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FOREWORD

This report covers the span of time from the inception of the first
satellite borne radar system through the final evaluation of the on
orbit performance of the first flight. An objective review is attempted,
of the complete scope of activities associated with bringing a new

T system into being and of the systam performance during an essentially
nominal and troublefree mission.

" From this review, it is hoped that the systems management and program
oontrol parameters which were found to be effective may be properly
recognised and thereby emhance the organisation and conduct of similar
future activities,.

The system definition and resulting configuration is reviewed in
retrospect, together with the problems associated with this Program

- development and testing.

The engineering management concept and the test philosophy which were
applied are outlined and restated, with the objectives of first recording

- these, and then attempting to objectively analyse them for areas
susceptible to improvement. The Air Forces - IMSC - Associate Contractor
team is defined, as it existed during the development, testing and
operation of Vehicle 2355. ‘

The system performance from launch through recovery and thence to
battery depletion is evaluated from the primary aspect of payload operation,
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System performance is compared against predictions, and the performance

accomplishments and achievements are enumerated.

The report is therefore, in addition to a flight report, a total

sumaary of the composite effort associated with the preparaticn and
operation of this system. From the system evaluation certain conclﬁa:lona
and recommendations are formilated which are intended to be useful for

later work on similar systems,

Through the medium of the dstailed information contained in this
report, it is intended to properly acknowledge the efforts of all
those who were instrumental in managl.ng and conducting a program which
produced a completely successful mission with the first flight of a
new payload vehicle system.
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Report Numbering and Organization

ACOL306

The complete 2355 System Report is cantained in three volumes,

Volume I - (PART I) - Summary
Volume II - (PART II) - Engineering
Volume ITI - (PART III) - Flight Perfarmance

The report paragraph mmbering is in accordance with the following

convention:
First mmber indicates volume number
Second number indicates main paragraph number
Third number indicates a subparagraph

Fourth number indicates a further subdivision of a subparagraph

Figures are numbered consecutively within main paragraphs.

_SECRET-SPECIAL HANDLING
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Reports By Participating Contractors
The complete system description and performance evaluation is contained
in reports issued by the three contractors. These are listed here for
reference by the reader:
Lockheed Missiles and Space Company:
Titles 2355 System Report, dated 31 March 1965.

Volume I - Sumeary

Volume II - Engineering

Volume III - Flight Performance

Goodyear Aerospacs Corporation:
Title: Program Report, KP-II Orbital Doppler Rsdar, Thor/
Agena Satellite Program, dated 1 March 1965,

Title:
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2.1 Satellite System Engineering

The subsystems of the satellite vehicle which required engineering
development, study or program peculiar applications are discusseéd in
this section. Included also are sections on radar antenna development,
thermodynamics and a thorough review of the work which was directed

| toward control of high voltage breakdown in a vacuum. A brief discuseion
of vacuum meisuments is included due to the early considerations of the
possibilities of high voltage breakdowns on orbit and a requirement to

measure pressures in the payload vehicle.

The thermodynamic work which was done on this payload vehicle; accommodat-
ing the energy dissipated by the payload and during a time period when
battery temperatures were under critical review; yial:ied a new level of
quality in on-orbit thez1.|a1 control. All engineering efforts which are
reviewed in this section resulted in the complete and correct operation.

of the total satellite vehicle through the prescribed mission, setting an
enviable standard of excellence in the first flight of 8 new payload system.
This mission was conducted to a duration which exceeded predictions without

a failure of any type aboard the satellite vehicle.
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2.1.1 Structural Subsystem

2.1.1.1 Requirements and Design Concepts

The first definition of the philosophy to be followed in engineering

of the spaceframe indicated certain major areas where the design
approach would be nearly unique for Vehicle 2355. The primary task

was to install in a space vehicle, equipment normally associated with
conventional aircraft, and to achieve orbit of this vehicle in such a
manner that the equipment could operate normally in the acquisition and
storage of data. Additionally, Subsystem "A" was to provide the
mounting and ejection mechanisms for the capsule which would eventually
return the stored data to the ground.

The initial approach envisioned hard-mounting of payload items in
structure which was to be as light as possible consistent with the
requirements dictated 'by predicted ascent loads and heating. This
resulted in the design and/or installation of seven items tailored to
the payloads and to the mission: (See Figure 2.1.1.1)

0 Recovery Capsule

o Conical Payload Rack

o Cylindrical Payload Rack

o Ejectable Fairing for the C&C Antemna

o Guidance Auxiliary Rack

o Ejectable Fairing for the Radar Antemna

o Lifeboat Equipment

SEEREF SPECIAL HANDLING
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2.1.1.2 Configuration - Basic Concepts
Recovery Capsule. This capeuls in its entirety wes available as
GFE, It housed the storage container for the raw dnﬁa film and served
as the nose cone during ascent. Since this recovery capsule had been
used in other applications, its characteristics were known quantities

requiring only incorporation into the 2355 System. A program peculiar
installation had been made to accamodate the film take\_:p mechanisnm,

Conical Payload Rack. This structure was located just aft of the
recoverable capsule and included mounting provisions for the capsule,
The structure was a straightforward design camprising seven rings and

a magnesium skin riveted together in the form of a truncated cone.

The space inside this rack was allocated to Payload Box #7. Radiation
protection for the raw data film feeding from Box #7 to the recover-
able capsule was provided in the form of a thermal-tape-covered shield
standing off from the inside of the forward portion of the rack.

(See Figure 2.1.1.2).

Cylindrical Payload Rack. The third structure item was designed to

mownt to the forward face of the Guidsnce Auxiliary Rack, to provide
mounting for the Conical Payload Rack, and to accommodate Payload
Boxes 1, 2, 3, b, 5, and 6. The structure comprised three rings,
eight lméem, two torque boxes, eight doors, and eight access
holes.

The floors of the two torque boxes, on which the payload boxss

1
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mounted, were located longitudinally between two longerons and
over a third, with a web running from this middle longeron to the
middle of the floor base. The magnesium skin connecting the three
longerons completed each torque box. To offer access to the pay-
load mounting devices, four access holes were located in suitable

positions in the magnesium skin,

The remaining space was enclosed by four doors on each side of
the rack providing access to all payloads mounted in the rack.
(See Figure 2,1.1.3)

Ejectable Fairing for the C%C Antenna. The original design
concept called for the Type 7 C&C Antenna to be mounted on the |

surface of the skin covering the Cylindrical Payload Rack.
Protection for the antemna in this location would have been
provided by a fairing mounted over it, secured to the outside of
the vehiole by tension bolts and pinpuller assemblies. At a
suitable time this fairing would have been ejected, permitiing

proper operation of the antenna.

The launch configuration of Vehicle 2355 did not carry the
ejectable fairing. Reasons for this decision are covered in the
Design Development section of this xjeport.

Guidance Auxiliary Rack, The Guidance Auxiliary Rack structure
comprised two rings, eight longerons, two floors Lor mounting
guidance components, a web joining these floors, and a skin in

SEGREF SPECIAL HANDLING
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ACCESS HOLES
(4 TOP, 4 BOTTOM)

Figure 2.1.1.3 Cylindrical Payload Rack
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the form of removable doors which permitted access to all equip-
ment located in the rack. As in the equipment rack, the floors
joined two longerons located ninety degrees apart with an additional
web running from the center of the floor to the cemtral longeron.

The floors axtended from station 247 forward to approximately
station 231, leaving a three-inch space aft of the ring at
station 228 for the wave guide installation in the forwérd portion
of the rack. (See Figure 2.1l.l.h)

Ejectable Fairing for the Radar Antemma. This fairing comprised
a 27-inch wide chamnel, six inches deep, approximately 226 inches

long. It was mounted longitudinally on the skin of the vehich
in the +Y+Z quadrant, and provided aerodynamic and thermodynamic
protection for the radar antenna during ascent.

The sjectable portion of the fairing, 187 inches long extending
from the forward edge of the cylindrical rack aft to station 381,
was secured to the vehicle by longitudinal forward-facing retainer
pins (ﬁ.ﬁa on each side of the falring). These pins fitted into
matching sockets secured to the vehicle, thereby providing radial
and transverse stability for the fairing. Longitudinal stability
was provided by a tongue extending forward from the face of the
ejectable portion of the fairing into the fixed partion vhere it
was secured by a pinpuller assembly. ’

seeREF SPECIAL HANDLING
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LONGERONS
(EQUALLY SPACED,
8 PLACES)

REMOVABLE

/- $KIN DOORS
\\ (8 PLACES)

SPACE FOR
WAVE GUIDE
INSTALLATION

FLOOR SUPPORT WEB

HORIZON SENSOR
EJECTABLE DOOR
(2 PLACES)

Figure 2.1.1.4 Guidance Auxiliary Rack
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Lifeboat Equipment, This equipment was installed on the aft

structure of the SS~0lA. Since installation and functioning
of the equipment had been developed and proven by other programs,
a nearly identical installation was utilized for the 2355 vehicle.

2.1.1.3 Equipment Installations -~ Basic Concepts
Recovery Capsule. As with the Lifeboat equipment, the ‘capsulo
itself, together with its attachment and separation mechanisms,
had been utiligsed and proven by other programs. Rather than
embark on a development program, the already-proven design was
utilized for 2355,

Payload Units - Excepting the Recorder. These payload units

were .contained in the cylindrical rack. All equipment was
secured to the floors of the torque boxes through hard mounting
points. Traditional hardware (clips, angles, brackets, etc.)

was utilized to take advantage of the structural stiffness of

the rack and to carry the predicted loads back through the second-
ary structure into the primary structure.

Film Recorder. This unit had to be mounted in the conical rack
in a manner which would permit feeding of the raw data film
forward into the storage container housed in the recovery capsule.
The unit was L-shaped with its base pointing forward. The
mounting structure employed for the front end of this box was a
truncated cone with the small diameter facing aft. The larges

-SEGREF SPECIAL HANDLING
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diameter was secured to the conical rack ring at station 152,

The base of the L-shaped recorder was secured to the mounting

structure with three uniball bearing assemblies.

The original concept for the mounting of this unit called for the
aft end of the payload to be secured by a device which would
restrain it during ascent. After the vehicle had attained orbit,
this device was to relcase the aft end of the box from all

restraint..

The design specified four legs extending inboard from the ring at
station 194 toward the aft end of the payload. These legs
terminated in a plate directly behind the payload. This plate

was then secured to the payload with a pin which could be with-
drawn upon receipt of the proper signal. In this way the payload
was to be rigidly supported during launch and ascent, and free of |
restraint at the aft end during orbital operations. (See Figure
2,1,1.5.)

C&C Antenna Fairing Ejection Mechanism. The falring covering

the C&C antenna was to be secured to the outer skin of the vehicle
by two tension bolts in pinpuller assemblies, one located at the
aft end of the fairing, and one located at the farward end. To
provide. for longitudinal and transverse shear, pins mounted to
the rack protruded through holes in the fairing.

SEGREF SPECIAL HANDLING
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PAYLOAD
MOUNTING STRUCTURE

PAYLOAD NO. 7

L— PINPULLER

'Figure 2,1.1,5 Box #7 Installation
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Motive force for ejection of the fairing was provided by two
compression spring assemblies between the wvehicle skin and the
fairing. One spring was located approximately ten inches aft of
the leading edge of the fairing, and the other incorporated the
aft pinpuller bolt.

Upon receipt of the proper signal the pinpullers would have
retracted and the fairing would have been jettisoned, exposing
the C&C antenna.

Vehicle Fairing Ejection Mechanism. Upon receipt of the command
to eject this falring, the pinpuller retracted. This permitted

four campression spring assemblies mounted between the ejectable
and fixed portions of the fairing to thrust the ejectable portion
aft. As soon as the retaining pin cleared their sockets a radial
thrust vector was imparted to the fairing by six ramps (ﬂnfee on
each side of the fairing) riding on six needle-bearing rollers
attached to the vehicle. The resultant separation was in a

+X-Y direction with the fairing remaining essentially parallel
to the vehicle (See Figure 2.1.1.6) | |

2.1.1.l4 Design Development
Following the original concepts discussed above, design proceeded in

a normal manner, Despitg the fact that some of these concepts were
relatively new, structures and equipment installation engineering was
normal in relation to state-of-the-art tec}iniques. Problems with

SEREF SPECIAL HANDLING
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PIN PULLER ASSY
(1 PLACE)

SPRING PUSHER

(4 PLACES) RETAINER PIN

5 PLACES EACH SIDE

PRIOR TO SEPARATION

RAMP
3 PLACES EACH SIDE

SEPARATION STARTS ' SEPARATION COMPLETE

Figure 2.1.1.6 Vehicle Fairing Separation
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components or changes to original design occurred in the following

T

Y

M
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o Payload Mounting Vibration Difficulties

o Corona in the Transmitter/Modulator

o Wave Guide Heating (Ground Conditioning)

0 Thermodynamic Requirements Changes

o Film Recorder Mounting

o Installation of Pressure Transducers

o C&C Anterna Change--Ejectable Fairing Deletion

Payload Mounting Vibration Difficulties. In accordance with the
initial design approach the cylindrical rack was tailored to

mount the payload boxes and to provide access to them in such a
manner that the structure would be the lightest possible consistent
with stress requirements. Upon canplotioﬁ, this design was passed
to Mamufacturing for fabrication and a copy of the engineering
documentation was furnished toA Goodyear Aerospace Corporation.

Goodyear, however, in conducting confidence tests on payload
camponents discovered that the hard mountings originally planned
could result in dogradatioﬁ of payload performance, particularly
in light of the stringent vibration requirements called out in
IMSC Spec 6117, Revision "D", Goodyear, in order to increase
the confidence level in payload survival, dictated that shock
mounts be utilised to isolate the critical items from vibration.
The vibration isolation mounts were installed on the payloads by

. 1-15 : |
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Goodyear and thess payloads furnished to IMSC for proper mounting
in the rack.

The precision tailoring of the ariginal design precluded the use
of these mounts on a simple substitution basis., As a consequence,
the cylindrical rack went through a redesign which saw a complete
redistribution of equipment in the rack, and suitable modifications
made to the secondary structure to provide the required structural
stiffness. '

Subsequent testing of the redesigned rack with the payloads
restrained in the new shock mounts showed that the required
confidence level had been attained.

Corona in the Trmﬂtmwtor. Concurrent with the

vibration diffioulties outlined above, an unrelated problem was
discovered in the transmitter. During testing by Goodyear a
corona effect was observed inside the unit. Various possibilities
for correction were considered; and, Goodyear's proposed solution
of encapsulating the transmititer in a pressure vessel was started .
as an alternative to potting. This pressure vessel in twrn was

to be mounted in the oylindrical rack.

The eventual solution to the corona problem proved to lie in the
potting techniques for components in the transmitter rather than
in pressurization of the complete unit. This entailed only
removal of the pressure vessel in the final installation since the

SEEREF SPECIAL HANDLING
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mounting provisions remained the same.

Wave Guide Heating (Ground Conditioning). A modification to the

original design arose in connection with the wave guide installa-
tion., A Program Office directive was received which required
the addition of a device for heating the wave guide during the

pre-launch phase of operation.

This requirement was fulfilled by laying heater strips on the
wave guide, wrapping these strips to the guide with insulation,
and providing power to the heater strips from the electrical
umbilical which was discommected at launch. The wave guide
heating facilitated the outgassing of the wave gulde during

ascent, since the wave gnide was warmed at liftoff,

Thermo c ements.Changes. As the design progressed and

the thermodynamic characteristics of the vehicle could be more
accurately predicted, changes were initiated to assure the

correct thermal enviromment for all components.

In response to these developing requirements Subsystem "A"
revised the mounting of Payload Unit #1 (battery) by changing
the insulating strips which were located between the mounting
pads and the battery itself. Additionﬂli, a radiation shield
was installed over the battery; however, as themodymmic
.analysis contimued, it was determined that this shield should be

deleted from Vehicle 2355.

1-17
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Film Recorder Mounting. As outlined above, it was planned that
this unit would be hard-mounted at the forward end and secured
by a pinpuller to spider-legs at the aft end, the plan being to
release this pinpuller after orbit injection to permit the aft
end of the recorder to be unrestricted. Subsequent analysis,
however, indicated that the firing of the pinpuller with its
attendant shock was more likely to result in recorder nalfunction
than would the slight torsion effect resulting from expansion of
the unequal spider-legs. As a consequence, the final design
called for hard-mounting both forward and aft ends of the

recorder,

Installation of Pressure Transducers. At the direction of the
Program Office, vacuum measuring instruments were installed in

the cylindrical and conical racks. A total of five were installed,
one transducer located on the recorder, cne on the transmitter,
one between the transmitter and the RPF-IF, in the high power

wave guide, one on a structural ring at the -Y axis, and one on

the same ring at the +Y axis.

Installation of the transducers was in accordance with current

state-of-the-art techniques, and was problem free,

C&C Antenna Change--Ejectable Fairing Delstion. The ejectable
fairing to cover the C&C Antenna' was designed as outlined above.

However, difficulties were arising in connection with the patiern
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of the Type 7 Antenna which had been planned for installation
on Vehicle 2355. These difficulties were such that a substitution
of antennas was required. The Type 4 C&C Antenna was selected

and was installed.

Since the Type L Antenna is flush-mounted with the skin of the

vehicle, the requirement for ejection of a fairing was obviated,

SEEREF-SPECIAL HANDLING
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2.1.1,5 Structural Qualification

General

The size, weight and mounting provisions of the Goodyear payload
components required the qualification of the payload vehicle structure
for this application. In addition, the large structure which housed the
radar antenna involved qualification of that item inasmuch as it was

a new design. Table I lists the tests which were performed on SS/A
hardware to demonstrate qualification for flight on Vehicle 2355.

211 testing was performed by Lockheed Satellite System Test Services
with the exception of the Guidance Auxiliary Rack Vibration Test, Test
Assigmment No. 19-363, which was performed by Polaris Test Services
(Lockheed Missiles Systems Division).

Two sets of test hardware were fabricated to acconmodate the short test
span, and also to provide hardware for testing in the Temperature-
Altitude Simmlation Chamber (TASC). Hardware was fabricated to non-
released sketch type drawings due to the compressed schedule. Sketch

numbers (SK) are referred to in the detailed test reports.

The following is a list which correlates SK numbers with the part
nmumbers of the flight hardware:

Released Sketch
Part Number Number
Struct. Assy., Conical Aux. Rack 1359864-501 DN 618631-501

Struct. Assy., Cylindrical Aux. Rack 1359839-501  SK 715631~501
Struct. Assy., Aux. Rack, Guidance 1359821-501  SK 1001050-501

1-20
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A1l Test Hardware wasstructurslly identical to the Flight Hardware.

Test Descriptions and Results
Static Load Test on Conical, Cylindricasl, and Guidance Racks (TA 5938).

The test was divided into four parts as follows:

PART I: The Cylindrical Payload Rack was subjected to a collapse pressure
test. This was accomplished by sesling and evaluating the entire rack to
an ultimate differential pressure of 1l.Ll PSI. No fallure was observed.

PART IT: The Conical Rack, Cylindrical Rack, Guidance Rack, and an

Agena D Fud. Rack were assembled in flight configuration as shown in

Fig. 2.1.1.7 (I). Hydreulic jacks exerted load P1 through P6, Fig. 2.1.1.7
(I)e All loads were spplied simultaneously in 20% increments to 100X design
1imit load (DLL), and then in 5% increments to 125% DLL. Load values are
14sted under Test IIA in Fig. 2.1.1.7 (II)e No failure was observed.

PART III: The specimen setup was identical to that in Part 11 except the
specimen was rotated 112.5 degrees counter clockwise (coW)=-1ooking aft--
with respect to the bending loaAe P1-P3. Losds were applied in the same
manner s in Part II. Loed values are listed in Fige 2.1.1.7 (II) under
Test IIB. No failure was observed. After completion of this test, one

Horison Sensor Door was successfully Jettisoned.

-2,
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+X FWD

1359821-501
CYLINDRICAL
PAYLOAD
COMPARTMENT

+Y

\sn. 19

STA. 228

BTL RACK
$K1001050

AGENA *°D"

FORWARD

-Z -y’
L,
— A A c—
“y* RING \ — S
7

SKEJ102

=Y

' +z'

LOAD 22,5* N

PLATE STA. 299.8
+Z

NOTES:
1o PV, PV, PaV, P4V, PV, AND P4V LOADS ARE IN Y'DIRECTION.
2. PIX, PyX, P3X, P4X, PgX, AND P,X LOADS ARE IN AXIAL DIRECTION.

Figore 2.1.1.7(I) - BEquipment Mounting
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STA
143.89
@
153.00 —_—— e P o—-T"'
DN618631 Py
;;f:,g CONICAL RACK +
— P2 HyD, e e
Ps3
194,00 — | —_—— Py
SK715631
[ CYL RACK
226,00 —— —_—
$K10001050
BTL RACK _
247.00 — 20K LOAD CELL WHIFFLE BEAMS
.| ~——— 2K LOAD CELLS TYP.
% [~ SD<1A FORWARD SECTION
287.5 —

LOAD PLATE

SPECIMEN ORIENTATIONS
N =Y

10K LOAD CELL

 “TESTS
1A & 1IC

-z

LOADS
TESTS A & IIC
LOAD | 100% DLL | 125% DLL
P, | S%oLB | 7308
Py | 1700 2120
Py | 1315 1640
Py |10400 13,000
Ps 650 810
Pe 650 $10
TEST B
LOAD | 100% FLL | 125% DLL
P, | s%00LB | 737018
P, | 1700 2120
Py | 1315 1640
Py | 6950 8700
Ps 650 810
] Pe 650 810

Figare 2,1.1,7(II) - Test Setups
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PART IV: The setup and loads were identical to those in Part II.
Loads were applied simultaneously at a uniform rate to 125% DLL and
further in 5% increments with the intention of failing the specimen.
However, 200% DLL was reached without failure. Since this was the
maximun capacity of the loading system, testing was discontinued.
(See Figure 2.1.1.8) |

Notess 1. The teat conditions for Parts I through IV above were in

accordance with Reference 1.

2. A burst-pressure test on one Horizon Sensor Door was
scheduled to be performed, However, the test requirement

was eliminated by redesign of the door mounting.

3. After completion of testing per Parts I through IV above,
the Horizon Sensor Door separation test was rerun with
i.nstr\meﬁtntion for recording pinpuller shock on the
Horison Sensor Head. Several attempts were made to reduce
shock levels with only limited success. A flight item
Horizon Sensor Head was then mounted in the specimen.

The door was jettisoned three times with the sensor head
operating. There were no adverse effects.

Vibration Test - Conical and Cylindrical Auxiliary Racks g'm 52392.

The Conical and Cylindrical Auxiliary Racks were mated in flight
configuration and the entire assembly mounted vertically on a
vibration table. Dynamic models for all equipment weighing two pounds

1.27
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Figure 2.1.1.8 STATIC LOAD TEST

1-28
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or more were installed. All wave guides were installed. Dynamic models

of all payload units were provided by Goodyear Aircraft Corp.

The entire assembly was subjected to vibration lew}els in three mtually
perpendicular axes as follows:
0 Resonant Search - X a:d.s. - 2 min./octave sweep 5-150 cps @ 3G,
o Sinusoidal Qual. Test - X axis - 3 min./octave sweep
o 9-16 cps @ 20
e 16222 cps @ UG
o 22-30 cps @ 1.5G
e 30-L0 cps @ .5G
e U0=63 cps @ 1G
e 63-90 cps @ .5G
e 90-100 cps @ 1.5G
e 100-200 cps @ LG
e 200-600 cps @ 6G
o Random Qual. Test - X axis « 5 minute duration
e 01 G2/ops 20-200 cps
o 03 Gz/cps 200-1,00 cps 11,56 RMS
- e +08 G2/cps L400-2000 cps

© Resonant Search - Z axis - 2 min./octave sweep - 5-150 ops 30
© Sinusoidal Qual, Test - Z axis - 3 min./octave sweep

'8 .

[ e 6~10 cps @ 1G

(- L ] 10"'20 Ops @ .SG

L « 20-70 cps @ 10

-

L

SEGREF SPECIAL HANDLING

LOCKHEED MISSILES & SPACE COMPANY

.‘.-'T“j




NRO APPROVED FOR RELEASE

DECLASSIFIED BY: CIART

DECLASSIFIED ON: 9 JULY 2012 | SEGREF SPEC' AL H AN DLING

70-90 cps @ .5G
90-100 cps @ 1G
100-200 cps @ 2G
200-600 cps @ 56

0 . Random Qual. Test - 2 axis - 5 minute duration

Levels same as Test 3 above,

0 Resonant Search - Y axis - 2 minute/octave sweep

5-150 cps @ 46

o Simusoidal Qual. Test - Z axis - 3 mimte/octave sweep

6=-35 cps @ 1G

35-50 ops @ .50
50-60 cps @ 1G
60-80 ops @ .50
80=100 cps @ 1G

- 100-200 cps @ 2G

200-600 cps @ 5@

o Random Qual., Test - Z axis - 5 minute duration

Levels same as test 3 above.

Notes: 1. After completion of vibration testing the pinpuller used

to restrain the aft end of the recorder was actuated once,
and shock levels recorded. This pinpuller was not used on
the flight item and a fixed pin was substituted. No
failures were observed during vibration or pinpuller

release,
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2. A total of 36 accelerometers were used to monitor response
of payload units during vibration. Figures 2.l1l.1l.9 thru

2.1.1.12 show some of the accelerometer locations.

Vibration Test Guidance Auxiliary Rack (TA 19,363)

The Guidance Auxiliary Rack, with Dynamic Models of all equipment
weighing two pounds or more, was subjccted to the following vibration

levals:
RESONANCE SEARCH
Axis Duration Frequency, CPS Amplitude
X) 1.5 min, 6-1100 «5 g vector
per octave
Y)
z)
SINUSOIDAL VIBRATION TEST
Y 3 min, 6=22 1l g
per octave »
22"35 ' .5 8
35-60 1 g
60-70 Seg
70-~100 1 g
100-200 2 g
200-400 5 g
A 3 min, 6-27 l g
per octave
27"‘31 05 g
31-55 1 g

SEGREF SPECIAL HANDLING
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SINUSOTDAL VIERATION TEST

Acs Duration Frequency, CPS Amplitude

A 55-65 S8
65-100 1 g
100-200 2 g
2bo-hoo 5 8

X 3 min, 5-9 .5 in. D.A.
per octave 9-16 2 g
16-22 L ¢
22-45 l.5¢
L5-55 5
S5-75 1 g
75-80 _ 5
80-100 1.5¢
100-200 L &

200-400 5 g

RANDOM VIBRATION TEST

Axis Frequency, CPS  Spectral Demsity, g /cps  Duration

X, Y, Z 20-200 0L S min, per
200-400 .03 wis
400-2000 «08

A total of 2l accelerometers were used to monitor equipment response.

No failure was observed after completion of vibration testing.
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Filgure 2.1.1.,9 ACCELEROMETERS ON RECORDER DYNAMIC MODEL
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Figure 2.1.1.10 ACCELEROMETERS ON RECORDER DYNAMIC MODEL
1.3}
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2.1.1.11 ACCELEROMETERS~-TRANSMITTER AND RF-IF DYNAMIC MODELS
1-35
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ACCELEROMETERS ON DYNAMIC MODELS
Figure 2.1.1.12 IN CYLINDRICAL SECTION

1-36
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Static Load Test - Payload Packages - Cylindrical Rack (TA 1082)

The cylindrical auxiliary rack was mounted to the guidance rack and an
Agena D Forward Rack as shown in Fige 2,1.1.7(I). Dynamic models dfltho
following equipment were installed:

Description Part Number Load A ed
Type 1-D Battery 1461793-1 Py |
High Voltage Power Supply 1461,21,0-1 P,
Trans:utter-uédulatu- 464247-1 Py

RF-IF 1h6h28-1 P,
Reference Computer 1464249-1 Py
Control Unit 14644250-1 Pg

Hydraulic jacks were used to anply loads on each of the dynamic models
(see Figures 2,1.,1.7(I), +13, «14)s All loads were applied in 10 percent
incremente up to 100 percent design limit load (DDL) and 5 percent was
maintained after each increment. The test was divided into three parts.

PART I: The loads shown in Table I were applied to each package indi-
vidually (two loading conditions per package),

PART IT: The loads shown in Table II were applied simul tanecusly in the
=X direction,

PART III: The battery was simultaneously subjected to loads in the =X and

+2! directions shown in Figure 2.1.1.7(I). Limit loads were 1800 pounds in
the =X direction and 1920 pounds in the +2' direction. Ultimate loads
2250 pounds in the =X direction and 2400 pounds in the +Z' direction,

1-37
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\

Figure 2.1.1.13 STATIC LOAD TESTING-TRANSMITTER DYNAMIC MODEL
138

~SECREF-SPECIAL HANDLING

LOCKHEED MISSILES & SPACE COMPANY



NRO APPROVED FOR RELEASE

DECLASSIFIED BY

CRART

~SEGRET SPECIAL HANDLING

9 JULY 2012

DECLASSIFIED ON

CYLINDRICAL SECTION

STATIC LOAD TEST -

Figure 2.1.1. 14

~SEOREF SPECIAL HANDLING

LOCKHEED MISSILES & SPACE COMPANY




}
| NRO APPROVED FOR RELEASE
DECLASSIFIED BY: CIART

ACOL306
DECLASSIFIED ON: 9 JULY 2012 SECR a SPECI AL H AN DI.' NG

TABLE 1

1imt ~TTUltimate
Load Direction (1B) (LB)
P X 1920 200
1 1 480 600

=X 700 . 875
F2 4 500 625
P : X 3270 Logo
3 e 1635 20k2
P =X 1104 1382
L T 553 692
P =X 868 1110
5 A L) 555
P X 612 - 765
6 T 306 383
TAHRLE 2

Load Direoction Limit Ultimate
Py X 1240 1550
Py X 2420 3230
Ph =X 691 865
Pg X 555 695
Pg X 382 478

_SEeRET SPECIAL HANDLING
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No failures were observed after completion of testing per Part I
through III. No instrumentation was used on this test except that
required to record loads. It was noted that the deflsction of the
transmitter under load was in excess of the predicted deflection.

A test was performed on two of the HT2-100 vibration isolators used to
mount the component. Load deflection curves were generated. These
were compared to curves from an unused isolator. It was concluded
that the spring constant of the isolators tends to deteriorate under
continued usage. It was recommended that fresh isolators bs used on
the flight item,

Static Load Test - Payload Package - Conlcal Rack (TA 2048)

The conical and cylindrieal suxiliary racks were mated and the entire
assembly bolted to a load plate (ses Figure 2,1,1.15). A dynamic model
of the recorder was mounted in the conical rack. One hydraulic jack was
attached to this wnit and load applied as shown in Figure 2,1.1.16. Fo
failures were obsarved as a result of the two loading conditions,

P ad F Pressure Test (TA 7
The payload fairing and transition (ramp) section were mounted to a
siimlated vehicle (two booster adapters and a nose cons bolted together)

as shown in Figure 2.1.1.17. Pressure loads were applied to both sections

by evacuating or pressurising the fairing. Pressure bags wers also
used to apply collapsing pressures. The test was divided into four
pm‘.

A-la
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Figure 2.1,.1.15 STATIC LOAD TEST - RECORDER DYNAMIC MODEL
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194.00

143,89

Acoli306

X-X
€ X=X
<
|
X=X
<
|
e LOADING CONDITION NO. 1
o
P, I ot Bl B LINIT ULTIMATE
P, (%270
P76 ] 0 1670+ 2090
-1
I I
| I .
| ) LOADING CONDITION NO, 2
: Sla [ twr ] utiMate
ot et
Py s4s| o 946+ n8s#.
| |
BOX NO. 7
Figure 2,1,1.16 Inertia Loads Box No. 7
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RADAR ANTENNA FAIRING - PRESSURE TEST

Figure 2.1.1.17
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Part 1
The internal pressure of the entire fairing was reduced to obtain a

differential pressure of 1.0 psi and 1.25 psi (100 percent and 125

percent design 1limit load).

Although canning of the skin was observed, at approximately 100 percent
design 1imlt load petween stations 194 and 252, visual inspection after

testing showed no indication of damage.

Part II

The ramp fairing (SKWBK 10-7) was pressure tested to 125 percent

design limit load. The test consisted of reducing the internal pressure
of the entire ramp to obtain a differential pressﬁre of 5.6 psi to the

sides of the ramp and 12.1 psi to the top surface.

Part III
The entire fairing as shown in Fig, 2.1.1.18 was simultaneously subjected

to the following differential pressures.
(a) The internal pressure of the fairing between stations 179
and 230 was increased to obtain a differential of 6.0 psi
(100 percent design limit load) and 7.5 psi (125 percent
design limit load). |

(b) The internal pressure of the fairing between stations 230
and 38h was inoreased to a differential pressure of 2.0 psi
(100 percent design limit load) and 2,5 psi (125 percent
design limlt load).

1=l5
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Above 112% of design 1limit load two rib assemblies buckled (see Figure
2,1.1.18 = ,19)s After review of the design loads it was conoluded
that the pressure load at 112% sctually exceeded the predicted ultimate
load in the area of the ribs. This condition is due to the fact that
it is almost impossible to apply the exact predicted load profile with

a pressure test of this type.

Part IV

The fairing (SKFCG 19639-501E) was subjected to an axial load of 1275
1b. (100% design 1imit) and 1595 1b. (125% design 1imit) in the aft
direction. Inspection after testing showed no indication of damage

to the specimen.

P F - Thermal ation Test (TA 5906)

The payload fairing and transition section were mounted to a simmlated
vehicle (two booster adapters and a nose cone bolted together) as
shown in Figure 2.1.1.20. A 70 foot long cable attached to the fairing
at the center of gravity. The fairing was then subjected to the
following test sequence:

(a) The fairing was heated with a bank of quarts lamps (mv

Figure 2.1.1.21). The power to the lamps was programmed to
similate the maximum predicted ascent heating pulse.

