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1 U St PR Sl e i iU

b PART I A-2]1 ENGINEERING TEST SPACECRAFT

1.0 GENERAL | %

1.1 Scope: This specification, in conjunction with the Surveyor
Spacecraft System Design Specification (JPL No. 30240) and the Surveyor
Scientific Instrument Interface Specifications, serves to defire completely 3
the system functional requirements on the Surveyor spacecraft system including 3
the spacecraft ground equipment, trajectory, prelaunch, launch, and injection :
requirements. This specificetion has both the purpose and the authority to
define system and subsystem functional performance requirements which, in turn, :
are to be considered as requirements in the writing of equipment (control item) ]

- specifications. Whereas the Design Specification and the Interface Specifi- i
cations (see paragraphs 2.3.8 through 2.3. 14) are contractual documents, this g
specification is an internal working document. If there is any conflict
between this document and the above contiractual documents, the most stringent
requirements shall apply. All chaages,other than deletions, made subsequent
to Revision D are indicated by flags in the left margin of this document.

1.2 Genera. Notes

l.2.1 Tolerances: Throughout this specification, tolerances
are coded as indicated below, The code designation appears as a superscript
following the applicable tolerance,

r 1) 99 percent confidence level (3g, RSS of two
k orthogonal Gaussian variates)

W, B S0 B el i et LB e B R a v

TTRRICN

2) 99.8 percent confidence level (3¢, single
Gaussian variate)

3) 86 percent confidence level (2¢, RSS of two
orthogonal Gaussian variates)

4) 95 percent confidence level (2¢, single Gaussian
variate)

5) LO percent confidence level (le¢, RS8 of two
orthogonal Gaussian variates)

6) 68 percent confidence level (lg, single Gaussian
variate)

Any tolerance or reqQuirement nct sc coded shall be assumed as & maximum limit
never to be exceeded.




The tolerances specified herein do not include allowances for instrumentation
errors, test data reduction errors, and estimation errors due to data sample

sizes. Hence these tclerances will not in general be directly applicable for
use in test requirements.

1.2.2 * Information Only: Those items marked with an asterisk(®)
indicate numbers and data given for information only and not controlled by this
document. All other information and data not so marked are considered
requirements.

1.2.3 Environment: The performance of the equipment specified
in this document shall apply in the environment described in HAC Specification
224800. To the extent that equipment test conditions do not simulate this
environment, the performance tolerances allowed herein must be altered to
reflect the condition:c of test, when deriving test performance tolerances.

l.2.4 Coverage: In conformance with the current revision of
the Surveyor System Design §§;c1f1catian, JPL 30240E, this specificatian
is applicable only to the Engineering Test Spacecruft (A-21).

1.3 Definitions: The following definitions are used throughout this

specification. .
1.3.1 Antenna Axis: Line through the electrical center of the
rf beam.
1.3.2 Boresight Axis: The electrical null, peak ghin, or rf

beam center-line axis of an optical instrument or antenna, defined by hard-
ware markings or optical fixtures.

1.3.3 Mile: Unless otherwise stated, this unit shall be under-
stood as the statute mile (5280 feet).

1.3.4 Miss Vector: The perpendicular distance at the moon
between an approach asymptote that would pass through the center of a massless
moon and the actual approach asymptote for a massless moon.

1.3.5 Nozzle Centerline: A line passing through the centroids
of the nozzle throat and exit areas.

1.3.6 Resgonne Time: Time until response amplitude to a step
function input has reache percent of the correct value.
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L.3:T Retro Action Time: Thé time interval between the condi-
tion where the retro thrust has risen .o 530 pounds (cheaber pressure of 65
psia) on the buildup until the thrust has dropped to 530 pounds (chamber
pressure of 65 pasia) on the tail-off curve,

1l.3.9 Retro Igrition Time: The time interval from the retro
ignition.signal and the time trat the retré thrust level has risen to 5k00
pounds (chamber pressure of 300 paia).

1.3.10 Retro Interval: The time interval between the recro
ignition sigral and the geparstion of the retro from the spacecraft (approxi-
mately twelve seconds after the end of the retro operate interval), .

1.3.11 Retro Inert Weight: Weight of the complete retro engine -
assembly less weight of retro propellant.

1.3.12 Retro Operate Interval: The time interval from the
ignition signal to the retro tsil-cff condition at which the'retro thrust has
decayed to 3500 pounds. !

1.3.13 Retro Thrust-Time Profile: Retro thrust as a furction
of time over the retro interval,

1.3.14 Retro Useful Specific Impulse: Useful total impulse
divided by the propellant burned during the retro interval.

1.3.15 Retro Useful Total Impulse: The integral of thrust as
a function of time over the retro interval,

1.3.16 Sensor Group Coordinate System: An orthogonal co-
ordinate system whose axes are defined by optical tooling targets on the
flight control sensor group support structure. When attached to the S/C,
the sensor group roll, pitch, and yaw axes are aligned to the S/C roll,
pitch,and yaw axes, rezpectively.

1317 Spacecreft Coordinete Sywtum: The spacecraft coordinate
system is an orthogonal, right-hemd Cartesion ovordinate systam, The three
axes, Xg/as Yg/c» @nd Zg,. (pitch, yav and roll, respectively) are defined in
parsgra 1.3.19, 1.2.20, end 1.3.21. The XY-plane is defined as the plane
containing three points which are formed by the intersection of the center-
lines of the cylindrical optical tooling holes in the selumn base fittings with
the corresponding column bease surfaces (points 1, 2, 3 with respect to space-
craft legs 1, 2, 3°.) The origin of the coordinate system is a point in the
XY-plane which is established by the intersection of the altituies of the tri-

angle formed by points 1, 2, and 3. Right hand rotation sway from the origin
is defined as positive rotation. :
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Weight of 8/C minus the
Vernier Engine fuel

1.3.18 Spacecraft Landed Weight:

t Altitude Marking Redar, the n Retro Ingine, &
Nitrogen gas, snd Helium gas.

W ’*Sﬁ
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1.3.19 Spacecraft Roll (+2) Axis: axis is defined ss
a line which is perpemdicular .c the Xi-p.ane and vhich 4&.0.. through the

origin defined in 1.3.17. The positive Zg,; direction ie in the direction of
the main retro exhaust,

1.3.20 Spececraft Yaw (+Y) Axis: The Yg c &xis is defined as
a line contairing the origin and intersection 1. The pbsitive direction is
from the origin toward leg No. 1.

1.3.21  Spacecraft Pitch (+X) Axic The Xg/c axis is defined as
a8 line in t:e XY-plene perpendicular to the axis, passing through the origin
of the coordinate system with the positive dir‘ction such as to form a right-
handed coordinate system with the Yg/~ and zS/c axis.

1.3.22° Thrust Vector: The resultant thrust in magnitude and
direction produced by the engine,

1.3.23 Vis-Via Energy (Cil: Twice the total energy per unit
mass given by the equa¥tlon
l,_,3 = -

where

R = magnitude of position vector from the
earth's center to the 8/C at time of
injection, km

V = magnitude of the inertial speed at
injection, km/sec

3
@ - 3.986032 x 107 iy
sec
2
C3 is commonly expressed in
sec

1.3.24  Launch Azimuth (9r): The angle, measured st the launch

site, from the true north direction to the trsjectory plane.
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1.k Abbrcv&ttionnA The following special or somewhat non-standard
atbreviations are used in this specification:

AFETK
CDC

DSIF

RSS
s/c

SFOF

STEA

Air Force Eastern Test Range

Command and Data Handling Console

Deep Space Instrumentation Facility

Deep Space Station (i.e., one of the DSIF stations)

Engineering Test Spacecraft

Gravitational acceleration et the surface of the earth (32.174
ft/sec?) as defined by the U, 8. Naticnal Bureau of Standards

Hughes Aircrafit Company

Jet Propulsion Laboratory
Optimum Charge Regulator

Root Sum Squares

Spacecraft

Space Flight Operations Facility
Scientific Mission Spacecraft

System Test Equipment Assembly
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2,0 APPLICABLE DOCUMENTS

S

The following documenta are applicadbles to this specification tD the
extent indicated herein,

2,1 JPL/NASA Documents
2.1.1 JPL 30240 BSurveyor System Design Specification

2.1.2 JPL FD-1 Surveyor/Spacecraft/launch Vehicle Interface
Requirements -

2.2 Militm Documenta: None

2:3 HAC Documents

251 Drawing 238608; Rocket Engine, Main Retro,

2.3.2 Specification 224600; Detail Specification, Spscecraft

( . Reliability, System, Equipment Group and Sudbsssesblies.

2.3:3 Specification 224601; Relisbility Assurance Program
for Developmental and Limited Production Equipment,

2.3,k Specification 224602; Relisbility Assurence Progras,
Surveyor Scientific Payload,

2.3.5 Specification 239505; FPhesing and Polarity,
2.3.6 Specification 224800; Envirommantal Conditions,

2.3.7 Surveyor Spacecrsaft Mouthly Nrfermance ASsessasnt
Report, HAC SSD number changes at eech issue,

2¢3.9 Specification 239303; Alphe Scattering Experiment,
Surveyor Scientific Instrumente/Spacecraft Interface Specifications.

2.3.10 Specification 239308; Survey Television, Surveyor
Scientific Instruments/Spacecraft Interface Specificatione.

[T TR T




2.4 Hughes Engineering Orders

The following Engineering Orders (EO's) written against

Revision F 2re reflected in this specification:

51499
51496
51492
5149]
51488
31684
51580
32202
32211
32213
32210
32217
32218
32219
51577

TITLE NUMBER
. SURVEYOR SYSTEM FUNCTIONAL REQUIREMENTS 223510
REVISION MOOEL

SURVEYOR LABORATORY
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3.0 MODE REQUIREMENTS

3.1 Pre-launch

3.1.1 adjustments: Certain adjustments must be made on the
spacecraft prior to launch whiczh are a function of launch conditions (lunar
jdeclination, orbital phase, landing location, etc.). Such adjustments should
be held to a minimum. In no event should such an adjustment have to be remade
during an 8 consecutive day launch period.

Required sdjustments asre specified for esch spacecraft
in the corresponding document of the series Numbered 224562 through 224567,
inclusive; Launch Pardmeter Specificstions for SC-2 through 7, respectively.

3.1.2 Life on Pad: The auxiliary battery stand time from
activation to neginning of pad 1ife shall not exceed 9 days. Pad life com-
mences upon installation of S/C on Centaur and its enclosure by the shroud.
\fter on~e neing installed on the Centaur und enclosed by the shroud, the
spacecraft shall not require any additional handling for 10 consecutive days
(including 8 possible laun:h days).

3:1.3 Measurements and Data Transmission: Just prior to
launch, the following space:raf't paraméters shall be measured and sent to the
SFOF at JPL for use by the first DSS in azcquiring the spacecraft:

3.1.3.1 Transmitter frequency of both transmitters in both
narrow=-band VCXO and transponder modes.

3.1.3.2 Transmitter high power output of both transmitters.
3.1.3.3° Receiver frequency of each receiver.

3.1.3.4 Temperature of the operating transmitter.

3.1.3.5 The accuracy of the frequency measurements shall bhe 2100
cps and the accuracy of the temperature determination shall be 210°F.

SURVEYOR SYSTEM FUNCTIONAL REQUIREMENTS
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3.1.4 Thermal Capability on Pad: For safety considerations,
(: the spacecrsft shall be capable o rensining on stand, under shroud, and with-
out air conditioning for a period of § hours, agsuming no electrical power is
dissipated on ihe S/C,

3.2 Launch to Injeciiorn

This mode is under guidance control of the launch vehicle, It
incl des the powered ascent and shroud ejection for direct ascent trajectories
and powered ascent, shroud ejec’ion, parking orbit coast, and final Centaur
ignition for parking orbit trajec.ories.

. 3.2.1 Injec .ion Accurac;: ‘The injection errors shall not
exceed¢ .ne capability specified Tn 5.0.2 and 3.6,3 if the performance speci- .
fiesd herein is <o be achieved, ‘

P % Nominal Injection Conditions: The actual injeciion
conditions will be difierent for eacn launch day and will be given in the
standard trajectories, The nominal injection conditions are as given velow,.*

3.2.2.1 For direct ascen. in_ections:

C= Altitude : 90 N.Mi. (167 ¥Km) to 150 n,mi, (278 Xm)

Velocity : 35,650 ft/sec (10,870 m/sec) to
36,090 ft/sec (11,000 m/sec)

Elevation Angle (measured from the perpendicular
to the earth radius vector) : from -4,0° to 7.5°

Azimuth Angle (measured from powered flight
trajectory plane) : 0°

Earth Position : along the line shown in Figure 3-1

3.2.2,2 For parking orbit injections:

Altitude : 90 n.mi (167 Km)

; Velocity : 35,940 ft/sec (10,950 m/see) to
36,090 ft/sec (11,000 m/sec)

Elevation Angle : 2.2°

(\. SURVEYOR SYSTEM FUNCTIONAL REQUIREMENTS 224510
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Azimuth Angle (measured from coast

orbit plane) : 0°

Earth Position : within the boundary
shown in Figure 3-1 .

» 3.2.3 Shroud Eggciion: The shroud cr nose fairing protecting
the S/C during passage through the earth's atmosphere shall be ejected prior
Lo injection into the lunar orbit,but not until after the value ofPV331l
ess tnan 1.9 x 10" 1b/sec3,where p is the free stream density (1b/ft ) and
., .s the vehicle asirspeed (ft/sec)., This will nominally occur at a time from
wunch of 200 seconds*® , when the altitude is approximately 360,000 ft.

110 Kn' and the velocity relative to the atmosphere is approximately
+,700 ft/sec (2,960 meters/sec).*

3.2.4 Meximum Aerodynamic Heating Parameter Profile

3.2,L.1 Direct Ascent Trajectories

( The integrated value of the aserodynamic heating pare-
meter shall not exceed the integrated value on the trajectory shown in
Figure 3-2, which 1is 16,600 1lb-min , on any direct sscent trajectory, the

3
. sec
meximum instantaneous value of the serodynamic heating parameter shall not
exceed 5020 1lb at any time greater than one minute after shroud ejection.
sec3
Additionally, the instantaneous value of the serodynamic heating parameter may
not exceed 500 lb at any time during the period from one minute until five

_ sec
minutes after shroud ejection, unless the total trajectory integrated value
of PV3 is less than 16,600 1b-m1n/nec3. For trajectories where the inte-
greted pV3 is less then 16,600 lb-min , the length of the period during

sec
which the limit of 500 1b  on pV3 is imposed shall at lesst be in the same

sec
ratio to four minutes as the ratio of the actual integrated pV3 is to 16,600.
For example, if an actual trajectory results in an integrated value of g

10,000 * 1b-min , then the limit of 500 lb may be exceeded beginning at the

sec .CC3
0
time of 1°+ %z‘ggg'x L = 3,41* ninutes after shroud ejection.
O SURVEYOR SYSTEM FUNCTIONAL REQUIREMENTS 22k50
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3.2.4.2 Pearking Orbit Trejectories: During the period beginning
one minute after shroud ejection and ending et the time of Centeur main ergine
second ltnr§ (MES2), the instentaneous value of the eerodynamic heating para-
meter. p V° , may not exceed 1825 1b/ o3- Throughout the period from MES2
until the end of significant lerodynnm!5 heeting effects, the integrated value
of the sercdynamic heating paremeter may not exceed 7200 lb-min and the
instentaneous value msy not exceed 3700 lb oS

sec
3.2.% Nominel Time from Lift-off to Injection:*
Direct escent : 1ll.4 minutes
. Parking orbit : 13.3 to 36.4 minutes
? 2.6 Telemetry and Dete Transmission:
3,2.6,1% The S/C transmitter frequency shall be monitored es for

downrange as possible within limitetions of the STEA installed at the leunch
location; end the frequency-time history shall be transmitted to the SFOF as

~ soon es possible, but with a time lag no greater than 5 minutes (desired).
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3.2.6,2* During this mode (launch to injection), the Centaur
telemetry channels that are being used by the 8/C will be carrying cne commu-
tator pade of POM date as well as shock and vibration data, The shock and
vibration data is desired at the SFOF during launch but will be usud primarily
for post-flight performance evaluation,

3,2,6,3 The S/C transmitter shall be on in its low power mode
and shall be modulated with certain S/C erngineering data with a carrier mod-
ulation index not to exceed O.4 rad,

58T égg%lar Bates: e maximum angular rates throughout

this phase ghall be less than eg/sec l), except for specific attitude
maneuvers wherein rates up to 12 deg/sec may exist for periods up to one
second.

3,3 Separation and DSIF Acquisition

3.3.1 Pre-separation: At Centaur burnout, several space-
craft operations are initiated by command signals from the Centaur.
s

Ssdsdid - ation § at
3.3.1.1.1 Extension of landing gear
3.3.1.1,2 Extension of omnidirectional antennas
3.3.1.1.3 Transmitter high power on

3.3.1.1.4 Ny gas jet valve fmplifiers enable (initiated by
the separation signal).
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3,3,1.2 In sddition, the telemetering channel in the Centaur
which 18 to be utilized for spacecraft POM data shall be instrumented to

. provide the following information which shall be sent to the SFOF to be

relayed to the DSIF stations:
Omnidirectional antenna extend verification signal
Leg extend verification signal
Transmitter power
3,3,.1,3 Throughout the above §/C pre-separation operations, the

angular rates shall be less than 3 deg/sec and the angular acceleration shall
be less than 1 deg/sec?,

3.3.2 Separation: The actual separation shall be verified by
a signal in the Centaur which can be aent from AFETR to the SFOF,

3,3,2,1 Angular rates at separation: The Centaur vehicle, plus
all Cuntaur/spacecraft separatioh m cheniams, snall not impart a rotational
velocity greater than 3.0 deg/uc(l to the spacecraft at separation,

3,3.2.2 Uncertainty in separation velocity imparted to spacecraft
shall be included in injection errose. See 3.2.1.

3,3.2.3 The actual separa“ion shall be instrumented via the
Centaur telemetry in such & manner that ihe relative separaticn rates (voth

angular and rectilinsar) can be determined in post-flight evaluation to within
an accuracy of * 10%(2/, '

3.3.2,b Longitudinal separation velocity: The Centaur vehicle 4
and separation mechanism shall not impart a relative velocity at separation
to the spacecraft of less than 0,4 ft/sec,

3.3.2.5 Separation Shock: The upufasicn shall nct impart an
acceleration to the spacrcralt of more than 2 g's e),

—-————.—m
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3.3.3 Post-separation: The flight control system is in the
rate stabilization mode, cperating with the cold gas jets. Separation angular
rates should be reduced and maintained near zero.

3.3.3.1 Attitude accuracy: Not critical

3.3.3.2 Autcmatic solar el depl nt: Automatic solar panel
deployment shall be initiated when the spacecraft separates from the Centaur.
Automatic operatioms shall include: (1) unlocking the solar panel and roll
axis so that they are free to move from their launch positions; (2) stepping
of the solar panel axis 85 degrees so that the solar panel is positicned
perpendicular to the spacecraft Z axis; and (3) stepping the roll axis 60
degrees ‘counterclockwise after deployment is complete so that the roll axis is
in its proper transit position. The complete deplcyment sequence shall nomin-
ally require no mere than 9 minutes and 4O seconds for completion.

Automatic sun acquisition shall bé initiated by the
spacecraft at 51 & 1 seconds after separation. '

3:.3.3.3 Spacecraft lar rates: The flight control system
shall be capable of reducing spacecr angular rates to approximately 0.1
deg/sec within 50 seconds after separation.

3.3.3.4 Centaur - Spacecraft separation distance: The post
separation Centaur maneuvers shall be such that the minimum separation dis-
tance at 5 hours after injection shall be greater than 336 Km.

3.3.4 DSIF Acquisition: Acquisition of the spacecraft by the
DSIF takes place as follows:

' 3.3.4.1 The DSS antenna is pointed in the expected direction
of the spacecraft. )

3:.3.4.2 The DSS receiver is tuned to the nominal frequency plus
doppler shift of the spacecraft transmitter signal.

3.3.4.3 When a signal is received, the DSS receiver locks on in
phase, and the DSS antenna is switched to angle track.

“3.3.4.4 The DSS transmitter is then turned on and slewed in
frequency. When the received frequency passes through the operating range
of the spucecraft receiver phase lock loop, it locke on and the spacecraft
receiver and transmitter track the DSS transmitter frequency. The accomplish- -
ment of phase lock can be noted by s sudden shift in frequency of the spaces
craft transmitter. This may ceause the DSS receiver to lose the signal from
the spacecraft. If so, the DSS receiver must be relocked.
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3.3.4.5 The DSS transmitter is now tuned to the center of the
operating range of the spacecraft transponder phase locked loop by nulling
the static phase error. '

3.5 Information Flow Necessary for Acquiciticn:

3.3.5.1 Tracking data from AFETR downrange stations and Centaur
determined injection parameters shall be sent to JPL for use in trajectory
determination.

3.3.5.2 In eddition, the following spacecraft performance data
obtained from AFETR prelsunch measurements and/or Centaur telemetry shall be
TWX'd to JPL:

3.3.5.2.1 Transmitter ﬁ'equencieu( for narrow-tand VCX0 and
transponder modes)

3.3.5.2.2 Trensmitter power output.

3.3.5.2.3 Transmitter temperature.

3.3.5.2.4 Receiver frequencies,

3.3.5.2.5 Leg extencion confirmation.
3.3.5.2.6 Omni-antenna extension confirmation.

3.3.5.2.7 Separation confirmation.

3.3.5.3 The following data shall then be sent from JPL to the
appropriate DSIF station: :

-

3.3.5.3.1 DEE antenna pointing date in terms of either hour eangle,
declination angle and timeor azimuth angle, elevation angle,and time,

3.3.5.3.2 Doppler shift versus time.
3.3.5.3.3 8/C trensmitter frequencies,

m
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3.3.5.3.4 8/C receiver fre uencies,
. 3.3.5.3.5 8/C transmitter power.

3.3.5.3.6 Confimation of omni-antenna extension, leg extension
and separation (if available in time).

3.3.6 Timing:

3.3.6.1 Time required for all pre-separation spacecraft opera-
tions: less than 22 seconds,*

3.3.6.2 Time between ‘njection and first possible DSIF
acquisition: varies between O and approximately 20 minutes for parking orbit
injections and between 10 and 14 minutes for direct ascent injections.

. 3.3.6.3 Time required for first DSIF acquisition: less than
5 minutes.

3.3.7 Post Atquisition Sequence

L
The post acquisition sequence shall be constrained so
that the tota. continuous unmonitored "on time" for the high power trans-
mitter shall not exceed 60 minutes.

3.4 Attitude Reference Acquisition

As a part of the automatic sun acquisition sequence, the
vehicle shall be commanded to acquire S track and control the vehicle attitude

td the sun in two axes (pitch and yaw During a subsequent star scquisition
‘procedure, the spacecraft is commanded to acquire, track,and control the
vehicle attitude to a star (Canopus) in the third exis (roll). Sun lock-on

is required to permit continuous battery charging via the solar panel through-
out traneit. Sun and star lock-on are required to provide s known and
accurate vehicle attitude prior to midcourse and terminal descent maneuvers,
and to maintain & fixed vehicle attitude relative %o the sun for thermal
control purposes,

P ————————
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3.k.1 Sun Acgulsition:
3.4.1.1 Seguence

3.4.1.1.1 Fifty-one (51) seconds after separation, sun acquisition
is initiated by a command from the flight contrel programmer,which causes a
vehicle roll maneuver of-0.5 deg/sec® and continues until the sun comes into
the field-of -view of the secondary sun sensor which is affixed approximately
on the spacecraft roll-pitch plane. .

3.4.1.1.2 When this occurs, the roll command is removed and a yaw
command is initiated to bring the primary sun sensor line of sight toward
the sun.

3.4.1.1.3 When the sun falls into the field-of-view of the
primary sun sensor, a lock-on signal is generated. This signal switches
vehicle attitude control to the primary sun sensor and also serves co indicate
(via telemetry) the completion of sun acquisition.

3.4.1.¢ Loss of lock: Once sun lock has been ,
established, loss of this sun lock-on signal shall automatically switch the
attitude control back to an inertial attitude hold mode.

3.4.1.3 Attitude control accupacy: As specified in 4.3.1.1
3.4.1.4 Timing

3.4.1.4.1 Maximum time to acquire sun: 18 minutes.

3.4.2 Ster (Canopus) Acguisition: The star acquisition mode
is command initiated after completion of the sun acquisition and at least
€ hours prior to the midcourse correction.

3.b.2.1  Sequenge

3.4.2,1.1 The star acquisition command starts a vehicle rositive
roll (clockwise looking at the S/C from the direction of the sun) of 0.5
deg/sec” until a star of the correct brightness falls into the sensor
field-of ~view.
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3.4.2.1.2 When this occurs, a lock-on signal is generated which
stops the 0.5 deg/sec roll rate and switches the vehicle roll control to the

star sensor error signal. '

T S Y LA ST e e a ]

3.4.2.2 Loss of lock: Once star lock has been estab-
lished, loss of this lock-on signal shall automatically switch the vehicle roll
control to an inertial attitude hold mode.

3.4.2.3 Canopus verification: To verify that the correct star :
has been acquired, the 8/C is commanded to roll up to 720° in one continuous i
roll. During this roll, the unthresholded star intensity signal, as well as
the normal thresholded signal, is monitored. From these signals, a star map
is made and Canopus identified., The capability for performing at least 4 of
these verifications shall be provided. This verification shall be performed L
before the normal star acquisition mode is initiated. |

A e lir

3.4.2.4 Attitude control ':curacy: As specified in h.3.1.2.

a7

3/4.2.5 Acquisition time: 38 minutes maximum (assuming a
normal verification and excluding the time for studying the star map on the
ground).

i o

3.5 Coast Mode I

This mode commences on completion of the sun/star acquisition

and terminates Jjust prior to the midcourse correction. During this mode, . .

the 8/C coasts with its attitude servoed to the sun and star with the low :

power transmitter on in the trangponder mode to permit continuous two-way
" doppler tracking and to provide continuous low bit rate telemetry. Periodic ;ﬁ

sumplings of certain engineering data (not to exceed 10 during the transit

portion of the mission) shall be made, some of which will require switching

on the high power transmitter at those times.

3.5.1 Attitude Accuracy: While in the coast mode the allow-
able error is 22°. One-half hour prinr to the midcourse maneuver, however,
the attitude requirements are as specified in L.3.1.1 and 4.3.1.2 of this
document.
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3.5.2 Doppler Tracking: Throughout this mode, the S/C
angular position and range rate is being measured by one of the DSIF ltutiong.

The range rate is a two-way doppler measurement requiring a phase locked
transponder in the §/C. It is required thet this be accomplished on the

omni-antenna with the low power transmitter.

j.5.2.1 : This two-way doppler link must operate
over ranges from 90 n.mi. (1674Km’ to 219,500 n.mi (406,700 Km) (including
Coast Mode II) and relative velocities between plus and minus 10 KM/sec
(32,800 ft/sec).

3.6 Midcourse Correction

This mcde involves an attitude maneuver to align the vehicle
roll axis in the computed direction for the velocity correction, an _
accurately controlled velocity correction and a reverse attitude maneuver to
reacquire the sun and ster. The S/C mechanization, with the possible excep-
tion of the vernier fuel loading, shall be capable of two such midcourse
corrections. However, the time between a subsequent ignition of the vernier
engines and the termination of the last pre»vious ignition of the engines shal.l
be at least one hour.

3.6.1 Correction Computation: From the S/C tracking data,
its Oorbit and predicted lunar miss shall be computed by the SFOF Computing
Facility. See Section 6.4 of this specification fox details.

3.6.2 Correction Capabilitv: Capability for an automatically
timed velocity correction of up to 50 meters/sec (164 ft/sec) shall be pro-
vided. This provides a nominal capability of correcting a miss at the moon
of 9610 Km (5170 n.mi.) perpendicular to the approach trajectory. The
emergency capability for velocity corrections greatzr than S1 meterl/lec,
tut with reduced accuracy, shall be providad (with the exception of vernier
fuel) through the use of manual burning time control from the ground.’ The
minimum possible velocity correction command shall be 2.0 meters/sec (6.6 ft/sec).
The spacecraft design shall be such as to accommodate midcourse maneuvers
betwaen zero and 50 meters/sec. 1///”

3.6.3 Correction accuracy: For all automatically timed
corrections within the capability of paragraph 3.6.2, the residual 1;- on
the lunar surface due to S/C mechanization shall not excoc? 00 Km ?1
(53.9 n.mi.) for a vertical approach trajectory or 160 Km (1)(86.<5 n.mi) for
a 45 degree approach trajectory. These requirements shall apply only to a
nominal 66 hour trajectory wherein the midcourse correction is made nc sconer
than 2C hours after injectisn, In order to meet these requirements, the
following accuracies must be met:
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3.6.3.1 The actual thrust vector must he controlled such that
the resultant velocity increment is within 20.7 degrees(l)of the computed
direction.

