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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
system into baing and of the system performsnce during an essentially
nominal and troublefree mission.

From this review, it is hoped that the systems management and program
control parameters which were found to be effective may be properly
recognised and thereby emhance the orpfﬂ.sat:l.on and conduct of similar
future activities, |

The system definition and resulting configuration is reviewed in
retrospect, together with the problems associated with this Prograa
development and testing.

The engineering management concept and the test philosophy which were

| applied are outlined and restated, with the objectives of first recarding

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

Thomtupctmoﬁmlmhthrm@mmﬂmdth\muto
battery depletion is evaluated from the primary aspect of payload operation.
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System performance is conpared against predictions, and the performance
accomplishments and achievements are enumerated.

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

sumary of the composite effort associated with the preparation and ‘
operation of this system. From the system evaluation certain conclusions
and recommendations are formulated which are intended to be useful for

later work on similar systems,

Through the medium of the detailed information contained in this
report, it is intended to properly acknowledge the efforts of all
those who were instrumental in managing and conducting a program which
produced a completely successful mission with the first flight of a
new payload vehicle systam.
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Report Numbering and Organization
The complete 2355 System Report is contained in three volumes,

Volume I = (PART I) ~ Summary
Volume IT -~ (PART II) -~ Engineering
Volume ITI -~ (PART III) - Flight Performance

The report paragraph numbering is in accordance with the folloﬁng
convention:

First mmber indicates volume number

Second number indicates main paragraph number

Third number indicates a subparagraph

Fourth number indicatgs a further subdivision of a subparagraph

Figures are numbered consecutively within main paragraphs.
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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:
Title: 2355 System Report, dated 31 March 1965.
Volume I - Suwmmary

Volume IT =~ Engineering
Volume III - Flight Performsnce

Goodyear Aerospace Corporation:
Title: Program Report, KP-IT Orbital Doppler Radar, Thor/
Agena Satellite Program, dated 1 March 1965,

- —
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PART III

System Performance During Orbital Operations

Introductiaon

This section of the report - Part III - is designed to contain a maximum of
orbital performance data. The subsystems, the thermodynamic conditions
which prevailed, the vacuum gage responses and the performance of the

Satellite Control Facility are each discussed,

The payload subsystem operation, as recorded in Para. 3.L, was evaluated by
Engineering personnel relaé.vely inexperienced in evaluation of‘ photographs
or of radar imagery. The basis of the evaluation was:

o All telemetry data considered pertinent.

o The recorded video data transparency.

o The correlated radar imagery for the full length of

all operating passes. (An unrefined copy)

The resulting observations and comments provide a total evaluation of the
payload data and radar imagery accumulated in 32,91 minutes of operation
throughout the 1l orbits of payload operation - with the qualifications

indicated above,

The entries made for each pass may form a basis for further evaluation - it

required - without recourse to extensive research through retired data records.
1-1
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3.1 Electrical Power Subsystiem

3.1.1 Summary |

The 2355 Electrical Power System performed flawlessly throughout the entire
mission., Ascent, orbit, recovery, and posterecovery orbital performance of
all components was nommal until the rated capecity of the three Type 1=D
batieries had been exhausted, at Orbit 73, Abnormal loads on the output of
the High Voltage Power Supply occurred during payload operation on Orbits 8
and 9; however, no interruptions or excessive degradation in output from
the power supply was present. The abnormal hizh voltage loads at Ori)lts 8
ard 9 were of two types, each identical in all respects to similar distur-
bances experienced during payload testing in the TASC Chamber, 30 November

196k

3.1,2 Battery Performance

Battery performance was exceptional for the duration of the mission,

Average current division .throughout the life of the vehicle was 2:1 as
anticipated, within the tolerance of the Ampere Hour Meters (+0, =10 ampere-
hours). Projected versus actual AHM readings are shownin Fig. 3.l.1.
Actual values are slightly lower than predicted because of: a) the AHM
tolerance, b) relatively early recovery, and c) the fact that actual
average payload operation was conducted at PRF Step 8 or 9, rather than

at PRF Step zero (worst case) for which the projections were made.

Rattery temperatures increased slowly throughout the mission. All three
Type 1-D batteries were between 65° and 75° from launch to recovery, and

from 73° to 85°F from recovery to Orvit 73.
1-2
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3.1.3 Power Conversion Equipment Performance

Vehicle and Psyload Power Conversion Equipment performance was normal
throughout the flight. The switching of the payload conversion equipment
was executed as programmed. All output voltages were within specification
except during payload operation on the last psyload operating pass, Orbit
72. During this pass, the batteries were nearly expended and the internal
resistance was relatively high. For this reason, the battery voltage
dropped below 22 volts during the high-current payload operating period
causing the Power cmim Equiment to fail to regulate properly. The
low buss voltage effect upon the 2 KC inverter was most severe as showm

in Table 3.l.1. Payload read-in data was satisfactory during the pass,
however, until 22653 seconds System Time when an Attenuator 7 command was
sent, As a result of this command, it is impossible to evaluate payload
data subsequent to ﬂiis. time. The buss voltage at 22653 seconds when data

was lost was 18,6 volts.

3.1.i Discussion of Abnormal High Voltage loads at Orbits 8 and 9

Analysis of 2355 flight data indicates a series of high voltage disturbances
during the first two payload operating orbits, NHS Pass 8 and VIS Pass 9,
The disturbances are of two types: Type I is a brief pulse of ‘excessive
high voltage supply output current coincident with a slight decrease in
high voltage; Type II is a sustained disturbance, lasting 12 seconds at
Orbit 8 (refer to Figures 3.1.2 = 3.1.5).  These indications are
noticeable by virtue of the amplification and delayed decay characteristics
of the peak reading monitors, C-283, and C=26L.
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TABLE 3.1.1

System Time 22609 22610 22653 22686 22687 22696
Payload Mode Pre-operate Operate Operate Operate Warmup Warmup
—_——
Battery Voltage 23,0 20,5 18,6 18,3 20,9  23.0
+28 Reg. (VDC) 28,0 28,0 25.7 25,3 28,3 28,3

2 KC (VAC) 10 100 90 88 105 m

#B (vaC) 15 1L 105 103 1s | 1ns

gcB (VAC) 1s 109 100 98 1s 15

#c (VAC) ns 1s 109 107 1ns 1s

Power Conversion Equimment temperatures were between 61° and 90°F from
launch to Orbit 73.

15
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The Type I disturbance occurred 7 times during Orbit 8 and 4 times during
Orbit 9. The Type II disturbance occurred only once, at Orbit 8.

The Type II disturbance started at 2,268 seconds and stopped at 24280
seconis System Time, The Type II disturbance is characterized by: a) a
slight decrease in high voltage; b) a slight decrease in high voltage
supply input current; o¢) essentially constant high voltage supp'ly. output
current until the end of the disturbance when the current momentarily ine
creases; d) an oscillatory nolse burst causing the high voltage peak-
reading monitors to repsond.s The slight decrease in high voltage is
considered to be caused by the effect of the abnormal oscillatory nature
of the load at the time of the disturbance on the regulator circuit of
the Lear-Siegler unit.

Both types of disturbance discussed here were also encountered during pay-
load altitude testing in the TASC Chamber 30 November 196k, and were present
only during the first four simulated arbits,

The source of the disturbances is the transmitter or the power supply. A

canclusive finding as t0 cause cannot be established,
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32 Attitude Control Subsystem
3.2.1 System Performance Summary

The two most significant aspects of the vehicle flight performance and
subsequent evaluation were the extremely noisy horizon sensor signal
outputs and the difficulty of extracting vehicle attitude poirting
infor‘mation'fran the payload data. The horizon sensor outputs exhibited
noise to some extent on every active pass. In a few cases the anomalous
sensor signals appeared to exceed 2° peak-to-peak. It should be noted
that an anomalous horizon sensor ocutput will not result in a corresponding
vehicle attitude error. The relatively low horizon sensor to gyro
torquing gajns.reduce the effect of the sensor signals and the error
signal deadbands (about 0.35 average peak-to-peak) block out a large
portion of the anomalous signal. One factor which tended to accentuate

~ the anomalous horizon sensor performance on this flight was the improved
- telemetry resolution. Prior to the flight it had been thought that

vehicle attitude could be extracted directly from the payload (radar
map) data. This can (and has) been done for roll attitude but it now
appears that this approach is impractical for pitch and yaw attitude
data. This subject will be discussed in a subsecjﬁent section. Some
attitude information apparently can be obtained through analysis of the
payload system performance. It is expected that the Goodyear report
will contain information on this subject,

In all other respects the control system performance was consistent with
that predicted for the conditions of this flight. Items of particular

interest are discussed in subsequent sections.
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322 Derived Data-Vehicle

The Horizon Sensor output normally defines the vehicle's pitch and roll
attitude. Unfortunately the Horizon Sensor output for this particular
vehicle was anomalous, Part, if not all, of the cause for the erroneous
Sensor output was the vast cold cloud cover at the time of the flight. At
any rate, because of the loss of vehicle attitude data, some other mems of

determining vehicle attitude was necessary.

