot gases around the AVCO pods, the burn pattern
was re-examined, Hot gases passing up the side of the missile behind the
pod and exiting between the fairing and the pod rear bulkhead could have
caused a char pattern similar to that on the Blue Gill pods. The area
near the umbilical would be protected more than other areas by the canti-
levered pod support structure which is only 5 inches forward of the rear’
bulkhead. While the burn pattern cannot definitely be attributed to this

cause, it is a more likely explanation than re-entry heatlng.
4.3 STAR FISH

Pleces of the Star Fish missile were recovered from Johnston Island
proper and the lagoon area adjacent to the eastern end of the island.
Examination of this wreckage by DACO indicated failure started in the boat-
tail region adjoining the AVCO pods. The failure was caused by recircula-
tion of hot gases from the main engine turbine exhaust forward along the
side of the missile behind the AVCO pods, This unexpected flow pattern
was the result of a disturbance in the normal air flow passing along the
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aft end of the missile. This formed a low-pressure area behind the pods,
causing hot gases from the nearby turbine exhaust to be pulled into this
low-pressure area, The missile skin was heated watil it could no longer
carry loads from the engine, and failure resulted.

It was felt that similar but less severe heating probably occurred
on Tiger Fish and Blue Gill, The change in shape from GD/A. pods to AVCO
R/V's resulted in increased heating and eventual failure, Examination
of Pod Bl bulkhead after recovery indicated that such heating mey have
cccurred. Likewiss, on Tiger Fish, a recheck of the TLM records on Pods
Cl and C3 showed a small heat rise from 40 to 60 seconds after launch,

vhich may have been due to the same cause.

To prevent recurrence of the failure, DACO, on future shots, insulated
the entire boattall section aft of the pod support structure, The open
portion of skin was insulated with a 0.200-inch layer of cork., The pod
support structure was sprayed with a layer of Thermolag. All crevices
in the boattail closure bulkhead were covered with a layer of cork compound.
A ring was attached to the pod feiring extending aft and sealing the gap
between the fairing and the pod rear bulkhead. The pod protruded iaslde
thig ring about 3/8 inch with a 0.06~inch clearaice around the neriphery.
All openings that would permit heat to enter bensath the support fairing
were sealed. The above fix did not prevent the recirculation of turbine
exhaust gases, but insulated the boattall structure from damags caused

by such flow.
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4.4 STAR FISH FRIME

Mm_mmm. Two flywhesl malfunctions occurred prior
to Star Fish Prime launch. During the full-power {ull-frequency (FPFF)

test on 29 June, Pod S2P flywheel motor burned out., The burned out fly-
wheel assembly was replaced with a spare unit and was shipped to GD/A for
failure analysis. A second malfunction occurred during the countdown on
Pod S1P, causing tne flywheel to attain & maximum speed of 3,600 rpm in-

stead of the design value of 5,7C0 rpm.

The first flywheel to melfunction was disassembled at GD/A, San Diego.
It was found that a small plece of a broken thread tep was in the fly-
wheel housirz and had wedged tn between the flywheel and side of the hous-

ing. This bound the flywheel, causing the motor to overload and burn out.

Pod S1P flywheel was returned after recovery to Gn/A San Diego for
checkout. The motor was not usable due to the salt water corrosion, but
the windings were checked for continuity and under loed, which indicated
that the motor did not fail electrically. The flywheel assembly was also
found to be in cperable condition. A new motor was installed, axd the
duplication of possible failure conditions was tried. By running the fly-
wheel up to 2,000 rpm and then removing one phase to the motor, the fly-
wheel reached 3,450 rpm in almost 7 minutes. This closely approxi-

mates the fallure conditions during launch.



Since the original S1P motor checked out, it is suspected that the
problem vas with either land lines or ground support equipment. These
vere thoroughly checked after the flight and were fourd normal. The
only item that was not checked was the umbilical which was badly burned
and damaged during lift-off. The cause of this failure is unkmown.