\

3.6.3.2 For incremental velocity changes up to 100 ft/sec
(30.5 m/sec), the error in the magnitude of the velocity change shall be
less than 1.3 ft/sec(2) and for larger velosity increments, the error shall

scale linearly.

3.6.3.3 Acceleration level: as specified in 4.4.1.

3.6.4 Timing (Midcourse Corregtior):

3.6.4.1 Time of maneuver: As early as 4 hours and as late as
40 hours after injection. The nominal correction time snall be 15 hours

after injection for direct ascent and 20 hours for parking orbit. However,
all correction accuracy computations shall be based on a nominal <0 hour
correction. :

e 3.6.4.2 Initiation of attitude orientation: <15 min prior to
velocity change.

3.6.4.3 Time required for attitude orientation: 12 min max.

3.6.4.4 Max. time available for velocity change: 51.2 sec.
in automatically timed mode.

3.6.4.5 Time required fr normal reacquisition of sun and star:
15 min max (excluding any Canopus verification time).*

3.6.4.6 Required lead time allowance between the end of the
last midcourse guidance computation and the performance of the midcourse
correction: at least 2.0 hours.

3.6.4.7 Allowable time between actual velocity change and
precomputed time for the velocity change: At least 15 minutes. This is a
variable to be computed by the m/c correction computer program.

M
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( 3.6.4.8 Timing Accwecy: The error between the command time
interval and the actual time interval shall not exceed the followingi

a. 0.2 seconds plus 0.02% of the commend interval
magnitude (1) for attitude orientetion maneuvers.

b. 0.025 seconds plus 0.02% of the command intervel (1)
: for velocity increment duration.
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3.7 Coast Mode II

This mode is essentially the same as Coast Mode I except it
occurs a’. greater S/C to earth ranges. This additional tracking data is
required to reestablish the orbit after the midcourse correction and to
accurately determine the landing location. This post-midcourse tracking
should be continued until just prior to the pre-retro maneuver. .

" 3,8 Pre-retro Maneuver

This mode includes: (a) the deployment of the planar array,
(v) spacecraft maneuvers to align the main retro thrust axis with the
velocity vector and the high gain planar array with the spacecraft-earth
line to transmit television pictures during lunar approach and, (¢) the
subsequent coast period prior to retro-ignition during which descent TV
pictures are transmitted to the earth.

3.8.1 Reguirsd Action: The following items shall be
accomplished during this mode:

3.8.1.1 Command all TV temperature controls on approximately
3 to 8 hours prior to computed ignition time, depending on 8/C supply voltage.

3.8.1.2 Command deployment of the planar array to its landing
pesition if less than LUS® or to 45° if the required position is greater than
45°, This shall be done while still locked onto the sun and star.

3.8.1.3 Command computed roll maneuver as first step in
bringing thrust axis in line with velocity vector. Pitch and yaw attitude
controls remain on sun sensor hold. A less desirable alternative is to do

pitch or yaw maneuver first.

3.8.1.4 Command vehicle pitch or yaw maneuver to bring the
thrust vector in line with the velocity vector.

3.8.1.5 Command second roll maneuver to align the planar array
with earth.

3.8.1.7 Command vernier engine nominal thrust bdias (if
necessary). '

3.8.1.8 Command setting of time deldy between altitude marking
signal and engine ignition. .

3.8.1.9 Command altitude marking radar onm.
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3.8.2 Timing: (Pre-retro Maneuver)

3.8.2.1 Time required to erect the planar array: 10 minutes

3,8.2.2 Initiation of maneuver: No more than 33 minutes prior .
to computed retro ignition time.

3.8.2.3 Time for complete normal attitude maneuvers: 17 min-
utes max (incl. 60 sec time between successive maneuvers).

3.8.2.4 Additional time required for emergency or non-normal
attitude maneuver, if required, will come out of the time normally allotted
to the TV,

3.8.2.5 Time by which all normal attitude maneuvers must be
completed: 15 minutes prior to computed retro ignition time.

3.8.2.9 Command setting of rétro time delay: at least & nainutes prioy//
. ‘'to retro ignition. : /

3.8.2.10 Altitude marking radar power to "on": 5 minutes
prior to retro ignition.

3.8.2.11 Marking radar enable: Marking radar is turned %o
enable at the altitude specified in 4.6.2.4. To accomplish this, the com-
mand shall be sent at the computed time %10 seconds.

M
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3.8.3 Accuracy:

“: 3.8.3.1 The pre-retro maneuver shall be such that the pointing
accuracy requirement of 3.9.3.2 can be met during retro burning.

3.8.3.2 Throughout this phase, the angle between the planar
array elzctrica] axis and the true S/C - DSIF line shall be less than 2.3
degrees.(2)

3.8.3.3 Timing Accuracy: As given in 3.6.4.8.
.

3.9 Main Retro Descent

This mode: begins with the altitude marking radar ignition signal
and ends with ejection of the spent main retro case. 5

3.9.1 Action Seguence: The following automatic sequence shall
be initiated by the marking radar signal:

3.9.1.1 At a nominal slant range 6f 60 miles the altitude marking
radar triggers a timer unich in sequence starts the vernier engines, ignites
the main retro, and applies power to the radar altimeter and doppler velocity

sensor.
3.9.1.2 Vernier engines started by timer after preset delay
(( (308.1.8)t
3.9.1.3 Main retro ignited approximately 1 sec following vernier
ignition.

* 3.9.1.4 RADVS turned on at 0.55 sec following retro ignition.

3.9.1.5 Main retro burnout is signalled by the acceleration
falling to 3.5 & 0.5g. This signal initiates the following: (a) vern'er
thrust level increase to maximum programmed level, (b) starts a timer to blow
retro separation nuts and to permit pitch and yaw attitude control to be
switched from inertial to doppler velocity reference if or when the doppler
velocity reliable signal is present. The inertial switch shall not signal
rgtro bgrnout when the instantaneous thrust-to-mass ratio is greater than
161 fps<,

3.%.2 Timing: (Main Retro Descent)

3:.9.2.1 Main retro ignition time: Approximately 3 minutes
before touchdown. ;
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3.9.2.2 Time between altitude marking radar signal and vernier
ignition: Radio commandable from O to 20 seconds or greater.

3.9.2.? Time between vernier ignition and main retro ignition:
1.1 sec % 0.1 sec.(2

3.9.2.4 Main retro action time:, Approximately 42 sec.

. 3.9.2.5 ?1me from inertia switch signal to main retro ejection
signal: 12 % 0.1 sec.(2)

" 3.9.2.6 Time from main retro zgsction signal to first possible
attitude reference change: <2.15 % 0.1 sec.

3.9.3 Accuracy

3.9.3.1 Accuracy on time delay between altitude marking si%nsl .
P

and actual main retro ignition (as defined in 1.3): 0.055 sec required.

3.9.3.2 At the time of main retro ignition and thioughout main
retro burning, the actual main retro thrust axis shall be aligned io the

actual initial velocity vector plus offset (if applicable) within %1 degree.(l).

3.9.3.3 _ Attitude rates during retro burning: As specified in
L. ).2 of this specification.

3.9.3.4 Throughout main retro burning the angle between the
planar ltrn* lectrical axis and the true S/C DSIF line shall be less than
2 5 degrees(2) with maximum pitch, yaw and roll disturbances,

3.9.4 Burnout Conditions: The nominal S/C conditions at main
retro burnout vary from flight to flight as a function of lunar distance,
declination, time of flight, landing location, etc. For all these variables,
the maximum and minimum nominal burnout conditions for a normal and a 25°
approach are given below (assuming no doppler attitude control until after

~ main retro burnout).

3.9.5 Unbraked Izpact Approsch Angle: The S/C shall be
capable of a soft landing for unbraked impact approach angles up to 25
degrees off vertical.
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MAIN RETRO BURNOUT CONDITIONS

For Normal Approach For 25° Approach
Max{imum Minimum Max {mum Minimum
Item Nominal %35 | Nominal %3¢ | Nominal £30 | Nominal 3¢
Altitude (Kft) 47 $9 22 19 L7 9 28 19
Slant Range
(Ket) kg | %9 31 13 | 61 | %12 39 | %13
Velocity r s !
Magnitude (fps) | 525 |%125 200 | 125 | 525 |%125 250 | %125
Angle Retween
Velocity and . .
Lunar Vertical 0*| 216 0° | #u4s5° | 23°| %16 1k 25
Angle Between '
Roll “xis and

Lunar Vertical o°| =1° o* 2° | 25°| u° 25° £°

3.10 Vernier Descent

The vernier descent phase begins with the ejection of the
- main retro engine case and ends with the vernier engine shut-off which ¢
nominally occurs at an altitude of 14 feet.

3.10.1  Action Seguence: The following automatic sequence
controlled by the spacecraft shall be followed in this phase:

3.10.1.1 At a fixed time delay of 2.15 +0.01 seconds following
the retro case ejection signal (to allow time for the case to clear the
vehicle), the pitch and yaw attitude control and the vernier engine thrust
control is "armed" to permit switching to verrier descent control modee when
the radar reliable signals are present.

: 3.10.1.2. When the doppler velocity reliable signal is present and
the attitude control is "armed", the pitch and yaw attitude control shall be

switched to the doppler velocity reference and the vehicle attituae ie cone

trolled by servoing the components of velocity normal to the vehicle axis

(Vy and jy) toward zero. The S/C shall be designed such that the doppler

reference can be used for attitude control prior to retro burn-out if so

desired by minor circuit revisions. ’
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3.10.1.3 If the altimeter reliable signal is not present when
the thrust control is "armed", the thrust command is switched from maximum
programmed thrust (see 4.4.3) to minimum programmed acceleration (see 4.k.L.1)

and is held there until the ‘altimeter reliable comes on.

3.10.1.4 When the altimeter reliable signal is present, the
thruet control shall be switched from the fixed thrust command to the pro-
grammed velocity-slant range trajectory control mode. In this mode, doppler
velocity information is used to pruvide proper error signels to the velocity
control system to maintain the desired slant range/velocity ratio prescribed

by the programmed descent trajectory.

3.10.1.5 When a velocity (Vg) of 10 ft/sec is reached
(nominally at an altitude of 43 ft, the .onstant velocity control mode is
initiated. Attitude control is switched back to the inertial reference and
engine thrust is servoed so as to achieve and maintain a 5 ft/sec constant

value.

3.10.1.6 When an altitude of 14 feet is reached, the vernier

engines shall be shut off, thus terminating tnis mode.

3.10.c Timing: (Vernier Descent)

3.10.2,1 . Time between initiatipn of attitude maneuver and
alignment of vehicle roll axis to velocity vector: 9 sec max (for 4s5°
2

maneuver).

3.10.3 Accurgcy: In order to meet the requirements of 3.11.2,

the following conditions shall be met:

3.10.3.1 Vernier engine cut-off altitude: 14 £t % k.5 rt(<2)
from the lunar surface to the altimeter antenna boresight plane.

% 1.5 ft/sec.

32%9.3.2 Vertical velocity at vernier engine cut-off: 5 tt/scc

10.3.3 Altitude at switch-over to inertial attitiu?e control:

3
L3 15 £t (2)
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3.10.3.4 Lateral velocity at vernier engine cut-off: O % 4.0
£t/sec. (1) N

3.10.3.5 le between roll axis and local vertical at vernier
engine cut-off: O % h.g deg.(I;

3.10.?.6 Total angular velocity after vernier engine cut-off:
< 3.2 deg/sec. (1

3.10.3.7 Roll attitude: The roll attitude throughout this phase
shall be as specified in 4.3.1.4 of this specification.

3.11 Touchdown

After vernier engine cut-off, the S/C free falls to the
lunar surface.

; 3111 Timing: The time from vernier engine cut-off until
first contact with the lunar surface shall be less than 2 sec.

3.11.¢  Pre-Touchdown Conditions

The S/C descent shall be controlled such that the
following conditions are in effect at the instant prior to touchdown (contact
with lunar surface).

3,11.2.1 Longitudinal velocity: < 15 ft/sec.(2)

Longitudinal refers to the z-axis of the spacecraft
coordinate system. ;

3.11.2.2 lateral velocity: «5.0 tt/lec.(l)

Lateral velocity is the component of total velocity '
which lies in the x-y plane of the spacecraft coordinate system.

3.11.2.3 Angle between roll axis and local vertical: <7 deg.(l)

This angle is measured in the plane defined by the 8/C
velocity and local vertical.

3.11.2.4 Magnitude of total angular velocity: <3.2 deg/sec.(1)
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3.11.%3 Lunar Surface: For touchdown considerations, the lunar
surface shall be as specified in 3.13.3.5 of the Surveyor Design Specification,

JPL No. 302Lk0.
3.11.4  Touchdown Cepabllity

The structural mechanization of the S/C shall be such

that landings under the following conditions can be sustained without damage
to the S/C that would impair the conduct of lunar operations. Note that .
"horizontal” and "vertical" in this paragraph are not equivalent to "lateral

and "longitudinal” in paragraph 3.11.2.

3.11.4.1 Vertical velocity: =20 ft/sec

3.11.4.2 Horizontal velocity: =7 ft/sec

3.11.4.3 Angle, S/C Roll Axis to Vertical:

=8 deg

3.11.L.4 Angular rate, angle of 3.11.4.3: =4 deg/sec

3.1
engineering verification phase begins with lunar contact

¢ The postlanding
when the final

spacecraft kinetic energy is absorbed by the landing gear,and is terminated
when the solar panel acquisition of the sun (for the case of a lunar day
landing), the planar array acquisition of the earth,and the postlanding
engineering assessment are completed. Unless indicated otherwise, the re-
quirements specified refer to day or night landings. The timing specified

assumes the absence of operational thermal constraints.

A mid-day landing

may be subject to the constraints specified in 4.10, thereby requiring

an extended period for completion.

3.12.1 Qperationg: After touchdown, but before the preparation
for the lunar experiments, the following operations are required to prepare

the spacecraft for the lunar phase of operation:
3.12.1.1 ¥

: It is

required that the ground receiver maintain phase lock during the touchdown
period. If phase lock is lost for any reason, reacquisition will noruclly

be complete within <20 seconds after touchdown.

Terminal

3:32:1.2 Tbrminntion of Transit 3§erations:
descent phase subsystems or functions not required during the postlanding

lunar operations shall be turned off by ground command.
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3.12.1.3 Asgeesment of Basic Bus Touchdown Survival: An

assessment of the operating condition of as many basic bus functions as is
possible is required for mission evaluation and lunar operational planning.

3.12.1.3.1 Initial Postlanding Engineering Assessment: The
initial assessment shall provide preliminary evaluation of the signal proc-
essing, narrow band transmission, and the power and thermal status of the space-
craft to the extent possible. The purpose of the assessment is to provide an
immediate verification of successful soft-landing as well as the capability of
+he spacecrait to support subsequent operations.

3.12.1.3.2 Subseguent Engineering Assessments: Additional

assessmente are required to verify the functional capability of the antenna
and solar panel positioners and the solar panel and battery charging circuitry

(day landing only) and the planar array.

3.12.1.3.3 Mode Television: The television camera may be
operated in the 200 Line Scan mode to provide preliminary data related to the
Junar surface and the landed condition of the spacecraft.

3.12.1.4 Orientation of the Solar Panel and Planar Array: The
optimum orientation procedure to be used is dependent upon the landing site
location and solar lighting conditions.

3.12.1.5 Determination of S/C landed Attitude (day landing only)

3.12.1.6 Assessment of Basic Bus Capability to Support Lunar
Experimentation.

-__W'
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3.12.2 Timing
3.12.2.1 Initiation: Immediately after touchdown.

3.12.2.2 Time for Completion

3.12.2.2.1 The verificetion of communicstion snd the termination
of trasnsit operations will be completed within approximately 2- 1/2 minutes.
RADVS power shall be turned off within 2 minutes efter touchdown. Execution
of the thrust phese power off commanded must be verified prior to RADVS power

turnoff.

3.12.3 Accuracy

'3.12.3.1 Solar Panel and Planar Array Positioning (Day Landings)
For the purpose of determining the spacecraft attitude, the following posi-
tioning accuracies are required: The initial positioning of the solar panel
shall be such that the secondary sun sensor boresight axis will be parallel
to the spacecraft-sun line within 20.75 degree(3). The initial rositioning of
the planar array shall be such that the antenna electrical axis will be parallecl
to the spacecraft/DSIF lire within 1.0 degree(3 « This*implies a received
power meter on the ground that will indicate relative power levels to within
at least 0.3 db.

3.12.3.2 Post Landing Attitude Determinsation ‘Dax Landings)
The attitude of the 8/C in celestial and selenographic coordinates shall be
determined from the solar panel and planar array gimbal angles with sufficient
accuracy to predict the following:

1) Local vertical to 4 degrees(3) in 8/C coordinates for
earth-sun angles greater than 15 degrees.

5 el
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2) Sun angle to 2 degrees(3) is S/C coordinates for earth-
sun angles greater than 15 degrees and assuming solar
panel and planar array positicning at 24 hour intervals.

3) Variations in local vertical in S/C coordinates in a 2u
hour interval to 4 degrees. .

4) Time to terminator tc #8 hours for earth-sun angles
greater than 15 degrees assuming a known horizon in
S/C coordinates with a maximum of 15 degree slope.

3.13 Lunar rimentation: The lunar experimentation phase begins
with the completion of the sclar panel and planar array positioning and
engineering assessment and continues until the end of the mission. Unless
indicated otherwise the requirements specified refer to day landings.

. 79 i O 4 Survey Television

3.13.1.1 Spacecraft Observations: At appropriate times during
the lunar mission, television will be used to aid in the general engineering
evaluation of the spacecraft status.

3.13.1.2 Payload Observations:

At eppropriate times during the luner mission, television
will be used to aid in the evaluation of the Alphs Scattering Instrument.
Deployment of the Alpha Scattering Instrument will be aided by television
observations.
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3.13.2 Engineering Interrogations

( 3.13.2.1 Sampling of the Mode b or Mode 5 Commutator Data: The
" Mode 4 or Mode 5 commutator data shall be sampled at least once each 1.5 hours

(minimum of 30 frames) during the non-critical periods of the lunar phase. It
is desirable to transmit data continuously during the following periods:

3.13.2.1.1 Postlanding engineering verification.
3.13.2.1.2 Repositioning of planar array and solar panel.

3.13.2.1.3 Terminator interval.

3.13.2.2 Redundant Data Requirements: Engineering commutator
Modes 1, 2, 4 and 5 shall be sampled at least once each 6 hours (minimum

of 30 frames each).

3.13.3 Solar Panel and Planar Array Repositioning.

(;’ ~3.13.3.1 Solar Panel Repositioning: The solar panel will
normally be repositioned to track the sun a minimum of each earth day during

the lunar «day.

3.13.3.2 Final Soler Panel Positioning: The solar panel will
- be repositioned such as to limit the output voltage to a safe level at
sunrice.

3.13.3.3 Plenar Array Repositioning: The planar arrsy will
normally be repositioned a minimum of each earth day during the lunar day
to reduce pointing errors resulting from lunar librations.

3.13.3.4 Planar Array Repositioning Accuracy: The repositioning
shall be accomplished to provide electrical axis pointing erros consistent
with the spacecraft transmission modes in operation.
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3.13.3.4.1 The electrical axis pointing error during the trans-
(’ mission of gimbal angle data for attitude determination shall be less than
: 1.0 degree. The pointing error during television operation shall be less than
1.4 degrees (0.5 db).

3.13.4 Spacecraft Power and Thermal Control Operations

3.13.4.1 Standby Mode: In order to most efficiently utilize

the spacecraft compartment A and B thermal capability and to maintain the

compartment temperatures below 125°F under adverse equatorial lunar noon
. environmental conditions, a capability to establish a standby mode from a
data transmission mode or a data transmission mode from a standby mode by
ground command is required. In the standby mode only the command receivers
will be operating with fill-in words interrupted and the electrical power
dissipated as heat in compartment A and B shall be limited to approximately 3
watts and O watts for day or night landings respectively.

3.13.4.2 Pre-Sunset Compartment Heating: To maximize post-

sunset operating capability, solar panel power shall be used to raise
compartment tray temperatures to the thermal switch closure temperature.

3.13.4.3 Compartment A and B Heater Control: A capability for
( 3 states of compartment heater control shall be provided by ground command

(day or night).
3.13.4.3.1 Compaftment A and/or B heaters automatic.
3.13.4.3.2 Compartment A and/or B heaters on.

3.13.4.3.3 Compartment A and/or B heaters off.

3.13.4.4 Automatic Battery Charging: The power system shall be
capable of automati~ally charging the battery upon solar panel illumination
when the initial state of the spacecraft is the standby mode described in
pcrtgrafh 3.13.4.1 and the battery is less than fully charged (day or night
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3.13.4.5 Minimum Battery Charging Time: A minimum float charge
time of 72 hours is required to recharge the battery to the maximum charged
condition assuming battery has completely discharged.

A‘
' B

3.13.5 Spacecraft Operational Life

3.13.5.1 Lunar Day: The spacecraft shall be capable of operation
from sunrise to sunset in any standard mode of operation, including the use of
the above standby mode to equalize the electrical power dissipated as heat and
the thermal dissipating capability of compartments A and B. Subject to the
thermal constraints of paragraph 4.10 the spacecraft shall be capable of com-
pleting, without supplemental solar panél power, approximately 3 hours of post-
ianding operations which include the postlanding engineeriry verification and one
narrov-angle black and white television survey. .

3.13.5.2 Lupar Night:

3.13.5.2.1 Night landing - For the case of a lunar night landing,

the spacecraft shall be capable of & minimum of 3 hours for SC-1 thrs gh SC-4

and 20 hours for SC-5 through SC-7 of post-touchdown survival (non-operating).
.

3.13.5.2.2 Day Landing — For the case of a lunar day landing, and
assuming a fully charged battery at sunset, the spacecraft (excluding payload
energy requirement effects) shall be capable of a minimum of 150 hours of non-
( operating post-sunset survival. ;

- 3.13.5.3 Desired Operating Life — It is a desired cbjective to
achieve the capability of a 90 day period of operation.
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3.13.6 Alpha Scattering Inetrument (SC 5,6 and 7)

(’ 3.13.6.1 Ipitistion: The operation of the alpha scattering
instrument shall be initieted by eersh command to the spacecraft. The
following control of instrument operation shall be provided by earth
command :
1) Alphe Detector No. 1 ON
2) Alpha Detector No. 2 ON
3) Proton Detector No. 1 ON
4) Proton Détector No. 2 ON
5) Proton Detectcr do. 3 ON
6) Proton Detector No. 4 ON
7) Calibration ON
8) Alpha Detectors No. 1 and 2 OFF
9) Proton Detectors No. 1 and 2 OFF
10) Proton Detectors No. 3 and 4 OFF
11) Calibration OFF :
12) Alpha Scattering Power ON '
13) Alpha Scattering Power OFF
: 14) Alpha Scattering Heater Power ON
( | 15) Alpha Scattering Heater Power OFF
16) Deploy to background count position
17) Deploy to lunar surface

3.13.6.2 Timi Alpha Scatterin

be completed: Standard sample count (3 hours), background count (3 hours),
initiel lunar surface count (6 hours), and data accumulation count (24 hours).
The total interrupted time in either the standard sample or background count
ghall not exceed 30 minutes. . The total interrupted time during the initial
lunar surface count shall not exceed one hour. The time from initiation of
the standard sample count and the initiation of the lunar surface count shall
not exceed 7 1/2 hourse .

3.13.6.2.1 In the Typical sequence of operation the following will . A////

: L
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3.13.6.2.2 A hign quality television picture shall be ocbtained

_ of the lunar surface (to which.the instrument is to pe deployed) and the

{nstrument in the background position prior to deployment to the lunar gyrface.

3.13.6.2.3 Measurements of the sensor and electronics temperatures
ghall be obtained each 30 minutes of instrument operation.
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4.0  SPACECFAFT PERFORMANCE

4.1 General

L.1.1 Functional Block Diagram* .

A simplified block diagram of the Surveyor spacecraft is
shown in Figure L-1. This section (4.0) specifies the required system per-
formance for these subsystems.

h.1.2 Weight and Inertia Control

4,1.2.1 The total "injected" weiglLit and "payload" weight shall
e as specified in JPL Specification 30240.

L,1.2.2% On the basis of present trajectory computations, the
weight history may be assumed as stated in the HAC document titled
Surveyor Spacecraft Monthly Performance Assessment Report.

. 4.1.2.3 For trajectory computations, the actual launch weights
of each spacecraft shall be known to within 0.25 percent at least 120 days
before the first possible launch day.

4,1.2.4 Minimum S8/C weight at landing: 587 poﬁndl.

4.1.2.5 Maximum S/C weight at landing: 645 pounds.

b,1.2.6 Maximum S/C dry landed weight: 605 pounds.

4.1.2.7 Min mum S/C weight at first acquisition of the range-
velocity deéscent trajectory segments (see L.L.L.2): 652 pounds.

4.1.2.8 Maximum S/C weight at first acquisition of the range-
velocity descent trejectory segments (see 4.4.L.2): 715 pounds.
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(’ . 4,1.2.9 Bellast

The spacecreft design shall be such thst up to 30 pounds
of ballast can be added to the retro case in steps of no more then 3/4 pound
to decrease the main retro deceleration for those cases in which the injection
energy snd the lunsr approach velocity esre low. This bsllast shall be added
to the retro cese such that the moment generated by, the sdded bsllast weight
with respect to the center of the retro mounting hole circle shall be less
than 0.3 inch-pounds.

L,1.2.10 Moments of Inertie and Products.of Inertia

These values shall be bounded by the following mexima and
minim: for the S/C throughout the landing phase from just prior to retro ignition
with a full losd of vernier fuel to just prior to touchdown with 811’ vernier fuel

gone.
Ix - between 116 and 229 slug ft2
: Iy --between 124 and 239 slug £1°
Iz - between 119 gnd 224 slug ft2
-, less than 10 slug ft2
(f Izy - less than 10 slug ft2
" Iyx - lesg than 10 slug ft2

For the S/C in the lending configuration just after retro sepsretion (essuming
ell midcourse vernier fuel and the nominal vernier fuel required during retro
burning snd separation have been used), the ectusl moments of inertis shall be
known for each 8/C to 35 percent for I end Iy, end %10 percent for Iz

L.1.2.11 Radius of Gyration

The redius of gyrstion for the spscecraft in the landing
configuration of L.1,3.1.3 shall be between 28 end 32 inches with respect to
the X end Y axes.

§,1.3 Center of Gravity and Alignment Requirements

The besic alignment plane of th S/C is thet plene defined
by the column base fitting of the 8/C base frame. The perpendiculer to that
plene passing through the geometricsl -enter of the S/C opticel tooling fixtures
is the S/C roll exis as defined in Section 1.3. 1In the following requirements,
the overall system requirement is first given followed by further breeskdowns
where appliceble.

m
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L,1.3.1 Spacecraft Horizontal c.g.

4,1.3.1.1 Launch Configuration

The c.g. of the total S/C, including the main retro
engine, full load of vernier fuel, nitrogen zas, and helium gas, when in the

launch configuraticn shall be within 1.00 inches of the S/C‘roll exis in a
direction perpendicular to the roll axis. For SC-3 and SC-4 only, the center

of gravity shall be within the envelcpe depicted in Figure 42,

4.1.3.1.2 Retro Configuration

The total c.g. of the S/C including main retro engine,
vernier fuel, nitrogen gas, planar array and solar panel in landing condition,
and excluding the altitude marking radar; shall be within 1.00 inches of the
8/C roll axis throughout the main retro burning phase

4.1.3.1.3 Landing Configuration

The c.g. of the S/C, less the main retro, vernier fuel,
and nitrogen gas, when in the landing configuration shall be within 1.00 inches

of the 8/C roll axis in & direction perpendicular to the roll axis. T?o actual
position of this c.g. shall be known for each S/C to within #0.1 inch (2) for

post-flight analysis purposes.

4.1.3.2 Spacecraft Verticel c.g.

The c.g. of the S/C when in the landing configurstion
(as defined in 4.1.3.1.3 sbove) shall not be greater then 20.4 inches nor
less than 16.9 inches sbove the S/C XY plene snd this distance shall be known
for esch S/C to ¥0.1 inch (2) (desired) or 0.25 inch (2) (required) for post-

flight snelysis purpose.

b.1.3.3 Offset Between the Retro Engine Thrust Vector end
the Combined S/C-Main Retro c.g.

Throughout main retro burning for ell expected environ-
mentel and spacecrsft conditions, the perpendiculsr seperstion between the
sctual retro thrust vector end the combined §/C-mein retro c.g. shall not
exceed 0,18 inch (1). This seperstion is epportioned Letween the various
contributors as follows: :

4.,1.3.3.1 Initiel Alignment

: The main retro engine shell be instelled such &s to
minimize the offset between the retro engine thrust vector end the combined
§/C-retro center of grevity st retro ignition.
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Zone of main retro interference, mirrors vertical (cepter-of-gravity (
shall not fall within this a.reaS.

Mirvors are edjustable into this area if main retro mounting permits.