A number of methods were used. The initial attack was to approach thes solu-
tion from a grossly approximate standpoint with the intent to refine the
method as the results pointed to the nost likely solution,

It was felt that the key to the solution lay in evaluating the impulse
contained in each gas valve firing. In pursult of this, the following
method was useds

T = Ia . (1)
FR = 1—2—{" (2)
Ft= £ AW (3)

Inpulse per pulse = E&% w g 5 5.ty (k)
and it follows that
i; x Wy iy o Wos ete. .
(see Figure 3.2.1 for gas valve location and vehicle axis description).
Vehicle body rates were obtained in the following manners:

“y'ég'éd*éc'“O'Ko (Hg - ©,) 5)
W m =B VOF Byt VoW, - Ky 6)
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FIGURE 3.2.1 GAS VALVE LOCATION AND VEHICLE AXES
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Wy

- lf/g-'fd-déﬂcv H g (7

Assuming:

1.
2.

3.
L.

Gyro drift rates are zero
Wo = O
W = ¢ = 0

3¢c--_l-_ Y.,

The body rate equations become:

I-'Iy

T
¥y

W,

The use
1.
2.
3.
b

= 8, = Ko (Hg - 6,) (8)
- e Ky Hg (10)

of these equations also ueglects'such potential error sources as:
lHorizon Sensor torquing gain tolerance

External torques

Telemetry linearity and bias uncertainty

Component alignment to body axis errors

and assumes:

1.
2.

Gyro rate thresholds are zero deg/sec.

Each gas valve command produces a valve firing

The first attempt using the above method produced rates per gas valve

firing of 0,0006 deg/sec for the pitch and yaw axes., (For convenience,

from now on in thls report, rates will be stated in milli-degrces per
second (m ©/8): 0.,0006 °/s = 0.6 m 9/s),

While these rates per gas valve firing produced reasonable pitch and yaw

X
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rates and attitude changes, the roll rates and displacement were not
reasongble. For this reason, rate calculations were performed for another
pass. (By this time better date records were available,) The results
were as follows:

Wy = W = 0,62 end 0,55 m /s

W3 = Wy, = 016 m °/s

Wz - 0082 and 006)4 m 0/3

- o
Wys 0.85 m /8

These results indicated a greater dispersion in the rate produced per gas
valve firing (W/VF) than had been anticipeted. For this reason it was
decided to concentrate on the non-coupled pitch axis W/VF for all of the
thirteen passes available, The results produced the following range in
the data:

Wyp = 0.6l to Lk m °/s

W = 0.75 to 1.4k0m %/s
The weighted average of the W/VF wass

W = 0.80 m °/s
: 'g - 0,92 m %/s
. The difference between the impulse from gas valve #2 and gas valve #5 could
o be real, or it could be caused by an external torque which tended to
- produce a positive rate. Sources of external torque would be:
f 1. Vehicle's magnetic moment interacting with the earth's
magnetic field

2. Gravity gradient

R B

2-5
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3¢ Aerodynamic
Le Rotating machinery on board

The data were examined for the presence of an external torque. During
times when the Horizon Sensor output was disconnected from the gyro, it
was noted that in the absence of gas valve firings, rate changes occasion-
ally appeared on the gyro outputs. The required torque to produce the
rate change was calculated, Its value was found to be 0,0018 foot-pound.
The gravity gradient moment woulc be of a magnitude of 0,000L5 foot-pound
per degree, and the aerodynamic moment would be 0,0028 foot-pound per
degree. These are small values compared with the observed moment. There-
fore the magnetic moment was assumed to be the major contributor to the
apparent torque. In light of this, four bpaaaea, one day apart, were
analyzed and evaluated. The reason for selecting them one day apart was
to place each pass in essentially the same earth's magnet field, therefore

the same magnetic moment.

Further, because of the wide variance in W/VF, that method of evaluation
was temporarily abgndoned. Pitch body rates were determined, and a steady
state torque was superimposed upon these calculated rates. The rates \.iare ,
mmerically integrated,and the curves shown in Figures 3.2.2 thru 3.2.5
were produced. The curves do exhibit similarities, but they do not suggest

the possible vehicle attitude.

Tt was next decided to perform the same type of operation on the roll and

yaw parameters for the same passes. It was felt that the piteh and roll
sensor errors together might suggest a solution for vehicle attitude,

! L |
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FIGURE 3.2.3 PITCH ATTITUDE VS, SYSTEM TIME (PASS 25)
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Because roll rates (W,) always appeared low, and thus more greatly
affected by the absence of the ¥ W, and @y terms in the approximate eq.
(9), it was decided to attempt again to evaluate W/VF.

The method used was:

N

) Wigy * Ny W = (A W)

N3Wy 8 W= (aW),

Solving equations (11) and (12) simultaneously results in a solution for
“zl and Wz 6 Similar solutions may be obtained for sz and W 2l’ Rates
produced about the yaw axis are related to the rates produced about the
roll axis by the ratio of their respective inertias and lever arms.

Therefore:
. Wx = 3.1 Wz

and roll rate changes are:

(wa)l 'lexl'Nzwxé

(Ay)y = Ng Uy = Ng Wy,
The results obtained again indicated large variations in the W/VF value,
The final attempt to arrive at a reasonable W/VF value utilized the follow-
ing set of equations:

Ny Vg ¢ Ny Wy = (AW,),

These ‘equatims‘were solved simultaneously. The results again were incon-

PR
'

sistent, At this point the attempt to evaluate W/VF was abandoned,

-
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Yaw displacements were calculated in the same manner as the pitch displace-
ments had been. (Y#w rates are higher than roll rates so it was reasonable
to exclude the # W, and the i’d terms.) There was reason to believe that
an external torque eﬁsted in yaw also. For this reason a steady aﬁk
rate was superimposed on the calculated body rates. The curves produced
are shown in Figures 3.2.6, 3.2.7, and 3.2.,8. The yaw displacement did not
exhibit the consistency from pass to pass observed on the pitech curves, It
may be observed that the average yaw rates during Horizon Sensor disconnect
are lower than the average yaw rates while the Horlizon Sensor is connected.

The average yaw displacement during these three passes was 0.8} degree.

The average change in roll rate due to this changing yaw attitude may be
calculated. This average change was found to be 1,0 m /s, This 1s t00

small a change to be useful in evaluating roll attitude,

The next approach, in an effort to d:tgin roll attitude, was to request
from another subsystem a point in time when a yaw error was suspected.
This data was then used in the following expression:

g -ag+ W&-K¢H¢
This i{s essentially eq. (6). Data for Figure 3.2.9 were calculated. The
plot without the " §/ 8" correction was also included on the figure, Neither
plot exhibited good correlation with the roll output of the Horison Sensor.