4o4,2 Pod Orientation. At burst tine, Pod S1P was oriented almost
nose-first toward the event, Pods S2P and S3P had look angles at the
rear bulkhead of 43° and 41°, respectively, The failure of the stebiliza-
tion system to provide the design look angle of * 7-1/2 degrees was due
to release disturbances gresater than thoss estimated by DACO and the pod&’
loss of stabilization due to low flywheel momentum plus pod spin, This

will be discussed in detail in paragraph 4.9.

4..3 Recovery System. The parachutes operated as plamned on all
three pods. Tracking data ended before re-entry, so parachute deployment

altitudes were not avallable,

The balloons and location aids functionsd normally oo Pols SLP ad
S3P. The balloon on S2P was ruptured when recovered, althcugh the flask-
ing light msy have functioned for & shert time afver impa:c., The prebeble

ceuse of ball-cu rupturs wes inflation while in the pavschuts cuviiy.



Stronger balloon ejection springs arrived on site after this launch. Tests
run vith the new springs shoved improved balloon bag ejection.

e e ting. There vas no evidence on the rear tulk-
heads which indicated that there had been heating camsed by recirculation
of the turbine exhaust gases.

4.5 BLUE GILL FRIME

During the countdown prior to lift-off, the flywheel on Pod BLP mal-
functioned. Motor current fluctuated between no-load and full-load current.
The probasble cause was a periodic slippage in the drive clutch connecting
the motor to the flywheel. However, just prior to lauach time, the motor
was running at full speed. Due to contamination ¢’ the flywheel assembly,
it vas impracticable to disassemble and inspect the clutch.

4.6 BLUE GILL DOUBLE FRIME

4.6.1 General. The failure of Blue Gill Double Prime vas due to &
malfunction of the Thor missile. The trouble was traced to a missile
power supply that failed. Since the pods are not connected in any way
with the Thor electrical system except by squib (explosive bolt) activa-
tion and then only at pod separation, there seems to be no connection be-

tween the fallure and the pods. Because the shot was terminated early
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and there was no deliberate separation of the pod, no conclusions can be

drawn upon the orientation, stabilization, and placement of the pods.

4.6.2 Pod Damage. There were three separate areas of damage on this
shot, The first is the shear damage on the rear bulkhead. This was prob-
ably done about the time of destruct when the pods were thrown clear of
the Thor, While being thrown clear, the rear bulkhead was scraped by the
DACO structure ring , shearing off Douglas fittings, instruments and refra-

sil coverings.

The second area of damege was the heavy charring of Pod B2. This
was either due to the Thor engines, probably when they went hard over,

or to the burning of the missile during descent.

The third area of damage was due to hard impact with the water.

4.6.3 Recovery System, Because of the missile tumbling, the pods
could have been thrown free of the missile at any attitude, Because of

this, plus the lower altitude and flywheel stabilization, the proper
orientation and g-forces required for reccvery system activation were
.almost impossible to obtain, However, the recovery system in Pod El start-
ed to work, but too late. The main chule prcbatly started ©o wpen just &b
irmpact, and because of the 9-second delsy after main chute deploymeat, the

main chute did not release por did the flotation bag deploy.
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The recovery system in Pod B2 did not operate at all. Since there
was very little impact damage on this pod, the pod must have been attached
to & large part of the missile during re-entry. Because of this, the g-
forces and pod orientation were quite different from a normal return, Con-

sequently, the recovery system did not arm.

Pod B3 recovery system did work. Becamse this pod did not have the
bard (reinforced) flare, the center of gravity was farther forvard. Be-
cause of this, the pod probably reoriented itself into a nose-down posi-,
ticn faster than Pod Bl, Therefors, the main chute opened in time.

4.7 BLUE GILL TRIPLE FRIME

4.7.1 Pod Placement. The pods were given the proper spacing from
the event by the use of different weight springs in the Blue Gill shots.