(b) The lamp bank was removed, The pin puller holding the
fairing was actuated and the fairing separated under the
force of the spring actuators,
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Figure 2,1.1.19 ANTENNA FAIRING - BUCKLED RIBS
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FAIRING THERMAL - SEPARATION TEST

Figure 2.1.1.20

1=49
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FAIRING THERMAL TEST - HEAT LAMPS

Figure 2.1.1.21
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The sequence of testing was the same as the flight sequence. Three
successful test runs were made. Three 200 frame/second 16 MM cameras
recorded the separation characteristics of the fairing. The film data
was reduced and the terminal velocity was found to be 27.5 in/sec. in
the X direction and 22.0 in/sec. in the Y direction. These test results
indicated that the fairing would not strike the vehicle after separation,

Ref. 1 - IDC St/Lo.k29, to [N -~ B dated
8 November 1963, "Static Qualification Test Requirements for
Progran [ venicie us205-23550.

Ref. 2 - 10 5s0/227, to NN tron NN, dated
17 Jamuary 196l, "Revised Dynamic Test Requirements -
Vehicle 2355",

Ref, 3 = Structures report 55/825/5522, dated 24 August 196,
"Results of Dynamic Qualification Tests Conducted on the
Vehicle 2355 Forward Auxiliary Rack Structures®,

Ref. 4 = IDC W 40.520, to [N cro- I dated

26 March 196lL, "Revision to Static Qualification Test
Requirements for Program - Vehicle L45205-2355",

Ref. 5 - I0C 758 343-17, to N =R ot

23 Jamuary 196k, "Temperature inputs to Vehicle 2355
Separation and Heating Test".
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2.1,2 Electrical Power Subsystem

2.1,2,1 Subsystem Description
Simplified Schematic - A simplified schematic of the 2355

Electrical Power System is shown in Fig.2.,1l.2,l. Three Type 1-D

primary batteries are provided as a power source during ascent
and orbital operation. A fourth battery, Type VI-A, is provided
for recovery pyrotechnic events and the Lifeboat backup recovery
system. Two of the Type 1-D batteries are located in the Agena
wvehicle and the third 1=D battery is located in the payload
section. The payload battery is also utilized as a pyrotechnic
power source for ascent functions, being diode-isolated from
the vehicle batteries at that time, In orbit, the three
batteries are connected in parallel as a single source for

Agena and payload operation,

Telemetry instrumentation of battery parameters includes volt-
age, current, amper-hours, and temperature. The payload
battery mﬂomm is monitored by Ampere-Hour Meter #2 and
the C179 shmnt. The two vehicle batteries are monitored by
AMM #1 and the Ch shunt. Assuming normal current division
between the batteries, ARM #1 will step at a rate twice as fast
as ARM #2. Total powsr consumption is the sum of the two
Ampere-Hour Meters. |

Vehicle Power Conversion Equipment consists of a LOO-cycle
three-phase inverter Type XII, and two DC/DC converters,
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Types IX and X, The Type IX converter is the basic Agena
regulated power source for guidance components, The Type X
converter is utilised for certsin Commmnications and Control
components and as a telﬁnotry excitation source for all sub-
systems,

Payload Power Conversion Equipment consists of a LOO-cycle
three-phase inverter Type XII, a 2000 cps inverter Type IV=D,
a DC/DC converter Type X, and a high voltage power supply.
These units are located in the payload cylindrical rack and
provide the total regulated power to payload components. The
Goodyear payload unite require no unregulated power. The high
voltage power supply is provided with an input power shunt
(c27h, 150 amp) for current monitor:l.ng on telemetry.

Subsystem Operation and Control - Prior to lift-off the Main

Vehicle Transfer Switch is closed, connecting the vehicle and
payload batteries to the wehicle and pyro busses, respectively.
When the transfer switch is closed, both Ampere-Hour Meters are
automatically reset to zero. All Vehicle Power Conversion
equipment at this point 1s operating from battery power and
will operate continuously until the end of the mission. The
Payload Type X DC/DC Converter is also connected to the vehicle

. buss and operates continuously. Near the end of the ascent

sequence, the isolation diods between the vehicls and payload
batteries is bypassed, connecting the three batteries in
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parallel for orbital operation.

On orbit the Payload Power Conversion equipment is activated
(vith the exception of the Type X DC/DC Converter which is on
continuously) by closing the Payload Transfer Switch. This is
effected by an Orbital Programmer Brush 7 or 8, Payload Warmup.
Additional switching of regulated power is exscuted by payload
relays in the Power Control Unit and the Recorder. The High
Voltage Power Supply "ON" signal originates in the transmitter
and is the result of an "Operate ON" command, After receipt
of this "ON" gignal, a nominal S-second delay precedes the

high voltage output,

In the event a high voltage overload should occur, a protective
circuit will turn off the supply output for a nominal Sesecond
interval; then the high voltage will be reapplied to the load
and, if the overloed condition has been removed, normal output
will be restored. If the overload is sustained, the supply
will continue to gycle at S-second intervals until the overload

is removed.

At the end of a payload "active period" the Payload Transfer
Switch is opened, switching off all Payload Power Conversion
equipment with the exception of the Type X DC/DC Converter.

' The switch is opened by an Orbital Programmer Brush i or 2,

Psyload Warmup Off,.
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2.1.,2,2 High Voltage Power S“PEL_D.!"M
Development - Early work on design concept and approach to

develop a High Voltage Power Supply to meet special Program
requirements was underway in June 1963.

In July 1963, technical proposals were svaluated by Engineering
to selsct a vendor to design and package the supply in accord-
ance with the design specifications and drawings. Proposals
were received from three Vendors from which Lear-Siegler and
Engineered Magnetics were selected to submit a working bread-
board of their design. These breadboards were delivered during
the month of October 1963 and were tested and evaluated with a
prototype payload system. Both units showed satisfactory
results and were acceptable for electrical parameters. In the
final evaluation, Lear-Siegler Corporation was selected over |
Enginsered Magnetics Corporation to package their design for
further campatibility and qualification tests,

The deciding factor in selecting the Lear-Siegler Corporation
was the ability to support schedule requﬁnenta. One of the
major differences between the two designs was in the cholce of
output circuitry. Engineered Magnetics®' approach was for a
single output transformer with multiple windings; Lear-Siegler

used multiple "C" core transformers connected in series on the

output .

The first package from Lear-Siegler was an engineering model
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delivered in December 1963. After compatibility tests were
satisfactorily completed, the follow-on units were started.
The first two of the production units were scheduled for

qualification testing.

The power supply (Part Number 1464210-1) is designed to deliver
a regulated output of L4OO VDC at 0.L460 amps from a 22-29 VDC
unregulated source., It has the special features of output
ahort‘ci.rctd.t protection, input overvoltage protection, ocutput
current monitoring and limited redundant operation. The
external dimensions of the power supply are 18" long, 12" wide,
and 9" high with an overall weight of approximately 58 pounds.

Printed circult boards and modular construction are used in
the internal design. All transformers and critical high
voltage areas are potted in epoxy compound. All exposed
terminals and comnections are conformal coated. The overall
construction is so arranged that the majority of components
are readily accessible for easy repair.

Qualification Testing - Construction for the follow-on units

began late in December 1963, The first two of seven units
total were to be used for qualification testing. Qualification
testing started in February 196i. The power supply was sub=
Jected to the qualification tests as outlined in the qualifi-

cation test procedure. The data in the qualification test
report showed that this unit passed all tests without failure
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or deviations fram the specified performance limits,

Prior to the completion of this Qualification Test period, the
second unit which was to be used for additional qualification
testing was needed for electrical payload test at IMSC., It was

shipped in March 196k,

Qualification testing on the second unit was delayed until

June 1964, This delay was caused by a program chenge which
affected the general construction of the supply. The new or
changed configuration qualification test power supply was sub-
Jected to the same qualification test levels as the ﬁ.:at
supply. There were no failures or deviations on the new
configuration. This completed the requirements for environment-
al conditioning. |

Design Changes - At the end of February, requirements were
issued to eliminate all incidence of corona within the power
supply when the unit was operating from sea level to flight
altitude., Special tests were run on the design approaches for
the corona elimination.

The first approach was to use a metallic covering which was
painted on the corona emitting surface, Several compounds
were used in this test. One was a graphite type of material
and the other was a metallic epoxy. Both types proved to be
unsuccessful. The graphite material sublimed under altitude
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pressure covering all surfaces, The epoxy paint flaked and
chipped when leads were moved or dressed for soldering leaving
volds on the surface.

The second approach was to can individual output transformers
and rectifier assemblies and completely encapsulate with epoxy
campound, This proved to be successful. The final redesign
effort included canning of individual output transformers,
rectifier assemblies and output AC filtering components.
Shielding of leads and potting of all high potential leads and
terminations was accomplished at this time., The electrical
design was not changed during the above modifications, However,
nﬁ.nor changes were made during the manufacturing of the follow-
on units.

These changes were necessary due to subsequsnt failures which
will be mentioned in the individual case history discussion,

Test Programs - Each power supply received acceptance testing

at the Vendor's. These normal tests consist of electrical
performance, low level vibration and a programmed 68-cycle
altitude test.

Due to a series of fallures of high voltage breakdowns during
checkout procedures, it was necessary to conduct a series of
special altitude tests at IMSC., The purpose of these tests
wvas first to determine the cause of failure and secondly to

1-59
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obtain a level of confidence before flight. These tests were
performed on supply number three and repeated on supply number

five and six,

Each unit was subjected to 68 duty cycles at a pressure of 100
microns, The supply was operated under two load conditioms,
full load and half load for a period of ten minmutes ON and

" twenty minutes OFF for each duty cycle.

The results of these tests caused a change in potting compound
around all high voltage teminations. (Refer to individual
case histories for Units #3 and #5 for detail test results.)
These tests proved the reliability of the unit under adverse

canditions,

A special qualification test was performed on the High Voltege
Capacitor used in the output of the converter. This capacitor
was clessified as a critical item dus to a fallure early in the
test period. In August 1964, four high voltage capacitors of
two configurations were subjected to vibration shock, tempera-
ture, altitude, overvoltage and stress tests. The level of
magnitude was in accordance with 6117B, an IMSC qualification
test document and the Design Specification of the Power Supply.

A1l capacitors successfully survived all teste except for one .
unit which was dsmaged duwring low temperature tests. The type
of failure was a decrease in capacitance and an increase in

1-60
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leakage current,

- Individual Case History - Additional changes were mnade during

manufacturing of the follow-on units. These changes were
necessary due to subsequent failures on different units. The
units will be classified in two configurations, Configuration
"B" and Configuration "C", These cancur with the latest
design specification change.
Unit #1 Serial #11593 - Configuration "B"
1. Number one gqualification test unit,
2, Sustained all envirommental qualification
levels,
3. Shipped to IMSC on 1 April 196k.
4. Failed Capacitor Clll during payload
testing (preliminary rnn).
5. Returned to Vendor for repair, 10 April 154,
6. Replaced Capacitor with an improved design,
7« Returmed unit to IMSC.
8. To be used as a test model,
Unit #1 is the old design. Transformers and high potential
leads are not potted. Altitude testing lower than 10 microns
is not recommended.
Unit #2 Serial #111632 - Configuration "B"
1. Shipped on 9 March 196k,
2. Tested with payload and verified operation

was successful,
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3. Failed a regulator module.
L. Used for follow-on testing with restricted
input.
The unit operated successfully with the payload and subsequently
failed. One regulator module failed power transistors and the
assoclated high voltage rectifier block. The failed section
was disabled and the unit put back in service with restricted
input voltage levels. Possible cause of failure was due to
parasitic oscillations due to improper wiring. No repair is
scheduled for this unit.
Unit #3 Serial #113985 =~ Configurstion "C"
1, Formal vendor ATP includes altitude tested
for 68 cycles at 10 microns,.
2, Unit shipped in June of 196k,
3. Altitude tested with payload LMSC,
L. Hgh voltage breakdown, C1L1 area.
5. Unit returned for repair,
6. Altitude tested at Vendor - 68 cycles, 10
nmicrons.
7. Returned to IMSC.
8. Altitude tested at IMSC - 68 cycles at
100 microns.
9. Total mmber of test cycles = 20k,
Unit #3 was the first unit manufactured to the "C" revisiom,
which required elimination of all corona. During
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altitude load testing at IMSC, the unit developed intermittent

high voltage dropouts.

Arrangements were made to altitude test the unit with externally
connected dynamic load. During the first hour of testing the
unit demonstrated the same failing conditions. Investigation
showed that the failure was due to an insulation breakddun
around the insulator on the high voltage output capacitor. The
failure was attributed to insufficient bonding of potting
material. Corrective action was to:
1, Abrade the insulator on the high voltage
capacitor for better insulstion adhuion._
2, Change the type of potting material fran
epocast to scotch case, the latter having
a longer pot life,
3. Encase all high voltage connecting wires
. and terminations, '
Unit #l; Serial /114626 - Configuration "C"
1., Unit shipped on 2 July 196k.
Unit #L was used as the second qualification test unit. The
unit passed all envirormental levels of testing without failure.
It will be used for ground and eltitude load testing. Unit #h
contains all modifications.
Unit #5 Serial #fA14538 - Configuration "C*

1. Formal vendor ATP includes altitude testing
at 10 mierons for 68 cycles.
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2. Unit shipped _15 July 196k.

3, Altitude tested at IMSC at 100 microns.

L. Potting failure at 11 cycles during above
test.

g, Returned to vendor and repaired. (The
potting compound in the high voltage charmel
was changed to scotch cast.)

6. Altitude tested at vendor's plant, 10
microns for 68 oycles.

7. Unit returned to IMSC.

8, Retested unit at altitude 100 microms for
68 cycles,

9« Completed system and oompatib:llify test,

10, Intemmittent line capacitor C-1, dc input
line,
11, Unit returned to vendor for repair.
12, Unit altitude tested at vendor's plant,
10 microns for 68 cycles.
13, Unit returned to LMSC.
This unit has been tested for a total of 215 cycles. During
the cycling period high voltage was ON for a 10-minute period

each cycle.

Unit #5 hns had two repairs:
1. During the first altitude test performed at IMSC at
100 micron level, the epocast material in the high
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voltage channel punctured. It was repaired by
repotting with scotch cast.

2. The second repair was to replace an intgnd.ttent
capacitor C=1, At normal input voltage the power
supply operated satisfactorily, tut when input resis-
tance measurements were made, the results did not agree
with the previous measurements. Investigation showed
that one capacitor was low in resistance. In addition,
a gener diode CR11S was replaced with one of higher
wattage capacity. Units, numbers 6 and :?, have the
above change,

Unit #6 Serial #115326 -~ Configuration "C"

1. Unit shipped on 18 September 196k,

2. Ux;it altitude tested at vendor, 10 microns
for 68 cycles.

3. Unit altitude tested at IMSC 100 microns
for 68 cycles,

Lhe Replaced CR115,

5. Used on 2355 flight successfully,

Unit #7 Serial #115326 ~ Configuration "C"

1. ATP at vendor - altitude tested at 10
microns for 68 cycles,

2. Unit shipped to IMSC on 22 October 196k.

3. Replaced CR115.

1-65.
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2.1.2.3 Battery Testing and Development

Battery History - The early configuration of the 2355 Power
System required the development of a high current battery to
supply the payload. This battery, located in the payload
section, in conjunction with two 1-D Batteries located in the
vehicle were to provide the total mission requirements. Two
significant events during the development phase affected this
early configuration. The first item was a reduction of power
required by the payload. This factor opened discussion of
alternate configurations and most significantly, the possibility
of using existing batteries to supply payload requiremente. -

Initial Battery Testing - A series of battery surge tests was
initiated in early June 1963 to determine voltage, current and
temperature characteriestic of 1-A and 1-D batteries. The
results of these tests are summarized below:

Five primary Silver-Zinc batteries, 2 Type 1l-D and 3 Type 1l-A,
containing Eagle~Picher Type 2598 cells were discharged at
rates up to 100 amperes over a temperature range of 30° to
125°F, Voltage and activated stand characteristics limit
effective operation to the 45 to 100°F range.

These primary batteries were tested to cbtain data on their

surge capability at various temperatures. The 1-D units had

been in dry storage for approximately one year and the 1-A

units for approximately three years prior to activation. The
1-66
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batteries which were tested and the corresponding ambient

temperatures are as follows:

Battery Type  Serial Number  Temperature °F
1 38 30
14 298 Ls
1A 291 70
1 297 100
w a 125

Each battery was discharged ascording to the following
sequences with minor deviations as dictated by test conditions:
25 amperes for 15 minutes

1/2 ampere for 75 minutes

SO amperes for 15 minutes

1/2 smpere for 75 minutes

75 amperes for 15 minutes

1/2 smpere for 75 minutes

100 amperes for 15 minutes

The sequence was repeated four times per battery during the
day. The overnight discharge rate was 1/2 ampere,

The temperature was monitored by nine thermocouples located
externally on the battery case, and internally between cells
and on a connector strap., Battery voltage wvas recorded con=-
timiously and cell voltages were recorded at regular intervals

1=67
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during each discharge.

The five batteries were activated, allowed to stabilize at the
preset temperature and discharged according to the sequence
outlined sbove. Minimum voltages and maximm temperature rises
obtained during discharge at various rates and ambient tempera-
tures during these tests provided the data shown in Fig, 2.1.2,2

The tests showed that batteries containing Eagle-Picher's Type
2598 cell are capable of repeatedly delivering 15 minute dis-
charge of up to 100 amperes. Temperature range was L5° to
125°F, At higher temperatures cells could develop internal
shorting, and at lower temperatures the voltage under load
could drop below 20 voltse

It was recommended that flight operation be limited to 70° to
100°F, to minimize possibility of shorting cells and to assure

operation above 22,0 volts,

This series of Battery Tests resulted in a decision to use
three 1-D type primary batteries to supply the pgyload réquiu-

ments,

Anechoic Test (2356) ~ Vehicle 2356 was operated in the
Anechoic Chamber for a full mission life, Three new 1-D

batteries were installsd in flight position to power the

system., Operation of the vehicle up to approximately Pass 47
was normal, with balanced current from the three batteries,
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Beginning with Pass 47 and continuing until Pass 71, the
current became unbalanced with the forward battery carrying
approximately LO to 50% of the load, The shift in load is
attributed to a shorted cell in a battery at Pass 47. Analysis
of the batteries after the test revealed one battery had a
shorted cell with approximately 100 MMG capacity remain-
ing. The other two batteries were depleted, The reason for
the short has never been proven conclusively, however, excess
electrolyte accumulating on cell separators is the most
probable cause., This test showed the effect of operating
payload with batteries in the peroxide regiom, in that the
first operate command lowered the bus to 22,7 volts while

subsequent operates were above 23.5 volts,

Cell Evaluation at Elevated Temperature - Additional 1-D

battery parameters were established in tests which were con-
cluded in December 196l. Purpose of these tests was to
determine the terminal voltage of the Type 1-D battery cells
as a function of discharge current, temperature, and A/H
capacity expendsd. Three Type 1-D battery cells were serles-
cornected and maintained at 60°F, 80°F, and 100°F respectively.
The cells were subjected, cyclically, to current drainms of 1,
2, L and 8 amperes for a period of 15 minutes at each current
level,

The significant conclusions and development in tli:ls series of

SECREFSPECIAL HANDLING

LOCKHEED MISSILES & SPACE COMPANY



NRO APPROVED FOR RELEASE
DECLASSIFIED BY: CAART

™

A

S

o @06
DECLASSIFIED ON: 9 JULY 2012 _SEGR-E-T- SPECI AL | HANDLI NG

tests were the following:

o The peroxide plateau will last longer at higher
temperatures,

o Curves were generated to predict battery voltage at
various temperatures and degree of discharge. (See
Fige 2.1.2.3.

o Internal impedance of 1-D batteries varies inversely
with temperature,

Pre-flight Battery Conditioning - Special procednres were used

during the activation, selection, and conditioning of the
batteries used for the 2355 Flight. During activation, tests
were made to limit cell voltage variance and to verify electro-

lyte absorption.

Three flight batteries were selected after studylng the
characteristics of the eight batteries activated for 2355.

To eliminate the possibility of low voltage during the first
operate period, S50 amp~hours were removed from each battery
during sctivation. This was dane to bring the batteries dowm
$0 the monoxide plateau where effects of battery temperature |
differences would have less effect on terminal voltage under

load,

During the R-3 day RF tests and the countdown, the flight
batteries were used to supply power to the vehicle. The
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batteries were maintained at approximately 70°F to prevent

low voltage on the unregulated bus during the payload opera-
tion, Special air conditioning requirements were specified
during cowntdown to keep batteries above 60°F at time of launch.

2.1.2:h DOI}_.E Change History
The design changes listed below represent significant additions or modifica~

tions to the Electrical Power System originated subsequent to initial engin-
eering drawing release. A summary of each change is included, as appropriste.

Relocation of Type VI Battery to BTL Section - The Lifeboat
battery was moved to the BTL section at the request of Orbit

Thermodynamics. The reason for the move was to improve the
thermo reliability of the battery and substantially reduce the

Thermodynamics and Engineering effort.

Forward Pyro J-Box Modification (Created -503) - This modifi-

cation moved the recovery pyrotechnic events from the pyro
(payload) battery to the Lifsboat battery. This change would
enabls a Lifeboat recovery even if the vehicle batteries
became depleted.

Forward Pyro J-Box Modification (Created =505) = This change

removed parallel relay contacts used for the capsule "Amm'"

event to avoid a possible fallure mode if one relay failed to
actuate,
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Re-routing of Power Wiring to Reduce Magnetic Moment - This

change involved twisting the primary power wiring to reduce
the magnetic moment produced during high-current periods: of
operation,

Addition of Pyro Shield Grounds - This change provided local
grounding for pyro shields in the Cylindrical and Conical
Racks, reducing the possibility of losing a shield ground
through one of the electrical interfaces between the Forward

Pyro J-Box and squib functions located in the payload areas.

Addition of C-263 and C-28l Peak-Reading T/M Monitars - The
C-283 and C-28); peak-reading monitors are identical units
which accept a O=5 volt telemetry signal as an input and, for

an unvarying input, produce a proportional output in the 0-5
volt range. If the input signal to the module contains a posi-

tive transient, a condition which would be undetectable on a
normal commtated telemetry system, the peak-reading circuit
will respond to thepedtvalmofmp\rbvoltagaanddaay
slowly so that it may be easily detected via telemetry. The
time constant of the decay is approximately 3 seconds (63%

pd.ﬁt)o
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Examples of input disturbances vs. output are shown below?:

Ll

A

Note that the monitors respond only to positive transients,

The input to the C-283 peak-reading monitor is the output
current monitor fram the High Voltage Power Supply, C=275.
Therefore, it is possible to determine the peak value of
current surges drawn from the supply by evaluating C-283 on
telemetry.

Simllarly, the input to the C-28L monitor is the h:l.gh voltage
monitor, F=lli, In the event the High Voltage Power Supply
should fail to supply continuous output, and cycle at the
normal S-second intervals, it is possible to determine the
voltage level at which the overload is occurring.

Payload Heater Addition - This change added heaters, wiring,

temperature monitors for pre-launch tesmperature conditioning
of payload equipment.
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Addition of 3@ Compensating Capacitors - The addition of
capacitors to the LOO-cycle 3-phase inverter ou'l;put was re-

quired to decrease the waveform distortion to a satisfactory
level during operation of the mcau_penaited payload drive
motors, Valuss of capacity were chosen for a resultant power
factor of nearly unity. |

3f Compensating Capacitor Modification and Addition of

Isolation Diode = In the course of altitude testing of the

payload section in the TASC Chamber, a recurrence of the wave-
form distortion occurred. Investigation revealed that the RFI
filters wired in series with each phase of the supply, located
~ in payload power supply and recorder were leaking dielectric
fluide The filters, essentially a C-L~C arrangement, were
apperently changing in capacitance with altitude. 411 LOO-
cycle RFI filters were subsequently removed from these units,
which necessitated a realigmmi; of the compensation required
- because of the removal of the capacitance in the filters.

The addition of a diode was required to isolate the payload
and vehicle unregulated busses. In the event the payloed buss
should seek a level higher than the vehicle buss, excessive
current would flow through a diode in the Type XII 3§ Inverter
resulting in failure of the diode. This failure occurred in
two inverters prior to incorporation of an additional diode in
the vehicle wiring, eliminating the problem,
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Type X DC/DC Converter Programming Revision = To increase the
reliability of the Type X DC/DC Converter, a revision was ine-

corporated to hardwire the converter on at all times. Formerly
it was switched on and off as required for payload operation
or telemetry excitation.

1-77

soner SPECIAL HANDLING

LOCKHEED MISSILES & SPACE COMPANY




NRO APPROVED FOR RELEASE
DECLASSIFIED BY: CNART

DECLASSIFIED ON: 8 JULY 2012 _SEGR_E:F SPEC| AL H AN DLI NG

2.1.3 Attitude Control Subsystem

2.1.3.,1 Attitude Control Requiremsnts - Orbital

Establishment of Attitude Control Requirements - Early in 1963, a mumber

of discussions were held to consider the establishment of crbital attitude
control requireaents, Representatives of the [N~
Goodyear Aircraft Corporation, presented order-of-magnitude estimates of
the requirements necessary for suoccessful payload operation. Lockheed
representatives presented estimates of the Agena $-01A capabilities in
several configurations. The standmxrd Agena, the standmrd Agena with minor
modifications, and a basic Agena type system with major modifications (e.g.
new horison sensar and/or inertial reference package) were considered.

After due consideration of requirements, capabilities and costs it was

m‘hxﬂJ;Wby- Goodyear, the Air Foroe snd Lockheed that the
basic Agena system had sufficient capability to pemit accomplishment of
the wission objectives. Minor modifications of the standard system would
be permitted to allow the system to be "pushed® to its maximum capability.
It should be noted that at this time the magnitade of the problem of harisen
sensor susceptibility to oold clouds was not knowm. {

The Attitude Control Requirements - As & result of conmidersble malysis
and snalog computer studies the vehicle capsbilities (and hence, require- |
ments) were established. These are presented in tabular form, -

1-.78
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Payload Operatings
Control Axis Pitch Roll Yau
Item Units  Note
Null Position degrees 1 0 ] +/= 2.4l
Bias Uncertainty degrees 2 0.L 0.4 0.4
Limit Cycle degrees 3 40,25 30,25 40.25
Body Rate deg/sec L 0,002 +0.005 20,003

NOTE 13 Vehicle body axes with respect to orbit reference axes.
(8“ l"ign'oa 2¢1e3e1 and 201.302.) The pooitin yavw
bias is for North to South passes and the negative
for South to Narth passes. The tolerance on the yaw
bias is _-:10!.

NOTE 2¢ Maximm value - Thess figwes do not include any allowance
for horison sensa noise,

NOTE 3: Maximm valuse,

NOTE Ls Maximm averags value,
Payload Inoperative:
No requirament other than compatibility with the system capabilities mnd
other attitude comtrol requirements,

Payload Duty Cycls and Mission lifetime - One of the basic ground rules
stated by the Customer was that the payload be operated only within the
ZI (Continental United States) and within sight (:So elevation) of elther
the Vandenberg o New Hampshire Tracking Stations. The mission 1ife was
to be four days maximum, For the selected arbit this meant there would
be nominally four active (payload operats) passes each day (two each at
VTS and NBS) or a total of sixteen passes. The payload operate times
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would vary from 1.25 minutes to 3.52 :Lnuua vith an sverage value of 2,16
mimtes. |

2.1.3.2 Program Peculiar Design Featwres

Payload Antenna Mounting and Vehicle Mmﬁﬁon - Structural interface
congiderations and the payload system requirements resulted in the payload
antenna being mounted on the right side of the wehicle with the mtenna
boresight axis depressed 55° fram the +Y axis. For this configuration a
tail first orientation on orbit was desirable so that on the North to South
west coast passes (16, 32, 48, etc.) the antenmna ground swath would be
overland, Additionally, the capsule recovery requires the Agma to be
oriented tail first prior to pitch dam. In order % minimisze the time
required for the cuplohmmammomdobtdnthoaddodg-omd
coverage it was decided to yaw the wehicle around immediately after injec-
tion and fly tail first. '

Horison Sensor Relocation -~ The payload antemna structure obscured the
optical field of view of the right side horison semsor head in its normal
location on the guidance module in the Agema forward rack. It should be
noted that dus to the physical sise of the payload snterna and the geomstry
of the horison sensor field of view interference wuld have occurred for
any reasonsble antemna mounting. After due oonsideration Structural
Engineering decided to relocate the horison sensor int. in the progrm

peculiar Auxiliary Ouidance (BTL) Rack.

Improved Telemstry Resolution - The standard Agena Vehicle provides certain
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telemstry outputs as tabluated below. The resolution obtainable with these
scale factors was not suitabls for perfarmsnocs evaluation in view of the
narrow deadbands. The addition of an auxiliary signal conditioning package
(Secondary Guidance Junction Box) allowed for improvemsnts as tabulated.

Telemetry Output Standaxd 2355 Program
Item Peculiars
) ) o

Horison Sensar - Pitch & Roll +° a

Gyros - Pitch, Roll & Yaw +° a°
$0°

Oyro Tarquers - Pitch . Mn 0 to +6 Min
- Roll Nane 40,5°/Min
- Yaw Nome +40°Min

Yaw Steering Monitor NoA, 3 Levels

Tlrluplckagomanihbhtmnadwﬁutodvduchmdnmodmly
minor modifications to satisfy the required needs,

Yaw Bias - This mission required a yaw attitude bias of plus o mims 2.4.°,
This 1is achieved by spplying a torquing signal of proper polarity to the
roll gyro in the Inertial Reference Packags, Because of the Inertial
Reference Package gains, a very low level signal was required to produce
the desired yaw offset. This voltage level was 17 millivolts, In arder

to optimize the signal to naise ratio the attenuator was physiocally |
located near the Inertial Reference Packags. There was no discernable noise

on the signal during flight.

Deadbands - Ordital attitude control requirements dictated that the orbit
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deadbands not exceed +0,25 degress The standard Agena orbit deadbends are
optional with the lower limit generally quoted as +0.25 degree. The actual
lower limit is determined by the inheremt threshold of the D.,C. mplifier
in the Flight Controls Electaonics Pacimgs. This lower 1limit is nominally
40,1 degree but is subject to a maximm tolarance of about +50%. The
tolerance is composed of two parts, an uncertainty of about +20%-in the
deadband magnituds plus a temperature dependent null shdft of about +30%.

A nominal deadband af 0,15 + 0,07 dsgrees was specified. The valuss
measured in Vehicle Systems Test fell within the rangs of 0.1 to 0,19
degrees., The specific values are listed in Section 2,1l.3.4. The standaxrd
Agena does provide for a coarse md fine (wide and narrow deadband) deadband
selection on orbit. This feature is intended to permit the saving of control
gas during the coarse mode while making available the tighter control of the
fire mode when required. The actual control gas usage for a particular
vehicle is dependent upon the mission 1ife, the deadbands required and the
fine to coarse duty cycle. For the particular case of vehicle 2355 the
’pmmdmumm-mr-hum;mn.t&cmymhmmdm
amount of control gas used in either case low campared to the amount loaded,
For these reasons the decision was made to use a fixed deadband,

Torquing Gains - The control system smalysis indicated the necessity of
changing the horison sensor torquing gains from the standard Agsna settings.
The reasons for this are discussed in Section 2,1.3.6. The standard gains
are contrasted with the specified nominals below. The units are degrees per

minute per degree.
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Standard 2355

Coarse —

Pitch 1,00/1.00 1,67
Roll 0433/1.00 0.33
Yau 0.67/8+00 1.67

These gain changss were accomplished with a potentiometer adjustment in the
Guidance Junction Bax.

Magnetic Compensation - Experience with other vehicles alerted IMSC to the
necessity for carefully surveying all vehicles for sources of magnetic fielis,

The reason for this is that any magnetic field within the vehicle will
react with the earth's magnetic field and result in a torque on ths vehicle.
A survey of ths FTV 2355 configuration revealed threesurces of magnetic
fields which ware sufficiently large to be of concern, Two of these
sources were the permanent magnets in the BTL cannister and the payload
Transmd tter-Modulator. These sources required the installation of compensa-
ting magnets, The third source was a current loop (electro-magnet) in the
forward rack wiring. The third source was eliminated by reconfiguring the
wiring. An analysis of this situation is contained in Section 2.1.3.6.

Unbalanced Payload Mamentum - Unbalanced momenta due to moving masses

within the vehicle can result in significant vehicle motion. A survey of
FIV 2355 revealed a potential problem due to the film motion. Subsequent
analysis (see Section 2.1l.3.6) indicated that corrective action was not

required,
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Horison Sensor Noise-Horizon Semsar Disconnect = The problem of harison
sensor noise is quite complex and is covered in soms detail in Section
2,1.3.6. For the purposs of this present discussion it is sufficient to
note that at the inception of this Program IMSC was aware of the problem

and the possible resulting degradation of ths psyload data. As a result of
analyzing the situnation it was decided to discormect the horizon semsor
outputs to the Inertial Ra.fm Paohéa dring the payload operate periods.
The discommect occurred in conjunction with the payload ON command and the
reconnect in conjunction with the payload OFF comsand,

2:1e3e3 The Standard Agena Orbital Attitude Comtrol System

This section is intended to provide a very brief functional description of
the standard Agena crbital attitude control system (OACS) for the reader
unfamiliar with the system. The program peculiar revisions and additions
incorporated in FTV 2355 did not Mmt&l]y alter the system operation.