The last attempt to establish absolute attitude data was based upon the

2=12
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premise that at sometime the Horison Sensor output must be exhibiting true
vehicle attitude. The data from all 13 passes were reviewed, and a pass
which seemed to offer the best possiblilities was chosen. !l.ﬁ displacement
was backed out of eq. (18). The correlation with the yaw disblmt which
was calculated using eq. (10) was poor. It was at this point in time that
further effort to obtain absolute roll and yaw attitude information was
discontinued, The possibility of determining absolute pitch attitude using
the latter method has promise, However, the value of this quantity is not

as great as the roll - yaw parameters, Therefare this method was not pursued

Pitch and yaw body rates have besen evaluated. They are tabulated in Table
3.2.2, The confidence in this data is good. The pitch rate tabulated is
body rate minus orbital rate. It should be noted that in almost every case
the pitch and yaw body rates were quite high imodi.atdi following the

horizon sensor disconnect. These rates resulted from the anomalous Horison

Sensor signals. When the corresponding atﬂindu attained an amplitude

sufficient to actuate the pneumatic system thess rates were damped to much
lower levels. Thus if the first twenty seconds of each pass were ignored
the average rates would be approximately one half of the values tabulated,

No attempt to evaluate roll rates was made for two reasons:
l. The nag:ifude of the roll rates were so low that the ﬁd and the
Yy terms became significant,
2. The threshold rate of the roll gyro was unknown,
The observed roll rates wers well below the required limits in all cases,

2-17
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TARE 3.2.1
Definition of Symbols
Symbol Desoription Units

F Thrust at the gas valve ' 1b
l-y, Y Horiszson Sensor output deg
133 493 ..o i Gas valve #1, #2, ... #6 impulse per pulse lb-;:%‘
Les Iys Iy Components of vehicle inertia £4-1b-se8
Ky, Koy Ky Horizon Sensor to gyro torquing gains deg/a:zé
Nos Nos oo N3 Number of gas valve firings
Rys Ry, R, Gas valve moment arm It
t time sec
X, ¥y 2 campanents of body axes
a angular acceleration rad/sec®
g, 0,V Euler angles deg
8, 5,‘{’ Euler angle rates deg/sec
Pe, oc, Ve Gyro angles deg
!33. 53, Ve Gyro angular rates deg/sec
g, 6c, ¥ ¢ Comanded vehicle attitude deg
Bc, 6c, P e Commanded vehicle rate deg/sec
ad, ad, ‘f.’ d Gyro drift rate deg/sec
Yo Orbital pitch over rate deg/sec
Wyy W. Vehicle body rates deg/sec
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TABLE 3.2.1 (Oont-)
Symbol Description | Units
AVix, OWy, AWy Changs in vehicle body rates | deg/sec
W13 Wo3 eee W Body rate produced per gas valve firing deg/;z{e
V/vF Body rate produced per gas valve firing |

v v

Start and End of payload operation

2=19
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TABLE 3.2.2

Pitch and Yaw Rates
During Horigon Sensor Disconnect

Pass 8- =W, Wy ot
8 0.0 2.89 120
9 1.97 2.98 12)

b 11 1.68 2,92 12}

16 0.L9 L.05 96

2l 3.03 2.7k 130
25 | 1.55 1.50 166

30 1.5 2.36 223

Lo 0.h 2,98 109

la 0.21 2,50 L6

U6 e 0.62 19h

L7 1.92 2,62 179

56 3.20 1.22 105

57 0.1 2.47 172

2-20
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3+2,3 Derived Data ~ Payload
As discussed in Section 3.2.1 it had been anticipated that three axis

vehicle pointing attitude information could be extracted from the final
radar map. This can be done to a degree for roll attitude., An explanation
of the method and a tabulation of the results follow, A discussion of the
situation with respect to pitch and yaw data is also presented.

Derived Roll Attitude The basis of the method used to obtain the vehicle
roll attitude depends upon the validity of the assumption that the A=Scope
operator was able to select the correct PRF (Pulse Repetition Frequency)
setting for each pass. A simplified explanation of the payload characteris-
tics is presented to aid in understanding the method.

For each specific PRF the data from a specific slant range will be recorded.
This results from the time phasing of the data recording interval (range

‘gate) with respect to the time of pulse transmission. Another way of

expressing this is to say that when the PRF is changed the ground swath
which will be recorded will step to a different rangs. The best data will
be obtained when the PRF is set such that the range is equal to the actual
range measured along the antenna boresight axis. For this condition the STC
(Sensitivity Time Control) gain curve is set to compensate for the power
distribution across the main lobe of the antenna and the resulting map will
be evenly illuminated across the entire swath. This subject is discussed in
detail in Section 2.2, Volume II and Section 3.4.5, Volume III. Goodyear
persomnel have stated that they belleve the A-Scope operator is capable of
setting the PRF to within g 1 step of the ideal setting. Each PRF step
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corresponds to a range change of about 0.65 nautical miles which is
. equivalent to a ground range of 1l.13 nautical miles,

Figure 3.2.10 illustrates the method used to determine roll attitude.
Initially, the post-flight best fit S-Look is used to plot the centerline
of the ground range. This plotted line would correspond to the ground
intercept of the antenna boresight axis for perfect attitude control (no
bias uncertainity and no limit cycle). The observed roll gyro attitude at
the time in question is then converted to the equivalent change in ground
range. The S-Look plot is then moved to the new position and the bias un-
certainty allowance is plotted. The % 0.4° bias uncertainty is equivalent
to $1.28 nautical miles, The radar map is examined to find the center of
the actual swath. This line is then plotted along with the $1.13 nautical

mile accuracy assumed,

The manner of evaluating the resulting data could take many forms. Cone
sidering the limitations of the method used and the fact that there is no
campelling reason to go beyond an approximate analysis, it was decided to
present two simple coﬁparism. These are tahulated in Table 3.2.3. The
column titled Swath Center Offset gives the roll bias uncertainty equiva-
lent to the difference between the adjusted S-Look swath and the actual
swath center., These fipgures are correct if it is assumed that the PRF was
set correctly. The column titled % Overlap gives the percentage of the
actual swath tolerance band which overlaps the adjusted S-Look tolerance
band. They may be thought of as a degree of probability that the roll bias
uncertainty was within 10.l4 degree,

2-22 '
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For either method of evaluation it appears that with the exception of Pass 9
the roll attitude was within the required limits. The data for passes L1 a
and 56 were not suitable for analysis,.

TABIE 3.2.3
Pass No. Swath Center % Overlap
Offset Deg. '
8 + 0.0 100
9 - 0.55 29
1, - 0,17 82
16 4017 82
2l + 0,03 100
25 + 0,27 69
30 - 0,25 n
ko + 0425 100
12 - -
L6 - 0,12 89
Y - 0,12 90
56 - -
S7 + 0,26 69
72 + 0,09 2N

Derived Pitch and Yaw Attitude - As stated previously, it had been thought
prior to the flight that the radar map data could be used to determine the

asimuthal pointing accuracy of the vehicle, The azimuthal pointing is a
function of both pitch and yaw pointing accuracy. The method which had

%ﬁﬁﬁ P§SSILQS & SPAI-! CODML!NYG
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been envisioned was simply to find two easily identified points on the

radar map (cne near range and one far range) which should lie on a line
perpendicular to the swath, The angular difference between the actual line
joining the points and a perpendicular would then be measured. Unfortunately
the method will not work. Both—and Goodyear personnd
came to this conclusion after same deliberation., The camplete explanation
of the impossibility of the method is beyond the scope of this discussion,
Briefly stated, the near and far range targets have different doppler
histories and their positions are effectively shifted in an undeterminable
manner by the clutterlock action.

Goodyear is analyzing the clutterlock performance and may have some camments

on vehicle attitude control performance.
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S<Look Swath Center '
l J——-Adamtod S-look Swath Center

—{ |}=—  Roll Gyro Indication

------------
-------------

<€—— S-Look Tolerance Band (+0.4°)

cesve
------
.....

~<—1.26mm :_,.'._1.28nm —

¥ Actual Swath Center

...........................
..................
ceee

> i Y o Actual Swath Center
: : : Tolerance Band (+1 PRF Step)

<1.13m sle 1.13m 5
-
r. FIGURE 3,2,10  SWATH CENTERLINE COMPARISON
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3.3 Command and Control Subsystem

3.3.1 Data links (VHF)

Quality of Data - All of the telemster data links performed as specified.
Signal strength of all links were adequate for good data quality. No
failures or malfunctions have been reported.