LAUNCH CONFIGURATION CG LIMITS

FIGURE 42
. .
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k.1.3.3.1.1 Installation

t: ‘

4.1.3.3.1.2 Spacecraft Center of Gravity

than 0.015 inches

hol-3o3-lo3

b.1.3.3.1.4

4.1.3.3.1.5 Planar Array Position

than 0.005 inches.

, The offset between the predicted location of the retro
thrust vector at retro ignition and the predicted combined S/C-retro c.g. under
alignment conditions shall be less than 0.005 inches.

The error in predicting the location of the spacecraft
center of gravity under the following alignment conditions shall be less

a) The S/C is in the retro descent configuration

e)

Retro Engine Assembly Center of Gravity

(e.g., marking radar ejected, planar array and
solar panel in landing conditions, landing legs
and omni antenna extended).

{trogen gas weight equal tb the loaded weight
minus the expected usage prior to retro ignition.

Vernier propellant used is 1/2 of that required
for a. 3¢ midcourse maneuver plus 1.l second o
pre-vetru operation,

AN S s L0 e VATt UL o g m dae v Rk S s L st e =

Helium gas distribution corresponding to tht
required to expel. vernier propellant to the
vernier propellant alignment condition.

Planar array at nominal landing position selected
for the particular launch.

el

As given in 4.2.1.11

Initial Retro Engine Thrust Vector Location

As given in 4.2.1.11

To allow for a change in landing site following
launch, the shift in the combined S/C-retroc center of gravity from the align-
ment condition produced by corresponding change in planar array position
within the anguisr range ss given in psrsgraph 4.8.1.3.3 shall be leas
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4.1.3.3.1.6 Combined Center of Gravity Balilast Limitetions

The meximum bellast that may be added to the space-

I: creft lending peds to slign the spececraft/retro combined center of grevity
to the retro nozzle centerline is listed below for each leg:

Leg number 1 1
Leg number'2
Leg number 3 .25 pounds

(.
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4.1.3.3.2 Change in Offset During Retro Period

.* The change in retro thrust vector to combined center of
gravity offset shall be controlled by the following requirements:

4.1.3.3.2.1 8/C Deformations Due to Heat and Thrust Load

As given in 4.1.3.16.1.

4.1.3.3.2.2 Vernier Fuel System c.g. Excursions
As given in L4.1.3.6.4.

k.1.3.3.2.3 Retro Engine c.g. Excursions During Burning
As given in 4.2.1.12.

4.1.3.3.2.4 Retro Engine Thrust Excursions During Burning
As given ip 4.2.1.13.

¥

L,1.3.4 Retro Engine Thrust Vector Anguler Alignment:

Throughout mein retro burning for esll expected
environmentel and S/C conditions, the angle between tne sctuel mein retro
thrust vector snd the sensor group roll exis boresight shall not be gresater
then 0.4 degrees (1). This specificetion shall include the following:

4,1,3.4.1 Retro Instellstion:

The instellstion of the retro engine to the spececraft
shall be controlled such thet & line perpendiculsr to the retro reference
plane (see Section 4.2) shall be persllel to the spacecrsft roll axis (see
Section 1.3), within 0.05 degree (1).

4,1.3.4,2 Sensor Group Instellation

As given in L,1.3.7

4.1.3.L.3 Sensor Group Alignment Excursions Due to Heat end

Thrust end Vibration Loeds
As given in 4.1.3.7.3




4.1.3.4.4 Retro Engine Thrust Alignment

As given in 4.2.1.11.

4.1.3.4.5 Retro Engine Thrust Angular Excursions During Burning

As given in 4.2.1.13 and 4L.1.3.16.2.

4.1.3.5 Vernier Engine Thrust Alignment

4.1.3.5.1 The rernier engines including the swiveled engine when
at its mechanically centered position, shall be installed so that the following
overall alignment requirements can be met under the stated conditions through=
out the life of the engine.

4.,1.3.5.1.1 With Main Retro Off

With the main retro off and the vernier engines at any
thrust level, the angle between the actual thrust vector of any one engine and
the S/C roll axis shall not exceed 0.70 degree(l).

%.1.3.5.1.2 With the Main Retro On

Throughout main retro burning with the vernier engines
at mid-thrust, the angle between the actual thruit vector of any one engine and
the S/C roll axis shall not exceed 0.55 degree(l

h.i.3.5.2 These overall requirements (4k.1.3.5.1) are made up of the
-following contributors.

bL,1.3:5.8.1 Installation Alignment

The vernier engine aslignment %sngle is defined es ‘the
angle formed by rotating the vernjer engine sbout its trunnion sxis such thet
the nozzle centerline moves from s position which is parellel to the spsce-
craft roll aexis to the aligned position. A positive engle signifies that the
vernier engine is rotated such es to move the nozzle towsrds the engine mounting
bracket. The alignment sngle shall be +0.15 degree for &ll engines. In e
direction normal to rotetion sbout the trunnion sxis, the engine centerline

shall be aligned parallel to the spacecreft roll sxis. The angulsr elignment

tolerance for all engines in both of the sbove directions shall be 0.075 degrees
(1), except for the alignment asngle of engine 1 which shell be 0,10 degree (1).
The alignment tool weight shall be 11 + 1 pounds. The supported weight on the
bracket shell be 8.49, 6.80, 6.79 pounds for engines 1, 2, 3, respectively.

The supported weight shsll be within 0.2 pound of the esbove values.
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L.1.3.5.2.2 Vernier Engine Mounting Brescket Bending Constent

As given in 4,1.3.16.6.

(: 4.1.3.5.2.3 Vernier Engine Thrust Vector Excursions

As given in 4,2.2.11,

4.1.3.5.2.4 Environmental Effects: The shift in angular align-
ment of the vernier engines -from the initial preflight alignment condition due
to flight environment excluding bracket bending resulting from acceleration
and thrust loads shall be less than 0.1 degree (2).

L.1.2.6 Vernier Engine System to Sensor Group Roll Axis
Alignment :

In this séction. the vernier engine system shall
inelude sll nozzles, control valves fuel tanks, fuel lines. helium tenk,
and helium lines ss instslled on the S/C.

L.1.3.6.1 Moment Arm Léngth

For eesch spacecreft, the distance from the spece-
"eorsf't roll axis to each of the vernier engine nozzle centerlines shell not
deviste from the mesn of the three distsnces for thet spececrsft by more then
7,12 inch (2).
( The minimum moment arm length shall be 37.7 inches.

B A T R

L,1.3.6.2 Vernier Roll Control Gimbal Axis

T

$ Given 8 theoreticsl line psssing through the vernier
thrust sxis-gimbsl sxis junction and also pessing thLrough end perpendiculer to
c the S/C roll axis, the included engle between this line snd the vernier roll

by control gimbal sxis shsll be no greater then 1.5 degrees (1),

4,1.3.6.3 Vernier Propellsnt Loading Accurecy

The specified propellent load for eech fuel or
oxidizer tenk is one third the totsl specified loed of fuel or -vidizer. The
indicated propellant wziﬁht loeded in each of the six propells. . tanks shell
te within Q.25 pounds \2) of the specified loeding for thet temk, The total
error in messurement of the actusl propellent loeded in each tank shall be
less then 0.1 pourd(2), The positive tolersnce on propellsnt tenk loeding
shall not reduce the minimum useble cepascity of the vernier propellent system.

s e O

4.1.3.6.4 Vernier Propellent c.g. Excursions

4,1,3.6.4.1 Vernier Propellant c.g. Loeded Condition

TR L Lo gy i) 1 [N

When the vernier propellent tenks sre filled to the
speciried loeding, the c.g. of the vernier propellent shell be within 0.1 inch

iy
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4.1.3.6.4.2 Vernier Propellant c.g. During Main Retro Phase

Throughout main retro burning, the vernier propellant
center of gravity shall shift in such a direction as to shift the combined
spacecraft-retro c.g. toward the retro thrust vector.

4.1.3.6.4.3 Vernier Propellant c.g. During Vernier Descent Phase

The S/C c.g. shall not shift more than N.2 inch(l)
in a direction pesrsllel to the XY plane during the vernier descent pnase due
to uneven ‘propellant distribution. .

b,1.3.7 Flight‘Control Sensor Group Support Structure Aliggggg&

This group includes the primary sun sensor, the tanopus
sensor, the roll, pitch and yaw attitude gyros, and accelerometers.

4.,1.3.7.1 The sensor group support stru?tgre roll axis shall be
aligned to the vehicle roll axis within 0.10 degree 1).

4L.1.3.7.2 The sensor group support struc?use pitch axis shall be
aligned to the vehicie pitch axis within 0.40 degreelll. ,

4.1.3.7.3 Angular alignment uncertainty of the sensor group to the
vehicle r¥oll axis due to acceleration and vibration loads and heat loads shall

not exceed ©.20 degreell).

4.1.3.8 Canopus Sensor Alignment

The Canopus sensor boresight axis shall be aligned to the
sensor group support structure pitch exis such that the overall pointing speci-
fication of 4.3.1.2 can be met. Further, it shall be possible to position the
Canopus sensor field-of-view in the plane of the sensor group pitch-roll axes
to the accuracy and over the limits specified in L.5.4.2.

4.173.9 Gyro Alignment

Each of the threg gyros shall be aligned to their respec-
tive sensor group axes such that the specifications of 4.3.1 can be met.
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4.1.3.10 Thrust Control Accelerometer Allgnment

The accelerometer sensitive axis shall be aligned along
the sensor group roll axis such that the thrust control requirements of §.k
can be met.

4.1.3.11 Altitude Marking Radar

The antenna sxis shall be within 0.50 degree(l) of the
vehicle roll axis provided the radar sttach points shall be within 0.25 dcgr.c(l)
of proper orientation, following exposure to all pre-retro S/C emvirommonts.

4.1.3.12 Radar Altimeter and Doppler Velocity Sepsor

During vernier descent, the radar altimeter antenna axis
(RF beam) shall be aligned within 0,40 degree(l) of the vehicle roll axis; and
the do?iler velocity sensor antenna axes (RF beam) shall be aligned within 0,40
degree ) of the desired directions. During main retro burn, the doppler velocity
sensor antenna axes shall be aligned within 2.0 de;'rees(l of the desired directionms.
(See 1,3 for definition of anterma axes.)

4.1.3.13 Antenna/Solar Panel Positioner

The antenns/solar panel positicner shall be installed such
that the requirements of 4.8.1.3.4 can be met.

4.1.3.1% Eripary Sun Sensor Alisnpent

- The primary sun sensor shall be installed on the sensor
group support structure such that the overall pointing specification of 4.3.1.1
can be met.

4.1.3.15 Secondary Sun Sepsor Alignment to Primary Sua Sensor

The secondary sun sensor is nominally used after touchdown
but may also be used ae a backup for the acquisition sun sensor (Sse 4.5.3). Teo
ensure this backup capability, the secondary sun sensor roll, pitch and/or yaw
axes must be aligned to the primary sun sensor corroapon?igg axed, when the solar
panel is in its transit position, to within 22.0 degrees'l/ in each axis. This
total alignment specification is a result of the following contributing
specifications: :

'4.1.3.15.1 Secondary Sun Seasor Nuld Accuracy :

As given in b4.5.2.2,

4.1.3.15.2 Secondary Sun Ssascr Mounting to Solar Panal

As given in 4.8.2.7.
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4.1.3.15.3 Solar Panel Mechanism Assembly

L.1.3.15.4 Vehicle Structures

’ In providing for the planar array-solar panel mast
and the trn?sst roll lock, vehicla structures shall contribute less than
£0.5 degreell) to the total alignment error.

4.1,3.15.5 Primary Sun Sensor Alignment

As required by 4.1.3.14 end 4.5.1.4

4.1.3,16 Spacecraft Structural Deformation

4.1.3.16.1 Retro Nozzle Centerline to S/C c.g.

For all expected environmental conditions, the dis-
placement between the retro nozzle centerline and the combined S/C-retro
engine c.g. shall change no more than £0.07 ineh(l) from the static no thrust

position during main retro thrusting.

4.1.3.16.2 Retro Nozzle Centerline to 8/C Roll Axis

For all éxpected envirommental conditions, the angle

between the retro noz?ls centerline and the S/C roll axis shall change by not
more than 0.15 degreell) from the static no thrust condition due to main

retro thrusting.
4,1.3.16.3 Sensor Group Roll Axis to 8/C Roll Axis-

As given in 4.1.3.7.3.

4.1.3.16.4 Vernier Engine Angular Alignment

Included in 4.1.3.5.

.

4k.1.3.16.5 Antenna/Sclar Panel Positioner Static Deflections

 As given in 4.8.1.2.5 and 4.8.,2.3.5.
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4.1.3.16.6 Vernier Engine Mounting Bracket

The vernier e she bracket bending constant shall be
less than 0.50 degrees per 100 pounds of load applied along the vernier
engine centerline. Expected value and standard deviation of bracket stiffness

is required one month before vernier engine alignment.

4.1,3.26.7 Omni-Antenna Dynamic Deflections

(2) During engine burning phases, both retro and vernier
as well as vernier only, the omni.antenna motion at the end of the boom shall
not exceed a magnitude of 5 cm peak-to-peak and shall not have a fundamental

frequency component of greater than 30 cps.

Sb) During a normal lunar landing (i.e., in specification
touchdown conditions) the omni.antenna motion at the end of the boom shall
not exceed a magnitude of 20 cm peak-to-peak and shall not have a {undllentll

frequency component of greater than 10 cps.

4.1.3.16.8 Planar Array Dynamic Deflectionms

During main retro descent, the planar array transla. .
tiorsl motion shall not exceed a magnitude of 5 cm peak-to-peak and shall
not have a fundamental frequency component of greater than 30 cps.

4.2 Propulsion '
k2.1 Main Retro Egg}ne

b.2.1.1 Useful Total Impulse (See 1.3)

See classified addendum. The allowable variation in
useful total impulse from the nominal value is apportioned below.

4.2.1.1.1 Propellant Loading Accuracy

As given in section 4.2,1.S5.

L.2.1.1.2 Unusable Prcgglltnt'

Weight of propellant remaining in tg’ engine at the
end of retro interval (See 1.3) shall be less than 1 pounédie),
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4.2.1.1.3 Useful Specific Impulse Variation (See 1.32

As given in 4.,2.1.2.

4,2.1.2 Useful Specific Impulse (See 1.3)

See claseified addendum. The nominal value of useful
specific impulse shall be specified not later than four months prior to
scheduled launch date. .

4.2.1.3 Thrust Levels

The maximum instantaneous thrust over the operating
temperature and at vacuum conditions shall not exceed 10,000 pounds. The
minimum instantaneous thrust cver the temperature range at vacuum condi-
+ions shall not be less than 8000 lbs during the time interval from 10
seconds after retrc ignition until the beg}nning of the thrust decay.

4,2.1.4 Thrust Time Profile (See 1.3)

See classified addendum.

4,2,1.5 Propellant Loading

Retro shall be capable of being loaded to any propel-
lant weight between 1197 asd 1300 pounds. Allowable error in propellant
loading is 20.3 per cent(2) of the specified propellant weifhs. Actual pro-
rellant weight shall be known after loading to $0.] percentl2), Propellant
lcad for each launch shall be specified nct later than three mon‘as prior to
scheduled launch date.

4L,2.1.6 Propellant Temperature

The average grain temperature at time of operation shall
be 55°F *200r(21 The minimum temperature at any point within the propellant
shall be 10°F. The maximum error in prediction of the average grain tempera-
ture at retro ignition shall be 20°F(2).

4.2.1.7 Ignition Time (See 1.3)

: The nominal engine ignition time (see 1.3) ahall be
0.30 second for any temperature within the range of +20°F to +70°F, The
variation on ignition time shall not exceed 0,050 second(2),

T . m———
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4.2.1.8 Retrc Operate Interval (See ;.32

See clasgified addendunm,

4.2.1.9 Retro Inert Weight Change During The Retro Interval

Four months prior to launch, or earlier, the retro
inert wiisht loss from ignition to separation shall be known to within 230
percent\2

4.2.1.1C Thrust Decay

The time increment measured from a vacuum thrust level
of 3,500 pounds to the point where thrust has decayed tc less than 30 pounds
shall not exceed 12,0 seconds.

4,2.1.11 Center of Gravity end Thrust Alignment:

The reference plane for the retro engine is determined
by three points which are the intersections of. the centerline of the cylindri-
cal hole in the conicel bushings end the plane of the machined surface on the
retro mounting brackets., The angle between the nozzle centerline and the

‘perpendicular to the reference plene shall not exceed 0.02 degree. The center

of the reference plane is defined as the center of the circle ¢ontaining the
above three intersections. The maximum devistion between both the loaded end
unloaded retro center of gravity projected perpendicularly to this plene and
the center of the reference plane shall be less than 0.030 inch. The distance
between the nozzle centerline snd the center of the reference plane as measured
in the reference plane shall be less than 0,007 inch

L.2,1.12 Center of Gravity Excursion

The engine c.g. shift during burning shall not exceed
0.03 inch(l) in the reference plant.

4.,2.1.13 Thrust Excursion?t

Actual thrust vector shift in the reference plane during
burning shall be no greater than 0.0k inch{1l) gnd the anguler excursion between
the actual thrust vector en?.the initial position of the nozzle centerline
shall not exceed 0.2 degree'l), :

*Nozzle centerline and actual thrust vector (see 1.3) are sssumed to be
coincident., If the actual thrust vector deviates from the nostle ccut.rltuo,
then the allowances with respect to the nozzle centerline must be
correspondingly rejuced to satisfy the overall tolerances.

--
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- L.2.2 Vernier Engine System
f b,2.2.1 Specific Egpplse

_ Vernier engine specific impulse shall be equal to or
greater than the following nominal values at maximum, mid-range, and minimum °

thrust levelse.

Nominal
Aaximum thrust 287 +6 e )
. Mid.range thrust 278 +6 sin 1T
Minimum thrust 273 +6 sec.(e)

h.2.2.%h The nominal vernier engine oxidizer-fuel (O/F) ratioc
shall be 1.5 2 0.1(2),

! ; 4.2,2.3 The minimum useable propellant capacity of the vernier
engine system shall be 178.35 pounds at 100°F.

4,2.2.4 Total Propellant Allowances

( On the basis of present trajectory computations, the
. breakdown of propellant weight allowances may be assumed as stated in the
HAC document titled Surveyor Spacecraft Monthly Performance Assessment Report.

4,2.2.5 Vernier Propellant Loading Accuracy

L ]
= Vernier propellant loading accuracy shall be as
specified in 4.1.3.6.3,

k.2.2.6 Startup Impulse

Startup impulse shall be such that the -equirements of
paragraphs 3.6, 3.8.3, and 3.9 are met. ;

4.2.2.7 Shutdown Impulse

The nominal overall shutdown impulse for each engine
» (including engine, throttle valves, switches and power supply), vhen operating
. at 77 pounds thrust, shall be less than 5 lb-sec. The difference in shutdown -

impulse between any two engines when cparcttn’ at the same thruet within &
pounds shall be no greater than 0.66 1lb-sec(2), The nominal value of shutdown
impulse shall be determined prior to spacecraft launch.
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4.2.2.8 Hysteresis

For complete and continuous thrust excursions at rates in
which system dynamic lags are not effective, the width of all thrust versus
command loops shall be less than 3 pounds or 15 percent of the command thrust
excursion, whichever is larger.

4,2.2.9 Small Signal rrqgg.ncl ngggggg

For & sinusoidal differential thrust command wvhose ampli.
tude is 8.7 pounds peak-to-peak about any level such that the instantaneous
thrust is greater than 30 pounds and less than 104 pounds, and frequency is
5 cycles per second, the ratio of thrust excursion to peak.to.peak thrust come-
mand shall be greater than 0.85 times the ratio of average thrust to average
thrust command. The phase shift between sinusoidal component of thrust command
and sinusoidal component of thrust produced shall be less than 32 degrees.

h,2.2.10 Large Signal Response

The time for the engine thrust to changs from & value less
than 35 pounds to greater than 1O pounds,or from a value greater than 98 pounds
to less than 30 pounds, in response to & step change in thrust command shall be
less than 0.120 seconds. :

v

k.2.2.11 Thrust Vector All nt

The actual t .X vector of any vernier engine (see 1.3)
shall not vary more than ? 3 degreell) prior to retro burnout (3.5 g point),
nor more ‘than 0.45 degree'l) for the duration of the mission, from the engine
geometrical centerline (as established by the engine llicnl‘nt tool prior to
launch) throughout engine life.

b.2.2.12 Engine Thrust
Each engine shall be ccpcblo of cperation at a minimum
thrust of no more than 30 pounds, & maximum thrust of not less than 104 pounds,
and varying thrust levels between these extremes without restriction, throughe
out the use of the full load of usable fuel.

L.2.2.13 Throttle Ratio

Each engine shall have a threottling capability of at least
347 to ) (¢ront¢r throti 11n¢ ratios are strongly desired).




k.2,2.14 Engine Thrust Command

For s given thrust command signal into the vernier engine
system, the actual thrust shall equal the commanded thrust with the following

sccuracies: :
Commanded Thrst Actual Thrust
30 1bs 30 1lbs ‘.’5 1bs
67 1vs 67 1bs *3 1vs

ioh lbs ioh lbe tlg lbse .

h,2.2.15% Engine Start Capability

Excluding any pre-launch operations, the engines shall
be capable of at least 4 starts during flight., The time between & subsequent
ignition of the vernier engines end the termination of *he previous ignition
of the engines shall be at least one hour.

4.3 Attitude Control

Vehicle attitude is.controlled by combinations of three attitude
sensing instruments and two power or vehicle torquing devices. Control
accuracies are specified in terms of the difference between actual and desired
position of & given spacecraft orthogonal coordinate system. Coordinate sys-
tems used in this section are "sensor group" and "spececraft”. Their
definitions and relationshipe can be found in Section 1.3.

4,.3.1 Steady-State Control Accuracies

5.5:1.1 Sun Reference with Gas Jet Torqg;q‘

The sensor group roll axis shall be held to within 0.20
degree of the Sun-§/C line, plus & £0.30 degree limit cycle.

k.3.1.2 Canopus Reference with Gas Jet Torquing

The angle between the sensor group roll-pitch plane and
the projection of the Canopus — 8/C line on the sensor group pitch-yaw plane
shall be held to within 0.20 degree of zero, plus a 20,30 degree limit cycle.
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4,3,1.3 Inertisl Reference with Gas Jet Torquing

Assuming the items liated below, direction of each exis
of the sensor group coordinate system shall be known and controlled with
respect to the zero direction (s defined below) within 0,22 degree plus
limit cycle emplitude sbout this point of #0.30 degree.

a) The zero inertisl reference direction for the
sensor group coordinate system is that direction
in space which exists when control reference is
switched from optical to inertiel. i

b) Commend rotation about eny axis is = 180 degrees.

¢) Gyro drift is not included in the accurscy
requirement listed above. :

4,3.1.4 Inertial Reference with Vernier Engine Torquing

When the previous control mode is inertial reference

with gas jet torquing, the semsor groyp coordinate system position shall be -

known and controlled with respegt to the zero position (as defined in
4,3,1.38) to within 0.10 degree 2). gyro drtt} excluded, in all axes when the
main retro is off and to within 0.30 degree 2) in the pitch and yew sxes when
the mein ret %s on. With the main retr? ?n, the error in‘'roll may incresse
to 0.5 degreel2) (desired) or 1.0 degrees'?/ (required), on the essumption

that no roll disturbing moment will exist as & result of vortex sction within .

the retro engine,

(a) Gyro non g sensitive drift shall be less than
1 degree per hour (2). :

(b) Gyro g sensitive drift shall be less then 2 dcgreei
per hour per 3(2); '

L]

(e¢) Gyro enisoelastic drift shall be less then 0,02 degree

per hour per g2(2).

(a) G{rg elastic restraint drift shall be less than 0.6
degree per hour per degree \.2), :

4.3.2 Attitude Retes

: L,3.2.1 During precision maneuvers for midcourse and retro
pointing, the steady state 5/C ettitude rete shall be 0.5 + 0.001) degree
per second.

L ' -
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C L.3.3 Moment Con Capabilit

§.3.3.1 Vernier Engine System

4.3.3.1.1 Pitch and Yawv

] The attitude control system must be capable of maintain-
ing & stable attitude about any axis through the combined §/C-retro center of
gravity, displaced from the roll axis per paragraph 4.1.3.1 and parallel to the
pitch-yaw plane, with the following minimum control moment c-pebllity:

a) 1890 pound-inches when the total thrust is controlled
to 200 pounds.
b) 2065 pound-inches in the 150 or 200 pound command

rode, by allowing the totzl thrust to increase or :
decrease to that required to provide the moment required.

k.3.3.1.2 Roll Channel

The vernier roll engine st 30 pounds thrust shall produce
at least 190 pound-inchen("’) of moment control sbout the ¥ehicle roll exis.
The 99% probebility steady state roll actuator engle required to maintain roll
attitude in the presence of maximum allowable momint disturbences shell be iess
then #4.5 degrees. The minimum roll actustor stop limit, in either direction,

shall be 5.4 degrees.
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L.3.3.2 Cold Gas Jet System

The control moment provided by the cold gus Jet system
shall be:

Roll - Greater than 4.00 inch-pounds
Pitch Greater than 4.25 inch-pounds
Yaw - Greater than 7.00 inch-pounds

‘ .
L.3.4 Attitude Maneuver Capability of Cold Gas Jet System

Listed below are those maneuvers considered to be a
requirement for a standard lunar mission. The gas-jet attitude control sys-
tem must have the necessary propellant to compléte these maneuvers with a 3¢
probability. In addition, the gas jet attitude control syster must have
approximately a 100 percent safety factor ‘to take care of non-stnndlrd

conditions.

a) Rate mode : 30 minutes

b) Rate absorption : 6 deg/sec

c) Optical mode : 64 hours
d) Inertial mode : 2 hours
e) Sun acquisition : 1 maneuver
f) Star Acquisition : 1 maneuver
g) Roll : € maneuvers
h) Yaw (or pitch) : 5 maneuvers
1) Star verification : U maneuvers
L.3.5 Attitude Maneuver Rates With Vernier Engine Control
Syste

At least 5.5 deg/aec in pitch and ysv axss.




4,3.6 Attitude Control Dynamic Response

(. L.3.6.1 Start Up Transients

Attitude transients due to vernier engine ignition shall
be reduced to a level wherein the accuracy requirements of 4.3.1.4 can be
met within 1 sec after engine ignition.

.4 Thrust Control

Vernier engine thrust is controlle. by several independent refer-
ence sources as described in the following modes of operation:

L.4.1 Midcourse Velocity Correction

In this mode, the vernier engine thrust ahall be
servoed to provide a nominal fixed vehicle acceleration of 3.22 20.0L ft/sec?
for a radio commanded time interval variable from zero to 51.0 seconds.

L.h.2 Main Retro Phase

In this mode, the average vernier thrust shall be

(o maintained at a constant level by the thrust control system while individual

L engines zre differentially throttled by the attitude control system to counter-
act main retro thrust offset moments. Average total vernier thfu,t shall be
radio commandable to one of two values: 200 pounds %10 percent or 150
pounds 310 percent(2). When the 150 pound thrust level is commanded, severe
attitude control commands to individual engines may cause one or more engines
to saturate and thus raise the average thrust level above 150 pounds..

This mode begins at the 3.5g acceleration level during
main retro thrust decay (see Section 3.9) and ends 2 seconds af‘ear the retro
separation bolts have been exploded. Tb facilitate clean separation of the
m.in retro from the S/C, average tot& vernier thrust shall be maintained at a
minimum constant level of 280 pounds\®)

L.4.3 Main Retro Separation . /

P
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': bob.b Vernier Descent Phase

This phase is divided into three modes of vernier
engine thrust control. They are: (a) acceleration control, (b) velocity
control by range reference, and (c) constant velocity control. Listed in
order below are the specifications covering these; modes of control:

L.b.k.1 Acceleration Control

Following the main retro separation mode and prior
to altitude reliable operate signals, the vernier engine thrust shall be
Servoeu (0 ma.iacdil & Cuastant thrust to mass ratio of L.85 & 0.lé ft/secs, 0
The minimum 5/C weight during this interval shall be as specified in 4.1.2.7.

L. L. 4.2 Range Reference Velocity Control

In this mode, the S/C will be commanded tc follow a four
segment z-axis velocity versus slant range descent trajectory. The segment
end points (listed below) fall near a constant thrust to mass ratio descent
trajectory. When the steady state is reached on the first segment, the error
between the comm?dgd velocity and the measured velocity shall be less than
2 feet per second(2),

When the S/C is above the segmented trajectory and the
velocity control is saturated, the S/C thrust to mass ratio shall be
. as specified in paragraph L.4.4.1. When the S/C is below the segmented trajec-
(“‘ . tory and the velocity control is saturated, the actual S/C thrust to mass
ratio shall de 12,51 & 0.19 ft/sec. i

It should be assu.cd for the purpose of meeting this
specification that: (a) the S/C thrust axis will become aligned to the
velocity vector prior to making contact with the segmented trajectory, (b)
sensor limitations are not exceeded, and (c¢) the S/C maximum weight at the
time of intercept with the command trajectory is as specified in 4.1.2.8.