Axes Systems, Polarities and Vehicle Orientation - In order to minimise

explanation of axes rotation and polarities at various points in the text
to follow the comventions to be used will be explained. The veldocle body
axes are fixed with respect to the vehicle and form an orthogonal right-
handed system as depicted in Figure 2,1.3.1. Positive roll, pitoh and yaw
vehicle motion are defined with respect to these axes. m: rotation is
consistent with the telemetry output polarities of the three-body axis
gros and the two-horizon sensor outputs. Specifically, a positive wvehicle
displacement yields a positive telemetry output.
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A set of orthogonsal local orbit reference axes are depicted in Figure
2.1.3.2. The vehicle flew tail first on orbit with the +2Z body axis
nominally pointing toward the earth. The plane formed by the +X and +Y
body axes was nominally odi.nc:l.demt with the plane formed by the local .
flight direoﬁ.on and the orbital momentun vector. The vehicle was yawed
(about the Z axis) either plus or minus 2,hl; degrees at all times. The
reason for this is explained in Section 2,1.3.6.

Brief System Description - The standard Agena arbital attitude control
system (OACS) consists of four majoar components, They are a horizon sensor,

an inertial reference package (IRP), an electronics packags and a pneumatic
system. See Figure 2.,1.3.3. The OACS provides active three-axis control.

The horizon smsar system oconsists of two heads and an electronics package.
Basically, each head contains a drive motor, a primm which is rotated at
30 revolutions per second and an infrared sensitive bolometer. The prism
directs the field of view 373° away from the optical axis of the head. The
rotation of the prism canses the field of view to describe a cone in space.
The heads are mounted and aligned such that the field of view scans both
space -and earth on each revolution, The general configuration is dapictdd
in Figure 2,1.3s4e The IR sensitive bolometers are alternately subjected
to radiation from the cold space and the warm earth and ultimately provide
square wave outputs which are processed to provide pitch and roll attitude
information. The attitude determination can be functionally understood with
the aid of Figare 2.1.3.5. The earth index (EI) pulse is generated sach
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time the scan crosses the vehicle Y-Z plane. The EI is used to divide the
energy in each square wave output into two parts as sham. The fow
sections can then be compared to yield signals proportional to the wehicle
attitude. Referring to Figire 2.1.3.5 it om be seen that

Pitch Errar O¢ #(B-A) + #(D-C), and

Roll Errar O< (C#D) - (A+B).
It is also apparent that vehicle yaw motion does not affect the sensor,
Yaw motion would rotate the scan patterns about the center of the search

circle.
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FIGURE 2.1.3.,)1 VEHICLE BODY AXES

FIGURE 2,1.3.2 LOCAL ORBIT REFERENCE AXES
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Zero Pitch Error,Zero Roll Error
A=BaCw=)D

Zero Pitch Error,Positive Roll Error
A=BC=DC+D A+3B

FIGURE 2.l1.3.5 HORIZON SENSCR srmn-ﬁmma.
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The inertial reference package (IRP) contalns three rate integrating

gyros. The three gros are aligned with their input axes along the roll
(X), pitch (Y) and yaw (Z) body axes of the vehicle. This type of gyro is
then sensitive to the inertial vehicle body rate (degrees per second) input
and yields the integral of rate ar attitude (degrees) as am output. The
pitch and yaw gyros are HIG (Hermetic Integrating Gyros) gyros and the roll
gyro is a MIG (Miniature Integrating Gyro) gyro. Funstionally, the three
gyros ave identical and differ only by their undesired random diifts. The
HIG gyros are rated at 6 degrees per hour random drift and the MIG at 1
degree per howr., Each gyro is also provided with an input torquer so that
electrical signals for attitude reference correction and vehicls steering
may be accomodated.

The flight controls electronics package takes the three gyro output signals,
processes them and generates signals to actuate the pReumatic valves,
Initially the attitude signals are fed to a rate circuit which yislds an
output error signal which is proportional to attitude plus the derivative
of attitude (or rate). The rate component in the errar signal provides
kystcn dnpd.ng.. 'Iho'uror signals are then fed to pulse width frequency
modulation (PWFM) circuits which in turm provide signals for actuating the
pneumatic valves. The errar signal mixing in the roll-yaw chamel will be
explzined in a subseguent paragraph. The operation of the FWFM cirouits
may be understood with the aid of Figure 2,1.3.6, When the error sigml
value falls within the deadband there is no output from the FWFM oirouit.
When the errar signal just exceeds the deadband the PWFM circuit supplies
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narrow pulses (approximately 23 milliseconds wide) to the valve at a low
repetition rate (one pulse evary two seconds). As the error signal increases
the pulse width increases and the repetion rate varies as shoun. The

error signal has a maximm effective value which corresponds to the valve
being full OK contimuously (saturation). The Modulation Factar is simply
the product of Pulse Width and Repetition Rate. The Modulation Faotar is
proportional to the average valve thrust for any given errar signal and
thus the system is quite closely equivalsnt to a porportional system even
though the valves cperate as ON-OFF valves, While this is trus for larg
disturbances (large error signals) it is not necessarily the case on orbit,
In a low torque-low rate limit cycle design the error signal will not exceed
the du_dbnndbywe than a few hundredths of a degree. In this situation
the system appears as ons with a constant pulse width and linear repetition
rate.

The signal mixing in the roll-yaw channel is part of a system oonoept inten-
ded to reduce attitude control gas consumption and reduce the amount of
pneunatio sy-tui hardware reguired. Consider the satellite configuration
depicted in Figure 2.1.3.7. In this confignration the valves are positioned
on the vehicle such that the reaction torque from any valve is solely

about the control axis of interest, i.e.; thsre is no coupling. This
configuration is not practical due to the structural design problems in
locating the roll valves on the vehicle midbody. Secondly, the vehicle
center of gravity shifts during the design phase and during the actual
flight operation as well, Placement of the roll valves on the aft rack
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would require two additional valves if coupling is to be avoided, This'
configuration is depicted in Figire 2,1.3.8. 1In this configuration it is
immediately apparent that the two yaw valves (7 and 8) can be eliminated
if the parallel (1 and 6 or 3 and L) roll valves can be actuated by the yaw
error signal when required. This can bs done and results in the standard
Agena configuration where valves 1, 3, 4 mnd 6 are designated as roll-yaw
valves. Direct actuation of the valves by the roll and yaw error signals
indspendently could result in the unnecessary expenditure of control gas.
This is illustrated hy the following table:

Attitude Errar Valve(s) Net Value Value(s)
Actuated Action Wasted

+Roll 3&6 3&6 0
-Roll 1&h S lelh 0
+Yaw 3&)h 3&4 0
=Yaw 1& 6 1& 6 0
+Roll & +Yaw 3, 4L,&6 3 L& 6
<Roll & +Yaw 1, 3, &4 L 1&3

Simply stated the conclusion drawn from this table is that if both valves
of an opposing pair are actuated simultanecusly the net result is sero.
This problem is precluded in the standard Ageaa by the signal mixing in the
roll-yaw channel. Though this possible saving of gas may not be realised
on any particular flight, the hardware simplification is significant.

[andaliiaY

The pneumatic system consists € two gas storage bottles, a two-stage gas
pressure regulator, two-valve clusters of tiree valves each and the associa-
ted plumbing. Th.c@cmntu are connected as showns

Y

r
v

™

™
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1l
2
Regulator 3

N N &

The storages spheres have a volume of 2200 cubic inches each and may be
pressurised to 3600 psi. The reglator high pressure stage is used during
ascent gnd provides a regulated output of 20 psi. The.flow pressurs 'shp
is used on orbit and provides a regulated output of 5 psi. The valves are
of the ON-OFF type and are individually controlled by solenocids, The
asolenolids are energised as required by the outputs from the FWFM
circuitry.
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2:1.3.4 System Parameters

The following tables provide a listing of significant values., Ths
nmesasured values were obtained during Task III of the Vehicle Systems Test
on 27 August 1964, The nominal values are from the Detadl Specification
“"Guidance and Control Subsystem, Model 45205, Serial 2355% IMSC 14165LLA.

"
i H

R S R G

1

-

Ascent Deadbands and Saturation Levels

N Measured
Channel Valve U.H, ~ Sat, D.B. Tat.
Dege _ Deg. Deg. Deg.
Roll 3 0.25-1,00 11.65 04620 12,5
6 to 0,709 13.20
1 16.80 06760 13.25
b 04,760 13.25
Yaw 3 0,07=0,32 3.47 0.192 3.82
3 to 0.215 3.83
1 .92 0.215 3.98
L 0.222 3.96
Pitch 2 0,08-0,3L 1,78 0,204 2.04
5 2.6l 04202 2,10
Ascent Roll Torquing Gain
Nominal Measured
Deg/Min/veg De
49,0 + L.k 49405
erep \in
O&E}éL‘HEzD MlEsELQ:IsAaLSPHcAEl\!QMJANYG
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The nominal valus in each case was 120 deg/min + 5%.
Channel Measured Valus
De ) o
tch +20
£ A7.8
+119,.8
Tew -119.8
Prograsmed Vehicle Rates |
Nameo Nominal Measured
Deg/Min. Deg/Mtin,
Engine Burn Pitch Rate 9.24 + 5% 9.18
Yaw Around llaoo : 10$ h2.5
Orbital Pitch Rate 403 + 108 3.97
Pitch Down-Recovery k3.0 + 5% h2.2
Pitch Up ~ 120.0 £ 10% 128
Yaw Bias Roll Rate + 0,172 + 5 £ 0,177
- 00172 : 5‘ 00177

' oRE SPECIAL HANDLING

LOCKHEED MISSILES & SPACE COMPANY



| e
1

)

— /7 M

NRO APPROVED FOR RELEASE
DECLASSIFIED BY: CAART
DECLASSIFIED ON: 9 JULY 2012 I o))

Orbit Deadbands and Saturation Levels
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Nominal Measured
Channel Valve DeBe Sat. D.B. Sat.
deg. dag. dﬂg. d‘go
Roll 3 0,08 3.55 0,155 3.81
6 to to 0.185 4,08
1 0,022 L9k 0.194 L4.05
L 0,187 h.09
Yaw 3 0,08 3.55 0137 3,90
6 to to 0.188 L.07
1l 0.22 Leok 0.188 Le10
L 0,179 «08
Pitoh 2 0,08 1.82 0.170 2,10
5 to to 0.159 2.10
0622 2,57
Jrbit Torquing Gains
Torquing Gain Symbol - Nominal Measured
—_ Deg/Min/Deg.  Deg/Min/Deg.
Pitch Bo +1,67 : 0025 +1.81
Roll H° 4033 + 0.05 40,319
Yaw H‘y/ "1.67 : 0025 "10885
Horison Sensar - Qyro Decoupling Gains
Gyro Out~Gyro In Spmbol  Nominal Neasured
Pitch to Pitch H“ 1 + 0,30+ 1.10
Roll to Roll Heg 0 + 0.03#% 0
Roll to Yaw H‘?” 0 * 0,07 0
#Deg. Gyxo/Deg. H/S
#Deg/Min/Deg.
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2.1.3.; Operational Sequence

The significant operational events as related to the attitude control
system are listed sequentially from engine burnout on. The actual times
are taken from IMSC/E110236, "Flight Test Engineering Analysis Report(U)"

(Seoret).
Actual Tims
from Liftoff
(Seconds) Event
L32.75 Engine Burnout (70% Thrust-Decaying)
k39.27 Horison Sensor Pitch Output connected to Pitch
Gyro. Horison Sensor Roll Output tranaferred
to low wo '
Lh7e39 Yaw around initiated (-43°/min.). Engine Burn
Pitch Rate removed.
8,28 Yaw around teminated. Orbital Pitch Rate init-

iated. Gyro Compassing initiated.

Pitoh Gyro Decoupling initiated.

Harison sensor Pitch output transferred to Low
Gadn. _

Flight Controls to Orbit Mode,

Pneumatic Regnlator to Low Pressure Yaw Offset
initiated.

At the campletion of the foregoing sequencs, the vehicle control system
was in the orbital mode and the naw bias for the first active payload pass
(Pass 8 at NHS) was initiated. From this time on the significant events
were the switching of the yaw bdas and the disconnecting of the Horison

Sensor during the Payload Operate period. The yaw bias switohing for the
passes prior to recovery are showm in the following tabls.

- SPEGIAL HANDLING
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Pass Station Direction Bias Initiated
8 NHS S-N Shortly After Injection
9 VIS S-N
1 NBES N-S Shortly After Pass 9
15 VIS NS
2l NHS S=-N Shortly After Pass 16
25 s S-N
30 NHS N-3 Shartly After Pass 25

The yaw bias switching after recovery was acoomplished in the same manner.

In conjunction with the Payload Operate ON command, the following operations
took place:
o) Horison Sensor Pitch Output to Pitch Gyro was discomected.
o) Horigon Semsor Roll Output to Roll Gyro was disoconnected.
o) Qyro-compassing (Horizon Sensor Roll Output to Yaw Gyro) was
disconnected.
o) Pitch Gyro Decoupling was disconnected.

In conjunction with the Payload Operate OFF command these four signals
were reconnected.

2.1.306 Orbital Attitude Control System Analysis
Basic Mission Outlins - This mission shall utilize an SS-OlA vehicle with
attached payload and a TAT-Thor booster, Shortly after injectian the

SEGREL SPEQAL 1 co.k.!ﬂﬁ
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vehicle will be yawed 180° and will fly tall first and horisontal throughout
its useful life. Steady state yaw attitude offsets will be required when
the paylémd is operating, Reorientation for the separation of a recoverable
capsule is required. The Agena pneumatic system will be the rimary system
for attitude control, A secondary, independent back-up stabilisation
system will be available for recovery conmtrol.

Attitude Control Requirements-Payload Opsrating

Control Null Bias Limitw Body#
_Axis Position Uncertainty Cyole Rate
Pitch 0° + 0.4° + 0,25° + 0,002°/sec
Roll o° +0,l° + 0,25° + 0,005%/sec
Yaw : Z.hho_-: 10% * O.h° 2 0.25° + 0,003%/sec

# maximum values

Attitude Control Requirements-Psyload Inoperative - No requirement other

than compatibility with the system cspabilities and other sttitude comtrol
requirenents,

Design Approach and Comstraints - The basic SS-OlA control system will be

utilised to fulfill the mission requirements. Minor modifications of the
standard system will be parmitted but not encoursaged, The synthesis,
analysis and development of advanced attitude oontrol systen componsnts and
concepts is beyond the scope of this mission,

1-103
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Gyro Torquing Gains - The steady state attitude bias uncertainties may be obtained
using the following relations. Pitch, roll and yaw are denoted by the symbols 9, ¢
and ¥ respectively.

s = ~ Ohge - ed/He + (wo"wop)/He

©-
1]
"]
I

[H /(e Yot i)] Phse vd/( ot t)

'ss = [H / ((%t t)] ¢hse [H / (ut’)th)] [;d/ wo] + J’d/ Yo

where
ess' ¢ss’ *ss = gteady state attitude bias
Ophse’ bhge = horizon sensor bias errors
H,, H;b, H, = gyro torquing gains

éd' :bd' ;d = gyro drifts

w

o = average orbital rate

programmed orbital rate

w
op

The bias uncertainties are calculated from the given expressions by taking the root-
sum-square of the individual terms (RSS method). Thus, if A = B + C then

A rss - (32 + C2) %. The values used for the various parameters were:

w, = 4. 03°/min = 0.0703 rad/min

wop =w 4.36%

_ o

Ghs o = 0.37

Ppse = O 34°
8, = 6°/hr = 0.1%°/min
’vd = 6%/hr = 0.1%/min

b3 = 1°/br = 0.0167°/min

1104
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Using the % 0. 4° bias uncertainty allowed and the values of the parameters as stated
the given relations yield the following bounds on the gyro torquer gains.

Hy 21.36 deg/min/deg
H‘r 20,27 deg/min/deg

H, = (4.54H - w,) deg/min/deg

The gyro compassing time constant is approximately equal to 2/H " In order to
maintain a reasonably low time constant H " must be large. The effect of any noise
present in the horizon sensor outputs will be proportional to the torquer gains. Thus,
the gains should be kept as low as possible. ‘A reasonable compromise between these
conflicting requirements is:

Hy = 1.667 deg/min/deg

H, = 0.333 deg/min/deg

H* = 1. 667 deg/min/deg

The standard tolerance on these gains is + 10%.

The roll torquing gain of 1/3 deg/min/deg results in a gyro compassing time con-
stant of 6 minutes. This is high but tolerable if sufficient time is allowed when
switching the torquing signal to the roll gyro to obtain a yaw offset. The bias un-
certainties which result from the chosen torquing gains are:

(o]
0,4 = 0.39
bgg = 0.33°
v._ =0,37°

Error Signal Deadbands - The required deadbands can be achieved although
a rather high tolerance is indicated. This is discussed in Section l.4.3.2-

"Program Peculiar Design Considerations”,
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Limit Cycle Rates - Far an uncoupled, linearized, single axis system the net
change of rate during a turn-sround is: o o
A (J = (oNFW)57.3R/I deg/sec

Wheres

n = number of pulses per valve

N = maximum number of valves shich may pulse

F = valve thrust in pounds

W = pulse width in. seconds

R = valve lever arm in feet

I = vehicle inertis in ft-Ib-sec?
The product nNFW represents the total impulse (Ib-sec) imparted to the
vehicle during the turn-around snd the quantity 57.3R/I represents the
change in vehicle rate per impulse imparted (deg/sec/(1b-sec)). In the
absence of disturbing torques the vehicle will demp dom to a low rate one
pulse per valve limit cycle. For a balanced limit cycle the rate will be
equal to one half the rate change per turn-arowd, In the pitch channel
only one valve may pulse in response to an error signal whereas in roll
and yaw two valves may respoud. Dus to the electronic co@ling of roll snd
yaw snd isbalances between the two roll-ysw chammels it is quite 1likely,
but not certain, that only one valve will respond. The two valve responses
will be used as a "worst" case,

A determination of the impulse obtained per pulse per valve is rather
complicated. The low pressure mode regulation level is specified as 5,
+1.0 to ~1.5 psi, However, this figure is far full flow through the
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regulator. The regulator exhibits a lock-up phenomena shich results in a
higher output pressure under zero ar extremely low flow conditions, The
specification valus for the low pressure mode lock-up presswre is 6.0 psig.
In a low rate limit cycle a pulse is required every 50 to 100 seconds ar 80,
This condition should prevail for the vehicle in question. Thus, the |
actual regulator output pressure will be the lock«up preaaur_e.' Data gle:jived
from laboratary tests (1) indicates that under these conditions the impulse
per pulse for a -5 mixture will be about 0.01l1 lb-sec.

(1) "Investigation of Specific Tmpulse Attainable in sm Attitude Control
System Using Freon-1lli - Nitrogen Mixtures", Report Nuber 1621, Reference
61-29L4-1101, 12 September 1962, Lockheed California Co., Mechanical Systems
Research Dept,

Based on the current (September 1963) vehicle parameters, the rates for a

single pulse per valve limit cycle are as follows:

N W | 57.3R/I Rate

Valves  lb-sec/value deg/ sec/ (Ib-sec) deg/sec

Pitch 1 0.011 0.12} 0.0007
Roll 2 0,011 0.l418 0,00L6
Yaw 2 0.011 0.124 0,001L

The pitch and yaw rates are well below the required levels. The roll rate
is 92% of the specific maximum, The only reasonable change which would
increase the roll rate margin would be to modify the regulator to lower the

1-107
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output pressures, While it might be physically simple far the vendor to do
this the attendant effort would be costly. All things considered it does
not appear that any design changes are warranted.

Yaw Steering - Steady state yaw offsets of plus and minus 2. 44° + 5% will be required
when the payload is operating. Positive offsets (nose right) are required on south-
bound passes and negative offsets on northbound passes. Yaw offsets can be developed
by torquing the roll gyro with a signal equivalent to the product of the orbital rate and
the offset desired. The roll gyro torquing signal then is:

= = ) o _ (4]
¢gc = wovos = 0.0703 (rad/min) x 2.44 = 0.1718 /min

The application of these signals will be effected by a brush on the orbital programmer.
The gyro compassing time constant is six minutes and the steering program should be
initiated three to four time constants before the steady state offset is desired. In
order to maintain the desired vehicle orientation the net vehicle body rate must be
equal to and coincident with the orbital angular velocity w . The following figure
illustrates the situation with an exaggerated offset.

dx,
&
”~
-
P
VI° - Yo W° —ﬁ 7 L Yo
\ °
\‘\
W‘ ~ \l’o
Y
wY
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yaw offset = 2.44° = 0.0426 rad (steady state)
= orbital angular rate = 0.0673%/sec
wl = w, sin ¥, = roll body rate required
Wo co8 *o = pitch body rate required
my = actual pitch body rate (= @ o for zero yaw)

O‘-
]

e
1

<o
it

For the small offset being used the recjuired body rate can be expressed as:
1

Wy = wo*o

wl =w, (1-¥2/2)

The change in the pitch body rate is:

1 woo
W =W -w =
AY o y 2

= 0. 000061 deg/sec

This represents a change at 0.091%. As the tolerance on the torque program is 4.36%
it is not worthwhile to change the programmed rate. The pitch attitude error required
to offset the torque program error is:

Ay 0,00366°/min

(o]
AG = = 0.0022
Hy  1.67°/min/°

This added error is negligible compared with RSS bias errors of + 0. 39 degrees. If
the horizon sensor is disconnected after the yaw offset is established a pitch attitude

error will accumulate.

A6 = 0.00366 (°/min) x t

For a maximum run of three minutes the accumulated error will be 0. 011°. Com-
pared to the bias error and limit cycle excursions, this added error is negligible.

1=109
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Horigzon Sensor Anomalies-Nature of the Problems - Flight test data froin a
number of vehicles which carried the Model 2-A Horizon Sensor hag shown
anomalous sensor output signals, This "noise" is attributed to "ecold clouds"
and may take a nurber of forms. Long-termed steps, short-term pulses and
sinusoidal nolse has been observed, The magnitude, form, frequency,
ffequency of occurrence and .duration of this noise varies from flight

to flight, The data from a recent flight showed sinusoidal noise of

41/l degree mmplitude and a period of 100 seconds. Some of the factors
which seem to influence the sensor susceptibility to this rhenomena are
the time of year, individual sensor head temperature, sensor slicing level
erd the geographical location of the scemn pattern. Department 62-21,
Guidsnce and Controls Fquipment Engineering, has performed some analysis
of £1ight data and has stated that anomalous outputs in excess of 1/2
degree will not uist more than 1% of the time, Unfortunately, this

bound is too high with respect to the attitude control requirements for
this mission; Modifications have and may -be made to the semsor to reduce
the problem, Additionally, analytical effort is being expended in an
attempt to develop a method of determining true vehicle attitude; i.e.,
separate the noise from the signal, However, due to the "poor® quality of
the telemetered data (poor with respect to the accuracy of the desired
results) and the lack of any compelling requirement to solve the problem,
any optimism regarding the results of the effort would be premature.

Recommended Action - Because of the uncertainty of the magnitude of the
horigon sensor noise problem and the genersl acceptability of operabing -
with the sensor discomnected for short periods of time it was recommended
that the sensor be disconmected during the payload operate period, This

mode was mechanized as explained in Section 2.1.3.2.
1110
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Effects of Horizon Sensor Anomalies - For anomalous pitch and roll sensor outputs
of the form 8, = sin w and o, = sin w4 the resulting gyro outputs will be:

_ Heen sinwnt ~ H|¢n sinuht ' = Elq;n slnwnt
g

s+Hf¢

For the chosen torquing gains and the range of known noise frequencies the effect of
the pitch and roll gyro feedback terms is negligible. Thus

)

g s-l-er ! ¢g' 5+Hf¢ ’

1

s+ Hy,

1 « 1
'—s' and

8 + Heg

R 3
8

The gyro outputs and rates then become:

Heen

es = - W cosuw . ’ eg = Heen sin W
H ¢ [

4’3 = -l B oo Wot ) ¢8 - H¢¢n sin Wt
%
Hl¢n o "

Gg=-— ooy Yg = Hypy sinuy

n

For & noise signal of 0, 5° peak amplitude and period T (sec) the peak gyro attitudes

and rates are:
6 = 00022 T deg . é‘ = 0,0139 deg/sec
bg = 0.0004 T deg , $‘ = 0.0028 deg/sec
*‘ = 0,0022 T deg , *s' = 0, 0139 deg/sec
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For a step change in the sensor output of es and ¢s:

-H -H
_ ot _ ot
0g = es(l ) . ég = Hpo e
~-H -H
= t , - ot
¢g_4’s(l'e ¢) bg = Hytg ©

For a 0. 5° step:

0 = 0.5 (1 e Y 36) deg , §, =0.0139 e /36 geg/sec
¢g = 0.5 ( - e_t/lso) deg , é’g = 0. 0028 ¢~ t/180 deg/sec
¥ = 2.5 (1 _e 180) deg , §, = 0.0139 e /180 4o /sec

These calculated values do not represent the net closed loop system response but are
indicative of the possible magnitudes which may occur.

- Effects of Disconnecting the Horizon Sensor - The horizon sensor provides vehicle
pitch and roll attitude signals with respect to the desired control reference; i.e.,
the earth. The IRP gyros cannot be used alone as an attitude reference source. Even
if the gyros could be initially oriented along the desired control axes, they would
accumulate errors due to gyro drift torques and programming errors. In the normal
system configuration the vehicle will respond to the accumulated gyro errors and
eventually reach a steady state equilibrium position such that the horizon sensor
provides gyro torquing signals to balance out the drifts and program errors. This
steady state equilibrium position plus the sensor accuracy result in what is generally
referred to as the bias uncertainty. If the horizon sensor is disconnected the vehicle
null position will then drift at a rate determined by the gyro drifts and programming
errors.
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Piteh Axis:

The pitch axis reference null will drift due to pitch gyro drift and orbital rate pro-
gramming errors.

0 = éd + (wop -w) +/- w (1 -cosy)
where
04 = pitch gyro drift = 6°/hr = 0.1%/min = 0, 00167°/s

wop =w (1 = 0. 0436)
w, = average orbital rate 1 4. 03%°/min = 0, 0672%/s
*s = desired yaw bias = + or - 2.44° =+ 0. 0426 rad
cos *s = 0.999092

The term cos wbs represents the amount by which the pitch body rate should be re-
duced when the vehicle is yawed off the zero null position. For the yaw bias being
used the magnitude of the term is negligible compared to the other terms.

8

0. 001667 + (0.0672)(£0. 0436) = (0. 0672)(0. 000908)

0.001667 + 0.00293 + 0.000061

Evaluating the drift as the RSS of the augend and addends yields:
8 = x0. 00337 deg/sec
Roll Axis:

The roll axis reference null will drift due to roll gyro drift and orbital rate program-
ming errors. When the vehicle is yawed off from the zero null position a roll body
rate program equivalent to 4} " is required. The tolerance on the roll program
will be assumed to be the same as that for the pitch program (4.36%).

¢ =g+ u sin ¥, (+0.0436) ‘
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where .

$4 = roll gyro drift = 1°/hr = 0,01667°/m = 0.000277%/sec

Yo = orbital rate = 4.03%/min = 0. 0672%/sec

*s = desired yaw bias + or - 2. 44°

sin ¥, = 0.04258
é = 0.000277 + (0, 0672)(0. 04258)(0. 0436)
= 0.000277 + 0. 00125
The RSS is
b = = 0.00128 deg/sec

Yaw Axis:

The yaw axis reference null will drift due to yaw gyro drift only.
¥ =¥ = 26%hr = 0.1%min = + 0.001667%/sec

In the presence of anomalous horizon sensor outputs the initial attitude may exceed
' the bias uncertainty. Thus, disconnecting the sensor will not improve the attitude
accuracy, but will eliminate the associated high vehicle body rates.

Unbalanced Momentum - Each time the payload was activated film was
driven from the payload Recorder Unit (Box #7) supply cassette to
the take-up spool in the recovery capsule. The cupleﬂe data track
is functionally depicted below, Each time the spools ire accelerated to
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steady state speed a torque is developed which results in a change in
vehicle body rate.

Recovery Conical Recorder Unit
Capsule Section s~
Metering Drum
Film Cassette
~~
Takeup Spool Transport D Supply Spool

Each of the smaller rollers (including the metering and trensport drum)
can be viewed as one half of a counter rotating pair. The net unbalance
resulting from these pairs is negligible. This leaves the supply spool,
take-up spool and the film, The net unbalamced momentum then is
h=1IgWg+Ieg W+ Iy Wy + Iy W,

Where :
Ig = inertia of supply spool
Iy = inertia of f£ilm on supply spool
Iy = inertia of take-up spool
Ipy = inertia of film on take-up spool
Ws = gngular velocity of supply spool

1115
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Wy = anguler velocity of take-up spool
h = net unbalanced momentum

The units of inertia (I), sngular velocity (W) and momentum (h) are foot-
pound-seconds squared, radisns per second and foot-pound-seconds respectively

For the particular conditions existing on 2355 this unbalanced momentum is

plotted below.

0.08
. =
D
é_ Oo“
L2 ]
:
' 0.0l
E
5 0.02
0 Iy
0 200 100 600 800 1000
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To obtain the resulting vehicle body rates this net mamentum must be
resolved into body axis components, Ths Recorder Unit is mounted as
shown below and the components of the unbalanced momentum are as shown.

P
D =

hy = h sin 22.6° = 0.383 b
h, = h cos 22,5° = 0,925 h

+Z

The corresponding body rates at turn on may be computed using the following

relations,

Wpitch = + hy/Iy and Wygy = -hy/I,

The pitch and yaw inertia are almost equal and are equal to 6580 :t‘l;-llm-sec2
before recovery and 4718 rb-lb-eeez after recovery, Using - aver age
unbalanced momentum of 0,075 ft-lb-sec the body rates are:

Before Recovery: Wpitch = 0,00025%/sec, Wyaw = =0,00061%/sec,

After Recovery:  Wyyop = 0.00035°%/sec, Wyaw = =0,0008L°/sec.

T
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Though these rates are significant compared with the pitch and yaw
requirements of 0,002%/sec and 0,003%/sec it was decided that cor-ective
action was not warranted. The normal vehicls body ru'l:.ea will have a
random distribution and thus the probability of the rates being additive
is 50%. It should be noted that if the supply and take-up spools had been
made counter rotating these rates would be about 1/5 of the given values.

ic C ation - Any magnetic field contained within the vehicle
will in gemeral interact with the earth's megnetic f£ield and produce

a torque on the vehicle, This torque must be counter balanced by a
average torque produced by the pneumatic system. The magnetic torques
are essentially constant for short ;Qerlodg of time whils the pneumatic
system delivers discrete impulses, With regard to the 2355 payload it
was desirable to minimise the numbers of gss valve fittings to avoid
degradation at payload dsta. This required the inat.aliation of permanent
magnets to compensate for the permanent magnets in the BTL cannister and
the Klystron Tube in the Transmitter-Modulator. The compensating units
were composed of an assembly of small bar magnsts to allow for tuning
the unit to achieve a magnetic moment squal to the magnetic moment to be
compensated. The assemblios were then mounted in the vehicle with their
moments directed opposite to the maments to be compensated., It has been
estimated that the method and equipment used permit at least %% compensa-
tion. The following teble lists the components of body torque that would
generate by the Klystron Tube magnet during typical active payiond passes
for 0% (no compensation) and 90% compensation., The units of torque used
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are millifoot-pounds,
of 90%
Pass
No. Roll  Pitch Yaw Roll Pitch Yaw
9 s 5 L 0.5 0.5 Ouls
1 6 [ 05 0.0 0.5 0.5
16 8 L 2 0.8 0l 0.2

In roll each valve firing produces a momentum of about 0,024 ft-lb-sec, The
uncompensated roll torque on Pass 16 would be 0,008 ft=lbs. The time inter-
val between valve firings is them:

0,024

Tme oo = 3 seconds

0,008
For the 90% compensation case the time interval will increase by a factor
of ten to 30 seconds., For 95% compensation the interval would be 60

seconds,

For either pitch or yaw the momentum imparted by a single valve firing
is about 0.15 ft-lb-sec, Consider an uncompensated torque of 0,003 ft-Ib

about either axis, the time between firings would be:

0.15
Ta = 50 seconds
0,003
For 90% compensation the interval is 570 seconds and for %% compensation

it becames 1000 seconds. These increased time intarvals were judged
to be satisfactory for payload operation,.
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2.1,k Command and Control Subsystem

2.1.4s1 Systems Requirements

The C&C Subsystem for Vehicle 2355 is required to perform the following
functionss

o Data Link Operation (VHF and UHF)

e Commanding

¢ Tracking and Acquisition
A block diagram of the subsystem showing the functions of each major com-
ponent is shown in Figure 2.l.4.l. Subsystem requirements are summarised
in Table 2.1.k.l.

2.1.4e2 Data Link System

The data link system consists of the following subsysﬁanu
e Telemetry System (VHF)
e Wideband Data Link (UHF)

Telemstry System - The telemetry system consists of the basic SS-OlA.'

telemetry link and an additional 1link to accommodate Program peculiar
on=orbit instrumentation requirements. The basic SS-0lA telemetry is
used to monitor basic vehicle performance during the ascent phase and
for some additional instrumentation on orbit. The Telemeter, Type 5,
which is basic equipment, is augmented with additional VCO's for the
added on-orbit instrumentation. Telemetry data is transmitted via a
VHF Transmitter, Type L; Multi-coupler, Type L; and a VHF Antenns,
Type 19, during ascent and orbit.

