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FOREWORD

This report was prepared in conformance with the requirements of
NASA Specification S-U6C-ATS-19, which is GSHC's specification pertaining
to the ATS~-F cxperiments, design study, and fabrication., Additional require-
ments are contained in GSFC specification 8-524-P-4C, "1C.6 Micron Laser
Communications Systems Experiment for ATS~F." This is Part 3 of the three-
part Volume I Design Study Report pertaining to the LCE spacecraft transceiver.
and contains the ICE design specifications. Part I is a comprehensive, gelf-

contained report of the transceiver design while Part 2 contains the appendices.

Volume IT, which will be delivered in late fall of 1970, will cover
the remaining elements of the LCE, including the Operational Grournd Equipment,

Data Acquisition Plan, and Data Processing, Reduction, and Analysis Plan,
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AGC-20186

1. SCOPE

1.1 chEe.- This specification covers the requirements for the design,
fabrication, performance, and testing of a 10.6 Micron Optical Heterodyne
Receiver Subsystem for use in a Laser communications system.

1.2 Application.- The Receiver Subsystem, as a part of the laser Comunica-
tion Experiment iICE],Will be operating in the ATS-F spacecraft and in a trans-
portable ground station establishing two-way laser communications between the
spacecraft and the transportable ground station, The Receiver Subsystem shall be
capable of meeting the reguirements herein while operating within the spacecraft
as well as in the transportable ground station. Modifications required for
operation due to the differences in environment shall be held to a minimum.

1.3 Classification.- The Iaser Receiver covered herein shall be classified
as follows:

‘Suffix No. Deseription
-1 Flight Model
-2 Ground Model: The ground model shall be functionally the

same as the flight model except the ground
model shall include & means to cryogenically
cool the mixer. (See appendix A)

Fach classification shall be specified by referencing the specification number and

the suffix number for the specific receiver model desired., Example: Furnish a
flight model receiver in accordance with AGC-20186-1.

2o APPLICABLE DOCUMENTS

2.1 Unless otherwise specified, the following dccuments of the exact
issue shown forms a part of this specification to the extent specified herein,
In the event of conflict between documents referred %o herein and the contents
of Sections 3, 4, and 5, the requirements of Sections 3, 4, and 5 shall apply.
SPECIFICATIONS

NASA Documents

NHE 5300.4 (3A4) Requirements for Soldered Electrical Connections
§-300-p-1 ' Printed Wiring Boards
5-323-P-10 Connectors, Subminiature, Eiectrieal and Coaxial

Contact, for Space Flight Use

Military
MIZ=D~1000 Drawing, Engineering and Associated List
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ACC-20186

Aerojet-General Corporation

AGC-20511 ' Envirommental Degign Criteria and Test
' ' levels for the ILaser Communications
Experiment and Associated Components

AGC-20521 Telemetry and Commands, LCE
AGC-20522 Thermal and Structural Requirements, ICE
STANDARDS
Military
MTL-STD-461 Electromagnetic Interference Characteristics,

Requirements for Equipment

MIL-STD-L62 _ Electromagnetic Interference Characteristics,
Measurement of

MIL-STD-463 Definitions and System of Units,
Flectromagnetic Interference Technology

MIL-STD-889 Dissimilar Metals

Aerojet-General Corporation

AGC-3TD-2311 . Quality Assurance Requirements for Suppliers
of Iaser Communications Experiment Equipment

AGC-STD-2312 Reliability Assurance Requirements for Suppliers
of Iaser Communications Experiment Equipment

(Copies of documents required by contractors in connection with specific procurement
functions should be obtained as indicated ir the Department of Defense Tndex of
Specifications and Standards or as specified by the contracting officer.)

3 REQUIREMENTS

3.1 Item Definition.- The 10.6 Micron Receiver Subsystem shall include the
following major components:

(a) Mixer Assembly
(b) Preamplifier Assembly
(c) Processor Assembly
3.1.1 Receiver Subsystem Block Diagram.- The Receiver Subsystem shall be in

accordance with the Blcck Diagram as shown in Figure 1A, Figure 1B is for reference
only and shows the relationship of the Receiver Subsystem to the Iaser Communications

Experiment (ICE).

2 Rev. C
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3.1.2 Interface Definition.- The electrical components and voltages
affecting the input/output impedances on both sides of the interface electrical

connector shall be .as shown on Figure 2,

The performance and mechanical inter-

faces shall be in accordance with 3.2.1 and 3.2.3, respectively.

3.2 Characteristics.-

3.2.1 Performance,- The Receiver Subsystem shall be capable of meeting the
FM video channel performance requirements specified in Table IA, the acquisition
and tracking channel performance requirements specified in Table IB, and the AM
video channel performance requirements specified in Table IC while being subjected
to any combination of environmental conditions imposed on the operating equipment

as specified 3.2.6.1.
extent specified in section L.O.

Demonstration of compliance shall only be required to the
Performance characteristics shall not be pre-

dicated upon the selective use of components or devices of the same part number

(mixer of elements excluded).

'3,2,1.1 Fower.- The Receiver Subsystem

and power levels specified in Table II.

shall operate within the voltages _

TABLE TII. TInput Power %o the Receiver Subsystem //// -
Tnput Operating Current Ripple at—=
Power DC Voltage 5 Hz to(i KHz
(Milliamperes) Total of\“the~Cperating
Voltage
Peak-to-Peak
Watts :
( e (Volts) (Max) (mv)
1.76 + 12 + Q.23 88 i5
1.76 - 12 + 0.23 88 15
0.11 + 5 % 0.25 21 300
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Table IA. FM Video Channel Performance Requirements

(1) Receiver Video Output: (2 required)

(a) Ievel over 1 Mz to & MHz
(b) Impedance over 1 MHz to & MHz

(2} Preamplifier
(a) Pandwidth

[17
{b} Input saturation ‘VQ."‘

(3) Demcdulation Cheracteristics , ﬁfr‘ .
{a) Demcdulation sense {(at video cutput} ;}j :
(b) Instantaneous bandwidth -
Center frequency

7=

1 volt peak~-to-pmak £ 0,5 db
75 ohms, unbalanced, vith miaimum return less of 20 db

30 %.6-MHz,consistent with videc distortion and moise requirements
=40 dbm or great.er at the input to the mixer assembly

T T

4
Increase in positive potential for incresse in carrier frequency deviation
Consistent with the video distortion and noise requirements specified herein
30 MHz

L
{d) Output sensitivity over -T2 dbm to =56 dbm oz m{;input pover levels at.

mixer window at any frequency from 26.0 to(3k4.0 Constant within ¥ 0,3 dn

{2) Beseband amplitude - frequency charscteristies—" Reference } Min imum
Freguency Pesign Geal Acceptable
1.5 MHz 0 dv 0 db
1.0 to 1.8%0 MHz *+ 0,1 db % 0,25 db
) n /j/) 1,840 to 5,0 MHz 0.2 db £ 0.b ab
{f) Oroup deley over 12 MHz bandwidth /J/

1 Q.7 n sec/Miz slepe
j 0.5 p sec/MHz? parsbolic
6,0 n sec peak-to-peak ripple

(g} Demcduletion Amplitude A carrier deviaticn of& L.0 MHz shall produce a 1 volt * 0,5 db peak-to-peak

output signal e
(h) Video Mstortion and Neoize 7\4? - -

-

(a) Amplituds of the synehronizlag signal Syretroririrg pulses shall te 0.29 + 0.02 volts HJ e
v
-
(b} Periodic noise (ratio of P-P picture signal amplitude io the DY [ v
P-P noise amplitude) S S

1. Power Supply Humi..eoeeoo... T

{Invluding the fundamental frequency and low harmonics )
2. &ingle frequency noise between L KHz and 2 MHZ.........
3. Single-freguency noise between 2 and 6 MHZ...esverrnens

38 db min,

‘ ), ) U.f[
e <z ( e
62 db min. —#x U{)_r/i 4 d_;'leg j
b5 db min, a;?

(5) Automatic Gain Control

Recelver automatic gain control shall set the output power %o its naminal
level £ 1 &b within 0.2 seconds and pass amplitude medulaticn

(a) Recovery time (for instantaneous carrier power level changes up to bl db
with respect to Carrier to Noise Ratio (C/N) of -18 db tc -6 db)

{b) Telemetry ocutput of the A7 G to 5 volts corresponding to & carrier dynamic range of -72 dbm to =56 dbm
with an output impedance of 1000 obm or less. The bandwidth of the telermetry
chernel shall bte 10 Hz et the 3 db polnts.
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(1)

(2)

(3)

(1)

.Table IB.

Acguisition_
(a) Input:
(b) Output:

l. Amplitude:
2. Pulise Width:

3. Rise and Fall Time:

Acquisitioﬁ Tracking

(a) TInpub:

(b) OQubtput:

2 £, {Acquisition) Signal

(a) Input;

{v) Output:

Operational Tracking

{a) Input Signal:

(b) Output Signal:

AGC-20186

Acquisition and Tracking Channel Performance Reguirements

-18 ap minimum;/

3.8 £ 1.4 volts
50 %+ 10 milliseconds
1 millisecond, maximum

-19 db to -7db and 1.5% amplitude nodulated® _
-23 do to -11db and 40% amplitude modulatedZ/

* 0.1 volt corresponding to -19 db to ~7db 1.5% modulated input,

minimum, peak-to-peak with a linear signal of * 5 volts
corresponding to -23db LO% modulated input.

-19 db to -7db and 15% amplitude modulated®/
-23 db to -11db and 70% amplitude modulatea_é_/

3.8 £ 1,4 volts

23 db and 1.0% amplitude modulate%;/
19 db and 15% amplitude modulated

0 % 0.1 volt corresponding to 23 db, 1.0% modulated input,
minimum, peak-to-pesk with a linear signal of £ 5 volts
-corresponding to 19 db, 15% modulated input

l/ Peak carrier power/rms nolse ratic with Gussian shaped signal

2/ Minimm average carrier power/rms noise ratio.

9gTOC-0DY



(1)

(2)

(3}

Ly

(5)

AGC-20186

Table IC, AM Video Channel Performance Requirements

Recelver Video Qutput

%a) Level over 20 Hz to § MHz
b) Impedance over 20 Hz to 5 MHz

Freamplifier
(2) Bandwidth

(n) Immt saturation

Demodulation characteristice
(a) Demodulation sense

{bv) ‘Instantaneocus bandwidth

(c) Center frequency
(¢} Output sensitivity {over 72 abm to ~56 dbm carrier input power
o amplitude medulation and 30 Yz

to 5.0 M Iiz envelope modulation frequencies

level gt mixer window ot a 30 /

(e} naseband anplitude - frequency characteristics

{t) Group delay over 10 Mz bendwidth

¢
C<.

{g) Demodulation amplitude

Video Distortion and Noise

(a) Amplitude of the synchronizing signal

{b) Notse

Periodic noise (ratio of P-P pleture signal amplitude to the
P-P noilse amplituds)

1. Power supPly NUMee.e.cecssrroanceses
(Including the fundamental frequency and low harmonics )
2. BGingle frequency nolse between 1 KHz :
And 2 MHZ.0sarsiasicncanncosnssnnnna
3. Single-frequency noise between 2 and
S MHZ- i “stisanssanarsian

© Automatic Gain Control

(a) Recovery time (for instantaneous carrier power' level changes
up to 41 db with respect to carrler to nolse ratio (c/NW) of
-18 db to -6 dn) :

{b) Telemetry output (correspending to input carrier level
=72 dbm to -86 dbm)

& Rev. ¢

1 volt pesk-to-peak + 0.5 db
75 ohme, unbalanced, with minimum
return loss of 20 db

30 + 6 Mz, consistent with video
distortion and noise requirements
~i0 dbm or greater

Inereanoc in positive potonrtiol for
incrense in carrier amplitude
Conslstent with video distortion ami
nolse requirements specified herein
30 MH= . '

Constant within + 0,3 db.

Reference Design Minimum
Fregquency Goal Acceptahle
25 KHz 0 db Q db
20 Kz to Bb0 KHz * 0.3 db + 0,25 ab
840 KHz to 5.0 MHz + 0,2 db + 0.k ab

+ 0.7 nano sec/MHz slope
0.5 nano sec/MHz“ parabolic
6.0 nano sec peak-to-peak ripple

A carrier amplitude modulated 30 %/
shall produce a 1 volt + 0,5
db peak-to-peak output signal

Synchronizing pulses shall be
0.29 ¢ 0.02 volts

38 db ..
62 db s,

46 dh #en.

Recelver AGC shall set the output
povwer to its neminal level +1db
within 0,2 secuuds and Pess an-
plitude modulation

Range 0 to 5 volts
Bandwidth: Zero to 10 Hz st 3 db point
Cutput Impedance: 1 Kohm or less
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3.2,1.2 Comands.- The Commands to the receiver subsystem, if required,

shall have the characteriatics shown in Table ITI.

in detail in AGC-20521.

Table III.

Receiver Subsystem Compands

Command

Type

(If commands are required, they shall
be added herein at a later date.)

NOTE:Discrete commands shall have voltage levels of 0.0V £ 0.5V for
‘logic zero, 5.0V % 0,5 V for logic one.
50 ¥ 5 msec.
between 10% and 90% amplitude levels

The duration shall be

The rise and fall times shall be less than 3 msec

less than 1000 chms.

Source impedance shall be

The commands are specified

3.2.1.2 Telemetry data.- Telemetry monitoring outputs shall be isolated from

cperating outputs so that a shorted or open circuit in the telemetry function will

not cause the operating function to perform out of specification limits. Telemetry
functions shall be as shown in Table IV (reference AGC-20521).
TABIE IV. Analog Telemetry Outputs
SIGNAL UNITS RANGE BDWTH RESOLUTION QUTFUT
Min { Max IMPEDANCE
AGC Volts o 5 10 Hz ¢.5% < 1 K ohm
Mixer Bias volts/
Current Milliampers 0 5 0.1 Hz 19 < 1 X ohm
AFC Error Volbs 0 5 1 Hz 1% < 1 K chm
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3.2.2 Useful life.-

3.2.2.1 Qperating life.- The operational life of the Receiver Subsystem
shall be 2,000 hours with the operating periods equally distributed within the
two year period. A minimum of 500 power-cn/powerfoff cycles and operating
periods of up to 24 hours over a two year peried in a space enviromment shall
be possible without degradation of the requirements specified herein. The
Receiver Subsystem shall be considered in operation when it is performing one
or more of its functions.

3.2.2.2 Bhelf life.- The Receiver Subsystem shall be capable of meeting
the operating life of 3.2.2.1 after a shelf life of greater than one year when
packaged and stored in a protective enclosure.

3.2.3 Thysical characteristics.-

3.2.3.1 Weight.- The weight of the Receiver Subsystem shall be a minimmm
consistent with the required performance, but shall not exceed a total weight
of 3.5 pounds.

3.2.3.2 Envelope dimensions.- The Receiver Subsystem Envelope dimensions
shall be as follows:

(a) The Mixer Assembly (Flight Configuration) shall comply with the
envelope dimensions shown in Figure 3. ‘

(b) The Preamplifier Mixer Assembly shall camply with the envelope
dimensions shown in Figure L,

(c) The Processor Assembly shall comply with the envelope dimensions
shown in Figure 5.

3.2.3.3 Center of gravity.- The center of gravity for the envelopes shown
in Figures 3, 4 and 5, shall be established to within a tolerance of 0.1 inch of
the actual renter of gravity along any of the three coordinate axis as related
to a reference point on the mounting surface. The reference point location shall
be defined in the inspecition report.

3.2.3.4 Mounting and alignment provisions.- The mourting and alignment
(if necessary) provisions shall be as shown in Figures 3, 4, and 5. The- -
mounting design shall permit torquing of the mounting screws to 17T £ 1 in-lb;>\

3.2.3.5 Thermal interface.-

3.2.3.5.1 Preamplifer and Processor Assemblies conduction path.- To provide
the required contact conductance (8.3 x 10-2 w/em® - "K) for the mounting surface
constituting the primary heat conductiion path, the surface shall have the Tollowing
characteristics (Reference AGC-20522):

{a) Surface flatness within 0.005 inches along any direction of the
respective surface.

(b} Surface finish of 32 micro-inches rms, or less,

8 Rev, C
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3.2.3.5.2 Mixer Assembly Conduction Path.- The mounting surface constituting
the primary heat conduction path shall have the following characteristics:

(a) Surface flatness within 0.002 inches.
(b) Surface finish of 16 micro-inches, rms, or less.
3.2.3.5.3 ERadiation enviromment.- For design purposes, the average radiation

enviromment for each assembly will be a temperature of 30 * %8 °C and an emissivity
of 0.6 or greater.

3.2.3.5.4 Finish on non-mounting surfaces of preamplifier and processor
assemblies.- The non-mounting surface of the mixer aszsembly shall
have an emissivity of 0.05 or less.

3.2.3.6 Grounding.- The grounding system shall he divided into signal grounds,
power grounds, component case grounds, and shield grounds. These grounds shall be
isolated from each other &nd shall be brought out on separate ping of the interface
electrical connector. The shielded wire ground, as a general rule, shall be grounded
at the input end. :

3.2.3.7 Connector.- The electrical connectors shall be in accordance with the
requirements of $-323-P-10. The type of connector and the pin assignment shall bhe
as shown in Figure 2,

3.2.3.8 Test points.~ Electrical test points, necessary for adjustment,
tuning, and trouble shooting, shall be provided at a convenient location.

3.2.3.9 Package venting.- All units except as specified in 3.3.1.3 shall
ba vented so that the unit internal pressure equals the ambient pressure,

3.2.4 Reliability.- The design for reliability shall cccur gimultaneously
with, rather than separately from, the design to achieve the electrical and
mechanical. characteristics specified in this specification. The Receiver Subsystem
shall be designed and fabricated to provide 98% probability of an operational life-
time as specified in 3.2.2.1. This lifetime is based on the active operation time
being equally distributed within the two year period. The groundbased Receiver
Subsystem shall have a mean-time-between failures of at least 2000 hours.

3.2.5. Maintainability.~ The design for maintainability, as applicable to the
flight model, shall occur simultaneously with, rather than separately from, the design
of the Receiver Subsystem. The Receiver Subsystem shall be designed so as not to
require maintenance, repair or service during its operating life. However, test
points in accordance with 3.2.3.8 and any required means for determining the
performance, accuracy, or alignment of any part of the system shall be readily
accessible and compatible with the EMI requirements. Repair or replacement of
components shall be possible with a minimun of disturbance to other parts and wiring.
If special tools are required for installation, tuning or adjustment, they shall be
furnished with the Receiver Subsystem, Adjustment provisions will be allowed if no
other means are available to assure proper functional operation or interchangeability.
If adjustment provisions are incorporated, a positive locking device shall be used to
insure that the adjustment setting will withetand the envirommental cenditions and not
change during the operating life of the Receiver Subsysten.

9 Rev. C
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3.2.6 Environmental conditions.- The Receiver Subsystem shall be designed and
constructed in accordance with the thermal and structural requirements of AGC-20522 and
the requirements specified herein.,

3.2.6,1 Equipment operating.- The Receiver Subsystem, while operating in any
orientation, shall be capable of meeting the requirements of Tables IA, IB, and IC
while being subjected to any combination of the following enviromments (demonstration
of compliance shall be performed only to the extent specified in section 4.0):

(a) While being subjected to the Electron Radiastion levels gpecified in
AGC-20511.,

(b) While being subjected to an acceleration of from zero up toa lg
gravitational field.

(c) While being subjected to a dc magnetic field of from zero up to C.6 gauss,
(d) Thermal-vacuwn conditions for LCE subsystem as specified in AGC-20511.
(e) Temperature for equipment operating as specified in AGC-20511.
3.2.6.2 Equipment noncperating.- The Receiver Subsystem shall be capable of
withstanding the following envircmmental conditions in sccordance with the levels

specified in AGC-20511 and thereafter meet the perfermance requirements of Tables IA,
IB, and IC.

(a) Sinusoidal and Random Vibrations, Test level I or TI in AGC-20511.
(b) Acceleration (AGC-20511).
(¢) Ieakage (AGC-20511).
(a) Storage (AGC-20511).
3.2.6.3 Ground model.- The Receiver Subsystem shall be capable of meeting the
ground model operating and nonoperating envirommental reguirements as specified in

AGC-20511.

3.2.7 Design and construction.-

3.2.7.1 BSelection of Specifications and Standards.- All standards and
specifications utilized on this program other than those listed in Section 2 shall
be selected or prepared in accordance with AGQ-STD-2312.

3.2.7.2 Parts and materials program.- Parts and materials shall be selected
in accordance with the parts and materials program specified in AGC-STD-2312.

3e2.7e3 Moisture and Fungus Resistance,- Materials which are non-nutrients
for fungus shall be used wherever possible. Where the use of fungus nutrients cannot
be avoided, treating, packing, or other protective means shall be used to0 ensure
required performance. All parts, materials, or equipments ghall be either designed or
protected so that exposure to moisture encountered during the course of marufacture,
test, shipment, and installation shall not degrade performance.

10 Rev. C
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3.2.7.4 Corrosion of Metal Parts.- All metals shall be of corrosion-
resistant type or shall be suitably processed to resist corrosion. The use of
dissimilar metals in direct contact shall be avoided wherever possible or shall
be protected against direct comtact. The provisions of MIL-STD-889 shall apply to
the identification of dissimilar metals.

3.2.7.5 Interchangeability and Replaceability.- All parts with the same
manufacturer's part number shall be physically and functionally interchangeable.
Part number changes shall be controlled in accordance with the requirements of
Specification MIL-D~1000.

3.2.7.6 Vorkmanship.- Workmanship shall conform to the requirements of
applicable process specifications relating to fabrication and assembly as invoked
by the particular assembly drawing. Critical steps of fabrication which are item-
peculiar shall be detailed in drawing notes which shall include appropriate criteria
of workmanship. Workmanship relating to all other aspects of fabrication, general
handling, and storage shall be in accordance with the best aerospace standards.

'3.2.7.7 Electromagnetic Interference.- The electromagnetic interference
characteristics of the Receiver Subsystem shall comply with the applicable requirements
for Class IC or ID eguipment as specified in MIL-STD-h61. The methods of inspection
and definitions shall be in accordance with MIL~STD-L62 and MIL-STD-L63, respectively.

3.2.7.8 Printed wiring boards.- The design and corstruction of printed wiring
boards shall be in accordance with NABA specification S-300-P-1.

3.2.7.9 Soldering of electrical connections.- Soldering of electrical connections
shall be in accordance with NASA specification NHB-5300.M(3A) with the following
exceptions:

{a) 34304 - Delete paragraph 4

(b} 34309 - Solid solder not usable

(¢) 34320 -~ ILiquid solder flux not usable

() 384505 - Iap joints shall not be used for structural mounting
(e) 34604 - Page 6-6 Maltiple conductor cable will not be used

{f) Chapter 9- Delete.

3.2.7.10 Identification and Marking.~ The Receiver Subsystem shall have
an identification nameplate attached., Information on the nameplate shall include
the following:

(a) Manufacturer's part number.

(b) Manufacturer's rame and location.
(c) Code identification.

(d) Contract number.

{e) Unit name, model mumber, and serial number.

1l Rev. C
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The information contained on this nameplate shall permit a search of assembly
detail drawings and documentation to be made to identify any part contained
within the unit. A1l parts shall be identified with one part number which
shall be that of the original manufacturer. All parts delivered as spares
shall be identified in accordance with (a}, (¢) and (e) above. The detector,
breamplifier, receiver and separate cables shall be serialigzed.

3.3 Receiver Subsystem Components.- The Receiver Subsystem shall include
but not be 1imited to the following components:

(a) Mixer assembly (see 3.3.1 for flight model requirements and
Appendix A for ground model requirements)

(v) Preamplifier assembly (see 3.3.2)
(¢) Processor electronics assembly (see 3.3.3)

3.3.1 Mixer assembly,- E/

3¢3.1.1 HgCdTe Mixer.- The Mixer Assembly shall consist of a HgCdTe _
photovoltalc mixer, shielded coaxial cable, and a mixer housing. The mixer
shall possess the following characteristics:

(a) A frequency response consistent with the requirements of Table I.

(b) Maximum NEP of 10-19 watts/Hz when incident (reflected and absorbed)
local oscillator power on the mixer element (including losses in the
window) is 6 mwatts meximum, at a mixer temperature of 110 * 15°K,
The NEP includes the mixer intrinsic noise, loeal oscillator induced
shot noise, background noise, biasg current noise, and the noise
contributed by the preamplifier.

(c) NEP fluctuation in the bandwidth of 5 to L5 Hz measured at the
output of the matched filter shall be 0.5% rms when the mixer element
is not illuminated by the local oscillator.

(d) Bias power dissipation in the detector of less than 3.0 mw.
(e) The mixer sensitive area shall be 0,200 + 0,025 mm.

3.3.1.2 Shielded coaxial cable.- The coaxial cable shall be the only
electrical connection between the detector and bias and preamplifier circuits.
The coaxial cable heat load on the radiation cooler shall be 15 milliwatts when the
temperature difference is 200°C and the mixer temperature is -173°C (100°K). The
cable length shall be 12.0 inches and the conductor outer diameter shall be .0865
inches,

;/ See Appendix A for ground model requirements.
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3¢3.1.3 Mixer Housing.~ The mixer housing shall be heremetically sealed.
The housing shall be mounted to the interface reference surface as shown in
Figure 3. The housing shall provide structural support for the mixer element,
electrical leads, output coaxial connector, and the entrance window. The
entrance window shall bhe * mn thick and thin film coated to prevent
passage of all IR wavelengths (2 to 40 micron) except 10.6 * 1.0 micron at the 3 db
points. The diameter of the entrance window shall be sufficiently large to accommodate
a diffraction limited, £/6.0 signal beam, Efforts shall be made in the design of
the mixer/aperture/housing assembly t0 minimize the percentage absorption of any
local oscillator power not incident on the mixer element (with 10% as a design goal).
For reference purposes, the diameter of the local oscillator Airy disk shall not
exceed 0.8mm. The mixer housing shall provide EMI shielding for the mixer and
assoclated electrical leads, as required.

3.3.2 Preamplifier.- The gain of the preamplifier shall be nominally 26 db
over a frequency range of 2L to 36 MHz. The gain and phase stability of the pre-
amplifier shall be such as to meet the performance gpecified in Tables IA, IB,
and IC. The preamplifier shall also have provisions to introduce a test signal
into the front end.

3.3.2.1 Mixer Bias Current.- Mixer Bias Current circuit shall be part of
the preamplifier assembly. As part of the mixer bias current cireuit, provision
shall be made to gencrate a telemetry output ranging O to 5 volts corresponding
to expected bias current range having a bandwidth of 0.1 Hz and an output impedance
of 1 kilohm or less.

3.3.3 Processor Assembly, -

53.3.3.1 . FM video channel,~- The Processor FM video channel shall consist of
a noise bandwidth filter, post-amplifier, automatic gain control, equalizer, limiter,
bandpass filter, discriminator, video fiiter, and video amplifier. The performance
of the FM videc channel, including the detector and preamplifier, shall be as speci-
fied in the Table IA. Two separate isolated FM video outputs shall be provided.
Isclation between the two video outputs shall be such that a short or copen on one
output shall not cause the video signal from the other to be out of gpecification.

3.3.3.2 AM video channel.- The Processor AM video channel shall consist of an
AM detector, video filter, video amplifier, and buffer amplifier. The performance
characteristics of the AM video channel, ineluding the detector, preamplifier, noise
bandwidth filter, IF post amplifier, AGC detector and amplifier, and equalizer (if
used ), shall be in accordance with Table IC.

¥ To be added at a later date.
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3.3.3.3 AFC channel,- The processor shall provide an AFC error voltage
that will be proportional to the IF center frequency deviation from its
nominal design value of 30 MHz, It shall consist of a narrow band IF dis-
criminator (if required), low-pass filter and output amplifier., It shall
possess the following characteristics:

(a) Zero error voltage: . 30.0 £ 0,1 M=z
(v) Bandwidth: 0.1 Hz to 10 KHz at 3 db with fall
off of 6 db/octive
(¢) Slope
(1)} Over frequency range £9.5
o 30.5 MHz: at least =5 volts to + 5 volts
(2) Over freguency range 27.5
to 29,5 MHz: between -5 to -13 volts
(3) Over frequency range 30.5
to 32.5 MHz: between 5 to +13 volts
(d) Output impedance less than 1 kilchm

3.3.3.% Acquisition and tracking channel.- The performance of the
acquisition and tracking channel shall be consistent with the requirements
of Table IB, The circuits comprising the Acquisition and Tracking Channel
shall be as follows:

(a) filter.- The IF filter shall be provided to increase the
signal-to-noise ratio of the acquisition and tracking signal.
The characteristics of the filter shall be such that the
signal at its output (including the effect of the IF band-
pass filter) shall have a bandwidth of 4 MHz at the 0.5 db
points centered at 30 MHz. The minimm atitenuation rate shall
be 24 db per octave. '

(b) AM detector.- The AM detector shall be a square law detector
and its operation shall be in aceordance with the Tollowing
equation:

(Pl = * )
N = XN
input ocutput

when: (%) is <<1.0
input

where: the constant K has a value of unity or less,

{c) Acquisition subchannel,- The acquisition subchannel shall
consist of a bandpass filter and threshold detector. The
bandpass fiiter shall have a 3 db lower cutoff freguency of
2 Hz and a 3 db upper cuteff frequency of 14 Hz. The filter
shall have a minirum attenvation rate of 12 db per actave,

The filter shall be designed to operate between the AM detector
as specified in 3.3.3.2 (b) and the threshold detector as
specified below. The filter shall be designed to minimize the
leoss In signal-to-noise ratio.
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The threshold detector shall monitor the amplitude of the bandpass
filtered acquisition signal, The threshold level of +the detector
shall be equal to the amplitude of a threshold reference level sup-
plied to the Redeiver Subsystem. The threshold reference

Jevel shall have an amplitude range of 0.5 to 5 volts d.c. The

load resistance presented to the threshold reference signal shall

be at least 10 kilohms. When the amplitude of the acguisition signal
exceeds the threshold reference level, an acquisition pulse shall be
generated with the following characteristics

(1) Amplitude (signal on): 3.8 £ 1.k volts
Amplitude (signal off): 0,0 * 0.5 volts

(2} Pulse width: 50 * 10 millisecond

(3) Rise time: 1 millisecond, maximum

(4) Fall time: 1 millisecond, maximum

(5) Output impedance:‘ 1 kilohm or less

The acquisition pulse shall be capable of driving a load capacitance
of 1000 pf', maximum and a load resistance of 1 kilohm, minimum,
Thresholding accuracy shall be * 25 millivolts, Time delay in
generating the acquisition signal shall not exceed 0.5 millisecond
measuring from the time of threshold exceedence to the leading edge
of the signal (50% amplitude point) when the peak of the acquisition
signal exceeds the threshold reference level by at least 25 mv.

f signal subchannel.- The f, signal subchannel shall consist of

an active bandpass filter.and two phase detectors. The active band-
pass filter shall be provided to limit the signal bandwidth of the
rutateor error signal. The filter shall have a bandwidth of 4O Hz at the

3 db points, centered at 100 Hz. The minimm attenuation rate shall be
12 db per octave.

Phase detectors shall be incorporated %o provide a north-south
axis and an east-west axis error signal. Using a nutation

drive signal, e] = E sin wt, from the acquisition and tracking
subsystem as reference, the detector shall provide a north-south
axis error signal, the amplitude of which is proportional to the
Thase difference between the input and the reference signsl,
The other detector shall use a nutation drive signal, ex = E cos
wt, from the acquisition and tracking channel as reference and
produce an east-west axis error signal, the amplitude of which
is proportional to the difference between the input and the
referenced signal, The amplitude of the reference signals shall
be 5+ 1 volt yms. The output tracking error signals shall
meet the reguirements in Table IB, The output impedance of the
tracking error signal shall be 1 kilohm or less,
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ggr signal subchammel.- The 2f signal subchannel shall consist of

an active bandpass filter, phase detector, low pass filter, and
threshold detector. Signal from the AM detector gpecified in
3e¢3.3.2 shall be routed throughout the active bandpass filter.
The filter shall have the following characteristics:

(1) Bandwidth: 80 Hz (3 db points)
(B} Center Frequency: . 200 Hz
(3) Minimum Attenuation 12 db/octave

The 2fn signal shall be synchronously detected by the synchronous
detector using a nutation drive signal e3 = E sin 2 wt from the
acquisition and tracking subsystem as reference, The amplitude
of e3 shall be 5 % 1 volts rms. A low pass filter shall be in-
corporated to provide an effective 3 db bandwidth of 1.0 Hz for
the detected signal. The threshold detector shall be provided
to monitor the low pass filtered signal.. The threshold reference
level shall be eqgual to the amplitude .of a threshold reference
level supplied to the Receiver Subsystem. The threshold
reference level shall have an amplitude range of 0.5 to 5 volts
dc.. The load resistance presented to the threshold reference
level shall be at least 10 kilohms., When the amplitude of the
acquisition signal exceeds the threshold level, a dc signal shall
be generated with the following characteristics:

{1) Amplitude (signal on): 8.0 = 4.0 volts
~ Amplitude (signal off): 0.0 * 0.5 volts
(2) Oubput impedance ' less than 1000 ohms

Thresholding accuracy shall be = 25 millivolts.

Time delay in generating the acquisition confirm signal shall
not exceed 0.5 milliseconds measured from the time of threshold
exceedence to the leading edge of the signal (50% amplitude
point) when the peak of the acquisition confirm signal exceeds
the threshold reference level by at least 25 millivolts.
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L. QUALITY ASSURANCE PROVISIONS

L.1 Responsibility for inspection.- Unless otherwise specified, the
Subcontractor is responsible for the performance of all inspection require-
ments as specified herein. Except as otherwise specified, the subcontractor
may utilize his own or any other inspection facilities and services acceptable
to the procuring activity. Inspection records of the examination and tests
shall be kept complete and available to the Procuring activity for two years
after acceptance of the equipment. The procuring activity reserves the right
to perform any of the iInspections set forth in the specification where such
inspections are deemed necessary to assure supplies anmd services conform to
brescribed requirements. Any deficiencies noted as a result of tests conducted
by the procuring activity shall be corrected.

4.1.1 Subecontractor's guality assurance program.- The subcontractor shall
implement and maintain a quality assurance program in accordance with AGC-STD-
2311.

b.1.2 Subecmtractor’s reliability assurance program.- The subcontractor.
shall implement and maintain a reliability assurance program in accordance with
AGC-5TD-2312.

4.1.3% Processing changes.- The subcontractor shall make no changes in the
Recelver Subsystem design, specifications, materials, and processes after FTM
design approval without prior written approval in accordance with AGC-STD-2312.

I.1.4 Test conditions.- Unless ctherwise specified in a detailed method
paragraph, all examinstions and tests shall be performed under standard ambient
conditions as specified in Specification AGC-20511. All test instrumentation
shall bear visual evidence of current calibration. The tolerance allowed on
test conditions and inputs are intended only to provide accuracy tolerances of
ilnstrumentation, controls, ete. Test conditions shall be ad justed as closely as
possible to nominal or center values specified, and in no instance shall they
exceed the tolerance specified. Performance parameters are specified either as
limits or as nominal values with plus-or-minus tolerances. These limits and
tolerances shall be regarded as absolute, and the aceuracy tolerance of measur-
ing equipment shall not be interpreted as part of measured valuee in such g
way that an out-of-tolerance or out-of-limit measurement may appear in-tolerance
or in-limit.

4.1.5 Test Reports.- The results of all Design Qualification and Flight
Model and Ground Model Acceptance Inspection shall be documented in the form
of test reports prepared in accordance with AGC-STD-2312 and delivered with

-the hardware. Test reports shall be prepared and submitted to AGC for approval
after completion of tegting.

L.2 Classification of Inspections.- Examinations and tests to be per-
formed on the equipment shall be classified as follows:
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(a) In process Inspection (see 4.4),
(b) Design Qualification Inspection (see L.5).
(¢c) Flight Model or Ground Model Acceptance Inspection (see L4.6).

4.3 "Test plan.- The subcontractor shall prepare a test plan which
includes all of the examinations and tests speeified in 4.5 and 4.6 such that the
test results verify that the requirements specified herein have been met,

The Test Plan shall be submitted to Aerojet-General for review and approval
prior to the commencement of testing. The plan shall describe every test to
be made for measuring every significant performance parameter. Every test
shall be described in full detail; this shall include block diagrams of the
test setup, manufacturers' designations of all the commerical test equipment
to be used in the tests, the designs of any speclal test equipment required,
a full description of the test procedures to be followed, all levels and
impedances, the test acceptance limits (which must be compatible with the
overall performance requirements), and an estimate of the accuracy expected
from each measurement. Any special calibrations of test equipment to assure
its accuracy shall be adequately described. The detail given for each test
method and setup shall be sufficient to allow the test to be duplicated with
no information beyond that given in the test plan. In all cases where a test
does not follow well-known conventional procedures and methods, sufficient
information on the theory of the test should be given to allow an cbjective
evaluation of the proposed test method.

Y4 In-process inspeétion.~ In-process examinations and tests
shall be performed as required to cemply with AGC-STD-231l.

4.5 Design Qualification Inspection.- Design Qualification Inspection
shall consist of all the tests described in Table V as a minimum, The
Degipgn Qualification inspection shall be designed to demonstrate the func-
tional capabiliby, structural integrity, and performance repeatablility of
the Recelver Subsystem under ambient ccnditions and the specified operational
environments. The detailed Design Qualification inspection shall be included
a8 & section of the overall test plan (see t.3) and shall be reviewed and
approved by AGC prior to the performance of the tests., Design Qualification
Inspection shall be conducted only when and to the extent specified in the
contract or purchase order.

4.6 Acceptance Inspection.- As a part of the overall test plan, a detailed
procedure of the acceptance inspection shall be generated by the subcontractor
"and approved by AGC prior to final inspection. The acceptance inspections shall
be extensive enough to demonstirate satisfactory workmanship and that the Receiver
Subsysgtem performance is wlthin telerance. The examinations and tests desig-
nated in Table VI shall be performed for flight model and ground model acceph-
ance, as a minimum.
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TABIE V. DE3IGN QUALIFICATION INSPECTION

Requirement
Examination or Test Paragraph Method
(a) Analysis
(1) Reliability 3.2.4 h.7.1
(2) Maintainability 3.2.5 h,7.1
(3) Thermal Analysis 3.2.6.1(e) 7.1
(b) Visual Examination and Measurements
(1) connectors 3.2.3.7 k,7.1.2
(2) weignht 3.2.3.1 h.7.3
{3} Envelope Dimensions 3.2.3.2 L.7.1.1
(4) Center of gravity 3.2.3.3 h.7.3
(5) Mounting and Alignment 3.2.3.4 k.7.1.1
(6) Surface Characteristics 3.2.3.5 L.7.1.1
(7) CGrounding 3.2.3.6 4,7.1.1
(8) Test Points 3.2.3.8 b.7.1.1
(9) Venting 3.2.3.9 k.7.1.1
(10) Selection of specificatiorns & standards 3.2.7.1 h.7.1.1
(11) Materials, parts & processes 3.2.7.2 h,7,1.1
(12) Moisture and fungus resistance 3.2.7.3 h.7.1.1
(13) Corrosion of metal parts 3.2,7.4 b.o7.1.1
(14) Interchangeability and replaceability 3.2.7.5 4h.7.1.1
{15) Workmenship 3.2.7.6 4.7.1.1
(16) Printed wiring boards 3.2.7.8 4h.7.1.1
{17) Soldered electrical connections 3.2.7.9 I.7.1.1
(18) Identification and marking 3.2.7.10 h,7.1.1.
(c) Testing
(1) Functional Characteristics at Minimum 3.2.6.1(e) & Table VII 4,7.2,
and Meximum Temperatures L.7.h
(2) 1Ieak Detection after temperature 3.2.6.2(c) as
tests (1) required;
(3) vibration (nonoperating) 3.2.6.2(a) Ievel I L.7.4
(4) Functional Characteristics (after vibr) Table VII 4.7.2
{5) Acceleration (nonoperating) 3.2.6.2(v) h.7.h
(6) Functional Characteristics (after accel)| Table VII h,7.2
(7} Functional Characteristics During 3.2.6,1(d) and L.7.2,
Thermal Vacuum Table VII L,7.4
(8) Ieak Detection after thermal vacuum 3.2.6.2(c) hs required
(9) EMI Tests 3.2.7.9 L.,7.5
(10) Functional Characteristics at %.7.2,
Maximum Temperature Table VII Lh.7.4
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Table VL. Acceptance Inspection

Flight | Ground
Description : | Medel Model Requirements Method
(2) Visual Examination &

Measurements

(1) Weight X 3.2.3.1 b.7.3

(2) Eavelope Dimensions X X 3.2.3.2 h.o7.1.1

(3) Surface Characterigtics X 3.2.3.5.1 b,7.1.1

(%) Connectors X 3.2.3.7 y.7.1.1

(p} ‘Testing

(1) Functional Character- X X 3.2.6.1 (e) h.7.2,
istics at Maximum and and Table VII btk
Minimum Temperature

(2) Ileak Detection After X 3.2.6.2{c) As
Temp. Tests (1) : : Required

{3) Vivration (nonoperat- X l3.2.6.2 (a), Bo7.4
ing) ' level IT

(L) PFunctional Character- X Table VII ' h.t.2
istics -After Vibra-
tion

(5) Funetional Character- X 3.2.6.1 (a) 4.7.2,
istics During Thermal and Table VII Lo7.L
Vacuum Tests

(6) Leak Detection After X 3.2.6.2 (c) As
Thermal Vacuum Test {5) Required

(7T) Electromagnetic Inter- X X 3.2.7.7 L.7.5
ference (EMI) .

(8) Punctional Character- X Table VII h.v.2,
istics at Maximum L.7.h
Temperature

i/ The thermal vacuum test shall be conducted at 10-5 torr for 12 hours

20 Rev. ¢




AGC-20186

4.7 Test methods .-

ho7.1 Analysis.- Those requirements to be verified by analysis shall be
satisfied through a review of analytical data. Such data shall be summarized
or included as appropriate in the design study report or other written reports,
if required. Systems engineering data shall be used where appropriate to
support analysis.

4L.7.1.1 Visual examination and measurements.- Those requirements to be
verified by visual examination and measurements shall be satisfied by visual
examination and by the use of standard measuring instruments to determine such
characteristics as dimensions and weight. Drawings, bills of materials,
specifications, and other engineering documentation shall be used as appropri-
ate. With the exception of a detailed physical examination of the test specimen,
vhich shall be performed immediately before the start of testing, compliance
with these requirements may be demonstrated before the time of functional
testing.

L.7.2 Funectional performance .- Specific tests as specified below and
Table VIT shall be performed to verify that the requirements of 3.2.1 are met.
Whenever possible, tests shall be made on the Subsystem with all electrical,
mechanical and thermal interfaces simulated as closely as possible to the actual
operating conditions. TFunctional tests in accordance with Table VII shall be of
two types:

(a) Complete functional tests which verify specifically that the
requirements of 3.2.1, which are amenable to measurements or other
quantitative assessment, have been met. These tests shall be per-
formed at specific points in the test cycle so that it is possible
to verify that the unit and its elements are performing in accord-
ance with specified requirements.

(b) Abbreviated tests which will not verify =2ll the requirements of
3.2.1 but are sufficient to show that the unit will perform its
overall functions satisfactorily. These tests shall permit rapid
assessment of unilt performance during or after each of the
principal environmental exposures.

L.7.2.1 Functional tests.- The functional performance tests shall be per-
formed at the specified vacuum pressure or ambient pressure. as applicable after
the chamber has been stablized at the specified pressure for 'a minimum of two
hours and the temperature of the mounting has stabilized at the specified
temperature. The performance shall be verified for cach of the functicnal
characteristics checked in Table VII.
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Jeble VIL TFunctionsl Testing - 10,6 Micron Receiver

ticonal
Reguirement m?ﬁring
Faragraph | Temperatire Functional Functional Functionel Functiopal | Functional
3.2.1 Test After Vibration After During During BMI Teat
Requirement Min, |Mex. | Qual. | Flight | Acceleration | Thermal-Veewum| Teats At Max, Temp,
(a) Receiver Oty Ieble TA Level I|level IT :
a eceiver e
Output Level THen 1 (a) X X X
Power Input Taple II X X
‘ Table JA X
(v) Preamplifier Bandwidth a) X X X X
(¢) Demodulation Characterictics
Sense Item 3 (a) X
Qutput Sensitivity Ttem 3 (d) x X
X
Baseband Amp/Freg. Char, Ttem 3 (e) X X X X
Group Delay Ttem 3 (£) X X X x
(4) video Distortion and Noise
{1} . Nem-Iinearity Distortion of
Synchronizing Signal Ttem 4(a){3}| x x x b'g X x
(2) Noise
+ Pericdic Noise (p){1)(a}s x X x x
{e) Autamatic Gain Control Item 5 (&) X X Y
-
(£) wEP . 3322 () | x X x X
(¢) NEP Fluctuation 3.3.1,1 {e) | x X X x
(n) Bins Pover 3.3.5,1(a) | x x
{1} Mixer Blas Current 3.3.2.1
J) AM Vides Channel 3.3.3.1.2
{k} AFC Channel 3.3.3.1.3 ¥ |x X X X X X
: Teble 1B X X x
(1) Acquisition Channel Ttem 1 X X X
(m) Acguisition Tracking Item 2 X x X
(n) 2f  Signal Ttem 3 b 4 X X
{0} oOpernticoal Tracking Item 4 x X X X X x x
{r) commands x |z x
(q) Telemetry Outputs Table IA X X X
Ttem 5 (b)
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h,7.2.2 Receiver output level.- *

4.7.2.3 Preamplifier bandwidth.- ¥

4.7.2.4 Demodulation characteristics.- Using the test set-up specified in
the test plan which includes the preamplifier and receiver video channel, the
following demodulation characteristics shall be determined and shall comply
with the requirements specified in Table IA:

(a) Demodulation Sense
(b} OCutput Sensitivity
(c) Baseband Amplitude - Frequency Characteristic
- {d) Group Delay over 12 MHz Bandwidth
4.7.2.5 Video distoriion and noisge.- The videco distorticon and noilse shall
be measured in accordance with the test plan to verify compliance with the
requirements in Table TA. The ratio of the peak-to-pesk signal amplitude to

the peak-to-pesk noise amplitude shall be as follows to verify compliance with
Table TA:

(2) Pover SUPPLY HUMeernrrreeueneeivennssns 38 db
(Including the fundamental frequency and
lower harmonics)

(b) Single-frequency noise between 1 KHz and )
F= I 1= - A 6z db

(c) Single-freguency noise between 2 and
S MHZ e vvvvannainnann et es e 46 dab

4.7.2.6 NEP.- ¥

L,7.2.7 NEP fluctuation.- *

L.7.2.8 Bias power.- ¥
L.7.2.9 AM channel.- ¥
L.7.2.10 AFC channel.- *

§.7.2.11 Acquisition chammel.- %

4.7.2.12 Acquisition tracking.- ¥

¥
The test method for these characteristics shall be asg specified in the
Tegt Plan.
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Yh.7.2.13 2f signal.- *
4.7.2.14 Operational tracking.- ¥

4.7.2.15 Commands.- ¥

4.7.2.16 Telemetry outputs.- *

h,7.3 Weight and center of gravity.- The welght of the items shall be
determined to verify compliance with 3.2.3.1. The center of gravity shall be
determined for each item along each of three mutually perpendicular axes as
specified in 3.2.3.3.

4.7.% Environmental tests.- The following environmental tests shall be
performed as specified in AGC-20511 to verify complisnce with the regulirements
herein. During the tests the item shall be attached to the test fixture so as
to simulate the actusl element mounting to the transceiver baseplate.

(2) Leak detection
(b} Vibration
(¢} Acceleration
{(d) Thermal-vacuum
k.7.5 Electromagnetic interference.- EMI testing shall be in accordance

with the requirements of 3.2.7.7 for tests CEOLl, CBCl and RSO3 as specified in
MIL-STD-L61 .