3.3.2 Command System

S-band signal strength fluctuations and dropouts during three passes -
(NES 13, KTS 32, KTS 33)
Investigation of S=band Transponder performance revealed that it was acti-

vated throughout each of the Ll passes, and a total of approximately 200
S-band commands were transmitted to it and verified. In addition, it wvas
continuously interrogated during each pass to provide the S-band tracking

81@&10

C&C has reviewed telemetry data from the transponder monitors during the
three passes where dropouts occurred (NHS 13, KTS 32, and KTS 33) and three
of the passes where large fluctuations occurred (KTS 16, HTS 18, and KTS
31)e It is significant that although the receiver interrogation rate
monitor (HL47) and the modulator interrogation rate monitor (H4E8) were not
affected by even large fluctuations, they both dropped to zero during the
periods of signal strength dropout. It is also significant that the
transponder temperature monitor (HL9) remained steady throughout the
passes and the dropouts. (It showed a consistent temperature increase of
W°F during each pass.) Since the receiver level dropped to zero during

' each dropout, unusual or excessive interference at the receiver input

cannot be blamed for the dropout since such interference would have caused
3-1
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this receiver level to i.ncfem. Furthermore, a review of the tracking
error signals from the ground radar (VERLORT at KTS and PRELORT at NHS) at
each tracking station has .shoun that the radar antenna was locked on at time
dropout occurred. Therefore radar antenna misorientation cannot be blamed
for the dropout, since if the radar had lost track and caw'sed the dropout
by shifting out of the S-band radiation pattern, a large error signal

would have appeared just before the dropout when the radar antenna was
moving out of the pattern.

With no evidence of malfunction in the transponder, the difficulty must be
in the ground radar or an unusual propagation condition which caused a large
attenuation of the radar signal,

3363 Wi&.-band Data Link

Flight Data vs, Calculated Data - Signal strength records from VTS and NHS
“have been compared with calculated values and found to be in good agreement.
Signal strength records fram both stations are the best that have been
obtained to date. In general, NHS records show signal strengths 4 to 6 db
higher than VIS. Calculated values for the passes checked lie between the
values of recorded signal strengths, Calculations are shown in Table 3.3.l.
Figure 3.3.1 shows recorded signal strengths for three typical paases. and
the calculated values,

A possible variation of 3 db in tramsmitting antenna pattern, calibration
errors, and differences in propagation losses can easily account for the

observed differences and between stations caloulated values,
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WSDL Temperature and Frequency Response - liide band data link frequency

response is influenced to some extent by temperature. Frequency response
curves for room temperature and 100° F are shown in Figure 3.3.2 and 3.3.3.
WBDL Exciter temperature ranged from 69° to 77° so that the curve of Figure
3e3¢2 1is valid for this flight.

3¢3.4 Tracking and Acquisition Subsystems
Tracking - The S-band Beacon and 400 mec acquisition transmitter both

performed properly throughout the operation.

Acquisition - Apparent out-of-spec center frequency drift by the 400 me

acquisition iransmi.tter occurred,

This problem was reported by NHS, but upon investigation, the station found
that the local oscillator crystal in the ground receiver was off frequencye.

3-3
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'SO (PX )

TABLE 3.3.1
LINK CALCULATION

ACU 4306

("L HANBEING

UHF WIDE BAND DATA LINK

Transmitter Power
Transmit Antenna
Receive Antenna

Receive Antenna Feed Line

Vehicle Line Loss

Space Loss, 770 n.m. slant range,
50 Elevation

Polarization Loss

Propagation

Received Signal = =108 dow
or = « 78 dom

Recelver Noise
Power 8 < 99 dbm

IF 8/ii = 21 db

0.9 db
1.5 d

162,5 db

3.0dd
1,0 db

168.9 db

SO (PK) , (£a)? Bif + ¢
RGO R EC IR - (db)
fm

= noise bandwidth of output low pass filter = 9.5 mc

fd = transmitter deviation = 6 me

Bif = receiver IF bandwidth = 28 me

6 )2
2 - o 26

28 ¢
95 + W (av)

= 5.5 db+ 21 db = 26,5 db

3=l
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3.4 Radar Payload Subsystem
General The satellite vehicle was programed by means of the arbital

programer to operate for 80 orbits. The payload was programed to
operate through a warmup and a preocperate cycle whensver the satellite
was in sight of the Vandenberg AFB or the New Hampshire tracking
stations, and when the ground mapping swath was within the Continental
United States. The recovery was originally planned for Rev 65, Due
to interference with other operations a decision was made to effect
recovery on Rev 33, The seven payload operating passes prior to

Rev 33 were utilised to acquire a maximum of recovered film data of
highest quality. Accordingly, the only payload control which was
conducted during these Operate periods consisted of adjusting the
FRF. Automatic gain control was used for all passes prior to recovery,
as was Clutterlock Integrator (In) and Time Constant #1. Engineering
experiments as indicated herein, were conducted during the seven
passes following recovery. The objective of this section of the
report is the recording of a maximum of payload operating data and
performance parameters which would permit subsequent and more detailed

’

evaluation of the system -- as desired.

This section consists of the following paragraphss:
3.4.1 Pass Summary Log (Verbal Reports to STC During Operation)
This log oontdnsla quick reference source of all
payload operations during this mission, by pass, with

operating times per event and cummlative. (Not complete.)
Refer to Para. 3.4.2 for specific event details,
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3:he2 Pass inalysis

This paragraph contains the basic data teken from telemetry
records, doppler data film and correlated radar imagery,
arranged in a time sequenced format for each of the fourteen

active payload passes.

3.4.3 Telemetry Schedule

This paragraph contains a basic telemetry listing,.

3.bi Telemetry Data

This paragraph contains basic telemetry data.

3.4.5 Positioning of the Retwrn Pulse in the Range Gate.
3+ke6 Terrain Reflectivity.

3.4e7 Direct Moni toring of Payload Radiation.
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3.k.1
PASS SUMMARY LOG Day 1, 2, 3
Pass Sta. Dir, % X/?ﬁ Significant Events
T/0
Started pass in PRF Step 14, PAC
8 NIS S-N 120 120 then stepped to PRF 13, to PRF 12,
to PRF 11, and finally to PRF
Step 10,
9 VIS S-N 12, 24 Started pass in PRF Step 10. PAC
then stepped to PRF 5, then to
PRF 6, to PRF 7, to PRF 8, and
then to PRF Step 9.
1 NHS  N-S 12) 368 Went to PRF Step 10 before payload
operate, PAC then went to PRF
Step 9 and then to PRF Step 8,
16 VIS N-S 9% L6l Went to PRF Step 10 before payload
' operate. Did NOT tum control over
to PAC,
2y NBS S-N 130 59 Went to PRF Step 11 on Pass 23,
PAC went to PRF Step 10,
25 VIS S-N 166 760 Went to PRF Step 11 before payload

operate. PAC went to PRF Step 10
and then to PRF 9,

30 NES N-S 223 983 Went to PRF Step 8 before payload
. operate. PAC went to PRF Step 9,

then back to PRF Step 8, Total of

16,4 min, operation up to recoverx

KTS
33 m N's hadaied Latadnd momr P‘SS
4O NI S-N 109 1092 Went to Attenuator Step 2, then to
Attenuator 3,
VIS S-N 15 1238 Went to PRF Step 9 and Attenuator

Step L4 before payload operate,
Then went thru attemuator Steps 5
and 0 during payload operate,
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PASS SUMMARY LOG (Continued) Day 1, 2, 3

load ON YV
Pass Sta. Dir. E?“'R‘EI g% Significant Events
b NHS NS 194 1132 Went to Attemuator Position #1 and

PRF Step 8 before payload operate.
PAC went to PRF Step 7, then to
PRF 6 during payload operate,

47 VIS N=8 179 1611 Stepped thru all PRF Steps., (Was
on Timer Subcycle }48,)
56 NES SN 105 1716 1. Bypassed Integrater T/C.
2, Went fram FRF Step 6 to 7, to 8,
57 VIS SN 172 1888 1, Selected T/C #2 and WBDL #2,