To fulfill the total instrumentation requirements, one additional
1-120
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TABLE 2.1.liel

SUMMARY OF
COMMUNICATIONS AND CONTROL SUBSYSTEM
PERFORMANCE PARAMETERS

Tracking Data Accuracy (3)
A. Retrospect Ground Track + 1.5 n.m., both axes

Comand Functions

A. Real Time (RTC) L9
1) Maximum Command Rate One (1) per i seconds
2) Secure Functions 2 ‘

B, Stored Program (SPC) 2L

Teleme Links (VHF
Ae 235.5 mc Link (Basic SS=0lA)

1) Output signal-to-noise 35 db (rms-to-rms)
ratio ' v

B, 2lS.3 mc Link (Program Peculier)
1) Output signal-to- 35 db (rms-to-rms)
noise ratio

Payload Dats Links

A. UHF Wide Band Data -
2.2 KMC

1) Information bandwidth 7.5 MC

2) Output signal-to- 26 db (pesk-to-rms) at
noise ratio elevation sbove 50

1-121
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telanetry link is provided for vehicle and payload status in real
time and stored time. A Tape Recorder, Type 12, with a Recorder
Marker, Type 1, is used for storing telemetry data, This link
utilizes the Telemeter, Type 2, a Type L transmitter, a Type L multi-
coupler, and a Type 19 VHF antenna.

Tape Recorder Problems - The Type 12 tape recorder ser;.al number 303
used on 2355 was returned to the Vendor for tie down of the metallic
tape leader. It has been found that excessive oxide build-up on the
end-of-tape sensor can result in failure %o tum off when the end of
tape is reached. With the tape tied down, the hysteresis drive motor
will stall, but the unit will function properly when commanded to
reverse. The recorder was also given a 25-hour burn-in and re-run of
the ATS at the factory. No FEDR's were recorded against s/N 303,

Commtator Problems - During tests at the launch pad, one of the
commbators failed to start and was replaced with a spare unit, Ex-
perience has shown that units that have once falled to start are likely

to fail again, so that replacement of the unit was considered necessary

Wide Band Data Link - The WEDL transmitter operates in the 2200 to

2300 mc telemetry band, with power output of ten watts. The transmitter
consists of a transistorized exciter driving a travelling wave tube of
advanced design. The power supplies for the TWT and exciter operate
from the vehicle +28 wdc unregulated supply.

1-122 .
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The WEDL Transmitter characteristics are susmarised belows:
lhcé X 8.5 X 6.0 inches

Dimensions:
Weight:

Input Power:

RF Power Output:
Frequency Ranget
Modulation Mode:
Deviationt

Operating Temperature
Ranges

Altitudes
Reliability:

Input Impedance:

Pnlse_ Responses

Frequency Responses

21 1lbs

+22,0 to +29.5 vde at L.8 smperes max.

10 watts

Floed-twmed 2.2 to 2.3 gc

:6&

-30° F to +165°F

Unlimited (operation at critical pressure)

0,96 proba

bllity of survival for 728 hours

at a 15 percent “duty cycle,

. 75 olms ¢ 10% shunted with not more than
30 micro-micro farads capacitance.

Shall be capable of deviating 12 mos with
a rise time of 60 nanoseconds from 10% to
90% points. :

The modulation voltage required for
constant deviation (plus or minus 6 mc)
referenced to 100 XC shall not vary more
than;ZdbfrmlOcpstoSm.

Although the design information bandwidth of the WBDL is S moc, tests

have shown that it will meet the progrsm requirement of 7.5 me for
the 2355 series of vehicles over the predicted temperature range.

As a test of linearity, phase shift, and frequency responss, a RETMA
television test pattermn was transmitted by the WEDL. The table below
shows the resolution of the received signal for various signal-to-

1123
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noise ratios:

RETMA PATTERN
Cam-Mon, Data Iink +12 db IF +6 db IF S/N
Best S/N

Vert. Res. 325-350  325-350 325 250
(Scan Lines '
Horiz. Res. 675 618 650 - oo
(Retma Lines)
Bandwidth (mcs) 8.5 8.5 8.125 5.00
80 lines/mc of
Horiz. Res.

The following Table shows the degree of linearity of the video
portion of the received signal for various signal-to-noise ratios:

Cam-Mon. Data Iink +12 db IF +6 db IF SAN

Best S/N S/
Numbexr of
Discernable 9 (Al11) 9 9 8
Grey Levels . .

Data=to-noise ratio (pk-to-rms) of 26 db or better can be obtained at
all elevation angles greater than 5 degrees using the 60' T&D Antermna
and receiving system installed at VIS and NBES.

Redundsnt WEDL Transmitters were installed on 2355 with provision for
switching on the standby unit by real time command,

WEDL Development = Original requirements for the WEDL Transmitter,
Type 8 specified operation at sea level and at 10~5 mm. It became
1124
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evident that due to outgassing of the equipment there would be formed
an atmosphere surrounding the equipment of approximately 10-1, for as
long as 2l hours. Therefore, it was necessary to redesign the trans-
mitter high voltage power supply to exist within this critical environ-
ment. This was accomplished by potting the high voltage critical
areas and conducting extensive tests to determine their operability

-6

from 760 mm through 107 mm without any malfunction. This requirement

was subsequently noted in later revision of the transmitter specifi-

cation.

Antenna Type Re-direction - The orbit antemna originally installed

for the 2.2 gc wideband data link waes the UHF Antenna Type 7 which is
the UHF part of the UHF/VHF Antenna Type 2. The Type 2 antenna is a
boom-mounted antenna which has been very successful on a mummber of
nose down attitude vehicles. The boam antenna was not required on
2355 because of the horiszontal vehicle attitude, so the Type 7
antenna was installed under an ejectable fairing on the under side
of the vehicle. Antenna patterns were taken with the Type 7 antenna
in thie location and were found to be unacceptable because reflec~
tions from the vehicle skin caused serious holes in the pattern.
Patterns were then run with a Type L4 anterna which is a flush mounted
cavity-backed dipole. The Type L patterns were found to meet the
requirements and also make a better irstallation by eliminating the
necessity for an ejectable fairing over the antenna, thus saving

weight and improving the reliability.
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2.1.4e3 Command System
The wehicle command system consists of the following subsystemss
| o Real Time Command Subsystem
e Stored Program Conmand Subsystem
e Secure Real Time Command Subsystem

Real Time Command Subsystem - (Command Function List) - The real time

command (RTC) subsystem consists of an S-band VERLORT or PRELORT
Radar, the vehicle-borne S-band Transponder, Type 3, and the Decoder,

Type 11,

The cormand transmission format consists of a three=pulse group with
the position of the center pulse of a series of pulse groups modu~
lated with a combination of two audio tones. Six tones are used for
a total of 15 combinations of two., The decoder recovers the tones
from the position-modulated pulse to activate relays in a matrix to
generate 15 non-redundant outputs. These outputs are applied to the
Power Control Unit(PCU), Type 25, where a relay matrix is used to
obtain a total of L9 outputs from selected cambinations of two outputs

of the 15 decoder outputs,

The format of the decoder outputs consists of an address function and
an execute function, Of the 15 ocutputs available, 6 are designated
even-numbered addresses, When an even-numbered address is selected,
the odd-numbered outputs constitute the execute functions. This
procedure, therefore, provides for 6 possible addresses with 8

axecutes assoclated with each address, for a total of LB possible
1-126
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commands. The 15th output from the decoder is used to reset the relay

matrix before a new address is selected.

Stored Program Command Subsystem - The stored program command (SPC)

capability is provided by a Fairchild Programmer, Type 7. The
programmer is a transistorized switching device with two tape
magasines, each of which is capsble of 13 momentary contact closures
by brushes making contact through holes punched in the 1% mil thick,
35 mm wide Mylar tape. The length of the tape is divided into sub~-
cycles, each of which corresponds to a nominal orbit. Tape drive
speed is adjustable by real-time command to reconcile the pre-set
speed for a nominal orbit to that speed required for an operational
orbit. Since each eycle on the tape represents an actual orbit, a
programmed event occurs in relation to a specifi.c latitude. Real time
commands are available to cause the programmer to skip to the next
subcycle ar to repeat the current subcycle to adjust the programmed

longitude of the subcycles.

Secure Real Time Command Subsystem - One secure real time command
(RTC) is provided by using the S-band VERLORT system in a digitsi
mode with the Decoders, Type 9 and Type 13. The middle pulse of the
three-iwlse group transmitted by the VERLORT is positioned in dis-
crete positions relative to the other two pulses to indicate binary
"one" and "zero" bits. The Type 13 decoder, which is a bit detector,
provides binary "one" and ngero" bit outputs to the Type 9 decoder
corresponding to the relative positions of the pulses within the
1-127
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three-pulse input groups. The Type 9 decoder generates an output
command when the sequence of bits corresponds to a pre-selected

sequence.

A back-up secure command system is provided by the VHF "ZEKE" System.
This system consists of a VHF Receiver, Type 1, and Decoders, Types S,
8, and 9. The cormand transmission is a carrier which is amplitude-
modulated by seven andio tones. The Decoder, Type 8, generates three
unsecure outputs from three of the tones. The Decoder, Type 5,
genera.ﬁes "one"” and "zero" bit outputs from the four other tones to
operate the Type 9 decoder. The Decoder, Type 9, generates a secure
output cammand when the sequence of bits corresponds to a pre-selected

sequence.

2.1.keli Tracking and Acquisition Subsystems
Tracking Subsystem - The tracking system consists of a ground-based
S=band Radar and a vehicle-bome S=band Transponder, Type 3. The '
receiver portion of the transponder operates in conjunction with the
comnand decoders to provide real time command functions. The decoder
section of the transponder triggers the transmitter section in ‘
response to a properly coded interrogation. This coded interrégati.on
is recognized by the decoder from the spacing between the first and
third pulse of a three-pulse group. The transmitter transmits a
single~pulse reply for each correct interrogation pulse group
received by the transponder.

The antenna for the S-band tracking and command systems consists of
1-128 |
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the Type 3 S-band antenna which is used for tracking during exit and

orbit.

The sbove-noted tracking system components provide data which, when
combined with computational programs that have developed from previous
flights, permits an ephemeris determination in retrospect with an
accuracy of approximately + 1.25 nautical miles in altitude, This
level of tracking accuracy applies for orbits with an eccentriclty as
required for these vehicles. This ephemeris determination capability
is well within the overall tracking system requirements as noted in
Table 2.1eliele

S=Band Transponder Problems -

SCR Destruction Due to Cold Starts - SCR destruction results from

over-voltage produced when the beacon is interrogated before the
trensmitting tube is warmed up. An SCR protective m‘hlofk consis~
ting of a zener diode and a diode across the SCR was installed in
late Philco production units, and other units were retro-fitted.
Cold starts are no longer catastrophic, but will result in

reduced tube life, Future transponders will have a time delay so
that the unit camnot be cold-started.

Lock-up - Lock-up of the beacon has been experienced in flight
2315 and in tests where an extranecus pulse has fired the SCR
before the pulse forming network has charged. The lockup was

sustained in beacons where the power supply shifts to a higher
frequency but does not turmn off., Power transformer redesign
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solved the sustained lock-up problem and all units were
fitted with the new transformer.

Momentary lock-up was prevented by converting the over-interroga-
tion circuit to a blanking circuit. The blanking circuit prevents
triggering of the SCR during the critical pulse forming network
recharge time. The purpose of the over-interrogation circuit was
to 1imit the repetition rate of the beacan to 1600 pps so that the
allowable plate dissipation of the transmitting tube would not be
exceeded., However, tests have shown no degradation after 150
hours of operation at the maximum repetition rate of 4800 pps.

Pressure Tests - During pressurisation tests at Philco, the output

R-F connector from the circulator was found to be damaged. The
malfunction was caused when internal pressure was increased to

30 peig.

It has been manufacturing practice by the circulator supplier to
mill down a standard conector so that it would fit the ecirculator,
This milling procedure weakened the connector walls at the point
where the two pieces of the connector were flanged together,
Separation of the connector occurred at this point, causing the
center conductor to break,

A11 transponders were retro-fitted with new connectors of greater
mechanical strength and it was recommended by Philco that the
pressure not be raised above 15 psig,

1-130
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UHF Acquisition Subsystem - The UHF acquisition subsystem consists of

a 4O milliwatt, LOO mc, continuous wave Acquisition Transmitter Type I
and a UHF Antenna, Type l. This transmitter provides a signal which
the 60' T&D Antenna at the tracking stations can acquire and auto-
track. The 60' T&D Antenna has such a narrow beamwidth at 2.2 ge

that acquisition of the WBIL is difficult, Beamvidth is 0.5° at 2.2
ge and 3.0° at LOO mc, The antenna cannot be slaved to the Verlort

Anterma with the required accuracy.

The T&D System has a 2.2 gc auto-track capability which can be used
once the vehicle has been acquired., Studies have shomi that it should
be possible to acquire and lock on at 2.2 ge, but until sufficient
flight experience has been obtained, the LOO mc acquisition transmitter

is a requirement,

2.1.145 Reliability
Reliability computations for the C&C Subsystem have been performed based on
the following major assumptions: » .
o Ascent, orbit and recovery phases are all included in the analysis.
. A 10 percent orbital duty cycle for equipment commanded On and Off.
o 'Two=thirds of the status telemetry is necessary to achieve migsion
success.
e The Type 8 Wideband Data Link Transmitters are considered to be
in a "standby redundancy" defined as warmsd up and ready for
switching upon cammand. Other equipments are considered to be

"in series",

-1
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For the overall C&C Subsystem, including the "ZEKE" VHF Command Systenm,
Reliability is computed to be R = 0,938, Required Reliability for mission
11ife has been specified by the Program Office as R = 0,920 (with ZEKE) and
R = 0.933 (ZEKE alone).

Basic C&C Functioms Reliability
Tracking 0.995
Command (Including ZEKE) 0,963
Command (Excluding ZEKE) 0,969
ZEKE Command System 0,994
Payload Data Readout 0,987
Telemetry 0,970
1132
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2.1.5 Radar Antenna Development
2.1¢5.1 Antenna Selection

Several ground rules were established for the design of the antenna. In
accord with these it was determined that there would be no special testing
devices which would compensate for the earth's gravity field. To maximize
reliability there would be an absolute minimum of antenna unfurling, and
the antenna would be as simple as possible. The antemna azimuth beamwidth
requirement was such that in order to place an antenna on the vehicle with-
out an unfurling operation it would be necessary to utilize a undform
aperture illumination. From an aperture standpoint this is the most effi-
cient antemna desigr; as it will yield the narrowest beamwidth and the
highest gain for a given aperture. The resonant array selected laid along
the length of ﬂue Agena vehicle and required no unfurling.

Resonant arrays offer several advantages. Among these are uniform slot
dimensions and spacing throughout the array. From a manufacturing stand-
point this yields the lowest possible cost. Arrays offer the greatest
flexibility in pattern control to the antenna designer. When the array of
slots consist of relatively few, their conductance can be controlled by
individual adjustment. Because the number of slots in this array is very
large (L,452 slots) this approach was deemed impracticale Therefore,
precision machining with tight overall tolerance control, coupled with a

precise electrical design procedure, was necessarys

It was decided that the 15' aperture for the array would be broken into
four parts which yielded 53 slots to each quarter section element.
1-133
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Two different types of array elements were :lnvestig#ted; the broad wall
shunt slots and narrow wall shunt slots. Narrow wall shunt slots were
selected because of their eass in fabrication.

The antenna was located along the side of the Agena vehicle bestween

the Z-axis cable harness fairing and the tank pressure fittings on the
starboard side. This held the minimum usable antenna width to 24" and

to keep the covering fairing to a minimum height, the height of the
antenna at the center was held to 23", The antenna fairing was programmed
to be separated at Thor VECO so that the fairing weight was not a substan-
tial part of the Agena payload weight. This fundamental design approach of
placing the antemna on the side of the Agena in horizontal flight resulted
from some excellent vehicle design work and represented a considerable
change from the original proposal which had a more complex fairing design.

Several unusual design parameters were generated by placing the antemna
along the side of the vehicle. Probably the most interesting was t.ho
necessity of freeing the antenna from the effects of vehicle deformations
due to thermal gradients across it. This is commonly called "vehicle
hotdogging” and over the 15' length of the antemna this effect represented
an error of over one~-fourth of an inch which would be incompatible with
the pattern requirements for an antenna of this application. To solve
this problem the antenna was allowed to slids along three fixed points
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during both exit and orbit while a fourth point was affixed to the vehicle.

~ By this approach the antenna was now free of velicle deflections. It was
determined the totsl deflections of the antemma aperture dus to thermal
gradients would be less than .026 of an inch,

2.1.5+2 Performance Requirements

The anterma and interconmecting waveguide specification described the
original antenna requirement, spscifying that the antenna would be a two-
dimensional array capable of operation with the assoclated equipment. The

antenna was to operate at 9600 mecs,

The agimuthal beam patterns for the arrsy were defined as follows:
o Half power beamiidth of o346 + .02 degrees.
0 Main beam null to null bemmidth of .78 + .OL degrees.
o Asimuth side lobes shall not be greater than 12,5 db down
with respect to the principle one way pattern.
o The position of the second and third nulls should be .78 + .1

degree and 1.17 + .1 degree, respectively.

The vertical beam patterns would be as follows:
o Half power beamwidth of 2.9 + .1 degres.
o Null to null beamrdth of the main lobe would be 6.5 * .1 degree.
o0 Side lobes would not exceed 12,5 db down from the pesk of the

main bean,
o The position of the second mull would be 6.5 + .5 degree fram

the main lobe,
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o The side lobe level 30 to 35 degrees from broadside would be
at least -25 db.

The anterma was to bave a galn in excess of 3.0 db and be designed to
handle 50 KW peak transmitter power with a PRF of 8736 and a pulse width
of 1 microsecond while in orbit. The anmterna VSWR would not exceed 1.4l
over the required RF Band.

The azimuth boresight accuracy would be 0.05° and the elevation borasight

accuracy 001?0

" 2.1.5.3 Antenmna Design and Fabrication
mo mest the thermal requirements with passive thermal control surfaces a
careful thermal analysis was made. It was determined that proper surfaces
would control the antenna temperatures during the anticipated launch window
to temperatures from 0° to 90°F. This involved a more difficult thermal
analysis than is normally accomplished for solid metsl hardware designs
because this temperature variation determined the extreme limits of the
anterma bandwidth requirements. This was an unusual position for the
thermal engineer and an unusual philosophy was developed between the two
design groups to establish the most practical and economical design, The
philosophy involved the eﬁtub]ialnent of probabilities of various tempera-
ture gradients. This proved to be very helpful as the,normﬂ.. approach would
have had & minimm of an additional 20 to 40° tempersture extreme.

The antenna in its final design configuration consisted of cighty-four
elements, each of which had fifty-three narrow wall shunt slots and
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arranged four elements long and twenty-one elements wide. Two cross feeds
with narrow wall shunt slots, twenty-one on each side of the narrow wall of
the feed waveguide, were used to feed a single grid of forty-two - fifty-
three slot elements, The feed wavegulde was WR-75 which has inside
dimensions of .375 X .750 in., and was available in both copper and
aluminum to accuracies of + ,001 on the inside dimensions. This waveguide
allowed greater spacing of the 53 slot elements because of the greater gulde
wavelengthe Spacing between the 53 slot elements was 1.073 inches. Use of
the WR=-75 feed guide resulted in a 20 percent wavegulde weight saviné by
reducing the number of vertical elements fram 26 to 21. Of course, the
slots on each side of the feed guide are at the same angle. Each element
was precisely made and individually tuned for the best VSWR and bandwidth,
An empirical design program was undertaken in conjunction with a theoretical
analysis to determine the exact slot angle, depth, spacing, and width, It
was necessary to design an over-coupled feed in order to obtain the desired
anterma bandwidth., A perfect feed would not give as good bandwidth at a
VSWR of l.L:l as the over-compensated feed.

Each forty-two element grid assembly was designed to be held on five
charmel cross members with a slot in each end of the cross member for
vertical adjustment on the antenna frame. Each grid was affixed to the
antenna frame at the center only, and then allowed to slide on eccentric
pins in these slots at each eight remaining adjustment points for each
grid. Each of these twenty adjusting points were used to produce an
extremely flat array surface.
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To eliminate residual stresses produced during fabrication which might be
released by thermal variations allowing antenna deformatiomns to occur where
these stresses were relaxed, it was decided that welding or brazing would
not be utilized as a fabrication technique. The elements were joined to
their feeds and to support channels by bonding with ductile epoxy adhesive,
This had the additional advantage of allowing maznesium to be bonded to
aluminum so that no special extrusion dies were necessary to build the
antenna. To obtain electrical contimuity from the grid to the feed a
silver-loaded epoxy was used and to obtain a mechanical Joint with suffi-
cient strength and flexibility each of these electrical Joints was covered
by Shell Development Campany's Epon 921 epoxy. While this resin is pro-
curable under Stendard LAC Spec other epoxies vlﬂ.ch meet the same strength
requirements could also be cbtained. These epaxies lacked the flexibility
necessary for this design to survive the exit environmment. Considerable
evaluation work was performed before adopting either the conductive epoxy

or the mechanical epoaxy.

The antenna frame consisted of two longitudinal channels which are separ-
ated by tubulgr members and sheet metal arches. These frames were fabri-
cated on a fixture to insure precise alignment and straightness and to
purther eliminate the possibility of residusl stresses being present which
might relax under the influence of vibration or temperature variations.
The frame contained the members for mounting the antenna to the vehicle.
The antenna was mounted to the vehicle with one hard point and then
contained by three sdditional mounting points which allowed the antemnna
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to slide relative to the vehicle but fully contained the antenna. During
exit conditions the cantilevered top portion of the antenna was held in
place by the spring action of the frame being deflected 1/16 of an inch
and contained by two pin pullers. After the fairing was removed the squibe
actuated pin pullers were fired by electrical command allowing the anfenna

to return to a flat shape.

Broached wavegulde was used for the fifty-three slot elements, This is a
difficult broaching job as the stock was 48" long. The vendor would not
certify that these components would have internal accuracies better than

4 ,003"s The IMSC Antenna Laboratory had had considerable experience with
this broach and it was known that the E-plane dimension would probably
vary 002 to ,003 due to the compression of the part during the broaching
brocess; however, the H-plane dimension would be very accurate. (Indeed,
1t was, having an accuracy of + .0005 inch). It is the H-plane dimension
or wide dimension of the waveguide which was critical for this application.
The broached waveguide for the elements almost eliminated fabrication

rejects caused by variations of the H-plane dimension.

The slote were machined in the elements using a fourteen gang cutter.
Spaces between each individual cutter were made to be twice the spacing
between the slots as consecutive slots are atqposite angles. Every other
slot is parallel, The cutter spaces were ground to an extreme accuracy of
.00005., The machining was done on a large Lucas in the Agena D facility.
A slotted waveguide element was placed in a fixture and then the fixture

and table were moved through the gang cutter, next the table was indexed
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over so that the middle slot would pass back through a cutter. The table
was then tilted to the proper angle for the alternate slots, indexsd one
slot, spaced, and moved through the gang cutter, indexed again and brought
back through the cutter, Four cutting operations accounting for the fifty-
three slots. The slots, however, were not finished to depth on the gang
cutter. This was done by hand finishing with a gauging tool. This process
of finishing each slot to the precise depth and de-burring was the most
time consuming of the fabrication process. The degreasing and cleaning
processes were extremely important to achieving good f£ifty-three slot
elements. The influence of dirt and grease in the slots would create
errcnecus tuning and it was therefore necessary to establish an wnusually
rigorous procedure for degreasing, cleaning and application of the Dow 17

processing.

A sweep generator was used to produce a VSWR vs. frequency display oa an
oscilloscope to select the proper end plates and determine the usability
of each of the fifty-three slot elements. All elements used had VSWR's
better than 1.05:1 at £, and all elements had VSWR displays superior to a
NoGo standard which was imprinted upon the face of the scope. Each
i{ndividusl element was tuned for bandwidth sand VSWR by selection of an end
plate of proper dimension.

Each feed was checked with a load terminated stub over each of the forty-
two slots and Smith Chart data taken to assure that each of ths feeds would
be able to produce a grid section with a prescribed bandwidth-VSWR relation-
ship. |
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The grid assemblies were fabricated on a fixture which would locate each
fifty-three slot element end over the appropriate feed slot within ,005 of
an inche The grid support channels were bonded to the grid elements in
thiS fixture and the end plates for each of the tuned elements were bonded
to the elements at this time. Both the electrical conductive epoxy and

the mechanical epoxy were applied in this fixture and before the grid was
moved from the fixture the epoxies were cured with a baking process which
involved placing a cover over the fixture and using heat guns to raise the
temperature of the assembly to LUS°F for a perlod of two hours. After the
assembly had cooled a eon_tinuity check was made to make sure thst electrical
continuity was obtained. The grid assemblies were now tuned for bandwidth
and VSWR with & double stub tuner and the end plate for the feeds. The end
plates were then bonded in place, again using first the conductive epoxy and

then the EPON 921 epoxy.

The srid assemblies and frame were transported to the antenna pattern range
at Santa Cruz where the frzme was mounted to the pedestal fixture and a
transit used to align the grids on the frame to a flat surface. The grids
were adjusted to flatness by locating the eccentric screws and after a
flat surface had been obtained each of the eccentrics were drilled and

pinned in place.

The two grid assemblies were then phased together using the pattern range

and recorder to balance side lobes and nulls by adding or subtracting

shims between each grid assembly and the magic T power divider. A magic

tee was used instead of a conventional tee so that one arm of the magiec
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tee would be open to allow the wavegulde to outgas at this point. When the
proper phasing had been obtained an alwdnum shim was machined to replace
the brass laminated stock. The antemna was tuned for bandwidth and VSWR
consideration by selecting end plates for the double studb tuners. This
plate adjustment was neéeuary in order to obtain the proper VSWR over the
prescribed bandwidth of 30 mec.

2.1e5.4 Testing Program

Before any antenna testing could be performed, it was necessary to build a
pattern range capable of measuring antenna patterns for this application.
An extensive site selection study was undertaken and an excellent site was
Jooated in the Santa Crus Mowntains. This 17° range vas located immediately
adjacent to IMSC's Santa Cruz Test Base Facility and offers an excellent
growth possibility for a 5° four-mile range. The Santa Cruz Test Base
range had many additional advantages due to the close proximity to the
facility at Santa Crus where maintenance department services, equipment
and machine shops, and other services were available, LO! towers were
used on each end of this 5600' range. The recoivl.hg tower consists of a
large working platform at the top of s extremely rigid base which mounts
a pedestal capable of supporting an Agena vehicle. The remote or trans-
mitting site is operated by radlo controls from the receiving site. The
receiver, the positioner control, console and the recorder are all located
in cne convenlent cabinet or console in a 20 X 30' Wiilding at the base of
the receiving tower. Figures 2.1.5.1 and 2.1.,5.2 show the anterma on the

receiving tower.
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Figure 2.1.5.2 =~ Radar Antenna on Boresight Tower
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Patterns taken on this range serve as a method of debugging the antenna

design as well as for taking the final patterns.

Two basic testing philosophies were utilized for this program. One was the
use of design proof testing to verify the design approach. The second was
the more rigorous qualification and acceptance testing required to insure
a high quality product capable of successful opefation in the space environ-

ment after undergoing exit conditions.

Nesign verification tests were conducted on various epoxy resins to assure
that the proper selection had been made. This included hot tests (180°F)
and cold tests (-60°F) in which bonded components were drop tested to
assure flexibility over the above temperature range. Small scale vibration

tests were conducted early in the design stages to verify the bonded design

approach,

A quarter-section brass array was tested to verify slot design and to

verify that the spacinz between the elements in the vertical array was
correct. A Tull sczle anterma was fabricated in brass so that design mod-
jfications could be made easily, yet a complete electricel antenna asse:ﬁbly ‘

would confirm the final design approach.

Feed tests were conducted in the vacuum chamber located in Building 130 to
verify the ability of the feed to handle the prescribed power at altitude.
leasurements were made of pulsed power breakdown in air at 3.2-cm wave=-
length in rectangular waveguide through the transition fram diffusion~-

cantrolled breakdown, The range of pressure for these measurements was
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between 1 and 10-3 Torr. The mean-free-path limit defined by Brown and
MacDonald 1 corresponds to about pd = 0.06 em=Torr, where p is the pressure
and d the narrow dimension of the wavegulde. Results of the measurements

are shown in Figure 2.1.5.3.

The measurements were made using a magnetron modulated by l-usec pulses at
1000, 2000 and 5000 pulses/sec. No pulse-rate effect was observed. Measure-
ments were made in reduced-height sections of waveguide tapered down fram
standard 1 X % in, (2.54 X 1.27-cm) rectangﬁlar waveguide, Two sections
were used: one with @ = 0,63 cm, the other with 4 = 0.25 cm, The data were

normalized to standard waveguide. A polonium source was placed over a small
hole in the waveguide broad face to obtain consistent results,

By curve fitting to the data of Gould and Roberts?, an expressiom for the
41 £fusion-controlled breakdoun was obtained to extend the ourve marked I in
the figure to the mean—free-path limit. The expression for this curve is
18,4 = [i (Be/p -26)2 -100 (E, /p)/p2d2 1+ ..2/v02)%] P, (1)
where Eg 1s the effective electric field strength, iven by
B, =B/ [20+¥A2)] ¥, (2)

w is the radian frequency, and Yo is the collision frequency.

The portion of the curve marked II, to the left of the transition, was
calculated by means of the formula
‘n/n = exp l:(vmt /p) pa , (3)

1) S. C, Brown and A. D. MacDonald, Phys. Rev. 77, 1629 (1949)

2) L. Gould and L. W. Roberts, J. Appl. Phys. 27, 1162 (1956)
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where Vn ot? the net ionization frequency, is given by extrapolation of the

data of Gould and Roberts by the expression
2
Voet/P = % (8, -26)° X 10k, (%)

and n/m is the ratio electrons produced in time t, the duration of a
single pulse, to the initial number n . Following Gould and Roberts, n/ o
is assuned to be at least 10°. The interpretation of the expression 1s
simply that, although the mean free path of the electron is greater than
the waveguide dimension d, the electron makes many oscillations in the
field before it can drift to the wall, Consequently, frequent collisions
occur that may produce ionigzation. If the ionization rate is sufficiently
great to yield n/ no) 108 vefore electrans can be lost by drifting to the

walls in time t, breakdown will occur.

Multipacting is not indicated. These tests were performed to verify the
ability of the entire system to pass 30 KW peak power thru X-band wave-

guide.

Qualification tests were performed on a quarter-scale model to determine
the ability of the antenna to successfully survive the exit enviromment.
Three axis vibration tests were conducted. Resonant searches were
conducted in all three axes. Sinusoldal sweep levels of 4" dynamic ampli-
tude from 5 to 9 ops, 2 g load fram 9 to 200 cps, 5 g load fram 200 to
2000 cps, were conducted in all three axes, together with randam vibration
levels of 0.0L g2/cps for 20-200 cps, 0,03 g/cps for 200-400 cps, 0,08g2/
cps for L00-2000 cps. These random vibration levels are unusually severe.
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Also, during the random vibration in the Z-oxis one of the bonds of an
element to the wavegulde support channel broke and during the Y~axis randoa
vibration a different bond hroke to the center waveguide support channel,
llo additional damace occurred becausé of these failuwres. The bonding
procedure was improved because of the failures. Before bonding the flight
antennas the waveguide support channels were cleaned of thelr iridite
surface finish and the Dow 17 was removed from an area adjacent to the
channel on the wavegulde element., This procedure had not been used in
fabricating the 3 scale model, Patterns which were talen before thc vibra-
tion test agreed with the patterns taken after the vibration test, there-
fore confirming that no substantial damage was inflicted to the test mockup

by the vibration test.

A full-scale antenna was subjected to static load tests in such a way as
to reproduce the maximum ~ossible load levels which the antenna would be
required to withstand. Three different structural level testis were
conducted with various different loads applied. Neflection of the artenna
was recorded for each of the tests hefore, during and after the tesis. In
each case, the anienna withstood thes: tesis very easily., Two d;mamic tests
were conducted on the full-scale model. Tt;e first was a squib firinz test
in which the antenna was deflected as it would be in flight to the proper
position for the pin nullers and the squibs were fired. This test was
conducted both with one and two squibs in each of the pin pullers., .I\Io
damage to the antenna was noted. A cyclic load or forced vibration test

was conducted in which the anterna was vibrated at the center of the

mounting span. The displacement of 3" at 5 cps, a L g load or Ao
1.1)9
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displacement at 12 cps, and 2 g load from 15-1200 cps. The antenna
successfully passed this test without any physical damage. Antenna
patterns taken at the Santa Cruz Test Base range before and after these
tests verified that the antenna was completely undamaged even though the
vibration levels were considerably above expected vehicle requirements,

Feed tests similar to those performed in the vacuum chamber, Bldg. 130,
were done with the entire system in the TAS Chamber in Bldg. 104 to verify
that a power breakdown problem did not exist in the feed slots nor the
input waveguide.

Acceptance tests were conducted on each of the three antennas to show that
each had been properly fabricated. A forced vibration of + 125" deflec-
tion at 5 ops, 2 g load at 12 cps and 2g load from 15-1200 cps was imposed
on the antenna. The first two tests were of five-minute duration and the
last ten from 10 to 20 minutes duration. The antenna was patterned before
and after this series of tests and the boresight aligrment was checked
before and after each of the tests. Figures 2.1.,5.4 end 2.1.5.5 are

principle plane pattermns for the array.