5 PREPARATTON FOR DELIVERY

5.1 Preservation, packaging, and packing.- Unless otherwlse specified,
the preservation, packaging, and packing shall be in accordance with the
subcontractor's best aerospace practice provided that this practice is suf-
ficient to protect the item against contamination and damage during shipment.
The subcontractor shall be responsible for any contamination or damage to the
equipment as a result of insufficient or faulty packaging. Exterior containers
ghall conform to Consolidated Freight Classification Rules or common carrier
regulations.

5.2 Marking for shipment.- Each shipping container shall be marked with,
‘ag a minimum, the following information:

(a) Name of unit

(v} Part number, drawing number, revision letter, and serial number

*
The test method for these characteristics shall be as specified in the
Tegt Plan.
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(¢) Specification nmumber and revision letter { AGC-201860 )
(d) Date of final éssembly

(e) Purchase order number

(f) Subcontractor's name

(g) Warning and caution notes, as applicable.

6. NOTES

6.1 Intended use.- The Receiver Subsystem specified herein is intended:
for use in the ATS-F Spacecraft as well as in a transportable ground station
without exhibiting any differences in performence or functional capabilities
due to the differences in these environments, Any differences in hardware
which may be necessary shall not degrade the specified performance levels.
In its final form, this basic specification will describe the Receiver Sub-
system as required for use in the space enviromment while the differences
which make it suitable for use in the ground enviromment will be noted in a
brief addendum.

6.2 Definitions.-

6.2.1 Failure.- A failure is defined as the inability of the equipment
to perform the required function within the limits of the applicable detaill
specification.

6.3 Oral statements.- Oral statements shall have no effect on the
requirements prescribed in this document or any document referred to herein.
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TO BE ADDED AT A IATER DATE

Figure 2, Electrical Interface Drawing
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APPENDIX A

Receiver Subsystem Modifications for Ground Model

10. SCOFE

10.1 This appendix covers the requirements which are necessary for the
ground model Receiver Subsystem and are specifically different from the flight
medel, These requirements will be specified herein as an addition or modifi-
cation to the flight model,

20. APPLICABLE DOCUMENTS
{none applicable)
30. RECEIVER SUBSYSTEM MODIFICATIONS FOR GROUND MODEL

30,1 Receiver Mixer Assembly,- The ground model of the receiver mixer
assembly shall include a temperature-controlled and monitored Joule-Thompson
refrigerator capable of covering a minimum temperature range of from 85°K to
130°K, with a stability of * 2.0°K. An associated control panel, equipped
with monitor points and a gas regulation capability, shall be provided, A
detector and a vacuum shroud with a window in the end shall also be provided,
The detector and shroud shall be capable of being operated at a distance of
at least 10 ft from the control panel. The associated electronics, including
a preamplifier, and cables and connectors, shall be provided as required,

The mixer assembly and all components except for the control panel -shall-be
suitable for operation in a vacuum chamber as well as a.grounid gggi;gpmgnt.)
The entrance window of the mixer housing shall be thermaffﬁﬁagEoupled from
the cold detector to permit operation in a 50 percent relative humidity and )

Q
90°F atmosphere, ad, LOE

30.1.1 Mixer assembly configuration.- The mixer assembly ground model ijéﬁﬁgﬁgp
configuration and surface finisheg~-shall comply with the envelope dimensions

and requirements shown in Figure A-1.
- 7
(\' P/W-”%'
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AGC-20187

1. SCOFE

1.1 Scope.- This specification covers the requirements for the design,
fabrication, performance, and testing of a 10.6 Micron laser Subsystem for
use in a laser communications system.

1.2 Application.- The Laser Subsystem, as a part of a Laser Communication
Experiment }LCEi, will be operating in the ATS-F spacecraft and in a transport-
able ground station establishing two-way laser communications between spacecraft
and between the spacecraft and the transportable ground station. The laser sub-
gsystem shall be capable of meeting the requirements herein while operating within
the spacecraft as well as in the transportable ground station. Modifications
required for operation due to the differences in environment shall be held to a
minimum,

2.  APFLICABLE DOCUMENTS

2.1 Unless otherwise sgpecified, the following documents of the latest issue
in effect form a part of this specification to the extent specified herein, In the
event of conflict between doecuments referred to herein and the contents of
Sections 3, 4, and 5, the requirements of Sections 3, 4, and 5 shall apply.

NASA DOCUMENTS

NHB 5300.4(34) Requirements for Soldered Electrical Connections
5-300-P-1 Printed Wiring Boards
5-323-P-10 Connectors, Subminiature, Electrical and Coaxial

Contact, for Space Flight Use

SPECTFICATIONS
Military
MIL-D-1000 Drawing, Engineering and Associ;ted List
MIL-F-1Lk072 Finish for Ground Signal Equipment

Aerojet-General Corporation

AGC-20511 Environmental Design Criteria and Test
Levels for the laser Communications
Experiment and Associated Components

AGC-20521 Telemetry and Commands, ICE

AGC-20522 Thermal and Structural Requirements, ICE

1 Rev, C
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STANDARDS

Military

MIL-STD-461 Electromagnetic Interference Characteristics,
Requirements for Eguipment

MIL-STD-L462 Electromagnetic Interference Characteristics,
Measurement of

MIL-STD-463 Definitions and System of Units,
Electromagnetic Interference Technology

MIL-STD-889 Dissimilar Metals

Aerojet~General Corporation

AGC-3TD-2311 - Quality Assurance Requirements for Suppliers
of laser Communications Experiment Equipment

AGC-3TD-2312 Reliability Assurance Requirements for Supplier
of Laser Communications Experiment Equipment

OTHER PUBLICATION

CCIR Rec. 421-1 Requirements for the Transmission of Television
Oslo 1966 Signals Over Long Distances (System 1 Excepted)

(Copies of documents reguired by contractors in connection with specific procurement
functions should be cobtained as indicated in the Department of Defense Index of
Specifications and Standards or as specified by the contracting officer.)

3.  REQUIREMENTS

3.1 TItem definition.- The 10,6 Micron Laser Subsjstem shall include the
following major components:

{a) Laser Transmitter Assembly
(b) Iaser Local Oscillator Assembly
(c) Back-up laser Assembly
(d) Laser Baseplate
{(e) TILaser Electronics Assembly
3.1.1 Laser‘subsystem hlock diagram.- The Laser Subsystem shall be in accord-

ance with the Block Diagram as shown in Figure 1, which also shows the relaticnship
of the Laser Subsystem to the Laser Communications Experiment (LCE).

3.1.2 Interface definition.- The electrical components and voltages affecting
the input/output impedances on both sides of the Interface electrical connector
shall be as shown on Figure 2. The performance and mechanical interfaces shallbe
as specitfied in 3.2.1 and 3.2.3, respectively,.
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3.2 Characteristics.-

AGC-20187

3.2.1 Performance.- The Laser Subsystem shall be capable of meeting the per-
formance requirements specified in Tables IA and 1B while being subjected to any
combination of the environmmental conditions imposed on the operating equipment as
specified in 3.2.6. After a normal warm-up time of 30 minutes, the frequency and
amplitude stability of both the laser Transmitter and Iaser Local Oscillator shall
meet the performance requirements herein under the environmental conditions, aging
\ Performance characteristics shall not be
predicated upon the special selection of components or devices.

and telerance variations specified.

3.2.1.1 Power.- The Laser Subsystem shall operate at the power inputs speci-

fied in Table II.

Power necessary for the modulator driver and temperature control

heater elements shall be drawn from the ICE 28 vde bus. Heater power shall be kept
separate and isolated from other circuitry.

Table II. Power Inputs to the Laser Subsystem

RIPFLE
gf . Reguletion at at ‘at
Power Starting Operating Load/Line 5 Hz to 10 KHz 5 He to 1 KHz 5 Hz ta 1 MHz
Voliage de Voltage
Watts Nominal
Max, {volts) {Volts) 1
(a) Treansmitter
Tube 13.5 v i w/a
{b) ILocal
Oeeillator
Tube 5.0 i i nfa
{e} Backup
Lasar Tube 8.5 y lf /A
{d} HElectronics
Assembly
{1) Modulator
Driver 10.6 28 4 .57 10 wv, e N A
¥
1.5 225 3.4 150 ov N/A
(2) oOther
pezk=to-pezk
Cireultry [~775 T T .23 5 o T/4
peek-to-penk
1.0 212 + .23 15 mv ¥ A
peak-to-peak
0.h \ 5 + .25 | 300 mv K/ 4
’ ' peek-to-peak
(e} Heater
Power 3.0 28 + 2f 10 mji ros /A
3

1/ To be added at a later date
2/ Deleted

3/ Transient spikes will not exceed + 2 volts peak, and transient energy level will

not exceed 30 millijoules.
N/A - Not applicable

¥
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TABLE TA., TRARSMITTER ASSEMSLY FERFORMANCE REQUIREMENTS

Cheracteristie
(1)  Power Qubput, minimm (At the cutput of the laser cavity)
(2)  Moge
(3) Polarization

(4)  Output power beam width (at owbpub of cavity end- mirrm-)
(5) Operating lines

Flight Model
Ground Mode]
(6} Operating line wigth
(7Y Power frequency profile

(8)  Operating fre. LEney

(9)  Frequency stabllity
Q.1 Hz to 5 Hz

5 Hz to 800 KHz
800 KHz to 6.0 MHz

(10)  Ampiitude stability

(11} Modulation characteristics (F¥)
Deviation capability
Modulation sense
Input freguency bandwidth
Baseband ampiitude - Frequency characteristies

Modulstor/Driver Sensitivity *

(12} Modulator/Driver Sensitivity Stebility  (Miz deviationfvolt input}

(13) Modwlator/Driver growp delay sver 6.0 MEz bandwidth output, maximum

(14). Modulator linearity ‘Merimtive rethod), meximum

{15) amplitude of the synchronizing simal

(16) Noise

Periedic nolse (ratioc of P-P picture signal amplitude to the P-P

nolse emplitude}
Power SUpPPly FuMercesrsssssranvassns
{Including the fundamentel freguency
and low harmonles)
Bingle frequency noise between
1 KHe and 2 HHEesssrenannsssnssooans
Single-frequency nolse between 2

And O MHZ.uieeeenusnenvennansnsssnen

* To be adled at & later date,
** To be added at a later date but nominelly 3.0 £ 0. 12 millimeters.

Transmitier Assembly Ferformance
650 mv &t line center at 25°¢c

TEMog

Linear with electric field perpendicular to the taseplate % 2°
had alllizeters (mm) beam diemetsr between (0.367}2 relative

Power lewvels, Qiffraction limited, collimated beam

P20
P16

Compatible with the video transmission requirements

Compatible with stabilization requirements of the apgenbly

Line center frequency + 100 KBz over a time period of 10 to 100

secords at a dither rrequency of 75 4+ 5 Hz with pesk-to

deviation not to .exceed + 300 KHz.

100 KHz rme
50 FHz rms deviation

2,7 Kz s deviation {exclusive of dither modutation).

2% rus &t line center over a bandwidth of 5 to 45 He
7 e

Frovide deviation of up to,= h.D MHz, ¢

;L;

&

Coett

-peak Trequency

ﬂﬂ 2.7 w 4{2{/

/

/»ﬁ’/@c

/ M,
Increase in carrier frequé‘t«cradeviation for irdrease in pesitive potential,

1 MHz to 6.0 Miz
Reference Freguency Design Gosl Minimum Acceptable

“1.0%% Wz C db 0 do
1,0 to 1.840 Mz t 0,1 db t 0,25 do
1.81+o to €,0 MHz £ 0,2 db £ 0.4 db

8.0 Miz/volt input

Within * 0.1 db during eovironmental stresses for one operating period,

(24 hours or less)

+ 0.2 ns/MAz slope
T.04 ns/HzE parebelic
0.€ ns peak-to-peak ripple

24 for center S0 percent of * MHz band
1% over 75 percent of bendwidth

Synchrenizing pulses shall be between 0.27 and 0.31 volts

38 db min.

62 db min,

i @b pin,

Lgtoz-oov ~
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(1) Power Cutput, Minimum
iAt the output of the laser
cavity)

{2) Hode

(3) Mlarization

(4} Output Fover Beam Width

AGC-20187

TABLE IB. LOCAL OSCILIATOR AND BACK-UP IASER FERFORMANCE REQUIREMENTS

Iocal Oscillator

85 mw at line center minus 30 MHz at 25°C

™,

Linear with slectric field perpendicular
to the baseplate & 2°

*% millimeters (r=) beam dimmeter

{At ocutput of the cavity
end mirror)

(5) Tat Lines

Flight Model Operating
Ground Medel Operating
Flight Model Test
Graund Model Test

(6) Oscillator Pover/frequency
profile

(7) Opersting Frequency

(8) Frequency wirertainty

dur acquisition

(9) Frequency Stability

0.1 Bz to 5 Hz
5 Hz to B00 KHz

800 ¥He to 6,0 MRz

{10) Amplitude Stability

batween (0, 367)° relatiw: pawer levels,
diffraction limited, ccl’I—sted beam

F 16
F 20
P 16
P 20

-

Compatible with siabilizatlon require-
ments of the assembly

302 0,05 Mz below received signal
frequency

30 %t 1.1 MHz below line center with
additional 4rift oot to exceed 0.5 MHz
over 8 5 gpinute period

100 KHz rms deviation
50 Hz r™ms deviation

2.T HKz rms deviation

0.3 % rma over band vidth from 5 to 45 He
esign goal is 0.1% rms

(11} AFC cavity/Mirror Wariaticn, & micrems
minimm, (piezo electric tuner)

* To be added at a later date.

¥t To ve added at A later date but the nominal

valus will be 3.0 * 0,12 mi].li;neters.

Line Center Operation

650 B¥ ot 1ine center at 25°C

'maao

Linear with electric field
ndicylar to the base-
Bigetigs

*  millimeters (m% beam
diameter between (0.367)
relative power levels, diffrac-
tich limited collimated beam

L]
BERE

Compatible with stabilization
requirements of the assembly

Line center frequency % 100 KHz
over & time period 22 10 to 100
secondes at A dither frsjuency

of T3 + 5 He with peax-to-peak

frequency deviation 7ot to excesd

+ 300 KHz

Line center frequency * 100 XAw
over a bandwidth of 0.1 to 1.0
Mz

100 KHz rms deviation
50 KBz rms deviation

(Exclusive of Dither

Modulation)

2.7 ¥XHz rma deviation

2% mms at the line center over
& bandwidth of § to 45 Hz.

6 microns

5 BRev. ¢

Back up Laser

Line Cepter -30 MHZ Operatlon

500 mw at line center minus 30 MEz at 25°C-

moo

Linear with electric field perpendicular
+0 the bageplate t 2°

hoid Eﬂl.umters (ot} bteam dimmeter between
{0,357 )* relatir:z power levels, diffraction
limited, collimated beam,

P16
P 20
P 20
P16

Compatible with stabilization
requirements of the assexbly

3ot 0.05 MHz belov received sigoal frequency

302 1.3 MEz below line center with
additional drift not to exceed * 0 5 MHz
over a 5 minute period

100 KHz rms deviation
50 KHz rms deviation

2.7 XHy rws deviation

0.3% ms over band width from 5 to LS Hx
Deasign goal 1s O.1% rms.

é microns
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3,2,1.2 Commands.- The following Discrete Commands shall be available for
subsystem control (ref. AGC-20521):

{a) Back-up laser line (P-16) select .

(v) Back;up laser line center (P-16) offset
{c) Back-up laser line (P-20) selact

(4) Back-up laser line center (P-20) offset

{(e) Modulator, video input select

NOTE: Discrete Commands shall have voltage levels of 0.0V + 0.5V for
logic zero, 5.0V + 0,5 V for logic one. The duration shall be
50 + 5 msec. The rise and fall times between the 10% and 90%
amplitude levels shall be less than 3 msec., Source impedance
shall be less than 1000 cohms.

3.2.1.,3 Telemetry data.- Telemetry monitoring ocutput functions shall be
isclated from coperating outputs with sufficient isolation so that a shorted or
open circuit in the telemetry function will not cause the cperating function
to perform out of specification limits. Telemetry functions shall be as shown
in Table III (ref. AGC-20521).

Table III, Telemetry Data

Analog Telemetry Output
Range Qutput
Signal Units Min | Max BIWTH Aceuracy Impedance

(a) Local Osc. Laser

Tuner Voltage Volts 0 5V + 29 <1XQ
{b) Transmitter Laser

Tuner Voltage Volts 0 5V + 2% <1KQ
{c} Back-up laser

Tuner Voltage ‘Volts 0 5V + 2% <1KQ
{a) Modulator

Current Volts/amps 0 5V + 29 <1KQ
(e) Modulator Oven

Temperature Volts 04 5V L + 2% <1KQ

3.2.1.4 Video signal in.- The Laser Bubsystem shall be capable of meeting
the performance requirements of Table IA with an input TV videoc signal having
the following characteristics:

(a) 1 volt * 0,5 db peak-to-peak, uptranslated in a vestigial sideband
moduletor.

(b) A translator carrier frequency cof 1.4 MHz.
(c¢) The upper sideband flat to 5.8 MHz and down to 3 db at 6.0 Miz.
(4) The lower sideband flat to 1.2 MHz and down to 3 db at 1.0 MHz.

Prior to vestigial filtering, the envelope modulation on the carrier is negative.

& Rev. C
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3,2.2 TUseful life.-

3.2.2,1 Operating life.- The operating life of the Iaser Subsystem, includ-
ing the lifetime of the laser tubes, shall be greater than 2,000 hours with a
minimum of 500 start-stop cycles and operating periocds of up to 24 hours over a
two year period in a space environment without degradation of the requirements
specified herein., The Iaser Subsystem shall be considered in operation when the
Iaser plasma discharge is on.

3.2.2.2 GShelf life,- The Iaser Subsystem shall be capable of meeting the
operating life of 3.2,2.1 after a shelf life of greater than 6 months when
packaged and stored in a protective enclosure.

3.2.3 TIhysical characteristics.-

3.2.53.1 Welght.- The weight of the laser Subsystem shall be a minimum
consistent with the required performance, but shall not exceed a total weight
of 12,70 pounds assigned as follows:

Ttem Weight (pounds )

(a) laser Transmitter Tube
(b} Imser Transmitter Tube Mount
(c) Imser Modulator, Oven and Mount,
and Modulator Driver. ‘
(d) L.Oo Tl.lbe 5'50
(e} L.O. Tube Mount
(f) Back-up Iaser
(g) Back-up laser Tube Mount

(h) Imser Transmitter Cavity End Mirrors
and Mounts

(1) L.0, Cavity End Mirrors and Mounts 2.20
(j) Back-up Iaser Mirrors and Mounts

(k) Laser Subsystem Electronics 5.00
(Design Goal of 4.03)
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3.2.3.2 Envelope dimensions.- Envelope dimensions for the Laser Subsystem
components shall be in accordance with Figures 3 through 7.

3.2.3.3 Center of gravity.- The center of gravity for the envelopes
shown in Figures 3 thru T shall be established to within a tolerance of 0.1
inch of the actual center of gravity along any of the three coordinate axis,
as related to a reference point on the mounting surface. The reference point
location shall be defined in the inspection report.

3.2.3.4 Mounting arid alignment,-~ The mounting and alignment provisions
(if necessary) shall be as shown in Figures 3 through 7. The mounting screws
shall be torgued to 17 + 1 inch-pounds.

3.2.3.5 Thermal interface.-

3.2.3.5.1 Thermal characteristics of mounts.- The ILCE heat sink surface on
which the fransmitter, local oscillator, back-up lasers, AFC electronics, laser
dri , and podulator mounts are to be mounted shall have an average temperature

25 +15 °c The temperature gradient across the heat sink shall not exceed 0.2°C
: -10

Pe¥~inch mnder the following conditions:

(a.) Transmitter laser conducted heat = 12.6 watts
(b) L.0. laser conducted heat £ L, O watts
{c) Back-up laser conducted heat = 9.1 watts

(d) Modulator conducted heat < 7.0 watts (includes heater and
modulator driver)

3.2,3.5.2 Surface characteristics of mount.- To provide the required contact
conductance (24,1 x 10-2 w/em® - "K) the laser baseplate, transmitter, local
oscillator, back-up lasers, and modulator mounts shall have the following
surface characteristics:

() Surface flatness within 0,002 inches along any
direction of the respective surfaces.

(b) Surface finish of 16 micro-inches, rms, or less.

3.2.3,5.3 Component radiation environment.- The average radiation environment
for each component shall be a temperature of 30 * 15°C and an emissivity of 0.8.

5.2.3.5.4 Component finish on non-mounting surfaces.- The non-mounting
surfaces of each component shall have an emissivity of 0.6 or greater, except
for the modulator which has no restriction.

3.2.3.6 Test points.- Electrical test points, necessary for adjustment,
tuning, and trouble shooting, shall be provided at a convenient external locationm.
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3.2.3.7 Grounding,- The grounding system shall be divided into signal
grounds, power grounds, component case grounds, and shield grounds. These
grounds shall be isolated from each other and shall be brought ocut on separate
pins of the interface electrical connector. The shielded wire ground, as a
general rule, shall be grounded only at one end.

3.2.3.8 Flectrical connectors.- Electrical comnectors shall be in accor-
dance with NASA Publication 5-323-P-10. The type and pin assignment of the
connectors ghall be as shown in Figure 2,

3.2.3.9 Package venting,- All enclosures shall be vented so that the unit
internal pressure edquals the ambient pressure.

3.2.4 Reliability.- The design for reliability shall occur simultane-
ously with, rather than separately from the design to achieve the electrical
and mechanical characteristics specified in this specification. The laser
Subsystem shall be designed and fabricated to provide 98%;grobability of an
operational lifetime as specified in 3.2.2.1. This lifetime is based on the
active operation time being equally distributed within the two year period,
The groundbased Laser Subsystem shall have a mean-time-between failures of
at least 2000 hours,

3.2.5 Maintainability.- The design for maintainability shall occur
simultaneously with, rather than separately from the design of the lasger
Subsystem, The Laser Subsystem shall be designed so0 as not to require main-
tenance, repair or service during its operating life. However, test points in
accordance with 3.2.3.6 and any required means for determining the performance,
accuracy, or alignment of any part of the system shall be readily accesgible,
Ground station repsir or replacement of components shall be possible with a
minimum of disturbance to other parts and wiring., If special tools are
required for installation, tuning or adjustment, they shall be furnished with
the Iaser Subsystem. Adjustment provisions will be allowed if no other means
are available to assure proper functional operation or interchangeability.

If adjustment provisions are incorporated, a positive locking device shall be
used to insure that the adjustment setting will withstand the envircnmental
conditions and not change during the operating life of the Iaser Subsystem.
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3.2.6 Envirommental conditions.- If any unit fails to meet the performance
requirements herein or shows signs of damage after being subjected to the
environmental conditions, the subcontractor shall advise AGC immediately and
proceed With plans to modify the design as necessary to eliminate the cause of
failure, All design modifications resulting from such corrective action shall
be subject to AGC approvel prior to incorporation into the unit. -Subsequent
enviromnmental testing to demonstrate suitability of the redesigned unit to
meet the requirements herein shall be subject to approval by AGC,

3.2.6.1 Equipment operating.- The Laser Subsystem, while operating in any
orientation, shall be capable of meebing the requircments of Tables TA and IB
being subjected to any combination of the following environments:

() While the baseplate is subjected to sinusoidal vibrations in
accordance with Table IV (see 4.7.k).

(b) While being subjected to an acceleration of from zero up to
alg gravitational field,

(c) While being subjected to a dc magnetic field of from zerc up
to 0.6 gauss.

{(d) Thermal-vacuum conditions for ICE subsystems as specified
in AGC-20511,

{(e) Temperature for equipment operating as specified in AGC-2051l.

Table IV. Laser Bageplate Sinusoidal Vibration Levels During Operation

Frequency (Hz) Velocity {cm/sec, rms) s )
20 3.9 x 1072 \\\\37\AJYL; ‘Bl ?;
100 7.8 x 10-3 i
200 3.9 x 1073 ;ﬁﬁjgﬁgb
koo 2,0 x 10-3 S
600 1,3 x 1073
800 1.0 x 1073
1000 7.8 x 10-%

3.2.6.2 Equipment nonoperating.- The laser Subsystem shall be capable of
withstanding the fellowing environmental conditions in accordance with the
levels and test procedures specified in AGC-20511 and thereafter meet the
performance requirements of Tables IA and IB,

(a) Storage Temperature
(b) Sinusoidal and Random Vibration, Test level I or II -

(c) Acceleration
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3.2.6.3 Ground model.- The Laser Subsystem shall be capable of meeting
the ground model operating and nonoperating environmental requirements as
specified in AGC-20511 except relative humidity shall not exceed 60%.
. - o - T
3.2.7 Design and construction.- The laser subsystem shall be designed
and constructed in accordence with the thermal and structural reguirements
of AGC-20522 and the reguirements specified herein.,

3.2.7.1 Selection of Specifications and Standards.- All standards and
specifications utilized on this program other than those listed in Seetion 2
shall be approved for use by Aerojet-General Corporation on conecurrence with
the cognizant NASA Goddard Space Flight Center Office.

3.2.7.2 Materials, Parts, and Processes.- Maximm use shall be made of
established standard materials, parts, and processes, Variations in dimensions,
types, and protective finishes of parts shall be limited to the maximum extent
congistent with the intended application.

3.2.7.3 Parts and materials program.- Parts and materials shall be selected
in accordance with the parts and materials program specified in AGC-STD-2312.
Parts lists may be submitted in the subcontractors documentation format which
shall contain as a minimum, the part number, name, rating, specification number
and supplier.

3.2.7.4 Moisture and Fungus Resistance.- Materials which are non-
nutrients for fungus shall be used wherever possible. Where the use of
fungus nutrients connot be avoided, treating, packing, or other protective
means shall be used to engure required performance, All parts, materials,
or eguipments shall be either designed or protected so that exposure to
moisture encountered during the course of manufacture, test, shipment, and
installation shall not degrade performance,

3.2.7.5 Corrosion of Metal Parts.- All metals shall be of corrosion-
resistant type or shall be suitably processed to resist corrosion. The use
of dissimilar metals in direct contact shall be avoided wherever possible
or shall be protected against direct comtact. The provisions of MIL-STD-889
shall apply to the identification of dissimilar metals.

3.2.7.6 Interchangeability and Replaceability.- All parts with the
same manufacturer's part number shall be physically and functionally
interchangeable., DPart number changes shall be contrelled in accordance
with the reguirements of Specification MIL-D-1000,

3;2;7.7 Printed wiring bbards;~ Printed wiring boards shall be in accordance
with NASA Publication Z-300-P-1.

3.,2,7.8 Soldered electrical connections.- Soldering of electrical connections
shall be in accordance with NBH 5300.L4{3A) except for the Ffollowing:

{a) Noncontact heat sources shall not be used (paragraph 3Aa304.4).

{(b) BSolid solder shall not be used (paragraph 3A309).

(e) Liquid solder flux shall not be used (paragraph 3A310).

(d) Lap Joints shall not be used for structural mounting (parsgraph 3A505).
(e) Multiple conductor cable shall not be used (paragraph 34604 and

page 6-6).
(f) Chapter 9 is not applicable .
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3.2.7.9 Workmanship.- Workmanship shall conform to the requirements
of applicable process specifications relating to fabrication and assembly as
invoked by the particular assembly drawing. Critical steps of fabrication
which are item-peculiar shall be detailed in drawing notes which shall
include appropriate criteria of workmanship. Workmanship relating to all
other aspects of fabrication, general handling, and storage shall be in
accordance with the Aerojet-approved workmanship manual.

3.2.7.10 Electromagnetic Interference,- The electromagnetic interference
characteristics of the Laser Subsystem shall comply with the applicable reguire-
ments for Class IB and ID equipment specified in MIL-STD-461. The methods of
inspection and definitions shall be in accordance with MIL-STD-462 and MIL-STD-
463, respectively.

3.2.7.11 TIdentification and Marking.- The Laser Subsystem shall have
an identification nameplate or tag attached, Information on the nameplate shall
include the following:

(a} Manufacturer's part number

(b} Manufacturer's name and location

(c) Code identification

{d) Contract number

{e) Unit name, model number, and serial number

The information contained on this nameplate shall permit a search of assembly
detail drawings and documentaticn to be made to identify any part contained
within the unit. A1l parts shall be identifiied with one part number which
shall be that of the original manufacturer. All parts delivered as spares
shall be identified in accordance with {a), (c¢) and {e) above, The reference
cavity, modulator crystal subassembly, laser tube subassembly, and cavity and
end mirror subagsembly shall be serialized.

3.3 laser Subsystem Components.-

3.3.1 Iaser Transmitter Assembly.- The Laser Transmitter Assembly shall
include but not be limited to the following components:

(s) Iaser Tube

(b) laser Tube Mount

{c) Laser Modulator Crystal

(d) Laser Modulator Mount & Oven
(e) Cavity End Mirrors & Mounts
(f) Modulator Driver

shall be enclosed in an electron-

(g) Transmitter Start-Up Control } The electronic cireuitry portion
ics housing.

(n) Transmitter AFC Loop
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3.3.1.1 Transmitter laser tube,- The laser tube shall generate the power
specified in Table IA. The laser tube material, dimensions, and gas mixture
control shall be such that when any production laser tubes are mounted essentially
identically within the laser cavity their performsnce shall be within 5% of the
nominal walues specified in Table TIA.

3.3.1.2 Transmitier laser tube mount.- The laser tube mount shall structur-
ally support and position the laser tube in the laser cavity. The laser tube
mount shall be attached to the laser LCE heat sink as shown in Figure 3.

3.3.1.3 laser modulator crystal.- A laser modulator crystal shall be used
to frequency modulate the transmitter carrier as specified in Table IA,

3.3.1.4 Modulator crystal mount and oven.- The crystal mount inside the
oven shall be made of a material that induces minimum strain and deformation
into the modulator crystal consistent with the operational and thermal require-
ments. The oven shall be designed so that the crystal modulator operates within
specification limits when in a vacuum or at standard sea level atmosphere. The
mount shall eontain provisions to support the high voltage wires connecting the
crystal electrodes and the modulator driver. The mount shall contain the tempera-
ture control pr0v151ons such that the modulator crystal temperature shall not vary
by more than % 1°C with a design goal of * 0,1°C when the ICE heat sink temperature
varies -5°C to 40°C with and without power dissipation in the crystal,

3.3.1.5 Iaser modulator mount.- The modulator oven mount shall structurally
support and position the modulator oven and crystal within the laser cavity. The
modulator mount shall be attached to the laser base as shown in Figure 6,

3.3.1.6 Output cavity end mirror and mount.- The output cavity end mirror
and mount shall include the cavity end mirror, optical elements required to shape
the beam, mounts, and a temperature compensator if required. The output cavity
end mirror shall be shaped, in conjunction with other optical elements as reguired,
to permit extration of the laser energy and sustain lasing action as specified in
Table IA. The mount shall structurally support and position the cavity end mirror
assembly in the laser cavity. The hole pattern of the mount for attachment to the
laser base shall be coordinated with AGC.

3.3.1.7 AFCcavity end mirror and mount.- The AFC cavity end mirror and mount
shall include a cavity end mirror, a piezo-electric tuner, and a mount, The
cavity end mirror shall be shaped so that it sustains lasing action as specified
in Table TA, The cavity end mirror shall be mounted on the piezo-electric tuner
and shall strﬁcturally support the cavity end mirror which shall be attached to
the mount, The plezo-electric tuner shall be designed to allow a change of at
least 6 micrometers in the effective laser cavity length. The mount sheall struc-
turally support and position the cavity end mirror and piezo-electric tuner
assembly in the laser cavity. The hole pattern of the mount for asttachment to the
laser base shall be coordinated with AGC.

3.3.1.8 Modulator driver.- The modulator driver shall drive the modulator
crystal so that the performance requirements specified in Tables IA and IB are
achieved, The modulator driver shall include video switching to permit the driver
input to be selected from one of two video input lines., Switching between the two
video input lines ghall be upon command; the command shall be discrete., Provisions
for the two video input lines to the modulator driver-switching assembly shall be

provided,
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3,3.1.9 Transmitter start-up control.- The transmitter start-up sequence
shall be initiated upon application of power from the low-voltage supplies to the
transmitter electronics. The sequence shall include:

(a) Spectral line search
(b) AFC to line center

3,3,1.9.1 Transmitter start-up loop.- The transmitter start-up loop shall
effect the search for the laser operating spectral line. The search waveform
applied to the piezoelectric tuner shall be a triangular wave having a slope with
a magnitude of 230 + 15% volts/second. The AFC shall be initiasted and search
shall be discontinued when the DC level from the power meter exceeds a predeter-
nined threshold,

3.3.1.,10 Transmitter AFC loop.- The transmitter AFC loop shall accept the
frequency error voltage from the power meter amplifier assembly. The power meter
amplifier shall have two outputs; one shall be used for telemetry monitoring
purposes and the other shall be used for AFC loop control. Each output shall be
isolated sufficiently such that a short on one output shall not affect the other
by more than one percent. Each output of the power meter amplifier shall have
the following characteristics: ‘

3.3.1.10.1 AC signal characteristics

(a) TS5 Hz ripple on 2.5 + 0.5 vdc level when laser is tuned to line center,
(b) Iess thar 1000 ohms impedance
(c) When power modulation is 0.3% per MHz displacement, the 75 Hz ripple
(dither) component shall be 880 microvolts, rms, signal amplitude/
MHz displacement,

(d) Noise density of less than 100 v// Hz

(e) Frequency response of 3 db down at less than 5 Hz and greater
‘ than 150 Hz.

3.3.1.10.2 IC signél characteristics.-

() 2.5V + 0.5 V when tuned to line center.
(b) Linearity of 1% over an output range of 0.5 to 3 volts,
(c) Not more than 3 mv drift in a 5 minute period

(d) Increase in power level produces an increase in output voltage level.
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3.3.1.10.3 AGC loop response:- In response to the error voltage, the AFC
loop shall generate appropriate piezo-electric tumer driver voltages such that
the rms deviation at rates within the 0.1 to 1.0 Hz range will not exceed 100 K Hz.

3.3.2 Iaser Iocal Oscillator Assembly. - The Iaser Local Oscillator Assembly
gehall consist of the following subassemblies:

(a) Iaser Tube
(b) Iaser Tube Mount

(¢) Cavity End Mirrors (or Grating, as required) and Mounts

(d) L,0. Start-Up Control The electronic ecircuitry porition shall
be housed in the electronics housing.
(e) L.0. AFC Ioop
3.3.2.1 L,0. laser tube.- The laser tube shall generate the power specified

in Teble 1B, The laser tube material, dimensions, and gas mixture control shall
be such that when any production laser tubes are mounted essentially identically
within the laser cavity their performance shall be within 5% of the nominal values
specified in Table IB. :

5.3.2,2 L.Q. laser tube mount,- Iaser tube mount shell structurally support
and position the laser tube in the laser cavity., Laser Mount shall be attached %o
the laser base as shown in Figure 7.

3.3.2.3 Qutput cavity end mirror and mount.- The ocutput cavity end mirror and
mount shall inelude the cavity end mirror, optical elements required to shape the
beam, mounts, and a temperature compensator if required. The output cavity end
mirror shall be shaped, in conjunction with other optical elements as required, to
permit extraction of the laser energy and sustain lasing action as specified in
Table TA, The mount shall structurally support and position the cavity end mirror
assembly in the laser cavity. The mount shall be attached to the laser base as
shown in Figure 5.

Z.35.2.4 APC cavity end mirror and mount.- The AFC cavity end mirror and mount
shall include a cavity end mirror, a piezo-electric tuner, and a mount. The cavity
end mirror shall be shaped sc that it sustains lasing action as specified in Table IB.
The cavity end mirror shall be mounted on the piezo-electric tuner and shall struc-
turally support the cavity end mirror which shall be attached to the mount. The
plezo-electric tuner shall be designed to allow a change of at least 6 micrometers
in the effective laser cavity length. The mount shall structurally support and
position the cavity end mirror and plezo-electric tuner assembly in the laser cavity.
The mount shall be attached to the laser base as shown in Figure b4,

3 3.2. 5 L.0. start-up control.- The L.0. start-up sequence shall be initiated
upon application of power from the low-voltage supplies to the 1.0. electronics.
The sequence shall include:

(a) Spectral line search
(b) AFC to line center
{e) Frequency offset (line center minus 30 MHz + 1.1 MHz).
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3,3.2.5.1 L.0. spectral line search.- The local oscillator start-up loop
shall effect the search for the laser operating spectral line. The search
waveform applied to the piezo-electric tuner shall be a triangular wave having
a slope with a magnitude of 230 + 15% Volts/second. The AFC shall be initiated
and the search discontinued when the DC level from the power meter exceeds a
predetermined threshold. The output of the power meter shall be as described

in 3.3.1.10.

3.3.2.5.2 L.0. frequency setting.- Upon completion of the spectral line
search and the AFC, the local oscillator frequency shall be set at 30 + 1,1 MHz
below the line center frequency and shall not drift by more than + 500 KHz
from the initial offset frequency over a S5-minute period. -

3,3.2.6 L.0. AFC Loop.- The local oscillator AFC loop shall accept the
frequency AFC error voltage from the receiver porportional to deviation from
the 30 MHz center frequency. The error signal shall possess the following
characteristics: '

(a) Zero error voltage at 30,0 + 0.1 Miz
(b) Bandwidth of 0.1 Hz to 10 KHz at 3 db with fall off of 6 db/active

(¢) Slope of:
{1) At least -5 to +5 Volts over frequency range 29.5 to 30,5 MHz.
(2} Between -5 to -13 Volts over frequency range 27.5 tO 29.5 MHz.
(3) Between +5 to +13 Volts over frequency range 30.5 to 32.5 MHz.
(4) oOutput impedance of less than 1000 ohms.
In response to the error voltage, the AFC shall generate an appropriate piezo-
electric tumer driving voltage such that the local oscillator operating frequency
shall be kept at 30 + 0.05 MHz below the received transmitter frequency over a
frequency bandwidth of 0.1 to 1 Hz. Local oscillator AFC shall be closed after

receipt of an operate "ON" pulse.

3.3.3 Back-up laser assembly.~ The back-up laser assembly shall consist of
the following subassemblies:

{a) Iaser Tube
(b) laser Tube Mount
{c) Cavity End Mirror and Mounts

shall be enclosed in an

(4) Back-Up Iaser Start-Up Control The electronic circuity portion
} electronics housing.

(e) Back-Up Laser AFC Loop
3.3.3.1 Pack-Up Transmitter/Iocal Oscillator Selection.- Provisions shall be

made to operate the back-up laser as a Transmitter or local oscillator upon receipt
of the "Back-Up Transmitter On" or "Back-Up L.O. On" commands, respectively.
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3.3.3.1.1 Back-up laser as a transmitter.- The back-up laser characteristies
shall be in accordance with the requirements specified in Table IB. The start-up
loop shall be as specified in 3,3.1.9 and as follows:

(a) Respond to the back-up transmitter "ON" command
(b) Effect Spectral line search (same as 3.3.1.9(a).

(c) Effect selection of the line center frequency and continue
operating at the line center frequency #* 2.8 MHz.

3.3.3.1.2 Back-Up laser as a Local Qscillator.- The back-up laser character-
istics, when operating as a local oscillator, shall be in accordance with Table
IB. Upon receipt of a backup L.O. "ON" command, the start-up sequence shall be
as described in 3.3.2.5.

3.3.% Laser Baseplate Assembly.- A one piece baseplate will be used in the
ICE system to mount the transmitter, local oscillator, and back-up laser assemblies.
The baseplate will be made of CER-VIT (Owens-Illinoisj. The baseplate shall
have provisions to mount parts of the optical subsystem consisting of the diffraction
gratings, pover meters, beam splitters, mirrors, buffers and including mountings
structures and associated hardware.

k., QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection.- Unless otherwise specified, the
subcontractor is responsible for the performance of all inspection require-
ments as specified herein. Except as otherwise specified, the subcontractor
may utilize his own or any other inspection facilities and services acceptable
to the procuring activity. Inspection records of the examination and tests
shall be kept complete and available to the procﬁring activity for two years
after acceptance of the equipment., The procuring activity reserves the right
to perform any of the inspections set forth in the specification where such
inspections are deemed necessary to assure supplies and services conform to
prescribed requirements. Any deficiencies noted as a result of tests
conducted by the procuring activity, shall be corrected at the subcontractor's
expense and subsequent testing shall be at the subcontractor's expense,

4;1;1 Subcontractor's quality assurance program.- The subcontractor
shall implement and maintain a quality assurance program in accordance with
AGC-8TD-2311.

4,1.2 Subcontractor's reliability assurance program.- The subcontractor
gshall implement and maintain a reliability assurance program in accordance with

AGC-STD-2312.

4,1,3 Processing changes.- The subcontractor shall make no changes in the
Laser Subsystem design, specifications, materials, or msterial Processes
after AGC design approval without prior written approval of the Aerojet
ICE Program Manager,
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L,1.,4 Test conditions.- Unless otherwise specified in a detailed
method paragraph, all examinations and tests shall be performed under
standard ambient conditions as specified in Specification AGC-20511.

All test instrumentation shall bear wvisual evidence of current calibvration
in accordance with the calibration system requirements of MIL-C-L5662,

The tolerance allowed on test conditions and inputs are intended only to
Provide for accuracy tolerances of instrumentation, controls, etc., Test
conditions shall be adjusted as closely as possible to nominal or center
values specified, and in no instance shall they exceed the tolerance
specified. Performance parsmeters are specified either as limits or as
nominal values with plus-or-minug tolerances. These limits and tolerances
shall be regarded as absolute, and the accuracy tolerance of measuring
equipment shall not te interpreted as part of measured values in such a
way that an out-of-tolerance or out-of-limit measurement may appear in-
tolerance or in-limit,

4,1.5 Test Reports.- The results of all Design Qualification Inspection and Flight
Acceptance Inspection shall be documented in the form of test reports pre-
pared in accordance with AGC-STD-2312 and delivered with the hardware., Test
reports shall bve prepared and submitted to AGC for approval after completion
of testing.

4.2 Classification of Inspections.- Exeminations and tests to be
performed on the eguipment shall be classified as follows:

(a) In process Inspection (see 4.L),
(b) Design Qualification Inspection (see 4.5),

(¢} Acceptence Inspection {see 4.6),

i3 Test plan,- The subconbractor shall prepare a test plan which
includes all of the inspections specified in 4.2 and is developed so that the
test results verify that the requirements specified herein have been met.
The Test Flan shall ve submitted to Aerojet-General for review and approval
prior to the commencement of testing. The plan shall
describe every test to be made for measuring every significant performance
parameter., Every test shall be described in full detail; this shall include
block diagrams of the test setup, manufacturers' designations of all the
commercial test equipment to be used in the tests, the designs of any
special test equipment required, a full description of the test procedures
to be followed, all levels and impedances, the test acceptance limits
(which must be compatible with the overall performance requirements), and
an estimate of the accuracy expected from each measurement. Any special
calibrations of test equipment to assure its accuracy shall be adequately
described, The detall given for each test method and setup shall be suf-
ficlent to allow the test to be duplicated with no information beyond that
given in the test plan. In all cases where a test does not follow well-
Imown conventional procedures and methods, sulfficient information on the
theory of the test should be given to allow an objective evaluation of the
proposed test method.

L. 4 In-process examinations and tests. - In-process examinations and tests
shall be performed as required to determine conformance to applicable drawings,
specifications, approved workmanship standards, identification, traceability,
and any special process controls required to insure repeatability of hardware
performance,
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4,5 Design Qualification Inspection. - Design Qualification Imspection shall
consist of all the tests described in Table V, as a minimum. The examinations
and tests shall be designed to demonstrate the functional capability, structural
integrity, and performance repeatability of the Iaser Subsystem under ambient
conditions and the specified operational envircnments. The detailed Design Quali-
fication Inspection shall be included as a section of the overall test plan (see
4,3) and shall be reviewed and approved by AGC prior to the performance of the
tests, Design Qualification Inspection shall be conducted only when and to the
extent specified in the contract or purchase order.
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Table V. Derign Gualification Inspection

maximum temperature (operating)

Tables VIII,IX, & X

Requirement Test
Examination or Test Paragraph Method
Analysis
Reliability 3.2.4 ho7.1
‘Maintalnability 3.2.5 L.7.1
Thermal analysis 3.2.6 L7
Visual examination and measurements
Selection of specifications and standards 3.2.7.1 h,7.1.1
Materials, parts and processes 3.2.7.2 A
Standard and commercial parts 3.2.7.3
Moisture and fungus resistance 3.2.7.%
Corrosion of metal parts 3.2.7.5
Interchangeability and replaceability 3.2.7.6
Workmanship . 3.2.7.9
Printed wiring boards 3.2.7.7T
Soldered electrical connections 3.2.7.8 y
Tdentification and warking 3.2.7.11 hor.1.1
Weight 3.2.3.1 L.7.3
Envelope dimensions 3.2.3.2 ho7.1.1
Center of gravity 3.2.3.3 ho7.1.1
Mounting and alignment 3.2.3.4 b.7.3
Surface characteristics 3.2.3.5.2 h,7.1.1
Power 3.2,1.1 h
Grounding 3.2.3.7
Telemetry points 3.2.1.3
Commands 3.2,1.2
Connector 3.2,3.8
Electrical interface 3.1.2
Test points 3.2.3.6 ]
. Venting 3.2,3.9 b,7.1.1
Testing
Functional characteristics at 3.2.6.1 (e)
minimum and maximum temperatures (operating) |[Tables VIII,IX,& X | 4.7.2 & 4.7.%
Leak Detection As required
Vibration {non-operating) 3.2.6.2(a), Level I| 4.7.4
Functional charascteristics (after vibration) Tables VIII,IX,& X [ 4.7.2
Acceleration 3.2.6.2(b} 7.4
Functional characteristics (after acceleration)|Tables VIIT,IX & X k. 7.2
Functional characteristics during 3.2.6.1(a) 72 & 4.7.0
thermal vacuum Tables VIIT,IX & X
Leak detection As required
Electromagnetic interference 3.2.7.10 4,7.5
Functional characterisitics at 3.2.6.1(e), . | H.7.2 & 4.7.4
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4,6 Acceptance inspection,.- A detailed procedure of the acceptance inspection
shall be generated as a part of the overall test plan, by the subcontractor and
approved by AGC prior to final inspection. Acceptance inspection shall be accom-

plished on each subsystem offered for delivery including the flight and ground
- models. The inspections shall be extensive enough to demonstrate satisfactory
workmanship and that the Laser Subsystem performance is within tolerance.

4,6.1 Flight scceptance inspection,- As a minimum, the inspections and
tests in Table VI shall be performed for acceptance of the flight model.

Table VI. Flight Acceptance Inspection

Examination or Test Requirements Method
Visual examination and measurements
Weight 3.2.3.1 4,7.1.1
Envelope dimensions - 3.2.3.2 L.7.1.1
Surface characteristics 3.2.3.5.2 hov.i.1
Connectors 3.2.3.8 4,7.1.1
Testing
Functional characteristics 3.2.6.1(e), 1/ h,7.2 & 4,7.4
at minimum and maximum temperature Tables VIII, IX, & X ~ '
{operating)
Leak detection As required
Vibration (non-operating) 3.2.6.2(a), Level II o, Lo7.h
Functional characteristics Tables VIII, IX, & X h,7.2
Functional characteristics during 3.2.6.l(d3, 1
thermal vacuum Tables VIII, IX, & X 7.2 & 4,7.4
Leak detection as required
Functional characteristics at l/
maximum temperature (operating) Tables VIII, IX, & X & h.7.2 & Lh.7.%

}/ Excluding storage and acceleration and associated functional tests,

h.6.2 Ground model acceptance inspeection.- The ground model aceeptance
inspection shall be in accordance with Table VII.

L,7 Test methbds.;

4.7.1 Analysis.~ Those requirements to be verified by analysis shall
be sabisfied through a review of analytical data., Such data shall be sum-
marized or included as appropriate in the written report. Systems engineer-
ing data shall be used where appreopriate to support analysis.