The spring ejection system used on the pods gave them a differential ve-
locity (slowed them down slightly) so that their distance from the event
would be proper. The actual results on Blue Gill Triple Prime looked
good. Final tracking data shows that spacing from the event to the pods was:
for Bl, 3,280 feet, 31 percent higher than the 2,500 feet desired; for B2, 4,603
feet, 15 percent higher than the desired '4,000 feet; and for B3, 6,760 feet, 12

percent higher than the deslred 6,000 feet.
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4.7.2 Recovery System. The recovery system on Pods Bl and B3 worked
very welljwith a few minor exceptions. The main chute did not release

nor the flotation bag deploy on B3. This malfunction was probably due

to a faulty impact g-switch.

From transponier signal level recordings made at the Cubic Ground
Station, it was determined that the recovery was normal until H + 148
seconds for Pod B2, Up to this time, the recovery systems on Pods Bl and
B2 were functioning about the same, At H + 33 seconds, the drogues deployed.
At H+ 88 seconds,the drogues were released and the main parachutes de-
ployed. At H+ 1.8 seconds, Pod B2 started tumbling and probably lost
the main chute, Pod B2 impacted at about H + 210 seconds. When the pod
vas returned to Johnston Island, the flotation bag was out of the system.
The main chute risers had not released from the pod, but the main chute
from the swivel up was missing. This indicates that the flotation equip-
rent ejected prematurely, probably right after main chute deployment.

The ejection spring lodged in the cross of the main risers and slowly cut
through the risers. This was speeded up by the heavy loading placed on the

risers.
4.8 KING FISH

4,8,1 Pod Placement, The pods were given their spacing {rom the
event by releasing them at different times during vernler sclc wiich gave

them a differential velocity. Based upon DACO information, two pods were
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inadvertently reversed in position., Pod K3 which should have been on launch-
or leg No, 3 was actually installed on leg No. 1, and K2 which should

have been on leg No. 1 was actually installed on leg No. 3, This resulted

in pod release in the order K2, K3, Kl. Study of the Sandia tracking data

on the re-entry vehicle and on Pod K3, together with Cubic data on Pods

K0 and K2 indicate the pods were placed spproximately where planned., Pod

Kl functioned as intended throughout flight and through recovery to inspec-

tion. The extensive damage on Pod K2 and the virtual total loss of K3,

together with loss of tracking at an early time on Pod K2, rendered post-

flight analysis almost impossible.

4.8.2 Recovery System. The recovery system worked quite well on Kl.

However, both the K2 and K3 reccvery systems were unsuccessful.

The riser below the main chute swivel was broken off on K2. It ep-
peared as if the riser was twisted until the fallure occurred. However,
even if the swivel jammed, it seems inconceivable that the riser would

twist and fail before collapsing the main chute,

There is very little information available on Pod K3. The only pos-
sible answer to the failure is that the main chute delay switch did not
operate properly. Prior to installation of this recovery system in Pod K3, the

delay switch only had a 2-second delay rather then 9 seconds. Therefore,



if the main chute opening shock was slightly later than 2 seconds after
the main chute started to deploy, the main parachute would release and
the flotation bag would deploy. Only the nose and flotation bag were
found ,

4.9 POD FLYWHEEL STABILITY TESTING AND ANALYSIS

When the pod was first designed for the Fish Bowl series, the flywheel
was analyzed assuning a constant flywheel speed throughout the flight.
Later, it was decided that the only practical approach was to remove motor
power to the flywheel at 1ift-off and let the flywheel coast during the
rerainder of the flight. A cursory prediction indicated that wobble due
to wheel rundown would be very small. Stability tests of the flywheel, impos-
sible to accomplish in the original time limit, have now been run Reference 5).
These tests show that the pod behaves in the following manner. From lift-
off to pod ejection from the Thor Missile, the pod flywheel slows down
fairly rapidly due to windage) friction, a.cceleration,and vibration. After
the pod is released from the missile, all the angular momentum lost from
the stability wheel is picked up by the pod structure, Thet is, after pod
Telease,the pod is free to turn and, as the flywheel slows down, this spin
is transferred to the pod through the fricticn of the flywhezl teerings,
Consequently, the pod starts to twrn in the sawe direction as the tlywheel
is spinning. This torque is trensferred because of bearirg frictica; loss