2.1.5.5 Alignments

The first of the alignment procedures took place at the antenna pattern
range. This operation was essentially one of locating an optical line of
sight parallel to the electrical line of sight. To perform this, a bore-
sight bracket which was capable of adjustment in two planes, was affixed
to the antenna frame at the center of one of the channel members.
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A telescope was mounted to this bracket and the antenna was positioned for
electrical boresight. The optical axis was adjusted by positioning the
bracket until the cross hairs of the telescope aligned with a properly
positioned target at the transmitting site. The boresight bracket was
then drilled, reamed and doweled and repeatability checks made to assure
that a proper boresight had been obtained,

The second part of the alignment procedure took place at. Vandenberg Air
Force Base. The vehicle was mated in a vertical position. The antenna
was installed and the vehicle rechecked for its vertical position. A
theodolite was positioned on the 35° line fram the -Z axis. A second
theodolite was positioned in approximately its proper position for align-
ment with the boresight telescope. The angular position of the second
theodolite with respect to the theodolite on vﬂze 35° line was established
and this theodolite was then set parallel to the 35° line and in a hori-
zontal position., The wvehicle mounting eccentrics were adjusted to achieve
the best aligmment. Perfect alignment was not obtainable bescause of
irregularities in the vehicle greater than the ,032" allocated for this
error. The error in the azimth or lmg dimension was 0° 2' O", The
elevation or short dimension error was 0° 1! 17", Several rechecks were
made before the eccentrics were drilled and pinned. A recheck was made
after the drilling and pinning operation and the error was the same. The
pins were then removed and the eccentrics rotated seversl turns and then
repinned to assure repeatabilitﬁ' The angular errors at the conplation of

this operation were identical and since this is essentially the same as

taking the sntenna physically down and putting it back, that specific
. 1-153

_SEGREF SPECIAL HANDLING

LOCKHEED MISSILES & SPACE COMPANY



NRO APPROVED FOR RELEASE
DECLASSIFIED BY: CAART

DECLASSIFIED ON: 9 JULY 2012 SECREF SPECIAL HAWING

operation was not performed. Had some error been induced by turning the
eccentrics, the anten;xa would have been removed and re-installed until
acceptable; however, the repeatability was excellent. A vertical transit
was set up so that it would sweep the four mechanical reference alignment
points. A sweep of these points indicated that the boresight scope was
pointing high with respect to the mechanical reference plane and this
agreed with our check at the anterma range. Our repeatability checks on
the antenna range also showed that the boresight itself was pointing
slightly higher than the electrical axis so that in the asimuth plane the
errors are subtractive and our actusl alignment error would be slightly
1ess than O° 2! O", Conversely, the errors in aligmment in the elevation
axis showed that it was slightly less than 0° 2! 0", The specification
allowed for errors of 0° 3! in azimuth and 0° 9* in elevatiom,

A vertical transit was set up to sweep the antenna surface to confirm that
the antenna surface was still flat. These measurements showed the antenna
was flat within .016 inch over the entire surface when mounted to the
vehicle. This confirmed the o:i.gi.nal fabrication tolerance obtained at

the antenna range.
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2.1.6 Thermodynamics

2.1.6.1 Introduction

The purpose of this section is to review unique or important thermal-
control problems that have been encountered in the utilisation and
adaption of an airborne radar system to a satellite payload. The
general engineering area considered is temperature control of equipment,
structure, and the over-all satellite vehicle. Parameters affecting
equipment thermal behavior are described; the effects of spacecraft
environment and orbit geometry are discussed; problems associated

with equipment design, envirommental testing, ascent analysis, and
orbit analysis are reviewed.

2.1,6,2 Definition of Terns
Understanding of this section requires definition of the basic concepts,
quantities and terms used. These are defined in the following para-

graphss

Thermal Radiation Thermal Rediation is defined as radiation emitted

from a body by virtue of its temperature. A blackbody or ideal
radiator, absorbs all incident radiant energy and radiates energy at
the maximum rate possible per unlt area. The Stefan-Boltzman Law
states that the total radiant emission of a blackbody is proportional
to the fourth power of its absolute temperature.

Exittance, € , of a body is the ratio between the energy emitted by
the body and that which would be emitted by a blackbody at the same
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temperature. Solar absorbtivity, ., refers to the fraction of the
sun's radiant energy incident on a body which is absorbed and trans-
formed into internal thermal energy of the body.

Thermal Conduction Internally, all solid ocbjects transfer heat solely
by conduction, and the property of a substance that expresses this
ability is called thermal conductivity, k. The rate equation for
conduction heat transfer states that the heat flowing across an area is
equal to the thermal conductivity times the tesperature gradient at the
point of interest.

Thermal Convection In the case of liquids and gases, conduction heat

transfer often plays a relatively small part in the transfer of energy,
the greater influence on heat tranafer being the gross motion of the
fluid itself. The fluid in these convection systems may be moved by
buoyancy in a gravity field by pumps, or by f.m. Coxnvection systems
fall into two categoriess Free convection and forced convection. Free
convection heat transfer results when the fluid to be heated or cooled
is stagnant before heat is added or removed. When the fluid begins

to change temperature, its density also changes and it will rise or
fall in the main body of fluld, owing to local buoyancy forces. As

is implied, in a forced convection system the fluid is forced to move
by the use of puwmps or fans. The rate equation for comvection heat
transfer states that the heat flowing across an area is equal to the
convection heat transfer coefficient, h,, times the controlling temper-
ature gradient. Whereas thermal conductivity, k, is a property of the
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material, h, is a property of the system and depends on a large number
of parameters.

Power moilgation Internal power diad.pation in electronic equipment

refers to the rate with which thermal energy is added to the equipment
during its operation. In the case of an electrical power supply, this
energy rate will be the difference between irput and output electrical
power and is a measure of the equipment's efficiency. For a storage
battery, this energy comes from doth heat producing chemical reactions
and electrical power losses due to the battery's internal resistance.

Launch Window and Orbit Oeametry  External heat fluxes incident on

& spacecraft are a function of the orbit geometry. For nearly circular
orbits, these energies can be adequately determined knowing only the
mean orbit altitude and the Solar Incidence Angle, Beta (#). Verbally,
~ 8 1s the angle whose magnitude is the complement of the acute angle
between the earth-sun direction and a normal to the satellite orbit

Plane. 8ince orbit altitude and the satellite orbit inclination angle
are mission parameters which do not normally change for any given
Payload system, external orbital heat fluxes for that system then
become only a function of the time and date of launch.

Thermal window refers to the allowable range of Beta angles over which
orbital temperature control of spacecraft equipment can be insured.
Orbit plane regression due to earth, orbit, and san geometry also
causes Beta to change. For example, at inclination angles of 70° Beta
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changes spproximately L°® per day. For a given mission duration, the
regression of Beta must be accounted for to determine the thermal
launch window. Considering the following conditions -
| e Thermal Window, 30° > 8 > =30°

e Satellite Orbit Inclination Angle, +70°

e Mission Duration, 5 days

¢ Launch, June 15 from VAFB
the thermal launch window would be 10° > g2 > -30° and would correspond
to a launch time (Pacific Standard Time, PST) of 1054 to 1412. To show
the effect of date of launch, on December 15 the thermal laanch window
would be 0930 to 1236 PST,

Active versus Passive Thermal Control Passive control of the thermal
behavior of a system and its components is attained wholly through
geometrical design and the selection of materials with the requisite
thermophysical properties. Neither power nor moving parts are
employed. Techmiques for passive thermal control include use of =

® Materials with desired thermal radiation properties

® Geometrical design

® Materials with desired values of thermal conductivity

e Utilising materials as heat sinks
Active thermal control of a system and its cafpomnta is attained
throngh a feedback control system, with temperature as the controlled
variable. GOenerally, either power or moving parts are employed.
Techniques for active thermal control include the use ofs
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¢ Thermostats and Heaters

o Shutters to control variable “sfc devices

o Flnid transport cooling systems

e Variable thermal - resistance techriques

e Thermoelectric cooling
Passive thermal control systems have certain advantages over active
gystems in regard to reliability. They employ no moving parts or
switches which may malfunction and generally require less weight.
dctive thermal control systems can correot for environmentally induced
alterations in the thermal behavior of a vehicle. Extremely accurate
knowledge of thermal radiation charecteristics is not mandatory for
active systems as it is for passive; hence, successful operation of
& given vehicle is less likely to be Jeopardised by the various factors
of the prelaunch enviromment. In addition, active cantrol can provide
mich more precise comtrol of temperature than is possible with paseive

control,

2.1.6.3 General Statement of Work

The primary objective of thermal-control is to malntain satellite
components - either mechanical or electrical - within temperature
ranges which will insure satisfactory operation. This control nust be
provided during a variety of enviromments from component testing to
launch countdown, and finally to orbital flight. Thermodynanic
investigation of Vehicle 2355 was initiated 26 months before launch
and centered around these major items:
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e Recognisation of therul—coﬁbrol problem areas
e Internal thermal design of the radar payload

e Coordination between the Payload Associate Contractor and
the Systems Associate Contractor

e Determination of equipment temperature limits and duty cycles
¢ Envirommental testing of components and systems

e Orbit analysis of the complete satellite vehicle with
resulting temperature predictions

o Temperature control of primary batteries
The radar payload is an adsption of an airborne system to a satellite.
Since the airborne system used forced air cooling, it was capable of
continnous operation even though the level of internal power dissipation
was high. Most cxbital temperature control schemes can not afford the
luxury of an acﬂ.ve ocontrol aystem nor can they add excessive weight to
the equipment. Initial meetings between Lockheed and the Pgyload
Associate Contractor resulted in guidelines being set which made
passive temperature control feasidble. Significant guldelines were the
establishment of temperature limits, duty cycle and thermal window.

The normal method of specifying orbital temperature limits for space-
craft oqupnontintorotortothemﬂmandﬂmdlmbleban
plate or mounting surface temperatures. For small electronic equip-
ment, vhere all internal components are mounted on the base plate and
the remaining sides act only as a cover, this method is adequate.
However, for equipment where sides other than the mounting base may be
structural or component mounting surfaces, the method is inadequate
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since it defines only the allowable temperature enviromment on one
face of the equipment. Additionally, specifying only the base plate
temperature enviromment, causes confusion during qualification testing,
since the question arises as to the temperature enviromment of the

remaining sides.

Temperature limd ts imposed on payload components were urique in thlt
they did not refer to equipment temperatures but rather were lxd te
on the exwwiroment in wiich the equipment must operate. For example,
the Transmtter-Modulator would have to operete in an emviromment that
was between O°F and +100°F - this meant that the surroundings with
which all external surfaces of the trensmitter exchanged thermal energy
would be between O°F and +100°F. The equipment itself would be at
least as warm as its surroundings with some internal camponents being
hundreds of degrees hotter. Setting equipment tesperature limits in
this manner, in effect, provided the division of responsibilities
between Lockheed and the Payload Assoclate Comtractors the Associate
Contractor would provide equipment cepable of operating in a specific
thermal enviroment while Lockheed would be required to provide the

¢ proper ewiroment in the satellite.

[atamm |

Mission parameters dictated that the payload aystem would have to be
capable of at least S minutes of operation each orbit. The maximm

N

duty cycle per orbit was set at 5 minntes of warm-up followed by S5=1/2
minhtea of combined pre-operate and operate. Passive internal thermal
design of the payload could be accomplished with this relatively short
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duty cycle even though the internal power dissipation associated with
the operate mode was in excess of 2 kilowatts. The design spproach
wonld be to store this thermal energy during operation, and then
dur:l.pg the off cycle to provide for energy removal from the equipment
to the spacecraft structure and eventually to outerspace.

The initial themal window determined for the satellite gave a Solar
Incidence Angle ( 8#) of 0° > g > =30°. Considerstions effecting
the establishment of this window weres
e Its compatibility with a requirement for daylight recovery.
o The Agena vehicle had previously been analytically and flight
qualified to operate within this external envirooment.
e Considering the L day daration of the mission, the launch
window would be at least 3 hours wide.
e Lockheed Thermodynamios felt confident that, for this
thermal window, passive thermal control would be adequate
for all vehicle and payload equipment.

2.1.6.4 Internal Thermal Design of the Radar Equipment

Thermal design of the radar equipment was the responsibility of Goodyear
Aerbapaca Corporation, The following discussion of Goodyear's Thermal
Evaluation was abstractgd from Section IV of the Goodyear Report.

General ~ Thermal studies were conducted to determine the requirements for
adequate envirommental protection to the electronic equipment associated
with the KP~II radar system., Analyses were also made to evaluate the
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adequacy of the equipment to meet these requirements. The studies and
analyses included a review of the basic thermal design philosophy, investi-~
gation of ascent heating conditions, orbital temperature studies, and a
study of the thermal characteristics of the equipment during ground opera-
tion, Unit design was based upon the requirements of satisfactory operation
for three successive orbit duty cycles and five-minutes of operate per orbit
with the envirormental conditions specified below, These temperatures are
average temperatures which are applicable to the vehicle skin with which

the units exchange thermal energy during orbit,

Temperature Pressure
Range (F)  Range (mm Hg)
Unite (other than Recorder) 0-100 202 o 10~
Recorder 32-130 1072 to 20°8

Thermal Design Philosophy - The KP-II radar system was adapted from the AN/

UPQ-102 (RF=-4C) Doppler Padar which used internal forced air cooling. Use
of forced air or similar active cooling systems in the KP~I1I system was

not considered since thermal control of electronmic equipment in space is
most efficiently accomplished by passive means. The themmal design of the
KP-II system was therefore based upon radiation thermal interchange which
ie the primary availsble modeaf heat transfer. Thermal control of the
various units occurred by radiation to the vehicle skin., Components within
these units experienced thermal interchange with the unit walls and
structure by radiation and conduction.

Space stable thermal coatings having desirable emittance characteristics
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were used on the equipment to obtain maximum thermal interchange. To
assure high emissivities, black psint or black anodizing was used on the
units which comprise the system. Care was taken in selecting paints which,
by decamposition while in space, would not create a pressure enviromment in
the equipment or vehicle. It should be noted that proper thermal treatment
of the vehicle skin was also required for maximum thermal interchange
between the system units and the vehicle. Thermal anslyses presented
herein pre-supposed such vehicle thermal coating.

-

The electronic equipment experienced transient heating and cooling condi-
tions, with the maximum and minimum temperatures depending upon the
particular orbit geametry, Heat sinks were used in the equipment where
local heating conditions of particularly temperature-sensitive components
indicated the necessity. Foils and highly conductive silicon grease were
used extensively to reduce thermal contact resistance in these applications.

Method of Analysis -
0 Radiation - Thermal analysis in many cases was based solely upon
radiation thermal interchange (either to a unit case or to the

vehicle skin)e The following expression for radistion thermal
balance was useds |
oo b _wl)es ar
Q= BPA(TY - Tsb) + Giey)g T
where
Q = Energy Rate (Btg/tu-)

1)

¢ s Stefan-Boltzmann constant
(01711 X 10~ Btu/br £42 degrees BL)
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Ec* = emittance

Fc = radiation view factor

A, = radiating area (ftz)

w = welght (1b)

cp = gpecific heat (Btu/lb degrees R)

@ = time (hr)

T, = temperature of component - emitting (degrees R)
T = temperature of camponent - absorbing (degrees R),

% Subseript "e® denotes properties of the camponent.

For the steady state, Q can be expressed as:
Q= EFA (Tl -1,k . | (2)

Where Toc; is the steady-state canponent temperature, Equations

(1) and (2) combine to forms

0 EFoho(Toel = Tgl) = 0 EgF oy (Tl ) + (Wep)e g;ﬁ e (3)

The variables T, and © can be readily separated and for a
differential time interval, 46, Equation (3) becomes:

ch - O Ech‘c : o . (h)
(Togt = ) W),

Vith an initial component temperature ‘l'o and a temperaturs at
time 6 of T, as limits, integration of Equation (L) ylelds:

3
To - 29_ +hEch‘c”Too o
£ ( T”) “Too) ——————-(mp)c (5)
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where
T A T -1
tq) = 2t (g=)-1at E}?,’?,Q—’,.l . (6)

It is noted that, for analytical purposes, heating is assumed to
be periodic each orbital cycle. For repetitive cycles the com-
ponent temperatures, therefore, vary between T ol and '1'02 at the

beginning and end of the operate period, respectively.

Equation (6) can then be written as:

For Heating:
'f(_r_gg _ f(r a,, LEFA # 3, @ -
TOO Too (ch)c
For Cooling:
Tal To2y . b EcFohow Tod ©
2(55) = £(=22) + L .

For heating, Toq is equal to the steady-stats component tempera-
ture found in Equation (2). For cooling, Too 15 essentially the
skin temperature T,. The radiation parameter f(:_:_o) for both
cooling and heating is plotted in Figure 2.1.6.1. Temperatures
Ty and T,y can be found by solving Equations (7) and (8) siml-

tanecusly.

o Conduction = Maximum temperatures of components mounted on large
radiating heat sinks were found by assuming that all heat dissgi-
pation was conducted directly into the sink and from there
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1.0g= 2.0
/ ,
0.8 1.8
0.6 1.6
HEATING
8
S
0.4 1.4
COOLING
0.2 1.2
T ~TEMPERATURE AT
REFERENCE TIME ~ DEG R
[} L [}
Too ~STABILIZED TEMPERATURE
0 (AFTER INFINITE TIME) ~DEG R 1.0
0 | é 7

2 3 y 5
F(T/Te) = 2 TAN"Y (T/Te0) = LN ,.[-g%gﬁ]

FIGURE 2.1,6,1 = RADIATION PARAMETER
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radiated to an absorbing skin (vehicle or case). The sink temper-
ature was then calculated by the method outlined above. The
temperature difference between the component and the radiator was
found from:

Q=Upyp (T, - 1) (9)
where U,_,. is the surface conductance (in Btu/hr degrees R)

between the components and the radiator.

In other cases the maximum component temperature was obtained by
sssuming that all heat dissipated during the operating cycle was
fully absorbed by the camponent thermal mass. This approach was
used where the component had a fairly large mounting area and
where the thermal contact resistance between the component and the
radiating heat sink or mounting plate was small. Under these condi-
tions, the component tamperature at the start of the operating cyle
is essentially the sink temperature. Since the heat sink or base
temperature can be found by considering thes radiation thermal
balance, a conservative value for maximum compoment temperature
(Tcz) can then be found froms

Q@ = (W) (Top = Ty) o (20)
where Ty 1s the component temperature at the start of the

operating cycle.

Equipment Thermal Analysis - Detailed thermal analyses were conducted on
each unit comprising the radar system to determine the unit thermal charac-
teristics while operating in a space enviromment. Studies were also made
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on component parts and individual electronic modules to determine heating
and cooling response in a vacuum., Experimental investigations of techniques

to enhance thermal interchange were also made,

Results of the analyses conducted on the various wnits are presented in
Tables 2.l.6.1 through 2.1.5.5. Haximum predicted orbital temperatures are
given for high heat dissipating or temperature sensitive components. Unit

averaze temperatures are also given,

Results of the analyses and investi.gationa indicate that in every instance
the thermal design of the equipment was more than adequate to assure proper
temperature control of all system corponents while operating in an orbiting
vehicle. In each case uaximun expected camponent temperstures were below
acceptable specification limits, Furthermore, temperatures given in the
individual analyses are zenerally conservative and are based, for the rmost
part, on an average vehicle skin temperature of 100 dezrees T (Recorder
analyses were based on an averare vehicle s!-:'m’ temperature of 130 degrees
T)e Results of the camputer analyses conducted on the Agena vehicle by
1}MSC indicated that the average vehicle skin temperatures in the conical
and barrel sections of the vehicle were found to be 80 degrees T and 73
degrees I, respectively., !inimum temperatures were 67 degrees F and 39

dezrees F. ILxpected comnonent temperatures can thus be reduced accordingly.

The analyses were based upon operation during each consecutive orbit,.
Actual duby conditions were not this severe., Operation would not be re-
quired for more than two consecutive orbits. In view of this fact an

additional margin of safety was indicated.
1-169
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Results of the computer analysis further indicated that no thermal problem
should be anticipated at the low temperatures encountered during the orbital

eycles. Minimm vehicle skin temperatures and unit temperatures would be
sufficiently warm for reliable operation of all components used within the
KP-II radar system. |

TABLE 2,1,60)1 = SUMMARY OF ANALYSESs TRANSMITTER - MODULATOR

T/ Signal Component ' Mua VaxTeam
Numbex Allowable
Orbital T Temperature
eratureL°n§- Limit (O F)
F 34 Klystron collector Lo 572
F 35 Klystron body 210 250
F 36 Unit case 158 -
- Pulse-forming network 16} 185
- Power resistors 365 527
F 37 Pulse transformer 159 185
- Thyratron 386 752

# See Figure 2.,1.642

TABLE 2.1.6.2 - SUMMARY OF ANALYSES: R«F/I-F UNIT

T/M Signal Component ma—'—m—
Number , Allowable
gz-rmg(gng- mo F)
Unit average temperature | 102 -
F 33 Transmit-receive tube 180 185
FA Traveling wave tube 135 185
1=170
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TABLE 2,1.,6.2 = SUMMARY OF ANALYSES: R-F/I-F UHIT (Continued)

T/ Signal “Component “Calculated WMaxcdmum
Number Maxdi mum Allowable
Orbital Te Temperature
erature(® ;g. Limit (° F)
F 32 Frequency multiplier 116 9
- RE75 power resistors 278 350

TABLE 2,1.5+3 = SUMIARY OF ANALYSES: REFEZENCE COMPUTER

T/M Siznal Component Calculated Masciman

Nuwnber Maxinum Allowable
Orbital Temp- Tearperature
erature(® ) Limit (° F)

F 27 Unit case 110 -

- Printed circuit board 123 . -
(heat density - 20 watts/ft2)

F 22 Video ampllifier - 173 212

F 23 Gate sequencer 165 212

TABLE 2.,1.6.)4 = SUlARY OF ALNALYSES: CONTROL UNIT

'1‘75! §fgn§1 Commonent Calculated rHaximum

Lumber . viaximam Allowable
Orbital Temp- Temperature
erature(®° F Limit (° F)

F 20 Power supply 165 -

- Transformer (=23.5 VDC) | i 185

F 21 Unit case 130 -
1-171
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TABLE 2,1,6.5 - SUMMARY OF ANALYSES: RECORDER UNIT

TR Sl —Componemt —aledated — Walwm
Mumber m ;lleublo
eratere(0 F)_ Limt (5 7)
F 30 Unit case 134 -
F 28 Deflection amplifier
(Heat sink) 175 -
(Power transistors) 243 257
F 29 High voltage power supply s 185
20l 300

- Drive motors

Ground Operation - Themal design of the units comprising the KP=IT radar
system was based upon operational cyc'.l.:l.ng in a space enviroment with a

comparatively short duty period per cycls., Thermal conditions encountered
during ground operation or bench testing for periods which exceeded the
normal space duty cycls were therefore considered.

Analytical studies were conducted to determine the time period that each of
the KP-IT system units could be operated during testing or other ground
operations without excesding the component design temperature limits. The
analyses were based upon operstion at full design power levels in the |
"buttoned-up”" condition, Heat transfer was assumed to be accalpli.;he_d by
radiation and by free or forced-air oooling. The analyses showed that the
Recorder, Reference Computer, Control and R-F/I-F units could be operated
contimiously in a lsboratory enviromment using only natural radiation and
fres-convection cooling, without exceeding temperature design limits,

1-1

; | L |
~SECRET-SPECIAL HANDLING

LOCKHEED MISSILES & SPACE COMPANY



NRO APPROVED FOR RELEASE
DECLASSIFIED BY: CART

oecassirepon:suy vz -SECRET-SPECIAL HANDLING AC=014306

NODE
1 ~ COLLECTOR

2 ~ JUNCTION OF COPPER AND

l

@ ~TIME ~ MINUTES

NODE //// ALUMINUM FINS
' /’ 3 ~ ROOT OF ALUMINUM FINS
2 % 4 ~ RADIATOR
e J
7 A
7 VEHICLE SKIN TEMPERATURE = 100 DEGREES F. T~
| POWER ON
prag AN POWER OFF
|| . ||
2 3 4 s Y 30 50 70 0
| A

FIGURE 2.1.6,2 - KLYSTRON COLLECTOR AND HEAT SINK TEMPERATURES VS, TIME
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Analysis of thermal conditions encountered during ground operation of the
Transmitter-Modulator Unit indicated, howewer, that radiation and free-
convection heat transfer would not be adequate to maintain critical componsnt
temperatures below design limits. Studies showed that the klystron tube and
several pulse camponents would exceed acceptable temperature limits if
operated continuously without additional cooling protection.

As a result of the analytical studies, a duplex squirrel cage blower was
added as a part of the unit test apparatus. Forced-air cooling was there-
fore provided for the klystron and pulse components. A side cover om the
unit was removed for cooling access to the pulse calpomnta.‘

- Furthermore, analyses showed that cooling air supplied to the vehicle on

the launch pad (LO to 60 degrees F air temperature) was adequate to maintain
the equipment to an acceptable temperature level while operating during
ground checkout,
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2.1+6.5 IMSC Preliminary Thermal Design
Thermodynamic capabilities of satellites are strong functions of the
location and temperature limits of equipment they are made to carry.
If all equipment temperature limts were =30 to +165°F, then the vast
majority of satellites conld be provided with passive te-persbnre control
without having thermal window restrictioms. On the other hand, with
present equipment temperature 1imits (including primary batteries),
if equimment locations are allowed to be specified by thermodynamic

: peraonnel, then most thermal window restrioctions would also be removed.

This point can best be shown by considering that at least 75% of the
thermal window restrictions imposed on Agena vehicles are required
because the primary batteries are in the worst possible location
within the Agena forward equipment rack. The point of this discussion
is that one of the most important aspects of thermal design is inter-
facing with other design areas to insure that tesperature-critical
equipment is located in thermally preferred locations. However, it is
recognized that equipment locations can not be based solely on thermo-
dynamic criteria but must consider these requirements with both
structural and electrical interface requirements.

Preliminary thermal design and analysis of Vehicle 2355 was accomplished
during the structural design phase. Equipment locations within the
various vehicle and payload equipment compartments were approved based
on the existing thermal design window. Considering the nature of the
externsl heat fluxes that would fall on the satellite, the resulting

1175 ~
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equipment space allocations were nearly ideal. Additiomally, a
prelimipary analysis considering payload parameters such as internal
power dissipation and weight, demonstrated that passive thermal comtrol
could provide a temperaturs enviroment that was compatible with the
thermal design of radar equipment.

Frelimipary ascent phase temperature predictions were made in support
of structural design. The analysis included the effects of vehicle
dynamics (angle of attack during the dogleg maneuver) and provided
circunferentisl temperature distributicns on both payload and vehicle
sections. The effects of vehicle dynamics on aerodynamic heat transfer
to the vehicle was included by applying to the sero angle of attack
heat rates an empirical factor, equal to the ratio of the heat rate

at angle of attack to the heat rate at zero angle of attack. This
factor was obtained from data that was not strictly applicedble to
ascent phase convective heating of s_atc]lit.e Systems vehicles; however,
this analytical techriques had been shown to be conservative on other
satellite programs using similar trajectories. 4 separate ascent heat-
ing analysis was made for the magnesimm fairing covering the radar
antenna t0 aid in therwal aimulation for the fairing separation test.

Potential problem components like the lear Siegler power supply,
Primary batteries and radar antenna were rev:l.eled during the early
development of Vehicle 2355. To accommodate the high internal power
dissipation of the power supply, its external surfaces were coated with
& high emittance paint. Flush mounting in a favorable location within
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the cylindrical payload equipment compartment also mirimised the
wedight of the power supply's heat-sink base plate. These measures were
intended to minimise the resistance to heat transfer between the Lear
Slegler power supply and its spacecraft emviroment. Thermal analysis
of the batteries and the antenna will be described in Para. 2.1.6.7.

In addition to equipment temperature mtrnanutioh, four sensors were
added to monitor structural temperatures in the conmical and cylinderical
payload equipment compartments. Sensors were intended to give both
design and diagnostic data during orbital flight. This instrumentation
would angment payload instrumentation and would be used to verify the
thermal enviroment that the spacecraft structure provided for radar
equipment.

2.1.6.6 Qualification Testing of the Radar Equipment

Many qualification test procedares do not adequately subject equipment
to the thermal enviromment that they are supposed to operate within.
Reasons for this ares \ |

® Themﬂtuunginperfonedinmnrnwmmm
internal component temperatures are strongly influenced by
free comvection heat transfer.

e Equipment temperatures are not allowed to stabilize before
operational tests are performed., This refers to the amount
of time equipment is allowed to "soak® within the test
chamber. |

® The temperature enviromment of only a small portion of the

1-17M7
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equipment (mounting base) is controlled.
The objective of qualification testing of the radar equipment was to -
demonstrate the equipment's ability to function within the thermal
enviromment (tempersture limits and duty cycles) that had been used
as design criteris. Testing of intividual boxes was performed in
Lockheed's High Altitude Thermal Simnlation (HATS) Chanber. Thermally
1mtrm§nt.ed boxss were mounted on a tempersture controllable plate in
& manner that simnlated the satellite lonnti.ng configuration. This
Plate was placed in the HATS chanmber whose wall temperatures could also
be controlled. After evacuation of the chanber, the walls and mounting
Plate temperatures were controlled to one end of the equipnent!?s
envirommental temperature limits. Internal and external thermal
instrumentation was used to determine when the equipment had stabilised
at the chamber temperature. This stabilisation was assumed when all
instrusentation indicated temperatures that were within S5°F of the
chasber temperature. Depending on the weight density of the equipment,
stabilisation required from L to 11 hours.

When the equipment's temperature stabilized, it was operated at
maximme duty cyole for 3 consecutive simulated orbits. The same
operational test was performed at both ends of the equipment's temper-
ature limits. All of the Payload Associate Contractor's equipment was
tested in this manner and there were no equipment malfunctions that
were attributasble to adverse tanpéraf.m levels.
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Qualification testing actually subjected equipment to a duty cycle which
was significantly greater than that programned for orbital flight.
During the test equipment was placed in the operate mode a total of

15 minutes in 3 hours while orbital operation required only 30 minutes
of the operate mode in 80 hours.

£.1.0.7 Final Spacecraft Thermal Design

The preceding discussions focused attention on the design and testing
of equiprment and on the importance of equipnent location with a
sabellite. The next step was to identify the specific nature of the
orbit enviromment, provide the methods for predicting its effects,
and then generate a passive envirommental control system %0 maintain
the required limits of the internal environment as demanded by payload
and vehicle equipment. The succeeding paragraphs will discuss the
nature of the various environments, indizate the conple:dty of the
attendant problem areas, and describe some of the unique approaches
ussd in dotaining passive thermal control for Vehicle 2355. These
discussions are not intended to be technically complete but only to
indicate Lockheed's approach to the temperature control problem.

Basic Concepts
Except for periods of exit and entry through the earthts atmosphere, .

an earth satellite operates in an environment of such low preaaﬁre that
thernal radiation is the predominant mode of heat branﬁfer between the
vehicle and its surroundings. The source-vehicle geometry causes this
radiation to fall into three general categoriess
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° Maﬁon from the sun.
e Emission of radiation by the earth and its atmosphere.
® Reflection by the earth of radiation from the sun.

The geoietry of the vehicle and its relation to these energy sources
(generally varying with time) determine the magnitude of the total
irrediation. Radiation charscteristics of the external surfaces
determine the absorbed energy and affect the reradiation from the
vehicle surfaces. These faotors - the absorbed energy and reradiation,
together with internal conduction, radiation and power dissipation
effects - determine the temperature boundary conditions upon which the
internal thermal control is based.

Regardless of the degree of internal temperature control required, the
internal design controls the choloe of "external surface® fimtshes
for the vehicle (*paint pattern"). Stable fimishes, for which the
radiation charecteristics and the effect of prolonged exposure to the
enviroment on these characteristics are known, must be used. The
function of internal thermal design can be simply stated, "It is
required to dissipate power on the average through some heat-flow
Path t0 a sink at some temperature while maintaining the power-
generating units and other components within a given temperature
range®. Although it is feasible in some cases to use power as a means
of control, it is generally required that the heat-flow path and the
sink temperature be passively controlled to yleld the required
temperature regnlation.
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- The thermal analysis problem in a satellite is typified by the system

shown in Figure 2.1.6.3. | The basic elements of thermal capacity,
heat-tranafer paths, and external radiating surfaces are shown together
with the analogous electrical circuit. The solution for such a circuit
is relatively simple. However, a space vehicle must be represented by
many such systems, all interconnected to form a single network or
"Thermal Model®. Diacrete equipment or structural items in these
networks are referred to as "Nodes® and are assumed to be a uniform
temperature. Each node has an associated value of thermal capacity,
and many have a time-dependent electrical power dissipation. The
radiant interchange of the skin with internal equipment and structure
must also be accounted for. Solntion to the equations describing

these networks mnst be obtained through use of digital computers.
Thermal Am]yzefr Network programs have been developed at Lockheed as

& means of solving such problems.

Analysis of Payload and Agens Equipment Compartment

Vehicle 2355 had five basic equipment compartnents as shown in Figure
2.1¢6eli. The standard method of analysis is to determine external
paint patterns and make tesperature predictions for the individual
equipment compartments. The use of this technique is often Justified
since it minimses both computer time and complexity of the analytical
thermal model; however, temperature predictions are often strongly
inflnenced by the boundary condition assumptions. For example, during
analysis of a short eqniynmtmkhketheﬂhgudlmemk, it would
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be necessary to assume envirommental temperatures for both the Agena
forward rack and the cylindrical payload section. For this case, the
assumed texperatures would represent over §0% of the boundary tesper-
atures of the equipment cospartment. In using this technique of separate
equipment compartment analyais, it is necessary to exercise great care
in establishing boundary temperatures. Preliminary thermal analyses

for Vehicle 2355 used this separated rack technique.

48 a result of a nmber of battery failures on Agena Vehicle during
196k, thermal design criteria for Vehicle 2355 Primary batteries was
substantially restricted in November, 196l. These reltr:I;ctionl,
especially narrowing of battery tempersture limits, made it clear that
the inherent inaccurecies in separated rack thermal analysis could not
be tolerated. The recently developed thermal model of the [N
Agena forward equipment reck, including the main propellant tanks,

was felt to be the "best" model available of that section. This
model was modified to the Vehicle 2355 configuration and combined with
the existing models of the BTL guldance and payload equipment racks.
The interaction between the varicns equipment compartments could now
be accqrate]y calonlated since the thermal model incladed all sections
of the vehicle from Station 144.0 to 384.0.