SEGMENT END POINTS

i : I Lower End Upper End

: Range Velocity Range - Velszity

: Segment (Ft) (Ft/Sec) 230 (Ft) (Ft/Sec) £30
1 s =0 0 % 0.5 327 58 + 29
2 327 58 + 24 1,050 | ‘108 ¢ 29
3 950 102 ¢ % 13,160 390 = 2%

§ 4 13,160 390 29 { k5,200 750 = 2%
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b.4.4.3 Constant Velocit t

See 3.10.1.5 The minimum weight during this mcde is as
specified in 4.1.2.4.

4.5 Optical Sensors

The flight control sensor group includes an acquisition
sun sensor, & primary sun sensor, and a star (Canopus) sensor. The acquisition
Sun SeLsor ai.viGe suff.cient attitude control accuracy to permit sun acqui-
sition by the primary sun sensor. The primary sun sensor and the star sensor
provide accurate attitude reference information both during coast phase and for
initiation of attitude maneuvers. In addition, a secondary sun sensor, located
on the solar panel, ‘s used after lunar landing for positioning the sclar panel
dyring the lunar day; it may also be used before lunar landing as a back-up for
the functions of the acquisition sun sensor.

4.5.1 Pri Sun :

4.5.1.1 Field-of-View

The primary sun sensor field-of-view shall insure automatic
sun acquisition after initial positioning with the accuracy afforded by using the
acquisition sun sensor. In addition, the primary sun sensor field of viev shall
be such that lock-on and the required tracking accuracy can be maintained with
the planar array in either its coast phase position or ite terminal descent
position.

k.5.1.2 ck-on S

The primary sun sensor shall provide a signal whenever the
nun is within its usable field-of-view,

4.5.1.3 TIracking Accuracy

. When locked on and tracking the sun, the error signal
accuracy shall be such that the over-all attitude control accuracy of 4.3.1.1
can be met.

4.5.1.4  Aligpment

The alignment acouracy of the primery sun sensor on the
sensor group ouysort structure shall be such that the over-all attitude control
accurscy of 4.3,1.1 can be met.
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4.5.2  Secondary Suo Sepsor
b.5.2.1 Field-of-View

The secondary sun sensor field-of-view shall be at least
one hemisphere.

b.5.2.2. Jgcuracy

The secondary sun sensor shall be capable of providing an
output which indicates, after landing, when the true §/C-sun vector is within
$0.75 degree(2) of the secondary sun sensor boresight axis. (This accuracy is
more than misgiste for e as a sun acquisition back-up before lunar landing.)

4.5.3 igit

4.5.3.1 Field-of-View
. The acquisition sun sensor shall provide a clear, fan-
shaped field-of-view, fixed in spacecraft coordinates and centered on the -X
axis, covering at least 3" from the X, Z plane over an angular region of

 #90° in the X,Z plane.

4.5.3.2 Qutput

: . The acquisition sun sensor shall provide an on-off
switching signal whose "on'” state indicates correctly the presence of the sun
within its field-of-view, This signal is used for those flight control attitude
maneuvers required to permit sun acquisition by the primary sun sensor. The
acquisition sun sensor output memory latch is telemetered.

4.5.3.3 Alignment

The installation tolerance between the acquisition sun
sensor and the FCSG mounting interface shall be such that each of the three
acquisition sun sensor axes (pitch, yaw and roll) shall bpe aligned within 0.5
degrees of the corresponding axes of the primary sun sensor.

.5.%  Canopus Sensor
L.5.4.1 Field-of-View

The instantaneous angular fileld-of-view of the Jutput
signal axis (roll axis) shall be approximately 4.0 degrees. Field-of-view in
the yaw (XZ) plane shall be enough (>5 degrees) to meke adjustments of the
sensor unnecessary over an eight+day launch period.
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4.5.4.2  Posinion of the Fleld-ol-View

~ The center of the field-of-view shall be positionable,
prior to launch in the plane formed by the vehicle roll and pitch axes. In
\1| plane, the angle from the roll axis to the center of the field-of-view
~ 11l be adj?lSable to any angle between 75° and 105° with an accuracy of

~ .5 degree
4.5.4.3 Lock-on Signal

The sensor shall provide a constant output (separate from
the control signa., when Canopus is within the fheld-of -view.

4.5.k.4  Discrimination

4,5.4.4.1 Mode I

The sensor shall provide upper and lower intensity
discrimination levels such that Canopus will be detected and locked onto while
all other celestial bodies within view are rejected.

L.5.k.k.2 Mode II

The sensor shall provide intensity sensitivity such that a
complete star map of stars down to 2.8 magnitudes below Canopus (S4 response)
cen be made of those celestial bodies passing in view as the vehicle is rolled
360°. Additional sensitivity is strongly desired.

b.5.4.5 Accuracy

The Canopus error signal null accuracy and scale factor
shall be such that the over-all attitude control accuracy of 4.3.1.2 can be
met,

4.5.4.6  Allgnment

The alignment accuracy of the Canopus sensor on the
sensor group lu;port structure shall be such that the over-all attitude control
accuracy of 4.3,1.2 can be met.




L.6 Lunar Sensors

. The Surveyor luner sensors include the Altitude Marking Radar
(AMR) end the Redar Altimeter and Doppler Velocity Sensor (RADVS). For
purposes of the design and evaluation of these redars, it will be essumed
that the radar reflecting properties of the moon are es described in b.6.1,

below.

b.6.1 Lunar Redar Reflectivity Model

For design, pre-flight evaluation, and post-mission
analysis of the AMk and RADVS, the lunar radar reflectivity model shall
_be the revised Muhleman model in the firm descriteq herein.

L.6.1.1 Definition

Thet definition fundamental to radar analygis is the
retio of back-scattered power density to total incident power for a stated
 yreflector. For an increment dA of area on the lunar surface, this ratioc is

defined herein es:

dPg 'n r( 9,)

——

dP4 L
where
dPy = total pover (watts) incident on dA.
dP, = power spatial density (watts per steradian)
back-scattered by dA.

84 = angle of incidence (off lunmar vertical) of that .
incremental bundle of rays (by geometrical optics)
containing dP; and intercepted by dA.

n = redar reflectivity factor (dimensionless), as
; defined further in 4.6.1.2
: F(84) = engle-dependent function, as defined further in

L.6.1.k

4.6.1.2 Total Hemisphere Average Radar Cross-Section

The factor N is itself defined as the ratio of power
back-scattered bty the actual surface to that power which would be back-
scattered if the surface scattering properties were lossless and isotropic.
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This definition is such that the factor M is the ratio
of the commonly defined effective radar cross-section of the total lunar hemi-
sphere (as viewed from Earth) to the total lunar physical crocs-eection (area
of the projected planar disc). :

All currently available information indicates that the
present best estimate of phis factor is:

n = 0.975
This value shal)l be sssumed as the nominal value.

4L.6.1.3 Local Lunar Terrain Variation

The value N = 0.075 Just defined shall alsc be inter-
preted as the present best estimate of the average lunar reflective properties
to be viewed by Surveyor radar sensors during approach and descent to the lunar
surface. Because of the radar resolution involved, lunar surface structure is
expected to cause signpal strengths varying both above and below that predicted
by the average value. Present best estimates of such variations (including the
nov small uncertainty in the average) produce the fc~ .owing requirements:

”

4.6.1.3.1 Upward variations as large as +6 db (required), +10 db
(desired) should be allowed for.

4.6.1.3.2 Downward variations as large as -6 db (required), -10 db
(desired) should be allowed for.

4.6.1.4 Angle-Dependent Function F( 94)

The function F( 04) is defined as:
F(e ) 'K(Sinei *QCO!ei)°3 /

vhere X and aare both wnvelength dependent, and F( @ 4) has a maximum value of f
(Ka3) at 8y « 0 (verticel).

4.6.1.5 Acceptable Parametric Values

Parameter values which are acceptable, vithout further
Justification, for 'urponoc required herein are:

4
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Parameter AR RADVS
a 0.36 0.39
(kA3) +10.70 db . +10.15 db
n (K/a3) : nominal - 0.55 db - 1.10 db

desired min. -10.55 b ., =11.10 4b

These values are based upon the present naminal operating
frequencies of 9.3 geps (AMR), 12.9 geps (RA), and 13.3 geps
(pvs).

L.6.2 Altitude Marking Radar (AMR)

L.6.2.1 Operating Limits

The AMR shall operate as specified herein for the
following conditions:

L.6.2.1.1 Vehicle attitude relative to lunar vertical not

to exceed 25°.
o

L.6.2.1.2 Vekicle velocity relative to lunar surface, in
direction of vehicle roll axis, to be between 8,000 and 8,850 ft/sec.

L.6.2.1.3 Vehicle acceleration, in direction of vehicle roll
axis, not to exceed 6 ft/sec?. . {/,

L.6.2.2 Altitude Marking Signal

Within the cperating limits in 4.6.2.1, an oneoff
svitching signal (the "Altitude Marking Signal") shall be generated, and
shell meat the following requirements!
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4.6.2.2.1 This signal is used by the Flight Control Subsystem to
initiate the terminal descent phase. The time delay between this signal and
vernier engine ignition shall be commanded from the ground, and will vary as a
function of the approach angle, approach velocity, and midcourse maneuver.

b.6.2.2.2 A correction term will be included in the time delay in
b.6.2,2.1 to compensate for the difference allowed by 4.6.2.2.5 between the
desired marking range and the nominal marking range.

4.6.2.2,3 The desired marking range shall “e 60 miles (316,800 feet).

b.6.2.2.4 The nominal merking range shall be the predicted average
marking range, defined as the arithmetic mean of those two range values at which
the cumulative probability of marking is predicted to be 0.001 and 0.999,
respectively, as a functioh of approach angle.

4.6.2.2.5 The nominel marking range as defined in 4.6.2.2.4 shall
" be within 1.0 mile (5,280 feet) of the desired marking range specified in
4.6.2.2.3, for all approach angles required by 4.6.2.1.

4.6.2.2.6" Random deviations from the nominal marking range as
defined in 4.6.2.2.4 shall not excz $0.3 mile (1,584 feet)(2) for a vertical
approach or 20.5 mile (2,640 feet)!2) for a 25° approach.

5.6,2.2.7 Thie signal shall not be produced prior to receipt of
the AMR ENABLE command specified in 4.6.2.3.2. :

k.6.2.3 AMR Ground Commands

) L.6.2.3.1 An AMR FCWER ON command shall be transmitted 280 % 10
ceeondl(z prior to the predicted time of the altitude marking signal.

4.6.2.3.2 An AMR ENABLE command shall be transmitted 100 % 10
. seconds (2) prior to the predicted time of the altitude markiig signal.

4.,6.2.3.3 These rcguirements are based upon an assumed absolute
accuracy of 210 geconds(2) in the predicted time of the altitude marking signal,
based upon ground tracking data and the nominal marking range.

4.6.2.4  False Alarm and Marking Probabilities

The probability of obtaining a false altitude marking
signal or of not obtaining a mark esignal at all, neglecting equipment failure,
shall not exceed 0,002 during the time from AMR ENABLE until a slant range ten
miles (52,800 feet) less then the nominal marking range is reached (a maximum
time of 127 seconds). For the required equipment reliability of 0.9935 (see
8.3 herein), the resulting required overall probability of proper performance

-* 18 0.9975.
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L.6.2.5 Alignment Accuracy

As specified 1n 4,1.3.11 of this specification.

L.6.3 Doppler Velocity Sensor (DVS)

b 3.1 - 5 Opérating Limits

The DVS shall operate as specified herein. for the
following conditions:

4.6.3.1.1 Vehicle roll (%) axis relative to lunar vertical not to
exceed 45°. Attitude at acquisition not to exceed 25°.

4.6.3.1.2 Meximum required slant range to lunar surface,
along vehicle roll axis, not to exceed 50,000 feet.

4.6.3.1.3 Minimum required slant range to lunar surface,
along vehicle roll axis, is that velue sufficient to insure DVS operation
through the RA generation of the second Range Mark Signal specified in
bL.6.4.5.

4.6.3.1.4 Vehicle static accelerations along the veshicle roll
axis not to exceed:

4.6.3.1.4.1 Before main retro burnout: 380 tt/nce2

L.6.3.1.4.2 After main retro burnout: 12 #t/eec?

4.6.3.1.5 The DVS shall cperate as required herein in the

presence of the separeting main retro engine.
s

4.6.3.1.6 Magnitude of vehicle velocity vector is within the limits:
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4L.6.3.1.6.1 Before main retro burnout: +100 to +3,000 ft/- aec
( (descending).

~ 4.6.3.1.6.2 After main retro burnout: <+l to.+700 ft/sec
(descending) for SC-1 and SC-2; +1 tu +850 ft/sec (descending), for 8C-3
through SC-7, inclusive, )

L.6.3.1.7 The maximum engle between the vehicle roll axis and
the vehicle velocity vector at time of DVS acquisition is defined in the
following way. Each DVS beam shall be capable of acquiring and tracking
(vith adequate margin against acquisitionm of a false signal) a legitimate
lunar reflected signal arising from operation within the operating limits
herein specified, provided further that the combination of magnitude and
direction of the velocity vector does not produce a component of velocity
along the DVS beam axis less than the following lower limits:

4.6.3.1.7.1 Before main retro burnout: +100 ft/sec.

b.6.3.1.7.2 After main retro burnout: The greater of
+29.6 ft/sec or a straight line through +38 ft/sec at 40,000 fiet and
+62 ft/sec &t 50,000 feet, both ranges being slant ranges to the lunar
surface, along the vehicle roll axis.

(T_;' L.6.3.1.8° Each DVS beam shall also be capable of tracking a

" legitimate lunar reflected signal, once acquired, producing a velocity
component along the axis of that beam as low as +1 ft/sec, provided that
signal has adequate power level. Adequate power level shall be no more-
than required by a reasonable and prudent design capable of meeting the:
acquisition requirements in 4.6.3.1.7.

4.6.3.2 Outputs  .

4.6.3.2.1 The DVS shall furnish appropriately scaled DC analog
* output voltages which respectively represent, consistent with other require-
ments herein, those three components of vehicle velocity relative to the
lunar surface defined by the orthogonal x, y, z axes of the vehicle, where
the vehicle roll axis in the normally descending direction is the +2Z axis.
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HUGHES AIRCRAFT COMPANY
SPACE SYSTEMS DIVISION

I * SURVEYOR SYSTEM FUNCTIONAL REQUIREMENTS
O -




4.6.3.2.1.1 These Spacecraft velocity outputs shall be
derived within the DVS from the separate velocity components normally
measured by the several DVS beams.

k.6.3.2.1.2 The separate velocity component indicated by
any DVS beam which has not acquired an apparently legitimate lunar
reflected signal shall be zero. (Associated error in the spacecraft
velocity components thus affected is recognized).

4.6.3.2.2 An on-off switching signal, indicating "Reliable
Operation” of the DVS (RODVS), shall be supplied. It shall be in the "on"
condition when and only when either all DVS beams are tracking apparently
legitimate lunar reflected signals or the CRO signal specified in 4.6.3.2.3
is "on." When this signal exists for the former reason, DVS operation is
considered "normal"; when this signal exists for the latter reason, DVS
operation is considered to be CRO. (Note that these two conditions are
mutually exclusive). This signal is used by the Flight Control Subsystem
to switch vehicle attitude control sensing to the DVB outputs.

4.6.3.2.3 An on-off switching signal, indicating "Conditional
Reliable Operation” of the DVS (CRO), shall be supplied. It shall be in
the "on" condition when and only when #t least one but not all DVS beams
have acquired and/or are tracking apparently legitimate lunar reflected
signals, provided further that:

h.6.3.2.3.1 Its "on" condition shall be inhibited until
4.0 ;econds after main retro burnout (see 4.6.3.7 regarding acquisition
time). .

L.6.3.2.3.2 Its: "on" condition shall be inhibited for the
remainder of the mission once all DVS beams have been tracking apparently
legitimate lunar reflected signals for at least 1.0 second.

L

bh.6.3.2.4 Separate on-off switching signals shall be
- provided for instrumentstion to indicate the search or tracking status
of each DVS beam.
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4.6.3.2.5 Lunar Reflectivity Signals shall be available as
specified in 4.6.3.10, below.

E L.6.3.3 Accuracy

In normal DVS operation (as defined in 4.6.3.2.2), and
under lunar approach conditions, the accuracies of the analog outputs required
by 4.6.3.2.1 shall meet the following requirements:

4.6.3.3.1 Each of the Vx and Vy outputs shall be directly and
linearly proportional tc its associated true velocity component, within the
accuracy specified in 4.0.3.3.3, whenever that true value 1ies within the region '
+300 ft/sec. The V, output shall be directly and linearly proporticnal to its ;
associated true velocity component, within the accuracy specified in $:6.3.%:3%
whenever that true value lies within the region: +1 to +700 ft/sec, for SC-1
and 8C-2; and +1 to +350 ft/sec, for 8C-3 through SC-T inclusive,

4.6.3.3.2 Whenever any spacecraft true velocity component lies
outside the linear region specified in L.6.3.3.1,but is otherwise within the
region specified in 4.6.3.1.6, the corresponding DVS output shall have the
correct polarity and a magnitude no less than that corresponding to the

maximum lin~ar value.
: 8

4.6.3.3.3 In the presence of steady unchanging velocities
within the linear region specified in 4.6.3.3.1, the DC or average value of
each output, when averaged cover any ten-second interval commencing no earlier
than 0.5 second after RODVS, shall deviate from the true value by no more

than plus or minus the root-sum-square(2) of one ft/sec and two percent
of total velocity, for velocities not exceeding +700 ft/sec, or the root-sum-
square (2) of one ft/sec and three percent of total velocity, for velocities

between +700 and +850 7t /sec.

L.6.3.4 Noise and Ripple

In normal DVS operation (as defined in 4.6.3.2.2), and
under lunar approach corditions, and when the vehicle roll axis is within five
degrees of alignment with the vehicle total velocity vector, and for true

m—
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velocities vithin the linear regions specified in 4.6.3.3.1, and after psnsln’
each velocity output required by 4.6.3.2.1 through the proper Spacecraft (S/C
response simulation filter as described below, the instantaneous value over any

. sixty-gecond interval in which the true value is essentially constant shall .ot

deviate from the DC value over that interval by more than the following values
(which, as defined, have been shown as most nearly representative of three-
sigma excursions):

4.6.3.4.1 FEach of Vy and Vy (when V, is 6.5 ft/sec or greater):
0.250 ft/sec, or (0.083\V;) ft/sec, whichever is larger, after a S/C response
gimulation filter having a transfer function of: (1)(2.6s + 1)-1(0.1lls + 1)-2.
(For test signal inputs which are essentially single-line spectra, rather thar
real or simulated doppler spectra, the 0.250 ft/sec limit shall apply at all
velocity values being simuluted.)

4.6.3.4.2 For Vz (without further restriction on its true value):
0.600 ft/sec, or (0.114 NV;) ft/sec, whichever is larger, after a S/C response
simulation filter having a transfer function of: (1)(0.08s +1)-2. (For test
signal inputs which are essentially single-line spectra, rather than real or
simulated doppler spectra, the 0.600.ft/sec limit shall apply at all velocity
values being simulated.) ‘

, 4.6.3.4.3 The above shall not preclude the use of S/C response
simulation filters having frequency-insensitive gain factors larger than unity,
for ease of test instrumentation. In such cases, measured output voltages ' hall
be interpreted by similarly increased electrical scale factors for comparison
with the above requirements,.

4.6.3.5  Warmup Time

. The DVS warmup time shall not exceed thirty (30) seconds,
from application of primary power to delivery of the RODVS signal under suitable
operational conditions.

4.6.3.6 The DVS shall be capable, after wermup, of all operaticns
required herein until at least 4.5 minutes after application of primary power.
Until at least 6.5 minutes after application of primary power, the DVS shall not

cause catastrophic failure of any other vehicle equipment because of thermal
problems within the DVS. .

4.6.3.7 Acguisition

After equipment warmup, the DVS acquisition time after -
the conditions specified in 4.6.3.1 are simultaneously met shall not exceed
2.0 seconds, with an acquisition probability of ai least 0.95, on any WS

beam meeting those conditioms. This requirement may be appliad separateliy to
operatior before main retro burnout and to
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operaticn after main retro burnout; i.e., a reacquisition uime is allowed
after main retro burnout. (Note that CRO is required by 4.6.3.2.3.1 to be
1mhibited until k.0 seconds after main retro burnout; this allows two
normal acquisition times for normal operation before CRO becomes effective).

L.6.3.8 Response Time -

Not to exceed 0.1 second (63%, no overshioot).

4.6.3.9 Aligrment Accuracy

The DVS antenna axes shall be aligned relative to the
antenna boresight axes within 0.1 degree l). The overall aligmment accuracy
shall be as specified in 4.1.3.12 of this specification.

%.6.3.10 Lunar Reflectivity Signals

Appropriate digitel and/or analog signals from each of
the DVS receivers shall be made available for {nstrumentation to provide
measures of received signal strengths for lunar reflectivity analyses, and
shall meet the following requirements:

4.6.3.10.1 The conversion from the instrumented signal to the
appropriate DVS beam signa% strength shall be known (after calibration, if
necessary) to within £2 db 6).

4.6.3.10.2 This conversion shall be available over a total
dynamic renge of input signal strength, per DVS beam, of at least 80 db
(desired), 60 db (required).

s 4.6.4 Radar Altimeter (RA)

L.6.4.1 Operating Limits . ////)

The RA shall operate as required herein for the

following conditions:

b.6.4.1.1 Vehicle roll axis attitude relative to lunar vertical
not to exceed 45°. Attitude at acquisition not to exceed 25°.

L.6.4.1.2 Maximum required slant range to lunar surface, along .
vehicle roll axis, not to exceed 40,000 feet.

 S————

¥
SURVEYOR SYSTEM FUNCTIONAL REQUIREMENTS

SURVEYOR LABORATORY
HUGHES AIRCRAFT COMPANY
" SPACE SYSTEMS DIVISION




(: ] L.6.4.1.3 Minimum required glant range to lunar surface, along
‘vehicle roll axis, is that value sufficient to insure RA operation through
the generation of the second Range Mark Signal specified in L.6.4.5. (For
design purposes, RA acquisition may be presumed to have occurred before the
slant range has decreased to 2,000 feet before the scale factor change, or
to 100 feet after the scale factor change specified in 4.6.4.2.1).

b.6.%.1.4 Notwithstanding any other provisions herein, the RA
is not required to operate until after main retro burnout has occurred.

4L.6.4.1.5 Vehicle tg’tic acceleration along the vehicle roll
axis is not to exceed 12 ft/mec\®/.

%.6.4.1.6 The RA shall operate as required herein in the
presence of the separating main retro engine.

4.6.4.1.7 Vehicle roll axis component of velocity at time of
RA acquisition: From +1 ft/sec (descending) to the following upper limits:

4.6.%.1.7.1 For SC-1, -2: A straight line between +560 ft/sec
(descending) st 40,000 feet slant range along the vehicle roll axis and
+700 ft/sec (descending) at 37,750 feet slant range along the vehicle roll
axis, plus a constant upper limit of +700 ft/necn?:escending) for slant
ranges along the vehicle roll axis less than 37,750 feet.

- 4.6.4.1.7.2 For SC-3, -k +850 ft/sec (descending).

4.6.4.1.8 Maximum angle between vehicle roll axis and direction
of vehicle total velocity vector is mot to emceed 55°,

L.6.4.2 Outputs

L.6.4.2.1 The RA shall furnish an appropriately scaled DC analog
output voltage which represents, consistent with other requirements herein,
.the slant range to the lunar surface, slong fhe vehicle roll axis. To provide
the required dynamic range and accuracy, the scale factor of this analog output

: - -—q—lm
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gshall be switched upon generation of the first Range Mark Signal specified

in 4.6.4.5. When the RA 1s operating relisbly (as defined in 4.6.4.2.2) and

the true range is greeter than the maximum required range (or saturation range),
the range analog output shall indicate a range no less then the maximum
required range.

4.6.4.2.2 An on-off switching signal, indicating "Reliable.
Operation" nf the RA (RORA), shell be supplied. It shall be in the "on"
condition when and only when the RA tracker is tracking an apparently
legitimate lunar reflected signal and those DVS beams required to obtain
proper V, output from the DVS ere also tracking apparently legitimate lunar
reflected signels. This signal is used by the Flight Control Subsystem to
switch thrust control sensing tc the Rz, V, outpute of the RADVS.

4.6.4.2.3 An on-off switching signal shall be provided for
inerumentation to indicate the search or tracking status of the RA beam
trecker.

b.6.4.2.4 Range Mark Signalec, as specified in 4.6.4.5.

T

b.6.4.2.

wn

Lunar Reflectivity Signal(s), as specified in 4.6.4.11.

4.6.4.3 kccuracy

4L.6.4.3.1 In reliable operation of the RA as defined in
L.6.4.2.2, and under lunar approach conditiins, but sssuming & steady and
unchanging range, the DC or everage value of the output required by L.6.k.2.1
when averaged over any ten-second interval commencing no earlier than
0.5 second after RORA, shell deviate from the true value (measured along the
vehicle roll axis from the boresight plane - that plane, normal to that axis, .
wvhich contains the two lower.boresight bslls on the RA antenna) by no more :
than plue or minus the fcllowing amounts: /////r

b.6.4.3.1.1 The root-sum-square(2) of 30 feet and five percent
of the true range, for ranges greater than 1,000 fert.

L.6.k.3.1.2 The root-oun-nqunrc(a) of four feet and five perca
of the true range, for ranges less than 1,000 feet. 8
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k.6.4.3.2 If the RA tracker is tracking an apparently legitimate
lungr reflected signal but the other conditions specified in 4.6.4.2.2 are not
met (RORA is "off"), the above accuracy may be exceeded to that degree
(f corresponding with the error in the V, output of the DVS.

L.6.4.4 Noise and R e .

In reliable operation of the RA (as defined in 4.6.4.2.2),
and under lunar approach conditions, and when the vehicle roll axis is within
five degrees of alignment with the vehicle total velocity vector, and when the

{tude of the vehicle velocity does not exceed the greater of 10.5 ft/sec or
(uWR ) ft/sec (where Rg is the true slant range in feet along the vehicle roll
exis)S and after passing the output required by L.6.k.2.1 through a S/C response
simulation filter having u transfer function of (1)(0.08s + 1)-<¢, the instan-
taneous value over any sixty-second interval in which the true value is
essentially constant shall not deviate from the DC value over that interval by
moze than the following values (which, as defined, have been shown as most
nearly representative of three-sigma excursions):

- 4.6.4.4.1 Edther 50.0 feet, or 1L.2Gs\Rg feet, whichever is larger, |
prior to occurrence of the rirst range mark signal specified in 4.6.4.5. (For
test signal inputs which are essentially single-line spectra, rather than real

or simulated spectra, the 50.0 feet limit shall apply at all range,/velocity

values being simulated.)

4L.6.4.4.2. E{ther 5.0 feet, or p.hzh\fRs feet, whichever is larger,
after occurrence of the first range mark signal specified in 4,6.4.5 but prior to
occurrence of the second range mark signal specified in 4.6.4.5! (For test
(’ signal inputs which are essentially single-line spectra, rather than real or
: simulated spectra, the 5.0 feet limit shall apply at all range/velocity values
being simulated.)

4.6.4.4.3 The above shall not preclude the use of a S/C response
simulation filter having a frequency-insensitive gain factor larger than unity,
for ease of test instrumentation. In such cases, measured output voltages shall
be interpreted by similarly increased electrical scale factors for comparison
with the above requirements.

b.6.4.5  Range Merk Signals /

On-off switching signals shall be generated from the
analog range output required by 4.6.4.2.1. Each shall be turned "on" at the
gunﬁel, under the conditions, and with the accuracies specified below. Once

on", each signal shall remain on as long as the primary power remains within
the operating region, or until expiration of the required operating time. These
signals shall appear on separate outputs,.

4.6.4.5,1 The first range mark signal shall be goncr?t’d when the
analog range output is the voltage equivalent of 1,000 % 50 feet \2/, provided
that the vehicle velocity lies within the region 100 % 25 ft/sec.

L i —
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4.6.4.5.2 The second range mark signal shall be generated when the
true slant range to the lunar surface along the vehicle roll axis is 14 2 4 feet

( provided that the vehicle velocity lies within the region 5.0 % 3.0 ft/sec.

W s
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4.6.4.5.3 For vehicle velocities outside the regions specified-
above, the accuracy each range mark signal shall be consistent with a
reasonable and prua.... design capable of meeting the above requirements.

L.6.4.6 Wwarmu e

The RA warmup time shall not exceed thirty (30) seconds,
from application of primary power to delivery of the RORA signal under suitable
operational conditions.