2, Went to PRF Step 9, then to 8,
3. let Brush }i turn Payload OFF,

72 NHS S=N 87 1975 1. To PRF Step 7, then to 6.
(32,91 min.) 2. Had very poor Decom Sync.

13 s S~N —— - Last pass that was seen by SCF aid
not operate payload.
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PASS 10G

PASS # 8 STATION g!j TIME 2243 (PDT) DATE: 12-21-6h

EVENT SEQUENCE

REMARKS

SThE  EVENT OR COMMAND

23767

24097

21166
178

2h2l7 BOD - 16

24271 " L
279 "3
300 n 6
360 " 2

21367 " 24

244397 BCD ~ 39
1438 LI 1+
526

214602

TOTAL ON TIME: 120 sec.
GENERAL CQMMENTS:

Brush 7 and 8 -Payloadﬁamfupal
Brush 9 and 10 - Payload Pre-Operate
NHS Aoquire Delta 1 and Delta 2
NHS Acquire Delta 3

Payload Operate ON

To PRF Step 13 (by PAC)

To PRF Step 12 (by PAC)

To PRF Step 11 (by PAC)

To PRF Step 10 (by PAC)

Payload Operate OFF

Reset Enable

RESET

Brush li Payload OFF

Brush 2 - ALL OFF

1, Started pass with PRF Step 1l and PAC stepped dom to PRF Step 10.
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PASS LOG
PASS # 9  STATION g TIME 0009 (PDT) DATE: 12-22-6)
EVENT SEQUENCE
Sowe  EVENT OR GOMMAND REMARKS
29021 Brush 7 and 8 - Warm-up 0N
29290 Brush $ and 10 - Payload Pre-Operate
29320 VIS Acq. Delta 1, Delta 2 and Delta 3
3™ Tape Index (TPI)
29516 BCD - 16 Payload Operate ON
559 " 9 To PRF Step 5 (by PAC)
583 n 5 To PRF Step 6 (by PAC)
592 " 3 To PRF Step 7 (by PAC)
61L " 8 To PRF Step 8 (by PAC)
619 " 2 To PRF Step 9 (by PAC)
29640 n 2l Payload Operate OFF
29657 Brush L - Payload OFF
29716 Brush 2 = ALL OFF

TOTAL ON TIME: 12} sec.
GENERAL CQOMMENTS:
1. Went into pass on PRF Step 10, PAC then went to Step 5, then 6, to 7,

to 8, and finally to 9.
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PASS LOG

PASS # 1 STATION KTS, NBS TIME O751-KTS(FDT) DATE: 12-22-8}4

EVENT SEQUENCE

SYSTEM

TIME

EVENT OR COMMAND

57400
57669
57703
ST779
57688
57915
57934
58012
58037
S8ol8

TOTAL ON TIME: 124 sec.

GENERAL COMMENTS:

1. Went to Payload Step 10 priar to Payload Operate ON.
2. PAC went to Step 9 and then to Step 8.

Brush 7 and 8 - Payload Warm-up
Brush 9 snd 10 - Payload Pre-Operate
NHS Acquire Delte 1, Delta 2 and Delta 3
PRF to Step 10

Payload Operate ON

" 7o PRF Step 9 (by PAC)

To PRF Step 8 (by PAC)

Payload Operate OFF
Brush L - Payload OFF
Brush 2 - Payload OFF

SEEREF SPECIAL HANDLING
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PASS 10G
PASS # 16 STATION KTS, VIS TIME 1054/1102(PDT) DATE:s 12-22-64
i EVENT SEQUENCE
S.?D? EVENT OR COMMAND REMARKS
68232 Brush 7 and § - Payload Warm-up ON
502 Brush 9 and 10 - Payload Pre-Operate (N
68520 » VIS Acquire Delta 1, Delta 2 and Delta 3
6858l BCD - 2 PRF to Step 9
59L " L PRF to Step 10
68645 " 15 Payload Operate ON
(e " 2 Payload Oparate OFF
68978 Brush Ly - Payload OFF
990 Brush 2 - ALL OFF

TOTAL ON TIME: 96 sec.
GENERAL COMMENTS ¢
1, Did llm'_ turn control over to PAC.

SEGREF SPECIAL HANDLING
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PASS LOG
PASS # 2  STATION grg TIME 2236 (PDT) DATE: 12-22-64
EVENT SEQUENCE
e, EVENT OR COMMAND REMARKS
23474 Brush 7 and 8 - Payload Warm-up ON
7l Brush 9 and 10 - Payload Pre-Operate ON
23765 NHS Acq. (on Acq. Ben)
Tuly Delta 1, Delta 2 and Delta 3 turn ON
23825 BCD - 16 Payload Operate (N
8ss " 2 To PRF Step 10 (by PAC)
23955 " 2 Payload Operate OFF
21128 Brush li - Payload OFF
198 | NIS Fade
214206 Brush 2 - ALL OFF

TOTAL ON TIME: 130 sec.
GENERAL COMMENTS:
1., Went to PRF Step 11 on Pass 23, PAC went to Step 10,

SEGREF SPECIAL HANDLING
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PASS L0G
PASS # 25  STATION g’l’g TIME 0001 (PDT) DATE: 12-23-64
EVENT SEQUENCE
Sﬁ,’jgm EVENT OR COMMAND REMARKS
28625 Brush 7 and 8 - Payload Warm-up ON
894 Brush 9 and 10 - Payload Pre-Operate
28925 VIS Acquire Delta 1 and Delta 2
969 VIS Acquire Delta 3
29002 BCD - 3 To PRF Step 11
29098 " 16 Payload Operate ON
149 n 2 - To PRF Step 10
198 " 5 To PRF Step 9
2926l BCD 24 Payload Operate OFF
29289 Brush l - Payload OFF
29333 Brush 2 - ALL OF’F

TOTAL G TIME: 166 sec.

GENERAL COMMENTS :

le Went to PRF Step 11 before payload operate.
2, PAC went to Step 10 and then to Step 9.

SEEREF SPECIAL HANDLING
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SEGREF- SPECIAL HANDLING

PASS 100

PASS # 30 STATION ng:gm TIME 07L3/075h (PDT) DATE: 12-23-64

EVENT SEQUENCE

SYSTEM

EVENT OR COMMAND

56965
57234
57293
57366
3%
518
589

57616

BCD - 3

TOTAL ON TIMEs 223 sece.

GENERAL COMMENTS:

1., Went to payload Step 8 before payload operate.
2, PAC went to Step 9, then back to Step 8,
3. KIK ZORRO 36 was sent on Pass 29, This commits us to Recovery on Pass 33.

Brush 7 and 8 - Payload Warm-up ON
Brush 9 and 10 - Payload Pre~Operate ON
To PRF Step 8

Payload Operate ON

To PRF Step 9 (by PAC)

To PRF Step 8 (by PAC)

Payload Operate OFF

Brush L - Payload OFF
Brush 2 - ALL OFF

SECREF SPZCIAL HANDLING
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PASS LOG

PASS # 33 STATION KIS, 8 D 1216015 (T) DATE: 122364

S

EVENT SEQUENCE

Y8
T EVENT GR COOAND

72243

722004
355.8
357
359
366.4
an
378

T2481.6

75153
153
255
355

7580k

KTS Acqe Delta 1 and Delta 2

Pitch Down

Elect. Disconnect

Separation

Spdn-up

Retro-fire

De-Spin

T/C Eject

VM Closed

First sighting by A/C #5

#5 Making Look-See Pass

#5 Reports Capsule 0K

#5 Iined up in positian for Plck-Up
Capsule in Trail
Capsule aboard aircraft

.
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PASS 10G
PASS # 4O  STATION gx: TIME 2229 (PDT) DATE: 12-23-6L
EVENT SEQUENCE

S}fg’ EVENT OR COMMAND REMARKS
22998 Brush 7 and 8 - Payloed Warm-up ON
23266 Brush 9 and 10 - Payload Pre-Operate ON
23349 NS Acqe Delta 1 and Delta 2

367 Acqe Delta 3
23410 BCD - 16 Payload Operate ON

L22 " 12 To Attenuator Step 2

L8k LI 11 To Attenuator Step 3
23519 . 2 Payload Operate OFF
23651 Brush L Payload OFF

L3 Brush 2 ALL OFF

TOTAL ON TIME: 109 sec.

sterr SPECIAL HANDLING
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PASS LOG
PASS # 1  STATION VIS TIME 2354 (PDT) DATE: 12-~23-6l
EVENT SEQUENCE

S EVENT OR COBMAND REMARKS
281L6 ‘ Brush 7 and 8 - Payload Warm~Up ON

115 Brush 9 and 10 - Payload Pre~Operate ON
28436 VIS Acquire Acq. Ben.

LLé Delta 1, Delta 2 and Delta 3
28497 BCD - 2 To PRF Step 9

52} n 10 To Attenuator Position i
28651 " 16 Payload Operate ON

692 L] 1L To Attenuator Position 5

727 " 15

735 " n To Attenuator Position O

("1 " 3
28800 noo2) Psyload Operate OFF
28817 Brush 4 - Payload OFF

872 Brush 2 ~ ALL OFF

TOTAL ON TIME: 146 sec.