4,7.1.1 Visual examination and measurements.- Those requirements to be
verified by visual examinatlion and measurements shall be satisfied by visual
examination and by the use of standard measuring instruments to determine
such characteristics as dimensions and weight, Drawings, bills of materials,

gpecifications, and other engineering documentation shall be used as appropriate.
With the exception of a detailed physical examination of the test specimen, which
ghall be performed immediately before the start of testing, compliance with these
requirements may be demonstrated before the time of testing, subJect %o agreement

of the Aerocjet representative.
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Table VII. Ground Model Acceptance Inspection

Examination or Test Requirement Method
Visual examination
Envelope dimensions 3.2.3.2 h,7.1.1
Surfece characteristies 3.2.3.5.2 h,7.1.1
Connectors 3.2.3.8 h,7.1.1
Testing
Functional performance at 3.2.6.1(e), 1/ Lho7.2 & 4.7.4
maximum and minimum temperature Tables VIII, IX and X ~
Electromagnetic intefference 3.2.7.10 4 7.5

l/ Excluding storage and acceleration and assocciated funectional tests.

L.7.2 Punctional performance.~ Specific tests as specified in 4.7.2,
and Tables VIIL, IX and X shall be performed to verify that the regquirements
of 3.2,1 are met., Whenever possible, test shall be made on the subsystem with
all electrical, mechanical -.and thermal interfacessimulated as closely to the
actual operating conditions as possible. Functional tests in accordance with
Tables VIII, IX and X shall be of two types:

(a) Complete functional tests which verify specifically that the
requirements of 3.2.1, which are amenable to measurements or other
guantitative assessment, have been met. These tests shall be
performed at specific points in the test cycle so that it is possible
to verify that the unit and its elements are performing in accordance
with specified requirements.

(b) Abbreviated tests, which will not verify all the requirements of
3.2.1, but are sufficient to show that the unit will perform its
overall functions satisfactorily. These tests shall permit rapid
assessment of unit performance during or after each of the principal
environmental exposures.

4.,7.2.1 Performance test.- The functional performance test shall be
performed at the specified vacuum pressure or ambient pressure, as applicable,
after the chamber has stabilized at the specified pressure or vacuum for a
minimum of two hours and the temperature of the baseplate has sgtabilized at
the specified temperature. The performance shall be verified for each of the
functional characteristics in Tables VIIL, IX, and X. The Laser Subsystem
ghall utilize an appropriate standard laser cavity for each type of laser tube.
These standard laser cavities may be the functional test model Laser Subsystem.
The unit, when placed in its standard laser cavity, shall perform nominal lasing
with only minor optical/mechanical alignment. '
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Table VIII, Functional Testing - Transmitter Assembly

y These tests shall be conducted under the specified operational vibration levels.

Requirement | Temperature Functional Funetional . Functional Functional Functional
: Paragraph Test After Storage | After Yi‘bration Af'ter’ During Test
Requirement Table IItem Nof Min. Max, Temp. Test Qual. [ Flight Acceleration | Thermsl-Vacuum | At Max, Temp.

Operating Line TA 5 X X X X

. Mode I |2 X X X X
Polarization TA 3 X X x
Power CQutput 14 1 X X X X X X X X
Power Input II X X X X X X X X
Operating Iine Width| TIA é X X X
Collimaticn 1A s X X X
Qutput Power Beam TA L - X X X

* Diameter -
Carrier Frequency TA a X X X
Mcdulation Charactersy TA 11 X X X
istics
Non-Lilnearity IA 15 X X X
Distortion i
Noise 13e X X X
Freguency Stebility J—'/IA 9 X X X
Amplitude Stability F TA 10 X X X
AFC Cevity Mirror Range Ta | 14 X X X
Moduletor Qven Temp. 3.3.1.4 X X X
Control
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TABLE IX.

Functional Testing - Local Oscillator Assembly

Requirement | Temperature Functional Functional Functional Punctional | Funéiional
Paragraph Test After Storage| After Vibration After During Test
__ Requirement Table| Ttem Nd Min. Max. | Temp. Test Qual. Flight || Acceleration ’;'hermal-Vacuum At Max, Temp.
Operating Line is 5 X X X
Mode IB 2 X X X
Polarization IB 3 X X X
Power (Qutput IB 1 X X X X X X X X
Power Input IT X X X X X X X X
Collimation IB}| &4 X X X
Output Power Beam IB | & X X x
Dlameter
Qperating Frequency B T X X X
Acquisition Frequency ) 8 X X X
Uncertainty
Frequency Stability y IB 9 X X X
Amplitude Stability I8 | 10 X X X
AFC Cavity Mirror Range TB {11 X X X

];/ These tests shall be conducted under the specified operational vibration levels.
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Isble X. Functionsl Testing - PBackup Laser Assenbly

" Fequirement |

1._/ These tests shall be conducted under the specified operational vibration level.

™ Temperature Functional Functionsl Funetional Punctional Functional
Faragraph Test After Storage] After Vibration _ After During Test
Requirement Table| Ttepm jd Min. | Max. Temp. Test Qual. Flight | Acceleration | Thermsl-Vacuum ] At Max, Temp.:
Operating Lines I8 5 X X X
Mode B 2 X X X
Polarization IB 3 X X X
Power Qutput IB 1 X X X X X X X X
Power Input T X X X X X X X X
Collimation IB| & X X X
Qutput Power Beem IB b X X X
Tdameter
Operating Frequency IB T X X X
Acquiglition Frequency| IB 8 X X X
Uncertainty
Fregquency Stability l]Z/ IB S X X X
Amplitude Stability Y I8 } 1C X X
AFC Cavity Mirror Range IB | 11 X X X
i
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b,7.2 .2 Power output.- ¥
b.7.2.3 Mode.- *

hor.2.4 Polarization.- *
4.7.2.5 Collimation.—  *

h.7.2.6 Operating line.- *

4. 7.2.7 Operating line width.- *

4,7.2.8 oOutput power beam diameter.- *

4.,7.2.9 Carrier frequency.- *

4,7.2.10 TFrequency stebility.- *

4.7.2.11 Amplitude stability.- *

4,7.2.12 'Modulation characteristics.- The modulation characteristics shall be
determined using the test setup shown in Figure S and shall comply with the require-
ments specified in Table TA and as follows: '

{a)
()

{c)

(a)
(e)

(£)
(g)

()

Modulation - FM.

Deviation cepability - Capable of providing peak deviations of
up to * 4.0 MHz.

Modulation sense - The Modulation shall be positive, (i,e., positive
frequency deviation corresponds to a lighter picture visual).

Input frequency bandwidth: 1 MHz to 6.0 MHz.
Baseband amplitude-frequency characteristics -

Reference Irequency Design Goal Minimum Acceptable

(1) 1.025 Miz 0 ab 0 ab

(2) 1.0 to 1.840 MHz £ 0.1 ab £ 0,25 db

(3)  1.840 to 6.0 MHz + 0.2 db + 0.k ap
Modulator/Driver Sensitivity - * MHz/vol‘ts input.

Modulator/rmiver Sensitivity Stability (MHz deviation/volt input )
stable within * 0.1 db over the full operating environmental range
during one operating pericd (not to exceed 2L hrs. ).

Group Delay - The group delay of the laser transmitter shall be
such that, when measured over a 6,0 MHz output bandwidth angd
using the test setup of Figure 8, shall not exceed the following:

(1) * 0.2 ns/MHz slope
(2) 0.0l ns MHz® parabolic
(3) 0.6 nspeak-to-peak ripple

% The test methods specified in the test plan shall be used to verify conformance
cf these characteristics,
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(i) Modulator Linearity - The modulator linearity measured by the
derivative method, using Figure 8 test setup, shall not exceed
2 percent, the ecsnter 90 percent of MHz, and shall not
exceed 1 percent over 79 percent of the bandwidth.

4.7.2.13 Vides distortion and noise.- The video distortion and noise shall
remain within limits specified in the following subparagraphs in baseband-to-
baseband test using the test setup shown on Figureg. The vestigial sideband
modulator and demodulator shown will be provided by AGC and their baseband-to-
baseband video distortion and noise characteristics shall be subtracted from
measured data, and the difference data shall then be applicable to the distor-
tion and noise limits specified in the following subparagraphs.

h.7.2.13;l Nonelinearity distortion.; The non~linerarity shall be measured
as follows to verify compliance with Table 1A:

(2) Non-linearity distortion of the synchronizing signal - Using Test
Slgnal Wo. 3, the amplitude for the synchronizing pulses shall be
between the limits of 0.25 and 0,30 volts, measured at a point of
0 db insertion gain, irrespective of whether the intermediate lines
of the test signal are at black level or white level,

hu7.2,13_2 Nolse.- The rnoise characterigtics shall be received as follows to
verify compliance with Table TA:

(a) TPeriodic Noise - The ratio of the peak-to-peak picture signal
amplitude to the peak-to-peak noise amplitude shall be ag follows:

(1) Power SupPly HuMe.euseeeoeesesnnernns 28 db wmin.
(Including the fundamental frequency
and lower harmonics)

(2) 8Single frequency noise between :
] KHz and 2 MHzZ.....ovt e 62 db min,

(5) Single-frequency noise between 2
ANA 6 MHZ. oo ur e eerennrnnnannnennes - 4 db min.

4.7.3 Weight and center of gravity.- The weight of the item and its major
components shall be determined to verify compliance with 3,2,3.1, The center
of gravity shall be determined along each of three mutually perpendicular axes
as specified in 3.2.3.3.
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b7y Environmental tests.- The following environmental testg ghall be
performed as specified in AGC-20511 to verify compliance with the requirements
herein. During the tests the item shall be attached to the test fixture so as
to simulate the actual element mounting to the transceiver baseplate.

(a) Vibration, (The vibration emplitude may be reduced up to 25 percent
with the approval of AGC to facilitate using existing
laboratory equipment,

{b) Acceleration.
(e) Thermal-vacuum
4.7.5 Electromagnetic interference.- EMI testing shall be accomplished in

accordance with the requirements of 3.2.7.10 for tests CEQ1l, CS501, and REOZ2
as specified in MIL-STD-461.

5.  PREPARATION FOR DELIVERY

>.1 Preservation, packaging, and packing.~ Unless otherwise specified,
the preservation, packaging, and packing shall be in accordance with the
subcontractor's best aerospace practice provided that this practice is
sufficient to protect the item against contamination and damsge during
shipment., The subcontractor shall be responsible for any contamination or
damage to the equipment as a result of insufficient or faulty packaging.
If the ccmponent does not meet the reguirements herein because of such
contamination or demage, an acceptable replacement component shall be furnished
within a reasonable time by the subcontractor at no cost to AGC. Exterior
containers shall conform to Consolidated Freight Classification Rules or common
carrier regulstions to insure delivery at Aerocjet-General Corporation, Azusa,
California, in an undamaged condition,

5.2 Marking for shipment.- Each shipping container shall be marked with,
ag a minimum, the following information:

(a) Name of unit

(b) Part number, drawing number, revision letter, and serial number
(c) Specification number and revision letter (AGC-20187¢)

(d) Date of final assembly

(e} Purchase order number

(f) Subcontractor's name

(g) Warning and caution notes, as applicable
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6. NOTES

6.1 Intended use,- The Laser Subsystem specified herein is intended for
use in the ATS-F Spacecraft as well as in a transportable ground station with-
out exhibiting any differences in performance or functional capsbilities due
to the differences in these enviromments, Any differences in hardware which
may be necessary shall not degrade the specified performance levels, In its
final form, this basic specification will describe the Laser Subsystem as
required for use in the space environment while the differences which make
it suitable for use in the ground environment will be noted in a brief addendum.

6.2 Supplementary References.- The following documents are for informa-
tion only and are not contractuaslly binding in this specification.

(a) "10.6 Micron Laser Communications System Experiment for ATS-F
and ATS-G," GSFC Document X-524-68-206, May, 1968.

(b) '"Heat Pipes and Vapor Chambers for Thermal Control of Spacecraft,”
5. Katzoff, Progress in Astronautice and Aeronautics, Vol. 20,

1967,
6.3 Definitions.-

6.3.1 TFailure.- A failure is defined as the inablility of the equipment to
perform the required function within the limits of the applicable detail speci-
fication.

6.4 Oral statements.- Oral statements shall have no effect on the require-
ments preseribed in this document or any document referred to herein.
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To be added later.

Figure 2. Electrical Interface Drawing
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1.1 Scope.-/This specification covers the minimum requirements for the
environmental degign criteria and test levels for the Iaser Communications
Experiment (LCE)fprototype, flight model, ground model, and their respectlve
subsystens.

1, SCOPE

1.2 Classification of tests.- The environmental tests specified herein
hawve been classified as follows:

(a) Design gualification tests.- Design qualification tests were
designed to simulate conditions more severe than field and
flight conditions to locate design deficiencies. However,
the conditions are not expected to excite unrealistic modes
of failure; should such modes occur, pertinent requirements
may be waived by express approval of AGC ICE Program Mansger.
Generally, test exposure levels were arrived at by multiply-
ing the normally expected levels by 1.5 or increasing the
expected temperature range by *15°C, These tests shall be
conducted on the ICE Prototype Model and its subsystems.

(b) Flight model acceptance tests.- Flight model acceptance tests
were designed to disclose latent material and workmanship
defects in an item of proven design before its incorporation
in a flight spacecraft or acceptance as a flight spare.
Exposure levels for these tests were derived from criteria
normally expected during the spacecraft life cycle.

(c) Ground model acceptance tests.- Ground model acceptance tests
were designed to diseloge latent material and workmanship
defects in an item of proven design before its incorporation
in the Operational Ground Equipment {OGE). Exposure levels
for these tests were derived from criteria normally associated
with the transportation and operation of the OGH.

1.3 Applicability.- This specification shall be applicable only to the
extent to which it is referred to in the applicable equipment specification
or the test plan. The tests herein hawve been developed to provide a high
degree of confidence that the ICE will meet the following objectives:

{a) Survive handling and transportation environments.,
(v) Survive launch and orbit injection enviromments.
(c) Operate in the orbital and ground environment, as applicable.
2. APPLICAELE DOCUMENTS
2,1 The following documents, of the issue in effect on date of invita-
tion for bilds, form a part of this specification to the extent specified
herein., In the event of conflict between documents referenced here and

the content of Sections 3, 4, and 5, the requirements of Sections 3, L4, ang
5 shall be considered a superseding requirement,
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Military
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FED~STD-209

Military
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MIL-STD-U463
MIL-STD-810
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Calibration of Standards

Controlled Environment Clean Room and
Work Station Requirements

Electromagnetic Interference Characteristics,
Requirements for Equipment '

Electromagnetic Imterference,
Characteristics, Measurement of

Definitions and System of Units
Electromagnetic Interference Technology

Environmental Test Methods for Aerospace
and Ground Eguipment

Human Engineering Design Criteria for
Aerospace Systems and Equipment

Reliability Assurance Requirements for
Suppliers of Laser Communications
Experiment Equipment

(Copies of documents required by contractors in connectlon with specified
procurement functions should be obtained as indicated in the Department of
Defense Index of Specifications and Standards or as specified by the con-

tracting officer.)

3. REQUIREMENTS

3.1 General.- The test enviromments specified herein represent those
conditions which the prototype, flight, and ground models and associated
subsystems shall be reguired to withstand to assure satisfactory performance
in aecordance with the detail eguipment specification.
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3.2 Test seguence.- The sequence to be followed for the environmental
tests shall be as specified in the equipment specification consistant with
the sequence shown below. Deviation from the sequence specified shall
require prior approval of the Aerojet ICE Program Manager or his authorized
representative.

Design Flight Ground
Qualification Acceptance Accepbtance
{(a) Weight and Center
of Gravity X X
(b) Leak* X X X
{(c) Storage and
Operational Temp. X X
v - L —
(d) Vibration Level I II & III IT & ITI
(e) Acceleration X X X
(f) Radiation : X
(g) Thermal-balance* X
(n) Thermal-vacuum Ievel T level IT
(i) Leak* X X X

3.3 Weight and center of gravity.- The weight of the ICE and its
subsystems shall be determined to verify compliance with the detail component
specification. The center of gravity shall be determined for the LCE along
each of three mutually perpendicular axes (X, Y & 2) as shown in Figure 1.

3.4 Detail environmental requirements, -

3.4.1 Ieakage.- Ttems which are hermetically sealed shall contain an
internal vacuum. The leakage rate of an item shall be determined using a
helium mass spectrometer method and shall be less than 1 x 106 standard
cc/second of helium,

3.,4,2 Temperature.- The item shall be capable of satisfactory perform-
ance in accordance with the detailed specification while being exposed to
the temperature environments for equipment operating as specified in Table I,
The item shall operate satisfactorily at room ambient temperature following
storage exposure and during transitions to and from the exposure limits.

For cyclically operated items (on/off orbital operation) cold start capa-
bility shall be demonstrated at least three times during the ceold test.

* When specified in the equipment specification,
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Table I. Temperature Tests During Storage and Equipment Operation

Stabilized Duration
Test Type Test Phase Temperature (hours )
Cold Storage =30° C 6
(-22° F)
Storage
Hot Storage + 60° C 6
(+140° )
Cold Operation -5° C 6
Equipment (+23° F) {minimum )
Operating
Hot Operation +1LOOOC 6
! (+104" ¥) {minimum )

3.4,3 Vibration.- The item shall be capeble of satisfactory performance

in accordance with the detailed specification while being subjected to

sinusoidal sweeps at test level III as specified
shall be capable of satisfactory performance in accor
after being subjected to sinusoidal sweeps and random vibra-
Table ITA and ITB, The vibra-

gspecification

tion at test level I or II as specified in

in Table ITA, The. item
dance with the detail

tion shall be applied in each direction along the three orthogonal axes,
with one direction being parellel to the thrust axis (see Figure 1).

% To be added at a later date.

t
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Table ITA. Sinusoidal Vibration
Test | Frequency | Sweep ! Test
Ievel Axis (Hz ) Input Ievel Rate | Time
Design Qualil Thrust and 5 to 22 0.5-inch double amplitude i
fication Test %aZ‘Elea]}i‘x constent displacement o octaves / ,s 13.0
1 ? 20 to 200 |12.0 g (O-to-peak) minute minutes
(Equipment | and Y-Y) ' (total)
Nonoperating) 200 to 2000 }5.0 g (0O-to-peak) ;
Flight &Greund o ) v
Acceptance Thrust and 5 to 18 0.5-inch double amplitude i
Togt Iateral constant displacement H
- (z-7, X-X, | 18 45 200 {8.0 G (0-to-peak) k octaves/ } 6.5
(Equipment and Y-Y) minute minutes
Nonoperat 200 to 2000 |3.3 g (O-to-peak)  {(total)
Flight & Ground] Thrust and Velocity (cm/seé, rms )
lAccepbance lateral i -2
Test (z-Z, XX, 20 3.9 % 10
1II and Y-Y) 100 7.8 x 1073
(Equipment - -3 * *
Operating) 2.00 3.9 x 10
: Loo 2.0 x 1073
i 600 , 1.3 x 103
. 800 % 1.0 x 1073
! ]
L 1000 i 7.8 x 107"
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Table IIB. Random Vibration

Test Freguency - PSD ILevel Overall Test
level Axis (Hz) (e°/8z) Acceleration} Time
B (g-rms)
Design Qualif Thrust and 20 to 250 {0.00L0 to 0.16 increas-
Fication Test lateral ing from 20 Hz at the L.o
I (z-7, X-X%, rate of 6 db/octave minutes
(Equipment | end Y-Y) 17.0 each axis
Nonoperating 250 to 2000 0.16 (Total 12
ﬂminutes)
Flight&Ground] Thrust and 20 to 250 [ 0.0004 to 0.07 increas- 2.0
Acceptance lateral ing from 20 Hz at the 11.3 Iminutes
Test (z-Z, X-X, rate of 6 db/octave each axis
I - and Y-Y) ' (Total 6
%Fquipmen . 4m1nutes)
onoperating) 250 to 2000 0.07

3.4.4  Acceleration.- The item shall be capable of satisfactory performance
in accordance with the detailed specification while in any orientation and
while being subjected to a zero to 1 g acceleration field and after being
subjected to the following acceleration environmemts. The acceleration shall
be applied along the longitudinal and either lateral axis at the center of
gravity of the test item and not vary by more than * 10% across the item
(see Figure 1),

(a) Longitudinal Axis (Z-Z) in forward direction at 9 g's
and 3.9 g's in aft direction for 3 minutes at each level.,

(b) Lateral axis (either) at 3.9 g's in each direction for
3 minukes.

3,4,5 Space radiation environment,.- The item shall be capable of with-
" ghanding the Van Allen Belt radiation for an exposure time of __ * hours
while on route to a synchronous orxrbit and thereafter meet the performance
requirements of the applicable detail equipment specification. The item
shall be capable of satisfactory operation in accerdance with the applicable
equipment specification while being subjected to the integral electron
environment specified in Table IIIL.

¥ To be added at a later date.

5 BRev. A



AGC-20511

Table III, Integral Electron Environment
(Synchronous Equatorial Orbit, Averaged Over Local Time)

, Time Averaged Ommidirectional
Electron Energy -E Electron Flux Greater than
(MEV) Energy E electrons/cm-/sec
0.01 ' 6 .51E+07
0.02 ” | 5 ,80E+07
0.03 5 «33E+07
0.04 4 ,97E+07
0,05 . 4, 65E+07
0.10 3.50E+07
0.20 2, 10E+07
0.30 1.29E+07
0.40 7 . O4E+06
0,50 L ,93E+06
0.60 3.07E+06
0.70 1.91E+06
0.80 1,19E+06
0.90 7 45E+05
1.00 L [66E+05
1.10 2.91E+05
1.20 1.82E+05
1.30 . 1. 14E+05
1.h0 7 . 14E+0L
1.50 , L. 47E+0k
1.60 2 ,80E+0k
1.70 1.75E+0k
1.80 1.10E+0k4
1.90 6,89E+03
2.00 4.32E403
2.50 ~ L418E+02
3.00 4. 06E+01
3.50 3.,95E+00
4,00 3,84E-01
5.00 3.64E-03
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3.4.6 Thermal balance.- The thermal balance test shall be performed with
& test chamber vacuum of 1 x 1072 torr or less with cold walls at -185°C
(300°F) or less and solar simulation capability. The item shall be capable of
satisfactory performance in accordance with the detailed specification during
and after exposure to the environment.

3.4.7 Thermal vacuum.- The item shall be capable of satisfactory perform-
ance in accordance with the detailed specification after and while being (as
applicable ) exposed to the applicable thermal vacuum test of Table Iv. Ttems
that are normslly operative during the launch phase shall be operating while the
chamber is evacuated to 1 x 107 > torr from standard atmospheric conditions,
Corcna effects shall be monitored throughout the evacuation period., For items
that are operated after injection into orbit, turn-on times upcn reaching a
chamber wvmcuum pressure of 1 x 10~ torr shall be established prior to test.

For cyclically operated items (on/off orbital operation), a cold start capabil-
ity shall be demonstrated at least three times during the cold soak period.

Bach operaticn cycle shall be preceded by a reversion to stabilized conditions
at the minimum specified termperature. Provisions shall be incorporated to
monitor all critical internal element temperatures continuously during the test,
Test conditions and test specimen performence shall be recorded periodically.
After the temperature has stabilized at each of the maximum and minimum tempera-
ture levels, the functional test as specified in the detaill specification shall
be performed. Upon ccompletion of the test, the elements shall be examined for
evidence of damage or deformation.

3.,4.8 Electromagnetic interference.- The electromegnetic interference
characteristics of the transceiver and associated components shall meet the
requirements of MIL-STD-461 for Class I equipment. The applicable subclass
breakdown and frequency range shall be in accordance with the detail speci-
fication or AGC approved test plan.

3.5 Ground model operating environment.- The ground equipment shall be
capable of satisfactory performance in accordance with the detailed specifi-
cation during and affer being subjected to any of the following conditions
successively or in any combination,

(a) Operation, continucusly 24 hours per day.
(b) Temperature, from -5°C to +40°C (23°F to 104°F) for three days.

(¢) Elevation, up to 10,000 feet above sea level,

(a) Relative humidity of 50% or less.
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Teble TV, Thermal-Vacuum Test

Test Level & Pressure Duraticn
|_Application Test Fhase Temperature (torr) - (hours )
Fevel T. . Pretest checkout] Ambient Ambient As required
Design Qualificd— ' )
tio;ggest Cold soak -SZC 1x 1072 24
(Equipment (+23°F) or less
Operating) ' ' : _
e Cold~to-hot Inereasing 1'x 1072 As required
transition rom +5 to or less
- + hooC
Hot soalk +L40 € 1x 107 ol
' (+104°F} or less
Fost-test Ambient Ambient As required
Checkout ‘
Level II Pretest checkouty Ambient Ambient As required
Flight | '
Acceptance Test Cold soak +10° ¢ 1x 1072 ol
(Equipment (+50°F ) or less
Operating) ‘ '
Cold-to-hot Increasing 1 x 10-5 | As required
transition from +10 to or lesas
+30°C
Hot soak +30°C 1 x 1072 2h
(+86°F) or less
Post-test check-
out Ambient Ambient Eﬁ required
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L, QUALITY ASSURANCE PROVISIONS

4,1 Responsibility for testing.- Responsibility for environmental test-
ing shall be as specified in the component specification, procurement document,
or test plan. Test procedures, facilities, and equipment used shall be approved
by AGC. The requirements of MIL~-STD-1472 shall be used as a general guide where
man/machine interfaces are regquired in the flight model and ground model trans-
ceiver.

Loi.1 Safety.- Preventative measures shall be taken to minimize the pos-
§ibility of human errors causing damage during routine handling, testing, in-
stallation, or checkout. Teat or handling equipment or fixtures shall be de-
signed and constructed so that operation or failure cannot cause damage to the
test item. The design shall preclude exposure of operating and test personnel
to safety hazards durlng routine handling, testing, installation, or checkout
of the item.

L,2 Test equipment.-

h,2.1 Test configuration.- The prototype bracketry and baseplates for
mounting of components to the structure shall be used in all shock, vibration,
and acceleration tests in order to achieve adequate dynamic similarity. The
fixture design shall eliminate or minimize fixture rescnance within the test
freguency range. It shall support the specimen in a wanner simulating vehicle
installation. When mechanical or electrical connections are not used, they
shall beé adequately protected.

4.3 Test facilities.- Test facilities, chambers and apparatus used in
the conduct of tests in accordance with this specification shall be fully
capable of producing and maintaining the reguired conditions with the test
item under test, installed on or in the appasratus, and operating or non-oper-
ating, as required. '

4,%,1 Chamber.- The test chamber shall be such that the item under test
will not interfere with the generation and maintenance of test conditions.
The heat source of the test chamber shall be located so that radiant heat will
not fall directly on the test item, except where appllcatlon of radiant heat
is one of the test conditiomns.

4.3,2 Temperature sensors.- The thermocouples or equivalent temperature
sensors utilized to determine or control the specified chamber temperature shall
be centrally located within the test chamber where possible, or in the return air
stream and shall be baffled otherwise protected against direct impingement of
supply air and against radiation effects. The temperature sensors to indicate
stabllization shall be attached to the component or experiment in sufficient number
and at such locations as to measure the highest and lowest case temperatures,
Exposure items shall be based on time after stabilization, when the control sen-
sor varies by no more than 1.0°C per hour,
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4,3.3 vVacuum pressure.- The pressure will be considered stabilized when the
pressure in the environmental test chamber has reached a level of 1 x 1072 torr
or lower.

L,3.4 Monitoring system.- All data-gathering instrumentation shall be
calibrated in accordance with the requirements of MIL-C-45662. All monitoring
instrumentation used as a part of the environmental control system herein
shall:

() Conform to laboratory standards whose calibration is traceable
to the prime standards at the U.S. Bureau of Standards.

(b) Have an accuracy of at least one-third the tolerance for the
parameters to be measured.

4,%3,5 Instrumentation,- The test facility shall include adequate instrumen-
tation and data-reduction eguipment required to determine that the specification
requirements are met within the specified tolerances. Adequate instrumentation,
gages, accelerometers, pressure pickups, ete, shall be spplied to the test
specimen to provide data to afford an adequate post-test analysis of the test
specimen. Techniques shall be used which provide a minimum effect from instrumen-
tation on the test specimen. For vibration and shock tests, control accelerometer (s )
shall he mounted on the test fixture at the point where the specimen attaches to
the fixture. The test frequencies, acceleration levels, and pulses herein specified
are to be sensed by the control accelerometer(s) during testing. All instrumentation
shall show evidence of current calibration in accordance with the requirements of
MIL-C-45662. - Documentation specifying instrument accuracy, calibration periods,
calibration facilities, and the procedure used to control instrument certification
shall be made - -available upon request by Aerojet-General Corporation.

h.3.6 Tolerances.- Unless specifically stated otherwise in the test proce-
dures, the test tolerances shall be as follows:

(a) Temperature: *2°C (£ 3.6°F) on control temperature sensors

+
(b) Relative humidity: - g percent
(¢) Vibration amplitude: sinusoidal * 10 percent, random
(overall g rms) t 10 percent, power spectral * 3 db

{a) vibration frequency: 2% 2 percent or 1 Hz, whichever is greater
+
(e) Linear acceleration: _ g percent

(f) Weight: O0.0L pound or = 0.1 percent of the tobtal welght, whichever
is greater

(g) Center of gravity: 20,1 inch
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(h) ©Pressure: When measured by devices such as manometers: * 5% or
: % 1.5 mm of mercury, whichever provides the greatest
accuracy.

When measured by devices such as ion gege:

£ 10% to 1077 torr

4L.3.7 Installation of test item.- The test item shall be installed in the
test facility in a mammer that will simulate service usage, making connections
and attaching instrumentation as necessary. Plugs, covers, and inspection plates
not used in operation, but used in servicing shall remain in place. The test item
shall then be operated to determine that no malfunction or damage was caused due
to faulty installation or handling.

L4 Test conditions.- Unless otherwise specified in the detailed procedure,
all tests reguired by this specification shall be made at local test site am-
bient conditions. Actual ambient test conditions shall be recorded periodically
during the %test performance. The ambient conditions for .conducting a test item
Tunctional and operational checkout before, during (if applicable)}, or after
environmental test exposures shall be, as follows:

(8) Temperature: 25° % h°C (70° to 84°F)
(b) Relative humidity (RH): 55 percent or less
(c} Barometric pressure: room ambient

(4) Cleanliness: equal to or better than class 300, 000 conditions
as defined in FED-STD-209

Note: If an item is gsealed, protected, or otherwise

- Tunctionally insensitive to temperature variations
and humidity, checkout at room ambient conditions
shall be acceptable. Components with more stringent
requirements than those specified above shall have
their requirements specified in the detaiied test
Drocedure; special handling requirements shall also
be specified.

h.h.1 Spacecraft axes.- Unless otherwise specified, the test axes shall
e the orthogonal axes of the unit in accordance with the applicable detailed
specification. The coordinate axis representation of the Spaceborne Model
shall correlate the spacecraft coordinate system as shown in Figure 1.

4,5 Failure and corrective action,-

L.5.1 Failure, repair, and adjustment.- An item shall be considered as
having failed the test if satisfactory operation is not demonstrated in
the post-test performance tesis, or 1f post-tests inspection reveals’
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deterioration, alignment outside of specified design limits, or gtructural dam-
age. All test specimen failures shall be reported immediately to- AGC in accord-
“ance with AGC-STD-23%12., If a test equipment failure occurs, the test will be
discontinued ‘and the trouble corrected (always accompanied by a failure report
indicating the failure mode, cause of failure and corrective action taken).
Unless otherwise specified in the detailed test procedures, or at the direction
of the cognizant engineer, the test sequence shall be continued from the point
of failure, whenever practical.

4.5.2 In-line failures¥- If dn in-line failure occurs during a test (e.g.,
loss of transmitter output), the test shall be discontinued until failure analysis
and corrective action have been made. The test In which the failure occurred shall
then be repeated in its entirety without failure before proceeding to the next
event, ‘

4.5,%3 Retest failures.- If failures occur that require corrective action
affecting the validity of previously completed tests, all prior tests affected
shall be repeated, '

L. 5.4 Iimited effect.- For those failures having a limited effect on the
overall performance of the item being tested, the Aerojet Project Manager or
his authorized representative shall determine the feasibility and value of continu-
ing the test before corrective action is undertaken.

4,6 Test procedures.- The detailed environmental test procedures shall
be prepared in accordance with the requirements specified in AGC-STD-2312
covering tests intended to verify environmental design integrity of the item
and submitted to AGC for approval before tests are initiated. A funetional
test shall be performed on the item in accordance with the component test
plan prior to environmental testing to demonstrate satisfactory operation.
Satisfactory operation is defined as that state in which the item maintains the
performance as specified in the respective specification. Following the
environmental testing, functional teste shall be performed egain to determine
if performance still is in dccordance with the component specification. No
adjustment to compensate for environmental extremes shall be allowed unless it
is in the detailed specification.

* An in-line failure would prevent a subsystem from meeting its functional
requirements.
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Special considerations of individual assemblies may require modifications of
the general test procedure as outlined by this specification. The sequgnce of
testing shall be in accordance with the appropriate detailed specification.

4.7 Test methods. -

4.7.1 Environmental tests.- Unless otherwise specified, the environmental
exposure shall be of suffiecient duration or shall be repeated at appropriate
intervals to insure a record of comprehensive comparative data for comparison
with date recorded under standard ambient conditions. Where applicable, pro-
visions shall be made to verify satisfactory performance of redundsnt parts.

A visual inspection shall be conducted and a record made of any damage or de-
terioration resulting from the environmental exposure. This inspection is re-
guired before returning to ambient condition tests.

4, 7.2 Ieak detection.- The leak test* shall be performed as specified in
the implementation document, but is usually conducted before and after the en-
vironmental seguence. Where feasible, the item shall be placed in an atmosphere
of essentially 100 percent helium within the sealed pressurized volume (ensure
that the unit can withstand the implosive pressure specified in the test pro-
cedure), The unit shall remain in this enviromment for 30 minutes. The
component shall be tested with a mass spectrometer leak detector by placing
the item in a vacwum chamber that is reduced to 1 x 1072 torr or less and
monitored to determine conformance to the leakage requirement of 3,4.1.

Duration of the leak test shall be determined by test item characteristics.

L.7.3 Temperature.- The item shall be exposed to either or both of the
temperatures specified in 3.4.2 in accordance with the implementing document.
Temperature test requirements are divided into storage tests and equipment
operating tests. The temperature tests shall be conducted in a chamber with
humidity control and forced air circulation., During testing, including tem-
Perature transitional periods, the test chamber conditions shall be maintained
at 80 percent relative humidity or less.

bho7.4 Humidity.- The humidity test shall not be required for the item
if normal humidity protection is provided by use of ground support equipment.
The humidity tests shall be performed in a chamber with temperature control and
forced air circulation to determine conformance with the reguirements of 3.5,

* UWhere applicable, leak tests shall be repeated as appropriate during other
pheses of testing,
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4,7.5 Vibration.- The item shall be subjected to the gpplicable vibra-
tion levels specified in 3.4,.3, both while operating and non-operating, in
accordance with the implementing document. The item, while non-operating,
shall be subjected to a sinusoidal swept-frequency test and a random
gaussian motion test in each of three orthogonal axes using test level I or
IT, as applicable, Each item may have any of its elements vibrated
separately if the vibration fixture simulates the actual mounting at the
items interface. All attachments to the vibration fixture shall simulate
actual interface mounting conditions., The item, while operating as specified
in the detail specification shall be subjected to the sinusoidal sweep using
test level IIT in each of the orthogonal axes, Any instability indication in
performance of the item during any vibration schedule phase shall be reported.
The report shall state the frequency or frequency bandwidth where instability
and resonance were detected and the corresponding subassembly axis found to
be most sensitive to vibratory excitation. The vibrations shall be controlled
using accelerometers, attached to the fixtures in accordance with the
appropriate implementing documentation. :

4,7.5.1 Sinusoidal.- The test shall be performed by sweeping the applied
frequency once through each range in accordance with Table II-A., During sinu-
soidal vibration testing, the three accelerometer signals shall be recorded
continuously.

4.7.5.2 Random,- During the random vibration tests the contrel accel-
erometer response shall be equalized so that the specified power spectral
density (PSD) values are within * 3 db in the frequency band and the overall
rms level is within £ 10 percent of that specified., The filter roll off
characteristic above 2000 Hz shall be at the rate of 40 db per octave or
greater. The signhal from the control accelerometer shall pass through a
spectrum analyzer having the following characteristics:

(a) Filter bandwidths shall not exceed 25 Hz below 1200 Hz or
100 Hz above 1200 Hz.

(b} Averaging times shall be at least 2.5 seconds for each
filter band where the bandwidth is 10 Hz or greater. For
narrower filter bandwidths, the averaging time shall be
at least 25 divided by the filter bandwidth.

4,7,6 Acceleration.- The item shall be exposed to the accelerations speci-

fied in 3.4.4 in accordance with the implementing document, Steady-state accel-
eration testing is to be determined.

4,7.7 Space radiation.- The item shall be subjected to the radiation
conditions specified in 3.4.5 while being tested in accordance with an AGC
approved subcontractor test procedure consistant with MIL-STD-810, Method T517.

4,7.8 Thermal balance,- The item shall be exposed to the requirement*
- gpecified in 3.4.6 in accordance with the implementing document. The test
shall be conducted so that part or all of the requirements for thermal-
vacuum testing (3.4.7) are in accordance to the detailed specification.

¥ TIf applicable.

1% Rev., A
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L.7.9 Thermal-vacuum,r The test item shall be subjected to the environ-
ment to determine conformance with the requirement of 3,4.7. The item shall
be exposed to maximum and minimum bus voltages in accordance with the detailed
specification. Temperatures shall be monitored continuously during test expo-
sure. Stabilized temperatures shall be achieved when the reference temperature
veries by no more than 1.0°C per hour. 'The maximum rate of temperature

changes during testing shall conform with spacecraft thermal characteristics to
avold wnrealistic thermal gradients.

4.7.10 Electromagnetic interference (EMI) and magnetic field.- The item
shall be exposed to .the EMI requirements and test levels specified in 3.4.8
in accordance with MIL-STD-462 unless otherwise specified in the implementing
document.

4,8 Test reports.- The test facility shall submit test reports

for each unit tested as specified in the statement of work and component
specification., The reports shall include completed data sheets for each test
performed, actual test values obserwved and evidence of quality control surveillance,

5. FREPARATION FOR DELIVERY

5.1 Transportation and handling.- The packaging of items storea oOr trans-
ported separately shall provide protection from the transportation and handling
environmental conditions. The packaging itself shall not deteriorate under
storage and transportation environments to the degree that its ability %o pro-
vide this protection is impaired. Document analyses and/or test results shall
e provided to assure that adequate protective devices and procedures are used
during handling and transportation of items,

6., NOTES

6.1 Intended use.- The environmental levels specified herein are
intended to be applied as design criteria to the components of the Spaceborne
ICE and the Ground Support Equipment of the ILaser Communication Experiment.

6.2 Precedence.- When the requirements of this specification are in
conflict with the reguirements of the implementing specification, the reguire-
ments of the implementing specification ghall prevail.

6.3 Ordering data.- Implementing documents should specify the title,
number, revision and date of this specification.

6.k Imformation.- The technical data used in this document have been
derived and are compatible with the data presented in the NASA GSFC Environ-
mental Specification S5-320-ATS-2B dated 29 October 1969.

15 Rev. A
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1. SCOrE
1.1 Scogg--'This specification covers the requirements for the design,

fabrication, performance and testing of a 10.6-Micron laser Communication
Experiment System, referred to herein as the LCE Transceiver.

1.2 Application.- The objective of LCE System as part of an ATS-F
spacecratt is t6 ascertain the practicality of wideband communiecations
between a spacecraft and a ground station and between two orbiting space-
craft using the 10.6 micron radiation from a carbon dioxide laser; and to
establish the resulting efficiency that can be effected in terms of communi -
cation bandwidth per pound on the spacecraft. To thig end, a number of
related experiments, tests, and measurements will be performed including,
but not limited to, the following: (1) S/N* as a function of atmospheric
rarameters, (2) S/N as a function of receiver aperture (spatial coherence),
(Note: Another ground station, which is outside the reguirements of this
specification, will be developed separately to meet this objective.),
(3) 8/N as a function of zenith angle, (%) Space background noise (sun, stars,
etcs), (5) Laser power cutput ag a function of total elapsed time and operating
time in the space enviromment, (6) Temperature and noise value of the mixer/rad-
iation cooler as a function of satellite orlientation and time of year, (7) Round
trip and one-way data quality compared to a reference microwave link, (8) Taser
frequency stability in the space enviromment, and (9) Spacecraft attitude deter-
mination from laser data.

1.3 C(Classification.- The LCE System covered herein shall be classified
as the Flight Model. The ground model will be the prototype flight model and
shall be functionzlly the same as the flight model except the ground model
shall include a means to cryogenically cool the receiver mixer assembly.

(See Appendix A.) :

©.  APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date of invita-
tion for bids, shall form a part of this specification tc the extent specified
herein.

SPECTIFICATIONS
NASA

S-524-p-h 10.6-Micron Laser Communication System
Experiment for ATS-F

S-460-ATS-42 10.6 Micron lLaser, Interface Reguirements

S-460-AT5-38 ATS-F and G Experiment Interface Specification

S-320-ATS-2 ATS-F and G Envirommental Test Specification
for Components and Experiments

NHB 5300.4(3A) Requirements for Scldered Elecirical Connections

* 8/N = Signal to noise ratio



5-323-P-10

- §-300-P-1

Military

Aerojet-General Corporation

MIL-D-1000
MIL-C-45662

STANDARDS

NASA

AGC-20186

AGC-20187
AGC-20511

AGC-20512
AGC-20514
AGC-20515
AGC-20518

AGC-20519

AGC-20520
AGC-20521
AGQC-20522
AGC-20523
AGC-20525

GSFC-STD-256 -4

Military

MIL-STD-4H1
MIL-STD-462
MIL-STD-463

MIL-STD-831
MIT,~-3TD-889

AGC-20513
Connectors, Subminiature Electrical and
Coaxial Contact, for Space Flight Use

Printed Wiring Boards

Drawing, Engineering and Assceciated List

Calibr&tion of Btandards

Receiver Subsystem, Optical Heterodyne,
10.6 Micron

Laser Subsystem, 10.6 Micron

Envirconmental Design Criteria and Test Levels
for the laser Communication Experiment and
Associated Components

Interface Requirements, LCE/ATS Spacecraft
Installation and Handling, LCE
Power Supply Subsystem, LCE

Frequency UP Translator, 30 Hz-4.6 MHz/1.4 MHz-
6 MHz

Frequency Down Translator 1.4 MHz-6 MHz/
30 Hz-k.6 MHz

Optical/Mechanical Subsystem, LCE
Telemetry and Commands, LCE

Thermal and Structural Requirements, LCE
Acquisition and Tracking Subsystem, LCE

Radiator, Sun Shield, Passive, Receiver Mixer

Preparation of Operation and Maintenance Manuals

Electromagnetic Interference Characteristics,
Requirements for Equipment

Electromagnetic Interference Characteristics,
Measurement of

Definitions and System of Units, Electromagnetic
Interference Technology

Test Reports, Preparation of

Digsimilar Metals
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Aerojet~General Corporation

AGC-3TD-2311 Quality Assurance Requirements for Suppliers
~of [aser Communications Experiment Equipment

AGC-3TD-2312 Reliability Assurance Reguirements for Suppliers

. of laser Communication Experiment Eguipment
AGC-3TD-1235 Quality Accept/Reject Criteria for Electronic
: Manufacturing
DRAWINGS _
1296001 ‘ AGC laser Sracecraft, Interface Control

Drawing

OTHER PUBLICATIORS

AGC No. 3987 Quality Program Plan for the LCE Program;
Contract No. NAS 5-21077
AGC No. 3988 Reliability Program Plan for the LCE Program;

Contract No. NAS 5-21077

(Copies of documents required by contractors in connection with specific procure-
ment functions should be obtained as indicated in the Department of Defense Index
of Specifications and Standards or as specified by the contracting officer.)

3.  REQUIREMENTS

3.1 Ttem Definition.- The LCE system shall be comprised of various
functional subsystems.  Each functional subsystem shall be accepted after
passing prescribed test in accordance to the subsystem specification and test
plan. The subsystems after formal acceplance, shall be integrated intc the
LCE system. The functional subsystems and the corresponding specification are
as follows:

(a) Receiver Subsystem (AGC-20186)

(b) Laser Subsystem (ACC-20187)

{c) Optical Mechanical Subsystem (AGC-20520)

{d) Power Supply Subsystem (AGC-20515)

(e) Acquisition and Tracking Subsystem (AGC-20523)

(f) Passive Radiator and Sun Shield, Receiver Mixer {AGC-20525)
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The following specifications although not functicnal subsystems are included
as supporting requirements to the above subsystems and to the LCE system
degscribed herein:

(2) Thermal and Structural Requirements, LCE (AGC-20522)

(b} Telemetry and Commands, LCE (AGC-20521)

3.1.1 LCE System Block Diagram.- LCE System Block Diagram, depicting
the major functional blocks and optical raths, is shown in Figure 1.

3-1.2 Interface Definition.- The LCE subsystems shall be designed to
interface with the LCE baseplate structure in accordance with the thermal
structural requirements specified herein and in AGC-20522. The ICE system
shall be designed to interface with the ATS-F spacecraft in accordance with
the requirements specified herein and in specifications S-46E0-ATS-42 and
AGC-20512. '

3.1.2.1 Location.- The LCE system will be loceted in the ATS-F space -
crafts Earth Viewing Module (EVM) shown in Figure 2. It will be installed in
the lower square section of the EVM in the north-west corner along the north
wall.

3.2 Characteristics.-

3.2.1 Power Consumption.- The LCE system shall not consume more than
58.8 watts of the spacecraft's primarv power when it is rerforming all
acquisition, tracking and normal cperational functions.

3.2.2 Functional Charscteristics.- Functions to be accomplished by the
LCE system shall be as specified in Table I and the following subparasgraphs:

(a) Transmission and recepticn.- Simultaneous transmission and
reception of 10.6 micron wavelength radiation between two
terminals shall be provided.

(b) Power level.- For atmospheric experiments, the transmitited
power level shall provide a minimum fiux density at_the
carth from the ATS-F spacecraft of 1077 watts/meter®. In
lagzer communication and data relay operation the minimum
predetection carrier tc noise ratio shall be 23 db within
a 10 MHz bandwidth. The corresponding post-detection
S/N ratio shall be a minimm of 23 db.

(¢) Laser beam shape and direction.- A means to control the laser
beam shape and direction of flow of laser radiation, both
within and ex fternal to the LCE shall be provided. A tele-
scope shall be utilized to form the transmitted laser beam,
and a beam-pointing mirror to direct the beam towsrd the
receiving terminal. The telescope will also collect received
radiation from a distant terminal and along with image form-
ing optics, beam-splitters and directing mirrors superimpose
the received radiation on radiation from the local oseillator
laser upon a receiver mixer in order to produce heterodyne action.




(d)

(e)

{r)

(g}
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Baseband characteristics.- The frequency response of the
system shall accommodate baseband signals over the range
from 30 Hz to 4.6 MHz minimum. The characteristics of
the system shall be such that high quality television and
multi-channel telephony signals can be accommodated .

Beam-pointing mechanism.- The direction of the receiver
viewing axis and the transmitted beam from each terminal
shall be controlled according to three modes of operation:

(1) By command
(2) By an automatic acquisition program

(3) By an autotrack signal.

The ATS-F spacecraft will be stabilized in space attitude
so that three orthogonal axeg in the spacecraft can be
considered as being generally fixed with respect to
corresponding directions on the earth below. These are:

{1) The earth-viewing axis

(2) An axis rarallel to the equator in the east-west
direction

(3) An axis parallel to the meridian in the north-south
direction

With respeci to these s/c directions, the beam-pointing
rechanism shall permit the optical axis to be directed any-
where within an angular range of j\LOO about the earth-viewing
axis in the east-west direction, and 8% about the earth-
viewing axis Iin the north-south direction.

Command Pointing Mode.- The transmitter or receiver optical
axis shall be capable of being positioned anywhere within the
avallable angular coverage upon command, and its resulting
pointing direction, described by two angles with respect to
the spacecraft axis, shall not differ from the command
position by more than +.02 degrees.