~4.6.4,7  Operating Time

The FA shall be capable, after warmup, of all operations
required herein until at least 4.5 minutes after application of primary power.
Until at least 6.5 minutes after application of primary power, the RA shall not
cause catastrophic failure of any other vehicle equipment because of thermal
problems within the RA.

b.6.4.8  Acquisition

ter equipment warmup, and after main retro burnout,
the RA beam acquisition time after the conditions of range, velocity, and

attitude specified in 4.6.4.)1 are simultaneocusly met shall not exceed 2.
seconds for one sweep, or L.0 seconds for two sweeps, with an acquisitio

probability of at least 0.95 per sweep.
4.6.4.9  Response Time

Not to exceed 0.1 second (63%, no overshoot).

4.6.4.10  Alignment Accurecy

The antenna axis zh’ll be aligned relative to the
antenna boresight axie within 0.1 degree(l). The overall alignment accuracy
shall be as specified in 4.1.3.12 of this specification.

4.6.4.11  Lupar Reflectivity Siznal ;

Appropriate digital and/or analog signals from the
RA receiver shall be made available for instrumentation t2 provide a measure
of received signal strength for lunar reflectivity analyses. This signal(s)
shall conform with the characteristics specified in 4,6,3,10 for she
analogous DVS signals.
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4.7 Telecommunications

The telecommunications system shall provide a highly reliable
tvo-vay communications link between the spacecraft and the DSIF stations
during the entire mission. The design of the telecommunications subsystem
shall be compatible 'with the DSIF as defined in the DSIF Requirements
Document .

L.7.1 Required Functions

The system shall be cipable of performing the following
specific functions:

§.7.1.1 Radio reception, demodulation, modulation, and trans-
mission necessary for doppler frequency and angle tracking by the DSIF
during the transit phase from injection until just prior to the terminal
maneuver.

4.7.1.2 Detection and decoding of radio commands from stations
of the DFTF as required to perform the midcourse maneuvers, the terminal
maneuvers, scientific instrument control, power management, telemetry data
selection, telecommunication subsystem controls and other ground controlled
furictions necessary to the mission.

4.7.1.3 Processing of all engineering and scientific data
signals into a form suitable for transmission via the S§/C transmitters.

L.7.1.4 Telemetering of properly processed engineering and
scientific data to stations of the DSIF during both transft (including
descent and touchdown) and lunar operations phases.

4.7.1.5 Telemetering of television picture information to the

-DSIF stations. '

4.7.1.6 Transmission of a PM signal with phase stability such
that the DSIF receiver shall not have a phase error, due to unwanted phase
nodul::ion and noise, in the carrier tracking loop in excess of 90.0° zero
to peak 30.
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L.7.2 Transmitters

There shall bc two trensmitters on the 5/C for reliability
considerations. Either transmitter shall be capable of being commanded cn,
one at a time, in either a high power or a low power mode. The power output
shall be no less than 39.6 dbm in high power mode and no less than 19.1 dbm

in low power mode.

L.7.2.1 Output Conneciicns

Either transmitter can be connected, by command, to any
one of the three telecommunications system antennas.

L.7.2.2 Modulation Modes

. Each transmitter shall be capable of being modulated in
any one of three modes: narrow band phase modulation, narrow band frequency
modulation,or wide band frequency modulation.

L.7.2.3 Nominal Center Frequency

The nominal center frequency for all transmitters

. (except when operating in the transponder mode) shall be some specific

frequency such that the ectual frequency throughout the cperating life
shall fall within the band of 2290 me to 2300 me.

L.7.2.4 CenterlFrequency Stability - Long Ternm

L.7.2.4.1 Narrow Band Phase Modulation Mode

The long term frequency stability shall be such that
the transmitter frequency throughout its operating life and over its cperating
temperature runge shall not deviate.from the nominal frequency by more than
20 ppm (required) or 5 ppm (desired). The frequency temperature coefficient
shall be known prior to launch to within £ 0.1 ppn/!f.

L.,7.2.L.2 Narrow Band Frequency Modulaticn Mode

Same as narrcov band PM mode; pars 4.7.2.4.1 sbove,

4.7.2.4.3 Wide Band Frequency Modulation Mode

The long term frequency stability shall be such that
the trangmitter frequency throughout its cperating life and over it
operating temperature range shall nct deviate from the nominal frequency
by more than % 60 ppm.
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b.7.2.5 Center Frequency Stability - Short Torm

4.7.2.5.1 Narrow Band Phase Modulation Mode,
No Transponder Operation

During zero thrust phases the phase jitter of the
unmodulated carrier (excluding antenna effect) shall be such as to ceuse
not more than 36.0° zero to peak (30) phare error 1n a noise free phaae
coherent receiver, having a loop noise bandwidth of 30 eps.

During retro burning and vernier engine thrustlng
phase, the e jitter, as defined above, shall be less than 22.5° zero
to peak (3g) in a noise free, phase coherent receiter, having a loop noise
bandvidth of 425 cps. 2

Duriug landing shocks, resulting from landing con-
ditions specified in 3.11.2, the phase error measured in a noise free, phase
coherent receiver, having & loop noise bandwidth of L25 cps shall be less

than 30deg zero to peak (30).
b.7.2.5.2 Narrow Band Frequency Modulation Mode

Same as 4.7.2.5.1 sabove plus - when operated in a
20 second on - 40 second off duty cycle, the frequency variation shall
not exceed % 46B0 cps during an on-off cycle »f this operation.

L]

4.7.2.5.3 Wide Band Frequency Modulation Mode

During non thrusting phases the frequency jitter
naving frequency components in the band of O to 220 kc shall be less than
1 kcps zero to peak, and the frequency drift over any 1 second shall be
less than * 46K cps.

During engine thrusting phases, it shall be an
objective that these same requirements be met.

L.7.2.6 Modulation Characteristics

4.7.2.6.1 Narrov Band Phase Modulation Mode

This mode is used for the telemetry of the S/C
engineering and scientific data whenever carrier phase modulation is




o

required (during transponder operaticn) or desired, The required character-

istice are as follows:
a)
b)

e)

4.7.2,6,2

Linear dynamic range: 2 2.5 radians

Modulation bandwidth: 250 cps to 160 ke
at 1 db points

Modulation linearity: = 10% of beat
straight line characteristics

Narrow Band Frequency Modulation Mode

This mode is used for the telemetry of the narrow

band (lhcrgonpy) TV. The reqguired characteristics are as follows:

s)
b)

h.?.a.s.s

Maximum frequency deviation: 2 5 ke

Modulation bandwidth: d-c to 1,2 ke
within = 1,0 &b

Static frequency deviation linearity: = 10%
of best straight line value over & peak
frequency excursion of = 5 ke

Frequency Jitter: The FME voltage, messured

on & discriminateor with an inherent output SNR

z 50 db, peak-to-peak/FMS and a full scale output
of 5 V peak-to-peak ahall be 5150 nv, vhen
demodulating the quiescent carrier in a 1.2 ke
bandwidth, This measurement is to be performed
at & predetection SNR R1k db,

Wide Band !rogg:gez Modulation Mode

This mode is used for telemetry of the normal TV

and for 8/C engineering and scientific data vhenever carrier frequency

aodulation is desired,

The required charscteristiss are as follows!

gglcvilion Inggt

8) Maximum frequency deviatien: = 1,65 mo
b) . Modulation n\x‘um respense dve to RE3 ke

within 2 1.0 vith o asnetenie deerense
beyond 263 n 10004 6 40 per sevave
(asymptetio
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¢) Static frequency deviation linearity: % 10%
or better of best straight line value over a
peak frequency excursion of % 1,05 me

d) Frequency jitter: The RMS voltage, measured on a
discriminator with an inherent output SNR 2 50 db
peak-Lo-peak/RMS and a full sc:le output of 5 V
peak-to-peak shall be s 16 mv, when demodulating the
quiescent carrier in a 220 kc bandwidth, or =2, mv
in a 30 kc postdetection bandwidth., This measurement
is to be performed at a p-edetection SNR 214 db,

Scientific Ingut

a) Maximum frequency deviation: % 1,65 mc

b) Modulation amplitude response: 100 cps to 265 kc,
within ¢ 1 db, within -3 at 10 cps, with a
monotonic decrease beyond 265 k¢ of at least 6 db
per octave (asymptotic)

¢) Static frequency deviation linearity: *10%
or better of best straight line value over a
peak frequency excursion of * 1,65 me

d) Frequency jitter: *1 ke, peak

k.7.3 Receiver

There shall be two receivers on the S/C for reliability
considerations, Each receiver shall be operating continuously with its omni-
directional antenna,

4L,7.3.1 Nominal Center Freguency

. When the 8/C receiver automatic frequency control or
automatic phase control loops are open, the nominal center frequency of the
receiver shall be some specific frequency such that the actual operating
frtggzncy in all modes of operation shall fall within the band of 2110 mec
to 0 me,

4,7.3.2 Freguency Stability — Long Term

The long term stability shall be such that the receiver
open loop frequency (no APC or AFC due to no input signal to comtrol on) shall
not vary throughout its operating range and over its operating temperature
from the nominal center frequency, as described above, by more than 220 ppm,
With both receivers having input signals, the open loop freguency of each of
the receivers in the §/C at any time shall not be different by more than 40 ke,

4.7.3.3 Freguency Stability — Short Term
Cr uo7o30301 gEn LDOE Mode

When the receiver is in an open loop frequency control

mode (no APC or AFC):
4,7.3.3.2 Closed Loop Mode
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b.T.3.4 Freguency Tuning

In the modes of automatic frequency cantrol, AFC and
APC, the receiver shall be capable of being tuned over a range of at least
#50 kc and#470 kc, respectively.

4.7.3.5 Dynamic Range

The receiver shall operate for input signal strengths
that vary over at least 40 db exclusive of spacecraft gain uncertainties.

4.7.3.6 Trensmitter Signal Rejection

The total isolation between the transmitter and the
receiver shall be such’ that any transmitter signals entering the receiver shall
result in no signals falling in the receiver i-f passband having an amplitude

. greater than 20 db below the receiver noise in a bandwidth of 100 cps.

4.7.4 Antennas

There are three telecommunications anftennas aboard the
npacecraft. Two are "omni-directional" antennas for command reception and
transponder operation, while the third is a high gain antenna capable of
providing an effective-radiated-power sufficient for real-time television
transmission. In case of antenna failure, an antenna switching function is
included to allow use of alternate antennas for transmission.-’

4L.7.4.1 Omni-directional Antennas

The gains and mounting of the two antennas shall be such
that the gain in any direction from the spacecraft, considering both antennas,
will never be less than -10 db for right hand circular polarization. The gain
for the composite pattern of the two antennas for right-hand and left-hand
eircular polarization will never be less than -7 db except for 2295 mc; at this
frequency, i1 the upper hémisphere,the gain will never be less thag -6 db. The
gain will be greater thau -20 db in any direction from any one antenna over at
least 90% of the total 4w steradians. This requirement will be considered as
satisfied if the omni-directional antennas have been tested ard compared with
standard antennas not mounted on the spacecraft.

4.7.4.2 High Gein Antenna

The high gain antenna shall provide & directive beanm
gﬂ; 33 db beamvidth no less than 6.8' x 6,8°, Minimum peak gain shall be
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4,7.4,2.1 Planar Array Boresight Plane

A plane on the plnnn; array defined by boresight tooling
markers, This plane is approximately -0.8" from the planar array active face
in the same direction as the rf beam deprvssion described in 4,7.4.,2.2 below.

L,7.4.2.2 R-f Beam Position

‘ When viewing the planar array with its boresight plane
in a vertical plane and the polar axi: hingeline perpendicular to the vertical,
its beam shall be within 20,5 degree of the boresight plane perpendicular in a
horizontal plane, and depressed 6.5 0.5 degree from the horizontal plane, The
antenna axis shall be known within 10,25 degree of the planer array boresight
axis at 70°F,

5. 7.5 Transponder

The transponder mode is employed during transit and lunar
operations to permit two way doppler shift measurements. In this mode, one of
the transmitters is driven by one of the receivers through the trans-
ponder interconnection circuitry, and the signal transmitted back to earth is
coherent with the received signal at a frequency ratio of 240/221. There shall
be two transponder interconnection units on the S/C for reliability considerations.

4,7.5.1 Phase Lock Loop Characteristics

4,7.5.1.1 Tracking Range: 170 kc at threshold *

h.].S.l.E Tracking Rate

The phase locked loop shall be able to track a threshold
signal, have a rate of change of frequency up to 1 kc/sec? lasting over a
duration of one minute (subject to the tracking range limitation given in
L.7.5.1.1 above). :

4.7.5.1.3 Acquisition

: " -, 'The loop shall be able to acquire under either of the
following conditions:

(a) When & threshold* signal is sweeping through the
bandpass at a rate of 1 kc/sec2,

(b) When a non-sweeping threshold? signal is within 500 cps
of the open loop rest frequency of the receiver, ;

*ozlmim)-o:ou is defined ul-uh DEM for total uignal power (carrier and
subcarrier en the subsarriew/harriet mbduletion tndex 18 2.6, meeswved in
a predetection equivalent votsa baadwidth of 13 ke. :
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4,7.5.1.4 Loss of Lock

With threshold signal* levels, the S/C transponder shall
not lose lock more than once per 10 minutes,.

.

L,7.5.2 Transponder Phase Stability Characteristics

While in transponder operation, the phase stability of
the carrier shall have the following characteristics:

During zero thrust phases, the phase jitter of the
unmodulated carrier (excluding antenna effect) shall be such as to cause not
more than 36,0° zero to peak (3¢) phase error in a noise free phase coherent
receiver, having a loop noise bandwidth of 30 cps, i

During retro burning and vernier engine thrusting
phases, the phase jitter, as defined above, shall be less than 22.5° zero to
peak (3¢) in a noise free, phase coherent receiver, having a loop noise band-
width of L25 cps.

: During lnndin( shocks, resulting from landing conditions
cpccificd in 3,11.2, the phase error measured in a noise free, phase ccherent
receiver, having a 1oop noise bandwidth of 425 gps shall be less than3Q degrees

sero to peak. (3¢).

L.7.6 Signal Procesaing

The signal processing system shall be capable of con-
verting all engineering and scientific data signals into a form suitable for
nodulation of the spacecraft transmitter in accordance with the data modes
specified in section 4,7.7. To maintain flexidility in the instrument payload,
a8 much processing as possidble shall be asscciated with individual instru-
ments and subsystems, Major functions of the central signal processor sasoci.
ated with the spacecraft are: anslog to digital conversion, commutating time
and frequency division multiplexing, amplification, weighting, and summaticn
of signals for phase and frequency modulation of the transmitters, The signel
processing system shall be compatitle with the wide and narrov transmission
bandwidths of the data link system,
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4.7.6,1  Data Accuracy

The overall 3¢ accuracy of the various types of tel

emetered

data including the sensor, the S/C signal px;occuiu, the 8/C to ground com-
munication link when operating at threshold® signal levels, sbhall be as given
below, These requirements are consistent with the following assumptions for

specification purposes:
a) Noiseless demodulation

b) Zero error readout devices

¢) Efforts of bit errors removed by parity checking
d) Use of sensor calibration, if necessary

4,7.6.1,1 High Accuracy, POM Temperature Data:

4,7.6.1.2 Basic Accuracy, PC Temperature Data:2°C (desired)

4.7.6.1.3 PQM Power Supply Current Data:
4,7.6.1.4 P4 Potentiometer Readout Data:

a) ASPP Position Signals
b) Other potentiometer data

4,7.6.1.5 Flight Control Data
a) Gyro Error (Pitch and Yaw)

b) Precession Command

¢) Primary Sun Sensor Error
(Pitch and Yew)

d) Canopus Error

e) Star Intensity

f) Secondary Sun Sensor Center

Cell Signal Indicating Angle
of §/C = Sun Vector to Sensor
Boresight Axis

g) Acceleration Error

SURVEYOR SYSTEM FUNCTIONAL REQUIREMENTS
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Required
Bandwidthk

(cpe)

1°C for tempera- OC,1
tures below 100°C

0.1

4°C (required)

1 percent

0.9 degree
3%

5% Desired
10% Required

5% Desired
10% Required

5% Desired
10% Required

5% Desired
10% Required

3% Desired
6% Required

0.75 degree

10% Desired
20% Required

0.5

0.5
0.5

3.0
0.5

0.k
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h) Ketrc Accelerometer

i) Roll Actuator

J) Radar Altimeter Range

Accuracy

5% Desired
10% Required

10% Desired
20% Required

Range < 1000 ft R.5.5.(5 and .055R) ft
8.S.(

Range > 1000 ft R,

k) RADVS, V and V
X y

i) RADVS, =

m, hADY Amptitude

n) Vernier Fngine
Thrust Commands

o) Vernier ingine
Strain GCage

L,7,6,1,&6 Data Link Data

a) Static Phase Error

b) Receiver AFC

¢) Receiver AGC

d) tuuwd Tinuswitted Power

L,7.6,1,7 Altitude Marking Redar Data

a) AMR Magnetron Current

b) AMR AGC, after AGC is effective
) AMR Late Gate Signal, indicate

return signal power before
AGC i{a effective

£.7.6.1,8 Frequency Modulation Aneliog Dets
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.(36 and .055R) ft
R,S8.8.(1.2 and .025Vt) fps

R.S5.5.(1 and .02Vt) fps

6 db

5% Desired
10% Required

5% Desired
10% Required

10%

10% Desired
2 dv

2 v

5% Desired
10% Required

2 db Desired
2 &b Desired

Desired
10% Required

Required
Bandwidth

ch.z

5.0
5.0
0.4
0.4

0.5

1.0

9.0

5.0

0.5
0.5
0.5
0.9

0.5
1.0
2,0




= " 4.7.6.2 PBit Error Probebility

The recovered PCM data at minimum margin threshold SNR of
11 db (RMS/RMS) shall have & bit error probability of no greater than 3 x 10-3.
This gives a word error probability of approximately 1 in 30. During Coast
Phase II, & word error rate of no greater than 1 in 6 shall be allowed. This
reduction in word error rate implies that the threshold SNR is less than 11 db

during this phase.

L.7.7 Bandwidth Reguiremepis

4.7.7.1 Transit Phase ; ;

Given in the table below are the information bandwidths
or data rates required under the various conditions of the transit phase to
telemeter the necessary engineering data.

Equip. Mode Bandwidth
( Xotr hnse Bit Rate | Info.
Pnase Data Mode Pover | Ant (km (vps) (ke)
Coast 1 Channel - PCM Low Omni [k06,700 17-3/16 -
Midcourse 1 Channel - PCM High | Omni (230,000 1400 .
Terminal 1 Channel - PCM Righ | Omnt |406,700 | 1100 .
descent ~ ¢
retro and
vernier .
Terminal 1. Channel - PCM High Array |406,700 220
descent - plus multi-analog : :
t $
retro channels l 1 4 L
W e _———_—W S —
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k.7.7.2 Lunar Phase

Civen in the table below are the information bandwidths
or data rates required under the various phases of lunar operation to telemeter
the necessary z:ientifi: and engineering data.

Equipment Mode Bandwidth
XMTR Bit Rate Infor- .
Phase Data Mode | Power | Antenna (bps) mation IF
Noomal TV Single Higzh Array 220 Kcpe 3.3 me
; channel -
Emergency TV Single High Omni 1.2 Keps | 10.5 ke
channel -| Low Array 1.2 Keps | 10.5 ke
FM
Low Data Rate -| Single Low Omni 17-3/16 NRZ
kngineering channcl =| Low Array | 1100 NRZ
/M Higu Omni 550 NRZ
High Array | LLOO NRZ
Single Low Array o=
channel ~| High Omni ceon
FM High Array | 4400 NRZ
Low Data Rate- | Mul%ivie
Scientific Channel =
Low Arr
(SC-5, 6’ 7) FM/IM - -
Engineering NRZ
Commutator -§ 190
Alpha
Scattering : 2200 NRZ
Alpha Count .
Proton Count 550 NRZ
1 :
L.7.8 Command Channel Requirements

4.7.8.1 Bit Error Probaebility

The spacecraft recovered command data at threshold shall
have a bit error probability of no greater than 2 x 10~ This gives a

command reject probability of 1 reject/zooo commands or approximately l reject
every 30 minutes during a TV survey.
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4.8 Mechanisms

For purposes of establishing the required mechanism
positioning ranges it shall be assumed that the landing evelope will be no less
than 15 degrees from the limb and the mAximum lunar slope of 15 degrees shall

be long relative to the spacecraft height.

4.8.1 Planar Array

: Orientation of the planar array with respect to the S/C
coordination system is determined by three variable angles: (1) roll, (2)
elevation, and (3) polar (see Figure 4-2), Roll, elevation, and polar angles
may be changed by radio command.

4.8.1.1 Positioning Range by Radio Command

4.8.1.1.1 Roll Angle

Zero reference position for the roll angle shall be
that position where the elevation axis is parallel tu the spacecraft x (pitch
axis) and the active face of the planar array 1s iscing along the minus x (pitch)
axis. The planar array shall rotate£190° .about the zero roll position.
Positive roll is as defired in Figure 4-4. There shall be provided the
capability to control the position c. +he planar array to within § degree of
any commanded position.

MB1a.2 Elevation Angle

Zero reference position for the elevation angle shall
be that position in which the polar axis is perpendicular to the roll axis.
The planar array shall rotate about the elevation axis #90° from the zero
reference position. Positive elevation angle is as defined in Figure L-4.

h.B.l.l.S Po e

Zero reference position for the polar angle shall be
that position in which the planar array's boresight plane is perpendicular to
the xy plane. The planar array shall rotate from +96 degrees to +6 degrees from
the zero reference point. (See 4.7.4.2.1 for definition of planar array bore-
sight plane.) Positive polar angle is as defined in Figure 4-4.

7~
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4,8,1.2 Axes Aligagsnt

All adjoining axe; shall be perpendicular to each other
within £0,50 degree(2),

4,6,1.3 Positioning Accuracy

4,8,1.3.1 Positioning Mechanism

The positioning mechanisms in roll and elevatior axes
shall be capable of moving.in nominal steps of no less than 1/8 degree and no
more than 1/4 degree. The positioning mechanism in polar axis s :ll be
capable of moving in nominal steps of no less than 1/16 degree and no more
than 1/4 degree, There shall be provided the capability to control the
position of the planar array to within 1/4 degree of any commanded position,

From the start of the pre-retro maneuver’ through
vernier descent, when not commanded to rotate, the planar arrsy shall not
rotate by more than 1 degree about the spacecraft Y axis (ASPP polar axis) nor
more than 0.4 degree about the spacecraft Z axis (ASPP roll axis) as a result
of gear and drive backlash and all other causes,

4,8,1.3.2 Position Instrumentation

Instrumentation shall be capable of indicating the
angular rotstion about each axis with respect to the zero reference point
(4,8,1,1) within 1,5 degree(2),

4,8,1.3.3 Adjustment e, Land

The planar array shall be positioned, in increments
of 0.25 degree or less, such that the polar axis landing angle is within the
range of zero to +70.5 degrees relative to the zero position (see 4.8.1,1.1). Thie
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is equivalent to a range of "planar array antenna axis 'to' S/C z axis”
angles bet men 60 degrees and 26 degrees. The shift in combined center
of gravity produced by position the planar array within this range
shall be as defined in paragraph 4.1.3.3.1.5.

4.8,1.3.4 Roll Axis Alignment

The planar array actuating mech?n}sm roll axis
ghall be pereallel to the S8/C z (roll) axis within 1.0 (1) degree. The
mechanism elevation axis shall be parallel to the S/C x (pitch) axis
within 1.0 13 degree when the roll axis is in the transit lock position.
Additional allowances for the effect of shock are defined in paragraphs
4L.8.1.3.5 and 4,8.2,3.5. When the roll and elevation axes are locked

in transit position, the planar array boresight plane (see 4.7.4,2.1)
shall be perpendicular to the S/C x (pitch) axis within 1 degree(15

4,8.1.3.5 Llanding load Deflections

Following all 8/C lunar landings resulting in
not more than 40g lateral loads at the antenna, the planar array antennsa
axis shall be within #0.L degree 2) of its position prior to the landing.
This deflection shell be made up of no more than 0.2 degree(2) spaceframe
deformation and no more than 0.2 degree(2) mast and mechanism deformations.

4.8.1.4  Positioning Rate :

It shall be possible to drive the planar array about
its roll axis at any time during transit except when this axis is locked at
e rate of 15° per minute. It shall be possible to drive the planar array
about its polar axis at any time during transit at a rate of 7.5° per
minute. The planar array shall not be rotated about its elevation axis

durings trarsit. -
At launch, the roll angle may be up to 60 degrees avay
from the zero reference position as defined in 4.8.1.1.1.

4.8.1.6 Iragsit Fosition

During transit from after initial positioning until

't:oirgt{olgan,uvcr, all 3 axes shall be in their zerc positions (as defined




ho8.1.7 Lunar Phase Positioning

: For SC-2 through SC-b, it shall be possible to position
any of the antenna/solar panel positionmer drive motors with a duty factor of
( at least 25 percent with the maximum allowable active period of the cycle of at :
least the time determined as a function of temperature from the curves of Fig- . ’
ure b-b-1, For SC-5 through SC-7, it shall be possible to position any of the
antenna/solar panel positioner drive motors with a duty factor of at least Lo

percent and with the capability of the active portion of the cycle to be at
g least 15 minutes.

The A/SPP shall be capable of at least 9T percent response to com-
mands over the entire range of movement. This requirement applies tc all condi-
tions of S/C power an? over the entire range of operating environments.

4.8.1.8 Operating Life

The minimum operating life after launch of each of the 4 |
3 drive axes shall be: :

Required Steps
in each Direction Total

Roll Axis - 16,000 32,000 ‘T
Polar Axis - 10,000 20,000 {
Elevation Axis - " 10,000 20,000

' .
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8.9, Sular. Panel

Orientation of the solar panel with respect to the
planar arra; is determined b a variable agpgle about the solar panel axis.
This arsle can be changed by radio command or by automatic-deployment-logi

c

eircuitry aboard the spacecraft. Although positioning accuracy of the scolar

panel is not critical, positioning of the secondary sun sensor mounted on
the sclar panel is critical. For this reason, the solar panel plane shall
be defined as the secondar. sun sensor mounting surface.

.o .8..'.1 p'.}ﬁif.i()hiﬂﬂ me

The solar panel shall be capable of being positioned
a tfunction of polar angle to the solar panel cycles shown in Figure 4-5.
solar panel angle is defined as the angle measured from the planar array
boresi. it plane tc the solar panel plane defined in 4.8.2. Positive solar
pare! an-le is ar Adefined in Figure 4L,

W8 e Positioniag Axie

A plane perpendicular to the polar axis shall be
perperdicular to the solar panel axis within 0,5 degree (2).

4.8.72.3 Positioning Accuracy

4.8,7,3.1 Positioning Mechanism

The solar panel axis positioning mechanism shall be
. eapatle of moving ln nominal steps of no less than 1/8 degree or no maore

as
The

than 4 depree, Theré shell be provided a capability to control the position

of the solar panel to within 3/ degree of any commanded position.
4.8.2.3.2 Position Instrumentation

Instrurentation shall be capable of indicating the
angle of rotation about the sclar panel axis within 2.0 degrees (2).

4.,8.2.3.3 Solar Panel Plane

: The solar panel plane shall be parallel to the solar
pancl axls within#0,.50 degree(”).

4,8,2,3.4 Solar Panel Active Surface

The aclar panel active surface shall de parallel to
the solar panel plane within 2.0 degrees(2),
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4.8.2.3.5 Landing Load Deflections

Following all S/C lunar landings resulting in not more
than 25g lateral loads at thfosolar panel, the solar panel plane shall be
parallel within #0.50 degree'~’/ of its posit;Sn prior to the landing. This
defbrm?t on shall be made up of #0.2 degree'“’ spaceframe deformation and 0.3
degree(2) mast and mechanism deformation with respect to the roll axis.

.

L.8.2.k Positioning Rate and Life

k.8.2.4.,1 Transit Positioning Rate — During the transit phase, it
shall be possible to drive the solar panel about the solar axis at a rate of
15 degrees per minute with a 100 percent response to commands.

4.8.2.4.2 Lunar Positioning Rate — See Paragraph 4.8.1.7.

4.8.2.4.3 Operating Life — The minimum operating life, after launch,
of the solar panel axis drive shall be 16,000 steps in each direction or a total

of 32,000 steps.

4.8.2.5 Transit Position

During transit from after initial positioning until pre-
retro meneuver, the nominal solar panel angle (as defined by paragraph 4.8.2.1)
shall be 270 £ 1.0 degrees.

4,8.2.6 Solar Panel Mounts

, In providing for the solar panel mount, the total mecha-
nism (excl?dﬁng the mast mounting and the spaceframe) shall contribute less than
1.0 degree'l) to the secondary sun sensor alignment error during transit (sec

bo8.2.7 Secondary Sun Sensor Mounts

In providing for mounting of the secondary sun sSensor,
the solar panel shall contribute less than 0.5 degree 1) to the secondary sun ,
sensor alignment error (see 4.1.3.15).