GFNERAL COMMENTS:

le Was on Step 9 throughout Payload Operate.
2, Went to Attenuator Position 4 before Payload Operate and to Position § »
and then 0 during Payload Operate,

SEGREF SPECIAL HANDLING
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PASS 10G
PASS # 46 sunmgrg TIME O748 (PDT) DATE: 12-24-6lL

EVENT SEQUENCE

sga:u EVENT OR COMMAND REMARKS
56529 Brush 7 and 8 - Payload Warm-up ON

796 Brush 9 and 10 - Payload Pre-Operate ON
56879 NES Aoquire Delta 1, Delta 2 and Delta 3
56923 BOD - 1 Attenuator to Position 1

9kLo L 3 To FRF Step 8
56956 " 16 Payload Operate ON
5707k " 9 To PRF Step 7 (by PAC)

16 " 2 To PRF Step 6 (by PAC)
57150 n 2 Payload Operate OFF
57164 : Brush 4 - Payload OFF
57179 Brush 2 - ALL OFF

TOTAL ON TIME: 194 sec.
GENERAL COMMENTS ¢ |
l, Went to Attenuator Position 1 and PRF Step 8 before Payload Operate.

2, PAC went to PRF Step 7 and then duﬁ.ng Payload Operate.
3. Sent a "Subcycle Skip*® - to have Timer on Subcycle 48 for Pass 47.

SEGREF SPECIAL HANDLING
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PASS 10G
PASS # 47 STATION VIS TIME 0918 (PDT) DATE: 12-24=6k
(Sheet 1 of 2) N-S
| EVENT SEQUENCE
S-ﬁ',? EVENT OR COMMAND REMARKS
62022 Brush 7 and 8 ~ Payload Warm-up ON
257 VTS Acq. Delta 1 and Delta 2
62330 BCD - 17 Paylosd Pre~Operate ON
62343 BCD - 16 Payload Operate ON
360 n 3 To PRF Step 7
370 U 8 To PRF Step 8
380 n 2 To PRF Step 9
390 " L To PRF Step 10
1400 " 3 To PRF Step 11
lao " 7 To PRF Step 12
1420 " 2 To FRF Step 13
430 " 5 To PRF Step 1L
Lo n 3 To PRF Step 15
450 " 9 To PRF Step O
160 " 2 To PRF Step 1
k70 " 4 To PRF Step 2
480 n 3 To PRF Step 3
k9o n é To PRF Step L

SESREF SPECIAL HANDLING
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PASS LOG
PASS # 47 STATION VIS TIME 0918 (PDT) DATE: 12-2)-6L
(Sheet 2 of 2) N-S
EVENT SEQUENCE
ST EVENT OR COMMAND REMARKS
62500 BCD - 6 To PRF Step 5
510 . 2 To PRF Step .6
62522 " 2 Payload Oporaﬁ OFF
62729 Brush L - Payload OFF
Thl - Brush 2 - ALL OFF

TOTAL ON TIME: 179 sec.
GENERAL COMMENTS
le Stepped thru all PRF Steps.

2. Was on Timer Subcycle 48 ~ and also sent a REPEAT to get timer back to
Snbcyc].u.
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SECRET SPECIAL HANDLING

PASS LOG
PASS # 56  STATION émlsq TIME 2222 (PDT) DATE: 12-2h=6L
EVENT SEQUENCE
sgsnrgr EVENT OR COMMAND REMARKS
22571 Brush 7 and 8 - Payload Warm-up ON
842 Brush 9 and 10 - Payload Pre-Operate ON
9Lo | NHS Acquire
22981 BCD - 16 Payload Operate (N
995 " 20 Bypass Integrator T/C
2301, n 3 To PRF Step 7 (by PAC)
- 018 " 8 To PRF Step 8 (by PAC)
23086 "2 Payload Operate OFF
208 Brush } - Payload OFF
23286 Brush 2 - ALL OFF

TOTAL Oi! TIME: 105 sec.

seeRer SPECIAL HANDLING
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PASS LOG
PASS # 57 STATION g'l_:: TIME 2347 (PDT) DATEs 12-2L-6)
EVENT SEQUENCE
3}';“%‘ EVENT OR COMMAND REMARKS
27704 Brush 7 and 8 -Paylmdﬁm—né o
972 Brush 9 and 10 - Pre-Operate ON
28004 VIS Acquire
28049 BCD - 19 Selected 7/C #2
o177 " 13 Selected WEDL #2
26104 " 2 - To PRF Step 9
28217 " 16 ~ Payload Operate ON
352 " 3 To PRF Step 8
28389 Brush }i = Payload OFF
28)h2 Brush 2 - ALL OFF
TOTAL ON TIME: 172 sec.

GENERAL CQMMENTS:

1, Selected T/C 2 and WHDL #2.
2. Started pass on PRF Step 9 then PAC went to 8tep 8. _
3. Did not send Pxyload Operate OFF - Brush L turned Payload OFF,
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PASS # T2

STATION NHS
S=N

ACOL306

‘SfHHSPECIAL HANDLING

PASS LOG

TDME 221y (PDT) DATE: 12-25-64

EVENT SEQUENCE

SYSTEM

TIME

EVENT QR COMMAND

REMARKS

22130
22400
22502
22601

62l

630
22688

22764
22843

BCD - 16
L 9
n 2
" 24

TOTAL ON TIME: 87 sec.

Brush 7 and 8 - Payload Warm-up

Brush 9 and 10 - Payload Pre-Operate ON
NHS Acquire

Payload Operate ON

To PRF Step 7

To PRF Step 6

Payload Operate OFF

Brush ) - Payload OFF
Brush 2 - ALL OFF

L~20
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3.4.2 Pass Analysis
This section contains data pertaining to payload operation throughout

each of the fourteen active passes. The data utilized for preparation
of these operating summaries for each pass consisted of the S-Look
tabulations, all the telemetry records, the dﬁppler history film
negative and the comeht;d radar imagery. The ephemeris data
associated with the payload on times for each pass is given here, as

is a summary of Radar Map Scale Factors. The vehicle velocity over the
ground was approximately 3,99 NM/second - depending upon altitude.

The copy of the radar imagery which was used was an early copy and

was admittedly not equivalent to the final quality map prints, but was
sufficient for this general evaluation. A large number of striated
markings were noted on the doppler film, which are termed "Rabbits" in
the evaluation comments, These markings displayed distinctive patterns,
which, when measured in frequency and length, appear to be caused by
other X-band radars, the received pulses of which are causing brief
abnormalities of CRT sweep modulation. Two examples; one on Pass 8
calculated to be at 1163 cps repetition rate with 4.8 microsecond

pulse width, and Pass 9 of 842 cps repetition rate with .77 microsecond
pulse width.

The radar imagery utiliszed in making the following observations was a 2,6:1
enlargement copy, of an early correlator run, not necessarily controlled for
optimun data. These fourteen pass images will become a part of the archival
material from this mission, therefore the scale factors, dimensions and
comments result from the particular observation pertaining to these

L-21
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image coples.