Pointing Acquisition Mode.- The line of sight between terminals,
whether measured with respect to spacecraft or ground coordinates,
shall be assumed to have an a priori uncertainty within +0.2°,
After heing positioned by command to & direction of maximum
likelihocd, the beam-steering mechanism shall be capable of
executing a search and acquisition routine over the region

of uncertainty, which will result in locking onto the other
terminal.
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" TABIE I

LCE TRANSCEIVER SYSTEM SPECIFICATIONS

TTEM
NUMBER PARAMETER PERFORMANCE
1 Transmitter Beamwidth
{1) Operational 12 are seconds
{2) Acquisition 0.177 arc seconds
2 Receiver Beamwidth 30 arc secords
Predetection Carrier-to-Noise Ratio Not less than 23 db
{CNR)
4 Post Detection Pesk Signal-to-Noise Not less than 23 db
Ratio (P/N} :
5 Modulation M
6 Modulation Sense Jncrease 1n carrier frequency
deviation for increase in pesitive
potential
T Peak Frequency Deviation + 4 MHz )
8 Receiver Video Output 1 volt peak to peak & 0,5 db
9 Receiver IF Bandwidth 30 2 6 M
10 Receiver Quitput Impedence 75 ohm unbalanced with a minimum‘
return loss of 20 db
il Baseband Response
(1) Spaceborne Transcelver 30 Hz to 4.6 MHz, trenslated up to
. 1.0 to 6.0 MHz
(2) Ground Transceiver 1.0 to 6.0 MHz
12 Recelver Nolse Figure 1071 vatts per Hz Pandwidth
13 Flux Density at Recelver Tolescope -y 3
Aperture 107 7 watts/meter
1k Coarse Mirror Pointing Range: - 1o “W; I8 n-s
) Pointing in §.2 Ancrements each axis
15 Acquisition Target Loedtion Coverage:
¥ ] .
- 0.2 each axis
Aequisition Probability: 0.9
False Alarm Time: 1100 secomds
Acquisition Time: 220 seconds
16 Acquisition Tracking Tracking Range: ! 0.2080 each axis
Nutation Radius: 8 arc seconds
17 Operational Tracking Tracking Range: : 0.208O each axis
Mutation Radius: 1,5 ere second
Tracking Adcuracy: M 3 arc second
Tracking Bandwidth: 5,1 Hz
Response Time: 0.11 seconds‘
18 Telemetry & Compands As specified in AGC-20521
19 Fower Consumption 8.8 wx
20 Weight 69.6 1bs*
21 Bize 17 in x 22 in x 15 in plus
radiation cooler shield, satisfiea
ATS interfmce requirements.
22 Lifetime 2000 hrs in 2 years at 90 ofo
probabllity of success.
23 Enviromment o o
{1) Temperature Qualification -57C to 45°¢
{2) vibration Nominal 5/C ICE Interface

* Design Goal

Temperature 20°C ¥ 1o0%,
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(h) Autotrack Pointing Mode.- After acquisiticn, the transmitted

(1)

(1)

(k)

and - received beams at both terminals shall remain locked

in direction tec one another by active servo loops through-

out the range of spacecraft angular velocities not %o o
exceed jQ-OOlO/Sec and accelerations not to exceed jQ.OOO3o/sec .
Beam-pointing adjustments and angle error-senscr sensitivities
shall be sufficient to maintain receiver and transmitter align-
ment with an accuracy sufficient for the required system
performance .

Telescope.- In order to optimize the telescope magnification,
diffraction-limited resclution compatible with the aperture of

the telescope shall be maintained. Filters, baffles, and masks

shall be designed to permit communications under all orbital conditions,
including presence of the sun wlthin or near the receiver field of view.

Optical Alignment.- Procedures and auxiliary egquipment shagll
be provided for aligning all components of the optical system

with respect to a rigid structural member. A fiducial mark

or mirror shall be provided that is visible external to the
LCE enclosure to indicate the direction of the receiver and
transmitter optical axis to within the optieal tolerance.

It shall serve as a reference for the zero positicn of the
beam-pointing mechanism with respect to the spacecraft
coordinate system. Any aligament and focussing adjustments
shall be capable of being locked positively so as to maintain
thelr pogiticns during and after launch %o within a small

fraction of the Airy disc size. Imposition of the launch

enviromment shall not result in subsequent degradation of the
heterodyne receiver sensitivity by more than 1 db.

C0_. lasers.- The LCE shall utilize three CO. lasers; a trans-
ﬁi%ter lager, a local cscillator laser and & back-up laser.
The back-up laser. shall be capable of performing the functions
of both a transmitter and or a local oscillator. TIts operating
modes and beam path shall be controlled by discrete ground
commands . Power output of the lasers shall be compatible with
the system performance requirements specified in {b). The
lasing action of each laser shall be controlled by appropriate
utilization of contreol circuitry and judicious degign such
that the required operating frequency and stability will be
obtained .

The transmitter laser modulator input shall be provided with
two data (video) input lines. BFach of the inputs shall be

selected by ground command. One input will be supplied from
the receiver sigunal processing FM video output and the other
will be from the spacecraft baseband distribution subsystem.
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Operability.- The receiver signal-to-noise ratio shall not be
degraded by insufficient L.0O. power, including when the sun is
within the receiver field of view. Operating lifetime of each
laser shall be greater than 2,000 hours without causing de-
gradation beyond specified system performance. Operating
lifetime is that time after launch during which the laser
plasma discharge is on. Shelf life shall be greater than
20,000 hours. After & nominal warm-up time of 30 minutes,

the frequency and amplitude stability of both the laser
trausmitter and laser local oscillator shall not limit the
performance of the communication gystem. 'The transmitier and
receiver portions of the system shall be sufficiently isolated
to permit simultanecus transmission and reception between the
two termipals within the performance specifications. Sensors
shall be provided to monitor the output power of the lasers.

Recelver mixer.- The receiver mixer {converter) shall be
maintained at the required operating temperature by a
rassive radiation coocler. Temperature shall be maintained
independent of seascnal changes in {he satellite-sun angle.
The mixer-converter output may contain beam-pointing error
signals in addition to its regular data signal. 477

Sensitivity.- To meet the experlment cbjectives, the receiver
noise figure must be as close s p0551ble i.e.,
approaching a sensitivity o l,g-lo. it ts per Hz of band-
width, including the periods W é%ﬂghe sun‘is-within the
receiver field of view. This 5hall be a design goal. ;5

-

Freguency Response.- The data channel mixer unit must have a
flat frequency response to at least 30 MHz. The error sensor
unit shall have a frequency response which is compatible with
the acquisition and tracking serve loop parameters.

Signal processing.- Signal processing sh&il provide ampiifica-
tion of the mixer-converter IF cutput data, FM demodulation

of the IF carrier, amplification of the video data and provide
twe isolated video outputs. One video output will bé an input
to the transmitter laser modulator driver the other will be
provided to spacecraft baseband switching.

Acquisitioﬁ and tracking error signals shall be detected,

‘processed and provided as outputs from the receiver signal

procesgor for use for acquisition and tracking purposes.
Functional block diagrams of signal processing, acquisition
and tracking and control of the LCE system is shown in
Figure 1.



(q)

(r)

(s)

AGC-20513

Telemetry.- Telemetry is to be used 0 the extent
necessary to monitor experiment performance during
tests, qualification, and operation. The number of
telemetry outputs and the functions performed shall
be as specified by AGC-20521.

Commands .- The LCE system shall be controlled by
command signals in accordance to the requirements
specified by AGC-20521. VWhere command signals
operate relays directly, each relay coil shall be
energized through a series diode and be shunted by
a diode to suppress inductive voltage surges. All
inputs to the coils of such relays shall be isolated
from ground. The experiment command cirecultry shall
be designed so that any improper sequence of cdmmands
will not cause a lockup or a malfunction of the
experiment.

Power Supply.- Power supply shall supply all of the
hecessary operating veltages and currents for the

ILCE system. The primary power source for the LCE
power supply shall be the spacecraft primary power
buss. The primary power to each of the ATS- space-
craft's experiments shall be controlled on and off

by the spacecraft command subsystem. The LCE system
shall perform all of its funetions within tolerance
when supplied with spacecraft power having the follow-
ing characteristics:

Voltage:  +27.4 to 28.6 volts direct current

Ripple: 10 millivolts, rms (transient spikes will
not exceed # volts peak, and transient
energy level will not exceed 30 millijoules)

A conducted noise level of 10 millivolts peak with
impedance versus frequency characteristics as specified
below.

A transient capacitive load of % microfarads.

~An effective impedance of 0.1 ohm, or less, at

0 to 15 kilohertz.

* To be added at & laster date.
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3.2.3 Useful life.-

3.2.3.1 Operating life.- The operational life of the ICE transceiver
shall be 2,000 hours with the operating periods equally distributed within the
two yea r period. A minimum of 500 power—on/power-off cycles and operating
periods of up to 24 hours over a two year period in & space enviromment shall
be possible without degradation of the regquirements specified herein. The
transceiver shall be considered in operation when the laser discharge is on.

3:2.3.2 S8helf life.- The ICE transceiver shall be capable of meeting the
operating 1life of %,2,3.1 after a shelf life of greater than one year when
rackaged and stored in a protective enclosure.

3.2.4 Phygsical characteristics.-

3.2.4.1 Weight and moment of inertia.- The weight of the LOE transceiver
shall be a minimum consistent with the required Performance, but shall not exceed
a total weight of 69.6 pounds. The moment of inertia of the gystem shall be
determined, with respect to three orthogonal axes referenced to the mounting
surface, within + 5 percent.

3.2.4.2 Envelope dimensions.- The LCE transceiver envelope dimensions
shall be as shown in AGC Drawing 129600L. .

3.2.4.3 Center of gravity.- The center of gravity for the LCE transceiver
shall be established to within a tolerance of 0.1 inch of the actual center of
gravity along any of the three coordinate axis as related to a reference point
on the mounting surface. The reference point location shall be defined in the
inspection report.

3.2.4.0 Mounting and alignment provisions.- The mounting and aligment
(if necessary) provisions shall be as shown in AGC Drawing 1296001. The mount -
ing design shall permit torquing of the mounting screws to #* in-lbs.

3.2.4.5 Thermal interface-—‘The thermal interface between the ICE and the
spacecraft shall be as defined ir AGC Drawing 1296001.

3.2.5 Reliability.- The design for reliability shall occur simultaneously
with, rather than separately from, the design to achieve the electrical and
mechanical characteristics gpecified in this specification. The system shall be
designed and fabricated to provide 90% probablility of an operational lLifetime as
specified in 3.2.3.1. This lifetime is based on the active operation time bheing
equally distributed within the two year period. The groundbased transceiver
‘system shall have a mean-time-between failures of at least hours .

3.2.6 Maintainability.- The design for maintainability shall occur
simultaneously with, rather than separately from, the design of the LCE transceiver.
The sys tem shall be designed so as not to require maintenance, repair or service
during its operating life. However, test points in accordance with :
and any other required means for determining the performance, accuracy, cr align-
ment of any part of the system shall be readily accessible. Repair of replacement

* To be added at a later date.
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of ccmponents shall be possible with a minimum of disturbance to other parts
and wiring. If special tools are required for installation, tuning or adjust-
ment, they shall be furnished with the LCE transceiver. AdJustment provisions
will be allowed 1f nc other means are available to assure proper functicnal
operation or interchangeability. If adjustment provisions are incorporated,

a positive locking device shall be used to insure that the adjustment setting
will withstand the environmental conditions and not change during the operating
life of the system.

3-2.7 Envirommental conditions.- The LCE Transceiver shall be designed
and constructed in accordance with the thermal and structural requirements of
AGC-20522 and the requirements specified herein.

3.2.7.1 Egugpment operatlng - The TLCE Transceiver, while operatlng in any
orientation, shall be capable of meeting the requlrements of Section 3.2 while
being subjected to any combination of the following enviromnments (demonstratlon
of compliance shall be performed only to the extent specified in section 4.0):

{a) While being subjected to the Electron Radiation levels
specified in AGC-20511.

(b) While being subjected to an acceleration of from zero
up to a 1 g gravitational field at any orientation.

{c) While being subjected to a dc magnetlc field of from
zero up to 0.6 gauss.

(d) Thermal-vacuum and balance conditions for LCE subsystem as
specified in AGC—20511.

(e} Temperature for equlpment operating as specified in
AGC-20511.

-(f) Vibration, *est Level III in AGC-20511.

3.2.7.2 Egquirment nonoperating.- The Receiver Subsystem shall be capable
of withstanding the following envirommental ccnditions in accordance with the
levels specified in AGC-20511 and thereafter meet the performance requirements
of Tebles IA, IB, and IC.

(a) Sinusoidal and Random Vibrations, Test Level I or
TII in AGC-20511.

{v) Acceleration (AGC-20511).
{¢) TLeakage (AGC-20511).
(d) Storage Temperature (AGC-20511).
3.2.7-3 Ground model.- The transceiver system shall be capable of meeting

the ground model operating and nonoperating envirommental requirements as
specified in AGC-20511.
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3.2.8 Design and construction.-

3.2.8.1 Belection of Specifications and Standards.- All standards and’
specifications utilized on this program other than those listed in Section 2
shall be selected or prepared in accordance with AGC Report No. 3988.

3.2.8.2 FParts and materials program.- Parts and materials shall be
gelected in accordance with the parts and materials program specified in
AGC Report No. 3988.

3.2.8.3 Moisture and Fungus Resistance.- Materials which are noan-nutrients
for Tungus shall be used wherever possible. Where the use of fungus nutrients
cannot be aveolided, treating, packing, or other protective means shall be used
to ensure required performance. All parts, materials, or equipments shall be
either designed or protected so that exposure to moisture encountered during the
course of manufacture, test, shipment, and installation shall not degrade
performance .

3.2.8.4 Corrosion of Metal Parts.- All metals shall be of corrosion-
resistant type or shall be suitably processed te resist ccrresion. The use of
dissimilar metals in direct contact shall be avoided wherever possible or shall
be protected against direct contact. The provisions of MIL-STD-883 shall apply
to the identification of dissimilar metals.

3.2.8.5 Interchangeability and Replaceability.- All parts with the same
manufacturer's part number shgll be physically and functionally interchangeable.
Part number changes shall be controlled in accordance with the requirements of
Specification MIL-D-1000.

3.2.8.6 Workmanship.- Workmanship shall conform to the requirements of
applicable process specifications relating to fabrication and assembly as invoked
by the particular assembly drawing. Critlcal steps of fabricatiocn which are
item-peculiar shall be detalled in drawing notes which shall ineclude appropriate
criteria of workmanship. Workmanship relating to all other aspects of fabrication,
general handling, and storage shall he in accordance with the best aerospace
gtandards .

3.2.8.7 Electromagnetic Interference.- The electromagnetic interference
characteristics of the ILLCE system shall conply with the applicable requirements
for Class IC or ID equipment as specified in MIL-STD-461. The methods of
 inspection and definiticns shall be in accordance with MIL-STD-462 and MIL-STD-463,
respectively. ‘

3.2.8.8 Printed wiring boards.- The design and cons truction of printed
wiring boards shall be in acccrdance with NASA specification 5-300-P-1.
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3.2.8.9 Soldering of electrical conneetions.- Soldering of electrical
comections shall be in accordance with NASA specification NHB-5300.4(34)
with the following exceptions:

(a) 34304 - Delete paragraph b

(b) 38309 - 8olid solder not usable

(e) 34310 - Liquid solder flux not usable

(d) 3A505 - lap joints shall not be used for structural mounting
(e) 3a60k - Page 6-6 Multiple conductor cable will not be used

(f) Chapter 9-Delete.

3.2.8.10 Grounding.~ The system shall comply with the following
grounding requirements;

(&) All system return leads requiring grounding shall
be connected together at a common location to be
known as the "system grounding point."

(b) There shall be no electrical connection between
any component case and i1ts internal cirecuitry. All
electrical circuit connectiong shall be acecmplished
through the component connector. A component case
may be considered a shield. One connector pin on
each component may be grounded by mechaniecally contact-
ing a system ground plane or by wiring to the case
ground connector pin.

(¢) There shall be no elecirical connection between
the shield of any shielded wire and any electrical
circuitry. The shield of a gshielded wire shall he
grounded only at one end.

(d) All connectors shall be chosen in accordance with,
"GSFC’ Connector Specification,” GSFC $-323-P-10,

3.2.8.11 Voltage drop.- The electrical power and signal distribution
system shall be so designed that voltage drop from point-to-point is minimized,
and at no time shall any terminal voltage fall below rated value due to excessive
voltage drop in response to transmission of rated currents.

_ 3.2.8.12 Mechanical strength of wire.- All wire selections shall be based
upon coasideration of mechanical streangth characteristics such as flexibility
and tensile streagth. In no case shall wireg smaller than size AWE-25 be used
in the electrical power and signal distribution system.

3.2.8.13 Experiment System Test Pointg.- Test points shall be bhrought out
to a centrally located ftest connector for use durirg normal prelaunch system
tegts or for troubleshooting. This connector shall not be the telemetry
commector used during space flight. Source output impedance shall be low, and
signal levels shall be so isolated that noise pickup on the harness wire will
not adversely affect the operation of the source unit. Teatpoint owtput
impedance, signal level, and isolation characteristics shall be so chosen that
standard hookup may be used to transmit the test signals to the system test
connector. All test points shall be made fail -safe.
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3.2.8.1% Package venting.- The LCE Transceiver shall be vented so that
the uwnit internal pressure equals the ambient pressure during launch or vacuum
testing within * .

2.2.8.15 Dust Protection.- A cover shall be proﬁided for the telescope
and optical components on the LCE for protection against dust and handling
damage .

3.3 LCE Subsystem Description.-

3.3.1 Ilager subsystem.- The laser subsystem shall consist of three lasers
and assoclate control loops. The laser transmitter generates frequency modulated
carrier radiation at 10.6 microns. The local oscillator laser generates reference
radiation tc be mixed with radiated signal received to produce an instantansous
intermediate frequency of 30 + 4 MAz. The backup laser is used as a backup
CW transmitter (no modulationj or as & backup loecal oscillator. In addition, it
ig used to mix with the transmitter or local oscillator to permit system self
check. The details of the laser subsystem is specified by AGC-20187.

3.3.1.1 Control electronica.- The control electronics of the transmitter
laser shall accomplish the following functions:

(a) Place the.transmitter laser into an operational status.
‘ Two steps are involved:

(1) Search for the correct operating line. (P-20
for flight transmitter and P-16 for ground
transmitter).

(2) Locate the peak of the laser power-frequercy
profile.

(b) Track the laser power output and continucusly reposition its
operating point on the peak of the power-frequency profile.

3.3.2 Optical/Mechanical subsystem.- The optical/mechanical subsystem shall
perform the following coupling and beam shaping funetions:

(a) Couple the transmititer ocutput to the telescope-

(b) Separate the transmitted and received beams to permit
operation with a single telescope assembly.

(¢) Provide means to track the angle of the received beam
and to pogint the transmitted beam. ‘

(d) Couple transmitter output to the coarse mirror by
by-passing the telescope in order to facilitate
acquisition.

(e) Perform same functicns as (a) to (d) when backup
laser is used.
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{f) Couples received energzy (collected by telescope
aperture ) and focus on the receiver mixer.

(g) Couple the local oscillator power, and combine
with receiver signal for required illumination
of the mixer.

(h) Perform same function as when backup laser is
used .

(i) Couple and combine transmitter and backup laser
power to the mixer for self-checking and FM
noise measurement.

(j) Couple and combine loeal oscillator and backup
laser power to the mixer for self-checking and
M noise measurements.

(k) Extract fraction (1 percent) of laser power cut-
put for power measurement and identification of
laser operating line.

{1) Provide gimbals for the coarse pointihg mirror,
Tmage Motion Compensation (IMZ) mirror, and
nulating mirror.

The details of the optical/mechanical subsystem are specified by AGC-20520.

3:.3.3 Optical Heterodyne Receiver subsystem.- The receiver subsystem
mixes the received FM carrier with local oscillator using a HgCdTe photovoltic
mixer resulting in an instantanecus intermediate frequency of 30 + 4 MHZ. The
receiver IF bandwidth is 30 1'6 MHz. Outputs of the receiver are:

(a) Two Video Signal charnels
(b) Tracking Error Signals
(¢) Automatic Frequency (AFC)
{d) Acquisition Pulse

(e) Acquisition Confirm Pulse

The AFC output shall provide both automatic frequency control and a telemetry
monitoring point as data on the spaceborne laser FM noise distribution. The

latter will require a wider bandwidth than necessary for AFC correction. The
details of the receiver subsystem is specified by AGC-20186.

3.3.4 Acquisition and Wracking subsystem.- The acquisition and tracking
subsystem shall perform several key functions in order to acguire the far distant
station and then track in angle the incoming energy. The major functions reguired
are as follows:
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(&) Provide the required eleectronics to position
the coarse mirrer such that the optical axis
of the telescope intersects the nominal
position of the far-distant station within
+0.02° over an angular aperture of 80° x 160°.

{b) Provide the required receiver beam sweep such
that the angle of uncertainty (0.4° x 0.4°) of
the far-distant station ig covered during
acquisition.

{¢) Upon acquiring the far-distant station, track the
received energy and position the coarse mirror
such that the optical axis of the telescope
intersects (within + 0.05°) the far distance
station.

(d) Upon completion of the acquisition phase,
initiate switching to operational tracking and
cause tracking to occur within + 4 arc seconds
at tracking rates up to 0.0l degree/sec.

The details of the Acquisition and Tracking subsystem is specified in
AGC-20523.

3.3.5 High Veltage and Low Voltage Power Supply subsystem.- The power
supply subsystem provides the required laser operating voltages and the low
voltages required to operate the transceiver. The transmitier and loeal
oscillator high voltage power supplies shall be redundant for greater reliability.
The details of the power supply subsystem is specified by AGC-20515.

3.3.6 Telemetry and Commands, LCE.- The telemetry and command functions
for the LCE system provide the necessary monitoring and contrcl of the experiment.
The monitoring points and command functions, and their characteristiecs, shall be
as detailed by specifiecation AGC-20521.

3.3.7 Pagsive Radiator/Sunshield subsystem.- The radiation cooler sub-
system shall maintain the receiver mixer temperature at 110 + lSOK while the
spacecraft is in orbit. The details of the Passive Badiator?gunshield sub-
‘system are specified by AGC-20525.

3.3.8 Thermal/Structural Requirements.~- The thermal and structural require-
ments for the LCE system are defined in detail by specification AGC-20522.

4.,  QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection.- Unless otherwise specified, all
inspection shall be performed as specified herein. Inspection records of the
examination and tests shall be kept complete and availlabhle at the time of acceptance
of the equiipment. Any deficiencies noted as a result of tests conducted shall be
corrected.

16



AGC-20513

hii.1 Quality assurance program.- A quality assurance program, in accor-
dance with AGC-Report No. 3987, shall be implemented and maintained.

b,1.2 Beliability assurance program.- A reliability assurance program,
in accordance with AGC-Report No. 3988, shall be implemented and maintained .

%.1.3 Processing ¢hanges .~ No changes in the subsystem design, specifica-
tlons, materials or material processes after design approval shall be made withouat
prior written approval of the Aerojet LCE Program Manager.

L.1.4 Test conditions.- Unless otherwise specified in a detailed test
methed paragraph, all examinations and tests shall be performed under standard
ambient conditions as specified in Specification AGC-20511. All test instru-
mentation shall bear visual evidence of current calibraticn in accordance with
the calibration gystem reguirements of MIL-C-45662. The tolerance allowed on
test conditions and inputs are intended only tc provide for accuracy tolerances
of instrumentation, controls, etc. Test conditions shall be adjusted as
closely as possible to nominal or center values specified, and in no instance
shall they exceed the toleranhce specified. Performance parameters are specified
either as limits or as nominal values with plus-cr-minus tolerances. These
limits and tolerances shall be regarded as absolute, and the accuracy tolerance
of measuring equipment shall not be interpreted as part of measured values in
such a way that ar cut-of-tolerance or out-of-limlt measurement may appear in-
telerance or in-limit.

4.1.5 Test Reports.- The results of all Design Qualification and Flight
Mcdel and Ground Mcodel Acceptance Inspection shall be documented in the form
of test reports prepared in accordance with AGC-Report No. 3988 and delivered
with the hardware. Test reports shall be prepared and submitied for approval
after completion of testing.

4.2 (lassification of Inspections.- Inspections to be performed con the
eguipment shall be classified as follows:

(a) In process Inspection (see. b.li).
(b) Design Qualification Inspection (see 4.5).
(¢} Flight Model or Ground Model Acceptance Inspection (see 4k.6).

4.3 Test plan.- A test plan shall be prepared and shall include all of
the inspections specified in 4.2. The test plan shall be so developed that the
test results will verify that the requirements specified herein have heen met.
" The test plan shall be submitted for review and approval prior to the commence-
ment of testing. The plan shall describe every test to be made for measuring
every significant performance parameler. Every test shall be deseribed in full
detail; this shall include block diagrams of the test setup, manufacturers
designations of all the commercial test eguipment to be used in the tests, the
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designs of any special test equipment required, a full description of the test
procedures to be followed, all levels and impedances, the test acceptance
limits (which must be compatible with the overall performance requirements),
and an estimate of the accuracy expected from each measurement. Any special
calibraticons of test equipment to assure its accuracy shall be adequately
described. The detail given for each test method and setup shall be sufficient
to allow the test te be duplicated with no information beyond that given in the
test plan. In all cases where a test does not follow well-known conventional
procedures and methods, sufficient information on the theory of the test should
be given to allow an objective evaluation of the proposed test method.

4.4 In-process examinations and tests.- In-process examinations and tests
shall be performed as required to determine conformance to applicable drawings,
specifications, approved workmanship standards, identification, traceability,
and any special process controls reguired to insure repeatability of hardware
rerformance .

4.5 Design @ualification Inspection.- Design Qualification Tnspection
shall consist of all the tests described in Teble IT as a minimm. The
test sequence shall be as shown in Table IT. Deviation from the seguence
presented shall reguire prior approval of the Aerojet LCE Program Manager.
The Design Qualification inspection shall be designed to demonstrate the
functional capability, structural integrity, and performance repeatability of
the Bubsystem under ambient conditions and the specified operationzl environ-
ments. The detailed Design Qualifiecation inspection shall be included as a
gsection of the overall test plan (see %4.3) and shall be reviewed and approved
by AGC prior tc the performance of the tests.

4.6 Flight Model Acceptance Inspection.- A detailed procedure of the
Flight Model Acceptance Inspection shall be generated as a part of the overall
test plan, and approved by AGC prior to final inspection. The Flight Model
Acceptance Inspections shall include the examinaticns and tegte of Table ITT
as a nminimum and shall be extensive enough to demdnstrate satisfactory workman-
ship and that the Subsystem performance is within tclerance . The test sedquence
shall be as shown in Table IIT and shall require prior approval of the Aercjet
LCE Program Manager for any deviations.

L.6.1 Cround Model Acceptance Inspection.- The Ground Model Acceptance
Inspection shall be in accordance with Table TIV. The test sequence shall
he as shown in Tahle IV and shall require prior approval of the Aercjet
LCE Program Manager for any deviationm.
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: ' TABIE IT, DESIGN QUALIFICATION INSPECTION

Reguirement Method
Examination or Test . Paragrarvh Paragraph

Analysis

Operating Life 3.2.3.1 4,1.2 ana 4,7.1

Moment of Inertia 3.2.41 ho7.1

Reliability 3.2.5 h,1.2 and 4.7.1

Maintainability 3.2.6 Lh,7.1

Radiation Resistance 3.2.7.1 L,7.1

Thermal Analysis 3.3.7.1 L.7.1
Vigual Examinstion Measurements

Electrical Interface 3.1.2 L,7.2

Weight 3.2.4.1

Envelope Dimensions 2.2.4k,2

Center of Gravity 3.2.4.3

Mounting Provisions 3.2.48.4

Grounding 3.2.8.10

Connectors 3.2.8.10(a)

Test Points 3.2.8.13

Venting 3.2.8.1%

Selection of Specifications

and Standsrds 3.2.8.1

Materials, Parts and Processes 3.2.8.2

Moisture and Fungus Resistance 3.2.8.3

Corrosion of Metal Parts 3.2.8.L

- Interchangeability and
Replaceability 3.2.8.5

Workmanship 3.2.8.6

Printed Wiring Boards 3.2.8.8

Soldered Electrical Connectors 3.2.8.9.

Wire and Voltage Drop 3.2.8.11 and 3.2.8.12 v
Tests

Functional Characteristics 3.2.1, 3.2.2, Table V h.7.3(a)

- Storage Temperature 3.2.7.2(a) 4otk
Functiongl Characteristics 3.2.1, 3.2.2, Table V L.7.3()
Vibration (non-operating) 3.2.7.2(a), Level T h.7.5
Functional Characteristics 3.2.1, 3.2.2, Table V 4.7.3(b)
Acceleration 3.2.7.2(b) L.7.6
Functional Characteristics 3.2.1, 3.2.2, Table V b.7.3(0)
Thermal Balance and Thermal Vacuum 3.2.7.1{4) T
Functional Characteristics 3.2.1, 3.2.2, Table V L.7.3(a)
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TABLE IITI, FLIGHT MODEL ACCEPTANCE INSFECTION

Reguirement Me thod
Examination or Test Paragraph Paragraph

Visual Examination and Measurement -

Weight 3.2.4;1 L.7.2
Envelope Dimensions 3.2.h02
Center of Gravity 3.2.4.3
Mounting Provisions 3.2.4.4
Connectors 3.2.7.10(4d)
Workmanship 3.2.8.6
[Testing
Functional Characteristics 3.2.1, 3.2.2 and Table V | 4,7.3(a)
Vibration {Non-operating) 3.5.2(b), Level II L.7.5
Functional Characteristics 3.2.1, 3.2.2 and Table V | 4.7.3(b)
Thermal Vacuum 3.5.1(4) : hor.7
Functional Characteristics 3.2.1, 3.2.2, Table V L 7.8(a)
TABIE IV. GROUND MODEL ACCEPTANCE INSPECTION
Requirement Method
Examination or Test ] Paragraph - Paragraph
Visual Examination and Measurement
Envelope Dimensions 3.2.4.,2 Y 7.2
Mounting Provisions 3.2.4.%
Connectors 3.2.8.10(a)
Workmanship 3.2.8.6
Testing
Functional Characteristics 3.2.1, 3.2.2 and Table V | 4.7.3(a)

20



AGC-2051.3

b7 Test methods. -

4,7.1 Analysis. - These requirecments to be verified by analysis shall be
gatisfied through a review of analytical data. Such data ghall be summarized or
included as appropriate in the written report. Systems engineering data shali
be used where appropriate to support analysis.

L,7.2 Visual examination and measurements. - Those requirements to be verified
by visual examination and measurements shall be satisfied by visusl examination and
by the use of standard measuring instruments to determine such characteristics as
dimensions and weight. Drawings, bills of materials, specifications, and other
engineering documentation shall be used as appropriate. With the exception of a
detailed physical exmination of the test specimen, which ghall be performed immed-
iately before the start of testing, compliance with these requirements may be de-
monstrated before the time of functional testing.

4.7.3 Functional characteristics. - Specific tests as specified in Table V
shall be performed Lo verify that the requirements of 3.2.1, 3.2.2, and Table I
are met. Whenever possible, tests shall be made on the system wilth sll electrical,
mechanical and thermal interfaces simulated as closely to the aclual operating
conditions ag possible. PFunctional tests in accordance with Teble V shall be of
two types:

(a) Complete functiomal tests which verify specifically that the
requirements of 3.2.1, 3.2.2, and Table I, which are amensble
to measurements or other quantitative assessment, have been
met, These tests shall be parformed at specific points in the
teat eyecle go that it is possible to verify that the unit and
its elements are performing in accordance with specified require-
ments. '

(b) Abbreviated tests, which will not verify all the requirements
of 3.2.1, 3.2.2, and Table I, but are sufficient to show that
the unit will perform its overall functions satisfactorily.
These teste shall permit rapid assessment of unit performance
during or after each of the principal envirommental exposures.

4.7.3.1 Ambient testing. - Functional testing at ambient temperature and
atmospheric conditions shall require the utilization of the ground model receiver
mixer cooler assembly in place of the passive radiator/sunshield cooler.

N, 7.4 Storage temperature tests. - The unit shall be subjected to the
storage temperature environments specified in AGC-20511.

1,7.5 Vibration. - While nonoperating, the unit shall be subjected to the
random and simisoidal vibrations specified in AGC-20511, Test level T or II, as
applicable. Upon completion of the test, the unit sghall be examined for evidence
of damage or deformation.
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Functional Testsz

" AGC-20513

Requirement

Reqm't, J Table I
Pars. Item No.

Test Method Paragraph

hor.3(a)  h.7.3(Db)

Laser Startup Loops -

Tranemitter, Local Oscillatar & Backup | 3.2.2(k)
Transmitter Beamwidth 3.2.2(e) 1
Recelver Beamwidth 3.2.2(c) 2
Predetection Carrier to Noise Ratio 3.2.2(b) 3

' Post Detection Peak Signal to Woise Ratic | 3.2.2(b) I
Flux Density at Receiver Telescope Aperture | 3.2.2(b) 13
Receiver Noise Figure 3.2.2(n) 12
Bageband-Baseband Amplitude Frequency _
Characteristics 3.2.2(4) + 11
Coarée Pointing Mirror ?3.2.2(e) 1h
Acquigition Characteristics i 15
Acquisition Tracking | 3.2.2(g) 15

l.arational Tracking | 3.2.2(h) 7
Modulation Characteristics o5, 6
Demodulation Characteristies ) ! ! 11
Video Signal Output Signal Characteristics iB.E.E(p) % 8, 10
Telemetry Qutput Signal Characteristics 3.2,2(q) | 18
Operate & Control Command Functions E3.2.2(r) { 18

| Power Consumption L3.2.1 % 19

i

X X
X
"
X
X
X
X X
X X
X X
X X
X X
X
X
X
X X
X X
X X
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4.7.6 Acceleration. - While nonoperating, the unit shall be subjected to
the longitudinal and lateral accelerations specified in AGC-20511. Upon com-
pletion of the test, the unit shall be examined for evidence of damage or deform-
ation,

h.7.7 Thermal vacuum and thermal balance. - The unit shall be subjected
t0 combined vacuum and balance tests specified in AGC-20511. After the tempera-
ture has stabilized during the last high and low btemperature dwell, a functional
test in accordance with 4.7.3(a) shall be performed.

;7.8 Electromagnetic interference. - EMI testing shall be in accordance
with the requirements of 3,2,8.7 for tests CE0l, CE02, CE03, CSOl, CS06 and REQL
as specified in MIL- STD—#61. EME testing will be accomplished on the Functional
Test Model only,

5.1 Preservatlon, packaging, and packing. -~ Unless otherwlse specified,
the perservation, packaging, and packing shall be in accordance with the best
. aerospace practlce provided that this practice is sufficient to protect the item
against contamination and damage during shipment. If the component does not meet
the requirements herein because of such contamlination or damage, and acceptable
replacement, component shall be furnished within a reasonable time. Exterior con-
tainers shall conform to Consolidated Freight Classification Rules or common carrier
regutations to insure delivery at the spacecraft contractor's facility, in an
undamaged condition.

5.2 Marking for shipment. - BEach shipping container shall be marked with,
ag a minimum, the following information:

(a) Name of unit

(b) Part mumber, drawing mumber, revision letter, and serial mumber
‘(c) Specification mmber and revision letter '

(d) Date of final sssembly

(e} Purchase order number

(f) wWerning and caution notes, as applicable,

6, Notes

6.1 Intended use, - The Experiment specified herein ig intended for use in
the ATS-F Spacecraft ag well as in a transportable ground station without exhibiting
any differences in performance or functional capabilities due to the differences
in these enviromments, Any differences in hardware which may be necessary shall
not degrade the speclfied performance levels. In its final form, this basie
spec¢ification will describe the system as required for use in the sgpace environ-
ment vhile the differences which make it sultable for use in the ground environ-
ment will be noted in the appendix.

6.2  Definitions. -

6,2.1 Failure. - A failure is defined as the inability of the equipment to
perform the required function within the limits of the applicable detail specifi-
cation. .

6.3 Oral gstatemeuts. -~ Oral statements ghall have no effect on the require-
 ments prescribed in this document or any document referred to herein,
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APPENDTX A

LCE System Modifications for Ground Model

10. SCOFE -~

10.1  This appendix covers the requirements which are necessary for the
ground model LCE Transcelver sysbem and are specifically different from the
flight model. These regquirements will be specified herein as an addition or
modification to the flight model.

20, APPTICABLE DOCUMENTS
(none applicable)
30. SYSTEM MODIFTCATIONS FOR GROUND MODEL

30.1 Recelver mixer assembly. -~ The ground model of the receliver mixer
assembly shall Include z temperature-controlled and monitored Joule-Thompson
ref%igerator capable of coveringoa minimum temperature range of from 865 K to
1307K, with a stability of + 2,0°K. An assoclated control panel, equipped
with monitor poinbs and a gas regulation capability, shall be provided. A
detector and a vacuum shroud with a window in the end shall also be provided.
The detector and shroud shall be capable of being operated at a distance of
at least 10 £t from the control panel., The associated electronies, including
a preamplifier, and cables and connectors, shall be provided as required., The
mixer assembly and all components except for the ceontrol panel shall be suitable
for operation in a wvacuum chamber as well as a ground enviromment. The entrance
window of the mixer housing shall be thermally decoupled from the cold detector
to permit operation in a 50 perceunt relative humidity and 90 F atmosphere,

A-1
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1.1 This specification covers the requirements for performance, design,
fabrication, and test of a power supply used o provide operating power to a

laser communications experiment,

2.  APPLICABIE DOCUMENTS

2,1 The following documents, of the issue in effect on the date of
invitation for bids, form a part of this specification to the extent

specified herein.

NASA DOCUMENTS
NHB 5300.L4(34)
GSFC §-323-P-10
5-300-P-1
SFECTFICATIONS

Military
MIL-D-1000

Aerojet-General Corporaticn

AGC-20511

AGC-20521
AGC-20522

STANDARDS

Military
MIL-STD-h61

MIL-STD-462

MIT.-STD-463

Requirements for Soldered Electrical
Connections

Connectors, Subminiature, Electrical and
Coaxial Contact, for Space Flight Use

Printed Wiring Boards

Drawing, Engineering and Associated List

Environmental Design Criteria and Test Levels
for the Laser Communications Experiment and
Associated Components

Telemetry and Commands, ICE

Thermal and Struetural Requirements, LCE

Electromagnetic Interface Characteristics,
Requirements for Egquipment

Electromagnetic Interference Characteristics,
Measurement of

Definitions and System of Units, Electro-
magentic Interference Technology
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MIL-STD-2C2 Test Methods for Electronic and
Electrical Component Parts
MIL~3TD-889 Dissimilar Metals

Aerojet-General Corporation

AGC-8TD-2311 Quality Assurance Requirements for
Suppliers of Iaser Communication Experiment
- Egquipment

AGC-3TD-2312 Reliability Assurance Requirements for
Suppliers of Iaser Communication Experiment
Equipment

(CoPies of government specifications, standards, drawings, bulletins, and publications
required in comnection with specific procurement functions should be obtained from the
procuring activity or as directed by the contracting officer. }

3. REQUIREMENTS

3.1 Item definition. -

3.1.1 Mejor component list.- The power supply subsystem, hereinafter
referred to as the power supply shall consist of the following major components:

(a) Iaser Transmitter High Voltage Current Regulator
(b) Laser L,0. High Voltage Current Regulator

(¢) Back-up Iaser High Voltage Current Regulator

(@) Modulator Driver Power Supply

(e} Mutator Control Power Supply

(f) Ilaser Control Electronics Power Supply

() Data Processing Power Supply

(h) Coarse Pointing Control Fower Supply

3.1.2 Block diagfam.— The power supply shall operate in accordance with the
block diagrams shown in Figures 1 and 2.

3.2 Performance characteristics,-

3.2.1 Input power.- Primary power lines shall be fused before input to
the EMI filters of each section. Fuse ratings shall be * +times the average
input current., The power supply shall be capable of performing as specified
herein when provided with the following operating power and input characteristics
from a regulated bus:

* To be added at a later date,
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(a) A maximum power input of 95 watts at an operating voltage of
+27.4 t0 + 28.6 volts direct current.

(b) A ripple of 10 millivolts, rms (transient spikes will not exceed
* 2 volts peak, and transient energy level will not exceed
30 millijouless.

(e} A conducted noise level of 10 millivolts peak with impedance versus
frequency characteristics ag specified in (e) below.

(d) A transient capscitive load of * micofarads.
(e) An effective impedance of 0.1 ohms, or less, at 0 to 15 kilchertaz.
3.2.,2 Commands and telemetry data.- The power supply shall be designed
to respond to the commands indicated in Table I, the commands specified in

specification AGC-20521, and in accordance with the following requirements.
Provisions shall be included to provide telemetry data as shown in Table II.

(a) "ON" commands and "OFF" commands shall be supplied for control of the
Power supplies in accordance with Table I and Figure 1.

(b) Discrete command signals shall be +5,0 * 0.5 {logic one level) volta
from a 1000 chm or less source with duration of 50 £ 5 milliseconds.
Pulse rise and fall time will be less than % milliseconds from
10 to 90% points. Logic zero level of the signal will be 0.0 * 0,5
volts

3.2.2.1 Telemetry dats.- The volbage and currents listed in Table IT shall
be provided as l1solated telemetry oubput signals such that a short or cpen cir-
cuit on the telemetry output shall not effect the corresponding operating vol-
tage output. These signals shall be an analog voltage not exceeding 5 volts. The
telemetry signal voltage provided shall be proportional to the voltage or current
monitored and shall be within the accuracy specified in Table II. The specified
accuracy is applicable from 25 to 75% of full scale. Telemetry and command
signal and interface circuit regquirements shall be as specified in AGC-20521.

3.2.3 Tunctional characteristics.- When provided with operating power and
a turn-on command, the power supply shall supply the following operating volt-
ages to the laser communication system:

(a) Positive high voltage with current regulation to the transmitter,
loecal oscillator and back-up laser.

{b) Positive intermediate level voltages for Nutator Control and the
Modulator Driver.

(e) Low dc voltages for the Laser Control Electronics, Data Processing
and Coarse Pointing Controls



3.2.4 Output power,.-.The power supply shall provide output power in
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aceordance with Table I1I when supplied with input power as specified in 3.2.1,
The  individual voltage regulators shall be synchronized from a common source
(Pulse Generator). :

TABIE I. Power Supply Subsystem Commands

ey

COMMAND TYPE

1. Transmitter H. V. No. 1 "ON" Discrete

; Transmitter H. V. No,. 2 "OK" Discrete
: Transmitter H. V. No. 1 "QFF" Discrete
Transmitter H. V. No. 2 "OFF" Discrete

5. TLocal Oscillator H. V. No. 1 "ON" Discrete
Local Oscillator B. V, No. 2 "ON" Discrete

Local Oscillator H. V. No. 1 "OFF" Discrete

Iocal Oseillator H. V. No. 2 "OFF" Discrete

3. Back-up Laser H. V. noN" Discrete

‘ Back-up Laser H. V. "OFF" Discrete
4. TLow Voltage Converters "ON" Discrete
Low Voltage Converters "OFF" Discrete

TABLE II., Telemetry Data
ANATOGUE TELEMETRY DATA
Signal Units Accuracy Impedance Bandwiath
Transmitter Laser Current ma, 2% <1000 1 Hz
Transmitter laser Voltage v 50 <1000 1 Hz
L.0, Laser Current ma, o, <1000 1 Hz
L.0. Laser Voltage v 5% <1000 1 Hz
Backup Laser Current ma, % <1000 1 Hz
Backup Laser Voltage v 5% <1000 1 Hz
Modulator Current ma, 2, <1000 1 Hz




Table IIT. Ibwer'ﬁﬁpply Power Output

o
5 E
H' % :>- =] [a}
s mé B e
vl g &} = H =
= U * § 5] 84_'
5 . SEE oI
E B A o B E =15 ! LOW VOLTAGE POWER SUFPPLY
e m'é = S Ué =P .
& % ] & g &:) = & E § 12V + 5V
f—rj EH E 3 (8] M= E 8
1,) OPERATING CURRENT &/ Y L 594
(Milliamperes, DC) bt 0,05 5 + o.95i/ h+o,2 1 to 25 100 to 2351500 to 2500
2.) OPERATING VOILTAGE &/
{(Volts, DC) 2000 + 100Y/ (800 + 50 2/ |2000 + 100% 225 + 3,43/ i124_-0.225y 5+ 0,25/
3,)} STARTING VOLTAGE
(Volts) 5000 = * &/ Ia600 + * Y/ |5000 +% 1/ - - - | )
4.} RIPPLE CURRENT (Max.) '
(6.5 Hz to 50 Hz) 0.5% rms 0.08% rms |0.08% rms - o -
(50 Hz to 1 KHz) 1% rms 1% rms 14 rms - - -
(1 KHz to 10 KHz) 3% rms 3% rms 3% rms - - -
5.) RIPPLE VOITAGE (Max.} ' :
(Millivolts P-P) - - - 150 15 0
(Millivolts RMS) - - - 50 2 100
6.) LOAD/LINE REGULATION 3/
(Milliamperes, DC) 9/ {o0.2 3/ 0.0625 L/ 0.2 3/ 8/ &/ 1/
(Millivolts, DC) ' 3hkoo 225 250
(5 Hz to 50 KHz)
7.) EFFICIENCY Z/
8.) TEMPERATURE COEFFICIENT o o o o '
{0° to 140°F) .5%/% 5%/ .5%/% 1%/% .1%/°c g/ c
Initial Tolerance * To be added later

Line Change * 7%.

Load change resulting ia a 400-volt change in output voltage.

Load change resulting in a 100-volt change in output voltage.

Ioad change resulting in a 150-volt change in output voltage.

Ioad AI of 50%. ,

Overall efficiency shall be greater than 70% from 504 of full load to maximum rated load.

To each of the tubes two ancdes, NOTE: Cathodes of the Laser tubes
Load impedance variation of * 20%. shall be opersted near ground
Current reguired from each 12V source potential, .

Load AT of 30%

EBoiemiowiswor
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3.2.4.1 High voltage.- The high voltage outputs (3.2.3(a)) shall be current
regulated and perform as specified in Table III under the following conditions:

(a) Output current shall be divided between the two anodes of each lase
tube as specified in Tabhle IIIL. :

(b) Maximum negative resistance exhibited by the laser tubes in their
operating range will be 100 K ohms. The voltage-current charac-
teristics of the laser tubes will be as shown in Figure 3.

(c¢) Maximum voltage difference between the two anodes of the laser ftube
will be 150 volts, The initial voltage difference will not change
more than _* volts with changes in operating cenditions or tube
life,

3.2,4,2 Short circuit.- Individual outputs of the power supply shall with-
stand any short ciyrcult for one half hour and resume normal operation after
removal of the short circuit. The short circuit current shall be limited to
120% of the nominal input operating current. :

3.2.4.3 Response,- Individual outputs of the power supply shall respond
to within * % of nominal output in less than * milliseconds for a2 no
load to full load change.

3.2.4%.% Status Monitors.- Status wmonitors for telemetry purposes shall
be provided for the power supply. Status monitoring of the voltages and
currents listed in Table II shall be required,

3,2,4.5 Starting Voltage.- The starting voltages specified in Tab%e‘III
shall be provided at the output of each power supply commanded "ON" until the
laser starts or the power supply is commanded "OFF". When the laser starts the
output voltage shall be reduced to the operating voltages specified in Table IIL.

3.2.5 Efficiency.- The overall efficiency of the power supply shall be
greater than 70% at half load to o maximum rated load of &6 watts (output).

3.2.6 Dielectric strength.- With power off, the power supply shall withstand
a test voltage of twice the maximum operating voltage assoclated with that output
without corona, arcing, breakdown, damage or degradation in performance.

3.2.6.1 Corona discharge.- The design shall be such that no corona discharge
or arcing will occur while the unit is operating during vacuum pull-down and at
* . the specified vacuum environment.