4.8,.3 Gimbal Locks

The ability to drive any one of the four axes shall be
independent of the locking mechanisms on the other axes.
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b9 Electrical Power System

9.3 Solar Power Conversion
L.,9.1.1 Transit Phase
py For S5C-2 through SC-4, during the transit coast phases,

wvhen the solar panel is oriented perpendicular to the spacecraft-sun line, the
mean solar panel output shall be at least 89 watts (the predicted solar cell
temperature at such time is +122CF thOF). Assuming a mean solar illumination
intensity of 140 williwatts/cm“ and a solar panel power output varying linearly
with illumination intensity, the following equation shall describe the possible
variations in the transit power value band: Power, transit = 1 £,035.

89 £ 5 (#3 ) watts, where + .035 represents the seasonal variation in solar
intensity. For SC-5 and up, the redesigned solar panel shall supply 81 watts at
a temperature (transit) of 143°F, For lunar operation the redesigned solar panel
shall have an open circuit voltage of 28 volts (minimum) and a voltage:of 22 volts
(minimum) at the maximum power transfer point at a temperature of 250°F.

4,9.1.¢ .ar Phase

During the first lunar day operation, under conditions
of an equatorial landing and solar panel orientation perpendicular to the
spacecraft-sun line, the following schedule of the mean power output shall
be available at the output of the solar panel:

Sclar angle from Mean solar panel Maximum solar panel
the zenith output temperature
(degrees) (wvatts) pe

-
0 .(noon) - 63.1 236 + 10

45 g 67.4 2l # 10

+00 68.6 208 + 10

85 78.9 156 + 10

#90 (Start of sunset) 80.1 ko # 10
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4.9.2 Energy Storage Capability
k.9.¢.1 Auxiliary Bettery Capability

b.9.2.1.1 Capacity

An auxiliary battery shall be provided with a minimum
recoverable capacity of 900 watt-hours under the load conditions existing at
the terminal phase of transit (maximum of 70 amperes) assuming a stand time
of 15 days and a temperature of S30°F. A capacity of at least 750 watt hours
is required assuming a stand time of 22 days under the above conditionl.
Maximum time from activation to touchdown shall be 22 days.

4,9.2.1,01 The Auxiliary Batterj Capabi’ity shall be deleted l
from SC=5,6 and 7.

4,9.2.1.2 Battery Voltage

Under the above conditions the auxiliary battery shall
have a capability to supply a minimum of 18.5 volts at the batt~ry terminals.

4.9.2.¢ in te

4.9.2.2.1 Capacity

The battery shall provide energy in accordance with the
following table, assuming a {loat charge to 26.9 volts and 250 milliamps at 70°F
or greater:

Minimum
Recoverable Energy
EREDohours Temperature | Constent Load
Nominal Tolerunce(gjqL °F amperes
1. Initial charge 3450 4200 TOOF 2
(charge at launch) 3500 +200 TOgF 1
or second charge 3120 +<00 50°F 1
(full recharge 2630 ~ 2200 30 1
during lunar day) 2300 +200 10°F 1
available for lunar
nignt '
W
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16.9.;.2.- Imd

The battery shall provide a minimum of 17.5 volts at
the terminals under the peak load at 70 amperes with a temperature ranging

between 70° and 125°F.

4.9.2.2.3 Lunar Day Temperatures

The battery shall be capable of withstanding compart-
ment thermal tray temperatures from OfF to +125°F, without permanent degradation

of performance. .

{4 Tt s el M il o Rk B it BRI A i i
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4.9.3 Power Control System
L

eFe3.1 Optimum €harge Regulator

In order to provide operational flexibility to adjust
the level of power dissipated in compartment A, or the power generated for
supplying the unregulated bus, the power system shall be capable of 3 modes
of ground control. In addition, a capability shall be provided to charge
the battery when the battery terminal voltage is zero volts (mot shorted), :
independent of command capability. This capability shall extend over the :
cpen-circuit solar panel voltage range of from 32 volts to 60 volts.

a) Optimum charge regulator on - for optimum transfer
of electrical power from the solar panel to the battery. The OCR in the normal
mode shall, in the transit phase of the mission, supply sufficient energy for
soft landing and for the completion of the post-landing operations specified in
paragraph 3.13.5.1.

b) Optimum charge regulator by pass mode - for
transfer of electrical power from the solar panel to the battery at & lower
dissipation of power in compartment A. :

c) Optimum charge regulator off - for the removal of
the solar panel from the system and for the elimination of heat dissipatiqn
in the compartment by the elements of the battery charging circuitry.

d) For SC-5 and up, the OCR will be replaced by a
capability of directly connecting the redesigned solar panel to the preregu- ;
lated or unregulated bus. £

sl i
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4.9.3.2 Power Re tion

Regulated power shall be provided consistent with the
requirements of the basic bus and engineering or scientific payload. In
order to provide the operational flexibility to control the level of power
dissipated in compartment B, the capability shall be provided, for use during

the lunar phase, to turn off the regulator such that only the command receivars

and decoder selector operates from the unregulated bus.
k.9.3.3 Battery Switch g

The utilization of the auxiliary battery shall be
primarily as a redundant battery in the event of main battery failure and
secondarily as an energy source to maximize the main battery state of charge
at touchdown. Switching logic shall therefore be provided to apply either
the main battery alone or both batteries simultanecusly to the unregulated
bus. Simultaneous operation shall be with the main battery either direct
or tarough a dicde and with the auxiliary directly connected.

P 4

4.9.3.b  Power System Instrumentation

A capability shall be provided to measure the regulated
and u?regulated loads (pulsed loads excepted) to a maximum uncertainty of
2% (&), A three level calibration of the current shunt voltages shall be
providfg for ase durin; ?B?ratiana which will reduce the above uncertainty
ts 1% ) required, (0.5% desired), neglecting load fluctuations occurring

during the interval between the calibration and load sampling.
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4.10 Thermal Control

Spacecraft temperature control shall be provided to
maintain temperatures consistant with the equipment operating requirement:
during the transit ana lunar phases of the mission. . '

4,10.1 _§£acecraft Attitude

4.10.1.1 Transit Phase

Normally the spacecraft will be oriented such that its
2Z axis is pointing toward the Sun. However, the thermal control shall be
such as to pemit the following none-normal conditions to exist without result-
ing in any permanent damage tc the spacecraft or in any violation of the
operating temperature requirements of the subsystems necessary o accomplish

a successful landing.

"4,10.1.1.1 Initial sun acquisition must take place not later than
one hour after launch, The spacecraft may therefore be in the earth's shadow
for up to 42 minutes after lasunch or at random attitudes to the sun for up to

one hour after launch."

"4,10,1.1.2 The spacecraft may be in the earth's or moon's shadow

or at a random attitude to the sun during transit for a period of one half hour
provided that it has not been in shadow or at random attitude to the sun for the

preceding five hours."

SURVEYOR SYSTEM FUNCTIONAL REQUIREMENTS

SURVEYOR LABORATORY
HUGHES AIRCRAFT COMPANY
SPACE SYSTEMS DIVISION




et— - . ——————— T T T e

4,10.1.2 [Lunar Phase :

For purposes of thermal control, the spacecraft roll
orientaticn relative to the Sun shall be assumed to be random. In addition,
the angle between the spacecraft -Z axis and the vertical shall be assumed
to be nominally 7 degrees with a maximum of 15 degrees.

4.10.2 Thermally Controlled Compartments

Two thermally controlled compartments provide the
necessary temperature control for the operation of electronics during the .
transit and lunar mission phages.  The temperature control capability utilized
includes the transient as well as steady-state response of the compartment
thermal trays to the heat generated internally by the electrogic units. The
above performance parameters are iniluenced by two additional parameters.
These are: 1) Thermal heat capacity and 2) Electrical power dissipated
internally as heat. It is the purpose of this section and subsequent sub=
sections to specify the basic compartment thermal control capebility only to:
the thermal interface which exists between the thermal trays and the elec~-
tronic units mounted to the trays. The thermal design requirements on the
individual electronic units and the operationally controlled electrical power
dissipation requirements are defined in ‘subsequent, sections.

B 3021 Instrumentation

One flight sensof shall be mounted on each corpartment
upper and lower thermal tray for the purpose or providing a valid indication
of the thermal status of each thermal tray which acts as a heat sink for the,
attached electrcnics units. . :

4,10.,2.2 Thermal Capacity

4,10.2.2.1 For purposes of compartment thermal design, the thermal
heat capacity of compartment A shall be assumed to be 5

4,10.2,2.2 For purposes of compartment thermal design, the thefmal
heat cepacity of compartment B shall be assumed to be .

4,10.2.3 Compartment A and B Thermal Parameters
4,10.2.3.1 Transit Phase

4,10.2.3.1.1 Steady-State Performance

The maxirum steady-state temperatures-.of the compart-
ment A and B thermal trays as indicated by their respective sensors, under
normal coast phase environmental conditicms, as a function of internal electri-
cal power dissipated as heat shall be as described in Figure 4-6. The
temperature gradients relative to the sensors shall be no greater than indicated

. in Figure L4-6,

.‘[1ﬂlf; ‘ 2 T NUASER :
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4,10.7.3.1.2 Transient Performance

The maximum rete of change of the compartment A and
B thermal trays as indicated b, their respective sensors, under normal coast
phase environmental conditions, as a function of internal electricel power

dissipated 2. heat shall be as described in Figure 4.7,

The temperature

gradients relative to the sensors shall be no greater than indicated in

Figure 4-7.

4.10.7.3.. Lunar Phase, Lunar Day

4.10.£.3...1 CSteady-State Performance

The maximum steady-state temperatures of the compart-
ment A and B thermal trays as indicated by their respective sensors as a func-
tion of Internal electrical power dissipated as heat shall be as described in
Figure 4.8, The temperatnr' rradients relative to the sensors shall be no

greater than indicated in Figure 4-8,

b,10.,2.3.2.> Transient Performance

The maximum rate of change of the compartment A and
B thermal trays as indicated b their respective sensors as a function of
internal electrical power dissipated as heat shall be as described in Figure
4-9, The temperature gradients relative to the sensors shall be no greater

than indicated in Figure -9,

4:10.2.3.3 Lunar Kight Qggp&rtment Heat Losses

4.10.2.3.3.1 The thermally contrclled compartments A and B shall

be thermostatically controlled. At compartment temperatures of 30°F and lO'F,

respectively, the lunar night heat losses shall be equal to or less than the

following:

Maximum Heat Loss, Watts

Compartment A

Compartment B

10.0 7.0
4.,10.3 Coqggrtment Electronics
\ Trhermal design requirements are placed on the compart-

ment electronics units in order to provide the necessary operational capability
consistent within the established thermal interface at the thermal tray. The
purpose of this section is to specify the thermal design roqpiremontl vhich

relate to the electronics units only.

v
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4,10.3.1 Instrumentation

A flight sensor shall be mounted in a critical area
on each major heat dissipating unit for the purpcse of providing a valid
indication of the thermal statas of each such unit,

\

4,10,3.2 Thermal Parameters

Any electronics unit internal to compartment A and B
shall be capable of continuous operation when the thermal tray at the unit
mounting is mairtained equal to or less than +125 7.

h.10.3.3 Non-Operating Requirements

The electronics internal to the compartments A and B,
with the exception of the main battery, shall be capable of withstanding
without permanent degradation a thermal tray temperature of from -65°F to °
+150°F.

4,10.4 Compartmen; A and B Internal Electrical waef Dissipation

The electrical power dissipated as heat in compartment
A and B by the internally mounted electronics units shall be operationally
controlled such that the heat dissipated is consistant with the compartment
parameters specified in sections 4.10.2 and 4.,10.3. The average electrical
power dissipated as heat shall be limited in accordance with the following
table.

Mode Time Interval Maximum Average Electrical Power
Dissipated at Heat, Watts

Compartment A Compartment B
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4 5 0 ENSINEFRING PAYLOAD

5.1 Engzincering Miszisn

The general objective of the Surveyor engineering miscion as
stated in JPL 30240 irs "{o demonstrate succcssful transit and soft lunar
landing, and to gather bacsic enginecering data relative to the peiformance _
of the §/C in transit and in lunar environments.” The payload.for enginecring
misgions consists of the auxiliary battery and control, one survey televigion =8
camera, the suyxiliary engineering signal processor and cupplementary engineering
sensors, ; «

For 8C-5, © and 7, the auxiliary battery and control shall be l
deleted and an alpha zcattering instrument shall be added.

5.2 Burvey Television

The curvey televicion cyﬂre is considered here acs an integrated.
system consisting “f Lne cameras as mounted in the spaceframe, the telévision
auxiliary, space ecrat™ calibration ﬂna:ts, spacecraft transnitter, the space- -
cral't antenna, the CLL demodulator, and the DSIF receiver. Except where TR
specifically noted, the gystem r=quirements herein pertain to the above system,
Primary denOuu]aflJn and photorecording is accomplished by the JPL TV Ground
Data Hand ing Systern., :

gt
-

”re system allows obsgervation of portions of the spacecraft and ite
operation, and is capable o1 employing color or polarizing filters. In the event
‘(ﬁ) of 1&11Ure of the higb gain antenns or high power transmitter, the system will pro-
vide an "emerggncy"” mode at reduced scan rate and lower plcture quality compltible
- with the transmission bandwidth under these conditione

In the event of a night landing the system will have the Capabilify‘
of providing indefinite time exposures to obtain a few pictures of somewhat lower
quality from earthlight. :

5.2.1 Extent of. Tnformatisn

The television syestem shall be designed as far as possible to
meet the following goals for the minlmum decign mission for daylight landinge,

a) Subject to the thermal constraints of U, 10 and 520520, \.:"‘

' : = one complete wide angle survey and one complete in-focus, ,'

E e narrow angle mapping sequence with camera 3 during the first
5 ’ - ’ Goldetone visibility period (i.e., the period from vehicle
touchdown to the paseing of vehicle control to Canberra er

‘the firot tlme), will be made. i

b) At least three further complete mapping sequences are to
be performed ‘at approgimate sun declination intervals of
" _ ; - 30 degrees each before local terminator.. : :

&
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.
¢) At least two complete surveys with the three color
filtere will be made.

d) Pictures will be made as required of portions of the |

' spacecraft and its associated mechaniems to verify - ‘
proper operation, monitor subsystem mechanical failures
for diagnostic purposes, obtain relevant information
regarding properties of dust possibly adhering to the
spacecraft, and to determine the attitude of the camera
in §/C coordinates after landing.

e) Pictures of stars and planets will made to provide
accurate information regarding spacecraft attitude.
Although only two such fixes are actually required to
fix attitudes, a greater number is desirable for camera
boresighting, and magnification calibration.

5.2.2 System Performance

£+2.2.1 Azimuth Coverage

The camera chall be capable of 360 degrees azimuth viewing.

5.2.2.2 Elevation Coverage

The camera chall be capable of viewing from no less than 20
degrees above to no less than 45 degrees below the spacecraft XY plane.

5.2.2.3 - Unobestructed Coverage

Camera mounting shall be such as to maximize uncbetructed
(by the spacecraft) azimuth and elevation coverage consistent with other
constraints.

5.2.2.4 Field of View

Two modes ("narrow angle" and "wide angle") shall be pro-
vided. For infinite object distance the nominal field of view shall be 6.4 x 6.4
degrees in narrow angle and 25.2 x 25.2 degrees in wide angle. Spacecraft 5, 6, |
and 7 may have up to 15 percent loss of raster angular coverage due to overscanning.

2.2.2.5 Normal Mode System Horizontal Relative Response
(Resolution) :

After appropriate filtering of the demodulated video signal,
the square wave relative response Vy(N) shall be equal to or exceed that shown in =5
Figure 5-2 under laboratory ambient conditions at a single measured value of signal-to-
noise ratio as defined in 5.2.2.9. Up to 4 db degradation at the extremes of the g
opere.ting temperature range is acceptable. '

T - —
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For test purposes the relative response shall be taken as

ry(Ng n
v
o

where Vy and V_ are defined as shcwn in Figure 5-1(B) which is the video
voltage during a single horizuntal sweep across & nominal, high contrast test
tarzet sketched in Figure 5-1(A). Vy is the average peak to peak video voltage
at the line frequency N. is the total number of black and white lines
required to fill the frame. Equivalent test targets may be used sc long as
the line frequency used to determine V is N= 5 or less and at least 10 black
and 10 white lines, at the line frequepcy N, are averaged,

Res \lAt on tests shall be performed at highlight
exposures nct exceedinr the "effective saturation exposure.” This shall
be defined as that expcsure level above which the system gamma becomes less
than 2.7, where gamma is the clope of log output signal plotted against log
enposure,

Acceptable evidence that the response of Figure 5-2 has
been achicved is that the measured response equals or exceeds the response
specified at 450 lines and at any two of the other three line frequencies
at the correesponding measured signal-to-noise ratio. :
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5.2.2,6 Buergency Mode System Horizontal Relative Responise (Resolution)

As defined in 5.2.2.5, the center of frame emergency mode
relative response, for spacecraft 1 thru 3 shall be 0.4 or higher at N = 200 lines
(0.55 milliradian per TV line in a narrow angle and 2.2 milliradian per TV line in

wide angle) concurrent with a signel-tu-noise ratio as specified in 5.2.2.10 the

center of frame emergency mode relative response for spacecraft 4 thru 7, shall be
0.37 or higher at N = 200 lines commensurate with the above specified SNR.

5.2.2.7 Normal Mode System Vertical Relative Response (Resolution)

The square wave relative response, r_(N) shall equal or exeed
that shown in Figure 5-2. For test purposes the relative ¥esponse will be taken as

V.

4 N
O

where V,_ eand V_ are defined as shown in Figure 5-3(B), which is the video voltage
during a singlg horizontal sweep across a nominal !'igh contrast test target as
sketched in Figure 5-3(A). Vy is the average peak-to-peak video voltage at the
line fregquency N. Test targets shall be designed so that the line frequency . .ed

to determine V is N = 5 or less and at least 4 black and 4 white lines, at the

line frecuency N, are averaged. The tilt angle shall be minimum and shall be such
that 4he resultant video frequency does not exceed 12 kc. The video shall be
filtered to a 3 db bandwidth of 20 kc with less than 0.5 db loss at 12 kc for test
purposes.

Acceptable evidence that the response of Figure 5-2 has been
echieved is that the measured response equals or exceeds the response specified at
L350 lines end et any tow of the other three line frequencies shown in Table 2.
Vertical relative response test values for corner relative response shall be
averaged as in 5.2.2.5. To insure that the vertical resolution is not unduly
degraded by the raster, at least 550 active lines shall be present throughout the
range of operating environment.

TABLE 2
SC1-k4 SC5=-7
: N r N P
RIS . A s =
200 .6 200 .6
300 «35 300 <35
Genter 450 15 450 .15
600 . 06 550 .09
Average Corner 450 08 - 450 .08
Minimum Corner 450 Ok 450 .04
— T roweer A —
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5.2.2.8 Emergency Mode System Vertical Relative
Response (Resolution)

The center of frame emergency mode vertical resolution shall
te 0.4 or higher at N = 200 lines (0.55 milliradians per TV line in narrowv angle
and 2.2 miliradians per TV line in wide angle) as defined in 5.2.2.7 with the
exception that the tilt angle shall be such that the resultant video frequency

does not exceed 200 cps.

5.2.2.9 Normal Modoggxptcn Biigge-to-loioo Ratio

. The peak to peak signal to rms noise ratio, as defined below,
shall be 27 db or greater, including vidicon, video amplifier and receiver noise
under laboratory ambient conditions, and consistent with the relative response
requirement of 5.2.2.5. Up to 4 db degradation at the extremes of the operating
temperature range is acceptable. Under conditions of normal vidicon exposure and
monitor adjustment, no periodic electronic noise shall have peek-to-peak amplitudes
greater than 8% of Vs(see Figure 5-1), nor shall other interference be discernible
on the reproduced picture. For test purposes the signal-to-noise ratio shall be

defined as . - v

. S/N = 20 log =

where V, is defined as in Figure 5-1(B). The rms noise vaiue shall be determined
by the following method or one of equal precision. Under normal scanning operation
. photographic or other records shall be made of the video voltage with the lens
covered so that no light is admitted. The maximum and minimum voltage levels which
are exceeded by 10 per cent of the total maxima and minima, respectively, which are
contained in the noise record, shall be measured and the voltage difference taken
as Lo, The time scale of the noise waveform as displayed on the CRO shall be such
that approximately 15-20 extremes are displayed per centimeter. At least 1 milli-
second of record is required to protide an adequate statistical sample.

.

5.2.2.10 Energgncz Mode sttll Siigal-to-loine Rttlg

The resolution requirement of 5.2.2.6 shall be met con-
currently with a signal-to-noise ratio of 17 db, as defined in 5.2.2.9. At least
180 milliseconds of record are required to provide an adequate statistical sample.

5.2.2.11 Normal Mode Luminance Rge.:

The requirements of 5.2.2.5 and 5.2.2.9 shall be met in the
shuttered mode at f/4 for highlight luminance of between 50 and 150 foot lamberts,
and at £/22 with 32 times that highlight luminance used at f/4., +The oper- .
ating range shall be extended to at least 6000 ft lamberts by employing

*When color filters are supplied by JPL, HAC should attempt to insure and verify
that this requirement is met by cocrdination with JPL.

.
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one of the color filters. The luminance value shall be taken as that of a
nominal 5300 K source, as measured by g brightness meter whose spectral responrce
matches the CiE standard relative luminous efficiency curve. '

5.2.2.12 Emergency Mode Luminance Range

' The requirements of 5.2.2.6 and 5.2.2.10 shall be met
for a highlight luminance nct exceeding 3CO foot lamberts with an f/b iris
setting while in the shuttered expdsure mode. .

5.2.2.13 Normal Mode Dynamic Rangs

Throughout the luminance range of 5.2.2.11 and concurrent
with the requirements of *©.2.2.5 and 5.2.2.7 the system shall provide a dynex‘c
range of 32;1 which may be evider.e? by the ability to distinguish'at least 11
gray levels spaced at a ratic of & 2 in luminance, assuming any previous image
is completely erased.

5.2.2.14 Emergency Mode Dynamic Range

Throu;hout the luminance range of 5.2.2.12 and concurrent
with the requirements of 5.”.2.6 and 5.2,2.8 the system shall provide a dynamic
range of 11:1 whick may be evidenced by the ability to distinguish at least 8
gray levels cpaced.at a ratic of ¥ 2 in luminance , assuming any previous image
is completely erased. ‘ '

5.2.2.15  Veiling Glare-Stray Light

Insofar a: possible the effects of bright c(bjects and
bright extended areas in the field cf view of the mirror and lens (within and
outside the frame) shall be minimized. In order to assist sequence planning,
system tests shall be performed to determine possible restrictions on camera
operation.

*5.2.2.16 Shading

Including all factors (vidicon, shutter, lens, wmirror,
transmitter drift, etc.) peak-to-peak variation in videc output as a finction
of position in the format, w?ﬁs the csirera is expcsed to & 'iifcrn.y "lluminated
field, shall be less than 50 percent of center frame vide .cltage over at
least 75 ;ercent of the format, and less than 65 (4 percent of center of frame
video voltage over the rest of the format,
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5.2.2.17 System Linearity

The system linearity shall be such that after correction
for lens distortion and for linear reseau distortion, the corrected positions of
image points shall correspond to their undistorted image positions within 1 per
cent (3) of the frame side for an object consisting of a plane grid perpendicular
to the line of sight. The undistorted image referred to above shall be scaled-
down replica of the object, for which the scale {actor shall be determined during
post-data analysis by a least squares fit of at least twenty widely spaced object-

replica points with the corresponding points in the image. System linearity
shall be measured in the normal (600 line) mode, using the 100 mm focal length,
end demonstration of the required linearity at one focus step position shall be
considered acceptable evidence that the above accuracy is achieved.

5.2.2.19 Operating Environment

The system shall be capable of meeting all performance
requirements for sun angles less than 85 degrees from the zenith (approximately
25 hours from the terminator at 65 degrees latitude) assuming sun illumination
of the mirror hood and the immediate surface area around the spacecraft. The
system shall be capable of meeting all performance requirements for zenith-sun
angles less than 75 degrees when the camera is in shadow. This capability shall
be provided for all selenographic latitudes between 65 N and 65 S.

5.2.2.20 Minimum Qperatingg?tne

The system shall be capable of meeting all performance
requirements for at least 0.8 hour of operation during any 8 hour period within

the conditions of 5.2.2.19. Sun angles less than 15° from zenith may be excluded.

5.2.2.21 Warm Up Time

When completely shadowed, the camera shall be capable of
meeting ali performance requirements under the following conditions:

a) Within 5 hours (nominally) or within 10 hours (minimum
voltage conditions) after temperature contrcl is initi-
ated any time while the spacecraft is in transit.

b) Within one-half hour after touchdown at any of the
selenographic locations described in 5.2.2.19 provided
that temperature control is initiated during transit 5

++The virtual camera is defined here as Jthe image, or projection, behind the

mirror, of the real lens plus vidicon system (see Figure 5-4). See 5.2.6.4
for the definition of central axis as used in Figure 5-4,
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hours (nominally) or 10 héurs (minimum voltage

conditions) prior to touchdown and maintained, if

recuired by the landing location, after touchdown.
L

¢) Within 5 hours (nominally) or within 10 hours
(minimum voltage conditions) after temperature cone
trol is initiated at any time after touchdown at any
of the selenographic locations described in 5.2.2.19.

5.2.2.23 Night Survival

Assuming heeting is initiated at least 10 hours before
touchdown (minirmum battery voltage) end continued after touchdown, all mechanical

and electrical functions of the camera shall operate for at least 10 hours after
night touchdown.

5.2.2.24 Line-to-Line Jitter

The Line-to-line jitter performance is primarily a func-
tion of the ground ejuipment. CDC performance is specified in 6.2.4.1.

5.2.2.25 Frame Identification

_ 5.2.2.25.1 Freguency of Transmittal: Identification of all command-
able camera settings shall be transmitted with each frame.

5.2.2.25.2° Discrete functions:. The following discrete functions
shall be a part of the frame identification information:

2 a) Camera Number - This attribute indicates which,
if any, camera has been energized,

b) Shutter Mode - This attribute indicates whether
the camera is set to operate in open shutter mode
or in normal (150 MS) shutter mode.

c) Focel Length Setting - This attribute indicates
whether the camera lens is set to operate in wide
angle or narrow angle mode.

7 T RoaeeR
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d) Lens Iris Servo On/Off - This attribute indicates
whether the camera iris servo is energized. When
energized, iris servo will position the lens iris
automatically; when not energized, lens iris may
be adjusted by means of ground command.

" e) Multiple Step Focus On/Off - This attribute indicates
. whether the multiple step focus circuitry is ener- v ——
; gized or not.

f) Filter Wheel Position - This attribute indicates the
: quadrant of the filter wheel which is positioned in
the optical path.

g) The telemetered accuracy of the discrete positionm,

of each of the above functi?ns, shall be such that
the position shall be known

5.2.2.25.3 Temperature Functions

- The following temperatures shall be a part of the frame .
identification information:

a) Camera electronics temperature
]
b) Vidicon faceplate temperature

The actual temperature of each of these locations shall
be determinable to an accuracy of # 10°F at the input to the A/D converter.

5.2.2.25.& Position Information

The following position informati'on shail be a part of
the frame identification information and shall be known to the following accuracy:

a) Mirror Azimuth - The achieved azimuth =tep shall be
known with an uncertainty not exceeding 1 part in 100
using both position readout data and transmitted come
mand information. Additionally, position of each '
azimuth step shall be calibrated and known according
to the requirements of paragraph 5.2.3.2h4.

b) Mirror Elevation = The achieved elevation step shall
be known with an uncertainty not exceeding 1 part in
100 using both position readout data and transmitted
command information. Additionally, position of each
elevation step shall be calibrated and known accord-
ing to the requirements of paragraph 5.2.3.2L,

W —m
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¢) Focus Setting - The uncertainty in knowledge re-
garding the actual focus position shall nog exceed
1/k focus step.

d) Iris Setting - The uncertainty in knowledge regarding
the actual iris setting shall nnt exceed five percent of
the iris area at the f/L mechanical end stop and at
nominal settings of £/5.6; £/8; £/11; and £/16, inclusive.

5.2.2.25.5 Bit Error Probability

The frame ID PCM data shall be recovered with a bit'
error rate =3 x 10'3, at & carrier predetection SNR of 11.5 db, rms-to-rms, in
the normal mode,

5.2.3 Camera Subsystem

The camera subsystem is an integrated assembly which
contains as major functional elements the vidicon, lens, filter wheel, video
amplifier, sweep and sync circuits and mirror assembly. The performance
requirements of this section are established to insure that the combination of

. the camera and other system elements as previously defined meets the system
requirements of 5.2.2, In cases where no corresponding requirement appears in
this section, it is assumed t .- performance degradation in other elements is
negligible and that the camers performance equals or is consistent with the
system requirement,

-7 B, 5% 3 Elevation Coverage ’

Elevation coverage shall be from -58 degrees with up
to 50 percent vignetting (mirror only) to +26.5 degrees with no vignetting
(mirror only) with respect to the mirror azimuth plane,

5.2.3.2 Normal Mode Camera Horizontal Relative Response

After appropriate filtering the camera video output
shall meet the response and commensurate signal-to-noise ratic as shown in
Figure 5-5, No corner relative response shall be less than S50 percent of the
required average corner relative response,

32.3.3 Emergency Mode Camera Horizontal Relavive Response

Camera video output shall meet the requirements of 5.2.2.6.
SURVEYOR SYSTEM FUNCTIONAL REQUIREMENTS 22L510
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5.2.3.4 Normal Mode Camera Vertical Relative Response

Camera video output shall meet the requirements of 5.2.2.7.