This end to end record of the events and imagery resulting is included in
this system report in the interests of campleteness, since a similar total
evaluation summary is not available elsewhere, This section, together with
the individual pass imagery and the other data contained in this repart, will
permit fuller evaluation at a later date - if required.

4=21(a)
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3eke2.1 Orbdt 8 Narth to South Pass - NHS
Recovery capsule data filn analysed,

Vehicle Target Geometry (S-Look) mn:an voumm

o System time in seconds: 244255,3 214369,8
o Vehicle flight path locations 38.37°% 4S. 218

| 8L.97% 80,7600
o Vehiocle altitude: 138,367 MM 137.83L M
° Tadar look potot: R s
o Radar target slant range: 170,615 NN 169.951 MM
© Radar map swath length: .Apprcu:i.natoly 456.8 W

Radar Map Scals Factors
0 Measured radar map length = 213,5 inches
0 Measwed data track film length = 571 inches
o Elspsed payload on time = 11,2 seconds
0 Radar map asimuth scale = 1.86 inches/second

%}g— = 1,86 inches/second

Radar Map Evaluation
The first 32.5 inches of map has poor detall visible in the far
range. PRF Step 1L is probably too low in repetition rate.

From 32.5 to Ll.7 inches the map far range detail still is poor
due to low PRF. .-
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Map detail fram LL.7 to 83.8 inches is improved and was recorded with

PRF Step 12,

Step 11, The illumination and detail is generally good.

formations were recorded,

without difficulty.

Operating Chronology in Telemeter Time:

Function and Effect

From 83,8 inches to 213.5 inches the map was produced with the PRF on

Over the bay by Alpena and North Point, Michigan, shore and lake ice

Major land marks such as roads, rivers and communities can be identified

§1stem'l‘:l.m

24249.1
24255,.3

ey

7

—

—
4

A

T

Payload Warm-up ON - PRF on Step 1llL.
Payload Pre-Operate ON,

NHS acquired telemetry,

NES acquired Wide Band telemetry.
Payload Operate ON - Film Drive ON,

Payload High Voltage ON,

The radar map begins with the near range dark

- and chmging to light in the far range. From

approximately 1,8 inches to the end of the far
range detail is obscured,

=23

SECRET-CI ZCi..L [IANDLING

LOCKHEED MISSILES & SPACE COMPANY



NRO APPROVED FOR RELEASE
DECLASSIFIED BY: C/IART

DECLASSIFIED ON: 9 JULY 2012 SEHREF C?: : AL HANDL'NG

System Time Function and xffoqt
At 21,266 seconds there is a gradual building of

noise on the data track film corresponding
closely to a glitch (anomaly) noted on telemeter
points C283 and C284. No apparent effect on the

radar map.
"Rabbits" are on the data track film are noted
in inoreasing numbers and intensity until sudden
drop-off when the FRF is changed to Step 12 at
24279.7 seconds.
2L4273.3 PRF changed to Step 13.
Map illumination improves but the far range
is still light with loss of detail.
The radar map information appears to have moved
sbout 0.1 inches to the far range and about 0.2
inches to the left in aszimuth.
2li279.9 - PRF changed to Step 12,
The map illumination improves but still with a
light streak in the fgr rangs. Detail is
- generally good.
The radar map information appears to have moved
about 0.3 inches to the far range and about 0,15
inches to the right in asimuth,.
2l300.7 PRF changed to Step 11.
The radar map information moved about 0.3 inches

SEERETSPECIAL HANDLING

LOCKHEED MISSILES & SPACE COMPANY



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

=1

ACOLY06
SEEREF SPECIAL HANDLING

System Time Function snd Effect

‘to the far range,

I1lumination of the map is good but still with

a very light streak in the far range which
disappears in 16 inches of map, oorresponding

to approximately 8.6 seconds.

At about 196.7 inches of radar map there is a
strip of fog 2.8 inches long carresponding to

10 inches of fog on the data track film, starting
at 21359.8 seconds, This seotion is over Lake

R

Ty MYy M oy Yy oy r ry o f

Huron.
2369.5 Payload Operate OFF - Film Drive OFF.
| Payload Warm-Up OFF,
Telemetry OFF,

SEerer SPECIAL HANDLING
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3.4e2.2 Orbit 9 South to North Pass - VIS

Recovery capsule data film analyzed.

Vehicle Target Geometry (S-Look) | HIGH VOLTAGE
0 System time in seconds: 295%:.1 2961?1?8
o Vehicle flight path location: 1]3.%:2?:3 1(3);:]2:2;:‘1:
o Vehicle altitude: 136,891 Mt  138.2L9 NM
o Radar look point: 32,562 39.81°N

112.54% 109,11W

o Radar target slant range: 171,265 NM 170,467 NM
o Radar map swath length: Approximately 470 NM

Radar Map Scale Factors
o Heasured radar map length = 221,3 inches
0 Measured data track film length = 588,5 inches
o [Elapsed payload on time = 117.7 seconds
0 Radar map azimuth scale = 1.88 inches/second

]2%‘7'-3% = 1,88 inches/second

Radar Map Evaluation
The radar map begins about 53 nautical miles south of Phoenix, Arizona.

On the map the near range is lighter than the far range.

At 70 inches of recorded imagery the PRF is changed to Step S where detall
is lost in the center of the map.

L=-26
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A reversal of data recorded, i.e,, far range information in the near
range, which was caused by improper PRF, as discussed kelsewhere in this
report, (See Part I, Para. 1l.6.)

As the PRF was changed toward Step 9 the far range information moved
toward the near range, and in Step 9 the range data appears in the

correct order,

On the imagery produced with PRF Step 10, 8 and 9, major land marks such
as rivers, roads and communities can be identified without difficulty,

Operating Chronology in Telemeter Time

System Time Function and Effect
Payload Warm=Up ON - PRF on Step 10.
Payload Pre-Operate O,

29518.0 Payload Operate ON = Film Drive ON,

2952L1,1 Payload High Voltage ON,
The radar map begins south of Phoenix, Arisona.
The near 1/3 of near range is light with detail
washed out and the 2/3 of far range is dark with
detail obscured., At about 8 inches of map, tﬁo
far range details appears to improve and a darker
strip on the extreme far range disappears.

k=27
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Function and Effect

2956145

298530

2959246

Details of Phoenix appears generally good except
for the near 1/3 of range which appears lighter
than optimum, At 36 inches of map the overall
illumination becémes more even,

PRF changed to Step 5.

"Rabbi.ta"' recorded on the data track film for

one second not observable on the radar map,

A radical change occurred in the radar map.

Far range imagery is recorded in the near range.
There is a very light streak centered 1.3 inches
from the near range edge with an apparent loss of
continuity (see Para. 3.4.5, Positioning of
Reflected Bnergy in the Range Gate),

PRF changed to Step 6.

At 111 inches the far range detail moved toward
the near range but the amount of movement is
diffioult to measure due to a lack of detail, It
still appears that the extreme near range informa-
tion belongs in the far range.

PRF changed to Step 7.

At 128,5 inches of map the information moved
approximately 0.3 inch toward the near range,

The first 1/ of nesr range information appears
to belong in the far range,

128
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Function and Effect

29620.5

PRF changed to Step 8.

"Rabbits" appear on the data track film for the
entire PRF Step period but are not recognisable
on the radar map,. |

At 169.5 inches the radar map information appeared
to shift about 0.3 inch toward the near range.

The near 1/3 of range still appears to be washed
out. The Colorado River detail is good.

PRF changed to Step 9,

"Rabbits" appear on the data track film for 0.7
seconds with no observable effect on the radar
map.

The radar map information shifted 0.3 inches to
the near range and the image is m'opei'],v reconstructed.
Detail of the swath is good except for the first
0.2 to 0.3 inches of the near range where detail
appearswadndoutfornlcngt._h of approximately
6 inches,

Fog appears on the radar map at 204.5 inches for
a length of 3.6 inches, corresponding to 10 inches
of fog on the data track film. The remainder of
the map is evenly illuminated and ends at

221.3 inches,

L
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3eke2.3 Orbit 1k North to South Pass - NES

Recovery capsule data film malysed.