The complexity of this combined model can best be demonstrated by
conaidering the following network parameters:

Equipnent and structure within the oquipment compartments

were divided into 968 discrete elements or "modes". To account
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far heat transfer between the various nodes it was necessary
to describe 5,377 radiation resistances and 1,715 conduction
resistances. To solve this network on a computer, the exist-
ing thermal network analysed program had to be streamlined to
make available additional storage,

These parameters describing network sise are cited only because it is
felt they represent a "Stato-of-thq-lrt' advancement in both spacecraft
thermal analysis and thermal network analysis computer programs.

Battery Thermal Analysis
Vehicle 2355 carried three primary batteries of the 1-D Type. As
shown in Figure 2.1.6.5, one battery was mounted in the Oylindrical
Payload Equipment Compartment with the other two blttu'.loi being
mounted in the standard location in an Agena Forward Equipment Rack.
The extensive thermodynamic analysis of these battery installations
fall into three categories:
e The Firet Analysis used internal power dissipations of
1.0 to 3.5 watts per battery over an operational temperature
range of +55°F to 4130°F.
o The Second Analysis considered internal power dissipation

uwp to 1L watts per battery over an operstional temperature
range of +55°F to +130°F.

¢ The Final Analysis considered internsl power dissipations
up to 35 watts per battery over an operstional temperature
range of +60°F to +100°F.
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a) One battery located in cylindrical payload equipment compartmen
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In all of these analyses, the thermodynamic design considered average
internal power losses per battery oniy t0 center the expected operational
temperatures within the allowable temperature range. Temperature
predictions were then made with internal power dissipation as a
variable. In each case, the thermal design allowed the batteries to
operate within _tmutnre limits even though their internal power
dissipation might vary significantly from what was expected for an

equal load sharing condition.

Orbital temperature limit requirements for the first analysis could be
met passively by providing maximum thermal isclation between the batteéries
and their equipment compartments and by using the internal dattery
power losses to comtrol battery temperatures. This isclation scheme
places phenolic fiberglas pads between batteries and their mounting
structure and covered the batteries with a rediation shield. Figure
2.1.6.6 presents typical battery tesperature predictions for the first
analysis. Slopes of this equilibrimm battery temperature versus power
dissipation curve were nsed to obtain the dependence of temperature
upon power dissipation. For exasple, a one-watt change in power
dissipation would result in spproximately a 20°F change in the
predicted payload rack battery tempersture. It is noteworthy that
this dependence of temperature upon internal power dissipation was an
order of magnitude higher for the payload battery than it was for most
other vehicle and payload equipment. This high dependence resulted

since the texperature control scheme required thermal isolation between
the batteries and their nrronnd:l.ngi.
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Since primary battery power losses were apparently not accurately
knom and this parameter was critical for battery temperature control,
an activated 1-D battery was included in the TASC test of the 2355 F1IV.

The test was accomplished by installing a 1-D battery in the payload
equipment rack using the flight item battery brackets. A flight
hardware battery radiation shield was also installed during this test.
Battery voltage leads were brought outside the TASC facility to an
external load where orbital power requirements were simnlated by using
three levels of current M2 amps for transit, 8 amps for 12 to 20
mnutes during active orbits, and 50 amps for the programmed payload on
time. This loeding profile resulted in an average current of 2,8 amps.
During 30 hours of testing, battery temperatures rose from 74°F to
116°F. The internal power dissipation required for tiis temperature
response was calculated to be 1) watts.

This experimentally deteriined battery dissipation was six times
greater than the estimated internal power losses used as thermal
design criteria. It is noteworthy that a low power dissipation of

1.5 to 2.0 watts per battery had treditionally been used in the thermal
analyzig of Agena vehicles. These estimated levels of dissipation had
been provided by SS/C personnel associated with each project.
Additionally, all envirommental tests on equipment compartments had
used external power and batteries, although mmea, were never
operated under an electrical load. |
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Analysis of battery failures during recent f1ights had shown that
there could be unequal load sharing by batteries during orbit Ilight
and that this condition was aggravated by having different thermal
enviroments for the batteries. Additionally, the flight failures
 occurred at temperatures below 130°F but above 100°F. The knowledge
of primary batteries of the Type 1-D and 1-C, although greatly increased
before the launching of Vehicle 2355, was still far from complete. The
following was known about the Type 1-D battery and other primary
batteriess
¢ Temperaturc limits specified by the battery manufacturer
were +30°F to +100°F.
e Voltage regulation data on the Type 1-D battery showed
that battery tesperatures would have to be above 60°F to
provide radar payload power requirements while maintain-
ing the vehicles BUSS above 22.0 volts.
¢ Recent heat dissipation test on both 1-C and 1-D batteries
had shown that internal power losses were approximately
3.5 watts per amp of discharge.
¢ Daring the simnlated flight operation of 2356 in the
Anechoic Chamber, the average amperage loed was 8.5
for the total vehicle and payload.

On 19 November 196k, the following proposal for battery thermal
design on Vehicle 2355 was outlined to the Project Offices
Considering battery temperature limits as +50°F to +100°F,
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the battery temperature control scheme should be redesigned
to accommodate unequal load‘distribntion and glso to provide an
identical thermal enviromment for the two different battery

locations.

These objectives were met by a narrowing of the launch window and by
8 redesign of the vehicle and payload external paint pattern. The
resulting thermal window was -21° < g8 < 13°.

Figure 2.1.6.7 presents the final battery t-peiatm predictions.
Dependence of battery temperature on its own internal power dl.ulpit:lon
had been reduced by minimizing the thermal resistance between the
ﬁatteriea and their satellite enviromment. As can be calcnlnt.gd from
the equilibrium temperature predictions, this dependence was now only
0.9°F per ntt,‘ whereas it was 20°F per watt for the first battery

thermal analysis.

Battery thermal design for Vehicle 2355 had compensated for the
apparent unknown battery performance data by a design and analysis
which allowed for unequal battery load sharing without having

battery temperatures above 100°F or below 60°F. The design techmique
was to minimixze the dependence of battery texperatures on their_

own internal losses. Analytical techniques removed nearly all the
uncertainties associated with spacecraft tempersture control by 1)
demanding near perfect optical properties for thenni control .nrfaoai,
and 2) by use of a mathematical model which accurately accounts for the
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exchange of thermal energy between all sections of the vehicle. The
penalty paid fo;' this conservative spproach was a launch window
restriction.

Thermal Analysis of Radar Antenna

Requirements for dimensional stability of the antenns made it necessary
to impose the following operational temperature criterias
o Waveguide temperature levels had to be between 0°F and
+90°F. |
¢ Temperature gradients across the wavegnide (measured
perpendicular to the antenna plane) could not exceed
2.0°F per inch.
o Temperature gradients in the supporting longitudinal side
beams (ISB) could not exceed 0.5°F per inch.

These striengent orbital requirements were met by 1) integrating the
thermal analyses ‘ot both the antenna and the vehicle, 2) specifying
acceptable thermal control surfaces for the entire antenna structure,
and 3) providing uniform vehicle surface temperatures underneath the
antenna. The antenna's influence on the thermal performance of the
vehicle was found to be negligible since it covered only 1/9 of
external vehicle sarfaces and also was a relatively open structure.

The surface selected for controlling temperature levels of the
antenna waveguides was a non-leafing alwminum lacquer., This thermal
control surface provided acceptable orbit average temperatures due to
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its low valne of ®s and € (%s/e = 'W.ua). Texperature
gradients, induced by non-umform heating due to direct and reflected
solar energy, were reduced to acceptable levels by covering portions
of the LSB with an adhesive-backed aluminum tape which would absord
only 12 percent of the incident solar energy.
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2.1.6.8 Envirommental Testing of Flight Payload

Test objectives, configuration, instrumentation, and procedures which were
necessary to produce the satisfactory high altitude and temperature simu-
lation for the 2355 Payload are briefly discussed in this section. Evalua-
tion of test results is also presented. Objectives of this testing were,

1) to subject the radar payload and associated equipment to simulated orbital
thermal environments at high altitude, 2) to experimentally determine the
operating temperature levels of themally critical components, and 3) to
determine the validity of temperature predictions by comparing predictions
with results of envirormental test.

The facility used for these tests was Lockheed's Thermal/Altitude Simmlation
Chamber (TASC) which is a high vacuum chamber using a sink/source technique
for external heat flux simmlation. The rédiatim heat transfer sink is the
1liquid nitrogen filled internal chamber walls which average a temperature

of -300°F, Sources for external heat fluxes are quartz lamps arranged on a
"birdcage" structure which is suspended 8% inches fram the test specimen.
The TASC facility was designed to accommodate 60 inch diameter cylindrical
sections up to 9 feet in length plus canical sections having 15 degree half-
cone angles and up to 6 feet in length. The spectral energy distribution
available at the specimen surfaces is in the infrared spectrum and can have
intensities up to 185 watte per square foot (1.5 timés the intensity of the
sun's radiant energy),

The 2355 flight payload, including the recovery capsule and the conical and
cylindrical payload equipment campartments, was the test specimen, Flight
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thermal control surfaces had been applied to the external equipment comparte
ment surfaces. A radiation shield, attached to the aft end of the payload
(Station 228.0), was used to minimize heat transfer across this boundary.
Thermal instrumentation consisted of 48 thermocouples connected to
continuous recorders. Thermocouple locations coincided as much as possible
with the node center designations of the thermal network used to predict

payload temperatures,

Lamps comprising the external heat flux simulator are divided into 12 peri-.
pheral and 2 end zones with each zone having independent voltage control.
Orbital simulation was achieved by specifying a voltage program for these
zones which duplicated the absorbed orbital heat flux on the payload, Heat
fluxes absorbed by the payload in the test chamber were dependent on,

1) the mean spectral emittance of the payload surface finishes, 2) the
spectral radiance of the quartz lampes for a given voltage setting, and

3) the geometric relationship of the simulator-payload configuration.

Items 1) and 2) were determined in IMSC's Thermophysics Lab. Item 3) was
determined using previous TASC simulator calibration test data.

TASC enviromental testing of the 2355 payload similated the conditions
existing in an orbit whose Beta angle equals +30° since this simulated
orbit provided the hottest enviromment for the 1-D battery, the Transmitter-
Modulator, and the Recorder unit., Both dynamic and orbit average voltage
programs were analytically developed for the heat flux simulator. During
the initial TASC test, accurate external heat flux simulation could not be
achieved using these analytically developed voltage programs. The analysis
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which generated the thermal control surface requirements for the payload as
well as the techniques which result in a voltage program for the simulator
were checked and found to be correct. Calibration data for incident flux
on the payload versus lamp voltage was suspected of being inaccurate. This
suspicion was verified by installing heat flux calorimeters on the external
payload skins during subsequent TASC te_sting. It is noteworthy that
although this inaccurate caubratién data resulted in nearly 150 percent of
the caloulated incidant energy on the test specimen, it had previously been
used many times for TASC testing of other payloads. '

Lamp voltages for the orbit average program were ratioed down by a factor
of 0.8 and used during all but the first TASC test of the 2355 payload. It
is unfortunate that time varying or dynamic external heat flux simmlation
could not be accamplished since temp data taken from this type of simula-
tion could have been used to better verify thes validity of analytical
temperature predictions. The modified orbit average voltage program did
provide adequate simulation with an average difference between predicted
and actual temperatures of less than 5°F and a maximum deviation of 1S5°F,

Fron a thermodynamic viewpoint, the most significant result of the TASC
environmentsl testing was the determination of internal power dissipation
for type 1-D batteries. Accurate knowledge of this power dissipation was
instrumental in determining the successful battery temperature control
scheme for orbital flight of Vehicle 2355,

2.1.6.9 Special Consideratioms
This section presents a discussion of unique temperature control
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considerations and problems encountered during the thermal design of
Vehicle 2355.

Analysis Verification Structural design is verified by

qlnllﬁcatim‘ testing on structural mockups or substantiated by low level
testing of flight hardware. Electromic design is verified almost contimu-
ously from systems test to launch countdown. Unlike these and other engin-
eoring disciplines, the themodynamics design of a satellite does not usually
receive experimental verification before the actual orbital flight. Hence,
the analysis resulting in the thermal design should be meticulously checked

and/or be overly conservative in its design approach.

The narrow temperature limits on Vehicle 2355 batteries left no room for a
conservative design approach and it was necessary to subject the analysis,
which resulted in the passive temperature control of the entire spacecraft,
to extensive checking. Objectives of thls checking were:
e To substantiate the validity of thermal design driteria such as
power dissipation, temperature limits and thermal capacity.
e To verify that the thermal model adequately described the space-
craft.
e To verify the accuracy of calculated parameters such as 1) heat
transfer coefficlents for radiation and conduction and 2) external
heat fluxes incident on the spacecraft from the sun and earth,

The majority of this checking was accomplished after completion, on 30

November 196L, of the final orbital thermal analysis and resulting external
paint pattern for Vehicle 2355.
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A review of thermal design criteria such as equipment power dissipation and
temperature limits revealed no anomalies between this criteria and actual
test or design specification data. Of greatest importance was the internal
power dissipation of the Type 1-D batteries and this had been assumed to be
a total of 30 watts. Additionally, it was assumed that battery temperatures
would respond to their average internal power losses and would not be signi-
ficantly influenced by the higher dissipations during payload operation.
These assumptions could be substantiated by considering that, 1) during the
testing of 2356 in the Anechoic Chamber, the amperage load for the entire
spacecraft averaged 8.5 amps for 6l orbits of simulated flight, 2) heat
dissipation test on the Type 1-D and similar batteries (Type 1-C) had shown
that internal power losses were approximately 3.5 watts per amp of discharge,
and 3) during both Anechoic and TASC testing, the high thermal capacity of
the Type 1-D battery was sufficient to damp out the effects of high internal

power dissipation during payload operation.

It was not feasible to check all the network parameters comprising the
system thermal model of Vehicle 2355 equipment compartments. Instead, the
temperature predictions of this model were campared against other prediction
techniques. The validity of the portion of the thermal model doscribi.ng the
payload equipment compartments had been adequately demonstrated during the
TASC environmental testing. Validity of the Agena forward equipment rack
portion of the model was substantiated in the following manner:

An existing thermal model of the Agena rack used for thermal

analysis of Program 241 Vehicles was modified to the Vehicle

2355 configuration, Oonaidering the time available, these
1-199
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modifications could only be partial but did include changing the
network paremeters describing externasl paint nattern, battery
installation, and equipment power dissipation. External heat
fluxes from the sun and earth were recalculated and programmed
into this check modsl. Differences between predicted equip-
ment temperatures from the two models averaged less than 5°F and
were well within the allowable uncertainties associated with
this type of spacecraft thermal analysis. Battery temperature
predictions from these two independent analyses were less than
6°F apart.
Internsl equipment temperatures are strongly mﬂumcod by the orbtit
average skin temperatures of a spacecraft. The final method of substan=-
tiating the validity of Vehicle 2355 equipment tempersture predictions
was, therefore, to independently evaluate these gk:l.n temperatures. A
relatively simple thermal model, including all external skin structure
from stations 1h) to 384 was analytically constructed. Node breakdown of
the external skin was identical to the breakdown in the complete systems
model. External radiation heat transfer and conduction between the various
skin elements was accurately calculated. For simplicity, internal equipment
power dissipation andlhelt transfer had to be accounted for in an approxi-
mate methode External heat inpits were also recalculated. Orbit average
skin temperature predictions gemrat;d by this simple model agreed very
favorably with predictions from the complete systems model. The maximum
deviation between predictions for individual skin elements was less than
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10°F and differences in the average skin temperature in each equipment
compartment did not exceed 5°F. This simple thermal model had demonstrated
that no gross errors had been made in evaluating external heat inputs and
that the larger systems thermal model did not violate the law of conserva-
tlon of thermal energy.

Verification of the orbital thermal design of Vehicle 2355 was far more
complete than it had been for other IMSC designed satellites, The value

of this verification can best be shown by considering the resulting success-
ful battery temperature control during orbital flight. These techniques of
verification by constructing a simple model of the skin structure and by
correlation of predictions against similar equipment compartment thermal
models have now become a standard technique in the IMSC Thermodynamics

organization,

External Paint Pattern The 60°F lower temperature limit of the

Type 1-D batteries made it necessary to develop a paint pattemm which would
maintain a relatively high mean skin temperature even though Vehicle 2355
would spend up to LO percent of the orbit in the earth!'s shadow. This was
accomplished by, 1) using a black paint on portims of the vehicle (+ Z
axis) which received direct or reflected solar energy and, 2) placing
adhesive-backed aluminum tape (Mystik Tape) on sections of the vehicle

(* Y axis) receiving little external energy fram the sun and earth, Nominal

optical properties of these thermal control surfaces are shown below:

1-201
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Surface Solar Absorptivity Infrared Emittance
(e ) (e )
Black Lacquer ' 093 .88
LAC 37-4033, Class II
Aluminum Tape 012 oal
. LAC 24-12199

Of the 225 sq. ft. of external skin area enclosing the forward equipment
compartment of Vehicle 2355 (Station 287.0 to 140.0), 104 sq. ft. were
covered with Mystik tape, This tape had been used externally on other
I¥SC vehicles but had never comprised more than a few percent of the total
thermal control surface area. Mystik tape has three basic limitationss
e The design specification for the tape states that it may be used
externally in areas where ascent temperatures do not exceed
750°F. Howsver, due to outgassing of the adhesive, it will rise
from a surface whose temperature is only 300°F. This fact was
first discovered two weeks before the launching of Vehicle 2355,
® Incorrect removal of the backing from the tape can increase its
solar absorptivity by 100 percent.
® Being a highly polished aluminum surface, it is susceptible to
optical degradation caused by inadequate protection or handling,

In light of these limitations, it would not seem wise to use Mystik Tape

as a thermal control surface: however, its optical properties make it one
of the most useful thermal control surfaces available to the designer,

The following paragraphs describe the manner in which Mystik Tape was
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successfully used on Vehicle 2355,

With the exception of the conical equipment compartment, Mystik Tape was
only used on removable panel sections. Width of the tape varied from 2 to
6 inches and it was tucked around all edges of the panels. Additionally,
tape was overlapped approximately % inch. These measures were intended to
minimize the free edges of the tape and thereby reduce the possibility of
aerodynamic shear loads removing the tape during the ascent phase of flight.
On the conical equipment compartment, tape had to be used on sections where
there were no removable panels, The design approach was to overlap 6 inch
wide tape and place a stainless steel strap over the leading edges. Since
the greatest angle of attack and associated high aerodynamic heat loads
occurred on the +Y axis the tape was overlapped from this axis in a manner
that simuleted shingles on a roof,

A techniclan at VAFB, after applying tape to one of Vehicle 2355's removable
panels, placed the panel under a nearby heat lamp and noticed that the tape
began to "blister", Similar qualitative tests at Sunnyvale showed that the
tape would 1lift off its mounting surface at moderately low temperatures.
When blisters became large enough to reach a free edge of the tape they
would collapse. Upan cooling, a hlister would disappear and the tape would
re-attach itself to the surface. These phenomena had not previously been
noted or suspected since the adhesive properties of the tape were quoted

to be adequate up to 750°F. Test presently being conducted in Lockheed's
Thermophysics Lab shows that Mystik Tape will remove itself from surfaces
whose temperatures are as low as 300°F, This has been explained by

1-203
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concluding that outgassing of the tapes adhesive can cause pressure differ-
ences large enough to 1lift or blister the tape. Additional tests are
planned and will undoubtedly result in the recommendation being made that
if Mystik Tape is exposed to ascent heating and aerodynamic shear loads, it
should be tucked around all leading edges or be mechanically held against
the surface,

Although Mystik Tape had been used for two years, it was not determined
until early 196l that the method of removing the backing from the tape

could have a significant effect on the ultimate optical properties of this
thermal control surface. This fact was first discovered on—
where Mystik Tape, installed on the Agena aft rack, was so badly degraded
due to the method of application that the resulting orbital temperatures
actually caused the failure of a solar array drive motor. Recently a
Lockheed Process Bulletin (PB-105) was written on the application of Mystik
tape which, if followed, reduces the possibility of installation procedures
causing degradation of optical surface properties. When this type of
degradation does ocour, its main effect 1s to increase the solar absorptivity
of f.he aluminum surface. Degradation often becomes visible to the eye and
shows itself as a dulling of the surface caused by a stretching or wrinkling
of the alumdinum,

Visual inspection of Vehicle 2355's themal control surfaces at VAFB,
showed that all Mystik taped surfaces were either physically damaged or
had been improperly applied. Since much of this tape had been installed
eleven months before flight, its degradation was anticipated and replace-~
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ment (as required) had been plammed. With the exception of the aft rack
surfaces, all areas covered with Mystik tape were stripped and new tape
installed. Aft rack surfaces were not replaced, since an analysis had
shown that all aft rack equipment would operste within allowsble temperature
limits even Lf the Mystik taped surfaces were degraded, After replacement
of the taped surfaces, an optical inspection was made of all external
thermal control surfaces on the forward equipment compartments, The device
used for this inspection was Lockheed's Optical Surface Comparator (0SC)
which compares the emittance and reflectance of applied surfaces against
known standards. Over 200 individual measurements were made and it was
concluded that optical properties of the therm.ﬁ control surfaces were
vithin acceptable limits. VAFB personnel were camended on their applica~
tion of Mystik tape on Vehicle 2355 since all of .the 104 sq. ft. of tape
they replaced had been properly applied and exhibited nearly nominal
optical properties. It is noteworthy, that plans are being initiated to
install the majority of required Mystik tape surfaces at VAFB on future

vehicles of — In eddition to minimizing the possi-

bility of degrading the tape, this procedure will simplify vehicle handling

and reduce cost,

Being a highly polished alumimm surface s Mystik tape is susceptible to
optical degradation caused by handling or inadequate protection. On R-2
the Gantry was removed from arcund Vehicle 2355 and since it was raining,
a "protective" polyethylene cover was placed over the forward sections,

High winds caused this cover to repeatedly slap against the external ther-
mal control surfaces. When the Gantry was reinstalled on R-1 and the

sEeREr SPECIAL HANDLING

LOCKHEED .MISSILES & SPACE COMPANY



NRO APPROVED FOR RELEASE
DECLASSIFIED BY: CIART ACOL 306

DECLASSIFIED ON: 9 JULY 2012 SECREF SPEC, AL H AN DU N G

covering removed, it was found that the majority of the Mystik tape
surfaces had been abraded. The abraded tape had the appearance of dull
rawstock aluminum and in some areas was so degraded as to appear black,
Additionally, finely divided aluminum had been transferred to adjacent
painted surfaces. As the Optical Surface Comparator was in the Gantry, it
was used to determine the degree to which the thermal control surfaces had
been degraded. Solar absorptivity of Mystik tape surfaces on the cylindri-
cal sections of the wehicle had been increased by up to 300 percent (0,12 to
0.35)s Fortunately, tape on the conical section had not been degraded
beyond acceptable limits. The degradation of tape on the cylindrical
section could not be tolerated. Between T=15 and T-10 hours, approximately
75 percent of the tape on removable panels was replaced. Additionally,
painted thermal control surfaces were cleaned using distilled water and a
mild abrasive soap. By checking the cleaning procedure with the OSC it was
determined this mild abresive could be used to remove the finely divided
aluminum from painted surfaces without altering their optical surface
properties. The OSC was also used to examine the retaped panels.

Panels which were retaped where chosen in an orderly mamner, starting first
wit.h Quad. ITI and IV and then proceeding to the Quad I and IT pane:la
closest to the + Z axis, At T-10 hours, the Gantry was removed and it was
nc longer possible to remove additional panels for retaping. At that pqint
all but spproximately 15 sq. ft. of the degraded Mystik tape had been
replaced. By controlling the order in which the panels had been retaped,

all degraded thermal control surfaces which would have a major effect on
the Type 1-D battery temperatures had been replaced. Degraded surfaces not
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replaced were those nearest the +Y axis and their effect could be reduced
by a narrowing of the thermal window., The revised launch window became
11:15 to 12:03 PST whereas the previous window was 10:30 to 12:03 PST.

-
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2.1,7 High Voltage Operation in a Space Vehicle _Enviroment

2:1.7.1 Introduction

The voltage necessary to cause breakdown or sparking betwesn electrodss
in air is a function of the density or pressure of the air. Ionization
of the air between the electrodes is ﬂ;e primary mechanism of voltage
breakdown. Thus, at lover pressures (high altituds) air is more easily
ionized and breaks down at a much lower potential than at. sea level.
Paschen, using calculations of the mean free path and ionisation ‘
potentials, predicted that in a unifarm field the breakdown potemtial
of a gas (air) varies as a function of the gas pressure (mmHg or torr)
times electrode spacing (cm). A Paschen Curve (Figure 2.1.7.1) which
he verified experimentally, has a minimum breakdown potential of
approximately 300 volts DC when the pressure-spacing product is around
0.6 cm torr. Later investigators have established that lower breake
down potentials can be expected in non-uniform fields such as are

. commonly found in actual equipment, Likewise, high frequency alterna-

ting fields and/or pulsed IC further lowers breakdown potentials.

Upon examining Paschen's Curve, it would seem reascnable to assume,
in a space wehicle operating at altitudes in excess of 300,000 feet
(1074 torr & below), that there would not be a voltage breakdon
problem. However, this assumption that equipment p.;roasures will be
thé same as the ambient atmospheric pressure at a given altitude is
unwarranted sin§o it completely ignores the effect of the vehicle on
the ambient mﬁroment; A considerable amount of volatile matter
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Fige 2.1.7.1 PASCHEN'S SPARKING POTENTIAL PX CURVE FOR AIR
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(gas) is given off by the vehicle and its equipment due to liberation
of occuluded gases and sublimation of materijla. This outgassing,
which is time and temperature dependent, raises the local pressure and
may bring the pressure into the critical range, i.e., between 1 and
1073 torr,

Thus, high voltage equipment intended to be flown in a space vehicle
mst be examined in detail and proper assessment made of the breakdowm
and corona hazards. Equipment operating voltages, frequencies,
temperatures and outgassing rates must be considered and provision made
for insulating where needed against voltage breakdown. Gaseous,
liquid, and solid insulation systems as well as hard cacuums have been
used successfully to insulate high voltage equirment in space vehicles
and iniasilos.

2.1.7.2 KP-II Radar System

The KP-II radar system is based upon an existing AN/UP Q-102 airborne
doppler radar system. In order to assess the effects of operation at
reduced pressures, it is necessary to examine each of the camponents
in each of the boxes making up the camplete system. Voltage levels,
frequency, operating temperatures, edisting high voltage insulation
(if any) and interconnection methods for all of the high voltage
components or circuitry are outlined in Table 2.)e7.l.

‘2¢le7¢3 Space Vehicle Gaseous Environment

During ascent and orbit a spaée vehicle will encounter an ambient
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atmosphere that varies in composition and density (pressure). The
variation of pressure with altitude is well documented and the ambient
pressure at altitude may be obtained from the latest (1962) U.S.
Standard Atmosphere. However, the presence of the space vehicle
itself modifies the ambient atmosphere to § considerable degree.
Material outgassing, the release of occuluded gases from all surfaces,
and the gas from the control system all have their effect on the induced
atmosphere surrounding a space vehicle. In an early Russian experi-
ment where pressure gauges were flown at short distances from the |
vehicle, pressures of 10"5 torr were read all the way to the moon and
back. Figure 2.1.7.2 shows the time history of pressure in the forward
equipment chamber of an early Discoverer Satellite (1062) as measured
by an inverted magnetron gauge. As can be seen from the figure, the
pressure is several orders of magnitude higher than the ambient
corresponding to an altituds of 115 nautical miles (10”7 tarr). In
addition, the pressure curve appears to be approaching a lower limit
of 2 x 1074 torr. A later venicle (1102) measured pressures of 10-3
torr just inside the horison sensor doors (30 8q. in. opening). The
pressure ‘at‘ any given point in a particuiar vehigle will of course
depend not only on the quantity and types of materials present but
also on the equipment temperature and on the degree of surface
contamination such as finish, dirt, grease, ocutting oils, finger

prints, etc.
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Pressures within the equipment boxes are again a function of materials,
surface areas, temperatures, contamination, and sizes of openings or
vents in the boxes, Incorporation of vent holes in equipment boxes
(properly screened for EMI) should have a marked effect on intermal
box pres#ures. The instantaneocus pressure for a given outgassing rate,
external pressure, and enclosure volume can be determined by the mumber,
slze, spacing and distribution of vent holes. As can be seen ﬁom the
data in Table 2.1.7.1 the Transmitter/Modulator (Box 3) contains the
highest voltages, frequencies and operating temperatures. Because of
the spacing, compartmentation and temperature levels in this box, the
local pressure rise (even with venting) due to cutgassing would be

10 to 100 times higher than the ambient wvehicle compartment pressure
of 1073 to 10" tarr, Thus, internal high voltage components could
see local pressures of 10~! to 10~2 torr and if this condition existed,

- would undoubtedly arc over at the voltage levels present,

2.1,7+l4 Breakdown and Corona at Reduced Pressures
a) Uninsulated Electrodes
Paschen's Curve (Figure 2.1.7.l1) predicts, for electrode spacings
commonly found in electronic equipment, that breakdown and corona
will most likely occur as pressures of 10 to 102 torr. As
mentioned previously, Paschen's Curve applies specifically to
uniform fields and to IC or low frequency altarnating fields.
‘In general the breakdown will be the same for DC as AC provided
the positive ions have enough time to travel between electrodes
during a half cycle. However, if the ions cannot bridge the &p
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in time, a space charge will build up between electrodes causing

a field distortion. In a similar manner, non-uniform fields glive
rise to space charge and field didportion effects, Field distor-
tioh will in turn cause breakdown to occur at a lower potential
than a uniform DC field. There are indications from the literature
that breakdown potentials decrease with frequency such that at

20 KC, breakdown values are 15% lower; at 5 - 15 MC, 30 - L0%
lower; and on into the microwave region where even lower break-
down values have been observed, Ambient ionization and elevated
temperatures further lower breakdown potentials.

Under changing field conditions, with AC or when IC is being
raised or lowered, a localized gas discharge called corona |
usually occurs just before breakdown. Corona type streamer dis-
charges are characterized by low-conduction currents in the micro-
ampere range and usually by a visible glow in the vicinity of the
electrodes and sometimes by emission of noise in the audible
range. This lbcalized discharge indicates that complete break-
down of the gap will occur at a slightly higher voltage.

b) Insulated Electrodes

Corona may also occur on the surface of insulated electrodss when
there is a gas gap in series, Discharges in series a:l.r gaps are
promoted by two factors: the lower dielectric strength of air
and the electric stress concentration on the air due to its lower
dielectric constant (K= 1.0). The electric stress in the air is
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higher than in the adjacent series solid by the fastor Kg, which

is the dielectric constant of the solid insulation. The oorona
threshold voltage for a simple saries air gap may be calculated.,
Since the tojbal voltage is distributed between the gas and the
solid, the caloulation results in the relation: Vihreshold ®
ngbdb(gvfn, whers B, is the gas breakdown stress for the gas

spacing dg. Lowering the dielectric constant and increasing the
thicimess of the insulation will lessen the stress on the air np,
- lower corona intensity and increase corona threshold voltages,

2.1.785 Dos:l.gn Options for High Voltage Protection
a) Maintain Pressure Below the Critical Range
To maintain the pressure below the critical range requires that
the high voltage equipment be adequately vented to the space
vacuum so that the pressure in the vicinity of the most critical
element does not rise above the lower limit of the critical range,
regardless of the amount of outgassing from camponents and
nterinq. This has the advantage of using sea level hardware
with a minimum of modification, However, vent holes must be
adequately screened for EMI which cuts down the effective pumping
upoodofthemtmdlargsmtedmuminpmcﬁcdrm-a
structural integrity standpoint. In addition, venting imposes
severe problems in predioting outgassing rates of all components
within the boxes. This condition can be eased by warming up the

)

boxes (increasing outgassing rates) before applying vbltagoé to
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elements sensitive to breakdown. The outgassing and pumping
characteristics of the high voltage assemblies are difficult to
predict and accurate values can only be obtained by a long and
careful testing program of each and every possible source of gas,
plus rigid control of materials, finishes and contamination.
Moreover the best available information indicates that pressures
in the forward barrel section will be in the 10~3 to 10~% torr
rangs (Figure 2.1.7.2) which would impose a lower limit on
pressures avalilable through venting. It appears from Paschen's
Curve (Figure 2.1.7.1 that operation at 10~3 to 10~¥ tarr would
not present breakdown problems. However, it is not known what
derating factors have to be applied to this curve to take into
account non-uniform fields and square wave pulse conditions as in
the Transmitter/Modulator, if it is assumed thatv venting can
reduce ambient pressures within the bax to 103 to 1074 torr there
is still the probability that when certain high voltage elements
are energized that copious amounts of gas would be given off due
to thermal rise causing local pressures possibly in the 10~1 to
102 torr range. ' |

b) Maintain Pressure Above Critical Point

Since the KP-II system operates at atnoaphgric pressure without
breakdown, the hazards of a low pressure enviromment can be
eliminated by maintaining the pressure, in the payload equipment
section or in the individual equipment boxes making up the system,
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above the pressure at which breakdown would occur. This approach
necessitates the construction of pressure vessels and the
determination of leak rate. Pressure vessel design dictates the
use of shell type curved surface construction and the elimination
of large flat areas. Existing equipment boxes, which are
essentially rectangular sheet metal boxes, would have to be
replaced, and préssu.re vessels designed and fabricated.
Accessibility and maintainability are sacrificed and sealing
becomes a major problem. Elastomeric seals (O-rings) have finite
leak rates and deteriorate in hard vacuum due to loss of plasti~
cizers and low molecular weight constituents. Soft and hard metal
seals have poor compressibility and sealing properties and require
hard flat container flanges which are easily damaged. For extended
missions, welded leak checked seals are preferable. Access to
welded boxes can only be accomplished by grinding away the weld
which means that maintainability and trouble shooting problems
would be severe.