of momentum by external torques on the pod was not considered. Immediateiy
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after separation from the missile, the pod and flywheel system respond
1ike an inertia wheel spimning in space. (The pod is not spinning.) After
a long time,nearly all of the anguler momentum will be in the pod struc-
ture rather than the stability wheel and will approximate that of a ve-
hicle spinning around a minimum axis of inertia, such as a rotating drive
shaft. Both of these conditions possess a high degree of rotational stabil-
ity, However, in progressing from an inertia wheel configuration to a
vehicle spinning around a minimum axis of inertia, the pod will, at some
time, respond like a sphere spinning in space or in a state where the stabi-
lizing forces of the pod cancel out the forces of the wheel. During this
transiticn period, the spin vector momentum vector is not restricted to

any position in the body. This is the region of no-spin stabillity.

This region of no-spin stability was thoroughly investigated with a
full-scale gimbaled pod stability test and then analyzed on an analog cori=

puter (Figure 4.l1).

These tests showed that the pod/wheel system exhlbits no spin stabil-
ity when the following condition exista:”
(Iyy - Ixx) wp = I
Where (Figure 4.2):

I.. = Mass moment of inertia of the pod in pitch.

yy
I, = Mass moment of inertia of the pod in roll.
wp = Pod angular roll rate.

I, = Wheel mass poment of inertia in roll.

L Wheel angular roll rate.
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This no-spin stability region occurred on the pod/vheel system when the
vheel vas spinning at 325 to 350 times the pod angular velocity. At this
point,ths pod would have no stability end would tumble_ if there was any
unbalance in the system. The stability tests also showed that it was
alnost impossible to balance the pod sufficiently so that it would not
tumble in this unstable conditiocn. Even a very slight unbalance of the
pod, due to battery fluid, viring,or parachutes shifting, vas enough to
tumble the pod. (A slight wobble due to pod ejection from the Thor would
bave a similar effect.)

On all flights the wheel/pod system was operating very close to the
no-spin stability region. (n Star Pish Prime, the pods were elther in
the unstable reglon during the time of the event or had passed through
this region, tumbled, and then restabilized themselves in random attitudes,
On the Blue Gill and King Fish events the pods were just approaching the
no-spin stability region and consequently have pod orientations equal to
or slightly outside the design limit. (The stability improvement in the

later events was due to improved flywheels with less friction.)

There are a number of changes that could be made to the present fly-
wheel to give the desired stability. The best solution from a dyzsnic
point of view would be to power the flywheel throughout the flight. Wit

this system the motor would supply enough torque to overcome ths flywheel
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bearing friction,consequently keeping the pod from rotating and also keepling
the flywheel up to speed. Some other possible ways of keeping the pod/
whesl system out of the no-spin stability region would be to use & wheel
vith higher rotational inertia, a wheel with higher rpm st 1ift-of? and/
or & wheel system in a low-pressure case (low windage loss) so that the

wheel speed would be higher at pel separation,
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Figure 4.1 DASA pod test configuruation.
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wp = ROLL RATE OF P0D

Ww = ROLL RATE OF WIFEL

I = 1 = MASS MOMENT OF INERTTA OF POD

yy ZZ I\ PITCH

1 = MADS MOMENT OF INERTTA GF POD IN ROLL
I = MASS MOMENT OF INERTTA OF WHEEL TN ROLL

Figure 4.2 Stabilization terminology.
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Chapter 5
CONCLUSIONS AND RECOMMENDATIONS

5.1 CQNCLUSIONS

5,1s1 Geperal. The overall capability of the Thor-pod system for
placement, and subsequent recovery, of passive scientific instrumentation
in the vicinity of a nuclear high-eltitude detonation was found to be
parginal, However, it is felt that post-flight analyses of the Fish Bowl
events point the way to solutions of the problems encountered.