§.2:.3:5 Emergency Mode Camera Vertical nggpnse "

Camera video output shall meet the requirements of 5.2.2.8.

5.2.3.6 Normal Mode Camers Signal-to-Noise Ratio

\
The peak-to-peak signal to rms noise ratio shall be
28 db or greater, as defined in 5.2.2.9 and shall be consistent with the
horizontal relative response as shown in Figure 5-5. No periodic electronic
noise shall heve peak-to-peak amplitudes gresater than & percent Vs (see Figure 5«1).

$:2.3.7 Emergency Mode Camera Signal-to-Noise Ratio

. The resolution requirement of 5.2.3.3 shall be met cone-
currently with a signal-to-noise ratio of 30 db, or greater. No periodic elec-
tronic noise shall have peak-to-peak amplitudes greater than 8 percent of V
(see Figure 5-1). "

5.2.3.8 Normal Mode Sensitivity

The requirements of 5.2.3.2 and 5.2.3.6 shall be met for
the luminance conditions of 5.2.2.11. :

§5.2:3.9 Emergency Mode Sensitivity

.

3 The requirements of 5.2.3.3 and 5.2.3.7 whall be met for
luminance conditions of 5.2.2.12.

9+2:3:10 Camera Scann;ggﬁLinearigx

: The maximum deflection of the scanned raster edge, in
normal mode, from a straight line, due to the effects of magnetic deflection
and sveep waveform nonlinearities, shall be no Zreater than 16 TV lines.
Variations in scanning speed over the entire format shall be no greater than
2 percent of the nominal scanning speed. All other effects such as line-to-
line jitter, power supply loading, circuit switc?i , ¢ircuit intercoupling,
etc., shall not cause distortion greater thanb l‘?8'1'V lines on a straight line
less than 150 lines in length. Additional fixed vidicon distortion shall not

exceed 6 TV lines between any two adjacent exterior reseau marks and shall be’
known to 2 lines.

P‘
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5.2.3.11 Filter Wheel *

The camera shall contain a 4 position filter wheel capable
of accepting color or polarizing elements. In the case of the 1.tt.ié the
direction of the plane of polarization shall be known to 4 3 degrees ). The
time to step from one filter position to the next shall aoct ex?e’d 1 second.
Each filter vheel step positior shall be 90 degrees #6 degrees\®). Suitable
end stops shall be provided such that no more than L steps can be taken in
either direction. The clear window and color filters shall be' arranged in a
counterclockwise direction, as seen from the top (hood) view in the filter
vheel in the following order: clear window, green filter, blue filter, red
f1lter. The clear filter shall be placed in the filter wheel sector that is
over the lens when the filter wheel has been set to its maximum counter-

slockwise direction, as seen from the hood.

5.2.3.12 Raster
k)

/
The scanning raster shall contain 600 #50 active lines

in normal mcde and 200% 10 4) active lines in emergency mode.

5.2.3.13 Signal Output

; The peak-to-peak video voltage at low frequency input
shall not be less than 65 percent of the full signal range (V,/Vy 2 0.65 in
Figure 5-1(B)) for an effective saturation exposure (ae defined in 5.2.2.5 and
with & 5300 K source) in normal mode and 20 percent of the full scale range in
emergency mode. With the aperture adjusted to produce 65 percent video voltage,
the sum of dark voltage (V3) plus video voltage (Vo) shall not exceed 85 percent
of the full signal range, nor cause amplifier saturation throughout the vidicon
temperature range from -20°F to +130°F.

5.2.3.14% Vidicon Spectral Response

Spectral response shall be such that an effective saturation
exposure as defined in 5.2.2.5 from a 5300 K source will produce at least 9 x 10-9
‘amperes desired, 3.2 x 10~7 amperes required, using the filters, Corning CS-k-65 ,
(green), Corning CS-5-57 (blue), and 2.4 x 10=7 using the Corning 08-3-66 (red) filter. <

5.2.3.15 Persistence

The erasure characteristics shall be such that when
"plack" areas are superimposed on "white" areas in successive frames of a
normal survey sequence, the black area video voltage differs from the black
area video voltage for a sustained sequence on a stationary pattern by no more
than 6 percent of the maximum black to white voltage difference. For purposes <
of this requirement, a white to black exposure ratic of 30 wvith the white !
exposure equal to the effective saturation exposure (see 5.2.2.5) is assumed.
Tt is desired that this persistence be no more than 1 percent.

et
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5.2.3.16 Overexposure - .

A single exposure anywhere in the frame of up to 16 times
the effective saturation exposure shall not cause picture degradation, after
seven erase scans, in subsequent pictures in a sequence except ‘as specified

in 5.2.3.15.
5.2.3.17 Shading .

"Peak-to-peak’ variation in vidicon output voltage as a
function of position in the format, when exposed to a uniform exposure, with .
a SNR as specified in 5.2.3.6, on the vidicon face shall not be greater than:
1) 25 percent (30 percent at lens f/mo. =L) of the center of frame output volt-
age for the average found in I; 2) 35 percent (50 percent at lems f/no. =k4) of
the center of frame output for the average found in II. . '

8 Average the four following cutput voltages:

a) Center of trace output voltage for the 6% from the top of
format scan line

b) Center of trace output voltage for the 6% from the bottom
of format scan line

¢) Two output voltages at the 6% from edge of trace for the
o center of format scan line

II. Average the two following output voltages:

a) Two output voltages at the 6% from edge of trace for the '
6% from the top format scan line

b) Two output voltage at the 6% from edge of trace for the
6% from the bottom of format scan line"

5.2.3.18 Reseau

. A reseau, capable of correcting the geometric distortion
in the TV system after the lens to an accuracy sufficient to meet the require-
ments of 5.2.2.17, shall be inscribed on the inside of the vidicon face. Maps
shall be made of the inscribed reseau such that the pottsion of reseau points
shall be known in two directions to within % 5 microms , in an appropriate
(x, y) coordinate system.

5.2.3.19 Dark Current Calibratia.l

Dark current calibration not required for A2l.
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5.2.3.20 Mirror Step Sizes

Including all disperzions from step to step and the
reproducibility of each step, mirrors ahal% ?ave step sizes of 2.48 ¢ 0.1
degree (L4) in elevation, 3.0 % 0.1 degree L) in azimuth.

5.2.3.21. Mirror Stgg Datum

7

The datum for orientation of the elevation steps shall
be such that the center of a narrow angle frame may be aimed at -42,9 £ 2.0
degree (L), with respect to camera coordinates. The datum for orientation of
the azimuth step shall be such that the center 2f a frame may be aimed perpen-
dicular to the camera face, withir 2.0 degreea( . The camera face is the flat
section of the camera housing containing the electrical connectors.

m = B e
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5.2.3.22 Mirror Azimuth Stop

A suitable stop shall be provided in szimuth to inhibit
the mirror from stepping teyond 132 degrees in a counterclockwise direction and
222 degrees in & clockwise direction, measured from the azimuth datum line (see
5.2,3.21), on the azimuth stepping circle, as viewed from above the camers.

5.2.3.23 Mirror Rotation Axis A;ignnnnt

The axis of rotation of the mirror shall intersect the
image plane . for infinity focus - within inch of the format center. This axis
shall be parallel to the reflection of the central axis of the camera within#0.l
do:roo(“) (see figure 5-4, and see 5.,2.6.4 for the definition of the central axis
of the camera). The elevation axis of the mirror shall pass through the Sor
surface within .005 inch(4), and through the azimuth axis within .0lO inch L),

The elevation and ezimuth axes shall be perpendicular within 2 minutes of arc.

5.2.3.24 Mirror Stepping Accuracy

Actual mirror step positions shall be calibrated and shall
be known and reproducible to 6.0(4) minutes of arc with respect to the mirror

.mounting regardless of the direction of rotation.

’
5:2:.3.25 Mirror Stepping Rate
The mirror stepping rate capability listed below shall
apply for electronics temperatures between -20°F. and +165°F., mirror assembly
temperatures between -50° and +165°F., unregulated 22 volt (nominal) supply volt-
age between 16.9 and 27.3 volts and stepping pulse width less than cv equal to
150 ms.

a) Continuous elevation stepping at a rate of 2 steps
per second for sustained sequences of steps.

b) Continuous azimuth stepping at a rate of 4 steps
per second for sustained sequences of steps.

5.2.3.26 Mirror Settling Time

After stepping through 2 steps, mirror vibrations shall
be damped to £0.1 minute of arc(3) amplitude within 0.5 second.

5.28:.3.27 Mirror thictl Quality

The mirrors as mounted in the camera environment on the
lunar surface, shall conform to the following:

a) Powers: maximum of 2 fringes per inch.
b) Irregularity: maximum of 1 fringe per inch,
¢) Surface Quality: equivalent to 60-30 per MIL.0-13830. .
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d) Average Specular Reflectivity: At least 86 percent
(vithin 260 degrees from the normal) between 4000

and 7000 angstroms.
e) Average Diffuse Reflectivity: 0,25 percent maximum
Irequired, 0.03 percent maximum desired, between
LOOO and 7007 angstroms.

5.2.3.28 Cleanliness |

The mirror shall he capable of being stowed for, dust pro-

tection. Prior to launch the lens, filter wheel, and the mirror shall be cleaned,

all dust particles shall be removed from the mirror surfaces, and then the mirrors
shall be stepped to the closed hood position. '

5.2.3.29 Lens Resolution

The minimum average resolution shall be equal to or greater
than 70 line pairs per mm cver the entire image and for all object distances for 25
mm and 100 mm focal-lengths, over the range 0.4 to 0.7 micron spectral region, with
object distances from 6 feet tc infinity. At a 4 foot object distance the minimum
average shall be equal to or greater than 60 line pairs per mm. No individual value
shall fall below 20 line pairs per mm at either focal length or at any object dise
tance. The above values shall be met with each of the 3 primary color filters+¥,
of the filter wheel, placed before the lens, one at a time, without refocusing.

5.2.3.30 Lens Distortion

The overall distorticn due to lens, filter, and reflex
viewer chall be no greater than & percent(“) for 25 mm and 100 mm focal-lengths
over the vidicon format., This distortion shall be calibrated to:to.s( percent .

of the lens semi-.diagonal.

5.2.3.31 Focal Length ;

Focal length shall be commandable to 100 £2 mm and
25 #0.5 mm at two separate end stop positions. The focal length at each end stop
position shall be calibrated to an accuracy of 0.25 percent at factory ambient
conditions. Repeatability of focal length end stop positions for thermal vacuum

environments shall be determined.

5.2.3.32 Iris
The iris shall have the capakhility of operating in the
following modes.
Command Mode: The lens aperture 1 be command adjust-

able to f/k, £/5.6, £/8, £/11, £/16 and £/22,to within #2 percent of the total
area of a specified operation for any aperture from f£f/4 to r/22. .

FWhen color filters are supplied by JPL, HAC should attempt to insure and verify
that this requirement is met by coordination with JPL.
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Automatic Mode: On commend,-e& light sample shall be
employed tc control the iris automatically to the average of the cbserved scene
brightness. In this mode, the iris shall correct and settle within 0.5 second
after a change in scene brightpess corresponding to one f/stop. The iris shall
correct to within 40O percent(“> of the desired average vidicon illuminance.

The automatic iris shall be calibrated and adjusted using a test ghart having

an average ccntrast ratio of 2.5 to 1.0 and {1luminated by & 5300 K source. The
automatic iris under the above conditicns shall be adjusted such that the
observed test chart highlights produce an effective saturation exposure

(see 5:2.2.5).

5.2.3.33 Transmission

On axis light transmission at each wavelen th throuzh the
len: assembly including beam-splitter and lens shall be no less than as shown in

,Figure 5-6- .

5.2.3.34 Lens Vignetting

Image illumination across the format, for uhiform input,
shall be at least 60 percent of that in the center of the format at any. iris

setting.

5.2.3.35 Focus Distance’

The focus distance shall ' » adjustable in not less than 50
steps from four feet to.infinity at either focal-length., The focus distance at
any step is to be the same at 100 mm focal-length as at 25 mm focal-length.
Focusing accuracy shall be such that at any step the absolute difference between
the ?csuul focus distance and the nominal distance shall not exceed 50 per-
cent(%) of the difference between the nominal focus distance and the next
lover nominal focus ‘distance, :

5.2.3.36 Focus Stepping

The following twe command modes shall be provided to
change cobject distance:

-

a) Single focus step commands which increase or decrease
the focus position by one cf the 50 or mors focus
steps. The survey TV subsystem shall be capabdble of

Mwm
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C accepting and reacting to single focus step commands
transmitted at the rate of one command every 0.5
seconds or slower. 8ingle step and mechanical
settling time shall not exceed 0.3 second.

b) Muitiple step focus commands which increase or
decrease the focus position until either the com-
mand ies repeated or an end stop is reached. After
reaching an end stop, the multiple step focus
command shall be repeated tc stop the drive motors.
When activated by the multiple step focus command,
focus position shall vary at the rate of 4.0t 1.0
steps per secord. The survey TV subsystem shall be
capable of accepting and reacting to multiple step
"Prous mommends transmitted at the rate cf one com-

mar: avery .5 seconds or slower. Mechanical settling
‘ime after the last step has been achieved shall not
exceed 1 second.

The shutter shall have two modes of operation:

4
/ e) Chutter time of 150 £ 10 msec( )
0
) b Open shutter mode.
£.2.3.38 Camera lLife
(4) The amera shall be designed to prcvide s minimum of

#{fty-thousand TV frames.

5.2.3.39 Camere Sync Pulse Rise Time

-

The r
ne equal to or less tharn 7. ic
>ircsuitry in normal mode arnd ‘5

me (10% - 90%) of horizental synce pulse shall
seconds at the cutput of the camera sync
1icroseconds in emergency mode.

b-‘g
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2,3.40 Camera Sync Pulse Frequency Stability

[ e |
' N

s

Variations in horizontal sweep pulse-
¢h 11 not exceed & .5 useci®), in normal mode, and L0 usec

mode,  The sweep period shall be measured on the

+he black (Or dark current)

to-pulse period
8 in emergency

composite video waveform at’
level, for full scale light input to the vidocon,

approximately 4 volts peak-to-peak video camera output,

5.2.3.41 Camera Mirror Hood

To meet the requirements of 5.,2.,2.15 the camera mirror

hood shall be designed
lens. The interior of
‘minimum, reflections from i{ts walls.

5.2 Signal Procesoiqg:and Transmission

5.2.k.1 Modulator Response

The +<ransmitter frequency deviation

inputs to the wideband
= 1.0 db from 1 cps to 220 keps.,
remain within 2 10% of (ts prelaunch value,

¥

to prevent stray or reflected light from entering the
the hood shall be suitably finished to reduce to a

for sine wave

M videos input of the transmitter shall be flat within
The zers freguency transfer constant shall
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§.2.4,2 Transmission Bandwidth

: Modulation gain shall be such that the composite video
pl..s noise from the camera will not cause significant distortjon or signal-to-
no  ratio degradation due to deviations outside the bandwidths of 3.3 (-3 db)
me in normal mode and 10.5 ke (-2.5 db) in emergency mode,

5,2,4,3 Normal Mode System Demodulated Signal-to-Noise Ratio

Modulation parameters shall be such that a demodulated
peak-to-peak signal to rms noise ratio of at least 43 db is obtained for a
1ow frequency sinewave test signal having & peak-to-peak amplitude of 65% of
the camera peak-to-peak composite video when demodulated in an ideal discriminator
with a square passband 220 kc output filter and a predetection signal-to-noise
ratios 211.5 db in a 3,3 mc square bandwidth defined in 5.2.4.4.).

5.2.4.,4 Emergency Mode Demodulated Signal-to-Noise Ratio

" Modula tion parameters shall be such that a demodulated
peak-to~-peak signal to rms noise ratio of at least 20 db is obtained for a low
frequency sinewave test signal having a peak-to-peak amplitude of 20% of the
camera peak-to-peak composite video when demodulated in an ideal discriminator
with a square passband 1.2 kc output filter and a predetection signal-to-noise
ratio 25,5 db rms-to-rms in the 10,5 kc bandwidth defined in 5.2.4.2,

5.2.4,5 Spacecraft Transmission Rise Time and Overshoot

For a step output from the vidicon amplifier the rise
time (10% - 90%) of the transmitter output frequency change shall be no greater
than 1,0 microseconds in the normal mode, or 7 microseconds ln the emergency
mode, No more than 5% overshoot shall be present,

8:.2.5 Post Landing;Calibration Charts

Two charts shall be provided for post landing photo-
metric, colorigettic, and resolution calibration,

w — ——-———W
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for nominal landing conditions.

5.2.5¢1 Resolution

The chart shall include black and white bars of varying
width safficient in range to deisrmine the post landing resolution, sensitivity
and signal-tb-noise performance of the camera.
mately 8 is required.

5.2.5.2 Mounting and Alignment -

A contrast ratio of approxi-

At least one chart shall be mounted in a plane normal
within ¢ 5.0 jegree to the line-of-sight of the camera when jt views the chart

The other chart shall be mounted such that it

is viewable by the camera and in a plane as nearly as possible normal to the

camera line of sight.

The charts shall be contaiuned within the inscribed

cirele of a narrow angle TV frame taken by the Surveyor TV camera when it
views the chart for nominal landing conditionms,

exclusive of dust.

5.2.5.3 Environmental Requirement

The reflective properties of the charts shall be stable
in the lunar enviromment and survive two lunar days and one lunar night con-

tributing 2 percent or less error in photometry due to environmental effects

The direction of the normal to each ¢ t surface shall

be known in S/C coordinate after landing to t 1 degree (b throughout the
range of landing conditions specified in Section 3.1l.

is desired.

FYIiTLE

5.2.6 Camera Mounting and Alignment

502\601 Heisht

Mirror elevation axis shall be at least L.5 feet above ////)
the nominal lunar surface. Maximum height consistent with 5.2.6.4 is desired.

'5.2.6.2 Uncbstructed Coverage

Maximum unobstructed azimuth coverage at all elevations
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5.2.6.4 Alignment

Mounted orientation of tke camers central axis shall be
known for the mirror orientation before launch to 0.5 degree(B) in space-~
craft coordinates. The camera central axis is defined here as the line
connecting the central reseau point of the virtual camera (see Figure 5-4)
with an obJject which is imaged at the reseau point.

5.2.6.5 Camera Motion

Mounting shall be sufficiently rigid and/or damped that
operation of any camera mechanical functions (e.g., mirror positioning) motion
of the camera central angle (see 5.2.6.5) will be less than 10 sec of arc
amplitude 0.5 second after the camera motion is complete. In addition, the
mounting bracket shall be designed to insure the camera does not rotate or
tilt within the bracket, due to launch and landing loads, to not more than
£0.1 degree(h) either in rotation, or in tilt, from its prelaunch settings.

5.2.6.6 Vidicon Format Alignment

: One side of a TV camerg vidicon format shall be aligned
parallel toc the spacecraft X axis within £ 1 k) degree.

5.2.7 Sequence Programming

5.2.7.1 Autcmatic Sequence

The high picture rate capabilities of the lunar TV
system coupled with severe time and power restrictions require assurance that
the ground environment will not limit the required TV surveillence function.
There is, accordingly, a requirement for en automatic mode of operationm,
meeting the following requirements.

a) A prepared caomputer program for use by the SFOF
computer in this program is designed to accept
initial survey deta and use the information to
errive at an optimum focusing program.

SURVEYOR SYSTEM FUNCTIONAL REQUIREMENTS

<o ——t—— 1
SURVEYOR LABORATORY B i
HUGHES ARRCRAFT COMPANY 4
SPACE SYSTEMS DIVISION

ISEPREA

IR



b) Photographic Analysis: The initial survey sequence
requires that the rapid processed photographic
frames be snalyzed at an averege rate of about 6
frames per minute. Thus, several people operating
ir parallel may be required to perform the data
reduction and provide the relevant data as @
computer input.

¢) Tape Punching: Tape punching and format conversion
equipment are required at the Goldstone DSU to
convert the computer output to color coded alumi-
nized mylar tape such that no delay of spacecraft
sequence operation will result. The punched tape
must be error checked before commands are trans-
mitted from it.

All seguence repeats of the complete mepping sequence for the same focus
settings will be run from the final corrected aluminized mylar tape if the
iris servo is used; if specific iris stops are wanted for specific frames
and/or if specific new focus settings (to achieve better resolution at points
of particular interest) are desired for certain frames, the computer program
should accept these as inputs and produce a new tape sequence program.

5.2.7.2 Manual Operation

\

The operator must be capable of manually commanding all
camera modes from the conscle. This is necessary @s a backup to the sutomatic
mode, or in those cases where only a few isclated frames are wanted. It
should be an objective to achieve as high a menual frame rate as possible.

W
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5.3 Alpha Scattering Instrument:

5.3.1 Generasl Requirements and Objectives

The Alpha Scattering Instrument will be used for compositional
analysis of lunar surface materials. The instrument will detect bdckward
scattered alpha particles as well as protons generated within the sample
Ly the incident alpha particles. .

5.3.2 Television Viewing

5.3.2.1 Stowed and Background Positions

It is desirable that television viewing of the sensor head be
possible with:

a) The sensor he2ad in the stowed position (on the standard sampie)
b) The sensor head in the background count position.

.
5.3.2.2 Iunar Surface Position

All possible locations to which the sensor may be deployed shall
be within the unobstructed view of the survey telcvision camera. Television
viewing capabilities shall include:

a) A narrow-angle survey of the lunar surface area to which the
sensor head is to be deployed. .

b) A wide-angle view of the sensor head on the lunar surface
subsequent to deployment.

¢) A narrow-angle survey of the sensor head on the lunar surface.

5.3.3 Environmental Operational Requirements

5.3.3.1 Operating Temperatures

5.3.3.1.1 Deployment Mechanism:

The Alpha Scattering Instrument Deployment Mechanism shall be
capable of sensor head deployment when the temperature of the mechanism is
within the range of -65°F end +275°F.

v A
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5.3.3.1.2 Alpha Scattering Instrument:

The Alphe Scattering Instrument shall be capable of operation
when the following temperatures are concurrently realized:

a) The sensor head temperature lies within the range of fram
-LO°F to +122°F

b) The s‘rface to which the Alpha Scattering Instrument
Auxiliary (ASIA) and Electronics (ASIE) are mounted is within
the range »f from -4°F to +131°F.

5.3.3.2 Operating Environment

Thermal control shall be provided such that under conditions of
continuous operation the temperature shall remain within the limits spec-
ified in 5.3.3.1 to within 2 hours of the day/night terminator for landings
within #65 degrees latitude (assuming use of the sensor head heater during
the near terminstor p~ricds).

5.3.4 Instrument Survival Texﬁperature

5.3.4.1 Sensor Head

The sensor head, including sensor electroi.ics, is capable of
withstanding without performance degradation noneoptrating temperatures
between -300°F and +167°F

Thermal control shall be provided such that the maximum non-
operating temperature ‘shall not be exceeded at any time during the lunar

day.

5.3.4.2 Digital Electronics

The digital electronics shall be capable of withstanding without
performance degradation non-operating temperatures between, -130°F and
+257°F.

5.3.4.3 Alpha Scattering Instrument Auxiliary (ASIA)

The ASIA shall be capable of surviving a non-operating temperature
range of from -67°F to +185°F

5.3.5 Heater Requirement

A heater shall be included in the sensor head so as to provide the
capability of maintaining the sensor head temperature above -4O°F during
the near terminator periods of the lunar day. The heater shall be sized
so as to be capable of maintaining the operating temperature level to
within 3 hours from the dey/night terminators.

T ‘ T
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Spacecraft Subsystem Data Characteristics

Instrunent Output

Accuracy

Signal Processing

Terminals to

Signal Type Range Transmitter Input
Alpha Particle g
Detector digital NA Bit error rate 10 “
Proton Detector digital NA Bit crror rate 10-?
Sengor Heat Temp (1)
(from ESP) analog -300°F to +167°F + 0.29,
Electronics Temp - (4)
(from ESP) analog -300°F to +257°F * 0.24
Power Supply
(+7 volt) analog 0-5YV - l%(h)
Power Supply ‘)
(+24volt) analog 0-5V. + 1%°
Guard Event (%)
Monitor analog 0-5YV + 1%
Alpha Command
Memory discrete "on" 5 to 10v dc NA
Verification analog "off" 0 £ 1lv de
Proton Commend '
Memory discrete "on" 5 to 10v dec NA
- Verification - anelog “"off" 0 £ 1v dec
A\ . .
' "NUMBER
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9.3.7

Signal Processing and Transmission

The alpha scettering experiment transmission link performance shall be

such as to provide recovered alpha and proton count PCM data at a BER 1.1 x 10° ’
for minimum margin (worst case) multiplex predetection SNR conditions.

plex is defined as the simultaneous phase modulation of the RF carrier by the

alpha count, proton count, and 550 BPS (0.3 radian modulation index) engineering
It shall be possible to transmit other engineering data rstes,
It shall

‘data subcarriers.
in this maltiplex, with increased levels of alpha and proton count BER.

be presumed the spacecraft subsystems contribution to overall link BER is spéc-

ified

late a subcarrier, as NRZ, PCM data, in a PCM/FM/PM mode, at 2200 BPS and 550 BPS,
respectively. The remainder of the alpha scattering PCM engineering data, on an

by pera. 5.3.6.

The alpha particle and proton deteclor outputs shall each frequency modu-

- appropriate engineering data subcarrier, also in a PCM/FM/PM mode.

5.3.8

Service Life

The minimum service life objective of the instrument subsystem, excluding

checkout and test time, shall be 45 hours (36 hours of operation plus 9 hours

maximum interruption time).

This corresponds to a spacecraft service life objec-

The milti-

“tive of 90 days. .
U —— _ NOMBER
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6.0 GROUND EQUIPMENT PERFORMANCE REQUIREMENTS

6.1 DSIF Communication Link: A two-way communication link must be
established between th2 earth and the spacecraft during transit and lunar -
operations. It is rejuired that the spacecraft be compatible with the JPL
Deep Spacc Instrumentation Facilities (DSIF) as defined in the DSIF Interface
and Requirements,Document. The document which defines the technical
performance of the DSIF Mission Independent Equipment and its interfaces
with the Surveyor CIC will be JPL EPD 260 "Surveyor Project/Deep Space
Network Interface Agreement” Revision 1 (one) of 16 August 1965. The
following DSIF capabilities and limitations are assumed in setting other
dependent system functional requirements and design parametgrs:

B35 Transmitter

6.1.1.1 Frequency: In 2110 mes to 2120 mcs band.
6.1.1.2 Tunabillty: May be electronically tuned £70 ke ebout .

center frequency. Center frequency may be placed in selected parts of the

.above band by changing crystals.

6.1.1.3 Frequency Stability: The long term (less than one day)

 stability shall be within 0.1 ppm. The short term stability (less than 1 min)

shall be within 0.005 ppm.

6.1.1.4 Tuning Rete: The maximum rate of change of transmitter
frequency during tracking shall be such that the rate of change of doppler
frequency plus the transmitter frequency rate shall not exceed 1 kc/sec” for
30 sec.

6.1.1.5 Tuning Interval: The maximum time interval between
transmitter tuning during transit shall be such that ‘the transmitter is
tuned before the doppler frequency has changed 75 kc from the frequency at
the last tuning. The nominal tuning shall be such as to keep the received
signal at the S/C within 1 ke (desired) of its open loop rest frequency.

6.1.1.6 Modulation: The transmitter shall be capable of being
phase modulated for sending commands to the S/C.

6.1.1.7 R~F Power OQutput: Tt shall be possible to vary the
transmitter power output from that level required for maximum distance operation
to 20 db below that level. ’ : . :

e
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Uele2 - neceiver

Cadelel Freguency: In 2290 2¢e to 2300 mc band,

L el.2.8 T.natility: May ve elestronigally tuned :70 kc about
center trequency. Center f{requency may be placed in selected parts of the
above band Ly chunging crystais,

0;d1.2.3 Freguency, Accuracy and Stability: The long term (less
than one day) stability shall be within C.1 ppm, The short term stability
(less than one minute) shalli be within 0,0l ppm.