%* To be added at a later date.
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'3.2.7 Insulation resistance,- The insulation resistance of the power
supply shall be at least 10 kilohms between all mutually isolated terminals,
between all terminals connected together and the enclosure, and between the
input and output grounds. ‘ :

3.3 Useful life,.-

3.3.1 Operating life.- The operational life of the power supply shall be
2,000 hours with the operating periods equally distributed within the two year
Period. A minimum of 500 power~on/power-off cycles and operating periods of
up to 24 hours over a two year period in a space environment shall be possible
without degradation of the requirements specified herein. The pawer supply
shall be considered in operation when it is performing one or more of its
functions,

3.3.2 BShelf life.~ The power supply shall be capable of meeting the
operating life of 3.3.1 after a shelf life of greater than 20,000 hours when
packaged and stored in a protective enclosure.

3.4 Operability.-

. 341, Reliability.- The design for reliability. shall occur simultaneocusly
with, rather than separately from the design to achieve the electrical and mechani-
cal characteristics specified in this specification., The power supply shall he
designed and fabricated to provide _* probability of an operational lifetime as
specified in 3.3.1. This lifetime 1s based on the active operation time being
equally distributed within the two year period., The groundbased power supply
shall have a mean-time-between failures of * hours,

3.4.2 Maintainability.- The design for maintainability shall occur
simultanecusly with, rather than separately from the design of the power supply.
The power supply shall be designed so as not to require maintenance, repair or
service during its operating life, However, test points in accordance with 3.6.14
and any required means for determining the performance, accuracy, or alignment
of any part of the system shall be readily accessible and compatible with the
EMT requirements. Repair or replacement of components shall be rossible with a
minimum of disturbance to other parts and wiring. If special tools are required
for installation, tuning or adjustment, they shall be furnished with the power
supply. Adjustment provisions will be allowed if no other means are available
to assure proper functional operation or interchangeability., If adjustment
provisions are incorporated, a positive locking device shall be used to insure
that the adjustment setting will withstand the environmental conditions and not
change during the operating life of the power supply.

3.5 -Envirommental conditions,-

3.5.1 Equipment operating.- The power supply, while operating in any
orientation, shall be capable of meeting the requirements in Table III while
being subjected to any combination of the following environments;

(a) While being subjected tc the Electron Radiation levels specified
in AGC-20511. ‘ '

* o be added at a later date.
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(b} While being subjected to an acceleration of from zeroup to alg
gravitational field,

(e} While being subjected to a dc magnetiec field of from zerc up to
0.6 gauss.

(d) Thermal-vacuum conditions for ICE subsystem as specified in AGC-20511.
(e) Temperature for equipment operating as specified in AGC-20511,
3.5.2 Equipment nonoperating.- The power supply shall be capable of with-
standing the following environmental conditions in accordance with the levels

specified in AGC-2051l and thereafter meet the performance requirements in
Table IIIT.

(a) Sinusoidal and Random Vibrations, Test level T or II in AGC-20511.
(b) Acceleration (AGC-20511).
(c) Storage Temperature (AGC-20511).

3.5.3 Ground model.- The Functional Test Model (FTM) will be used as the
ground model and shall be capsble of meeting the ground model operating and non-
cperating environmental requirements as specified in AGC-20511., The FTM shall be
equivalent to the flight model in design, construction and configuration.

3.6 Design and construction.- The power supply shall be designed and
constructed in accordance with the thermal and structural requirements of AGC-
20522 and the requirements specified herein.

3.6.1 Selection of specifications and standards.- All standards and speci-
fications utilized on this program other than those listed in Section 2 shall be
selected or prepared in accordance with AGC-STD-2312,

3.6.2 Parts and materials program.- Parts and materials shall be selected
in accordance with the parts and materials program specified in AGC-STD-2312,

3.6.3 Moisture and fungus resistance,- Materials which are non-nutrients
for fungus shall be used wherever possible. Where the use of fungus nutrients
cannot be avoided, treating, packing, or other Protective means shall be used
to ensure required performance, All parts, materials, or equipments shall be
either designed or protected so that exposure to moisture encountered during
the course of manufacture, test, shipment, and installation shall not degrade
performance,

3.6.4 Corrosion of metal parts.- A1l metals shall be of corrosion-resistant
type or shall be suitably processed to resist corrosion. The use of dissimilar
metals in direct contact shall be avoided wherever possible or shall be protected
against direct contect. The provisions of MIL-STD-889 shall apply to the identi-
fication of dissimilar metals.

3.6.5 Interchangeability and replaceability.- All parts with the same manu-
facturer's part number shall be physically and functionally interchangesable.
Part number changes shall be controlled in accordance with the requirements of
Specification MIL-D-1000, :

8
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3.6.6 Workmanship,~ Workmanship shall conform to the requirements of
applicable process specifications relating to fabrication and assembly as
invoked by the particular assembly drawing. Critical steps of fabrication
which are item-peculiar shall be detailed in drawing notes which shall include
appropriate criteria of workmanship, Workmanship relating to all other
aspects of fabrication, general handling, and storage shall be in accordance
with the best aerospace standards.

3.6.7 Electromagnetic Interference.- The electromagnetic interference
design requirements of the power supply shall comply with the applicable re-
quirements for Class IC or ID equipment as specified in MIL-STD~461. Ripple
feedback to the payload regulation shall be less than 150 millivelts. The
methods of inspection and definitions shell be as defined in MIL-STD-462 and
MIL~STD-L63, respectively.

3.6.8 Weight.- The weight of the power supply shall be a minimum
consistent with the required performance, but shall not exceed a total weight
of 7.7 pounds.

3.5.9 Envelope dimensions.- The power supply envelope dimensiocns shall
be as shown in Figure L,

3.6.10 (Center of gravity.- The center of gravity shall be established to
within & tolerance of 0.) inch of the actual center of gravity along any of the
three coordinate axis as related to a reference point on the mounting surface.
The reference point location shall be defined in the inspection report.

3.6.11 Mounting provisions.- The mounting provisions shall be as shown
in Figure &, The mounting design shall permit torquing of the mounting
screws to 17 £ 1 in-lbs. .

3.6,12 Thermal interface.-

3.6.12.1 Conductien path,.- To provide the required contact conductance
(8.3 x 102 w/cm® - °K) for the mounting surface constituting the primary
heat conduction path, the surface shall have the following characteristics:

(a) Surface flatness within 0,005 inches along any direction
of the respective surface,

(b} Surface finish of 32 micro-inches, rms, or less.
3.6.,12,2 Radiabtion environment.- For design purposes, the average radiation

enviromment for each assembly will be a temperature of 30 * %8 °C and an emissivity
of 0,6 or greater.

3.6,12.3 Assembly finish on non-mounting surfaces.- The non-mount ing
surfaces of each assembly shall have an emissivity of 0.6 or greater,
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3.6.13 FElectrical interface.-

3.6.13.1 Grounding,~- The grounding system shall be divided into signal
grounds, power grounds, component case grounds and shield grounds. These
grounds shall bé isolated from each other and shall be brought out to separate
pins of the interface electrical connector., There shall be no electrical con-
nection between the shield of any shielded wire and any electrical circuitry,
The shield of a shielded wire shall be grounded at only one end.

3.6.13.2 Connectors.- The electrical connectors shall be in accordance
with speecification $-323-P-10 and shall be of the type and pin assignment
shown in Figure 5. C(Connectors shall not be used for the high voltage cables.

3.6,14% Test points.- Electrical test points, necessary for adjustment, tuning,
and trouble shooting, shall be provided at a separate connector if required,

-3.6.15 Package venting.- ALl units shall be vented so that the unit
internal pressure equals the ambient pressure.

3.6.16 Redundant circuits.- Two separate sets of high voltage circuits
which are redundant and connected to output terminsls by a suitable isolating
circult shall be provided for the operating current and voltage circuits of
the regulators specified in 3.1,1 {a) and (b).

3.6.17 Arcing.- The power supply packaging design shall be such that if
arcing does occur it will occcur only between a high voltage point and ground
and not to other circuitry.

3.6.18 Identification and Marking,~ The power supply shall have an
identification nameplate attached, Information on the nameplate shall
include the following:

(a) Menufacturer's part number.

(b) Manufacturer's name and location.

{c) Code identification number.

(@) Contract number.

{e) Unit name, model number, and serial number.
The informaticn contained on the nameplate shall permit a search of assembly
detail drawings and documentation to be made to identify any part contained
within the unit. All parts shall be identified with one part number which
shall be that of the original manufacturer. All parts delivered as spares

shall be identified in accordance with (a), (c) and (e) avove.

3.6.19 Printed wiring boards.- If required, printed wiring boards shall
be in accordance with GSFC Specification S-300-P-1.

10
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3.6.20 Socldered electrical comnections.- Soldering of electrical connections
shall be in accordance with NBH 5300.4(3A) except for the following:

(a) Noncontact heat sources shall not be used {paragraph 3A304,L4),

(v) Solid soider shall not be used (paragraph 3A309).

(c) Liquid solder flux shall not be used (paragraph 3A310).

(d) Iap joints shall not be used for structural mounting (paragraph 3A505).

(e) Multiple conductor cable shall not be used (paragraph 34604 and
page 6-6).

(f) Chapter 9 is not applicable,

3.6.21 Fail-safe provisions.- A failure of a component in one supply or
section shall not cause any other section or supply to fail, A failure of any
compenent in the unit shall not cause the input power to exceed 1504 of the
value specified in 3.2.1.

4, QUALITY ASSURANCE PROVISICNS

L,1 Responsibility for inspection.- Unless otherwise specified, the
subcontractor is responsible for the performance of all inspection require-
ments as specified herein. Except as otherwise specified, the subcontractor
may utilize his own or any other inspection facilities and services acceptable
to the procuring activity. Inspection records of the examination and tests
shall be kept complete and available to the procuring activity for two years
after acceptance of the equipment. The procuring activity reserves the right
to perform any of the inspections set forth in the specification where such
inspections are deemed necessary to assure supplies and services conform to
prescribed requirements, Any deficiencies noted as a result of tests
conducted by the procuring activity, shall be corrected

4.1.1 Subcontractor's guality assurance program.- The subcontractor
shall maintain a quality assurance program in accordance with AGC-STD-2311.

4,1.2 Subcontractors reliability assurance program.- The subcontractor
shall implement and maintain a rellability assurance program in accordance
with AGC-STD-2312,

%4.1.3 Processing changes.- The subcontractor shall make no changes in
the power supply design, specifications, materials, or material processes
after AGC design approval without prior written approval of the ILCE project
manager.,

11
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4.1.4 Test conditions.- Unless otherwise specified in a detailed method
paragraph, all examinations and tests shall be performed under standard ambient
conditions as specified in Specification AGC-20511. All test instrumentation
shall bear visual evidence of current calibration. The tolerance allowed on
test conditions and inputs are intended only to provide accuracy tolerances of
instrumentation, controls, etc. Test conditions shall be adjusted as closely
as possible to nominal or center values specified, and in no instance shall
they exceed the tolerance specified. Performance parameters are specified
either as limits or as nominal values with plus-or-minus tolerances, These
limits and tolerances shall be regarded as absolute, and the accuracy tolerance
of measuring equipment shall not be interpreted as part of measured values in
such a way that an out-of-tolerance or out-of-limit measurement may appear in-
tolerance or in-limit,

4,1.5 Test Reports.- The results of all Flight Model and Ground Model
Acceptance Inspection shall be documented in the form of test reports prepared
in accordance with AGC-STD-2312 and delivered with the hardware., Test reports
shall be prepared and submitted to AGC for approval after completion of testing.

L.,2 Classification of Inspections.- Examinations and tests to be per-
formed on the equipment shall be classified as follows:

(a) 1In process Inspecticn (see 4.4),
(v) Design Qualification Inspection (see 4.5).
(¢) TFlight Model or Ground Model Acceptance Inspection (see 4,6).

4.3 Test plan.- A test plan shall be prepared which includes all of the
examinations and tests specified in 4.5 and 4.6 such that the test results
verify that the requirements specified herein have been met, The Test Plan
shall be submitted to Aerojet-General for review and approval prior to the
commencement of testing., The plan shall describe every test to be made for
measuring every significant performance parameter. Every test shall be des-
cribed in full detail; this shall ineclude tlock diagrams of the test setup,
manufacturers' designations of all the commercial test equipment to be used
in the tests, the designs of any special test eguipment required, a full
description of the test procedures to be followed, all levels and impedances,
the test acceptance limits (which must be compatible with the overall
performance requirements), and an estimate of the accuracy expected from each
measurement. Any special calibrations of test equipment to assure its accuracy
shall be adequately described., The detail given for each test method and setup
shall be sufficient to allow the test to be duplicated with no information
_beyond that given in the test plan. In all cases where a test does not follow
well-known conventional procedures and methods, sufficient information on the
theory of the test should be given to allow an objective evaluation of the
proposed test method. ‘

4.4 In-process inspection.- In-process inspection shall be performed to
examine the unit and its detail parts and materials during the febrication
process for conformance to the applicable drawings and requirements herein,
In-process inspection shall include, as a minimum, inspection of welded Jjoints,
electrical connections, electrical wiring, and workmanship. Tests for
dielectric strength, corona, and insulation resistance shall be performed on
component parts at appropriate stages of manufacture and assembly to
assure compliance with 3.2.6 and 3.2.7.

12
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k.5 Deéign Qﬁalification Inspection.- Design Qualification Inspection.

The Design

Qualification inspection shall be designed to demonstrate the functional capa-
bility, structural integrity, and performance repeatability of the power supply

under ambient conditions and the specified environments.,

The detailed Design

Qualification inspection shall be included .as a section of the overall test plan
(see 4.3) and shall be reviewed and approved by AGC prior to the performance of

the tests,.

Design Qualification Inspection shall be conducted only when and to

the extent specified in the contract or purchase order and shall be conducted
in the sequence presented in Table IV.

Table IV, Design Qualification Inspection .

Reguirement Test
Examination or Test Paragrarh Methods
(a} Analysis
El) Reliability 3.4.1 h.7.1
2) Maintainability 3.4,.2
(3) Thermal analysis 3.6.12
(L) Radiation resistance 3.5.1 {a) ' 1
(b) Visual Examination and Measurements
(1) Connectors 3.6.13.2 h,7.2
(2) Weight 3.6.8
(3) Envelope Dimensions 3.6.9
(4) Center of gravity 3.6.10
(5} Mounting and Alignment P 3.6.11
(6} Surface Characteristics | 3.6.12.1
(7) Grounding '3.6.13.1
(8) Test Points | 3.6.14
(9) Venting ! 3.6.15
(10) Printed wiring beards 3.6.19
(11) Scldered electrical connections 3.6.20
{12) Moisture and fungus resistance 3.6.3
(13) Corrosion of metal parts 3.6.4
(14) Interchangeability and replaceability 3.6.5
(15} Workmanship 3.6.6
(16) Tdentification and marking 3.6.,18 v
(¢} Testing _
(1) Funetional Characteristics at Minimum
and Maximum Temperatures Table VI L.7.5 & L4.7.6
(2) Vibration (nonoperating) 3.5.2, level T 4.7.6
(3} TFunctional Characteristics after
Vibration Table VI 4.7.5
{4)  Acceleration (nonoperating) L.7.6
(5) Functional Characteristics after
Acceleration 3.5.2 (b) 4.7.5
(6) Functional Characteristics During
Thermal Vacuum 3.5.1(d) & Table VI| 4.7.5 & 4.7.6
{7) EMI Tests 3.6.7 (4.7.7) 4.7.7
{8) Functional Characteristics at :
MaXimum Temperature 3.5.1(e) & Table VI| 4.7.5 & L.7.6

13
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- k.6 Flight Model Acceptance Inspection.- A detailed procedure of the
Flight Model Acceptance Inspection shall be generated as a part of the overall
test plan by the subcontractor and approved by AGC prior to final inspection.
The Flight Model Acceptance Inspections shall include the examinations and
tests of Table V as & minimum and ‘shall be extensive enough to demonstrate
satisfactory workmanship and that the Power Supply performance is within
tolerance, '

Table V. Flight Model Acceptance Inspection

Test
Requirement Method
Paragraph Paragraph
(a) Visual Examination & Measurements
(1) Weight 3.6.8 : L.7.2
(2) Envelope Dimensions 3.6.9. Y 7.2
(3) Surface Characteristics 3.6.12.1 7.2
{(4) Connectors 3.6.13.2 h,7.2
{v) Testing
(1) Functional characteristics at |Table VI . L.7.5 &
maximum and minimum 4.7.6
temperature _
{2) Vibretion (nonoperating) 35.2, Level I L,7.6
(3) Functional characteristics
after vibration Table VI h.7.5
(4) TFunctional characteristics 3.5.1 {d); 4.7.5 &
during thermal vacuum testl Table VI Y. 7.6
(5} Functional characteristics at |3.5.1 (e) & h.7.5 &
maximum temperature Table VI h.,7.6

5

‘;/ The thermal vacuum test shall be condueted at 10 ° torr for 12 hours.

L.6.1 Ground Model Acceptance Inspection.- The Ground Model Acceptance
Inspection shall, as a minimum, consist of the visusl examination and messurements
and the Tunctional test at minimum and maximum temperatures specified in Table V,
items {a}{1) through (2)(4) and item (b)f1}.

4,6.2 Acceptance inspection conditions.- Unless otherwise specified,
acceptance inspections shall be performed under the following ambient
atmospheric conditions:

{a) Temperature: + 25 * 10°C (477 £ 18°F)

(b) Relative Humidity: Up to 90% (no condensation)

(c)-lAtmospheric Pressure: 710 - 810 Torr (28-32 in, of mercury)
4.7 Test methods.-

4.7.1 _Analysis.- Those requirements to be verified by analysis shall be
satisfied by a review of analytical data. Such data shall be summarized or
included as appropriate in the design study report or other written reports,
if required. ©&Systems engineering data shall be used where appropriate to
support analysis,

14
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Table VI} Functional Testing - Power Supply

r
i

RequirementI Functional Functional Functional |Functional| Funetional | Functionall
Paragraph Duyring After Vibration After During Test During
Temperature Acceleration | Thermal- | at Maximum EMT
Test Qual, Flight Vacuum Temperature
Requirement Min Max | Level I !level II
Input Power 3.2.1 X X X
Commands 3.2.2 X X X
Short Circuits 3.2.4.2 X X X
Response 3.2.4.3 X X X
Status (telemetry) monitorsj 3.2.4.4 X X X
Operating Voltage Table III X ¥ X X X X X
Ttem 2
Starting Voltage Table IIT ¥ ¥
Ttem 3 X X X X X
Ripple Voltage Table III X X X
Item 5
Operating Curvent Table IIT
X X X
' Ttem 1
‘Ripple Current- Table II1 % X ¥
‘ Ttem 4
| Load/Line Regulation Table IIT % X X
Item 6
Efficiency Table III X X X
Item 7
Corona. 3.2.6.1 X
Weight 3.6.8 at ambient environment
Center of Gravity 3.6.10 at ambient environment

STS02-00V
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47,2 Visual examinetion and measurements.- Those requirements to be
verified by visual examination and measurements shall be satisfied by visual
examination and by the use of standard measuring instruments to determine such
characteristics as dimensions and weight. .Drawings, bills of materials,
specifications, and other engineering documentation shall be used as appropriate.
With the exception of a detailed physical examination of the test specimen, which
shall be performed immediately before the start of testing, compliance with these
requirements may be demonstrated before the time 6f funciional testing.

h,7.3 Dielectric strength.- Each power supply shall be tested in accordance
with MIL-STD-202, Method 301 and the requirements herein for compliance with
3.2.6. Evidence of corona shall be monitored during application of the maximum
test voltage by a suitable detection network, Tests shall be conducted under
normal ambient conditions. Maximum test voltage (twice the operating
voltage) shall be applied at least once. On subsequent tests, the voltage may
be reduced to 130% of operating voltage to avoid possible damage to the insula-
tion, Test voltages shall be held for 1 hour during qualification testing and
1 minute for guality conformance tests.

L,7.% Insulation resistance.- Each power supply shall be tested in accordance
with MIL-STD-202 Method 302 for compliance with 3.2.7. ’

4.7.5 Functional performance. - Specific tests as specified in Table VI
shall be performed to verify thai the requirements of 3,2 are met. Whenever
possible, tests shall be made on the Subsystem with all electrical, mechanical
and thermal interfaces simulated as closely to the actual operating conditions
as possible, Tests reguiring the combined operations of the Subsystems of the
ICE shall be described in the Test Plan. Functional tests in accordance with
Table VI ghall be of two types: '

(a) . Complete functional tests which verify specifically that the
requirements of 3.2, which are amenable to measurements or other
quantitative assessment, have been met., These tests shall be
performed at specific points in the test cycle so that it is
possible to verify that the unit and its elements are perfornming
in accordance with specified requirements.

(b) Abbreviated tests, which will not verify all the requirements of
3.2, but are sufficient to show that the unit will perform its
overall functions satisfactorily., These tests shall permit rapid
assessment of wnit performance during or after each of the principal
environmental exposures.,

4,7.6 Environmental tests.- Envirommental tests shall be performed on the
power supply 1n accordance with Table IV using the methods specified in AGC-20511.
Functional tests as specified in Tables IV and V shall be performed in accordance
with the detailed test plan. :

h,7.7 Electromagnetic interference.- EMT testing shall be accomplished
in accordance with the reguirements of 3.6.7 for tests CEOl, CEO2, CEO3, (801,
£S06, and REOL as specified in MIL-STD-461, -
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5. TFREPARATION FOR DELIVERY

5.1 Preservation, packaging, and packing.- Unless otherwise specified,
the preservation, packaging, and racking shall be in accordance with the
sSubcontractor's best aerospace Practice provided that this practice is auf-
ficient to protect the item against contamination and damage during shipment.
The subcontractor shall be responsible for any contamination or damage to the
equipment as a result of insufficient or faulty packaging. Exterior containers
shall conform to Consolidated Freight Classification Rules or common carrier
regulations to insure delivery at Aerojet-General Corporation, Azusa, California,
in an undamaged condition. '

5.2 Marking for shipment.- Each shipping container shall be marked with,
as a minimum, the following information:

{a) Name of unit
(b) Part number, drawing number, revision letter, and serial number
(c) Specification number and revision letter
(d) Date of final assembly
(e) Purchase order number
(f) Subcontractor's name
(g) Warning and caution notes, as applicable.
6.  NOTES
6.1 Intended use.- The power sﬁpply specified herein is intended for use
in the ICE of the ATS-F Spacecraft as well as in a transportable ground station
without exhibiting any differences in performance or functional capabilities
due to the differences .in these environments. Any differences in hardware
which may be necessary shall not degrade the specified performance levels,
6.2 Definitions.-
6.2.1 Failure.- A failure is defined as the inability of the egquipment
to perform the required function within the limits of the applicable detail
specification,
6.2.2 Corona.- An incomplete or partial voltage breakdown of the air adjacent
to one or both terminals or conductors, resulting in a current flow of 10~7 o 10~

amperes,

6.3 Oral statements.- Oral statements shall have no effect on the require-
ments prescribed in this document or any document referred to herein,

17
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To be added later.

Figure 5. Electrical Interface Comnections
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1. SCOFE

. 1.1 Scope.- This specification establishes performance and design require-
‘ments for a frequency up translator to be used to up translate the video baseband
" for a laser communication system. The Frequency Up Translator functions shall be
accomplished by using the lower sideband and vestigial sideband techniques.

2. APPLICABLE DOCUMENTS.

2,1 The fcllowing dbocuments, of the issue in effect on the date of invita-
tion for bids, form a part of this specification to the extent specified herein.
In the event of conflict batween documents referenced here and the content of
Sec¢tions 3, 4, and 5, the requirements of Sections 3, 4, and 5 shall be considered
a superseding requirement. '

NASA. DOCUMENTS

NHB 5300.4(34) ' Requirements for Soldered Electrical Connections
8-300-P-1 _ Printed Wiring Boards
5-323-P-10 ' Conneéctors, Subminiature, Electrical and Coax1al
Contact, for Space Flight Use
. SPECIFICATIONS
Military
MTi,-D-1000 Drawing, Engineering and Associated List

'

Aerojet-General Corporation

AGC-20511 Environmental Design Criteria and Test Levels
for the Laser Communications Experiment and
Associated Components

STANDARDS
Military
MIL-STD-L461 . Electromagnetic Interference Characteristics, .
Requirements for Equipment
MIL-STD-L62 Electromagnetic Interference Characteristics,
Measurement of
MIL-STD-463 Definitions and System of Units,
Electromagnetic Interference Technology
MIL-STD-889 Dissimilar Metals '
‘Aerqjet—General Corporation
-AGC-STD-2311 Quality Assurance Requirements for Suppliers .
of Laser Communications Experiment Equipment
AGC-STD-2312 Reliability Assurance Requirements for Suppliers

laser Commmications Experiment Equipment

(Copies of documents required by contractors in connection with specific procure-
ment functions should be obtained as dindicated in the Department of Defense Index
of Specifications and Standards or as specified by the contracting officer,)
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3. REQUIREMENTS

3.1 Performance.- The Frequency up translator, hereinafter referred to as
the unit, shall translate an input frequency band of 30 Hz to 4.6 MHz to an oub-
~ pit frequency band of 1.4 MHz to 6 MHz using solid stete circuitry where practi-
~ cable. The up translation process shall be performed in accordance with the
scheme presented in Figure 1. The vestigial sideband filter used in the unit
shall be consistant with-the characteristics specified in 3.1.13 and Figure 2,

3.1.1 Primary power input.- Primary power lines shall be.fused before
input to the EMI filters of each section. Fuse ratings shall be * times
the average input current. The wnit shall be capable of performing as
specified herein when provided with the following direct current power and
input characteristics from a regulated bus: -

(a) A maximum power input of 950 milli-watts and an operating voltage
of +27.4 to 28.6 volts direct current.

._ (b) A maximum ripple of 10 millivolts, rms (transient spikes will not
exceed + 2 volts peak, and transient energy level will not exceed
30 millijoules). ‘

(c) A maximum conducted noise level of 10 millivolts peak with impedance
versus frequency characteristics as specified in (e) below.

(d) A transient capacitive load of * micofarads.
(e) An effective impedance of 0.1 ohms, or less, at O to 15 kilchertz,

3.1.2 Input signal characteristics.- The unit shall be capable of meeting.
the performance herein with the following input signal characteristics:

(a) Input frequency: 30 Hz to 4.6 MHz

(b) Input level: 1 volt peak-to-peak * 0,5 db
(c) Tmpedance: 75 ohm unbalanced
(d) Return Loss: 26 db or less

3.1.3 Gain.- The overall gain shall be adjustable to * 0,5 volt peak-
to-peak, '

3.1.k Noise figure.- The noise figure of the unit shall not exceed 5 db,
- measured at the input to the up translator chammel,

*¥ To be added at a later date,
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3.1.5 Qutput.- The translation of 30 Hz 1nput frequency shall correspond
to a2 1.4 MHz output and the 4.6 MHz input frequency shall correspond to & 6 MHz
output. Oubput characteristics of the unit shall be as follows:

(a) Frequency: - 1.4 MHz to 6 MHz '
(b) Output Level: 1 volt peak to peak, adjustable * 0.5 volts
(c) Banawidth: . 4,6 MHz |
(d) Dmpedance: 75 unbalanced

(e) Return Loss: (To be added at a later date.)

3.1.6 Spurious output.- The spurious output shall be -50 dbv, minimum,

3.1.7 Conversion gain stability.- The conversion gain stability shall
* 0,1 db, mexlimum, per day.

3.1.8 @ain variation.- Total gain variation shall be less than -0,5 db
over the bandwidth,

3.1.9 Stop-band attenuation.- The out of band attenuation shall be 40 db,
minimum.

3.1.10 Input/output freguency sense.- There shall be no inversion of
frequency sense so that an increase in input freguency shall result in a
correspondlng change in the output frequency. :

3.1.11 Gain slope.- The variation of gain slope at any frequency shall
not exceed * 0,02 db/Miz in the band from 9.6 Miz to 14.2 MHz. .

3.1.12 Pilot carrier,-

3.1.12.1 TFreguency.- The frequency of pilot carrier shall be 1,4 + 100 Hz,

3.1.12.,2 Frequency stability.- The pilot carrier frequenéy stability -
shall be better +than 50 PRM, : N

3.1.12.3 Amplitude.- The amplitude of the pilot carrier measured at this
output of the video amplifier shall not exceed 0.1 V peak-to-peak when terminated
in a 75 ohm unbalanced load. _

3.1,12.h Pilot carrier incidental phase modulation.- Pilot carrier incidental
phase modulation shall not exceed * 1,5°,

3.1.13 Translator phase linearity.- The overall phase 11near1ty of the
translator shall not exceed * 4 degrees over the bandwidth.

' 3.1.14% Iocal oscillator re-radiation.- Iocal oscillator re-radation from the
unit input terminal shall bhe -90 dbm or less,
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3,1.15 Véstlglal 51deband filter. - The vestlglal 51deband filter used in -
the frequency up translator shall comply with the characteristics sPec1fied in
in Figure 2 and as follows

(a) Attenuaticn: .The frequency- characteristics shall be asg foilOWS:
(1) -3 ab maximm at 9.4 Miz and 1,4 MHz
(2) -20 d minimmm at 9.2 MHz and 14.6 MHz

. {(b) Gain slope: The gain slope at any frequency in the band of 9.6 to
14.2 MHz shall not exceed * 0.02 db per MHz, '

(c) Phase linearity: The deviation in phase linearity shall be less
than * 3.5 degrees, between 9.6 MHz and 14,2 Mz,

(d4) Ripple: The peak-to-peak ripple shall not exceed = 0.05 db
amplltude 1n this pass band of the filter.

3 2 Characteristics.-
3.2.1' Operability.-

3.2.1,1 Reliability.- The design for reliability shall occur ‘simultaneously
with, rather than separately from the design to achleve the electrical and
mechanical characteristics specified in this specification. The Translator
shall be designed and fabricated to provide _ * % probability of an operational life~
time as specified in 3.2.2.1, This lifetime is based on the active operation
time being equally distributed within the two year pericd.

3.2.1.2 Mzinteinability.- The design for maintainability .shall occur
simultaneously with, rather than separately from the design of the Translator.
The Translator shall be designed so.as not to require maintenance, repair or
service during its operating life. However, test points in accordance with
3.2.3.8 and any required means for determining the performance, accuracy, or
alignment of any part of the system shall be readily accessible and compatible
with the EMI requirements. Repair or replacement of components shall be pos-
sible with a minimum of disturbance to other parts and wiring. If special
tools are required for ingtallation, tuning or adjustment, they shall be
furnished with the unit, Adjustment provisions will be allowed if no other
means are available to'assure proper functional operation or interchangeability.
If adjustment provisions are. incorporated, a positive locking device shall be
used to insure that the adjustment setting will withstand the environmental
conditions and not change during the operating life of the unit,

3.2.2 Useful life.-

3.2,2.1 Operating life.- The operational life of the Translator shall be
2,000 hours with the operating periods equally distributed within the two year
perlod A minimm of 500 pcwer-on/power—off cycles and operating periods of
up to 24 hours over a two year period in a space environment shall be possible
without degradation of the requirements specified herein. The Translator '
shall be considered in operation when it is performing one or more of its
functions. '

* To be added at a later date,
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3.2.2.2 Shelf life,- The Translator shall be capable of meeting the
operating life of 3.2.2.1 after a shelf life of greater than 20,000 hours when
packaged and stored in a protective enclosure. ~

3,2.3 Physical characteristics.-

3.2,3.1 Weight,- The weight of the Translator shall be a minimum consistent
with the required performance, but shall not exceed a tobal weight of. 2.8 pounds
~ with a design goal of 1.8 pounds.

3.2.3.2 Envelope dimensions,.- The Translator envelope dimensicons shall be as
small as possible, but shall not exceed the dimensions shown in Figure 3.

3.2.3.3 Center of gravity.- The center of gravity ghall be as shown in
Figure 3 and shall be located within a tolerance of 0.1 inch of the actual
center of gravity along any of the three coordinate axis. The center of
gravity shall be related to a reference point on the mounting surface, the
location of which shall be defined in the inspection report.

3.2.3.4 Mounting provisions.- The mounting provisions shall be as shown
in Figure 3. The mounting design shall permit torquing of the mounting screws
to 17 £ 1 in-1bs.

3.2.3.,5 Thermal interface.-

3.2.%.5.1 _Conduction path.- To provide the required.contact conductance
(8.3 x 102 w/en@ - °K) for the mounting surface constituting the primary heat
conduction path, the surface shall have the following characteristics:

3

(a) Surface flatness within 0.005 inches, rms, aleng any direction of
the respective surface,

(b) Surface finish of 32 micro-inches or less.
. T T
3.2.3.5.2 Radiation environment,- For design purposes, the- average
radiation environment for each assembly will be a temperature of 30 % 23 °c

and an emissivity of 0.6 or greater.

T

3.2.3.5.3 Assembly finish on non-mounting surfaces.- The non-mounting
surfaces of each assembly shall have an emissivity ?f 0,6 or greater,

-

3.2.3.6 Grounding.- The grounding system shall be divided into signal
grounds, power grounds, component case grounds, and shield grounds. These
"grounds shall be isclated from each other and shall be brought out on separate
pins of the interface electrical comnector as shown in Figure 4. The shielded
wire ground, as a general rule, shall be grounded at the input end.

3.2.3.7 Electrical connectors.- Electrical connectors shall be in accordance
with WASA Publication §-300-F-10., The type and pin assigmnment of the connectors
shall be as shown in Figure 4.

3.2.3.8 Test points.- Electrical test points, necessary for adjustment,
tuning, and trouble shooting, shall be provided at a convenient location,

3.2.3.9 Package venbing.- All units shall be vented so that the unit
internal pressure equals the ambient pressure. : :
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3.3 Envirconmental conditions. -

3.3,1 Equipment operating,- The Translator, while operating in any
orientation, shall be capable of meeting the requirements specified herein,
- while being subjected to any combination of the following environments
(demonstration of compliance shall only be performed to the extent specified
in section 4,0):

(a) While being subjected to the Electron Radiation levels specified
in AGC-20511. :

(b) While being subjected to a dec magnetic field of from zeroc up to
0.6 gauss,

(¢} Thermal-vacuum conditions for ICE subsystem as specified in
AGC-20511.

(d) Temperature for equipment operating as specified in AGC-2051L,

3,3,2 FEquipment nonoperating.- The Translator shall be capable of with-
standing the following environmental conditions in accordance with the levels
specified in AGC-20911 and thereafter meet the performance requirements as
specified herein.

(a) Sinusoidal and Random Vibrations, Test Level I or IT in AGC~20511,
(b) Accéleration (AGC-20511).
(c) Storage temperature (AGC-20511),

3.4 Design and construcfion.«

3.4.1 Selection of Specifications and Standards.- A1l standards and
specifications utilized on this program other than those listed in Section 2
shall be selected or prepared in accordance with AGC-STD-2312,

3.4.2 Parts and materials program.- Parts and materials shall be selected -
in accordance with the parts and materials program specified in AGC-STD-2312,
Printed wiring boards shall be in accordance with NASA Publication S-300-P-1.

3.4.3 Moisture and Fungus Resistance.- Materials which are non-nutrients
for fungus shall be used wherever possible., Where the use of fungus nutrients
cannot be avoided, treating, packing, or other protective means shall be used to
ensure reguired performance. All parts, materials, or eguipments shall be either
" designed or protected so that exposure to moisture encountered during the course.
of manufacture, test, shipment, and installation shall not degrade performance.

3.4, 4 Corrosion of Metal Parts.- All metals shall be of corrosion-
resistant type or shall be suitably processed to resist corrosicn. The use of -
digsimilar metals in direct contact shall be avoided wherever possible or shall
be protected against direct contact. The provisions of MIL-STD-889 shall apply
to the identification of dissimilar metals, ' '
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3.4.5 Interchangeablllty and replaceability.- All parts with the same
. manufacturer's part number shall be physically and functionally interchangeable,
. Part number changes shall be controlled in accordance with the requirements of
Sp901f1cat10n MIL-D-1000. -

3.4.6 Workmanshlp. Workmanship shall conform to the reguirements of
applicable process specifications relating to fabrication and assembly as
invoked by the particular assembly drawing. Critical steps of fabrication
which are item-peculiar shall be detailed in drawing notes which shall include
appropriate criteria of workmanship. Workmanship relating to all other aspects
of fabrication, general handling,.and storage shall be in accordance with the
best asrospace sbandards.

3,h,7 Electromagnetic Interference.- The electromagnetic interference
characteristics of the Translator shall comply with the requirements for Class
IC or ID equipment as applicable and limits of RE-1, (T)REO4, and RS-1 as
specified in MIL-STD-461., The methods of inspection and definitions shall be
in accorddnce with MIL-STD-462 and MIL-STD-L63, respectively.

'j.h.B Identificatibn and Marking.- The Transiator shall have an
identification nameplate attached. Information on the nameplate shall
include the following:

{a) Manufacturer's part number.

(b} Manufacturer's name and location.

(¢} Code identification.

(d) Contract number.

(e) Unit name, model number, and serial number.
The information contained on this nameplate shall permit a search of gssembly
detail drawings and documentation to be made to identify any part contained
within the unit. All parts shall be identified with one part number which
shall be that of the original manufacturer. All parts delivered as spares
ghall be identified in aceordance with (a), {c) and (e) above. .Separate
units shall be serialized.

3.4.9 Soldered electrical connections, - Solderlng of electrical connections
shall be in accordance with NBH 5300.4(3A) except for, the follow1ng

(a) Noncontact heat sources shall not be used (paragraph 3A30h k)

(b) Solid solder shall not be used (paragraph 3A309).

(¢) Liquid solder flux shall not be used (paragraph 34310).

(4) Iap joints shall not be used for structural mounting (paragraph 3A505).

(e) Multlple conductor cable shall not be used (paragraph 38604 and
page 6-6).
(f) Chapter 9 is not applicable
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4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection.- Unless otherwise specified, the
subcontractor is responsible for the performance of all inspection require-
‘ments as specified herein. Except as otherwise specified, the subeontractor
may utilize his own or any other inspection facilities and services acceptable
to the procuring activity. Inspection records of the examination and tests
shall be kept complete and available to the procuring activity for three years
after acceptance of the equipment. The procuring activity reserves the right
to perform any of the inspections set forth in the specification where such
inspections are deemed necessary to assure supplies and services conform to
prescribed requirements. Any deficiencies noted as a result of tests conducted
by the procuring activity, shall be corrected.

4.1.1 Subcontractor's quality assurance program.- The subcontractor shall
maintain a quality assurance program in accordance with AGC-STD-2311.

Y,1.2 Subcontractor's reliability assurance program.- The subcontractor
shgll implement and maintain-'a rellablllty assurance program in accordance
with AGC-STD-2312.

4.1.3 Processing changes.- The subcontractor shall make no changes in
the Translator design, specifications, materials, or material processes after
AGC design approval without prior written approval in accordance with AGC-STD-2312,

L.1.4 Test conditions.- Unless otherwise specified in a detailed method
paragraph, all examinations and tests shall be performed under standard ambient
conditicns as specified in Specifiecation AGC-20511, All test instrumentation
shall bear visual evidence of current calibration. The tolerance allowed on
test conditions and inpute are intended only to provide accuracy tolerarices of
instrumentation, controls, etc., Test conditions shall be adjusted as closely-as
possible to nominal or center values specified, and in rio instance shall they
exceed the tolerance specified. Performance parameters are specified either as
limits or as nominal values with plus-or-minus tolerances. These limits and
tolerances shall be regarded as abscolute and the accuracy tolerance of measuring
equipment shall not be interpreted as part of measured values in such a way that
an out-of-tolerance or out-of-limit measurement may appear in-tolerance or in-limit.

4.1.5 Test Reports.- The results of all Design Qualification and Flight
Model Acceptance Inspection shall be documented in the form of test reports
prepared in accordance with AGC-S8STD-2312 and delivered with the hardware. Test
reports shall he prepared and submitted to AGC for approval after completion of
testing.

y.2 Classificatlon of Inspections.- Examinations and tests to be performed
on the equipment shall be classified as follows:

(a) In-process Inspection (see b4.k4),
(b) Design qualification Inspection (see %.5).

(¢) Flight Model Acceptance Inspection (see 4.6).
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4.3 Test plan.- The subcontractor shall prepare a test plan which
includes all of the examinations and tests specified in 4.5 and 4.6 such that
the test results verify that the requirements specified herein have been met,
~ The Test Plan shall be submitted to Aerojet-General for review and approval

‘prior to the commencement of testing. The plan shall describe every test to
be made for measuring every significant performance paramter. Every test
shall be described in full detail; this shall include block dlagrams of the
test setup, manufacturers' designations of all the commercial test equipment
to be used in the tests, the designs of any special test equipment required,
a full description of the test procedures to be followed, all levels and
impedances, the test acceptance limits (which must be compatible with the
overall performance requirements), and an estimate of the accuracy expected
from each measurement. Any special calibrations of test equipment to assure
its accuracy shall be adequately described., The detail given for each test
method and setup shall be sufficlent to allow the test to be duplicated with
no information beyond that given in the test plan. In all cases where a test
does not follow well-known conventional procedures and methods, sufficient
information on - the theory of the test should be given to allow an objective
evaluation of the proposed test method.

k.4 In-process inspection.- In-process examinations and tests shall be
performed as required to comply with AGC-STD-2311. '

4.5 Design Qualification Inspection.- Design Qualification Inspection
shall consist of all the tests described in Table I as a minimum. The Design
Qualification inspection shall be designed to domonstrate the. funetional .
capability, structural integrity, and performance repeatability of the unit
under ambient conditions and the specified operational enviromments, The detailed
Design Qualification inspection shall be included as a section of the overall test
plan (see h,3) and shall be reviewed and approved by AGC prior to the performance
of the tests. Design Qualification Inspection shall be conducted only when and to
the extent specified in the contract or purchase order.
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Table I, Design Qualification Inspection

Requirement Test
Examination or Test Paragraph Method
" |Analysis’
Reliability 3.2.1.1 L.7.1
Maintainability 3.2,1.2 L.7.1
Thermal analysis 3.2.3.5 L.7.1
Visual examinstion and measurements
Selection of specifications and standards 3,01 b.7.1.1
Standard and Commercial parts 3.4,2 hor.1.1
Moisture and fungus resistance 3.4.3 h.7.1.1
Corrosion of metal parts 344 ho7.1.1
Interchangeability and replaceability 3,k.5 L.7.1.1
Workmanship 3.4.6 h7.1.1
Tdentification and marking 3.4.8 L,7.1.1
Weight 3.2.3.1 4L.7.1.1
Center of gravity 3.2.3.3 h 1.1
Envelope Dimensions 3.2.3.2 ht7.1.1
Mounting 3.2.3.4 L7.1.1
Surface -Characteristics 3.2.3.5 h,r.1.1
Testing
(1) Functional Characteristics at minimum 3.3,1(8) & 4.5
and Maximum temperatures Table III '
(2) vibration (non-operating) 3.3.2(a) 4.5
Tevel T
(3 ) Functional characteristics after vibration| Table III .5
(I} Acceleration (non-operating) 3,3,2(b) k.5
(5) Functional characteristics after accel, Table IIT h.5
26 Functional characteristics during .
thermal vacuum ‘ 3.5.1(c) k.5
(7) Functional characteristics at maximum
hot operating temperature 3,3.1(d) & ks
Table IIT

10
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4.6 Flight Model Acceptance Inspection.- A detailed procedure of the
Flight Model Acceptance Inspection shall be generated as a part of the over-
all test plan by the subcontractor aml spproved by AGC prior to final
inspection. The Flight Model Acceptance Inspections shall include the
-examinations and tests of Table II as a minimum and shall be extensive enough
"to demonstrate satisfactory workmenship and that the Translator performance
. is within tolerance. The functional parameters to be verified shall be as

'gpecified in Table IIT and conducted in accordance with 4.7.3.

Table II. Flight Model Acceptance Inspection

Requiremenﬁ Test
Examination or Test Paragraph Method
(a) Visual Examination & Measurements
(L) Weight | 3.2.3.1 b.7.1.1
(2) Envelope Dimensions ‘ 3.2.3.2 k711
(3) Surface Characteristics 3.2.3.5 4.7.1.1
(k) Cconnector 3.2.3.7 k7.1.1
(b) Testing
(1) Functional characteristiecs at minimum 3,3,1(8) & - : h.6
& maximum temperature -Table TIT
(2) Vibration (non-operating) 3,3.2(a) 4.6
: Ievel II _
(3) Functional characteristics after Table III,. 4.6
vibration Ievel II
(4) Functional charagteristics during 3,3.1(c) 4.6
thermal vacuum 1 '
(5) Functional characteristics at Table III 4.6
maximim temperature '

>

1/ The thermal vacuum test shall be conducted at 10™° Torr for 12 hours.

11
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TABLE IITI FUNCTIONAL TESTING-UP TRANSIATOR

Functional

Functional
During Functional | During Functional Function
Requirement | Temperature Functional After Thermal Test During
Paragraph Test After Vibration [Acceleration [ Vacuum at Max. Temp. EMI
Min | Mex Qual, | Flight '
Level I|Level II
Gain 3,1.% X X X X X X
Noise Figure 3.1.4 X X X
Output 3.1.5 X X X X X X X
Spurious Output 3.1.6 X X X . X
Conversion Gain Stability | 3.1.7 X X X X
Gain Variation 3.1.8 X X X X X
Stopband Attenuation 3.1.9 ) X
Input/Output Freq. Sense 3.1,10 X X X
Gain Slope 5.1.,11 X X X X
Pilot Carrier 5.1.12
Frequency 3.1.12.1 X X X X
Stability 3,1.12,2 X X X X
Amplitude 3.1.12,3 X X X X
Incidental FPhase Mod, 3.21.12. 4 X X
- Phase Linearity '5.1.12 X X X X
Vestigial Sideband Filter| 3.1.15
Attenuation
Gain Slope
Phase ILinearity
Ripple

S 12
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79.7 Test methods.-

4,7.1 Analysis.- Those requirements to be verified by analysis shall be
satisfied through a review of analytical data. Such data shall be summarized
or included as appropriate in the design study report or other written reports,
* if required. -Systems engineering data shall be used where appropriate to sup-

port analysis, :

L,7.2. Visual examination and measurements.- Those requirements to be
verified by visual examination and measurements shall be staisfied by visual
examination and by the use of standard measuring instruments to determine such
characteristics as dimensions and weight. Drawings, bills of materials, speci-
fications, and other engineering documentation shall be used as appropriate.

With the exception of & detailed physical examination of the test specimen, which
shall be performed immediately before the start of testing, compliance with these
requirements may be demonstrated before the time of functional testing.

%4,7.3 Functional characteristics.- Specific tests as specified in Table ILI
shall be performed to verify that the requirements of 3.1 are met, Whenever
possible, tests shall be made on the Subsystem with all electrical, mechanical
and thermal interfaces simulated as closely to the actual operating conditions
as possible. Tests requiring the combined operations of the Subsystems of the
ICE shall be described in the Test Plan. Functionel tests in accordance with
Table ITI shall be of two types:

(a) Complete functional tests which verify specifically that the
requirements of 3.1 which are amenable to measurements or other
quantitative assessment, have been met. These tests shall be
performed at specific points in the test cycle so that it is
possible to verify that the unit and its elements are performing
in accordance with specified requirements,

(b) Abbreviated tests, which will not verify all the requirements of
3.1, but are sufficient to show that the unit will perform its
overall functions satisfactorily. These tests shall permit rapid
assegsment of unit performence during or after each of the principal
environmental exposures,

' L7,k Fnvirommental tests.- Environmental tests shall be performed on
the translator in accordance with Table I using the methods specified in
AGC-20511, Functional parameters as specified in Table IIT shall be tested in
accordance with the detailed test plan,

5. PREPARATION FOR DELIVERY

5.1 Preservation, packaging, and packing.- Unless otherwise specifiled, the
preservation, packaging, and packing shall be in accordance with the subcontractor's
best aerospace practice provided that this practice is sufficient to protect the
item against contamination and damage during shipment. The subcontractor shall be
responsible for any contamination or damage to the equipment as a result of insuf-
ficient or faulty packaging. Exterior containers shall conform to Consolidated
Freight Classification Rules or common carrier regulations to insure delivery at
Aercjet-General Corporation, Azusa, California, in an undamaged condition.