5,1,2 Pod Structural Design. The pod was designed to withstand,
structurally, the impulsive loads expected from the Fish Bowl events.
Since the majority of pods flown, (including those pods closest to Elue
Gill Triple Prime and King Fish events), re-entered and were recovered,
even when the recovery system failed, it is concluded that the pod met

and exceeded design objectives.

5,1s3 Pod Placement. Tracking data indicated that pod placement was

marginal with five of the nine instrument-carrying pods exceeding the +20-
percent limits.

The excessive look angle experienced on Star Fish Prime was attribut-
able to excess release and flame impingement perturbations and a region of
pod instability due to a pod no-spin stability phenomenon. Paragraph 4.9

explains this no-spin stability in detail.
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The Elue Gill Triple Prime pod orientation and stabilization was
marginal. The look angle on one pod was within the design requirements.
However, one pod exceeded the limit, and no accurate data is available

on the third.

Information on pod orientation for King Fish was limited. However,
with the information available, the pod stabilization appeared to be
marginal to good. The only ped with adequate crientation data availabla
vas well within the design limit., The secoand pod, with limited
information,indicated that the look angle was outside the design limit.

No dats was available on the third pod.

In reducing data for each event, Sandia tracking was used to
ascertain location of the burst and of the pod containing the Sandia
transducer. To find location of the other two pods (for each event),

a correction was applied to Cubic data. Differences in location readings,
for the pod containing both Sandia and Cubic transducers, were applied

to Cubic readings for the other two pods.

5,1s4 Pod Stabilization. It is concluded that pod stabilization
obtained in the Fish Bowl events was marginal. On Star Fish, which
contained the unimproved stabillzation system, flywheel run-down was
excessive, and the angle of pod wobble was not satisfactory. Blue Gill
Triple Prime pod orientation did not meet design criteria but did permit
achievement of objectives. On King Fish,pod orientation and stabilization

were very good.
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For future events requiring stabilization, recommended changes

appear in paragraph 5.2.1.

5,1:5 Pod Recovery. The recovery system, in the overall program,

was less than satisfactory. However, all recovery system failures were
with rebuilt equipment. Field maintenance experience indicated that the
highly complex system used could not be adequately serviced under field
conditions, For example, the recovery unit pressure system could not
be pressurized when the unit was installed in the pod. The complexity

of the recovery system was reducing its reliability.

5.2 RECOMMENDATIONS

2,1 Stabilization and Orientation. It is belleved that a
highly reliable stabilization system can be obtained from a design
embodying the following: (1) A flywheel possessing greater moment
of inertia and providing several times as much momentum. (2) An
electric motor on the flywheel shaft with continuous access to battery
power. This motor would bring the flywheel up to planned speed before
launch, and during powered flight. After ejection,the motor would be
. powered on command from an autopilot systen. (3) A high-pressure gas
tank and valve system feeding pitch and yaw nozzles on coamand from the
autopilot system. - (4) A compact, lightweight autopilot system control-
ling both the pitch and yaw nozzles, and also the flywheel motor switch.
This autopilot system would actuate the mozzles to pitch and yaw the
pod (overpowering gyroscopic effect of the wheel) to the desired orienta-

tion.
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The wheel then would hold the pod in the position reached ai nozzle cut-
off. The autopilot system would oontrol the motor switch, supplying

power in the proper direction to stop rolling.

5,2.2 Recovery. It is believed that a satisfactory recovery can
be provided through a design modification. The primary cbjective of the
design would be reliability through simplicity of the system, and through
easy field servicing. The parachute system used is considered very
successful. (Failures occurred only when chutes were re-used, and telemetry
data from Tiger Fish flights indicated that chutes performed as planned.)

It is recommended that the flotation aystem, as used, be dispensed
with. In its place, it is believed, a much simpler system can be provided

which will float the pick-up loop, and allow the required separation in

plck-up and transportation of the pod.
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