Vehicle Target Geametry (S-Look) HIGH VOLTAGE
0 System time in seconds: 2’9;_.16‘41 283]1401':_2_
o Vehicle flight path locations 41.37% 3,20

8L.72% 77.89%W

o Vehicle altitude: 128,460 NM 127,876 MM
° Fadar ook potat: R
0 Radar target slant range: 158,283 MM 157.557 M
0 Radar map swath length: Approximately L71 NM

Radar Map Scale Factors
0 Measured radar map length = 221,.5 inches
0 Measured data track film length = 61} inches
o Elapsed payload on time = 117,5 seconds
o Radar map asimuth scale = 1,89 inches/second

%%‘-:—; = 1,89 inches/second

Radar Map Evaluation

The radar map starts over Lake Erie with the PRF on Step 10, The first
8 inches from the point identified as high voltage on is light with poor
detail, At about 8 inches the detail is good with a very light sf.reak
in the far range which disappears at appraximately 18 inches,
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PRF Step 9 begins at 39,5 inches on the radar map, the detail is good and :
the illumination is good., This PRF produced the best portion of the

imagery for Pass 1,

At 72.5 inches PRF Step 8 begins amd the map has the same general appear-
ance as with PRF Step 9 except for a dark strip in the extreme far range.,
The same general appeai'ance is maintained for the remainder of the map
which ends over the Atlantic Ocean near Pamlico Sound, North Carolina,

Major land marks such as roads, rivers, and commnities can be identified

without difficulty.
Operating Chronology in Telemeter Time

§latem Time Function and Effect

Payload Warm=up ON - PRF on Step 10,

Payload Pre-Operate ON,

NHS acquired VHF and Wide Band Telemstry.
57889,7 Payload Operate ON,

"Rabbits” recorded on the data track film with

no apparént effect on the radar image,

57896.7 Payload High Voltage Q.
"Rabbits™ on the data track film disappear,
57917.6 PRF changed to Step 9,

The radar map information moved approximately 0.25
inches to the farrmgeandto the
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Function and BEffect

57935.2

LOCKHEED MISSILES & SPACE COMPANY

right in asimth (direction of flight) at the

extrems far range.

PRF changed to Step 8.

"Rabbits" on the data track film increasing in
strength to end of pass. No apparent effect on
radar map.

The effect of FRF change from Step 9 to 8 1s
difficult to identify on the imagery.

Ten inches of fog appears on the data track film
at about 58003 seconds which corresponds to a
fogged portion of the radar map at 205 inches. This
area includes amﬂlmonntoflmdinl’uﬁioo
Sound, North Carolina.
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3ehe2.l Orxbit 16 North to South Pass - VTS

Recovery capsule data analysed.

Vehicle Target Geometry

HIGH VOLTAGE
ON OFF

System time in seconds: 68653.0 68745.0
Vehicle flight path location:  L0.76 N 35,18

126,62 W 123.62
Vehicle altitude: 128.4%4 W 128.040 MW
Radar look point: .37 N 37.M N

124,79 W 121,90 W
Radar target slant range: 158.325 M 157.760 W1
Radar map swath length: Approximately 358.8 MM

Radar Map Scale Factors

0

©

]

o

Measured radar map iongth = 172.8 inches
Measured data track film length = LL8.5 inches
Elapsed payload on time = 89,7 seconds.

Radar map asimuth scale = 1.92 inches/second

17208 - .
“mo 1.92 inches per second.

Radar Map Evaluation

°

The radarimage begins on the Pacific Ocean west of Cmcuit City,
Gllifomh,‘ vith the PFF on Step 10. Water fills the first 23.8
inches. About O.7 inches of the near range is very dark, the next
inch of range is lighter and the remainder of range is lighter.

(PRF not optimm,)
L=33
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0 At 23.8 inches land begins to fill the range swath just north of
the Eel and Salt Rivers, This corresponds to appr rimately 68666
seconds where the AGC monitared on F53 abruptly increases 7 db,
The radar map continues over land to 39 inches where water begins
to partially fill the range swath. The near-half in range is
darker than the far-half of range which shows a loss of detail, |

0 At 39 inches the terrain becomes a cambination of land and water
and the AGC monitored on F53 abruptly drops 5 db, The far-half of
range becomes darker with good detail but the near=half of range
is still darker,

o Land covers the range swath at 60 inches where the AGC monitored
on F53 increases, the near range is dark with poor detail and the
map becaomes lighter in range. |

o A vertical smudge appears on the radar map at 83 inches apparently
due to processing of the data track film,

o From 85 to 106 inches the radar map is a combination of land and
water which includes the Rusaian River, Boedga Bay and Point Reyes,
California. A number of dark areas appear on the radar map, over

~ the water, which are rain cloud returns,

o From 106 to 172.8 inches the map covers water only ending south-
west of Point Sur, California, At 151,5 inches 3.7 inches of
fog appears corresponding to 10 inches of fog on the data track
£ilm,
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Quantitative comparisons of the radar map were not made with
USGS maps for the purpose of measuring distance or speed,
Identification of major land marks such as rivers and roads
can be made without difficulty. Terrain changes corresponding
to AGC changes shown an F53 can be easily identified by
terrain and telemetry time, |

Operating Chronology in Telemeter Time
System Time Function and Effect

68586.7
68595.0

68653.5

68743.0

Payload Warm-Up ON - PRF on Step 8,
Payload Pre-Operate ON.

VIS acquired VHF and Wide Band telemetry.
PRF changed to Step 9.

PRF changed to Step 10,

Payload Operate ON - Film Drive ON

o "Rabbits" on the data track film increased in
signal strength uhtd.l high voltage ON.
Payload High Voltage ON,

o There were no anomalies noted on the data track
film except for 10 inches of fog starting at
approximately 68733.7 seconds,

Payload Operate OFF ~ Film Drive OFF.
Payload Warm-up OFF,
Telemetry OFF,
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3eke2s5 Orbit 2l South to North Pass = NHS

Recovary capsule data film analyzed.

Yehicle Target Geometry (S-Look) HIGH VOLTAGE

o System time in seconds: 2382}_.7 2320F£.1

o Vehicle flight path location: gg:ggm lasﬁ:lzg;l;

o Vehicle altitude: 137.543 M 136,982 NM

o Radar look point: 39.53%N L7.15°N
88.7L%W 82.19%

o ladar target slant range: 169.592 WM 168.893 MM

o Radar map swath length: Approximately 500 NM

Radar Map Scale Factors
o0 Measured radar map length = 231.7 inches.
o Measured data track film length = 612 inches.
o [Elapsed payload on time = 122,.4 seconds.
o Radar map azimuth scale = 1,89 inches/second.

'12:%-:{- = 1,89 inches/second,

Radar Map Evaluation
The first LL.4 inches of radar map covering land only with the PRF

on Step 11 generally has good detail. The PRF appears to be one (1)
step too high (repetition rate too low).

The remaining 187.3 inches of radar map covering land and water,

and combination of land and water, with the PiiF on Step 10 appears to
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have good detail except for a) an area of increased reflectivity on the
south shore of Lake iidchizan, b) land areas adjacent to water and ¢)

2.3 inches of foz on the data track film,

tuantitative comparisons of the radar map and USGS maps were not made,
Points can be located on the radar map withnwt dif¥iculty. Major land
marks such as roads, rivers, communi.ties, and airports can be identified

without difficulty.

Operating Chronolo;y in "elemeter Time
System Time Function and Effect

Pavload warm-up ON - PRF on Step 11
Payload Pre-operate ON
NHS acquired acquisition beacon
VHF'-TM and Vide Band telemetry ON
Payload Operate CN « Film Drive ON
"Rabbits" on data traék f£ilm, until high voltage
on, in varying strengths depending upon doppler
history sirength - no apparent effect on radar
map.

23833.7  Payload High Voltage ON
The first Lli.)i inches of radar map covering land
only was produced with the PRF on Step 1l and is
calculated to be approximately 9i hautical miles
in length., The detail is génerall.‘l.y good, There
is a light streak in the middle of the far-half
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