13
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_ 5 2 Mark;gg for shipment .- Each shlpplng contalner shall be marked with
;as & minimum, the following Information : .

(&) Name of unit

(b} Part number, drawing number, revision letter, an& serial number
(c) Specification number and revision letter (AGC-20518).

(d) Date of final assembly

(e) Purchase order number

(f) Subcontractor's name

(g) Warning and caution notes, as applicable.

" 6.  NOTES

6.1 Intended use,.~ The unit described by this specification is to be
installed in an ATS-F spacecraft and used with & Iaser Communication System,

6.2 Precedence,- In the event of a conflict between the contract and
this specification and any applicable documents, the following order of
precedence shall apply:

(2) The contract
(b) This specification
(¢) Other applicable documents.

6.3 Deviations.- All deviations or exceptions to the requirements of
this specification or any document referred to herein shall be referred in
writing to AGC, using the Supplier's Discrepancy Action Request (SDAR), AGC
Form No. 00- 009~030 The disposition of the SDAR must be approved by AGC

Prior to shipment. Two copies of the approved SDAR shall accompany each
affected shipment. ' \

14
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Figure 2. Véstigial Sideband Filter Amplitude Response
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To be added at a later date.

Figure 4, Interface Electrical comnections
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1.  SCOFE

1.1 This specification establishes performance and design requirements
for a - frequency down translator to be used to down translate the video baseband
for a laser communication system. The Frequency Down Translator functions shall
be accomplished by using the lower sideband and vestigial sideband techniques.

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date of invita-
tion for bids, form & part of this specification to the extent specified herein.
In the event of conflict between documents referenced here and the content of

Sections 3, 4, and 5, the requirements of Sections 3, 4, and 5 shall be considered
& superseding requirement.

NASA DOCUMENTS ) ' A :

NHB 5300.4(34) Requirements for Soldered Electrical Comnections
S?3OO—P71. ' Printed Wiring Boards " .
$-323-P-10 . Connectors; Subminature, Electrical and Coaxial
‘ ! Contact, for Space Flight Use )
SPECIFICATICNS
Military
MTIL-D-1000 ‘ Drawing, Engineering and Associated List

Aerojet-General Corporation

AGC-20531 Environmental Design Criteria and Test Levels
Tor the Laser Communications Experiment and
Associated Components

STANDARDS
Military

MIL-STD-461 Electromagnetic Interference Characteristics,
Requirements for Equipment

MIL-STD-462 Electromagnetic Interference Characteristics,

' Measurement of '

MITL-STD-L63 Definitions and System of Units,
Electromagnetic Interference Technology

MIT.-STD-889 Dissimilar Metals

Aerojet-General Corporation

AGC-STD-2311 Quality Assurance Requirements for Suppliers
of Laser Communications Experiment Equipment

AGC-5TD-2312 Reliability Assurance Requirements for Suppliers
of Laser Communications Experiment Equipment

{(Copies of documents required by contractors in connection with specific procure-
ment functions should be obtained as indicated in the Department of Defenze Index
of Specifications and Stardards or as specified by the contracting officer.)
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3. REQUIREMENTS'

3.1 Performance.- The Frequency Down Transiator, hereinafter referred to as

the unit, shall translate an input frequency band of 1.L MHz to 6 MHz to an out-

put frequency band of 30 Hz to 4.6 MHz using solid state circuitry where practi~

cable., The down translation process shall be performed 'in accordance with the
scheme presented in Figure 1. The vestigial sideband Filter used in the unit
shall be consistent with the characteristics specified in 3.1.13 and Figure 2.

3.1.1 Primary power input.- Primary power lines shall be fused before
input teo the EMI filters of each section., TFuse ratings shall be ¥ times
the average input current. The unit shall be capable of performing as
specified herein when provided with the following direct current power and
input characteristics from a regulated bus:

{a) A maximum power input ofleOO miili-watfs and an operating voltage
. of +27.4 to 28.6 volts direct current. )

“(b) A maximum ripple of 10 millivolts, rms (transient spikes will not
exceed + 2 volts peak, and transient energy level will net exceed

© 30 millijoules).

(e} A maximum conducted noise level of 10 millivolts peak with impedance
versus frequency characteristics as specified in (e} below.

(d) & transient capacitive load of %  micofarads,
(e) An effective impedance of 0,1 ohms, or less, at O to 15 kilohertz.

3.1.2 Input signal characteristics.- The it shall be capable of meeting
the performance herein with the following input signal characteristies:

(a) Input frequency: . 1 ) Mz to 6 Miz
(b) Input level: .1 volt peak-to-peak * 0.5 db

{c) Impedance: 75, ohm unbalanced
\ .

(d) Return Ioss: 26 db or less

3.1.3 Gain.- The overall gain shall be adjustable to * 0.5 volt peak-
to~-peak, ' ’

3.1;4 Noise figure,- The nbise\figure of the unit shall not exceed 5 db,
measured at the input to the down translator channel. :

3.1.5 Iocal oscillator re-radiation. - Iocal'OSCillator re-radiation from the

unit input terminal shall be -90 dbm or less,

3.1.5.1 TIocal oscillator stability.- Thé-locaI'OSCillator frequency stability

shall be better than 50 ppm.

* To he added at a later date,
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- 3.1.6 Qutput.- The translation of 1.4 MHz input frequency shall correspond
to a 30 Hz output and the &6 MHz input frequency shall correspond to a L.6 Miz
output. Output characteristics of the unit shall be as follows:

(a) Frequency: 30 Hz to 4.6 MHz

(b) Output Ievel: 1 volt peak to peak, adjustable * 0.5 volts

() Bandwidth: 4.6 MHz
(d) Impedance: 75 unbalanced
(e) Return Loss: *

3.1.7 Spurious output.- The spurious output shall be ~-50 dbv, minimum.

3.1.8 Conversion gain stability.- The conversion gain stability shall
be £ 0.1 db, maximum, per day. :

3.1.9 Gain varistion.- Total gain varistion shall be less than ~0.5 db
over the bandwidth, '

3.1.10 Stop-band attenuation.- The out of band attenuation shall be 40 db,
minimum. . :

3.1.11  Input/output frequency sense,- There shall be no inversion qf
frequency sense so that an increase in input frequency shall result in a
corresponding change in the output‘frequency.

)

3.1.12 Gain siope.- The variation of gain slope at any frequency shall
not exceed + 0,02 db/MHz in the band from 9.6 MHz to 13.8 MHz,

3.1.13 Phase locked loop pull-in range.- The Thase locked loop pull-~in
range shall be 50 Hz minimum.

3.1.14 Phase locked loop tracking rate,- *

3.1.15 Phage locked loop phase accuracy.- Phase locked loop phase shall
not exceed * 0,5 degrees maximum, S

3.1.16 Translator phase linearity.- The overall phase linearity of the
translator shall not exceed £ & degrees over the bandwidth, : '

3.1,17 Vestigial sideband filter.- The vestigial sideband filter used in
the frequency down translator shall comply with the characteristics specified
in Figure 2 and as follows:

(a) Attenuation: The frequency characteristics shall be as follows:

(1) -6 dv + 0.3 db at 14.0 MHz
(2) 0% 0.1a4ap Cat 13.8 MHz
(3) -20 db minimum at 14.2 MHz
(4) -20 db minimum at , 9.2 MHz
(5) Odb+ 0.1ab at” 9.4 MHz

* To be added at a later date.
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(b) Gain slope: The gain slope at any frequency in the band of 9.4 to
13.8 MHz shall not exceed * 0.02 db per Miz, '

(c) Phase linearity: The deviation in phase linearity shall be less
than * 3.5 degrees, between 9.4 MHz and 13.8 MHZ,

(d) Ripple: The peak-to-peak ripple shall not exceed * 0,05 db
amplitude in this pass band of the filter,

3.2 Characteristics.=-

3.2.1 Operability.-

3.2.1.1 Reliability.- The design for reliability shall cccur simultaneously
with, rather than separately from the design to achieve the electrical and mechan-
ical characteristics specified in this specification. The Translator shall be
designed and fabricated to provide * % probability of an operational lifetime as
specified in 3.2.2.1. This lifetime 1s based on the active operation time being
equally distributed within the two year pericd.

3.2.1.2 Maintainability.- The design for maintainability shall occur simul-
taneously with, rather than separately from the design of the Translator. The
Translator shall be designed so as not to require maintenance, repalr or service
during its operating life, However, test points in accordance with 3.2.3.8 and
any required means for determining the performance, accuracy, or alignment of
any part of the system shall be readily accessible and compatible with the EMI
requirements, . Repair or. replacement of components shall be possible with a
minimum of disturbance to other parts and wiring. If special tools are required
for installation, tuning or adjustment, they shall be furnished with the unit.
Adjustment provisions will be allowed if no other means are available to assure
proper functional operation or interchangeability. If adjustment provisions are
incorporated, a positive locking device shall be used to: insure that the adjust-
ment setting will withstand the envirommental conditions and not change during
the operating life of the unit.

3.2.2 Useful life,-

3.2.2.1 Operating life.- The operational life of the Translator shall be
2,000 hours with the operating periods equally distributed within the two year
period. A minimum of 500 power-on/power-off cycles and operating periods of
up to 24 hours over a two year period in a space enviromment shall be possible
without degradation of the requirements specified herein, The Translator
shall be considered in operation when it is performing one or more of its
functions.

3.2.2.2 Shelf life.- The Translator shall be capable of meeting the
operating life of 3.2.2,1 after a shelf life of greater than 20,000 hours
when packaged and stored in a protective enclosure.

* To be added at a later date.



' AGC-20519
3.8.% Phyéibal'characteriStics;- o L ,
% 0.3,1 Weight.- The weight of the Tramslator shall be a minimum consistent

with the required performance, but shall not exceed & total welght of 3.5 pounds
with a design goal of 2.3 pounds, ‘

3.2.3.2 FEnvelope dimensions.- The Translator envelope dimensions shall be as
small as possible, but shall not exceed the dimensions shown in Figure 3.

3,2.3.3 Center of gravity.- The center of gravity shall be as shown in
Figure 3 and shall be located within a tolerance of 0.l inch of the actual
center of gravity along any of the three coordinate axis related to a reference
point on the mounting surface, The reference point location shall be defined
in the inspection report.

3.2.3.4 Mounting provisions.- The mounting provisions shall be as shown
in Figure 3. The mounting design shall permit torquing of the mounting screws
to 17 ¥ 1 in-1bs. . :

3.2.3.5 Thermal interface.-

3.2.3,5.1 Conduction path.- To provide the required contact conductance.
(8.3 x 107° w/em= - "K) for the mounting surface constituting the primary heat
conduction path, the surface shall have the following characteristics:

(a) Surface flatness within 0.005 inches, rms, along any direction of
the respective surface, : :

s

(b) Surface finish of 32 micro-inches or less,

3.2.3.5.2 Radiation environment.- For design purposes, the average
radiation environment for each assembly will be a temperature of 30 % ; °C
and an emissivity of 0.6 or greater.

3.2.3.5.3 Assembly finish on non-mounting surfaces.- ‘The non-mounting
surfaces of each assembly shall have an emissivity of 0.6 or greater.

3.2.3.6 Grounding.- The grounding system shall be divided into signal
grounds, power grounds, component case grounds, and shield grounds. These
grounds shall bte isolated from each other and shall be brought out on separate
pins of the interface electrical comnnector as shown in Figure Y4, The ghielded
wire ground, as a general rule, shall be grounded at the input end.

3.2.3.7 Electrical connectors.- Electrical connectors shall be in accordance
.with NASA Publication S-300-P-10, The type and pin assignment of the connectors
~ ghall be as shown in Figure L.

3.2.3.8 'Test'Eoints.- Electrical test points, necessary for adjustment,
tuning, and trouble shooting, shall be provided at a. convenient location.

3.2.3.9 Package venting,- All units shall be vented so that‘the unit
internal pressure equals the ambient pressure.

4
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2.3 Environmental conditions, -

- 3,3,1 Equipment operating.- The Translator, while operating in any
érientation, shall be capable of meeting the requirements.specified herein,
~.while being subjected to any combination of the following environments

(demonstration of compliance shall only be performed to the extent spécified
in section 4.0): -

(a) While being subjected to the Electron Radiation levels specified
in AGC-20511,

(b) While being subjected to a dec magnetic field of from zero up to
0.6 gauss,

{e) Thermal-vacuum conditions for ICE subsystem as specified in
- AGC-20511,

(a) Temperature for equipment operating as specified in AGC-20511,

3.3.2 qulpment nonoperatlng,- The Translator shall be capable of with-
standing the following environmental conditions in accordance with the levels
specified in AGC-20511 and thereafter meet the performance requirements as
specified herein,

(a) Sinusoidal and Random Vibrations, Test Level I of IT in AGC-20511.
(b) . Acceleration (AGC-20511).
(¢) Storage temperature (AGC-20511).

3.4 Design and construction.-

3.4,1 Selection of Specifications and Standards.- A}l standards and
specifications utilized on this program other than those listed in Section 2
shall be selected or prepared in accordance with AGC-STD-2312.

3.4.2 Parts and materiasls program,- Parts and materials shall be selected.
in accordance with the parts and materials program specified in AGC-STD-2312.
Printed wiring boards shall be in accordance with NASA Publication 5-300-P-1. .

%, 4,3 Moisture and Fungus Resistance,- Materials which are non-nutrients
for fungus shall be used wherever possible. Where the use of fungus nutrients
cammot be avoided, treating, packing, or other protective means shall be used to
" ensure required performance., All parts, materials, or equipments shall be either
designed or protected so that exposure to moisture encountered during the course
of manufacture, test, shipment, and installation shall not degrade performance.

3.4.4 Corrosion of Metal Parts,.- All metals shall be of corrosion-
resistant type or shall be suitably processed to resist corrosion. The use of
dissimilar metals in direct contact shall be avoided wherever possible or shall
be protected against direct contact. The provisions of MIL-STD-889 shall apply
to the identification of dissimilar metals,
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34,5 Interchangeability and replaceability.- All parts with the same
manufacturer's part number shall be physically and functionally interchangeable,
Part number changes shall be controlled in accordance with the requirements of
. Specification MIL-D-1000,

3,4.6 Workmenship,- Workmanship shall conform to the requirements of
applicable process specifications relating to fabrication and assenbly as
invoked by the particular assembly drawing, Critical steps of fabricatlon
which are item-peculiar shall be detailed in drawing notes which shall include
appropriate criteria of workmsnship, Workmanship relating to all other aspects
of fabrication, general handling,and storage shall be In accordance with the
best aerospace standards.

3,4,7 Electromagnetic Interference.- The electromagnetic interference
characteristics of the Translator shall comply with the requirements for Class
IC or ID equipment as applicable and limits of RE-1, (T)REOL, and RS-1 as
specified in MIL-STD-UE1, The methods of inspection and definitions shall be
in accordance with MIL-STD-462 and MIL-STD-463, respectively.

3.4.8 TIdentification and Marking.- The Translator shall have an
identification nameplate attached., Information on the nameplate shalil
include the following:

(a) Mamufacturer's part number,

() Manufacturer's name and location,

{c) Code identification.

{d) Contract number,

(e) Unit name, model number, and serial number,
The information contained on this nameplate shall permit a search of assembly'
detail drawings and documentation to be made to identify any part contained -
within the unit. All parts shall be identified with one part number which
shall be that of the original manufacturer. All parts delivered as spares
ghall be identified in accordance with (a), (c¢) and (e) above.. Separate

mnits shall be serialized.

3.4.9 Soldered electrlcal connections.- Soldering of electrlcal connectlons
shall be in accordance with NBH 5300.4(34) except for the following:

(a) Noncontact heat sources shall not be used ( paragraph 3A30h 4)

(b) Solid solder shall not be used (paragraph 3A309).

{¢) Liquid solder flux shall not be used {paragraph 3A310).

(d) ZLap joints shall not be used for structural mounting (paragraph 3A505).

(e) Multlple)conductor cable shall not be used (paragraph 3A60h and
page 6-6

(f) Chapter 9 is not applicable.
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L, QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection.- Unless otherwise specified, the
subcontractor is responsible for the performance of all inspection require-
ments as specifiied herein. Except as otherwise specified, the subcontractor
may utilize h;s own or -any other inspection facilities and services acceptable
to the procuring activity. Inspection records of the examination and tests
shall be kept complete and available to the procuring actiﬁity-for three years
after acceptance of the equipment. The procuring activity reserves the right
to perform any of the inspections set forth in the specification where such
inspections are deemed necessary Lo assure supplies and services conform to
prescribed requirements, Any deficienciles noted as a result of tests conducted
by the procuring activity, shall be corrected. :

%.1.1 Subcontractor's guality assurance program.- The subcontractor shall
maintain a quality assurance program in accordance with AGC-STD-2311.

L.1.2 Subcontractor's reliability assurance program.- The subcontractor
shall implement and meintain ‘a reliability assursnce program in accordance
with AGC-STD-2312.

4.,1,3 Processing changes:- The subcontractor shall make no Ehanges in
the Translator design, specifications, materials, or material processes after
AGC design approval without pricr written approval in acceordance: with AGC-8TD-231Z2,

L,1.4 Test conditions.- Unless otherwise specified in a detailed method
paragraph, all examinations and tests shall be performed under standard embient
conditions as specified in Specification AGC-20511, All test instrumentation
spnall bear visual evidence of current calibration. The tolerance allowed on
test conditions and inputs are intended only to provide accuracy tolerances of
instrumentation, controls, etc. Test conditions shall be adjusted as closely as
possible to nominal or center values specified, and in no instance shall they,
exceed the tolerance specified. DPerformance parameters are specified either as
1imits or as nominal values with plus-or-minus tolerances. These limits and
tolerances shall be regarded as absolute and the accuracy tolerance of measuring
equipment shall not be interpreted as part of measured values in such a way that
an out-of-tolerance or cut-of-limit measurement may appear in-toletrance or in-limit,

4,1.5 Test Reports.- The results of all Design Qualification and Flight
Model Acceptance Inspection shall be documented in the form of test reports
prepared in accordance with AGC-STD-2312 and delivered with the hardware. Test
reports shall be prepared and submitted to AGC for approval after completion of
. testing. ‘ ! . :

.2 (lassification of Inspections.- Examinations and tests to be performed
on the equipment shall be classified as follows:

(a) In-process Inspection (see k. k).
(b) Design qualification Inspection (see 4.5).

(c) Flight Model Acceptance Inspection (see 4.6).
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4.3 Test plan.- The. subcontractor shall prepare a test plan which
ineludes all of the examinations and tests specified in 4.5 and 4.6 such that
the test results verify that the requirements specified herein have been met.
The Test Plan shall be submitted to Aerojet-General for review and approval

“prior to the commencement of testing. The plan shall describe every test to
be made for measuring every significant performance paramter. Every test
shall be described in full detail; this shall include block diegrams of the
test setup, manufacturers' designations of all the commercial test equipment
to be used in the tests, the designs of any special test equipment required,
a full description of the test procedures to be followed, all levels and
impedances, the test acceptance limits {which must be compatible with the
overall performance requirements), and an estimate of the accuracy expected
from each measurement. Any special calibrations of test equipment to assure
its accuracy shall be adequately described. The detail given for each test
method and setup shall be sufficient to allow the test to be duplicated with
no information beyond thaet given in the test plan.. In all cases where a test
does not follow well-known conventional procedures and methods, sufficient
information oa the theory of the test should be given to allow an objective
evaluation of the proposed test method. '

.4 In¥process inspection.- In-process examinations and test shall be
performed as required to comply with AGC-STD-2311.

4.5 Design Qualification Inspection.- Design Qualification Inspectlon
shall consist of all the tests described in Table I as @ minimum., The Design
Qualifiecation inspection shall be designed to demonstrate the functional
capability, struetural integrity, and performance repeatability of the unit
under ambient conditions and the specified operational enviromments. The detailed
Design Qualification inspection shall be included as a section of the overall tesat
plan (see %4.3) and shall be reviewed and approved by AGC prior to the performence
of the tests. Design Qualification Inspection shall be conducted only when and to
the extent specified in the contract or purchase order.
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Table I. Design Qualification Inspection

Visual examination and measurenments

Selection of specifications and standards

Standard snd Commercial parts

Moisture and fungus resistance

Corrosion of metal paris

Interchangeability and replaceability
" Workmanship - .

Identification and marking

Weight

Center of gravity

Envelope Dimensions

Mounting

Surface Characteristics

Testing

(1) Functional Characteristics at minimum
and Maximum Temperatures

(2) Vibration (non-operating)

(3 ) Functional characteristics after vibration
(L) Acceleration (non-operating)
(5) Functional characteristics after accel.
(6 ) Functional characteristics during

thermal vacuum

(7)'Functional characteristics at maximm
hot operating temperature

*
.
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Table III

505-2(3)
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Table III
3.3.2(b)

Table III

5.5.1(c)l

3.3.1(2) &
Table III

Requirement Test
Examination or Test Paragraph Method

Analysis
Reliability 3.2,1.1 L7
Maintainability 3.2.1.2 L.r.1
Thermal analysis 3.2.3.5 hot.1

)
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4.6 Flight Model Acceptance Inspection,.- A detailed procedure of the

_Flight Model Acceptance Inspectlon shall be generated as & part of the over-

- all test plan by the subcontractor and approved by AGC prior to final
“inspection. The Flight Model Acceptance Inspections shall include the

- examinations and tests of Table I as a minimum and shall be extensive enough
to demonstrate satisfactory workmanship and that the Translator performance
is within tolerance, The functional parameters to be verified shall be as

specified in Table III and shall be conducted in accordancé with 4.7.3.

Teble IT. Flight Model Acceptance Inspectioh

maximm temperature

Requiremesnt Test
Examination or Test Paragraph Method
(a) - Visual Exemination & Measurements
(1) Weight , 3.2.3.1 ho7.1.1
(2) Envelope Dimensions 3.2.3.2 ChT.1.1
(3) Surface Characteristics 3.2.3.5 horo1.1
(4) Connector ' 3.2.3.7 L.7.1.1
{b) Testing
(1) Functional characteristics at minimum 3.3.1(d) & 4.6
& maximum temperature Table ITT
(2) vVibration (non-operating) 3.5.2(a) k.6
o . . Ievel II
(3) PFuanctional characteristics after Table III, k.6
vibration ' level II
(4) Punctional charagteristies during 3.3,1(c) h,6
thermal vacuum 1/ o
(5) TFunctional characteristics at Table III 4.6

.EJ Thé thermal vacuum test shall be conducted at 10~

i1

p

Torr for 12 houré.
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“TABLE II1 FUNCTIONAL TESTING-UP TRANSIATOR

Functional

Muncticnal ‘
‘ During . ) Functicnal | During. Functional Function -
Requirement | Temperature Funetional - After: Thermal Test - During
Paragraph Test ATter Vibration |Acceleration | Vacuum et Max. Temp. EMI
Min | Max: Qual, | Flight
Level I|Level IT

Gain 3.1.3 X | x X X X X X
Noise Figure 3.1.k X X X
-L,0, Re~radiation 3.1.5 X X
Qutput 3.1.6 X X X X X X
Spurious Output 3.1.7 X X X X
Conversion Gailn Stability %.1.8 X X X X
Gain Variation 3.1.9 X X X X X
-Btopband Attenuation 3,1.10 i X
Input/Output Freq., Sense 3,1.11 X X, X X
Qain Slope 3.1.12 X X X
Phase Locked Ioop
. Pull in Renge X X X

_Tracking BRate X X X

Phase Accuracy - X X X

Phase Linearity X X X X
Vestigial Sideband Filter

Attenuation

Gain Slope

Phase Linearity

Ripple

12
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b,7 Test methods,.-

4,7.1 Analysis.- Those requirements to be verified by analysis shall be
satisfied through a review of analytical data. =Such data shall be summarized
" or included as appropriate in the design study report or other written reports,
. if required. Systems engineering data shall be used where appropriate to sup-

port analysis.

L,7.2. Visual examination and measurements.- Those regquirements to be
verified by visual examination and measurements shall be staisfied by visual
examination and by the use of standard measuring instruments to determine such
characteristics as dimensions and weight, Drawings, bills of materials, specl-
fications, and other engineering documentation shall be used as appropriate.

With the exception of a debailed physical examination of the test specimen, which
shall be performed immediately before the start of testing, compliance with these
requirements may be demonstrated before the time of functional testing. '

4,7.3 Functional characteristics.- Specific tests as specified in Table ITI
shall be performed to verify that the requirements of 3.1 are met. Whenever
possible, tests shall be made on the Subsystem with all electrical, mechaniecal
and thermal interfaces simulated as closely to the actual operating conditions
as possible, Tests reguiring the combined operations of the Subsystems of the
LCE shall be described in the Test Plan. Functional tests In accordance with
Table IIT shall be of two types: . '

(a) Complete functional tests which verify specifically that the
reguirements of 3,1 which are amenable to measurements or other
quentitative asgessment, have been met. These tests shall be
performed at specific points in the test cycle so that it is
possible to verify that the unit and its elements are performing
in accordance with specified requirements.

(b) Abbreviated tests, which will not verify all the reguirements of
3.1, but are sufficient to show that the wnit will perform its
overall functions satisfactorily. These tests shall permit rapid
assessment of unit performance during or after each of the principal
environmental exposures,

4,7.4  Environmental tests.- Envirommental tests shall be performed en
the translator in accordance with Table I using the methods specified in
AGC-20511, Functional parameters as specified in Table III shall be tested in
accordance with the detailed test plan.

5. PREPARATION FOR DELIVERY

5.1 Preservation, packaging, and packing,- Unless otherwise specified, the

preservation, packaging, and packing shall be in accordance with the  subcontractor'’s

best aerospace practice provided that this practice is sufficient to protect the
" item against contaminstion and damage during shipment. The subcontractor shall be
responsible for any contamination or damage to the equipment as & result of insuf-
ficient or faulty packaging. Exberior containers shall conform to Consolidated
Freight Classification Rules or common carriler regulations to insure delivery at
Aerojet-General Corporation, Azusa, Californis, in an wundamaged condition.

13
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5,2 Marking for shipment,.- Each shipping container shall be marked with,
as & minimum, the following information:

(a) Name of unit.
(b)ﬁfEarﬁ'number,;drawing number, revision letter, and serial number
{c)' Specification number and revision letter (AGC-20518);

(4) Date of final assembly ‘

(e) Purchase order mumber

(f) Subcontractor's name

{g) Warning and cesution notes, as applicable,

6., NOTES

6.1 Intended use.- The unit described by this specification is to be
installed in an ATS-F spacecraft and used with a laser Communication System.

6.2 Precedence.- In the event of a conflict between the contract and
this specification and any applicable documents, the following order of
precedence shall apply:

(a) The contract
(b) " This specification
{¢) Other applicable documents,
6.3 Deviations,- All deviations or exceptions to the requirements of
this specification or any document referred to herein shall be referred in
- writing to AGC, using the Supplier's Discrepancy Action Request (SDAR), AGC
Form No, 00-009-030. The disposition of the SDAR must be approved by AGC

prior to shipment. Two copies of the approved SDAR shall accompany each
affected shipment. T

14
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To be added at a later date.

Figure 4. Interface Electrical ¢onnections
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1. SCOPE

1.1 BScope.- This specification defines the Telemetry and Command
characteristics at LCE interface, and identifies the Laser Communication
Experiment System (LCE) monitoring points to be telemetered and the commands
required to control the ILCE system.

1.2 Application.- The LCE system is intended to be used on an ATS-F
spacecraft to establish two-wey laser communications. ,

1.3 Classification.- Telemetry and commend signals shall each consist of
analog and digital signals, and each type will be covered under separate sections
of the specification. .

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date of
invitation for bids, form a part of this specificaticn to the extent specified
herein. In the event of conflict between documents referenced here and the
content of Sections 3, 4, and 5, the requirements of Sections 3, 4, and 5 shall
be considered a superseding requirement.

SPECIFICATICNS
NASA
8- UE0-ATS- 38  ATS-F and -G Experiment Interface Specification

3 REQUIREMENTS

3.1 Telemetry.-

3.1.1 Telemetry Subsystem Characteristics.- Analog and/or digital data
shall be telemetered via a redundant spacecraft PCM telemetry system. Digital -
information shall be multiplexed and transmitted directly, while anflog informa-
tion shall be Tirst converted to a 9-bit digital word multiplexed with other data,
and then transmitted at a bit rate of 400 bps. The sampling intervals shall be
approximately * seconds. The error rate shall be less than 1072. The overall
accuracy shall be 0.25 percent of full scale. The system shall comply with the
following: ‘

(a) A[D Conversion Accuracy.- The A to D converter ghall digitize to
a 9-bit accuraecy. :

(b) Data Storage.- There is no provision for data storage incorporated
in the ATS-F and -G telemetry system. Buffering shall be the
responsibility of the experimenter. An interrogaticn pulse shall
be supplied by the spacecraft contractor, if required.

(c) ™ Transmitter.-. The ™ transmitter shall utilize phase modulation.

% To be added at a later date.
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Deviation. ~ The méximum deviation shall be * radjans. The phase
deviation sensitivity shall be * radians per volt.

Bandwidth. - The input bandwidths shall be sufficient to handle 2,000
bits per second. (That is the T/M transmitter cirecuitry shall not
degrade the data bit error rate.}

Impedance. - The transmitter video input shall have an impedance
greater than 10 K .

Wideband Data.-~ The spacecraft transponder shall convert experiment

wideband data signals into FM modulated signal by using a voltage
controlled oseillator (VCQ).

VOO Characteristics.

(l) Bandwidth: The input bandwidth limitation shall be 0.1 Hz to
5 MHz. '

(2) Impedance: The input impedance shall be 75 ohms.

(3) Frequency Stability: *

(4) Sensitivity: *

(5) Linearity: The VOO linearity shall be one percent or better.
For the ranges from 0.1 Hz to 200 KHz and 200 KHz to 800 KHz,
the VCO linearity shall be ten percent or better for the range
from 30 Hz to 5 MHz.

(6) Frequency Range and Limitations: The input bandwidth limitation
shail be 0.1 Hz to 5 MH=z.

(7) Voltage Range and Limitations: The input voltage range shall
be zero to one volt peak-to-peak.

(B8) Source Impedance Constraints: The source impedance shall be
T5 cohms. '

Demodylator Cheracteristics.

(1) Impedance: 75 ohms

(2) voltage: one volt peak-to-peak
{3) Linearity: one percent

(4) Bandwidth: 30 Hz to 5 Miz

3.1.2 Analog Telemetry Signals.- The analog signals from the ICE to the
spacecraft telemetry interface shall have the following characteristics:

-

* To be added at a later date.
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(a) DC Signals

(1) Voltage amplitude: 0 to 5 Volts
(2) Source impedance: less than 1.0 K ohm
(3) Accuracy: ' As specified

{b) AC Signals (Wideband data).

(1) Voltage amplitude: zero to one volt peak-to-peak

{2). Source impedance: 75 chm unbalanced

(3} Frequency: 0.1 Hz-to-SMHAz

(&) Linéarity: Reference 3.1.1 (&) (Wideband data)
3.1.2.1 Interface Circuits.- The interface circuits to be used betwéen

the LCE system and the spacecraft telemetry subsystem for the analog telemetry
signals are shown in Figure 1.

3.1.3 Digital Telemetry Signals.- The digital telemetry signals from the
ILCE to the space craft interface shall have the following digital inputs:

(a) Voltage Limits.

(1) Logic zero: | -2.0 volts to 1.0 volf
{2) Logic one: +5.b volts to +8.0 volts
(b) Source Impedance : " less than 10 K ohms
3.1.3.1 Interface Circuits .- The interface circuits to be used hetween

the LCE system and the spacecraft telemetry system for the digital telemetry signals
are shown in Figure 2.

3.1.4 LCE System Telemetry Signals.- The LCE system shall provide telemetry
output signals for the purpose of monitoring the performance and status of the
experiment. Analog and digital telemetry signals will be utilized in meeting these
requirements and shall have the characteristics specified in 3 1.2 for analog
signals and 3.1.3 for digital signals.

3.1.4.1 Analog functiong.- The following LCE analog telemetry functlons
shall be made available at the spacecraft telemetry interface:
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3.1.4.1.1 Power Supply Subsystem.-

(a)
(v)
(e)
(a)
(e)
(£)

3.1.4.1.2 Optical/Mechanical Subsystem.

(a)
()

(c)
(a)
(e)
(£)
(g)

Function

Transmitter Laser current
Transmitter Laser voltage
Local oscillator laser current
Local oscillator Laser voltage
Backup lLaser current

Backup Laser voltage

Transmitter Laser power output

Local oscillator Laser power
output

Back-up Laser power output(A)2
Back-up Laser power output(B)
ICE baseplate temperature
Radiation cooler temperature

Sun shield temperature

3.1.4.1.3 LCE Subsystem.-

(a)

(b)
(c)
(d)
(e)

Local oscillator laser tuner
veltage:

Transmitter Laser tuner voltage
Backup ILaser tuner voltage
Modulator current

Modulator oven temperatures

3.1.4.1.4 Receiver Subsystem.-

(a)

Recelver AGC voltage

{(b) Mixer bias current

()

ATC Error output

Fwn -

Accuracy applies from 25% of full scale to 75% of full scale.

Back-up laser in L.0. mode (P 16 line)
Back-up laser in XMIR mode (P 20 line)
Accuracy applies from 10% of full scale to 50% of full scale.

I 0 0 0 0 O o

(e ]

o O O 0O o O

o O O O O
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5V
5v
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5V
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5V
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T oy 1 Hz
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: 2% 10 Hz
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3;1-#-1.5 Acquisition and Tracking Subsystem.-

Function Level 'Accur&cy; Bandwidth

(a) Coarse pointing mirror-

position (North-South) Oto 5V +1% 2 Hz

parse polntilng mirror-
(b) C » t. . [

position (East-West) Oto 57V - 2 Hz
{c) Image motion compensation

position (North-South) : Oto 5V 5 Hz
(d) Image motion compensator

position (Bast-West) Dto 5V 5 Hz
(e) Acquisition threshold voltage Oto SV 0.1 Hz
(f) Acquisition confirm threshold , :

voltage OQtoS5V 0.1 Hz
(g) Mutator bias voltage, (North-South) Oto5 7V : 0.1 Hz
(h) Nutation bias voltage, (Bast-West) 0Oto 5V v 0.1 Hz

3.1.4.1.6 Spares.-

(a) *
(b) *
{(c) *

3.1.4.2 Digital functions.- The following LCE digital functions shall be
made available at the spacecraft telemetry interface.

3.1.4.2.1 Acquisition and Tracking Subsystem.=-

Funetion Bits Bit Rate
(a) Coarse pointing mirror position
{Fast-West ) 12 128 bps
(b) Coarse pointing mirror position '
{North-South ) 10 128 bps

Note: These digital signal outputs (22 total) shall be in parallel,

1. Accuracy applies from 25% of full scale to 75% of full scale,

¥ To be added at a later date.
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3.2. Commands.-

3.2.1 Command Subsystem General Characteristics.- The command system
shall provide the capability of gending discrete (relay) or digital word
commands. The system capacity shall be 512 discrete and * magnitude
commands. A maximum command rate of 2 commands per second shall be available, and
ground verification capability via telemetry shall be provided.

3.2.2 Discrete Command Signal Characteristics.- The discrete command
signals at the interface between the spacecraft and LCE shall have the following

diserete commands:

(a) Voltage Level:

(1) Logic zero: 0.0V 2 0.5V
(2) Logic one: 5.0V £ 0,5V
(b) Source Impedance: *
{(e) Source Caﬁacitance: *
{d) Pulse duration: 50 2 10 milliseconds
(1) Rise time (10 to 90% points): * millisec ma.X.
(2) Fall time (90 to 10% points): * millisec max.

3.2.2.1 Interface Circuit.- The interface circuit to be used between
the ICE system and the spacecraft command control subsystem for the discrete
command signals are shown in Figure 3.

3.2.3 Digital word command signals.- The digital word commands between the
ICE system and the spacecraft command subsystem shall have the following digital word

commuands :

(a) Voltage level

(1) Logie zero: 0.0 & 0.5V ’
(2) Logic one: 5.0 2 0.5V
- (b) Word length: Nine(serial) bits Bn a data line
(¢) Bit rate: 128 bits per second (bps)

¥ To be added at a later date
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3.2.3.1 Interface Clrecuits.- The interface circuits to be used between
the LCE system and the spacecraft coammand control subsystem for the digital
commands are shown in Figure k. |

3.2.3.2 Emable Signal.- An address . line will be provided which identifies
to the user that his command is to be transmitted. The signal characteristics
at the interface are as follows: '

(a) Enable "OFF": 0.0% 0,5V
(b) Enable "ON": +5.,0+ 0,5V
3.2.3.3 Clock Sigpal.- A 128 bps clock signal will be provided for

shifting the data into the users register. The signal characteristics at the
interface are as follows:

(a) Logic Zero: 0,0 £ 0.5V

(b) Logic One: 5,0+ 0,5V -

3.2.3.4 Execute Signal.- An execute signal will be provided for the
purpose of ground verification prior to execution of the command. The character-
isties of this signal are identical to those of the discrete commend signal.

3.2.4 Timing/Synchronizing Signals.- Timing and -synchronizing signals shall
be supplied from the TM clock to the LCE system as required. The signal
characteristics are as follows:

{a) Logic zero voltage level:

(v) Logic one voltage level: *
{c) Bource impedance: *
(d) Pulse duration: *
(e) Rise time (10 to 90% points): *
(f) Fall time (90 to 10% points): *

3.2.5 ICE Command Funetions.- The command functions assigned to the LCE
systems for controlling all LCE cperational modes shall be in accordance with
3.2.5.1 and 3.2.5.2.

¥ To be added at a later date
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3.2.5.1 Discrete Commands .~ The following

assigned for LCE system operating control:

(a) Power Supply Subsystem.-

discrete commands have been

Command Function
(L) Treansmitter Laser High voltage No. 1 On
(2) Transmitter Laser High voltage No. 1 OFF
(3) Transmitter Laser High voltage No. 2 On
(4) Transmitter Iaser High voltage No. 2 OFF
(5) Transmitter Iaser High voltage Nos. 1 & 2 , Ad just current
(6) Local oscillator Laser High voltage No. 1 " On
(7) Local oscillator Laser High voltage No. 1 off
(8) Local oscillator Laser High voltage No. 2 On
{9) Local oscillator Laser High voltage No. 2 . off
(10) Loecal cscillator Laser High voltage Nos. 1 & 2 Ad just current
(11) Backup Laser High voltage No. 1 _ On
(12) Backup Laser High voltage No. 1 off
(13) Backup Laser High voltage No. 2 On
(14) Backup laser High voltage No. 2 off
(15) Backup laser High voltage Nos., 1 & 2 | ‘ Ad just current
(16) Low voltage converter . On
(17) Low voltage converter Off
(b) LCE Subsystem.-
(1) Backup Laser line (P-16) select . Select
(2) Backup laser line center offset (P-16) Offset
(3) Backup Laser line (P-20) select | Select
(4) Backup Iaser line center offset (P-20) Offset
(5) Modulator, video input Nos, 1 & 2 ' Select
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(c) Acquisition and Tracking Subsystem.-

(1) Nutator Bias Adjust (Beam Alignment )

Function

a. Command, North-South axis (one pulse) ) Counter reset
b. Command, North-South axis (series of pulses ) Counter input
c. Command, North-South axisz (one pulse) Execute
4. Commend, East-West axis (one pulse) ‘ Counter reset
e. Command, Fast-West axis (series of pulses) Counter input
f. Command, East-West axis (one pulse) Execute

(2) Acquisition threshold
. Command {one pulse) . : Counter reset
b. Command (series of pulses) Counter input
c. Command {one pulse) ' . Execute

{(3) Acquisition Confirm Threshold
a. Command (one pulse) ' Counter reset
b. Command (series of pulses) Counter input
c¢. Command (one pulse) Execute

(4} Acquisition Control
a. Initiate search Initiate
b. Inhibit search . Inhibit
c. Center IMC Initiate
d. Initiate normal tracking ‘ ‘ Initiate

(5) Spare discrete commands

a. *
b. *

*
a. *

% To he added at a later date
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(@} Optical/Mechanical.-

Function
{1) Acquisition/operate flip mirror Mirror in
(2) Acquisition/operate flip mirror Mirror out
(3) Transmitter/backup Laser to mixer flip
mirror (self check) © Mirror in
(4) Transmitter/backup Laser to mixer
flip mirror (self check) Mirror out

3.2.5.2 Digital Commands.- The following digital commands have been
assigned for control of the coarse pointing mirror positicn of the LCE system:

{a) East-West axis positioning 12 bits (serial)

(b) North-South axis positioning 10 bits {serial)
L. QUALITY ASSURANCE PROVISTONS

4.1 Subcontractor responsibility.- The subcontractor is respornsible for
design, design analysis, and testing of LCE compeonents and subsystems to demonstrate
compliance with the requirements herein, except as otherwise specified in the
component specification or purchase contract.

.o Testing.- Testing of components to asgure compliance with the thermal
and structural requirements specified herein shall be performed in accordance with the

applicable component specification.
5. PREPARATION FOR DELIVERY

5.1 Preparation for delivery shall be in accordance with the applicable
component specification.

6. NOTES

6.1 Intended use.- The thermal and structural parameters specified herein
are intended for use in the design and construction of canponents for the Laser
Communication Experiment.

10
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To be added later

LCE Telemetry Interface
Analog Circuit

To be added later

Spacecraft Telemetry Subsystem Interface

Analog Circuit

Figure 1

11
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To be added later

LCE Telemetry Interface
Digital Circuit

To be added later

Spacecraft Telemetry Subsystem Interface
Digital Circuit

FYigure 2

12
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To he added later

LCE Discrete Command Interface Circuilt

To be added later

Spacecraft Command Control Interface Circuits

Figure 3
13
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To be added later

ICE Digital Command Interface

Circuit

To be added later

Spacecraft Digital Command Control Interface

Cireuit

i
igure 4 0
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1. SCOFE

1.1 Scope.- This specification covers the thermal and structural reguirements
for the design of equipment for the Laser Communication Experiment (LCE) Spacecraft.

1.2 Application.- The thermal and structural requirements referred to herein
are applicable to the following subsystems and components of the ICE which will he
used to establish simultanecus two-way communications between the ATS-F spacecraflt
and a transportable ground station:

ICE Subsystem or Component AGC Specification
(a) 10.6 Micron Laser Subsystem AGC-2018T1
(b) 10.6 Micron Optical Heterodyne . AGC-20186
Receiver Subsystem
{c) Power Supplj Subsystem AGC-20515
(4) Optical-Mechanical Subsystem | AGC-20520
(e) Passive Radiator and Sun Shield o AGC-20525
(f) Acquisition and Tracking Subsystem AGC-20523

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date of invitation
for bids, form a part of this specification to the extent specified herein. 1In
the event of conflict between documents referenced here and the content of Sections
3, b, and 5, the requirements of Sections 3, 4, and 5 shall be considered a super-
seding requirement,
SPECIFICATIONS

Military

_MIL-D-1000 Drawing, Engineering and Associated List

Aerojet-General Corporation

AGC-20186 Receiver Subsystem, Optical Heterodyne,
10.6 Micron

AGC-20187 Laser Subsystem, 10.6 Micron

AGC-20511 Envirommental Design Criteria and Test

Ievels for the Laser Communications
Experiment and Asscciated Components

AGC-20520 Optical/Mechanical Subsystem, Laser
Communication Experiment

AGC-20521 Telemetry and Command, ICE
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AGC-20525 Radiator, Sun Shield Receiver Mixer
AGC-20515 Power Supply Subsystem, ICE
AGC-~20523 Acquisition and Tracking Subsystem, ICE
STANDARDS
Military
MIL-STD-831 Test Reports, Preparation of
MIL-STD-889 Dissimilar Metals

Aerojet-General Corporation

AGC-S5TD-2311 Quality Assurance Requirements for Suppliers of
Laser Communications Experiment Eguipment

AGC-8TD-2312 Reliability Assurance Requirements for Suppliers
of Laser Communications Experiment Equipment .

{Copies of govermment specifications, standards, drawings, bulletins, and publications
required in connection with specific procurement functions should be obtained from
the procuring activity or as directed by the contracting officer.)

3.  REQUIREMENTS

3.1 BSpacecraft description,- The ATS-F spacecraft provides an envirconmentally
controlled structure for the GFE experiments and consists of an earth-viewing
module (EVM), a 30-foot parabolic reflector and a solar array assembly as shown
in Figure 1. The EVM of the ATS-F spacecraft i1s a structure consisting of three
sections. The center section contains a majority of the basie housekeeping equip~
ment provided as part of the Attitude Control System and Telemetry and Command
System, The section on top of the EVM (toward the reflector) contains
equipment associated with the communications system. The remeining four experiments
require earth-view and therefore have been located 1n the lower section of the EVM.
The ICE will be located in the lower square section of the EVM along the north
wall and against the north-west corner (see Figure 1),

-3.1.1 Spacecraft temperature control.- The temperature control subsystem
for the EVM is semi-passive utilizing louvers, insulation, coatings and heat pipes,
North to south facing pamels are used as heat rejection surfaces although elect-
~ronic equipment can be located in any compartment around the periphery of the
EVM. Heat pipes are used to distribute the heat within the module and minimize
structural thermal gradients.

3.2 Spacecraft design constraints.- Major spacecraft restraints which must
be considered as design constraints for the experiment subsystems are the following:
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3.2.1 Operating restraints.- The experiment must be capable of operating in
al G field (any axis).

3.2.2 Minimum patursl frequency.- The minimum natural frequency of all items
and their supporting brackets shall be 100 Hz to avoid coupling with the space-
craft structure.

3.2.3 BSensor and eguipment installations.- Sensor and payload equipment
installations must have capability for static and dynamic loading in all directions.
Adquate load paths must be provided for shear and axial forces and bending and
torsional moments. Yeild and ultimate strengths must not be exceeded.

3.2.4% Non-redundant mounting.- Mounting arrangements must be non-redundant
(statically determinant) to avoid overstressing or distorting sensors during
installation,

3.2.5 Preloading.- Components are prelosded to provide good thermal contact.
This preload will be * ., TFach module must be capable of sustaining this preload.

3.2.6 Sensor field-of-view provisions.~ The position of all viewing and
reception sensors shall be specified relative to the module to which they are:
physically attached. The desired viewing or reception center axis shall be
specified with respect to the spacecraft coordinate system., The required field
of view shall be specified by angular designation relative to the center axis.

3.2.7 Materials.- Materials used in the fabrication of the experiment
shall be nommagnetic to the extent possible. Materials shall meet the following
requirements for weight loss and volatile condensable material (VCM) for the
specified life of the experiment:

Weight loss: 1% maximum
VCM: 0.1% maximum

Material strengths and other physical properties shall be consistent with the ATS
environment and the design environment in which the material is utilized.

3.2.8 Compatibility with gpacecraft structural material.- All materials
must be compatible with the aluminum and magnesium spacecraft structure to inhibit
electrolytic action. Any other conducting material used by the experimenter or
the subcontractcr shall be approved by the project manager.

3.2.9 Envirommental considerations.- All material epplications must be
- considered on the basis of expected enviromments, as well as on structural and
electrical needs.

3.2.,10 Finishes.- The surface finish of component mounting surfaces (underside

of tabs and flangess shall be 32 microinches, rms, or better. Module materials shall
be coated or surface treated as follows:

¥ To be added at a later date.
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(a) Aluminum - Alodine 600 or Tridite 14-2
(b) Magnesium - Dow 23

{c) Steel - Electroless Nickel

3.2.11 Sensor alignment.- The experiment seneors which must be aligned,
or whose aligmment relative to the spacecraft axes must be defined, shall incor-
porate aligrnment surfaces or indices.

3.2.12 Alignment pads.- Alignment pads must be located on rigid elements
of the component structure,

3.2.13 Component alignment.- The spacecraft contractor will align or measure
between the component aligmment index and the spacecraft axes only. The relation-
ship between the index surface and the component is the responsibility of the
experimenter.