.l 2. Bandwidth: The receiver shall have an i-f bandwidth <f
at least 3,0 mc to recel e television video signals.

t.1.3 Tracking Capability

#,1,3.1 Maximun Angular Tracking Rates: 0.7 deg/sec in uour
angle and declination, (This limits DSIF¥ capability for those parking orbit
~ases when injec:ion takes place near the DSIF, In these "worst case” tra-

“jectories, angular rates up to 3.> deg/sec will be experienced, )

6.1.3.2 Maximum Doppler Shift: Tuning range of the transmitter
and receiver is limited tc 70 kc from their nominal; where the nomiral fre-
gquency is determined by crystal selection, This tuning range, in conjunction
with the spacecraft transmitter and receiver frequency uncertainties, results
in a doppler coverage of up to approximately 50 kc (one way,. This liimits
the DSIF tracking capability for parking orbit cases where injection takes
place near the DSIF, In these "worst case" trajectories, the doppler shift
can be from +72 kc to -72 kc for tne spacecraft receiver frequency (nominally
2113,.3 mc)and from +7& k¢ to =77 ke for the spacecraft transmitter freguency
(nominally 2295 mc), To accommodate these large frequency changes, it will
be necessary to bias the transmitter and receiver center freguencies to a
value such that tracking will te possible during only the last but major part’
of a pass.

<.1.3.3 Meximum Rate of Change of Doppler: Doppler rates up to
2 kc/secz (two way) will be encountered under conditions wherein the angle
rates do not exceed the values specified in paragraph G.1,3.1, Greater
doppler rates will exist but under those conditions, tracking will be limited
by angle rate, 3 s
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6.1.3.4 Loss ot Lock: Momenfary loss ol loc: by tue DSIF
receiver snould be expected whenever ne spacecraft transmitter power level
is switcned.

6.2 Command and De.a Handlin K Cousole (CDC): This sectio:n provides
tne system fURGLIONAl requirements lor tie Surveyor ground commana and data
sandling system as used at tne various DSIF stations. Tne sys.em referred
to here is defined by tne Specification 222¢7,. Tne CDC provides e comnand:
1iuk to tue spacecraft trnrou,... tne DELF trangmitter and receives information
trom the spacecraft throu.. tne DSIF receiver during a Surveyor missiorn.
Provisions are also made tc receive command data at tue DSIF siaticus from 5
tne Space Flight Operations Facili:y (SFOF) at JPL for processin. and s.ut-
sequent transmission to the spacecratt and to also relay data from the space-
craft received at the DSII statious to SFO¥., Commands and adaita transmitted
and received at the DSIF g'aticn ma, e stored in a recorder tuat is’ part of
t.e DSIF station equipmuent or may be transferred Lo two computers which are
part of tne OSDP equipme:nt.

Oelel Down-Lirk Telemetry Suvsydtem: T.ie telemetr, tunc:. ion
consists of equipment wnicn processes and resteres e data contained on rwo
si.nals furnisned to tne CIC from DSIF interfaces. With a received EF
carrier from tue S/C wnich is trequency modulated, a translated 10 MC IF
signal tfrom tie DSIF receiver is seut to the CDC for demodulation. If t.e
RF carrier is pnase modulated, demodulation takes place in ‘the DSI¥ receiver
and tne detected signal i3 sent to the CDC, for furtner suibcarrier frequerncy
demodulation, Tne telemetry cata tuat can be accommodated in tne CDC at any
one time wit. the spacecraflt transmitter in the PQM-FM-FM mode consists of o
analos 8CO (FM) channels, any one of 3 PCM SCO (M) channels, and 1 SCO (¥M,
command enable/reect chantel. The 6 FM cnanunels supply iaformation concern-
ing gyro speeds and spacecraft acclerations when required. When tue space-
craft TV is commanded off, tue . FM cnannels may operate continuously. The
selected POM (commutated) FM crannel of the tnree aveilable channels is used
in tne CDC decommutator where tne messase frame impressed on the c.anel is
divided into a max’mum of 124 di,_ital data words and 2 message sync words.
Tne ™ command ensble/reject cuannel is connected to a display on tne com-
mand console of tne CDC tc show the status of tue CDC/spacecraft data link.

0.2.1.1 Wide Band Frequency Demodulator (§2§p. No. =222, k45,

Rev. ET"

602010101 W3 T.;s\'illga
a) Nominal Center Frequency: 10 MC

.
©) Maximum FPeak Carrier Deviation: zl.u5 MC

¢) Predetection Filter Bandwidth:
-3 DEE 0.5 DB Bandvidth is 3.3 MC; Equivalent

noise bandwidth s 3.3 MC 20,32 MC
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d) Post Detection Video Response: Video information
Tn a bandwldth ol I cps to 220 k cps shall be
received with a flat response +l, -1.5 db at tne
unfiltered output of the demodulator. The demodu-
lator post detection filter shall have a bandpass
of dc to 220 k cps, and its amplitude response
suall be down 3 db £0,5 db at 220 K cps., The filter
overshoot in response to a step change at tiae input
snall be < 1% of final value,

e) ™ SNR Improvement: The post detection SNR for a
Tow Trequency sinusoidal signal producing 310 ke
peak carrier deviation shall be 238 db PK-PK/RMS,
for predetection SNR 2 11.5 db RMS/RMS.

f) Demodulator Transient Characteristics: For a step
cnange 1in ?requency input to the demodulator,
(10-90 )% rise time shall be < 2 u secs. No more
tnan 3% oversnoot shall occur at the unfiltered
Output .

6.2.1.2 Narrow Band Television -

a) Nominal Center F : 10 mec at input to
demodulator itrnnslatcd to 70 ke within CDC)

b) Meximum Carrier Deviation: = 5 kc

¢) Predetection Filter Bandwidtn: -2.5 db 20,5 db
Pandwidtn =10.5 KC; cquIv:Ient noise bandwidtn
11.8 ke 21,1 kc, :

d) Post Detection Video Reaponas; Video information
in a bandwidth of O.1 cps to 1.2 k ¢cps shall be
received with a flat response of 1l db at tue
unfiltered output of the demodulator. The demodu-
lator post detection filter shall have a passband
of dc to 1.2 k ¢ps, and its amplitude response

snall be that of a linear pnase function, down
3 db 20,5 db at 1.2 k cps. /

e) PM SNR Improvement; The post detection BNR for a
lov frequency.sinusoidal signal producing 1.5 ke
peak carrier deviation shall be db PK-PX/RMS
for car.ler predetection SNR 2 5.5 db RMS/RMS,

£) Demodulater r&mi_g% For a step
change in frequancy input to the ulator the
rise time (10-90)% of the filtered ocutput shall de
S 300 4 secs, No more than 3% cvershoot shall
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602.10103 wideb‘nd FM/I'M Mode

a) The post detection SNR shall be as noted below,
for the six multiplexer accelerometer cnannels,

PEAK CARRIER DEVIATION FPOST DETECTION SNR DB PK-PK/RMS

1) 2 ke db
2) = ke db
3) 2 , ke db
L) = ke db
5) ¢ ke db
o) % ke db

for a low frequen:y sinusoidal signal, at a
predetection SNR ¥ 11.5 dbo RMS/RMS. The post
detection SNR is defined at tne second M
demodulator output,

Y b) The total harmonic distortion of a low frequency
sinusoidal signal shall be = %.

©.2.1.1.4 PM/TM Mode: Nominal frequency ran.e - 300 cps - 50C ke
(within db) allowatle analog signal narmonic distortion < percent
maximum.

6:.2.1.2 Sutcarrier Discriminators (Spec. No. 222-510, Rev. C):
Tne following discriminators with proper channel selectors shall be furnisned:

Channel
Center Selector BW
Frequency KC (2.2 db) (cps)
2.3 3u6
1.7 256
Sk L22
Sk 810 ¢
= 780
T.35 1102
33.8 Lh2o
0.56 R
52.26 1k
= 20.0 3333
M
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Channel

Center Jelector BW
Frequency KC (-2.5 db) (cps) .
90.0 9900
110.0 : © 9900
130.0 : 10920
150.0 : 99w

6.2.1.3 Decommutator (Spec. No. 222514, Rev, J): Tre function
of the PCM decommutator is to separate commutated telemetry data received
from the S/C to provide individual outputs suitable for display, recording
and real-time transmission to tine DSIF.

a) PCM input design criteria:

1. Serial bit rates of NRZ bit stream shall be
be 4400, 1100, 550, 137.5 and 17.2 BPS.

2. Serial word length shall be adjustable from
5«15 bits including those for synchronizsation
and parity.

3. Word frame length shall be adjustable from 5
to 128 vords including frame sync words.

L, 044 parity shall be provided for all words.
b) TV-PCM Mode: The decommutator shall operate with

an input in which 15 channel Frame ID PCM data
will immediately follow a TV video signal.

6.2.1.4 Telemetry Subsysvem BER

a) The PQM telemetry subsystem shall have & EER at &
predetection SNR of 1041 db s 3 x 10-3, for all
b bit rates

b) The TV-PCM mode (TV Commutater Frame ID) shall
have a BERS 3 x 10"3 at s predetection SNR
2 11,5 db for all bit rates, for the normal mode,
and at a predetection BNR2 dt for the emergency
mode.

6.2.2 Command Subsystem (Spec., N The
command subsystem generate Zital commands that control the 85/C opera-

tion with five functional modes: keyboard mode, tape reader mode, auxiliary
mode and emergency mode.
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6+2.2.1

602’12.2

0e242.3

Ce24244

Format

a)

b)

e)

Direct Commands - 2k bit word consisting of 4-bit
sync, 5-bit address complement, 5-bit address,
5=bit command complement and 5-bit command.
Manchester coding is used on all except the first
four bits.

Quantitative Commands - Same as &) except sub-
stituting a special 10-bit quantity message for
the 10-bit command and its complement.

F111 4in Worde - Same sync &4 bits as &) followving
with 20 bits all ones.

Rate and Bubcarrier Frequency: The subsystem shall be
capable of driving an SCO at 48 BPS, The output frequency of the 8CO shall
be 2127 #15 cps for "O" bit and 2473 215 cps for a "1" bit,

Command Generator (Spec. No. 222521, Rev. G)

a)

b)

c)
c)

e)

Command programmer oscillator: 38k cps #.05
percent,

Countdown ratios: L4:1 and 8:1 forming two square
waves, 96 cps #.05 percent and L8 cps #,05 percent.

Square wvave rise time: 10 y sec.,

Keyboard Entry: Keyboard shall contain an array
of eight pushbuttons numbered gero tnrough seven.

Command Generator output: Serial train of
Manchester coded binary bits having 12 volts de
level for a one bit and O volts d¢ level for a
zero bit.

Command Printer (Spsc. No. gg?ig%z Rev, Cli The
command printer converts the binary-coded ¢ o to & real-time

printout of the transmitted command and the time of ocommand transmission.

| —

.)

®)
o)

M
SURVEYCOR SYSTEM FUNCTICNAL ABQUIREMENTS

The printed record shall consist of 1l columns of
print in a l2-column format,

Characters: 0.085 4n. wide - 0.100 in. high

Printing rate: 2 % lines per second
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d) Input signal code: parallel 1248 BDC code format

‘ e) Input signal logic level: 12 ;?3 volts for a
one bit, O£l volt for a O bit.

0e2.245 Punched Tape Reader (Spec. No. 222522, Rev, D): The
tape reader provides a semi-automacic command word entry mode for the
Command System.

a) Tape widtn: 0.6875 - 1.0 inch width

b) Tape speed: the unit shall be capable of reading
at least 30 characters per second in a stepping
mcde synchronized to an external system.

¢) Tape slew speed: 50 characters/sec.

d) Output voltage: 1l2#1 volts code hole; O&l volt
no code hole.

e) Start time: the unit shail step to the next
character and reacnhn a quiescent level in less than
2o ms after receiviig s start signal.

6.2.2.6 Subcarrier Oscillator iszgc. No. 222SZBI Rev., E): The
unit shall accept binary-coded command words from the various ertion modes
and develop an AF signal (whese output frequency is varied between two
adjustable extremes),

a) Output frequency: See 6.2.2.2

b) Deviation: BSee 6.2.2.2

¢) Phasing: increasing positive input voltage shall
produce an increasing output frequency

d) OQutput voltage: adjustable from O to 4.5 volts
rms.

e) Linearity: when the cutput frequency is plotted ///’
versus .5 volt steps of the input volitage, within
the 5 volt operating signal range, deviations from
the best stralignt line shall not exceed &) percent,

£) Stability: the change in center frequency shall
te less than 1 percent of bandwidth, during an
S nour period after a 15 minute varmeup.
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€.2.2.7 Automatic Tape Entry Mode - Command Subsystem TV

a) Frame Rate: Nominal frame rate for CDC §/C
synchronized tape modes snall be one frame every
3.¢ sec. in the normal mode. The autcmatic
synchronized command system shall cause a maximum
time delay of equivalent to one frame in fifty
during a prolonzed sequence.

b) Number of command without changing tape: A _ape
reader-spooler combination shall ve capatle of
storing up to 10,000 commands without changing
spools or switcning to an alternate confi.uration.

6¢2.2.8 Command Subsystem Uplink BER

Keyboard Mode: The command subsys-em s:;all :nave
a BER, at the SCO input terminals 1 x 10°~.

.
t,) Automatic tape entry mode: The command subsystem
shall have a BER at the SCO input terminals
BT W

6.2.3 Recording Interfaces: The CDC shall provide suitable
tuffering to record on playback at specified signal levels on the followin.
DSIF recorders,

CEC 36 Channel Oscillograph
FR 300 )
FR 1400

CDC signals to bte recorded on FR 1400 and FR 800 are summarized in Table

and signal characteristics are listed in Table « Telemetry signals
to be recorded on the CEC oscillograph are listed in Table .
6.2.4 Television Subsystem (Spec, No, This

W
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TABLE 1)-1. SUMMARY OF SIGNALS TO BE RECORLEL ON FF-1hk0O ANL/.OR FR-B0C
Tape p¢ : F Record
w Output Recorder Signal Signal Lirect
g Signal lmpedance Usea/Impedance Bandwidth Format Bit Rates Level Or MM
i g Command SCO 20 1000 -FR-1400 Audio Digital L8 3.TTV direct
T - : 10,000 -FR-800 Frequency modulating | RMS
=8“ g L/
>» E Phase 20 1000 -FR-1400 | 250 CPS- NRZ 17.2 = As shown |direct
RS Detected 160 KC Ligital | L40O mod- | in Table
e - Telemetry (Spec) On Sub- ulating 11
% g Carrier SCO's Amplified
il 8« Oscil- from .56 by 1, 10,
2; o lators KC to or 100
035 E 33 KC
385 E Reconstructed 1 1000 FR-1400 17 BPS NRZ 17.2 - -1 to -11|square
sg teles=try 100 -kLkoo Digital 4400 volts - |wvave
gi-( : o BPS FSM
Wideband 20 1000 FR-1400 | U7.5 KC- Analog - 1.23V direct
Telemetry 160 KC RMS
A. Accel-
erameter
channe 15
. B. Video 20 1000  FR-1k0O 0-220 Analog - whv direct
KC
cC. 3 20 1000 FR-1400 28.5 KC- MRZ LLOO on 0.194V direct
i SC0 37.5 KC 33 KC ¥
(¥m) - SCO
N
n»
R
o
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' NOTE

The DSIF TVGDHS - Television Ground Data
Handling System - Document S. O. and R,
No., FOT-2-110 - is the primary system.
The HAC TV subsystem specified here shall

be considered backup to the primary system,

C.2.4.1 Normal TV Monitor and Photo Recorder

6.2.4.1.1 Monitor Display: Each CDC shall provide at least one
real time display of the image. he primary purpose of the display is to
allow the console operator to monitor and verify proper operation of the

cameras. During surveys of selected areas, manual control

may very well te

ased; hence, the monitor display should be of high enough quality to allow
the console operator to perform the focus and (4f necessary) iris control
functions. However, display of the full resolution inherent in the videc

siznal is not a requirement.

a) Output at video monitor in response to step input
pulse from the S8/C: s 5 percent overshoot.

t) Peak horizontal sync jitter at predetection SNR »7

11.5 RMS/RMS Jb: <43 pixels,

©.2.4,2 Emergency TV Monitor and Photo Recorder

a) Overshoot in response to a step change at S/C

system input shall be = 5%.

b) Peak horizontal sync Jjitter at
Of 50) db:5 %= 5 puel.o

predetection SNR

6.2.4.2.1 Photographic Recording: The entire photographic
recording system is required to achieve a relative response (lqucre wave )

as follows:
N(TV lines) °

200
L0o
500
600

Relative Response i
.9 /

- J

3 :'

:

The recording system must be capable of photographically sorting both the

video signal and the frame identification dats, excluding
electronic temperature information.
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6.2.5 System Tester: The system tester simulates the 5/C
for the purpose of testing the CDC. Specifications or major system tester
. components are:
274004 - S-Band Transponder
274006 - Command Decoder .
223160 Rev. B - Random Noise Generator
223154 Rev, C = TV/PCM Generstor
223155 Rev, C - IF Oscillator Test Set

288723 Rev.A - Command and Data Handling System
Test Set

6.3 Orbit Determination: Determination of the transit trajectory
ghall be accomplished at the SFOF based upon doppler velocity and angle
position data.

6.3.1 Accuracy Regquirement at Impgct: The three sigma
error ¢f the last orbit determination done prior to the sending of terminal
maneuver commands shall result in no greater than the following errors in the
unbraked impact variables,

(2) (2)
6¢3.1:1  Time of Impact: 410 sec (required); a3 sec

(desired).

(2)

6.3.1.2  Magnitude of Unbraked Impact Velocity: &3 meters/eec .

/
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€.3.1.3 Direction of Unbraked Impact Velocity: <0.18 deg(l) for

vertical impact trajectories; $ 0.%0 deg(l) for 45 degree impact trajectories
(this corresponds to a 30 kmll) miss vector error),

6.3.2 Timing Requirements on Orbit Determinations

6.3.2.1 The first orbit determination shall be completed no
later than 4 hours after launch,

6.3.2.2 The orbit determination to be used for the midcourse
correction computation shall be completed at least 2 hours prior to the time
the midcourse correction is to be implemented, - ‘

6.3.2.3 The orbit determination to be used for the terminal
descent calculations shall be completed at least 3 hours prior to unbraked
impact,

.

6.3.3 Standard Trajectory Data: Post injection standard tra-
Jectory data shall be supplied by the S/C contractor to JPL at least seven
weeks prior to launch, There shall be a minimum of three trajectories across
the permissible launch window for each launch day.

6.4 Midcourse Guidance Program: The midcourse correction computations
shall be performed st the GFOF, %gocrnml for the normal midcourse correction
.88 well as those for emergency procedurszs under abnormal miss conditions or
certain abnormal S8/C conditions shall be supplied by the S/C contractor,

6.4,1 Computation Technique: The midcourse eorrociion compu~
tation technigue shall De an Lterative procedure in which storage of influence
coefficients is not required,
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6.,4.2 Inputs: The inputs to the midcourse guidance program
shall be the best estimate injection conditions, the desired landing site,
time at which the midcourse correction is to be made, as well as other
pertinent §/C and system parameters, These constant parameters shall be
supplied no later than 2 months prior to launch,

6.4.3 Qutputs: The outputs of the midcourse guidance program
shall be the two maneuver angles, the velocity increment, the time tolerance
over which the correction is to be made, emergency fuel requirements and
emergency landing site locations.

6,44 Computation Time: This program shall require no more
than 15 minutes running time on the SFOF computer,

6.4.5 Midcourse Guidance Computation Error: The contridbution
to the midcourse correction accuracy ZSectian 3.5.%; due to the midcourse

guidance computation program shall be less than 5 km,

€,5 Terminal Guidance Program: The terminal guidance computations
shall be performed at the SFOF, !;O'rlﬂl for the normal terminal guidance
computations as well as those for emergency procedures shall de supplied by
the S/C contractor,

6.5.1 Computation Technigue: The terminal guidance computa-
tions shall be pcrformoz With an iterstive procedure in conjunction with the
best model available which describes the terminal phase,

6.5.2 Inputs: The inpute to the terminal guidance program
shall be the best estimate trajectory data and other pertinsnt 8/C and system
parameters, These constant parameters shall be supplied no later than 2
months prior to launch,

6.5.3 Qutputs: The outputs of the terminal guidance progranm /
shall be the three maneuver angles for the 8/C, the time for marker radar ////
actuation, the engine ignition time delay, the vernier engine thrust level,
and the planar array polar angle,

\
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6.5.4 Computation Time: This program shall require no more
than 10 minutes running time on the SFOF computer,

6.0 Engineering Data Reduction: It is required that §/C telemetry
data be presented to S/C performance specialists at the SFOF in a mannef
readily interpretable for determining S/C status and planning sequence modi-
fications under non-standard conditions. Date processirg requirements include
detection of bad parity, scaling to engineering units, reference voltage and
functional calibration, alarm monitoring; and accuracy estimation. Real time
(~1 second delay) alarm moniteoring and limited processing are reguired for
some channels during critical sequences, SFOF computer programs shall be
developed to satisfy these reguirements,

6.6.1 Inputs: Input date consists primarily of raw S/C
» telemetry after demodulation and decommutation,

6.7 Power Management Program: Estimates of present battery charge
conditions and predictions of future battery charge conditions are required
to assist sequence planning during transit and lunar phases. A SFOF computer
program shall be developed for this purpose,

Tl Inputs: The program shall operate from the following
input data:

1) Commands and times already sent to S/C

2) Operational events and times in the planned
sequence

.
3) Telemetered £/C power system data

&) Temperatures of power system comporents from
Thermal Management Program.,

MW
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& 1.0 Qutputs: The program shall provide the following data

as principal output:

: 1) Estimated battery charge condition
2) Variance in estimated battery charge condition
3) Power dissipation versus time in specified

compenents for use by the Thermal Management

Program.,

=

.8  Thermal Management Program: FPredictions of various §/C component

temperatures are reguired to assist seguence planning in non-standa:d conditions,

A SFOF computer program shall be developed for this purpose.

h.8.1 Ingugn: The program shall operate from the followiig
input data:
1) Telemetered S/C temperatures
2) Power ﬁillipnticnn from Power Management Progranm
3). Shadowing of components
L) Coiﬁonont view factors to space
5) Sun'unglon and projected areas of components,
6.8.2 Qutputs: The program shall provide predicted component

temperetures,

6.9 Attitude g;g.fg%; Many aspects of 8/C performance and scientific

data interpretations are influenced by the £/C attitude with respact to the
lunar surface, the sun, and the earth, A SFOF computer program shall be
developed to determine S/C attitude after landing and provide various attitude
related data,
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6.9.1 Inputs: The program snall operate from the following

principal input data:

1) Time at which computation is to be performed

2) Ephemeris of sun and earth in lunar coordinates
3) Nominal roll attitude at touchdown

L) Latitude and lorngitude of landing site

5) Telemetered solar panel and planar array gimbal

angles and estimated aispersions in these angles

6) Maximum lunar surface slope expected

7)  Star directions in TV camera coordinates

8) Gimbal angles immovable or otherwise specified.

-6,9.2 Qutputs: The .- .ram shall provide the following
output data:
1) Nominal sun direction after landing and corres-

. | ponding gimbal angle.

2) Loci of possible earth directions and corresponding
gimbal angles after sun direction has been determined,

3) Attitude matrix descrioing the orientation of the

S/C in selenographic coordinates,

L) Angle between S/C roll axis and local vertical and

error estimate,

5) Gimbal angles for repositioning of solar panel and

planar array.

€) Optimum gimbal angles end deviations for non-standsrd
planar array and solar panel orientations and drive

failures,

e _ W
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" ©,10 Telecommunications Program: Predictions of signal-to-noise ratio
margins in the

receiver ag a function of trajectory and component parameters

for all Surveyor data and command modes are required to assist sequence planning
in non-standard conditions. A SFOF computer program shall be developed to
provide this data,

€.10.1 Inputs: The program shall operate from specified 5/C
and DSS parameters and trajectory data.

Mﬂ
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7.0 TRAJECTORY AND GUIDANCE REQUTREMENTS

Tsd Boost ani InJection Phase

T.1l.1 The boost and injection trajectory is that portion of
the trajectory starting at lift-off and ending with injection into the trans-
lunar trajectory.

Tol.2 Launch Site: The launch site shall be complex 36 of
the Cape Kennedy, Florida facilities of the Air Force Eastern Test Rarge (AFETR).

7.1.2.1 Pad 36A

Geocentric Latitude 28.3106 deg. North
; Longitude 279.4618 deg. East

7.1.,2.2 Pad 30B

Geocentric Latitude ~ 28.3075 deg. North
Longitude 279.4588 deg. East

W
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7.1.4 landing Area of Interest: For the purpose of selecting

launch days on which trajectoriss will be designed, the area of interest for
Surveyor landings is in the region bounded on the west by 45° selenographic

longitude and on the east by the off-vertical landing capability of the space-

craft.

T:1:5 Iaunch Day Restrictions: For the purpose of selecting
launch days on which tralectories will be designed those days which meet the
following criteria shall be considered:

7.1.5.1 Direct Ascent Missionse
7.1.5.1.1 launch window greater than zero minutes

7.1.5.1.2 launch vehicle flight performance reserve greater than
zerc pounds.

7.1.5.1.3 launch azimuth between 80 and 115 degrees east of true
north.

7.1.5.1.4 Landing between 20 hours before the morning terminator
and 72 hours before the evening terminator in the area of interest defined
in Paragraph 7.1.4.

TedleH.2 Parking Orbit Missions

»
7.1.5.2.1 launch window greater than zero minutes

7.1.5.2.2 Centaur parking orbit coast time between 116 seconds
and 25 minutes. 3

7.1.5.2.3 launch azimuth between 78 and 115 degrees east of true
north. .

7.1.5.2.4 landing between 20 hours after the morning terminator
and 150 hours before the evening terminator in the area of interest defined
in Paragraph 7.1.L4.

1:1.6 lLaunch Azimuth Versus Time of Lift-Off: On each day
for which launch vehicle guidance constants are to be determined, the
implementation of the exact relationship between launch azimuth and the time
of 1lift-off shall be the responsibility of the launch vehicle contractor.

T:1.7 Post Lift-Off Trajectory Parameters: For nominal 66
hour trajectories, the parémeters shall be &8 fOLlOWS:

7.1.7.1 For direct ascent trajectories:

Twice Vie Viva Energy (C ) -0.85 to
-1.70 Km /aec2

FiTLe
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Nominal Perigee Altitude: 90 n. mi (167 Km)

Injection True Anomaly: -8 to +15 degrees

Nominal Boost Arc: 27.5 degrees
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T.1.7.2

7.1.8
T:1.8.1

7:1.8.2

For parking orbit trajectories:

Twice Vis Viva Energy (C3):. -0.85 to -1.85 ng/sec2
Nominal Parking Orbit Altitude: 90 n. mi (167 Km)
Parking Orbit Coast Time: 116 seconds to 25 minutes
Nominal First Boost Arc: 20 degrees 8

Nominal Second Boost Arc: 8 degrees

Specification of Target Criteria:

Target Criteria

Launch Days - calendar day of launch

Impact Speed - unbraked lunar impact speed

Impact loaction - selemographic latitude and longitude

of unbraked impact

Arrival Time Constraints - earliest and latest time of

unbraked impact

Targeting Procedure: The trajectories shall be targeted
for each day so that unbraked lunar impact shall occur at the specified speed
and location. If, however, for any trajectory the specified speed cannot be

obtained without viclating an arrival time constraint, that trajectory will be
targeted so that unbraked impact will occur at the apecified location and the

arrival time constraint.

/7
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7.1.8.3 Trageting Aceuracy: No trajectory shall require more
then a 2 meter per second midsourse maneuver at 20 hours after injection to
achieve the specified unbraked impact location and‘'no more than a 4 meter per
second midcourse maneuver at 20 hours after injectiun to achieve all the
specified target criteria.

7.2 Transit Phase

Te2.1 Transit Time:

7.2.1.1 Lirect Ascent Trajectories: For a nominal " hour
trajectory, the actual nominal time of flight from injection to unbraked
impact varies from -1 10 5 hours.

.i.2 Parking Ortit Trajectories: For a nominal wu hour

trajectory, the actual nominal time of flight from injection to unbraked
impact varies from <l Lo '1 hours.

n ® v

T. 2.8 Goldstone Visibility at Landing: All transit traject-
ories shgll be designed so that the spacecralt wi e visidle to the
Goldstone Pioneer Station (DSIF 11) a minimum of 2 hours prior to and 3 hours
following unbraked impact. Visibility is defined by the mutual satisfaction
of the following constraints: an elevation angle of 5 degrees, antenna gimbal
angle constraints and terrain interference masks,.

Tl el Unbraked Impact SEecd Limét’: The targstied unbraked
lunar {mpact speed shall be between 2ol and meters/second for direct

ascent trajectories and 2000 and 2690 meters/second for parking orbit
trajectories,
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8.0 SERVICE LIFE AND RELIABILITY OBJECTIVES

8.1 The service life of the spacecraft as defined in paragraph 3,14.1
of JPL Specification 30240 shall be as an objective, 90 Earth days.

8,2 The reliability requirements of the spacecraft are defined in
paragraph 3.14,2 of JPL Specification 302Lk0.

8.3 The detailed subsystem and component reliability objectives and
concomitant program plan which will insure the achievement of the Miesion

reliability objectives are presented in HAC Specifications 22L600, 224001,
and 22k602, 7 ‘
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