¢) Insulate with a Liquid Dielectric

Immersing high voltage components in a dielectric fluid so as to
eliminate air or other gases will provide voltage protection at
altitudes. Two of the high voltage compohents, namely the pulse
forming network and the pulse transformer are insulated in this
mamner. In addition to the increased welght of liquid insulation
there are problems in accommodating the large volume expansion of

1-221
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the dielectric liquid over a wide temperature range and in
maintaining a pressure on the liquid so that it will not gas and
breakdown at reduced pressures. The thermal expansion problem
requires that an expansion chamber be provided for high temperature
operation and the reduced pressure requires that the sides of the
containers be rigidly reinforced to prevent expanding or bowing

out.

d) Insulate with a Solid Dielectric

Embedding or potting of high voltage components, and the termina-
tion of interconnections in organic resins provides high voltage
breakdown protection under any pressure conditions, Potting also
provides design advantages such as improved heat transfer and a
means of mounting and supporting camponents during vibration and
shock. In many cases, existing components and circuitry may be
simply embedded with a minimum of design changes and testing time,
whereas liquid and gaseous insulation requires extensive redesign
and fabrication of structural hardware such as expansion devices
and pressure vessels, Failure ﬁodes do exist in aol;l.c[l.y insulated .
components but they are predictable and, through éroper design,
selection and testing of materials, may be eliminated.

Internal Corona and Treeing Potted cdlponents may fail due to

corona and/or treeing in entrained air bubbles, in cracks that
may develop due to mechanical or thermal stresses or in interface
separation caused by non-adhesion or incompatibility of materials.
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Voids or cracks containing air would have dielectric constants

of approximately 1.0 while the surrounding potting would have a
dielectric constant of approximately 3 to 4. The field concentra-
tioninthevoidorcrackt&msmldbeBtohtinoshiglerﬂtm
in the insulation resulting in probable corona in the void.
Whether corona existed in the void would depend on the size of
the bubble and on the gradiemt in the insulation. The immediate
effect of internal corona is to decrease the thickness of the
insulation which may result in immediate breakdown. Long term
corona frequently results in a phenomenon called "treeing" in
which tree-like corona paths continually erode their way through
the insulation until failure occurs. Treeing is beliaved to
result from corona degradation which tends to form isolated
conductﬂ.ve. areas in the voids or cracks resulting in field
concentration effects which locally exceed the dielectric strength
of the material.

Voids and bubbles can be avoided by selecting materials with low
enough viscosity and long enough "pot life" so that vacuum
inpregnation techniques can be effectively used to insure their
absence. Non-adhesive problems can be eliminated by selecting
potting materials that adhere and are compatible with all the
materials in the component or device. Mechanical and thermal
stresses can be eliminated by proper design of the potting
cohfiguraﬁ.on and by selecting materials that do not crack or
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degrade at the thermal extremes encountered.

External Corona As discussed previously, external corona may
exist between insulated electrodes. Low dielectric constant,
high reaistance, and high dielectric strength materials and

increased thickness will minimize external corona. Because of
the spacing, voltage levels, pulse and frequency conditions
peculiar to the KP-II system, the extent and intensity of
external corona can only be established through altitude tests on
the system, However, there are the design options of decreasing
dielectric constants, increasing thickness, potting solidly and
shielding (elimination of air gap) to prevent corona.

The direct impingement of corona dissharges on insulation surfaces
will cause slow or rapid (varies among different insulators)
decomposition of all organic plastic materials. Corona bombardment
generates a multitude of active molecular atomic imd ionic species
such as ions, free radicals, electrons and high energy ultraviolet
light which depolymerize and decompose organic plastics to low
molecular weight fragments which evaporate, The rate of attack
depends on corona intensity and on the rate of discharges. Corona
intensity will depend on the ratio of operating voltage to corona
starting voltage and the rate will be propartional to pulse rate
or frequenoy. Insulation exposed to corona will sventually fail
due to corona erosion of insulator surfaces. High reliability
electronic equipment for space vehicles demands that corona be
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cons'idered as dielectric breakdown and eliminated.

2.1.7.6 ‘ Insulation of the KP-IT System

A3 can be seen from examination of Table 2.1.7.1. the Transmitter/
Modulator (Bax 3), presents the greatest challenge in the selection

of an insulating method, Figure 2.1.7.3 is a view of the high voltage
components in Transmitter/Modulator prior to insulating for space vehicle
operation. The second most complex insulation problem is in the
Recorder, (Box 7); however, here the CRT is already insulated and

tested to pressures of 8.4 torr by the vendor. The third most complex
problem is with Lear Siegler Power Supply, Box 2, followed by the RP-

IF Box 4, and then the Control Unit, Box 6 and finally the Reference

Computer, Box 5. In the latter two units only the 300 volt ecircuitry
presents problems and this can be handled by the application of a void
free insulating conformal coating.

Each of the high voltage components and each cireuit listed in Table
2.1.7.X was initially examined in detail as to temperatures, voltages,
frequencies and to the difficulties of providing insulation at possible
box pressures of 10~1 to 10~2 tarr. Redesign problems, fabrication,
maintainability and testing difficulties as well as weight pmaltioa
and the effect of all these problm on schedule were taken into
consideration before the insulating system was selected. In each case
the relatively uncomplicated solution, with minimm design changes,
fabrication costs, maintainability and testing difficulties is to pot
or embed the high voltage components and circuitry in an organic
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dielectric solid. For each device that needed to be insulated, there were
known proven materials available that had the intrinsic dielectric proper-
ties and the required temperature resistance. The problem of itwplating
the components was reduced to the evaluation and selection of suitable
materials and development of suitable application and testing techniques
for each specific component or circuit.

A potting evaluation and selection program was initiated by Lookheed, with
Goodyear's cooperation, to develop potting materials and techniques for
insulation of the KP-II high voltage components. Testing of potted com-
ponents was conducted by Goodyear over the pressure range of 2 to 10 torr
to insure that the campleted system would operate at any pressure., In
addition, Goodyear felt that for Box 3, a pressure vessel could be designed
and tested within the same time soale as the potting and would provide a
backup solution in case the potting development proved to be unsolvable.

2.1.7+7 Development of Potted High Voltage Components
a) Initial Potting Material Selection Criteria
Electrical insulating and potting materials were selscted on the 5&313
of an analysis of the engineering requirements applicable to each
specific camponent or device to be‘ insulated for high altitude opera-
tion, Potting materials were selected on the basis of:
0 High dielectric strength at operating tmperatﬁres.
0 Lower dielectric constants to minimige stress on air gaps,
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0 Low dissipation factor to prevent dielectric heating problems.

o High resistivity to minimise leakage currents.

o Stability at operating temperatures, i.e., no change in
properties with time at operating temperature.

0 Resistance to thermal cycling, i.e., no cracks developing
during exposure to thermal extremes.

o High vthernal conductivities aﬁd low c_:oetficient of expansion.

o Sufficient mechanical strength to provide support to components
during shock and vibration.

o Low viscosity, i.e., can be cast void free using vacuum
degassing techniques.

o Forms an adhesive bond to and is chemically compatible with
the materials to be insulated, |

Intercommection of High Voltage Components Silicone rubber

insulated high voltage cable was used extensively throughout the
KP-II system to interconnect high voltage components. Many of the
componentaintheaystemsuchastheklystronbue, the CRT, and
the TWT already had the silicone high voltage cable potted in
place and other components such as the pulse foaming network and
pulse transformer had AMP connectors installed which were designed
for the H.V. cable. In addition, the high temperatures/high volt-
ages existing at the thyratron anode, the klystron base, and the
inverse resistors, precluded the use of any other type of H.V.
cable. This requirement, that silicone rubber H.V. cable be used,
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placed severe restrictions on the selection of materials for
potting components and terminating the H.V. cable since only
silicane potting materials will bond to silicone rubber cable.
S8ilicone rubbers require primers for bonding to other materials
and special cure schedules for high temperature operation and,
in addition, exhibit inhibition problems when in contact with
certain organic materials,

Thyratron Potting Initially, anode temperatures on the thyratron
were aiq:ected to be in the 500°F range. The H.V. cable termination’
at the anode would be the most critical potting problem.

An evaluation of cleaning methods, primers, cure schedule,
materials inhibition and h:l.gh temperature exposure tests were
conducted on suitable silicone potting materials specifically
for the thyratron potting but also generally applicable for
termination of the H.V. cable to other components,

Two inch lengths of white silicone H.V. cable were abraded (not
primed) and potted in five different materials. Adhesion to wire
and potting cup were checked, specimens were then postcured and
subjected to high temperatures. Results of these initial tests
are contained in Tables 2.,1.7.2, 2.1.7.3, and 2.1.7.h,
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TABLE 2i1.7.2
SILICONE RUBBER ADHESION TESTS

Materials# _Cure Primer = Adhesion to Cable Adhesion to Cup
RTIV 501 24 Hrs./RT  AC-7000% Yes Yes
RIV 503 " Q2-1011% Yes No
RTV 521 " AC=TOO00M* Yes No
RIV 601 " Q2-10113 Yes No
Sylgard 103  * Sylgards Yes . Yes
Sylgard 103 " None No No
#Dow Corning Corp. #% Hysol Corpe.

_ TABIE 2.1.7¢3"

RESULTS OF EXPOSURE TO 500°F FOR 28 HOURS
Material Cure Scheduls Results of e to for 28 Hours
RTV 501 Note 1 Passed <= No damage
RTV 503 LI Failed - Blown into sponge
RIV 521 " " Passed -~ No damage
RIV 601 Note 2 Passed - No damage |
Sylgard 183 Note 3 Passed - No damage
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Sased on the results of these tests, Dow Cornings #IV 501 with
Hysol AC-7000 primer was selected for termination of the H.V,

cable. A thyratron was obtained from Goodyear, along with a section
of bright yellow silicone H.V. cable and these were potted using
#IV 501. Upon completion of the cure, it was noted that the
potting was inhioited by the cable and not bonding to it. A new
batch of a 1ight yellow silicone H.V. cable was received from the
AC abraded (not primed) and tested using the RTV 501 and some
additional primers. Hesults of these tests are contained in

Table 2.1.7.5,

TAJL: 2,1.7.5
ALHESION TESTS TO SILICON: H.V. CAL:S

Adhesion to
Haterial . Primer Cable Adhesion to Cup Sﬁatingz
RIV 501  General Electric S5-L0OL  Yes Yes 1st
RTV 501 Hysol ACT000 Yes Yes 2nd
RTV 501 Products ilesearch PR1902 Yes Yes 3rd
2TV 501  Dow Corning Logk Yes No

The H.V. cable is purchased by Gocdyear Irom AMP, Inc. in

13 inch lengths with a female connector fabricatsd on one end and
are identi’ied by AP as Ho. 832692-22, AP confirmed that they
did not manufacture the cable itself and bought cable from
different cable manufacturers, which would account for the
inhibition encountered with some samples, At this time information
was received from the AC that thyratron anode temperature would be
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approaching 700 F. Additional samples of silicone materials were
prepared and tested. Test results are contained in Table 2.1.7.6.

TABLE 2,1.7.6 N
RESULTS OF ADDITIONAL TESTS AT HIGH TEMPERATURES
RESULTS OF EXPOSURE TOwm

Additional 550°F/ 600°F/  650%¢/  700°F/

Material ~ Post Cures L5 min, 35 min, 1S min. 20 min,

RTV 501 (1)

RTV 521 (1) 500°F/ No

28 hrs. Damage ' ———

RTV 601 (2)

Sylgard 183 (3)

RTV 501 (1) Blown into

spange
RTV 521 (1) S500°F/28 hrs, ‘ No d.lHardaning &
1 enacsen D o e

BRIV 601 (2)  5509F/L5 min. 8 Hardaning &
_ i delayering

Sylgard 183 (3) . . Surface

hardening
RV 501 (1)
_ S00°F/28 hrs.
RTV 521 (1) lus No A
: 5So°g/h5 min, ——— — Damage = ===
RIV 601 (2) plus
600°F/35 min,

Sylgard 183 (3)

Note: (1) .R.f./? days plus 150°F/L hours plus 3009F/3 hours
plus LOO°F/3 hours plus L50%F/16 hours,

(2) R.T./7 days
(3) 150°F/L hours
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A silicone H.V. cable was potted into the top section of the

thyratron using Sylgard primer and Sylgard 183 potting, A potting
procedure was written up and delivered to Goodyear with ﬁhe potted
thyratron for further testing. Sylgard 183 was. selected for this .
application because it hzs the hizhest temperature resistance of the
silicone potting materials and does not have to be extensively post
cured at hizher and hisher temperatures to obtain the high tempersture
resistance. This potted thyratron was satisfactorily tested at alti-

tude by Goodyear without hreakdown,

Potting of Cther High Voltage Components - Goodyear evaluated silicone

potting materials and celected Wysol's RTV 211 (equivalent to Dow
Corninz's RTY 521 tested by LISC), for the potting of the pulse
transforrer bushing, inverse resistors, avalanche circuit, grid choke,
plate choke and for the termination of the silicone ',V, cable on
nther components. Sylgard 182 (a clear version of the 3ylyard 183
used on thyratron) was selected by Noodycar 10 pot the RF-IF power
supply and high voltaze divider, An epoxy :'esin was selected by

doodyear to pct the 2 to 10 KV suoply in the Recorder.

Conformal Coztiings - As mentioned previously, the insulation of
clrcuitry with voltaze up to -300 volts could be accomplished by the
anplication of a volid=-free insulating coating to all terminals, '
printed circuit trcces and component leads., In addition, this

conformal coshinz, wher avplied to components, provides mechaniegl

SEGREF SPECIAL HANDLING

LOCKHEED MISSILES & SPACE COMPANY




NRO APPROVED FOR RELEASE
DECLASSIFIED BY: CAART
DECLASSIFIED ON: 9 JULY 2012

| 00306
~SteRtF SPECIAL HANDLING

suppart for shock and vibration protection. The conformal coating
mst be capable of being applied void free and in sufficient
thickness (approximately 0.010 inches) for voltage protection with
100% coverage and mst form an adhesive bond to all lead materials.
Epoxy resins are usually used for this type of application because
of their electrical properties, mechanical strengths and their
adhesion to components, leads, terminal boards and most wire
insulations. However, in this case, the requirement that all
terminal edges and cut leads be coated to a void free thickness

of 0.010 inches was very difficult to meet since low viscosity
coatings drain off from sharp edges and high viscosity resins
cannot be applied without voids. An evaluation of cohfornal
coatings that could be vacuum degassed in place without excess

run off was initiated by IMSC. - As the result of this evaluation,
an experimental resin system Scotchcast XR 5072 (3M Co) was selected
as a conformal coating. This material is a heatcuring, controlled
flow epoxy resin that can be applied, degassed and cured without
voids and with a buildup of approximately 0.010 inches on leads
‘and terminals. Additional quantities of this material along with
processing instructions were passed on to the AC for further
evaluation on actual circuits.

Teflon Insulated Hook Up Wire A surface treated (for adhesion

and marking) teflon insulated wire, HiTemp B (HiTemp Wires), was
used extensively by Goodyesr in " the KP-II system. The '
adhesion of the Scotchcast IR 5072, Sylgard 183 and Hysol RTV 211
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to this treated wire was uninown and an i.nvestigntioh of the
adhesive bond strength of these materials to surface-treated
teflon was conducted by .IMSC, Buult.s of these teéta are
contained in Table 2.2.7.7.

TABLE 2,1,7.7
ADHESION TO TEFLON INSULATED WIRE

Test Specimens: 22 AWG Teflon Insulated Wire:
Noinal 10 Mil Wall; OD 0.050 inches;
Potting Depth 0.5 inches;
Three specimens per test.

Potting Pull Out Force (PSI

Material Surbond — FiTemp A I Virgin  Etohed
Scotchcast '

R 5072 121 85 81 0 122
(No Primer) - '

e roma) 85 53 38 0 91
i ngc;ggo, 19 5.8 8y 0 87

Results of Initial Altitude Tests on KP-II System Altitude

testing over the range from 2 torrtolo'htmm conducted by
the AC on all boxes comprising the KP-II system. As the voltages
were raised on the T/M, the insulation flaws wers uncovered and
corrected until the box could oparate at full voltage without
breakdown. However, there was extensive oorona around all potted
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H.V. components and all H.V. cable. In the KF-IF box, breakdown

was experienced in a 100 mc varactor miltiplier at 30 - 50 volts,

b) Carona Suppression Techniques

Foans  Light weight (2 1bs. per cubic foot) closed cell.
polyurathane foams with dielectric constants of approximately 1.2
and dissipation factor of 0.b01 have been extensively used to .
insulate and support high frequency components. Several such

foam systems have been extensively used by IMSC on varactor
multipliers similar to the AC's without experiencing any altitude
brealidown or corona problems. This material, along with processing
instruction was supplied toGoodyesr and successfully eliminated
corona and.breakdown in the varactor mltiplier in Zox L.

The 2 lb/fh3 foan has a dielectric breakdown strength of approximately
50 volts/mil at ambient pressures. The in.divi'.duial cells are formed
initislly by either the expansion of freon or carbon dioxide caused
by the exothermic resin reaction. Upon cooling to room temperature |
a partial vacuum exists in the cells and air eventually diffuses

in. Under vacuum conditiohs, of course, the diffusion would be iﬁ

the other direction with the foam cells eventually going through

the critical range; however, there are indications from the literature
that if the cell size is small enough the mean free path of

electrons and ions would be reduced and Paschen's Curve would be
raised to much higher voltagas. ‘.h'h:l.le foams do not have sufiicient
dielsctric strength to be used as the primary insulation in the
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T/H, they may have some merit as a corona suppression medium,
Accordingly, an evaluation of foams for corona suppression was

initiated by IMSC,

The main problem in applying foams to the T/M is in obtaining

wetting and adhesion of the foam to the silicone insulated lead

wires and high voltage components. Various silicone primers and
adhesives were applied to samples of Sylgard 183, H.V. cable,

RTV 211 and several other RIV silicones but none of these primers
wore effective in creating an adhesive bond betwesen silicone and
polyurethane foam. Several lengths of H.V. cable were terminated
in a block of silicone rubber, primed, fosmed and tested at
pressures of 2 torr to 101 torr in & vacuum chamber using a
Tesla coil as a high froqqancy high voltage source. Corona was
produced along the H.V. lead and was also evident at the foam~
lead interface but not around the block of silicone rubber, This
test proved that an adhesive bond must exist betwsen foam and
silicone insulation and that if insulation thickness is increased
significantly corona will not be present. Experiments with
polyurethane foam were abandoned because of the adhesion problems,
A H.V. cable specimen was prepared using a closed cell 10 1bs/ft3
silicone rubber foam, 3 M's Scotchcast XR 5017; however, because
of high viscosity, this foam did not flow readily and wet the
cable. When this foam was tested at 10™! tarr using Tesla coil,
it exhibited corona between the fosm and the cable,
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Shielding  As mentioned previously, external corona problems
can be eliminated by applying a grounded conductive coating
(shield) to the insulation or by potting high voltage components
in metal cans thus eliminating the series air gap. The decision
was mﬁde to put high voltage components in metal cans and IMSC
investigated methods of shielding the H.V. cable which was not
available shielded. Samples of conductive silicone rubber, Dow
Corning Q92-005, were procured and samples of the H.V. cable
were coated. A section of H.V. cable was also shielded by
slipping on a section of Belden braid and potting it in place
void free using Hysol RIV 211. These samples and processing
data were forwarded to Goodyear to test. - The braid shielded
H.V. cable performed satisfactorily at altitude. The decision
was then made to pot all H.V. components in metal cans with AMP
type connectors and to use the brald shielded H.V. cable to
interconnect these camponents using an AN type mut and ferrule and
a conductive epoxy to properly terminate the brald mechanically

and electrically at the can.

Lear Siegler Power Supply  As can be seen from Table 2e1eTsl,

the voltage and temperature levels in the Lear Siegler are
below those in the T/M. The initial method of interconnection
between the transformers and rectifiers and between rectifiers
was accomplished with pélyolifin insulated H.V. cable with the
ends of the cable being potted in place and no connectors being

- 1.2l40
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used. Rocommdationﬁ on potting materials, shielding methods,
and processing techniques were forwarded by IMSC to Lear

Siegler. At the request of the customer, a personal visit by

IMSC personnel was made to Lear Siegler to pass on the design,
materials selection, and processing philosophy that had developed
concexrning high voltage breakdown. During this visit, a partial
assembly consisting of three transformer-rectifiers was tested at
altitude and extensive corona was observed. One of the trans-
formers was shielded using a conductive paint and a marked
reduetion in overall corona resulted. Specific recommendations
were made to Lear Siegler on a better transformer potting material
(Scotchoast 261), a better H.V. lead adhering potting (Furane
Plastics Epocast 202/9615) and a better conformal coating (Hysol
12-007) for low voltage areas. An evaluation of conductive paints
suitable for shielding the epoxy potted transformers and the
polyolifin insulated wire was begun by IMSC. Several smmples
of epaxy resin were coated with various silver filled conductive
paints and resistivity measurements taken at elsvated temperatures,
In addition, similar tests were performed on polyolifin insulated _
wire but the rigidity of the conductive paints are such that the
wire insulation could not be flexed without cracking the coating,
Recommendations were made to Lear Siegler that they shield the
polyolifin wire with braid and bond the braid in place with
Epocast 202/9615. The question of silver migration into the
potting was raised and a test was made to evaluate tﬁia problem,
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A 0,125" glab of a flexible epoxy, i.e., Epocast 202/9615, at a
one to one mix ratio was cast and conductive ailver electrodes
of spproximate 1~1/l inches in diameter painted concentrically
on both sides. A flexible epoxy was chosen because it is not
highly crosslinked (large spaces between crosslinks) and if
silver migration was a problem it would occur in this type of
epoxy much faster than in a rigid, highly crosslinked system,

Two specimens were prepared and placed in an oven at 165°F and
the initial volume resistivity, dielectric constant and
dissipation factor measurements taken when samples re_ached oven
temperature. One sample was held at temperature as a control

- and did not exhibit any changes in electrical properties during
a five hour test. The other sample was held at 500 volt DC
potential (4 volts/mil) for 1 hour with a slight increase in
volume resistivity. This sample was then held for two hours
without voltage and no changes noted. Voltage was increased to
2000 VDG (16 volts/mil) and held for an hour during which time the
volume resistivity increased from 9 x 108 ohm-cms to 3 x 10° ohm-
cms. After voltage was removed sample remained at 3 x 10° while
control sample still remained at 6.5 x 108, No variation in
dielectric constant or dissipation factor was recorded in
either specimen during the test. Insulation resistance of the
test specimen was 2 x 1012 olm at room temperature and did not
exhibit any detectable change after three hours at 15 KV (120 wvolts/
mil) at room temperature. It was concluded from these tests that
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silver migration would not be a problem. A literature search
revealed that the only reported cases of silver migration occurred
in porous insulation at humidities above 50% RH and under a cone
stant DC voltaze stress of many months' duration. High humidities
and porour insulation both were required before migration occurred,

Lear Siegler had decided to place the transformer-rectifier in a
single metal can thus eliminating the need for the silver paint
and for shielding the interconnection betwsen transformers and

rectifier. Rectifier interconnections were made in an open metal

- channel with the epoxy potting being thick enough so that corona

was not present. The polyolifin wire connecting the rectifiers to
the H.V. choke exhibited corona during altitude and had to be
shielded. This was accomplished with Belden braid which was
bonded in place with Epocast 202/9615,

Venting As a further precaution azainst H.V. breakdown and
corona, it was decided by IMSC = that the boxes would be vented,
Laboratory experiments were conducted by IMSC on a small con-
formally coated electronic module (resistor board, 18 sq. inches
in area) contained within typical electronic boxes of 226 cubic
inches and 396 cubic inches volume. Tests were performed in a
vacuum chamber with the internal module and the external chamber
pressure being monitored during pump down. Parameters studied
included the effect of module box vent diameters, (1/16, 1/L and

1 inch) and the effects of materials o{xtgassi.ng (at module tempera-
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tures of 75°F, 125°F and 200°F), on the internal box and external

chamber pressures.

Test results indicated that even with a 1 inch diameter vent hole
and an externsl pressure of 10~ torr or below that the internsl
box pressure cam up from 1-1/2 (on 396 in3 baox) to 2 (on 226 in3
box) orders of magnitude into the 107 torr range as module
temperature came up to 200°F. The peak pressure occurred between
10 and 20 hours after power was applied to the resistors, and
external chamber followed a parallel curve that came up slightly
over one order of magnitude (i.e., 105 range) even though chmﬁer
was continuously being pumped, |

As a result of these tests it was decided by IMSC that one
inch diameter properly screened vent holes be installed in each
of three sides on each box.

c) Potting Problems Encountered

Adhesion of Silicone Potting The adhesion of silicones to

other materials can only be accomplished through the uée of primers.
Surface preparation, cleaning and the uniformity of the primer
application are critical in obtaining adhesion. Many of the
potting failures on the thyratrom, klystron, diodes, H.V. divider,
PT bushing, and plate choke were caused by poor surface preparation,
cleaning and primer application techniques. Extensive surface
preparation such as sandblasting, and liquid honing were found to
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be required on ceramic surfaces (PT bushing and AMP connectors)
metal surfaces (potting cans) and plastic surfaces. Primer
uniformity was also critical and technicues had to be refined to
prevent buildup which resulted in non-adhesion,

Once surface preparation, cleaning and primer application paramsters
were established, components were potted on a batch basis with
adhesion being verified by dissection of an operable unit,

Inhibition of the Sylgard 182 by the epoxy fiberglass laminates
in the H._V. divider resulted in non-adhesion of the Sylgard to
the epoxy which caused a failure at altitude. Potting was changed
to Hysol KTV 211 which is not inhibited by epoxy curing agents.,

Potting Expansion Problems on Thyratron Potting of the thyratron

into a metal can (for corona suppression) introduced problems in
accommodating the large volume expansion of the Sylgard 183 potting
due to thermal rise during operation. The initial potting can
was cylindrical and enough pressure was generated by the expanding
potting to split the seam on the can. Goodyear changed the potting
can to a square confi.uration to allow movement of the can's sides
during thermal expansion and contraction (oil can effect) and
started experimenting with expandable top cans, LMSC started
an investigation into reducing the coefficient of expansion of
the Sylgard through the use of fillers and evaluating high
témperature epoxies for potting thé thyratron,
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Low coefficient of expansion inorganic fillers are commonly used
to lower expansion coefficients in polymer systems, However, the
amount of filler needed is greater than 50% by volume before any
reduction is noted. The addition of such a large amount of filler
to the already viscous Sylgard 183 would raise the viscosity and
make the polymer unsuitable for H.V. applications. Another
technique to reduce expansion is to use a coarse filler, 20 to

4O mesh, and impregnate it in place with the Sylgard 183. This
gives volume percentages of 85 to 90% and marked reduction in
expansion and some reduction in dielectric stremngth. The bulk of
the potting in the thyratron is in the anode cup and dielectric
strength in the cap itself is not of importance since the inside
of the cup is all at the same potential. Several commercial resin
systems are on the market that use this £i11 in place technique
and the coarse fillers from these systems were evaluated with
Sylgard 163 using metel cups approximately the same diameter

and depth as the thyratron anode. Measurements on the test
specimens at elevated temperature indicated that the coefficient
of expansion was cut in half, Dissection of the specimens indicated
incomplete impregnation ind that even coarser fillers would be

needed.

Concurrently with the filler investigation on the Sylgard,
IMX was also investigating high temperature epoxies. The silicone
H.V. cable was no longer being embedded in thyratron potting but
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was terminated at an Amp connector and adhesion to the silicone
cable was no longer the governing parameter. In addition, Goodyear
had taken thermocouple measurements on a potted thyratron that
established the anode temperature at a maximum of LOOPF and
external can temperature (at top) of 25(0°F after several operating
cycles. A filled epoxy resin would have a coefficient of expansion
at least an order of magnitude less than the Sylgard 183, would
bond without primers and would eliminate the potting can since
conductive epoxies could be utilized as corona shield, Filled
rigid high temperature epoxies would have less dielectric strength
and increased leakaze at elevated temperatures than the Sylgard
183 and are notorious for their poor thermal shock resistance at
low temperatures. The rigid low coefficient ceramic and metal
thyratron Mld impose severe mechanical stresses on the resin
during curing and exposure to low temperatures. A fixed air
capacitor with plate spacing of 0.125 inches and mounted on a
ceramic plate was totally embedded in various high temperature
epoxies. Elevated temperature dielectric strength and leakage
were measured between capacitor plates and the embedded ceramic
plate made a good thermal shock specimen,

The best filled high temperature epoxies were evaluated first
using the air capacitor specimen but upan removal from LOO°F post
curing oven, these specimens either cracked around ceramic or
around the edges of the metal capacitor plates. Additional high
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temperature filled resin systems with increasing degrees of
flexibility or increased filler loading (less shrinkage and
lower expansion coefficient) were evaluated until a resin system
was found that would not crack around the embedded capacitor when
placed in a freeser at -2(°F and would withstand 15 KV IC between
the embedded plates at LOCPF, Of the six resin systems evaluated
only a blend of 60% Scotchcast 201 (a semiresilient filled resin)
and 0% Scotchcast 251 (a rigid filled resin) would pass these
screening tests. A rejected thyratron (open cathods) was mounted
in an open-top cylin&riul potting can with an AMP connector and
potted in the resin blend (SC 281/SC 251). This thyratron was
tested at 300°F with voltage appned between the H.V. connector
and the can and a breakdown at 4 KV DC was experienced. At room
temperature, breakdown occurred at 7 KV DC. Upon peeling off the
aluminum can, it was discovered that the can was inadvertently
touching the grid ring and no breakdown had occurred through the
resin. Further removal of the can resulted in breakage of the
base of the thyratron. A voltage of 5 KV DC between grid ring
and H.V. connector resulted in internal breakdown of thyratron.
The outside of the potting was wound with a bare copper wire and
covered with a conductive epoxy. Potted thyratron was tested at
300°F with DC voltage up to 20 KV without breakdown or corona.

At 25 KV a siszling noise was heard which is evidence of corona.
At 10 KV and 300°F the DC leakage between H.V. connector and
shielding was one microamp. Nothing further was done on epoxy-

_SECREF-SPECIAL HANDLING

LOCKHEED MISSILES & SPACE COMPANY




NRO APPROVED FOR RELEASE Acdy 306
DECLASSIFIED BY: CNART '

DECLASSIFIED ON: 9 JULY 2012 %‘E‘GR‘E‘T‘SPEC‘AL HANDLING

potted thyratrons, since in the interim Goodyear had perfected the
braided expandable top can and had added an aluminum sling in the
anode area to reduce the bulk of the potting. These techniques
solved the thyratron expansion problems and no further trouble

was experienced with the thyratron.

Potting Problem on Diodes Sparadic diode failures continued

to occur even after rigorous surface preparation, cleaning,
priming, and strict processing controls were instituted by IMSC and
Goodyear. Dissection of operable diodes right after potting
and testing indicated perfect adhesion and no volds, yet after
sometime at altitude a separation would occur usually at the H.V.
connector interface. A reject diode and metal potting can were
obtained from Goodyeerand a diode was potted by I¥SC using the
resin blend, i.e., 603 SC 281 and 4OF SC 251 that was evaluated
for the thyratron potting. This diode was checked out by the
AC at voltage and altitude without any problems., This diode was
~ dissected and examined for internal voids, adhesions and corona,
4 none of which were present. Additional silicone rubber potted
r[ diode failures occurred and further analysis of the problem indi-
cated that because of the geometric configuration of the potting
s and the excellent bond to the potting can, the only way that the
[ Hysol 211 silicone could accommodate any thermal expansion and
contraction forces or increased curing shrinkage was to split

itself (cohesive failure) or to part from a bonded surface

-SFEREF- SPECIAL HANDLING

LOCKHEED MISSILES & SPACE COMPANY




NRO APPROVED FOR RELEASE - ACQL306
DECLASSIFIED BY: CNIART

DECLASSIFIED ON: 9 JULY 2012 —S'EeR'E-T_ SPECIA L ;‘,QN D Ll h!G

(adhesive failure). The lowest strength most highly stressed
area in the diode was the bond to the ceramic H.V. connector.
When this bond failed, a direct short would occur to the gromded

can. Diode failures always occurred in this area,

Vlhen there appeared to be no way out of the problem except to
redes:l.gxi the diode potting configuration, additional operable
diodes were potted by Goodysarin the epoxy and successfully tested
and disgsected. The epoxy offered several advantages over the
silicone in that its thermal expansion characteristics were at
least an order of magnita:.dg lower, it could be easily and rapidly
post cured to a stable condition without time dependent shrinkage
problems, and it was physically much stronger and formed a strong
adhesive bond to the ceramic H.V. connector. The decision was made
to pot diodes in the epoxy blend and no further trouble was
experienced with the diodes, |

Lear Siegler Power Supply Two potting failures ocourred on the
Lear Siegler during altitude testing at IMSC after the Acceptance
Test Procedure altitude tests had been completed. Dissection and
analysis of the first failed unit revealed several contributing
factors were involved. The ceramic bushing on the H.V. capacitor
did not have the zlaze removed resulting in non-adhesion, and an
air containing adhesive used to bond the potting cup to the
capacitor was in the field and the resulting corona in the voids
contributed to the lifting of the non-adhering potting causing an
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arc along the ceramic potting interface. The potting material
(Epocast 202/9615) used was not suitable for this application.
This resin was origzinally recommended for the individual wire
terminations and because of short pot life, high viscosity and
high exotherm, large amounts of this material (such as used for
the capacitor potting) are difficult to degas. The capacitor
potting was repaired by IMSC because of a plant vacation shut
down at Lear Sisgler, using a lower _viscosity longer pot life
epoxy resin Scotchcast XR 5073. Potting cup redesign eliminated
the need for adhesives in the field. The second failure was
analysed as being caused by voids in the Epocast 202/9615 in the
channel potting that interconnected the ractiifier-transformer
modules. This pottin; was changed to SC XR 5073 for the same
reasons previously noted. After these changes were incorporated,

no further breakdowns were experienced on the Lear Siegler power

supply .