3.2.14 Alignment surfaces.- Alignment surfaces need not be continuous, but
must define a plane parasllel or perpendicular to the component mounting face.
The required geometric properties for alignment surfaces or indice: are dependent
on alignment tolerances given in Table T,

Table T
Component Max . Pad Size
Alignment Surface Ped Surface or Span
Limits . Finis Flatness Slope (Min.)
(microinches .
+ 0,57 125 s 0.001 in. | 0,005 in/#t 1.0 in.
+ 0.1° 32 rms 0.0005 in. | 0.0004 in/ft | 1.0 in.

3.2.15 Axes alignment,- For items requiring alignment with respect to all
three axes, two mutually perpendicular alignment surfaces, must be provided. For
alignment with respect to two axes, one aligmment surface will suffice.

3.2.16 Orientation marking and axis identification,- Any required orientation
of a module must he clearly marked on that module and on the mechanical interface
drawing. As a minimum, the outboard directions must be indicated.

3.2.17 Adjustment .- Preferably, provision for adjustment of component align-
ment must be internal to the component. If, however, the adjustment must be made
at the spacecraft/component interface, a three point system is preferable as it
allows for shimming to adjust the alignment plane, Rotational adjustment is to
be provided using one tight tolerance controlled hole with two other holes with
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suitable clearances which will then be located by a final pinning operation using
dowels adjacent to the holes.

3.2.18 Mass properties.- Mass property information shall include weight,
center of gravity with reference to three defined surface planes, and principle
axes with three moments of inertia’ about these axes, Mass properties information
shall be updated and reported to the project office periodically.

3.3 Thermal subsystem performance.- The thermal subsystem shall be designed
to control the operating temperature of assemblies, subassemblies, and components
of the ICE under any combination of environmente as specified in AGC-20511 during
handling, storage, transportation, ground test, launch, parking orbit, transfer
ellipse, and the orbiting phase of the mission. Thermal control of the ICE shall
be designed such that thermal outputs of the individual experiment subsystems
shall.not degrade the performance of adjacent subsystems, and performance degradation
of subsystems shall not occur due to any envirommental conditions specified in
AGC-20511. To the maximum extent possible, thermal control of the LCE and its
subsystems shall be accomplished by passive means with the use of active compen-~
sation techniques only as required.

3.3.1 Contamination

3.3.1.1 Use.- Degradation of thermal control and/or optical surfaces by
deposition of foreign particles or contaminants originating from either the ATS ,
spacecraft, the launch vehicle or other experiments shall be no greater then 0.01
in total hemispherical emittance, solar absorption, or specwlarity of mirrors
(front and back. surface) and sunshade coatings.

3.3.1.2 Storage and handling.- During handling, storage, transportation,
and laboratory usage the LCE and its subsystems shall be protected from dirt,
moisture, excessive temperatures, etc. through the use of suitably conditioned
air and/or hermetically sealed contaigers. Thg allowable storage and transpor-
tation temperature range shall be -30 C to +60°C. Degradation of thermal
control and/or optical surfaces by deposition of foreign particles
or contaminants originating from storage and handling shall be no greater
than that specified in 3.3.1.1. |

3.3.2 Passive radiator,- The ICE passive radiator shall be designed to keep
the tempergture of the receiver mixer within the temperature range of 110 + 150K
(-163 + 15°C) through the entire first two-year period of on-station operation.
During normal on-station operation, the temperature of the receiver mixer will
oscillate by no more than + 107K about the nominal temperature. The receiver
mixer coax cable, shall be at least 12 inches in length and may contribute up
to 20 milliwatts of heat,

3.3.2.1 Bteady-state temperatures during sun exposure.- The passive radiator
shall be designed sueh that sunlight can impinge normally on the radiator for a
period of time sufficient to achieve steady-state temperastures. During this time,
the maximum temperature of the radiator shall not cause damage to the receiver mixer.

o 3.3.%.2 Pasgive radiator shield.- The maximum shield temperature shall be below
275K (+2°C) as a design goal., Internal surfaces of the sunshades shall have a
low emittance (e), low solar absorption (aé), end specularity of at least 95%.
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3.3.3 Laser tubes;- The t%mperature of the three laser tubes within the ICE
shall be controlled to 25 + 157C during normal operation of the ICE in-orbit.

3.3.4 Optical[Mechanical subsystem,~- The optical/mechanical subsystem
shall be designed so that the thermal enviromment is controlled within operating
ranges specified below. The optical schematic in Figure 2 shows the various
elements discussed herein,

3.3.4.1 Coarse beam pointing mechanism.- The coarse beam pointing mechanism
shall be designed to comply with the following thermal requirements:

(a) Coarse beam pointing mirror.- The coarse beam pointing mirror shall
be capable of operating within a temperature range of -40 C to +85°C.
The radial or circumferential temperatuge difference between any two
points on the mirror shall not exceed 5 C. The temperature differgntial
(AT) from the front to back faces of the mirror shall not exceed 5 C.

(b) North-South gimbal.- The north-south gimbal shall be capable of oper-
ating within a temperature range of -MOOC to +85OC. The A between
N-S and E-W gimbals shall be less then 40% ., The AT between the
two N-5S gimbals shall be less than 5°C.

{c) East-West gimbal.- The east-west gimbal shgll be capable of operating
within a temperature range of -40°C to +85°C.

(a) Gear head drive motors (2).- The gear head drive motorg shall bg
capable of operating within a temperature range of -40°C to +85 C. o
The non-operating survival temperature range shall be -65C to +100 C.

(e) Shaft position encoders (2;.- The shaft position encodgrs shall be
capable of operating within a temperature range of -40°C to +65 C.
The non-cperating survival temperature range shall be ~65 C to +lOOOC.
The maximum power dissipation shall be less than 50 mw.

3.3.4.2 Telescope.- The telescope shall be constructed to facilitate thermal
equalization of all components and to maintain focus and alignment. The thermal
design shall maintain the thermal enviromment of the telescope so as to preserve
the resclution requirements, the sensitivity requirements, and the aligmment
requirements of the telescope as specified in AGC-20520, The telscope shall be
degigned to comply with the following thermal requirements:

(a) Primary mirror.- The primary mirror shall be capable of operating
within a temperature range of -20°C to +6OOC. The maximum radial
or circumferential temperaturg difference vetween any two points on
the mirror shall not exceed 5 C, The AT Between the front and back
surfaces of the mirror shall not exceed 5°C.

(b) Secondary mirror.- The secondary girror shgll be capable of operating
within a temperature range of -25 C to +65 C, The radial or circum-
ferential temperatgre difference between any two points on the mirror
shall not exceed 5°C, The AT between the front and back surfaces of
the mirror shall not exceed 5°C.
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(¢) Spider or secondary mirror support.- The secondary mirror support
shall be capable of maintaining its required function with a temper-
ature range of -25C to +65 C, The temperature difference between
the primary and secondary mirrors shall not exceed 6.C along the
spider legs. :

(d) Deflection mirror mount.- The deflection mirror mount shall be capable
of performing its function within a temperature range of -40°C to
+65°C, The tempergture difference from mirror to mounting surface
shall not exceed SOC.

3.3.4.3 Optical filter (germenium).- The optical filter shall be capable
of operating within a temperature range of -5 C to +55°C, The radial or circum-
ferential temperature difference between any two points on the filter shall not
egceed 2°C. The &r from the front to back faces of the filter shall not exceed
17C,

3.3.4.4 Beam splitter (duplexer/wire grid polarizer).- The beam splitter
shall be capable of operating within a temperature range of -5 C to +55°C,
The radial or circumferential tgmperature difference between any two points on the
beam splitter shall not exeed 5 g. The AT from the front to back faces of the
beam splitter shall not exceed 1°C,

3.3.4.5 Beam expander.- Thg beam exgander shall be capable of operating
within a temperature range of -5 C to +55 C. The AT circumferengially or
radially between any two points on the optics shall not exceed 3°C. The AT
between faces of the optics element shall not exceed 1°(.

3.3.4.6 ~ Beam motion compensator (nutator).- The nutator shall be capable
of operating within a temperature range of -5 C to +55°C. The heat dissipation
shall not exceed 25 milliwatts.

3.3.4.7 Transmitter deflection mirror.- The transmitter geflection mirror
shall be capable of operating within a temperature range of -5C to +55°C., The
temperature differences across the face of the mirror shall be less than 0.57¢C.

3.3.4.8 1,0. deflection mirrors.- The L.O. deflection mirrors shall be
capable of operating within a temperature range of -5 C to +55°C. The temperature
differences across the face of the mirrors shall be less than 0.5°C,

3.3.4.9 80/20 beam splitter.- The 0/20 beap splitter shall be capable of
operating with a temperature range of -5 C to +55 C.

3.3.4,10 Backup laser mirrors.- The backup laser mirrors shall be designed
~ to comply with the following thermal requirements: )

(a) Flip mirrors.- The flip mirrors sh%;l be capable of operating within
a temperature range of -5 C to +55°C. The temperature differences
across the mirror face shall be less then 0.5 C.

(b) Flip mirror motors (2).- The flip mirror motors shall be capable
of operating within a temperature range of -5C to +55°C. The
maximum heat dissipation shall be less than 0.75 watts.
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(e) Deflection mirrors.- The deflection mirrorg shall bg capable of
~ operating within a temperature range of -5 C to +55 C. The temperature
differences across the mirror face shall be less than 0.57C.

.

3.3.5 Laser subsystem.-

3.3.5.1 TIransmitter laser assembly.- The transmitter laser assembly and its
subcomponents shall be capable of operating in a temperature range of -5 to +55 C
and meeting the following thermal requirements:

(a) Deflection mirrors.- The 4T across the mirror face shall be less than
0.5 C. ' :

(v) Diffraction grating (Quartz).- The AT across the face of the grating
shall be less than 2 C. The heat absorbed shall be less than 1 mw,
The AT betwgen the front and back faces of the grating shall be
less than 1°C.

(c) Power meter assembly,-

{1) Power meter window.- The radial or circumferential & shall not
exceed é;C. The AT from the front to back face shall not
exceed 1°C.

(2) Power meter optics,- The radiel or circumferential AT shall not
exceed 2°C. The AI' from the front to back face shall not exceed
lC. . .

(3} Power meter.- The maximum heat absorbed by the power meter shall
not exceed 1 mw.

(d) End cavity mirrors and piezoelectric crystal.- The temperature
'difference, within the moupting base, between the two end cavity
mirrors shall not exceed 4°C., The heat absorbed in the piezoelectric
crystal shall not exceed 200 mw. The radial or circumferential AT
in the end cavity mirrors shall not exceed 2°C,

3.3.5.2 ILocal oscillator laser assembly.- The local oscillstor laser
assembly andoits subcomponents shall be designed to operate in a temperature range
of -5 to +55°C and to comply with the following thermal requirements:

(a) Power meter assembly,-

(1) Power meter window.- The radial qr'circumferential'ﬁg shall not
exceed 2 C, The AT between faces shall not exceed 1 C.

(2) Power meter optics.- The radial or circumferential AT shall not
exceed 2 °C. The AT between front and back faces of an optical
‘element shall not exceed 1°C.

(3) Power meter.- The maximum heat absorbed by the power meter
shall not exceed 1 mw. :
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{b) End cavity mirrors and piezoelectric erystal.- The maximum temperature
difference, within the mounting base, between the two end cavity
0
mirrors shall not exceed 2 C.

3.3.5.3 Backup laser assembly (can be used as either transmitting laser
or L.0.).- When operating as an L.0., the thermal conditions will be identical
to the Local Oscillator Laser Assembly., When operating as a Transmitter, the
following thermal conditions shall apply:

(a) Deflection mirrors.=~ Temperatgre difference across the face of the
mirrors shall be less than .5 C.

(b) Diffraction grating.- The heat absorbed shall not exceed 1 mw, The
AT scross the face of the grating shall not exceeg 200. The AT
across the face of the grating shall not exceed 2 C., The ST between
the front and back faces of the grating shall not exceed 1°C.

(c) Power meter assembly.-

(1) Power meter window.- The radial or circumferential shall not
exceed 2 C. The A between faces shall not exceed 1°C.

(2) Power meter optics.- The radial or circumferential AT shall not
exceed 2 C. The AT from the front to back face shall not
exceed 1°C,

(3) Power meter.- The maximum heat absorbed shall not exceed 1 uw.

(d) End cavity mirrors and piezoelectfic crystal.- Temperature difference
within the mpunting base, between the two end cavity mirrors shall
not exceed 2 C. The heat sbsorbed in the mirrors shall not exceed
160 mw, The heat absorbed in the piezoelectric erystal shall not
exceed 180 mw, The radial or circumferential AT in the end cavity

. o
mirrors shall not exceed 2°C,

3.3.6 Receiver Mixer subsystem.- The receiver mixer subsystem shall be
designed to meet the following thermal requirements:

3.3.6.1 Imaging optics.- The operating temperature range shall be -5°C to
+55°C. The radial or circumferential tegperature difference between any two points
in the imaging optics shall not exceed 1°C. Emittance of exposed surfaces of the
optics holder shall be 0.7C0 minimum.

3.3.6,2 Mixer assembly.- The operating temperature range shall be 9OOK to
130%K (-183 to -143°C). The meximum bias and L.0. heat load shall not exceed
9 mw, The detector housing heat load resulting from IR radiation from the optics
and ceonduction up the detector leads shall not exceed 20 mw, Emittance of the
external surfaces of the detector cover shall not exceed 0.1.

3.3.6.3 Receiver electronics.- Heat dissipation shall not exceed 2.0 w.
The mounting surface temperature range for the electronics package shall be —500
to +55 C. Enclosure cover emittance shall be 0.70 or greater., The AT from the
mounting surface to the electronic package shall not exceed SOC. The contact
conductance at the mount surface shall be at least 0.3 Btu/hr-°F-bolt,
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3.3.7 Electronics subsystem.-

3.3.7.1 General requirements.- The electronics subsystem shall be designed
to meet the following general requirements:

(a) Maximum temperature differepce between any electronics box and its
mounting surface shall be 6°¢c.

(b) Boxes shall be capable of radiating 30% of the internal power dissipation
to the enviromment (e = 0.6 assumed).

(¢) The operating temperature range for resistors, capacitors and other
components shall be -5°C to +60°C.

(d) The operating temperature range for IC's, diodes, and transistors
(junetion temperatures) shall be -5°C to +850(C.

{e) The nop-operating or storage temperature range shall be -65°¢
to +71°C.

(f) Power dissipating electronic components shall be distributed on a
thermally conductive mounting surface to achieve as uniform a power
density as possible, with high power Qissipators as close to the
enclosure mounting points as possible,

3.3.7.2 Electronics package.- The electronics package of the electronics
subsystem shall comply with the following requirements:

(a) Laser electronics.- The heat dissipated shall be less than 4.0 w,

(b) Transmitter laser modulator driver.- The heat disgipated shall he
less than 5.0 w,

(c) Baseband distribution electronics.- The heat dissipated shall be lesa
than 0.5 w.

(d) Acguisition and Tracking electronics,~ The heat dissipated shall be
less than 2.25 w for continuous operstion. Short duration operation
(s 100 seconds) shall dissipate no more than 6.0 w,

(e)  Telemetry and command electronics.~ The heat dissipated shall be
less than 2.0 w.

(f) High and low voltage power supplies.- The maximum heat dissipated
shall be less than 6,6 w (for Backup Laser operating as L.0.).

3.4 Structure and Housing.- The main structure of the ICE shall be the base-
plate/heat sink structure {ICE baseplate) The LCE baseplate shall form the
structural and thermal interface between the spacecraft and the experiment, as
shown in Figure 3, and shall be in direct physical contact with the spacecraft
heat sink. The LCE baseplate shall support all assemblies , components, housings
and hardware listed in Table IT which comprises the ICE.

10
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Table II. ICE Components and Subassemblies

Ttem Tten Weight, 1bs
No,

1. | Laser baseplate (CER VIT) 6.57

2. |"Transmitter laser assembly 8.77

3. Local oscillator laser

assembly L7
4, | Backup laser assembly LT
5. Coarse beaﬁ pointing mechanism 5.47
6., | Telescope Assembly 2.25
T. Image Molion Compensator
Assembly ' 0.28
8. | Optical train 1.53
9. Laser electronic assembly
‘ ~ k.03
10, | Modulator driver assembly
11. Recelver signal processor :
assembly 3.0
1=2. Receiver Mixer Pre-amplifier
asgembly : 0.3
13. | Receiver mixer assembly 0.2
1k, | Acquisition/Tracking
electronics assembly 2.5
15. Power Supply Assembly T.7
16. | Connectors and Cabling 0.80
17. | Telescope enclosure 0,h2
18, | Laser enclosure 3.05
19. | Radiator/Sun Shield Assembly 3.50

20. LCE/Spacecraft bodt interface 2.35

21; Migcellaneous hardwére 0.54

11
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3.4.1 Ascent and orbital temperature, - ﬁhe temperatureoof the LgE haseplate
shall at all times remain within the temperature range of -5C to +557C. No
more than 40 watts shall be transferred from the ICE baseplate to the spacecraft
heat sink. When the ICE is in a nonoperating mode, no more than 10 watts shall be
transferred from the spacecraft heat sink to the LCE baseplate.

3.4.2 ICE baseplate/heat sink structure.- Items 2 through 9 in Table T will
be attached To item 1, the Laser blaseplate, which shall be attached to the LCE
baseplate along with the balance of the items. The ICE baseplate shall have
attachment provisions for these items. LCE baseplate design shall meet the following
physical requirements:

() width and length of the LCE baseplate shall not be greater than
20 x 23.75 inches. The ICE height shall not exceed 16 1inches,

(b) The ICE baseplate shall be flat to within 0.005 inches and
the surface finish shall be 32 micreinches, rms, or
better.

(¢) The ICE baseplate shall not weigh more than 3.8 pounds.

3.4.3 LCE/laser baseplate assembly.- The LCE and laser baseplate assembly
shall be of such a design that the optical components, when mounted on the laser
baseplate and aligned, will retain thelr alignment within the tolerances specified
in Table IIT. A layout of the lCE/laser baseplate with components attached is
presented in Figure L, ‘

Table ITI. Optical Component Misalignment Tolerances

Component Random Misalignment Temperature Misalignment
Tolerance {Sec) Tolerance (Sec)
Flat laser end mirror 15 ly

Modulator 50 "
Laser Tube o "
Curved end mirror 15
Reflecting mirrors
Beam expander
Duplexer 100 20
MC . 370 "
Reflecting mirrors
Filter relay lens
Nutator

Inaging lens

% To be added later

A2
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3.4.4 Laser baseplate.- The laser baseplate shall be designed go that the
zero coefficient of expansion is at a nominal temperature of 425 + 3°C, The
operating temperature range shall be -5 to + 55 C. The maximum temperature
difference between the warmest and the coldest points on the baseplate shall be
less than 5 C The envelope of the laser baseplate shall be in accordance with
Figure 5,

3.4,5 Passive radiator,- The radiator support structure assembly will be
rigidly mounted to the ICE, Structural/thermal decoupling necessary to meet the
requirements specified herein shall be employed in the design.

3.4,5.1 Alignment provisions!- The radiator support structure shall have
provisions for the initial positioning of the receiver mixer assembly within +
0,001 inches each axis in respect to the ICE reference axis when the mixer
assembly is mounted to the radiation cooler.

3.4,5.2 Structural stability.- The radiation .support structure assembly
shall maintain its initial alignment as described in 3.%.5.1 to within 0,001
inches in each axis through launch and orbital environment over the ICE specified
operating life of two years. The sun shield/radiator assembly shall be of sufficient
stiffness so that resonance amplification in excess of the specified vibration
frequency range is less than 40, Response amplifications shall not exceed 10 at
the receiver mixer assembly.

3.4.5.3 Removable sun shield design.- The radiator/shield shall be designed,
as a goal, so that the sun shield can be readily removed from the radiator during
handling and transportation to minimize damege to the shield,

b, QUALITY ASSURANCE PROVISIONS

k.1 Subcontractor responsiblity.- The subcontractor is responsible for
design, deslgn analysis, and testing of ICE components and subsystems to demon-
gtrate compliance with the requirements herein, except as otherwise specified
in the component specification or purchase contract.

4.2 Testing.- Testing of components to asgsure complience with the thermal
and structural requirements specified herein shall he performed in accordance
with the applicable component specification.

5. PREPARATION FOR DELIVERY

5.1 Preparation for delivery shall be in accordance with the applicable
comporent specification.

6. NOTES
6.1 Intended use.- The thermal and structural parameters specified herein

are intended for use in the design and construction of components for the Laser
Communication Experiment.

13
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1. SCOTE

1.1 BScope.- This specification establishies -the requirements for
performance, design and testing of the Acquisition and Tracking Subsystem of
the Laser Communication Experiment (ICE). The Subsystem will accept and
store coarse pointing coordinates from the spacecraft or ground command
system and provide driving signals to point the coarse pointing mirror in
the proper direction. The Subsystem will also provide signals to scan the
recelved beam in a rectangular search patiern to acquire the transmitter
beam of a remote station. Upen completion of the initial acqﬁisition, the
Subsystem utilizes the received beam to maintain the pointing on the remote
station using the error signals developed by nutation of the received image
on a detector of the ICE,

1.2 Application.- The Acquisition. and Tracking Subsystem referred to
herein as the Subsystem will be operating in the ATS-F and ATS-C space-
craft and in a transportable ground station establishing two-way laser com-
munications between spacecraft and between the spacecralt and the transportable
ground station. The Subsystem shall be capable of meeting the requirements
herein while operating within the spacecraft as well as in the transportable
ground station. Modifications required for operation due to the differences
in environment shall be held to a minimum,

2. APFLICABLE DOCUMENTS
2.1l Unless otherwise specified, the following documents of the Jatest
issue in effect form a part of this specification to the extent specified hersin.

In the event of conflict bebween documents referred to herein and the contents
of Sections 3, k, and 5, the requirements of Sections 3, 4, and 5 shall apply.

NASA DOCUMENTS

NHB 5300.4(34) Requirements for Soldered Electrical Connections
$-300-P-1 Printed Wiring Boards
5-323-P-10 Connectors, Subminiature, Electrical and

Coaxial Contact, for Space Flight Use

SFECTFICATIONS

Military
MIL-D-1000 Drawing, Engineering and Associated List
MIL-C-45662 Calibration of Standards

Aerojet-General Corporation
AGC-20186 Receiver Subsystem, Optical Heterodyne, 10.6 Micron
AGC-20187 . Laser Subsystem, 10.6 Micron
AGC-20511 Environmental Design Criteria and Test

Levels for the Ilaser Communications
Experimenp and Associated Components
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AGC-20520 ‘ Optical/Mechanical Subsystem, Laser
| Communication Experiment ’
AGC-20521 Telemetry and Commands Subsystem, Laser
Communication Experiment
AGC-20522 Thermal and Structure Subsystem, laser
Communication Experiment
AGC-20515 Low and High Voltage Power Supply Subsystem,
Laser Communiecation Experiment
STANDARDS
Military
MIL-STD-461 Electromagnetic Interference Characteristics,
Requirements for Equipment
MIL-3TD-L62 Electromagnetic Interference Characteristicé,
Measurement Of
MIL-STD-463 Definitions and System of Units,
Electromagnetic Interference Technology
MIL-STD-831 Test Reports, Preparation of
MIL-STD-889 Dissimilar Metals

Aerojet-General Corporation

AGC-STD-2311 Quality Assurance Requirements for Suppliers
of Laser Communications ixperiment Equipment

AGC-3TD-2312 Reliability Assurance Requirements for Suppliers
of Laser Communications Experiment Equipment
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3. REQULFEMENTS

3.1 Item Definition.- The Acquisition and Tracking Subsystem shall
include the following major components as a minimum:

(a} Coarsé beam pointing assembly
{b} Searching assembly
{¢) Tracking assembly
(4) Imege motion compensator drivers
(e} Acquisition control assembly
3.1.1 Subsystem Block Diagram.- The Subsystem shall be in accordance with

the Block Diagram as shown in Figure 1. Figure 1A is included for reference to
show the relation of this subsystem with the other LCE subsystems.

3.1;2 Interface Definition.- The electrical interface shall be in
accordance with Figure 2., The mechanical interface shall be in accordance .
with 3.4.2 through 3.4.k4.

3.2 Performance.-

3.2,1 Compatibility with ICE Subsystems.- The Subsystem shall operate as
specified herein while operating in conjunction with the following companion
Subsystems of the ICE:

(a) Optical/mechanical subsystem as specified in Specification AGC-20520.

(b) Telemetry and Comnands subsystem as specified in Specification AGC-20521.
(¢} Laser subsystem as specified in Specification AGC-20187.

(d}) BReceiver subsystem as specified in Specification AGC-20186.

(e) Thermal and structure subsystem as specified in Specification
AGC-20522.

(f) Low and High Voltage Power Supply as specified in Specification

AGC-20515 and Table I. _
Table I. Regulated DC Input Fower

Input

Power Current Nominal
Watts Regulated to t 1% | Voltage | Voltage Regulation| Ripple (Millivolts)
Max, (Milliamperes) (Volts) {Percent) rms : peak-to-peak
8 1600 +5 t 5 < 150 < 300
.@6 80 . +12 _-i: 2 < 5 < 50
096 8o -12 t 2 < 5 < 50

i * 28 £°3 < 20 Y
i

¥ To be added at a later date,
] Peak-to-Peak transients will not exceed 2 volis

3
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3.2.2 -Functional characteristics.- Functions to be accomplished by the
Subsystem shall be as follows:

(a) Accept and store coarse pointing coordinates from the spacecraft
or ground command system,

(b} Position the coarse pointing mirror to the desired coordinates
within the specified resolution over a range of t 40 degrees
in the east-west direction and * 4 degrees in the north-south
direction,

Wote: The angles specified in this section refer to internal angles.

{¢) Accept and store threshold data from the spacecraft or ground
command system. Generate acquisition and acquisition confirm

threshold sign@ls.

(d) 1Inhibvit image nutation. Scan the receiver beam in a rectangular
pattern to search the transmitted beam from a remote station.

{(e) Terminate search scan and initiate acquisition tracking with an 80 arc
second radius nutation in the east-west direction and 40 arc second
radius nutation in the north-south direction-

(f) Generate two-phase driving signals to nutate the received image
with a 80 by 40 arc second nutation on the mixer of the Receiver
Subsystem. Generate a double frequency driving signal to move the
received image on one axis only 80 arc second peak-to-peak.

(g) Provide a two axis error signal to the IMC drivers to cause the
received beam to be centered on the mixer. Use an acquisition
confirm signal to indicate that the transmitted beam has acquired
and the Subsystem is tracking the beam. In absence of the acguisi-
tion confirm signal, the subsystem shall revert to the search
operation.

(h) Using the image motion compensator (IMC) position voltages as
references, drive the coarse pointing mirror to center the IMC.

(i) Initiate normal tracking operation. Cenerate two-phase driving
signals to nutate the received image with a 15 arc second radius
nutation in one direction and 7.5 arc second radius nutation in
the other direction. Provide two axis error signals to the IMC
drivers tc cause the received beam to be centered on the nmixer.

(i) Accept and execute external commands as specified.
(k) Provide status monitor signals as specified,

. 3.2.3 Power Consumption.- The total power consumption shall not exceed
that given in Table I for each operating voltage listed.

'
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3.2.4 Input (ground) Commands.- Up link commands from ground control shall be
available for LCE operating controcl. Detailed characteristics and interface ‘
circuits for the commands shall be specified in speecification AGC-20521. Two
types of commands shall be provided as follows:

() Discrete Commands.- These commands shall have the follow1ng primary
characteristics:

Vbltage Level - Logic "O" 0.0V * 0.5V
Logic "." 5.0V + 0,5V
Pulse duration 50 z 5 millisec
Rise and fall times
(10 to 90% points) < 3 millisec
Source impedance: < 1000 ohm
Source capacitance: * ’

(b) Digital word commands.- These commands shall have the following
primary characteristies: '

Nine Digital bits (serial) on a data line.

Vbltage level: Logic "O" 0.0V+0,5V
Logic "L." +5.0 V 2 0.5V
Bit rate : : o 128 bps

(c) Enable Signal.- An address signal shall be provided which will be
turned on to identify the user; his command is to be transmitted. The line
characteristics are:

0.5V
0.5V

OFF 0.0V
Enable +5.0V

I+ 1+

(d) Clock.- A 128 bps clock signal shall be provided for shifting the
data into the users register. The voltage levels are as follows:

, +
Logie "O" 0.0 V—-0.5V
Logic "." 5.0vIosy
{e) Execute.- An execute signal with the characteristics of the discrete

command signal shall be provided. Utilization of this signal allows ground
verification prior to execution of the command.

#* To he added gt a later date.
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3.2.4.1 Command functions.- The following command functions shall be
used to control the various -operating modes’ of" the equipment specified herein.

Function . ' Type’ . Quantity
(a) Nutator bias Adjust(beam allgnment)- ' ‘ )
(north-south axis) - Digcrete - 3
(b) Nutator bias Adjust (beam allgnment)-
(east-west axis) Discrete 3
(c) Acquisition threshold | Digcrete 3
(d) Acquisition confirm threshold Discrete 3
(e) Acquisition control Discrete L4
(f) Spares ' Discrete b
(g) Coarse pointing mirror position-
(east-west axis) Digital 12 bits
-{h) Correspcinting mirror: position-
(north-south axis) - . Digital 10 bits

3.2.5 Telemetry data.- Telemetry monitoring outputs functions shall be
isolated from operating outputs with sufficient isolation such that if a
telemetry function is shorted or opened the operating funetion shall not be
caused to perform out of specification requirement. Telemetry signals shall
not exceed 5 volts. Telemetry functions to be provided shall be as shown in
Tebles II A and IT B. Characteristics of the telemetry signal and interfaces
shall be as described in AGC-20521.

Table II A . Analog Telemétry Data

. BAND-
FUNCTLON UNTIT ACCURACY IMPEDANCE | WIDTH
Coarse pointing mirror position V/degree ki l% 1 K ohm 2 Hz
(north-south axis )
Coarse po1nt1ng mirror posltlon
{east-west axis) V/degree 2 Hz
! Image motion compenszator
position (north-south axis) V/degree 5 Hz
Image motion compensator _ _
position (east-west axis) V/degree 5 Hz
Acquisition threshold voltage v 0.1 Hz
Acquisition confirm threshold’ ' A
voltage v 0.1 Hz
Nutator bias voltage (east-west
ax1s) : v 0.1 Hz
Nutator bias voltage (north-south 4
l ‘axis v v 0.1 Hz
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Table IT B , Digital Telemetry Data

Funetion Number of Bits

Coarse pointing mirror position
(east-west axis) 12

Coarse pointing mirror position
(north-south axis ) 10
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3.3 Operability.-
3.3.1 Useful life.-

3.3.1.1 Operating life.- The operating life of the Subsystem shall be
greater than 2,000 hours with a minimum of 500 on and off cycles and
continuous operating periods of up to 24 hours over a two year period in
a space environment without degradation of the requirements specified herein,
The Bubsystem shall be considered in operation when it is performing one or
more of its functions.

3.3.1.2 Bhelf life.- The Subsystem shall be capable of meeting the
operating life of 3.3.1.1 after a shelf life of greater than 20,000 hours
when packaged and stored in a protective enclosure,

3.3.2 Reliability.- The Subsystem shall be designed and fabricated to
provide 95.803% probability of an operational lifetime.as specified in 3.3.1.1,
This .lifetime is based on the active operation time being equally distributed
within the two year period. The groundbased Subsystem shall have a mean-
time-between failures of at least - * hours.

3.3.3 Maintainability.- The Subsystem shall be designed so as not to
require maintenance, repair or service during its operating life. However,
test points in accordance with 3.4.8 and any required means for determining
the performance, accuracy, or aligmment of any part of the system shall be
readily accessible, Ground station repair or replacement of components
shall be possible with a minimum of disturbance to other parts and wiring.
If special tools are required for installation, tuning or adjustment, they
shall be furnished with the Subsystem. Adjustment provisions will be
allowed if no other means are available to assure proper functional opera-
tion or interchangeability, If adjustment provisions are incorporated, a
positive locking device shall be used to insure that the adjustment setting
will withstand the environmental conditions and not change during the
operating life of the Subsystem.

3.t General features of Design and Construction.-

3.4 Weight,~ The weight of the Subsystem shall be a minimum
consistent with the required performance, but shall not exceed a total
weight of 2.5 pounds.

3.4.2 Envelope dimensions.- The Subsystem envelope dimensions shall
be in accordance with Figure 3.

3.4.3  Center of Oravity.- The center of gravity shall be determined to
within a tolerance of 0.1 inch of the actual center of gravity along any of the
three coordinate axis in relation to & reference peint on the mounting surface.
The reference point shall be defined in the inspection report.

3.4.4 Mounﬁing Provisions .- Mounting provisions shall be in accordance
with Figure 3. : ‘
3.4.5 Thermal Interface.-

#* To be added at a later date,
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3.4.5.1 Conduction path,~ To provide the required contact conductance
(8.3 x 1072 w/en? - °K) for the mounting surface constituting the primary heat
conduction path, the surface shall have the following characteristics:

(a) Surface flatness within 0.005 inches along any direction of the
respective surface, .

(b) Surface finish of 32 micro-inches, rms, or less.
3.4.5.2 Radiation environment.- For design purposes, a temperature of

+10 to +5°C and an emissivity of 0.6 or greater shall be used as the
average radiation environment for each assembly.

3.4.6 Grounding.- The grounding system shall be divided into signal
grounds, power grounds, component case grounds, and shield grounds. These
grounds shall be isolated from each other and shall be brought out on separate
pins of the interface electrical connector. The shielded wire ground, as s
general rule, shall be grounded at the input end. '

%3.4,7 Connector.- The electrical connectors shall be in accordance with
specification T-300-P-10; type and pin assignments shall be in accordance with
Figure 2.

3.4.8 Test Points.- Electrical test polnts, necegsary for adjustment,
tuning, and trouble shooting, shall be provided at a convenient external loca-
tion.

3.4.9 Package Venting.- All units shall be vented so that the unit in-
ternal pressure equals the ambient piussure,

3.4.10 Seleetion of Specifications and Standards.- Al1l standards and
specifications utilized other than those listed in Section 2 shall be approved
for use by Aerojet-General Corporation on concurrence with the cognizant NASA
Goddard Space Flight Center Qffice.

3.4.11 Parts and materials program.- Parts and materials shall be se-
lected in accordance with the parts and materials program specified in AGC-STD-
2512, Parts lists shall contain as a minimum, the part number, name, rating,
specification number and supplier. Printed wiring boards shall be in accordance
with specification 5-300-P-1. ‘

3.4,12 Moisture and Fungus Resistance.- Materials which are nonnutrients
for fungus shall be used vwherever. possible. Where the use of fungus nutrients
cannot be avoided, treating, packing, or other protective means shall be used
to ensure required performance, All parts, materials, or equipments shall be
either designed or protected so that expesure to moisture encountered during
the course of manufacture » test, shipment, and installation shall not degrade
performance.

3.4.13 Corrosion of Metal Parbs.- All metals shall be of corrosion-re-
gistant type or shall be suitably processed to resist corrosion. The use of
dissimilar metals in direct contact shall be avolded wherever possible or
shall be protected against direct contact. The provisions of Standard MIL-STD-889
shall apply to the identification of dissimilar metals.

3.4.14 Interchangeability and replaceability.- All parts with the same
manufacturer’s part number shall be physically and functionally interchangeable,
Part number changes shall be controlled in accordance with the requirements of
Specification MIL-D-1000.
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3.4.15 Workmanship.- Workmanship shall conform to the requirements of
appliceble process specifications relating to fabrication and assembly as in-
voked by the particular assembly drawing. Critical steps of fabrication which
are item-peculiar shall be detsiled in drawing notes which shall include appro-
priate ceriteria of workmanship. Workmanship relating to all other aspects of
fabrication, general handling, and storage shall be in accordance with the
best aerospace standards.

3.4.16 Electromagnetic Interference.- The electromagnetic interference
characteristics of the Subsystem shall comply with the applicable requirements
for Class IC or ID equipment as specified in MIL-STD-461. The methods of
inspection and definitions shall be in accordance with MIL-STD-462 and
MIL-STD-463, respectively.

3.4.17 Identification and Marking.- The Subsystem shall have an identi-
fication nameplate attached. Information on the nameplate shall include the
following:

(a) Manufacturer's part number.

(b) Manufacturer's name and location.

(c¢) Code identification.

{(d) Ccontract number.

(e) Unit name, model number, and serial number.
The information contained on this nameplate shall permit a search of assembly
detail drawings and documentation to be made to identify any part contained
within the unit. A1l parts shall be identified with one part number which

shall be that of the original manufacturer. All parts delivered as spares
shall be identified in accordance with (a), (c) and (e) above.

3.4.18 Scldered electrical connections.- Soldering of electrieal
connections shall be in accordance with NBH 5300.4(3A) except for the following:

(a) Woncontact heat sources shall not be used {raragraph 3A304.4).

(b) Solid solder shall not be used (paragraph 3A309).

() Liquid solder flux shall not be used (paragraph 3A310).

(d) Zap joints shall not be used for structural mounting (paragraph 3A505).

(e) Multiple conductor cable shall not be used (paragraph 3A604% and
page 6-6).

(f) Chapter 9 is not applicable.

3.5 Envirommental Conditions.- IF any unit fails to meet the specified
performance requlrements or shows signs of damage after being subjected to the
environmental conditions, corrective actions shall be teken in accordance with
AGC-STD-2312. Subsequent envirommental testing to demonstrate suitability of
the redesigned unit to meet the specified requirements shall be reguired.

10
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3.5.1 Equipment Operating.- While operating, the Subsystem shall be
capable of meeting the requirements specified in this specification when sub-
Ject to any combination of the following environments:

(2) While being subjected to the Electron Radiation levels
specified in AGC-20511.

(b) While being subjected to an acceleration of from zero
up to a l-g gravitational field.

(¢} While being subjected to a dc magnetic field of from zero
up to 0.6 gauss. :

(d)' Thermal-vacuum conditions for LCE subsystems as specified
in AGC-20511 (Level T and Level IT). : :

(e) Temperature for equipment operating as specified in AGC-20511.

5.5.2 Equipment nonoperating.- The Subsystem shall be capable of with-.
standing the following environmental conditions in accordance with the levels
and test procedures specified in AGC-20511 and thereafter meet the performance
requirements specified herein.

{(a) Storage Tempersature
(b) Sinusoidal and Random Vibrations, Test level I or II
(c) Acceleration : . ]
5+5+.3 Ground model.- The Subsystem shall be capable of weeting the
ground model cperating and nonoperating environmental reguirements as speci-

fied in AGC-20511.

%.6 Subsystem Components.- The Subsystem shall include but not be
limited to the following components:

(a) Coarse beam pointing assembly (see 3.6.1)

(b) Searching assembly (see 3.6.2)

(¢} Tracking assembly (see 3.6.3)

(d) TImage motion compensator drivers (see 3.6.4)

(e) Acquisition control assembly (see 3.6.5)

3.6.1 Coarsé beam pointing assembly.- The assembly shall position the

mirror over a range of + 40 degrees in the east-west direction and + L degrees
in the north-south direction. The orientation of the two directions shall be

as shown on Figure 4, The selection of mirror vosition and the mirror traverse
rate shall be as follows:




AGC-20523

(a) The assembly shall sccept the pointing coordinates from the space-
craft command system. Each of the two direction coordinates shall be stored in
a shaft position register. Upon receiving an execute command from the acqgui-
sition control assembly, the mirror shall be traversed with an angular rate of
2 degrees per second in each of the two directions to a position of one degree
from the required angular position. At that time the angular rate may be re-
duced as dictated by the inertial considerations. The assembly shall position
the mirror with a resolution of + 0.02 degrees in the east-west axis and + 0.0l
degrees in the north-south axis.

(b) Using the image motion compensator position voltages as references,
the assembly shall traverse the mirror to & position within * 0,005 degree of the
IVMC ceniter position. The mirror shall be traversed with an angular rate of 0,012
degree per second in the east-west axis and 0.006 degree per second in the north-
south axis., The angular acceleration shall not exceed 5 degrees/sec in each of
the two directions. The coarse beam pointing assembly shall consist of a mirror,
gimbal subassembly, command registers, shaft pesition registers, comparator,
motor driving circuitry, and IMC position error detector.

3.6.1.1 Course Pointing Mirror.- The surface reflectivity shall be equal
to or higher than 98 percent at 10.6 microns wavelength. Surface accgracy shall
be 1/4 A or 1/2 fringe {egreen light, A = 0.5 micron) over Fhe entire
_aperture area. The mirror shall be designed to reflect an ineident beam over

the range specified in 3.6.1.

5.,6.1.2 Gimbal subassembly.- The gimbal subassembly shall consist of the
nerth-south gimbal with its gear train, stepping motor and shaft position en-
coder and the east-west gimbal with its gear train, stepping motor and shaft
position encoder. The north-south gimbal shall be used to mount the mirror.
The east-west gimbal shall be used to mount the north-south gimbal and mirror
assembly. Each stepping motor shall be driven at the rate of not more than
2.2 steps per second during normal tracking. For each step, the stepping motor

shall traverse the mirror 18 ti arc seconds in the east-west direction and

9 té arc seconds in the north-south direction. The 30 error in angular posi-

tion as indicated by the encoder output shall not exceed + 0.02 degree from the
true mirror position in the east-west direction and + 0.0l degree from the true
pirror position in the north-scuth direction. The error in angular position
shall inelude: '

(a) Orthogonality of the axis of rotation

(b) Bearing radial run-out error

{c) Gear backlash

{(d) Encoder gquantizing error

(e) Driving motor axis position error

(f) Tewmperature gradient deformation error

12
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.5.6.1.5 Command registers.- The command registers shall receive and hold
the mirror position data transmitted by ground commands. The east-west posi-
tion register shall have a 12 bit capacity to acecept 4000 different positions.
T@e north-south position register shall have s 10 bit capacity to accept 800
dlfferent positions. The digital data shall be transferred to the registers
serially at the rate of 128 bits per second.

3.6.1.4 Shaft position registers.- The shaft position registers shall
contain the dats indicating the shaft position of each gimbal. The east-west
shaft position register shall consist of 12 bits and shall be driven by the
output of the east-west gimbal encoder. The north-south shaft position regis-
ter shall consist of 10 bits and shall be driven by the output of the north-
south gimbal encoder. The registers shall be binary counters capable of count-
ing up and down. Upon receiving a reset signal from the gimbal subassembly,
each register shall be reset to a midpoint count with the most significant bit
reset to "1" and all other bits reset to "0". The midpoint count of the regis-
ters shall be used to indicate the zero referenced positions of the mirror.

3.6.1.5 Comparator.- A comparator shall be incorporated to compare the
contents of each command and shaft position register. Each of the two compara-
tors shall provide "more than', "equal to" or "less than" outputs.

3.6.1.6 Motor driving circuitry.- The motor driving eircuitry shall pro-
vide properly sequenced pulses to drive the stepping motors. The pulses shall
be uniformly spaced and the pulse rate shall be 2.0 + 0.2 pulses per second.
The three modes of operation shall be as follows:

{a) Accept signals from the comparators and drive the stepping motors
toward the null position, when an "execute coarse pointing" commend is received.
The null position shall be obtained by matching the content of the commasnd
register to the content of the shift position register.

(b) During acquisition tracking, the motor driving circuitry shall ac-
cept a "center IMC" signal from the acquisition control assembly and drive the
stepping motors to center the IMC using the outputs of IMC position error de-
tector specified in 3.6.1.7 as reference. The motor driving circuitry shall
drive the stepping motors to-a position within + 0.005 degree from the IMC
center position in each of the two directions.

(c) During normal tracking, the motor driving circuitry shall accept
a "center IMC" signal from the IMC position reference converter and shall drive
the stepping motors to a position within + 0.005 degrees from the IMC center
posgition. .

13
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3.6.1.7 IMC position error detector.- The detector shall accept the
eagt-west and north-south axis IMC position voltages, properly scaled and con-
verted to an analog or digital format as required. During normal tracking,
the detector shall automatically examine the IMC positions. When the east-
west and north-south axis positions exceeds 0.4 and 0.2 degrees respectively
from the center position, a "center IMC" sighal shall be generated. This sig-
nal shall be routed to the motor driving circuitry specified in 3.6.1.6 to
center the IMC. '

3.6.2 Searching assembly.- The searching assembly shall provide a hori-
zontal and vertical scan signal to the IMC beam pointing drivers %o cause the
received beam to scan in s rectangular pattern., The search pattern shall cover
+ 0,208 degree of external field of view on both the horizontal and vertieal
axes. Time required to scan one search pattern shall be 220 seconds or less.
The search pattern shall have the following characteristics:

(a) Number of scan raster lines: 108

(b) Line-to-line displacement: 11.6 + 0.1 arc sec

(c) Horizontal field-of-view: 0.416 + .006 degree
(external)

{(d) Vertical field-of-view: 0.416 + .006 degree
{external)

(e) Active séan time per line: 1.552 + 005 second

(f} Retrace time per line: 0.173 + -005 second

(g) Horizontal scan linearity: + 3 percent

Upon receiving the acquisition signal from the acquisition control assembly,
the search scanning ghall cease within 3 milliseconds of the leading edge

of the acquisition signal {50 percent amplitude point)., - When the acquisition
signal is not received, the searching assembly shall revert to its scan mode
and complete the search pattern. The search assembly shall consist of a clock,
clock and command gate, line width counter, frame width counter and reset gate,
line and frame with D/A converters, line width integrator, and auxiliary cir-
cuitry.

3.6.2.1 Clock.- An internal clock shall be provided to control the
counting of the line and frame width counters. The clock shall have an oper-
ating frequency of 148 + o Hz.

3.6.2.2 (Clock and command gate.- A clock and command gate shall be pro-
vided to control the routing of the clock pulses to the line width counter.
Upon receiving an acquisition command from the acquisition control assembly,

14
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the clock pulses routing to the line width counter sghall be stopped. During
each of the line scan retrace periods, the clock and command gate shall be used
to disable the acquisition command so that clock pulses will be routed to the
line width counter throughout the line retrace period.

3.6.2.3 -Line width counter.- An 8-bit linear counter shall be incorpo-
rated as line width counter. The counter shall accept and count the clock
pulses routed through the clock and command logic. The time required to reach
the full count of 256 shall be used to control the width of the scan line. A
"zero" count with all bits equal to zero shall be used to indicate the end of
the line or the beginning of the line retrace. :

3.6.2.4 Frame width counter and reset gate.- A T-bit linear counter
shall be incorporated as frame width counter. The counter shall accept and
count the ocutput pulses from the line width counter and shall be used to indi-
cate the scan line number in a frame. A "zero" count with all bits equsl to
zero shall be used to indicate Line No. 1. A reset gate shall be incorporated
io reset the counter te zero when the counter has reached the count of 112,

%3.6.2.5 Line and frame width D/A converters.- The digital to analog con-
verters shall be used to convert the contents of the counters to analog signals.
A line width D/A converter shall accept 8-bit data in parallel and convert the
data to an analog signal, A frame width D/A converter shall accept 7-bit data
in parallel and convert the data to an analog signal. The converters shall
meet the following requirements:

(a) Maximum conversion time: 1.0 milliseconds
(b) Analog signal range: + 10 volts
(¢) Maximum conversion error; + 0.5 percent of full scale

3.6.2.6 Line width integrator.- The staircase analog signal from the
line width D/A converter shall be integrated by the line width integrator.
The integrator shall be incorporated to provide a smooth driving signal to the
line driver. The time constant of the integrator shall be 1.0 to 1.2 milli-
seconds.

3.6.2.7 Auxiliary circuitry.- The auxiliary circuitry shall consist of:

(a) PFixed bias circuit

(b) Command inhibit monostable circuit

15
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Upon receiving the acqulsition signal from the acquisition control assem-
bly, a fixed bias circuit shall introduce a fixed biased voltage to the output
of the line width integrator. The bias shall be uged to compensate for the
time delay between target detection and execution of the acquisition command.

The amplitude of the bias shall have a value equivalent to _* milliseconds of
the line scan time.

The acquisition commend inhibit monostable eircuit shall generate a sigr
nal during each of the line retrace periods. The duration of the signal shall
be 0.060 + .010 seconds.

3.6.3 Tracking Assembly.- The tracking assembly shall perform a
position sampling by nutating the received image over a receiver mixer. The
assembly shall consist of a nutator drive, nutator drive bias circultry,
acquisition confirm signal and threshold signal generator, error amplifiers
mitator drlvers, and feedback subassembly

(2) The tracking assembly shall amplify the error signals, which are
originally developed at the mixer and demodulated by a receiver subsystem,
and shall use the signals tc control the motion of the image motion compensator
to center the received image on the mixer. The effective bandwidth of the
assembly shall be 5 Hz.

(b) The assembly shall utilize an externally furnished acquisitién confirm
signal to indicate thai the transmitter beam of the remote station has been
acquired and the assembly is tracking the transmitter beam. In the absence
of the acquisition confirm signal during acquisition tracking, a control signal
shall be generated to revert the Bubsystem tc the search operation. The
assemgly shall provide an acguisition confirm threshold signal as specified
in 3.6.3.3.

(¢} The tracking assembly shall provide two modes of operation as follows:

(1) During acquisition tracking, the assembly shall.provide two-phase,
100 Hz + 5 Hz signals to the north-south and east-west nutator drivers to nutate the
received image. The radius of nutation shall be 80 arc seconds in the east-west
“axis and 40 arc seconds in the north-south axis. The assembly shall also provide
a 200 t 10 Hz signal to the north-south nutator driver to traverse the nutation
mirror at a peak-to-peak nutator amplitude of 80 arc seconds.

¥ To be added at a later daﬁe._
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(2) During normel tracking, the assembly shall provide two-phase
100 + 5 Hz signals to the north-south and east-west drivers to nutate the received
image. The radius of nutation shall be 15 arc seconds in the east-west
axis and 7.5 arc seconds in the north-south axis. The assembly shall provide a
funetion to traverse the coarse beam pointing mirror to center the IMC asz
specified in 3.6.1(b). The function shall be initisted automatieally when the
IMC, moving from its center position, reaches 0.4 degrees and 0.2 degrees in the
east-west axis and north-south axis, respectively.

3.6.3.1 Nutator drive.- The nutator shall provide two. sinusoidal driv-
ing signals to cause nutation of the received beam on the receiver mixer, The east-
west driving signal, e, and the north-south driving signal, €5, shall meet
the following requirements: ‘ - ' : '

(a) e =E cos2nft

(b) e, = E, cos (2 n £t +8)

where:

E, = 10.0 + 0.2 volts corresponding to 80 arc second nutational
radius operating during acquisition tracking

E. = 1.88 + 0.05 volts corrésponding to 15 arc second nutational
radius operating during normal tracking

E, = 5.0 + 0.1 volts corresponding to 4O arec second nutational
radius operating during acquisition tracking

E,. = 0.94 + 0.03 volts corresponding to 7.5 arc second nutationsl
radius operating during normal tracking

£ =100 + 5 Hz

]

il

90 + 2 degrees

During acquisition tracking, the nutator drive shall provide a third sinu-
soidal driving signal. This signal shall be applied to the north-south driver.
Frequency of the signal shall be 200 + 10 Hz. The signal shall have an ampli-
tude sufficient to drive the nutation mirror 80 are seconds peak-to-peak.

3.6.3.2 Nutation drive bisas circuitry.- The nutator drive bias clrouitry
shall provide a east-west and north-south bias signal to the nutator drivers.
Fach bias voltage shall be generated by a digital-to~analog converter. Each
converter's dec output shall be controlled by & 9-bit command register. Each of
the 9-bit command word shall enter the register serially at the rate of 1928 bits
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per second. The bias signal shall have'a resolution and a full scale amplitude
corresponding to #0 and 1500 arc seconds of nutator drive in the east-west
direction and 15 and #250 arc seconds of nutator drive in the north-south direction.

3.6.3.3 Acquisition confirm signal and threshold signal generstor.-
During acquisition and tracking, an acquisition confirm signal will be received
from the Receiver Subsystem specified in AGC-20186. The received signal shall
have the characteristics specified in Table I of AGC-20186. The threshold signal
generator shall provide an acquisition confirm threshold signal to the Recelver
Subsystem. The signal shall be generated by a digital-to-analog converter. The
converter's dec output shall be controlled by an 8-bit command register. The 8-bit
command word shall enter the register serially at the rate of ¥ bits per second.
The thresheld signal to the receiver shall have the charscteristics specified in
Table IIT. '

Table ITT. Acquisition Confirm Signals To and From the Receiver

Acquisition Confirm Signals ,
Characteristic From the Receiver To the Receiver
(a) Wave form ne DC
(b) Amplitude (signal on) 3.8 + 1.4 volts
Amplitude {signal off) 0.0 + 0.5 volts
Amplitude range . 0.5 to 5.0 volts
{c) Source resistance 1 kilohm, maximum
(d) Resolution 0.28 + 0.1k volts
{e) Load resistance 10 kilohms, minimum 10 kilchms, minimum

3.6.3.4 Error amplifiers.- The error amplifiers shall accept the east-
west and north-south error signals and amplify the signals to the proper level
to drive the IMC. The two input signals shall have the following characteris-
tics: .

(a) Wave form: Bipolar phase demodulated signal
(b) Amplitude range: +5.0 volt
(¢) Signal bandwidth: C to 5 Hz

3.6.%.5 Nutator drivers.- The east-west and north-south axis nutstor
drivers shall asccept the nutator driving signals and suitably amplify them tc drive
the PZT crystals of the nutator. ’

* .
To be added at a later date.
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The maximum output rms noise shall be equivalent to + 10 arc seconds. The
linearity of the drivers shall be + 1.0 percent over the range of + 740 arc
seconds in the east-west axis and + 370 arc seconds in the north-south axis.

3.6.3.6 Feedback subassembly.- The feedback subassembly shall consist
of a feedback bimorph sensor and feedback amplifier with compensator filter.
The feedback bimorph sensor shall be used to convert the mechanicam motion to an
electrical signal. The feedback amplifier with the compensating filter shall
provide the feedback subassembly with a break point at 5 Hz.

3.6.4 Image motion compensator drivers.- The east-west and north-south
axis image motion compensator (IMC) drivers shall each accept signals from the
searching assembly or the tracking assembly and shall suitably amplify the
signals to drive the PZT crystal of the IMC. The maximum rms output noise of the
drivers shall be equivalent to + 10 arc seconds. The linearity of the drivers
shall be + 1.0 percent over the range of + 2.6 degrees in the east-west axis
and + 1.3 degree in the north-gsouth axis referring to IMC center position. The
effective bandwidth of the drivers shall be sufficient to permit traversing at an
angular rate of 0.7 degrge per second and the angular acceleration shall not
exceed 50 degrees/second.

3.6.5 Acquisition control assembly.- The assenmbly shall accept external
commands and generate various internal control commands required to acquire the
transmitter beam of a remote station. The assembly shall be designed to accept
commands and generate internal control signals as specified in Table IV.

Table IV.  Acquisition Control Assembly Input Commands and
Generated Internal Control Signals

Generated Internal

Characteristic Input Commands Control Signals
Waveform ‘ . As described in {To ve completed
Signal amplitude 3.2.} at a later date)
Pulse width (50% amplitude point)
Rise time
Fall time

Source resistance
Source capacitance

Load resistance

Load capacitance v ]

3.,6.5.1 Search command.- Upon receiving the search command from the space-
craft or ground command system, the assembly shall generate signals to perform
the following functions:

(a) Switch laser transmitter to the wide beam position.
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(b)

(c)

(a)
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Switch coarse beam pointing assembly to dperate under

conditions specified in 3.6.1(a)

Generate an acquisition threshold signal as specified
in 3.6.5 '

Command the searching assembly to remove nutation drive

.and initiate search pattern.

3.6.5.2 Acquisition command.- Upon receiving the acquisition signal
from the Receiver Subsystem the assembly shall pgenerate signals to perform the
fellowing functions: oo

(a)

(b)

Command the searching assembly to cease searching. Time
delay in generating this signal shall not exceed 0.5 milli-
seconds measuring from the leading edge of the acquisition
command to the leading edge of the signal (50 percent ampli-
tude points).

Command the tracking assembly to initiate acguisition track-
ing as specified in 3.6.3 (c)(1).

3.6.5.3 HNarrow transmitter beam command.- A narrow transmitter beam com—
mand shall be generated approximately 220 seconds after the occurence of acqul-
sition command as specilfied in 3.6.5.2. The command shall generate signals to
perform the following functions:

(a)
(b)
(¢)
(a)

Inhibit acquisiticn tracking

"Switeh laser transmitter to the narrow beam position

Initiate normal tracking as specified in 3.6.3(c)(2)

Center IMC by driving the coarse beam pointing mirror as
specified in 3.6,1(b)

3.6.5.4 Acquisition threshold signal generator.- A threshold signal gen~
erator shall be provided to generate an acquisition threshold signal to the
Receiver Subsystem. The signal shall be generated by a digital-to-analog con-
verter. The converter's d-c output shall be controlled by an 8-bit command

 register.

The B8-bit command word shall enter the register serially at the rate

of * bit per second. The threshold signal shall have the following charsc-

teristics:

Wave form: DC

Amplitude range: 0.5 to 5.0 volts
Resolution: 1% + 71 millivolts
Load resistancé: 10 kilohms, minimam

S :
To be added at a later date,
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L. QUALITY ASSURANCE PROVISICNS

L.1 Responsibility for inspection. - Unless otherwise specified, all
inspection shall be performed as specified herein.  Inspectioh records of the
examination and tests shall be kept complete and available at the time of accep-
tance of the equipment. Any deficiencies noted as a result of tests conducted
shall be corrected.

4.1.1 Quality assurance_pfogram. - A qﬁality assurance program, 1n accor-
dance with AGC-STD-2311, shall be implimented and maintained.

A4.1.2 Reliability assurance program. - A reliability assurance program,
in accordance with AGC-STD-2312, shall be implimented and maintained.

L1, 3 Processing changes. - No changes in the subsystem design, specifica-
tions, materials or material processes after design approval shall be made without
prior written approval of the Aerojet ILCE Program Manager.

4.1,% Test conditions, - Unless otherwise specified in a detailed test
method paragraph, all examinations and tests shall be performed under standard
ambient conditions as specified in Specification AGC-20511. All test instru-
mentation shall bear visual evidence of current calibration in accordance with the
calibration system requirements of MIL-C-45662. The tolerance allowed on test
conditions and inputs are intended only to provide for accuracy tolerances of
instrumentation, controls, etc. Test conditions shall be adjusted as closely.
as possible to nomlnal or center values specified, and in no instance shall they
exceed the tolerance specified. Performance parameters are specified either as
limits or as nominal values with plus-or-minus tolerances. These limits and tol-
erances shall be regarded as absolute, and the accuracy tolerance of measuring
equipment shall not be interpreted as part of measured values in such a way that
an out-of-tolerance or out-of-limit measurement may appear in-tolerance or in-iimit.

4.1.5 Test Reports. - The results of all Design Qualification and Flight
Model and Ground Model Acceptance Inspection shall be documented in the form of
test reporis prepared in accordance with AGC-STD-2312 and delivered with the
hardware. Test reports shall be prepared and submitted for approval after com-
pletion of testing.

L. o Clagsification of Inspections. - Inspections to be performed on the
equipment shall be classified as follows:
(&) 1In process Inspection (see 4.4).

(b) Design Qualification Inspection (see L.5),
(¢) Flight Model or Ground Model Acceptance Inspection (see L.6).
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4.3 Test plan. - A test plan shall be prepared and shall incilude all of
the inspections specified in 4.2. The test plan shall be so developed that the
test results will verify that the requirements specified herein have been met.
The test plan shall be submitted for review and approval prior to the commence-
ment of testing. The plan shall describe every test to be made for measuring
every significant performance parameter. Every test shall be described in full
detail; this shall include block diagrams of the test setup, manufacturers desig-
nations of all the commercial test equipment to be used in the tests, the designs
of any special test equipment required, a full description of the test procedures
to be Followed, all levels and impedances, the test acceptance limits (which must
be compatible with the overall performance requirements), and an estimate of the
accuracy expected from each measurement. Any special calibrations of test equip-
ment to assure 1ts accuracy shall be adequately described. The detail given for
each test method and setup shall be sufficient to allow the test to be duplicated
with no information beyond that given in the teat plan. ITn all cases where s
test does not follow well-known conventional procedures and methods, sufficient
information on the theory of the test should be given to allow an objecthive
evaluation of the proposed test method. '

Lk In-process examinations and tests. - In-process examinations and tests
shall be performed as required to determine conformance to applicable drawings,
specifications, approved workmanship standards, identification, traceability,
and any special process controls required to insure repeatability of hardware
performance. ‘

4.5 Design Qualification Inspection. - Design Qualification Inspection
shall conmsist of all the tests described in Table V as a minimum. The test
sequence shall be as shown in Tatle V. Deviation from the sequence presented
shall require prior approval of the Aercjet LCE Program Manager. The Design
Qualification inspection shall be designed to demonstrate the functional capabi-
lity, structural integrity, and performance repeatability of the Subsystem under
ambient conditions and the specified operational environments. The detailed
Design Qualification inspection shall be included as a section of the overall test
plan (see 4.3) and shall be reviewed and approved by AGC prior to the performance
of the tests. ‘

L. 6 Flight Medel Acceptance Inspection. - A detailed procedure of the
Filight Model Acceptance Inspection shall be generated as a part of the over-
all test plan, and approved by AGC prior to final inspection. The Flight Model
Acceptance Inspections shall include the examinations and tests of Table VI as
a minimum and shall be extensive enough to demonstrate satisfactory workmanship
and that the Subsystem performance is within tolerance., The test sequence shall
be ag shown in TableVT and shall require prior approval of the Aerocjet ICE Program
Manager for any deviations. ;

4.6.1 Ground Model Acceptance Tnspection. - The Ground Model Acceptance
Inspection shall be in accordance with Table VIT, The test sequence shall be
as shown in Table VII and shall require prior approval of the Aerojet ILCE
Program Manager for any deviatbtion.
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Table V, Design Qualification Imspection

. Requirement Method
Examination or Test Paragraph Paragraph
(a) Apalysis
{1) Operating Life - 3.3.1.1 4,1.2 and 4.7.1
(2) Center of Gravity 3.4.3 h.7.1
(3) Reliability 3.3.2 4,1.2 and 4.7.1
(4) Maintainability 3.3.3 L.7.1
(5) Radiation Resistance 3.5.1 (a) ho7.1
(6) Thermal Analysis 3.5.1 (e) 4.7.1
(b) Viswal Examination Measurements
(1) Electrical Interface 3.1.2
(2) ~ Weight 3.4.1
(3) Envelope Dimensions 3.4,2
{4) Mounting Provisions 344
(5) Grounding 3.4.6
(6} Connectors 3.4.7
(7) Test Points 3.4.8
(8) Venting 3.4.9
(9) Selection of Specifications . L.7.2
and Standards 3.k,10
(10) Materials, Parts and Processes | 3.4.11
(11) Moisture and Fungus Resistance { 3.k.12
(12) Corrosion of Metal Parts 3.4,13
(13) Interchangeability and
Replaceability 3.h, 1k
{14) Workmanship 3.4.15
{15) Tdentification and Markings 3.4.17
(16) Soldered Electrical Comnectors | 3..4.18
Functional Characteristics 3.2.1, 3.2.2 and Table VI | L.7.3 Eag
Functional Characteristics 3.2.1, 3.2.2 and Table VI L.7.3 (b
Operating Temperature 3.5.1 (&) 4,7k
Vibration, Simusoidal & Random | 3.5.2 (b), Ievel I 4,7.5
Functional Characteristics 3.2,1, 3.2.2, and Table VI { 4,7.3 (b)
Acceleration ‘ 3.5.2 (c) L.7.6
Functional Characteristics 3.2.1, 3.2.2 and Table VI 4,7.3 (b)
Thermzl Vacuum : 3.5.1 (b) Y.7.7
CEMI 3.4.16 L4,7.8
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Table VL. Flight Model Acceptance Inspection

Examination or Test

Reguirement
Paragraph

Method
Paragraph

(a) Visual Examination and Measurement

(1) Weight

Envelope Dimensions
Mounting Provisions
Commector

Workmanship

N T T T

2
3
L
>
6

Tdentification and Markings

}-I'.'?‘E

(v)

Testing

Operating Temperature
Vibration

Thermal Vacuum
EMI

i T Woanme W W e
OV W Mo
i

functional Characteristics

Functional Characteristics

and Table VIIY
d Table VIII
vel II

and Table VITIT

o

TABIE VIT.

Ground Model Acceptance Inspection

Examination or Test

Requirement
Paragraph

Methed
Paragraph

Visual Examination and Measurement

Envelope Dimensions
Mounting Provisions
Connector

Workmanship : :
Identificdtion and Markings

k7.2

()

Testing

Funetional Characteristics at }
Minimum and Maximm Operating

Tempergtures

3.2.1, 3.2.2 and Table VIII’

5,7.3 (a)

ol
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.7 Test methods. -

h.7.1 Analysis. - Those requirements to be verified by analysis shall be
satigfied through a review of analytical data. Such data shall be summarized or
included as appropriate in the written report. Systems engineering data shall
be used where appropriate to support analysis.

L.7.2 visual examination and measurements. - Those requirements to be verified
by visual examination and measurements shall be satisfied by visual examination and-
by the use of standard measuring instruments to determine such characteristics as
dimensions and weight. Drawings, bills of materials, specifications, and other
engineering documentation shall be used as appropriate. With the exception of a
detailed physical examination of the test specimen, which ghall be performed immed-
iately before the start of testing, compliance with thege requirements may be de-
monstrated before the time of functional testing.

"4,7.3 Punctional characteristics. - Specific tests as specified in Table VIII
shall be performed to verify that the requirements of 3.2.1 and 3.2.2 are met.
Whenever possible, tests shall be made on the Subsystem with all electrical, mech-
anical and thermal interfaces simulated as closely to the actual operating condi-
tions as possible, Testz requiring the combined operationa of the Subsystems of
the ICE shall be described in the Test Plah. Functional teats in accordance with
Table VIII shall be of two types:

{a) Complete functional tests which verify specifically that the
requirements of 3.2.1 and 3.2.2, which are amenable to measure-
ments or other gquantitative assessment, have been met. These
tests shall be performed at specific peints in the test cycle
so that it is possible to verif'y that the unit and its elements
are performing in acceordance with specified requirements.

(b) Abbreviated tests, which will not verify all the reguirements
of 3.2.1 and 3.2.2, but are sufficient to show that the unit
will perform its overall funclions satisfactorily. These
tests shall permit rapid assessment of unit performance during
or after each of the principal environmental exposures.

4.7.4 Operating temperature tests. - The unit shall be subjected to the oper-
ating temperature environments specified in AGC-20511. During each of the ccld and
hot test phases, a performance characteristic test in accordance with 4.7.3 (b)
shall be performed. Cold start capability shall be tested as specified in AGC-20511.

Y4.7.5 vibration. - While nonoperating, the unit shall be subjected to the
random and sinusoidal vibrations specified in AGC-20511, Test level I or II, sg
applicable. Upon completion of the test, the unit shall be examined for evidence
of damage or deformation.
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Table VIII. Functional Characteristic Test

Requirement

Teat Methed

" Paragraph
Requirements Paragraph L.7.3 (:§ h.7.3 (v}
(a) Coarse Beam Pointing Assembly
(1) Pointing Range 3.6,1 X X
(2) Pointing Coordinate
Command Capability 3.6.1 (a) X X
(3) Traverse Rate 3.6.1 (B) X
(4) Pointing Resolution and
Accuracy 3.6.1 (b) X X
(v) Search Assembly '
(1) Search Pattern 3.6.2 X X
(2)  S8can Linearity 3.6.2 (g) X
(3) Line and Frame Time 3.6.2 & 3.6,2 (e) X
(4) Acquisition Capability 13.6,2 X X
{c) Tracking Assembly
(1) Nutator Drive 3.6.3.1 X
(2) Acquisition Tracking
Capability 3.6.3 & 3.6.3.3 X X
(3) Center IMC Accuracy and
. Traverse Rate 3.2.2 (i) & 3.6.3 X X
(4} Normal Tracking Capability 3.6.3 X X
(5) Nutator Drive Biasing
Command Capability 3.6.3.2 X X
(6) Nutator Drive Biasing
Accuracy and Resolution 3.6.3.2 X X
(7) Nutator Driver's Dynamic
Range 3.6.3.5 X
(8) TNutator Driver's Linearity
and Output Noise 3.6.3.5 X X
{(9) Generation of Acquisition
Confirm Thresheld Sienal 3.6.3.3 X X
(10) Feedoack Subassembly 3.6.3.6 X X
{d) IMC Drivers
(1) Dynamic Range 3.6.4 X
(2) linearity and Output Noise 3.6.4 X
(e} Acquisition Control Assembly _
(1) Command Accepbance 3.6.5 X X
(2) Execution of Search
Comand 3.6.5.1 X X
{(3) Execution of Acquisition
Command 3.6,5.2 X X
(L) Fxecution of Narrow Trans-
mitter Beam Command 3.6.5.3 X X
(5) Generation of Acquisition
Threshold Signal 3.6.5.4 X X
{(6) Operating Power 3.2,1 {f) X
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4.7.6 Acceleration. - While nonoperating, the unit shall be subjected to the
longitudinal and lateral accelerations specified in AGC-20511, Upon completion of
the test, the unit shall be examined for evidence of damage or deformation.

4.,7.7 Thermsl Vaccum. - The unit shall be subjected to the thermal vaccwum
tests specified in AGC-2051l. After the temperature has stabilized during the last
high and low temperature dwell, a functional test in accordance with 4.7.3 (b)
shall be performed. .

4.7.8 Electromagnetic Interference. - EZMI testing shall be in accordance with
the reguirements of 3.4.16 for tésts CEOL and €SOl as specified in MIL-STD-LG14.

5.1 Preservation, packaging, and packing. - Unless otherwise specified,
the perservation, packaging, and packing shall be in accordance with the best
aerospace practice provided that this practice is sufficient to protect the item
against contamination and damage during shipment. If the component does not meet
the requirements herein because of such contamination or damage, and acceptable
replacement component shall be furnished within a reasonable time. Exterior con-
tainers shall conform to Congolidated Freight Classification Rules or common carrier
regulations to insure delivery at Aerojet-Generel Corporation, Azusa, California,
in an undamaged condition.

5.2 Marking for shipment. - Each shipping container shall be marked with,
a8 a minimum, the following information:

(a) Name of unit

{v) Part nhumber, drawing number, revision letter, and serial number
{c) Specification number and revision letter

(d) Date of final assembly

(e) Purchase order number

(f) Warning and caution notes, as applicable.
6. Notes

£.1 Intended use. - The Subsystem specified herein is intended for use in
the ATS-F Spacecraft as well as in a transportable ground station without exhibiting
any differences in performance or functional capabilities due to the differences
in these enviromnments. Any differences in hardware which may be necessary shall not
degrade the specified performance levels. In its final form, this basgic specifi-
cation will describe the Subsystem as required for use in the space enviromment while
the differences which make it suitable for use in the ground environment will be
noted in the appendix.

6.2 Definitions, -

6.2.1 Failure. - A failure is defined as the inability of the equipment to
perform the required function within the limits of the applicable detail specifi-
cation.

6.3 Oral statements., - Oral statements shall have no effect on the require-
ments prescribed in this document or any document referred to herein.
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To be added at a later date -

Figure 2. Electrical Interface Drawing
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1. SCOPE

1.1 Bcope.- This specification covers the requirements for the design,
fabrication, performance and testing of one type of passive Sun Shield Radiator
which will be used to control the temperature on a Laser Receiver Mixer of a
heterodyne communications system.

2. APPFLICABLE DOCUMENTS

2.1 TUnless otherwise specified, the following documents of the exact issue
shown form a parbt of this specification to the extent specified herein, In the
evernt of conflict between documents referred to herein and the contents of
Sections 3, 4, and 5, the requirements of Sections 3, 4, and 5 shall apply. -

STECTFICATIONS
NASA
§-460-4TS-38 ATS-F and -G Experiment Interface Specification
Military |
MIL-D=-1000 Drawing, Engineering and Associated List

MTL.-C-li5662 Calibration of Standards

Aerojet-General Corporaticn

A(C-20511 Envirommental Design Criteria and Test Levels
. for the Laser Communicaticns Experiment and
Associated Components

STANDARDS
Military
MIL-STD-130C ‘Tdentification Marking of U.S., Military Property
MI1,-STD-831 Test Reports, Preparation of
MIL-STD-889 Metal, Definitiori of Dissimilar

Aerojet-General Corporation

AGC -STD-2311 ! Quality Assurance Requirements for Suppliers
of Lager Communications Experiment Equipment
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(Copies of documents required by_éontractors in connection with specific pro-
curement functions should be obtained as indicated in the Department of Defense
Index of Specifications and Standards or as specified by the contracting officer,)

3.  REQUIREMENTS

3.1 Ttem Definition.- The Receiver Mixer Passive Radiator hereinafter
referred to as the Radiator shall include a passive radiator equipped with a
sun shield, a temperature monitoring element, and provisions for mounting the
uit to the ICE baseplate.

3.1.1 ICE Baseplate.- The Iaser Communications Experiment (ICE) baseplate
shall be the structure that supportsz all components which comprise the ICE and
interface with the ATS-F spacecraft.

3.2 Performance characteristics.- The Radiator shall maintain the tempera-~
ture of the receiver detector within the limits of 90°K to 125°K (-183° to -1h3°C)
independent of seasonal and diurnal changes in the satellite-sun angle .and includ-
ing a * 10° angle off the orbit plane, The enviromments in which the above
performance shall be met is defined in 3.6.

3.2.1 Meximum Radiator Temperature.- The Radiator shall be designed such
that sunlight can impinge normally on the radiator for a sufficient period of
time such that steady-state temperatures are achieved, During this time, the
maximum temperature of the radiator shall not be sufficient to cause damage to
the receiver detector. During this period the radiator cooler temperature
shall not rise above 275°K,

3.2.2 Structural stability.- The radiator shall have a structural stability
gufficient to meet the reguirements specified in 3.5.4.3,

3.2.3 Temperature transducer.- The radiator shall include a temperature
transducer for the purpose of measuring and monitoring the temperature of the
radiation cooler over the specified operating temperature range, This %rans-
ducer shall be calibrated and a curve provided with calibration data of the
temperature versus output. Accuracy of the transducer output when corrected
with the supplied ealibration.data:shall be within * 0.5°K of the actual
temperature. The electrical characteristics of the transducer shall be pro-
vided to Aerojet to permit the design of processing and instrumentation cir-
cuitry.

3.3 Operability.-

3.3.1 Reliability.- Tkhe design for reliability shall occur simultaneously
with, rather than separately from the design to achieve the mechanical charac-
teristics specified in this specification. The Radiator shall be designed and
fabricated to provide 99,5% probability of an operational lifetime as specified
in 3.4.1. This lifetime is based on the active operation time being equally
distributed within the two year pericd.

3.3.2 Maintainability.- The design for maintainability shall oceur
simultaneously with, rather than separately from the design of the Radiator.
The Radiator shall be designed so as not to reauire maintenance, repair or
service during its operating life, Provisions shall be included to protect
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the reflective surfaces against contamination, corrosion or any form of degrada-
tion during handling and storage. This protective means shall insure that the

unit will be capable of withstanding the envirommental conditions and not degrade
below the requirements of this specification for the shelf 1ife specified in 3.4.2.
A cleaning or restoration procedure shall be developed for the reflective coating
8o that any critical surface may be restored within specification limits if
contamination should occur.

3.4 Useful life.-

3.4.1 Operating lifé.- The operating life of the Radiator shall be greater
than 2,000 hours with a minimum of 500 cooling-heatup cycles and operating periods
of up to 24 hours over a two year period in a space environment without degrada.-
tion of the requirements specified herein.

3.4.2 Shelf life.- The Radiator shall be capatle of meeting the operating
life of 3.4.1 after a shelf life of greater than 6 months when packaged and
stored in a protective enclosure as specified in Section 5.

3.5 Physical characteristics.-

3.5.1 Weight.- The weight of the Radiator shall be a minimum consistent
with the required performance, but shall not exceed a total weight of 3.5 pounds.

3.5.2 Envelope dimensions.- The Envelope dimensions shall be a minimum
not exceeding the dimensions specified in Figure 1 (AGC Drawing L-1297199).

3.5.3 Center of gravity.- The center of gravity of the Radiator, measured
from the mounting surface interface, shall not exceed 2.0 inches. The mass
moment of inertia about the axis normal to the interface, through the center of
gravity should not exceed 75 1b-in.2.

3.5.4 Mounting and alignment,- The Radiator will interface with the ICE
structure. The mounting and alignment provisions shall be coordinated with Aerojet
and ve compatible with the interface requirements.

3.5.4.1 Mounting to ICE.- The Radiator shall be rigidly mounted to the ICE;
therefore, the support structure and any structural/thermal decoupling neceggary
to meet the requirement specified herein shall be the responsibility of the sub-
contractor.

3.5.4,2 Alignment provisions.- The Radiator support structure shall have
provisions for the initial positioning of the mixer assembly, shown in Figure 2,
(2K 2L86), within * 0.010 inches each axis, when the mixer assembly is mounted
" to the radiation cooler, with respect te the LCE refersnce axis,

3.5.4.3 Structural stability.- The Radiator support structure assembly
shall maintain its initial alignment as described inm 3.5.4.2 to within 0.001
inches in each exis through launch and orbital environment over the specified
operating life of the unit. The sun/shield radiator assembly shall be of suf-
ficient stiffness as to have no rescnance amplificdation in excess of 40 over the
specified vibration frequency range. Response amplifications greater than 10
shall not be acceptable at the receiver mixer assembly, '
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3.5.b. 4 Mounting with the Mixer Assembly.- The Radiator shall interface with
the mixer assembly in Figure 2 and shall have the mounting hole pattern shown. In
the area of mixer contact, the radiator shall have a surface flatness of .0002
inches and a finish of 16 microinches, rms,

3.5.4.5 Removahle shield design.- The radiator/shield shall be designed, as
& goal, so that the shield can be readily removed from the radiator during handling
and transportation to minimize damage to the shield.

. 3.5.5 BRadiator thermal interfaces,- The thermophysical properties and tempera-
ture history of the Titan II1C fairing which will be used with the ATS spacecraft
launch will be as defined in Figure 3, The lift-off temperature of the radiator
assembly will be 20° + 20° immediately prior to launch. Fairing jettison shall take
Place in nominally ¥  seconds after launch. The ATS Spacecraft Thermsl Charac-
teristics are covered in NASA Specification S-U60-ATS-38,

3.5.5.1 Ascent period.- During the ascent (see 6.3.2) portion of the mission
and immediately thereaffer the orientation of the ATS spacecraft may be random.
Therefore it is pessible that the sun will shine normally on the radiator for
Periods of time sufficient to bring about steady-state temperatures, The radistor
shall be designed so that if this condition exists, the performance of the assembly
will not be permanently impaired. :

3.5.5.2 Contamination or thermal degradation.- Degradation of thermal control
andfor optical surfaces by deposition of foreign particles or contaminants originat-
ing from either the ATS spacecraft, the launch vehicle, or other experiments shall
be no greater than:

(a) Change in total hemispherical emittance (fe) equal to or less than 0.0L,

{b) Change in solar absorptance (A3) equal to or less than 0.01.

(¢c) Change in specularity of mirrors (front and back surface) and sunshade
coatings shall be equal to or less than 0.0L.

3.5.5.3 Receiver mixer interface.- The Radiator shall be compatible with
the receiver mixer mechanical interface requirements of 3.5.4.4. A thermal
heat load of 8% milliwabts of local oscillator power are incident on the
Receiver mixer. Of that total, 25 milliwatts impinge directly on the mixer,
However, only 30% of the 25 milliwatts or 7.5 mw are absorbed.. The rest of the
energy is reflected diffusely. The remaining 60 mw of energy hits the gold
plated (e<) radiation cone and is reflected specularly. There is also 3 mw of
detector btias dissipated within this assembly, Heat input to the mixer assembly
from the coaxial cable shall not exceed 22 mw. The heat load of the mixer
housing and optics will be no greater than 5 mw and shall be dynamically .
simalated during the testing of the radiator assembly. The mixer assembly
shall weigh a maximum of L oz, -

A 3.5.4.4  Laser Communications Experiment (ICE) Interface.- The Radiator
shall be cempatible with the ICE interface requirements shown in Figure 1 and
b and as follows: . ‘

(a) Ascent Temperatures.- The temperature of the ICE heat sink during
ascent will remain within the limits of -k0°F (-L0°C) to +110°F
(+43°C) at a1l times. o

¥ To be added at a later date,
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(b) Orbital Temperatures.- The temperature of the ICE heat sink during
orbit will remain within the limits of -10°F (-12°C) to +110°F
(43°C) at all times.

(¢) Hemispherical emittance.- The total hemispherical emittance of the
ICE heat sink shall be egual to or less than 0.7,

(d} Radiator mounting,- The radiator contractor shall provide sufficient
mounting provisions so that the AT between the LCE heat sink and the
radiator support is less than 2°C., A bolt conductance of at least
0.3 BI'U/hr-bolt shall ve provided.

3.5.6 Temperature transducer interface.- The electrical input/output of
the transducer shall be insulated wire leads having a minimum length of 24 + 2
inches.

3.5.7 Contamination during handling and storage.- During handling, storage,
transportation, and laboratory usage the ICE and its subsystems shall be pro-
. tected from dirt, moisture, excessive temperatures, ect, through the use of
suitably conditioned air and/or hermetic containers. The allowable storage and
transportation temperature range shall be -30°C to 60°C (-22°F to 140°F),
Degradation of thermal control and/or optical surfaces by deposition of foreign
particles or contaminants originating from the above mentioned environments shall
be no greater than the values specified in 3.5.5.2.

3.6 Environmental Conditions.- IT any unit fails to meet the specified
performance requirements or shows signs of damage after being subjected to the
environmental conditions, corrective actions shall be taken in accordance with
Appendix C of the statement of work., Subsequent environmental testing to
demonstrate suitability of the redesigned unit to meet the specified require-
ments shall be reguired, While operating in any orientation, the Radiator
shall be capable of meeting the requirements specified in this specification
when subjeet to any combination of the following environments:

(a) Wnhile being subjected to the Electron Radistion levels specified
in AGC-20511.

(b) While being subjected to a dec magnetic field of From zero up to
0.6 gauss.,

(c) Thermal-vacuum conditions for ICE subsystems {Level IT) as specified
in AGC-20511 except at temp < 77°K (-186°¢),

(d) While being subjected to an acceleration of from zero up to a
l-g gravitational field. : -

(e) While being subjected to the acceleration specified in AGC-20511,
section 3.4.4, :

(f) While being subjected to the vibration specified in AGC-20511,
test level T or II.
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3.7 General Features of Design and Construction.-

3.7+1 Belecticn of Specifications and Standards.- All standards and specifi-
cations utilized on this program other than those listed in Section 2 shall be
approved for use by Aerojet-General Corporation on concurrence Wlth the cognizant
NASA Goddard Space Flight Center Office.

3.7.2 Materials, Parts, and Processes,- Maximum use shall be made of
established standard materials, parts, and processes, Variations in dimensions,
types, and protective finishes of parts shall be limited to the maximum extent
consistent with the intended application.

3.7.3 Parts and materials program.- Parts and materials shall be selected
in accordance with the parts and materials program specified in Appendix C of
the statement of work.

3.7.4 Moisture and Fungus Resistance.- Materials which are non-nutrients
for fungus shall be used wherever possible. Where the use of fungus nutrients
cannot be aveided, treating, packing, or other protective means shall be used
to ensure required performance. All parts, materials, or equipments shall be
either designed or protected so that exposure to moisture encountered during
the course of manufacture, test, shipment, and installation shall not degrade
rerformance,

3.7.5 Corrosion cof Metal Parts.- All metals shall be of corrosion-resistant
type or shall be suitably processed to resist corrosion. The use of dissimilar
metals in direct contact shall be avoided wherever possible or shall be protected
against direct contact. The provisions of MIL-STD-839 shall apply to the identifi-
cation of disslimilar metals,

3.7.6 Interchangeabili_y and Replaceability.- All parts with the same
manufacturer's part number shall be physically and functionally interchangeable,
Part number changes shall be controlled in accordance with the reguirements of
Specification MIL-D-1000,

3.7.7 Workmanship.- Workmanship shall conform to the requirements of
applicable process specifications relating to fabrication and assembly as
invoked by the particular assembly: drewing. Critical steps of fabrication
which are item-particular shall be detailed in drawing notes which shall
include appropriate criteria and worlkmanship. Workmanship relating to all
other aspects of fabrication, general handling, and storage shall be sufficient .
to meet the requirements her61n.

' 3.7.8 Identification and Marking,- The Radiator shall have an identifica-
tion nameplate attached, marked in accordance with Standard MIL-STD-130.
Information on the nameplate shall. include the following:

(a) Mamifacturer's part number

{b} Manufacturer's name and location
(c} Code identification
(a) Contract number

(e) Unit name, model number, and serial number.

. - 6
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The information contained on this nameplate shall permit a search of assembly
detail drawings and documentation to be made to identify any part contained
within the unit. All parts shall be identified with one part number which
shall be that of the original menufacturer.

4, QUALITY ASSURANCE FROVISIONS

4.1 Responsibility Tor inspection,- Unless otherwise specified, the sub-
contractor is responsible for the performance of all inspection requirements
85 apecified herein., BExcept as otherwise specified, the subcontractor may
utiiize his own or any other inspection facilities and services acceptable to
the procuring activity., Inspection records of the examination and tests shall
be kept complete and available to the procuring activity for two years after
acceptance of the equipment. The procuring activity reserves the right to
Perform any of the inspections set forth in the specification where such inspec-
tions are deemed necessary to assure supplies and services conforu to prescrited
requirements. ' .

4.1.1 Subcontractor's quality assurance program,- The subcontractor shall
maintain a quality assurance program in accordance with AGC-3TD-2311 except for
aény requirements deleted in the statement of work,

4.,1.2 Subcontractors reliability assurance program.- The subcontractor
shall maintain a reliability assurance program in accordance with Appendix C of the
statement of work.

4%.1.3 Processing changes,- The subcontractor shall make no changes in
the Radiator design, specifications, materials, or material processes after
AGC design approval without prior written approval of the Aerojet ICE Program
Manager. ' ' : :

4.1.4 Test conditions.- Unless otherwise specified in a detailed method
paragraph, all examinstions and tests shall be performed under standard ambient
conditions as specified in Specification AGC-20511, All test instrumentation
shall bear visual evidence of current calibration in accordance with the cali-
bration system requirements of MIL-C-45662, The tolerance allowed on test
conditions and inputs are intended only to provide for accuracy tolerances of
instrumentation, controls, etc, Test conditions shall be adjusted as closely
as possible to nominal or center values specified, and in no instance shall
they exceed the tolerance specified. Performance parameters are specified
either as limits or as nominal values with plus-or-minus tolerances, These
limits and tolerances shall be regarded as absolute, and the accuracy tolerance
of measuring equipment shall not be interpreted as part of measured values in
such a way that an out-of-tolerance or out-of-limit measurement may appear in-

tolerance or in-limit, '

:

4.1.5 Test Reports.~- The results of all Design Qualification Inspection
and Flight Acceptance Inspection shall be documented in the form of test reports
prepared in accordance with MIL-STD-831 and delivered with the hardware. Test
reports shall be prepared and submitted to AGC for approval after completion of
testing. ‘ : ‘
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4,2 Classification of Inspections.- Examinations and tests to be Performed
on the equipment shall be classified as follows:

(a) In process Inspection (see LY,
(v) Design Qualification Inspection (see le,5),
(c) TFlight Acceptance Inspection (see L.6).

4.3 Test plan,- The subcontractor shall prepare a test plan which includes
all of the inspections specified in 4.2 and is developed so that the test results
verify that the requirements specified herein have been met, The Test Plan shall
be submitted to Aerojet-General for review and approval prior to the commencement
of testing. The plan shall describe every test to be made for measuring avery
significant performance parameter. Tests shall be described in full detail includ-
ing block diagrams of the test setup, manufacturers' designations of all the com-
merciasl test equipment to be used in the tests, the designs of any special test
equipment required, a full description of the test Procedures to be followed, the
test acceptance limits (which must be compatible with the overall performance
requirements), and an estimate of the accuracy expected from each measurement.

Any special calibrations of test equipment to assure its accuracy shall be
adequately described. The detail given for each test method and setup shall be
sufficient to allow the test to be duplicated with no information beyond that
given in the test plan. In all cases where a test does not follow well-known
cenventional procedures and methods, sufficient information on the theory of the
test should be given to allow an objective evaluation of the proposed test method,

4.4  TIn-process examinations and tests.~ In-process examinations and tests
shall be performed as required to determine conformance to applicable drawings,
specifications, approved workmanship standards, identification, traceability,
and any special process controls required to insure repeatability of hardware
performance,

4.5 Design Qualification Inspectien.- Design Qualification Inspection shall
consist of all the tests described in Table I, as a minimum. The examinations
and tests shall be designed to demonstrate the functional capability, structural
Integrity, and performance repeatability of the Radiator under amblent conditions
and the specified operational environments., The detailed Design Qualification
Inspection shall be included as a section of the overall test plan (see 4,3) and
shall be reviewed and approved by AGC prior to the performance of the tests,
Design Qualification Inspection shall be conducted only when and to the extent
specified in the contract or purchase order,
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Table T, Design Qualificaticon Inspection

Requirement Test
Examination or Test Paragraph Method
Analysis
Reliability 3.3.1 7.1
Maintainability. 3.3.2 ho7.1
Thermal analysis 47,1 4,7.1
Visval examination and measurements ‘
Selection of specifications and standards 3.7.1 L,7.2
Materials, parts and processes 3.7.2 4,7,2
Standard and Commercial parts 373 L,7.2
Moisture and fungus resistance 3.7.4 h,7.2
Corrosion of metal parts 3.7.5 L, 7.2
Interchangeability and replaceability 3.7.6 k7.2
Workmanship 3.7.7 4,7.2
Identification and marking »3.7.8 4,7.2
Weight 3.5.1 4.7.3
Mvelope Dimensions 3.5.2 L.7.2
Center of Gravity 3.5.3 4.7.3
Moment of inertia 3.5.3 4.7.3
Mounting and Alignment . 3.5.4 4.7,
Surface Characteristics 3.5.4,4 h.7.2
Testing
Vibration 3.6 (f), Test Level I |[4.7.4
Acceleration 3.6 (o) 4,7.4
Thermal characteristics during
thermal vacuun 3.6 (c) L,7.4
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L,6 Flight Acceptance Inspection.- & detailed procedure of the Flight
Acceptance Inspection shall be generated as a part of the overall test plan, by
the subcontractor and approved by AGC prior to final inspection, Flight Acceptance
Inspection shall be accomplished on each flight model offered for delivery. The
Flight Acceptance Inspections shall include the examinations and tests of Table IT
as a minimum, and shall be extensive enough to demonstrate satisfactory workman-
ship and that the PRadiator performance is within tolerance.

Table TII., Flight Acceptance Inspection

Examination or Test ' Requirements Method

Visual examination and measurements

Weight 3
Envelope dimensions 3
3

Surface characteristics

Testing

Vibration . 3.6 () Test Level Il L4.7.4
Thermal characteristics during
thermal vacuum 3.6 (p) L.7.k

L,7 Test methods.-

4.7.1 Analysis.- Thosge requirements to be verified by analysis shall
be satisfied through a review of analytical data. Such data shall be sum-
marized or included as appropriate inm the written report. Systems engineer-
ing data shall be used where appropriate to zupport analysis,

L,7.2 Visual examination and measurements.- Those requirements to be
verified by visual examination and measurements chall be sztisfied by visual
examination and by the use of standard measuring instruments to determine
such characteristics as dimensions and weight. Drawings, bills of materials,
specifications, and other engineering documentation shall be used as appropriate.
With the exception of a detalled physical examination of the test specimen, which
shall be performed immediately before the start of testing, compliance with these
requirements may be demonstrated before the time of testing, subject to agreement
of the Aerojet representative. - ‘

io



b.7.3 Weight, center of gravity, and moment of inertia.- The weight of the
item and its major components shall be demonstrated to verify compliance with
3.5.1. The center of gravity and moment of inertia shall be determined for the
item along each of three mutually perpendicular axes as shown in Figure 1, as
related to the spacecraft axes (see Figure L), ,

Lo7.%  Environmental tests.- The vibration and acceleration tests shall be
Derformed as specified in AGC-20511 to verify compliance with the requirements
herein, During the test the item shall be attached to the test Tixture so as
to simulate the actual element mounting in relationship to the baseplate,

k7,41 Vibration-Acceleration.~ The unit when subjected to these tests
shall include g structurally simulated receiver mixer assembly defined by
30.501"0)4 a-nd 3-5.5-1“0 !

4,7.4.2 Thermal vacuum test.- During thermal vacuum testing the unit
shall include a dynamically simulated (structural and thermal) receiver mixer
assembly defined by 3.5.4.4 and 3.5.5.4%. The tests shall be performed as
follows: : ‘

(a) Place the radiator in a thermal vacuum test chamber so that its.
performance can be evaluated empirically. A detailed analytical
model of the radiator assembly in the test chamber shall be
constructed prior to testing, A comparison of analytically pre-
dicted and actual system temperatures will be the basis for the

fine tuning of the analytic model,

(b) The test article shall be subjected to both a steady-state and
transient thermal environment. Test article temperatures should
be quite close to those predicted on-orbit, however, a solar
simulation test is not required, The pressure in the test
chamber shall be < 1 x 10-5 Torr. The cryogen shroud temperature
shall be < 77°K., Cyclic temperature changes shall be brought
about by adding heat to the sunshade via heaters which are
directly attached.

(¢) A test shall be conducted to insure that the optical performance
of the sunshade is within acceptable limits, This test will be
designed to show that the contour and surface properties are within
acceptable limits and to verify that the sunshade specularity is
equal to or less than 974,

5. FREPARATION FOR DELIVERY

5.1 FPreservation, packaging, and packing,.- Unless otherwise specified,
 the preservation, packaging, and packing shall be in accordance with the sub-
contractor's best aerospace practice provided that this practice is sufficient
to preserve quality requirements of para. 3.5.5.2 and para. 3.5.7, to fulfill
good gquality preventative YPractices, and to protect the item against contamina-
tion and demage during shipment. The subcontractor shall be responsible for
any contamination or damage to the eguipment as a result of insufficient or
faulty packaging, If the component does not meet the requirements herein
because of such contamination or damage, an acceptable replacement comporient
shall be furnished within a reasonable time by the subcontractor at no cost

to AGC. Exterior containers shall conform to Consolidated Freight Classifica-
tion Rules or common carrier regulations to insure delivery at Aerojet-Genersl
Corporation, Azusa, California, in an undamaged condition,

11
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2.2 Marking for shipment.- Each shipping container shall be marked with,
as & minimum, the following information:

(a) Name of unit

(b) Part number, drawing number, revision letter, and serial number
(¢} Specification numbeﬁ and revision letter (AGC-20525)

(d) Date of final assembly

{(e) Purchase order number

f
(f) Subcontractor's name

(g) Warning and caution‘notes, as applicable 0

6. NOTES

6.1 Intended use.- The Radiator specified herein is intended for use in
a laser Communications Experiment which will be in the ATS-F Spacecraft. .

6.2 Definitions.-

6.2.1 Failure,- A failure is defined as the inability of the equipment‘to

perform the required function within the limits of the applicable detail speci-
fication,

6.2.2 Ascent.- Ascent as used in this specification is defined as the
reriod from on-stand to * * *  hours after 1lift-off.

6.2.3 Orbital.- Orbital as used in this specification is defined as the
Deriod following satellite separation.

6.3 Oral statements.- Oral statements shall have no effect on the require-
ments prescribed in this document or any document referred to herein,

* To be added at a later‘date.
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