2.1e7.8 Final Potting Configuration on Vehicle 2355

The final potting configuration for each H.V. component that was
successfully flown in Vehicle 2355 is shown in 'I'abie 2.1.7.8. Figwre
2.1.7.ls shows the final flight configuration of the insulated and
shielded high voltage components in the Transmitter/Modulator.
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2.1.8 Vacuum Measurements

2.1.8.1 High Voltage Breakdown

As i1llustrated in Figure 2.1,8.1, the Paschen Curve - Air, a voltage break-
down or arc-producing condition exists when there is a potential of 350
volts or greater across a .10 centimeter gap and in a pressure enviromment
between 10~ and 10 millimeters of mercury. For a 1 centimeter gap the
condition exists in a factor of ten higher pressure enviromment. Since the
payload system on 2355 uses voltages around the LLOO volt level, which is
much greater than the minimum mentioned the probability of a breakdown
occurring is very high if the pressure range as shown on the curve is trans-
gressed. This pressure range is experienced normally during the ascent
phase of the vehicle where a pressure of 10”3 mm Hg is attained at approxi-
mately 300,000 feet altitude. Most components are not pressure sealed and
therefore will vent at a rate slightly less than the vehicle itself, If -
the box has vents it will follow the vehicle vent rate. A m'eaéure rise

in a component can be caused by outgassing as discussed in the following

paragraphe.

2.,1.,8.2 Outgassing

Outgassing is a well known phenomena and is a function of pressure, temper-
ature, and chemical ocomposition of the material in question. All material
under the proper conditions of pressure and temperature can be caused to
vaporige with a resultant rise in local pressure, If the outgassing rate
of the material in a component is greater than the venting rate of the box,
the box pressure will rise. This pressure may rise to a level greater than
10~3 mn Hg which is the area discussed above., A complete treatise on the
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subject of outgassing can be found in "Sclentific Foundations of Vacuum
Techniques" by Dushman and Lofferty, as published in 1962 by John Wiley
and Sons, Inc.

2.1.8.3 Vacuum Measuring Requirement

‘A Program directive entitled "Requirement for Orbit Pressure Measurements"
was issued on 8 October 1963. The directive discussed the problems in
voltage breakdown due to voltage versus pressure relations and requested
that two classes of experiments be conducted, First was t0 be the measur-
ing of internal rack pressure and internal typical box pressure on an early
vehicle., Second was to be a correlation of this data with data obtained by
measuring intermmal box pressure in controlled laboratory conditions at
similated altitudes. Proceeding with this direction, research into vacum
gages was started. After selecting an ion gage, built by Lockheed's
Physical Science Lab, arrangements were made to build not only the ion
gages but an experimental black box to be entitled a "typical box". The
gages and black box were to be installed on— Due to schedule
impact and cost, the complete endeavor was stopped and redirection was
given by the Program Office. The new requirement was to provide a minimm
of five gages to measure selected box pressures and internal rack pressures
in the barrel and conical sections of Vehicle 2355 and up. This still met
the requirement for flight and ground test data correlation as the qualifi-
cation payload vehicle system (with gages installed) would be tested under
laboratory conditions in the Temperature and Altitude Simulation chsmber,
All subsequent work was performed under these requirements.
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2.1.8.4 Types of Gages Researched

Under the original requirements two types of ion gages were considered.
One, designated the Model 1-B was a Lockheed Physical Science Lab design
that covered the ranze of 10~ to 10™% mm Hg, Power required for this
unit is 5.23 watts at 28,3 VDC + 1 percent. Output of the gage was O - 5
volts. The size and weight of this transducer is relatively small, 1,96"
dia. X 6.38" long and approximately 1.5 pounds. The second vacuum gage
was the Model O-l} designed and built by Alto Scientific Co., Inc. of

Palo Alto. This unit utilized a cold cathode Phillips ionization gage
tube and therefore could cover the range of 1072 to 10”7 mm Hg. The un-
desirable factor of this gage was that the high voltage was required by
the Phillips gage tube. This requirement dictated using a bulky step up
transformer in the electronics of the gage which made the size and weight
of the a.ssembiy comparitively large. The gage was 7.9L" long X 5,25" wide |
X 2,L7" high and waighed i pounds. The main power input was 115 volt

2 KC with 28.3 VDC # 1 percent monitor power and 28 VDC unreg. ON-OFF
switch power required. The monitor output is O = 5 volts over a range
from atmospheric to 107 m Hg. After redireciion was given as discussed
above, the requirement to fly five gages made the weight, size, power, and
cost of the first two gages prohibitive., From information supplied to
Engineering by the Program Office a different type of gage was investigated.
This was a Pirani or thermocouple vacuum gage. Although this gage is only
good down to 103 m Hg it is a very small, light weight unit and very low
priced. Two companies, the NRC Equipment Corp. of Newton, Mass., and
Hastings-Raydist Inc. of Hampton, Virginia, were contacted and all
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parameters of the equipment were discussed with their repregentativea. A
decision to buy the Hastings-Raydist units were made and the vacuum measure-
ment system was evolved about these gages as discussed in the following

paragraphs.

2.1.,8.5 Type of Gage Used

The gage tube, Hastings-Raydist Model DV-6MX (Fig. 2.1.8.2) is a thermopile
device that measures the rise in temperature in a constant current heater
due to the decrease in the density of the environment in the tube as it is
exposed to a decreasing pressure from atmospheric to one micron of mercwry
(10> mm Hg)e The tube is a ruggedized device able to witbstand high shock
and vibration levels. It was modified by the vendor to remove an octal
tube base and add a four foot cable for electrical connections. The tube
less the cable weighed approximately 2.5 ounces. The power to the tube is
supplied by the Hastings-Raydist SA-3AE "Sub-Miniature Power Converter"
which is a DC to AC converter and current regulating device. It also acts
as the controlling unit for the two in combination. The output of the
power supply gage tube combination is O - 10 millivolts with an output
impedance of 18 olms. A superimposed 1.5 KC signal with an anpliﬁ:de of

1 to 50 millivolts is on the DC output. The cutput stability is + 2 percent
over a range of -55° to +60°C. The power drain is spproximately 1 watt at
28 VDC + 1 percent. The SA-3AE weighed approximately 7 ounces. Fach gage
tube was matched with a power supply and calibrated by the vendor. A
calibration curve was furnished with each matched

pair. As mentioned, the DC output of the gage has a 1.5KC signal super-
imposed on it. The first units were designed without a filter for this
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Figure 2.148,2 Gauge Tube
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noise as it was felt the differential DC amplifier, Lockheed 14619441,
used to amplify the O - iO millivolt output of the gage to O - 5 volts,
would filter this out as it has a common mode rejection of greater than
80 db at 1 KC. Preliminary testing revealed this not to be true. A two
stage low pass filter was designed, tested, and added between the PS-gage
output and the amplifier. This reduced the output noise level fram 2 volts
dowm to 10 mi.llj,vo;!.ts on the 5 volt TLM scale which is a very acceptable
noise level, The DC mpuﬁerlper Lockheedb Specification 1111703 has a
gain of 50 to 500, continuously ad:)uatable. The PS-gage tube output of
0 - 10 millivolts dict.ates usi.ng the ma.:d.mm galn setting of 500 to obtain
a 0 - 5 volt output acceptable to the TIM. The sigml input impedance of
© the unit is 75 K ohms and relati.ve to the 18 ohm output of the power
converter this appears as an infinite load which is the ideal condition,
The amplifier u:l.ll operate cn 28 VDC + 1 percent and réquires 30 milli-
amperes of current maximum. The part weighs approximately 6 ounces.

2.1.8.,6 Gage Assembly Design »

The design of the bracket to hold the power supply and mmplifier was a
simple problem since the parts were small and lightweight. The original
assembly did not include the 2 stage low pass filters as this was added
after preliminary testing. Three connectors are on the front of the
assembly and are used as follows: J1 is the power input and signal output
of the PS=gage tube combinations; J2 is the power input and signal input
and output of the amplifier; J3 1s for the disconnect plug of the gage tube.

The addition of the low pass filter was done very simply by utilizing the
three screws that held the p&war supply in place. The final configuration
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is as shown in Fig. 2.1.8,3

2.1.8.7 Gage Location

The locations of the five gage tubes were selected to meet the requirements
criteria. Therefore two of the gages were mounted such that they sampled
‘the interior of the payload barrel section. One of these, designated F100,
was located at the +Y axis on the aft ring, The other, F101, was at the =Y
axis on the same ring. F102 and F103 was mounted so as to sample the
interior of payload boxes numbered 7 and 3, respectively. The fifth gage,
F10L4, was used to monitor the pressure of a section of equipment between
payload boxes 3 and L. The power supply amplifier assemblies were located
such that the four foot cable on the gage tube was sufficient to reach them

with proper routing and retaining,

2.1.8.,8 Preliminary Test Results

Since the gage assemblies are not tested until they are installed on the
vehicle it is necessary to set up the gage~amplifier relation, This was
accomplished using the vehicle TLM simulator and reading out the individual
monitors while adjusting the iamplifiers to maximum gain to att;in the 5
volt output which is relative to 10”3 mm Hg. The 10°> mm Hg level was
accomplished by substituting a Hastings-Raydist vacuum gage reference tube
number DB-20 in place of the DV-6MX gage tube. This tube is an evacuated
tube device (pressure level is marked on the tube) that simmlates the DV-&M
gage tube, The first test in the TAS chamber showed the gages followed the
chamber pressure down through the 10~3 mm Hg range. The test also revealed
the noise as mentioned in Par.2.1.8.5 was a problem. The filter was
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Figure 2.1.8,3 Power Supply - Amplifier Assembly
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subsequently designed and installed after this test.

2,1.8.9 Oround Test

During the TASC test of the qualification vehicle no abnormalities were
detected. All monitors followed the predicted vent rates or followed the
chamber pressure down through the limits of the gages. Chamber testing of
transmitter modulator configurations (in the flight vehicle structure)
which resulted in breakdowns, caused pressure increases to register on the
pressure gages. These pressure rises lasted approximately 15 seconds in
the majority of instances, indicating a release of gaseous or volatile

substances.
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2.2 Radar Payload

Introduction  The radar payload furnished by the Goodyear Aerospace

Corporation consisted of five components:

Transmi tter-liodulator

R.F.=I.F. Unit

Reference Computer

Control Unit

Recorder
This section of the report discusses the radar payload to a limited
degree, to permit general understanding of the fundamentals of doppler
side looking radar by the reader. As indicated elsewhere in this
report, Goodyear maintained full responsivility for the radar when not
installed in the system. Accordingly, the complete engineering details
of the radar aré to be found in the Goodyear report, entitled Progran
Report, KP=IT Orbital Doppler Radar, Thor/Agena Satellite Program,
Control Mumber AKP-II-596, dated 1 March 1965. The contents of this

section are generally excerpts from that report, included in the
interests of completeness of the system report, and the permission

_ for the use of this materials is gratefully acknowledged. The reader
is referred to the above Goodyear Aerospace Corporation report for
further information pertaining to the radar payload utilized in this

mission,

2.2.1 Basic Doppler Theory
General Concept The beam-sharpening process used in a doppler,
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high resolution, side-looking radar may be described by means of

a physical antenna analog. As the vehicle travels its orbital

path a series of pulses is transmitted. Successive pulse trans-
missions are identified with the elements of an array of dipoles.
The spacing between elements is the distance traveled by the'
vehicle betwsen pulses. Each tranamission is made with a controlled
pha_se. The amplitude and phase of the reflected eneryzy from the
terrain at all ranges and anéles within the physical beam width

of the anterma is recorded on the data film,

The length of the antenna synthetically generated is basically
limited to the distance instantaneously illuminated on the ground
by the physical antemna. By the technique of optical processing,
the amplitude and phase of the returns from the successive pulses
are vectorially added to create the narrow synthetic beam. The
results of these data are then recorded on a final film. Thus,
the resolution equivalent to that of an antemna hundreds of feet

in length is achieved with a2 small physical antenna,.

Basic Equations The basic equations of a hish-resolution radar
are most easily devéloped if the analysis is restricted to the
slant-range plane of a single-point target., Figure 2.2.1.1 shows
the geometry involved. R is the distance to the target from the
antenna at time t. At time t = 0, R} is the distance to the target.

The angle 8, 1s measured in the slant-range plane to the center of
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FIGURE 2.2.1.1 - OGeometry of a Point Target in the Slant Range Plane
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the antenna beam at slant range ). Several combinations of pitch
and yaw will yield the same angle @,. From the geometry of

Figure 2.,2.1.1 the instantaneous range R to the target is

1/2

24 wt)® - 2RVt sine, . )

R=Rl

As the beam width of the physical antenna is small, the range
during the period when the target is illuminated may be closely
approximated by taking the first few terms of the binomial

expansion of Equation (1)

vt sin ¢ 2
0 vt 2
R = R, (1 - —---—Rl + 1/2 i—}Rl cos eo) . (2)

The range dependence on time is reflected in a phase dependence
on tine of the return signal. The dependence of phase 0 of the

return signal on time is

4R
o = 2m b - S5+ 4, (3)

where
f, = the transmitted frequency
A = the wave length of the carrier

¢, = the phase change caused by reflection.
Equations (2) and (3) may be developed into

2
2m{vt 2
® = 21rfot +44-)\1vt sin ¢ - Rlvh cos ¢, * 4, (L)
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The return signal is synchronously demodulated with respect to
sone reference i‘requency to remove the' carrier, It is desirable
for the reference frequency to be the fréquency of the return
siznal when the target is at the center of the beam. The phase
of the return signal when the target is at the center of the beam

and at range Ry is given by

47R
Y = enf L - —)\—1 té, - (5)
The frequency will be
dR
1dy _ 1, . _4rh
£ o3y M(z.wfo w ) . (6)
From Figure 2.2.1.1, however,
dR
1_ 4R
dt T dt It =0 . , (n
Therefore, from Equation (2)

9t C veing, .
Then, substituting into Equation (6),

- 2y
fr = fo + N sine . (9)
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Therefore, f, is the frequency that will be used for synchronous

demodulation. The synchronous demodulated signal will have the

form
8(t) = A(t)Re[e-jzﬂfrt(eh)] (10)
z-u'(vt)z cosz b )
= A(l.)cos( RTX $ (1)

where A(t) denotes the amplitude of the return which is a
function of the reflectivity of the target and its position in

the antenna beam. When

&, = n(2m)
00 =0
and
A(l) = K

Bquation (12) reduces to the familiar expression

2 -
S(t) = K cos(z—{r‘l‘{—tL) . (12)
m

The sirnal recorded on film at range Ry, will be of the form

2
S(x, Rm) = Tb + K' cos (%x_ ) (13)
m
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where

'J.‘b = the transmissivity of the film

K* = some constant times K.
From Equation (9) it is seen thal all scatterers at an angle 6
and with velocity v will have the same frequency. It follows
that the locus of all possible scatterers whose returns have the
same frequency is one nappe of a right circular cone with semi-

apex co-angle e, whose axis contains the velocity vector.

The locus of points on the earth can be visualized if the inter=
section of the above doppler cone with a plane tangent to the
earth at midmapping rané;e is considered. Since the range
interval mapped is small, the mathematical model so described is

a good approximation near the point of tangency.

Ambipnities Two types of ambiguities - range and azimth -
are inherent in a coherent high-resolution radar and provisions
mast be made to avoid them. ‘The range-ambipguity problem is
common to all pulsed radar and is usually avoided by lowering
the prf so that the so-called "second-time-around" targets are
not seen by the radar. However, the consideration of azimuth

ambignities yields another set of constraints on the choice of

prf.

For a processor operating about zero doppler the information spaced

at & ’{ from zero doppler is ambiguous. This angular spacing is
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glven by

AR (1)

n

vwhere
n = a positive integer, 1, 2, 3, . .
A = carrier wave length
F = prf

v = radar velocity.

The focused processor used with this system operates about an
offset of prf/l and is unable to distinguish between positive-
and negative-going frequencies so that the ambiguity spacing is
glven by

y = DAF

n ~ “dv (15)
For most high performance radars it is desirable to choose a
prf such that the first azimuth ambiguity is placed in the vicinity
of the first null of the physical antenna asimuth pattern. This
choice of prf places an upper bound on the size of the mapped
interval. This constraint in turn dictates the antenna height,
since from the range-ambiguity standpoint the vertical antenna
pattern is employed to avoid range ambiguities. It is readily
deduced that ambiguity constraints are a determining factor in
choosing antenna dimensions for a satellite radar. These

considerations will be discussed further in Para. 2.2.3.
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2.2,2 liata Processors

The most successful type of high-resolution processof thus far is the
optical correlator.¥ Considerable insight into the optical processor
is possible if the properties of a sihe wave diffraction grating are
consicered. Figure 2.2.2.1 shows the three principal emergent rays
from a sine-wave diffraction grating resulting from an incident plane

wave of coherent light. The angle © is defined thus:

sin 9 = \f ' (16)
where
N = the wave length of tiie coherent lizht

f = the spatial frequency of the sine-wave diffraction grating.

Now consider a diffraction grating of the form cos (2 x2/ A'R). This
is of the same form as the demodulated return signal from a point
target (BEquation (13). Assuming a one-to-one scale factor in record-
ing the dsmodulated return, the spatial frequency is 2x/ 'R,. From
Figure 2.2.2.2 the distance r to the crossing of the zero axis is

glven by
r= X . (17)
tan ©
For small angles
tan @ = sin®@ =0 , (18)
m _ ;
s X\'R R |
m _ _m
#These devicas are commonlv known as correlators because the original
concepticn, NN - = ovticsl
cross~correlator.
2=9
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FIGURE 2,2.2.1 « Geometry Illustrating Fruenhofer Diffraction
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Figure 2.2.2.2 - Diffraction from i%f-‘ﬂ‘- Grating
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Figure 2.2.2.3 ~ Three Wave Fronts of a Parabolic Phase History
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which is to say that the diffracted light focuses on the zero (doppler)

axis at a distance Rm/2 from the grating (data film).

From Figure 2.2.2.1 it is recalled that there are thres principal
emergent waves. For the cosine x2 grating the three waves are defined
thus (see Figure 2.2.2.3):
o Converging wave front focused at a distance r on the axis
o D.tverginé wave front with a virtual image at a distance -r
on the axis
o Plane wave front focused at infinity.

The converging wave front focuses at that angle and at that distance
away from the recorded phase history which corresponds to the same
angle and the scaled-down distance (proportional to the ratio of
1ight-to-radar wave lengths and aircraft motion-to-film-scale factors)
of the radar space where the data were recorded. Unfortunately, in a
practical case the ratio is not nearly high enough and a converging
lens must be used to bring the desired spot into focus at a convenient
distance. Of course the other two wave fronts also come to a focus
then but since they lie at different angles they can be blocked off
from the final film with an appropriaté optical stop. However, from
Equation (19), the focal distance is a function of range; therefore,
the lens must have a converging power which varies with rangs, giving
rise to a conical shape. A cylindrical lens is also required to
maintain target separation in range.
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Thus, the basic elements of an optical processor are a coherent light
source, optics to focus range and azimuth data onto a single plane, and
film drives for transporting both the data and image films,.

The optical processor for this sys’oém is bei.ng provided by the—

2.2.3 §zltm &ws‘.a
Antenna Length Relationships  Equation (9) demonstrated that

the basic equation for the doppler frequency of a scatterer is
¢ =L aimg
4 = =5 sing@ | (20)
where
V, = relative velocity
A = radar wave length
@ = angle to scatterer measured from the perpendicular to

the relative velocity vector,

Using Equation (20) with Equation (15) and the small angle
approﬁmatioﬂ, the first ambiguous frequency is seen to be F/2,
To avoid illumination of this frequency it should be placed at
or beyond the first null of the physical antenna pattern. Using
this criterion, |

2V

K\
E__x —3
Z- N sin D

(21)
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v (22)
vwhere

Ka = constant greater than unity

D = length of physical antenna.
The value of K, varies depending on the type of antemna illumihation
used in the horizontal plane and the degree of suppression of

azimith ambiguity that is desired.

The basic equation for conditions of range ambiguity is

- c___ :
F = 20R . max ‘ (23)

vwhere AR, max - maxirum unambiguous slant range interval.
BEquation (23) assumes a vetical antenna pattern which has a
square-shaped beam illuminating only the desired slant range
interval. To account for the actual vertical beam shape,
Zquation (23) may be rewritten as

C
F = —t—
2K AR (2kh)

where
K, = constant greater than unity
ORg = slant range interval mapped.

The value of Ka varies depending on the type of antenna illumination

used in the vertical plane and the degree of suppression of range.
ambiguity which is desired. By using Equations (22) and (24) and
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solving for AR’, the following relationship is obtained:

ch
AR = . (25)
] 8K“Krvr

This equation shows that the slant range interval which can be
mapped is directly proportional to the length of the physical
antenna. It is also seen that increasing K, or K, to reduce
ambiguity levels will reduct the interval mapped.

Because of the physical limitations imposed by the vehicle, the
length of the antenna was chosen to be 15 feet. To have as
narrow a beam as possible, uniform illumination was chosen for the

horizontal plane,

Antenna Height Relationship In this system the vertical pattern
of the antenna is used to control the level of the range ambiguities.
The geometry of the problem is shown in Figure 2.2.3.1. In this
figure, the distance C/2F is the slant range interval between points
of ambiguity such as A, A', and B, B, The angle & is the

angle between the ambiguous returns. The slant range to point

A is By and to A' is Rys The slant range to point B! is Rya

and is measured along the bore sight of the antenna. The problem
is to illuminate as much of the slant range interval from A to A!

as possible while maintaining the level of range ambiguity to é.
reasbnable value. The final choice of antenna height must also

be within the physical limitations imposed by the vehicle.
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55 DEGREES

\Figure 2.2.3.1 =~ Range Ambiguity Geometry
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A typical two-way power patt:rm is shown in Figure 2,2.3.2. The
dotted lines indicate the useful portion of thes beam, This
portion was selected to be the 6-db width since this choice leads
to a realistic sensitivity time control requirement. There are
two types of range ambisuities which can be encountered. The
first oécurs when targets illuminated by the sides of the main
beam are ambiguous with respect to targets in the useful portion
of the beam. This type can be referred to as main lobe ambiguity
and is illustrated by points C, C! of Figure 2.2.3.2. The second
type occurs when targets illuminated by side lobes are ambiguous
with respect to targets in the useful portion of the beam. This
type, referred to as side lobe ambiguity, is illustrated by
points D, D' of Figure 2.2.3.2.

For a ziven prf or for a given ambizuity angle & s & fixed set
of points on the pattern becomes ambiguous with points in the use-
ful portion of the boam. To illustrate graphically an ambiguity
situation, the pattern of ambiguous points can be shifted by the
angle ot or multiples of ot so that the ambiguity points are
placed directly oeneath the useful portion of the beam. This
technicue 1s shown in Fijure 2.2.3.3. In this fizure only the
anbiguity caused by the first right-hand side lobe is shown for
clarity of illustration. By varying the amount of shift, different
amounts of ambiguities are introduced. In the case shown no
amoipuity is being caused by thé sides of the main lobe.:

2-17

~SEEREF SPECIAL HANDLIN

LOCKHEED MISSILES & SPACE COMPANY



NRO APPROVED FOR RELEASE
DECLASSIFIED BY: CIART

DECLASSIFIED ON: 9 JULY 2012 —SEGR'E:I-_ SPECiAL HAK)‘N’B I_I NG

RADIANS ——t

Figure 2.2.3.2 -~ Typiocal Two-Way Power Pattern
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Figure 2.2.3.3 =~ Two-Way Power Pattern for Uniform Illumination and o =
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In the course of the ori;inal investigation, a number of types of

antenna illuminations were considered and various spacings

evaluatede The results of this study shiowed that by choosing thev

angle & so that main-lobe ambiguity was minimal, the largest

portion of the slant range iriterval could be mapped consistent

with low ambiguity levels.

Increasing the ambiguity angle did not

rapidly reduce the ambiguity level but did reduce the amount mapped.

The results of this study are shown in Table I.

TABLE I

SUMMARY OF AMBIGUITY SPACING REQUIREMENTS

~Type of Ambiguity Tevel of First ~Precentage of maximum

Illurmination spacing Side Lobe (Two-way) (db) Interval Mapped

Uniforn Lol A 26,1 0.6
2l _»

Cosine 2.10 46.0 0.57

Cosgin 2 2. 2 6)4-0 0.53

Referring to Figure 2.2.3.1, the value of & was calculated to be

0.0801 radian for the nominal altitude of 130 nautical miles, a

prf of 8500 cps, and a depression angle of 55 degrees. This value

of prf was based upon azimith ambiguity studies. Using this value

of o and the ambiyuwity spacing relationships shown above, the

required antenna heighis for the various types of illuminations

were found to be:
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Uniform 1.8 feet
Cosine 2.7 feet
Cosine® 3.5 feet

Because of physical limitations of the vehicle, the uniform
{llumination type was chosen with a heightof 1.8 feet. This
choice also allowed mapping of the largest portion of the slant

range intcrval.

Clutterlock Loop Analysis
General Requirements of Clutterlock Loop  The clutterlock loop

is designed to orient the narrow synthetic array, generated by the
coherent radar, along the axis of the physical antenna. It is
generally aésumed that the exact bore sight of the physical antenna
witﬁ respect to the velocity vector is unknown and furthermore is
changing at some limited maximum rate. The clutterlock must ascertain
the antenna bore sight and cause the system to align its own syn=
thetic pattern. Secondly, the clutterlock must follow the physical
antenna with a small enough hang-off error to avoid ambiguities in
the data and yet move slowly enough to avoid the destruction of
coherent buildup in process at the recorder. A moment's reflection
will show that complete compliance with these requirements is an
impossibility, particularly if the rate of angular rotation of

the physical bore sight is large.
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Conceptually, the clutterlock operates by measuring the positive-
or negative-going phase shift of the targets within the beam on

successive returns. This process, of necessity, depends on the
statisticzl nature of the return signals. Error may occur because
of a predominance of targets in one side of the physical beam or
because of very large targets not symmetrically located. These
sources of error are largely eliminated if the time constant of
the loop is long compared to the transit time of a single target
across the beam. Further help is available in reducing the

effect of very large targets by allowing the video used in the
clutterlock to be limiting a substantial portion of the time, say

50 percent,

2.2.4 Radar System Block Diagram

Simplified Block Diagram of KP-II Radar System  Figure 2.2.L.1

shows a much simplified diagram of the radar system. Block 1
provides the various timing pulses while block 12 generates the
required frequencies. During the transmit mode the signal flow
is via blocks 1 through 10 inclusive, The modulator trigger
pulse triggers the 0.06-microsecond pulser of block 2 and the
modulator of block 11. The output of the 0,06-microsecond
pulser is filtered and imposed on a 70-mc carrier producing

the 70-mc sine x/x pulse. The switches of blocks L and 6 are
controlled by the On-Gate (present in the transmit mode) so that
the sine x/x pulse if passed down the i-f chirp line to the mixer
of block 7. Block 7 converts the signal to f,, at which frequency
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Figure 2.2.4.,1 - Simplified Block Diagram of KP-II Radar System
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further amplification is obtained in the twt, block 8. Next,

the twt output goes to the transmitier (block 9) in coincidence
with the high-voltage pulse from the modulator (block 11). The
transmittar output passes finally through the TR/ATR box (block 10)

and on to the antenna.

¥ith the disappearance of the On-Gate the system reverts to the
receive mode. The signal flow in the receive mode is via blocks

10, 13, L, 5, 6, 1L, 15 and 16.

The returning signal passes the TR/ATR box (block 10) and is
immediately reduced to 70 mc by the mixer (block 13). The
switches (blocks L and 6) allow the signal to pass the i-f and
chirp line (now a dechirp line) and contimnue to the demodulator

(vlock 1L).

Because of the side band inversion process the output of the i-f

line (block 5) ié recompressed into a series of 0.06-microsecond
target returns. Block li reduces these returns to bipolar video
which is amplified and recorded. The recorder (block 16) is also
the recipient of a sweep trigger which controls all recorder timing
and the stc function. The reader is referred to the above referenced

Goodyear report for further system details.
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2.2.5 Component Description
The radar payload units are deseoribed briefly, including weights,

photographs and electrical functional descriptions. The radar consisted
of five units, of which the desiyn center values of weights and volumes
are given in Table I, oelow,.
TABLE I
RADAR UNITS VLIGHT AND VOLUME

Transm tter 130 2.3
RF-IF L7 1.5
Reference Computer L6 1.2
Recorder ; 110 2,0
Control | 37 0.5

Totals 370 7.5

The actual weight of the equipment flown was 348 pounds,

The payload camponents, excepting the recorder, were mounted in the
cylindrical section of the payload vehicle between Station 228.0 and
Station 194.0. The transmitter-modulator was mounted in a Goodyear
fabricated eradle, having four side mounts with vibration isolators.

The RF-IF was attached at six points - two side mounts and four base
mounts. The design center values of system power requirements are given

in Table 1I.
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Power (watts)

0ff Warm-Up Pre-Operate Operate

Voltage
115 & 2 percent (3-f) 40O & 0.001 percent

122

82

82

0

AC0L306
SeeREFSPECIAL HANDLING

58 |8
5" °|3%
g\nog
© W O | Wn

Totals -

2850 & 250

115 & 1 percent (1-§) 2000 & 1 perocent

28,3 & 2 percent
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Basic System Parameters

Frequency - Transmitter Carrier 9600 me

Pulse Repetition Frequency 8215 to 873C CPS
IF Frequency 70 mc

Average Power . 246 to 262 watts
Peak Power 30 Kw.

Transmitter-Modulator iilectrical Design  The function of the

Transmitter-Modulator (see Figure 2.2.5.1) is to provide a high-
power pulse of at least 30-kilowatts peak by amplifying the chirped
signal from the RF-IF unit. This amplification is provided by the
five~cavity klystron which is cathode-pulsed by a line-type
modulator. This klystron provides linear amplification and pre-
serves the amplitude and pulse characteristics of the input

drive pulse.

The Transmitter-Modulator will be desoribed by breaking it down
into three major divisions: modulator, timing and trigger circuit,
and overload and protection cirecuit., Each of these functions will

be discussed in the following paragraphs.

Modulator The function of the modulator is to provide the
proper voltage for operation of the klystron r-f amplifier. This
voltage is applied as repetitive negative pulses to the cathode
of the tube. Each pulse is about 28 to 30 kv in amplitude and

approximately 1.2 microseconds in width, The ecircuit produces
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Figure 2.2.5.1 - Transmitter-Modulator
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these pulses at a rate of 8215 to 8735 pulses per second.

A simplified diagram of the modulator is shown in Figure 2.2.5.2
along with some of the voltage and current wave shapes. These

pulses are produced in the following manner:

At the beginning of the charging cyele the capacitance of the
‘pulseforming network (pfn) is almost completely discharged and

the thyratron is cut off. The inductance of the pulse transformer
is small compared to that of the charging choke. The constants

of the pfn are chosen for the pulse width desired and the inductance
of the charging choke is chosen so that it forms a series resonant
circuit with the capacitance of the pfn. The resonant frequency

is approximately one~half the lowest prf:

. PRF

f = ===, “V-—
In the absence of the charging diode.CRl, the inrust of current
Yo the pfﬁ would normally cause a damped oscillation to be set up
with the voltage E across C rising to approximately twice the
power supply voliage (assuming negligible drop across the pulse
transformer) and finally approaching the power-supply voltage as
# steady-state value. This discharge action is prevented and
the charge is maintained on the pfn because of the forward diode
in the charging circuit which will not allow the current to

reverse,
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Simplified Schematic of the Modulator
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The timing is such that the peak voltage on the pfn occurs jﬁst
before the trigger pulse to the thyratron. ihen the thyratron is
trig ered it shorts the input of the pfn to ground. The pfn is
now directly across the pulse transformer and the energy of the
pfn is completely discharged through the pulse transformer to the
klystron. Since the characteristic 'impeda.nce‘of the pfn is
matched to that of the pulse transformer and its load, a voltaze
pulse approximately E/2 in amplitude and 1.2 microsaconds long,
is impressed across the pulse transformer. This pulse is

stepped up by the pulse transformer to -a 30-kv pulse across the
Klystron amplifier. This causes the tube, ‘during the high-voltage
pulse, to amplify the r-f signal beiny applied to its input
cavity.

In practice, the impedance of the pfn is desigmed to be slightly
higher than that of the pulse transformer and its load. 'I'hia
causes the voltage E to go slightly negative at the end of the

e

discharge and effectively cuts off the thyratron.

This charge and discharge process is repeated at the prf rate
causing the klystron to amplify the high-power r-f pulse

(30-kw peak) each prf periode. This pulse is then radiated by the
antenna,

Timing and Trigger Circult

This circuit makes use of a delay line, an avalanche-trigger
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amplifier, and a hlocking oscillator. The function of the
circuitry is to properly delay and develop the voltage trigzer

required by the grid of the thyratron.

The incoming 5-volt modulator trigger is couplad to the delay line
which is adjustable from O to 0.65 microsecond in 0.05-microsecond
increments to a value as required to properly aliz